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1. INTRODUCTION 
 
Executive Summary 
 
This Historic Structure Report (HSR) was undertaken at the direction of Seattle City Light (SCL) to 
document the history and existing conditions of the Georgetown Steam Plant and to provide 
conservation recommendations for the exterior envelope, roof, and site and landscape features. The report 
integrates a Cultural Landscape Report (CLR) component and will also serve as a guide to address 
preservation issues, interpretation, and future uses. It is SCL’s intent to rehabilitate the building’s exterior 
and provide seismic and structural improvements, as well as to make limited improvements to the 
immediate site surrounding the building. We envision this document will be a planning and development 
tool for the protection of the Steam Plant and its site for enhanced use as a museum and interpretive 
facility. 
 
The Georgetown Steam Plant is listed in the National Register of Historic Places and designated both a 
National Historic Landmark and a Seattle Landmark. It is a unique cultural resource that helps define the 
physical and visual form of power generation—first, as an early example of a reinforced concrete structure 
that houses one of the last operable examples of the “first generation” of large-scale, vertical steam turbine 
electric generators; and second, for its association with Frank Gilbreth, a nationally-recognized reinforced 
concrete expert and scientific management pioneer, who was in charge of the building’s design and 
construction. This historical significance should be among the guiding factors in the decisions regarding 
ongoing maintenance, repairs, and development of design documents for rehabilitation, interpretation, 
and adaptive use of the building and site. 
 

The Georgetown Steam Plant has 
been extensively documented in a 
1984 National Register of Historic 
Places Nomination and a 1982 -
1984 Historic American 
Engineering Record (HAER) 
report. This report summarizes 
previously established facts—
beginning with the plant’s 
establishment in 1906 and 
including the history of the site 
and building, as well as describing 
how the building fits into the 
regional development o
generation—and supplements 
them with further information and 
more recent data. 

f power 

 
The HSR component presents in 
narrative form the history and 
significance of the property, 
identifying significant architectural 
spaces, elements, and features, 

which will allow for the protection and preservation of remaining historic fabric and provide standards for 
new construction, rehabilitation, and/or preservation.  A current condition assessment of the building is 
also included, which provides a comprehensive survey of the exterior building conditions, including the 
roof, windows, structural integrity, and the presence of hazardous materials on the exterior surfaces. The 

Figure 1:  West façade, with two earlier masonry vent stacks, 1920. 
(University of Washington Libraries Special Collections, A. Curtis 
39579) 
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CLR component describes changes to the site and surrounding properties over time and provides 
recommendations for landscape and site improvements. 

Seattle City Light has a large amount of archival information on the Georgetown Steam Plant, including 
original and later drawings, photographs, and previous reports, and the Seattle Municipal Archives has 
historic photographs as well as documents recording transactions, equipment, property, etc. related to the 
building site and associated structures. All of these items were helpful in ascertaining the developmental 
history. Drawing files contain documents outlining the design intent for the original construction of the 
Steam Plant (1906), the east addition (1918), removal of the stacks (1938), building repair (1968-69), 
and exterior rehabilitation (1985). The building appears to have been constructed as originally designed, 
with a few minor exceptions. 

Fieldwork and research was carried out in June and July 2012. Although the building has not been used 
for power generation since 1953, and has not been operated since 1974, it is reasonably accessible for 
review. A lift with limited access on the north and west façades was used for examination of exterior walls 
and windows. Testing and sampling of select building materials was undertaken to assess the presence of 
hazardous materials and to determine building construction materials installed during previous scopes of 
work. The complete specialty conditions reports are included in an appendix to this report. 
 

Historic Structure Report Methodology 

A Historic Structure Report is intended as a written and illustrated working resource document that 
includes historical and architectural evaluations of a building, site, or structure that is listed in, or eligible 
for listing in, the National Register of Historic Places. The report methodology was developed by the 
National Park Service (NPS) in the 1970s to assist in its management of historic and pre-historic 
resources. It has since been used by public and private property owners as a comprehensive tool to address 
planning for and protection of significant historic and pre-historic properties.  
 
An HSR is usually prepared prior to planning alterations, additions, rehabilitations, or restorations, and it 
is used to guide contemporary modifications. The document is generally required when performing work 
on federally-owned or funded landmark properties, and especially on those buildings or structures that 
have historic significance and/or community value. 
 
As outlined in NPS Preservation Brief #43, The Preparation and Use of Historic Structure Reports, a typical 
report must include three elements—administrative data, history and building analyses, and supporting 
documentation.   
 
This document is divided into six sections. The first is the introduction, which includes a summary of 
project data such as location, ownership, and landmark status of property and the methodology and 
project participants.   
 
The second section describes the developmental history of the property and structure, and includes 
historical background and context statement, narrative and graphic description of the chronology of 
development and use, and a brief description of existing conditions. 
 
The third section makes recommendations for general and specific scopes of work related to preservation, 
rehabilitation, restoration, or reconstruction of missing elements. It also includes general guidelines for 
the work such as code requirements and fire and life-safety upgrades, as well as suggestions for 
documentation, salvage, interpretation, and use and functional improvements. The fourth section 
describes the building’s current exterior and structural conditions and specific recommended treatments.  
The intent of these two sections is to provide guidelines to protect and maintain historic material and 
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character, where possible, and to provide for modifications and upgrades for continued or compatible 
new uses.   
 
The bibliography is provided in the fifth section, citing research sources and repositories, documents, and 
interviews relating to the history of the site and building. 
 
The sixth section consists of the appendices, which include copies of pertinent historic and record 
drawings, historic photographs, material analysis and engineering reports, and selected guidelines for the 
maintenance of the remaining historic materials.  
 
Following completion of the work to be performed on the building, a final section—a Completion 
Report—should be provided. This will serve as a record of the work carried out, providing 
documentation of new physical evidence discovered during construction, and documenting any changes 
made to the preservation design during the course of the work. The Completion Report should also 
include field reports and notes, project correspondence, and construction documents. 
 

Cultural Landscape Report and Methodology 

The Cultural Landscape Report component was developed and provided by Karen Kiest Landscape 
Architects.  The objective of the CLR is to support stewardship of the property by following the 
identified steps to document the history and current conditions, analyze landscape change and continuity, 
and to determine the preferred approach to preservation treatment. The CLR addresses the required 
aspects of a cultural landscape report in accordance with federal guidance for cultural landscape 
preservation, with primary reference to the Secretary of the Interior’s Standards for Historic Preservation 
with Guidelines for the Treatment of Cultural Landscapes. A CLR strives to provide a comprehensive study 
of an historically significant property, creating a basis for a treatment that addresses contemporary needs 
while preserving cultural heritage.   
 
Part 1 of a CLR researches property history and evolution, documenting existing character of the 
property and analyzing the integrity of the landscape today. Part 2 of a CLR investigates the application 
of the four preservation treatments to the property, identifies the most appropriate treatment, and 
provides recommendations for implementation. Part 3 of a CLR records the treatment undertaken. This 
Cultural Landscape Report encompasses Part 1 and provides a brief discussion of Part 2.  
 
The research effort for the CLR involved the review of extensive available documentation provided by 
Seattle City Light from the agency archives and files; additional historic materials provided by the prime 
consultant; and review of available online archives, including Seattle Municipal Archives, University of 
Washington Libraries Special Collections and Manuscripts, Museum of History and Industry, and 
HistoryLink.org; as well as contact with persons associated with the property. Materials including 
published and unpublished text, historic photographs, historic aerial photographs, plans and surveys were 
reviewed to provide evidence of property character and physical conditions. Field survey work was 
undertaken in June 2012 to provide documentation of current site and landscape conditions. 
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Building Data 

Historic Names:  Georgetown Power Station; Georgetown Steam Plant 
Current Name:   Georgetown Steam Plant; Georgetown Power Plant Museum 

Historic Uses:  Substation and Generating Station 
 
Present Use:  Museum 

Historic Register Status:  National Historic Landmark—Seattle Electric Company Georgetown Steam 
Plant (July 5, 1984); National Register—Seattle Electric Company Georgetown 
Steam Plant (August 1, 1978); City of Seattle Landmark (designation approved 
July 15, 1981; designating ordinance passed September 10, 1984) 

Address:   6605 13th Avenue South (aka 1300 Greeley Street) 
   Seattle, WA 98108 

Location:  Approximately 5 miles south of downtown Seattle, on the east side of the 
Georgetown neighborhood and immediately northwest of Boeing Field/King 
County International Airport 

King County 
Tax Parcel No.:  7006700570 
 
Site Area:   317,500 sf / 7.29 acres (per King County Parcel Viewer, includes the flume 

property) 
 
No. of Stories:  Two (2) + Five (5) in the North Gallery section 
Building Area:   Basement / Ash Level Floor: 18,750 SF 
   Engine Room Floor & Boiler Level Floor: 14,591 SF  
   Roof: 19,746 SF 
 
Construction: 
 Structure:  Reinforced Concrete Foundation supported on driven piles 
 Walls:  Reinforced Concrete; Hollow Clay Tile 
 Roof:  Reinforced Concrete; Corrugated Sheet Metal 
 Siding:  Corrugated Sheet Metal 
 Windows:   Wood; Steel 
 Doors:  Wood; Metal-Clad 
 Chimneys:  Sheet Metal 
 Interior Walls:  Reinforced Concrete 
 Interior Ceilings:  Reinforced Concrete 
 Interior Floors:  Reinforced Concrete 
 
 
Project Data 
 
Owner:    Seattle City Light 

700 5th Avenue, Suite 3200 
PO Box 34023 
Seattle, WA 98124-4023 
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Survey Date:  June and July 2012 

Proposed Treatment: Reroofing and Exterior Envelope Rehabilitation 

Zoning:   City of Seattle 

Building Code:  Seattle Building Code (SBC) 2009 

Participants: 
 
Seattle City Light: Ruth Meraz, Project Manager; Rebecca Ossa, Historic Resource Specialist; 
Blaine Olyano, Shops and Mobile Equipment Manager 
 
BOLA Architecture + Planning: Rhoda Lawrence, Principal; Susan Boyle, Principal; Sonja 
Molchany, Preservation Planner; Matt Hamel, Project Architect; Abby Inpanbutr, Intern 
Architect 
 
Karen Kiest | Landscape Architects: Karen Kiest, Principal 
 
KPFF Consulting Engineers: Gregory L. Varney, Principal; John M. Hochwalt, Associate; Scott 
Neuman, Associate 
 
Wetherholt and Associates, Inc.: Don Davis, Senior Field Engineer; Jose Laurean, Field Inspector 
 
Argus Pacific, Hazardous Materials Training & Consulting: Scott R. Parker, Principal; Conor 
Foley, Field Inspector 
 
WR Consulting, Inc.: John Rundall, Principal 
 
Coffman Engineers: Jay Jack, Senior Electrical Engineer; Scott Leinenwever, Mechanical 
Engineer 
 
Brian Allen Photo: Brian Allen 
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2. DEVELOPMENTAL HISTORY 
 
Urban Electrification in Seattle1 
 
Horse-drawn trolleys and gas lighting characterized Seattle into the mid-1880s, but things quickly 
changed as electricity came into use. In 1886, the Seattle Electric Light Company acquired a permit for 
street lighting, and several years later Seattle became the fourth city in the world to establish an electric 
street railway system. In 1887, a prototype electric streetcar had been introduced in Richmond, Virginia, 
and “electric traction” was soon a primary market for new electric utilities. 
 
By 1892, two early local firms had merged to become the Union Electric Company, which became a 
principal one of many electric generating and distribution companies vying for a share of the market in 
Seattle. Numerous small operators established localized steam plants in downtown building basements, 
and the field was characterized by mergers and reorganizations. 
 
Union Electric was acquired in 1899 by the Boston-based engineering company Stone & Webster, which 
was quickly on the rise as a national power corporation. By the following year, Stone & Webster, in 
conjunction with prominent Seattle resident Jacob Furth, had consolidated operations of virtually all the 
existing lighting, traction, and related subsidiary businesses in Seattle—nearly 20 locally-based utility 
companies—under the aegis of the Seattle Electric Company.  
 
The Seattle Electric Company was able to obtain a franchise from the City for the street railway system, 
gaining the firm exclusive operation of the system. Despite opposition from parties concerned about 
private utility ownership and Seattle Electric Company’s monopoly, the consolidated system was 
improved and extended under the new management. 
 
Meanwhile, populist sentiment and support for a municipal utility system was growing. In 1902, Seattle 
residents approved a $590,000 bond issue to develop a hydroelectric facility on the Cedar River, 
inaugurating public power in Seattle. The Cedar River plant, located 30 miles southeast of Seattle, first 
generated power in 1905 and was the first municipally-owned hydroelectric project in the country.  The 
City’s distribution station was located downtown at Yesler Way and Seventh Avenue. Initially the Cedar 
River project was under the control of the City Water Department, but as a result of good performance 
and high demand for power, a separate lighting department was created on April 1, 1910.  
 
Hydroelectric power produces electricity from the energy of falling water. Its superiority over steam 
power production became apparent in its greater efficiency, resulting in lower rates for consumers. Prior 
to the construction of the Cedar River plant, engineer Charles Baker had begun construction on his 
Snoqualmie Falls Hydroelectric Project in April 1898. In 1904, Stone & Webster followed suit, creating 
the Puget Sound Power Company to establish a major hydroelectric plant at Electron, on the Puyallup 
River.  
 
Although hydroelectric facilities by 1905 provided the power to meet most of Seattle’s needs, steam 
plants still had a role. Constructed as auxiliary power sources to provide back-up power and to meet peak 
load capacity, steam plants were a key element in a system that could offer uninterrupted electrical power. 
As electricity became an aspect of daily life, customers became intolerant of power failures. The Seattle 
Electric Company recognized the importance of establishing a steam plant to manage peak load, 
developing the Georgetown Steam Plant in 1906. 
 

                                                      
1 Expanded context statements including more detailed history of the development of electrical power can be found 
in both the HAER and the National Register Nomination. A briefer history is included in this HSR to provide the 
general context for the subject building. 
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Stone & Webster again consolidated in 1912, merging their Seattle Electric Company with the Seattle-
Tacoma Power Company (Snoqualmie Falls), the Pacific Coast Power Company, the Puget Sound Power 
Company, and the Whatcom County Railway and Light Company. The new corporation—called Puget 
Sound Traction, Light and Power—consisted of four major hydroelectric plants in addition to four steam 
plants in Seattle and Tacoma, establishing regional electrical service. This resulted in better dependability 
and lower rates for customers, and the company continued to acquire small utilities in the region. In 
1919, Puget Sound Traction, Light and Power sold the electric streetcar system to the City of Seattle, 
dropping the “traction” and becoming Puget Sound Power and Light. In 1934, the Stone & Webster 
“cartel” was broken up by the federal government, and Puget Sound Power and Light was reorganized 
under a local board of directors. In Seattle, private and municipal electric utilities continued to compete 
until Seattle City Light acquired Puget Sound Power and Light’s Seattle-area properties in 1951, after 
voters approved municipal acquisition of private power assets within city limits, unifying service under 
Seattle City Light. 
 
 
Stone & Webster 
 
Charles A. Stone and Edwin S. Webster, two electrical engineering graduates from the Massachusetts 
Institute of Technology, started a firm together in 1889 after finishing school. The Massachusetts 
Electrical Engineering Company, as they initially called it, undertook equipment testing and feasibility 
studies in Boston. A year after opening, they had their first significant contract—to design and install a 
direct current hydroelectric generating plant in Maine.  
 
By the early 1900s, the Stone & Webster firm was a power plant specialist, involved in engineering, 
building, and managing power plants. The firm had also gained recognition for its ability to build and 
operate integrated systems, and interests extended to lighting systems and electric street railway systems. 
Due to its heavy project load, in 1906 Stone & Webster formed a subsidiary, the Stone & Webster 
Engineering Corporation. This arm managed all engineering, construction, and purchasing activities, 
including construction of the Georgetown Steam Plant.  
 
Stone & Webster developed projects across the country, and as of 1910, 14% of the nation’s total 
electrical generating capacity had been designed, engineered, and built by the firm. In addition to the 
Georgetown Steam Plant, Stone & Webster served as the general managers and constructing engineers of 
numerous utility companies throughout the country including the Pacific Coast Power Company, the 
Seattle Electric Company, the Puget Sound Electric Railway, Whatcom County Railway and Light 
Company, the Galveston-Houston Electric Company, Savannah Electric Company, Tampa Electric 
Company, the Minneapolis General Electric Company, and Cape Breton Electric Company Limited, to 
cite a few. The company continued to grow during the 1920s and remained active through the 1930s.   
 
Heavily involved in wartime projects in the 1940s, Stone and Webster remained involved in power 
generation after the war and did much work with nuclear power generation. The firm continued work in 
power generation and petrochemical plant construction into the 1990s, adding environmental services as 
well. Stone & Webster was acquired by the Shaw Group in 2000 and remains a subsidiary working on 
construction and engineering projects, hazardous waste management, and environmental services. 
 
 
Frank B. Gilbreth and Construction of the Building 
 
Seattle Electric Company’s Board of Directors voted to approve the construction of a Georgetown plant 
on August 26, 1906. The company had streetcar barns in Georgetown, and the location was along the 
transmission line of the Electron hydroelectric station. The earliest original drawings for the project date 
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Figure 2: Frank and Lillian Gilbreth, 
1931. (Purdue School of Industrial 
Engineering, Gilbreth Library) 

from March 1906. The Stone & Webster Construction 
Company had purview over design and construction services, and 
Frank B. Gilbreth was hired to design and erect the building.  
Frank Bunker Gilbreth, Sr. (1868–1924) was born in Fairfield, 
Maine, and went to school in Boston. There he began as a 
bricklayer and became a self-taught mechanical engineer and 
contractor. With only a high school education, Frank Gilbreth 
started as a bricklaying apprentice at age 17, becoming a 
bricklayer and then a contractor. In 1899 he received a patent for 
a portable gravity concrete mixer, which was a great financial 
success for him. Gilbreth married Lillian Moller in 1904, and 
together they formed a professional partnership in science and 
engineering, collaborating on the development of motion study 
as engineering and management technique. The Gilbreths 
became renowned for their work in the field of scientific 
management as well as time and motion study, fatigue study, 
work simplification, and ergonomics. They focused on 
streamlining the actions of the worker for efficiency, emphasiz
also the worker’s physical comfort and satisfaction, and thus 
overall job performance. In addition, the pair did pioneering 
work with disabled veterans

ing 

 and vocational rehabilitation. 
 

In his work as a contractor, Gilbreth devised a system of running projects that increased efficiency, 
identified and encouraged best practices, and rewarded ingenuity and accomplishment. Gilbreth had 
clearly established company rules about how to run a job, and also developed specific systems for different 
types of construction.  
 
In his 1908 publication Concrete System, Gilbreth used the Georgetown Steam Plant as one of several 
illustrated examples of reinforced concrete construction. He noted that the building was originally to be 
constructed of steel and brick, but the San Francisco earthquake (on April 18, 1906) was the impetus for 
the decision to use reinforced concrete instead. This change in plans caused some delay, but Gilbreth 
made use of the time nonetheless. He described the beginning of the project as follows: 
 

The cellar was dug with drag scrapers until it was excavated down nearly to the water 
level. The balance of the excavation was done by centrifugal pumps, and the pumping of 
the sand and water was done simultaneously. As soon as part of the excavation was 
completed, two pile drivers were started to working simultaneously. One half of the pile 
driving was allotted to each machine, and a series of athletic contests was begun. 
Meanwhile a gravel unloader was erected for unloading scows…While waiting [for 
drawings to be changed and steel reinforcement rods to be ordered from Pittsburgh] we 
finished the piling and foundations, installed a water supply, constructed the cofferdams, 
built intake and condenser tunnels into the river, and completed the staging to the top 
of the building. Holes were left in the foundation piers to receive column reinforcement. 
(p. 131) 

 
Construction photographs in the same publication (on the following pages) date from May 18, 1906, to 
November 10, 1906, at which time the concrete work was complete.  Equipment had not yet been 
installed, but it does appear that at least some windows were in place by that date. The first vertical 
generator was installed by the end of 1906, and by March 1907 a second was ordered. The completion 
date of the plant with its two generators was January 1908. A third, horizontal, unit was added in 1918 
and ready for use by May 1919. While the plant was constructed with the capacity to burn both coal and 
oil, it began as an oil-fired plant and was converted to coal-fired in 1917, when oil was in short supply. A 
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conveyor supplying coal was added, entering the building at the central upper portion of the south façade. 
In the late 1940s, the boilers were converted back to oil-fired.  
 

 

 

Figures 3 and 4 
May 18, 1906 
May 30, 1906 
 
(These and the 
figures on the 
following pages are 
from Frank 
Gilbreth’s 1908 
publication, 
Concrete System.) 
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Figures 5 and 6 
June 15, 1906 
July 25, 1906 
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Figures 7 and 8 
September 24, 1906 
September 28, 1906 
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Figures 9 and 10 
October 1, 1906 
November 10, 1906 
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The Georgetown Steam Plant was constructed for use as a peaking facility, operating primarily when 
demand was the heaviest in the morning and late afternoon to evening.  It also ran more when water for 
the hydroelectric plants was low—in fall and winter. Demand for power increased greatly in the 1920s, 
and several hydroelectric plants were increased in size to meet the need. When Puget Sound Power & 
Light constructed the new Shuffleton Steam Plant in Renton in 1930, the Georgetown Steam Plant’s role 
as a backup facility was largely taken over by the new plant. The last production run of the Georgetown 
Steam Plant was during a major water shortage, from November 1952 to January 1953. Into the 1970s, 
the plant was maintained as a standby facility, for which Seattle City Light got a credit from the 
Bonneville Power Authority. 
 
 
Power House Design 
 
Much as they are today, guiding principles of power house design in the late 19th and early 20th century 
were largely simplicity, efficiency, and economy. The size and mass of the machinery enclosed in a power 
house also dictated design elements. “While such a building is essentially an engineering structure, 
inclosed [sic] by protecting walls, its size and prominence make it imperative that its exterior shall be 
given an architectural character suited to its dimensions and purpose. The design of the building is 
developed in a plain substantial manner expressive of power.”2 In addition to the large volume, power 
houses also required ample ventilation and natural light, resulting in generous fenestration. The 
monumentality of structure necessitated by the machinery and crane requirements seem to correspond 
also with the significance of the engineering achievements within.    

 
A development in construction 
technology played a major role in 
shaping the look of power houses 
in the 20th century.  Reinforced 
concrete came into use in the 
Seattle area in the first decades of 
the 20th century, and was first 
employed for building types that 
were also new – power houses 
and fuel storage buildings.3 
(Poured-in-place concrete offered 
an economy in the construction 
process, protection from 
combustibility, and also allowed 
for some historical detailing.)  
 
A comparison of power houses in 
Washington State demonstrates 
consistent qualities among them.  
Namely, they tend to be of 
reinforced concrete construction; 
monumental in scale; 
symmetrically designed with a 

clear pattern of repetitive bays; vertically divided into the traditional building elements of base, shaft, and 
capital or crown; and have very large, operable windows. 

                                                      
2 NYT, January 15, 1899. 
3 Boyle and Deines, p. 103. 

Figure 11: White River Power House. This power house was designed 
by Stone & Webster and constructed by the Pacific Coast Power 
Company in 1909-1911. (University of Washington Libraries Special 
Collections, PH Coll 269.995) 
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Architectural Description 
 
The Georgetown Steam Plant is a reinforced concrete-frame building, distinguished by its monumentality 
and stripped classicism. It is a T-shaped building, composed of the Engine Room at the north end and 
the Boiler Room perpendicular to it at the south. The Steam Plant is characterized on the exterior by its 
concrete massing, tall windows or blind openings in recessed panels between concrete pilasters, rhythm of 
nine bays along the east and west façades of the Boiler Room, and rhythm of three bays at the west end of 
the Engine Room and south end of the Boiler Room. The west and south façades are architecturally the 
primary façades and faced the Duwamish River in its original location, until it was channelized between 
1914 and 1920. Classical features on these façades include symmetrical arrangement, a prominent water 
table above the basement level, a simple frieze band with plain cornice above, and the use of entablature 
elements in the large medallions—one at the west façade of the Engine Room and the other at the south 
façade of the Boiler Room. The medallions are lent additional prominence by their location at the ends of 
the roof monitors, which gives them added height above the basic roofline. Each one has text projecting 
from the surface in cast concrete: the west medallion reads “1906” and the south reads “No. 1.” 
Rectangular block modillions are located along the bottom edge of each medallion element. The north 
and east façades are utilitarian, without any embellishment and with limited fenestration. 
 
The Engine Room is the shorter wing, measuring 64’ (north-south) by 79’ (east-west), with a 36’ 
addition at the east end for an overall dimension of 115’ east-west. The Boiler Room measures 153’ 
(north-south) by 76’ (east-west). The Georgetown Steam Plant was described in the June 1908 issue of 
Engineering Record, quoted in the 1984 HAER document: 
 

The station building is a reinforced-concrete structure, 80 x 218 feet in plan, and with a 
height of 68.25 feet from the ground line to the top of the roof. The reinforced-concrete 
frame, and the side and end walls of the building, stand on spread footings of concrete 
carried by piles driven to refusal, 1,800 piles being used to secure a stable foundation for 
the building and equipment. The side walls of the building are 10 inch reinforced-
concrete slabs carried by columns spaced 16 feet apart on centers; the end walls are 6 
inches thick and are carried by columns spaced 15 feet 1 inch apart on centers. The roof 
consists of 5 inch reinforced-concrete slabs carried by beams and girders resting on the 
wall columns and on rows of columns in the interior of the building. 
 
The building is divided by a transverse 6 inch reinforced-concrete wall into a boiler 
room and a generator room, the former being 153 feet 10 inches long, and the latter 
occupying the remainder of the building. A basement, with its floor at the ground level, 
extends under the entire boiler room. The boilers are on a reinforced-concrete floor over 
this basement, which floor is carried by reinforced-concrete columns on spread footings 
on piles. 
 
…The floor of the generator room is carried by 65 foot span reinforced-concrete girders, 
exiting from the transverse partition wall to the end wall of the building, so this room is 
entirely free of columns. The switchboard, wiring connections, switches, transformers 
and electric auxiliaries are at the opposite side of the generator room from the boilers, in 
a reinforced-concrete gallery having four floors above the generator room floor.4 

 
Initially the Engine room was planned to contain one generator, but the Seattle Electric Company made a 
decision in March 1907 to order and install a second generator. The building design anticipated such 
expansion, and there was room for the new unit as well as its boilers and auxiliary equipment. The small 
addition to the east end of the Engine Room was made to accommodate a third unit in 1918. The east 

                                                      
4 HAER, pp. 10-11 
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wall of the Engine Room was always designed to allow for easy future expansion. Original drawings note 
“corrugated iron covering,” and today the east façade is sheathed with corrugated steel, which was 
installed in 1985. 
 
Original architectural drawings provide detailed information about each façade. On the primary west and 
south façades, the top of the water table is approximately 15’ above grade. The shaft of the building is 
approximately 38’-9” tall, and the “cap” of the frieze and cornice band is approximately 8’-8” tall. The 
medallion at the Engine Room parapet is approximately 17’ tall, while that at the Boiler Room is 
approximately 15’ tall. The roof monitor along the Boiler Room rises 9’-5” above the main roofline. 
 
The west façade of the Engine Room is divided into three bays—a 25’-wide center bay flanked by a 19’-
5”-wide bay to each side. The center bay contains a 15’-6”-tall and 12’-wide pair of doors, each leaf 
glazed with a 12-light fixed window in the upper portion. Between the water table and the cornice line, 
the central portion of the west Engine Room façade is primarily glazed with an assembly of 4’-9”-wide 
divided light wood windows with pivot operation. The rows and groups of windows are slightly recessed 
in the wall plane, giving the effect of a concrete grid around them. The lowest row consists of three blind 
openings. Above that, the next row of three 16-light windows is 5’-11” tall. Above that are three 13’-8”-
tall sets of three vertically stacked 12-light windows. Another 13’-8”-tall set is above the first. At each side 
bay, a slightly recessed panel 8’-4” wide contains four pairs of 9-light wood windows with pivot 
operation. 
 
The west façade of the Boiler Room is composed of nine bays, 16’-6” on center. Each bay contains a 
slightly recessed panel, 10’-8” wide by 32’-3” tall. These are divided down the center by a 13 ½” concrete 
vertical member. At all but the northernmost bay, the lower 17’-1” of the recess consists of a blind 
opening. Above this is a 9’-2” tall pair of window openings, each containing two vertically stacked 12-
light pivot windows. At the top of the recess in each bay is a pair of 6’-tall metal louvers. The 
northernmost bay contains additional stacked 16’ light windows where the other bays have blind 
openings. Basement window openings are 8’-4” wide by 6’-7” tall and each contains a pair of two 
vertically stacked 6-light pivot windows. 
 
The south façade of the boiler room is divided into three bays and has similar architectural detailing. A 
12’-tall pair of doors with 12-light glazed upper portion is centrally located at the basement level, which is 
at grade. Above the water table is another pair of 12’-tall doors. Above the doors is a 9’-2”-tall row of 
three window openings, each containing two vertically stacked 12-light wood pivot windows. Above the 
windows is a 5’-tall row of three square blind openings. Original drawings indicate a row of 7’-7” tall 
metal louvers above, but these have been removed. The side bays each have a recess with a lower blind 
opening, central stacked windows, and upper louver (now removed), very similar to the bays on the west 
façade. Near the outer edge of the end bays, drawings note a 7’-6”-wide by 15’-tall arched opening that 
was left for a flue and “filled temporarily with a 2” cement plaster on metal mesh flush with the outside.” 
This feature is visible as a rougher texture than the surrounding poured concrete exterior. At the basement 
level each side bay has a pair of wood doors with 9-light glazing in the upper portion.  
 
The north and east façades are entirely utilitarian in comparison to the west and south façades. Original 
drawings show the north façade consists of five bays on 15’-1” centers. The vertical concrete frame 
members are visible and there is no fenestration on this façade. The east façade of the Engine Room was 
always designed to allow future expansion, and original drawings show it with corrugated iron cladding 
and limited fenestration. The east façade of the Boiler Room consists of nine bays and, like the north 
façade, lacks fenestration and clearly exhibits the concrete frame. 
 
The 1918 Engine Room addition originally re-used the corrugated iron, door, and sash from the east 
façade. On the north side, the addition had hollow clay tile walls between the concrete columns, stuccoed 
on the exterior. Three industrial steel sash window assemblies were inserted on this façade. At the shorter 
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portion of the addition, on the south side of the Engine Room, new galvanized corrugated iron was used 
for cladding and two 3’ by 7’ wood doors with glazed upper portions were installed at the east façade.  
 
In 1936, Puget Sound Power & Light solicited bids for removal of the two large chimney stacks and 
installation of induced draft fans at the Georgetown Steam Plant. The impetus for this change was 
primarily the proximity of Boeing Field/King County International Airport, for which the stacks 
consistently presented a flight hazard. The work was carried out in 1938, and the eight draft fans are 
visible as vertical projections from the Boiler Room roof.  
 
 
Building Equipment / Power-Generating Components 
 
The building equipment and power generation / transmission components are thoroughly described in 
the HAER and are not included in this report 
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Chronology of Changes to the Building 
 
The chronology below was developed through review of available historic photographs, written 
documentation, and historic construction documents.  A few of the dates could not be verified exactly, 
but the list serves as a comprehensive inventory of significant architectural changes and documented 
repairs to the building.  
 
1906 Original Construction with steel chimney stack (125’) 
 
1907 Construction of first masonry chimney stack (268’) 
 
1907 Addition of second vertical turbogenerator 
 
1917 Boiler fuel source changed from oil to coal; addition of coal conveyor on south end of Boiler 

Room. 
 
1917 Duwamish River route altered; new pumphouse built on the bank of the waterway; old 

connections for boiler and condenser water were replaced with a wood-stave pipe for intake 
condenser water and an open wood-lined trench for exhaust water 

 
1918 Addition to Engine Room for third (horizontal) turbogenerator; addition of two additional 

boilers; construction of second masonry chimney stack (225’) off the south end of Boiler 
Room; addition of penthouse access to roof from Engine Room 

 
Pre-1920 Installation of rooftop electrical equipment at NW corner of Engine Room main roof 
 
1916-1920 Removal of 125’ steel stack at southwest corner of Boiler Room 
 
1920-1938 Selective replacement of select monitor windows with door/fan vented window sets 
 
1938-1950 Select replacement of wood, center-pivot monitor windows with paired casements 
 
1937-1950 Installation of transformer support structure mid-wall on west elevation 
 
1937-1954 Installation of transformer equipment on north elevation 
 
1937-1972 Installation of fire escape on west side of Engine Room 
 
1938 Removal of masonry chimney stacks and replacement with (8) rooftop induced draft fan 

stacks; masonry infill at arched flue openings in south wall of Boiler Room 
 
Pre-1950 Construction of small shed roof over piping at south end of west wall of Boiler Room 
 
Pre-1950  Addition of roof railings 
 
Pre-1950 Addition of air beacon lights 
 
Pre-1950 External scupper box and downspout on east facade of Boiler Room (only one, mid-wall) 
 
Ca. 1940 Removal of coal conveyor on south end of Boiler Room 
 
1953 Installation of Air Raid Siren 
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1969 Exterior building and roofing repair 
� Installation of corrugated fiberglass panels and wood-framed sub structure over most 

monitor walls and windows 
� Covering of select window openings with flat fiberglass panels 
� Installation of plywood panels over single-raised panel monitor doors 
� Coating of the building with vinyl /plastic paint  
� Removal of select abandoned metal attachments 

 
1950-1970 Removal of transformer support structure 
 
Pre-1972 Removal of rooftop electrical equipment at NW corner of Engine Room main roof 
 
1983 Roofing repairs 

� Replacement of low-pitch roofing system and addition of cant strips, flashings and 
counter flashings 

� Infill of original integral gutters and replacement of roof drains 
� Installation of eave gutters and external downspouts on monitor roofs and east side of 

main Boiler Room roof 
� Replacement of stack cover at southwest corner of Boiler Room 
� Replacement of roof ladders 
� Addition of air raid siren supports at east end of Engine Room monitor roof 

 
1985 Exterior building renovation 

� Repair of concrete spalls and cracks;  
� Glass replacement with wire glass at Ground Floor, in-kind glass replacement at upper 

windows 
� Window sash repairs 
� Removal of fiberglass panels from window openings 
� Replacement of corrugated metal siding and shed roofing on east and south side of 1918 

Addition 
� Infill /restoration of cast concrete opening at “No. 1” on south end of Boiler Room 
� Repair and of wood doors and frames at south and west facades 
� Installation of metal flashing at monitor door thresholds and vented window sills  
� Installation of interior metal cover plates over louvers 
� Replacement and repair of wood framing at east and south walls of 1918 addition 
� Replacement of two steel sash windows in 1918 Addition (one each at north and east 

walls) 
� Removal of select abandoned attachments including bolts, conduit, insulators, and 

miscellaneous metal 
� Coating with vinyl paint 

 
After 1985 Removal of small shed roof over piping at south end of west wall of Boiler Room 
 
After 1985 Removal of duct hood over air intake shed on east end of 1918 Addition 
 
Unknown Removal of air raid siren on east end of Engine Room monitor roof 
 
2009 Removal of flume 
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Early Site and Landscape History 
 
The National Register nomination identifies the period of significance for the Georgetown Steam Plant as 
the years 1906-08, when the plant construction was completed, and 1917, when a third turbine generator 
was installed and the plant was expanded to the east. This time period roughly coincides with the decade 
when the Steam Plant played a primary role as a “peaking” facility, before new hydropower sources were 
available. 1917 also marks the year the straightening of the Duwamish was completed, and the building 
was marooned ½ mile from the nearest available water source for plant operations.   
 
The primary period of significance for the plant corresponds to the initial plant construction and start up, 
as well as to this relationship of the steam plant to the Duwamish waterfront site, and the Seattle Electric 
Company’s rail lines and the growing Georgetown community on the north bank of the Duwamish (as 
clarified in several maps and plans). Available documentation for the property in this decade of site 
development is restricted to plans and maps for the property and as well as maps for the immediate area 
and region. Photographs with the plant in the distance, as well as news reporting of area events and 
activities, provide additional context. See Figures 12-19, describing the original relationships between 
plant, rail, river, and city.    
 
Electric Car and Interurban Rail 
 
In 1906-1907, when the Georgetown Steam Plant was constructed, the electric car and the interurban rail 
were at peak service. The Seattle Electric Company operated 155 miles of track and provided service to 
246,000 people. By 1912, the profitability had declined, and Stone & Webster deferred maintenance, 
reviving local sympathy for municipal ownership. In 1919, the City purchased the entire system from 
Stone & Webster. With no additional investment over the next 20 years, the Seattle Municipal Street 
Railway system seriously declined and ceased operations in 1941. 
 
Plant Role and Operations 
 
The Georgetown Steam Plant was used as a ‘peaking’ facility, operating between 6 o’clock and 10 o’clock 
in the morning and 5 o’clock to 8 o’clock in the afternoon and evening when power demand was greatest, 
and in fall and winter, when hydroelectric power generation was lower. The 1912 consolidation of several 
power companies led the Georgetown Plant to be used only as an emergency backup; by the 1930s the 
plant’s role as standby facility was taken over by the newer Renton Shuffleton facility. Owned by the City 
of Seattle Department of Lighting (Seattle City Light) since 1951, the plant was occasionally operated 
through the 1950s when low water restricted hydropower output, and was last run was in the winter of 
1964. The plant was occasionally tested and operated from 1971 until 1977 when it was officially retired. 
 
The Georgetown Steam Plant was designed to burn either coal or oil. Oil was stored in a 150,000-gallon 
steel tank immediately east and pumped into the plant. A coal delivery system was constructed in 1917 
and the Georgetown Steam Plant then switched from oil to coal. Coal was delivered to the site via the 
Seattle Electric Company’s street railways from the east. A conveyor belt at the rear (southeast) corner of 
the plant delivered the coal to the top floor. Ash exited the base of the plant and was removed via the rail 
tracks. The plant switched back to oil in the late 1940s. 
 
Site Context 
 
In the decades following, only gradual changes have altered the immediate setting. Like the interior, the 
site has been generally fixed in time, with few alterations or improvements since the period of 
significance.   
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However, the broader physical context of the plant has been radically altered, up to the present decade. 
The history of the Georgetown Steam Plant site and landscape is defined by the dramatic changes in the 
larger physical context of the facility relative to the channelization of the Duwamish River, and the early 
development of Georgetown.  
 
Duwamish 
 
The story of the site is first the story of the Duwamish River. The river created a series of meanders or 
bends in the general vicinity of the Steam Plant. With the Georgetown Steam Plant situated along the 
north bank of the Duwamish, the river was used for transporting construction materials and provided a 
direct source for water for cooling condensers and for discharging wastewater. 
 
The building was oriented directly towards the Duwamish, and the originally river-facing south and west 
façades are the detailed façades. The earliest images of the site are from this aspect, looking upriver, with 
the west and south façades clearly visible. Straightening of the Duwamish was first proposed in 1906; 
dredging began in 1913 and was completed by 1917. The primary vista of the structure has been 
significantly altered since construction, when the principal view of the structure was heading upstream 
along the Duwamish River.   
 
The realignment of the river ended a primary waterway for the plant and necessitated the extension of a 

flume to provide water for cooling for 
the now landlocked plant. By 1917 a 
pump house was built northwest of the 
end of the old riverbed, named Slip 4, 
to supply feed water to the steam plant 
boilers. The flume was constructed to 
carry the cooling water back to the 
waterway. While detailed discussion of 
the flume is not included here (it has 
been documented in several previous 
reports), this was the last property 
purchased for the Georgetown Steam 
Plant. Since 1952, Boeing has leased 
portions of the property.   
 
Georgetown 
 
Named Georgetown after developer 
Julius Horton’s son, the town was 
situated on the oldest settlement 
property in Puget Sound, the L.M. 
Collins homestead, established in 1851, 
one week ahead of the Denny Party’s 
landing at Alki Point in what is now 
West Seattle (Figure 12). Georgetown 
was incorporated as a city in 1904, and 
voted for annexation to Seattle in 1910. 
 
Purchase of the property and 
construction of the steam plant 
occurred in 1906. Several factors 
supported selection and development at 

Figure 12: Early Seattle claim map, including he then-winding 
Duwamish River, 1850s (from HistoryLink essay 9291) 
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the Georgetown location: Georgetown property was readily available, the site was located on the route of 
the transmission line from Stone & Webster’s hydroelectric facility at Electron, and the company’s 
electric car barns and maintenance facilities were located nearby. The growing industrial town also 
included an available work force. The 1901 census lists Seattle Electric Car Company employees located 
where the company car barns and interurban station were located. Larger car barns employing 200 men 
were built in 1906 in conjunction with the construction of the Steam Plant.  

The town grew south and west to the river. Along the margins, the rich river bottomland, easy river and 
later rail access supported the development of truck farms. When the river was rerouted, immigrants of 
Italian and Japanese origin farmed the old Collins and Van Asselt claims and reclaimed land, hauled their 
produce to Seattle, and sold it at the newly opened Pike Place Market.  

By 1920, Malmo & Company which sold seeds and nursery stock from its corner store on Seattle's 6th 
Avenue and Stewart Street, at Westlake, had an established nursery operation in Georgetown on Ellis 
Avenue immediately west of the Georgetown Steam Plant (Figures 18, 20). The 1923 planting guide 
invited visitors to take the local interurban train down to Chicago Street, to visit the rhodies at “blossom 
time,” in late May:  

You will find our trees, evergreens and shrubs growing in well-prepared soil in our 
nursery at Georgetown, or at our large sales yard, a block from our store…We grow all 
kinds of nursery stock extensively at our Georgetown nursery and invite our customers 
to inspect the same.  When in full bloom, our field of several thousand rhododendrons 
presents a massive floral display of over 100,000 blossoms in fifteen different shades and 
colors.5 

 
The Georgetown Steam Plant, put into operation at the primary period of development of Georgetown, 
became tightly knit into the fabric of Georgetown. Sited on the riverbank, the GTSP would remain the 
southern backdrop for Georgetown, comfortably situated between truck farms, plant nurseries, and streets 
of homes connecting the Plant to the center of Georgetown to the north.   
 
 
Historic Site and Landscape  
 
This section provides a description of the Georgetown Steam Plant site and landscape circa 1917. The 
date corresponds to the building’s period of significance and was selected to represent the historic 
character of the site and landscape after a study of the property’s history. By 1908 the initial construction 
of the plant was complete. However, there are not sufficient sources from that period that would allow a 
detailed historic plan to be created. As discussed above, the next period of the property’s history was 
primarily a site response to the re-routing of the Duwamish River. By 1917 there were numerous plans 
and photographs documenting the site conditions. (Figures 13-16.) 
 
An important aspect for considering the duration of the period of significance is the determination of the 
timing of the final set of changes to the property that contribute to its historical importance and the point 
at which changes to the property begin to alter initial site features and character. At the Georgetown 
Steam Plant, the first substantial alterations to site character occur in the 1930s with the expansion of 
Boeing Field. Therefore, the period of significance for the property extends at least to the late 1930s, and 
could be considered to extend to 1963, when the eastern portion of the property was sold to King 
County. 

                                                      
5 HistoryLink.org, “Puget Sound Gardening with Charles Malmo.” 
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Figure 13: View 
of NE façade of 
Plant, showing 
towers still in 
construction. 
Farm near Seattle 
Electric Power 
Plant, 
Georgetown, 
1907. (Museum 
of History and 
Industry, image 
no. 
1974.5868.233) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14: View 
of W façade from 
E Marginal Way, 
Rerouting of 
Duwamish 
underway, April 
24, 1916. (Seattle 
Municipal 
Archives image 
no. 990) 
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Figure 15:  Georgetown Shops and Car-Barns, Portion of plan, 1915. (Seattle Municipal Archives, item no. 
1248 ) 
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Figure 16: 1916 Municipal Street Map, portion of plan, with street access to the Steam Plant  
highlighted. (Seattle Municipal Archives, item no. 1208) 
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Figure 17: 1917 Duwamish & Land Claims, portion of plan. (Seattle Municipal Archives, item no. 1527) 
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Figure 18: 1920 Kroll Map 67E, portion of plan, indicating Malmo & Co. property and Duwamish filled in. 
(Seattle Municipal Archives, item no. 1911) 
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Figure 19: Map of Georgetown Property, March 1921, updated, Puget Sound Power & Light Company, 
Seattle Division, portion of plan, indicating primary properties (J,K,L,M). (Seattle City Light) 
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Figure 20: Sanborn, 1929 vol. 8, Sheet 1316, portion of plan, identifying Malmo & Co. Florist and nearby 
residences. (Sanborn Map Company) 
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Figure 21: 1940 Boeing Aerial Map, portion of plan, indicating Airport Turning and Approach Area Height 
Map and legislated height districts. Even with the 225’-tall and 268’-tall chimney stacks removed in 1938 the 
Steam Plant is 80’ in height in a 40’ height zone. (Seattle Municipal Archives, item no. 1467) 
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Available documentation for the property in this decade of site development is restricted to plans and 
maps for the property and as well as maps for the immediate area and region. Photographs with the plant 
in the distance, along with news reporting of area events and activities, provide additional context. The 
Map of Georgetown Property, published in 1921 by the Puget Sound Power & Light Company after 
taking ownership of the facilities, provides the most complete record of historic conditions at the site and 
environs and is included here for reference (Figures 19, 27).    
 
Although facing the river to the south and west, plant access from Georgetown would have been from the 
land side, along the growing network of roads that quickly became the establishment of Georgetown. 
Greeley Street (also spelled Greely) was platted parallel to the River. Thirteenth Avenue South extended 
the Seattle grid. The original address of the plant was 1300 South Greeley Street.   
 
The original east property line extended to the Interurban railway right-of-way, and included the 
Georgetown Shops and Car-Barns. In 1915 these properties were sold to the City of Seattle. Until 1963, 
the property extended to the Oregon-Washington Railroad & Navigation Company (O.W.R. & N. Co., 
now Burlington Northern Santa Fe and Union Pacific) railway right-of-way, when the warehouses and 
properties were sold to King County.   
 
Photographs of the site were regularly taken from the eastern extent (Figures 35-37). Oil was stored in a 
150,000-gallon steel tank immediately east. A coal delivery system constructed in 1917 delivered coal via 
rail lines to a coal hopper, transferred to a conveyor belt at the southeast corner of the plant. Ash exited 
the base of the plant and was removed via the rail tracks.   
 
The south side of the site originally extended to the Duwamish; when the river was re-routed the 
centerline of the meander became the south property line. The river provided a direct source of water for 
cooling condensers and for discharging wastewater. Supply ‘feed’ water for the steam boilers came directly 
from the river, via a 10” pipe located in a concrete-lined 6 x 10 foot trench. Water for the condensers was 
drawn from a 16” pipe.    
 
The earliest images of the site are looking upriver, with the west façades clearly visible. Taken from a 
distance, there is no detail of the ground condition. (Figures 13-14) By 1917, the primary vista of the 
structure had been significantly altered, when the river was straightened and relocated into the Duwamish 
Waterway.  
 
The west property line separated the site from the former Malmo Nursery, established off of Ellis Avenue 
by 1920 (Figures 18, 20). The condensing water tank with 36” wood stave line to the Duwamish River 
would have provided water for cooling and operating the plant.   
 
Flume 
 
After the realignment of the Duwamish River in 1917, a ½-mile-long flume extended from the Steam 
Plant to the Duwamish Waterway. The story of this element provides a unique narrative of the plant’s 
necessary relationship with the Duwamish River for cooling of the steam turbines for the 100-year period 
when the site was physically disconnected from the River. The line of the flume followed the original 
river meander. In 1919 property that was a portion of the filled bed of Duwamish River, 7.742 acres, was 
joined to the Georgetown Steam Plant site. Additional parcels were acquired between 1914 through 1919 
to complete the flume operations. By 1917 a pump house was built northwest of the end of old riverbed, 
at Slip 4, to supply feed water to the steam plant boilers. The Georgetown Pumping Station was 
constructed on the Duwamish on property acquired in 1914. 
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Figure 22: 
1936 Aerial 
(King County iMAP) 
 

 

Figure 23: 
1946 Aerial (SCL) 
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Figure 25:  
2005 Aerial 
(King County iMAP) 
 

Figure 26: 
2009 Aerial 
(King County iMAP) 

Figure 24:  
1960 Aerial (SCL) 
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Figure 27: Historic Site Features 
 

HISTORIC SITE FEATURES
 
North Side of Building  
L Greely St. R.O.W.  
 
East Side of Building 
A Trolley Barns, Warehouses Site, 

Sold to King County 1963 
B Oil Tank with Old 8’’ Dia. Pipe  
C Track Connections to Steam & 

Electric Railway (Perpetual Right)  
D Hopper and Shed 
 
South Side of Building 
E Conveyor 
F Section Meander Line 
G South Property Line - Original 

Duwamish Centerline  
 
West Side of Building 
H Oil House 
I Flume Tunnel approximate 
Location 
J Tank 
K West PL 
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Figure 31 (left): View of the west and 
south façades, 1979. (HAER 
documentation) 
 

Figure 28 (left): View of the west façade, 
1920. (University of Washington 
Libraries Special Collections, A. Curtis 
39579) 
 
Figure 29 (below left): Undated view, 
looking northeast toward the Steam Plant. 
(University of Washington Libraries 
Special Collections) 
 
Figure 30 (below right): View looking 
along the west side of the property in 
1950, the landscape appears not 
maintained. (Seattle Municipal Archives, 
item no. 22430) 
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Figure 32: View looking at the 
north and east façades from Greeley 
Street and 13th Avenue, 1938. 
Property line planting obscure view 
of the building base. (Puget Sound 
Regional Archives) 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 33: Similar view looking 
southwest from Greeley Street and 
13th Avenue, early 1960s.View of 
fenced transformer pad and 
overgrown laurels beyond. (Seattle 
City Light) 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 34: Oblique view of the 
north façade from Greeley Street 
and 13th Avenue, 1970s. Note the 
fenced transformer pad and 
overgrown laurels beyond.(Seattle 
City Light) 
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Figure 35: Looking northwest from 
the east property line, toward the 
east façade, with an oblique view 
of the south façade, 1950. Rail 
tracks are in the foreground in the 
grass. Laurel plants with small trees 
located between them are visible. 
(Seattle Municipal Archives, item 
no. 22426) 
 
 
 
 
 
 
 
 
 
Figure 36: Similar view in the 
early 1960s.Trees have been 
removed, and the laurel hedge is 
not maintained. (SCL) 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 37: Similar view, 1979. 
The laurel hedge at this time is well 
maintained. (HAER 
documentation) 
 



Seattle City Light - Georgetown Steam Plant Renovation October 9, 2013 
Historic Structure and Cultural Landscape Report  Page 37  
   
 
 

 

BOLA Architecture + Planning 

Landscape Changes from 1917 to 2012 
 
The story of the site in the nearly century-long period since 1917 has been closely related to the history of 
the Boeing Company and the associated development of Boeing Field. The fallow land that had been the 
Duwamish riverbed and bottomlands was not fallow for long. The abandoned Duwamish meander 
became available property. The Meadows Racetrack had been established about two miles south of the 
Georgetown Steam Plant (north of today’s South Boeing Access Road) in 1909. In 1928, the area to the 
north of The Meadows was selected for the site of Seattle's first airport, Boeing Field.  
 
For 85 years, the expansion of the airport has meant the restriction of the Steam Plant site – all occurring 
within the lost meanders of the Duwamish (Figures 22-26). A review of a 1936 aerial image (Figure 22) 
indicates that at that time, the Steam Plant was bounded by Malmo Nursery to the west and small truck 
farms to the north, and the airport property is clearly shown to the south of the Georgetown Steam Plant. 
The river meander is still visible in different growth pattern of grass, either due to grades, drainage or soil 
type. To the east, the property remains relatively unchanged, with the oil tank, warehouses and rail lines 
still visible.   
 
However, the Georgetown Steam Plant and all of Georgetown was now located within the airplane 
approach zones. By1938, 225’-tall and 268’-tall chimney stacks had been removed and replaced with a 
series of smoke outlets, leaving the 80’-tall plant still an obstacle. A 1940 zoning map established height 
districts affecting all of Georgetown; the Georgetown Steam Plant and the neighborhood to the north 
were located within the 40’ height zone (Figure 21).   
 
Airport expansion of Boeing operations and Boeing Field as part of the war effort led to a dramatic 
transition in the landscape to the west, as the 1946 aerial indicates. Gone are most of the agricultural 
fields to the west and north, replaced by airplane related industrial facilities.    
 
In the late 1950s, King County acquired all properties north of the Georgetown Steam Plant to Albro 
Place and removed the neighborhood, demolishing all residences and businesses. The community outrage 
saw the return of some businesses in long-term leases on County land. Julius Rosso Nursery had already 
lost original landholdings on Ellis Avenue to what is now the site of the Washington Air National Guard 
in the 1940s. In 1958, the Nursery began leasing the property at Ellis and Albro.6 
 
Parcels to the east of the Steam Plant site remained relatively unchanged until after 1963. In 1963, the 
eastern portion of the original property, including the original 150,000-gallon oil storage tank, a 
warehouse, and a machinery shop, was sold to King County for airport use. Buildings were removed and 
the area developed as taxiway and parking for small planes. The most recent expansion of Boeing Field 
occurred in 2004-05. The blast fence was installed in 2005. While SCL still retains ownership of the 13th 
Avenue access and the southern half of Greeley Street, access to the Plant has been rerouted and is the 
subject of ongoing negotiations between SCL and King County to find a suitable alternative.  
 
 

                                                      
6 telecom with Gene Rosso – King County has terminated the lease with the Nursery as of August 31, 2012 
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CURRENT SITE CONDITIONS
 
North Side of Building  
L Perimeter C/L Fence and Gate  
M Greely St. R.O.W. (abandoned), AC Pavement,  
 older C/L Fence and Gate 
N Former Switchyard - concrete curb at original 
  fenceline, concrete pads, gravel mulch 
 
East Side of Building 
A 8’ High “Blast” Fence, King County Airport 
B Gravel pavements 
C Portable Building 
 
South Side of Building 
D Intake (abandoned) 
E 30” Intake (abandoned) 
F Remediation Area 
G South Property Line and Fence -  
 Original Duwamish Shoreline Meander 
 
West Side of Building 
H Transformer 
I Flume Tunnel approximate Location 
J Tank 
K West Fence  

Figure 38: Current Site 
Conditions 
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Figure 39: Current Plantings 
 

CURRENT PLANTINGS 
 
COMMON NAME  BOTANICAL NAME 
     
North Side of Building 
4 Pacific Madrone  Arbutus menziesii 
5 Birch Betula sp. 
6 Douglas Fir Pseudotsuga menziesii 
7 Pacific Madrone  Arbutus menziesii  
8 Cottonwood Populus sp. 
9  Cottonwood Populus sp. 
10 Pacific Madrone  Arbutus menziesii 
11 Cottonwood Populus sp.   
12 Birch Betula sp. 
13 Viburnum Viburnum sp. 
14  Mock Orange Philadelphus lewisii 
 
East Side of Building 
1 English Laurel Prunus laurocerasus 
 
South Side of Building 
2 Pampas Grass Cortaderia selloana 
3 Arborvitae Thuja occidentalis 
 
West Side of Building 
2 Pampas Grass Cortaderia selloana 
3 Arborvitae Thuja occidentalis 
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 Figure 40: View of various trees 

overgrowing north transformer pad. 
(KKLA) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 41: View looking south from 
the Greeley right-of-way, showing 
older chain link fence and gates. 
(KKLA) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 42: View of east entry door 
framed by Laurels. (KKLA) 

BOLA Architecture + Planning 



Seattle City Light - Georgetown Steam Plant Renovation October 9, 2013 
Historic Structure and Cultural Landscape Report  Page 41  
   

 

 
 Figure 43: View south along the east 

façade, showing the extent of Laurels. 
(KKLA) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 44: (3) Arborvitae along the 
west fenceline. (KKLA) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 45: View of Pampas Grass, 
west yard. (KKLA) 
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Current Site and Landscape 
 
The north perimeter fence is located on the centerline of the Greeley Street right-of-way (vacated). The 
immediate vehicular north entry gate references the earlier site access, although the closure of access from 
13th Avenue has removed the historic physical and symbolic connection to Georgetown. Property entry is 
instead a circuitous route through the parking lots of King County facilities accessed off Ellis Avenue. 
Inside the outer perimeter gate are remnants of earlier Greeley Street pavements, where materials have 
been stored. A second fence and gates, concrete curbing, concrete pads, and gravel paving represent the 
remains of the former substation, installed in 1953 and decommissioned as of 1991. The transformer pad 
was repurposed over the last several years to serve as a spot for gathering and picnics, etc. A shelter was 
erected with supports welded from available metal rails and parts. The area has been used as a shelter for 
picnics for museum visitors and others. 
 
To the north of the building are several trees that are not indicated in the 1979 photos. Trees include 
Pacific Madrone (4, 7, and 10), Arbutus menziesii, Birch (5, 12), Betula sp., Douglas Fir (6), 
Pseudotsuga menziesii, Cottonwood (8, 9, and 11), and Populus sp. (Figure 39). Most of these trees have 
likely been established through wind and bird dispersion of seeds and through general neglect of the site 
in the period after the transformers were removed (1991).  
 
At the northeast corner of the building, foundation plantings are visible in the 1938 photographs. Today 
these plants are likely remnants of the original installed foundation plantings, including Viburnum (13), 
Viburnum sp. and Mock Orange (14), Philadelphus lewisii.   
 
The east property line was established in 1963, when the electric trolley barns and warehouses and 
properties were sold to King County. A new 8’-high slatted metal “blast” fence was installed along the 
east property line with King County International Airport in 2005. The fence prevents the long views to 
the east that previously existed, forcing a truncated view of the Georgetown Steam Plant and immediate 
environs. Recent gravel pavements generally follow previous circulation east of the building and provide 
access to the south of the site. A wood portable building was relocated to the property southeast of the 
Steam Plant to provide classroom space for the School of Technology. 
 
English Laurels (1), Prunus laurocerasus, are the dominant plantings of the site on the east side. Laurels 
are a common hedging material, appreciated for their fast growth and adaptability. For hedging, laurel are 
planted tightly and clipped to form a single hedge. These laurels were originally installed singly, aligned 
with the building columns and clipped and maintained as individual specimens. The time of planting is 
not clear, since it is hard to see the base of the building in the 1938 photograph. The plants appear to 
have been installed several years before City acquisition of the property in 1951 – the plants were well 
established in the 1950 photograph. The photographs indicate the laurels were well maintained at least 
through 1980, as evidenced in the 1953, 1962 and 1979 photographs. The 1953 and 1962 photographs 
indicate some sort of trees was planted between each laurel. None remain. Today, the laurels are nearly all 
present, but have not been maintained in years. They are 30’ high and as wide. For their age and care, the 
plantings are in relatively good health. 
 
The entire south side of the site is now a wetlands remediation area. A site survey indicates a 
decommissioned 30” water intake that previously provided access to pumped water from the Duwamish 
River was capped as part of the remediation efforts. A chain link fence traces the south property line that 
is unchanged from 1906, when the line was established along the meandering centerline of the 
Duwamish River. Boeing facilities are located to the south. 
 
The south side is currently planted in grasses as part of the remediation effort, with plans to provide 
additional plantings in the area. In many respects, even with the soils replacement and grading, the area 
presents what it might have looked when the Duwamish River still ran by.   
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The west side of the plant has changed little over the years, by comparison with the photograph from 
1950. The west fence line separates the site from the former Malmo Nursery, property owned by King 
County since the 1950s. The condenser pit is original to the property, connected to the Georgetown 
Steam Plant flume and, until the 1960s, discharged cooling water from the steam plant to the flume. 
 
The west landscape is mostly grasses that have invaded the site over the years. There is a clump of Pampas 
Grass (2), Cortaderia selloana and there are old installed Arborvitae (3), Thuja occidentalis along the 
fence line, which may date from the time the adjoining property was operated as a nursery, through the 
1940s. In truth, this is the least disturbed part of the site. It would be interesting to review whether some 
of these plant seeds represent earlier plant communities than now existing in the immediate environs, or 
if material artifacts are present from an earlier period. 
 
Now mostly leased to Boeing or King County, the flume properties are associated with the extensive 
cleanup effort of the Duwamish River. However, there are several points of existing or potential access. 
The outfall at East Marginal Way and Slip No. 4 (the original Duwamish meander) can be viewed / 
accessed at Othello Street. The Georgetown Pump Station, listed in the National Register of Historic 
Places due to its relationship to the Georgetown Steam Plant, was transferred to Seattle Parks and 
Recreation for open space, park, and recreation purposes in 2010, and is accessible from Carleton 
Avenue. The flume parcels can also be viewed / accessed from East Marginal Way, Myrtle Street. and 
Willow Street. 
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3. HISTORIC PRESERVATION TREATMENTS AND RECOMMENDED TREATMENT FOR 
THE GEORGETOWN STEAM PLANT 

 
Architectural Treatment Approaches and Standards 
 
The treatment approaches presented in this report are intended to cover a variety of future work necessary 
to stabilize, repair, maintain, and preserve and / or rehabilitate the property discussed in this document.  
Specific recommendations are included in the Condition Assessment section of this document and in the 
consultant reports and assessments in the Appendix. The recommendations are in response to the 
proposed current scope of rehabilitation work, and are in accordance with The Secretary of the Interior’s 
Standards for the Treatment of Historic Properties and the definitions described below. 
 
The treatment of historic buildings and structures is based on several interrelated issues: 

 
� protection of historic material 
� maintenance of historic character 
� modifications for continued uses 
� upgrades to allow for new compatible uses as well as fire and life safety and energy conservation 

 
There are four approaches to the treatment of historic buildings and structures:  

 
� Preservation 
� Rehabilitation 
� Restoration 
� Reconstruction   

 
The following definitions are taken from The Secretary of the Interior’s Standards for the Treatment of 
Historic Properties, commonly referred to as The Secretary’s Standards. 
 

Preservation is defined as the act or process of applying measures necessary to sustain the existing 
form, integrity, and materials of an historic property. Work, including preliminary measures to 
protect and stabilize the property, generally focuses upon the ongoing maintenance and repair of 
historic materials and features, rather than extensive replacement and new construction. New exterior 
additions are not within the scope of this treatment; however, the limited and sensitive upgrading of 
mechanical, electrical, and plumbing systems and other code-required work to make properties 
functional is appropriate within a preservation project. This is the preferred approach over restoration 
or reconstruction. 
 
The standards for Preservation call for: 
� retention of a property's historic use; 
� retention of a property's historic character; 
� recognition of a property as a physical record of its time and place; 
� recognition that changes to a property may have acquired significance in their own right; 
� preservation of distinctive materials, features, finishes, and construction techniques; 
� when necessary, repair or limited replacement in-kind to match old material in composition, 

design, color, and texture; 
� use of the gentlest chemical and physical treatments; and 
� protection and preservation of archaeological resources. 
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Rehabilitation is defined as the act or process of making possible a compatible use for a property 
through repair, alterations, and additions while preserving those portions or features which convey its 
historical, cultural, or architectural values.  It may involve major repairs or additions. The approach is 
applicable if continued, efficient operation of a particular structure necessitates appropriate changes, 
for example. 
 
The standards for Rehabilitation include all of the bulleted items listed above for preservation as well 
as the following: 
� new additions and exterior alterations must be compatible in terms of materials, size, scale, 

proportion, and massing; and 
� new additions and exterior alterations must be able to be removed without impairing the 

essential form and integrity of the historic property. 
 

Restoration is defined as the act or process of accurately depicting the form, features, and character of 
a property as it appeared at a particular period of time by means of the removal of features from other 
periods in its history and reconstruction of missing features from the restoration period. The limited 
and sensitive upgrading of mechanical, electrical, and plumbing systems and other code-required 
work to make properties functional is appropriate within a restoration project.  
 
The standards for Restoration include the following: 
� retention of a property's historic use; 
� retention of a property's historic features and character; 
� recognition of a property as a physical record of its time and place; 
� documentation of features from other historical periods shall be documented prior to their 

alteration or removal; 
� preservation of distinctive materials, features, finishes, and construction techniques or examples 

of craftsmanship; 
� when necessary, repair or limited replacement in-kind to match old material in composition, 

design, color, and texture; 
� use of the gentlest chemical and physical treatments;  
� protection and preservation of archaeological resources; and 
� additions shall not be constructed if not historically executed. 

 
Reconstruction is defined as the act or process of depicting, by means of new construction, the form, 
features, and detailing of a non-surviving site, landscape, building, structure, or object for the purpose 
of replicating its appearance at a specific period of time and in its historic location. 
 
The standards for Reconstruction include the following: 
� depiction of vanished or non-surviving portions of a property when documentary and physical 

evidence is available to permit accurate reconstruction, and such reconstruction is essential to 
the public understanding of the property; 

� reconstruction in a resource’s historic location will be preceded by a thorough archeological 
investigation; 

� preservation of any remaining historic materials, features, and spatial relationships; 
� accurate duplication of historic features based on documentary or physical evidence rather than 

on conjectural designs; 
� clear identification as a contemporary re-creation; and 
� designs that were never executed historically will not be constructed. 
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The program, preservation approach, and recommendations in this report for the Georgetown Steam 
Plant are based on historical research, site investigation and documentation, condition and structural 
analysis, code review, and the treatment guidelines. They take into account the building’s current 
conditions and plans for its future uses. 
 
 
Character-Defining Features and Historic Preservation Objectives 
 
The Georgetown Steam Plant has features that define its historic character and embody its significance.  
The goal of the treatment and work recommendations is to preserve those character-defining features to 
the greatest extent possible, while providing new weather-tight exterior components such as roofing and 
flashing, rehabilitating exterior doors and windows, cleaning and protecting exterior concrete surfaces, 
improving seismic performance, and mitigating hazardous materials affected by the exterior envelope 
rehabilitation. Removal or alteration of the character-defining features would have a negative or adverse 
effect.   
  
Exterior 

� T-shaped massing 
� Monumental building massing arranged vertically with classical division of base, shaft, and cap 

(west and south façades) 
� Cast-in-place, board-formed concrete at exterior walls 
� Cast concrete medallions at parapet (west façade of Engine Room and south façade of Boiler 

Room) 
� Visible concrete frame (north façade of Engine Room and east façade of Boiler Room) 
� Utilitarian, corrugated metal cladding (east end of Engine Room and roof and walls of adjacent 

south extension)  
� Low slope roof with central roof monitor; plain perimeter parapet 
� Series of recessed panels with tall windows or louvers above, set into large openings – three on 

the ends and nine on each side (west and south façades) 
� Multi-light (6:6, 9:9, 12:12, 15-light and 18-light at the monitors), true-divided light wood 

windows with center pivot operation (a few are double-hung or fixed).  The windows are 
operated by a mechanical system of chains, pulleys and handles 

� Multi-light steel windows with center pivot section, typically 36-light 
� Large, double-leaf wood doors with diagonal panels and true divided-light glazing in the top 

half 
� Inverted cone-shaped draft fans on the Boiler Room roof 

  
Interior 

� Exposed reinforced concrete structure 
� Unpainted concrete walls, floors, and ceilings 
� Engine Room: extremely tall open volume, with mezzanines along north side 
� 50-ton crane (Engine Room) 
� Original generators, turbines, and switchgear 
� Catwalks and pipe rails 
� Coal bins and ash pits 
� 5-story gallery  

 
Programming/Use: Until a building use and feasibility study is undertaken, continued operation as a 
limited access museum and interpretive facility.  
 
Preservation Approach: Preservation and Rehabilitation 
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Recommendations: Repair failing and deteriorated exterior envelope components, including concrete 
walls, windows and roof; undertake seismic and site improvements; repair miscellaneous metal elements, 
including railings, ductwork, and balconies; remove unrelated stored equipment and materials from the 
building; consider use of the building as an interpretive facility and industrial heritage center. 
   
Requirements for Work: This section typically outlines the rules and regulations that would apply in the 
event that a building is to be preserved and/or rehabilitated.   

x This building was reviewed for seismic integrity (ASCE 31-03 Tier 1 and Seismic Evaluation) 
and structural integrity, and determined to require structural upgrades for its continued 
preservation and for continued use as a publicly accessible facility.  

x Repairs and new construction should comply with all applicable local, state and federal 
regulations. 

x Structural, life safety, and exterior envelope and site improvements should be compatible with 
the historic character of the original construction. 

x Hazardous materials should be abated from the building in a manner that does not adversely 
affect the historic integrity of the structure and the historic building materials. 

x Since it is accessible to the public, the building should comply with the regulations of the 
Americans with Disabilities Act (ADA). 

x All work should be carried out in accordance with The Secretary of the Interior’s Standards. 

 
Landscape Preservation Treatment Approach 
 
Landscape preservation treatments seek to retain the remaining historic character and features, to mitigate 
negative changes and deterioration as possible, and to address the range of current and future use and 
maintenance issues affecting the property while achieving these purposes.  
 
The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for the 
Treatment of Historic Landscapes (Guidelines) recommends four possible preservation treatments for 
historic landscapes, summarized here with comments:  
 

� Preservation: “generally focuses upon the ongoing maintenance and repair of historic materials 
and features rather than extensive replacement and new construction.”  

 
Preservation is an appropriate choice when many elements are intact, interpretive goals can be 
met within the existing conditions, or when financial resources or staffing are limited. 
Preservation can also be viewed as an interim treatment, and is the basis for the other three 
more intensive treatments. Preservation alone does not address the present and future needs of 
the site users nor would it restore the GTSP site’s lost historic character.  

 
� Rehabilitation: “makes possible a compatible use for a property through repair, alterations, and 

additions while preserving those portions or features which convey its historical or cultural 
values.” 

 
Rehabilitation blends the needs for historic preservation and interpretation with the access 
limitations, operational requirements and maintenance restrictions. With the baseline of 
Preservation, Rehabilitation is the best overall treatment for the Georgetown Steam Plant site 
and landscape. 
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� Restoration: “is the extensive process of accurately depicting the form, features, and character 
of a property as it appeared at a particular period of time by means of the removal of features 
from other periods in its history and reconstruction of missing features from the restoration 
period, with limited, sensitive upgrading of systems as required.”   

 
Restoration treatment depends on considerable documentation to authentically recapture the 
historic condition. Restoration of the GTSP site and landscape is impractical, given the limited 
information available, and given the significant changes to the site and complete 
transformation of the environment.   

 
� Reconstruction: “depicts, by means of new construction, the form, features, and detailing of a 

non-surviving site, landscape, building, structure, or object for the purpose of replicating its 
appearance at a specific period of time and in its historic location.” 

 
Reconstruction requires detailed documentation, and is only recommended where interpretive 
potential is not possible without this effort to reconstruct. This is neither practical nor 
warranted with the site and landscape; in many ways the evolved nature of the site and 
landscape is its most interesting story to tell. 

 
As described above, Rehabilitation is the recommended treatment for the Georgetown Steam Plant site 
and landscape. 
 
 
Recommendations and Alternatives 
 
General Recommendations and Priorities for Building Rehabilitation 
 
Many areas and elements of the building require attention and modification to protect the building from 
the danger of collapse or severe damage from a seismic event and to improve the integrity of the exterior 
enclosure – walls, windows and roofs. These elements include: 

� verification of positive structural attachments between the floor and roof diaphragms and the 
concrete walls 

� strengthen columns at concrete demising wall between the Engine Room and Boiler Room   

� repair and strengthen areas of masonry infill at south wall  

� add lateral structural strengthening at east wall of the Engine Room 

� removal of hazardous materials in the course of exterior envelope repairs 

� add bracing at clerestory windows (this may have an adverse visual effect and additional 
investigation will be needed to minimize visual impact) 

� brace hollow clay tile at north wall at the interior 

� repair of damaged and deteriorated exterior concrete and removal of existing deleterious  coating 

� ongoing repair, maintenance and restoration of deteriorating exterior elements, particularly the 
wood windows and doors, steel windows, railings and miscellaneous metal fabrications 

� ventilation and control of seasonal and daily temperature fluctuations 

� upgrading to address accessibility, fire and life safety, and energy conservation concerns 

� site improvements, such as grading, plantings, and paving 
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It is important that future changes to the building retain the remaining historic materials and minimize 
the impact on the historic integrity of the building. Recommendations for the work undertaken for the 
building stability and for improved functions should be made in accordance with The Secretary of the 
Interior's Guidelines for Rehabilitation. The first priority for the building is protection and maintenance of 
deteriorated or damaged architectural elements. The second priority is repair and replacement if the 
damaged historic material is first stabilized and protected from further deterioration or failure. The third 
level of work is the exterior and interior alterations needed for the physical and functional upgrade of the 
building. New work shall be clearly differentiated from the old and should not radically change, obscure 
or destroy character-defining features or materials. 
 
PRIORITY 1: PROTECT, MAINTAIN, AND STABILIZE 
  
The following actions are recommended to occur as soon as possible to address problems, which may 
cause continued damage to the physical characteristics of the Georgetown Steam Plant: 

� reroof/repair of existing roofing, flashings, and perimeter sealants 

� repair roof and underground storm drainage system 

� regrading of surrounding grade around the building for positive drainage of water away from the 
foundation and to prevent further infiltration at door openings and wall-to-slab conditions 

� replace deteriorated flashings and sealants at windows, doors and at roof / wall intersections 

� provide repairs and weatherstripping at doors and windows 

� establish a program to monitor the condition of exterior elements with periodic inspection, and 
provide cyclical maintenance 

� address fire and life safety deficiencies, including egress plans and fire escapes 
 
PRIORITY 2: REPAIR AND REPLACE 
  
The following actions are recommended to occur within the next two years to assure continued 
preservation of the historic elements and protection of the building in a seismic event: 

� remove deteriorated paint at windows, doors, trim and siding; repair rotten and deteriorated items 
and material; repaint 

� repair doors and hardware; upgrade hardware as appropriate 

� repair exterior fire escape and south balcony 

� provide historically appropriate exterior light fixtures 

� replace aircraft obstruction lighting and support system 

� protect fused electrical panels and modify interior lighting controls 

� examine electric steam boiler and make recommended repairs 
 
PRIORITY 3: PHYSICAL AND FUNCTIONAL UPGRADE 
 
The following recommendations respond to the issues of the desired building and program upgrades, and 
should be undertaken systematically, as budget and funding allows: 

� address accessibility at building entries and interior spaces 

� remove unrelated stored materials 
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� review life safety and accessibility codes at the entrances and facilities in the building, consider 
provisions for handicapped accessibility; this recommendation is in keeping with local and federal 
disabilities legislation 

� upgrade security components (including alarms, motion detectors, lights, and sensors) 
 
 
Recommended Rehabilitation Treatment for Landscape and Site 
 
Today, the original approximately 15-acre site is less than 3 acres in size (not including leased or flume 
property). This remains an industrial building in an industrial context. Much of the treatment of the 
property should be in response to the original industrial function.   
 
The building, aligned with the former riverbank of the Duwamish, is out of place in the current grid of 
streets and properties. The visual orientation and physical access to the building has been radically altered.  
While site access and setting has been significantly compromised, there are key elements that contribute 
to the potential for improved legibility and interpretation.   
 
Visual and physical access from the community is the challenge that the north side of the site must 
answer. For workers, access to the site has evolved over the years. Original access was from the east along 
Greeley Street, where the rail yards and storage areas remained until the 1950s. Northward expansion of 
Boeing Field at that time cut off that direct access. The primary access to the site remained as 13th 
Avenue until recently (ca. 2005), when further airport expansion restricted access. Current restricted 
access from Ellis Street to the west through King County parking lots is confusing and is not ideal. If it 
were to remain the primary access for the future, clear signage and signed parking should be provided. A 
better point of access would be from properties directly west of the site.   
 
It is the north side of the property, with the substation site recently used for picnics, etc., which is the 
most changed over the years. The trees have grown up in the 20 years since the substation was 
decommissioned in 1991. The trees, however, are in great contrast to the bare and service-oriented nature 
of the earlier functioning steam plant site.  
 
Concern has also been raised that the trees are in conflict with King County Airport regulations regarding 
wildlife management; the intent is to reduce plant material that may attract animals (primarily birds) that 
could pose a safety hazard to airplanes in flight. The Airport’s guidelines are not detailed; commonly 
reference is made to the Sea-Tac International Airport wildlife management criteria.7 Reviewing the Sea-
Tac wildlife management criteria, Cottonwood is on the list of rejected plants. Birch and Douglas Fir are 
on the Approved list. Pacific Madrone is not identified on either accepted or rejected plant lists; however, 
the trees produce berries, and birds are a primary agent of seed dispersal. Madrone remains the only tree 
of smaller stature on the site. Removal of the vegetation is warranted for safety concerns, and will provide 
original views of this striking structure. If the trees on the north side are reviewed and determined to be 
removed, the area can be cleaned up. The substation pad should be retained and reused as part of the 
history of the site.  
 
The east side of the site, severely constricted by the expansion of Boeing Field ca. 2005, nonetheless 
retains plantings that have provided a formality and character to the base of this imposing structure for 
more than 60 years. There are multiple factors recommending removal of the English Laurel. First, the 
plants, with their berry fruit, have been identified as an animal attractant relative to Boeing Field.  
Actually, a close review of Sea-Tac International Airport wildlife management criteria indicates that 
Prunus laurocerasus ‘Otto Luyken’ – the dwarf form of English Laurel – is on the Approved Plant List. 

                                                      
7 http://www.portseattle.org/Environmental/Water-Wetlands-Wildlife/Pages/Wildlife-Management.aspx.   

http://www.portseattle.org/Environmental/Water-Wetlands-Wildlife/Pages/Wildlife-Management.aspx
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These plants, with their high canopy and nesting branches, have nonetheless been identified as an animal 
attractant. Second, the plants long ago escaped management size. At their current height and girth, the 
plants may be compromising the lower façade of the steam plant, and at the very least, make maintenance 
of the building perimeter difficult. Removal of the plants is warranted. 
 
While not present during the period of significance for the Georgetown Steam Plant, the clipped laurels 
are an enduring and recognizable element of the site. Given the duration of this single landscape element, 
replacement of the plants in the same location with a slower growing, more manageable species is 
recommended. Alternate species providing a scale to the Steam Plant base that also meet the Airport 
wildlife management criteria are not common. Additional research to determine suitable species is 
warranted. 
 
The southern extent of the site remains nearly as extensive as the original site. If you stand at the 
southwest corner of the site, turning your back to Boeing’s manufacturing yards, and look north, the 
steam plant is a commanding presence – even without the original smokestacks still one of the tallest 
structures south of downtown, and certainly in the immediate vicinity of Boeing Field. Perhaps the 
impact of the chemical hazard and cleanup has some benefit – it has protected the original north shore of 
the Duwamish, intact in configuration. There remains significant potential for using this vantage point 
for interpretation of the legacy of the plant. Completed plans for final grading and planting of the 
remediation site should be re-evaluated to see if slight modifications could provide a vantage point and 
landscape quality that referenced the site from 1906. 
 
The west side of the plant remains relatively unchanged; in fact, the ruderal vegetation may represent 
original common species, now rare within the existing context. The need for a pathway providing year-
round access has been identified – it would be good to consider placing the route towards the perimeter 
of the site, to permit more views to and of the upper heights of the building.  
 
The flume segment can provide a unique interpretive opportunity, providing a tale of the Plant’s 
relationship with the Duwamish River. Providing coordinated interpretive opportunities at existing access 
points at East Marginal Way, as well as Slip No. 4 and the new park at the Georgetown Pump Station, 
accessible from Carleton Avenue, is a first step. Improving access at public rights-of-way at Myrtle Street 
and Willow Street should be considered.  
 
Museum Existing Conditions and Status and Interpretive Objectives 
 
The Georgetown Steam Plant until recently housed a museum, with limited public access and admission. 
The historic integrity, significance, and public understanding of the building could be better presented if 
the building was adapted as a heritage center instead – as a compelling artifact itself and an intact example 
of industrial development rather than just an envelope in which collections are assembled, conserved, 
cared for and exhibited / interpreted. As an industrial heritage center, if there were an appropriate space 
available, a portion of it could serve as the venue for temporary exhibits on many topics relating to Seattle 
City Light: power generation, its history, the Duwamish, public power movement, and possibly labor 
history – along with numerous engineering and technology topics that are inextricably linked to the 
building, the surrounding community, and the City of Seattle. 
 
After the building was decommissioned in the 1970s, Seattle City Light was left to consider the future 
use(s), if any, for the building. A Draft EIS was developed in 1981 to evaluate alternative uses for the site 
and structure.  
 
Further study / planning is recommended to determine compatible objectives, uses, and programming for 
the continued and future use of the building. Also recommended is the resolution of permanent street 
access to this Landmark site. Both will be key to the building’s future. 
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4. BUILDING CONDITION ASSESSMENT 
 
INTRODUCTION 
 
This Condition Assessment will serve a basis from which to develop an understanding of the current 
conditions at the Steam Plant and will be used to develop design and construction documents to improve 
the structural and exterior envelope integrity of the building. The survey is not an in-depth study of any 
one area, but rather seeks to identify apparent and reported exterior envelope – roof, walls, and window 
and door openings – conditions and deficiencies, as well as structural and seismic deficiencies. Conditions 
were observed from the ground, from roof locations, and through the use of a high-lift at the south and 
east elevations. Observations of the north and west elevations were limited due to electrical safety 
precautions, and large landscape plants and trees on the north side. 
 
Currently, SCL’s proposed scope of work will occur in three phases: 
 

1) The reroofing phase will be publically bid, with anticipated project completion before the 
end of 2013; 

 
2) The envelope restoration may be publicly bid or performed by SCL crews; and  
 
3) The site rehabilitation may be either performed by City crews, or publicly bid. 

 
Recommended actions to address each issue are included following each item discussed, along with 
specific structural, civil, envelope, and hazardous materials reports. Some scopes below are more 
thoroughly described in the engineers’ and consultants’ reports provided in the Appendix. The site 
observations and photographs date from the June and July of 2012, and all contemporary photos are by 
BOLA Architecture + Planning, unless otherwise noted. 
 

Figure 46: West and north façades, ca. 1960. (Seattle Municipal Archives) 
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Documentation for the Condition Assessment was gathered from various sources and parties, and 
includes the following recent reports and documents: 
 

x Archived construction drawings and specifications provided by Seattle City Light 
x On-site observations and photographs in the spring / summer of 2012: June 15, June 26, and 

July 9 
x Discussions with SCL Project Manager Ruth Meraz, and Shops and Mobile Equipment 

Supervisor Blaine Olyano; and Georgetown Power Plant Museum Director Lilly Tellefsen and 
volunteer, Ted Snyder, on several occasions 

x 1969 Exterior Building Repairs at Georgetown and Lake Union Steam Plants, Specifications  
No. 2104, by the City of Seattle Board of Public Works, Department of Lighting 

x 1969 Reroofing Georgetown Steam Plant, Specifications No. 2144, by the City of Seattle Board 
of Public Works, Department of Lighting 

x 1981 Georgetown Steam Plant Adaptive Use Alternatives Draft EIS, by Seattle City Light 
x 1983 Roof Rehabilitation of Georgetown Steam Plant, Specifications No. 2723, by the City of 

Seattle Board of Public Works, Department of Lighting 
x 1985 Exterior Surface Restoration of Georgetown Steam Plant, Specifications No. 2806A, by the 

City of Seattle Board of Public Works, Department of Lighting 
x 1985 Draft Physical Development Plan for the Georgetown Steam Plant Museum, by Stuart 

Grover and Makers Architecture and Urban Design 
x 2005 Window Vibration Study, by Stickney Murphy Romine Architects 
x 2007 Downspouts / Roof Drainage Schematic Condenser Pit Connections, SCL sketch 
x 2010 Condition Assessment, by NW Archaeological Associates and KPFF Structural Engineers 

(included with this report for reference) 
 
The report is organized by building components, such as exterior walls, roofing and drainage, doors and 
windows, miscellaneous metals and equipment, and exterior lighting. Within each sub-section, the 
building component as it exists is described, and apparent deficiencies, problems, or appropriateness to 
the period of historic significance are identified. This section of the report is supplemented by the reports 
included in the Appendix section. 
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SITE 
 
The Steam Plant Building was originally constructed on the east bank of the Duwamish River in the 
Georgetown neighborhood of Seattle. When the river was straightened and diverted for navigation 
purposes, the building lost some of its historic site context. Historic context continues to be lost as 
sections of the site are sold or repurposed for other uses by surrounding property owners and tenants. 
 
The structure is located at the north end of its approximately 2.61-acre (115,000 sq. ft) polygonal-shaped 
site.  It is oriented about 45 degrees from the orthogonal north-south alignment (see the Existing 
Conditions Site Plan in the Appendix). The King County International Airport is located to the east, and 
a wetlands remediation zone is located to the south. Recent grading, paving and plantings along both of 
those sides have created conditions that direct ground water and storm runoff directly toward the 
building, in some cases directly to the interior. 
 
There are a number of large shrubs and trees on the east and north sides of the building that are in 
contrast to the bare and service-oriented nature of the earlier functioning steam plant site. Many are 
overgrown and lack a sense of design or purpose, and warrant review in terms of function, 
appropriateness, visual effectiveness, and negative impact to the site, building and surroundings. 
(Comments, concerns and recommendations are further elaborated in the Cultural Landscape Report and 
attached Civil Engineering Report.) 
 
Recommendations 
 
No problems have been reported regarding underground utilities except storm water. Further information 
on site conditions and an up-to-date survey are needed to identify and resolve the specific problems 
contributing to the water inside the building. Additional survey information is needed to accurately assess 
site drainage patterns relative to the building finished floor elevations and develop designs to address the 
problems identified. 
 
To provide SCL with a starting point to begin to address the water infiltration and drainage issues at the 
Steam Plant, we offer the following general recommendations: 

 
1) To protect the building from further ground and storm water infiltration, regrading of the 

surrounding grade at the parking and drive aisles and adjacent to the building is strongly 
recommended, especially on the east and south sides.  A drainage swale or perimeter tightline 
should be incorporated into landscape improvements to provide positive slope away from the 
exterior walls and door openings. Additional ground clearance should be provided below the 
corrugated metal panels to reduce the potential of water penetration into the building and 
rusting of the panels.  

 
2) External downspouts should be repaired and provided with a positive connection to a 

functioning existing or new storm drains on all sides of the building. If a ground discharge is 
used, the discharge point should be graded to prevent standing water from accumulating or 
prevent drainage from flowing back toward the building.    

 
3) Since the building is occasionally open to the public and operates intermittently as a museum, 

accessible parking and / or an accessible route to the building should be provided. 
 
See also Section 3, Historic Preservation Treatments and Recommended Treatment for the Georgetown 
Steam Plant for further discussion on recommendations for site improvements and landscape treatments. 
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GENERAL OVERVIEW OF THE BUILDING 
 
The massive Georgetown Steam Plant, constructed between 1906 and 1907, is composed of a reinforced 
concrete frame, with reinforced concrete walls and roof components.  A small addition, also constructed 
primarily of concrete, but with hollow clay tile infill and a light-weight east end wall of wood and steel 
framing and metal sheathing, was completed in 1918. The main building is characterized by a Boiler 
Room on the south end and Engine Room on the north end, arranged in a T-shape, with the two large 
sections sharing a common wall. Each of the sections is topped with a roof monitor that provides 
additional natural light into the spaces—the Boiler Room rising approximately 69’ at its tallest elevation, 
and the Engine Room rising approximately 82’. Even though concrete is generally considered a strong, 
permanent building material, it is subject to deterioration when poorly constructed, protected, or 
maintained. 
 
From a structural perspective, the reinforced concrete building is in generally good condition with limited 
visible damage or failures. (See KPFF 2010 Condition Assessment and 2012 Addendum for further 
discussion and recommendations.) From an exterior envelope perspective, the building is in fair to poor 

condition, with failing exterior metal and 
concrete and coating surfaces, deteriorated 
door and window components, and 
significant evidence of water infiltration on 
the interior of the building from leaking 
roof surfaces and uncontrolled drainage 
issues. (See below and Wetherholt and 
Associates Roofing and Exterior Wall 
Condition Report 2012 for further 
discussion and recommendations.)   
 
The exterior concrete exhibits both large 
and hairline cracks and spalls and areas of 
delaminated coating, and the doors and 
windows have broken components and 
failing protective surfaces. These 
deteriorated conditions allow moisture to 
enter the walls, corroding reinforcing steel 
and metal attachments, and allowing 
migration to the interior of the building. 

Figure 47: Example of coating cracks, concrete spalls and 
wood window deterioration. 

Figure 48: Example of vegetation on the building, biological 
growth and surface staining and deterioration. 

 
There is biological growth on the lower 
surfaces where exposed to persistent 
moisture, and vegetation and plant growth 
are in close proximity to the concrete 
surfaces. This generally points to water 
infiltration, can hold moisture against the 
building surfaces, and also leads to surface 
staining. Organic debris and moss growth 
were also observed at the roof level and in 
the gutters and roof drains. 
 
These and other exterior envelope 
conditions are further described below. 

BOLA Architecture + Planning 



Seattle City Light - Georgetown Steam Plant Renovation October 9, 2013 
Historic Structure and Cultural Landscape Report  Page 56  
   
 
 

 

BOLA Architecture + Planning 

CONCRETE STRUCTURE 
 
The building’s structural system is largely composed of reinforced concrete supported on pile 
foundations. The lowest floor at the Ash Level is a reinforced slab on grade, and the upper floors and roof 
of the Boiler Room are also constructed of reinforced concrete, with deep roof beams and square or 
rectangular support columns. The north, Engine Room section, is a clear span without interior columns.  
The roof and floor of the 1918 addition is also concrete. 
 
On the south and west sides of the building, windows are set into the punched openings in the concrete 
walls. These walls appear to be concrete filled, ascertained from the board forming and the crack patterns. 
The tall north wall appears to be hollow clay tile infill, parged on the exterior with stucco. 
 
Recommendations 
 
The structural recommendations below were provided by structural engineers, KPFF, and combine the 
recommendations from their 2010 report, the 2012 addendum to that report, and results of the 2012 
Seismic Evaluation and ASCE 31-13 Tier 1 Report. It should be noted that since there is no proposed 
change of use, and no determination of Substantial Rehabilitation by the City of Seattle Department of 
Planning and Development, there is no code-based requirement for an Owner to address the seismic 
hazards, and any seismic mitigation work undertaken is considered voluntary. They are provided here as 
recommendations for the preservation of the structure. 
 

x Restrict access to areas below the ash hoppers in the Boiler Room Basement; repair and/or 
mitigate the failed architectural and structural components 

 
x Prevent water intrusion into the building from the exterior, including roof drainage repairs and 

concrete wall repairs 
 

x Repair damaged and deteriorated metal fasteners and equipment hanger supports 
 

x Stiffen wood and steel-framed east wall of the 1918 Addition 
 

x Repair/certify fire escapes and south balcony; or restrict access 
 

x Repair of wood-infilled stack opening in the SW Boiler Room roof. 
 

x Repair masonry infill section and strengthen the South wall, which was determined to be in fair 
to poor condition 

 
x Attach the concrete floor and roof diaphragms to the concrete walls, or verify existing 

attachments through radar or x-ray imaging 
 

x Strengthen the columns along the wall that separates the Engine Room from the Boiler Room at 
the roof. 

 
x Repair and strengthen the southern concrete wall. 

 
x Add a line of lateral force resisting elements in the eastern portion of the Engine Room. 

 
x Add braces at the clerestory windows where no concrete walls are present. 
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x Brace the clay tile walls on the north side of the building and at the Penthouse walls 
 

These recommendations are not intended to improve the building’s seismic performance to current 
building code requirements or compliance with ASCE 31 performance, but rather to mitigate the most 
critical deficiencies in an efficient, cost-effective manner. 
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EXTERIOR CONCRETE WALLS 
 
The west, south, and majority of the east and north walls are cast-in-place concrete, with an evident 
horizontal board-form pattern, and relatively coarse surface texture. The texture appears to be the result 
of a thick plastic coating product called Vinalac 151, specified to be applied to a minimum of 16 mils dry 
film thickness. The formed concrete corners around the building, including pilasters, insets and punched 
openings have a smooth cast incised edge, approximately 1”x1” and inset approximately ¼”, which 
provides a finer scale of detail on some otherwise plain wall surfaces. Historic photographs of the building 
reveal that the wall concrete was poured in lifts.  Many of the horizontal cold joints are clearly visible, 
particularly noticeable halfway up on the west and south facades. These joints do not appear to be 
caulked or sealed against water infiltration.  Various cracks, from hairline to ¼ inch width can be found 
on each exposure, around the window and door openings, telegraphing from window head corners, and 
through concrete sills.  Some of the cracks have been addressed previously, with cementitious or caulk-
type sealants, while others, perhaps less accessible, remain untreated or are failing   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Previous repairs, many of which are described in the 1985 Exterior Rehabilitation drawings, are evident as 
patches, or recurring, unremedied spalls. Some of the repairs have re-delaminated, and are projecting 
from the surface, and in some instances, the repaired areas poorly match the adjacent surface texture.   
 

Figure 49: Northwest corner of the Steam Plant, with a view 
of the west façade and a portion of the north façade. 



Seattle City Light - Georgetown Steam Plant Renovation October 9, 2013 
Historic Structure and Cultural Landscape Report  Page 59  
   

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 50: South façade, showing significant cracking throughout the wall areas. 

 

BOLA Architecture + Planning 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 51: Detail of south wall, showing horizontal 
cold joints, and various cracks treated with joint 
sealant. 

Figure 52: Detail from the east wall, showing a 
previous patch that has delaminated again. Also 
visible is the typical incised corner detail.   
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Delamination of portions of concrete columns, pilasters and piers between windows is occurring on all 
facades of the building. In some cases, these same delamination can be seen in photos from the 1950s, 
such as those at the top of the north wall columns and adjacent to many of the monitor windows.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The south concrete wall is in very poor condition, due primarily to weather exposure, corrosion of 
internal rebar, and poor construction of the masonry infill at two large arched openings, which previously 
served as flue penetrations for the original masonry stacks on the south end of the building. The texture 
and craftsmanship of the infills – including the formed concrete sections of a projecting coved cornice – 
are roughly finished and a likely source of water migration into the building. This is substantiated by the 
severe efflorescence on the inside face of the concrete wall, and long-term water ponding on the floor 
below. The water infiltration has also led to delamination and spalling of the concrete slab at the south 
end of the Boiler Room floor, and corrosion of metal anchors and attachments on the interior wall 
surface.  
 
There is a repaired portion of the “No. 1” casting at the top center of the south wall, which has also 
previously contributed to water infiltration. Originally, this was a large, asymmetrically-located opening 
into the building to convey coal into the bins above the Boiler Room floor. When coal was no longer 
used to fuel the boilers, the opening was infilled with a temporary cover at two documented times before 
being restored with the current cast infill.  

Figure 53: Detail of windows on the south wall. The 
concrete mullion is cracked and delaminating about 
an inch from the face of the wall.   

Figure 54: Detail of east arched opening infill on 
the south wall, with mismatched texture. 
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Many of the horizontal skyfacing surfaces and the rounded water table band provide a condition where 
rain water splashes back onto vertical walls above and below, staining the surfaces and contributing to the 
collection of detritus and biological growth. These areas should be cleaned thoroughly, using the gentlest 
means possible, prior to new coatings. 
 
Throughout the wall surfaces, multiple penetrations and projecting appurtenances such as threaded bolts 
left from previous attachments, vents, and drain pipe holes, can be seen in various locations. These should 
be evaluated for their functionality and contribution to historic character of the building, and if possible, 
removed to eliminate maintenance and susceptibility to water intrusion into the walls. 
 
The exterior walls and windows at the roof monitors were covered with fiberglass panels in 1969. 
Temporary removal of eight of the panels reveal surfaces that are in very deteriorated condition, with 
loose, sandy concrete surfaces, cracks that reveal internal rebar, and large chunks of spalling material.  
Extensive use of a brittle cementitious patching material, black mastic, and miscellaneous caulk were used 
on the concrete around the windows and louvers at this level, prior to the installation of the fiberglass 
panels. These “repairs” were observed in pre-cladding photographs and during the recent investigation 
where select fiberglass panels were removed.   
 

Figure 55: Detail of the “No. 1” casting at the top of the south wall. 
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Figure 56: This undated photo shows an example of the extent of repairs to the monitor walls and windows 
prior to the installation of the fiberglass panels. (Photo courtesy of SCL) 
 

 
Figure 57: Detail of Engine Room monitor wall with fiberglass panels partially removed. Note the mastic 
patching, the wood sills notched for the fiberglass support framing, and the framing bolted into the concrete.   
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Based on historic photographs and previous specifications provided by SCL, it appears that the concrete 
walls of the building were unpainted until 1969, when a vinyl plastic coating was applied to all concrete, 
stucco-clad masonry walls, some wood trim, and metal surfaces. Although not identified on the repair 
drawings and or in the specifications, observations on site reveal that the wood windows and doors are 
likely coated with this same vinyl plastic product. See Wood Windows Section for more detail. 
 
Recommendations 
 
Further testing should be provided to determine the best possible method to remove the plastic coating 
on the concrete and wood wall surfaces. Retention of this type of non-breathable coating will continue to 
deteriorate the concrete and wood surfaces on which it is applied and inhibit the efficacy of a newly 
installed breathable coating. The coating should be completely removed; all surfaces cleaned using 
approved methods and materials; and a new breathable coating, such as Tnemec Series 156 or 157 
Enviro-Crete be applied. 
 
Failed repairs and newer spalls should be removed and patched with appropriate methods and materials.  
All concrete surfaces should be sounded to confirm surface integrity and a good bond of the patched 
areas. Unsound areas should be repaired as necessary to retain the integrity of the wall surfaces and 
protect the internal reinforcing. Care should be taken to match adjacent surface texture and finishes.  
Cracks should be evaluated for cause, size and condition, and a program for repair – epoxy or urethane 
injection in larger cracks, and sealant in hairline cracks. In the larger cracks, the use of sealant is not 
recommended as it is prone to failure and periodic maintenance is required.   
 
In some instances, especially around window openings, large areas of delaminated concrete should be 
removed and replaced in combination with the window rehabilitation. Consideration should be given to 
the use of cathodic protection or surface applied migrating corrosion inhibitor to slow on-going corrosion 
for the repairs of these large spalled areas. This method uses a direct current to restrict further corrosive 
action of the concrete through the use of a sacrificial anode inserted into the repair areas.  This method 
has the advantage of allowing more of the existing materials to stay in place. 
 
Conditions at the south wall require more extensive repairs, due to the lack of integrity of previous infills 
from earlier conveying and exhaust equipment. The arched masonry infills should be removed and 
replaced with structural material, the previous crack and patch repairs should be removed and replaced, 
and loose concrete at the failed window mullions should be replaced. 
 
Removal of unused / abandoned penetrations, appurtenances and equipment, especially those that already 
exhibit deterioration rusting and failure, should be considered in light of the historic significance of each 
element. Significant items should be retained and repaired / treated as necessary, using approved materials 
and methods, and left in place. 
 
Removal of all or select areas of the fiberglass panels should be considered and evaluated, but only in 
conjunction with the scope of the window rehabilitation. The panels were likely installed in 1969 as a 
less-expensive stop-gap measure to protect the monitor windows, in lieu of repair and restoration. 
Successful removal of the panels will require extensive concrete surface repairs, as well repairs and / or 
replacement of many of the windows and openings presently covered by the panels. 
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EXTERIOR CORRUGATED METAL SIDING AND ROOFING 
 
The east and south walls of the 1918 Addition are framed with wood and limited steel framing, and clad 
with corrugated steel panels, measuring approximately 2’ wide by 8’ tall, with exposed fasteners. The 
lower 16’ of wall is sheathed with building paper at the inside face. The drawings for the 1918 Addition 
indicate that the eastern wall of the original Engine Room, including the framing, cladding and windows, 
were to be disassembled and moved to the new wall location, approximately 37’ east, but it is unclear 
from a review of the existing openings and framing if the wall materials were relocated or new materials 
were provided. Construction drawings and specifications from 1985 indicate that the corrugated metal 
siding and roofing were to be replaced as part of that scope of work.  

Figure 58: East wall of the 1918 Addition with 
corrugated metal cladding. 

Figure 59: East and south walls of the 1918 Addition 
with corrugated metal cladding. 
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In many locations, the corrugated steel extends 1”-2” into the dirt at grade. No significant rusting or 
deterioration is apparent from the exterior, but the east-facing wall is noted in the 2010 Condition 
Assessment to be a source of water intrusion, potentially due to this detail. Water infiltration is 
compounded by grades around the building, which slopes toward the building, especially on the east side, 
which is adjacent to the airport runway and security fencing. The 1985 construction drawings also note 
to “replace sole plate” and “scab on to bottom end of exist. stud using preservative treated material” on 
the east and south corrugated metal walls, indicating the water migration into the building at this location 
may have been a longstanding condition. These walls are currently covered with building paper on the 
inside face, so the noted repair was not confirmed. During investigation from the high-lift, details of the 
lapping metal around the steel windows were observable. The configuration poorly protects the window 
openings from water intrusion, and is reliant on caulking in various window head locations, which is 
failing in many instances.   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 60: Detail of lapped flashing at steel window depends on caulk for water protection.   
 
 
Recommendations 
 
The corrugated metal roofs should be removed and replaced in-kind with new corrugated metal roof 
panels using concealed fasteners, if possible. New surface mounted or inset roof-to-wall flashings should 
be installed, in place of the existing lapped conditions. A fabricated sheet metal diverter flashing should be 
incorporated into the new roofing assembly at typical eave-to-rising wall interface with the column 
bump-out on the east elevation. Penetrations should be repaired where rusted through and properly 
flashed. Sealant and flashings should be replaced at the corrugated metal siding east wall where steel crane 
rails project through.  
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EXTERIOR STUCCO-CLAD HOLLOW CLAY TILE 
 
The north wall of the 1918 Addition is framed with two bays of concrete, mimicking the original Engine 
Room structure, infilled with hollow clay tile and clad in rough-textured stucco on the exterior. The walls 
of the Penthouse above the Gallery are similarly constructed and detailed. On the large north wall, 
delamination of the stucco occurs vertically along up the middle column and the full height of the 
easternmost corner. Previous repairs are evident, but it appears that the surface repairs did not address the 
underlying causes. The western pair of the two high steel windows on the north wall has a visible bow in 
the mullion and frame, indicative of settlement/lack of support. There appears to be a concrete bond 
beam header, but the underlying cause should be evaluated by the structural engineer to determine a 
course of action.   
 

 
 

At the Penthouse, significant cracks are evident below the windows, indicating likely water migration 
rough the deteriorated wood sills and into the masonry walls below.   

ecommendations 

 

coating. See Steel Window Section for recommendations on damaged windows in this location.

th
 
R
 
In conjunction with the structural strengthening of the hollow clay tile recommend, loose parge coating
should be removed and replaced, textured to match adjacent surfaces, and coated with new breathable 

Figure 61: Detail of northeast corner of the 1918 
ollow
e 

Addition, with corrugated metal and stucco-clad h
clay tile. Delamination of the stucco is evident at th

 

corner.

Figure 62
1918 Ad

: Looking southwest toward the north wall of the 
dition, with stucco-clad hollow clay tile. 
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ROOFING AND DRAINAGE 
 
Built-up Roofing 
 
The coal tar pitch roofing and drainage details were upgraded in 1983-85, according to drawings and 
specifications from the SCL Archives. The drawing details and specifications appear consistent with 
existing conditions and configurations at the parapets, embedded metal eave flashings, gutters and 
downspouts. It does not appear that the 1” insulation board identified on the main roof areas in those 
drawings was installed as shown. Deterioration of the embedded metal eave flashings has allowed water to 
seep under the membrane, wetting the underlying fiberboard at these edges, and indicating a path of 
water infiltration.   
 
The roof thickness at the roof monitors and east side of the main Boiler Room are thin – only slightly 
thicker than the 5” thick concrete roof deck that projects beyond the face of the wall. These edges 
typically have side-mounted sheet metal gutters and external metal downspouts. The north and south 
sides of the main Engine Room roof and west side of the main Boiler Room roof have low parapets, 
projecting approximately 12” above the height of the deck, and are capped with a painted standing seam 
sheet metal coping/counterflashing. These are generally poorly detailed and constructed, and exhibit 
many areas of failure or potential failure. 
 

 
Figure 63: Detail showing the “low profile” eave gutter roof at the Engine Room monitor roof at left,  
and the raised profile of the parapet at the northwest corner of the Engine Room at right. 
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Roof Drainage 
 
The Engine Room and Boiler Room monitor roofs both have embedded metal eave flashings with gravel 
stops and eave gutters, with external downspouts that empty onto splash blocks on the main roofs below. 
With a few exceptions, these appear to date from the 1969 scope of work. At the main roofs, the integral 
gutters, which were originally cast into the concrete roof slabs, have been infilled on the north and south 
sides of the Engine Room, and the west side of the Boiler Room. The revised roof drains function poorly 
at some locations, because of lack of slope between drains and accumulation of debris in the drain 
openings. Ponding water was evident at the edge of the roofs in the swale behind the parapets and at the 
shallow swale formed at the built-up edge of the embedded metal eave flashings.   
 
On the east side of the Boiler Room roof, where there was no raised parapet originally, the original 
integral gutter has been infilled with concrete, and the roof drainage collected in an eave-mounted sheet 
metal gutter and external downspouts. These downspouts have become disconnected in some instances, 
resulting in water discharging directly to the ground below.   
 

 
Figure 64: Typical roof monitor downspout and splash  
block draining onto the main Engine Room roof.   
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Figure 65: Detail of water ponding in the shallow swale at the edge of the embedded metal eave  
flashing, atop the Engine Room monitor roof.   
 
Where eave gutters have been added to the building with embedded metal eave flashings and gravel stops, 
the gravel has overrun the gravel stops and collects in the gutters, which is likely a contributing factor to 
leaking or failing gutters.   
 
The southwest corner of the main Engine Room roof has an interior drain that exits onto the roof of the 
Boiler Room at the wall between the two wings. The drain pipe turns out, and has been retrofitted with a 
3”x4” corrugated downspout section which extends to a down-facing elbow over the west parapet edge of 
the Boiler Room, and freefalls approximately 60’ to grade.   
 
An available drawing dated 2007 provided by SCL indicates roof drain deficiencies, and a potential scope 
of repair. Per SCL, all of these repairs were undertaken in that year, with the exception of an internal leak 
on the horizontal drain line along the west wall of the Boiler Room, which currently has a sheet of plastic 
beneath to collect leak water, and has routed it to a ¾” garden hose for drainage conveyance.  
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Figure 66: Roof drain leak catcher at the west side of the Boiler Room (photo by Wetherholt and 
Associates) 
 
Recommendations 
 
The current roofing and drainage conditions were observed and evaluated by the architectural team, the 
envelope consultant, Wetherholt and Associates; the mechanical engineering consultant, Coffman 
Engineers; and the hazardous materials consultant, Argus Pacific. The recommendations below are a 
comprehensive list, and are discussed in greater detail in the consultant reports included in the Appendix. 
 
The roof drainage system should be addressed immediately to prevent further water infiltration into the 
building. All existing roof drainage piping (interior and exterior) should be cleaned and repaired, except 
for those on the east side that are no longer in use. When the roofing is repaired or replaced, all roof drop 
drains that are in service should be replaced with new low-profile cast iron drains with flashing and gravel 
guards cast into the concrete such as Zurn Model Z100 or equal by JR Smith, Wade or Josam, and all 
drain lines should be tightlined where they extend into the building. Ideally, each primary drain should 
have an overflow, such as an adjacent scupper that extends through the parapet wall, but this 
recommendation needs to be reviewed in terms of the effect on the character-defining features of the 
structure. 
 
The galvanized roof drain piping at the east side of the Engine Room should be replaced with cast iron 
pipe, the exterior wall penetration sealed, and the piping connected to the existing storm pipe below 
grade. The condition and routing of the subgrade storm lines should be verified before connecting new 
roof drainage. Open drains or clean-outs at grade should be plugged. 
 
On the interior, the leaking horizontal pipe on the west side of the Boiler Room should be replaced, and 
new equipment hangers should be installed. It is also recommended that a hydrostatic test be performed 
on all of the roof drainage piping to identify and repair any other leaks that may not have been identified 
by the tenant or as a result of this survey. 



Seattle City Light - Georgetown Steam Plant Renovation October 9, 2013 
Historic Structure and Cultural Landscape Report  Page 71  
   
 
 

 

BOLA Architecture + Planning 

Testing and evaluation of the existing roofing revealed that it is likely that the current roofing, copings 
and flashings were installed in 1983 by Emerald City Roofing. The existing, 4-ply built up roofing with 
Koppers Multipurpose Membrane (KMM) flashing, is in fair condition. Two options for treatment are 
provided here. The first option is to replace the low slope roof areas by removing the existing roof 
assembly and installing a new Styrene-Butadiene-Styrene (SBS) or Atactic Polypropylene (APP) modified 
bitumen system with new flashings and copings. A more economical approach may be to retain the 
existing field roofing in-place and provide new membrane base flashings, penetration flashings and sheet 
metal counter flashings. If the latter approach is taken, installation of fluid-applied membrane flashings 
would be beneficial at drains, roof-to-wall transitions, embedded edge metal and penetrations as needed 
for a weather-tight assembly. For improved drainage, it has also been suggested that the low perimeter 
edges and gutters on the north and east sides of the building be replaced with a slightly higher parapet 
and sidewall scuppers, utilizing crickets between the scuppers for drainage. Coping metal would replace 
the embedded edge metal, providing a functional long-term roofing application. While this is a preferable 
weatherproofing detail, this modification may have an adverse effect on the character-defining features of 
the building and needs to be carefully considered.   
 
In many instances, the existing sheet metal flashings and copings are failing or poorly detailed and 
installed. They should be replaced as part of the comprehensive reroofing / repair project, and proper end 
cap flashings, wall termination flashings, and counter flashings provided to prevent continued water 
intrusion. Gutters should be cleaned and evaluated for slope toward the drains, and realigned to provide a 
positive slope and prevent ponding or standing water in the gutters. New external downspouts should be 
provided with tightline attachments to the subgrade piping, or provided with splash blocks that direct 
water away from the building walls and surfaces. 
 
Where pitch pockets exist for the attachment of equipment on the roof, consideration should be given to 
their replacement with liquid resin membrane with reinforcing fabric, or modification of the penetrations 
to allow for the installation of lead flashings. 
 
Note: Hazardous materials have been found to be present in the roofing materials and necessary 
precautions should be taken for remediation during any reroofing or repair work. 
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ROOF ACCESSORIES (EXHAUST STACKS, LADDERS, RAILINGS, VENTS, AIRPORT 
OBSTRUCTION LIGHTING) 
 
The rooftop exhaust stacks and vents contribute to the industrial character and understanding of the 
function of the facility, while the ladders and railings provide accessibility and some level of safety for roof 
maintenance. The eight black exhaust stacks date from ca. 1939, when the original masonry stacks on the 
south end of the building were removed as part of FAA flight path mitigation. The access ladders to the 
various roof levels were replaced in 1984, according to SCL Archives drawing #D-20068. Painted steel 
angle railings, attached to large steel base plates in pitch pockets, are present on the east and west sides of 
the main roof of the boiler wing. The north end of the west railing is not attached to the terminating 
wall.   
 

 
Figure 67: Steel angle railing on the east side of the Boiler Room roof, with steel mounting 
plates and pitch pockets.   
 
Most of the miscellaneous exterior accessories and components are typically in a deteriorated state of 
repair, suffering from lack of maintenance and finish coatings. Components are rusted, in some cases 
through the base metal, and create a risk of water intrusion into the building, or at a minimum, ponding 
inside the equipment. Many of the attachments to the building are failing due to rusting and material 
expansion and also result in spalled areas of the concrete at the horizontal and vertical surfaces. 
 
Recommendations 
 
The metal should be repaired or replaced where eroded beyond repair, surface prepared, and painted.  
Asbestos paint coatings have been found on the large black exhaust stacks and adjacent vent stacks. Some 
of the equipment is provided with cable stays, secured to the roof, and terminated with pitch pockets. 
Pitch pockets are also used at the base of various penetrations and roof attachments. These pitch pockets 
should be replaced with a proper flashing to reduce risk of water infiltration.    
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Figure 68: Detail of 
exhaust vent where the 
sheet metal has rusted 
through, providing access 
for water and pests.   
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 69: Eliminating 
penetrations where 
feasible due to disuse, 
and if not deemed 
character-defining  
features, will serve to 
protect the structure from 
further deterioration and 
reduce maintenance.   
 
 
 
 
 
 
 
 
 
 
 
 

 
At the direction of SCL, the existing airport obstruction lighting at the south, east, and west ends of the 
building, and their associated cable stays are beyond their service life and should be replaced.   
 
Review of fall protection and tie off requirements is beyond the scope of this report, but may be 
something that SCL wishes to consider for ongoing maintenance of the building. 
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WOOD WINDOWS 
 
At the Steam Plant, the pivoting wood windows are a prominent feature of the west and south facades.  
The punched openings serve to characterize the board-formed concrete and provide tall, vertical elements 
in the otherwise strong, horizontal massing of the industrial structure. Additionally, the windows allow 
ample light into the Engine and Boiler Rooms, and provide a means for ventilation into the spaces.   
 
This survey evaluated the overall condition of windows, doors and louvers that were accessible and visible 
to the project team. The wood windows, of which there are approximately 158, typically contain true 
divided lights and consist of a combination of double-hung, casement, center-pivot, and fixed sashes.   
 
The primary issues with the overall deteriorated window condition are likely due to lack of periodic 
maintenance. Little to no paint is remaining on many of the wood sash and frames, and the glazing putty 
and sealants around the windows is in very poor condition. It also appears that a non-breathable 
elastomeric coating was applied in a continuous coating over concrete wall surface and the wood window 
components, in an attempt to achieve a weathertight enclosure. This resulted in moisture being trapped 
behind the coating and deteriorating the wood surfaces and the coating product. The wood surfaces have 
peeled the majority of their paint to bare wood, exposing the grain to the weather. This has resulted in 
raised grain and checking, most notably on the wood sills, and the bottom rails of both upper and lower 
sash where they occur. Many instances of loose or failing joints between the bottom rail and stiles are 
evident, some having been repaired with surface-mounted steel strapping. In some cases, the muntins of 
the true-divided sash are no longer properly attached or aligned, causing the glass to be loose in the 
openings, out of square, or cracked.   

Figure 71: Interior detail of wood pivot window 
and internal operating mechanism. 
 

Figure 70: Detail of a window on the west facade, 
with little remaining paint, missing glazing, missing 
caulking, and previous repair at the bottom rail of the 
lower sash. 
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The glass at the first floor windows has all been 
replaced with ¼” wire glass, as noted on 
construction drawings from 1985. Much of the 
glazing compound (presumably installed at that 
time) has failed by cracking, or delaminating 
from the adjacent muntins and frames. Glazing 
points were observed on one window where 
significant amounts of the glazing compound 
were missing. Over time, the glass appears to 
have been replaced with modern plate glass, and 
using a variety of glazing compounds and 
craftsmanship. Asbestos testing confirmed, or 
assumed at inaccessible locations, that nearly all 
the wood window glazing compound contains 
asbestos. (See Hazardous Materials Report in 
the Appendix for additional information.)  
 
 
 
 
 
 
 

 

 
Figure 72: Detail of the sill of a ground floor window, with open grain, checked sill, and loose joint  
at the stile/bottom rail. 
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The window details in the original construction drawings indicate positive drainage away from the 
windows by means of either built-up parged sills, or sloping of the rough openings. In practice, it appears 
that some of the window openings exhibit flat, or even backsloping sills, contributing to the water 
migration to the interior, and rot of the sills. Two unique instances were observed on the south facade 
windows. At one, a cementitious “canted dam” was applied between the leading edge of the wood sill and 
the concrete sub sill, presumably to keep water on the concrete sub sill from backing up under the wood 
sill. In the other case, a smooth troweled slope was extended from the leading edge of the wood sill to the 
leading edge of the concrete sub sill, but water can still enter the gap between wood and concrete.   
 

 
Figure 73: Detail showing existing window sill retrofits. The foreground window has a  
cementitious cant at the edge of the wood sill, and the background window has a newer sloped  
sill, which butts into the leading edge of the wood sill.  
 
The majority of windows at the Engine Room and Boiler Room monitors were covered with corrugated 
fiberglass panels in 1969 (see Drawing D-25402). To assess the condition of the windows, some of the 
fiberglass panels were removed on each facade in 2012. The original installation of the fiberglass panels 
resulted in significant damage to the existing windows in the process of installing 2x4 nailers. Existing 
wood sills projecting beyond the face of the concrete were either sawn off flush, or notched to receive the 
vertical 2x4s. Some sills have been clad with lead flashing, presumably at an earlier time to remedy water 
infiltration. Many unsympathetic stop-gap measures were employed to repair these exposed windows over 
time, from cementitious patching around the rough openings and on the wood frames, to mastic applied 
to sash, frame, and glass cracks. The Engine Room monitor windows as visible from the interior of the 
penthouse show fastener holes, where the gear-driven crank operator was installed, but this was likely 
removed during the fiberglass paneling scope in 1969. Photographs provided by SCL which date from 
before the installation of the fiberglass panels show extensive deterioration and previous repairs to the 
concrete and windows with mastic and cementitious materials, seeming to indicate that it was not cost 
effective or feasible to holistically repair the monitors. 
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Figure 74: Detail 
of one of the roof 
monitor windows, 
on the south side, 
showing evidence of 
previous repairs 
and waterproofing 
attempts, including 
parging over the 
wood frame, and 
mastic applied over 
the frame and glass. 
 
 
 
 
 
 
 
 
 
 
Figure 75: Some 
monitor window 
sills retain their 
original lead covers. 
In some instances, 
the wood sills and 
lead covers were 
notched or sawn off 
entirely in order to 
install the wood 
framing for the 
protective fiberglass 
panels.   
 
 
 
 
 
 
 
 
 

 
Select wood windows and louvers in the lower walls were covered with flat fiberglass panels in the 1969 
scope of repairs (Drawing D-25402), and were later removed in the 1985 Exterior Rehabilitation. 
 
Recommendations 
 
The wood windows on the west and south sides of the building at the Georgetown Steam Plant are the 
significant character-defining features. As such, it is important that their design, original features, and 
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configuration be respected, retained and rehabilitated. To that end, the architectural team has started a 
window survey that will be utilized to generate the final scope of repair work. In general, if the units can 
be repaired rather than replaced, that is the preferred alternative. If the degree of deterioration is so severe, 
replacement of damaged elements or an entire unit may be warranted. 
 
It is apparent that uncontrolled moisture and lack of periodic maintenance has been the primary cause of 
the poor condition of the wood windows. The repair methodology should include treatment of open 
cracks and joints, replacement of glazing putty, addition of a drip line at the underside of the wood sills 
(if none exists), repair with consolidation products or replacement in kind of severely deteriorated wood 
sash and frame members, weatherstripping, and new protective primer and top painting coats. If 
determined necessary, fungicide and wood preservatives may be considered for application during the 
repair process. 
 
In addition to the exterior repairs, each window should be evaluated for operational soundness and 
functionality. The need for operability and the ease of operation should be considered. 
 
In many locations, the window frames and sills are also damaged or deteriorated. Consideration should be 
given to providing appropriate and maintainable details to reduce the risk of water entry into the window 
and building. This may include a revised sill design and removal of the window frame to properly flash 
and seal the surrounds. Complete removal of the window sash and frames will allow for the repair work 
to be provided in a controlled, shop environment, while comprehensive repairs can be made to the 
surrounding deteriorated concrete openings along with installation of new flashings and sealants. 
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For the most part, the steel windows appear to be in good condition, with minor rusting on exterior 
surfaces due to weathering and deteriorating paint finishes. Those observed were operable. The two sashes 
at the ground floor (east and north facades) were called for replacement in 1985. They are also not 
consistent in size / material with those described in the 1918 Addition drawings, indicating either a field 
modification during construction, or later replacement. Flashing details at the corrugated metal are not 
ideal in some instances, requiring dependence on caulking rather than positive drainage from lapped 
materials to prevent water intrusion. The western pair of the two high steel windows on the north wall 
exhibits significant bowing in the mullion and frame. Glazing putty is at the interior of window sash, and 
appears in good condition.   

BOLA Architecture + Planning 

 
 
 

 

Figure 76: Steel window with bowed frame set in a 
stucco-clad hollow clay tile wall. 
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Figure 77: Detail of a steel window, with rust on the frame at the bottom, and a cracked  
concrete sill.   
 
 
Recommendations 
 
The limited number of steel windows in the Georgetown Steam Plant characterize the north and east 
facades of the 1918 Addition. For the most part, the steel windows on the east appear to be in fair 
condition, with minor rusting on exterior surfaces. Flashing elements are poorly installed and some parge-
coated sills are in need of repair. In all locations existing sealants should be removed and replaced, and 
weatherstripping should be installed at the operable sections and around the window perimeters on the 
interior.   
 
Preservation should be the first consideration in a rehabilitation project, but the steel window frames on 
the north elevation of the 1918 addition are severely deflected inward and rusted. The cause of the 
deflection has not been ascertained at this time, but alternatives (repairs, replacement in kind, or 
replacement with a substitute material) should be considered in conjunction with the proposed structural 
improvements at the hollow clay tile infill walls and the wood and steel framed construction of the east 
wall. A potential cause of the bowed sections should be determined prior to treatment. 
 
In order for the windows to remain, corrosion should be treated using mechanical abrasion or chemical 
application; surfaces repaired using appropriate filler; surfaces prepped, primed and repainted; and 
operability assessed. Broken glass should be replaced in-kind, and a steel-sash specific glazing compound 
should be installed. Conditions that allow excess moisture to accumulate or be held against the steel 
surfaces should be mitigated, and a routine maintenance program developed and followed. 
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SHEET METAL LOUVERS 
 
Drawings from the 1985 scope of work indicate that the louvers on the south and west facades were fitted 
with painted sheet metal blanks at the inside, and this was observed at the south elevation louvers. Aside 
from a need for paint, the louvers appear in good condition.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Recommendations 
 
Most of the steel louvers at the Steamplant are integrated into the character-defining fenestration patterns 
on the building’s west and south facades, and should be retained. Records indicate that metal panels were 
installed behind the large louvers, rendering them non-functional. The louvers should be retained, 
perimeter edges caulked and sealed, and new coating applied. 

Figure 78: Detail of louvers in the south wall.
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Large double doors with glazed panels and decorative diagonal inset panels exist on the south and west 
facades of the building. In most instances, the doors that exit from the Ash Level / Basement and the 
Boiler Level have retained their original detail and hardware, based on a review of the original drawings. 
Those on the west side include small inset doors in the bottom panel of select doors. Various attachments 
can be seen in the concrete jambs, the function of which is no longer evident. Over time, wood elements 
particularly on the frames have been cut out and replaced with “Dutchmen” pieces, likely due to water 
damage, or damage from equipment going in and out of the building. Many structural repairs have been 
made to the door leafs themselves, with large horizontal steel straps bolted across the faces of the rail 
elements. In most cases, the latch hardware is in place, but was not verified in this survey for 
functionality.   
 
Similar to the wood windows described above, it appears that an elastomeric coating was applied in a 
continuous coating over both concrete surfaces and the wood doors and frames, possibly to achieve a 
weathertight enclosure. The coating has encapsulated moisture in the existing wood, and has 
subsequently debonded and peeled away, leaving extensive paint blistering and bare exposed wood on 
most elements of the doors.  
 
The thresholds of the doors are generally sloped concrete, some with a step at the face of the door to help 
restrict water entry.     

Figure 80: Detail of the eastern door on the south 
façade.

Figure 79: Detail of the large door from the west 
side of the Engine Room. 

The ten one- and two-panel wood doors that provide access from the main roof of the Boiler Room to 
the fan rooms were clad with 3/8” plywood in 1969. The door retrofit included an aluminum drip 
flashing, sandwiched into the bottom of the door between the original door and plywood. The plywood 
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panels and door hardware are in poor condition. Most of the paint is missing, and the panels are not well 
affixed to the original doors. The original door handles were modified to accept the plywood, and are no 
longer functional, relying on hasps to secure the doors. There is no weatherstripping around the 
openings, and many of the doors do not fit tightly. 
 
Recommendations 
 
Like the wood windows, the wood doors provide significant character to the building exterior. Where 
feasible, all original wood elements should be repaired. Only if deterioration is beyond repair should 
replacement parts be installed. Perimeter sealants should be replaced and areas of spalled or deteriorated 
concrete at the punched openings should be repaired as part of the comprehensive door, window and 
exterior envelope repairs. Treatment recommendations are similar to those provided in the wood window 
section for evaluations, repair methods and materials, and operability. 
 
Functionality could not be verified on any of the doors or hardware except the main entry door into the 
Turbine Room, and the doors at the roof level, as the large wooden doors are chained shut, ostensibly for 
security reasons. If it is the owner’s wish to have these doors made functional once again, appropriate 
measures for security and weather protection must be made.   
 
If public access and accessibility is intended through these doors, a fairly simple retrofit of concrete entry 
pads overlying the existing stepped sections could be added.
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SOUTH BALCONY AND STAIR 
 
There is a steel-framed and wood-decked balcony and stair at the south façade of the building. The deck 
boards are severely deteriorated and need to be replaced. There are missing pipe rail elements on the 
south edge, and the support steel is rusted to the point that it is jacking free of the wall at the brackets 
around the bull nose cornice band.   
 

 
Figure 81: South balcony and stair with deteriorated wood decking and attachments, significant rust, and 
missing pipe rail elements. 
 
 
Recommendations 
 
Though a relatively small element on the south façade of the building, the balcony and stair are original 
to the building and are character-defining features. They should be documented and removed in their 
entirety for restoration to properly repair the salvageable elements, replace irreparable elements and to 
verify attachments. In-kind replacement of the missing components will not provide a code-compliant 
guard and handrail for public use, so if the building use changes, direction from SCL will be needed to 
address the code compliance of the balcony and stair elements.  
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EXTERIOR SHEET METAL AND METAL FABRICATIONS 
 
The exterior facades of the Georgetown Steam Plant contain numerous metal equipment attachments, 
conduits, electrical connectors – some still functional, others abandoned. The exhaust and intake 
ductwork, fire escapes, and miscellaneous metal fabrications all contribute to the industrial character and 
understanding of the function of the facility. However, most are typically in a deteriorated state, suffering 
from lack of maintenance and finish coatings. Metal components are rusted, in some cases through the 
base metal, and create paths for water intrusion into the building at exterior cracks and spalls and around 
inadequately sealed penetrations. The attachments to the building are susceptible to spall and failure due 
to rusting and material expansion. 
 

 
Figure 82: Metal exhaust duct and rusted, deteriorating attachments and  
support structure on the west side of the Engine Room. 
 
 
Recommendations 
 
The metal elements should be evaluated for historic or architectural significance and functionality, and 
either repaired or removed as determined appropriate. Metal items to remain should be repaired or 
replaced where beyond repair, surface prepared, and painted. Penetrations should be properly caulked.   
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EXTERIOR LIGHTING 
 
There is limited exterior lighting on the building, but what does exist may be impacted by the scope of 
any envelope restoration and repairs at the roof level, at the concrete surfaces, and at the metal-sheathed 
walls. The existing fixtures appear to be original to the building and can be retained if refurbished and 
rewired. Obsolete and nonfunctional items should be replaced with appropriate fixtures for aesthetics, 
safety, and lamping consistency.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Recommendations 
 
Refurbishment of decorative and security lighting is recommended. Any new fixtures should be 
historically appropriate. Depending on the use of the building and the desires of the SCL and the 
building tenant, the new and retained fixtures could be put on a photo sensor or time clock for added 
security and ease of operation. Building lighting could be tied in with existing or new site lighting. 
 
 

Figure 83: Exterior light at the northeast corner of 
the 1918 Addition, which is on in the middle of 
the day. 
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BUILDING INTERIOR 
 
The interior of the steam plant has two distinct portions – the Engine Room (the north wing) and the 
Boiler Room (the south wing). Each was designed for efficiency of operations. The large expanse of the 
Engine Room contained three steam turbines and the electrical gear to allow the plant to transmit power, 
located on a series of five gallery mezzanines at the northernmost end of the building. A 50-ton crane on 
tracks is supported on haunched concrete columns, 54’ above the floor below.   
 
The Boiler Room contains three levels: The coal pocket at the top stored coal, which was then gravity fed 
to supply the boilers on the level below. The boiler level contained two bays of eight boilers each, on the 
east and west sides of the floor, with an open area between, and small service areas behind, adjacent to the 
exterior walls for maintenance access. Below the boilers were a series of 16 ash hoppers to collect the spent 
coal ash, which was removed via carts run on rails embedded in the ash level/basement slab.   
 
Many of the ash hoppers, visible from the ash level / basement, have been removed, leaving exposed and 
falling brick masonry holes in the floor. This presents a life safety hazard, as addressed in the Structural 
Condition Assessment from 2010. Drawings from 1952 show details of timber shoring designs to support 
the hoppers, but it is unclear whether this work was undertaken before or after the majority of the 
hoppers was removed. At present, seven of the hopper openings on the east side have a steel-framed, 
corrugated steel deck beneath, to prevent damage from falling debris. A similar wood-framed platform has 
been installed under three of the removed hoppers on the west side. Three of the remaining hoppers have 
timber-framed shoring, similar to that shown in the 1952 drawings, and three are unmitigated.   
 
Recommendations 
 
The remaining ash hoppers provide a visual understanding of the process-driven architecture of the 
building, and should be stabilized and maintained for interpretation. 
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BUILDING HEATING AND INTERIOR LIGHTING AND FUSE PANELS 
 
As part of the condition survey, Coffman Engineers also included a cursory review of the electric steam 
boiler and the unit heater system. Both are in good condition, requiring limited repairs. The 
recommendations are as follows: 
 

x The surface corrosion should be removed from the cases of the heating equipment, and the 
exterior and accessible areas inside of the boiler should be primed to minimize further corrosion. 

 
x A qualified boiler contractor or the original manufacturer’s representative should examine the 

boiler to confirm that there is no hidden interior problem. Boilers should be serviced to optimize 
operation. The missing access panels should be reinstalled. 

 
The existing fused panels have glass covers, which if damaged or broken could result in exposed bus bars 
and could pose a shock hazard. Two options are recommended: 1) replace glass doors with non-breakable 
acrylic covers; and 2) de-energize the existing fused panel and replace it with a new panelboard, with 
existing circuits cut over to the new panelboard. The Fused Panels are original to the building and should 
remain for historic integrity. Changes to the panels, including decommissioning and feeder modifications, 
should be sensitive to their historic character, and a suitable location must be found if they are to be 
relocated. Care should be taken to minimize the use of new materials or conduits if needed, and should 
be reviewed for compatibility with the historic character of the adjacent original equipment. The Fused 
Panel should remain for historic integrity.  
 
The existing lighting controls are switched by knife switches in fuse panels. This switching method poses 
a hazard of shock and arc flash from regular operation. It is recommended that a contactor be provided in 
the fused panels, with an adjacent light switch to operate lights and prevent regular exposure to live parts. 
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LIMITED BUILDING CODE REVIEW (2009 Seattle Building Code [SBC]) 
 
It is beyond the scope of this project to complete a full building code assessment for compliance with the 
existing building and site. However, a cursory review of issues related to life safety are considered here as 
part of the project, as they pertain to existing and potential occupancies, egress, and public access. Our 
understanding of the proposed scope of work would exempt the project from full code compliance in 
accordance with SBC Section 3404.8, as the work would not amount to substantial alteration or repair.   
 
 
Occupancy (SBC Chapter 3) 
 
We have been unable to determine if the building, or parts thereof, is currently permitted for use as a 
Museum (A-3 Occupancy) from records available at DPD, but given it has functioned as such for the 
past 15 or more years, we will evaluate it accordingly with regard to public access and safety and universal 
accessibility. Under the current code, portions of the building inaccessible to the public would be 
categorized as an F-1 Occupancy. We do not anticipate that the scope of work for this project would 
require a permitted change of use.   
 
 
Means of Egress (SBC Chapter 10) 
 
Currently, portions of the building serve as a museum, with limited guided tours of the public spaces.  
According to Ted Snyder, the accessible areas are typically limited to the Engine Room floor, the Boiler 
Room floor, and some of the catwalks across the Engine Room.   
 
In most cases, stairs and railings are not compliant with requirements for public access, due to inadequate 
stair widths, size of landings, open risers, excessive opening sizes in railings, and discontinuous handrails.   
 
Means of egress / fire escapes on the northwest and southwest sides and the South Balcony should be 
evaluated for necessity. If determined to be part of a fire and life safety pathway, the Seattle Fire 
Department Administrative Rule 9.02.09 requires regular testing and certification of certain fire and life 
safety equipment, including fire escapes, which must be Confidence Tested and Certified every 5 years.   
 
 
Plumbing Fixtures (SBC Table 2902.1) 

 
There appears to be only one restroom in the building, in the northwest corner of the Engine Room on 
the ground floor. A small single occupant restroom is shown on the original construction drawings in the 
northwest corner on the Wire Room floor of the gallery, but it was not located during this survey. A 
portable sanican is located outside, at the south east corner of the building, which is kept locked.   
 
 
 



Seattle City Light - Georgetown Steam Plant Renovation October 9, 2013 
Historic Structure and Cultural Landscape Report  Page 90  
   
 
 

 

BOLA Architecture + Planning 

LIMITED ADA/ACCESSIBILITY REVIEW (ICC/ANSI A117.1-2003) 
 
The Department of Justice (DOJ) Title III Regulations of the Americans with Disabilities Act requires 
public accommodations to provide goods and services to people with disabilities on an equal basis with 
the rest of the general public. The regulations require that architectural and communication barriers that 
are structural must be removed in public areas of existing facilities when their removal is readily achievable 
– in other words, easily accomplished and able to be carried out without much difficulty or expense. 
Several checklists are publicly available and would provide a good starting point for a comprehensive 
ADA compliance review, if SCL determines the current and future use to require upgrades for public 
occupancy. 
 
The Georgetown Steam Plant’s unique character and remaining industrial features were clearly designed 
for use by able-bodied workers. Today, with the building’s use as a museum / interpretive facility for 
access by the public, minimal clearances, steep stairs, elevation changes, and proximity to hazardous high 
voltage equipment require careful negotiation of the spaces.   
 
It is understood that guided tours of the building are offered, taking visitors through the main floor of the 
Engine Room, up to the Boiler Room level, and across the catwalks of the Engine Room to the Turbine 
Room (1918) at the northeast corner of the building. While it is beyond the scope of this condition 
assessment to provide an exhaustive inventory of deficiencies associated with access and means of egress, 
general issues to consider are listed below. If SCL pursues further interior modifications to improve access 
to public spaces, a more detailed review and assessment will need to be completed. 
 
Accessibility Deficiencies to Evaluate 
 
Routes to and through the building:   
  

x No designated accessible parking was observed near the building 
x Large ballast gravel driveway is unstable surface 
x Door widths 
x Door hardware 
x Thresholds 
x Vertical circulation (no accessible route to Boiler Room level) 
x Code and exit signage 
x Restrooms 

 
Recommendations 
 
The DOJ recommends prioritization of barrier removal in instance where all cannot be readily achieved:   

 
x First priority - entry to the facility 
x Second priority - providing access to those areas where goods and services are made available 

to the public 
x Third priority - providing access to restrooms (if restrooms are provided for use by customers 

or clients) 
x Fourth priority - removing any remaining barriers  
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LIMITED ENERGY CODE REVIEW (Seattle Energy Code 2009) 
 
The existing building was designed and constructed in 1906 and 1918, long before the establishment of 
energy codes. The bare concrete, hollow clay tile and corrugated metal walls and concrete roofs were not 
insulated or covered, and the operation of the equipment in the space, along with operable windows, 
likely provided all the heat and cooling necessary for occupants.   
 
Since the end of its service as a power generating facility, the building’s use has changed to serve as a 
teaching facility and museum space, with public tours through portions of the building. Permit records 
indicate that in 1997 an electric boiler was added as a teaching tool.   
 
Proposed rehabilitation of the historic structure includes alterations to the roof and envelope of the 
structure. Efforts will focus on weatherproofing the existing windows and doors, structural repairs, and 
replacement of failing roofing and flashings. The existing permitted electric boiler will be left intact and 
essentially undisturbed. Character defining features include the exposed interior surfaces, thin roof 
sections and existing single glazed windows, which limits the possibility of insulation and envelope 
improvements for energy efficiency.   
 
As such, it is the consultant’s opinion that the project may qualify for variance from full compliance via 
Section 101.3.2 and 101.3.2.2 of the Seattle Energy Code. 
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Top left: Looking southwest 
with the Georgetown Steam 
Plant visible in the distance,, 
showing the context in 1907. 
(MOHAI, image no. 
1974.5868.233) 
 
Middle: View looking 
northeast toward the 
Georgetown Steam Plant, 
April 24, 1916. (Seattle 
Municipal Archives, image 
no. 990) 
 
Bottom: View in the 
vicinity of the Georgetown 
Steam Plant, April 24, 
1916. (Seattle Municipal 
Archives, image no. 993) 
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Undated photo, view looking northeast showing west façade and the 
coal conveyor and stacks south of the building. (UW Libraries Special 
Collections) 
 

 
View of the west façade, ca. 1920. (UW Libraries Special Collections) 
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Archival tax record photos of the 
Georgetown Steam Plant and associated 
structures (Puget Sound Regional 
Archives): 
 
Top: View of the north and west 
façades, 1937. 
 
Middle: View looking southwest, 
showing the north and east sides of the 
building, April 19, 1938. 
 
 Bottom: View of the coal conveyor and 
a portion of the south façade of the 
plant, April 19, 1938. 
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Archival tax record photos of associated 
structures, all date from April 19, 
1938. (Puget Sound Regional Archives) 
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View looking northwest, showing the east façade and an oblique view 
of the south façade, August 28, 1950. (Seattle Municipal Archives, 
item no. 22426) 
 

View looking north, showing an oblique view of the 
west façade and the western end of the south façade. 
August 28, 1950. (Seattle Municipal Archives, item 
no. 22425) 
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Series of undated photos from Seattle City Light Archives: 
 

     
 

 

Above left: View looking 
southeast, showing west façade of 
Engine Room and west end of 
north façade. 
 
Above right: View looking 
northwest, showing south façade. 
 
Left: View looking southeast, 
showing west façade of Engine 
Room and Boiler Room. 
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Series of undated photos from 
Seattle City Light Archives 
(cont’d): 
 
 
Left: View looking northeast, 
showing south façade and 
oblique view of west façade of 
Boiler Room. 
 
Middle: View looking south, 
showing north façade. 
 
Bottom: View looking northwest, 
showing east façade. 
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Series of undated photos from 
Seattle City Light Archives 
(cont’d): 
 
 
Left: View looking southwest, 
showing oblique views of north 
and east façades. 
 
Middle: View looking southwest, 
showing Boiler Room roof 
monitors and vent stacks. 

Left: Archival tax record photo 
with view looking southeast, 
showing north and west façades. 
(Puget Sound Regional Archives) 
 



Seattle City Light - Georgetown Steam Plant Renovation October 9, 2013 
Historic Structure and Cultural Landscape Report  Page B-9  
   
 

 

BOLA Architecture + Planning 

     
 

 

Selected photos from the 
Georgetown Steam Plant 
HAER Documentation, 1984: 
 
 
Above left: West façade of 
Engine Room. 
 
Above right: South façade. 
 
Left: View looking west, showing 
east façade and context. 
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Selected photos from the 
Georgetown Steam Plant 
HAER Documentation, 1984 
(cont’d): 
 
 
Interior views in the Boiler 
Room.
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View looking north toward the Boiler Room galleries. (HAER, 1984) 
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Executive Summary 
KPFF Consulting Engineers was retained by BOLA Architecture + Planning to update our 2010 
condition assessment of Seattle City Light’s Georgetown Steam Plant facility located in Seattle, 
Washington.  The purpose of our assessment was to identify any variations between observed 
conditions at this time and our 2010 condition assessment, and to reconsider our condition 
assessment in the light of our seismic evaluation and the proposed restoration of the exterior 
envelope. 

This Executive Summary addresses the combined findings of the 2010 condition assessment and this 
2012 addendum to the condition assessment. 

Access to the following areas should be restricted until the life safety hazards identified in this report 
are addressed: 

� Within five feet of the intact or partially demolished ash hoppers 

� The stair at the southwest corner of the building from the ground floor to the second floor 

� The fire escape at the northwest corner of the building.  

� The exterior stair and landing at the south side of the building. 

We also recommend that following actions be taken to slow the deterioration of the building structure: 

� Repair and maintain the building envelope to prevent water intrusion into the building. 

� Repair water leaks from internal systems. 

� Remove loose concrete and replace damaged or corroded pipe hangers with corrosion-
resistant attachments. 

As work on the building envelope is planned, we recommend giving priority to the south wall. This  
wall should be the first wall addressed because it is in the worst condition, and is a key component  
of the seismic force resisting system. The importance of this is further discussed in our seismic 
evaluation report.  

Lastly, the planning and budgeting for any work being done on the building should anticipate that 
additional areas requiring repair will be identified in the course of the work. The findings in this report 
are based only on what we visually observed in areas to which we had access. 
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1.  Field Observations 
John Hochwalt, PE, SE, and Charlie Misner of KPFF Consulting Engineers visited the Georgetown 
Steam Plant on July 9, 2012, to update the structural condition assessment of the existing building 
that KPFF had performed in 2010. John Hochwalt performed a follow-up field visit on September 25, 
2012, to observe the condition of the engine room clerestory columns, following removal of the 
fiberglass wall panels. 

The objectives of our field observations were as follows: 

� Evaluate whether there have been any significant changes to the condition of the building with 
respect to our 2010 condition assessment, specifically with respect to our findings about: 

— Potential life safety hazards: 

As structural engineers, we look for life-safety hazards where conditions could result in 
structural materials becoming dislodged and falling or that could lead to a local or general 
structural collapse. We do not look for non-structural conditions that could create risk of injury. 
Examples of these non-structural conditions would include slip-and-fall hazards, inadequate 
provisions for fall protection, non-structural items that could become dislodged and fall, 
exposure to live electrical circuits or toxic substances, or confined spaces. 

It should also be noted that our assessment of potential life safety hazards is based on the 
current usage of the structure, which permits only limited public access and where the 
structure is essentially unoccupied. We have not attempted to assess whether the structure 
complies with the life safety provisions of the current building code.   

Finally, our identification of potential life safety issues was limited by what we could see in the 
areas that we had access to during our limited time on site. Areas not viewed are identified 
later in the report. A more exhaustive study could identify additional life safety hazards. 

— Current condition of the structure: 

Based on our visual observations, we developed an opinion of the condition of the structure.  

o Good condition means that the structural element described has very few signs of 
deterioration or distress, and probably could remain in service for many years to come. 
There may be some minor deficiencies requiring repair prior to allowing reuse. 

o Fair condition means that the structural element described is starting to show signs of 
deterioration or distress, and its service life may already be limited due to the 
deterioration or distress. There are deficiencies requiring repair prior to allowing reuse. 

o Poor condition means that the structural element described has extensive signs of 
deterioration or distress. It has reached the end of its service life and major repairs are 
required to use the impacted portions of the structure in the future.   
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� Maintenance recommendations. 

— Reconsider the maintenance recommendations of the 2010 condition assessment in the 
context of the overall project, specifically: 

o The effect of the building condition on the reroofing, and restoration or replacement of 
exterior windows. 

o The effect of building condition on the seismic performance of the building. 

1.1  DESCRIPTION OF FIELD WORK 
Access to the building was provided by Seattle City Light personnel. Our assessment is based on visual 
observations, supplemented by soundings of the concrete surface, in accessible areas in the interior 
and exterior of the building, to identify areas of concrete delamination. No finishes were removed by 
KPFF and no destructive testing was performed. Building locations that were not accessed during the 
visit were the eastern boiler catwalk, the coal pocket above the boiler room, and any accessible below 
grade areas. Our ability to observe existing conditions was also limited by poor lighting on the interior, 
especially on the eastern side of the second floor of the south wing, and by trees and bushes around 
the exterior of the building, especially near the north and east elevations.  

On a second field visit, we were able to observe the condition of selected clerestory columns at the 
boiler house roof where fiberglass wall panels had been removed by Seattle City Light.  

1.2  BUILDING CONSTRUCTION 
Please see our 2010 Condition Assessment for a description of building structure.  

1.3  LIFE SAFETY ISSUES 
As discussed in our 2010 condition assessment, 10 of 16 of 
the ash hoppers have been partially demolished. This partial 
demolition has created a life safety condition due to the 
potential for falling debris that has only been partially 
mitigated by the construction of platforms to contain falling 
debris. The six remaining ash hoppers also create potential 
life safety conditions due to the potential for concrete spalling 
that has only been partially mitigated by the shoring of these 
hoppers.  

Our 2012 observations resulted in the identification of three 
additional potential life safety issues.  

The first is in the southwest corner of the building where 
reinforcing in the second floor slab is badly corroded due to 
water penetrating the south exterior wall, as shown in Figure 
1-1. It appears that there may be a large section of concrete 
that has delaminated from the slab soffit directly above the 
stair that provides access from the first level to the boiler Figure 1-1:  Possible Delaminated Concrete 

Slab Soffit over Stair 
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level. This condition likely did not change dramatically since our 2010 observation, rather the stronger 
daylight this time enabled us to better perceive the probable extent of delamination. This represents a 
potential life safety issue due to the size of the concrete section that appears to be delaminated and 
its presence above a stair. 

The second potential life safety issue is the exterior fire escape near the northwest corner of the 
building as shown in Figure 1-2. It is unknown whether this is a required means of egress. If it is a 
required means of egress, it will need to be certified as required by the City of Seattle. We recently 
became aware of the City of Seattle certification requirements and felt the need to identify potential 
deficiencies in this condition assessment. If it is not a required means of egress, access to it should be 
restricted due to its age, exterior exposure, unknown anchorage, and potential brittle failure modes.  

The third potential life safety issue is the exterior fire escape on the south side of the building as 
shown in Figure 1-3. If it is a required means of egress, it will need to be repaired and certified as 
required by the City of Seattle. If it is not a required means of egress, access to it should be restricted 
due to given its poor condition as discussed under “Other Observations,” below. 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 1-2:  Northwest Fire Escape Figure 1-3:  South Fire Escape 
 

1.4  CONDITION ASSESSMENT 

General Comments 
Please see the 2010 condition assessment for a general discussion of concrete deterioration and 
observed conditions. The reinforced concrete structure overall still appears to be in generally good 
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condition with limited visible damage and without significant change with respect to our previous 
observations. We expect that the corrosion of reinforcing steel has continued since our 2010 
observations, and that this has continued to cause deterioration of the surrounding concrete. The 
change over the 30 month period, however, was not dramatic enough to be apparent through our 
visual observations. 

There are, however, areas in poorer condition that are more important considering the other parts of 
this project, such as those pertaining to life-safety and the seismic deficiencies in the building.  

Seismic Evaluation 
The seismic evaluation established that the south wall of the 
building is a critical element for the seismic performance of the 
building. (See Draft “Georgetown Steam Plant Seismic 
Assessment,” dated July 18, 2012, for a discussion on the 
importance of this wall to building performance.) 

The condition of this wall is assessed as fair to poor.  

The major areas of concerns with the wall are the masonry infill 
sections in the upper part of the wall (where the horizontal 
flues used to exit the building) shown in Figure 1-4, and the 
areas adjacent to the windows. In both cases, the issue is that 
water is entering the building through and around these 
elements. Since the brick infill is expected to be unreinforced, 
there is no steel to corrode at the point where water enters the 
building. However, the water continues down the inside face of 
the wall and onto the second floor and has resulted in the 
corrosion of reinforcing steel in the wall and floor below. The 
resulting deterioration of the wall is of particular concern with 
respect to the seismic performance of the building. An example 
of this can be seen in Figure 1-5. 

At the windows, reinforcing in the sills, heads, and 
jambs is corroding, leading to spalling and 
delamination in these areas. Similar to the masonry 
infill areas, the water continues down the face of the 
wall resulting in corrosion of reinforcing steel and 
deterioration of the wall below the window. This 
would be expected to negatively affect the seismic 
performance of the wall. 

The concrete deterioration is most severe above the 
second floor, where sections of the wall are 
considered to be poor condition. The wall below the 

Figure 1-4: Masonry Infilled Flue Opening 

Figure 1-5: Concrete Deterioration below Window Sill 
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second floor appears to have been largely protected from water by the second floor; it is generally 
characterized as being in fair condition. As is discussed in the seismic evaluation, this lower section of 
wall is subject to large seismic demands. 

Another wall that is important to the seismic performance of the building is the west wall, which is 
perforated by a series of windows. Deterioration of this wall appears to be limited to localized 
deterioration adjacent to windows or where cracking of the wall has allowed water to enter the 
building. Due to the localized nature of the deterioration, it would not be expected to affect the 
strength of the wall. 

Envelope Restoration 
As we understand it, the envelope restoration that is being undertaken as a result of this 
assessment, includes reroofing of the building and refurbishment of the windows. We understand 
that window refurbishment may be done in situ, or may be done by removing, repairing, and then 
reinstalling the windows. 

The condition of the roof could only be observed from the underside as the upper surface is covered 
with roofing. Our ability to observe the underside of the roof was also limited by the distance of the 
roof above the floor (partially compensated for by the use of binoculars and a telephoto lens), poor 
lighting, and inaccessibility.  

The area of roof that appears to be the in worst 
condition is the southwest corner of the roof, 
extending to, and including the original stack 
opening. The original stack opening is infilled with 
wood framing which is in poor condition and has 
allowed water to enter the building as can be seen in 
Figure 1-6. This has resulted in corrosion of the 
reinforcing steel surrounding the opening and 
deterioration of the supporting structure. 

The condition of the structure surrounding the 
window openings varies from good to poor. Corroded 
reinforcing and spalled concrete were visible on both 

the interior and exterior of the building. As discussed under the seismic evaluation above, the window 
openings on the south side of the building are in the worst condition. There are locations of 
deterioration around the west windows, but those are much more isolated. 

We were able to observe the condition of some of the clerestory columns at the engine room roof for 
the first time in the course of this work. At the time of our 2010 assessment, these columns were 
completely covered by fiberglass wall panels, which were partially removed by Seattle City Light during 
this assessment.  

Figure 1-6: Wood infilled stack opening 



 

Seattle City Light, Historic Georgetown Steam Plant 
2012 Addendum to Georgetown Steam Plant 2010 Conditional Assessment 7 

The visible north clerestory columns were in fair condition with cracks and delaminations, apparently 
due to corrosion of the vertical reinforcing steel. These conditions had been addressed previously, 
likely as part of the 1985 repair work, by filling the crack area with a black mastic. The combination of 
the repair and the protection provided by the fiberglass wall panels appears to have been successful in 
stabilizing the condition of the structure, as the crack locations observed are consistent with the 1985 
drawings and there was no sign of crack growth or rusting of the reinforcing steel. 

The visible south clerestory columns appear to be in good condition. There was some dusting of the 
column surface, but this appears to be dusting of a parging layer; the underlying concrete appears to 
be sound. 

Other Observations 
There are two exterior fire escapes on the building:  on the center of the south façade – providing 
access from top of the boiler level to grade – and near the northwest corner of the building – providing 
access from the second and third floors part ways towards the ground. 
The fire escape at the northwest corner was in fair condition, however 
the capacity of this fire escape should still be considered as 
unreliable, given its age, exterior exposure, and low redundancy. The 
fire escape on the south side was in poor condition with rotting of the 
wood landing and corrosion of the steel structure. The corrosion has 
progressed to the point where the corrosion products appear to be 
forcing the fire escape away from the building structure, as seen on 
the bracket on the right hand side of Figure 1-7. 

1.5  RECOMMENDATIONS 
The scope of work for the current project – mitigation of the hazards 
created by the deteriorating/dismantled ash hoppers, spalled 
concrete and corroded hangers – as well as restoration of the building 
envelope address the primary recommendations included in our 2010 
Condition Assessment.  

At a minimum, the three new potential life safety issues should be, at 
a minimum, addressed by restricting access to the areas in question:  
the two exterior fire escapes and the stair at the southwest corner of 
the building between the ground floor and the second floor. If any of these are a required means of 
egress, that could further restrict use of the building. 

It will be necessary to perform structural restoration in selected areas. We expect that this will include: 

� Removal and replacement of the wood infill framing of the stack opening near the southwest 
corner of the building. If this framing is historically significant, it may be possible to selectively 
replace this material. If the latter course is undertaken, a more detailed assessment of the 
condition of this framing would be required. Since this framing is located above the boilers, access 

Figure 1-7: South Fire Escape, Detail 
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from the bottom side would be problematic. Most likely, the assessment would need to be 
performed from the roof level after removal of the existing roofing. 

� Concrete removal and replacement around the window openings. Concrete that has delaminated 
or spalled around the window openings should be removed and replaced as part of the window 
refurbishment. This work should consider the recommendations of the National Park Service’s 
Preservation Brief 15:  Preservation of Historic Concrete, and will need to find the right balance 
between the durability of the repair, which would suggest removal of larger areas of deteriorated 
concrete, and the historical preservation goals, which would suggest retaining as much of the 
original concrete and reinforcing as possible. Part of the solution could involve using cathodic 
protection or a surface applied migrating corrosion inhibitor to slow the on-going corrosion, 
allowing more of the existing materials to stay in place. 

� The construction safety plan, which is part of the Contractor’s “Means and Methods,” should 
recognize that there may be some dislodgment of concrete due to construction activities. For 
example, it is possible that reroofing activities could cause delaminated concrete to spall, creating 
a hazard to those inside the building. This hazard can be mitigated by restricting access to areas 
where work is taking place overhead. 

� Contracts for work on the building should anticipate that additional structural repair or restoration 
will likely occur in the course of the work. This may involve including unit prices in bids and 
carrying an appropriate contingency. 

2.  Conclusions 
This report only addresses the structural condition of the building at the time of our visit, and is limited 
to what we were able to visually observe. Hazards from non-structural issues such as slip and fall 
hazards, inadequate provisions for fall protection, non-structural items that could become dislodged 
and fall, exposure to live electrical circuits or toxic substances, or confined spaces are outside the 
scope of this report. The ability of the building to perform during the code level seismic event for the 
site has been addressed in a separate report. 

The following conclusions are based upon both our original condition assessment performed in 2010 
and the supplemental condition assessment discussed in this document. 

The items posing an immediate risk to personnel and public occupants are the most important 
findings. Access to these areas or items should be restricted until the conditions are addressed 
through repair or mitigation. These areas are as follows: 

� Intact Ash Hoppers:  Due to the poor condition of the three remaining hoppers, there is potential 
for loose pieces of concrete to become dislodged. No access should be permitted within 5 feet of 
the hoppers until the hazard is mitigated. 

� Partially Demolished Ash Hoppers:  No hazard mitigation has been performed for three of the 
existing ash hoppers that have been partially demolished. No access should be permitted within 
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5 feet of these demolished areas until proper shoring has been provided or the remaining loose 
materials sufficiently removed and the opening closed to mitigate the hazard from falling objects. 

� Southwest Stair:  Due to the poor condition of the second floor structure above this stair, no 
access should be permitted to this stair.  

� Northwest Fire Escape:  Due to the poor condition of the fire escape and its attachment to 
structure, no access should be permitted to the fire escape. 

� South Exterior Stair:  Due to the poor condition of this stair and the associated landing, no access 
should be permitted to this stair or the landing.  

We have used our field observations to determine the overall existing condition of the building, as well as 
to identify issues regarding structural maintenance. The findings of this report are based on the condition 
of the structure as we observed on January 5, 2010, July 9, 2012, and September 25, 2012. The overall 
condition of the building is rated as in good condition. The structural related maintenance issues are 
as follows: 

� Repair and maintain the building envelope to prevent water intrusion into the building. 

� Repair water leaks from internal systems. 

� Remove loose concrete and replace damaged or corroded pipe hangers with corrosion-
resistant attachments. 

The fair to poor condition of the south wall of the building takes on added importance due to this wall 
being identified as a critical element in our seismic evaluation. Repairs of this wall to enhance the 
seismic performance are discussed in our seismic evaluation report. 

Lastly, we understand that some repairs to the building envelope are planned for 2013. It should be 
anticipated that some structure restoration or repairs will be necessary as part of the work envelope 
work. This may include addressing wood infill framing of a former stack opening in the roof and 
concrete repairs around window openings. Because of the limited nature of observations, it should be 
expected that additional locations requiring repair will be identified in the course of construction. 

3.  References 
Gaudette, Paul and Slaton, Deborah. Preservation Brief 15:  Preservation of Historic Concrete. 

National Park Service.   

 





 

Seattle City Light, Historic Georgetown Steam Plant 
Georgetown Steam Plant Conditional Assessment A-1 

Appendix A 
Photo Log 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Indicates Photo of Interior 

 
 
 
Indicates Photo of Exterior 
 



 

Seattle City Light, Historic Georgetown Steam Plant 
A-6 2012 Addendum to Georgetown Steam Plant 2010 Conditional Assessment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 2 

Photo 1 



 

Seattle City Light, Historic Georgetown Steam Plant 
Georgetown Steam Plant Conditional Assessment A-7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 3 

Photo 4 



 

Seattle City Light, Historic Georgetown Steam Plant 
A-8 2012 Addendum to Georgetown Steam Plant 2010 Conditional Assessment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 5 

Photo 6 



 

Seattle City Light, Historic Georgetown Steam Plant 
Georgetown Steam Plant Conditional Assessment A-9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 7 

Photo 8 



 

Seattle City Light, Historic Georgetown Steam Plant 
A-10 2012 Addendum to Georgetown Steam Plant 2010 Conditional Assessment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 9 

Photo 10 



 

Seattle City Light, Historic Georgetown Steam Plant 
Georgetown Steam Plant Conditional Assessment A-11 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 11 

Photo 12 



 

Seattle City Light, Historic Georgetown Steam Plant 
A-12 2012 Addendum to Georgetown Steam Plant 2010 Conditional Assessment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 13 

Photo 14 



 

Seattle City Light, Historic Georgetown Steam Plant 
Georgetown Steam Plant Conditional Assessment A-13 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 15 

Photo 16 



 

Seattle City Light, Historic Georgetown Steam Plant 
A-14 2012 Addendum to Georgetown Steam Plant 2010 Conditional Assessment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 17 

Photo 18 



 

Seattle City Light, Historic Georgetown Steam Plant 
Georgetown Steam Plant Conditional Assessment A-15 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 19 

Photo 20 



 

Seattle City Light, Historic Georgetown Steam Plant 
A-16 2012 Addendum to Georgetown Steam Plant 2010 Conditional Assessment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 21 

Photo 22 



 

Seattle City Light, Historic Georgetown Steam Plant 
Georgetown Steam Plant Conditional Assessment A-17 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 23 

Photo 24 



 

Seattle City Light, Historic Georgetown Steam Plant 
A-18 2012 Addendum to Georgetown Steam Plant 2010 Conditional Assessment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 25 

Photo 26 



 

Seattle City Light, Historic Georgetown Steam Plant 
Georgetown Steam Plant Conditional Assessment A-19 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 27 



 

Georgetown Steam Plant 
Seattle City Light 

ASCE 31-03 Tier 1 and  
Seismic Evaluation Report 

 
August 2012  |  Final Report 
 
 
 
 
 





 

Seattle City Light, Historic Georgetown Steam Plant 

ASCE 31-03 Tier 1 and Seismic Evaluation i 

ASCE 31-03 Tier 1 and  
Seismic Evaluation Report 
August 2012 

Prepared for: 
BOLA Architecture + Planning 
159 Western Avenue West, Suite 486 
Seattle, WA  98119 

Prepared by: 
Scott L. Neuman, PE, SE, Associate 
John M. Hochwalt, PE, SE, Associate 
Gregory L. Varney, PE, SE, Principal 
KPFF Consulting Engineers 
1601 Fifth Avenue, Suite 1600 
Seattle, WA  98101 
Phone:  (206) 622-5822 
Fax:  (206) 622-8130 
KPFF Job No. 112202.10 
 
 
 
 
 
 
 
 



 

Seattle City Light, Historic Georgetown Steam Plant 

ii ASCE 31-03 Tier 1 and Seismic Evaluation 

 
 
 
 
 
 
 
 
 
 
 
 

This Page Intentionally Left Blank 
 
 



 

Seattle City Light, Historic Georgetown Steam Plant 

ASCE 31-03 Tier 1 and Seismic Evaluation iii 

Table of Contents 
ES. Executive Summary ....................................................................................................................... 1 

1. Introduction ................................................................................................................................... 2 

2. Building Description and Seismic Load Path ............................................................................... 2 

3. Puget Sound Seismic Hazards ...................................................................................................... 4 

4. Probabilistic Earthquake Hazard Levels ....................................................................................... 6 

5. ASCE 31 Tier 1 Seismic Evaluation .............................................................................................. 7 
5.1  ASCE 31 ................................................................................................................................... 7 
5.2  Level of Seismicity ................................................................................................................... 7 
5.3  Building Type and Checklists .................................................................................................. 8 
5.4  Information Collected .............................................................................................................. 9 
5.5  Potential Seismic Deficiencies ............................................................................................... 9 
5.6  Further Discussion Regarding Tier 1 Results ...................................................................... 12 

6. Modified Tier 2 Seismic Evaluation ........................................................................................... 12 
6.1  Seismic Evaluation Procedure .............................................................................................. 12 
6.2  Seismic Spectral Response Acceleration Parameters ........................................................ 13 
6.3  Analysis Procedure ................................................................................................................ 13 
6.4  Evaluation of Existing Seismic Force Resisting Systems .................................................... 14 

7. Proposed Mitigation Measures .................................................................................................. 15 
7.1  Mitigation of Seismic Deficiencies ....................................................................................... 15 
7.2  Voluntary Seismic Retrofitting .............................................................................................. 17 

8. Conclusions ................................................................................................................................ 18 



 

Seattle City Light, Historic Georgetown Steam Plant 

iv ASCE 31-03 Tier 1 and Seismic Evaluation 

9. References ................................................................................................................................. 19 
 

List of Figures 

2-1 Plan View of Georgetown Steam Plant ........................................................................................... 3 
3-1 Puget Sound Earthquake Types ...................................................................................................... 5 
4-1 Estimated Peak Ground Accelerations at Steam Plant Site .......................................................... 6 
6-1 Analytical Model of Building .......................................................................................................... 13 
 

List of Tables 

3-1 Probabilities for Earthquakes from Various Sources ..................................................................... 5 
5-1 Checklists for Tier 1 Evaluation ...................................................................................................... 8 
 

Appendices 

Appendix A – Select Existing Drawings 
Appendix B – ASCE 31 Tier 1 Checklists 
Appendix C – Conceptual Retrofit Details 
 

 

 



 

Seattle City Light, Historic Georgetown Steam Plant 

ASCE 31-03 Tier 1 and Seismic Evaluation 1 

ES.  Executive Summary 
KPFF was hired to perform a seismic evaluation of the Georgetown Steam Plant. 

The Georgetown Steam Plant building was built in 1906. 

The building has both concrete frames (beams and columns) and concrete shear walls that resist the 
lateral seismic forces. 

A complete set of original structural drawings for the building were not available for our use. With the 
exception of the 1917 addition, rebar details were missing for the entire structure, so it is not possible 
to calculate the structural capacity and compare them to the seismic demands, though the demands 
were calculated. 

ASCE 31 checklists were used to develop an initial understanding of the seismic performance of the 
building. An analytical model was constructed to observe the seismic behavior in more detail. 

Seismic forces resisted by the concrete frames are identified as the behavior with the most risk of 
seismic damage leading to building collapse. Recommendations for retrofitting the structure are 
focused on ensuring that the seismic forces are resisted by the concrete walls, and not the frames. 

Concrete stresses that were calculated from the seismic analysis were used to determine the locations 
where the building is most likely seismically deficient, although this cannot be known for certain 
without a complete set of structural drawings from which structural capacities can be determined. 

KPFF recommends the following work listed in order of importance to improve the seismic 
performance of the building.  These recommendations are not intended to bring the building up to the 
target ASCE 31 performance level, but are intended to address the most critical deficiencies in the 
building. 

� Attach the concrete floor and roof diaphragms to the concrete walls at locations identified in the 
report, or verify existing attachments through radar or x-ray imaging. 

� Strengthen the columns along the wall that separates the engine room from the boiler room at the 
roof using steel, concrete, or composite covers. 

� Repair and strengthen the southern concrete wall by demolishing masonry infill of horizontal flues 
and replacing with reinforced concrete. 

� Add a line of lateral force resisting elements (shear walls or braced frames) in the eastern portion 
of the engine room. 

� Add braces at the clerestory windows where no concrete walls are present. 

� Brace the clay tile wall on the north side of the building. 

None of the currently planned maintenance will require a seismic renovation per the requirements of 
the Seattle Building Code, so seismic improvements of the building will be considered a voluntary 
effort by Seattle City Light. 
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1.  Introduction 
KPFF has been hired as a sub-consultant to BOLA Architecture + Planning to perform a seismic 
evaluation for the Georgetown Steam Plant which will be incorporated into a Historic Structure Report. 

This assessment by KPFF is intended to summarize the findings of the following scope of work: 

� Review of the existing building documentation. 

� Perform a site visit to observe the condition of the building, the accuracy of the existing 
documentation, and the support of nonstructural elements. 

� Perform ASCE 31 Tier 1 and seismic analysis for the structure to determine the seismic behavior 
of the building and to identify a viable load path for seismic forces. 

� Propose mitigation measures for the most critical seismic deficiencies. 

� Prepare this report. 

Once Seattle City Light has had the opportunity to review this report, we expect to receive direction as 
to which mitigation measures they may be interested in pursuing.  Once we receive that direction, we 
will prepare conceptual designs for those measures, suitable for budgeting and evaluation. 

This report summarizes the findings from a seismic evaluation of the Georgetown Steam Plant 
performed using the American Society of Civil Engineers Standard ASCE/SEI 31 (ASCE 31). A Tier 1 
seismic evaluation of the building was first performed using this standard, and then a more detailed 
seismic analysis was performed that used this standard as a guideline, but did not follow the standard 
in its entirety because of the limited drawings available. The Tier 1 evaluation was performed as an 
initial screening of potential seismic deficiencies if the facility was subjected to a major earthquake, 
such as those described later in this report. The seismic analysis was conducted to perform a more 
detailed evaluation of the building’s seismic behavior, as well as to develop conceptual approaches for 
mitigating seismic hazards. 

2.  Building Description and Seismic 
Load Path 

The Georgetown Steam Plant is largely constructed of reinforced concrete and consists of a  
northern high bay structure called the “Engine Room” and a southern three-story structure called the 
“Boiler Room.” The Engine Room is approximately 64 feet by 117 feet. The Boiler Room is 
approximately 150 feet by 80 feet. These different spaces share a common wall at the south and 
north ends, respectively. See Figure 2-1, below, for a plan view of the building. 
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Figure 2-1:  Plan view of Georgetown Steam Plant.  Plan north is to the left. 
 

The lowest floor of the structure is a reinforced structural slab at grade. Reinforced concrete walls for 
the generator enclosures can be observed at this level, which carry down to the timber pile 
foundations below. 

The second floor of the Boiler Room supports large boilers and ash hoppers on the exterior bays. It is 
composed of one-way slabs spanning to perpendicular rectangular beams between columns. The 
columns at this level are typically square with some columns being larger rectangular shapes. 

The third floor of the Boiler Room occurs in the middle bay only and was previously used as coal 
storage to feed the boilers below; the exterior bays are open for the tops of the boilers and their 
associated piping to the roof. The coal storage is a series of pyramidal shaped depressions on each 
side with beams framing the openings. Above the coal storage is a series of concrete beams 
supporting a continuous catwalk along the length of the Boiler Room. The roof of the exterior bays is a 
one-way flat slab spanning to perpendicular haunched beams aligned with the interior columns. This is 
located at approximately the same elevation as the interior bay beams supporting the catwalk. The 
roof of the center bay is similarly framed and located approximately 10 feet higher. 

The Engine Room is a clear height space with 65-foot long span roof beams and no interior columns. 
The roof steps up for a clerestory to provide additional natural light. One-way slabs span between the 
deep roof beams. A narrow north bay consisting of five bays along its length has four levels of concrete 
composed of one-way slabs spanning east-to-west to perpendicular beams framing to columns. 

An addition to the plant, approximately 65 feet by 27 feet, was constructed in 1918 on the northeast 
corner of the building adding two bays to the north portion of the building to house the horizontal 
generator. This consists of a floor and a roof constructed of reinforced concrete, which appears to 
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mimic the original construction. This addition includes an independent support platform for the 
horizontal generator, which is isolated from the building structure with a visible gap. 

Perimeter reinforced concrete walls are present with punched windows occurring primarily on the 
south and west faces. Concrete infill walls, identified by the distinct crack pattern at the beams and 
columns, appear to be present on the south face of the 1918 addition. Un-reinforced masonry infill 
walls were present on the entire north face of the addition. The east façade of the 1918 addition and 
south façade of a later addition are corrugated metal panels over timber and limited steel framing. We 
understand that this construction is original and the east face was intended to be removable to 
accommodate the removal and replacement of large pieces of equipment. 

The seismic forces have multiple load paths which they can follow from the building diaphragms at 
each floor level to the building foundation. In both portions of the building, the seismic forces can 
transfer through the building via the concrete walls at the perimeter of the buildings, or the concrete 
frames at the building interior.  Both the Engine Room and the Boiler Room have concrete shear walls 
in the long direction. These walls are likely to resist the majority of the seismic forces in the direction of 
the walls.  For seismic forces perpendicular to the walls, the concrete frames are likely to participate to 
a greater degree in the seismic resistance of the building, due to the decreased stiffness of the walls 
and the building diaphragm in this direction. 

3.  Puget Sound Seismic Hazards 
There are three kinds of earthquake sources in the Puget Sound region:  

� Deep earthquakes, which occur within the Juan de Fuca plate as it descends beneath the North 
America plate (called Benioff zone or intraplate earthquakes).  

� Colliding of the Juan de Fuca and North American plates (subduction zone or 
interplate earthquakes).  

� Shallow earthquakes that occur within the crust of the North America plate (crustal earthquakes)  

Figure 3-1 illustrates these different earthquake types.  
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Figure 3-1:  Puget Sound Earthquake Types (Source:  USGS/CREW) 
 
The characteristics of these earthquakes are different, including the expected magnitudes, durations, 
and recurrence intervals.  These earthquake characteristics, in combination with the location of the 
earthquake source relative to a particular site and the geology at that site, are the major factors 
determining the intensity of ground shaking anticipated at the site. 

Table 3-1 lists potential magnitudes, estimated return intervals, and prior examples for these different 
earthquake types. 

Table 3-1:  Probabilities for Earthquakes from Various Sources 

Earthquake Source Example Events Potential 
Magnitude 

Estimated Return 
Interval 

Deep/Benioff Zone 

Nisqually, 2001, M6.8 
Seattle-Tacoma, 1965, 
M6.5 
Olympia, 1949, M6.8 

M7.5 35 – 50 years 

Subduction Zone 1700 M9.0 500 – 600 years 

Shallow/Crustal 
Random 
Seattle Fault 

M7.5 
M7.5 

333 years 
1,000 years 

Source:  Scenario for a Magnitude 6.7 Earthquake on the Seattle Fault [Reference 4] 
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4.  Probabilistic Earthquake Hazard 
Levels 

Because of the age of the building, the Steam Plant has withstood several earthquakes that occurred 
over the building lifetime, including the 1949 quake, the 1965 quake, and the 2001 Nisqually quake 
listed in Table 3-1 above. All of these quakes are smaller than the design level earthquakes that are 
currently used for building construction and evaluation. 

Various probabilistic earthquake hazard levels are employed by seismic codes and evaluation 
standards. An earthquake with a 10 percent chance of occurrence in a 50-year interval is similar to the 
magnitude of earthquake that is used to design new buildings. Figure 4-1 indicates the estimated 
relationship between earthquake peak ground accelerations and earthquake return intervals at the 
Georgetown Steam Plant site for the following return intervals: 

� Ten percent probability of being exceeded in 50 years (475 year return interval) 

� Fifty percent probability of being exceeded in 10 years (72 year return interval) 

The peak ground acceleration recorded for the King County Emergency Operations Center (EOC) 
located near the Georgetown Steam Plant site for the 2001 Nisqually Earthquake is also shown on the 
graph for comparison. The approximate average return interval associated with this event is 67 years, 
but this return period may be shorter depending on the local soil conditions beneath the building. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-1:  Estimated Peak Ground Accelerations at Steam Plant Site (based on 2002 USGS maps, Nisqually Earthquake records) 
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5.  ASCE 31 Tier 1 Seismic Evaluation 
5.1  ASCE 31 
The document Seismic Evaluation of Existing Buildings, ASCE 31-03 (ASCE 31) was written by the 
American Society of Civil Engineers (ASCE) to provide a consensus standard for the seismic evaluation 
and rehabilitation of buildings throughout the United States. ASCE 31 provides a three-tiered process 
for the seismic evaluation of existing buildings in any region of seismicity. These three tiers are a 
Screening Phase (Tier 1), an Evaluation Phase (Tier 2), and a Detailed Evaluation Phase (Tier 3). 
Buildings are typically evaluated for either a Life Safety or Immediate Occupancy performance level. 
Use of ASCE 31 for evaluation and mitigation of seismic deficiencies is either voluntary or required by 
the building authority having jurisdiction. 

The Screening Phase (Tier 1) consists of checklists that allow a rapid evaluation of the structural, 
nonstructural, and foundation/geologic hazard elements of the building and site conditions. The 
purpose of a Tier 1 evaluation is to screen out buildings that comply with the provisions of ASCE 31 or 
to quickly identify potential deficiencies. If potential deficiencies are identified for a building using the 
checklists, the engineer may proceed to Tier 2 and conduct a more detailed evaluation of the building, 
or conclude the evaluation and state that potential deficiencies were identified. 

For a Tier 2 evaluation, a more detailed analysis of the building is performed that addresses the non-
compliant items identified in Tier 1. If non-compliant items are identified during a Tier 2 evaluation, the 
engineer may choose to report deficiencies and recommend mitigation, or proceed to Tier 3 and 
conduct an even more detailed seismic analysis. 

For the Georgetown Steam Plant, a Tier 1 evaluation was performed. A Tier 2 evaluation would require 
complete knowledge of the reinforcing layout within the concrete beams and columns of the building. 
Unfortunately, drawings showing these details for the original structure built in 1906 were not 
available for KPFF’s use, although these drawings do exist for the 1918 addition. KPFF has 
constructed an analytical model of the building to compute seismic forces and to evaluate concrete 
stresses similar to a Tier 2 evaluation, and our recommendations will be based on these results. 
Because of the missing drawings, calculation of demand to capacity ratios as would be typical in a Tier 
2 analysis is not possible. KPFF does not recommend a Tier 3 evaluation for further evaluation of the 
building. 

5.2  LEVEL OF SEISMICITY 
Level of seismicity is determined according to ASCE 31, Section 2.5, as follows: 

From the 2002 United States Geological Survey (USGS) National Seismic Hazard Maps, the short 
period spectral response acceleration (SS) and 1-second period spectral response acceleration (S1) 
parameters for this site, based on the maximum considered earthquake (MCE) ground motion, are: 

SS = 1.55 g 

S1 = 0.54 g 
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KPFF has assumed that if classified by the current system, the soil at the site would be identified as a 
site class E or F as shown on the 2004 Site Class Map of King County Washington by the USGS. Based 
on this classification, Site Coefficients Fa and Fv were found to be:  

Fa = 1.0 

Fv = 1.5 

Spectral response acceleration parameters SDS and SD1 define the seismicity of a site as “low,” 
“moderate,” or “high.” The acceleration parameters are determined as shown below. The resulting 
products of spectral response accelerations and site coefficients classify the level of seismicity: 

SDS = 2/3 FaSS = 1.04 g � 0.500g High Seismicity 

SD1 = 2/3 FvS1 = 0.54 g � 0.200g High Seismicity 

Both SDS and SD1 indicate that this building is located in an area with a level of high seismicity. This is 
typical for buildings located in the greater Seattle area. 

5.3  BUILDING TYPE AND CHECKLISTS 
Tier 1 screening is conducted with hazard checklists that are specific to the building type.  With the 
combination of concrete shear walls and concrete frames in the building, two building type 
classifications are applicable:   

Concrete Moment Frames (Type C1) 

Concrete Shear Walls with Stiff Diaphragms (Type C2) 

For this building, five checklists were applicable, as listed in Table 5-1.  Refer to Appendix B for the 
completed checklists. 

 

Table 5-1:  Checklists for Tier 1 Evaluation 

Tier 1 Checklist ASCE 31 Reference 

Basic Structural Section 3.7 

Supplemental Structural Section 3.7 

Geologic Site Hazard and Foundation Section 3.8 

Basic Nonstructural Section 3.9.1 

Intermediate Nonstructural Section 3.9.2 
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5.4  INFORMATION COLLECTED 
An incomplete set of the original 1906 architectural and structural drawings are available for review. In 
addition, the structural drawings for the 1918 engine room addition are available. Other recent 
drawings for mechanical revisions are available as well. 

KPFF performed field surveys on June 15, 2012 and on July 9, 2012. This purpose of these surveys 
was to compare the visible structural systems to the existing structural drawings, observe the 
condition of the structural systems, and observe visible typical locations of support of nonstructural 
systems. The condition of the visible structural is detailed in the report titled “Georgetown Steam 
Plant: Condition Assessment” dated December 2010 and in the report titled “Georgetown Steam 
Plant: Addendum to 2010 Condition Assessment” dated July 2012. 

Due to a lack of documentation of the original construction materials for the building, material 
strengths used for calculations were assumed as allowed by ASCE 31. Concrete strength was assumed 
to be 2,000 psi. Steel reinforcing yield strength was assumed to be 33 ksi. 

The reinforcing ratio of the beams and columns was calculated based on the drawings for the 1918 
building expansion shown in Figure 2-1. The reinforcing ratio for the beams varies between 0.0025 
and 0.012. The reinforcing ratio for the columns varied between 0.02 and 0.033. The actual 
reinforcing ratio of the 1906 construction may vary from these values depending on the specific 
design of each element. 

5.5  POTENTIAL SEISMIC DEFICIENCIES 
The ASCE 31 Tier 1 evaluation procedure is based on a series of questions from checklists.  If an item 
on the checklist complies with the ASCE 31 criterion, then no further investigation is required for that 
item.  If an item on the checklist does not comply with the ASCE 31 criterion, then the item is flagged 
as potentially deficient.  Upon further investigation (Tier 2 and possibly Tier 3 evaluations), the flagged 
item may or may not prove to be deficient.  Items which are ultimately shown to be deficient would 
require structural upgrades in order for the building to meet the established seismic performance goal 
for the design-level earthquake. 

The Tier 1 evaluation identified potential deficiencies, both structural and nonstructural, that may 
need to be mitigated to reduce seismic hazards.  Structural deficiencies indicate that a seismic event 
is likely to damage the building and reduce its ability to support gravity (vertical) and lateral loads.  
Nonstructural deficiencies are typically occupant hazards, which indicate potential damage to the 
building contents or potential injury to the building occupants. 

The completed Tier 1 checklists are included in Appendix B.  A list and brief description of the 
nonconforming items follows: 

Geologic Site Hazards 
Liquefaction – The building is located on loose, saturated soils that have the potential to liquefy or 
laterally spread during an earthquake. The fill material and river deposits may extend beneath the 
bottom of the wooden piles, creating the potential for down-drag or loss of support if liquefaction 
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occurs.  Because the fill may extend beneath the bottom of the piles, the piles possess little resistance 
to the lateral spread of the supporting soil should this occur. 

Structural Checklist – Concrete Moment Frames 
Weak Story – The varying layout of the concrete frames results in a strength difference between floors, 
resulting in a weak story deficiency globally in the building. 

Soft Story – The significant difference in story height above the first floor results in a soft story 
deficiency at first story. 

Mass – The seismic mass varies more than 50 percent between floors, largely as a result of the mass 
of the boilers, resulting in a mass deficiency. 

Torsion – The calculated center of rigidity is more than 20 percent of the building width from the 
calculated center of mass, resulting in a torsion deficiency. 

Deterioration of Concrete – The concrete and reinforcing steel has visibly deteriorated. The concrete 
walls are cracked and spalled in places, particularly at interior and exterior of the southwest corner of 
the building. Concrete spalling has exposed the steel reinforcing in places at the beams and columns. 

Interfering Walls – The 1918 addition to the Engine Room includes a concrete frame system that is 
infilled with masonry placed directly against the concrete frame. The original 1906 construction 
includes frames in the boiler room that are infilled with concrete walls. 

Shear Stress Check – The calculated columns shears of 103 psi are greater than the 100 psi limit of 
ASCE 31. 

Axial Stress Check – The calculated axial forces of 700 psi are greater than the 600 psi limit. 

Concrete Columns – Drawings are not available of this portion of the building so it is unknown if the 
concrete columns are doweled into the foundations. 

Supplemental Structural Checklist – Concrete Moment Frames 
No Shear Failures – KPFF calculations based on the reinforcing used in the 1918 expansion of the 
building show that beams and columns may not be able to develop the full moment capacity, and may 
be limited by the shear capacity of the member.  The result would be a shear failure controlling the 
strength of the member, which is the basis for this deficiency. 

Strong Column/Weak Beam – KPFF calculations based on the reinforcing used in the 1918 expansion 
show that moment frame joints may not comply with the strong column/weak beam criteria. 

Column-Bar Splices – Longitudinal column bars have splice lengths greater than 35 db where shown 
on the 1918 drawings, but are not enclosed with ties spaced less than 8 db. 

Beam-Bar Splices – 1918 drawings show that top and bottom beam bars are lap spliced within the 
column joints. 

Column Tie Spacing – Based on the 1918 drawings, column tie spacing is typically 12 inches on center 
(o.c.) along the entire column length, which is greater than d/4 or 8 db. 
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Stirrup Spacing – Based on the 1918 drawings, beam tie spacing is greater than d/2 along the beam 
length and is greater than 8 db at potential plastic hinge locations. 

Joint Reinforcing – 1918 drawings do not show that ties are used within the beam-column joints. 

Deflection Compatibility – Secondary components are not expected to have shear capacity large 
enough to develop the flexural strength of the member based on the findings of the primary 
components. 

Diaphragm Continuity – Diaphragms in the Boiler Room and Engine Room are at different elevations. 

Uplift at Pile Caps – Details for the pile connections to the pile caps have not been located.  Typical 
construction methods in the 1900’s would not have included a connection between the pile and the 
pile caps that is able to resist uplift forces. 

Structural Checklist – Concrete Shear Walls (duplicate deficiencies not listed) 
Shear Stress Check – The concrete shear stresses of 275 psi are greater than the 100 psi limit of 
ASCE 31. 

Reinforcing Steel – Drawings are not available for this portion of the building so it is unknown if the 
concrete walls meet the minimum reinforcing steel requirements. 

Foundation Dowels – Drawings showing the connection between the shear walls and the foundations 
are not available for review so it is unknown if these dowels are present. 

Supplemental Structural Checklist – Concrete Shear Walls (duplicate deficiencies not listed) 
Deflection Compatibility – KPFF calculations based on the reinforcing used in the 1918 expansion of 
the building show that beams and columns may not be able to develop the full moment capacity, and 
may be limited by the shear capacity of the member 

Coupling Beams – Drawings are not available for this portion of the building so it is unknown if the 
concrete walls meet the reinforcing steel requirements for coupling beams over building exits. 

Basic Nonstructural Checklist 
Unreinforced Masonry – Unreinforced masonry walls are present in the 1918 engine room addition 
and are unbraced. 

Stair Details – The connections between the steel stairs and the structure relies on shallow concrete 
anchors. 

Deterioration – Significant deterioration is observed in the anchorage of nonstructural components. 

Attached Equipment – This building contains many items over 20 pounds attached to the ceiling and 
walls that are unbraced against lateral forces. 

Intermediate Nonstructural Checklist 
Glazing – The type of glass in the windows is unknown. If the windows are not tempered or are  
not laminated, when broken, these windows could break into jagged shards, or could fall from the 
window frames. 
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5.6  FURTHER DISCUSSION REGARDING TIER 1 RESULTS 
Many nonconforming items were identified in the Tier 1 evaluation. Several of the deficiencies, such as 
Weak Story, Soft Story, Mass, and Torsion pertain to the general layout of the lateral force resisting 
system. Other deficiencies such as No Shear Failure, Strong Column/Weak Beam, and Column Bar 
Splices concern the layout of reinforcing within the structural elements. These deficiencies will be 
investigated further in the seismic evaluation of the structure. Because the interior of the building is 
largely unfinished, the number of deficient non-structural items is low. The liquefaction geologic site 
hazard (an unstable soil condition experienced during seismic events) will need to be investigated 
further by a licensed geotechnical engineer if more insight into this potential hazard is desired by the 
owner. 

The largest question that the Tier 1 evaluation is not able to answer is when an earthquake occurs, 
how much of the seismic force is resisted by the concrete walls, and how much is resisted by the 
concrete frames. An analytical model of the building will be necessary to answer this question due to 
the unusual layout of the lateral force resisting elements and mass distribution within this building.  
This question is answered by our seismic evaluation and is discussed in the next section of this report. 

6.  Modified Tier 2 Seismic Evaluation 
6.1  SEISMIC EVALUATION PROCEDURE 
The ASCE 31 Tier 1 Seismic Evaluation section of this report describes the ASCE 31 tiers and their 
use.  For this portion of the project, methods similar to those described in the ASCE 31 Tier 2 
procedure are used to: 

� Observe building seismic behavior and calculate seismic stresses in concrete elements. 

� Quantify the effect of the shear walls on the building stiffness and compare the forces in the 
moment frames if the shear walls become detached from the building diaphragms. 

� Develop conceptual approaches for upgrading the seismic force-resisting systems. 

During the Tier 1 evaluation of the building, the concrete moment frames had both Shear Failures and 
Strong Column/Weak Beam deficiencies identified. If the columns are not stronger than the beams in 
the concrete frame, the initial yielding of the system will be forced into the columns. Because of the 
large tie spacing, the columns can fail in shear before a flexural hinge can form. FEMA 547, 
Techniques for the Seismic Rehabilitation of Existing Buildings states that, “buildings with these 
characteristics are among the most hazardous in the U.S. inventory and are in danger of collapse in 
ground motion strong enough to initiate shear failures in the columns.” 

Due to the risks associated with the concrete frame action in this building KPFF’s seismic evaluation 
was focused on identifying frame action within the building and our recommendations are developed 
to reduce the magnitude of load that is resisted by frame action. 
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6.2  SEISMIC SPECTRAL RESPONSE ACCELERATION 
PARAMETERS 
The level of seismicity for the Tier 2 procedure is the same as the level of seismicity for the Tier 1 
procedure described in section 5.3. 

6.3  ANALYSIS PROCEDURE 
For the evaluations performed using the ASCE 31 Tier 2 approach, a three-dimensional computer 
model was constructed for the building.  The Linear Dynamic Procedure in ASCE 31 was employed for 
the analyses, using modal response spectrum analysis.  Figure 6-1 shows the analytical model of 
the building. 

The building model includes all of the members that participate in the lateral force resistance of the 
building, including the concrete diaphragms, the concrete walls, and the concrete beams and 
columns.  The building foundations are modeled as rigid elements. 

This model was used to determine the expected seismic forces in the structural elements, and  
to quantify the percentage of seismic load that is resisted by the concrete shear walls and the  
concrete frames. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6-1:  Analytical Model of Building 
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6.4  EVALUATION OF EXISTING SEISMIC FORCE RESISTING 
SYSTEMS 
The structural issues identified in the Tier 1 evaluation are investigated further in the seismic analysis. 
In particular, the interaction between the concrete frames and the concrete shear walls are quantified, 
and the forces in the connections between the concrete walls and diaphragms are calculated. 
Additionally, the forces in the concrete frames at the East end of the engine room are calculated and 
compared to frame forces in frames closer to concrete walls. Finally, the forces near the discontinuity 
between the boiler room and the engine room are quantified. 

In general, the shear walls were found to contribute significant seismic stiffness and strength to the 
building. The shear walls resist the majority of the seismic force in the building. In some locations, 
such as in the 1918 addition, the concrete frames are located on the opposite end of the building from 
the shear walls and so the frames resist most of the inertial seismic forces from this region of the 
building. Specific demand to capacity ratios are not provided for the seismic forces on the building 
because the reinforcing of the existing structure is not known. The linear seismic analysis shows that 
the concrete walls were found to resist over 90 percent of the seismic load in the north-to-south 
direction, and over 90 percent of the seismic load in the east-to-west direction. 

To determine the importance of the shear walls to the lateral force resisting behavior of the building, 
the analytical model was run twice, the first time representing the existing condition of the building, 
and the second time representing a disconnection of the diaphragms from the concrete walls. For 
concrete frames in the engine room, a disconnection of the concrete walls typically resulted in a 
doubling of the forces in the concrete frame members. For concrete frames in the boiler room, a 
disconnection of the concrete walls typically resulted in frame forces that are 4 to 10 times larger in 
the concrete frames. Because the concrete frames are likely to be the source of the most severe 
seismic damage to the structure, maintaining the connection between the concrete walls and the 
concrete diaphragms could result in a building that is able to resist up to twice the magnitude of 
seismic forces before experiencing seismic damage associated with the concrete frames. 

The concrete shear stresses were recorded in a number of locations within the building. Because the 
reinforcing in the majority of the structure is unknown, it is not possible to know if these locations are 
seismically deficient or not.  Due to the particular behavior of the concrete frame elements, we are not 
able to provide a likely shear capacity for the walls, diaphragms, beams, or columns. Structural 
elements that were found to have significantly higher stresses than similar elements in the building 
are: 

� The north and south portions of the high roof diaphragm above the boiler room. These stresses 
were found to be between 4 and 5 root f’c. 

� Portions of the concrete walls at the South wall of the boiler room have stresses between 5 and 6 
root f’c. These stresses occur because the number of openings in this wall concentrate the 
seismic shears into just a few piers of continuous concrete. The stresses in this wall are 
significantly higher than the stresses in the other concrete walls in the building.  The capacity of 
this wall is questionable due to the observed damage that is documented in the Condition 
Assessment. 
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� The shear forces in the columns along the wall that separates the engine room from the boiler 
room are as high as 11 root f’c. These columns transfer forces between the roof diaphragms at 
two different elevations. 

A concrete wall exists on the west end of the engine room, but the east end only has concrete frames. 
The predicted seismic deflections at the east end of this portion of the building are up to 8 times the 
deflections of the west side. The concrete frames resist a large portion of the seismic forces in this 
portion of the building and we expect that earthquake damage will appear first in this portion of the 
building. 

Also, the high roof created by the clerestory has no mechanism to transfer seismic forces to the 
perimeter concrete walls besides the concrete frames. The use of these frames to transfer these 
forces will increase the likelihood of frame related seismic deficiencies. The clerestory in the boiler 
room has concrete walls that resist forces in the north-south direction which are expected to be 
adequate to transfer these forces. 

7.  Proposed Mitigation Measures 
The type and extent of mitigation required will depend on Seattle City Light’s objectives in performing 
mitigation. In preparing this report, we have been asked by Seattle City Light to consider three possible 
objectives, listed in order of increasing cost and improving performance: 

� Targeted Investment – Target the mitigation measures at those deficiencies which offer the 
biggest improvement in seismic performance for the investment made. Due to the very limited 
information available on the reinforcing of the existing structure, the resulting improvement in 
performance cannot be quantified. The structure will, however, perform better than if no action 
is taken. 

� Collapse Prevention – This performance level is defined by ASCE 41 as one where the building is 
“on the verge of partial or total collapse” following the design level earthquake. While the 
structure has not collapsed, there could be loss of life due to component failures and repair may 
not be possible. 

� Life Safety – This performance level is defined by ASCE 41 as one where the building is one “in 
which significant damage has occurred” but “the overall risk of life threatening injury as a result of 
structural damage is low.” The building should be repairable, but repair may not be economically 
practical. This is the performance level that the City of Seattle requires for buildings that undergo 
a substantial alteration, although there is a willingness by the City to negotiate the performance 
level if meeting the life safety performance level is too onerous to meet. The City of Seattle’s Client 
Assistance Memo 314 provides guidelines for when a building is considered to be a substantial 
alteration. Of particular note for this building is that the intent is that “buildings with low or 
minimal usage are properly retrofitted when they become more fully occupied.”  

Whatever work is done should consider the recommendations of Preservation Brief 41: The Seismic 
Retrofit of Historic Buildings Keeping Preservation in the Forefront.  In general, this means the 
mitigation measures should endeavor to keep the existing historic structure intact and to be 
removable, should better retrofit techniques become available in the future.  This suggests, for 
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example, that steel braced frames would be preferred over concrete shear walls, as the braced frames 
would be more easily removed in the future, and would not obscure the existing, historic, materials. 

The following sections address each of these performance levels, and provide a rough order of 
magnitude cost for the associated work. 

7.1  TARGETED INVESTMENT 
This approach to mitigation is based on the findings of this report. Because of the very limited 
information available on the reinforcing of the structure, the suggested mitigation measures are based 
on the stress levels in our model, our understanding of structural behavior, and our engineering 
judgment. Our recommendation is to target the mitigation measures on minimizing the frame behavior 
of the building, and reinforcing elements with particularly high seismic stresses. In order of priority, 
this work includes: 

� The attachment of the concrete diaphragms to the shear walls at all locations.  The current 
method of attachment is unknown, and it is possible that there is little connection between the 
diaphragms and the walls.  Alternately, it may be worthwhile to verify existing attachments through 
radar or x-ray imaging.  If this investigation shows that adequate attachments exist, attachment 
may not be needed. For a rough order of magnitude cost, we anticipate that a cost of $100 to 
$200 per lineal foot. This could be selectively applied to the most highly stressed diaphragm to 
shear wall joints.  

� Strengthen the columns along the wall that separates the engine room from the boiler room at the 
roof bolting on steel reinforcement. There are five columns affected and the cost of strengthening 
each column will be $2,500 to $5,000, resulting in a total cost between $12,500 and $50,000. 

� Brace the clay tile wall on the north side of the building by adding light gage framing back-up. The 
cost is anticipated to be between $5,000 to $10,000. 

� Repairing and strengthening the southern concrete wall. The cost is anticipated to be between 
$50,000 to $10,0000. 

� Add concrete shear walls or steel braced frames in the eastern portion of the engine room. The 
cost is anticipated to be between $30,000 to $60,0000. 

� Add steel braces behind the clerestory windows where no concrete walls are present. We 
anticipate that this would be done at four locations, and that the cost of each frame will be 
$5,000 to $10,000, resulting in a total cost between $20,000 and $40,000. 

The work included in these recommendations is not intended to improve the seismic performance of 
the building to current building code standards, or even compliance with the target ASCE 31 
performance level.  These recommendations are expected to mitigate the most critical deficiencies in 
the building with a focus on the behaviors that can be addressed in an efficient, cost-effective manner. 
If it is necessary to improve the seismic performance of the building beyond the recommendations of 
this report, additional, more costly work could be performed such as strengthening the existing 
concrete columns in shear and flexure and strengthening the existing concrete beams in shear, or 
adding new concrete shear walls 
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7.2  COLLAPSE PREVENTION 
There are two basic approaches that could be adopted to achieving a collapse prevention performance 
level – upgrading the existing structural components to achieve the required strength and ductility or 
inserting a new lateral force resisting system into the building. We believe that inserting a new 
structural system consisting of steel braced frames will be the most cost effective and historically 
respectful solution. The reasons for this are: 

� Upgrading the existing structural components would require an extensive program of exploration 
and testing to determine what reinforcing is present in the existing concrete members and the 
material strengths.  

� A new structural system will require less engineering effort. 

� A new structural system will use more conventional materials and be simpler to construct. 

� Upgrading the existing structural components will require wrapping, encasing, or overlaying the 
existing structure. This will obscure and damage the existing historical structural materials. In 
contrast, the steel braced frames would be largely independent of the existing structure and could 
be more easily removed if improved seismic retrofit systems become available in the future. 

At the collapse performance level, it is not necessary to prevent damage to the existing structure in the 
design seismic event. As a result, the new structural system need only be designed to be strong 
enough to resist the full seismic load. For a rough order of magnitude cost, we anticipate that a total of 
eight frames will be required, and that the cost of each frame will be $50,000 to $100,000, resulting 
in a total cost between $400,000 and $800,000. 

7.3  LIFE SAFETY 
The same two basic approaches are available to achieve a life safety performance level as are 
available to achieve a collapse prevention performance level. The difference between the performance 
levels is that the life safety performance level requires control of the structural damage so that life-
threatening injuries are avoided. This means that upgrades to existing structural components need to 
achieve greater strength and ductility than those at the collapse prevention level. A new lateral force 
resisting system would need to be significantly stiffer – stiff enough to protect the existing brittle 
structural components against excessive damage. Neither of these options will result in a particularly 
historically respectful solution, as the new lateral force resisting systems would likely need to consist 
of new cast-in-place concrete shear walls placed against the existing walls. Even so, new concrete 
shear walls would likely be the most appropriate solution. 

For a rough order of magnitude cost, we anticipate that a total of eight walls will be required, and that 
the cost of each wall will be $75,000 to $150,000, resulting in a total cost between $600,000 and 
$1,200,000. 

7.4  VOLUNTARY SEISMIC RETROFITTING 
As discussed above, the City of Seattle Department of Planning and Development does not require the 
strengthening of any building unless a substantial alteration as defined by the Seattle Building Code is 
planned, or unless the building is dangerous to life, health, or the safety of the occupants (see Seattle 
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Building Code 2009 3401.4.1). KPFF has not identified any immediate threats to the occupants of the 
building due to seismic performance and the seismic deficiencies identified in this report are similar to 
seismic deficiencies that exist in other occupied facilities in the Seattle area. Additionally, the limited 
occupancy of the building reduces the probability of loss of life in the event of an earthquake. Seismic 
deficiencies are typically not classified as immediate threats to building occupants because the 
deficiencies will only pose a threat to the occupants during the relatively rare occurrence of an 
earthquake.  

8.  Conclusions 
KPFF has performed a seismic evaluation of the Georgetown Steam Plant using ASCE 31 for a Tier 1 
screening of the facility followed by a detailed seismic evaluation. The Tier 1 screening identified 
potential seismic deficiencies if the facility was subjected to a major earthquake. The seismic 
evaluation was conducted to both perform a more detailed evaluation of the building’s performance 
with consideration of different earthquake demands, as well as to develop conceptual approaches for 
upgrading the seismic force-resisting systems. 

A complete seismic evaluation of the building is not possible, because the original structural drawings 
for the building are not available. Without these drawings, the reinforcing in each structural element, 
and thus the strength of each element, is unknown. KPFF was able to create an analytical model of 
the building based on the information that was available, and our conclusions come from the results of 
this model. 

Our evaluations determined that there are potential structural and nonstructural deficiencies in the 
Georgetown steam plant, with the majority of identified deficiencies being structural. Two different 
lateral force load resisting paths are identified in the building, the concrete shear walls, and the 
concrete frames, which could resist the seismic forces in the building. The concrete shear walls are the 
desired mechanism to resist the seismic forces due to the potential for damage to the building 
associated with the concrete frame behavior. 

KPFF has identified the attachment of the building diaphragms to the concrete shear walls as the 
highest priority seismic upgrade, because this attachment will enable the seismic forces to be resisted 
by the perimeter concrete walls, instead of the interior concrete frames. The connection between the 
diaphragms and walls is unknown.  KPFF recommends creating new connections that have the 
capacity to resist all of the seismic forces. 

Additional seismic deficiencies exist within the building, and it is not likely to be feasible to fix each 
deficiency. A complete list of the seismic deficiencies and proposed methods to fix each deficiency is 
not possible because of the lack of structural drawings for the building. Besides strengthening the 
diaphragm to wall connection, the highest priority work should be to strengthen the south wall of the 
building, and add a line of lateral resistance to the east end of the engine room. 

The City of Seattle Department of Planning and Development does not require the strengthening of 
any building unless a substantial alteration as defined by the Seattle Building Code is planned, or 
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unless the building is dangerous to life, health, or the safety of the occupants (see Seattle Building 
Code 2009 3401.4.1). KPFF has not identified any immediate threats to the occupants of the building 
due to seismic performance and the deficiencies identified in this report are similar to deficiencies 
that exist in other occupied facilities in the Seattle area.  Because of this, any seismic retrofitting that 
occurs as a result of this study will occur by the voluntary actions of Seattle City Light. 
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Basic Structural Checklist for Building Type C1             Building Name: Georgetown Steam Plant 
Concrete Moment Frames                                                              Building Type:  C1 or C2 
 

 

 
   Building System 

C   LOAD PATH: The structure shall contain a minimum of one complete load path for Life Safety and Immediate 
Occupancy for seismic force effects from any horizontal direction that serves to transfer the inertial forces 
from the mass to the foundation.  (Tier 2: Sec. 4.3.1.1) 

C   ADJACENT BUILDINGS: The clear distance between the building being evaluated and any adjacent building 
shall be greater than 4 percent of the height of the shorter building for Life Safety and Immediate Occupancy.  
(Tier 2: Sec. 4.3.1.2) 

C   MEZZANINES: Interior mezzanine levels shall be braced independently from the main structure, or shall be 
anchored to the lateral-force-resisting elements of the main structure.  (Tier 2: Sec. 4.3.1.3) 

 NC  WEAK STORY: The strength of the lateral-force-resisting system in any story shall not be less than 80% of 
the strength in an adjacent story, above or below, for Life Safety and Immediate Occupancy.  (Tier 2: Sec. 
4.3.2.1) 

 NC  SOFT STORY: The stiffness of the lateral-force-resisting system in any story shall not be less than 70% of the 
lateral-force-resisting system stiffness in an adjacent story above or below, or less than 80% of the average 
lateral-force-resisting system stiffness of the three stories above or below for Life Safety and Immediate 
Occupancy.  (Tier 2: Sec. 4.3.2.2)  

C   GEOMETRY: There shall be no changes in horizontal dimension of the lateral-force-resisting system of more 
than 30% in a story relative to adjacent stories for Life Safety and Immediate Occupancy, excluding one-story 
penthouses and mezzanines.  (Tier 2: Sec. 4.3.2.3) 

C   VERTICAL DISCONTINUITIES: All vertical elements in the lateral-force-resisting system shall be continuous 
to the foundation.  (Tier 2: Sec. 4.3.2.4) 

 NC  MASS: There shall be no change in effective mass more than 50% from one story to the next for Life Safety 
and Immediate Occupancy.  Light roofs, penthouses, and mezzanines need not be considered.  (Tier 2: Sec. 
4.3.2.5) 

 NC  TORSION: The estimated distance between the story center of mass and the story center of rigidity shall be 
less than 20% of the building width in either plan dimension for Life Safety and Immediate Occupancy.  (Tier 
2: Sec. 4.3.2.6) 

 NC  DETERIORATION OF CONCRETE: There shall be no visible deterioration of concrete or reinforcing steel in 
any of the vertical- or lateral-force-resisting elements.  (Tier 2: Sec. 4.3.3.4) 

  N/A POST-TENSIONING ANCHORS: There shall be no evidence of corrosion or spalling in the vicinity of post-
tensioning or end fittings.  Coil anchors shall not have been used.  ( Tier 2: Sec. 4.3.3.5) 

   Lateral Force Resisting System 

C   REDUNDANCY: The number of lines of moment frames in each principal direction shall be greater than or 
equal to 2 for Life Safety and Immediate Occupancy.  The number of bays of moment frames in each line 
shall be greater than or equal to 2 for Life Safety and 3 for Immediate Occupancy.  (Tier 2: Sec. 4.4.1.1.1) 

 NC  INTERFERING WALLS: All concrete and masonry infill walls placed in moment frames shall be isolated from 
structural elements.  (Tier 2: Sec. 4.4.1.2.1) 

 NC  SHEAR STRESS CHECK: The shear stress in the concrete columns, calculated using the Quick Check 

procedure of Section 3.5.3.2, shall be less than the greater of 100 psi or 2 cf '  for Life Safety and 
Immediate Occupancy.  (Tier 2: Sec. 4.4.1.4.1) 

 NC  AXIAL STRESS CHECK: The axial stress due to gravity loads in columns subjected to overturning forces 
shall be less than 0.10f' c for Life Safety and Immediate Occupancy.  Alternatively, the axial stresses due to 
overturning forces alone, calculated using the Quick Check Procedure of Section 3.5.3.6, shall be less than 
0.30f' c for Life Safety and Immediate Occupancy.  (Tier 2: Sec. 4.4.1.4.2) 

Key: 
NC = Non-Compliant

 
N/A = Not Applicable

 
C = Compliant

Basic Structural Checklist for Buildings with
Concrete Moment Frames
(Building Type C1)



Basic Structural Checklist for Building Type C1             Building Name: Georgetown Steam Plant 
Concrete Moment Frames                                                              Building Type:  C1 or C2 
 

 

 

   Connections 

 NC  CONCRETE COLUMNS: All concrete columns shall be doweled into the foundation for Life Safety, and the dowels 
shall be able to develop the tensile capacity of the reinforcement in columns of lateral-force-resisting system for 
Immediate Occupancy.  (Tier 2: Sec. 4.6.3.2) 

Key: 
NC = Non-Compliant

 
N/A = Not Applicable

 
C = Compliant

Basic Structural Checklist for Buildings with
Concrete Moment Frames
(Building Type C1)



Supplemental Structural Checklist for Building Type C1Building Name: Georgetown Steam Plant 
Concrete Moment Frame                                                                Building Type:  C1 or C2 
 

 

 

   Lateral Force Resisting System 
C   FLAT SLAB FRAMES: The lateral-force-resisting system shall not be a frame consisting of columns and a flat 

slab/plate without beams.  (Tier 2: Sec. 4.4.1.4.3) 

  N/A PRESTRESSED FRAME ELEMENTS: The lateral-load-resisting frames shall not include any prestressed or 
post-tensioned elements where the average prestress exceeds the lesser of 700 psi or f’c/6 at potential hinge 
locations.  The average prestress shall be calculated in accordance with the Quick Check procedure of 
Section 3.5.3.8.  (Tier 2: Sec. 4.4.1.4.4) 

C   CAPTIVE COLUMNS: There shall be no columns at a level with height/depth ratios less than 50% of the 
nominal height/depth ratio of the typical columns at that level for Life Safety and 75% for Immediate 
Occupancy.  (Tier 2: Sec. 4.4.1.4.5) 

 NC  NO SHEAR FAILURES: The shear capacity of frame members shall be able to develop the moment capacity 
at ends of the members .  (Tier 2: Sec. 4.4.1.4.6) 

 NC  STRONG COLUMN/WEAK BEAM: The sum of the moment capacity of the columns shall be 20% greater 
than that of the beams at frame joints.  (Tier 2: Sec. 4.4.1.4.7) 

C   BEAM BARS: At least two longitudinal top and two longitudinal bottom bars shall extend continuously 
throughout the length of each frame beam.  At least 25% of the longitudinal bars provided at the joints for 
either positive or negative moment shall be continuous throughout the length of the members for Life Safety 
and Immediate Occupancy.  (Tier 2: Sec. 4.4.1.4.8) 

 NC  COLUMN-BAR SPLICES: All column bar lap splice lengths shall be greater than 35db for Life Safety and 50db 

for Immediate Occupancy and shall be enclosed by ties spaced at or less than 8db for Life Safety and 
Immediate Occupancy.  Alternatively, the column bars shall be spliced with mechanical couplers with a 
capacity of at least 1.25 times the nominal yield strength of the spliced bar.  (Tier 2: Sec. 4.4.1.4.9) 

 NC  BEAM-BAR SPLICES: The lap splices or mechanical couplers for longitudinal beam reinforcing shall not be 
located within lb/4 of the joints and shall not be located within the vicinity of potential plastic hinge locations.  
(Tier 2: Sec. 4.4.1.4.10) 

 NC  COLUMN-TIE SPACING: Frame columns shall have ties spaced at or less than d/4 for Life Safety and 
Immediate Occupancy throughout their length and at or less than 8db for Life Safety and Immediate 
Occupancy at all potential plastic hinge locations.  (Tier 2: Sec. 4.4.1.4.11) 

 NC  STIRRUP SPACING: All beams shall have stirrups spaced at or less than d/2 for Life Safety and Immediate 
Occupancy throughout their length.  At potential plastic hinge locations, stirrups shall be spaced at or less 
than the minimum of 8db or d/4 for Life Safety and Immediate Occupancy.  (Tier 2: Sec. 4.4.1.4.12) 

 NC  JOINT REINFORCING: Beam-column joints shall have ties spaced at or less than 8db for Life Safety and 
Immediate Occupancy.  (Tier 2: Sec. 4.4.1.4.13) 

  N/A JOINT ECCENTRICITY: There shall be no eccentricities larger than 20% of the smallest column plan 
dimension between girder and column centerlines.  This statement shall apply to the Immediate 
Occupancy Performance Level only. (Tier 2: Sec. 4.4.1.4.14) 

  N/A STIRRUP AND TIE HOOKS: The beam stirrups and column ties shall be anchored into the member cores 
with hooks of 135° or more.  This statement shall apply to the Immediate Occupancy Performance Level 
only. (Tier 2: Sec. 4.4.1.4.15) 

 NC  DEFLECTION COMPATIBILITY:  Secondary components shall have the shear capacity to develop the 
flexural strength of the components for Life Safety and shall meet the requirements of Sections 4.4.1.4.9, 
4.4.1.4.10, 4.4.1.4.11, 4.4.1.4.12, 4.4.1.4.15 for Immediate Occupancy.  (Tier 2: Sec. 4.4.1.6.2) 

  N/A FLAT SLABS:  Flat slabs/plates not part of lateral-force-resisting system shall have continuous bottom steel 
through the column joints for Life Safety and Immediate Occupancy.  (Tier 2: Sec. 4.4.1.6.3) 

    

Key: 
NC = Non-Compliant

 
N/A = Not Applicable

 
C = Compliant

Supplemental Structural Checklist for Buildings
with Concrete Moment Frames
(Building Type C1)



Supplemental Structural Checklist for Building Type C1Building Name: Georgetown Steam Plant 
Concrete Moment Frames                                                              Building Type: C1 or C2 
 

 

   Diaphragms 

 NC  DIAPHRAGM CONTINUITY: The diaphragms shall not be composed of split-level floors and shall not have 
expansion joints.  (Tier 2: Sec. 4.5.1.1) 

  N/A PLAN IRREGULARITIES: There shall be tensile capacity to develop the strength of the diaphragm at re-entrant 
corners or other locations of plan irregularities.  This statement shall apply to the Immediate Occupancy 
Performance Level only. (Tier 2: Sec. 4.5.1.7) 

  N/A DIAPHRAGM REINFORCEMENT AT OPENINGS: There shall be reinforcing around all diaphragms openings 
larger than 50% of the building width in either major plan dimension .  This statement shall apply to the 
Immediate Occupancy Performance Level only. (Tier 2: Sec. 4.5.1.8) 

   Connections 
 NC  UPLIFT AT PILE CAPS: Pile caps shall have top reinforcement and piles shall be anchored to the pile caps for 

Life Safety, and the pile cap reinforcement and pile anchorage shall be able to develop the tensile capacity of 
the piles for Immediate Occupancy .  (Tier 2: Sec. 4.6.3.10) 

 

Key: 
NC = Non-Compliant

 
N/A = Not Applicable

 
C = Compliant

Supplemental Structural Checklist for Buildings
with Concrete Moment Frames
(Building Type C1)



Basic Structural Checklist for Building Type C2             Building Name: Georgetown Steam Plant 
Concrete Shear Walls with Stiff Diaphragms                    Building Type:  C1 or C2 
 
 
   Building System 

C   LOAD PATH: The structure shall contain a minimum of one complete load path for Life Safety and Immediate 
Occupancy for seismic force effects from any horizontal direction that serves to transfer the inertial forces 
from the mass to the foundation.  (Tier 2: Sec. 4.3.1.1) 

C   MEZZANINES: Interior mezzanine levels shall be braced independently from the main structure, or shall be 
anchored to the lateral-force-resisting elements of the main structure.  (Tier 2: Sec. 4.3.1.3) 

 NC  WEAK STORY: The strength of the lateral-force-resisting system in any story shall not be less than 80% of 
the strength in an adjacent story, above or below, for Life Safety and Immediate Occupancy.  (Tier 2: Sec. 
4.3.2.1) 

 NC  SOFT STORY: The stiffness of the lateral-force-resisting system in any story shall not be less than 70% of the 
lateral-force-resisting system stiffness in an adjacent story above or below, or less than 80% of the average 
lateral-force-resisting system stiffness of the three stories above or below for Life Safety and Immediate 
Occupancy.  (Tier 2: Sec. 4.3.2.2)  

C   GEOMETRY: There shall be no changes in horizontal dimension of the lateral-force-resisting system of more 
than 30% in a story relative to adjacent stories for Life Safety and Immediate Occupancy, excluding one-story 
penthouses and mezzanines.  (Tier 2: Sec. 4.3.2.3) 

C   VERTICAL DISCONTINUITIES: All vertical elements in the lateral-force-resisting system shall be continuous 
to the foundation.  (Tier 2: Sec. 4.3.2.4) 

 NC  MASS: There shall be no change in effective mass more than 50% from one story to the next for Life Safety 
and Immediate Occupancy.  Light roofs, penthouses, and mezzanines need not be considered.  (Tier 2: Sec. 
4.3.2.5) 

 NC  TORSION: The estimated distance between the story center of mass and the story center of rigidity shall be 
less than 20% of the building width in either plan dimension for Life Safety and Immediate Occupancy.  (Tier 
2: Sec. 4.3.2.6) 

 NC  DETERIORATION OF CONCRETE: There shall be no visible deterioration of concrete or reinforcing steel in 
any of the vertical- or lateral-force-resisting elements.  (Tier 2: Sec. 4.3.3.4) 

  N/A POST-TENSIONING ANCHORS: There shall be no evidence of corrosion or spalling in the vicinity of post-
tensioning or end fittings.  Coil anchors shall not have been used.  ( Tier 2: Sec. 4.3.3.5) 

C   CONCRETE WALL CRACKS: All existing diagonal cracks in wall elements shall be less than 1/8" for Life 
Safety and 1/16" for Immediate Occupancy, shall not be concentrated in one location, and shall not form an X 
pattern.  ( Tier 2: Sec. 4.3.3.9) 

   Lateral Force Resisting System 

C   COMPLETE FRAMES: Steel or concrete frames classified as secondary components shall form a complete 
vertical-load-carrying system.  (Tier 2: Sec. 4.4.1.6.1) 

C   REDUNDANCY: The number of lines of shear walls in each principal direction shall be greater than or equal 
to 2 for Life Safety and Immediate Occupancy.  (Tier 2: Sec. 4.4.2.1.1) 

 NC  SHEAR STRESS CHECK: The shear stress in the concrete shear walls, calculated using the Quick Check 

procedure of Section 3.5.3.3, shall be less than the greater of 100 psi or 2 cf '  for Life Safety and 
Immediate Occupancy.  (Tier 2: Sec. 4.4.2.2.1) 

 NC  REINFORCING STEEL: The ratio of reinforcing steel area to gross concrete area shall be not less than 
0.0015 in the vertical direction and 0.0025 in the horizontal direction for Life Safety and Immediate 
Occupancy.  The spacing of reinforcing steel shall be equal to or less than 18" for Life Safety and Immediate 
Occupancy.  (Tier 2: Sec. 4.4.2.2.2) 

Key: 
NC = Non-Compliant

 
N/A = Not Applicable

 
C = Compliant

Basic Structural Checklist for Buildings with
Concrete Shear Walls and Stiff Diaphragms
(Building Type C2)



Basic Structural Checklist for Building Type C2             Building Name: Georgetown Steam Plant 
Concrete Shear Walls with Stiff Diaphragms                         Building Type:  C1 or C2 
 
   Connections 

C   TRANSFER TO SHEAR WALLS: Diaphragms shall be connected for transfer of loads to the shear walls for Life 
Safety and the connections shall be able to develop the lesser of the shear strength of the walls or diaphragm for 
Immediate Occupancy.  (Tier 2: Sec. 4.6.2.1) 

 NC  FOUNDATION DOWELS: Wall reinforcement shall be doweled into the foundation for Life Safety, and the dowels 
shall be able to develop the lesser of the strength of the walls or the uplift capacity of the foundation for Immediate 
Occupancy.  ( Tier 2: Sec. 4.6.3.5) 

Key: 
NC = Non-Compliant

 
N/A = Not Applicable

 
C = Compliant

Basic Structural Checklist for Buildings with
Concrete Shear Walls and Stiff Diaphragms
(Building Type C2)



Supplemental Structural Checklist for Building Type C2Building Name: Georgetown Steam Plant 
Concrete Shear Walls with Stiff Diaphragms                        Building Type:  C1 or C2 
 
   Lateral Force Resisting System 

 NC  DEFLECTION COMPATIBILITY:  Secondary components shall have the shear capacity to develop the 
flexural strength of the components for Life Safety and shall meet the requirements of Sections 4.4.1.4.9, 
4.4.1.4.10, 4.4.1.4.11, 4.4.1.4.12, 4.4.1.4.15 for Immediate Occupancy.  (Tier 2: Sec. 4.4.1.6.2) 

  N/A FLAT SLABS: Flat slabs/plates not part of lateral-force-resisting system shall have continuous bottom steel 
through the column joints for Life Safety and Immediate Occupancy.  (Tier 2 : Sec. 4.4.1.6.3 

 NC  COUPLING BEAMS: The stirrups in coupling beams over means of egress shall be spaced at or less than d/2 
and shall be anchored into the confined core of the beam with hooks of 135° or more for Life Safety.  All 
coupling bema shall comply with the requirements above and shall have the capacity in shear to develop the 
uplift capacity of the adjacent wall for Immediate Occupancy.  (Tier 2: sec. 4.4.2.2.3) 

C   OVERTURNING:  All shear walls shall have aspect ratios less than 4-to-1.  Wall piers need not be 
considered.  This statement shall apply to the Immediate Occupancy Performance Level only.  (Tier 2: 
Sec. 4.4.2.2.4) 

  N/A CONFINEMENT REINFORCING:  For shear walls with aspect ratios greater than 2-to-1, the boundary 
elements shall be confined with spirals or ties with spacing less than 8db.  This statement shall apply to the 
Immediate Occupancy Performance Level only.  (Tier 2: Sec. 4.4.2.2.5) 

  N/A REINFORCING AT OPENINGS:  There shall be added trim reinforcement around all wall openings with a 
dimension greater than three times the thickness of the wall.  This statement shall apply to the Immediate 
Occupancy Performance Level only.  (Tier 2: Sec. 4.4.2.2.6) 

  N/A WALL THICKNESS:  Thickness of bearing walls shall not be less than 1/25 the unsupported height or length, 
whichever is shorter, nor less than 4 inches.  This statement shall apply to the Immediate Occupancy 
Performance Level only.  (Tier 2: Sec. 4.4.2.2.7) 

   Diaphragms 

 NC  DIAPHRAGM CONTINUITY: The diaphragms shall not be composed of split-level floors and shall not have 
expansion joints.  (Tier 2: Sec. 4.5.1.1) 

C   OPENINGS AT SHEAR WALLS: Diaphragm openings immediately adjacent to the shear walls shall be less 
than 25% of the wall length for Life Safety and 15% of the wall length for Immediate Occupancy.  (Tier 2: Sec. 
4.5.1.4) 

  N/A PLAN IRREGULARITIES: There shall be tensile capacity to develop the strength of the diaphragm at re-
entrant corners or other locations of plan irregularities.  This statement shall apply to the Immediate 
Occupancy Performance Level only. (Tier 2: Sec. 4.5.1.7) 

  N/A DIAPHRAGM REINFORCEMENT AT OPENINGS: There shall be reinforcing around all diaphragms openings 
larger than 50% of the building width in either major plan dimension.  This statement shall apply to the 
Immediate Occupancy Performance Level only. (Tier 2: Sec. 4.5.1.8) 

   Connections 

 NC  UPLIFT AT PILE CAPS: Pile caps shall have top reinforcement and piles shall be anchored to the pile caps 
for Life Safety, and the pile cap reinforcement and pile anchorage shall be able to develop the tensile capacity 
of the piles for Immediate Occupancy.  (Tier 2: Sec. 4.6.3.10) 

    

 

 

Key: 
NC = Non-Compliant

 
N/A = Not Applicable

 
C = Compliant

Suppemental Structural Checklist for Buildings
with Concrete Shear Walls and Stiff Diaphragms
(Building Type C2)



Geologic Site Hazards and Foundations Checklist  Building Name: Georgetown Steam Plant 
 Building Type: C1 or C2 
 

ASCE-31-03  

 

   Geologic Site Hazards 

 The following statements shall be completed for buildings in levels of high or moderate seismicity. 

 NC  LIQUEFACTION:  Liquefaction-susceptible, saturated, loose granular soils that could jeopardize the 
building's seismic performance shall not exist in the foundation soils at depths within 50 feet under 
the building for Life-Safety and Immediate-Occupancy.  (Tier 2:  Sec. 4.7.1.1) 

C   SLOPE FAILURE:  The building site shall be sufficiently remote from potential earthquake-induced 
slope failures or rockfalls to be unaffected by such failures or shall be capable of accommodating 
any predicted movements without failure.  (Tier 2:  Sec. 4.7.1.2) 

C   SURFACE FAULT RUPTURE:  Surface fault rupture and surface displacement at the building site is 
not anticipated.  (Tier 2:  Sec. 4.7.1.3) 

   Condition of Foundations 

 The following statement shall be completed for all Tier 1 building evaluations. 

C   FOUNDATION PERFORMANCE:  There shall be no evidence of excessive foundation movement 
such as settlement or heave that would affect the integrity or strength of the structure.  (Tier 2:  Sec. 
4.7.2.1) 

    

 The following statement shall be completed for buildings in levels of high or moderate seismicity being 
evaluated to the Immediate-Occupancy Performance Level. 

  N/A DETERIORATION:  There shall not be evidence that foundation elements have deteriorated due to 
corrosion, sulfate attack, material breakdown, or other reasons in a manner that would affect the 
integrity or strength of the structure.  (Tier 2:  Sec. 4.7.2.2) 

   Capacity of Foundations 

 The following statement shall be completed for all Tier 1 building evaluations. 

  N/A POLE FOUNDATIONS:  Pole foundations shall have a minimum embedment depth of 4 ft.  for Life-
Safety and Immediate-Occupancy.  (Tier 2:  Sec. 4.7.3.1) 

    
 The following statements shall be completed for buildings in levels of moderate seismicity being 

evaluated to the Immediate-Occupancy Performance Level, and for buildings in levels of high seismicity. 

  N/A OVERTURNING:  The ratio of the horizontal dimension of the lateral-force-resisting system at the 
foundation level to the building height (base/height) shall be greater than 0.6Sa.  (Tier 2:  Sec. 
4.7.3.2) 

  N/A TIES BETWEEN FOUNDATION ELEMENTS:  The foundation shall have ties adequate to resist 
seismic forces where footings, piles, and piers are not restrained by beams, slabs, or soils classified 
as Class A, B, or C.  (Sec. 3.5.2.3.1, Tier 2:  Sec. 4.7.3.3) 

  N/A DEEP FOUNDATIONS:  Piles and piers shall be capable of transferring the lateral forces between 
the structure and the soil.  This statement shall apply to the Immediate-Occupancy 
Performance Level only.  (Tier 2:  Sec. 4.7.3.4) 

  N/A SLOPING SITES:  The difference in foundation embedment depth from one side of the building to 
another shall not exceed one story in height.  This statement shall apply to the Immediate-
Occupancy Performance Level only.  (Tier 2:  Sec. 4.7.3.5) 

 

Key: 
NC = Non-Compliant

 
N/A = Not Applicable
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   Partitions 
 NC  UNREINFORCED MASONRY: Unreinforced masonry or hollow clay tile partitions shall be braced at a 

spacing of equal to or less than 10 feet in regions of low and moderate seismicity and 6 feet in regions 
of high seismicity.  (Tier 2: Sec. 4.8.1.1) 

    
   Ceiling Systems 
  N/A SUPPORT: The integrated suspended ceiling system shall not be used to laterally support the tops of 

gypsum board, masonry, or hollow clay tile partitions.  Gypsum board partitions need not be evaluated 
where only the Basic Nonstructural Component Checklist is required by Table 3-2.  (Tier 2: Sec. 
4.8.2.1) 

    
   Light Fixtures 
  N/A EMERGENCY LIGHTING: Emergency lighting shall be anchored or braced to prevent falling or 

swaying during an earthquake.  (Tier 2: Sec. 4.8.3.1) 

    
   Cladding and Glazing 
  N/A CLADDING ANCHORS: Cladding components weighing more than 10 psf shall be mechanically 

anchored to the exterior wall framing at a spacing equal to or less than 4 feet.  A spacing of up to 6 
feet is permitted where only the Basic Nonstructural Component Checklist is required by Table 3-2.  
(Tier 2: Sec. 4.8.4.1) 

  N/A DETERIORATION:  There shall be no evidence of deterioration, damage or corrosion in any of the 
connection elements.  (Tier 2: Sec. 4.8.4.2) 

  N/A CLADDING ISOLATION: For moment frame buildings of steel or concrete, panel connections shall be 
detailed to accommodate a drift ratio of 0.02.  Panel connection detailing for a story drift ratio of 0.01 
is permitted where only Basic Nonstructural Component Checklist is required by Table 3-2.  (Tier 2: 
Sec. 4.8.4.3) 

  N/A MULITSTORY PANELS: For multistory panels attached at each floor level, the panels and 
connections shall be able to accommodate a drift ratio of 0.02. Panel connection detailing for a story 
drift ratio of 0.01 is permitted where only the Basic Nonstructural Component Checklist is required by 
Table 3-2.  (Tier 2: Sec. 4.8.4.4) 

  N/A BEARING CONNECTIONS: Where bearing connections are required, there shall be a minimum of 
two bearing connections for each wall panel.  (Tier 2: Sec. 4.8.4.5) 

  N/A INSERTS: Where inserts are used in concrete connections, the inserts shall be anchored to 
reinforcing steel or other positive anchorage.  (Tier 2: Sec. 4.8.4.6) 

  N/A PANEL CONNECTIONS: Exterior cladding panels shall be anchored out-of-plane with a minimum of 4 
connections for each wall panel.  Two connections per wall panel are permitted where only the Basic 
Nonstructural Component Checklist is required by Table 3-2.  (Tier 2: Sec. 4.8.4.7) 

    
   Masonry Veneer 
  N/A SHELF ANGLES: Masonry veneer shall be supported by shelf angles or other elements at each floor 

30 feet or more above ground for Life-Safety and at each floor above the first floor for Immediate-
Occupancy.  (Tier 2: Sec. 4.8.5.1) 

  N/A TIES: Masonry veneer shall be connected to the back-up with corrosion-resistant ties. The ties shall 
have a spacing of equal to or less than 24" with a minimum of one tie for every 2-2/3 square feet.  A 
spacing of up to 36 inches is permitted where only the Basic Nonstructural Component Checklist is 
required by Table 3-2.  (Tier 2: Sec. 4.8.5.2) 

Key: 
NC = Non-Compliant

 
N/A = Not Applicable

 
C = Compliant
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  N/A WEAKENED PLANES: Masonry veneer shall be anchored to the back-up adjacent to weakened 
planes, such as at the locations of flashing.  (Tier 2: Sec. 4.8.5.3) 

  N/A DETERIORATION:  There shall be no evidence of deterioration, damage or corrosion in any of the 
connection elements.  (Tier 2: Sec. 4.8.5.4) 

    
   Parapets, Cornices, Ornamentation and Appendages 
  N/A URM PARAPETS: There shall be no laterally unsupported unreinforced masonry parapets or cornices 

with height-to-thickness ratios greater than 1.5.  A height-to-thickness ratio of up to 2.5 is permitted 
where only the Basic Nonstructural Component Checklist is required by Table 3-2.  (Tier 2: Sec. 
4.8.8.1) 

  N/A CANOPIES: Canopies located at building exits shall be anchored at a spacing 6 feet or less.  An 
anchorage spacing of up to 10 feet is permitted where only the Basic Nonstructural Component 
Checklist is required by Table 3-2.  (Tier 2: Sec. 4.8.8.2) 

    
   Masonry Chimneys 
  N/A URM CHIMNEYS: No unreinforced masonry chimney shall extend above the roof surface more than 

twice the least dimension of the chimney.  A height above the roof surface of up to three times the 
least dimension of the chimney is permitted where only the Basic Nonstructural Component Checklist 
is required by Table 3-2.  (Tier 2: Sec. 4.8.9.1) 

    
   Stairs 
  N/A URM WALLS: Walls around stair enclosures shall not consist of unbraced hollow clay tile or 

unreinforced masonry with a height-to-thickness ratio greater than 12-to-1.  A height-thickness ratio of 
up to 15-to-1 is permitted where only the Basic Nonstructural Component Checklist is required by 
Table 3-2.  (Tier 2: Sec. 4.8.10.1) 

 NC  STAIR DETAILS: In moment frame structures, the connection between the stairs and the structure 
shall not rely on shallow anchors in concrete. Alternatively, the stair details shall be capable of 
accommodating the drift calculated using the Quick Check Procedure of Section 3.5.3.1 without 
inducing tension in the anchors.  (Tier 2: Sec. 4.8.10.2) 

    
   Building Contents and Furnishing 
 NC  TALL NARROW CONTENTS: Contents over 4 feet in height with a height-to-depth ratio greater than 

3-to-1 shall be anchored to the floor slab or adjacent structural walls.  A height-to-depth or height-to-
width ratio of up to 4-to-1 is permitted where only the Basic Nonstructural Component Checklist is 
required by Table 3-2.  (Tier 2: Sec. 4.8.11.1) 

    
   Mechanical and Electrical Equipment 
  N/A EMERGENCY POWER: Equipment used as part of an emergency power system shall be mounted to 

maintain continued operation after an earthquake.  (Tier 2: Sec. 4.8.12.1) 

  N/A HAZARDOUS MATERIAL EQUIPMENT: HVAC or other equipment containing hazardous material 
shall not have damaged supply lines or unbraced isolation supports.  (Tier 2: Sec. 4.8.12.2) 

 NC  DETERIORATION:  There shall be no evidence of deterioration, damage, or corrosion in any of the 
anchorage or supports of mechanical or electrical equipment.  (Tier 2: Sec. 4.8.12.3) 

 NC  ATTACHED EQUIPMENT: Equipment weighing over 20 lb that is attached to ceilings, walls, or other 
supports 4 ft. above the floor level shall be braced.  (Tier 2: Sec. 4.8.12.4) 

    

Key: 
NC = Non-Compliant

 
N/A = Not Applicable

 
C = Compliant
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   Piping 
  N/A FIRE SUPPRESSION PIPING: Fire suppression piping shall be anchored and braced in accordance 

with NFPA-13 (NFPA, 1996).  (Tier 2: Sec. 4.8.13.1) 

  N/A FLEXIBLE COUPLINGS: Fluid, gas and fire suppression piping shall have flexible couplings.  (Tier 2: 
Sec. 4.8.13.2) 

    
   Hazardous Materials Storage and Distribution 
  N/A TOXIC SUBSTANCES: Toxic and hazardous substances stored in breakable containers shall be 

restrained from falling by latched doors, shelf lips, wires, or other methods.  (Tier 2: Sec. 4.8.15.1) 

 

Key: 
NC = Non-Compliant

 
N/A = Not Applicable

 
C = Compliant
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   Ceiling Systems 
  N/A LAY-IN TILES: Lay-in tiles used in ceiling panels located at exits and corridors shall be secured with 

clips.  (Tier 2: Sec. 4.8.2.2) 

  N/A INTEGRATED CEILINGS: Integrated suspended ceilings at exits and corridors or weighing more than 
2 pounds per square foot shall be laterally restrained with a minimum of 4 diagonal wires or rigid 
members attached to the structure above at a spacing of equal to or less than 12 ft.  (Tier 2: Sec. 
4.8.2.3) 

  N/A SUSPENDED LATH AND PLASTER: Ceilings consisting of suspended lath and plaster or gypsum 
board shall be attached to resist seismic forces for every 12 square feet of area.  (Tier 2: Sec. 4.8.2.4) 

    
   Light Fixtures 
  N/A INDEPENDENT SUPPORT: Light fixtures in suspended grid ceilings shall be supported 

independently of the ceiling suspension system by a minimum of two wires at diagonally opposite 
corners of the fixtures.  (Tier 2: Sec. 4.8.3.2) 

    
   Cladding and Glazing 
 NC  GLAZING: Glazing in curtain walls and individual panes over 16 square feet in area, located up to a 

height of 10 feet above an exterior walking surface, shall have safety glazing.  Such glazing located 
over 10 feet above an exterior walking surface shall be laminated annealed or laminated heat-
strengthened safety glass or other glazing system that will remain in the frame when glass is cracked.  
(Tier 2: Sec. 4.8.4.8) 

    
   Parapets, Cornices, Ornamentation and Appendages 
  N/A CONCRETE PARAPETS:  Concrete parapets with height-to-thickness ratios greater than 2.5 shall 

have vertical reinforcement.  (Tier 2: Sec. 4.8.8.3) 

  N/A APPENDAGES:  Cornices, parapets, signs, and other appendages that extend above the highest 
point of anchorage to the structure or cantilever from exterior wall faces and other exterior wall 
ornamentation shall be reinforced and anchored to the structural system at a spacing equal to or less 
than 10 feet for Life-Safety and 6 feet for Immediate-Occupancy.  This requirement need not apply to 
parapets or cornices compliant with Section 4.8.8.1 or 4.8.8.3.  (Tier 2: Sec. 4.8.8.4) 

    
   Masonry Chimneys 
  N/A ANCHORAGE: Masonry chimneys shall be anchored at each floor level and the roof.  (Tier 2: Sec. 

4.8.9.2) 

    
   Mechanical and Electrical Equipment 
  N/A VIBRATION ISOLATORS:  Equipment mounted on vibration isolators shall be equipped with restraints 

or snubbers.  (Tier 2: Sec. 4.8.12.5) 

    
   Ducts 
  N/A FIRE AND SMOKE DUCTS:  Stair pressurization and smoke control ducts shall be braced and shall 

have flexible connections at seismic joints.  (Tier 2: Sec. 4.8.14.1) 

 

Key: 
NC = Non-Compliant

 
N/A = Not Applicable

 
C = Compliant
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These details will be developed for the final version of this report after SCL has had a chance to review 
the draft report and provide the design team with performance expectations for the building. 



GEORGETOWN STEAM PLANT
CONDITIONS ASSESSMENT

CONTAINS CONFIDENTIAL INFORMATION – NOT FOR GENERAL DISTRIBUTION

December 31, 2010

NWAA Report Number WA09-053

NORTHWEST ARCHAEOLOGICAL ASSOCIATES, INC.
SEATTLE, WASHINGTON



GEORGETOWN STEAM PLANT
CONDITIONS ASSESSMENT

 SEATTLE, WASHINGTON

Report Prepared for:

Seattle City Light Department

By
Eileen Heideman

December 31, 2010

NWAA Report Number WA09-053

CONTAINS CONFIDENTIAL INFORMATION – NOT FOR GENERAL DISTRIBUTION

Northwest Archaeological Associates, Inc.
5418 - 20th Avenue NW, Suite 200

Seattle, Washington   98107



Northwest Archaeological Associates, Inc. December 31, 2010
CONTAINS CONFIDENTIAL INFORMATION NOT FOR GENERAL DISTRIBUTIONi

TABLE OF CONTENTS

LIST OF FIGURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ii

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

CONDITIONS OVERVIEW . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

METHODOLOGY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

CONSTRUCTION HISTORY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

BUILDING DESCRIPTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

CONCERNS AND RECOMMENDATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
Priority 1 Concerns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

Ash Hoppers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
Condenser Pit Outlet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
Water Leaks and Infiltration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
Concrete Spalling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
Pipe Hangers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
Southeast Exterior Stairs and Balcony . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

Priority 2 Concerns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
Building Envelope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
Window Cracking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

APPENDIX A: Georgetown Steam Plant Condition Assessment, KPFF Consulting 
Engineers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-1

APPENDIX B: Secretary of the Interior’s Standards and Guidelines for the Treatment of 
Historic Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-1

APPENDIX C: Memorandum of Agreement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C-1



Northwest Archaeological Associates, Inc. December 31, 2010
CONTAINS CONFIDENTIAL INFORMATION NOT FOR GENERAL DISTRIBUTIONii

LIST OF FIGURES

Figure 1.  Location of Georgetown Steam Plant. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
Figure 2.  Isometric drawing of steam plant from HAER documentation (Jackson and Murphy

1984). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
Figure 3.  Damage resulting from demolition of ash hopper. . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
Figure 4.  Water pooling at northwest end of boiler room due to roof drain leaks. . . . . . . . . . . . 7
Figure 5.  Plastic sheet and pipes used to redirect drain leaks. . . . . . . . . . . . . . . . . . . . . . . . . . 8
Figure 6.  Detail of weathering and deterioration of exterior stair and second level door on

southeast side, view to the southwest. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
Figure 7.  Detail of weathering and deterioration of southwest-facing window, view to the

northeast. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Figure 8.  Proximity of airport to steam plant, showing problem areas on northeast and

southeast sides of building. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13



Northwest Archaeological Associates, Inc. December 31, 2010
CONTAINS CONFIDENTIAL INFORMATION NOT FOR GENERAL DISTRIBUTION1

INTRODUCTION

Seattle City Light (SCL) contracted with Northwest Archaeological Associates (NWAA) to
perform archaeological monitoring and mitigation measures as part of the Georgetown Steam
Plant Flume Demolition, Removal and Drainage Project.  The US Environmental Protection
Agency (EPA) is the lead agency on the project, which is subject to Section 106 of the National
Historic Preservation Act of 1966 (NHPA), as amended. Among these tasks is a Building
Conditions Assessment of the Georgetown Steam Plant, which is a property listed in the
National Register of Historic Places, is a National Historic Landmark, and a City of Seattle
Landmark.

This report addresses concerns regarding the condition of structural and historic architectural
features of the Georgetown Steam Plant and provides a prioritized list of issues that should be
addressed in order to preserve the structural integrity of the historic building and its
character-defining elements.  Structural engineering concerns are summarized in this report and
addressed in more detail in the Structural Condition Assessment included in Appendix A.  The
focus of this report is on the condition of the building's architectural elements, and it does not
address seismic or code concerns or non-structural safety hazards. 

Eileen Heideman of NWAA was the lead architectural historian on the project and the primary
author of this report.  She was assisted by Robert Weaver, a historical architect and principal of
the Environmental History Company (EHC), in viewing and assessing the existing conditions of
the building.  KPFF Consulting Engineers conducted the structural conditions assessment. 
John Hochwall, Structural Engineer (SE) and Professional Engineer (PE) and Travis Williams,
PE evaluated the building and provided the Condition Assessment.

The Georgetown Steam Plant is a reinforced concrete building housing the country's last
operable examples of the first large-scale vertical steam turbine electric generators. It is also
significant as an example of fast-track concrete construction pioneered by Frank B. Gilbreth.
This Landmark is located in the northeast quarter of Section 29, Township 24 North, Range 4
East, Willamette Meridian in the Georgetown neighborhood of South Seattle (Figure 1). The
property is adjacent to the King County International Airport.

CONDITIONS OVERVIEW

The structural engineering conditions assessment identified the ash hoppers as the primary
area of concern, which should be addressed immediately due to life safety issues.  There is a
risk of falling concrete due to deterioration of the intact hoppers, and lack of hazard mitigation. 
Another concern that should be addressed in the near future is the lack of drainage from the
condenser pit.  Water continues to be channeled into the pit from roof drains, and no outlet
currently exists following the recent demolition of the flume and filling of the discharge tunnel. 
Most of the other issues identified in the study can be traced to deferred maintenance.

METHODOLOGY

Eileen Heideman, architectural historian at Northwest Archaeological Associates, Inc., and
Robert Weaver, historical architect and principal of Environmental History Company conducted
a site visit on January 5, 2010 to view and assess existing conditions of the building.  They were
accompanied by John Hochwalt, PE, SE, and Travis Williams, PE of KPFF Consulting
Engineers, who conducted a structural conditions assessment, and whose report is attached in  
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Figure 1.  Location of Georgetown Steam Plant.
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Appendix A.  NWAA and EHC representatives spoke with Lily Tellefson, Director of the
Georgetown Powerplant Museum, about known conditions problems and other concerns
regarding the condition of the building.  On-site work was limited to visual inspection of easily
accessible areas and included noting problems and photographing conditions on the interior
and exterior of the building.  Portions of the building that could be seen without the use of
special equipment were inspected (e.g., areas that could be seen without the use of ladders,
extra lighting, computer equipment, or video cameras).  A follow-up visit was conducted by
Eileen Heideman on January 12, 2010.  

CONSTRUCTION HISTORY

The Georgetown Steam Plant was originally constructed in 1906 and helped provide electricity
to power the Seattle Electric Company’s streetcar system.  The building was designed with the
intention of expanding the facility in the future, but its primary use was as a supplemental power
generating facility.  The steam plant became part of the Puget Sound Traction, Power and Light
company, a subsidiary of Stone and Webster.  An addition to house a third turbine was made to
the northeast side in 1919, during the World War I era.  A two-story shed addition was
constructed shortly thereafter on the southeast side of the 1919 addition.  The City of Seattle
purchased the power plant in 1951 for use as a secondary facility, and it was last used for
electricity production in 1953.  The final test run of the facility occurred in 1974, and the building
was decommissioned as an electricity-producing facility in 1977.

BUILDING DESCRIPTION

The Georgetown Steam Plant is a massive, reinforced concrete building that stands adjacent to
the northeast edge of King County International Airport/Boeing Field in the Georgetown
neighborhood, south of downtown Seattle, Washington (Figure 1).  The building was designed
with two distinct sections: a long, three and one-half story wing with a monitor roof and a
northwest-southeast oriented ridge, and a slightly taller ell at the northwest end that is capped
with a monitor roof with a southwest-northeast oriented ridge (Figure 2).  

The taller, northwest segment houses the turbines and steam generators and the condenser,
circulating pump, and exciters.  This portion of the building is divided into two segments: a
ground-level floor and a second clear-height floor with three levels of galleries on the northwest
end.  A full-height addition was constructed in 1919 on the northeast end of the building.  The
southeast wall of this building is a reinforced concrete frame with concrete infill, and the
northwest wall consists of unreinforced concrete block.  The northeast end wall was designed to
allow further additions to be easily constructed: unlike the rest of the building, this wall is framed
with dimensional lumber and is clad with corrugated metal siding.  A second, shed-roofed
addition is located on the southeast side of the 1919 addition.  This area contains additional
bracing for the reinforced concrete pillars in the earlier addition wall.  

The southeast portion of the building is three bays wide and is divided into four levels.  The
majority of the equipment in this portion of the building is located in the two outer bays, leaving
the center bay open.  The ground level contains ash hoppers suspended from the ceiling
beneath boilers on the second floor.  The third level contains the upper levels of the boilers and
coal storage bins, and the fourth level consists of a catwalk around a dismantled conveyor
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system over the coal storage bins.  A poured concrete condenser pit beneath the northwest end
of this ell was designed to collect and drain water through a discharge tunnel and flume which
were recently demolished.  

CONCERNS AND RECOMMENDATIONS

Prior to the site visit, city staff and museum personnel provided information on known problems. 
These include damage related to the removal of the majority of the ash hoppers several years
ago (Figure 3).  Some construction has been undertaken to mitigate safety concerns, but some
areas remain unprotected.  There is also an ongoing problem with cracked window glazing on
the southeast and northeast sides of the building which may be linked to close proximity to
aircraft operations due to a runway extension at the airport.  Other known problems relate to
water leaks and infiltration at various points in the building.  Foundation-level seepage on the
northeast side of the 1919 addition may be related to regrading during construction of the
runway extension.  Interior drains leading from the roof have significant leaks in more than one
location, which has led to water pooling in the building on the second and ground levels (Figure
4).  

The results and recommendations are divided into two categories.  Priority 1 concerns should
be addressed immediately or as soon as possible, as they may present a life-safety hazard. 
Priority 2 concerns are for the most part problems that can be addressed through standard
building maintenance. 

Figure 3.  Damage resulting from demolition of ash hopper.
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Priority 1 Concerns

These issues should be addressed immediately or as soon as possible, as they may present a
life-safety hazard.

Ash Hoppers

Most of the ash hoppers were demolished several years ago, leaving ragged holes in the ceiling
of the ground-level floor.  The structural engineering report identified a need to mitigate the
hazard of falling objects from this area.  A similar need for mitigation was identified with the
intact ash hoppers, which are deteriorating as a result of reactions of the concrete with sulfuric
acid (Appendix A, page 7).  Recommendations in the engineering report include restricting
access to the area (no access should be permitted within five feet of the structures), shoring the
remaining hoppers to prevent concrete from falling, and closing the holes created by the
removed hoppers to mitigate the hazard from falling objects.

Condenser Pit Outlet

Much of the water draining from the roof is conducted through a series of cast-iron pipes that
are located along the interior walls of the steam plant.  These pipes feed into the condenser pit
under the building.  The outlet for this pit, a concrete tunnel and flume leading to Slip 4 of the
Duwamish River, was recently demolished in the Georgetown Flume Removal and Demolition
project.  It is assumed that there is currently no outlet for the condenser pit.  There is therefore a
risk that water emptying into the pit could overflow into the building.  In addition to flood

Figure 4.  Water pooling at northwest end of boiler room due to roof drain leaks.
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damage, this creates the potential for life-safety concerns such as flood water coming into
contact with electrical systems in the building.  

The preferred option for mitigating this problem is to connect the condenser pit to the storm
sewer system.  If this is not possible, water from the roof should be directed into the storm
sewer by a different route.  The interior drain system should be retained, as it is part of the
original design of the building.  A study should be conducted to determine the effect of the
blocked outlet on water drainage from the condenser pit, as water may enter the pit from other
sources.

Water Leaks and Infiltration

A variety of water leaks and infiltration problems were noted throughout the building.  One major
source of leaks is the aging drainage system carrying water from the roof inside the building to
the condenser pit underneath the foundation.  Many areas of these cast iron pipes have
corroded or seals have deteriorated, and large amounts of water leak into the building from
these points (Figure 5).  The water then pools and drains to lower areas of the building, causing
extensive portions of the building interior to be in near constant contact with water.  Some of
these leaks are located very close to live electrical lines and panels, adding the risk of
electrocution for individuals in the building.  The interior drainage system should be repaired
and, where necessary, replaced in kind.

The second major point of water infiltration is located on the northeast side of the 1919 addition,
where water seeps into the building at ground level.  Museum personnel indicate that this
problem began after the regrading of land north of a runway extension on adjacent airport
property.  A study should be conducted to determine the source of the water entering the

Figure 5.  Plastic sheet and pipes used to redirect drain leaks.
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building in this location.  If the source is surface run-off, possible solutions include constructing
a birm or ditch to redirect the water, or installation of perimeter drains around the steam plant
foundation.

Water infiltration is also occurring at various points in the building envelope, including windows
and doors.  Efflorescence was noted in several locations throughout the building, but was
particularly noticeable on the southeast end wall.  The source of this appears to be direct
infiltration from precipitation on the exterior walls, particularly those facing the prevailing wind. 
The bricked-in arches where the stacks formerly attached to the building are particularly
susceptible to moisture wicking due to numerous exterior mortar joints and the porous quality of
the brick.  Maintaining an effective moisture barrier is necessary to prevent precipitation from
seeping into the building through the concrete walls.  Exterior walls should be painted and
inspected annually.  Windows and doors should be inspected for weathering and deterioration
and repaired and painted where necessary.  

Concrete Spalling

Concrete spalling was noted throughout the building, and appears to be due to oxidation of
reinforcing bars and electrical conduits embedded in the concrete, as well as damage from
other expanding materials such as salts.  The source of the oxidation and efflorescence is
probably due to contact with moisture.  Exterior and interior walls should be inspected and loose
spalls should be removed.  If reinforcing bar or other ferrous metal is visible on the exterior, than
any noticeable rust should be removed, the exposed metal should be treated with an anti-
rusting agent, and the area should be covered with a concrete patch.  More spalling will almost
definitely develop throughout the building due to prolonged moisture contact, but the process
may be slowed by preventing further moisture infiltration.

Some of the decorative concrete molding on the southeast side of the building is spalling. 
Special care should be taken with this area and any other decorative moldings, so that the
appearance of the building is not altered.  Any molding that needs to be removed due to
damage should be returned to its original appearance.  

Pipe Hangers

Numerous pipe hangers in the building are deteriorating, and some may be near the point of
failure, creating a risk for injury from falling objects.  These should be reinforced with additional
supports and severely deteriorated hangers should be replaced in kind, if possible.

Southeast Exterior Stairs and Balcony

A set of steel and concrete stairs and a wooden balcony on the southeast side of the building
are severely deteriorated (Figure 6).  The wood floor of the balcony exhibits severe moisture
damage, but the full extent is unknown.  Several concrete steps are severely deteriorated, and
the metal frame is damaged by extensive rusting.  At a minimum, interior and exterior access to
the balcony and stair should be immediately blocked off.  The metal frame should be inspected
for damage and repaired where necessary.  Damaged concrete should be removed and re-
poured, and the wood balcony platform should be repaired and/or replaced in kind.  
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Priority 2 Concerns

These concerns do not necessarily present an immediate life-safety hazard, and are typically
addressed through standard maintenance.

Building Envelope

As mentioned earlier, this building has extensive problems with moisture infiltration, including
wicking through exterior walls and leaks around deteriorated portions of windows and doors
(Figure 7).  This kind of moisture problem is typically due to deferred maintenance of the
building envelope, and can be extremely damaging in the long term.  The building exterior
should be repainted to create an effective moisture barrier, and weathered and damaged wood
elements such as doors and windows should be repaired and painted.  Standing water was
noted in several locations on the roof, indicating that the surface does not slope properly toward
drains.  At the moment, there appear to be few active leaks in the roof, but this issue should be
addressed when the roof is next repaired.  In the meantime, the roof should be inspected at
least twice a year to locate problem areas.  The retrofitted gutter and downspout system is
disconnected in some areas, channeling water down the side of the building or causing it to
puddle next to the foundation.  Disconnected sections should be reattached and downspouts
added to all gutter outlets.  A few vent caps on the roof are corroded and need to be patched or
replaced. 

Figure 6.  Detail of weathering and deterioration of exterior stair and second level door on
southeast side, view to the southwest.
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Window Cracking

Windows on the southeast and northeast sides of the building have an ongoing problem with
cracked glazing.  Museum personnel indicated that this problem began when the adjacent
runway at the airport was extended.  This placed airplanes in much closer proximity to the
steam plant, with the engines facing these facades, creating the possibility that vibrations from
the engines are causing windows to crack (Figure 8).  Although a study was conducted to
identify the source of this problem and mitigation measures were undertaken, window damage
has continued to occur (Georgetown Steamplant Window Vibration Impact Study.  Stickney
Murphy Romine Architects, December 13, 2005).  The city should coordinate with King County
to find a solution to the problem that does not adversely affect the integrity of the steam plant.  

CONCLUSIONS

Phased repairs should occur based on the priorities listed above, and all work should follow the
Secretary of the Interior's Standards for the Treatment of Historic Properties (Appendix B), in
particular the Standards and Guidelines for Preservation.  These may also be accessed at
http://www.nps.gov/hps/tps/standards/index.htm.  Looking through the National Park Service’s
Technical Preservation Service (TPS) publications is also highly recommended.  The TPS
Preservation Briefs provide specific guidelines for how to repair and maintain various types of
historic architectural features.  These are available online at no cost:
http://www.nps.gov/hps/tps/briefs/presbhom.htm.  

Figure 7.  Detail of weathering and deterioration of southwest-facing window, view to the
northeast.
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Figure 8.  Proximity of airport to steam plant, showing problem areas on northeast and southeast sides
of building.
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A maintenance plan should be created for the building.  This should include an annual
inspection of the building envelope, including looking for and addressing additional concrete
spalling and checking for window and door damage and deterioration.  Known problems such
as water leaks and moisture infiltration should be checked on a regular basis (at least quarterly,
if not more often).  The annual inspection should include a checklist to be dated and initialed
after each area is checked.  The maintenance plan may include other information, such as
guidelines for machinery and heating and cooling system maintenance, among other topics.
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APPENDIX A: Georgetown Steam Plant Condition Assessment, KPFF Consulting
Engineers
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APPENDIX B: Secretary of the Interior’s Standards and Guidelines for the Treatment of
Historic Properties
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Secretary of the Interior’s Standards and 
Guidelines for the Treatment of Historic Properties

The Standards for Preservation are the most appropriate guidelines to follow for the
Georgetown Steam Plant.  The others may be useful if the decision is made to alter the use of
the building for other purposes.  All of the following information is directly quoted from National
Park Service guidelines and can be accessed at: http://www.nps.gov/history/hps/tps/standguide/
 
PRESERVATION

Preservation is defined as the act or process of applying measures necessary to sustain the
existing form, integrity, and materials of an historic property. Work, including preliminary
measures to protect and stabilize the property, generally focuses upon the ongoing
maintenance and repair of historic materials and features rather than extensive replacement
and new construction. New exterior additions are not within the scope of this treatment;
however, the limited and sensitive upgrading of mechanical, electrical, and plumbing systems
and other code-required work to make properties functional is appropriate within a preservation
project.

Standards for Preservation

1. A property will be used as it was historically, or be given a new use that maximizes the
retention of distinctive materials, features, spaces, and spatial relationships. Where a
treatment and use have not been identified, a property will be protected and, if
necessary, stabilized until additional work may be undertaken.

2. The historic character of a property will be retained and preserved. The replacement of
intact or repairable historic materials or alteration of features, spaces, and spatial
relationships that characterize a property will be avoided.

3. Each property will be recognized as a physical record of its time, place, and use. Work
needed to stabilize, consolidate, and conserve existing historic materials and features
will be physically and visually compatible, identifiable upon close inspection, and
properly documented for future research.

4. Changes to a property that have acquired historic significance in their own right will be
retained and preserved.

5. Distinctive materials, features, finishes, and construction techniques or examples of
craftsmanship that characterize a property will be preserved.

6. The existing condition of historic features will be evaluated to determine the
appropriate level of intervention needed. Where the severity of deterioration requires
repair or limited replacement of a distinctive feature, the new material will match the old
in composition, design, color, and texture.

7. Chemical or physical treatments, if appropriate, will be undertaken using the gentlest
means possible. Treatments that cause damage to historic materials will not be used.

8. Archeological resources will be protected and preserved in place. If such resources
must be disturbed, mitigation measures will be undertaken.
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Guidelines for Preservation

When the property's distinctive materials, features, and spaces are essentially intact and thus
convey the historic significance without extensive repair or replacement; when depiction at a
particular period of time is not appropriate; and when a continuing or new use does not require
additions or extensive alterations, Preservation may be considered as a treatment. Prior to
undertaking work, a documentation plan for Preservation should be developed.

Choosing Preservation as a Treatment

In Preservation, the options for replacement are less extensive than in the treatment,
Rehabilitation. This is because it is assumed at the outset that building materials and
character-defining features are essentially intact, i.e, that more historic fabric has survived,
unchanged over time. The expressed goal of the Standards for Preservation and Guidelines for
Preserving Historic Buildings is retention of the building's existing form, features and detailing.
This may be as simple as basic maintenance of existing materials and features or may involve
preparing a historic structure report, undertaking laboratory testing such as paint and mortar
analysis, and hiring conservators to perform sensitive work such as reconstituting interior
finishes. Protection, maintenance, and repair are emphasized while replacement is minimized.

Identify, Retain, and Preserve Historic Materials and Features

The guidance for the treatment Preservation begins with recommendations to identify the form
and detailing of those architectural materials and features that are important in defining the
building's historic character and which must be retained in order to preserve that character.
Therefore, guidance on identifying, retaining, and preserving character-defining features is
always given first. The character of a historic building may be defined by the form and detailing
of exterior materials, such as masonry, wood, and metal; exterior features, such as roofs,
porches, and windows; interior materials, such as plaster and paint; and interior features, such
as moldings and stairways, room configuration and spatial relationships, as well as structural
and mechanical systems; and the building's site and setting.

Stabilize Deteriorated Historic Materials and Features as a Preliminary Measure

Deteriorated portions of a historic building may need to be protected thorough preliminary
stabilization measures until additional work can be undertaken. Stabilizing may include
structural reinforcement, weatherization, or correcting unsafe conditions. Temporary
stabilization should always be carried out in such a manner that it detracts as little as possible
from the historic building's appearance. Although it may not be necessary in every preservation
project, stabilization is nonetheless an integral part of the treatment Preservation; it is equally
applicable, if circumstances warrant, for the other treatments.

Protect and Maintain Historic Materials and Features

After identifying those materials and features that are important and must be retained in the
process of Preservation work, then protecting and maintaining them are addressed. Protection
generally involves the least degree of intervention and is preparatory to other work. For
example, protection includes the maintenance of historic materials through treatments such as
rust removal, caulking, limited paint removal, and re-application of protective coatings; the
cyclical cleaning of roof gutter systems; or installation of fencing, alarm systems and other
temporary protective measures. Although a historic building will usually require more extensive
work, an overall evaluation of its physical condition should always begin at this level.
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Repair (Stabilize, Consolidate, and Conserve) Historic Materials and Features

Next, when the physical condition of character-defining materials and features requires
additional work, repairing by stabilizing, consolidating, and conserving is recommended.
Preservation strives to retain existing materials and features while employing as little new
material as possible. Consequently, guidance for repairing a historic material, such as masonry,
again begins with the least degree of intervention possible such as strengthening fragile
materials through consolidation, when appropriate, and repointing with mortar of an appropriate
strength. Repairing masonry as well as wood and architectural metal features may also include
patching, splicing, or otherwise reinforcing them using recognized preservation methods.
Similarly, within the treatment Preservation, portions of a historic structural system could be
reinforced using contemporary materials such as steel rods. All work should be physically and
visually compatible, identifiable upon close inspection and documented for future research.

Limited Replacement In Kind of Extensively Deteriorated Portions of Historic Features

If repair by stabilization, consolidation, and conservation proves inadequate, the next level of
intervention involves the limited replacement in kind of extensively deteriorated or missing parts
of features when there are surviving prototypes (for example, brackets, dentils, steps, plaster, or
portions of slate or tile roofing). The replacement material needs to match the old both
physically and visually, i.e., wood with wood, etc. Thus, with the exception of hidden structural
reinforcement and new mechanical system components, substitute materials are not
appropriate in the treatment Preservation. Again, it is important that all new material be
identified and properly documented for future research. If prominent features are missing, such
as an interior staircase, exterior cornice, or a roof dormer, then a Rehabilitation or Restoration
treatment may be more appropriate.

Energy Efficiency/Accessibility Considerations/Health and Safety Code Considerations

These sections of the Preservation guidance address work done to meet accessibility
requirements and health and safety code requirements; or limited retrofitting measures to
improve energy efficiency. Although this work is quite often an important aspect of preservation
projects, it is usually not part of the overall process of protecting, stabilizing, conserving, or
repairing character-defining features; rather, such work is assessed for its potential negative
impact on the building's historic character. For this reason, particular care must be taken not to
obscure, damage, or destroy character-defining materials or features in the process of
undertaking work to meet code and energy requirements.

 
REHABILITATION

Rehabilitation is defined as the act or process of making possible a compatible use for a
property through repair, alterations, and additions while preserving those portions or features
which convey its historical, cultural, or architectural values.
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Standards for Rehabilitation

1. A property will be used as it was historically or be given a new use that requires
minimal change to its distinctive materials, features, spaces, and spatial relationships.

2. The historic character of a property will be retained and preserved. The removal of
distinctive materials or alteration of features, spaces, and spatial relationships that
characterize a property will be avoided.

3. Each property will be recognized as a physical record of its time, place, and use.
Changes that create a false sense of historical development, such as adding
conjectural features or elements from other historic properties, will not be undertaken.

4. Changes to a property that have acquired historic significance in their own right will be
retained and preserved.

5. Distinctive materials, features, finishes, and construction techniques or examples of
craftsmanship that characterize a property will be preserved.

6. Deteriorated historic features will be repaired rather than replaced. Where the severity
of deterioration requires replacement of a distinctive feature, the new feature will match
the old in design, color, texture, and, where possible, materials. Replacement of
missing features will be substantiated by documentary and physical evidence.

7. Chemical or physical treatments, if appropriate, will be undertaken using the gentlest
means possible. Treatments that cause damage to historic materials will not be used.

8. Archeological resources will be protected and preserved in place. If such resources
must be disturbed, mitigation measures will be undertaken.

9. New additions, exterior alterations, or related new construction will not destroy historic
materials, features, and spatial relationships that characterize the property. The new
work shall be differentiated from the old and will be compatible with the historic
materials, features, size, scale and proportion, and massing to protect the integrity of
the property and its environment.

10. New additions and adjacent or related new construction will be undertaken in a such a
manner that, if removed in the future, the essential form and integrity of the historic
property and its environment would be unimpaired.

Guidelines for Rehabilitation

When repair and replacement of deteriorated features are necessary; when alterations or
additions to the property are planned for a new or continued use; and when its depiction at a
particular period of time is not appropriate, Rehabilitation may be considered as a treatment.
Prior to undertaking work, a documentation plan for Rehabilitation should be developed.
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Choosing Rehabilitation as a Treatment

In Rehabilitation, historic building materials and character-defining features are protected and
maintained as they are in the treatment Preservation; however, an assumption is made prior to
work that existing historic fabric has become damaged or deteriorated over time and, as a
result, more repair and replacement will be required. Thus, latitude is given in the Standards for
Rehabilitation and Guidelines for Rehabilitation to replace extensively deteriorated, damaged, or
missing features using either traditional or substitute materials. Of the four treatments, only
Rehabilitation includes an opportunity to make possible an efficient contemporary use through
alterations and additions.

Identify, Retain, and Preserve Historic Materials and Features

Like Preservation, guidance for the treatment Rehabilitation begins with recommendations to
identify the form and detailing of those architectural materials and features that are important in
defining the building's historic character and which must be retained in order to preserve that
character. Therefore, guidance on identifying, retaining, and preserving character-defining
features is always given first. The character of a historic building may be defined by the form
and detailing of exterior materials, such as masonry, wood, and metal; exterior features, such as
roofs, porches, and windows; interior materials, such as plaster and paint; and interior features,
such as moldings and stairways, room configuration and spatial relationships, as well as
structural and mechanical systems.

Protect and Maintain Historic Materials and Features

After identifying those materials and features that are important and must be retained in the
process of Rehabilitation work, then protecting and maintaining them are addressed. Protection
generally involves the least degree of intervention and is preparatory to other work. For
example, protection includes the maintenance of historic material through treatments such as
rust removal, caulking, limited paint removal, and re-application of protective coatings; the
cyclical cleaning of roof gutter systems; or installation of fencing, alarm systems and other
temporary protective measures. Although a historic building will usually require more extensive
work, an overall evaluation of its physical condition should always begin at this level.

Repair Historic Materials and Features

Next, when the physical condition of character-defining materials and features warrants
additional work repairing is recommended. Rehabilitation guidance for the repair of historic
materials such as masonry, wood, and architectural metals again begins with the least degree
of intervention possible such as patching, piecing-in, splicing, consolidating, or otherwise
reinforcing or upgrading them according to recognized preservation methods. Repairing also
includes the limited replacement in kind--or with compatible substitute material--of extensively
deteriorated or missing parts of features when there are surviving prototypes (for example,
brackets, dentils, steps, plaster, or portions of slate or tile roofing). Although using the same
kind of material is always the preferred option, substitute material is acceptable if the form and
design as well as the substitute material itself convey the visual appearance of the remaining
parts of the feature and finish.
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Replace Deteriorated Historic Materials and Features

Following repair in the hierarchy, Rehabilitation guidance is provided for replacing an entire
character-defining feature with new material because the level of deterioration or damage of
materials precludes repair (for example, an exterior cornice; an interior staircase; or a complete
porch or storefront). If the essential form and detailing are still evident so that the physical
evidence can be used to re-establish the feature as an integral part of the rehabilitation, then its
replacement is appropriate. Like the guidance for repair, the preferred option is always
replacement of the entire feature in kind, that is, with the same material. Because this approach
may not always be technically or economically feasible, provisions are made to consider the use
of a compatible substitute material. It should be noted that, while the National Park Service
guidelines recommend the replacement of an entire character-defining feature that is
extensively deteriorated, they never recommend removal and replacement with new material of
a feature that--although damaged or deteriorated--could reasonably be repaired and thus
preserved.

Design for the Replacement of Missing Historic Features

When an entire interior or exterior feature is missing (for example, an entrance, or cast iron
facade; or a principal staircase), it no longer plays a role in physically defining the historic
character of the building unless it can be accurately recovered in form and detailing through the
process of carefully documenting the historical appearance. Although accepting the loss is one
possibility, where an important architectural feature is missing, its replacement is always
recommended in the Rehabilitation guidelines as the first or preferred, course of action. Thus, if
adequate historical, pictorial, and physical documentation exists so that the feature may be
accurately reproduced, and if it is desirable to re-establish the feature as part of the building's
historical appearance, then designing and constructing a new feature based on such
information is appropriate. However, a second acceptable option for the replacement feature is
a new design that is compatible with the remaining character-defining features of the historic
building. The new design should always take into account the size, scale, and material of the
historic building itself and, most importantly, should be clearly differentiated so that a false
historical appearance is not created.

Alterations/Additions for the New Use

Some exterior and interior alterations to a historic building are generally needed to assure its
continued use, but it is most important that such alterations do not radically change, obscure, or
destroy character-defining spaces, materials, features, or finishes. Alterations may include
providing additional parking space on an existing historic building site; cutting new entrances or
windows on secondary elevations; inserting an additional floor; installing an entirely new
mechanical system; or creating an atrium or light well. Alteration may also include the selective
removal of buildings or other features of the environment or building site that are intrusive and
therefore detract from the overall historic character. The construction of an exterior addition to a
historic building may seem to be essential for the new use, but it is emphasized in the
Rehabilitation guidelines that such new additions should be avoided, if possible, and considered
only after it is determined that those needs cannot be met by altering secondary, i.e., non
character-defining interior spaces. If, after a thorough evaluation of interior solutions, an exterior
addition is still judged to be the only viable alterative, it should be designed and constructed to
be clearly differentiated from the historic building and so that the character-defining features are
not radically changed, obscured, damaged, or destroyed. Additions and alterations to historic
buildings are referenced within specific sections of the Rehabilitation guidelines such as Site,
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Roofs, Structural Systems, etc., but are addressed in detail in New Additions to Historic
Buildings.

Energy Efficiency/Accessibility Considerations/Health and Safety Code Considerations

These sections of the guidance address work done to meet accessibility requirements and
health and safety code requirements; or retrofitting measures to improve energy efficiency.
Although this work is quite often an important aspect of Rehabilitation projects, it is usually not a
part of the overall process of protecting or repairing character-defining features; rather, such
work is assessed for its potential negative impact on the building's historic character. For this
reason, particular care must be taken not to radically change, obscure, damage, or destroy
character-defining materials or features in the process of meeting code and energy
requirements.

RESTORATION

Restoration is defined as the act or process of accurately depicting the form, features, and
character of a property as it appeared at a particular period of time by means of the removal of
features from other periods in its history and reconstruction of missing features from the
restoration period. The limited and sensitive upgrading of mechanical, electrical, and plumbing
systems and other code-required work to make properties functional is appropriate within a
restoration project.

Standards for Restoration

1. A property will be used as it was historically or be given a new use which reflects the
property's restoration period.

2. Materials and features from the restoration period will be retained and preserved. The
removal of materials or alteration of features, spaces, and spatial relationships that
characterize the period will not be undertaken.

3. Each property will be recognized as a physical record of its time, place, and use. Work
needed to stabilize, consolidate and conserve materials and features from the
restoration period will be physically and visually compatible, identifiable upon close
inspection, and properly documented for future research.

4. Materials, features, spaces, and finishes that characterize other historical periods will
be documented prior to their alteration or removal.

5. Distinctive materials, features, finishes, and construction techniques or examples of
craftsmanship that characterize the restoration period will be preserved.

6. Deteriorated features from the restoration period will be repaired rather than replaced.
Where the severity of deterioration requires replacement of a distinctive feature, the
new feature will match the old in design, color, texture, and, where possible, materials.

7. Replacement of missing features from the restoration period will be substantiated by
documentary and physical evidence. A false sense of history will not be created by
adding conjectural features, features from other properties, or by combining features
that never existed together historically.
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8. Chemical or physical treatments, if appropriate, will be undertaken using the gentlest
means possible. Treatments that cause damage to historic materials will not be used.

9. Archeological resources affected by a project will be protected and preserved in place.
If such resources must be disturbed, mitigation measures will be undertaken.

10. Designs that were never executed historically will not be constructed.

Guidelines for Restoration

When the property's design, architectural, or historical significance during a particular period of
time outweighs the potential loss of extant materials, features, spaces, and finishes that
characterize other historical periods; when there is substantial physical and documentary
evidence for the work; and when contemporary alterations and additions are not planned,
Restoration may be considered as a treatment. Prior to undertaking work, a particular period of
time, i.e., the restoration period, should be selected and justified, and a documentation plan for
Restoration developed.

Choosing Restoration as a Treatment

Rather than maintaining and preserving a building as it has evolved over time, the expressed
goal of the Standards for Restoration and Guidelines for Restoring Historic Buildings is to make
the building appear as it did at a particular--and most significant--time in its history. First, those
materials and features from the "restoration period" are identified, based on thorough historical
research. Next, features from the restoration period are maintained, protected, repaired (i.e.,
stabilized, consolidated, and conserved), and replaced, if necessary. As opposed to other
treatments, the scope of work in Restoration can include removal of features from other periods;
missing features from the restoration period may be replaced, based on documentary and
physical evidence, using traditional materials or compatible substitute materials. The final
guidance emphasizes that only those designs that can be documented as having been built
should be re-created in a restoration project.

Identify, Retain, and Preserve Materials and Features from the Restoration Period

The guidance for the treatment Restoration begins with recommendations to identify the form
and detailing of those existing architectural materials and features that are significant to the
restoration period as established by historical research and documentation. Thus, guidance on
identifying, retaining, and preserving features from the restoration period is always given first.
The historic building's appearance may be defined by the form and detailing of its exterior
materials, such as masonry, wood, and metal; exterior features, such as roofs, porches, and
windows; interior materials, such as plaster and paint; and interior features, such as moldings
and stairways, room configuration and spatial relationships, as well as structural and
mechanical systems; and the building's site and setting.

Protect and Maintain Materials and Features from the Restoration Period

After identifying those existing materials and features from the restoration period that must be
retained in the process of Restoration work, then protecting and maintaining them is addressed.
Protection generally involves the least degree of intervention and is preparatory to other work.
For example, protection includes the maintenance of historic material through treatments such
as rust removal, caulking, limited paint removal, and re-application of protective coatings; the
cyclical cleaning of roof gutter systems; or installation of fencing, alarm systems and other
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temporary protective measures. Although a historic building will usually require more extensive
work, an overall evaluation of its physical condition should always begin at this level.

Repair (Stabilize, Consolidate, and Conserve) Materials and Features from the Restoration
Period

Next, when the physical condition of restoration period features requires additional work,
repairing by stabilizing, consolidating, and conserving is recommended. Restoration guidance
focuses upon the preservation of those materials and features that are significant to the period.
Consequently, guidance for repairing a historic material, such as masonry, again begins with
the least degree of intervention possible, such as strengthening fragile materials through
consolidation, when appropriate, and repointing with mortar of an appropriate strength.
Repairing masonry as well as wood and architectural metals includes patching, splicing, or
otherwise reinforcing them using recognized preservation methods. Similarly, portions of a
historic structural system could be reinforced using contemporary material such as steel rods. In
Restoration, repair may also include the limited replacement in kind--or with compatible
substitute material--of extensively deteriorated or missing parts of existing features when there
are surviving prototypes to use as a model. Examples could include terra-cotta brackets, wood
balusters, or cast iron fencing.

Replace Extensively Deteriorated Features from the Restoration Period

In Restoration, replacing an entire feature from the restoration period (i.e., a cornice, balustrade,
column, or stairway) that is too deteriorated to repair may be appropriate. Together with
documentary evidence, the form and detailing of the historic feature should be used as a model
for the replacement. Using the same kind of material is preferred; however, compatible
substitute material may be considered. All new work should be unobtrusively dated to guide
future research and treatment. If documentary and physical evidence are not available to
provide an accurate re-creation of missing features, the treatment Rehabilitation might be a
better overall approach to project work.

Remove Existing Features from Other Historic Periods

Most buildings represent continuing occupancies and change over time, but in Restoration, the
goal is to depict the building as it appeared at the most significant time in its history. Thus, work
is included to remove or alter existing historic features that do not represent the restoration
period. This could include features such as windows, entrances and doors, roof dormers, or
landscape features. Prior to altering or removing materials, features, spaces, and finishes that
characterize other historical periods, they should be documented to guide future research and
treatment.

Re-Create Missing Features from the Restoration Period

Most Restoration projects involve re-creating features that were significant to the building at a
particular time, but are now missing. Examples could include a stone balustrade, a porch, or
cast iron storefront. Each missing feature should be substantiated by documentary and physical
evidence. Without sufficient documentation for these "re-creations," an accurate depiction
cannot be achieved. Combining features that never existed together historically can also create
a false sense of history. Using traditional materials to depict lost features is always the preferred
approach; however, using compatible substitute material is an acceptable alternative in
Restoration because, as emphasized, the goal of this treatment is to replicate the "appearance"
of the historic building at a particular time, not to retain and preserve all historic materials as
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they have evolved over time. If documentary and physical evidence are not available to provide
an accurate re-creation of missing features, the treatment Rehabilitation might be a better
overall approach to project work.

Energy Efficiency/Accessibility Considerations/Health and Safety Code Considerations

These sections of the Restoration guidance address work done to meet accessibility
requirements and health and safety code requirements; or limited retrofitting measures to
improve energy efficiency. Although this work is quite often an important aspect of restoration
projects, it is usually not part of the overall process of protecting, stabilizing, conserving, or
repairing features from the restoration period; rather, such work is assessed for its potential
negative impact on the building's historic appearance. For this reason, particular care must be
taken not to obscure, damage, or destroy historic materials or features from the restoration
period in the process of undertaking work to meet code and energy requirements.

 
RECONSTRUCTION

Reconstruction is defined as the act or process of depicting, by means of new construction, the
form, features, and detailing of a non-surviving site, landscape, building, structure, or object for
the purpose of replicating its appearance at a specific period of time and in its historic location.

Standards for Reconstruction

1. Reconstruction will be used to depict vanished or non-surviving portions of a property
when documentary and physical evidence is available to permit accurate
reconstruction with minimal conjecture, and such reconstruction is essential to the
public understanding of the property.

2. Reconstruction of a landscape, building, structure, or object in its historic location will
be preceded by a thorough archeological investigation to identify and evaluate those
features and artifacts which are essential to an accurate reconstruction. If such
resources must be disturbed, mitigation measures will be undertaken.

3. Reconstruction will include measures to preserve any remaining historic materials,
features, and spatial relationships.

4. Reconstruction will be based on the accurate duplication of historic features and
elements substantiated by documentary or physical evidence rather than on
conjectural designs or the availability of different features from other historic properties.
A reconstructed property will re-create the appearance of the non-surviving historic
property in materials, design, color, and texture.

5. A reconstruction will be clearly identified as a contemporary re-creation.

6. Designs that were never executed historically will not be constructed.

Guidelines for Reconstruction

When a contemporary depiction is required to understand and interpret a property's historic
value (including the re-creation of missing components in a historic district or site); when no
other property with the same associative value has survived; and when sufficient historical
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documentation exists to ensure an accurate reproduction, Reconstruction may be considered as
a treatment. Prior to undertaking work, a documentation plan for Reconstruction should be
developed.

Choosing Reconstruction as a Treatment

Whereas the treatment Restoration provides guidance on restoring--or re-creating--building
features, the Standards for Reconstruction and Guidelines for Reconstructing Historic Buildings
address those aspects of treatment necessary to re-create an entire non-surviving building with
new material. Much like restoration, the goal is to make the building appear as it did at a
particular--and most significant--time in its history. The difference is, in Reconstruction, there is
far less extant historic material prior to treatment and, in some cases, nothing visible. Because
of the potential for historical error in the absence of sound physical evidence, this treatment can
be justified only rarely and, thus, is the least frequently undertaken. Documentation
requirements prior to and following work are very stringent. Measures should be taken to
preserve extant historic surface and subsurface material. Finally, the reconstructed building
must be clearly identified as a contemporary re-creation.

Research and Document Historical Significance

Guidance for the treatment Reconstruction begins with researching and documenting the
building's historical significance to ascertain that its re-creation is essential to the public
understanding of the property. Often, another extant historic building on the site or in a setting
can adequately explain the property, together with other interpretive aids. Justifying a
reconstruction requires detailed physical and documentary evidence to minimize or eliminate
conjecture and ensure that the reconstruction is as accurate as possible. Only one period of
significance is generally identified; a building, as it evolved, is rarely re-created. During this
important fact-finding stage, if research does not provide adequate documentation for an
accurate reconstruction, other interpretive methods should be considered, such as an
explanatory marker.

Investigate Archeological Resources

Investigating archeological resources is the next area of guidance in the treatment
Reconstruction. The goal of physical research is to identify features of the building and site
which are essential to an accurate re-creation and must be reconstructed, while leaving those
archeological resources that are not essential, undisturbed. Information that is not relevant to
the project should be preserved in place for future research. The archeological findings,
together with archival documentation, are then used to replicate the plan of the building,
together with the relationship and size of rooms, corridors, and other spaces, and spatial
relationships.
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Identify, Protect and Preserve Extant Historic Features

Closely aligned with archeological research, recommendations are given for identifying,
protecting, and preserving extant features of the historic building. It is never appropriate to base
a Reconstruction upon conjectural designs or the availability of different features from other
buildings. Thus, any remaining historic materials and features, such as remnants of a
foundation or chimney and site features such as a walkway or path, should be retained, when
practicable, and incorporated into the reconstruction. The historic as well as new material
should be carefully documented to guide future research and treatment.

Reconstruct Non-Surviving Building and Site

After the research and documentation phases, guidance is given for Reconstruction work itself.
Exterior and interior features are addressed in general, always emphasizing the need for an
accurate depiction, i.e., careful duplication of the appearance of historic interior paints, and
finishes such as stenciling, marbling, and graining. In the absence of extant historic materials,
the objective in reconstruction is to re-create the appearance of the historic building for
interpretive purposes. Thus, while the use of traditional materials and finishes is always
preferred, in some instances, substitute materials may be used if they are able to convey the
same visual appearance. Where non-visible features of the building are concerned--such as
interior structural systems or mechanical systems--it is expected that contemporary materials
and technology will be employed. Re-creating the building site should be an integral aspect of
project work. The initial archeological inventory of subsurface and aboveground remains is used
as documentation to reconstruct landscape features such as walks and roads, fences, benches,
and fountains.

Energy Efficiency/Accessibility/Health and Safety Code Considerations

Code requirements must also be met in Reconstruction projects. For code purposes, a
reconstructed building may be considered as essentially new construction. Guidance for these
sections is thus abbreviated, and focuses on achieving design solutions that do not destroy
extant historic features and materials or obscure reconstructed features.
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Ref: Roofing and Exterior Wall Condition Report 

Georgetown Steam Plant - Renovation 2012  
Seattle, Washington 

 
Greetings, 
 
At the request of Matt Hamel and Rhoda Lawrence, Jose Laurean and Don Davis were on site 
June 15, 2012 to visually evaluate the condition of the roof, windows and exterior walls of the 
historic Georgetown Steam Plant in Seattle, Washington.  The purpose of the evaluation was to 
help identify issues with the roofing and exterior wall assemblies that could be corrected when 
restoration occurs; currently scheduled for 2013.  
 
Observations/Discussion 
 
Low Slope Roofing 
 
From review of documents provided by BOLA, it appears the last roof replacement occurred in 
approximately 1983, according to reroofing specifications dated as such.  Slope appears to be 
incorporated into the roof deck with drainage into gutters and downspouts, or drop drains into 
pipes located just inboard of the north and west parapet perimeters.   
 
Test cuts where performed on each of the roof areas, six (6) total, to confirm the composition. 
Each roof was found to have gravel surfacing over a four-ply coal tar pitch built-up membrane 
adhered directly to the concrete deck.  No insulation is currently present and we understand that 
the building is considered non-heated and will not be retrofitted as a heated space in the future. 
 
Baseflashing membrane includes Koppers Aluminum KMM, Koppers Multipurpose Membrane 
with embossed aluminum surfacing. The KMM membrane is installed over plysheets. 
 
Perimeter edges on the roofs include both raised (approximately 12 inches) perimeter edges with 
coping metal and low perimeter edges with embedded edge metal.  The raised perimeter edges 
appear to be good condition except for some delaminating aluminum surfacing on the 
baseflasing membrane in some locations.  
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Baseflashing at the low perimeter edges has separated from the embedded edge metal, especially 
at lap seams in the edge metal.  A sealant knife could easily be inserted under the membrane and 
between the lap in the metal edge flashing.  These conditions are considered entry points for 
water to wick to the wood nailers and/or into the building.  If possible, all perimeter edges should 
be raised to accommodate scuppers and insulation crickets for drainage.   
 
The height of the perimeter curb depends upon the distance between scuppers. Additional 
scuppers may need to be added to reduce the distance. For example: at a maximum of 50 feet 
between scuppers the tapered insulation to form crickets would be approximately 6 inches at the 
thickest location. The perimeter curb would need to extend a minimum of 3 inches above the 
thickest location, which would equal a 9 inch minimum curb. 
 
There are multiple pitch pockets installed on the roof to seal hand railing penetrations, large vent 
stacks, and soil stack penetrations. Pitch pockets are maintenance items and can become leak 
prone.  Pitch pockets should not be utilized on a roof requiring long term life and low 
maintenance.  Liquid resin membrane with reinforcing fabric should be installed in place of the 
pitch pockets and/or the penetrations modified to allow lead flashing. 
 
Sheet metal coping and surface mounted metal flashings are poorly flashed at the ends. Coping 
metal butts to exterior walls with minimal turn up and no soldered transition or saddle flashing to 
provide termination.  Embedded edge metal terminates at the edge of the roof and has no 
soldered end flashing and counterflashing that extends beyond the edge of the roof, as 
appropriate.  
 
Drop drains appear to be inserted into existing pipes and not connected, as indicated on the 1969 
drawings. The drains should be tightlined where they extend into the building.  The existing drop 
drains should be removed and cast iron drains grouted in the concrete and plumbing connections 
made to existing drain lines at the interior.  Each primary drain should have an overflow, such as 
an adjacent scupper that extends through the parapet wall.  Overflow scuppers are typically 
installed 2 inches above drains.  
 
Options for reroofing or repairing the low slope roof areas would include the following:  
 
1. Reroof: Remove the existing roof assembly and install a new SBS (styrene butadiene 

styrene) or APP (atactic polypropylene) modified bitumen system consisting of (from 
bottom to top): Two plies of glass reinforced basesheet in hot asphalt over a primed and 
prepared concrete substrate, a six-sided wood fiber board in hot asphalt (to provide sumps 
at drains), a base sheet, inner ply and white or light grey mineral surfaced capsheet with 
plies set in hot asphalt except for the finish capsheet ply which could be adhered in cold 
adhesive or torch-applied.  

 
2. Baseflashing Repair: A more economical approach would be to leave the existing field 

roofing in-place, remove existing baseflashing membrane at perimeters and penetrations, 
and install new membrane baseflashings, penetration flashings and sheet metal 
counterflashings.  If the latter approach is taken, installation of fluid-applied membrane 
flashings would be beneficial at drains, roof-to-wall transitions, embedded edge metal 
and penetrations as needed to promote a weather-tight assembly.   
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With both options the following issues should be dealt with:  
 

1. The existing drains should be removed and replaced with conventional cast iron drain and 
clamping ring assemblies. 
 

2. Delete low perimeter edges and gutters and replace with raised parapets with scuppers, 
utilizing crickets between the scuppers for drainage. Coping metal will replace the 
embedded edge metal, providing a functional long-term roofing application. We 
understand this modified condition does adjust the aesthetics of the building a small 
amount, but realize there are short parapets on the west and north elevations, as well as 
the south side of the lower engine room roof.   
 

3. Asbestos testing results should be provided to bidders prior to any roof removal. 
 
Steep Slope Metal Roofing 
 
The southeast corner of the engine room at the north end of the building has a corrugated metal 
roof with exposed fasteners.  It was not confirmed but we assume there is no insulation below 
this sheet metal roof. Slope appears to be approximately 10:12, but was not measured.  There is 
no transition flashing installed where the roof meets the wall at the rake edge. The metal roofing 
appears to be butted and sealed with a black mastic or sealant. Where the metal roofing butts the 
wall at the top of the slope there is a sheet metal flashing with a termination bar against the 
plaster. Sealant along the top edge of the flashing is only partially sealed to the plaster. The 
roofing is rusted through around a vent stack. 
 
The corrugated metal roofs should be removed and replaced with standing seam metal roof 
panels using concealed fasteners, which has a longer life than corrugated metal with exposed 
fasteners.  Surface mounted or inset roof-to-wall flashings should be installed where the current 
detailing provides minimal protection from water intrusion by simply butting the exterior walls.  
A fabricated sheet metal diverter flashing should be incorporated into the new roofing assembly 
at typical eave-to-rising wall interface with the column bump-out on the east elevation. 
 
Exterior Walls 
 
Exterior walls were visually evaluated with the use of a mechanical lift.  Due to safety 
precautions and/or restricted access, the majority of the west elevation and the northern-most part 
of the north elevation where not included in our evaluation from the lift but were viewed from 
the ground. 
 
The exterior walls are steel reinforced cast-in-place board-formed concrete, with the exception of 
the north elevation addition which is hollow clay tile with a cementitious parge coat, and the east 
wall of the 1918 addition, or Turbine Room, which is wood and steel framed with metal panels.  
We understand that the east wall of the Turbine Room was built to allow easy access for removal 
and replacement of the equipment. 
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The reinforced concrete walls show numerous instances of cracking and spalled concrete which 
appear to have been overlaid with cementitious patches.  Most of the repair patches made were 
found to have voids behind them.  In some locations, the patch or concrete surface has 
delaminated exposing the reinforcing steel which has become severely oxidized to the point of 
becoming easily broken.   
 
It is likely that the patching was performed with conventional concrete which created a corrosion 
mechanism between the old chloride-contaminated concrete and new chloride-free concrete, or 
that the reinforcing steel was placed too close to the concrete face, allowing rusting due to 
exposure to moisture and oxygen.  It is interesting to note that the majority of the spalls and 
cracks we observed were identified on the 1985 Exterior Rehabilitation drawings, which 
indicates the repairs performed were unsuccessful and problems have reoccurred in the same 
locations.  
 
A method for repair of these spalled concrete areas which employs cathodic1 protection is 
recommended.  This would entail removing the concrete around the reinforcing steel, removing 
the deteriorated sections of rebar, installing new rebar and connecting a galvanic anode2 such as 
zinc prior to patching the area with a low resistivity mortar.  In general, a direct current would be 
generated by the potential difference between the zinc and reinforcing steel when connected 
making the rebar cathodic.  Over time, the sacrificial anode will be consumed rather than the 
reinforcing steel.  Several parameters must be met before electing to use the cathodic protection 
method which would include, but not be limited to, appropriate levels of chloride content in the 
existing concrete, whether or not the structure is structurally sound and the majority of the rebar 
should be electrically continuous.  A structural and/or metallurgical engineer should be consulted 
to ensure that the criteria are met. 
 
At areas where the structural concrete is not delaminated but cracked, and rebar does not appear 
to be exposed, epoxy or urethane grout injection into the cracks should be considered.   
 
There is an elastomeric coating on the exterior walls. The coating should be further reviewed 
and/or tested to confirm adhesion and necessary surface preparation prior to installing a new 
coating.  It is likely the existing coating would need to be removed.  New coatings to consider 
should be breathable, such as Tnemec Series 156 or 157 Enviro-Crete, and would be applied 
over all concrete and cementitious wall surfaces. 
 
Corrugated metal wall panels with exposed fasteners are present at the 1918 addition. We 
understand the metal panels were new from the 1985 Exterior Rehabilitation project.  
 
There are two steel channels (crane tracks) that extend through the metal panels and turn up that 
have copious amounts of sealant around the point of penetration. These are prone to leakage as 
the sealant does not appear adhered.  
 

                                                 
1 Cathode: Site where no corrosion occurs and current flows to. 
2 Anode: Site where corrosion occurs and current flow from. 
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The metal panels extend below grade, or have been covered by soil and vegetation over the 
years. The grade should be reworked to provide positive slope away from the walls and space 
below the panels to reduce the potential of water penetration into the building and rusting of the 
panels. 
 
Windows 
 
The windows on the original structure are present on the south and west elevations and roof 
clerestories and are wood framed with panes set into the sash with glazing putty.  Steel sash 
windows are present on the addition at the north end.  Wood framed windows at the roof 
clerestories are covered with corrugated fiberglass. 
 
Wood frames are severely deteriorated on many of the windows. We understand the clerestory 
windows were covered with corrugated fiberglass due to the level of deterioration and to help 
prevent water entry.  The fiberglass is attached to wood framing. In many locations, wood 
windowsills were notched to fit the wood framing tight against the concrete walls around the 
windows.  
 
Steel frames are in need of replacement at the north elevation of the 1918 addition where they 
are deflected inward and rusted.  The cause of the deflection was not clear, but may be due to the 
hollow clay tile and/or lack of support. The structural engineer should review these windows. 
 
Wood window repair could include repair in place or replacement of the wood frames.  In-place 
repair may not provide complete repair of the hidden deterioration.  We also observed back-
sloping concrete sills in upper windows at the south elevation.  Back-sloping sills tend to feed 
water under the wood window frames, causing deterioration and/or leakage into the building.   
 
Options for windowsill repair would include removal of the frames, reworking concrete sills to 
slope towards the exterior, and installation of steel angle backstops at the sills with liquid 
flashing membrane in the rough opening and under the wood frame.  Another option would 
include similar work but using soldered sill flashing pans set in sealant under the wood frames.  
 
Since this building is registered as historical, all replacement/repairs will need to be reviewed 
with the historic preservation authority and verified as acceptable. 
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We trust the above discussion has been of assistance.  If you have any questions, or if we may be 
of further service, please do not hesitate to call. 
 
Photographs taken during the site visit are included below. Note that photographs have notations 
with additional information recorded that may be helpful as part of this evaluation report.  
 
Respectfully,      Reviewed by, 
 
  
 
Don Davis, RRC/RWC/REWC/RBEC Mike Caniglia, RRC/RWC/REWC/RBEC 
Senior Field Engineer    Field Engineer  
Wetherholt and Associates, Inc.  Wetherholt and Associates, Inc.  
 
Please note that this investigation report is provided at the request of Rhoda Lawrence, whom we 
understand represents BOLA Architecture.  No liability, warranty of merchantability, or 
guarantee of building service life is accepted or implied.  Wetherholt and Associates, Inc. is a 
neutral building envelope consulting firm specializing in resolving building and roof related 
problems. 
 
M:\SPECS\DON\GEORGETOWN STEAM PLANT\GTSP_CONDITION REPORT.DOC 
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Photo 1: Overview of roof areas and exterior walls from the south.  
 

Photograph 2:   
SW roof. Test cut in foreground. 
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Photograph 3:   
NW roof with two pipe 
penetrations in a pitch pocket at 
the corner. Pitch pockets should 
not be utilized if possible as they 
require maintenance. 

Photograph 4:   
Typical drop drain adjacent raised 
perimeter edges. 

Photograph 5:   
Coping to wall at the NW roof. 
The coping is not sufficiently 
counterflashed. 
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Photograph 6:  
NW roof parapet is approximately 
11 inches off the finished roof 
height. 

Photograph 7:   
East end of NW roof with access 
door. Note parge coat over hollow 
clay tile is cracked and spalling 
around the window. 
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Photograph 8:   
Upper north roof looking east over 
the 1918 addition. Test cut in 
foreground. 

Photograph 9:   
Overview of north stairwell roof 
and roof areas below that wrap 
around the stairwell roof. 

Photograph 10:   
Note foil facing peeling from 
baseflashing and blister in 
baseflashing at same location 
(arrow). 
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Photograph 11:   
Membrane unadhered and peeling 
from edge metal at lap joint in 
edge metal. Note sealant knife is 
inserted under the edge metal, 
which does not appear to be sealed 
in the lap joint. 

Photograph 12:   
Test cut at the perimeter edge of 
the stairwell roof confirms that the 
1967 drawings appear to be 
accurate at the embedded metal 
edges. 

Photograph 13:   
West end of upper roof with raised 
parapet. 
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Photograph 14:   
Looking south from the upper 
north roof. 

Photograph 15:   
Overview of roof to the south of 
the upper north roof, looking east. 

Photograph 16:   
Ladder to south roofs bolted to 
interior side of parapet. 
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Photograph 17:   
Door at east side to access low 
south and east roof areas. 

Photograph 18:   
Circular roof with KMM 
membrane at SW corner.  We 
understand from 1983 drawings 
this is the original stack through 
the roof and the raised portion is a 
wood framed cover that has been 
roofed and flashed into the gravel 
surfaced roof. 

Photograph 19:   
Turn buckle penetration and south 
roof area. Guy wires are used to 
support stacks. Turn buckle and 
eyebolt penetrations need to be 
revised to provide a long term 
flashable detail. 
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Photograph 20:   
Low SE roof. 

Photograph 21: 
Looking south along west edge of 
southern roof area. 

Photograph 22:   
Drain line penetration from upper 
roof to low southwest roof is 
routed over west parapet.  
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Photograph 23: 
Handrails on east and west sides of 
the roof are apparently welded to 
steel angles bolted to the roof 
substrate. Pitch pockets are placed 
around the angles. These 
penetrations need to be revised to 
round pipe penetrations that can be 
properly flashed.  

Photograph 24: 
Typical transition where 
embedded edge metal meets rising 
wall is improperly detailed.  There 
needs to be a soldered flashing to 
receive the cant strip and the 
counterflashing needs to extend 
beyond the edge of the roof.  

Photograph 25: 
Test cut at south end of south roof, 
west side. Similar to previous test 
cuts. 
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Photo 26: 
Gutter on east side of south roof 
area. 

Photo 27: 
Gutter is full of debris indicating 
maintenance is not performed, at 
least to clean gutters.  

Photo 28: 
Membrane unadhered at sheet 
metal lap joint; typical condition. 
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Photo 29: 
South facing wall at engine room 
addition. Corrugated metal roofing 
below.  

Photo 30: 
Corner of corrugated metal roof is 
not well flashed. Flashing should 
extend beyond corner. Sealant 
joint needs to be replaced or 
covered with sheet metal..  

Photo 31: 
Stack penetrations through 
corrugated metal roof need to be 
reflashed and sealed, as the metal 
flashing is rusted through in 
locations. 
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Photo 32: 
Pointing out where flashing is 
rusted through. 

Photo 33: 
Upper corrugated metal roof 
drains to lower metal roof. There 
is no counterflashing along the 
rake edge of the upper roof. It 
appears the roofing butts to the 
wall.  

Photo 34: 
Lower corrugated metal roof with 
roofing material butting to 
concrete wall. Mastic has  been 
applied at the joint. 
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Photo 35: 
Close-up of previous photo at 
bottom edge (SW corner of roof). 
This is a built in leak where the 
roofing runs into a concrete 
column. There needs to be a 
custom soldered cricket/diverter 
installed with counterflashing on 
the wall.  

Photo 36: Overview of the west 
elevation looking north.  
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Photo 37: 
Wood window frames are 
deteriorated to varying degrees, 
worst at west and south elevations. 
Note glazing putty holding the 
glazing in place where the arrow 
points. 

Photo 38: 
Horizontal crack in what appears 
to be a cold joint in the concrete at 
the west elevation. 

Photo 38: 
Spalled concrete on west wall, 
towards the south end, with rusted 
reinforcing steel in hand.  
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Photo 39: 
½ round cornice at west elevation 
with cracks and spalls at 
underside. 

Photo 40: 
Moss growth at top of ½ round 
cornice. It appears the top holds 
moisture.  

Photo 41: 
Steel louvers at top of west 
elevation appear to be in 
serviceable condition, other than 
surface preparation and paint. 
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Photo 42: 
South elevation with station label. 
Note inaccurate patching at wall 
and cracks/spalls where water has 
caused plant growth at drip edge. 

Photo 43: 
Spalled and delaminated concrete 
at corner of cornice, south 
elevation top of wall. 

Photo 44: 
Sealant knife inserted into what 
appears to be an open cold joint in 
the concrete between windows, 
south elevation. 
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Photo 45: 
Spalled concrete at jamb of 
window, south elevation. 

Photo 46: 
East wall; sealant knife inserted 
behind delaminated patch material.

Photo 47: 
Overview of a portion of the east 
elevation south of the Engine 
Room.  
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Photo 48: 
Overview of south facing wall at 
1918 addition. This wall includes 
parge coat over board formed 
concrete.  

Photo 49: 
East wall of 1918 addition with 
exposed fastener corrugated metal 
panels. 

Photo 50: 
Rail tracks extend through siding 
and are bent up. Sealant applied 
around penetrations is not 
watertight. 
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Photo 51: 
Edge of low slope roof without 
closure where embedded edge 
metal meets parapet wall. Wood 
nailer below metal flashing is 
exposed.  Photo taken at east end 
of south engine room roof. 

Photo 52: 
Sheet metal wall panels appear to 
butt to underside of concrete at 
east end of engine room roof. 
Sealant knife is inserted in open 
joint. 

Photo 53: 
Overview of east wall of engine 
room, 1918 addition. Steel framed 
windows are present. 
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Photo 54: 
Overview of north wall of east 
engine room, 1918 addition. 
Plaster installed over hollow clay 
tile.  

Photo 55: 
Rusted steel framed window and 
spalled concrete sill material. 
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Photo 56: 
Steel windows are deflected 
inward at north wall of 1918 
addition. 

Photo 57: 
Rusted steel window at north 
elevation of 1918 addition. 
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Photo 58: 
Window deflecting inward at north 
elevation of addition. Note hollow 
clay tile at interior wall. 

Photo 59: 
Steel siding below grade at east 
elevation of addition. 
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Photo 60: 
Overview of west elevation at 
north end. Note spalls and cracks 
in concrete walls. 

Photo 61: 
Overview of north wall at NW 
corner.  
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Photo 62: 
Clerestory wood framed windows 
at roof. Uncovered for condition 
evaluation. Note wood framing to 
support corrugated fiberglass is 
bolted to concrete. Wood sills 
notched in order to fit framing 
overlay. Wood window frames are 
deteriorated.  

Photo 63: 
Severely spalled concrete and 
exposed/rusted reinforcing steel. 

Photo 64: 
Notched windowsill at clerestory 
windows for wood framing fit. 
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Photo 65: 
Typical deteriorated wood window 
frame. 
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GEORGETOWN STEAM PLANT MECHANICAL AND ELECTRICAL 
SEATTLE, WASHINGTON PREDESIGN CONDITION REPORT  

I. INTRODUCTION 
A. General:  This narrative provides a summary description of the mechanical roof 

drainage, electric steam boiler, electrical and low-voltage systems impacted by the 
proposed upgrades to the facility.  In addition to establishing a baseline 
understanding of the anticipated work, issues that require further investigation and 
consideration by the design team may be identified.  This narrative is based on 
several site visits that took place in June and July of 2012, as well as discussions 
on-site with facility personnel.  

B. Codes and Guidelines: The electrical installation shall comply with the following 
codes guidelines and standards as adopted and amended by the City of Seattle, 
Washington: 

1. 2009 UPC (Uniform Plumbing Code) 

2. 2009 IBC (International Building Code; Note: Chapter 34 has provisions to 
control alteration, repair, maintenance, and change of occupancy of existing 
buildings and structures. The building official is authorized to modify specific 
requirements of the code for historic buildings.) 

3. 2008 NFPA 70 (National Electrical Code) 

II. MECHANICAL ASSESSMENT 
A. Roof Drainage System:  The existing roof drainage system is a combination of 

interior roof drainage piping and exterior down spouts.  Following is a list of 
existing conditions and deficiencies: 

1. General:  Existing roof drains vary in style from bare pipes open to 
atmosphere to original building wire cage strainers to more modern styles 
(Images 1 through 4).  According to a previous roof drain assessment from 
2007, the original roof drains on the southeast side of the Boiler Room have 
been disconnected and roof drainage is handled by a roof gutter and down 
spouts along the face of the building.  Many of the roof drain locations are 
clogged with debris. 

2. The existing horizontal roof drainage pipe in the southeast corner of the 
building is reported as being blocked and not in use.  There is also a section 
on the west side of the Boiler Room that leaks and has a large sheet of plastic 
suspended below it that connects to a ¾” garden hose to collect storm water 
from the leak (Image 5).  We were unable to determine if the pipe itself leaks 
or just the joints. 

3. East Wall of the Engine Room:  There is a galvanized roof drain pipe that 
drops at the interior wall and penetrates the exterior wall at floor level.  It then 
routes below grade outside (Images 6 and 7).  The connection at floor level is 
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misconnected and there is a gap outside at the connection to the piping that 
continues to below grade.  Below grade piping cannot be confirmed. 

4. Southeast Corner of the Engine Room:  There is an exterior galvanized down 
spout that connects to a concrete pipe then routes to below grade.  The end of 
the concrete pipe is open to atmosphere and can be an entry point for debris 
into the pipe (see Image 8). 

B. Electric Steam Boiler and Unit Heater System:  There is an existing electric steam 
boiler that serves steam unit heaters in both the Boiler Room and the Engine Room.  
We were unable to locate a nameplate for the boiler.  Condensate is piped back to a 
receiver and flash tank before being returned to the boiler.  A permit was applied 
for on November 19, 2001, to install this system.  This would make the system 
approximately 10 years old.  Many of the access panels were removed from the 
boiler (Images 9 and 10).  Some corrosion is visible on the boiler exterior and the 
connection piping and fittings (Images 11 and 12).  The existing steam unit heaters, 
distribution piping and condensate pumps appear to be in good condition (Images 
13 through 16). 

III. MECHANICAL RECOMMENDATIONS 
A. Recommendations to Improve Drainage System: 

1. Clean out all of the existing roof drainage piping.  When the building is 
reroofed, replace all existing roof drains that are in service with new roof 
drains with Zurn Model Z100 or equal by J.R. Smith, Wade or Josam. 

2. Replace the leaking horizontal pipe on the west side of the Boiler Room. 
Perform a hydrostatic test on all of the roof drainage piping to identify and 
repair any other leaks. 

3. Replace the galvanized roof drain piping at the east side of the Engine Room 
with cast iron pipe, seal the exterior wall penetration and connect to the 
existing storm pipe below grade. 

4. Clean out the existing exposed, open concrete storm drain pipe and provide a 
plug at the open end. 

B. Recommendations for Boiler and Unit Heater System: 

1. Since the boiler is approximately 10 years old and corrosion appears to be 
surface only, we do not recommend replacement of the boiler at this time.  

2. Corrosion on the boiler exterior and accessible areas inside the boiler should 
be wire brushed and primed to minimize further corrosion. 

3. A qualified Boiler Contractor or the original manufacturer’s representative 
should examine the boiler to confirm that there is no hidden interior problem.  
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Boiler should be serviced to optimize operation.  The missing access panels 
should be reinstalled. 

IV. ELECTRICAL ASSESSMENT (see location drawings, end of report) 

A. Distribution:  The existing electrical system consists of the following three services: 

1. Service 1:  An 800A 480Y/277V Main Distribution Panel; (refer to Image 1) 
with three electrical panels A, B and C.  This service contains five switches; 
three serve Panels A (225A), B (70A breaker to 45kVA 480V:208Y/120V 
transformer), and C (125A breaker to 25kVA 480V:208Y/120V transformer); 
one serves an air compressor unit, 60A; and one spare 250A switch.  

2. Service 2:  An 800A 480Y/277V Main Service Panel consisting of one 800A 
service disconnect to serve the 500kW Boiler unit (Image 2). 

3. Service 3:  An existing 120/240V single phase service has been derived from 
the north via the 2400V, 2-phase service. This 120/240V single phase service 
feeds a panel located in a north end office, which serves the rooftop aircraft 
lights. 

B. Lighting Controls:  Most of the existing building lighting controls use the existing 
knife switches located in various fuse panels (see "Fused Panels" discussion). 

C. Fuse Panels:  There are at least four fused branch circuit panels located throughout 
the facility.  These do not appear to have been upgraded within the past 70-years 
and some parts of the panels date back to the original construction over 100 years 
ago.  Some of the knife switches within these panels are still used on a daily basis to 
control lighting.  Wiring within these panels is a mixture of very old and some 
newer conductors.  It was apparent that many circuits have been removed and/or 
disconnected over the years.  The panels have a wood framed hinged cover with a 
glass panel.  The condition of the different panels varies. 

D. 500kW Electric Heating Boiler System:  The boiler is powered at 480V, 3 phase 
from a dedicated electrical service identified as Service 2 in this report.  
Approximately nine unit heaters are distributed throughout the facility.  These unit 
heaters are powered at 120V with most of the circuits derived from the fuse panels.  
We saw no deficiencies associated with the electric boiler system. 

E. Electrical Loads:  For the purpose of our assessment we have not assessed the 
loading and capacity of the services.  We saw nothing that implied a capacity 
problem and we know that the proposed upgrades will not increase electrical loads. 

F. 2400V Service Concerns:  For reasons that are unclear, the 120/240V service is still 
derived internal to the building by a transformer that is connected to the original 
2400V 2-phase bus of the distribution system.  This requires that the busing for the 
old marble faced switchboard stay in-use and live.   This represents a significant 
hazard, requiring staff and sometimes visitors to be in close proximity to exposed 
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bussing at these elevated voltages.  Due to the age and custom nature of the 
installation clear labeling and indication of which bussing is live and which bussing 
is not, does not exist. 

V. ELECTRICAL RECCOMMENDATIONS 
A. Aircraft Obstruction Light Power Source:  The existing aircraft obstruction light 

support structures are rusted over and will need to be replaced with new Aircraft 
Obstruction lights. The existing branch circuit to the 120/240V panel will be 
adequate for the new obstruction lights.  The new obstruction lights will be dual 
lamp type. 

B. Fused Panels:  The fused panels appear to date back to the 1920's and because of 
their glass cabinet doors and exposed live-front bussing have some historic appeal 
and value.  Due to the glass doors, the age of the equipment and associated wiring, 
and because some of the knife switch must be operated manually in order to turn 
the lights on, these panels present some hazards. We recommend the following 
two options: 

x Option A:  Replace glass doors with nonbreakable acrylic covers or laminated 
glass.  This option would require prior approval by building official under WAC 
51-50-481101. 

x Option B:  Provide new panelboard adjacent to fuse panel and cut over existing 
circuits to new panelboard.  The fuse panel could remain for historic preservation 
but would be de-energized. 

C. Light Switching:  The existing lighting controls are switched by knife switches in 
the fuse panels.  This switching method poses a hazard of shock and arc flash from 
regular operation.  We recommend providing contactors or relays mounted near 
the fuse panels with an adjacent light switch to operate lights and prevent regular 
exposure to live parts (see Images 3 & 5, red and black handles). 

D. Boiler Electrical System:  The current boiler electrical system is adequate for 
continued electrical service to the boiler system. 

E. 2400V Hazards:  We see no reason to leave the old 2400V 2-phase switchgear and 
bussing live.  The purpose appears to be to serve power to the 120/240V service 
transformer that derives power for general lighting and equipment.  SCL should 
consider re-feeding the existing 120/240V equipment from a direct feed from 
outside the building, thus allowing the old equipment to be de-energized.  Leaving 
the old 2400V equipment energized presents numerous hazards due to personnel 
exposure to live parts as well as the risk of a damaging fault due simply to the age 
of the equipment and conductors. 

VI. LIGHTING ASSESSMENT 
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A. Capacity:  The existing Panel A, on Service 1, contains adequate space to serve 
any future lighting loads that would be added per future design projects. 

B. Controls:  The current edition of the Washington State NonResidential Energy 
Code requires daylight sensing in all areas that have vertical fenestration, as well 
as automatic shutoff controls.  However, Section 101.3.2.2 of the 2009 Seattle 
Energy Code exempts Historic Buildings from this requirement with approval 
from code officials. 

C. The current exterior lighting is not adequately protected from weather damage and 
the fixtures are nearing the end of their useful life.  We recommend replacing the 
fixtures (see Image 10). 

D. Emergency Exit Lighting:  This building is not currently provided with code 
compliant emergency or exit lighting.  It is our recommendation that battery 
backup exit signs with emergency lights be provided in the event of an emergency.  
These battery fixtures will have minimal impact on electrical load and may be fed 
from existing Panel A. 

END OF REPORT
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APPENDIX 
Mechanical and Plumbing 

  
Image 1: Existing roof drain   Image 2: Existing roof drain 
 

  
Image 3: Existing roof drain   Image 4: Existing roof drain 
 

  
Image 5: West side Boiler Room leak Image 6: East side Boiler Rm drain pipe 
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Image 7: East side Boiler Rm drain pipe Image 8: SE corner Engine Room 
 
 

  
Image 9: Boiler access panel removed Image 10: Boiler access panel removed 
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Image 11: Corrosion on boiler, piping Image 12: Corrosion on boiler, piping 
 
 
Images 13-16: Existing steam unit heaters, distribution piping and condensate pumps 

   
Image 13     Image 14 
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Image 15     Image 16 
 
 
Electrical 

� ��
Image 1:  MDP 1 Panel Schedule Image 2:  500kW Boiler Disconnect 
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Image 3:  Fuse Panel    Image 4:  Fuse Panel 
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Image 5:  Fuse Panel     Image 6:  Fuse Panel Door 
 
 

�
Image 7:  Aircraft Obstruction Light Base 
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Image 8:  Fuse Panel 
 

�
Image 9:  Boiler Controller 

CEI #12412 Appendix A-7 



GEORGETOWN STEAM PLANT ELECTRICAL DESIGN NARRATIVE 
SEATTLE, WASHINGTON GEORGETOWN STEAM PLANT BOILER 
 

CEI #12412 Appendix A-8 

�
Image 10:  Exterior Light Fixture 
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�

(;(&87,9(�6800$5<�
%2/$�$UFKLWHFWXUH���3ODQQLQJ�UHWDLQHG�$UJXV�3DFLILF��,QF���$UJXV�3DFLILF��WR�FRQGXFW�D�WDUJHWHG�
DVEHVWRV�DQG�OHDG�DVVHVVPHQW�RI�WKH�H[WHULRU�RI�WKH�6HDWWOH�&LW\�/LJKW�*HRUJHWRZQ�6WHDP�3ODQW�
ORFDWHG�DW��������WK�$YHQXH�6RXWK�LQ�6HDWWOH��:DVKLQJWRQ��7KH�VFRSH�RI�WKLV�WDUJHWHG�DVVHVVPHQW�
LQFOXGHG�WKH�H[WHULRU�RI�WKH�EXLOGLQJ�DQG�WKH�YHUWLFDO�VXUIDFHV�RI�WKH�URRI�SHQWKRXVH�DQG�PRQLWRU�
URRIV��$UJXV�3DFLILF¶V�UHSUHVHQWDWLYH��0U��&RQRU�)ROH\��FRQGXFWHG�WKH�DVVHVVPHQW�RQ�-XQH����DQG�
-XO\����������0U��3HWHU�6QLGHU�DVVLVWHG�0U��)ROH\�RQ�-XO\����������$GGLWLRQDO�SDLQW�FKLS�VDPSOHV�
ZHUH�FROOHFWHG�E\�0U��6FRWW�3DUNHU�RQ�1RYHPEHU�����������7KH�VFRSH�RI�WKH�VHUYLFHV�SURYLGHG�LV�
GHVFULEHG�LQ�$UJXV�3DFLILF�3URSRVDO�1XPEHU�3�������GDWHG�0D\�����������

$UJXV�3DFLILF�DVVHVVHG�WKH�EXLOGLQJ�IRU�WKH�IROORZLQJ�UHJXODWHG�EXLOGLQJ�PDWHULDOV��

x� $VEHVWRV�FRQWDLQLQJ�PDWHULDOV��$&0���
x� $VVXPHG�DVEHVWRV�FRQWDLQLQJ�PDWHULDOV��DQG�
x� /HDG�FRQWDLQLQJ�FRDWLQJV��SDLQWV���
�
)RUW\�IRXU�EXON�VDPSOHV�RI�VXVSHFW�DVEHVWRV�FRQWDLQLQJ�PDWHULDOV�ZHUH�FROOHFWHG�DQG�DQDO\]HG�
XVLQJ�3RODUL]HG�/LJKW�0LFURVFRS\��3/0���7HQ�PDWHULDOV�ZHUH�IRXQG�WR�FRQWDLQ�JUHDWHU�WKDQ�RQH�
SHUFHQW�DVEHVWRV�DQG�QR�PDWHULDOV�ZHUH�DVVXPHG�WR�FRQWDLQ�DVEHVWRV��

(LJKWHHQ�SDLQW�FKLS�VDPSOHV�ZHUH�FROOHFWHG�DQG�DQDO\]HG�IRU�WRWDO�OHDG�FRQWHQW��)LIWHHQ�RI�WKH�
SDLQW�FKLS�VDPSOHV�ZHUH�IRXQG�WR�FRQWDLQ�GHWHFWDEOH�OHYHOV�RI�OHDG��

�
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�

���� ,1752'8&7,21�
%2/$�$UFKLWHFWXUH���3ODQQLQJ�UHWDLQHG�$UJXV�3DFLILF��,QF���$UJXV�3DFLILF��WR�FRQGXFW�D�WDUJHWHG�
DVEHVWRV�DQG�OHDG�DVVHVVPHQW�RI�WKH�H[WHULRU�RI�WKH�6HDWWOH�&LW\�/LJKW�*HRUJHWRZQ�6WHDP�3ODQW�
ORFDWHG�DW��������WK�$YHQXH�6RXWK�LQ�6HDWWOH��:DVKLQJWRQ��7KH�VFRSH�RI�WKLV�WDUJHWHG�DVVHVVPHQW�
LQFOXGHG�WKH�H[WHULRU�RI�WKH�EXLOGLQJ�DQG�WKH�YHUWLFDO�VXUIDFHV�RI�WKH�URRI�SHQWKRXVH�DQG�PRQLWRU�
URRIV��$UJXV�3DFLILF¶V�UHSUHVHQWDWLYH��0U��&RQRU�)ROH\��FRQGXFWHG�WKH�DVVHVVPHQW�RQ�-XQH����DQG�
-XO\����������0U��3HWHU�6QLGHU�DVVLVWHG�0U��)ROH\�RQ�-XO\����������7KH�VFRSH�RI�WKH�VHUYLFHV�
SURYLGHG�LV�GHVFULEHG�LQ�$UJXV�3DFLILF�3URSRVDO�1XPEHU�3�������GDWHG�0D\�����������

$UJXV�3DFLILF�DVVHVVHG�WKH�EXLOGLQJ�IRU�WKH�IROORZLQJ�UHJXODWHG�EXLOGLQJ�PDWHULDOV��

x� $VEHVWRV�FRQWDLQLQJ�PDWHULDOV��$&0���
x� $VVXPHG�DVEHVWRV�FRQWDLQLQJ�PDWHULDOV��DQG��
x� /HDG�FRQWDLQLQJ�FRDWLQJV��SDLQWV���

���� 352-(&7�%$&.*5281'�
7KLV�UHSRUW�SUHVHQWV�WKH�UHVXOWV�RI�RXU�WDUJHWHG�DVEHVWRV�DQG�OHDG�DVVHVVPHQW�FRQGXFWHG�RI�WKH�
6HDWWOH�&LW\�/LJKW�*HRUJHWRZQ�6WHDP�3ODQW�LQ�6HDWWOH��:DVKLQJWRQ��7KH�SXUSRVH�RI�WKH�
DVVHVVPHQW�ZDV�WR�LGHQWLI\�SRWHQWLDO�DVEHVWRV�FRQWDLQLQJ�PDWHULDO�DQG�OHDG�FRQWDLQLQJ�FRDWLQJV�
SULRU�WR�UHQRYDWLRQ�DQG�IRU�SXUSRVHV�RI�KD]DUG�FRPPXQLFDWLRQ�DQG�RQ�JRLQJ�PDQDJHPHQW��7KLV�
DVVHVVPHQW�LQFOXGHG�WKH�H[WHULRU�DQG�YHUWLFDO�VXUIDFHV�RI�WKH�URRIWRS�SHQWKRXVHV�DQG�PRQLWRU�
URRIV��

7KLV�DVVHVVPHQW�ZLOO�DVVLVW�%2/$�$UFKLWHFWXUH���3ODQQLQJ�ZLWK�FRPPXQLFDWLQJ�WKH�SUHVHQFH�RI�
OHDG�FRQWDLQLQJ�FRDWLQJV�DQG�WKH�SUHVHQFH��ORFDWLRQ��DQG�TXDQWLW\�RI�$&0�WR�HPSOR\HHV��YHQGRUV��
DQG�FRQWUDFWRUV�ZRUNLQJ�LQ�WKH�EXLOGLQJ�DQG�WR�PHHW�WKH�UHTXLUHPHQWV�IRU�DQ�DVEHVWRV�VXUYH\�IRU�
WKH�3XJHW�6RXQG�&OHDQ�$LU�$JHQF\��36&$$��DQG�D�JRRG�IDLWK�LQVSHFWLRQ�DV�UHTXLUHG�E\�
:DVKLQJWRQ�6WDWH�'HSDUWPHQW�RI�/DERU�DQG�,QGXVWULHV¶�'LYLVLRQ�RI�2FFXSDWLRQDO�6DIHW\�DQG�
+HDOWK��'26+��UHJXODWLRQV�SULRU�WR�EXLOGLQJ�UHQRYDWLRQ��5HJXODWLRQV�UHTXLUH�WKDW�D�FRPSOHWH�FRS\�
RI�WKLV�DVVHVVPHQW�EH�NHSW�LQ�D�FRQVSLFXRXV�ORFDWLRQ�RQ�VLWH�DW�DOO�WLPHV�GXULQJ�DFWLYLWLHV�WKDW�PD\�
LPSDFW�NQRZQ�DQG�VXVSHFW�$&0��

���� 6RXUFHV�RI�,QIRUPDWLRQ�
'XULQJ�WKH�FRXUVH�RI�WKH�DVVHVVPHQW��WKH�IROORZLQJ�SHUVRQQHO�DQG�GUDZLQJV�SURYLGHG�DVVLVWDQFH�WR�
WKH�$UJXV�3DFLILF�LQVSHFWRU��

x� 0V��5KRGD�/DZUHQFH�DQG�0U��0DWW�+DPHO��%2/$�$UFKLWHFWXUH���3ODQQLQJ�
x� Georgetown Steam Plant Runway Extension Window Impacts,�%XLOGLQJ�(OHYDWLRQV�±�

:LQGRZ�6XUYH\��6WLFNQH\�0XUSK\�5RPLQH�$UFKLWHFWV��GDWHG�2FWREHU����������
x� Georgetown Steam Plant,�%XLOGLQJ�5HSDLU�(OHYDWLRQV�DQG�'HWDLOV�±�&LW\�RI�6HDWWOH�

'HSDUWPHQW�RI�/LJKWLQJ��GDWHG�PDUFK����������
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���� %XLOGLQJ�'HVFULSWLRQ�
7KH�*HRUJHWRZQ�6WHDP�3ODQW�LV�ORFDWHG�DW��������WK�$YHQXH�6RXWK�LQ�6HDWWOH��:DVKLQJWRQ�DQG�
ZDV�FRQVWUXFWHG�LQ������DQG�FRQWDLQV�DSSUR[LPDWHO\��������VTXDUH�IHHW�RI�LQWHULRU�IORRU�VSDFH��
7KH�PXVHXP�KDV�KLJK�FHLOLQJV�DQG�PXOWLSOH�PH]]DQLQH�OHYHOV�WKURXJKRXW�WKH�IDFLOLW\��7KH�H[WHULRU�
ZDOOV�RI�WKH�PXVHXP�DUH�FRQFUHWH�ZLWK�D�WH[WXUHG�FHPHQWLRXV�OD\HU��7KH�EXLOGLQJ�FRQWDLQV�
DSSUR[LPDWHO\�����ZLQGRZV��([WHULRU�ZLQGRZV�DUH�PRVWO\�ZRRG��ZLWK�VRPH�PHWDO�ZLQGRZV�RQ�
WKH�HDVW�H[WHULRU��7KH�UDLVHG�SHQWKRXVH�DQG�PRQLWRU�URRIV�RI�WKH�PXVHXP�KDYH�FRQFUHWH�ZDOOV�DQG�
ZRRG�ZLQGRZV��

���� $6%(6726�$66(660(17�

���� %XLOGLQJ�$VVHVVPHQW�
0U��)ROH\�DQG�0U��6QLGHU��ERWK�$VEHVWRV�+D]DUG�(PHUJHQF\�5HVSRQVH�$FW��$+(5$��DFFUHGLWHG�
EXLOGLQJ�LQVSHFWRUV��&HUWLILFDWLRQ���������H[SLUDWLRQ�GDWH������������DQG�&HUWLILFDWLRQ���������
H[SLUDWLRQ�GDWH�������������UHVSHFWLYHO\��IURP�$UJXV�3DFLILF��SHUIRUPHG�WKH�VDPSOLQJ�RQ�-XQH����
DQG�-XO\����������$UJXV�3DFLILF¶V�LQVSHFWRU�FROOHFWHG�IRXUW\�IRXU�VDPSOHV�RI�PDWHULDOV�LGHQWLILHG�
DV�VXVSHFW�$&0��

7KLV�DVVHVVPHQW�ZDV�FRQGXFWHG�XVLQJ�D�PRGLILHG�SURWRFRO�DGDSWHG�IURP�$+(5$��7KH�SURWRFRO�LV�
DV�IROORZV��

x� ,GHQWLI\�VXVSHFW�DVEHVWRV�FRQWDLQLQJ�PDWHULDOV��
x� *URXS�PDWHULDOV�LQWR�KRPRJHQHRXV�VDPSOLQJ�DUHDV�PDWHULDOV��
x� 4XDQWLI\�HDFK�KRPRJHQHRXV�PDWHULDO�DQG�FROOHFW�UHSUHVHQWDWLYH�VDPSOHV��7KH�QXPEHU�RI�

VDPSOHV�FROOHFWHG�RI�PLVFHOODQHRXV�PDWHULDOV�ZDV�GHWHUPLQHG�E\�WKH�LQVSHFWRU��
x� 6DPSOHV�RI�HDFK�PDWHULDO�ZHUH�WDNHQ�WR�WKH�VXEVWUDWH��HQVXULQJ�WKDW�DOO�FRPSRQHQWV�DQG�

OD\HUV�RI�WKH�PDWHULDO�ZHUH�LQFOXGHG��
x� 6DPSOH�ORFDWLRQV�DUH�UHIHUHQFHG�RQ�WKH�ILHOG�GDWD�IRUPV�DFFRUGLQJ�WR�VDPSOH�QXPEHU��
x� 6DPSOLQJ�ZDV�SHUIRUPHG�E\�DQ�$+(5$�DFFUHGLWHG�EXLOGLQJ�LQVSHFWRU��DQG�WKH�XVH�RI�

SURSHU�SURWHFWLYH�HTXLSPHQW�DQG�SURFHGXUHV�ZDV�IROORZHG��

���� 6DPSOLQJ�3URFHGXUHV�
7KLV�VDPSOLQJ�ZDV�FRQGXFWHG�XVLQJ�WKH�IROORZLQJ�SURFHGXUHV��

��� 6SUHDG�WKH�SODVWLF�GURS�FORWK��LI�QHHGHG��DQG�VHW�XS�RWKHU�HTXLSPHQW��H�J���ODGGHU��
��� 'RQ�SURWHFWLYH�HTXLSPHQW��UHVSLUDWRU�DQG�SURWHFWLYH�FORWKLQJ�LI�QHHGHG���
��� /DEHO�VDPSOH�FRQWDLQHU�ZLWK�LWV�LGHQWLILFDWLRQ�QXPEHU�DQG�UHFRUG�QXPEHU��5HFRUG�VDPSOH�

ORFDWLRQ�DQG�W\SH�RI�PDWHULDO�VDPSOHG�RQ�D�VDPSOLQJ�GDWD�IRUP��
��� 0RLVWHQ�DUHD�ZKHUH�VDPSOH�LV�WR�EH�H[WUDFWHG��VSUD\�WKH�LPPHGLDWH�DUHD�ZLWK�ZDWHU���
��� ([WUDFW�VDPSOH�XVLQJ�D�FOHDQ�NQLIH��GULOO�FDSVXOH��RU�FRUN�ERULQJ�WRRO�WR�FXW�RXW�RU�VFUDSH�

RII�DSSUR[LPDWHO\�RQH�WDEOHVSRRQ�RI�WKH�PDWHULDO��3HQHWUDWH�DOO�OD\HUV�RI�PDWHULDO��
��� 3ODFH�VDPSOH�LQ�D�FRQWDLQHU�DQG�WLJKWO\�VHDO�LW��
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��� :LSH�WKH�H[WHULRU�RI�WKH�FRQWDLQHU�ZLWK�D�ZHW�ZLSH�WR�UHPRYH�DQ\�PDWHULDO�WKDW�PD\�KDYH�
DGKHUHG�WR�LW�GXULQJ�VDPSOLQJ��

��� &OHDQ�WRROV�ZLWK�ZHW�ZLSHV�DQG�ZHW�PRS��RU�YDFXXP�DUHD�ZLWK�+(3$�YDFXXP�WR�FOHDQ�DOO�
GHEULV��

��� 'LVFDUG�SURWHFWLYH�FORWKLQJ��ZHW�ZLSHV�DQG�UDJV��FDUWULGJH�ILOWHUV��DQG�GURS�FORWK�LQ�D�
ODEHOHG�SODVWLF�ZDVWH�EDJ��

���� $QDO\WLFDO�0HWKRGRORJ\�
6XVSHFW�$&0V�ZHUH�VDPSOHG�LQ�JHQHUDO�DFFRUGDQFH�ZLWK����&)5��������E\�DQ�(QYLURQPHQWDO�
3URWHFWLRQ�$JHQF\��(3$��$+(5$�DFFUHGLWHG�EXLOGLQJ�LQVSHFWRU��(DFK�VDPSOH�ZDV�FROOHFWHG�DQG�
VWRUHG�LQ�D�KHDY\�GXW\��VHOI�VHDOLQJ�SODVWLF�EDJ��DQG�GHOLYHUHG�WR�6HDWWOH�$VEHVWRV�7HVW��//&�LQ�
%HOOHYXH��:DVKLQJWRQ��6DPSOHV�ZHUH�DQDO\]HG�YLD�SRODUL]HG�OLJKW�PLFURVFRS\��3/0��LQ�
DFFRUGDQFH�ZLWK�(3$�����5���������

7DEOH�������SURYLGHV�D�OLVW�RI�VXVSHFW�KRPRJHQHRXV�VDPSOLQJ�DUHD��+6$��PDWHULDO�GHVFULSWLRQV��
PDWHULDO�ORFDWLRQV��DQG�UHVXOWV�IRU�WKLV�VDPSOLQJ��$VEHVWRV�FRQWDLQLQJ�PDWHULDOV�DQG�DVVXPHG�
DVEHVWRV�FRQWDLQLQJ�PDWHULDOV�DUH�SUHVHQWHG�LQ�EROG�WH[W��5HIHU�WR�WKH�DWWDFKHG�)LJXUHV�IRU�VDPSOH�
ORFDWLRQV�DQG�PDWHULDO�H[WHQWV��DV�DSSOLFDEOH���5HIHU�WR�WKH�DWWDFKHG�SKRWRJUDSKV�IRU�+6$�
SLFWXUHV��,I�DVEHVWRV�ZDV�QRW�LGHQWLILHG�LQ�WKH�PDWHULDO�WKH�UHVXOWV�DUH�FRQVLGHUHG�QRQ�GHWHFW�IRU�
DVEHVWRV��1'���

Table 3.3-1. Results of Bulk Sample Analyses�

+6$�,'��0DWHULDO�'HVFULSWLRQ��
DQG�$+(5$�&ODVVLILFDWLRQ�

0DWHULDO�/RFDWLRQ� +6$�5HVXOWV�

���*UH\�WH[WXUH�PDWHULDO�ZLWK�
ZKLWH�SDLQW��6��

2Q�YHUWLFDO�VXUIDFHV�WKURXJKRXW�
H[WHULRU�RI�EXLOGLQJ�

1'�

�$��*UH\�WDQ�ZLQGRZ�SXWW\�
JOD]LQJ�ZLWK�EODFN�DVSKDOWLF�
SDWFKLQJ�PDWHULDO��0���

2Q�ZRRG�ZLQGRZV�DW�PXQWLQ�DQG�
JODVV�VHDP�IRU���´�[��´�ZLQGRZV�
RQ�PRQLWRU�URRIV�

1'�WR���FKU\VRWLOH�

�$$��2II�ZKLWH�ZLQGRZ�SXWW\�
JOD]LQJ�DQG�EODFN�DVSKDOWLF�
SDWFKLQJ�PDWHULDO��0��

2Q�ZRRG�ZLQGRZV�DW�PXQWLQ�DQG�
JODVV�VHDP�IRU���´�[���´�ZLQGRZV�
ZLWK�YHQWV�DQG�SO\ZRRG�RQ�PRQLWRU�
URRIV�

1'�

�%��%ODFN�DVSKDOWLF�SDWFKLQJ�
PDWHULDO�DQG�EHLJH�ZLQGRZ�
SXWW\�JOD]LQJ��0��

2Q�ZRRG�ZLQGRZV�DW�PXQWLQ�DQG�
JODVV�VHDP�IRU���´�[���´�ZLQGRZV�
RQ�PRQLWRU�URRIV�

3DLQW�SDWFKLQJ������WR�
���FKU\VRWLOH�
*OD]LQJ��1'�

���*UH\�ZKLWH�ZLQGRZ�SXWW\�
JOD]LQJ��0��

2Q�ZRRG�ZLQGRZV�DW�PXQWLQ�DQG�
JODVV�VHDP�IRU���´�[���´�ZLQGRZV�RQ�
VRXWK�H[WHULRU�

1'�

���:KLWH�ZLQGRZ�SXWW\�JOD]LQJ�
ZLWK�SDLQW��0��

2Q�ZRRG�ZLQGRZV�DW�PXQWLQ�DQG�
JODVV�VHDP�IRU���´�[���´�ZLQGRZV�RQ�
HDVW�HQG�RI�VRXWK�H[WHULRU�

1'�

���*UH\�ZLQGRZ�SXWW\�JOD]LQJ�DQG�
EODFN�EULWWOH�PDWHULDO��0��

2Q�PHWDO�ZLQGRZV�DW�PXQWLQ�DQG�
JODVV�VHDP�IRU���´�[���´�ZLQGRZV�RQ�
QRUWK�HQG�RI�HDVW�H[WHULRU�

*OD]LQJ��1'�
%ULWWOH�PDWHULDO��1'�



�

5HJXODWHG�%XLOGLQJ�0DWHULDOV�$VVHVVPHQW�RI�WKH�*HRUJHWRZQ�6WHDP�3ODQW� -XO\�����������5HYLVLRQ������������
%2/$�$UFKLWHFWXUH���3ODQQLQJ� $UJXV�3DFLILF��������5�

�

Table 3.3-1. Results of Bulk Sample Analyses�

+6$�,'��0DWHULDO�'HVFULSWLRQ��
DQG�$+(5$�&ODVVLILFDWLRQ�

0DWHULDO�/RFDWLRQ� +6$�5HVXOWV�

�$��%ODFN�VHDODQW�ZLWK�SDLQW�
�0��

2Q�PHWDO�+6$���ZLQGRZV�DW�VRPH�
PHWDO�PXQWLQ�DQG�JODVV�VHDPV�

���FKU\VRWLOH�

���2II�ZKLWH�ZLQGRZ�SXWW\�
JOD]LQJ�ZLWK�SDLQW��0��

2Q�ZLQGRZV�IRU�ZRRG�GRRUV�RQ�
VRXWK�H[WHULRU�

1'�WR����FKU\VRWLOH�

���*UH\�FHPHQWLRXV�PDWHULDO�
DQG�EODFN�DVSKDOWLF�PDWHULDO�
�6���127(��VDPH�+6$�DV�����
LQ�5RRILQJ�$VVHVVPHQW�UHSRUW��

3DWFKLQJ�IRU�FUDFNV�RQ�YHUWLFDO�
VXUIDFHV�RI�QRUWK�ZHVW�ZDOO�RI�
HQJLQH�URRP�PRQLWRU�URRI�

&HPHQWLRXV�PDWHULDO��
1'�
$VSKDOWLF�PDWHULDO�����
FKU\VRWLOH�

���:KLWH�JUH\�ZLQGRZ�SXWW\�
JOD]LQJ��0��

2Q�ZRRG�ZLQGRZV�DW�PXQWLQ�DQG�
JODVV�VHDP�IRU�����´�[���´�
ZLQGRZV�RQ�SHQWKRXVH�RQ�QRUWK��
HDVW��DQG�ZHVW�VLGHV�

1'�WR����FKU\VRWLOH�

���%HLJH�JUH\�ZLQGRZ�SXWW\�
JOD]LQJ��0��

2Q�ZRRG�ZLQGRZV�DW�PXQWLQ�DQG�
JODVV�VHDP�IRU�����´�[���´�ORZHU�
ZLQGRZV�RQ�ZHVW�H[WHULRU�

1'�WR���FKU\VRWLOH�

���:LQGRZ�SXWW\�JOD]LQJ�ZLWK���
E\���ZLQGRZ�SDQH�SDWWHUQ��0��

2Q�ZRRG�ZLQGRZV�DW�PXQWLQ�DQG�
JODVV�VHDP�IRU�XSSHU�ZLQGRZV�RQ�
ZHVW�H[WHULRU�

$VVXPHG��LQDFFHVVLEOH��

����:LQGRZ�SXWW\�JOD]LQJ�ZLWK�
��E\���ZLQGRZ�SDQH�SDWWHUQ�
�0��

2Q�ZRRG�ZLQGRZV�DW�PXQWLQ�DQG�
JODVV�VHDP�IRU�ZLQGRZV�XQGHU�
³����´�VLJQ�RQ�ZHVW�H[WHULRU�

$VVXPHG��LQDFFHVVLEOH��

����:LQGRZ�SXWW\�JOD]LQJ�ZLWK�
��E\���ZLQGRZ�SDQH�SDWWHUQ�
�0��

2Q�ZRRG�ZLQGRZV�DW�PXQWLQ�DQG�
JODVV�VHDP�IRU�ZLQGRZV�GLUHFWO\�
WR�WKH�QRUWK�DQG�GLUHFWO\�WR�WKH�
VRXWK�RI�+6$����ZLQGRZV�

1'�WR����FKU\VRWLOH�

����:LQGRZ�SXWW\�JOD]LQJ�ZLWK�
��E\���ZLQGRZ�SDQH�SDWWHUQ�
�0��

2Q�ZRRG�ZLQGRZV�DW�PXQWLQ�DQG�
JODVV�VHDP�IRU�URZ�RI�ZLQGRZV����
($��XQGHU�+6$����ZLQGRZV��

$VVXPHG��LQDFFHVVLEOH��

����:LQGRZ�SXWW\�JOD]LQJ��0�� 2Q�ZLQGRZV�DW�PXQWLQ�DQG�JODVV�
VHDP�IRU�QRUWK�H[WHULRU�ZLQGRZV�

$VVXPHG��LQDFFHVVLEOH��

����:LQGRZ�SXWW\�JOD]LQJ�ZLWK�
��E\���ZLQGRZ�SDQH�SDWWHUQ�
�0��

2Q�ZRRG�ZLQGRZV�DW�PXQWLQ�DQG�
JODVV�VHDP�IRU���ZLQGRZV�XQGHU�
+6$���ZLQGRZV�RQ�QRUWK�HQG�RI�
ZHVW�H[WHULRU�

$VVXPHG��LQDFFHVVLEOH��

����:KLWH�DQG�JUH\�ZLQGRZ�
SXWW\�JOD]LQJ��0��

2Q�ZLQGRZV�DW�PXQWLQ�DQG�JODVV�
VHDP�IRU�ZLQGRZV�DW�IDU�QRUWK�HQG�
RI�HDVW�H[WHULRU�

1'�WR����FKU\VRWLOH�

����%HLJH�ZLQGRZ�SXWW\�
JOD]LQJ�ZLWK�SDLQW��0��

2Q�ZLQGRZV�IRU�ZRRG�GRRUV�DW�
QRUWK�HQG�RI�ZHVW�H[WHULRU�

���FKU\VRWLOH�

ND: none detected, HSA: material that is uniform in color, texture, general appearance, and construction and application date 
S: Surfacing material per AHERA, T: Thermal system insulation per AHERA, M: Miscellaneous material per AHERA�
�
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$GGLWLRQDO�$&0V�PD\�EH�SUHVHQW�LQ�LQDFFHVVLEOH�RU�FRQFHDOHG�VSDFHV��7KHVH�VSDFHV�LQFOXGH��EXW�
DUH�QRW�OLPLWHG�WR��PDWHULDOV�LQVLGH�WKH�EXLOGLQJ��ILUH�GRRUV��HOHFWULFDO�V\VWHPV��LQWHULRU�RI�
PHFKDQLFDO�FRPSRQHQWV��EHQHDWK�IRXQGDWLRQ�SDGV��HWF��,I�IXWXUH�PDLQWHQDQFH��UHQRYDWLRQ��DQG�RU�
GHPROLWLRQ�DFWLYLWLHV�PDNH�WKHVH�DUHDV�DFFHVVLEOH��$UJXV�3DFLILF�UHFRPPHQGV�WKDW�D�WKRURXJK�
DVVHVVPHQW�RI�WKHVH�VSDFHV�EH�FRQGXFWHG�DW�WKDW�WLPH�WR�LGHQWLI\�DQG�FRQILUP�WKH�SUHVHQFH�RU�
DEVHQFH�RI�DGGLWLRQDO�$&0V��8QWLO�WKHQ��DOO�VXFK�XQLGHQWLILHG�PDWHULDOV�PXVW�EH�WUHDWHG�DV�
DVVXPHG�$&0V�LQ�DFFRUGDQFH�ZLWK�DSSOLFDEOH�IHGHUDO��VWDWH��DQG�ORFDO�UHJXODWLRQV��

,I�WKH�DQDO\WLFDO�UHVXOWV�LQGLFDWH�WKDW�DOO�WKH�VDPSOHV�FROOHFWHG�SHU�+6$�GR�QRW�FRQWDLQ�DVEHVWRV��
WKHQ�WKH�+6$��PDWHULDO��LV�FRQVLGHUHG�D�QRQ�$&0��+RZHYHU��LI�WKH�DQDO\WLFDO�UHVXOWV�RI�RQH�RU�
PRUH�RI�WKH�VDPSOHV�FROOHFWHG�SHU�+6$�LQGLFDWH�WKDW�DVEHVWRV�LV�SUHVHQW�LQ�TXDQWLWLHV�RI�JUHDWHU�
WKDQ�RQH�SHUFHQW�DVEHVWRV�DV�GHILQHG�E\�WKH�(3$��DOO�RI�WKH�+6$��PDWHULDO��LV�FRQVLGHUHG�WR�EH�DQ�
$&0�UHJDUGOHVV�RI�DQ\�RWKHU�DQDO\WLFDO��

$Q\�PDWHULDO�WKDW�FRQWDLQV�JUHDWHU�WKDQ�RQH�SHUFHQW�DVEHVWRV�LV�FRQVLGHUHG�DQ�$&0�DQG�PXVW�EH�
KDQGOHG�DFFRUGLQJ�WR�2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK�$GPLQLVWUDWLRQ��26+$���(3$��DQG�
DSSOLFDEOH�VWDWH�DQG�ORFDO�UHJXODWLRQV��

���� /($'�$66(660(17�
+RPRJHQHRXV�DUHDV�RI�VXVSHFWHG�OHDG�FRQWDLQLQJ�FRDWLQJV��SDLQWV��ZHUH�LGHQWLILHG�DQG�VDPSOHG�LQ�
DFFHVVLEOH�DUHDV�WKURXJKRXW�WKH�H[WHULRU�RI�%2/$�$UFKLWHFWXUH���3ODQQLQJ¶V�*HRUJHWRZQ�6WHDP�
3ODQW�ORFDWHG�DW��������WK�$YHQXH�6RXWK�LQ�6HDWWOH��:DVKLQJWRQ��+RPRJHQHRXV�SDLQWHG�VXUIDFHV�
ZHUH�GHILQHG�E\�VXEVWUDWH��DSSOLFDWLRQ��DQG�FRORU��

���� 6DPSOLQJ�0HWKRGRORJ\�
3DLQW�FKLS�VDPSOHV�ZHUH�FROOHFWHG�WR�WKH�VXEVWUDWH�WR�HQVXUH�WKDW�DOO�OD\HUV�SUHVHQW�RQ�WKH�VXEVWUDWH�
ZHUH�LQFOXGHG�LQ�WKH�ODERUDWRU\�DQDO\VLV��(DFK�VDPSOH�ZDV�FROOHFWHG�DQG�VWRUHG�LQ�D�KHDY\�GXW\��
VHOI�VHDOLQJ�SODVWLF�EDJ�DQG�GHOLYHUHG�WR�19/�/DERUDWRULHV�LQ�6HDWWOH��:DVKLQJWRQ��6DPSOHV�ZHUH�
DQDO\]HG�YLD�$WRPLF�$EVRUSWLRQ�6SHFWURSKRWRPHWU\�LQ�DFFRUGDQFH�ZLWK�0HWKRG�(3$�����%��
19/�/DERUDWRULHV�LQ�6HDWWOH��:DVKLQJWRQ�LV�DFFUHGLWHG�E\�WKH�$PHULFDQ�,QGXVWULDO�+\JLHQH�
$VVRFLDWLRQ��$,+$��IRU�OHDG�DQDO\VLV��

���� /HDG�6DPSOLQJ�5HVXOWV�
(LJKWHHQ�SDLQW�FKLS�VDPSOHV�ZHUH�FROOHFWHG�DQG�DQDO\]HG�DQG�ILIWHHQ�RI�WKH�VDPSOHV�KDG�
UHSRUWDEOH�OHYHOV�RI�OHDG��2QH�SLHFH�RI�OHDG�PHWDO�IDVFLD�ZDV�LGHQWLILHG�RQ�WKH�H[WHULRU�RI�WKH�
EXLOGLQJ��7KH�UHVXOWV�RI�WKH�DQDO\VHV�DUH�SUHVHQWHG�LQ�7DEOH��������

Table 4.2-1. Paint Chip Sample Results 
6DPSOH�1XPEHU�DQG�
'HVFULSWLRQ�

3DLQW�/RFDWLRQ� 6DPSOH�5HVXOW�
LQ�SDUWV�SHU�
PLOOLRQ��SSP��

3E���:KLWH�SDLQW�RQ�FRQFUHWH� 7KURXJKRXW�EXLOGLQJ�H[WHULRU� ����

3E���:KLWH�JUH\�SDLQW�RQ�ZRRG� :RRG�GRRUV�RQ�VRXWK�H[WHULRU� �������
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6DPSOH�1XPEHU�DQG�
'HVFULSWLRQ�

3DLQW�/RFDWLRQ� 6DPSOH�5HVXOW�
LQ�SDUWV�SHU�
PLOOLRQ��SSP��

3E���%ODFN�SDLQW�RQ�ZRRG�� 2Q�+6$��$�DQG��%�ZRRG�ZLQGRZ�
VDVKHV�DQG�PXQWLQV�

�������

3E���:KLWH�SDLQW�RQ�ZRRG� 2Q�+6$��$$�ZRRG�ZLQGRZ�VDVKHV�DQG�
PXQWLQV�

�������

3E���%OXH�SDLQW�RQ�ZRRG� 2Q�+6$���ZRRG�ZLQGRZ�VDVKHV��
PXQWLQV�DQG�VLOOV�

�������

3E���%OXH�SDLQW�RQ�PHWDO� 2Q�+6$���PHWDO�ZLQGRZ�VDVKHV�DQG�
PXQWLQV�

����

3E���%OXH�SDLQW�RQ�ZRRG� 2Q�+6$���ZRRG�ZLQGRZ�VDVKHV�DQG�
PXQWLQV�

�������

3E���/LJKW�EOXH�SDLQW�RQ�PHWDO� 2Q�PHWDO�ORXYHUV�RQ�VRXWK�H[WHULRU� ������

3E���3OLDEOH�PHWDO�IDVFLD� $ERYH�HDVW�HQWU\�GRRUZD\� $VVXPHG�

3%�67���%ODFN�SDLQW�RQ�ODUJH�
PHWDO�VWDFNV�

0RQLWRU�URRI�RI�ERLOHU�URRP� ����WR�������

3%�67���%ODFN�SDLQW�RQ�VPDOO�
PHWDO�VWDFNV�

0RQLWRU�URRI�DQG�PDLQ�URRI�RI�ERLOHU�URRP� ������

3%�67���:KLWH�SDLQW�RQ�ODUJH�
VWDFNV�

0DLQ�URRI�RI�ERLOHU�URRP��QRUWK�HQG� ��������

3%�(;7&7��/LJKW�JUH\�SDLQW�RQ�
H[WHULRU�FRQFUHWH�

$OO�IRXU�VLGHV�RI�EXLOGLQJ� ����WR�������

3%�(;&0��/LJKW�JUH\�SDLQW�RQ�
H[WHULRU�FRUUXJDWHG�PHWDO�

([WHULRU�HDVW�IDFH�RI�HQJLQH�URRP� �����

���EHORZ�WKH�UHSRUWLQJ�OLPLW�

���� &21&/86,216�$1'�5(&200(1'$7,216�
2Q�-XQH����DQG�-XO\����������$UJXV�3DFLILF�FRQGXFWHG�D�UHQRYDWLRQ�OHYHO�UHJXODWHG�EXLOGLQJ�
PDWHULDOV�DVVHVVPHQW�RI�WKH�*HRUJHWRZQ�6WHDP�3ODQW�ORFDWHG�DW��������WK�$YHQXH�6RXWK�LQ�
6HDWWOH��:DVKLQJWRQ��

���� $VEHVWRV�
6RPH�PDWHULDOV�ZHUH�DVVXPHG�WR�FRQWDLQ�DVEHVWRV�EHFDXVH�WKH\�ZHUH�QRW�DFFHVVLEOH�DW�WKH�WLPH�RI�
WKH�DVVHVVPHQW��7KLV�DSSOLHV�SULPDULO\�WR�PDWHULDOV�DW�HOHYDWLRQV�WKDW�FRXOG�QRW�EH�UHDFKHG�E\�WKH�
ERRP�OLIW�EHFDXVH�WKH�ERRP�OLIW�FRXOG�RQO\�DFFHVV�WKH�HDVW�DQG�VRXWK�VLGHV�RI�WKH�EXLOGLQJ�GXH�WR�
WKH�JURXQG�FRQGLWLRQV��7KH�IROORZLQJ�WDEOH�LGHQWLILHV�WKH�FRQILUPHG�$&0�DQG�DVVXPHG�$&0��

�  
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Table 5.1-1. ACM and Assumed ACM 

+6$�,'��0DWHULDO�'HVFULSWLRQ��DQG�
$+(5$�&ODVVLILFDWLRQ� 0DWHULDO�/RFDWLRQ�

+6$�4XDQWLW\�
�DSSUR[LPDWH��

�$��*UH\�WDQ�ZLQGRZ�SXWW\�JOD]LQJ�
�0���

2Q�ZRRG�ZLQGRZV�DW�PXQWLQ�
DQG�JODVV�VHDP�IRU���´�[��´�
ZLQGRZV�RQ�PRQLWRU�URRIV�

���($�

�%��%ODFN�SDLQW�SDWFKLQJ�DQG�
EHLJH�ZLQGRZ�SXWW\�JOD]LQJ��0��

2Q�ZRRG�ZLQGRZV�DW�PXQWLQ�
DQG�JODVV�VHDP�IRU���´�[���´�
ZLQGRZV�RQ�PRQLWRU�URRIV�

��($�

�$��%ODFN�VHDODQW�ZLWK�SDLQW��0�� 2Q�PHWDO�+6$���ZLQGRZV����´�[�
��´��DW�VRPH�PHWDO�PXQWLQ�DQG�
JODVV�VHDPV�

��($�

���2II�ZKLWH�ZLQGRZ�SXWW\�JOD]LQJ�
ZLWK�SDLQW��0��

2Q�ZLQGRZV�IRU�ZRRG�GRRUV�RQ�
VRXWK�H[WHULRU�

��($�

���*UH\�FHPHQWLRXV�PDWHULDO�DQG�
EODFN�DVSKDOWLF�PDWHULDO��6��

3DWFKLQJ�IRU�FUDFNV�RQ�YHUWLFDO�
VXUIDFHV�RI�QRUWK�ZHVW�ZDOO�RI�
HQJLQH�URRP�PRQLWRU�URRI�

����6)��127(��
VDPH�+6$�DV�����

LQ�5RRILQJ�
$VVHVVPHQW�

UHSRUW��

���:KLWH�JUH\�ZLQGRZ�SXWW\�
JOD]LQJ��0��

2Q�ZRRG�ZLQGRZV�DW�PXQWLQ�
DQG�JODVV�VHDP�IRU�����´�[���´�
ZLQGRZV�RQ�SHQWKRXVH�RQ�
QRUWK��HDVW��DQG�ZHVW�VLGHV�

��($�

���%HLJH�JUH\�ZLQGRZ�SXWW\�
JOD]LQJ��0��

2Q�ZRRG�ZLQGRZV�DW�PXQWLQ�
DQG�JODVV�VHDP�IRU�����´�[���´�
ORZHU�ZLQGRZV�RQ�ZHVW�H[WHULRU�

���($�

���:LQGRZ�SXWW\�JOD]LQJ�ZLWK���E\�
��ZLQGRZ�SDQH�SDWWHUQ��0��

2Q�ZRRG�ZLQGRZV�DW�PXQWLQ�
DQG�JODVV�VHDP�IRU�XSSHU�
ZLQGRZV�RQ�ZHVW�H[WHULRU�

���($�

����:LQGRZ�SXWW\�JOD]LQJ�ZLWK���E\�
��ZLQGRZ�SDQH�SDWWHUQ��0��

2Q�ZRRG�ZLQGRZV�DW�PXQWLQ�
DQG�JODVV�VHDP�IRU�ZLQGRZV�
XQGHU�³����´�VLJQ�RQ�ZHVW�
H[WHULRU�

���($�

����:LQGRZ�SXWW\�JOD]LQJ�ZLWK���E\�
��ZLQGRZ�SDQH�SDWWHUQ��0��

2Q�ZRRG�ZLQGRZV�DW�PXQWLQ�
DQG�JODVV�VHDP�IRU�ZLQGRZV�
GLUHFWO\�WR�WKH�QRUWK�DQG�GLUHFWO\�
WR�WKH�VRXWK�RI�+6$����ZLQGRZV�

���($�

����:LQGRZ�SXWW\�JOD]LQJ�ZLWK���E\�
��ZLQGRZ�SDQH�SDWWHUQ��0��

2Q�ZRRG�ZLQGRZV�DW�PXQWLQ�
DQG�JODVV�VHDP�IRU�URZ�RI�
ZLQGRZV����($��XQGHU�+6$����
ZLQGRZV��

��($�

����:LQGRZ�SXWW\�JOD]LQJ��0�� 2Q�ZLQGRZV�DW�PXQWLQ�DQG�JODVV�
VHDP�IRU�QRUWK�H[WHULRU�ZLQGRZV�

��($�
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+6$�,'��0DWHULDO�'HVFULSWLRQ��DQG�
$+(5$�&ODVVLILFDWLRQ� 0DWHULDO�/RFDWLRQ�

+6$�4XDQWLW\�
�DSSUR[LPDWH��

����:LQGRZ�SXWW\�JOD]LQJ�ZLWK���E\�
��ZLQGRZ�SDQH�SDWWHUQ��0��

2Q�ZRRG�ZLQGRZV�DW�PXQWLQ�
DQG�JODVV�VHDP�IRU���ZLQGRZV�
XQGHU�+6$���ZLQGRZV�RQ�QRUWK�
HQG�RI�ZHVW�H[WHULRU�

��($�

����:KLWH�DQG�JUH\�ZLQGRZ�SXWW\�
JOD]LQJ��0��

2Q�ZLQGRZV�DW�PXQWLQ�DQG�JODVV�
VHDP�IRU���´�[���´�ZLQGRZV�DW�
IDU�QRUWK�HQG�RI�HDVW�H[WHULRU�

��($�

����%HLJH�ZLQGRZ�SXWW\�JOD]LQJ�
ZLWK�SDLQW��0��

2Q�ZLQGRZV�IRU�ZRRG�GRRUV�DW�
QRUWK�HQG�RI�ZHVW�H[WHULRU��

���($�

HSA: material that is uniform in color, texture, general appearance, and construction and application date 
S: Surfacing material per AHERA, T: Thermal system insulation per AHERA, M: Miscellaneous material per AHERA�

$VEHVWRV�UHODWHG�ZRUN�PXVW�EH�SHUIRUPHG�LQ�FRPSOLDQFH�ZLWK�:DVKLQJWRQ�6WDWH�ZRUNHU�
SURWHFWLRQ�DQG�HQYLURQPHQWDO�SURWHFWLRQ�UHJXODWLRQV��6HH�:$&���������:$&���������DQG�
36&$$�5HJXODWLRQ�,,,��$UWLFOH���IRU�DGGLWLRQDO�LQIRUPDWLRQ��

���� /HDG�
6HYHQ�RI�WKH�HLJKW�SDLQWV�VDPSOHG�DQG�DQDO\]HG�FRQWDLQHG�GHWHFWDEOH�OHYHOV�RI�OHDG��7KH�
:DVKLQJWRQ�6WDWH�'HSDUWPHQW�RI�/DERU�DQG�,QGXVWULHV�UHTXLUHV�DQ�H[SRVXUH�DVVHVVPHQW�EH�
FRQGXFWHG�GXULQJ�RSHUDWLRQV�WKDW�PD\�GLVWXUE�WKH�OHDG�SDLQW�LQ�VXFK�D�ZD\�WKDW�WKH�DLUERUQH�
H[SRVXUH�PD\�UHDFK�RU�H[FHHG�WKH�$FWLRQ�OHYHO�RI����PLFURJUDPV�SHU�FXELF�PHWHU���J�P���RU�WKH�
3HUPLVVLEOH�([SRVXUH�/LPLW�RI�����J�P���7KH�ZRUNHU�SURWHFWLRQ�UHTXLUHPHQWV�RI�:$&��������
���������/HDG�LQ�&RQVWUXFWLRQ��PD\�DSSO\��

6RPH�RI�WKH�FRDWLQJV�FRQWDLQHG�GHWHFWDEOH�OHYHOV�RI�OHDG��,I�WKLV�EXLOGLQJ�RU�SRUWLRQV�RI�LW�ZLOO�EH�
GHPROLVKHG�DQG�GLVSRVHG�RI��D�WR[LFLW\�FKDUDFWHULVWLF�OHDFKDWH�SURFHGXUH��7&/3��VDPSOH�WKDW�LV�
UHSUHVHQWDWLYH�RI�WKH�ZDVWH�VWUHDP�PXVW�EH�FROOHFWHG�DQG�DQDO\]HG�SHU�WKH�UHTXLUHPHQWV�RI�:$&�
���������,I�WKH�UHVXOWV�RI�WKH�7&/3�DQDO\VLV�GHWHUPLQH�WKH�ZDVWH�WR�EH�D��GDQJHURXV�ZDVWH��DV�
GHILQHG�E\�:$&����������LW�PXVW�EH�GLVSRVHG�RI�DFFRUGLQJO\��

2QH�SLHFH�RI�SOLDEOH�OHDG�IDVFLD�PHWDO�ZDV�LGHQWLILHG�DERYH�WKH�HDVW�HQWUDQFH�WR�WKH�VWHDP�SODQW��

7KH�*HRUJHWRZQ�6WHDP�3ODQW�LV�QRW�GHILQHG�DV�³WDUJHW�KRXVLQJ´�RU�D�³FKLOG�RFFXSLHG�IDFLOLW\´�DV�
GHILQHG�E\�WKH�:DVKLQJWRQ�6WDWH�'HSDUWPHQW�RI�&RPPHUFH�/HDG�5HQRYDWLRQ��5HSDLU��DQG�
3DLQWLQJ��553��UHJXODWLRQ�:$&����������7KHUHIRUH�WKH�OHDG�SDLQW�FKLS�VDPSOLQJ�DQG�UHSRUWLQJ�
FRQGXFWHG�DV�D�SDUW�RI�WKLV�DVVHVVPHQW�GRHV�QRW�PHHW�WKH�553�UHTXLUHPHQWV��

���� /,0,7$7,216�
7KLV�UHSRUW�SUHVHQWV�WKH�UHVXOWV�RI�WKH�DVEHVWRV�DQG�OHDG�FRDWLQJV�VDPSOLQJ�FRQGXFWHG�RI�WKH�
*HRUJHWRZQ�6WHDP�3ODQW�ORFDWHG�DW��������WK�$YHQXH�6RXWK�LQ�6HDWWOH��:DVKLQJWRQ��7KH�
DVVHVVPHQW�ZDV�IRU�WKH�SXUSRVHV�RI�LGHQWLI\LQJ�$&0�DQG�OHDG�FRQWDLQLQJ�SDLQW�SULRU�WR�
UHQRYDWLRQ��
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5HJXODWHG�EXLOGLQJ�PDWHULDO�DVVHVVPHQWV�DUH�QRQ�FRPSUHKHQVLYH�DQG�VXEMHFW�WR�PDQ\�OLPLWDWLRQV��
LQFOXGLQJ�WKRVH�SUHVHQWHG�EHORZ��2XU�DVVHVVPHQW�KDV�FRQVLGHUHG�ULVNV�SHUWDLQLQJ�WR�DVEHVWRV�DQG�
OHDG�LQ�FRDWLQJV�RQ�WKH�H[WHULRU�RI�WKH�EXLOGLQJ��KRZHYHU��WKLV�DVVHVVPHQW�LV�OLPLWHG�WR�RQO\�WKRVH�
ORFDWLRQV�DQG�PDWHULDOV�DVVHVVHG��7KLV�DVVHVVPHQW�ZDV�QRW�GHVLJQHG�WR�LGHQWLI\�DOO�SRWHQWLDO�
FRQFHUQV�RU�WR�HOLPLQDWH�DOO�ULVNV�DVVRFLDWHG�ZLWK�UHQRYDWLRQ��GHPROLWLRQ��PDWHULDO�UHPRYDO��
FRQVWUXFWLRQ��RU�WUDQVIHUULQJ�RI�SURSHUW\�WLWOH��(YDOXDWLRQ�RI�RWKHU�ULVNV�QRW�VSHFLILFDOO\�GHVFULEHG�
LQ�WKH�6FRSH�RI�:RUN�KDYH�QRW�EHHQ�LQFOXGHG��IRU�H[DPSOH��VWUXFWXUDO�LQWHJULW\��HQJLQHHULQJ�ORDGV��
HOHFWULFDO��PHFKDQLFDO��UDGRQ�JDV��VORSH�VWDELOLW\��EXLOGLQJ�VHWWOHPHQW��DQG�HYDOXDWLRQ�RI�WR[LF�DQG�
KD]DUGRXV�VXEVWDQFHV�LQ��RU�LQ�FRQWDFW�ZLWK��VRLO�DQG�JURXQGZDWHU��1R�ZDUUDQW\��H[SUHVVHG�RU�
LPSOLHG��LV�PDGH��

$UJXV�3DFLILF�KDV�SHUIRUPHG�WKH�VHUYLFHV�VHW�IRUWK�LQ�WKH�6FRSH�RI�:RUN�LQ�DFFRUGDQFH�ZLWK�
JHQHUDOO\�DFFHSWHG�LQGXVWULDO�K\JLHQH�SUDFWLFHV�LQ�WKH�VDPH�RU�VLPLODU�ORFDOLWLHV��UHODWHG�WR�WKH�
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AIHA Laboratory Accreditation Programs, LLC 

SCOPE OF ACCREDITATION 
 
NVL Laboratories, Inc. Laboratory ID:   
4708 Aurora Avenue North, Seattle, WA 98103 Issue Date: 05/01/2011 
 
The laboratory is approved for those specific field(s) of testing/methods listed in the table below.  Clients are urged to verify 
the laboratory’s current accreditation status for the particular field(s) of testing/Methods, since these can change due to 
proficiency status, suspension and/or revocation.  A complete listing of currently accredited Industrial Hygiene laboratories is 
available on the AIHA-LAP, LLC website at: http://www.aihaaccreditedlabs.org 
 

 
 

(

NIOSH 7024  
NIOSH 7030  
NIOSH 7048  

Atomic Absorption FAA 

NIOSH 7082  
EPA SW-846 3051  Inductively-Coupled 

Plasma ICP/AES 
NIOSH 7300  

Phase Contrast 
Microscopy (PCM)  NIOSH 7400  

NIOSH 0500  Gravimetric  
NIOSH 0600  



 

The laboratory participates in the following AIHA-LAP, 
LLC-approved proficiency testing programs: 
¥  AIHA-PAT Programs, LLC IHPAT Metals 
� AIHA-PAT Programs, LLC IHPAT Organic Solvents 
¥  AIHA-PAT Programs, LLC IHPAT Silica  
� AIHA-PAT Programs, LLC IHPAT Diffusive Sampler (3M) 

 � AIHA-PAT Programs, LLC IHPAT Diffusive Sampler (SKC) 
� AIHA-PAT Programs, LLC IHPAT Diffusive Sampler (AT) 
¥  AIHA-PAT Programs, LLC IHPAT Asbestos 
� AIHA-PAT Programs, LLC Bulk Asbestos (BAPAT)    
� AIHA-PAT Programs, LLC Beryllium (BePAT) 
� HSE Workplace Analytical Scheme for Proficiency (WASP) (Formaldehyde) 
� HSE Workplace Analytical Scheme for Proficiency (WASP) (Thermal 
Desorption Tubes) 
� Pharmaceutical Round Robin 
� Compressed/Breathing Air Round Robin 
� National Voluntary Laboratory Accreditation Program (NVLAP - determined at 
the time of site assessment) 
� New York State Department of Health (NYS DOH – PCM and TEM) 
� ERA Air and Emissions standards for indoor air quality 
� Institut für Arbeitsschutz der Deutschen Gesetzlichen Unfallversicherung (IFA, 
formerly BGIA) 
� Institut de Recherche Robert-Sauvé en Santé et en Sécurité du Travail (IRSST) 
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AIHA Laboratory Accreditation Programs, LLC 

SCOPE OF ACCREDITATION 
 
NVL Laboratories, Inc. Laboratory ID:   
4708 Aurora Avenue North, Seattle, WA 98103 Issue Date: 05/01/2011 
 
The laboratory is approved for those specific field(s) of testing/methods listed in the table below.  Clients are urged to verify 
the laboratory’s current accreditation status for the particular field(s) of testing/Methods, since these can change due to 
proficiency status, suspension and/or revocation.  A complete listing of currently accredited Environmental Microbiology 
laboratories is available on the AIHA-LAP, LLC website at: http://www.aihaaccreditedlabs.org 
 

 
 

 

SOP 12.130 In-House: Analysis of Bulk and 
Surface for Fungi 

SOP 12.130 In-House: Analysis of Bulk and 
Surface for Fungi 

The laboratory participates in the following AIHA-LAP, LLC-
approved proficiency testing programs

 
¥   Fungal Culturable    
� Bacterial Culturable 
� Fungal Direct Examination    
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EXECUTIVE SUMMARY 
%2/$�$UFKLWHFWXUH���3ODQQLQJ�UHWDLQHG�$UJXV�3DFLILF��,QF���$UJXV�3DFLILF��WR�FRQGXFW�D�WDUJHWHG�
DVEHVWRV�DVVHVVPHQW�RI�WKH�6HDWWOH�&LW\�/LJKW�*HRUJHWRZQ�6WHDP�3ODQW�ORFDWHG�DW��������WK�
$YHQXH�6RXWK�LQ�6HDWWOH��:DVKLQJWRQ��7KH�VFRSH�RI�WKLV�WDUJHWHG�DVVHVVPHQW�ZDV�OLPLWHG�WR�WKH�
URRI�RI�WKH�*HRUJHWRZQ�6WHDP�3ODQW��$UJXV�3DFLILF¶V�UHSUHVHQWDWLYHV��0U��6FRWW�5LQHDU�DQG�0U��
3HWHU�6QLGHU�FRQGXFWHG�WKH�LQLWLDO�DVVHVVPHQW�RQ�-XQH����DQG�-XO\����������0U��6QLGHU�DVVLVWHG�
0U��)ROH\�GXULQJ�WKH�IROORZ�XS�DVVHVVPHQW�RQ�-XO\����������7KH�VFRSH�RI�WKH�VHUYLFHV�SURYLGHG�LV�
GHVFULEHG�LQ�$UJXV�3DFLILF�3URSRVDO�1XPEHU�3�������GDWHG�0D\�����������

$UJXV�3DFLILF�DVVHVVHG�WKH�EXLOGLQJ�IRU�WKH�IROORZLQJ�UHJXODWHG�EXLOGLQJ�PDWHULDOV��

x� $VEHVWRV�FRQWDLQLQJ�PDWHULDOV��$&0���DQG�
x� $VVXPHG�DVEHVWRV�FRQWDLQLQJ�PDWHULDOV��
�
)RUW\�VL[�EXON�VDPSOHV�RI�VXVSHFW�DVEHVWRV�FRQWDLQLQJ�PDWHULDOV�ZHUH�FROOHFWHG�DQG�DQDO\]HG�
XVLQJ�3RODUL]HG�/LJKW�0LFURVFRS\��3/0���7HQ�PDWHULDOV�ZHUH�IRXQG�WR�FRQWDLQ�JUHDWHU�WKDQ�RQH�
SHUFHQW�DVEHVWRV�DQG�QR�PDWHULDOV�ZHUH�DVVXPHG�WR�FRQWDLQ�DVEHVWRV��
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1.0 INTRODUCTION 
%2/$�$UFKLWHFWXUH���3ODQQLQJ�UHWDLQHG�$UJXV�3DFLILF��,QF���$UJXV�3DFLILF��WR�FRQGXFW�D�WDUJHWHG�
DVEHVWRV�DVVHVVPHQW�RI�WKH�6HDWWOH�&LW\�/LJKW�*HRUJHWRZQ�6WHDP�3ODQW�ORFDWHG�DW��������WK�
$YHQXH�6RXWK�LQ�6HDWWOH��:DVKLQJWRQ��7KH�VFRSH�RI�WKLV�WDUJHWHG�DVVHVVPHQW�ZDV�OLPLWHG�WR�WKH�
URRI�RI�WKH�*HRUJHWRZQ�6WHDP�3ODQW��$UJXV�3DFLILF¶V�UHSUHVHQWDWLYHV��0U��6FRWW�5LQHDU�DQG�0U��
3HWHU�6QLGHU�FRQGXFWHG�WKH�LQLWLDO�DVVHVVPHQW�RQ�-XQH����DQG�-XO\����������0U��6QLGHU�DVVLVWHG�
0U��&RQRU�)ROH\�GXULQJ�WKH�IROORZ�XS�DVVHVVPHQW�RQ�-XO\����������7KH�VFRSH�RI�WKH�VHUYLFHV�
SURYLGHG�LV�GHVFULEHG�LQ�$UJXV�3DFLILF�3URSRVDO�1XPEHU�3�������GDWHG�0D\�����������

$UJXV�3DFLILF�DVVHVVHG�WKH�EXLOGLQJ�IRU�WKH�IROORZLQJ�UHJXODWHG�EXLOGLQJ�PDWHULDOV��

x� $VEHVWRV�FRQWDLQLQJ�PDWHULDOV��$&0���DQG�
x� $VVXPHG�DVEHVWRV�FRQWDLQLQJ�PDWHULDOV��

2.0 PROJECT BACKGROUND 
7KLV�UHSRUW�SUHVHQWV�WKH�UHVXOWV�RI�RXU�WDUJHWHG�DVEHVWRV�DVVHVVPHQW�FRQGXFWHG�DW�WKH�6HDWWOH�&LW\�
/LJKW�*HRUJHWRZQ�6WHDP�3ODQW�LQ�6HDWWOH��:DVKLQJWRQ��7KH�SXUSRVH�RI�WKH�DVVHVVPHQW�ZDV�WR�
LGHQWLI\�SRWHQWLDO�DVEHVWRV�FRQWDLQLQJ�PDWHULDOV�SULRU�WR�UHQRYDWLRQ�DQG�IRU�SXUSRVHV�RI�KD]DUG�
FRPPXQLFDWLRQ�DQG�RQ�JRLQJ�PDQDJHPHQW��7KLV�DVVHVVPHQW�ZDV�OLPLWHG�WR�WKH�URRI�RI�WKH�
*HRUJHWRZQ�6WHDP�3ODQW��

7KLV�DVVHVVPHQW�ZLOO�DVVLVW�%2/$�$UFKLWHFWXUH���3ODQQLQJ�ZLWK�FRPPXQLFDWLQJ�WKH�SUHVHQFH��
ORFDWLRQ��DQG�TXDQWLW\�RI�$&0�WR�HPSOR\HHV��YHQGRUV��DQG�FRQWUDFWRUV�ZRUNLQJ�RQ�WKH�URRI�DQG�WR�
PHHW�WKH�UHTXLUHPHQWV�IRU�DQ�DVEHVWRV�VXUYH\�IRU�WKH�3XJHW�6RXQG�&OHDQ�$LU�$JHQF\��36&$$��
DQG�D�JRRG�IDLWK�LQVSHFWLRQ�DV�UHTXLUHG�E\�:DVKLQJWRQ�6WDWH�'HSDUWPHQW�RI�/DERU�DQG�,QGXVWULHV¶�
'LYLVLRQ�RI�2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK��'26+��UHJXODWLRQV�SULRU�WR�URRI�UHSODFHPHQW�DQG�
UHQRYDWLRQ��5HJXODWLRQV�UHTXLUH�WKDW�D�FRPSOHWH�FRS\�RI�WKLV�DVVHVVPHQW�EH�NHSW�LQ�D�FRQVSLFXRXV�
ORFDWLRQ�RQ�VLWH�DW�DOO�WLPHV�GXULQJ�DFWLYLWLHV�WKDW�PD\�LPSDFW�NQRZQ�DQG�VXVSHFW�$&0��

2.1 Sources of Information 
'XULQJ�WKH�FRXUVH�RI�WKH�DVVHVVPHQW��WKH�IROORZLQJ�SHUVRQQHO�DQG�GUDZLQJV�SURYLGHG�DVVLVWDQFH�WR�
WKH�$UJXV�3DFLILF�LQVSHFWRU��

x� 0V��5KRGD�/DZUHQFH�DQG�0U��0DWW�+DPHO��%2/$�$UFKLWHFWXUH���3ODQQLQJ�
x� Georgetown Steam Plant Runway Extension Window Impacts,�%XLOGLQJ�(OHYDWLRQV�±�

:LQGRZ�6XUYH\��6WLFNQH\�0XUSK\�5RPLQH�$UFKLWHFWV��GDWHG�2FWREHU����������
x� Georgetown Steam Plant,�%XLOGLQJ�5HSDLU�(OHYDWLRQV�DQG�'HWDLOV�±�&LW\�RI�6HDWWOH�

'HSDUWPHQW�RI�/LJKWLQJ��GDWHG�PDUFK����������
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2.2 Building Description 
7KH�*HRUJHWRZQ�6WHDP�3ODQW�LV�ORFDWHG�DW��������WK�$YHQXH�6RXWK�LQ�6HDWWOH��:DVKLQJWRQ�DQG�
ZDV�FRQVWUXFWHG�LQ������DQG�FRQWDLQV�DSSUR[LPDWHO\��������VTXDUH�IHHW�RI�LQWHULRU�IORRU�VSDFH��
7KH�EXLOGLQJ�FRQVLVWV�RI�D�%RLOHU�5RRP�DQG�DQ�(QJLQH�5RRP��ERWK�ZLWK�DVVRFLDWHG�URRIV��7KH�
%RLOHU�5RRP�H[WHQGV�WR�WKH�VRXWK�DQG�KDV�D�PDLQ�URRI�DQG�PRQLWRU��XSSHU��URRI�ZLWK�ERLOHU�VWDFNV�
DQG�RWKHU�SHQHWUDWLRQV��7KH�(QJLQH�5RRP�H[WHQGV�RII�WKH�QRUWK�HQG�RI�WKH�EXLOGLQJ�DQG�KDV�D�
PDLQ�URRI�DQG�PRQLWRU��XSSHU��URRI��7KH�(QJLQH�5RRP�URRI�DOVR�KDV�D�SHQWKRXVH�ORFDWHG�LQ�WKH�
QRUWKHDVW�FRUQHU�RI�WKH�PDLQ�URRI��7KH�SHQWKRXVH�SURYLGHV�DFFHVV�WR�WKH�URRI�IURP�WKH�LQWHULRU�RI�
WKH�EXLOGLQJ��

3.0 ASBESTOS ASSESSMENT 

3.1 Building Assessment 
0U��5LQHDU��0U��6QLGHU�DQG�0U��)ROH\��DOO�$VEHVWRV�+D]DUG�(PHUJHQF\�5HVSRQVH�$FW��$+(5$��
DFFUHGLWHG�EXLOGLQJ�LQVSHFWRUV��&HUWLILFDWLRQ���������H[SLUDWLRQ�GDWH�������������&HUWLILFDWLRQ�
��������H[SLUDWLRQ�GDWH�������������DQG�&HUWLILFDWLRQ��������H[SLUDWLRQ�GDWH�������������
UHVSHFWLYHO\��IURP�$UJXV�3DFLILF��SHUIRUPHG�WKH�VDPSOLQJ�RQ�-XQH����DQG�-XO\����������$UJXV�
3DFLILF¶V�LQVSHFWRUV�FROOHFWHG�IRXUW\�VL[�VDPSOHV�RI�PDWHULDOV�LGHQWLILHG�DV�VXVSHFW�$&0��

7KLV�DVVHVVPHQW�ZDV�FRQGXFWHG�XVLQJ�D�PRGLILHG�SURWRFRO�DGDSWHG�IURP�$+(5$��7KH�SURWRFRO�LV�
DV�IROORZV��

x� ,GHQWLI\�VXVSHFW�DVEHVWRV�FRQWDLQLQJ�PDWHULDOV��
x� *URXS�PDWHULDOV�LQWR�KRPRJHQHRXV�VDPSOLQJ�DUHDV�PDWHULDOV��
x� 4XDQWLI\�HDFK�KRPRJHQHRXV�PDWHULDO�DQG�FROOHFW�UHSUHVHQWDWLYH�VDPSOHV��7KH�QXPEHU�RI�

VDPSOHV�FROOHFWHG�RI�PLVFHOODQHRXV�PDWHULDOV�ZDV�GHWHUPLQHG�E\�WKH�LQVSHFWRU��
x� 6DPSOHV�RI�HDFK�PDWHULDO�ZHUH�WDNHQ�WR�WKH�VXEVWUDWH��HQVXULQJ�WKDW�DOO�FRPSRQHQWV�DQG�

OD\HUV�RI�WKH�PDWHULDO�ZHUH�LQFOXGHG��
x� 6DPSOH�ORFDWLRQV�DUH�UHIHUHQFHG�RQ�WKH�ILHOG�GDWD�IRUPV�DFFRUGLQJ�WR�VDPSOH�QXPEHU��
x� 6DPSOLQJ�ZDV�SHUIRUPHG�E\�DQ�$+(5$�DFFUHGLWHG�EXLOGLQJ�LQVSHFWRU��DQG�WKH�XVH�RI�

SURSHU�SURWHFWLYH�HTXLSPHQW�DQG�SURFHGXUHV�ZDV�IROORZHG��

3.2 Sampling Procedures 
7KLV�VDPSOLQJ�ZDV�FRQGXFWHG�XVLQJ�WKH�IROORZLQJ�SURFHGXUHV��

��� 6SUHDG�WKH�SODVWLF�GURS�FORWK��LI�QHHGHG��DQG�VHW�XS�RWKHU�HTXLSPHQW��H�J���ODGGHU��
��� 'RQ�SURWHFWLYH�HTXLSPHQW��UHVSLUDWRU�DQG�SURWHFWLYH�FORWKLQJ�LI�QHHGHG���
��� /DEHO�VDPSOH�FRQWDLQHU�ZLWK�LWV�LGHQWLILFDWLRQ�QXPEHU�DQG�UHFRUG�QXPEHU��5HFRUG�VDPSOH�

ORFDWLRQ�DQG�W\SH�RI�PDWHULDO�VDPSOHG�RQ�D�VDPSOLQJ�GDWD�IRUP��
��� 0RLVWHQ�DUHD�ZKHUH�VDPSOH�LV�WR�EH�H[WUDFWHG��VSUD\�WKH�LPPHGLDWH�DUHD�ZLWK�ZDWHU���
��� ([WUDFW�VDPSOH�XVLQJ�D�FOHDQ�NQLIH��GULOO�FDSVXOH��RU�FRUN�ERULQJ�WRRO�WR�FXW�RXW�RU�VFUDSH�

RII�DSSUR[LPDWHO\�RQH�WDEOHVSRRQ�RI�WKH�PDWHULDO��3HQHWUDWH�DOO�OD\HUV�RI�PDWHULDO��
��� 3ODFH�VDPSOH�LQ�D�FRQWDLQHU�DQG�WLJKWO\�VHDO�LW��
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��� :LSH�WKH�H[WHULRU�RI�WKH�FRQWDLQHU�ZLWK�D�ZHW�ZLSH�WR�UHPRYH�DQ\�PDWHULDO�WKDW�PD\�KDYH�
DGKHUHG�WR�LW�GXULQJ�VDPSOLQJ��

��� &OHDQ�WRROV�ZLWK�ZHW�ZLSHV�DQG�ZHW�PRS��RU�YDFXXP�DUHD�ZLWK�+(3$�YDFXXP�WR�FOHDQ�DOO�
GHEULV��

��� 'LVFDUG�SURWHFWLYH�FORWKLQJ��ZHW�ZLSHV�DQG�UDJV��FDUWULGJH�ILOWHUV��DQG�GURS�FORWK�LQ�D�
ODEHOHG�SODVWLF�ZDVWH�EDJ��

3.3 Analytical Methodology 
6XVSHFW�$&0V�ZHUH�VDPSOHG�LQ�JHQHUDO�DFFRUGDQFH�ZLWK����&)5��������E\�DQ�(QYLURQPHQWDO�
3URWHFWLRQ�$JHQF\��(3$��$+(5$�DFFUHGLWHG�EXLOGLQJ�LQVSHFWRU��(DFK�VDPSOH�ZDV�FROOHFWHG�DQG�
VWRUHG�LQ�D�KHDY\�GXW\��VHOI�VHDOLQJ�SODVWLF�EDJ��DQG�GHOLYHUHG�WR�6HDWWOH�$VEHVWRV�7HVW��//&�LQ�
%HOOHYXH��:DVKLQJWRQ��6DPSOHV�ZHUH�DQDO\]HG�YLD�SRODUL]HG�OLJKW�PLFURVFRS\��3/0��LQ�
DFFRUGDQFH�ZLWK�(3$�����5����������

3.4 Asbestos Results 
7DEOH�������SURYLGHV�D�OLVW�RI�VXVSHFW�KRPRJHQHRXV�VDPSOLQJ�DUHDV��+6$��PDWHULDO�GHVFULSWLRQV��
PDWHULDO�ORFDWLRQV��DQG�UHVXOWV�IRU�WKLV�VDPSOLQJ��7KH�LQVSHFWRUV�ZKR�FRQGXFWHG�WKH�DVVHVVPHQW�
DVVXPHG�DOO�URRIV��%RLOHU�5RRP��(QJLQH�5RRP��DQG�SHQWKRXVH��WR�EH�KRPRJHQHRXV��+6$�5)����
DQG�WKHVH�URRIV�DUH�UHSUHVHQWHG�LQ�WKH�VDPSOLQJ��$VEHVWRV�FRQWDLQLQJ�PDWHULDOV�DQG�DVVXPHG�
DVEHVWRV�FRQWDLQLQJ�PDWHULDOV�DUH�SUHVHQWHG�LQ�EROG�WH[W��5HIHU�WR�WKH�DWWDFKHG�)LJXUHV�IRU�VDPSOH�
ORFDWLRQV�DQG�URRI�QDPH�GHVLJQDWLRQV��DV�DSSOLFDEOH���5HIHU�WR�WKH�DWWDFKHG�SKRWRJUDSKV�IRU�+6$�
SLFWXUHV��

Table 3.4-1. Results of Bulk Sample Analyses�

HSA ID, Material Description, 
and AHERA Classification 

Material Location HSA Results 

5)����0XOWL�OD\HU�EODFN�EXLOW�XS�
URRILQJ�ZLWK�SHEEOHV��EODFN�
DVSKDOWLF�VHDODQW�DQG�EODFN�
ILEURXV�PDWHULDO��0���

7KURXJKRXW�IODW�RU�QHDU�IODW�SRUWLRQV�
RI�%RLOHU�URRP��(QJLQH�URRP�DQG�
SHQWKRXVH�URRIV��

%XLOW�XS�URRILQJ��1'�
%ODFN�ILEURXV�PDWHULDO��
1'�
%ODFN�DVSKDOWLF�VHDODQW��
1'�WR����FKU\VRWLOH�
�$&0�OD\HU�LV�+6$�5)����

5)����%ODFN�UROO�GRZQ�URRILQJ�
RYHU�VLOYHU�IRLO�RYHU�EODFN�
DVSKDOWLF�VHDODQW�RYHU�PXOWL�
OD\HUHG�EODFN�IHOW��DQG�UHVLGXDO�
VHDODQW��+6$�5)�����0���

7KURXJKRXW�URRI�SDUDSHW�ZDOOV� %ODFN�UROO�GRZQ��1'�
6LOYHU�IRLO��1'�
%ODFN�IHOW��1'�
%ODFN�VHDODQW��1'�WR����
FKU\VRWLOH��$&0�OD\HU�LV�
+6$�5)����

RF-3: Grey soft caulking with 
paint (M) 

Around seam base of penthouse 
exterior walls and seam where 
Boiler Room roof meets south 
portion of main roof on Engine 
Room 

2% chrysotile 
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Table 3.4-1. Results of Bulk Sample Analyses�

HSA ID, Material Description, 
and AHERA Classification 

Material Location HSA Results 

5)����%ODFN�UROO�GRZQ�URRILQJ�
RYHU�VLOYHU�IRLO�RYHU�EODFN�
DVSKDOWLF�VHDODQW�RYHU�PXOWL�
OD\HUHG�EODFN�IHOW��0��

2Q�QRQ�SDUDSHW�URRI�HGJHV� %ODFN�UROO�GRZQ��1'�
)RLO��1'�
%ODFN�VHDODQW��1'�
%ODFN�IHOW��1'�

RF-5: Black asphaltic sealant 
(M) 

Associated with cable-stay 
anchors for roof stacks, base of 
handrails of Boiler Room main 
roof, and base of light poles 

5% to 6% chrysotile 

RF-6: Black asphaltic 
sealant/coating and silver 
paint (M) 

Coating on small cylindrical pipe 
stacks throughout both Boiler 
Room roofs and on�main exhaust 
stacks on Boiler Room monitor 
roof 

Sealant: ND to 4% 
chrysotile 
Paint: ND 

5)����*UH\�FDXONLQJ��EURZQ�
EULWWOH�PDWHULDO��VLOYHU�EULWWOH�
PDWHULDO�DQG�EODFN�DVSKDOWLF�
VHDODQW��0��

$VVRFLDWHG�ZLWK�VPDOO�F\OLQGULFDO�SLSH�
SHQHWUDWLRQV�

*UH\�FDXONLQJ��1'�
%URZQ�PDWHULDO��1'�
6LOYHU�PDWHULDO��1'�
%ODFN�VHDODQW��1'�

RF-8: Multiple layers of silver 
foil over black roll-down 
roofing material over black 
asphaltic sealant (M) 

At base of all roof penetrations Foil: ND 
Roll-down roofing: ND 
Sealant: 4% chrysotile 
 

RF-9: Black asphaltic 
sealant/coating, silver paint 
and brown brittle material (M) 

Coating on main exhaust stacks 
on Boiler Room monitor roof 

Sealant: ND 
Paint: ND 
Brown brittle material: 
ND 
(assumed positive 
based on homogeneity 
with HSA RF-6) 

RF-10: Multi-layer black built-
up roofing with pebbles over 
multi-layered black fibrous 
material (M) 

Roof on south end of Boiler Room 
monitor roof (upper roof on south 
structure) 

Built-up roofing: ND 
Fibrous material: ND to 
25% chrysotile  
 

RF-11: Grey caulking with 
paint, silver material with 
paint, silver paint, black 
asphaltic sealant and brown 
brittle material (M) 

At bottom seam on white-painted 
stacks on roof 

Grey caulking: ND 
Silver material: ND 
Silver paint: ND 
Black sealant: 5% 
chrysotile 
Brown brittle material: 
ND 
 

5)�����6LOYHU�SDLQW�DQG�
ZKLWH�RUDQJH�SDLQW��0��

2Q�PDLQ�URRI�VWDFNV� 6LOYHU�SDLQW��1'�
:KLWH�RUDQJH�SDLQW��1'�
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Table 3.4-1. Results of Bulk Sample Analyses�

HSA ID, Material Description, 
and AHERA Classification 

Material Location HSA Results 

5)�����*UH\�UXEEHU�FDXONLQJ��0�� $W�PHWDO�IODVKLQJ�RQ�PDLQ�URRI� 1'�

5)�����0XOWLSOH�OD\HUV�RI�VLOYHU�
IRLO�RYHU�EODFN�EXLOW�XS�URRILQJ�
DQG�EURZQ�SLQN�VDQG\�PDWHULDO�
�0��

$W�FLUFXODU�URRI�SHQHWUDWLRQ�DW�
VRXWKZHVW�HQG�RI�URRI�

)RLO��1'�
%XLOW�XS�URRILQJ��1'�
%URZQ�SLQN�PDWHULDO��1'�

RF-15: Black/grey sealant (M) At seams where base of Boiler 
Room monitor roof structure 
meets Boiler Room main roof and 
at base of parapet wall along the 
west side of Boiler Room main 
roof 

6% chrysotile 

RF-16: Silver foil over black 
built-up roofing over black 
asphaltic sealant over black 
felt (M) 

West parapet on Boiler Room 
main roof 

Foil: ND 
Built-up roofing: ND 
Sealant: 4% chrysotile 
Felt: ND 

RF-17: Black asphaltic sealant 
and grey concrete (M) 

Patching for cracks on vertical 
surfaces of north west wall of 
Engine Room monitor roof 

Sealant: 8% chrysotile 
Concrete: ND 

5)�����6LOYHU�IRLO�RYHU�EODFN�EXLOW�
XS�URRILQJ�RYHU�EODFN�IHOW��0��

3DUDSHWV�IRU�PRQLWRU�URRI�VWUXFWXUH�
RQ�PDLQ�URRI�

)RLO��1'�
%XLOW�XS�URRILQJ��1'�
)HOW��1'�

ND: none detected, HSA: material that is uniform in color, texture, general appearance, and construction and application date 
S: Surfacing material per AHERA, T: Thermal system insulation per AHERA, M: Miscellaneous material per AHERA�
�
$GGLWLRQDO�$&0V�PD\�EH�SUHVHQW�LQ�LQDFFHVVLEOH�RU�FRQFHDOHG�VSDFHV��7KHVH�VSDFHV�LQFOXGH��EXW�
DUH�QRW�OLPLWHG�WR�PDWHULDOV�LQVLGH�WKH�EXLOGLQJ��DVEHVWRV�FRQWDLQLQJ�SDWFKHV�EHORZ�PXOWLSOH�OD\HUV�
RI�URRILQJ��LQWHULRU�RI�PHFKDQLFDO�FRPSRQHQWV��HWF��,I�IXWXUH�PDLQWHQDQFH��UHQRYDWLRQ��DQG�RU�
GHPROLWLRQ�DFWLYLWLHV�PDNH�WKHVH�DUHDV�DFFHVVLEOH��$UJXV�3DFLILF�UHFRPPHQGV�WKDW�D�WKRURXJK�
DVVHVVPHQW�RI�WKHVH�VSDFHV�EH�FRQGXFWHG�DW�WKDW�WLPH�WR�LGHQWLI\�DQG�FRQILUP�WKH�SUHVHQFH�RU�
DEVHQFH�RI�DGGLWLRQDO�$&0V��8QWLO�WKHQ��DOO�VXFK�XQLGHQWLILHG�PDWHULDOV�PXVW�EH�WUHDWHG�DV�
DVVXPHG�$&0V�LQ�DFFRUGDQFH�ZLWK�DSSOLFDEOH�IHGHUDO��VWDWH��DQG�ORFDO�UHJXODWLRQV��

,I�WKH�DQDO\WLFDO�UHVXOWV�LQGLFDWH�WKDW�DOO�WKH�VDPSOHV�FROOHFWHG�SHU�+6$�GR�QRW�FRQWDLQ�DVEHVWRV��
WKHQ�WKH�+6$��PDWHULDO��LV�FRQVLGHUHG�D�QRQ�$&0��+RZHYHU��LI�WKH�DQDO\WLFDO�UHVXOWV�RI�RQH�RU�
PRUH�RI�WKH�VDPSOHV�FROOHFWHG�SHU�+6$�LQGLFDWH�WKDW�DVEHVWRV�LV�SUHVHQW�LQ�TXDQWLWLHV�RI�JUHDWHU�
WKDQ�RQH�SHUFHQW�DVEHVWRV�DV�GHILQHG�E\�WKH�(3$��DOO�RI�WKH�+6$��PDWHULDO��LV�FRQVLGHUHG�WR�EH�DQ�
$&0�UHJDUGOHVV�RI�DQ\�RWKHU�DQDO\WLFDO�UHVXOWV��

$Q\�PDWHULDO�WKDW�FRQWDLQV�JUHDWHU�WKDQ�RQH�SHUFHQW�DVEHVWRV�LV�FRQVLGHUHG�DQ�$&0�DQG�PXVW�EH�
KDQGOHG�DFFRUGLQJ�WR�2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK�$GPLQLVWUDWLRQ��26+$���(3$��DQG�
DSSOLFDEOH�VWDWH�DQG�ORFDO�UHJXODWLRQV��



�

7DUJHWHG�$VEHVWRV�$VVHVVPHQW�±�5RRI�5HQRYDWLRQ�DW�*HRUJHWRZQ�6WHDP�3ODQW� -XO\�����������5HYLVLRQ�����������
%2/$�$UFKLWHFWXUH���3ODQQLQJ� $UJXV�3DFLILF��������5�

3DJH���

�

4.0 CONCLUSIONS AND RECOMMENDATIONS 
2Q�-XQH����DQG�-XO\����������$UJXV�3DFLILF�FRQGXFWHG�D�UHQRYDWLRQ�OHYHO�UHJXODWHG�EXLOGLQJ�
PDWHULDOV�DVVHVVPHQW�RI�WKH�*HRUJHWRZQ�6WHDP�3ODQW�ORFDWHG�DW��������WK�$YHQXH�6RXWK�LQ�
6HDWWOH��:DVKLQJWRQ��

4.1 Asbestos 
7KH�IROORZLQJ�WDEOH�LGHQWLILHV�WKH�FRQILUPHG�$&0�DQG�DVVXPHG�$&0��

Table 4.1-1. ACM and Assumed ACM 
HSA ID, Material Description, and 
AHERA Classification Material Location 

HSA Quantity 
(approximate) 

5)����*UH\�VRIW�FDXONLQJ��0�� $URXQG�VHDP�EDVH�RI�SHQWKRXVH�
H[WHULRU�ZDOOV�DQG�VHDP�ZKHUH�
%RLOHU�5RRP�URRI�PHHWV�VRXWK�
SRUWLRQ�RI�PDLQ�URRI�RQ�(QJLQH�
5RRP�

����/)�

5)����%ODFN�DVSKDOWLF�VHDODQW��0�� $VVRFLDWHG�ZLWK�FDEOH�VWD\�
DQFKRUV�IRU�URRI�VWDFNV��EDVH�RI�
KDQGUDLOV�RI�%RLOHU�5RRP�PDLQ�
URRI��DQG�EDVH�RI�OLJKW�SROHV�

$W�FDEOH�VWD\�DQFKRUV�
IRU�URRI�VWDFNV�����6)�
DW����ORFDWLRQV�
+DQGUDLO�EDVHV�DW�
HDVW�VLGH�RI�PDLQ�URRI��
���6)�DW����ORFDWLRQV�
+DQGUDLO�EDVHV�DW�
ZHVW�VLGH�RI�PDLQ�
URRI�����6)�DW����
ORFDWLRQV�
$W�EDVH�RI�OLJKW�SROHV��
��6)�DW���ORFDWLRQV�

5)����%ODFN�DVSKDOWLF�VHDODQW�FRDWLQJ�
DQG�VLOYHU�SDLQW��0��

&RDWLQJ�RQ�VPDOO�F\OLQGULFDO�SLSH�
VWDFNV�WKURXJKRXW�ERWK�%RLOHU�
5RRP�URRIV�DQG�RQ�PDLQ�H[KDXVW�
VWDFNV�RQ�%RLOHU�5RRP�PRQLWRU�
URRI�

6PDOOHU�F\OLQGULFDO�
YHQWV�����($�
+HLJKW��������IW��
&LUFXPIHUHQFH��a���IW��
/DUJHU�PDLQ�H[KDXVW�
VWDFNV������6)����($�
�

5)����%ODFN�DVSKDOWLF�VHDODQW�
DVVRFLDWHG�ZLWK�PXOWLSOH�OD\HUV�RI�
VLOYHU�IRLO�RYHU�EODFN�UROO�GRZQ�URRILQJ�
PDWHULDO��0��

$W�EDVH�RI�DOO�URRI�SHQHWUDWLRQV� ����6)�����($�

5)����%ODFN�DVSKDOWLF�
VHDODQW�FRDWLQJ��VLOYHU�SDLQW�DQG�
EURZQ�EULWWOH�PDWHULDO��0��

&RDWLQJ�RQ�PDLQ�H[KDXVW�VWDFNV�RQ�
%RLOHU�5RRP�PRQLWRU�URRI�

4XDQWLW\�LQFOXGHG�LQ�
PDWHULDO�5)���

5)�����0XOWL�OD\HU�EODFN�EXLOW�XS�
URRILQJ�ZLWK�SHEEOHV�RYHU�PXOWL�
OD\HUHG�EODFN�ILEURXV�PDWHULDO��0��

5RRI�RQ�VRXWK�HQG�RI�%RLOHU�5RRP�
PRQLWRU�URRI��XSSHU�URRI�RQ�VRXWK�
VWUXFWXUH��

����6)�
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HSA ID, Material Description, and 
AHERA Classification Material Location 

HSA Quantity 
(approximate) 

5)�����%ODFN�VHDODQW�DVVRFLDWHG�ZLWK�
QRQ�$&0�JUH\�FDXONLQJ��VLOYHU�
PDWHULDO�ZLWK�SDLQW��VLOYHU�SDLQW��0��

$W�ERWWRP�VHDP�RQ�ZKLWH�SDLQWHG�
VWDFNV�RQ�URRI�

���/)����($�

5)�����%ODFN�JUH\�VHDODQW��0�� $W�VHDPV�ZKHUH�EDVH�RI�%RLOHU�
5RRP�PRQLWRU�URRI�VWUXFWXUH�PHHWV�
%RLOHU�5RRP�PDLQ�URRI�DQG�DW�EDVH�
RI�SDUDSHW�ZDOO�DORQJ�WKH�ZHVW�VLGH�
RI�%RLOHU�5RRP�PDLQ�URRI�

����6)�

5)�����%ODFN�DVSKDOWLF�VHDODQW�
DVVRFLDWHG�ZLWK�QRQ�$&0�VLOYHU�IRLO�
RYHU�EODFN�EXLOW�XS�URRILQJ�RYHU�EODFN�
IHOW��0��

:HVW�SDUDSHW�RQ�%RLOHU�5RRP�PDLQ�
URRI�

����6)�

5)�����%ODFN�DVSKDOWLF�VHDODQW��0�� 3DWFKLQJ�IRU�FUDFNV�RQ�YHUWLFDO�
VXUIDFHV�RI�QRUWK�ZHVW�ZDOO�RI�
(QJLQH�5RRP�PRQLWRU�URRI�

����6)�

HSA: material that is uniform in color, texture, general appearance, and construction and application date 
S: Surfacing material per AHERA, T: Thermal system insulation per AHERA, M: Miscellaneous material per AHERA�

$VEHVWRV�UHODWHG�ZRUN�PXVW�EH�SHUIRUPHG�LQ�FRPSOLDQFH�ZLWK�:DVKLQJWRQ�6WDWH�ZRUNHU�
SURWHFWLRQ�DQG�HQYLURQPHQWDO�SURWHFWLRQ�UHJXODWLRQV��6HH�:$&���������:$&���������DQG�
36&$$�5HJXODWLRQ�,,,��$UWLFOH���IRU�DGGLWLRQDO�LQIRUPDWLRQ��

5.0 LIMITATIONS 
7KLV�UHSRUW�SUHVHQWV�WKH�UHVXOWV�RI�WKH�DVEHVWRV�URRI�VDPSOLQJ�FRQGXFWHG�RI�WKH�*HRUJHWRZQ�6WHDP�
3ODQW�ORFDWHG�DW��������WK�$YHQXH�6RXWK�LQ�6HDWWOH��:DVKLQJWRQ��7KH�DVVHVVPHQW�ZDV�IRU�WKH�
SXUSRVHV�RI�LGHQWLI\LQJ�$&0�RQ�WKH�URRI�SULRU�WR�UHQRYDWLRQ��

5HJXODWHG�EXLOGLQJ�PDWHULDO�DVVHVVPHQWV�DUH�QRQ�FRPSUHKHQVLYH�DQG�VXEMHFW�WR�PDQ\�OLPLWDWLRQV��
LQFOXGLQJ�WKRVH�SUHVHQWHG�EHORZ��2XU�DVVHVVPHQW�KDV�FRQVLGHUHG�ULVNV�SHUWDLQLQJ�WR�DVEHVWRV��
KRZHYHU��WKLV�DVVHVVPHQW�LV�OLPLWHG�WR�RQO\�WKRVH�ORFDWLRQV�DQG�PDWHULDOV�DVVHVVHG��7KLV�
DVVHVVPHQW�ZDV�QRW�GHVLJQHG�WR�LGHQWLI\�DOO�SRWHQWLDO�FRQFHUQV�RU�WR�HOLPLQDWH�DOO�ULVNV�DVVRFLDWHG�
ZLWK�UHQRYDWLRQ��GHPROLWLRQ��PDWHULDO�UHPRYDO��FRQVWUXFWLRQ��RU�WUDQVIHUULQJ�RI�SURSHUW\�WLWOH��
(YDOXDWLRQ�RI�RWKHU�ULVNV�QRW�VSHFLILFDOO\�GHVFULEHG�LQ�WKH�6FRSH�RI�:RUN�KDYH�QRW�EHHQ�LQFOXGHG��
IRU�H[DPSOH��OHDG�SDLQW�DVVHVVPHQW��VWUXFWXUDO�LQWHJULW\��HQJLQHHULQJ�ORDGV��HOHFWULFDO��PHFKDQLFDO��
UDGRQ�JDV��VORSH�VWDELOLW\��EXLOGLQJ�VHWWOHPHQW��DQG�HYDOXDWLRQ�RI�WR[LF�DQG�KD]DUGRXV�VXEVWDQFHV�
LQ��RU�LQ�FRQWDFW�ZLWK��VRLO�DQG�JURXQGZDWHU��1R�ZDUUDQW\��H[SUHVVHG�RU�LPSOLHG��LV�PDGH��

$UJXV�3DFLILF�KDV�SHUIRUPHG�WKH�VHUYLFHV�VHW�IRUWK�LQ�WKH�6FRSH�RI�:RUN�LQ�DFFRUGDQFH�ZLWK�
JHQHUDOO\�DFFHSWHG�LQGXVWULDO�K\JLHQH�SUDFWLFHV�LQ�WKH�VDPH�RU�VLPLODU�ORFDOLWLHV��UHODWHG�WR�WKH�
QDWXUH�RI�WKH�ZRUN�DFFRPSOLVKHG��DW�WKH�WLPH�WKH�VHUYLFHV�ZHUH�SHUIRUPHG��

� �



�

7DUJHWHG�$VEHVWRV�$VVHVVPHQW�±�5RRI�5HQRYDWLRQ�DW�*HRUJHWRZQ�6WHDP�3ODQW� -XO\�����������5HYLVLRQ�����������
%2/$�$UFKLWHFWXUH���3ODQQLQJ� $UJXV�3DFLILF��������5�

3DJH���

�

7KH�UHJXODWHG�EXLOGLQJ�PDWHULDOV�DQG�FRQGLWLRQV�SUHVHQWHG�LQ�WKLV�UHSRUW�UHSUHVHQW�WKRVH�REVHUYHG�
RQ�WKH�GDWHV�ZH�FRQGXFWHG�WKH�VDPSOLQJ��7KLV�VDPSOLQJ�LV�LQWHQGHG�IRU�WKH�H[FOXVLYH�XVH�RI�
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DVVHVVPHQW�GRHV�QRW�UHSODFH�QRU�FDQ�EH�XVHG�DV�SURIHVVLRQDOO\�GHYHORSHG�FRQVWUXFWLRQ�RU�
GHPROLWLRQ�SODQV��VSHFLILFDWLRQV��RU�ELGGLQJ�GRFXPHQWV��7KLV�UHSRUW�LV�QRW�D�OHJDO�RSLQLRQ��

3UHSDUHG�E\�� 5HYLHZHG�E\��

�
�

&RQRU�)ROH\� 6FRWW�5��3DUNHU��3ULQFLSDO�
,QGXVWULDO�+\JLHQLVW� 6HQLRU�&RQVXOWDQW�
$UJXV�3DFLILF��,QF�� $UJXV�3DFLILF��,QF��
�
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Photograph 1. 5)����0XOWL�OD\HU�EODFN�EXLOW�XS�URRILQJ�ZLWK�SHEEOHV��EODFN�DVSKDOWLF�
VHDODQW�DQG�EODFN�ILEURXV�PDWHULDO��0� 

 
Photograph 2. 5)����%ODFN�UROO�GRZQ�URRILQJ�RYHU�VLOYHU�IRLO�RYHU�EODFN�DVSKDOWLF�VHDODQW�
RYHU�PXOWL�OD\HUHG�EODFN�IHOW��0� 



�

7DUJHWHG�$VEHVWRV�$VVHVVPHQW���5RRI�5HQRYDWLRQ�RI�*HRUJHWRZQ�6WHDP�3ODQW� -XO\�����������5HYLVLRQ�����������
%2/$�$UFKLWHFWXUH���3ODQQLQJ� $UJXV�3DFLILF��������5�

3KRWRJUDSKV�3DJH���

�

 
Photograph 3.�5)����*UH\�VRIW�FDXONLQJ�ZLWK�SDLQW��0� 

 
Photograph 4. 5)����%ODFN�UROO�GRZQ�URRILQJ�RYHU�VLOYHU�IRLO�RYHU�EODFN�DVSKDOWLF�VHDODQW�
RYHU�PXOWL�OD\HUHG�EODFN�IHOW��0� 
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Photograph 5.�5)����%ODFN�DVSKDOWLF�VHDODQW��0� 

 
Photograph 6.�5)����%ODFN�DVSKDOWLF�VHDODQW�DQG�VLOYHU�SDLQW��0� 
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Photograph 7. 

 
Photograph 8.�5)����0XOWLSOH�OD\HUV�RI�VLOYHU�IRLO�RYHU�EODFN�UROO�GRZQ�URRILQJ�PDWHULDO�
RYHU�EODFN�DVSKDOWLF�VHDODQW��0� 
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Photograph 9. 5)����%ODFN�DVSKDOWLF�VHDODQW��VLOYHU�SDLQW�DQG�EURZQ�EULWWOH�PDWHULDO��0� 

 
Photograph 10.�5)�����0XOWL�OD\HU�EODFN�EXLOW�XS�URRILQJ�ZLWK�SHEEOHV�RYHU�PXOWL�OD\HUHG�
EODFN�ILEURXV�PDWHULDO��0� 



�

7DUJHWHG�$VEHVWRV�$VVHVVPHQW���5RRI�5HQRYDWLRQ�RI�*HRUJHWRZQ�6WHDP�3ODQW� -XO\�����������5HYLVLRQ�����������
%2/$�$UFKLWHFWXUH���3ODQQLQJ� $UJXV�3DFLILF��������5�

3KRWRJUDSKV�3DJH���

�

 
Photograph 11.�5)�����*UH\�FDXONLQJ�ZLWK�SDLQW��VLOYHU�PDWHULDO�ZLWK�SDLQW��VLOYHU�SDLQW��
EODFN�DVSKDOWLF�VHDODQW�DQG�EURZQ�EULWWOH�PDWHULDO��0� 

 
Photograph 12. 5)�����6LOYHU�SDLQW�DQG�ZKLWH�RUDQJH�SDLQW��0� 
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Photograph 13. 5)�����*UH\�UXEEHU�FDXONLQJ��0��

 
Photograph 14. 5)�����0XOWLSOH�OD\HUV�RI�VLOYHU�IRLO�RYHU�EODFN�EXLOW�XS�URRILQJ�DQG�
EURZQ�SLQN�VDQG\�PDWHULDO��0� 
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Photograph 15.�5)�����%ODFN�JUH\�VHDODQW��0� 

 
Photograph 16.�5)�����6LOYHU�IRLO�RYHU�EODFN�EXLOW�XS�URRILQJ�RYHU�EODFN�DVSKDOWLF�VHDODQW�
RYHU�EODFN�IHOW��0� 
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Photograph 17.�5)�����%ODFN�DVSKDOWLF�VHDODQW�DQG�JUH\�FRQFUHWH��0� 

 
Photograph 18. 5)�����6LOYHU�IRLO�RYHU�EODFN�EXLOW�XS�URRILQJ�RYHU�EODFN�IHOW��0��
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HISTORIC AMERICAN ENGINEERING RECORD 

Georgetown Steam Plant 

WA-1 

Location: 

Date of Construction; 

Engineers: 

Owner: 

Significance: 

Historians: 

Transmitted by: 

Northeast corner of King County Airport 
Seattle 
King County 
Washington 

1906-08, 1917 

Stone and Webster Construction Co., 
with Frank B. Gilbreath, consultant 

Seattle City Light 
City Light Building 
Third Avenue 
Seattle, Washington 

The Georgetown Steam Plant is an early 
reinforced concrete structure housing 
America's last operable examples of 
the "first generation" of large scale, 
vertical steam turbine electric generators, 
It is also significant as an early 
example of "fast track" construction 
advocated by Frank B. Gilbreath. 

Steve Lubar, Flo Lenty and T. Allan Coup, 
1979-84 

Donald C. Jackson and Kevin Murphy, 1984 



ARCHITECTURAL AND PHYSICAL DESCRIPTION: 

The Georgetown Steamplant, constructed in 1906, is a significant example of 
Neo-Classical Revival architecture. This particular style, introduced in the 
United States in the 1890s, served as a model for numerous Federal, municipal 
and industrial structures across the country. The plant has a T-shaped plan 
and is constructed of reinforced concrete. The building is divided into two 
main wings, the Engine House and the Boiler House. 

The front facade (west facade) of the Engine House is divided into three bays, 
the central predominating in architectural detail and scale. In the center is 
cast the construction date of the building "1906". The north elevation of the 
Engine House is divided into five bays by vertical masonry members, 
proportioned to simulate pilasters. Crowning the top is a masonry cornice. 
The simplicity of design here suggests the mass and weight element, 
characteristic of Neo-Classical Revival architecture. On the roof is a 
clerestory, comprised of casement windows, spanning the entire length of the 
north elevation, interrupted by a single monitor wing or outbuilding. 

The Boiler House consists of nine bays spanning the front, (west elevation) 
comprised of sash windows and separated by masonry grids. The wing is four 
stories in height with a clerestory spanning the full length of the roof, 
interrupted by four recesses. The conical symmetry of the later-added stacks 
is the only interruption of the overall linear design of the building. 

In terms of operating efficiency, the plant is very precisely organized. Its 
longest wing is devoted almost entirely to the production of steam. Before 
conversion to oil fired boilers, this wing consisted of four levels each with 
a separate function. At the top level was the conveyor floor for bringing 
coal into the building. There the coal was dumped form a continuous moving 
belt into eight funnel-shaped bunkers on the floor below. Each bunker stoked 
a pair of immense 932 H.P. Sterling water tube boiler Smoke flues extended 
along both sides of the coal bunkers -directly above the boilers for carrying 
smoke to a fan-assisted rooftop stack. 

On the second floor, the sixteen boilers were separated into two banks facing 
each other across a corridor that ran the full length of the wing. From the 
corridor each boiler could be inspected and maintained. On the ground level, 
below both rows of boilers, there was an ash car that rolled on rails set in 
the floor. Each car consisted of a dumping hopper that could be moved from 
boiler to boiler where it would collect ash waste for removal from the 
building. The entire coal and ash handling system within the building was 
arranged. *o *&Lew the fuel and .waste- material to be. siinply dumped as necessary 
from one floor to the next without relying upon further mechanical 
distribution. 



GEORGETOWN STEAM PLANT 
HAER No. WA-1 (page 3) 

Oriented on a perpendicular axis across one end of the boiler wing, the 
second, shorter wing is devoted to generating electricity. The engine room, 
includes the three turbo-generators each with a circulating pump, a vacuum 
pump, and a barometric or jet condenser. The vertical generators are 
interconnected by a system of catwalks and ladders, and the condenser and 
steam piping are arranged between the generators and the wall. A raised 
platform at the second floor level is provided for the horizontal generator, 
and the condenser for this machine is located in the space directly below it. 

Above the generators the engine room is open to the roof. A 50-ton crane runs 
on a track overhead to assist with disassembling the equipment for 
maintenance. Across from the generators on the opposite wall, the room is 
divided into a gallery with five levels. The lower floor is occupied by a 
bank of transformers and two exciters (small DC generators necessary to 
energize field windings in the turbo-generators to produce the basic 
electromagnetic force). Above this section at various levels are the plant 
office, the switchboard room, and other control equipment. The 10,000 KW 
horizontal generator and its condenser are simpler and more compact than the 
two older vertical machines. It is smaller even than the 3,000 KW unit which 
has less than one-third its generating capacity. The vertical configuration 
requires the use of a step bearing to carry the tremendous weight of the 
revolving mass. The bearing actually floats the shaft on a thin layer of oil 
that is constantly injected by high pressure pumps. 

The Georgetown Steam Plant has undergone very little modernization since the 
installation of its third generator in 1917. The boilers were converted to 
steam atomized oil furnaces beginning in 1918 and the process of conversion 
continued until 1946. This modification was accomplished without requiring 
any substantial alterations to the building, although the coal conveyor and 
ash cars were removed. When the King County Airport was constructed on 
adjoining property in the mid-1930's, it became necessary to replace the tall 
exhaust stack with roof mounted induced draft fans to prevent the stack from 
interfering with the flight path. Both original smoke flues were dismantled, 
and new ducts were installed to connect into the system of fans. 

The plant was originally built on the east bank of the Duwamish River to take 
advantage of the river as a source of cooling water for the condensers and for 
convenience in discharging wastewater. At roughly the same time the stack was 
removed the Duwamish was diverted to accommodate construction of the county 
airport, leaving the plant some distance from the river's new channel. A 
pumping station was therefore built to insure a continued supply of river 
water, and the discharge tunnel was also lengthened. Finally, the original 
barometric condensers for the two vertical generators were rebuilt in 1965 and 
1969. Both new condensers are in general duplications of the earlier 
"installation as is apparent'from the engiiieeT^s-dirawitigs-tmvfilt!. 



GEORGETOWN STEAMPLANT HISTORY AND SIGNIFICANCE 

I. General Electric, Westinghouse and Urban Electrification 

In 1882, Thomas Edison opened his Pearl Street Plant in New York City 
to initiate the Electrical Age in urban America. While advocates 
debated the relative merits of direct and alternating current, 
eventually settling on the latter, reciprocating steam engines driving 
a separate electrical generator appeared from coast to coast. As 
demand for electricity increased, companies tried to increase both the 
size and number of generating units, but were beginning to encounter 
limits on engine/generator size as well as station size. In an early 
attempt to alleviate this threat, the Westinghouse Company secured the 
patents to the Parsons steam turbine (patented 1884), the first 
successful industrial turbine, much smaller than equal engine/generator 
units, even if no more efficient. For nearly a decade, Westinghouse 
clearly had the upper hand. The growth of central generating stations 
required increases in capacity and the massive engine/generator units 
with their vibration limits and size requirements could not meet that 
demand. Westinghouse had the only operating turbine on the market. 

Charles G. Curtis (1860-1953) received patents 566,967, 566,968, and - 
566,969, protecting the basic principles of the Curtis turbine, in 
September, 1896. These patents cover, respectively, the expansion 
nozzles and their regulation, the concept of velocity compounding, .and 
the concept of pressure compounding. Curtis assigned all three patents 
to his own company, the Curtis Company, which one year later entered 
into a liscensing agreement with the General Electric Company. For 
$1,500,000, General Electric received rights to all uses of the Curtis 
turbine except aerial and marine propulsion.3. 

General Electric formed a hew division to undertake the development and 
manufacture of the Curtis turbine. From 1897 to 1902, General Electric 
built and tested a variety of designs based on the Curtis patents. 
Until 1900, Charles Curtis himself directed this research.2 in 1901, 
William Le Roy Errenet took charge of the development of the Curtis 
turbine. Eamet (1858-1941), a central figure in General Electric's 
development of prime movers, trained at the U.S. Naval Academy and 
•worked at various .^obs m the ^lactrteal industry before he joined the 
new General Electric in 1892. General Electric, concerned by the lack 
of progress with the Curtis turbine project offered Emmet charge of the 
turbine project at a point when it was considering dropping it. Emmet 
realized the difficulties but thought the work extremely important and 
urged that it be allowed to proceed. In his autobiography he noted his 
overall impression of the work: "I think it is safe to say that there 
have not been many jobs more extensive and strenuous in the art of 
engineering." (Emmet 1931, p. 142) 



Emmet directed the Curtis turbine project for twelve years, until 1913. 
Many of the features of the machine were incorporated as a result of 
his guidance, including the vertical orientation of the larger sizes. 
Emmet invented the oil-supported step bearing used to test the 
generators installed at Niagara Falls and made use of them in the 
Curtis turbine. He was also responsible for the selection of the sizes 
of the turbine., and for meeting'the deadline'for the delivery of the 
first machines. (Enmet 1931, p. 147) 

Between 1897 and 1902, General Electric made a number of small turbines 
based on Curtis's principles. These were used for tests. The first 
placed in operation was a 500 KW unit installed at the General Electric 
plant in Schenectady in November, 1901. (Robinson 1937, pp. 239-240) 
The first vertical turbine to be placed in commercial service, a 500 KW 
machine, was shipped in February 1903 to the Newport and Fall River 
Company of Newport, Rhode Island. The first large Curtis turbine, and 
the machine which demonstrated the working feasibility of the design, 
was the 5,000 KW turbogenerator installed in the Fisk Street Generating 
Station of the Commonwealth Electric Company of Chicago in 1903. This 
turbine, removed to the Turbo-Generator Development Laboratory of 
General Electric's Schenectady plant, was designated a National 
Historic Mechanical Engineering Landmark by the American Society of 
Mechanical Engineers in 1975. The Fisk Street Station was the first ' 
power house designed specifically for vertical turbogenerators; room 
was allowed, though, should the unit have to be replaced by the more 
traditional reciprocating engine. (A.S.M.E. 1975, p. 4) 

The Curtis turbogenerator was quickly successful. In the first fifteen 
months of sales, ending in 1903, General Electric sold 225,000 H.P. of 
Curtis turbines*. (Westinghouse, by comparison, had sold some 300,000 
H.P. of Parsons turbines for land use, and 33,000 H.P. for marine use, 
in the previous twelve years.) By June 1905, there were 224 units of 
the "larger sizes" in operation, totaling 350,000 H.P., including ten 
5,000 KW machines. (Robinson 1937, pp. 241-242; G.E. Pamphlet 1907, p. 
5) By September of 1906, Charles B. Burleigh reported to the National 
Association of Cotton Manufacturers "more than twice as many Curtis 
turbines in commercial operation in this country as there are of any 
other manufacture and more than the number of horse power of vertical 
shaft turbines in this country than there are of horizontal shaft 
turbines of all other manufacture ..." {Burleigh 1906, p. 40) In 
three years of manufacture, the Curtis machirfe demonstrated its 
capacity as a cheap, compact, powerful, and efficient prime mover for 
electrical generation.3 The design won the only grand prize for steam 
turbines at the St. Louis Exposition of 1904 and a gold medal at the 
Lewis and Clark Exposition in Oregon in 1905. (Burleigh 1906, p. 28) 

Reasons for the superiority of the Curtis vertical steam turbine were 
often cited in long lists published by General Electric. Most often, 



these and other commentators focused on four major points: efficiency 
at all Toads, simplicity, low maintenance, and economy in space. (G.E. 
Pamphlet 1907, p. 5) To this should be added the dramatic improvements 
achieved by General Electric during the decade of the 1900s. The 
Curtis units were significantly more efficient because they used both 
velocity and pressure compounding, because they did not require 
converting reciprocating motion to rotary motion, and because of a 
unique method of governing or maintaining speed under varying loads.4. 

The most important reason for its efficiency, explained an article in 
the General Electric Review, was the combination of pressure and 
velocity compounding to deal with the difference between the velocity 
of the steam some 3,600 feet per second, and the desired speed of the 
turbine, much slower than that. Two pressure stages, each of three 
wheels, give.a peripheral velocity of 425 feet per second in the Curtis 
turbine. To use steam at an equal efficiency in other turbines would 
require, according to the article, eighteen steps of 
pressure-compounded Oe Laval wheels, or 72 expansion stages (36 fixed 
and 36 movable) in a Parsons turbine. (Burleigh 1910, p. 510) 

The simplicity of the Curtis units derived from several features. They 
mounted both prime mover and generator on a single shaft and required 
far fewer moving parts. . Because there were none of the lateral strains 
and thrusts of the reciprocating engines, foundations were "a matter of 
less importance than with any other steam prime mover." (Burleigh 1906, 
p. 51) Maintenance was easier because the vertical configuration left 
all parts of the- turbine and generator accessible and because the 
single turbogenerator shaft rested on a single thrust bearing that was 
easily replaced. (Burleigh 1906, p. 40) In May 1904, General Electric 
published a pamphlet including four pages of scale drawings comparing 
the floor space and height required by engines and Curtis turbines in 
100 KW, 500 KW, 1,500 KW and 5,000 KW sizes clearly demonstrating the 
space savings of the turbines, (pp. 25-28) Given the pressures on 
central-city generating facilities, it seemed clear the vertical 
"compact design results in marked savings in land, buildings, 
foundations, and equipment." (Burleigh 1906, p. 70) 

Finally, General Electric achieved significant improvement in the 
design of the units. As one example of the results of this effort, the 
four original 5,000 KW units installed in the Fisk Street Station in 
Cfci^go.m 1904^,-were replaosd by 12,000 KW units in 1909. "These 
occupy no greater space than the original machines and-nt> -Irorawe in 
the capacity of the boilers supplying them was necessary." The report 
went on to claim the "kilowatt per  square feet of station has been more 
than doubled" while also achieving a 25 percent increase in steam 
economy. (Parker 1910, p. 64-65) The message to those needing to 
exoand electrical generating capacity but unable to expand existing 
stations was clear. By 1909, 1,200 Curtis units were Installed across 
the United States and another 200 were on order. (Kirk!and 1909, p. 
101) 



The vertical arrangement of the Curtis- turbine was successful for the 
early middle-sized, slowly rotating machines.    Between 1908 and 1913, 
however, General Electric gradually abandoned this form.    Customers 
demanded larger machines, which meant more stages and a longer shaft; 
this was more easily accomodated in a horizontal configuration.   New 
materials made possible faster speeds, up to 3,600 rpm, which required 
a stiffer structure than could be'provided to a vertical machine. 
(A.S.M.E. 1975, p. 6)   These new materials also proved the demise of 
the Curtis velocity-compounded multiple-row wheels.   An engineer, 
reviewing the history of the Curtis turbine, wrote: 

. .  . the reasons why the multi-row Curtis wheel was so successful 
are not .  .  . self-evident. 

The facts of the case seem to be that the time was not yet ripe 
for an expensive multi-stage single-row construction such as 
characterizes a modern high-efficiency machine.   The Curtis 
multi-row wheels proved far mor efficient than the single-stage De 
Laval machine and far cheaper, more compact, and rugged than the 
many-stage reaction    Parsons   machines of that day.    The Oe Laval 
machine was decidedly limited in capacity.   With only low-grade 
materials available, the Curtis arrangement was ideally adapted to 
effect the required energy conversion with a minimum of wheel 
speed; whereas, neither a single-wheel design nor a reaction 
design could do this.    Some such considerations surely explain the 
general preference for the Curtis turbine at the time and its 
great-success.  (Robinson 1937, p. 242) 

For this brief period, 1903-1913 (the Georgetown units were installed 
in 1906 and 1907),  the vertical steam turbine generator units 
manufactured by General Electric swept the market.    General Electric 
established its significance as a manufacturer of steam turbines, and 
in fact, rapidly developed the technology they pioneered with the 
Curtis machine.    Requiring one-tenth the space of a corresponding 
engine-generator unit and one-third to one-half the steam, the General 
Electric units made possible the large central-station generating 
plants that characterized urban electrification for at least a quarter 
of a century.    Yet the success of these units was short-lived:   General 
Electric itself saw the limits on the vertical configuration and began 
as early as 1908 to move toward a horizontal Curtis unit for units of 
the largest size (20,GOO KW was apparently the upper range for the 
vertical units).   The tremenotms 'expansion iivdemBnd for ;etectric4ty 
forced the rapid replacement of smaller and less efficient units 
leaving only two solitary surviving examples of what was once a 
development of overwhelming significance.    Even at Georgetown, a third 
horizontal unit, installed in a small addition to the original plant in 
1919, is remarkably smaller than either of the first two vertical  units 
and yet produces power roughly equal  the two older units combined,  thus 
repeating the very-process that once established the hegemony of the 



General Electricity/Curtis vertical steam turbine generator over the 
engine/generator units in use in 1900. 

II. Stone and Webster, Seattle Electric and the Georgetown Steamplant: 
.Structure and Equipment   ' "      ' 

The early lead of Seattle in electric streetlighting and electric 
railways, as well as its large number of small, often under-financed, 
generating companies proved an excellent expansion area for the 
Boston-based firm-of Stone and Webster. In 1899, Stone and Webster 
purchased the Union Electric Company, created their own Seattle 
Electric Company as a Stone and Webster subsidiary,, and within one year 
acquired an additional sixteen local steam generating companies. 
(Phelps and Blanchard, p. 151; Dick, p. 3) Seattle Electric petitioned 
the city for exclusive operation of the street railway system and 
received the franchise amidst much public debate over the Stone and 
Webster "syndicate.11 (Dick, pp. 47-50) 'The company proceeded to 
improve, unify., and extend the system, creating the Puget Sound Power 
Company to construct a major hydroelectric facility at Electron on the 
Puyallup River in 1904. (The Argus, 17 Dec. 1904, p. 32) Between 1905 
and 1910, the Seattle Electric Company's load increased from 10,000 KW 
to 30,000 KW largely in response to the growing railway system and 
increased domestic and industrial use. 

Electricity was -fast becoming a way of life. Customers were less 
willing to accept power failures — peak load capacity became crucial.. 
Because the Seattle Electric Company faced the competition of both the 
municipal utility and the Seattle-Tacoma (Snoqualmie Falls) Power 
Company, additional back-up or peaking power appeared essential. The 
Georgetown.. Plant, Seattle Electric Company's second major new 
steamplant after construction of the Post Street plant in 1902, gave 
the company an additional edge on competition and further bolstered the 
system's stability. (Dick 1965, pp. 52-82) 

The Board of Directors of the Seattle Electric Company voted to approve 
the construction of a steamplant in Georgetown at their August 25, 
1906, meeting. No records of the site selection process have been 
uncovered, but there were a number of reasons why the Georgetown site 
-was xlearly a wise choice. Land in Georgetown on the Duwamish River 
was readily available at a good price. The site was situated on the 
route of the transmission line from Stone and Webster's hydroelectric 
facility at Electron. The company's own electric car barns and 
maintenance shops were already located in Georgetown, the interurban 
line ran in close proximity, and the area was ripe for industrial 
development. 



Building the Georgetown Steamplant 

The decision to build the plant was apparently made before the meeting; 
the earliest blueprints for the plant date from May, 1906, and the 
Stone and Webster Unit Cost Record gives a start date of 1 April 1906. 
The Stone and Webster Construction Company, a branch of the Stone and 
Webster Company.which managed the'Seattle Electric Company, was to 
design and build the Georgetown plant for cost plus a fixed fee of 
$30,000. The contract included the provision that Frank B. Gilbreth, a 
contracting engineer and specialist in the construction of reinforced 
concrete power plants, be hired to design and erect the building for 
cost plus a fixed fee of $20,000. (Puget Sound Power and Light, Box 
116) 

Frank B. Gilbreth (1868-1924) was a self-taught mechanical engineer and 
a major contributor to the field of scientific managment. From his 
first apprenticeship in bricklaying at the age of 17, Gilbreth rose 
quickly to become head of one of the largest contracting and building 
firms in the nation. His invention of a portable gravity concrete 
mixer, patented in 1899, was an overwhelming financial success that 
allowed him to expand his Boston-based construction business at a rapid 
rate. A strong believer in the value of advertising, his promotional 
materials emphasized his expertise in the new field of concrete 
construction. By his mid-thirties, Gilbreth's contracts spanned the 
continent from 8oston to Seattle. By staying abreast of technological 
advances 1n reinforced concrete construction, and by remaining ever 
interested in the value of speed and efficiency in any job, Gilbreth 
established a solid national reputation as a top expert in the 
construction of power stations, dams, and other types of industrial 
structures. His work in this area culminated in his book Concrete 
Construction published in 1906. (Yost, Chapter I-VIII) 

Gilbreth's theories on the value and efficiency of reinforced concrete 
and efficient construction techniques were put into full effect at the 
Georgetown Steamplant. Gilbreth himself wrote about the project in an 
article published in a California technical journal in 1908. Noting 
"the structure is a unit which it is intended to duplicate from time to 
time as necessity demands." (Gilbreth 1908, p. 23) Gilbreth explained 
the original plans for the plant had called for a steel frame with 
brick curtain walls. The waiting time for structural steel was some 
five months and the scarcity and high wages of mechanics to construct 
such a structure in Seattle were prohibitive. Reinforced concrete, 
which first came into wide use in the early years of the twentieth 
century, was selected instead. Power plants like Georgetown especially 
benefited from the special characteristics of reinforced concrete: it 
is fireproof, stands up well under vibration, and requires little 
maintenance. (Gilbreth, pp. 23-25) 



With characteristic assertiveness, Gilbreth wrote: "Like most of the 
work undertaken by Frank 8. Gilbreth, speed was of utmost importance, 
and it was desirable to begin driving piles directly after the contract 
was signed,11 (Gilbreth, p. 24) Just before pile driving was completed, 
working drawings for the foundation were completed. While the 
foundation was in progress, working drawings for the superstructure 
were finalized. . For cost effectiveness, washed gravel instead of 
broken stone was used in most places. Reinforcing rods, generally 
round rods, were cut to schedule and shipped by rail from Pittsburgh 
directly to Seattle. Gilbreth even hired a man to oversee loading of 
these rods and to travel with them to insure timely delivery. While 
the final working drawings were being completed and the rods on their 
way from Pittsburgh, workers erected scaffolding to the full intended 
height of the entire structure just outside the outer walls. From this 
staging, all forms could be constructed, concrete poured, forms removed 
and the completed building washed down. (Gilbreth, pp. 24-25) 

Construction planning apparently started as early as April 1906, but 
actual work on the building began after August 1906. (Stone and 
Webster , Unit Cost Record, Sheet 1) By December, The Argus reported: 
''Undoubtedly one of the most important of the improvements now being 
made by the Seattle Electric Company is the new power generating plant 
and machine shops located at Georgetown. The building ... is of 
reinforced concrete, built in the most approved style and on a solid 
foundation made of piles and masonry which will last for ages. (Oec, 
15, 1906, pp. 63^-64) Materials used in construction included 1,712 
piles in the founaation, 3,480 cubic yards of concrete in the 
superstructure and another 2,700 in the machinery foundations. A Weber 
concrete chimney 268 feet high and seventeen feet in diameter served 
the boilers, (Gilbreth, p. 24; Stone and Webster, Unit Cost Record, 
Sheet 1 and 2) In March 1907, before the plant was complete, Seattle 
Electric voted to order and install a second turbogenerator. The 
building was designed for such expansion, so space was available for 
the new unit, its boilers and auxiliary equipment. This second unit of 
3,000 KW more than doubled the generating capacity of the plant and 
extended .the completion date to January 1908. (Puget Sound Power and 
Light,' Box 116, 14) Total cost for the complete generating plant: 
921,031 dollars. (Stone and Webster, Unit Cost Record, Sheet 5) 

ThfivSeorgetowa Sta*pp.Ia«t>.#as A ^tats-af-the-art example of reinforced 
concrete powerplant construction. The Engineering Record of'Oune T908 
(pp. 721-724) included a standard technical report on the new facility. 

The station building is a reinforced-concrete structure, 80 x 218 
feet in plan, and with a height of 68.25 feet from the ground line 
to the top of the roof. The reinforced-concrete frame, and the 
side and end walls of the building, stand on spread footings of 
concrete carried by piles driven to refusal. 1,8'00 piles being 



used to secure and stable foundation for the building and 
equipment.    The side walls of the building are 10 inch 
reinforced-concrete slabs carried by columns spaced 16 feet apart 
on centers; the end-walls are 6 inches thick and are carried by 
columns spaced 15 feet 1 inch apart on centers.   The roof consists 
xif 5 inch reinforced-concrete slabs carried by beams and girders 
resting on the wall columns and'on rows of columns in the interior 
of the building. 

The building is divided by a transverse 6 inch reinforced-concrete 
wall  into a boiler room and a generator room, the former being 153 
feet 10 inches long, and the latter occupying the remainder of the 
build-*������A basement, with its floor at the ground level, extends 
under the entire boiler room.    The boilers are on a 
reinforced-concrete floor over this basement, which floor is 
carried by reinforced-concrete columns on spread footings on 
piles. 

... The floor of the generator room is carried by 65 foot span 
reinforced-concrete girders, exiting from the transverse partition 
wall to the end wall of the building, so this room is entirely 
free of columns.   The switchboard, wiring connections, switches, 
transformers and electric auxiliaries are at the opposite side of- 
the generator room from the boilers, in a reinforced-concrete 
gallery having four floors above the generator room floor. 

Gilbreth discussed other features in his 1908 article including 
calculations of the economy and safety of reinforced concrete beams and 
the very long beams transversing the engine room.    These sixty-five 
foot long girders were to his knowledge "The longest span of any ever 
constructed whose section, at the point where maximum bending moment 
occurs, is rectangular." (Gilbreth, p. 26)    Permanent in character, 
free from vibration, and fireproof, the Georgetown Steamplant building 
stood ready to receive its complex assortment of electrical generating 
equipment. 

The Machinery and Operation of the Georgetown Steamplant 

The. basic concept behind a steam turbine electrical generating plant is 
straightforward.   Aisowrcevof heat-, �Am-this -case coal or oil,is used to 
turn water to steam.   The steam, under pressure, is directed against 
the blades of a turbine, causing it to turn.    A generator is turned by 
the turbine, producing electricity.    The actual operation, of course, 
is not nearly as simple as this much abbreviated description.    Every 
step in the process is made as efficient as possible     Though in some 
ways primitive compared to modern plants, the Georgetown Steamplant was 
the product of an advanced science and engineering. 



What follows  is  a description of the machinery at the Georgetown plant 
and its mode of operation when it was new,   in 1907; changes will  be 
mentioned later. 

The Bp.ilers 

The Georgetown plant was built to burn both coal and oil. Complete 
facilities to handle either fuel were designed into the plant. In its 
early days and in recent years the plant has been powered by bunker oil 
which was stored in a 150,000 gallon steel tank near the plant, pumped 
into the plant, heated and delivered to the boilers. Oil was 
transferred to the front of the boilers by 2-1/2 inch    pipes. At 
the burner, the oil was steam-atomized in special nozzles to ignite 
more easily. (In startup, when there is no steam, the oil was atomized 
with compressed air.) The atomized oil enters from the burners in the 
front of the boilers into the combustion chamber. 

Though not used at first, a complete coal delivery system was also 
built into the plant. Coal arrived over the Seattle Electric Company's 
street railways. At the rear of the plant (the southeast side) a 
conveyor belt lifted the coal to the top floor  Another conveyor near 
the ceiling of the boiler room carried the coal to eight funnel-shaped ��

bunkers from which coal dropped to the boiler room and moved into the 
burners by mechanical chain-grate stokers built by the Green 
Engineering Company. After burning, the ashes could be dumped from the 
bottom of the boiler- into an ash car which ran on rails in the basement 
beneath the boilers. 

The six boilers producing steam for the 3,000 KW turbogenerator were 
served in turn by a 125-foot steel stack eleven feet in diameter. The 
row of boilers on the other side of the room connected to a 268-foot 
high, 17-foot in diameter reinforced concrete stack 55 feet from the 
building. This stack had the capacity to serve a planned expansion of 
ten additional boilers. 

Feed water for the Georgetown boilers came from the Duwamish River, on 
which the plant was located. A 10-inch pipe ran underground in a 
concrete-lined 6 x 10 foot-trench. Two Blake steam-driven 
reciprocating pumps brought water to a 13,280-gallon steel tank. This 
large overhead "tank furnished water to six boilers serving the 3,000 XW 
turbogenerator as well as the six serving the larger turbogenerator. 
This water supply or "feed water" had to be heated, a step accomplished 
by using the exhaust steam of the turbogenerator's auxiliary equipment. 

There were originally fourteen water tube boilers at the Georgetown 
plant. Six on the southwest side of the boiler room provided steam for 
the 3,000 KW unit; the eight on the northeast side of the room serviced 



the 3,000 KW unit. The boilers, built by the Stirling Consolidated 
Boiler Company, were rated at 466 H.P. each. Seven of the fourteen 
boilers at Georgetown — every other one -- provided superheated steam, 
raising steam temperature from about 390 to 520 degrees. There are 
several advantages to superheated steam. The boiler is made more 
efficient because the added energy in the steam is in part gained from 
heat which would otherwise be wasted. Superheated steam has a lower 
thermal conductivity than saturated steam and therefore loses less heat 
to the pipes. Most important, however, are the advantages of 
superheated steam in the turbines. Superheated steam is used more 
afficienty by the turbines than is saturated steam. The Georgetown 
plant probably gained an increase in efficiency of between 10 and 15 
percent through the use of superheated  steam. The boilers and their 
fuel delivery system take up the large wing of the Georgetown 
Steamplant. They deliver steam to the smaller wing where the turbines, 
their auxiliary equipment, and the electrical equipment is located. 

Turbines 

There are two vertical Curtis steam turbogenerators at the Georgetown 
Steamplant, apparently the last of their type still in operating 
condition. Turbogenerator Number 1, the smaller unit — the turbine * 
produced 4,000 H.P., the generator 3,000 KW — is a four-stage machine, 
each stage having two movable and one stationary wheel. Turbogenerator 
Number 2, a 10,700 H.P., 8,000 KW machine, has five stages and is 
larger, but otherwise similar to Number 1. Both were "run cdndensing," 
that is, they were operated so that spent steam discharged into a 
condenser hel.d at a vacuum. 

The turbines were fed with superheated steam from the boilers. It 
entered the turbine through two sets of nozzles located 180 degrees 
apart. (One of these was for regular use and admitted steam to the 
first stage; the other, opened when the turbogenerator was running on 
overload, above its rated capacity, admitted steam to the second 
stage.). The nozzles were regulated' by a governor which opened or 
closed one or several of the first or second stage nozzles. The 
governor kept the turbine at a constant speed of 720 revolutions per 
minute; more nozzles were opened when a heavier load was placed on the 
generator. When all of the first stage nozzles were opened, the band 
of steaa covered aoout ot)e~si*ti* the circumference of  tlwtt stagey at 
the last stage the steam covered the complete circumference of the 
machine. A nozzle was either completely open or completely closed; 
only the amount of steam, and not its velocity, was regulated. 

The steam entered the turbine at a pressure of about 175 pounds per 
square inch. It hit the first, movable, row of blades, pushed it and 
was deflected to the fixed row and then to the second movable row, 



through that row and then to the nozzles of the second stage.    The 
steam passed through each of the stages in a similar fashion, each at a 
lower pressure.    In the 3,000 KW turbogenerator for example, the 
pressure is reduced from 175 ps1  at the first stage to -about 50 psi on 
entering the second stage, 5 psi on entering the third stage, to a 
partial vacuum on entering the fourth stage.    It exited the fourth 
stage at the condenser vacuum of ab*out2,8 inches of mercury (1,4 psi 
absolute).    The steam gave up about one quarter of its energy to each 
stage. 

From the last stage of the turbine the steam is directed to the 
condenser.    Both turbines at the Georgetown plant make use of Weiss 
counter-current barometric condensers, tall metal towers behind each of 
the machines.    The condenser for Turbogenerator Number 2 rises to 
54-1/2 feet above the floor;  its shell is 9 feet in diameter.    Some 
130,000 pounds of steam per hour was delivered to it by a pipe 78 
inches in diameter, entering the condenser 41 feet above the floor. 
Water entered near the top, was forced up the tube a small way, and 
then plummeted down the tube past a cone which broke it into a fine 
spray.    Steam entered below the water, and was combined with the water 
and cooled by it as it plummeted down the tube.    It was discharged into 
a "hot well" measuring 14 x 14 x 7 feet at the bottom of the main 
barometric tube.    Inside the tube a column of water was held at a 
height of about 30:. feet by the vacuum generated by the horizontal 
tandem Weiss crank and- fly-wheel  air pump located next to each turbine. 

Water for the condensers was drawn from the Ouwamish River,  pulled 
through a 16 inch pipe by a centrifugal  pump direct-connected to a 10 x 
12 inch high-speed Porter-Allen engine (for the 3,000 KW unit) and an 
13 inch horizontal centrifuga-1 pump driven by an 11 x 14 inch 
high-speed Porter-Allen engine (for the 8,000 KW unit).    This latter 
pump provided 7,500 gallons of cooling water per, minute, and the 
smaller pump proportionately less     After passing through the 
condenser, the water, heated to about 115 degrees, was discharged back 
into the river via a tunnel 3 x 12-1/2 feet in cross section.   This 
concrete-lined tunnel was 300 feet long, extending some 200 feet 
downstream of the intake pipes. 

Electrical Equipment 

The generators at the Georgetown Steamplant are mounted on the same 
shaft as the turbines which turn them.    Both units are 3-phase, 
60-cycle,  10-pole separately excited revolving field generators 
designed to deliver current at 13,800 volts, and to operate at a speed 
of 720 revolutions per minute.    Unit Number 1 produced 3,000 kilowatts, 
Unit Number 2, 8,000 kilowatts. 



The auxiliary electrical equipment at the Georgetown Steamplant is 
located in the galleries on the far wall of the engine room from the 
boilers.    Three exciters on the first floor powered the magnetic field 
of the large generators.    The 3,000 KW generator had two exciters, a 40 
KW electric motor driven, direct current'generator and a 75 KW steam 
driven, direct current generator.    The 3,000 KW generator had a single 
120 KW motor driven exciter.    The steam exciter was powered by a 130 
H.P. Porter-Alien engine. 

The Georgetown Steamplant was used as a substation as well as a 
generating station.    In the first floor gallery are the transformers 
and motor-generators which converted some of the high voltage 
alternating current produced by the large generators and by other 
plants in the system to lower voltage current for specific uses.    Two 
500 KW motor generators provided 600 volt direct current to the Seattle 
Elecric Company's street car system and to the Seattle-Tacoma 
interurban railroad. 

All of the electrical equipment in the station is controlled from the 
third floor gallery.   The reporter for the Engineering Record described 
it in some detail: 

The main units are arranged for remote control from panels in the 
third gallery floor.   A cable from each phase of both main 
generators is carried from the latter in brass pipes leading to 
conduits under the floor of the generator room.    These conduits 
extend to .the end wall of the building at the rear of the 
galleries, and the cables are carried up a 12 inch space between 
this wall and the gallery floors to motor-operated oil  switches on 
the fourth floor of the gallery.    On the third floor of the 
galleries are also located panels controlling the railway motor 
generator and the railway feeder circuits; also panels for local 
light and power service.   All  panels of this switchboard are of 
blue Vermont marble mounted with standard General  Electric 
switches.and recording and measuring apparatus.    The gallery 
floors are entirely of reinforced-concrete and are reached by 
stairways of concrete,  so the gallery structure is fully 
fireproof.  (June 1908, p. 724) 

The fourth floor contains the motor-operated oil switches used on the 
high-tension lines leading from the plant.    The connections to the 
outside are made on the. fifth floor of the gaHeryv*which also contains 
lightning arresters and static dischargers. 



• 

Changes in the Georgetown Steamplant- 

The machinery in the Georgetown plant has been altered only slightly 
over the years of its operation. The plant remains close to its 
original condition, but a succession of minor alterations and a few 
major additions reflect the plant's changing use as well as the changes 
in the technology of steam generating plantsi 

A few days after it was put into operation on August 3, 1907, the 3,000 
KW turbogenerator burned out. It was repaired but continued to cause 
problems, burning out three more times in the next three months. The 
second turbogenerator was put into service December 17, 1907, but 
burned out on January 7, 1908 and was not operational again until 
March. The troubles with the new steamplant were topped off by the 
explosion of a steam pipe in May, 1908, which killed G.W. Tucker, the 
chief engineer. Problems continued and in October F.N. Bushell was 
sent to Georgetown from Stone and Webster's head office to "look into 
the steam turbine question*" His specific recommendations are unknown, 
but the measures taken were apparently successful.5 In 1911, the 
smaller generator was rewound from 3,000 KW to 5,000 KW. (Puget Sound 
Power and Light, Box 119) This was a common procedure-; as generator 
technology changed, more electric power could be produced with the same 
amount of mechanical energy. 

In the first years after the Georgetown Steamplant was built, the 
Seattle Electric Company was distributing about ten million 
kilowatt-hours per month. (The total rose from six million KWH in 1907 
to eleven and one-half million KWH in 1910.) Most of this power was 
bought from other companies. Puget Sound Power Company's Electron 
plant produced about 70 percent of this power, Seattle Tacoma Power 
Company's Snoqualmie Falls plant about 15 percent, and the Tacoma 
Company about 10 percent. The rest was provided by the Seattle 
Electric Company's steamplants, mostly the Post Street Steamplant, 
which operated continuously to provide steam for heating. The 
Georgetown plant, used as a peaking facility, operated mostly between 
six o'clock and ten o'clock in the morning and three o'clock and eight 
o'clock in the evening, when demand was heaviest. Most of the Seattle 
Electric Company's power, up to 90 percent of it at peak times, was 
used to operate its street cars. The Georgetown plant was run more in 
the fall and the winter, when water for the hydroelectric plants was 
low, "ami ai^triffi^ 1nm^ 1"irst.,^i¥«.,-years,- mfl-ectt^ 
increased demand. (Puget Sound Power and Light, Box 119) 

In 1912, the Massachusetts-incorporated firm of Puget Sound Traction, 
Power and Light purchased and consolidated the Seattle Electric Company 
along with the Seattle-Tacoma Power Company (Snoqualmie Falls), the 
Pacific Coast Power Company, the Puget Sound Power Company, and the 
Whatcom County Railroad and Light Company. The new corporation was 



another Stone and Webster enterprise. The merger combined four major 
hydroelectric plants as well as four steamplants in Seattle and Tacoma, 
and it established electrical service on a regional basis for the first 
time in western Washington. The effect of the consolidation was 
increased dependability of the system and reduced rates. 

This 1912 consolidation of all major electric companies made the 
Georgetown Steamplant a part of a larger network. Cheaper power from 
hydroelectric plants, including the new 14,000 KW White River facility, 
supplied the bulk of the demand. For a short time, the Georgetown 
plant was used only to supply steam heat to the company's nearby car 
barns. A company brochure of 1912 mentions the Georgetown plant as 
being "used only in cases of emergency." (Electric Journal 1912, pp. 
50-51) A 1915 history of Seattle notes that "not one percent of the 
current for the city is generated by steamplants," but adds that they 
are kept ready for emergencies. (Bagley 1915, p. 442) 

The American entry into World War I spurred the growing demand for 
electrical power in the Puget Sound region. Puget Sound Traction, 
Power and Light did not have the capital to build an additional - 
hydroelectric plant to meet the new demand, but instead expanded its 
White River hydroelectric plant and its steamplant at Georgetown, 
adding to the latter, a 10,000 KW horizontal Curtis steam 
turbogenerator, (Lubar, pp. 24-25) The new equipment was installed and 
ready for use on May 18, 1919. (Puget Sound Power and Light 1921, p. 7) 
The new unit required an addition to the building, a small structure 
added to the north corner of the building. Two new boilers and 
alterations to increase the power of seven of the old boilers from 460 
to 552 H.P. were added to provide power to drive the new turbine. 
These were serviced by a new smokestack. Several new transformers were 
added to deal with the additional power. Cooling water for the 
horizontal turbine was held in a- concrete overflow tank on the 
southwest side of the plant. Water was piped to this tank and then to 
the condenser. At the same time the new turbogenerator was added, 
ducts were installed to supply cooling air to the old turbogenerators 
in order to increase their overload capacity. 

Two other major changes to the Georgetown plant were made in the 1917 
to 1919 period. In 1917, the course of the Duwamish River was changed- 
and the Huwamtsh Waterway'^createt* 1^ <the-«?^trrps^of ^ngitieers 
necessitated a number of alterations in the means by which the plant 
drew its boiler and condenser water. A new pump house was built on the 
bank of the waterway, and the old connections replaced with a 
wood-stave pipe for intake condenser water and an open wood-lined 
trench for its exhaust. 

As early as 1909, the Seattle Electric Company had had trouble getting 
enough oil for its plants, and in 1917, the fuel used by the boilers at 



Georgetown was changed from oil to coal. This switch had been 
foreseen, and the plans for the plant had provided for most of the coal 
handling equipment already. All that was needed were a system of 
conveyors, a coal pile outside the plant, and ash removal facilities. 

In the 1920s, demand for power increased greatly, Puget Sound Power 
and Light (they dropped their traction service in 1919) increased the 
size of several of their hydroelectric plants to meet the need. There 
was still need  for a steam peaking facility, but by the end of the 
1920s, the Georgetown plant was outdated and too small to be of much 
use. In 1930, Puget Sound Power and Light built a new steamplant, the 
Shuffleton plant at Renton, Washington. This facility with a capacity 
of 113,000 H.P., largely took over the Georgetown plant's role of 
standby steamplant. The 1930s and 1940s were times of increased 
interconnection among power companies, and also of the great federal 
hydroelectric projects in the Pacific Northwest. More power was 
available, and the need for the Georgetown plant decreased. A 1948 
Puget Sound Power and Light Company Report mentions that in years of 
average stream flow the plant was used only one hundred hours per year, 
but that about every four years, because of reduced water flow, the 
plant saw more use. (Ford, p. 28) In the late 1940s and early 1950s, 
the plant was occasionally operated, in the winter, when there was not 
enough water to allow the hydroelectric plants to supply peak demand." 

Another major change came to the plant in 1937 with the construction of 
Boeing Field just south of the steamplant. Both stacks were razed to 
clear the ends of the runway, and a new induced-draft ventilation 
system installed in their stead. The openings where the ducts to the 
stacks exited the plant are still visible, bricked over, on the 
southeast side of the building. 

The last major change in the building was made in the late 1940s, when 
the plant switched from coal back to oil. For a while, the plant was 
set up to burn either fuel, but when the price of oil fell after World 
War Two, the facilities for coal handling were removed and the plant 
switched permanently to oil. 

In 1951, the Georgetown Steamplant was purchased by the City of Seattle 
Department of Lighting, now Seattle City Light. Very little changed. 
Most of the employees at the Georgetown plant were simply transferred 
from'the old company to the new, and'the machinery kept in its former 
condition. Seattle City Light already had a steamplant, the Lake Union 
facility, which meant that the need for power from the Georgetown 
facility was further reduced. The Georgetown Steamplant's last 
production run was from November, 1952, to January, 1953, during a 
major water shortage. 



In recent years the place has been run only for tests. The Bonneville 
Power Authority gave credit to Seattle City Light for having the plant 
as a standby facility. In order to receive this credit it was 
necessary for City Light to operate the plant occasionally. Turbine 
Number 1 was last run on November 28, 1972- Turbine Numbers 2 and 3 on 
November 14, 1974. On June 20, 1977, the plant was taken off the 
Bonneville rolis.. It could not meet environmental standards, and was 
thought to be unreliable. It has not operated since. 

III. Urban Electric Power Development and Use in Seattle 

The Georgetown Steamplant played neither a dominant nor crucial role in 
the electrical history of Seattle. It was, instead, a part of a 
growing complexity of electrical power generation facilities designed 
to supply consumers with ever-increasing quantities of power. In 
street!ighting, transportation, and in industrial and domestic use, the 
ability to provide increasing quantities and stable supplies of 
electricity proved crucial to corporate success. Seattle, Stone and 
Webster, and Georgetown all reflect this national trend toward 
corporate consolidation, technological improvement, and ever-increasing 
consumption. 

Electricity in Seattle: 1386-1928 

In the mid 1880s, Seattle was a city of horse-drawn trolleys and gas 
lighting. 8y the close of that decade, the city had moved to the 
forefront of communities across the nation in the manufacture and 
application of electrical power, A Seattle company established the 
first Edison incandescent central station lighting plant west of the 
Rocky Mountains in 1886. (Dick 1965, pp. 1-2; Hanford 1924, p. 265; 
Beaton 1914, pp. 105, 120-121) The Seattle Electric Light Company 
obtained a contract for street1ighting in the same year. Shortly 
thereafter in 1889, Seattle electrified its horse-drawn trolleys and 
became the fourth city in the world to establish an electrical railway 
system. (Bagley, pp. 429-438) 

At first Seattle reacted skeptically to the new power source. One 
observer of 'ttie electric railway construction earned the president  of 
the company, "Oon't you see that you can never operate in winter? The 
rains will wash the current off the wires and you will not be able to 
turn a wheel." (Beaton, p. 107) One pillar of the community remarked 
in reference to the streetlighting company's steamplant "How foolish of 
these young men to build the generating station on the waterfront. If 
they had put it at the top of the hill the electricity would run down 
the wires by gravity. Now they'll have to pump it." (Dick, p. 2) 



Since its beginning in 1873, the Seattle Gas Company held a monopoly on 
the streetlighting of Seattle. Alarmed by the upstart electrical 
industry, the company changed its name to Seattle Gas and Electric in 
1886, determined to survive the competition. They built a steamplant 
at*Fourth and Main and provided the city's first carbon arc lighting, a 
far more efficient method of illuminating large open spaces. (Phelps 
and Blanchard 1978, pp* 49-50) 

The next company formed in response to the growing demand for 
electricity was Dr. E.G. Kilbourne's Pacific Electric Company. 
Kilbourne's experience came from his early involvement in the electric 
railway system of the previous few years. Pacific Electric leased the 
old powerhouse and equipment from the railway company and hired Baker 
and.Baich, Seattle's first electrical engineering contractors, to put 
up the pole line. (Beaton 1914, pp. 122-123) 

Both of these early firms were reorganized under new names, and by 1892 
had merged to become the Union Electric Company — this became the 
major (but by no means the only) generating and distributing firm 
serving Seattle in the next decade. A multitude of small companies 
with steamplants in the basements of downtown buildings sprang up, and 
there were many mergers and reorganizations. Competition was fierce 
and rates remained uniformly high. (Beaton, p.p. 124-125) 

In 1899, the Boston-based engineering firm of Stone and Webster took 
over Union .-Electric- By 1900, a total of some seventeen small 
locally-based utility companies had been absorbed by Stone and 
Webster's Seattle Electric Company. (Beaton, p. 112a) When the 
near-monopoly petitioned the city for a consolidation franchise for 
exclusive operation of the local street railway system, much public 
debate arose. Anti-corporation, pro-municipal ownership coalitions 
formed the basis of the opposition. The Stone and Webster "syndicate" 
was viewed by many as a foreign monopoly, an "octopus" out to sap and 
plunder the resources of the burgeoning city. Nevertheless, the 
street-railway franchise was granted, and the Seattle Electric Company 
proceeded to greatly improve, unify,- and extend the system throughout 
the cfty for the next decade. (Dick, pp. 47-50) 

In December of 1906, The Argus reported a projected expenditure of 
$1,300,000 for 1907 for "improvements, betterments, and new equipment" 
in Seattle.'"Population growtti and -iTtcrsasscl-deffrand for -system 
extension were cited as reasons for the largest annual appropriation 
ever made by Stone and Webster to its Seattle holdings. This same 
article goes on to tout the construction of a new steamplant to augment 
its existing power generation facilities: 

Undoubtedly one of the most important of the improvements now 
being made by the Seattle Electric Company is the new power 
generating plant and machine shops located at Georgetown. The 



building ... is of reinforced concrete, built in the most 
approved style and on a solid foundation made of piles and 
masonry, which will last for ages. (The Argus, Dec. 15, 1906, pp. 
63-64) 

The year 1912 signaled the end of the era of local power supply. Stone 
and Webster purchased and consolidated utility holdings in Bellingham, 
Everett, Seattle, and Tacoraa including four major power companies and 
three major hydroelectric plants, under the umbrella of the Puget Sound 
Traction, Power and Light Company. Territorial power supply in Pacific 
Northwest had begun. (Chronological History, pp. 6-7) 

Competition 

During the heyday of Stone and Webster, the Snoqualmie Falls Power 
Company provided a measure of competition for the Seattle Electric 
Company. The Snoqualmie Falls project was Washington's first major 
hydroelectric project, and was built and operated by Charles Baker in 
1H98. By mid 1899, Snoqualmie Falls supplied power to portions of 
Seattle's street railway system and to various stationary motors and 
flour mill operations around the.city. But by arrangement with Stone 
and Webster, the Snoqualmie Falls Power Company only sold power 
wholesale to Seattle Electric, and the latter handled all retail 
distribution within the city. (Dick, pp. 51, 83-84) 

The tum-of-the-century movement toward a municipal utility system 
produced serious competition for the Seattle Electric Company by 1905. 
The momentum began with a public vote in 1896 to consider the Cedar 
River as a power source after the completion of the city water works 
there. This populist sentiment grew in strength until the election of 
1902 which authorized construction of a hydroelectric project on the 
Cedar. City Engineer R.H. Thompson hired J.D. Ross as electrical 
engineer on the project  The Cedar River plant first supplied current 
to the city in January of 1905. Its distribution station was built on 
Yesler Way at Seventh Avenue  The city's top priority was to service 
its eleven street lighting circuits, and was soon competing with the 
Seattle Electric Company in private domestic lighting. At the end of 
the first year of operation The Argus wrote: 

The .municipal electric lighting and power plant is now in 
successful operation, and is supplying the city with four hundred 
and fifty arc lamps, an increase of two hundred and fifty, and 
nineteen hundred incandescent lights , . . It is also supplying 
power for manufacturing purposes, and has installed lights in a 
considerable number of private homes. (The Argus, Dec. 23, 1905, 
P. 21) 



The absolute superiority of hydro-generated electricity was realized in 
the first decade of the new century. Hydroelectricity meant more 
current for less work with a resulting radical decrease in consumer 
rates. The Seattle Electric Company originally relied on small 
steam-generating plants, as had its predecessor companies. But in 
1904,.Stone and Webster, under the name of the Puget Sound Power 
Company followed the lead of Charles Baker's Snoqualmie Falls project 
and constructed a major hydroelectric plant at Electron on the Puyallup 
River. Electron meant substantial rate reductions for the people of 
Seattle. (The Argus, Dec. 17, 1904, p. 32) 

By 1905, the Snoqualmie Falls, Electron, and Cedar River municipal 
plant supplied Seattle with the bulk of the electrical power needed to 
meet its transportation, street lighting, private domestic, and 
industrial needs. These major sources were amplified in 1912 by the 
Puget Sound Traction Power and Light Company's White River 
hydroelectric project. Through the first decade of the century, 
steamplants continued to be built as auxiliary power sources. 
Steamplants such as the Seattle Electric Company's Georgetown plant, 
provided power companies with back-up and peak load capability. They 
meant stability and the guarantee of uninterrupted service. This peak 
hour capability was what small utility companies lacked and was the 
ultimate reason for their failure. 

In 1912, Puget Sound Traction, Power and Light purchased and 
consolidated the Seattle Electric Company along with the Seattle-Tacoma 
Power Company (Snoqualmie Falls), the Pacific Coast Power Company, the 
Puget Sound Power Company, and the Whatcom County Railway and Light 
Company. The new corporation was another Stone and Webster enterprise. 
The merger combined four major hydroelectric plants as well as four 
steamplants in Seattle and Tacoma, and it established electrical 
service on a regional basis for the first time in western Washington. 
The effect of the consolidation was the increased dependability of the 
system and reduced rates. Gradually, the corporation bought up small 
utilities in outlying towns where peak demands were too difficult to 
meet without a steam power backup system. (The Argus, "Preparedness for 
Industrial Development," p. 61) 

From 1910 through 1920, the demand for electric transportation in 
Seattle decreased. The electric streetcar system was sold to the city 
in 1919, and Puget Sound Traction Power and Light dropped the 
"Traction" from its name. 8y 1924, the company provided service from 
"tide water on the west to the Columbia River on the east and from the 
international border on the north to points in Oregon on south." 
(Hawford, p. 267) In 1928, Stone and Webster sold out of the company. 
Puget Sound Power and Light remains in operation today, still the 
predominant private regional power supplier in the Puget Sound country. 



IV. Urban Electricity from.Luxury to Necessity 

The early twentieth century, the time when the Georgetown Steamplant 
saw its most intensive use, was one that transformed electricity from a 
novelty to a necessity. In streetlighting, transportation, and in 
domestic and industrial use, electricty became a necessity, a power 
source that had to be supplied in ever-increasing yet dependable 
quantities every day. As a rare surviving "peaking11 facility, the 
Georgetown plant supplied back-up power for all these uses. It. was an 
era initiated by small urban steamplants, later dominated by more 
remote hydro-electric facilities and their standby peaking facilities, 
and eventually replaced by even larger hydroplants and a new generation 
of massive steamplants. 

The yellow glow of gas lamps first illuminated the streets of Seattle 
on New Year's Eve in 1873. During the 1380s the coal gas plant and the 
service it provided were considerably expanded, and by the end of the 
decade gas lighting in the home was a clear symbol of status. (Phelps 
and Blanchard, p. 148) 

With the availability of electricity, street gas luminaires began to be 
gradually replaced, first with incandescent (carbon filament) and soon 
afterward with carbon arc lights. The latter were suspended on cables 
over intersections or from outriggers on utility poles. Arc lighting 
was the most effective means of illuminating large open spaces, 
although incandescents remained in use in suburban areas requiring less 
intense lighting. In 1893, the enclosed arc was introduced, and 
eliminated the need for the daily replacement of carbons. (Phelps and 
Blanchard, pp. 149-152) Until 1909-1910, Seattle's street!ighting 
system as a whole was haphazard and non-uniform in design. The City 
Engineer's Annual Report of 1891 noted that the city was using a total 
of 89 arc lights, 282 30 c,p. incandescent lights, and 303 15 c.p. 
incandescents to light its streets. (Phelps and Blanchard, pp. 151-152) 

The cost of electric lighting in the home remained relatively high 
until the tremendous reduction in cost made possible by hydroelectric 
power" developments. In the early 1890s, however, the flat rate cost of 
a single 16 c.p. lamp in the home ranged from around SI.50 to S3.00 per hour 
depending upon the hours of use, (Pacific Electric Company rates, 
Beaton, p. 123) Gas lighting continued to provide competition in home 
illumination ITTCO the--tweittieth xsrrbury. (ads: TR --The. -Arg^-,.-4)ec. £899., 
1901) 

The City of Seattle gained control of all street!ighting in 1905 with 
the opening of the Cedar River power plant. As the city assumed 
metropolitan proportions and character, the haphazard mixture of street 
lighting types and designs became more and more unacceptable. In 
1909-1910, replacement of the entire system with a uniform cluster 



light design took place for a total cost of 551,279. The project 
instigated by the downtown businessmen who petitioned on the basis of a 
local Improvement District, and the lights themselves were designed by 
J.D. Ross. The new arrangement used five or three ball clusters of 80 
c.p. tungsten lamps with lightly-sandblasted globes on ornamental iron 
poles.. The system was an understandable source of city pride, as the 
City Lighting Department's Annual Report of 1911 indicates: 

Seattle's cluster lighting, system is one of the finest in 
existence and is generally admired by tourists and visitors from 
all parts of the country .... This design gives a beautiful 
effect of festoons of decorative lights along the sidewalks, and 
at the same time secures a uniform illumination on all parts of 
the street. (Phelps and Blanchard, p. 152) 

Electric lighting effects played an increasingly important role in 
public ornamentation in the first decade of the century. Promotional 
materials for the Alaska-Yukon-Pacific Exposition in 1909 extolled not 
only the virtues of lighting at the exposition grounds, but also on the 
main commercial thoroughfares of the city itself: 

By night the Exposition is a spectacle that has never been 
surpassed. The grounds and buildings are a blaze of light and the 
Cascades — pouring down the central court — a plunging rainbow, 
showing every color of the solar prism. The Geyser Basin at the 
foot, is- a-lake of liquid fire in which trout and bass sport among 
sunken gardens. Every building on the grounds is thrown into 
brilliant silhouette by incandescent lights dotting their outlines 
at six-inch intervals, and the Alaska Shaft, which marks the 
center of the Exposition grounds, is a tower of brilliancy. 

And downtown: 

At night First, Second, and Third Avenues are dazzingly 
illuminated by eight lamp posts in every block, each post 
supporting a pyramid of five electric lights, and they present a 
scene that is not paralleled in either Chicago or New York — 
despite their size and wealth. In a word, Seattle is the modern 
marvel of magical city possibilities. (Seattle and the Pacific 
Northwest . , . A-Y-P Hotel and Commercial Guide, pp. 2 and 6) 

The Georgetown Steamplant, as a facility of the Seattle Electric 
Company and later the Puget Sound Power and Light Company, was never a 
direct supplier of power to the city's lighting system. By 1905, the 
City Lighting Department had assumed full responsibility for 
streetlighting in Seattle. The ornamental one-, three-, and five-globe 
cluster lighting system, restored today in the vicinity of Pike Place 
Market and Pioneer Square, was installed in 1909 and 1910. 8y 1925, 



increased automotive traffic challenged the adequacy of that system. 
While it was apparent that new lighting was sorely needed, 
controversies over design among downtown property owners prevented 
installation of a new system until 1929. All cluster lighting was 
removed in the business district and replaced by luminaires designed by 
Carl.-Gould of the architectural firm of Bebb and Gould. By the end of 
1931, this system extended into the "city's residential neighborhoods. 

The last major replacement of the city's streetlighting system occurred 
in 1948-1954 in the business district and In 1964-1968 in the 
residential districts. Mercury vapor lamps were installed, but in many 
cases the ornamental iron bases designed by Carl Gould were retained. 
(Phelps and Blanchard, pp. 153-161) 

Transportation 

Young Frank Osgood from Boston came west to Seattle in 1383 with a 
desire to contribute to the development of the city. At the suggestion 
of Thomas Burke, Osgood developed a horse-drawn streetcar system along 
Second Avenue with branches to Lake Union and.to Belltown. Osgood's 
system, begun in the Fall of 1884, was the first in Washington 
Territory and was a feather in Seattle's cap in the bitter rivalry with 
Tacoma. Osgood kept abreast of developments in electricity, and in 
1888 joined forces and funds with L.H. Griffith, Morgan Carkeek, Dr. 
E.G. Kilbourne,'Judge Thomas Burke and others to form the Seattle 
Electric Railway and Power Company. The purpose of the company was to 
electrify the existing trolley line, open new territory for 
development, and beat the competition of the cable-car company. 
(Beaton, pp. 100-105) 

Osgood and Kilbourne contracted with the Thomson-Houston Electric 
Company for equipment. A plant was built at the foot of Pike Street 
with an 80-h.p. generator and a 100-h.p. engine. The rolling stock 
included five double-reduction Thomson-Houston 15-h.p. motor 
equipments, four Jones car bodies with Brill trucks. Electric trolley 
service began at midnight on March 30, 1889, and the horse cars were 
retired to car barns never to run again on Seattle streets. Citizens 
turned out in droves along Second Avenue the following day. When the 
trolleys made the grade, Seattle!ites cheered and the cable car company 
began to worry. (Beaton, p. 106) 

Seattle's electric streetcar system was a tremendous success as an 
advertisment for the city, as a money-making venture, and as a stimulus 
to real-estate development. New "streetcar" suburbs were opened up for 
subdivision, and thus electricity became a prime factor in the rapid 
growth of the city. By 1891, there were 13 separate cable and electric 
railway companies and 48 miles of electric trackage, (The Argus, Dec. 



11,  1911)    Among others, the Grant Street Electric Railway built tracks 
on piles around the tide-flats to Georgetown in 1893.    A brick 
powerhouse with three generators supplied power for the car system with 
enough left over to provide electric lighting to several establishments 
in Georgetown.  (Blanchard, pp. 37-38) 

• * 
The Panic of 1893 had a disasterous"impact on'Seattle's electric 
trolley companies.   All but the Madison Street Cable Company and the 
Seattle Traction Company went into receivership.   Many trolley 
enterprises revived with the business recovery brought on by the Alaska 
gold discoveries'; but the tracks and rolling stock had begun to 
deteriorate . Talk of consolidation of the myriad systems became a 
reality when the giant eastern firm of Stone and Webster entered the 
field. (Phelps and. Blanchard, pp. 164-165) 

Stone and Webster's consolidation of Seattle's myriad streetcar lines 
led to immediate improvements in the system.    In December of 1900, G.W. 
Dickinson, manager of the Seattle Electric Company, reported on these 

•improvements in The Argus, and asked the citizen's indulgence for the 
torn-up condition of the streets.    Dickinson also noted that it was now 
possible for the working public to live on the outskirts of the city . 
within a radius of five miles, and be within twenty minutes of Pioneer 
Square by street railway.    The following year The Argus reported that: 

.  .  . during the past two years the lines have been nearly all 
rebuilt and equipped with latest improvements, both in rolling 
stock and other appliances, and when  improvements under 
construction are completed, no city in the country will  have 
better service.   (The Argus, Dec. 21,  1901) 

The improvement and extension of the street railway system had a direct 
effect on the expansion of the city.    "Streetcar suburbs" grew up 
overnight, and the general prosperity of the times allowed working 
people to purchase their own homes on the installment plan.    Seattle 
became a city of single-family-homes and well-defined neighborhoods 
because of this direct access by streetcar to and from the commercial 
center.  (Seattle of Today, p. 39) 

In 1902 an interurban electric railroad line was completed between 
Seattle and Tacoma. This efficient, rapid means of transportation 
opened up still more suburban areas^To smWnm^ iwto 
existence a number of new towns and villages along its route.    A branch 
line to the coal-mining town of Renton was soon added to the system and 
by 1907 a line to Everett was under construction.    With the operation 
of these roads, electrical transportation in Seattle reached its 
zenith.  (The Argus, Dec.  20, 1902,  and Seattle of Today, p. 39) 



Tourism and recreation in and around Seattle were encouraged and 
enhanced by the Seattle Electric Company's transportation system. 
"Trolley parks" at scenic locations at the end of the streetcar lines 
at Leschi and Madison Park on Lake Washington, were developed by the 
Company into popular resort facilities.    During the summer months as 
many,as eight "Seeing Seattle11 tourist cars were operated on tour 
routes throughout the city.    These proved immensely popular during the 
Alaska-Yukon-Pacific Exposition of 1909. ("Trolley Trips About 
Seattle")   The AYP itself spurred construction of several new streetcar 
lines and the upgrading of rolling stock and terminals.    Outside of the 
city the interurbans were tourist attractions in themselves, with miles 
of scenic vistas of farmlands, forests, water, and mountains. (The 
Argus, Dec. 20, 1902, and Dec. 16,  1911) 

By 1911, Stone and Webster's rate of investment in the Seattle street 
railway system had slowed to the extent that criticism was being raised 
by municipal ownership advocates.    "A Short History of Seattle's Street 
Railway System," an article published by The Argus on December 16,  1911 
was an obvious attempt to praise and defend the Seattle Electric 
Company's many accomplishments over the previous decade.    Nevertheless^ 
service continued to deteriorate, and the Seattle Municipal Railway 
came into existence in 1911 with the construction of a new line of its 
own.    It was a taste of things to come in the next decade when the City, 
would incrementally enter the public transportation field, and Stone 
and Webster interests would subside.  (Phelps and Blanchard, pp. 
165-167) 

When the Georgetown Steamplant was constructed in 1906-07, the city's 
electric car service and the region's interurban service was at its 
peak.    The Seattle Electric Company's streetcar system was the major 
consumer of the company's power, and it provided service to 246,000 
people over 155 miles of track.    By 1912, however, the operation of the 
system had become less profitable, and Stone and Webster's investment 
in its maintenance declined.    Local sentiment toward municipal 
ownership of the system revived once again.    The city had proved its 
interest and ability to operate such a system with its construction of 
the "Division A"  line in 1911 and its take-over of the Highland 
Park-Lake Burien line in 1913.    Tension and disputes between the city 
and Stone and Webster (by then consolidated as Puget Sound Power and 
Light) continued to mount during World War I. 

In 1919, the city purchased the entire street railway system at the 
asking price of Stone and Webster.    Under the contract, the city was 
also to take over the substations supplying street railway current. 
Municipal operation of the street railway system was plagued with 
problems.    Ineligibility for state subsidies, rigorous payment terms, 
management changes, increased wartime traffic followed by a business 
slump, and finally depression led to bankruptcy of the system in 1938. 



During the twenty-year life of the Seattle Municipal Street Railway, 
the city had purchased absolutely no new equipment. The entire system 
was eventually replaced by rubber tire gasoline engine vehicles -- the 
last electric car ran on April 13, 1941. (Blanchard, pp. 91-94, 
"Chronological History," n.p.) 

Industrial and Domestic Use 

From the first instance of industrial use of electricity in Seattle at 
the Lowman-Hanford presses in 1890, the application of the new power 
source to industry grew rapidly. In an advertisement in The Argus, of 
December 23, 1899, the Northwest Fixture Company offered electric 
fixtures, motors, dynamos, and electrical machinery and elevators for 
sale. In the same issue of that magazine, the Seattle Cataract Company 
offered cheap power from Snoqualmie Falls to grind flour, mine coal, or 
smelt ores. 

Local articles published throughout the first decade of the century 
promoted Seattle as a good place to establish manufacturing concerns, 
precisely because of the abundance of cheap power made available 
through its hydroelectric and steam plant facilities. The local 
utility companies advertised extensively for industrial customers, even 
to the extent of gathering data for prospective manufacturers. W.E. 
Herring, Industrial Agent for the Puget Sound Traction Power and Light 
Company, published two such informative articles in The Argus, (Dec. 
13, 1913 and Dec. 18, 1915), describing the natural resources of the 
Puget Sound Region, the untapped opportunities in manufacturing, and 
the availability of electrical power at low cost in both urban and 
rural areas. 

New Domestic Uses 

In the first decade of the new century, the application of electricity 
to domestic use revolutionized the operation of Seattle households. 
Wider application was made possible by the lower rates associated with 
hydroelectric generation, and by a growing understanding of the new 
technology. The Municipal Lighting Department's Annual Report of 1912 
reported on .city-wide experiments with electric heating systems, both 
radiant and hot water. Cooking with electricity, 'the report noted, was 
well established in many homes. 

The Seattle Electric Company's headquarters in the Electric Building on 
Seventh and Olive featured for a number of years a unique display of 
domestic electrical devices known as "The House Without a Chimney." 
This five room model "flat" exhibited a range of available appliances 
appropriate for use in each room, and clearly portrayed the ultimate in 



domestic luxury of the period. A 1912 Souvenir Edition of The Electric 
Journal described the electrical contents of the roams as follows: 
~ drawing room -- fireplace with luminous radiator, ceiling 

fixtures, and "artistic applications of electric light to 
decorations." 

— tqtchen — range, hot plate, percolator,twater heater, tea kettle, 
combination cooker, frying pan, griddle,* toaster oven, broiler, 
disc stove," egg boiler, and sterilizer. 

— bathroom — electric water heater attached to tub, portable 
luminous radiator, shaving mirror and mug, and vibrator. 

— bedroom — reading lamp, sewing machine, warming pad, curling 
iron, hair dryer, cigar lighter and water heater. 

In contrast to electric transportation, domestic and industrial 
consumption of electricity continued to expand decade after decade. 
The Seattle Electric Company, followed by Puget Sound Power and Light, 
competed with the Municipal City Light Department in supplying users. 
Electric heating remained expensive and experimental until the 1950s. 
In 1925, for example, only 700 homes in Seattle were using electric 
heat exclusively. The price was double that of coal, and the average 
yearly cost for heating a five-room house with electricity was 
$175/year. 

By 1910, electric ranges were on display at the Electric Building in 
downtown Seattle. The Seattle Lighting Department promoted their use 
through sales, 'and by providing maintenance. In 1914, Puget Sound 
Traction, Power and Light offered free demonstrations in "Electric 
Cookery — Practical, Simple, Cheap and Economical." Seattle City 
Light served approximately 2,500 ranges by 1922. By the end of 1926, 
that number had increased to 10,556, 

Refrigeration by electricity was still in its infancy in Seattle in 
1926, and cost was still a major problem. The electric water heater, 
however, had gained widespread acceptance by 1912. (Seattle City Light 
Annual Reports, 1912-13, 1922, 1926) A local 1914 advertisement for an 
"Electric Christmas" featured small appliances from heating pads, to 
Christmas' tree lights, to waffle irons. A 1939 ad demonstrates the 
growth of maj.or appliances including "water heaters, vacuum cleaners, 
and other modern household electrical servants." By 1950, Seattle City 
Light "boasted"tttfat ""Seattle tiseti-^ver ttoree ^times �.*& much electricity AS 
the national average. 

Georgetown: The Community 

As a community, one of many "streetcar suburbs," Georgetown reflected 
the increased availability and application of electricity. In 1906, 
Georgetown was a separate incorporation, known for its political 



independence, its industrial potential and its "wide open" roadhouses. 
The settlement was originally the agricultural community of Duwamish, 
first homesteaded by the familiar names of Holgate, Van Asselt, and 
Horton. Italian truck gardeners were also among the earliest 
inhabitants. The town was platted by Julius and Ann Horton, and the 
name .changed to Georgetown after their son George in 1901. Georgetown 
was incorporated' in 1904 and stubbornly held but against annexation by 
Seattle until 1910, largely owing to the partnership of its leaders 
with the local brewery and saloon interests. (Peterson, pp. 1-4, 22, 
71-77) 

Industry was the driving force of Georgetown from an early date. The 
town grew from a population of 2,500 in 1901 to 7,000 in 1910, largely 
because of increasing industrial activity. The Denny Clay Company, a 
major brick manufacturing firm which supplied brick and terra cotta to 
build much of Seattle, was the first to locate in Georgetown. The 
Seattle Brewing and Malting Company was established in 1893 and soon 
became the community's largest and most influential employer. The 
census of 1900 listed a number of Seattle Electric Company employees — 
conductors, brakemen, and switchmen — as residents of Georgetown where 
the company car barns and an interurban station were located. The. 
Olympic and the Union iron foundries, furniture manufacturing, and 
river-related industries were also situated in Georgetown by 1900. 
(Peterson, pp. 25-27) By 1906, the dredging and straightening of the 
Duwamish River was planned and its future as a major shipping center 
already envisioned. Streetcars first arrived in Georgetown in 1382 on 
the Grant Street line, running open cars over trestles above the 
tideflats. The Seattle Electric Company extended that line to South 
Park and brought its car barns to Georgetown at the 
tum-of-the-century. In 1906, larger car barns were built employing 
over 200 men, in conjunction with construction of the Georgetown 
Steamplant. (Pacific Building and Engineering Record, January 13, 1906 
and Peterson, pp. 40-41) 

In spite of its industrial economic base, Georgetown was also a 
community of residences, businesses, parks, and institutions. 
Georgetown was the site of the King County Hospital and Poor Farm. 
With a large German population, Oktoberfest was a major community 
festivity. There were many boarding and rooming houses for single male 
workers, including off-season carnival employees and gypsies, 

�entertainment itvSeor^eTovm was new 'T3UTwrtan1t&S - tteattows &ac« Track 
was two miles out of town, and roadhouses along the way contributed to 
a steady stream of joy-riders from Seattle on sunmer afternoons. 
Georgetown was a colorful, liveable place to its residents, but the 
community was under frequent attack by the Seattle press for its liquor 
laws. On November 3, 1909, the Seattle Times wrote that: 

It is one of the few places in the state where the sale of liquor 
has been abused and where the whole community has become a by-word 



and a reproach for all that is vile and depraved in the liquor 
business, (Peterson, pp. 56, 63, 77) 

Although the electric car barns were eventually closed, Georgetown 
remains an industrial community, comfortably mixing a small residential 
section with much larger industrial plants. It is, like its namesake 
steaimilant, a survivor from a past era of smaller scale and more 
restricted patterns of transportation. Today, both electricity and 
electrical users operate on much larger scales, commuting from distant 
suburbs, and transporting electricity on regional grids. In their 
heyday, Georgetown and the Georgetown Steamplant were considered 
leaders in a new electrical way of life. Their survival in the last 
decades of the twentieth century, remind us all of a national movement 
into the Electric Age. As an ironic comment on how quickly what seemed 
paramount so soon became mundane and on how much our dependence on 
electricity continues to accelerate. The mosaic mural in the central 
offices of Seattle City Light proclaims its determination to supply - 
electricity "that man may use freely as the air he breathes . . . ." 



FOOTNOTES 

1. The general history of General Electric's development of the Curtis 
turbine is discussed in J.W. Hammond, Men and Volts: The Story of 
General Electric (New York: Lippincott, 1941), pp. 283 ff; E.L. 
Robinson, "The Steam Turbine'in-the United States; 
III—Developments by the General Electric Company," Mechanical 
Engineering, Volume 59 (1937) pp. 239-256; and most usefully, 
William Le Roy Emmet, The Autobiography of an Engineer (Albany: 
Fort Orange Press, 1931), Chapter 8. 

2. Curtis was a patent lawyer and entrepreneur in addition to being an 
engineer. He studied civil engineering at Columbia College, 
graduating in 1881, and law at the Mew York Law School, graduating 
in 1883. After eight years as a patent lawyer, he became involved 
with the manufacture of electric motors. His first important 
patents were those for the steam turbines. He went on to obtain 
the first American patent on a gas turbine, in 1899, and an 
important patent on diesel engines, in 1930. (A.S.M.E. 1975, 
pp. 1-3) 

3. General Electric did not keep the records of the early sales of 
Curtis turbines (personal communication, George Wise, Historian, 
General Electric Company, August 3, 1979) so it is impossible to 
say who bought them. The figures of the 1907 U.S. Census Special 
Report on Street and Electric Railways, p. 518, suggest that 
electric railway companies (who generally also sold electric power 
to the public) bought most of them: 

size number power 
5357*04 H.P. 

3,788 
49,491 
69,787 

412,338 
179,200 

Individual manufacturing companies, producing power for their own 
factories, were probably the second largest group of purchasers. 

4. Unlike early steam engines that varied the pressure of steam to 
control speed under load, the Curtis turbine used a series or belt 
of steam nozzles at one or two points around the turbine wheel. 
The governor directly controlled the number of nozzles open at any 
one time, thus assuring full pressure at the inlet point, no matter 
how many or how few nozzles were open. Greater loads on the 
generator would cause the governor to open more nozzles to maintain 

all 252 
less than 500 H.P. 23 
500-1000 70 
1000-2000 51 
over 2000 108 
over 500 23 



a constant speed. "With such a machine it is possible to operate 
over at least half the range of the machine with maximum and 
minimum economy varying not more than five percent from the. 
average," (Parker 1910, p. 78) 

5. Stone and Webster Public Service Journal, Volume 1, August 1907, p. 
118; September, p. 206; October, p, 272; November, p. 354; Volume 
2, January, 1908, p. 535; March, p. 685-6; April, p. 773; and June, 
p. 950. 

# 
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EQUIPMENT INVENTORY (Preliminary) 

EQUIPMENT 

Steam Boilers 

7 Boilers, each rated 
369 boiler horsepower, 
equipped with superheater, 

2 Boilers, each rated 473 
boiler horsepower, 
equippeji with superheater. 

7 8oilers each rated 519 
boiler horsepower. 
Boilers are not equipped 
with superheater. 

Boiler Steam Pressure Gauges 

0-30Q psi. (Total of \6) 

Boiler Room Panel 

See remarks 

REMARKS DATE OF MANUFACTUR 
OR INSTALLATION 

The boilers were originally coal 
fired, then converted to burn oil- 
starting in 1918. Final conver- 
sion to oil was completed in 1946. 

Babcock & Wilcox manufactured 14 
of the boilers for the Seattle 
Electric Co. in 1906. In 1918 "these 
two    boilers were added. 

Each Sterling type boiler has 
lettered cast manhole inspection 
covers, 12 per boiler. The 
boilers also have the name "The 
Seattle Electric Company1' across 
the top. 

Manufactured by J, Marsh Co., 
Chicago, Illinois. 

These are fancy brass gauges 
approximately 15 inches in 
diameter. 

Mounted on the panel is an antique 
brass pressure gauge (1898) 
manufactured by Win. H. Birch 
Co., San Francisco, Calif. Range 
0 to 250 psi., 10 inch. 

The panel also contains: an old 
Bristol Recorder manufactured by 
the Bristol Company, Waterbury, 

1906 & 1918 

1906 & 1918 



EQUIPMENT (Continued) REMARKS DATE OF MANUFACTURE 
OR INSTALLATION 

Donkey Boiler 

Boiler Number 3535 
Operating pressure 0-160 psig. 
Oil Fired. 

Induced Draft Fans 

Size 998 
Design 2 
Fans number 1 & 2, 9 & 10, 

13 & 14, 15 & 16 are Model 
Number 13741. 

Fans number 3 & 4,  5*& 6, 
7 & 3, 11 & 12.are Model  . 
Number 13740. 

Fuel Oil  Storage Tank 

Storage capacity 20,328barrels 

Turbo-Generator Number 1 

Curtis Steam Turbine (No.3007) 
(4 stage vertical shaft steam 
turbine). 

Alternating Current Generator 
3,000 KW 
Vertical Type ATB 
No.  148684 
Class 10, Volts 13,200, 
Amps 131.5 

Conn., a small gauge manufactured 
by North-Coast Engineering Com- 
pany, Seattle, Wash.,and a 
larger gauge manufactured by 
0, P. March Co., Chicago, 111. 

Built for Bucyrus Company, 1924 
by Johnston Bros.,  Inc.  Ferrysburg, 
Michigan.    The boiler is used 
for start up. 

Manufactured by B.  F. Sturtevant 
Company. 

The storage tank is buried 
underground. 

Manufactured by General 
..Electric Co. 
Steam Pressure 175 psi. 

Manufactured...by General Electric 
-Go^-SdwaaeUdy., JLY. 

ca. 1935 

ca.  1917 

1907 

1907 



EQUIPMENT (Continued) REMARKS 

Turbo-Generator Number 2 

Curtis Steam Turbine (No. 4137) Manufactured by General Electric 
(5 stage vertical shaft steam  Co. 
turbine). Steam Pressure 175 psi. 

Alternating Current Generator  Manufactured by General Electric 
8,000 KW Co., Schenectady, N.Y. 
Vertical Type ATB 
No. 119566 
Class 10, Volts 13,800, 
Amps 334 

Turbogenerator Number 3 

DATE OF MANUFACTURE 
OR INSTALLATION 

1908 

1908 

Curtis Steam Turbine (No.  13401) 
(9 stage horizontal shaft steam 
turbine). 

Alternating Current Generator 
10,000 KW 
Horizontal  Type AT8-4 
Volts 13,800, Amps 524 
No.  1181396 

Barometric Condenser No. 1 

Barometric Condenser No. 2 

Jet Condenser 

Manufactured by General Electric  1917 
Co. ' 
Steam Pressure 175 pst. 

Manufactured by General Electric  1917 
Co., Schenectady, N.Y. 

Manufactured by City Light       1969 
Used with Unit No. 1. 

Manufactured by Hydraulic Supply  1965 
Manufacturing Co., Seattle, Wash., 
Used with Unit No. 2. 

Manufactured by C. H., Wheeler,    1917 
This condenser is used with 
Unit No. 3. 



EQUIPMENT (Continued) REMARKS 

Weiss Air Pump (Vacuum) 

Number 149 
Used with vertical Turbo- 
Generator Unit No.l. 

Weiss Air Pump (Vacuum) 

Number 174 
Used with vertical Turbo- 
Generator Unit No. 2, 

Built by Southward Foundry and 
Machine Co. 
Patented April 28, 1896 
Philadelphia, PA 

Built by Southward Foundry and 
Machine Co. 
Patented April 28, 1896 
Philadelphia, PA 

Electrical Panels 

Panels are Grey Marble 
approximately 2 inches thick- 
There are 27, two piece 
sections. 

The following equipment is panel 
mounted on these panels. 

1 Western Stanton Volt Meter Manufactured by Western Electric 

DATE OF MANUFACTURE 
OR INSTALLATION 

1907 

Number 5746 
Range 0-600 Volts 

Thompson "Recording Watthour 
Range 2000-amp, 600 volt 
(Total of 4)' 

Thompson Astatic Ammeter 

1 - Range 0 - 500 amp 
"1 -Range 0 -"BOO'atnp 
1 - Range 0-1000 amp 
1 - Range Q - 1300 amp 
4 - Range 0 - 15Q0 amp 
1 - Range 0 - 2000 amp 

Instrument Co., Newark, New. Jersey 

The meters appear to be in good 
condition. 
All were manufactured by General 
Electric Company. 

All meters were manufactured by' 
General Electri c Company 

1908 

cav 1907 & 1917 



EQUIPMENT 

Electric Panels (Continued) 

Miscellaneous Meters 

Volt meters, Ammeters 
Watthour meters, Temperature 

indicators 
(Total of 50 meters) 

Power Factor Meter (Antique) 
1 meter 

Voltage Regulator (Antique) 
1 regulator Number 1661 

Synchronous Meter 
1 Meter 

Reverse Power Relays 
2 Relays (small) 

8 Relays (large) 

Frequency Indicator 
Frahm System 

Large Solid Copper Knife 
Switch 

3 total, miscellaneous 
sizes, multiple blade type. 

Two Blade Knife Switch 
Solid Copper 
13 total, misc. sizes 

Single Blade Knife Switch 
Solid Copper 
15 total, misc, sizes 

REMARKS DATE OF MANUFACTURE! 
OR INSTALLATION 

The majority of these meters are 
ammeters, 34 of these.    All meters 
were manufactured by General 
Electric Company 

Manufactured by Westinghouse Electric 
Company. 

Manufactured by General  Electric 
Company, Schenectady, N.Y., USA, 

Manufactured by Genernal Electric 
Company. 

Manufactured by General Electric- 
Company 

Manufactured by James G. Biddle 
Company 

Manufacturer unknown. 

Manufacturer unknown. 

ttemifactnarer unfctiown, 



EQUIPMENT   (Continued) REMARKS 

Framed Switch and Fuse Panels 

4 Panels, the panels have.two   The-panels are for lighting and 
blade knife type switches and   miscellaneous circuits, 
use screw-in type fuses. Manufacturer unknown. 

Oil Circuit Breakers 

7 Breakers - small 
36 Breakers - large 

Knife Switches 

More than 50 solid Copper 
multi blade type switches. 

Transformers 

Bank No.  1 
Type WC, 500 KW 
13,800 volt 
(2 transformers in bank) 

Transformers 

Bank No.  2 
13,300 
1000 KVA 
(2 transformers in bank) 

Manufactured, by General  Electric 
Company 

Manufacturer unknown. 

Manufactured by General Electric 
Company 

Manufactured by Westinghouse 
Electric Company 

Automatic-Circuit Breakers (Antique) 

4 Circuit Breakers 

lube Oil Pump (Duplex Type) 

�SteamDriven, 2 cyliTstterr 
Size 9 x 3-1/8 x 10 
Number 189-977 

Manufactured by General Electric 
Company 

.-4fawfactured by Uorthington 

DATE OF MANUFACTURI 
OR INSTALLATION 

ca.  1907 

1307 & 1917 

1907 & 1917 

ca. 1907 

1907 

ca. 1901. 

ca. 1907' 



EQUIPMENT (Continued) REMARKS OATE OF MANUFACTURE 
OR INSTALLATION 

Lube Oil Pump (Duplex Type) 

Steam Driven, 2 cylinder 
Si2e 9 x 3-18 x 10 
Number 190-208 

Manufactured by Worthington 

Lube Oil Transfer Pump (Duplex Type) 

Steam Driven, 2 cylinder 
Size 4-1/2 x 2-3/4 x 4 
Number 164828X9 

Fuel Oil  Pump (Duplex Type) 

Steam Driven, 2 cylinder 
Reciprocating Type 
Size (Data not available) 
2 identical pumps 

Fuel Oil  Pump 

Screw Type, Electric Motor 
Driven 
Size 4, 250 Head, 80 gal/min 
Number 867 

Feed Water Pump (East) 

DeLaval Centrifugal 
Type 14G-TC-3P5 
650 gal/min" 
520 Head 
Number 56980 

Steam Turbine (for feedpump) 
2300 RPM 
Number 56980 

Manufactured by Knowles Pump Works 
New York, New-York, 

Manufactured by 
(Name plate data missing) 
Hallidie Machinery. Company, 
Seattle, WA Sales agent. 

Manufactured by William E. Quemby, 
Inc., New York, New York 

ca. 1907 

ca. 1917 

ca. 1918 

ca. 1930 

Manufactured by Ingersoll Rand Co.   ca. 1917 
New York, New York. 

Manufactured by DeLaval Steam      ca. 1917 
Turbine Company, Trenton, New- Jersey . 



EQUIPMENT (Continued) REMARKS 

feed Water Pump (West) 

Ingersoll Rand Centrifugal 
900 gal/min, Size.4GT900 
552 Ft. Head 
Number 06493050 

Steam Turbine (for feed pump) 
3600 RPM 
Serial Number 79336 
Model Number 7TDP1117AEK 
180 Horsepower 

Air Compressor 

Size 3x3 
Electric Motor Driven 
Number 36175 

Centrifugal Water Pump 

Spare Pump 
Small Electric Motor Driven 
(Name plate date missing.) 

Hot Well Tank 

14 ft. diameter x 12 ft. deep 
Steel plate construction. 

Fuel Oil Strainer System 

Step Searing Lube 01T-Tank 

Mid Bearing Lube Oil Tank 

Spare Lube Oil Tank 

Air Pump Lube Oil Tank 

Manufactured by Ingersoll Rand 
Company, New York, New York, 

Manufactured by  General Electric 
Company, Schenectady, New York. 

Manufactured by Curtis ��

St. Louis, Mo. 

DATE OF MANUFACTURE 
OR INSTALLATION 

1949 

Manufacturer unknown 

1949 

1950 

Name plate data missing, ca* 1917 
The Spare pump is not connected 
into system 

•1917 

Manufactured by Bethlehem Steel   ca... 1930 

Manufactured by Turner Oil Filter Co. 1907 
Niles, Michigan. 

.. lg07 

•I M   ]9Q7 



EQUIPMENT (Continued) REMARKS DATE OF MANUFACTURE 
OR INSTALLATION 

InqersoH Rand Air Compressor 

Large unit similar to the unit This unit is dismantled. 
installed in Lake Union Steam 
Plant 

Step Searing Oil Pump (Duplex) 

Steam driven 2 cylinder 
Recriprocating Type 
Size 12 x 2-3/4 x 18 
Number 192035 
Used on Unit No. 1 

Step Btaring Oil Pump (Duplex) 

Steam driven 2 cylinder 
Recriprocating Type   -��

Size 12 x 2-3/4 x 18 
Number 192036 
Used on Unit No.  2 

Centrifugal Pump 

Steam driven 
Size 4 
400 gal/minute 
560 ft head. 
2750 RPM 

Turbine Drive Terry Turbine 
Number 1759 
2750 RPM 

It will be used for parts for the 
Lake Union Compressor.    In addition 
there is an Allis Chalmers 125 
horsepower induction motor to run 
this compressor. 

Manufactured by Worthington. 1907 

Manufactured by Worthington 1908 

This is a spare pump not connected 
to plant system. 
Manufactured by Platt Iron Works 
Dayton, Ohio 

Manufactured by Terry. Steam 
Turb i ne Coaoany 
Hartford, Connecticut 



EQUIPMENT   (Continued) REMARKS 

Qondenser Pump (Unit No. 3) 

Pump Size 18 D.V.S. 
Number 06280 

Pump Reduction Gear Drive 
Number 548 

Turbine Drive 
Number 3555 ' 

Pump Electric Motor Drive 
Number 1648315 

Wheeler Turbo Air Pump (Vacuum) 

Pump Size T-A-10Q 
Number 0^968 

Steam Turbine Drive 
Number 4635' 

Overhead Bridge Crane 

Capacity 50 ton 
Number 715 

Overhead.Bridge Crane 

Capacity 20 ton 

1917 

1917 

1917 

The pump may be operated by 
either electric motor or by 
steam turbine. 
Manufactured by Wheeler Condenser 
Engineering Company 

Manufactured by"Moore Steam 
Turbine Corporation. 

Manufactured by Terry Turbine 
Company*- . 

Manufacturer General Electric 
Company 

Manufactured by Wheeler Condenser & 
Engineering Co*s- New York, N.Y. 
The pump is used-with condenser 
number 3 and is steam driven. 

Manufactured by Westinghouse Machine 1917 
Co., Designers & Builders, East. 
Pittsburgh, Pa. 

Manufactured by Northern .Engineering 1907 
Works, Detroit, Mich. 
This' is the main powerhouse crane. 

DATE OF MANUFACTUI 
OR INSTALLATION 

1917 

1917 

Manufactured by Reading Crane & 
Hoist Works, Reading; Pa. 
The crane is located in the area over 
the Motor Generator sets 

1907 



EQUIPMENT (Continued) REMARKS 

Small Electric Crane 

Capacity 1 ton 
M 1210 
Frame 25 

Step Bearing Oil Pressure 
Balance Weight Alarm 

Set at 950 psi. 

Simplex Water Meter 

Manufacturer Budget 

Manufacturer unknown. 

Meter Scale measures in 100,000 Manufactured by Simplex Valve and 
lbs per hour at 70 F.       Meter Company, Philadelphia, Pa. 

This meter is a valuable antique. 

Par  Cent Carbon Dioxide (C02) 
Wall Mounted Meter  

0 to 20% Scale 
Multi Point type 

Panels 

DATE OF MANUFACTURE 
OR  INSTALLATION 

1955 

Used to monitor Boiler Combustion, 
Manufactured by Leeds & Northrup 
Company, Philadelphia, Pa, 

The two panels (one for Turbo  4 Gauges were manufactured by 
Generator Number 1 and the otherGeneral Electric Company, 
for Turbo Generator Number 2), The frequency indicator was 
have solid brass gauges!' One 
gauge for 1st stage pressure, 
one gauge for Steam Supply 
pressure, one gauge for step 
bearing oil pressure, one 
gauge for vacuum. The panel 
for Unit Number 1 has a 
frequency indicator mounted at 
the top. It may be used.to 
monitor either uni£s frequency. 

manufactured by James Q. Biddle, 
Philadelphia, Pa. 

1907 

1907 

1907 

1907 & 1908 



EQUIPMENT T-Continued) REMARKS DATE OF. MANUFACTURE 
OR INSTALLATION 

Panel 

Turbo-generator Unit Number 3 
2 brass hydraulic pressure gauges* 
0-2000 psi.  

1 Brass steam gauge, 0-260 psi-.  , 

1 Aston Brass Gauge  , 

Telephones (Antique) 

Hand crank type. 

Fuel Oil Transfer Pump-(Duplex) 

2 Cylinder reciprocating type 
Electric Motor Driven 

Motor-Generator Set No.  2 

Continuous current 
Generator No. 159471 
Type MP Class -8-500-514 
Form H 
Amperes - 833 
Speed - 514 RPM 
Volts 600 

Snychronous Motor 
Number 161143 
Type All 
Class 14-530-514 

Arm C 
H Power - 700 

Asheraft 

Syracuse Gauge 

Aston 

There are 4 or more units, one 
located in the pump house and 
at least 3 located in the plant, 
Manufacturer unknown 

Manufactured by Fairbanks 
Morse Company,  (ca. 1910) 
Brought in from Lake Union 
Platft 

Manufactured by General 
Electric Company, Schenectady, 
N.Y. 

Manufactured by General 
Electric Company, Schenectady, 

Approx. tffg. TSU6 

1917 

1917 

1917 

1953 

1907 

1907 



m 

EQUIPMENT 

Motor Generator Set No.  2 (Continued) 

Speed 514 
Volts 13,200 
Amp 28,3 
Cycles 60 

REMARKS 

Exciter No. 2 

Motor Generator Set 
Continuous Current Generator 
Number ~140447 
Form B 
Ky-120 
Amperes 960 

mt 
d 600 

ts 125 

Induction Motor 

Model No. 14070 
Type 10-17-12-175-600 
Form K 
Volts 280 
Amps 40 
Number 161679 
HP 75 
Speed 580 
2 Phase 

Direct Current Generator 

.No.  1201823. 
Type MPC - 6-2Q0-120Q 

, Form L 
Amps 1600 
VoTtS ITS 
Sgeed T2DD W! 
0 KW Nominal 

Manufactured by General Electric 
Company, Schenectady, N.Y. 
Approx. Manufacture 1906 

Manufactured by General Electric 
Company, Schenectady, N.Y. 
Approx. Manufacture 1906 

Manufactured by General Electric 
Co., Schenectady, N.Y. 

OATE OF MANUFACTURE 
OR  INSTALLATION 

1907 

1907 

1917 



EQUIPMENT 

Direct Current Generator (Continued) 

REMARKS 

Steam Turbine Drive 
Number 56684 
Speed 3600 RPM 
Steam Pressure 200 psig 
With DeLaval Speed Reducer 

Manufactured by DeLaval Steam 
Turbine Co., Trenton, N.Y. 

DATE OF MANUFACTURE 
OR INSTALLATION 

1917 

m 
Manufactured by All is Chalmers* 
Company, Milwaukee, Wis. 

Exciter No. 1 

Generator Nc 78345 ' Manufactured by All is Chalmers'  1907 
Volts 120 
Amperes 125 
RPM 1130 

Electric Motor Manufactured by All is Chalmers  1907 ' 
Number 78346 Company, Milwaukee, Wis. 
HP 22.5 
Volts 220 
Amps 55. 
3 Phase 
Frequency 60 H 
RPM 11,300       z 

River Pumps 

20" Size The two pumps are in the pumphouse ca. 7935 
13,500 Gallons per Minute      located on the Duwamish River. 
85 Feet Head The pumps were manufactured by All is 
690 RPM Type S Chalmers. 
Pump #1, Style A, Serial No. 1498 The pumps are each driven by a 400 HP 
Pump #2, Style B, Serial No, 1497 electric motor. The motors are type 

IQ, Form K, 2200 volt, 2 phase, 
manufactured by General Electric Company. 

Floor Mounted Drill Press 

Antique, Belt Driven Type Manufactured by Champion Company, ca. 1907 

L 



EQUIPMENT    (Continued) 

Bristol Recorders 

Panel mounted 
Antique type 
(vacuum gauge) 

Large Master Gauge 

Approx.  2 feet in diameter 
Range 150 to 210 psi. 
Brass construction 

Air Raid Siren 

World War II model 
Roof Mounted 
Engine Driven 

REMARKS 

Manufactured by Bristol Company, 
Waterfaury, Conn. 

Manufactured by Ashton. 
This is an antique 

DATE OF MANUFACTUR! 
OR INSTALLATION 

ca.  1907 & 1918 

1906 

Engine manufactured by Chrysler. 
Siren, manufactured by American 
Blower Co. 

ca, 1941 
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1 PRESERVATION 
BRIEFS 

Assessing Cleaning and Water-Repellent 
Treatments for Historic Masonry Buildings 

Robert C. Mack, AlA 
Anne Grimmer 

u.s. Department of the Interior 
National Park Service 
Cultural Resources 

Heritage Preservation Services 

Inappropriate cleaning and coating treatments are a major 
cause of damage to historic masonry buildings. While 
either or both treatments may be appropriate in some cases, 
they can be very destructive to historic masonry if they are 
not selected carefully. Historic masonry, as considered 
here, includes stone, brick, architectural terra cotta, cast 
stone, concrete and concrete block. It is frequently cleaned 
because cleaning is equated with improvement. Cleaning 
may sometimes be followed by the application of a water-
repellent coating. However, unless these procedures are 
carried out under the guidance and supervision of an 
architectural conservator, they may result in irrevocable 
damage to the historic resource. 

The purpose of this Brief is to provide information on the 
variety of cleaning methods and materials that are available 
for use on the exterior of historic masonry buildings, and 
to provide guidance in selecting the most appropriate 
method or combination of methods. The difference between 

water-repellent coatings and waterproof coatings 
is explained, and the purpose of each, the suitability of 
their application to historic masonry buildings, and the 
possible consequences of their inappropriate use are 
discussed. 

The Brief is intended to help develop sensitivity to the 
qualities of historic masonry that makes it so special, and 
to assist historic building owners and property managers 
in working cooperatively with architects, architectural 
conservators and contractors (Fig. 1). Although specifically 
intended for historic buildings, the information is applicable 
to all masonry buildings. This publication updates and 
expands Preservation BriefI: The Cleaning and Waterproof 
Coating of Masonry Buildings. The Brief is not meant to be 
a cleaning manual or a guide for preparing specifications. 
Rather, it provides general information to raise awareness 
of the many factors involved in selecting cleaning and 
water-repellent treatments for historic masonry buildings. 

Figure 1. Low-to medium- pressure steam (hot-pressurized water was/ling), is being used to clean the exterior of the U.S. Tariff Commission Building, the 
first marble building constructed in Washington, D.C., in 1839. This method was selected by an architecural conservator as the "gentlest means possible" 
to clean the marble. Steam ca n soften heavy soiling deposits such as those on the cornice and column capitals, and facilitate easy removal. Note how 
these depos its have been removed from the right side oJ the cornice which has already been cleaned. 
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Figure 2. Biological growth as shown on this marble foundation 
can usually be removed using a low-press ure water wash, possibly witiz 
a non-ionic detergent added to it, and scrubbing with a natura l or 
syllthetic bristle brush. 

Preparing for a Cleaning Project 

Reasons for cleaning. First, it is important to determine 
whether it is appropriate to clean the masonry. The objective 
of cleaning a historic masonry building must be considered 
carefully before arriving at a decision to clean. There are 
several major reasons for cleaning a historic masonry 
building: improve the appearance of the building by 
removing unattractive dirt or soiling materials, or non-
historic paint from the masonry; retard deterioration by 
removing soiling materials that may be damaging the 
masonry; or provide a clean surface to accurately match 
rep ointing mortars or patching compounds, or to conduct 
a condition survey of the masonry. 

Identify what is to be removed. The general nature and 
source of dirt or soiling material on a building must be 
identified to remove it in the gentlest means possible -
that is, in the most effective, yet least harmful, manner. 
Soot and smoke, for example, require a different cleaning 
agent to remove than oil stains or metallic stains. Other 
common cleaning problems include biological growth such 
as mold or mildew, and organic matter such as the tendrils 
left on masonry after removal of ivy (Fig. 2). 

Consider the historic appearance of the building. If the 
proposed cleaning is to remove paint, it is important in 
each case to learn whether or not unpainted masonry is 
historically appropriate. And, it is necessary to consider 
why the building was painted (Fig. 3). Was it to cover bad 
rep ointing or unmatched repairs? Was the building 
painted to protect soft brick or to conceal deteriorating 
stone? Or, was painted masonry simply a fashionable 

Figu re 3. Th is small test area has revealed a red brick patch that does 110t 
match the original beige brick. Th is may explain why the building was 
painted, and may suggest to the owner that it may be preferable to keep 
it pa inted. 

treatment in a particular historic period? Many buildings 
were painted at the time of construction or shortly thereafter; 
retention of the paint, therefore, may be more appropriate 
historically than removing it. And, if the building appears 
to have been painted for a long time, it is also important 
to think about whether the paint is part of the character of 
the historic building and if it has acquired significance over 
time. 

Consider the practicalities of cleaning or paint removal. 
Some gypsum or sulfate crusts may have become integral 
with the stone and, if cleaning could result in removing 
some of the stone surface, it may be preferable not to clean. 
Even where unpainted masonry is appropriate, the retention 
of the paint may be more practical than removal in terms 
of long range preservation of the masonry. In some cases, 
however, removal of the paint may be desirable. For 
example, the old paint layers may have built up to such 
an extent that removal is necessary to ensure a sound 
surface to which the new paint will adhere. 

Study the masonry. Although not always necessary, in 
some instances it can be beneficial to have the coating or 
paint type, color, and layering on the masonry researched 
before attempting its removal. Analysis of the nature of 
the soiling or of the paint to be removed from the masonry, 
as well as guidance on the appropriate cleaning method, 
may be provided by professional consultants, including 
architectural conservators, conservation scientists and 
preservation architects. The State Historic Preservation 
Office (SHPO), local historic district commissions, 
architectural review boards and preservation-oriented 
websites may also be able to supply useful information on 
masonry cleaning techniques. 



Understanding the Building Materials 

The construction of the building must be considered when 
developing a cleaning program because inappropriate 
cleaning can have a deleterious effect on the masonry as 
well as on other building materials. The masonry material 
or materials must be correctly identified. It is sometimes 
difficult to distinguish one type of stone from another; for 
example, certain sandstones can be easily confused with 
limestones. Or, what appears to be natural stone may not 
be stone at all, but cast stone or concrete. Historically, cast 
stone and architectural terra cotta were frequently used in 
combination with natural stone, especially for trim elements 
or on upper stories of a building where, from a distance, 
these substitute materials looked like real stone (Fig. 4). 
Other features on historic buildings that appear to be stone, 
such as decorative cornices, entablatures and window 
hoods, may not even be masonry, but metal. 

Identify prior treatments. Previous treatments of the 
building and its surroundings should be researched and 
building maintenance records should be obtained, if 
available. Sometimes if streaked or spotty areas do not 
seem to get cleaner following an initial cleaning, closer 
inspection and analysis may be warranted. The 
discoloration may turn out not to be dirt but the remnant 
of a water-repellent coating applied long ago which has 
darkened the surface of the masonry over time (Fig. 5). 
Successful removal may require testing several cleaning 
agents to find something that will dissolve and remove the 
coating. Complete removal may not always be possible. 
Repairs may have been stained to match a dirty building, 
and cleaning may make these differences apparent. De-
icing salts used near the building that have dissolved can 

Figure 4. The foundation of this brick building is limestone, but the 
decorative trim above is architectural terra cotta intended to simuillte 
stone. 

Figure 5. Repeated wllter washing did rIOt remove the staining inside 
this limestone porte cochere. Upon closer examination, it was 
determined to be a water-repellent coating that had been applied many 
years earlier. An alkaline cleaner may be effective in removing it . 

migrate into the masonry. Cleaning may draw the salts to 
the surface, where they will appear as efflorescence (a 
powdery, white substance), which may require a second 
treatment to be removed. Allowances for dealing with 
such unknown factors, any of which can be a potential 
problem, should be included when investigating cleaning 
methods and materials. Just as more than one kind of 
masonry on a historic building may necessitate multiple 
cleaning approaches, unknown conditions that are 
encountered may also require additional cleaning 
treatments. 

Choose the appropriate cleaner. The importance of testing 
cleaning methods and materials cannot be over emphasized. 
Applying the wrong cleaning agents to historic masonry 
can have disastrous results. Acidic cleaners can be extremely 
damaging to acid-sensitive stones, such as marble and 
limestone, resulting in etching and dissolution of these 
stones. Other kinds of masonry can also be damaged by 
incompatible cleaning agents, or even by cleaning agents 
that are usually compatible. There are also numerous kinds 
of sandstone, each with a considerably different geological 
composition. While an acid-based cleaner may be safely 
used on some sandstones, others are acid-sensitive and 
can be severely etched or dissolved by an acid cleaner. 
Some sandstones contain water-soluble minerals and can 
be eroded by water cleaning. And, even if the stone type 
is correctly identified, stones, as well as some bricks, may 
contain unexpected impurities, such as iron particles, that 
may react negatively with a particular cleaning agent and 
result in staining. Thorough understanding of the physical 
and chemical properties of the masonry will help avoid 
the inadvertent selection of damaging cleaning agents. 

3 
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Figure 6. Timed water soaking can be very effective for cleaning 
limestone and marble as shown here at the Marble Collegiate Church 
in New York City. In this case, a twelve-hour water soak using a 
multi-nozzle manifold was followed by a final water rinse. Photo: Diane 
S. Kaese, Wiss, Janney, Elstner Associates, lnc., N. Y. , N. Y. 

Other building materials also may be affected by the 
cleaning process. Some chemicals, for example, may have 
a corrosive effect on paint or glass. The portions of building 
elements most vulnerable to deterioration may not be 
visible, such as embedded ends of iron window bars. 
Other totally unseen items, such as iron cramps or ties 
which hold the masonry to the structural frame, also may 
be subject to corrosion from the use of chemicals or even 
from plain water. The only way to prevent problems in 
these cases is to study the building construction in detail 
and evaluate proposed cleaning methods with this 
information in mind. However, due to the very likely 
possibility of encountering unknown factors, any cleaning 
project involving historic masonry should be viewed as 
unique to that particular building. 

Cleaning Methods and Materials 

Masonry cleaning methods generally are divided into 
three major groups: water, chemical, and abrasive. Water 
methods soften the dirt or soiling material and rinse the 
deposits from the masonry surface. Chemical cleaners 
react with dirt, soiling material or paint to effect their 
removal, after which the cleaning effluent is rinsed off the 
masonry surface with water. Abrasive methods include 
blasting with grit, and the use of grinders and sanding 
discs, all of which mechanically remove the dirt, soiling 
material or paint (and, usually, some of the masonry 
surface). Abrasive cleaning is also often followed with a 
water rinse. Laser cleaning, although not discussed here 
in detail, is another technique that is used sometimes by 
conservators to clean small areas of historic masonry. It 
can be quite effective for cleaning limited areas, but it is 
expensive and generally not practical for most historic 
masonry cleaning projects. 

Although it may seem contrary to common sense, masonry 
cleaning projects should be carried out starting at the 

bottom and proceeding to the top of the building always 
keeping all surfaces wet below the area being cleaned. 
The rationale for this approach is based on the principle 
that dirty water or cleaning effluent dripping from cleaning 
in progress above will leave streaks on a dirty surface but 
will not streak a clean surface as long as it is kept wet and 
rinsed frequently. 

Water Cleaning 

Water cleaning methods are generally the gentlest means 
possible, and they can be used safely to remove dirt from 
all types of historic masonry.* There are essentially four 
kinds of water-based methods: soaking; pressure water 
washing; water washing supplemented with non-ionic 
detergent; and steam, or hot-pressurized water cleaning. 
Once water cleaning has been completed, it is often 
necessary to follow up with a water rinse to wash off the 
loosened soiling material from the masonry. 

Soaking. Prolonged spraying or misting with water is 
particularly effective for cleaning limestone and marble. 
It is also a good method for removing heavy accumulations 
of soot, sulfate crusts or gypsum crusts that tend to form 
in protected areas of a building not regularly washed by 
rain. Water is distributed to lengths of punctured hose or 
pipe with non-ferrous fittings hung from moveable 
scaffolding or a swing stage that continuously mists the 
surface of the masonry with a very fine spray (Fig. 6). A 
timed on-off spray is another approach to using this 
cleaning technique. After one area has been cleaned, the 
apparatus is moved on to another. Soaking is often used 
in combination with water washing and is also followed 
by a final water rinse. Soaking is a very slow method-
it may take several days or a week-but it is a very gentle 
method to use on historic masonry. 

Water Washing. Washing with low-pressure or medium-
pressure water is probably one of the most commonly 
used methods for removing dirt or other pollutant soiling 
from historic masonry buildings (Fig. 7). Starting with a 
very low pressure (100 psi or below), even using a garden 
hose, and progressing as needed to slightly higher pressure 
-generally no higher than 300-400 psi-is always the 
recommended way to begin. Scrubbing with natural bristle 
or synthetic bristle brushes-never metal which can abrade 
the surface and leave metal particles that can stain the 
masonry-can help in cleaning areas of the masonry that 
are especially dirty. 

Water Washing with Detergents. Non-ionic detergents 
-which are not the same as soaps -are synthetic organic 
compounds that are especially effective in removing oily 
soil. (Examples of some of the numerous proprietary non-
ionic detergents include Igepal by GAF, Tergitol by Union 
Carbide and Triton by Rohm & Haas.) Thus, the addition 
of a non-ionic detergent, or surfactant, to a low- or medium-
pressure water wash can be a useful aid in the cleaning 

'Water cleaning methods may not be appropriate to use on some badly 
deteriorated masonry because water may exacerbate the deterioration, 
or on gypsum or alabaster which are very soluble in water. 



process. (A non-ionic detergent, unlike most household 
detergents, does not leave a solid, visible residue on the 
masonry.) Adding a non-ionic detergent and scrubbing 
with a natural bristle or synthetic bristle brush can facilitate 
cleaning textured or intricately carved masonry. This 
should be followed with a final water rinse. 

Steam/Hot-Pressurized Water Cleaning. Steam cleaning 
is actually low-pressure hot water washing because the 
steam condenses almost immediately upon leaving the 
hose. This is a gentle and effective method for cleaning 
stone and particularly for acid-sensitive stones. Steam can 
be especially useful in removing built-up soiling deposits 
and dried-up plant materials, such as ivy disks and tendrils. 
It can also be an efficient means of cleaning carved stone 
details and, because it does not generate a lot of liquid 
water, it can sometimes be appropriate to use for cleaning 
interior masonry (Figs. 8-9). 

Potential hazards of water cleaning. Despite the fact that 
water-based methods are generally the most gentle, even 
they can be damaging to historic masonry. Before beginning 
a water cleaning project, it is important to make sure that 
all mortar joints are sound and that the building is 
watertight. Otherwise water can seep through the walls 
to the interior, resulting in rusting metal anchors and 
stained and ruined plaster. 

Some water supplies may contain traces of iron and copper 
which may cause masonry to discolor. Adding a chelating 
or complexing agent to the water, such as EDTA (ethylene 
diamine tetra-acetic acid), which inactivates other metallic 
ions, as well as softens minerals and water hardness, will 
help prevent staining on light-colored masonry. 

Any cleaning method involving water should never be 
done in cold weather or if there is any likelihood of frost 
or freezing because water within the masonry can freeze, 
causing spalling and cracking. Since a masonry wall may 
take over a week to dry after cleaning, no water cleaning 
should be permitted for several days prior to the first 
average frost date, or even earlier if local forecasts predict 
cold weather. 

Most essential of all, it is important to be aware that using 
water at too high a pressure, a practice common to "power 
washing" and "water blasting", is very abrasive and can 
easily etch marble and other soft stones, as well as some 
types of brick (Figs. 10-11). In addition, the distance of the 
nozzle from the masonry surface and the type of nozzle, 
as well as gallons per minute (gpm), are also important 
variables in a water cleaning process that can have a 
significant impact on the outcome of the project. This is 
why it is imperative that the cleaning be closely monitored 
to ensure that the cleaning operators do not raise the 
pressure or bring the nozzle too close to the masonry in 
an effort to "speed up" the process. The appearance of 
grains of stone or sand in the cleaning effluent on the 
ground is an indication that the water pressure may be too 
high. 

Figure 7. Glazed architectural terra cotta often may be cleaned 
successfully with a low-pressure water wash and hand scrubbing 
supplemented, if necessary, with a non-ionic detergent. Pho to: Na tional 
Park Service Files. 

Chemical Cleaning 

Chemical cleaners, generally in the form of proprietary 
products, are another material frequently used to clean 
historic masonry. They can remove dirt, as well as paint 
and other coatings, metallic and plant stains, and graffiti. 
Chemical cleaners used to remove dirt and soiling include 
acids, alkalies and organic compounds. Acidic cleaners, 
of course, should not be used on masonry that is acid 
sensitive. Paint removers are alkaline, based on organic 
solvents or other chemicals. 

Chemical Cleaners to Remove Dirt 

Both alkaline and acidic cleaning treatments include the 
use of water. Both cleaners are also likely to contain 
surfactants (wetting agents), that facilitate the chemical 
reaction that removes the dirt. Generally, the masonry is 
wet first for both types of cleaners, then the chemical 
cleaner is sprayed on at very low pressure or brushed onto 
the surface. The cleaner is left to dwell on the masonry 
for an amount of time recommended by the product 
manufacturer or, preferably, determined by testing, and 
rinsed off with a low- or moderate-pressure cold, or 
sometimes hot, water wash. More than one application 
of the cleaner may be necessary, and it is always a 
good practice to test the product manufacturer's 
recommendations concerning dilution rates and dwell 
times. Because each cleaning situation is unique, dilution 
rates and dwell times can vary considerably. The masonry 
surface may be scrubbed lightly with natural or synthetic 
bristle brushes prior to rinsing. After rinsing, pH strips 
should be applied to the surface to ensure that the masonry 
has been neutralized completely. 

5 
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Figure 8. (Left) Low-press ure (under 100 psi) steam cleaning 
(hot-pressurized water washing), is part of the regular maintenance 
program at the Jefferson Memorial, Washington , D.C. The white marble 
interior of this open structure is subject to constant soiling by birds, 
insects and visitors. (Right) Th is portable steam cleaner enables prompt 
clea nup when necessary. Photos: Na tional Park Service Files. 

Acidic Cleaners. Acid-based cleaning products may be 
used on non-acid sensitive masonry, which generally 
includes: granite, most sandstones, slate, unglazed brick 
and unglazed architectural terra cotta, cast stone and 
concrete (Fig. 12). Most commercial acidic cleaners are 
composed primarily of hydrofluoric acid, and often include 
some phosphoric acid to prevent rust-like stains from 
developing on the masonry after the cleaning. Acid cleaners 
are applied to the pre-wet masonry which should be kept 
wet while the acid is allowed to "work", and then removed 
with a water wash. 

Alkaline Cleaners. Alkaline cleaners should be used on 
acid-sensitive masonry, including: limestone, polished 
and unpolished marble, calcareous sandstone, glazed brick 
and glazed architectural terra cotta, and polished granite. 
(Alkaline cleaners may also be used sometimes on masonry 
materials that are not acid sensitive-after testing, of course 

- but they may not be as effective as they are on acid-
sensitive masonry.) Alkaline cleaning products consist 
primarily of two ingredients: a non-ionic detergent or 
surfactant; and an alkali, such as potassium hydroxide or 
ammonium hydroxide. Like acidic cleaners, alkaline 
products are usually applied to pre-wet masonry, allowed 
to dwell, and then rinsed off with water. (Longer dwell 
times may be necessary with alkaline cleaners than with 
acidic cleaners.) Two additional steps are required to 
remove alkaline cleaners after the initial rinse. First the 
masonry is given a slightly acidic wash-often with acetic 
acid-to neutralize it, and then it is rinsed again with water. 

Chemical Cleaners to Remove Paint and Other Coatings, 
Stains and Graffiti 

Removing paint and some other coatings, stains and graffiti 
can best be accomplished with alkaline paint removers, 
organic solvent paint removers, or other cleaning 
compounds. The removal of layers of paint from a masonry 
surface usually involves applying the remover either by 
brush, roller or spraying, followed by a thorough water 
wash. As with any chemical cleaning, the manufacturer's 
recommendations regarding application procedures should 
always be tested before beginning work. 

Alkaline Paint Removers. These are usually of much the 
same composition as other alkaline cleaners, containing 
potassium or ammonium hydroxide, or trisodium 
phosphate. They are used to remove oil, latex and acrylic 
paints, and are effective for removing multiple layers of 
paint. Alkaline cleaners may also remove some acrylic, 
water-repellent coatings. As with other alkaline cleaners, 
both an acidic neutralizing wash and a final water rinse 
are generally required following the use of alkaline paint 
removers. 

Organic Solvent Paint Removers. The formulation of 
organic solvent paint removers varies and may include a 
combination of solvents, including methylene chloride, 
methanol, acetone, xylene and toluene. 

Figure 9. (Left) This small steam cleaner- the size of a vacuum cleaner- offers a very controlled and gentle means of cleaning limited, or hard-to-reach 
areas or carved stone details. (Right) It is particularly useful for interiors where it is important to keep moisture to a minumum, such as inside 
the Washington Monument, Washington, D.C., where it was used to clean the commemorative stones. Photos: Audrey T. Tepper. 



Figure 10. High-pressure water washing too close to the surface has 
abraded and, consequently, marred the limestone on this early-20th 
century building. 

Other Paint Removers and Cleaners. Other cleaning 
compounds that can be used to remove paint and some 
painted graffiti from historic masonry include paint 
removers based on N-methyl-2-pyrrolidone (NMP), or on 
petroleum-based compounds. Removing stains, whether 
they are industrial (smoke, soot, grease or tar), metallic 
(iron or copper), or biological (plant and fungal) in origin, 
depends on carefully matching the type of remover to the 
type of stain (Fig. 13). Successful removal of stains from 
historic masonry often requires the application of a number 
of different removers before the right one is found. The 
removal of layers of paint from a masonry surface is usually 
accomplished by applying the remover either by brush, 
roller or spraying, followed by a thorough water wash 
(Fig. 14). 

Potential hazards of chemical cleaning. Since most 
chemical cleaning methods involve water, they have many 
of the potential problems of plain water cleaning. Like 
water methods, they should not be used in cold weather 
because of the possibility of freezing. Chemical cleaning 
should never be undertaken in temperatures below 40 
degrees F (4 degrees C), and generally not below 50 degrees 
F. In addition, many chemical cleaners simply do not work 
in cold temperatures. Both acidic and alkaline cleaners 
can be dangerous to cleaning operators and, clearly, there 
are environmental concerns associated with the use of 
chemical cleaners. 

Figure 11. Rinsing with high-pressure water following chemical 
cleaning has left a horizontal line of abrasion across the bricks on this 
late-19th century row house. 

If not carefully chosen, chemical cleaners can react adversely 
with many types of masonry. Obviously, acidic cleaners 
should not be used on acid-sensitive materials; however, 
it is not always clear exactly what the composition is of 
any stone or other masonry material. For, this reason, 
testing the cleaner on an inconspicuous spot on the building 
is always necessary. While certain acid-based cleaners 
may be appropriate if used as directed on a particular type 
of masonry, if left too long or if not adequately rinsed from 
the masonry they can have a negative effect. For example, 
hydrofluoric acid can etch masonry leaving a hazy residue 
(whitish deposits of silica or calcium fluoride salts) on the 
surface. While this efflorescence may usually be removed 
by a second cleaning-although it is likely to be expensive 
and time-consuming- hydrofluoric acid can also leave 
calcium fluoride salts or a colloidal silica deposit on 
masonry which may be impossible to remove (Fig. 15). 
Other acids, particularly hydrochloric (muriatic) acid, 
which is very powerful, should not be used on historic 
masonry, because it can dissolve lime-based mortar, 
damage brick and some stones, and leave chloride deposits 
on the masonry. 

Figure 12. A mild acidic clean ing agent is being used to clean this 
heavily soiled brick and granite building. Additional applications of the 
cleaner and hand-scrubbing, and even poulticing, may be necessary to 
remove the dark stains on the granite arches below. Photo: Sharon C. 
Park, FAlA. 

7 



8 

Alkaline cleaners can stain sandstones that contain a ferrous 
compound. Before using an alkaline cleaner on sandstone 
it is always important to test it, since it may be difficult to 
know whether a particular sandstone may contain a ferrous 
compound. Some alkaline cleaners, such as sodium 
hydroxide (caustic soda or lye) and ammonium bifluoride, 
can also damage or leave disfiguring brownish-yellow 
stains and, in most cases, should not be used on historic 
masonry. Although alkaline cleaners will not etch a 
masonry surface as acids can, they are caustic and can burn 
the surface. In addition, alkaline cleaners can deposit 
potentially damaging salts in the masonry which can be 
difficult to rinse thoroughly. 

Abrasive and Mechanical Cleaning 

Generally, abrasive cleaning methods are not appropriate 
for use on historic masonry buildings. Abrasive cleaning 
methods are just that-abrasive. Grit blasters, grinders, 
and sanding discs all operate by abrading the dirt or paint 
off the surface of the masonry, rather than reacting with 
the dirt and the masonry which is how water and chemical 
methods work. Since the abrasives do not differentiate 
between the dirt and the masonry, they can also remove 
the outer surface of the masonry at the same time, and 
result in permanently damaging the masonry. Brick, 
architectural terra cotta, soft stone, detailed carvings, and 
polished surfaces are especially susceptible to physical and 
aesthetic damage by abrasive methods. Brick and 
architectural terra cotta are fired products which have a 
smooth, glazed surface which can be removed by abrasive 
blasting or grinding (Figs. 18-19). Abrasively-cleaned 
masonry is damaged aesthetically as well as physically, 
and it has a rough surface which tends to hold dirt and 
the roughness will make future cleaning more difficult. 
Abrasive cleaning processes can also increase the likelihood 
of subsurface cracking of the masonry. Abrasion of carved 
details causes a rounding of sharp corners and other loss 
of delicate features, while abrasion of polished surfaces 
removes the polished finish of stone. 

Figure 13. Sometimes it may be preferable to paint over a thick asphaltic 
coating rather than try to remove it, because it can be difficult to remove 
completely. However, in this case, many layers of asphaltic coating 
were removed through multiple applications of a heavy duty chemical 
cleaner. Each application of the cleaner was left to dwell following the 
manufacturer's reccommendations, and then rinsed thoroughly. 
(As much as possible of the asphalt was first removed with wooden 
scrapers.) Although not all the asphalt was removed, this was 
determined to be an acceptable level of cleanliness for the project. 

Figure 14. Chemical removal of paint from this brick building has 
revealed that the cornice and window hoods are metal rather than 
masonry. 

Mortar joints, especially those with lime mortar, also can 
be eroded by abrasive or mechanical cleaning. In some 
cases, the damage may be visual, such as loss of joint detail 
or increased joint shadows. As mortar joints constitute a 
significant portion of the masonry surface (up to 20 per 
cent in a brick wall), this can result in the loss of a 
considerable amount of the historic fabric. Erosion of the 
mortar joints may also permit increased water penetration, 
which will likely necessitate repainting. 

Figure 15. The whitish deposits left on the brick by a chemical paint 
remover may have resulted from inadequate rinsing or from the 
chemical being left on the surface too long and may be impossible to 
remove. 



Poulticing to Remove Stains and Graffiti 

a 

c 

d 

Figure 16. (a) The limestone base was heavily stained by runoff 
from the bronze statue above. (b) A poultice consisting of copper 
stain remover and ammonia mixed with fuller's earth was applied 
to the stone base and covered with plastic sheeting to keep it from 
drying out too quickly. (c) As the poultice dried, it pulled the stain 
out of the stone. (d) The poultice residue was removed carefully 
from the stone surface with wooden scrapers and the stone was 
rinsed with wa ter. Photos: John Dugger. 

b 

Graffiti and stains, which have penetrated into the masonry, 
often are best removed by using a poultice. A poultice 
consists of an absorbent material or clay powder (such as 
kaolin or fuller 's earth, or even shredded paper or paper 
towels), mixed with a liquid (solvent or other remover) to 
form a paste which is applied to the stain (Figs. 16-17). 
As it dries, the paste absorbs the staining material so that 
it is not redeposited on the masonry surface. Some 
commercial cleaning products and paint removers are 
specially formulated as a paste or gel that will cling to a 
vertical surface and remain moist for a longer period of 
time in order to prolong the action of the chemical on the 
stain. Pre-mixed poultices are also available as a paste or 
in powder form needing only the addition of the 
appropriate liquid. The masonry must be pre-wet before 
applying an alkaline cleaning agent, but not when using 
a solvent. Once the stain has been removed, the masonry 
must be rinsed thoroughly. 

Figure 17. A poultice is being used to remove salts from the brownstone 
statuary on the facade of this late-19th century stone chu rch. Photo: 
Nationa l Park Serv ice Files . 
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Figure 18. The glazed bricks in the center of the pier were covered by a 
signboard that protected them being damaged by the sandblasting 
which removed the glaze from the surrounding bricks . 

Abrasive Blasting. Blasting with abrasive grit or another 
abrasive material is the most frequently used abrasive 
method. Sandblasting is most commonly associated with 
abrasive cleaning. Finely ground silica or glass powder, 
glass beads, ground garnet, powdered walnut and other 
ground nut shells, grain hulls, aluminum oxide, plastic 
particles and even tiny pieces of sponge, are just a few of 
the other materials that have also been used for abrasive 
cleaning. Although abrasive blasting is not an appropriate 
method of cleaning historic masonry, it can be safely used 
to clean some materials. Finely-powdered walnut shells 
are commonly used for cleaning monumental bronze 
sculpture, and skilled conservators clean delicate museum 
objects and finely detailed, carved stone features with very 
small, micro-abrasive units using aluminum oxide. 

Figure 19. A comparison of undamaged bricks surroundng the electrical 
conduit with the rest of the brick facade emphasizes the severity of the 
erosion caused by sandblasting. 

A number of current approaches to abrasive blasting rely 
on materials that are not usually thought of as abrasive, 
and not as commonly associated with traditional 
abrasive grit cleaning. Some patented abrasive cleaning 
processes - one dry, one wet -use finely-ground glass 
powder intended to "erase" or remove dirt and surface 
soiling only, but not paint or stains (Fig. 20). Cleaning with 
baking soda (sodium bicarbonate) is another patented 
process. Bakmg soda blasting is being used in some 
communities as a means of quick graffiti removal. 
However, it should not be used on historic masonry which 
it can easily abrade and can permanently "etch" the graffiti 
into the stone; it can also leave potentially damaging salts 
in the stone which cannot be removed. Most of these 
abrasive grits may be used either dry or wet, although dry 
grit tends to be used more frequently. 

Figure 20. (Left) A comparison of the limestone surface of a 1920s office building before and after "cleaning" with a proprietary abrasive process using 
fine glass powder clearly shows the effectiveness of this method. But this is an abrasive technique and it has "cleaned" by removing part of the masonry 
surface with the dirt. Because it is abrasive, it is generally not recommended for large-scale cleaning of historic masonry, although it may be suitable to 
use in certain, very limited cases under controlled circumstances. (Right) A vacum chamber where the used glass powder is collected for environmentally 
safe disposal is a unique feature of this particular process. The specially-trained operators in the chamber wear protective clothing, masks and breathing 
equipment. Photos: Tom Keohan. 



Figure 21. Low-pressure blasting with ice pellets or ice crystals (left) is 
an abrasive cleaning method that is sometimes recommended for use 
on interior masonry because it does not involve large amounts of water. 
However, like other abrasive materials, ice crystals "clean" by removing 
a portion of the masonry surface with the dirt, and may not remove 
sOllie sta ins that have penetrated into the l1lasollry withou t causing 
further abrasion (r ight) . Photos: Audrey T. Tepper. 

Ice particles, or pelletized dry ice (carbon dioxide or C02), 
are another medium used as an abrasive cleaner (Fig. 21). 
TItis is also too abrasive to be used on most historic masonry, 
but it may have practical application for removing mastics 
or asphaltic coatings from some substrates. 

Some of these processes are promoted as being more 
environmentally safe and not damaging to historic masonry 
buildings. However, it must be remembered that they are 
abrasive and that they "clean" by removing a small portion 
of the masonry surface, even though it may be only a 
minuscule portion. The fact that they are essentially 
abrasive treatments must always be taken into consideration 
when planning a masonry cleaning project. In general, 
abrasive methods should not be used to clean historic 
masonry buildings. In some, very limited instances, highly-
controlled, gentle abrasive cleaning may be appropriate 
on selected, hard-to-clean areas of a historic masonry 
building if carried out under the watchful supervision of 
a professional conservator. But, abrasive cleaning should 
never be used on an entire building. 

Grinders and Sanding Disks. Grinding the masonry 
surface with mechanical grinders and sanding disks is 
another means of abrasive cleaning that should not be used 
on historic masonry. Like abrasive blasting, grinders and 
disks do not really clean masonry but instead grind away 
and abrasively remove and, thus, damage the masonry 
surface itself rather than remove just the soiling material. 

Planning A Cleaning Project 

Once the masonry and soiling material or paint have been 
identified, and the condition of the masonry has been 
evaluated, planning for the cleaning project can begin. 

Testing cleaning methods. In order to determine the 
gentlest means possible, several cleaning methods or 
materials may have to be tested prior to selecting the best 
one to use on the building. Testing should always begin 
with the gentlest and least invasive method proceeding 
gradually, if necessary, to more complicated methods, or 
a combination of methods. All too often simple methods, 
such as low-pressure water wash, are not even considered, 
yet they frequently are effective, safe, and not expensive. 
Water of slightly higher pressure or with a non-ionic 
detergent additive also may be effective. It is worth 
repeating that these methods should always be tested prior 
to considering harsher methods; they are safer for the 
building and the environment, often safer for the applicator, 
and relatively inexpensive. 

The level of cleanliness desired also should be determined 
prior to selection of a cleaning method. Obviously, the 
intent of cleaning is to remove most of the dirt, soiling 
material, stains, paint or other coating. A "brand new" 
appearance, however, may be inappropriate for an older 
building, and may require an overly harsh cleaning method 
to be achieved. When undertaking a cleaning project, it is 
important to be aware that some stains simply may not be 
removable. It may be wise, therefore, to agree upon a 
slightly lower level of cleanliness that will serve as the 
standard for the cleaning project. The precise amount of 
residual dirt considered acceptable may depend on the 
type of masonry, the type of soiling and difficulty of total 
removal, and local environmental conditions. 

Cleaning tests should be carried out in an area of sufficient 
size to give a true indication of their effectiveness. It is 
preferable to conduct the test in an inconspicuous location 
on the building so that it will not be obvious if the test is 
not successful. A test area may be quite small to begin, 
sometimes as small as six square inches, and gradually 
may be increased in size as the most appropriate methods 
and cleaning agents are determined. Eventually the test 
area may be expanded to a square yard or more, and it 
should include several masonry units and mortar joints 
(Fig. 22). It should be remembered that a single building 
may have several types of masonry and that even similar 
materials may have different surface finishes. Each material 
and different finish should be tested separately. Cleaning 
tests should be evaluated only after the masonry has dried 
completely. The results of the tes ts may indicate that 
several methods of cleaning should be used on a single 
building. 

When feasible, test areas should be allowed to weather for 
an extended period of time prior to final evaluation. A 
waiting period of a full year would be ideal in order to 
expose the test patch to a full range of seasons. If this is 
not possible, the test patch should weather for at least a 
month or two. For any building which is considered 
historically important, the delay is insignificant compared 
to the potential damage and disfigurement which may 
result from using an incompletely tested method. The 
successfully cleaned test patch should be protected as it 
will serve as a standard against which the entire cleaning 
project will be measured. 
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Environmental considerations. The potential effect of any 
method proposed for cleaning historic masonry should be 
evaluated carefully. Chemical cleaners and paint removers 
may damage trees, shrubs, grass, and plants. A plan must 
be provided for environmentally safe removal and disposal 
of the cleaning materials and the rinsing effluent before 
beginning the cleaning project. Authorities from the local 
regulatory agency - usually under the jurisdiction of the 
federal or state Environmental Protection Agency (EPA) 
should be consulted prior to beginning a cleaning project, 
especially if it involves anything more than plain water 
washing. This advance planning will ensure that the 
cleaning effluent or run-off, which is the combination of 
the cleaning agent and the substance removed from the 
masonry, is handled and disposed of in an environmentally 
sound and legal manner. Some alkaline and acidic cleaners 
can be neutralized so that they can be safely discharged 
into storm sewers. However, most solvent-based cleaners 
cannot be neutralized and are categorized as pollutants, 
and must be disposed of by a licensed transport, storage 
and disposal facility. Thus, it is always advisable to consult 
with the appropriate agencies before starting to clean to 
ensure that the project progresses smoothly and is not 
intermpted by a stop-work order because a required permit 
was not obtained in advance. 

Vinyl guttering or polyethylene-lined troughs placed around 
the perimeter of the base of the building can serve to catch 
chemical cleaning waste as it is rinsed off the building. 
This will reduce the amount of chemicals entering and 
polluting the soil, and also will keep the cleaning waste 
contained until it can be removed safely. Some patented 
cleaning systems have developed special equipment to 
facilitate the containment and later disposal of cleaning 
waste. 

Concern over the release of volatile organic compounds 
(VOCs) into the air has resulted in the manufacture of new, 
more environmentally responsible cleaners and paint 
removers, while some materials traditionally used in 
cleaning may no longer be available for these same reasons. 
Other health and safety concerns have created additional 
cleaning challenges, such as lead paint removal, which is 
likely to require special removal and disposal techniques. 

Cleaning can also cause damage to non-masonry materials 
on a building, including glass, metal and wood. Thus, it 
is usually necessary to cover windows and doors, and 
other features that may be vulnerable to chemical cleaners. 
They should be covered with plastic or polyethylene, or a 
masking agent that is applied as a liquid which dries to 
form a thin protective film on glass, and is easily peeled 
off after the cleaning is finished. Wind drift, for example, 
can also damage other property by carrying cleaning 
chemicals onto nearby automobiles, resulting in etching 
of the glass or spotting of the paint finish. Similarly, 
airborne dust can enter surrounding buildings, and excess 
water can collect in nearby yards and basements. 

Safety considerations. Possible health dangers of each 
method selected for the cleaning project must be considered 
before selecting a cleaning method to avoid harm to the 

Figure 22. Cleaning test areas may be quite small at first and gradually 
increase in size as tes ting determines the "gentlest means possible". 
Photo: Frances Gale. 

cleaning applicators, and the necessary precautions must 
be taken. The precautions listed in Material Safety Data 
Sheets (MSDS) that are provided with chemical products 
should always be followed. Protective clothing, respirators, 
hearing and face shields, and gloves must be provided to 
workers to be worn at all times. Acidic and alkaline 
chemical cleaners in both liquid and vapor forms can also 
cause serious injury to passers-by (Fig. 23). It may be 
necessary to schedule cleaning at night or weekends if the 
building is located in a busy urban area to reduce the 
potential danger of chemical overspray to pedestrians. 
Cleaning during non-business hours will allow HVAC 
systems to be turned off and vents to be covered to prevent 
dangerous chemical fumes from entering the building 
which will also ensure the safety of the building's occupants. 
Abrasive and mechanical methods produce dust which 
can pose a serious health hazard, particularly if the abrasive 
or the masonry contains silica. 

Water-Repellent Coatings and Waterproof 
Coatings 

To begin with, it is important to understand that waterproof 
coatings and water-repellent coatings are not the same. 
Although these terms are frequently interchanged and 
commonly confused with one another, they are completely 
different materials. Water-repellent coatings --Dften 
referred to incorrectly as "sealers", but which do not or 
should not seal- are intended to keep liquid water from 
penetrating the surface but to allow water vapor to enter 
and leave, or pass through, the surface of the masonry (Fig. 
24). Water-repellent coatings are generally transparent, or 
clear, although once applied some may darken or discolor 
certain types of masonry while others may give it a glossy 
or shiny appearance. Waterproof coatings seal the surface 
from liquid water and from water vapor. They are usually 
opaque, or pigmented, and include bituminous coatings 
and some elastomeric paints and coatings. 



Water-Repellent Coatings 

Water-repellent coatings are formulated to be vapor 
permeable, or "breathable". They do not seal the surface 
completely to water vapor so it can enter the masonry 
wall as well as leave the wall. While the first water-
repellent coatings to be developed were primarily acrylic 
or silicone resins in organic solvents, now most water-
repellent coatings are water-based and formulated from 
modified siloxanes, silanes and other alkoxysilanes, or 
metallic stearates. While some of these products are 
shipped from the factory ready to use, other waterborne 
water repellents must be diluted at the job site. Unlike 
earlier water-repellent coatings which tended to form a 
"film" on the masonry surface, modem water-repellent 
coatings actually penetrate into the masonry substrate 
slightly and, generally, are almost invisible if properly 
applied to the masonry. They are also more vapor 
permeable than the old coatings, yet they still reduce the 
vapor permeability of the masonry. Once inside the wall, 
water vapor can condense at cold spots producing liquid 
water which, unlike water vapor, cannot escape through 
a water-repellent coating. The liquid water within the 
wall, whether from condensation, leaking gutters, or other 
sources, can cause considerable damage. 

Water-repellent coatings are not consolidants. Although 
modem water repellents may penetrate slightly beneath 
the masonry surface, instead of just "sitting" on top of it, 
they do not perform the same function as a consolidant 
which is to "consolidate" and replace lost binder to 
strengthen deteriorating masonry. Even after many years 
of laboratory study and testing few consolidants have 
proven very effective. The composition of fired products 
such as brick and architectural terra cotta, as well as many 
types of building stone, does not lend itself to consolidation. 

Some modem water-repellent coatings which contain a 
binder intended to replace the natural binders in stone 
that have been lost through weathering and natural erosion 
are described in product literature as both a water repellent 
and a consolidant. The fact that newer water-repellent 
coatings penetrate beneath the masonry surface instead 
of just forming a layer on top of the surface may indeed 
convey at least some consolidating properties to certain 
stones. However, a water-repellent coating cannot be 
considered a consolidant. In some instances, a water-
repellent or "preservative" coating, if applied to already 
damaged or spalling stone, may form a surface crust which, 
if it fails, may exacerbate the deterioration by pulling off 
even more of the stone (Fig. 25). 

Is a Water-Repellent Treatment Necessary? 

Water-repellent coatings are frequently applied to historic 
masonry buildings for the wrong reason. They also are 
often applied without an understanding of what they are 
and what they are intended to do. And these coatings can 
be very difficult, if not impossible, to remove from 
the masonry if they fail or become discolored. Most 
importantly, the application of water-repellent coatings to 
historic masonry is usually unnecessary. 

Figure 23. A tarpaulin protects and shields pedestrians from potentially 
harmful spray while chemical cleaning is underway on the granite 
exterior of the U.S. Treasury Building, Washington, D.C. 

Most historic masonry buildings, unless they are painted, 
have survived for decades without a water-repellent 
coating and, thus, probably do not need one now. Water 
penetration to the interior of a masonry building is seldom 
due to porous masonry, but results from poor or deferred 
maintenance. Leaking roofs, clogged or deteriorated 
gutters and downspouts, missing mortar, or cracks and 
open joints around door and window openings are almost 
always the cause of moisture-related problems in a historic 
masonry building. If historic masonry buildings are kept 
watertight and in good repair, water-repellent coatings 
should not be necessary. 

Rising damp (capillary moisture pulled up from the 
ground), or condensation can also be a source of excess 
moisture in masonry buildings. A water-repellent coating 
will not solve this problem either and, in fact, may be 
likely to exacerbate it. Furthermore, a water-repellent 
coating should never be applied to a damp wall. Moisture 
in the wall would reduce the ability of a coating to adhere 
to the masonry and to penetrate below the surface. But, 
if it did adhere, it would hold the moisture inside the 
masonry because, although a water-repellent coating is 
permeable to water vapor, liquid water cannot pass through 
it. In the case of rising damp, a coating may force the 
moisture to go even higher in the wall because it can slow 
down evaporation, and thereby retain the moisture in the 
wall. 

Excessive moisture in masonry walls may carry waterborne 
soluble salts from the masonry units themselves or from 
the mortar through the walls. If the water is permitted to 
come to the surface, the salts may appear on the masonry 
surface as efflorescence (a whitish powder) upon 
evaporation. However, the salts can be potentially 
dangerous if they remain in the masonry and crystallize 
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Figure 24. Although the application of a water-repellent coating W IlS 
probably not needed on either of these buildings, the coating on the 
brick building (above), is not visible and has not changed tile character 
of the brick. But the coating on the brick colllmn (below), has a high 
gloss that is incompatible with the historic character of the masonry. 

beneath the surface as subflorescence. Subflorescence 
eventually may cause the surface of the masonry to spall, 
particularly if a water-repellent coating has been applied 
which tends to reduce the flow of moisture out from the 
subsurface of the masonry. Although many of the newer 
water-repellent products are more breathable than their 
predecessors, they can be especially damaging if applied 
to masonry that contains salts, because they limit the flow 
of moisture through masonry. 

When a Water-Repellent Coating May be Appropriate 
There are some instances when a water-repellent coating 
may be considered appropriate to use on a historic masonry 
building. Soft, incompletely fired brick from the 18th- and 
early-19th centuries may have become so porous that paint 
or some type of coating is needed to protect it from further 
deterioration or dissolution. When a masonry building 
has been neglected for a long period of time, necessary 
repairs may be required in order to make it watertight. 
If, following a reasonable period of time after the building 
has been made watertight and has dried out completely, 
moisture appears actually to be penetrating through the 
repointed and repaired masonry wails, then the application 
of a water-repellent coating may be considered in selected 
areas only. This decision should be made in consultation 
with an architectural conservator. And, if such a treatment 
is undertaken, it should not be applied to the entire exterior 
of the building. 

Anti-graffiti or barrier coatings are another type of clear 
coating-although barrier coatings can also be pigmented-
that may be applied to exterior masonry, but they are not 
formulated primarily as water repellents. The purpose of 
these coatings is to make it harder for graffiti to stick to 
a masonry surface and, thus, easier to clean. But, like 
water-repellent coatings, in most cases the application 
of anti-graffiti coatings is generally not recommended for 
historic masonry buildings. These coatings are often quite 
shiny which can greatly alter the appearance of a historic 
masonry surface, and they are not always effective (Fig. 
26) . Generally, other ways of discouraging graffiti, such 
as improved lighting, can be more effective than a coating. 
However, the application of anti-graffiti coatings may be 
appropriate in some instances on vulnerable areas of 
historic masonry buildings which are frequent targets of 
graffiti that are located in out-of-the-way places where 
constant surveillance is not possible. 

Some water-repellent coatings are recommended by 
product manufacturers as a means of keeping dirt and 
pollutants or biological growth from collecting on the 
surface of masonry buildings and, thus, reducing the need 
for frequent cleaning. While this at times may be true, in 
some cases a coating may actually retain dirt more than 
uncoated masonry. Generally, the application of a water-
repellent coating is not recommended on a historic masonry 
building as a means of preventing biological growth. 
Some water-repellent coatings may actually encourage 
biological growth on a masonry wall. Biological growth 
on masonry buildings has traditionally been kept at bay 
through regularly-scheduled cleaning as part of a 
maintenance plan. Simple cleaning of the masonry with 
low-pressure water using a natural- or synthetic-bristled 
scrub brush can be very effective if done on a regular basis. 
Commercial products are also available which can 
be sprayed on masonry to remove biological growth. 

In most instances, a water-repellent coating is not 
necessary if a building is watertight. The application of 
a water-repellent coating is not a recommended treatment 
for historic masonry buildings unless there is a specific 



Figure 25. The clear coating applied to this limestone molding has 
fa iled and is taking off some of the stone surface as it peels. Photo: 
Frances Ga le. 

problem which it may help solve. If the problem 
occurs on only part of the building, it is best to treat only 
that area rather than an entire building. Extreme exposures 
such as parapets, for example, or portions of the building 
subject to driving rain can be treated more effectively and 
less expensively than the entire building. Water-repellent 
coatings are not permanent and must be reapplied 

Figure 26. The anti-graffiti or barrier coating on this column is very 
shiny and wou ld not be appropriate to use on a historic masonry 
building. The coating has discolored as it has aged and whitish streaks 
reveal areas of bare concrete where the coating was incompletely 
applied . 

periodically although, if they are truly invisible, it can be 
difficult to know when they are no longer providing the 
intended protection. 

Testing a water-repellent coating by applying it in one 
small area may not be helpful in determining its suitability 
for the building because a limited test area does not allow 
an adequate evaluation of such a treatment. Since water 
may enter and leave through the surrounding untreated 
areas, there is no way to tell if the coated test area is 
"breathable." But trying a coating in a small area may help 
to determine whether the coating is visible on the surface 
or if it will otherwise change the appearance of the masonry. 

Waterproof Coatings 

In theory, waterproof coatings usually do not cause 
problems as long as they exclude all water from the 
masomy. If water does enter the wall from the ground or 
from the inside of a building, the coating can intensify the 
damage because the water will not be able to escape. 
During cold weather this water in the wall can freeze 
causing serious mechanical disruption, such as spalling. 

In addition, the water eventually will get out by the path 
of least resistance. If this path is toward the interior, 
damage to interior finishes can result; if it is toward the 
exterior, it can lead to damage to the masomy caused by 
built-up water pressure (Fig. 27). 

In most instances, waterproof coatings should not be 
applied to historic masonry. The possible exception to 
this might be the application of a waterproof coating to 
below-grade exterior foundation walls as a last resort to 
stop water infiltration on interior basement walls. 
Generally, however, waterproof coatings, which include 
elastomeric paints, should almost never be applied above 
grade to historic masonry buildings. 

Figure 27. Instead of correcting the roof drainage problems, an 
elastomeric coating was applied to the already saturated limeston e 
cornice. An elastomeric coating holds moisture in the masonry because 
it does not "breathe" and does not allow liquid moisture to escape. If 
the water pressure builds up sufficiently it can cause the coating to 
break and pop off as shown in this example, often pulling pieces of the 
masonry with it. Photo: National Park Service Files . 
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Summary 

A well-planned cleaning project is an essential step in 
preserving, rehabilitating or restoring a historic masonry 
building. Proper cleaning methods and coating treatments, 
when determined necessary for the preservation of the 
masonry, can enhance the aesthetic character as well as the 
structural stability of a historic building. Removing years 
of accumulated dirt, pollutant crusts, stains, graffiti or 
paint, if done with appropriate caution, can extend the life 
and longevity of the historic resource. Cleaning that is 
carelessly or insensitively prescribed or carried out by 
inexperienced workers can have the opposite of the intended 
effect. It may scar the masonry permanently, and may 
actually result in hastening deterioration by introducing 
harmful residual chemicals and salts into the masonry or 
causing surface loss. Using the wrong cleaning method or 
using the right method incorrectly, applying the wrong 
kind of coating or applying a coating that is not needed 
can result in serious damage, both physically and 
aesthetically, to a historic masonry building. Cleaning a 
historic masonry building should always be done using 
the gentlest means possible that will clean, but not damage 
the building. It should always be taken into consideration 
before applying a water-repellent coating or a waterproof 
coating to a historic masonry building whether it is really 
necessary and whether it is in the best interest of preserving 
the building. 
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Significance of the Roof 
A weather-tight roof is basic in the preservation of a struc-
ture, regardless of its age, size, or design. In the system that 
allows a building to work as a shelter, the roof sheds the rain, 
shades from the sun, and buffers the weather. 

During some periods in the history of architecture, the roof 
imparts much of the architectural character. It defines the 
style and contributes to the building's aesthetics . The hipped 
roofs of Georgian architecture, the tllrrets of Queen Anne, the 
Mansard roofs, and the graceful slopes of the Shingle Style 
and Bungalow designs are examples of the use of roofing as a 
major design feature. 

But no matter how decorative the patterning or how com-
pelling the form, the roof is a highly vulnerable element of a 
shelter that will inevitable fail. A poor roof will permit the 
accelerated deterioration of historic building materials-
masonry, wood, plaster, paint-and will cause general dis-
integration of the basic structure. Furthermore, there is an 
urgency involved in repairing a leaky roof since such repair 
costs will quickly become prohibitive. Although such action is 
desirable as soon as a failure is discovered, temporary patch-
ing methods should be carefully chosen to prevent inadvertent 
damage to sound or historic roofing materials and related 
features . Before any repair work is performed, the historic 
value of the materials used on the roof should be understood . 
Then a complete internal and external inspection of the roof 
should be planned to determine all the causes of failure and to 
identify the alternatives for repair or replacement of the 
roofing. 

Historic Roofing Materials in America 
Clay Tile: European settlers used clay tile for roofing as early 
as the mid-17th century; many pantiles (S-curved tiles), as well 
as flat roofing tiles, were used in Jamestown, Virginia. In 
some cities such as New York and Boston, clay was popularly 
used as a precaution against such fire as those that engulfed 
London in 1666 and scorched Boston in 1679. 

Tiles roofs found in the mid-18th century Moravian settle-
ments in Pennsylvania closely resembled those found in Ger-
many. Typically, the tiles were 14- 15" long, 6- 7" wide with a 
curved butt. A lug on the back allowed the tiles to hang on the 
lathing without nails or pegs. The tile surface was usually 
scored with finger marks to promote drainage, In the South-
west, the tile roofs of the Spanish missionaries (mission tiles) 
were first manufactured (ca. 1780) at the Mission San An-
tonio de Padua in California. These semicircular tiles were 

Repairs on this pantile roof were made with new tiles held in place 
with metal hangers. (Main Building, Ellis Island, New York) 

made by molding clay over sections of logs, and they were 
generally 22" long and tapered in width. 

HABS 

The plain or flat rectangular tiles most commonly used from 
the 17th through the beginning of the 19th century measured 
about 10" by 6" by W ', and had two holes at one end for a 
nail or peg fastener. Sometimes mortar was applied between 
the courses to secure the tiles in a heavy wind. 

In the mid-19th century, tile roofs were often replaced by 
sheet-metal roofs, which were lighter and easier to install and 
maintain. However, by the turn of the century, the Romanes-
que Revival and Mission style buildings created a new demand 
and popularity for this picturesque roofing material. 

Slate: Another practice settlers brought to the New World was 
slate roofing. Evidence of roofing slates have been found also 
among the ruins of mid-17th-century Jamestown. But because 
of the cost and the time required to obtain the material, which 
was mostly imported from Wales, the use of slate was initially 
limited. Even in Philadelphia (the second largest city in the 
English-speaking world at the time of the Revolution) slates 
were so rare that' 'The Slate Roof House" distinctly referred 
to William Penn's home built late in the 16oos. Sources of 
native slate were known to exist along the eastern seaboard 
from Maine to Virginia, but difficulties in inland transporta-
tion limited its availability to the cities, and contributed to its 
expense. Welsh slate continued to be imported until the 
development of canals and railroads in the mid-19th century 
made American slate more accessible and economical. 

Slate was popular for its durability, fireproof qualities, and 



The Victorians loved to used different colored slates to create 
decorative patterns on their roofs, an effect which cannot be easily 
duplicated by substitute materials. Before any repair work on a roof 
such as this, the slate sizes, colors, and position of the patterning 
should be carefully recorded to assure proper replacement. (Ebenezer 
Maxwell Mansion, Philadelphia, Pennsylvania. photo courtesy of 
William D. Hershey) 

aesthetic potential. Because slate was available in different 
colors (red, green, purple, and blue-gray), it was an effective 
material for decorative patterns on many 19th-century roofs 
(Gothic and Mansard styles). Slate continued to be used well 
into the 20th century, notably on many Tudor revival style 
buildings of the 1920s. 
Shingles: Wood shingles were popular throughout the country 
in all periods of building history. The size and shape of the 
shingles as well as the detailing of the shingle roof differed ac-
cording to regional craft practices. People within particular 
regions developed preferences for the local species of wood 
that most suited their purposes. In New England and the Del-
aware Valley, white pine was frequently used: in the South, 
cypress and oak; in the far west, red cedar or redwood. Some-
times a protective coating was applied to increase the durabil-
ity of the shingle such as a mixture of brick dust and fish oil, 
or a paint made of red iron oxide and linseed oil. 

Commonly in urban areas, wooden roofs were replaced 
with more fire resistant materials, but in rural areas this was 
not a major concern. On many Victorian country houses, the 
practice of wood shingling survived the technological ad-
vances of metal roofing in the 19th century, and near the turn 
of the century enjoyed a full revival in its namesake, the 
Shingle Style. Colonial revival and the Bungalow styles in the 
20th century assured wood shingles a place as one of the most 
fashionable, domestic roofing materials. 
Metal: Metal roofing in America is principally a 19th-
century phenomenon. Before then the only metals commonly 
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Replacement of particular historic details is important to the indi-
vidual historic character of a roof, such as the treatment at the eaves 
of this rounded butt wood shingle roof Also note that the surface of 
the roof was carefully sloped to drain water away from the side of the 
dormer. In the restoration, this function was augmented with the ad-
dition of carefully concealed modern metalflashing. (Mount Vernon. 
VirJ?inial 

Galvanized sheet-metal shingles imitating the appearance of pantiles 
remained popular from the second half of the 19th century into the 
20th century. (Episcopal Church, now the Jerome Historical Society 
Building, Jerome. Arizona, 1927) 

used were lead and copper. For example, a lead roof covered 
"Rosewell," one of the grandest mansions in 18th-century 
Virginia. But more often, lead was used for protective 
flashing. Lead, as well as copper, covered roof surfaces where 
wood, tile, or slate shingles were inappropriate because of the 
roofs pitch or shape. 

Copper with standing seams covered some of the more 
notable early American roofs including that of Christ Church 
(1727-1744) in Philadelphia. Flat-seamed copper was used on 
many domes and cupolas. The copper sheets were imported 
from England until the end of the 18th century when facilities 
for rolling sheet metal were developed in America. 

Sheet iron was first known to have been manufactured here 
by the Revolutionary War financier, Robert Morris, who had 
a rolling mill near Trenton, New Jersey. At his mill Mor·ris 
produced the roof of his own Philadelphia mansion, which he 
started in 1794. The architect Benjamin H. Latrobe used sheet 
iron to replace the roof on Princeton's "Nassau Hall," which 
had been gutted by fire in 1802. 

The method for corrugating iron was originally patented in 
England in 1829. Corrugating stiffened the sheets, and 
allowed greater span over a lighter framework, as well as 
reduced installation time and labor. In 1834 the American 
architect William Strickland proposed corrugated iron to 
cover his design for the market place in Philadelphia. 

Galvanizing with zinc to protect the base metal from rust 
was developed in France in 1837. By the 1850s the material 
was used on post offices and customhouses, as well as on train 
sheds and factories. In 1857 one of the first metal roofs in the 



Repeated repair with asphalt, which cracks as it hardens, has created a 
blistered surface on this sheet-metal roof and built-in gutter, which 
will retain water. Repairs could be made by carefully heating and 
scraping the surface clean, repairing the holes in the metal with aflexi-
ble mastic compound or a metal patch, and coating the surface with a 
fibre paint. (Roane County Courthouse, Kingston, Tennessee, photo 
courtesy of Building Conservation Technology, Inc.) 

South was installed on the U.S. Mint in New Orleans. The 
Mint was thereby "fireproofed" with a 20-gauge galvanized, 
corrugated iron roof on iron trusses. 

Tin-plate iron, commonly called "tin roofing," was used 
extensively in Canada in the 18th century, but it was not as 
common in the United States until later. Thomas Jefferson 
was an early advocate of tin roofing, and he installed a 
standing-seam tin roof on "Monticello" (ca. 1770-1802) . The 
Arch Street Meetinghouse (1804) in Philadelphia had tin 
shingles laid in a herringbone pattern on a "piazza" roof. 

However, once rolling mills were established in this country, 
the low cost, light weight, and low maintenance of tin plate 
made it the most common roofing material. Embossed tin 
shingles, whose surfaces created interesting patterns, were 
popular throughout the country in the late 19th century. Tin 
roofs were kept well-painted, usually red; or, as the architect 
A. J. Davis suggested, in a color to imitate the green patina of 
copper. 

Terne plate differed from tin plate in that the iron was 
dipped in an alloy of lead and tin, giving it a duller finish . 
Historic, as well as modern, documentation often confuses 
the two, so much that it is difficult to determine how often 
actual "terne" was used. 

Zinc came into use in the 1820s, at the same time tin plate 
was becoming popular. Although a less expensive substitute 
for lead, its advantages were controversial, and it was never 
widely used in this country. 

A Chicago firm's catalog dated 1896 illustrates a method of unrolling, 
turning the edges, andfinishing the standing seam on a metal roof 

Tin shingles, commonly embossed to imitate wood or tile, or with a 
decorative design, were popular as an inexpensive, textured roofing 
material. These shingles 8% inch by 12'/2 inch on the exposed surface) 
were designed with interlocking edges, but they have been repaired by 
surface nailing, which may cause future leakage. (Ballard House, 
Yorktown, Virgina, photo by Gordie Whittington, National Park 
Service) 

Other Materials: Asphalt shingles and roll roofing were used 
in the 1890s. Many roofs of asbestos, aluminum, stainless 
steel, galvinized steel, and lead-coated copper may soon have 
historic values as well. Awareness- of these and other tradi-
tions of roofing materials and their detailing will contribute to 
more sensitive preservation treatments. 

Locating the Problem 
Failures of Surface Materials 
When trouble occurs, it is important to contact a profes-
sional, either an architect, a reputable roofing contractor, or a 
craftsman familiar with the inherent characteristics of the 
particular historic roofing system involved. These profes-
sionals may be able to advise on immediate patching pro-
cedures and help plan more permanent repairs. A thorough 
examination of the roof should start with an appraisal of the 
existing condition and quality of the roofing material itself. 
Particular attention should be given to any southern slope 
because year-round exposure to direct sun may cause it to 
break down first. 

Wood: Some historic roofing materials have limited life 
expectancies because of normal organic decay and "wear." 
For example, the flat surfaces of wood shingles erode from 
exposure to rain and ultraviolet rays. Some species are more 
hardy than others, and heartwood, for example, is stronger 
and more durable than sapwood. 

Ideally, shingles are split with the grain perpendicular to 
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the surface. This is because if shingles are sawn across the 
grain, moisture may enter the grain and cause the wood to 
deteriorate. Prolonged moisture on or in the wood allows 
moss or fungi to grow, which will further hold the moisture 
and cause rot. 

Metal: Of the inorganic roofing materials used on historic 
buildings, the most common are perhaps the sheet metals: 
lead, copper, zinc, tin plate, terne plate, and galvanized iron. 
In varying degrees each of these sheet metals are likely to 
deteriorate from chemical action by pitting or streaking. This 
can be caused by airborn pollutants; acid rainwater; acids from 
lichen or moss; alkalis found in lime mortars or portland 
cement, which might be on adjoining features and washes 
down on the roof surface; or tannic acids from adjacent wood 
sheathings or shingles made of red cedar or oak. 

Corrosion from "galvanic action" occurs when dissimilar 
metals, such as copper and iron, are used in direct contact. 
Corrosion may also occur even though the metals are physi-
cally separated; one of the metals will react chemically 
against the other in the presence of an electrolyte such as rain-
water. In roofing, this situation might occur when either a 
copper roof is decorated with iron cresting, or when steel nails 
are used in copper sheets. In some instances the corrosion can 
be prevented by inserting a plastic insulator between the 
dissimilar materials. Ideally, the fasteners should be a metal 
sympathetic to those involved. 

Iron rusts unless it is well-painted or plated. Historically 
this problem was avoided by use of tin plating or galvinizing. 
But this method is durable only as long as the coating remains 
intact. Once the plating is worn or damaged, the exposed iron 
will rust. Therefore, any iron-based roofing material needs to 
be undercoated, and its surface needs to be kept well-painted 
to prevent corrosion. 

One cause of sheet metal deterioration is fatigue . Depending 
upon the size and the gauge of the metal sheets, wear and 
metal failure can occur at the joints or at any protrusions in 
the sheathing as a result from the metal's alternating move-
ment to thermal changes. Lead will tear because of" creep, " 
or the gravitational stress that causes the material to move 
down the roof slope. 

Slate: Perhaps the most durable roofing materials are slate 
and tile. Seemingly indestructable, both vary in quality. Some 
slates are hard and tough without being brittle. Soft slates are 
more subject to erosion and to attack by airborne and rain-

This detail shows slate delamination caused by a combination of 
weathering and pol/ution. In addition, the slates have eroded around 
the repair nails, incorrectly placed in the exposed surface of the slates. 
(Lower Pontalba Building, New Orleans, photo courtesy of Building 
Conservation Technology, Inc.) 
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water chemicals, which cause the slates to wear at nail holes, 
to delaminate, or to break. In winter, slate is very susceptible 
to breakage by ice, or ice dams. 

Tile: Tiles will weather well, but tend to crack or break if hit, 
as by tree branches, or if they are walked on improperly. Like 
slates, tiles cannot support much weight. Low quality tiles 
that have been insufficiently fired during manufacture, will 
craze and spall under the effects of freeze and thaw cycles on 
their porous surfaces. 

Failures of Support Systems 
Once the condition of the roofing material has been deter-
mined, the related features and support systems should be 
examined on the exterior and on the interior of the roof. 
The gutters and downspouts need periodic cleaning and 
maintenance since a variety of debris fill them, causing water 
to back up and seep under roofing units. Water will eventually 
cause fasteners, sheathing, and roofing structure to deteri-
orate. During winter, the daily freeze-thaw cycles can cause 
ice floes to develop under the roof surface. The pressure from 
these ice floes will dislodge the roofing material, especially 
slates, shingles, or tiles. Moreover, the buildup of ice dams 
above the gutters can trap enough moisture to rot the 
sheathing or the structural members. 

Many large public buildings have built-in gutters set within 
the perimeter of the roof. The downspouts for these gutters 
may run within the walls of the building, or drainage may be 
through the roof surface or through a parapet to exterior 
downspouts. These systems can be effective if properly main-
tained; however, if the roof slope is inadequate for good 
runoff, or if the traps are allowed to clog, rainwater will form 
pools on the roof surface. Interior downspouts can collect 
debris and thus back up, perhaps leaking water into the sur-
rounding walls. Exterior downspouts may fill with water, 
which in cold weather may freeze and crack the pipes. Con-
duits from the built-in gutter to the exterior downspout may 
also leak water into the surrounding roof structure or walls. 

Failure of the flashing system is usually a major cause of 
roof deterioration. Flashing should be carefully inspected for 
failure caused by either poor workmanship, thermal stress, or 
metal deterioration (both of flashing material itself and of the 
fasteners) . With many roofing materials, the replacement of 
flashing on an existing roof is a major operation, which may 
require taking up large sections of the roof surface. 
Therefore, the installation of top quality flashing material on 

Temporary stabilization or " mothballing" with materials such as 
plywood and building paper can protect the roof of a project until it 
can be properly repaired or replaced. (Narbonne House, Salem, 
Massachusetts) 



These two views of the same house demonstrate how the use of a substitute material can drastically affect the overall character of a structure. The 
textural interest of the original tile roof was lost with the use of asphalt shingles. Recent preservation efforts are replacing the tile roof (Frank 
House, Kearney, Nebraska, photo courtesy of the Nebraska State Historical Society, Lincoln, Nebraska) 

a new or replaced roof should be a primary consideration. 
Remember, some roofing andflashing materials are not 
compatible. 

Roof fasteners and clips should also be made of a material 
compatible with all other materials used, or coated to prevent 
rust. For example, the tannic acid in oak will corrode iron 
nails. Some roofs such as slate and sheet metals may fail if 
nailed too rigidly. 

If the roof structure appears sound and nothing indicates 
recent movement, the area to be examined most closely is the 
roof substrate- the sheathing or the battens. The danger spots 
would be near the roof plates, under any exterior patches, at 
the intersections of the roof planes, or at vertical surfaces 
such as dormers. Water penetration, indicating a breach in the 
roofing surface or flashing, should be readily apparent, usual-
ly as a damp spot or stain. Probing with a small pen knife may 
reveal any rot which may indicate previously undetected 
damage to the roofing membrane. Insect infestation evident 
by small exit holes and frass (a sawdust-like debris) should 
also be noted. Condensation on the underside of the roofing is 
undesirable and indicates improper ventilation. Moisture will 
have an adverse effect on any roofing material; a good roof 
stays dry inside and out. 

Repair or Replace 
Understanding potential weaknesses of roofing material also 
requires knowledge of repair difficulties. Individual slates can 
be replaced normally without major disruption to the rest of 
the roof, but replacing flashing on a slate roof can require 
substantial removal of surrounding slates. If it is the substrate 
or a support material that has deteriorated, many surface 
materials such as slate or tile can be reused if handled care-
fully during the repair. Such problems should be evaluated at 
the outset of any project to determine if the roof can be effec-
tively patched, or if it should be completely replaced. 

Will the repairs be effective? Maintenance costs tend to 
multiply once trouble starts. As the cost of labor escalates, 
repeated repairs could soon equal the cost of a new roof. 

The more durable the surface is initially, the easier it will be 
to maintain. Some roofing materials such as slate are expen-
sive to install, but if top quality slate and flashing are used, it 
will last 40-60 years with minimal maintenance. Although the 
installation cost of the roof will be high, low maintenance 
needs will make the lifetime cost of the roof less expensive. 

Historical Research 

In a restoration project, research of documents and physical 
investigation of the building usually will establish the roofs 
history. Documentary research should include any original 
plans or building specifications, early insurance surveys, 
newspaper descriptions, or the personal papers and files of 
people who owned or were involved in the history of the 
building. Old photographs of the building might provide 
evidence of missing details. 

Along with a thorough understanding of any written history 
of the building, a physical investigation of the roofing and its 
structure may reveal information about the roofs construc-
tion history. Starting with an overall impression of the struc-
ture, are there any changes in the roof slope, its configura-
tion, or roofing materials? Perhaps there are obvious patches 
or changes in patterning of exterior brickwork where a gable 
roof was changed to a gambrel, or where a whole upper story 
was added. Perhaps there are obvious stylistic changes in the 
roof line, dormers, or ornamentation. These observations 
could help one understand any important alteration, and 
could help establish the direction of further investigation. 

Because most roofs are physically out of the range of 
careful scrutiny, the" principle of least effort" has probably 
limited the extent and quality of previous patching or replac-
ing, and usually considerable evidence of an earlier roof sur-
face remains. Sometimes the older roof will be found as an 
underlayment of the current exposed roof. Original roofing 
may still be intact in awkward places under later features on a 
roof. Often if there is any unfinished attic space, remnants of 
roofing may have been dropped and left when the roof was 
being built or repaired. If the configuration of the roof has 
been changed, some of the original material might still be in 
place under the existing roof. Sometimes whole sections of the 
roof and roof framing will have been left intact under the 
higher roof. The profile and/ or flashing of the earlier roof 
may be apparent on the interior of the walls at the level of the 
alteration. If the sheathing or lathing appears to have survived 
changes in the roofing surface, they may contain evidence of 
the roofing systems. These may appear either as dirt marks, 
which provide "shadows" of a roofing material, or as nails 
broken or driven down into the wood, rather than pulled out 
during previous alterations or repairs. Wooden headers in the 
roof framing may indicate that earlier chimneys or skylights 
have been removed. Any metal ornamentation that might 
have existed may be indicated by anchors or unusual markings 
along the ridge or at other edges of the roof. This primary 
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evidence is essential for a full understanding of the 
roofs history. 

Caution should be taken in dating early" fabric" on the 
evidence of a single item, as recycling of materials is not a 
mid-20th-century innovation. Carpenters have been reusing 
materials, sheathing, and framing members in the interest of 
economy for centuries. Therefore, any analysis of the mate-
rials found, such as nails or sawmarks on the wood, requires 
an accurate knowledge of the history of local building prac-
tices before any final conclusion can be accurately reached. It 
is helpful to establish a sequence of construction history for 
the roof and roofing materials; any historic fabric or pertinent 
evidence in the roof should be photographed, measured, and 
recorded for future reference. 

During the repair work, useful evidence might unexpectedly 
appear. It is essential that records be kept of any type of work 
on a historic building, before, during, and after the project. 
Photographs are generally the easiest and fastest method, and 
should include overall views and details at the gutters, flash-
ing, dormers, chimneys, valleys, ridges, and eaves. All 
photographs should be immediately labeled to insure accurate 
identification at a later date. Any patterning or design on the 
roofing deserves particular attention. For example, slate roofs 
are often decorative and have subtle changes in size, color, 
and texture, such as a gradually decreasing coursing length 
from the eave to the peak. If not carefully noted before a 
project begins, there may be problems in replacing the sur-
face. The standard reference for this phase of the work is 
Recording Historic Buildings, compiled by Harley J. McKee 
for the Historic American Buildings Survey, National Park 
Service, Washington, D.C., 1970. 

Replacing the Historic Roofing Material 
Professional advice will be needed to assess the various 
aspects of replacing a historic roof. With some exceptions, 
most historic roofing materials are available today. If not, an 
architect or preservation group who has previously worked 
with the same type material may be able to recommend sup-
pliers. Special roofing materials, such as tile or embossed 
metal shingles, can be produced by manufacturers of related 
products that are commonly used elsewhere, either on the ex-
terior or interior of a structure. With some creative thinking 
and research, the historic materials usually can be found. 

Because of the roof's visibility, the slate detailing around the dormers 
is important to the character of this structure. Note how the slates 
swirlfrom a horizontal pattern on the main roof to a diamond pattern 
on the dormer roofs and side walls. (18th and Que Streets, NW, 
Washington, D.C.) 
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Craft Practices: Determining the craft practices used in the in-
stallation of a historic roof is another major concern in roof 
restoration. Early builders took great pride in their work, and 
experience has shown that the" rustic" or irregular designs 
commercially labled "Early American" are a 20th-century in-
vention. For example, historically, wood shingles underwent 
several distinct operations in their manufacture including 
splitting by hand, and smoothing the surface with a draw 
knife. In modern nomenclature, the same item would be a 
"tapersplit" shingle which has been dressed. Unfortunately, 
the rustic appearance of today's commercially available 
•• handsplit" and re-sawn shingle bears no resemblance to the 
hand-made roofing materials used on early American 
buildings. 

Good design and quality materials for the roof surface, fastenings, 
andf/ashing minimize roofing failures. This is essential on roofs such 
as on the National Cathedral where a thorough maintenance inspec-
tion and minor repairs cannot be done easily without special scaf-
folding. However, the success of the roof on any structure depends on 
frequent cleaning and repair of the gutter system. (Washington, D. c., 
photo courtesy of John Burns, A.I.A.) 

Early craftsmen worked with a great deal of common sense; 
they understood their materials. For example they knew that 
wood shingles should be relatively narrow; shingles much 
wider than about 6" would split when walked on, or they may 
curl or crack from varying temperature and moisture. It is im-
portant to understand these aspects of craftsmanship, re-
membering that people wanted their roofs to be weather-tight 
and to last a long time. The recent use of •• mother-goose" 
shingles on historic structures is a gross underestimation of 
the early craftsman's skills. 

Supervision: Finding a modern craftsman to reproduce his-
toric details may take some effort. It may even involve 
some special instruction to raise his understanding of cer-
tain historic craft practices. At the same time, it may be 
pointless (and expensive) to follow historic craft practices 
in any construction that will not be visible on the finished 
product. But if the roofing details are readily visible, their 
appearance should be based on architectural evidence or 
on historic prototypes. For instance, the spacing of the 
seams on a standing-seam metal roof will affect the 
building's overall scale and should therefore match the 
original dimensions of the seams. 



Many older roofing practices are no longer performed 
because of modern improvements. Research and review of 
specific detailing in the roof with the contractor before begin-
ning the project is highly recommended. For example, one 
early craft practice was to finish the ridge of a wood shingle 
roof with a roof "comb"-that is, the top course of one slope 
of the roof was extended uniformly beyond the peak to shield 
the ridge, and to provide some weather protection for the raw 
horizontal edges of the shingles on the other slope. If the 
" comb" is known to have been the correct detail, it should be 
used. Though this method leaves the top course vulnerable to 
the weather, a disguised strip of flashing will strengthen this 
weak point. 

Detail drawings or a sample mock-up will help ensure that 
the contractor or craftsman understands the scope and special 
requirements of the project. It should never be assumed that 
the modern carpenter, slater, sheet metal worker, or roofer 
will know all the historic details. Supervision is as important 
as any other stage of the process . 

Special problems inherent in the design of an elaborate historic roof 
can be controlled through the use of good materials and regular 
maintenance. The shape and detailing are essential elements of the 
building's historic character, and should not be modified, despite the 
use of alternative surface materials. (Gam well House, Bellingham, 
Washington) 

Alternative Materials 
The use of the historic roofing material on a structure may be 
restricted by building codes or by the availability of the 
materials, in which case an appropriate alternative will have 
to be found. 

Some municipal building codes allow variances for roofing 
materials in historic districts. In other instances, individual 
variances may be obtained. Most modern heating and cooking 
is fueled by gas, electricity, or oil-none of which emit the hot 
embers that historically have been the cause of roof fires . 
Where wood burning fireplaces or stoves are used, spark ar-
restor screens at the top of the chimneys help to prevent flam-
ing material from escaping, thus reducing the number of fires 
that start at the roof. In most states, insurance rates have been 
equalized to reflect revised considerations for the risks in-
volved with various roofing materials. 

In a rehabilitation project, there may be valid reasons for 
replacing the roof with a material other than the original. The 
historic roofing may no longer be available, or the cost of ob-
taining specially fabricated materials may be prohibitive. But 

the decision to use an alternative material should be weighed 
carefully against the primary concern to keep the historic 
character of the building. If the roof is flat and is not visible 
from any elevation of the building, and if there are advan-
tages to substituting a modern built-up composition roof for 
what might have been a flat metal roof, then it may make bet-
ter economic and construction sense to use a modern roofing 
method. But if the roof is readily visible, the alternative 
material should match as closely as possible the scale, texture, 
and coloration of the historic roofing material. 

Asphalt shingles or ceramic tiles are common substitute ma-
terials intended to duplicate the appearance of wood shingles, 
slates, or tiles. Fire-retardant, treated wood shingles are cur-
rently available. The treated wood tends, however, to be brit-
tle, and may require extra care (and expense) to install. In 
some instances, shingles laid with an interlay of fire-retardent 
building paper may be an acceptable alternative. 

Lead-coated copper, terne-coated steel, and aluminum/ 
zinc-coated steel can successfully replace tin, terne plate, zinc, 
or lead. Copper-coated steel is a less expensive (and less 
durable) substitute for sheet copper. 

The search for roofing materials is not new. As 
early as the 18th century, fear of fire cause many wood shingle 
or board roofs to be replaced by sheet metal or clay tile. Some 
historic roofs were failures from the start, based on over-
ambitious and naive use of materials as they were first devel-
oped. Research on a structure may reveal that an inadequately 
designed or a highly combustible roof was replaced early in its 
history, and therefore restoration of a later roof material 
would have a valid precedent. In some cities, the substitution 
of sheet metal on early row houses occurred as soon as the 
rolled material became available. 

Cost and ease of maintenance may dictate the substitution 
of a material wholly different in appearance from the 
original. The practical problems (wind, weather, and roof 
pitch) should be weighed against the historical consideration 
of scale, texture, and color. Sometimes the effect of the alter-
native material will be minimal. But on roofs with a high 
degree of visibility and patterning or texture, the substitution 
may seriously alter the architectural character of the building. 

Temporary Stabilization 
It may be necessary to carry out an immediate and temporary 
stabilization to prevent further deterioration until research 
can determine how the roof should be restored or rehabili-
tated, or until funding can be provided to do a proper job. A 
simple covering of exterior plywood or roll roofing might pro-
vide adequate protection, but any temporary covering should 
be applied with caution. One should be careful not to 
overload the roof structure, or to damage or destroy historic 
evidence or fabric that might be incorporated into a new roof 
at a later date. In this sense, repairs with caulking or 
bituminous patching compounds should be recognized as po-
tentially harmful, since they are difficult to remove, and at 
their best , are very temporary. 

Precautions 
The architect or contractor should warn the owner of any 
precautions to be taken against the specific hazards in install-
ing the roofing material. Soldering of sheet metals, for in-
stance, can be a fire hazard, either from the open flame or 
from overheating and undected smoldering of the wooden 
substrate materials. 

Thought should be given to the design and placement of any 
modern roof appurtenances such as plumbing stacks, air 
vents, or TV antennas. Consideration should begin with the 
placement of modern plumbing on the interior of the build-
ing, otherwise a series of vent stacks may pierce the roof mem-
brane at various spots creating maintenance problems as well 
as aesthetic ones. Air handling units placed in the attic space 
will require vents which, in turn, require sensitive design. In-
corporating these in unused chimneys has been very successful 
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in the past. 
Whenever gutters and downspouts are needed that were not 

on the building historically, the addj.tions should be made as 
unobtrusively as possible, perhaps by painting them out with 
a color compatible with the nearby wall or trim. 

Maintenance 
Although a new roof can be an object of beauty, it will not be 
protective for long without proper maintenance. At least 
twice a year, the roof should be inspected against a checklist. 
All changes should be recorded and reported. Guidelines 
should be established for any foot traffic that may be required 
for the maintenance of the roof. Many roofing materials 
should not be walked on at all. For some-slate, asbestos, and 
clay tile-a self-supporting ladder might be hung over the 
ridge of the roof, or planks might be spanned across the roof 
surface. Such items should be specifically designed and kept 
in a storage space accessible to the roof. If exterior work ever 
requires hanging scaffolding, use caution to insure that the 
anchors do not penetrate, break, or wear the roofing surface, 
gutters, or flashing . 

Any roofing system should be recognized as a membrane 
that is designed to be self-sustaining, but that can be easily 
damaged by intrusions such as pedestrian traffic or fallen tree 
branches. Certain items should be checked at specific times. 
For example, gutters tend to accumulate leaves and debris 
during the spring and fall and after heavy rain. Hidden gutter 
screening both at downspouts and over the full length of the 
gutter could help keep them clean. The surface material would 
require checking after a storm as well. Periodic checking of 
the underside of the roof from the attic after a storm or winter 
freezing may give early warning of any leaks. Generally, 
damage from water or ice is less likely on a roof that has good 
flashing on the outside and is well ventilated and insulated on 
the inside. Specific instructions for the maintenance of the 
different roof materials should be available from the architect 
or contractor. 

Summary 
The essential ingredients for replacing and maintaIning a 
historic roof are: 

• Understanding the historic character of the building and 
being sympathetic to it. 

• Careful examination and recording of the existing roof 
and any evidence of earlier roofs. 

• Consideration of the historic craftsmanship and detail-
ing and implementing them in the renewal wherever 
visible. 

• Supervision of the roofers or maintenance personnel to 
assure preservation of historic fabric and proper under-
standing of the scope and detailing of the project. 

• Consideration of alternative materials where the origi-
nal cannot be used . 

• Cyclical maintenance program to assure that the staff 
understands how to take care of the roof and of the par-
ticular trouble spots to safeguard. 
With these points in mind, it will be possible to preserve the 
architectural character and maintain the physical integrity of 
the roofing on a historic building. 
This Preservation Brief was written by Sarah M. Sweetser , Architec-
tural Historian, Technical Preservation Services Division. Much of 
the technical information was based upon an unpublished report pre-
pared under cont.ract for this office by John G. and Diana S. Waite. 
Some of the historical information was from Charles E. Peterson , 
FAIA, "American Notes," Journal of the Society of Architectural 
Historians. 
The illustrations for this brief not specifically credited are from the 
files of the Technical Preservation Services Division. 
This publication was prepared pursuant to Executive Order 11593, "Protection 
and Enhancement of the Cultural Environment," which directs the Secretary 
of the Interior to "develop and make available to Federal agencies and State 
and local governments information concerning professional methods and tech-
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Decorative features such as cupolas require extra maintenance. The 
flashing is carefully detailed to promote run-off, and the wooden ribb-
ing must be kept well-painted. This roof surface, which was originally 
tin plate, has been replaced with lead-coated copper for maintenance 
purposes. (Lyndhurst, Tarrytown, New York, photo courtesy of the 
National Trust for Historic Preservation) 

niques lor preserving, improving, restoring and maintaining historic proper-
ties." The Brief has been developed under the technical editorship of Lee H . 
Nelson, AlA, Chief, Preservation Assistance Division, National Park Service. 
U.S . Department of the Interior, Washington. D .C. 20240. Comments on the 
usefulness of this information are welcome and can be sent to Mr . Nelson at 
the above address. This publication is not copyrighted and can be reproduced 
without penalty. Normal procedures for credit to the author and the National 
Park Service are appreciated . February 1978. 

Additional readings on the subject of roofing are listed below. 
Boaz, Joseph N., ed . Architectural Graphic Standards. New York: 

John Wiley and Sons, Inc., 1970. (Modern roofing types and detail-
ing) 

Briggs, Martin S. A Short History of the Building Crafts. London: 
Oxford University Press, 1925 . (Descriptions of historic roofing 
materials) 

Bulletin of the Association for Preservation Technology. Vol. 2 (nos. 
1-2) 1970. (Entirely on roofing) 

Holstrom, Ingmar; and Sandstrom, Christina. Maintenance of Old 
Buildings: Preservation from the Technical and Antiquarian Stand-
point. Stockholm: National Swedish Building Research, 1972. 
(Contains a section on roof maintenance problems) 

Insall , Donald. The Care of Old Buildings Today. London: The 
Architectural Press, 1972. (Excellent guide to some problems and 
solutions for historic roofs) 

Labine, R.A. Clem. "Repairing Slate Roofs. " The Old House Jour-
nal3 (no. 12, Dec. 1975): 6- 7. 

Lefer, Henry. " A Birds-eye View." Progressive Architecture. (Mar. 
1977), pp. 88-92. (Article on contemporary sheet metal) 

National Slate Association. Slate Roofs. Reprint of 1926 edition, now 
available from the Vermont Structural Slate Co., Inc., Fairhaven, 
VT 05743 . (An excellent reference for the many designs and details 
of slate roofs) 

Peterson, Charles E. " Iron in Early American Roofs. " The Smith-
sonian Journal of History 3 (no. 3). Edited by Peter C. Welsh. 
Washington, D.C. : Smithsonian Institution, 1968, pp. 41-76 . 

Waite, Diana S. Nineteenth Century Tin Roofing and its Use at Hyde 
Hall. Albany: New York State Historic Trust, 1971. 

- -. "Roofing for Early America." Building Early America. Edited 
by Charles E. Peterson. Radnor, Penn.: Chilton Book Co. , 1976. 
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" The surface cleaning of structures shall be unde rtaken with the gentlest means possible . Sandblasting and other 
cleaning methods that will damage the historic building materials shall not be undertaken ."-The Secretary of the 
Interior's "Standards for Historic Preservation Projects ." 

Abrasive cleaning methods are responsible for ca using a great 
deal of damage to historic building material s. To prevent 
indiscriminate use of these potentially harmful techniques. 
this brief has been prepared to explain abrasive cleaning 
methods, how they can be physically and aesthetically de-
structive to historic building materials , and why they generally 
are not acceptable preservation treatments for historic st ruc-
tures. There are alternative, less harsh means of cleaning and 
removing paint and stains from historic buildings. However . 
careful testing should preceed general cleaning to assure that 
the method selected will not have an adverse effect on th e 
building materials. A historic building is irreplaceable. and 
should be cleaned using only the "gen tlest means possible" 
to best preserve it. 

What is Abrasive Cleaning? 

Abrasive cleaning methods include all techniques that phys-
ically abrade the building surface to remove soils, discolor-
ations or coatings . Such techniques involve the use of certain 
materials which impact or abrade the surface under pressure , 
or abrasive tools and equipment. Sand, because it is readily 
available, is probably the most commonly used type of grit 
material. However , any of the following materials may be 
substituted for sand, and all can be classified as abrasive 
substances: ground slag or volcanic ash, crushed (pulverized) 
walnut or almond shells. rice husks , gwund corncobs, ground 
coconut shells, crushed eggshells, silica flour , synthetic par-
ticles, glass beads and micro-balloons. Even water under pres-
sure can be an abrasive substance. Tools and equipment that 
are abrasive to historic building materials include wire 

brushes , rotary wheels, power sanding disks and belt sanders. 
The use of water in combination with grit may also be 

classified as an abrasive cleaning method. Depending on the 
manner in which it is applied, water may soften the impact 
of the grit, but water that is too highly pressurized can be 
very abrasive . There are basically two different methods 
which can be referred to as " wet grit," and it is importa nt to 
differentiate between the two. One technique involves the 
addition of a stream of water to a regular sandb lasting nozzle. 
This is done primarily to cut down dust. and has very little, 
if any , effect on reducing the aggressiveness, or cutting action 
of the grit particles. With the second technique, a very small 
amount of grit is added to a pressurized water stream. This 
method may be controlled by regulating the amount of grit 
fed into the water stream, as well as the pressure of the water. 

Why Are Abrasive Cleaning Methods Used? 

Usually, an abrasive cleaning method is selected as an ex-
peditious means of quickly removing years of dirt accumu-
lation, unsightly stains, or deteriorating building fabric or 
finishes , such as stucco or paint. The fact that sandblasting 
is one of the best known and most readily available building 
cleaning treatments is probably the major reason for its fre-
quent use . 

Many mid-19th century brick buildings were painted im-
mediately or soon after completion to protect poor quality 
brick or to imitate another material. such as stone. Sometimes 
brick buildings were painted in an effort to produce what was 
considered a more harmonious relationship between a build-
ing and its natural surroundings. By the 1870s , brick buildings 

For sale by the Superintendent of Documents, U.S. Government Printing Office 
Washington, D.C. 20402 



Abrasively Cleaned vs. Untouched Brick. Two brick rowhouses with 
a common far;ade provide an excellent point of comparison when only 
one of the houses has been sandblasted. It is clear that abrasive blasting. 
by removing the outer surface. has left the brickwork on the left rough 
and pitted. while that on the right still exhibits an undamaged and 
relatively smooth surface. Note that the abrasive cleaning has also 
removed a considerable portion of the mortar from the joints of the 
brick on the left side. which will require repointing. 

were often left unpainted as mechanization in the brick in-
dustry brought a cheaper pressed brick and fashion decreed 
a sudden preference for dark colors. However . it was still 
customary to paint brick of poorer quality for the additional 
protection the paint afforded. 

It is a common 20th-century misconception that a ll historic 
masonry buildings were initially unpainted. If the intent of 
a modern restoration is to return a building to its original 
appearance. removal of the paint not only may be historically 
inaccurate, but also harmful. Many older buildings were 
painted or stuccoed at some point to correct recurring main-
tenance problems caused by faulty construction techniques. 
to hide alterations, or in an attempt to solve moisture prob-
lems. If this is the case. removal of paint or stucco may cause 
these problems to reoccur. 

Another reason for paint removal. particularly in rehabil-
itation projects . is to give the building a " new image" in 
response to contemporary design trends and to attract inves-
tors or tenants. Thus. it is necessary to consider the purpose 
of the intended cleaning. While it is clearly important to 
remove unsightly stains. heavy encrustations of dirt. peeling 
paint or other surface coatings. it may not be equally desirable 
to remove paint from a building which originally was painted. 
Many historic buildings which show only a slight amount of 
soil or discoloration are much better left as they are. A thin 
layer of soil is more often protective of the building fabric 
than it is harmful. and seldom detracts from the building's 
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Abrading the Surface without Removing the Paint. Even though the 
entire outer surface layer of the brick has been sandblasted off. spots 
of paint still cling to the masonry. Sandblasting or other similarly 
abrasive methods are not always a successful means of removing paint. 

architectural and/or historic character. Too thorough cleaning 
of a historic building may not only sacrifice some of the build-
ing's character, but also. misguided cleaning efforts can cause 
a great deal of damage to historic building fabric. Unless 
there are stains, graffiti or dirt and pollution deposits which 
are destroying the building fabric. it is generally preferable 
to do as little cleaning as possible. or to repaint where nec-
essary. It is important to remember that a historic building 
does not have to look as if it were newly constructed to be 
an attractive or successful restoration or rehabilitation proj-
ect. For a more thorough explanation of the philosophy of 
cleaning historic buildings see Preservation Briefs: No. I 
"The Cleaning and Waterproof Coating of Masonry Build-
ings," by Robert C. Mack . AlA. 

Problems of Abrasive Cleaning 

The crux of the problem is that abrasive cleaning is just that-
abrasive. An abrasively cleaned historic structure may be 
physically as well as aesthetically damaged. Abrasive methods 
"clean" by eroding dirt or paint, but at the same time they 
also tend to erode the surface of the building material. In this 
way, abrasive cleaning is destructive and causes irreversible 
harm to the historic building fabric. If the fabric is brick, 
abrasive methods remove the hard, outer protective surface, 
and therefore make the brick more susceptible to rapid weath-
ering and deterioration . Grit blasting may also increase the 
water permeability of a brick wall. The impact of the grit 
particles tends to erode the bond beiween the mortar and the 
brick, leaving cracks or enlarging existing cracks where water 
can enter. Some types of stone develop a protective patina 
or " quarry crust" parallel to the worked surface (created by 
the movement of moisture towards the outer edge). which 
also may be damaged by abrasive cleaning. The rate at which 
the material subsequently weathers depends on the quality 
of the inner surface that is exposed. 

Abrasive cleaning can destroy . or substantially diminish. 
decorative detailing on buildings such as a molded brickwork 
or architectural terra-cotta. ornamental carving on wood or 
stone. and evidence of historic craft techniques . such as tool 
marks and other surface textures. In addition. perfectly sound 
and/or "tooled" mortar joints can be worn away by abrasive 
techniques . This not only results in the loss of historic craft 
detailing but also requires repointing. a step involving con-



slderable time, skill and expense, and which might not have 
been necessary had a gentler method been chosen. Erosion 
and pitting of the building material by abrasive cleaning cre-
ates a greater surface area on which dirt and pollutants col-
lect. In this sense, the building fabric "attracts" more dirt, 
and will require more frequent cleaning in the future. 

In addition to causing physical and aesthetic harm to the 
historic fabric, there are several adverse environmental ef-
fects of dry abrasive cleaning methods. Because of the friction 
caused by the abrasive medium hitting the building fabric, 
these techniques usually create a considerable amount of 
dust, which is unhealthy, particularly to the operators of the 
abrasive equipment. It further pollutes the environment 
around the job site, and deposits dust on neighboring build-
ings, parked vehicles and nearby trees and shrubbery. Some 
adjacent materials not intended for abrasive treatment such 
as wood or glass, may also be damaged because the equipment 
may be difficult to regulate. 

Wet grit methods, while eliminating dust, deposit a messy 
slurry on the ground or other objects surrounding the base 
of the building. In colder climates where there is the threat 
of frost , any wet cleaning process applied to historic masonry 
structures must be done in warm weather, allowing ample 
time for the wall to dry out thoroughly before cold weather 
sets in. Water which remains and freezes in cracks and open-
ings of the masonry surface eventually may lead to spalling. 
High-pressure wet cleaning may force an inordinate amount 
of water into the walls, affecting interior materials such as 
plaster or joist ends, as well as metal building components 
within the walls. 

Variable Factors 

The greatest problem in developing practical guidelines for 
cleaning any historic building is the large number of variable 
and unpredictable factors involved. Because these variables 
make each cleaning project unique, it is difficult to establish 
specific standards at this time. This is particularly true of 
abrasive cleaning methods because their inherent potential 
for causing damage is multiplied by the following factors : 
- the type and condition of the material being cleaned; 
- the size and sharpness of the grit particles or the mechan-

ical equipment; 
- the pressure with which the abrasive grit or equipment is 

applied to the building surface; 
- the skill and care of the operator; and 
- the constancy of the pressure on all surfaces during the 

cleaning process. 

Micro-Abrasive Cleaning. This small. pencil-sized micro-abrasive unit 
is used by some museum conservators to clean small objects. This 
particular micro-abrasive unit is operated within the confines of a box 
(approximately 2 cubic feet of space) . but a similar and slightly larger 
unit may be used for cleaning larger pieces of sculpture. or areas of 
architectural detailing on a building. Even a pressure cleaning unit this 
small is capable of eroding a surface. and must be carefully controlled. 

"Line Drop." Even though the operator afthe sandblasting equipment 
is standing on a ladder to reach the higher sections of the wall. it is still 
almost impossible to have total control over the pressure. The pressure 
of the sand hitting the lower portion of the wall will still be greater 
than that above. because of the "line drop" in the distance from the 
pressure source to the nozzle. (Hugh Miller) 

Pressure: The damaging effects of most of the variable factors 
involved in abrasive cleaning are self evident. However, the 
matter of pressure requires further explanation. In cleaning 
specifications, pressure is generally abbreviated as " psi" 
(pounds per square inch), which technically refers to the "tip" 
pressure, or the amount of pressure at the nozzle of the blast-
ing apparatus. Sometimes "psig," or pressure at the gauge 
(which may be many feet away, at the other end of the hose), 
is used in place of "psi." These terms are often incorrectly 
used interchangeably. 

Despite the apparent care taken by most architects and 
building cleaning contractors to prepare specifications for 
pressure cleaning which will not cause harm to the delicate 
fabric of a historic building, it is very difficult to ensure that 
the same amount of pressure is applied to all parts of the 
building. For example, if the operator of the pressure equip-
ment stands on the ground while cleaning a two-story struc-
ture, the amount of force reaching the first story will be 
greater than that hitting the second story, even if the operator 
stands on scaffolding or in a cherry picker, because of the 
"line drop" in the distance from the pressure source to the 
nozzle. Although technically it may be possible to prepare 
cleaning specifications with tight controls that would elimi-
nate all but a small margin of error, it may not be easy to 
find professional cleaning firms willing to work under such 
restrictive conditions. The fact is that many professional 
building cleaning firms do not really understand the extreme 
delicacy of historic building fabric, and how it differs from 
modern construction materials. Consequently, they mily ac-
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cept building cleaning projects for which they have no ex-
perience. 

The amount of pressure used in any kind of cleaning treat-
ment which involves pressure, whether it is dry or wet grit, 
chemicals or just plain water, is crucial to the outcome of the 
cleaning project. Unfortunately, no standards have been es-
tablished for determining the correct pressure for cleaning 
each of the many historic building materials which would not 
cause harm. The considerable discrepancy between the way 
the building cleaning industry and architectural conservators 
define " high" and "low" pressure cleaning plays a significant 
role in the difficulty of creating standards. 

Nonhistoricllndustria/: A representative of the building clean-
ing industry might consider " high" pressure water cleaning 
to he anything over 5,000 psi, or even as high as 10,000 to 
15 ,000 psi' Water under this much pressure may be necessary 
to clean industrial structures or machinery, but would destroy 
most historic building materials. Industrial chemical cleaning 
commonly utilizes pressures between I ,000 and 2,500 psi. 

Spalling Brick, This soft. earlv 19th-cell/llry hrick was sandblasted ill 
the 1960s; consequentlv. spallillg has resulted. Some hricks hal'l' 
almo.1'I towlly disintegrated. and will el'enll/allv hUl'e to he replaced. 
(Rohert S. Gamhle) 

Historic: By contrast. conscientious dry or wet abrasive clean-
ing of a historic structure wo uld be conducted within the 
range of 20 to 100 psi at a range of 3 to 12 inches. Cleaning 
al this low pressure requires the use of a very fine 00 or 0 
mesh grit forced through a nozzle with a Y4 inch opening. A 
similar. even more delicate method being adopted by archi-
tectural conservators uses a micro-abrasive grit on small, 
hard-to-clean areas of carved, cut or molded ornament on a 
building fac;ade. Originally developed by museum conserva-
tors for cleaning sculpture, this technique may employ glass 
beads, micro-balloons , or another type of micro-abrasive 
gently powered at approximately 40 psi by a very small, al-
most pencil-like pressure instrument. Although a slightly 
larger pressure instrument may be used on historic buildings, 
this technique still has limited practical applicability on a large 
scale building cleaning project because of the cost and the 
relatively few technicians competent to handle the task. In 
general. architectural conservators have determined that only 
through very com rolled conditions can most historic building 
material be abrasivl:ly cleaned of soil or paint without meas-
urable damage to the surface or profile of the substrate. 

Yet some professional cleaning companies which sepcialize 
in cleaning historic masonry buildings use chemicals and water 
at a pressure of approximately 1,500 psi, while other cleaning 
firms recommend lower pressures ranging from 200 to 800 psi 
for a similar project. An architectural conservator might de-
cide, after testing. that some historic structures could be 
cleaned properly using a moderate pressure (200-600 psi), or 
even a high pressure (600-1800 psi) water rinse . However, 
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cleaning historic buildings under such high pressure should 
be considered an exception rather than the rule, and would 
require very careful testing and supervision to assure that the 
historic surface materials could withstand the pressure with-
out gouging, pitting or loosening. 

These differences in the amount of pressure used by com-
mercial or industrial building cleaners and architectural con-
servators point to one of the main problems in using abrasive 
means to clean historic buildings: misunderstanding of the 
potentially fragile nature of historic building materials . There 
is no one cleaning formula or pressure suitable for all situa-
tions . Decisions regarding the proper cleaning process for 
historic structures can be made only after careful analysis of 
the building fabric, and testing. 

How Building Materials React to Abrasive Cleaning 
Methods 

Brick and Architectural Terra-Cotta: Abrasive blasting does 
not affect all building materials to the same degrec. Such 
techniques quite logically cause greater damage to softer and 
more porous materials, such as brick or architectural terra-
cotta. When these materials are cleaned abrasively, the hard , 
outer layer (closest to the heat of the kiln) is eroded, leaving 
the soft. inner core exposed and susceptible to accelerated 
weathering. Glazed architectural terra-cotta and ceramic ve-
neer have a baked-on glaze which is also easily damaged by 
abrasive cleaning. Glazed architectual terra-cotta was de-
signed for easy maintenance, and generally can be cleaned 
using detergent and water ; but chemicals or steam may be 
needed to remove more persistent stains. Large areas of brick 
or architectural terra-cotta which have been painted are best 
left painted. or repainted if necessary . 

Plaster and Stucco: Plaster and stucco are types of masonry 
finish materials that are softer than brick or terra-cotta: if 
treated abrasively these materials will simply disintegrate. 
Indeed. when plaster or stucco is treated abrasively it is usu-
ally with the intention of removing the plaster or stucco from 
whatever base material or substrate it is covering. Obviously. 
such abrasive techniques should not be applied to clean sound 
plaster or stuccoed walls, or decorative plaster wall surfaces. 

Building Stones: Building stones are cut from the three main 
categories of natural rock: dense, igneous rock such as gran-
ite; sandy. sedimentary rock such as limestone or sandstone: 
and crystalline, metamorphic rock such as marble. As op-

Abrasive Cleaning of Tooled Granite, Even this carefully colllrolled 
"wet grit" blasting has erased verticallOoling marks in the CIII granite 
blocks on the left. Not only has the lOoling been destroyed, bill the 
damaged stone surface is now more susceptible 10 accelerated weath-
ering. 



posed to kiln-dried masonry materials such as brick and ar-
chitectural terra-cotta , building stones are generally 
homogeneous in character at the time of a bui lding's con-
struction . However , as the stone is exposed to weatheri ng 
and environmental pollutants , the surface may become fria-
ble, or may develop a protective skin or patina. These outer 
surfaces are very susceptible to damage by abrasive or im-
proper chemical cleaning. 

Building stones are frequently cut into ashlar blocks or 
"dressed" with tool marks that give the building surface a 
specific texture and contribute to its historic character as 
much as ornately carved decorative stonework. Such detailing 
is easi ly damaged by abrasive cleaning techniques: the pattern 
of tooling o r cutting is erased, and the crisp lines of moldings 
or carving are worn or pitted . 

Occasionally, it may be possible to clean small areas of 
rough-cut granite , limestone or sandstone having a heavy dirt 
encrustation by using the " wet grit" method . whereby a small 
amount of abrasive material is injected into a controlled. 
pressurized water stream. However, this techn ique requires 
very ca reful supervision in order to prevent damage to the 
stone. Po li shed or honed marble or granite shou ld never be 
treated abrasively, as the abrasion would remove the fin ish 
in much the way glass would be etched or "frosted" by such 
a process. It is genera ll y preferable to underclean . as too 
strong a cleaning procedure will erode the stone, exposing 
a new and increased surface area to collect atmospheric mois-
ture and dirt. Removing paint, stains or graffiti from most 
types of stone may be accomplished by a chemical treatment 
carefully selected to best handle the removal of the particular 
type of paint or stain without damaging the stone. (See section 
on the "Gentl est Means Possible") 

Abrasive Cleaning of Wood. This wooden windowsill. molding and 
paneling have been sandblasted to remove layers oj paint in the re-
habilitation oj this commercial building. Not only is some paint still 
embedded in cracks and crevices oj the woodwork. but more impor-
tantly. grit blasting has actually eroded the summer wood. in eJJect 
raising the grain. and resulting in a rough surJace. 

Wood: Most types of wood used for buildings are soft. fibrous 
and porous, and are particularly susceptible to damage by 
abrasive cleaning. Because the summer wood between the 
lines of the grain is softer than the grain itself, it will be worn 
away by abrasive blasting or power tools, leaving an uneven 
surface with the grain raised and often frayed or "fuzzy," 
Once this has occurred, it is almost impossible to achieve a 
smooth surface again except by extensive hand sanding , which 
is expensive and will quickly negate any costs saved earlier 
by sandblasting. Such harsh cleaning treatment also obliter-
ates historic tool marks , fine carving and detailing, which 
precludes its use on any interior or exterior woodwork which 
has been hand planed , milled or carved. 
Metals: Like stone, metals are another group of building 
materials which vary considerably in hardness and durability. 
Softer metals which are used architecturally. such as tin, zinc , 
lead , copper or aluminum, generally should not be cleaned 
abrasively as the process deforms and destroys the original 
surface texture and appearance, as well as the acquired pa-
tina . Much applied architectural metal work used on historic 
buildings-tin , zinc , lead and copper-is often quite thin and 
soft, and therefore susceptible to denting and pitting. Gal-
vanized sheet metal is especially vulnerable, as abrasive treat-
ment would wear away the protective galvanized layer. 

In the late 19th and early 20th centuries , these metals were 
often cut, pressed or otherwise shaped from sheets of metal 
into a wide variety of practica l uses such as roofs, gutters and 
flashing , and fac;ade ornamentation such as cornices. friezes . 
dormers, panels , cupolas . oriel windows. etc. The architec-
ture of the 1920s and 1930s made use of metals such as 
chrome, nickel alloys, aluminum and stainless steel in dec-
orative exterior panels , window frames. and doorways. Harsh 
abrasive blasting would destroy the original surface finish of 
most of these metals , and would increase the possiblity of 
corrosion. 

However , conservation specialists are now employing a 
sensitive technique of glass bead peening to clean some of 
the harder metals, in particular large bronze outdoor sculp-
ture . Very fine (75-125 micron) glass beads are used at a low 
pressure of 60 to 80 psi. Because these glass beads are com-
pletely spherical, ther are no sharp edges to cut the surface 
of the metal. After cleaning, these statues undergo a lengthy 
process of polishing. Coatings are applied which protect the 
surface from corrosion. but they must be renewed every 3 to 
5 years. A similarly delicate cleaning technique employing 
glass beads has been used in Europe to clean historic masonry 
structures without causing damage. But at this time the proc-
ess has not been tested sufficiently in the United States to 
recommend it as a building conservation measure. 

Sometimes a very fine smooth sand is used at a low pressure 
to clean or remove paint and corrosion from copper flashing 
and other metal building components. Restoration architects 
recently found that a mixture of crushed walnut shells and 
copper slag at a pressure of approximately 200 psi was the 
only way to remove corrosion successfully from a mid-19th 
century terne-coated iron roof. Metal cleaned in this manner 
must be painted immediately to prevent rapid recurrence of 
corrosion. It is thought that these methods "work harden " 
the surface by compressing the outer layer. and actually may 
be good for the surface of the metal. But the extremely com-
plex nature and the time required by such processes make it 
very expensive and impractical for large-scale use at this time. 

Cast and wrought iron architectural elements may be gently 
sandblasted or abrasively cleaned using a wire brush to re-
move layers of paint, rust and corrosion. Sandblasting was. 
in fact , developed originally as an efficient maintenance pro-
cedure for engineering and industrial structures and heavy 
machinery-iron and steel bridges, machine tool frames . en-
gine frames, and railroad rolling stock-in order to clean and 
prepare them for repainting . Because iron is hard , its surface. 
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which is naturally somewhat uneven, will not be noticeably 
damaged by controlled abrasion. Such treatment will. how'-
ever, in a small amount of pitting. But this slight abra-
sion creates a good surface for paint, since the iron must bc 
repainted immediately to prevent corrosion. Any abrasive 
cleaning of metal building components will also remove the 
caulking from joints and around other openings. Such areas 
must be recaulked quickly to prevent moisture from entering 
and rusting the metal, or causing deterioration of other build-
ing fabric inside the structure. 

When is Abrasive Cleaning Permissible? 

For the most part, abrasive cleaning is destructive to historic 
building materials. A limited number of special cases have 
been explained when it may be appropriate, if supervised by 
a skilled conservator, to use a delicate abrasive technique on 
some historic building materials. The type of "wet grit" clean-
ing which involves a small amount of grit injected into a 
stream of low pressure water may be used on small areas of 
stone masonry (i.e., rough cut limestone, sandstone or un-
polished granite), where milder cleaning methods have not 
been totally successful in removing harmful deposits of dirt 
and pollutants. Such areas may include stone window sills, 
the wps of cornices or column capitals, or other detailed areas 
of the fa<;ade. 

This is still an abrasive technique, and without proper cau-
tion in handling, it can be jus I as harmful 10 Ihe building 
surface as any olher abrasive cleaning method. Thus, the de-
cision to use this type of "wet grit" process should be made 
only after consultation with an experienced building con-
servator. Remember that il is very lime consuming and ex-
pensive to use any abrasive technique on a historic building 
in such a manner that it does not cause harm to the often fragile 
and friable building materials. 

At this time , and only under certain circumstances, abrasive 
cleaning methods may be used in the rehabilitation of interior 
spaces of warehouse or industrial buildings for contemporary 
uses. 

Interior spaces of factories or warehouse structures in which 
the masonry or plaster surfaces do not have significant design, 
detailing, tooling or finish, and in which wooden architectural 
features are not finished, molded, beaded or worked by hand, 
may be cleaned abrasively in order to remove layers of paint 
and industrial discolorations such as smoke, soot, etc. It is 
expected after such treatment that brick surfaces will be rough 
and pitted, and wood will be somewhat frayed or "fuzzy" 

Permissible Abrasive Cleaning, In accordance with the Secretary of 
the Interior's Guidelines for Rehabilitation Projects, it may be ac-
ceptable to use abrasive techniques to clean an industrial interior space 
such as that il/ustraled here, because the masonry surfaces do not have 
significant design, detailing, tooling or finish, and the wooden archi-
tectural features are not finished, molded, beaded or worked by hand. 
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with raised wood grain. These nonsignificant surfaces will be 
damaged and have a roughened texture, but because they are 
interior elements, they will not be subject to further deteri-
oration caused by weathering. 

Historic Interiors that Should Not Be Cleaned Abrasively 

Those instances (generally industrial and some commercial prop-
erties), when it may be acceptable to use an abrasive treatment 
on the interior of historic structures have been described. But for 
the majority of historic buildings, the Secretary of the Interior's 
Guidelines for Rehabilitation do not recommend "changing the 
texture of exposed wooden architectural features (induding struc-
tural members) and masonry surfaces through sandblasting or use 
of other abrasive techniques to remove paint, discolorations and 
plaster. ... " 

Thus, it is not acceptable to clean abrasively interiors of 
historic residential and commercial properties which have fin-
ished interior spaces featuring milled woodwork such as 
doors, window and door moldings, wainscoting, stair balus-
trades and mantelpieces. Even the most modest historic house 
interior, although it may not feature elaborate detailing, con-
tains plaster and woodwork that is architecturally significant 
to the original design and function of the house. Abrasive 
cleaning of such an interior would be destructive to the his-
toric integrity of the building. 

Abrasive cleaning is also impractical. Rough surfaces of 
abrasively cleaned wooden elements are hard to keep clean. 
It is also difficult to seaL paint or maintain these surfaces 
which can be splintery and a problem to the building's oc-
cupants. The force of abrasive blasting may cause grit par-
ticles to lodge in cracks of wooden elements, which will be 
a nuisance as the grit is loosened by vibrations and gradually 
sifts out. Removal of plaster will reduce the thermal and 
insulating value of the walls. Interior brick is usually softer 
than exterior brick, and generally of a poorer quality. Re-
moving surface plaster from such brick by abrasive means 
often exposes gaping mortar joints and mismatched or re-
paired brickwork which was never intended to show . The 
resulting bare brick wall may require repointing, often dif-
ficult to match. It also may be necessary to apply a transparent 
surface coating (or sealer) in order to prevent the mortar and 
brick from "dusting." However, a sealer may not only change 
the color of the brick, but may also compound any existing 
moisture problems by restricting the normal evaporation of 
water vapor from the masonry surface. 

"Gentlest Means Possible" 

There are alternative means of removing dirt, stains and paint 
from historic building surfaces that can be recommended as 
more efficient and less destructive than abrasive techniques. 
The "gentlest means possible" of removing dirt from a build-
ing surface can be achieved by using a low-pressure water 
wash, scrubbing areas of more persistent grime with a natural 
bristle (never metal) brush. Steam cleaning can also be used 
effectively to clean some historic building fabric. Low-pres-
sure water or steam will soften the dirt and cause the deposits 
to rise to the su rface , where they can be washed away. 

A third cleaning technique which may be recommended to 
remove dirt, as well as stains, graffiti or paint, involves the 
use of commerically avai lable chemical cleaners or paint re-
movers, which, when applied to masonry, loosen or dissolve 
the dirt or stains. These cleaning agents may be used in com-
bination with water or steam, followed by a clear water wash 
to remove the residue of dirt and the chemical cleaners from 
the masonry. A natural bristle brush may also facilitate this 
type of chemically assisted cleaning, particularly in areas of 
heavy dirt deposits or stains, and a wooden scraper can be 



Do not Abrasively Clean these Interiors. Most historic residential and 
some commercial interior spaces contain finished plaster and wooden 
elements such as this stair balustrade and paneling which cOlltribwe 
to the historic and architectural character of the structure. Such interiors 
should not be subjected to abrasive techniques for the purpose of 
removing paint, dirt, discoloration or plaster. 

useful in removing thick encrustations of soot. A limewash 
or absorbent talc, whiting or clay poultice with a solvent can 
be used effectively to draw out salts or stai ns from the surface 
of the selected areas of a building fa<;ade. It is almost im-
possible to remove paint from masonry surfaces without caus-
ing some damage to the masonry, and it is best to leave the 
surfaces as they are or repaint them if necessary. 

Some physicists are experimenting with the use of pulsed 
laser beams and xenon flash lamps for cleaning historic ma-
sonry surfaces. At this time it is a slow, expensive cleaning 
method, but its initial success indicates that it may have an 
increasingly important role in the future. 

There are many chemical paint removers which. when ap-
plied to painted wood, soften and dissolve the paint so that 
it can be scraped off by hand . Peeling paint can be removed 
from wood by hand scraping and sandin g. Particularly thick 
layers of paint may be softened with a heat gun or heat plate. 
providing appropriate precautions are taken. and the paint 
film scraped off by hand . Too much heat applied to the same 
spot can burn the wood, and the fumes caused by burning 
paint are dangerous to inhale, and can be explosive. Fur-
thermore. the hot air from heat guns can start fires in the 
building cavity. Thus. adequate venti lat ion is important when 
using a heat gun or heat plate. as well as when using a chem-
ical stripper. A torch or open flame should never be used . 

Preparations for Cleaning: It cannot be overemph asized that 
all of these cleaning methods must be approached with cau-

tion . When using any of these procedures which involve water 
or other liquid cleaning agents on masonry , it is imperative 
that all openings be tightly covered. and all cracks or joints 
be well pointed in order to avoid the danger of water pen-
etrating the building's facade, a circumstance which might 
result in serious moisture related problems such as efflores-
cence and/or subflorescence. Any time water is used on ma-
sonry as a cleaning agent, either in its pure state or in 
combination with chemical cleaners. it is very important that 
the work be done in warm weather when there is no danger 
of frost for several months . Otherwise water which has pen-
etrated the masonry may freeze, eventually causing the sur-
face of the building to crack and spall, which may create 
another conservation problem more serious to the health of 
the building than dirt. 

Each kind of masonry has a unique composition and reacts 
differently with various chemical cleaning substances. Water 
and/or chemicals may interact with minerals in stone and 
cause new types of stains to leach out to the surface imme-
diately, or more gradually in a delayed reaction. What may 
be a safe and effective cleaner for certain stain on one type 
of stone, may leave unattractive discolorations on another 
stone, or totally dissolve a third type. 

Testing: Cleaning historic building materials. particularly 
masonry , is a technically complex subject. and thus. should 
never be done without expert consultation and testing. No 
cleaning project should be undertaken without first applying 
the intended cleaning agent to a representative test patch 
area in an inconspicuous location on the building surface. 
The test patch or patches should be allowed to weather for 
a period of time , preferably through a complete seasonal 
cycle, in order to determine that the cleaned area will not be 
adversely affected by wet or freezing weather or any by-prod-
ucts of the cleaning process. 

Mitigating the Effects of Abrasive Cleaning 

There are certain restoration measures which can be adopted 
to help preserve a historic building exterior which has been 
damaged by abrasive methods. Wood that has been sand-
blasted will exhibit a frayed or " fuzzed" surface, or a harder 
wood will have an exaggerated raised grain. The only way to 
remove this rough surface or to smooth the grain is by la-
borious sanding. Sandblasted wood, unless it has been ex-
tensively sanded, serves as a dustcatcher , will weather faster , 
and will present a continuing and ever worsening maintenance 
problem. Such wood, after sanding. should be painted or 
given a clear surface coating to protect the wood , and allow 
for somewhat easier maintenance. 

There are few successful preservative treatments that may 
be applied to grit-blasted exterior masonry . Harder , denser 
stone may have suffered only a loss of crisp edges or tool 
marks, or other indications of craft technique. If the stone 
has a compact and uniform composition, it should continue 
to weather with little additional deterioration. But some types 
of sandstone, marble and limestone will weather at an ac-
celerated rate once their protective "quarry crust" or patina 
has been removed. 

Softer types of masonry , particularly brick and architectural 
terra-cotta, are the most likely to require some remedial treat-
ment if they have been abrasively cleaned . Old brick. being 
essentially a soft, baked clay product. is greatly susceptible 
to Increased deterioration when its hard . outer skin is re-
moved through abrasive techniques. This problem can be 
minimized by painting the brick. An alternative is to treat it 
with a clear sealer or surface coating but this will give the 
masonry a glossy or shiny look. It is usuafly preferable to 
paint the brick rather than to apply a transparent sealer since 

7 



Hazards of Sandblasting and Surface Coating. In order to "protect" 
this heavily sandblasted brick, a clear surface coating or sealer was 
applied. Because the air temperature was too cold at the time of ap· 
plication, the sealer failed to dry properly, dripping in places. and 
giving the brick surface a cloudy appearance. 

sealers reduce the transpiration of moisture, allowing salts to 
crystallize as subflorescence that eventually spalls the brick. 
If a brick surface has been so extensively damaged by abrasive 
cleaning and weathering that spalling has already begun. it 
may be necessary to cover the walls with stucco. if it will 
adhere. 

Of course. the application of paint. a clear surface coating 
(sealer). or stucco to deteriorating masonry means that the 
historical appearance will be sacrificed in an attempt to con-
serve the historic building materials. However, the original 
color and texture will have been changed already by the ab-
rasive treatment . At this point it is more important to try to 
preserve the brick. and there is little choice but to protect it 
from "dusting" or spalling too rapidly. As a last resort. in 
the case of severely spalling brick. there may be no option 
but to replace the brick-a difficult. expensive (particularly 
if custom-made reproduction brick is used) , and lengthy proc-
ess. As described earlier. sandblasted interior brick work. 
while not subject to change of weather. may require the ap-
plication of a transparent surface coating or painting as a 
maintenance procedure to contain loose mortar and brick 
dust. (See Preservation Briefs: No. 1 for a more thorough 
discussion of coatings.) 

Metals, other than cast or wrought iron, that have been 
pitted and dented by harsh abrasive blasting usually cannot 
be smoothed out. Although fillers may be satisfactory for 
smoothing a painted surface, exposed metal that has been 
damaged usually will have to be replaced . 
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Summary 

Sandblasting or other abrasive methods of cleaning or paint 
removal are by their nature destructive to historic building 
materials and should not be used on historic buildings except 
in a few well-monitored instances. There are exceptions when 
certain types of abrasive cleaning may be permissible. but 
only if conducted by a trained conservator, and if cleaning 
is necessary for the preservation of the historic structure. 

There is no one formula that will be suitable for cleaning 
a ll historic building surfaces. Although there are many com-
merical cleaning products and methods available. it is im-
possible to state definitively which of these will be the most 
effective without causing harm to the building fabric . It is 
often difficult to identify ingredients or their proportions con-
tained in cleaning products; consequently it is hard to predict 
how a product will react to the building materials to be 
cleaned. Similar uncertanities affect the outcome of other 
cleaning methods as they are applied to historic building 
materials. Further advances in understanding the complex 
nature of the many variables of the cleaning techniques may 
someday provide a better and simpler solution to the prob-
lems. But until that time. the process of cleaning historic 
buildings must be approached with caution through trial and 
error. 

It is important to remember that historic building materials 
are neither indestructible. nor are they renewable. They must 
be treated in a responsible manner . which may mean little 
or no cleaning at all if they are to be preserved for future 
generations to enjoy. If it is in the best interest of the building 
to clean it , then it should be done "using the gentlest means 
possible." 
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The windows on many historic buildings are an important 
aspect of the architectural character of those buildings. 
Their design, craftsmanship, or other qualities may make 
them worthy of preservation . This is self-evident for or-
namental windows, but it can be equally true for 
warehouses or factories where the windows may be the 
most dominant visual element of an otherwise plain 
building (see figure 1). Evaluating the significance of 
these windows and planning for their repair or replace-
ment can be a complex process involving both objective 
and subjective considerations . The Secretary of the In-
terior's Standards for Rehabilitation, and the accompany-
ing guidelines, call for respecting the significance of 
original materials and features , repairing and retaining 
them wherever possible, and when necessary, replacing 
them in kind. This Brief is based on the issues of 
significance and repair which are implicit in the standards, 
but the primary emphasis is on the technical issues of 
planning for the repair of windows including evaluation 
of their physical condition, techniques of repair, and 
design considerations when replacement is necessary. 

Figure 1. Windows are frequently important visual focal points, especial-
lyon simple facades such as this mill building. Replacement of the multi-
pane windows here with larger panes could dramatically change the ap-
pearance of the building. The areas of missing windows convey the im-
pression of such a change. Photo: John T. Lowe 

Much of the technical section presents repair techniques as 
an instructional guide for the do-it-yourselfer. The infor-
mation will be useful, however, for the architect, contrac-
tor, or developer on large-scale projects. It presents a 
methodology for approaching the evaluation and repair of 
existing windows, and considerations for replacement, 
from which the professional can develop alternatives and 
specify appropriate materials and procedures. 
Architectural or Historical Significance 
Evaluating the architectural or historical significance of 
windows is the first step in planning for window treat-
ments, and a general understanding of the function and 
history of windows is vital to making a proper evalua-
tion. As a part of this evaluation, one must consider four 
basic window functions: admitting light to the interior 
spaces, providing fresh air and ventilation to the in-
terior, providing a visual link to the outside world, and 
enhancing the appearance of a building . No single factor 
can be disregarded when planning window treatments; for 
example, attempting to conserve energy by closing up or 
reducing the size of window openings may result in the 
use of more energy by increasing electric lighting loads 
and decreasing passive solar heat gains. 

Historically, the first windows in early American houses 
were casement windows; that is, they were hinged at the 
side and opened outward. In the beginning of the eigh-
teenth century single- and double-hung windows were in-
troduced. Subsequently many styles of these vertical 
sliding sash windows have come to be associated with 
specific building periods or architectural styles, and this is 
an important consideration in determining the significance 
of windows, especially on a local or regional basis. Site-
specific, regionally oriented architectural comparisons 
should be made to determine the significance of windows 
in question. Although such comparisons may focus on 
specific window types and their details, the ultimate deter-
mination of significance should be made within the con-
text of the whole building, wherein the windows are one 
architectural element (see figure 2). 

After all of the factors have been evaluated, windows 
should be considered significant to a building if they; 1) 
are original, 2) reflect the original design intent for the 
building, 3) reflect period or regional styles or building 
practices, 4) reflect changes to the building resulting 
from major periods or events, or 5) are examples of ex-
ceptional craftsmanship or design. Once this evaluation 
of significance has been completed, it is possible to pro-
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Figure 2. These drawings of window details identify major components, terminology, and installation details for a wooden double-hung window. 

ceed with planning appropriate treatments, beginning 
with an investigation of the physical condition of the 
windows. 

Physical Evaluation 
The key to successful planning for window treatments is 
a careful evaluation of existing physical conditions on a 
unit-by-unit basis. A graphic or photographic system may 
be devised to record existing conditions and illustrate the 
scope of any necessary repairs. Another effective tool is a 
window schedule which lists all of the parts of each win-
dow unit. Spaces by each part allow notes on existing 
conditions and repair instructions. When such a schedule 
is completed, it indicates the precise tasks to be performed 
in the repair of each unit and becomes a part of the 
specifications. In any evaluation, one should note at a 
minimum, 1) window location, 2) condition of the paint, 
3) condition of the frame and sill, 4) condition of the sash 
(rails, stiles and muntins), 5) glazing problems, 6) hard-
ware, and 7) the overall condition of the window (ex-
cellent, fair, poor, and so forth). 

Many factors such as poor design, moisture, vandalism, 
insect attack, and lack of maintenance can contribute to 
window deterioration, but moisture is the primary con-
tributing factor in wooden window decay. All window 
units should be inspected to see if water is entering around 
the edges of the frame and, if so, the joints or seams 
should be caulked to eliminate this danger. The glazing 
putty should be checked for cracked, loose, or missing 
sections which allow water to saturate the wood, especial-
ly at the joints. The back putty on the interior side of the 
pane should also be inspected, because it creates a seal 
which prevents condensation from running down into the 
joinery. The sill should be examined to insure that it 
slopes downward away from the building and Cl-llows 
water to drain off. In addition, it may be advisable to cut 
a dripline along the underside of the sill. This almost in-
visible treatment will insure proper water run-off, particu-
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larly if the bottom of the sill is flat. Any conditions, in-
cluding poor original design, which permit water to come 
in contact with the wood or to puddle on the sill must be 
corrected as they contribute to deterioration of the win-
dow. 

One clue to the location of areas of excessive moisture 
is the condition of the paint; therefore, each window 
should be examined for areas of paint failure. Since ex-
cessive moisture is detrimental to the paint bond, areas of 
paint blistering, cracking, flaking, and peeling usually 
identify points of water penetration, moisture saturation, 
and potential deterioration. Failure of the paint should 
not, however, be mistakenly interpreted as a sign that the 
wood is in poor condition and hence, irreparable. Wood 
is frequently in sound physical condition beneath unsight-
ly paint. After noting areas of paint failure, the next step 
is to inspect the condition of the wood, particularly at the 
points identified during the paint examination. 

Each window should be examined for operational 
soundness beginning with the lower portions of the frame 
and sash. Exterior rainwater and interior condensation can 
flow downward along the window, entering and collecting 
at points where the flow is blocked. The sill, joints be-
tween the sill and jamb, corners of the bottom rails and 
muntin joints are typical points where water collects and 
deterioration begins (see figure 3). The operation of the 
window (continuous opening and closing over the years 
and seasonal temperature changes) weakens the joints, 
causing movement and slight separation. This process 
makes the joints more vulnerable to water which is readi-
ly absorbed into the end-grain of the wood. If severe 
deterioration exists in these areas, it will usually be ap-
parent on visual inspection, but other less severely deteri-
orated areas of the wood may be tested by two traditional 
methods using a small ice pick. 

An ice pick or an awl may be used to test wood for 
soundness. The technique is simply to jab the pick into a 
wetted wood surface at an angle and pry up a small sec-



Figure 3. Deterioration of poorly maintained windows usually begins on 
horizontal surfaces and at joints where water can collect and saturate the 
wood. The problem areas are clearly indicated by paint failure due to 
moisture. Photo: Baird M. Smith, AlA 
tion of the wood. Sound wood will separate in long 
fibrous splinters, but decayed wood will lift up in short ir-
regular pieces due to the breakdown of fiber strength. 

Another method of testing for soundness consists of 
pushing a sharp object into the wood, perpendicular to 
the surface. If deterioration has begun from the hidden 
side of a member and the core is badly decayed, the visi-
ble surface may appear to be sound wood. Pressure on 
the probe can force it through an apparently sound skin 
to penetrate deeply into decayed wood. This technique is 
especially useful for checking sills where visual access to 
the underside is restricted. 

Following the inspection and analysis of the results, the 
scope of the necessary repairs will be evident and a plan 
for the rehabilitation can be formulated. Generally the ac-
tions necessary to return a window to "like new" condi-
tion will fall into three broad categories: 1) routine main-
tenance procedures, 2) structural stabilization, and 3) 
parts replacement. These categories will be discussed in 
the following sections and will be referred to respectively 
as Repair Class I, Repair Class II, and Repair Class III. 
Each successive repair class represents an increasing level 
of difficulty, expense, and work time. Note that most of 
the points mentioned in Repair Class I are routine main-
tenance items and should be provided in a regular main-
tenance program for any building. The neglect of these 
routine items can contribute to many common window 
problems. 

Before undertaking any of the repairs mentioned in the 
following sections all sources of moisture penetration 
should be identified and eliminated, and all existing decay 
fungi destroyed in order to arrest the deterioration pro-
cess. Many commercially available fungicides and wood 
preservatives are toxic, so it is extremely important to 
follow the manufacturer's recommendations for applica-
tion, and store all chemical materials away from children 
and animals. After fungicidal and preservative treatment 
the windows may be stabilized, retained, and restored 
with every expectation for a long service life. 

Repair Class I: Routine Maintenance 
Repairs to wooden windows are usually labor intensive 
and relatively uncomplicated. On small scale projects this 

allows the do-it-yourselfer to save money by repairing 
all or part of the windows. On larger projects it presents 
the opportunity for time and money which might other-
wise be spent on the removal and replacement of existing 
windows, to be spent on repairs, subsequently saving all 
or part of the material cost of new window units. Regard-
less of the actual costs, or who performs the work, the 
evaluation process described earlier will provide the 
knowledge from which to specify an appropriate work 
program, establish the work element priorities, and iden-
tify the level of skill needed by the labor force. 

The routine maintenance required to upgrade a window 
to "like new" condition normally includes the following 
steps: 1) some degree of interior and exterior paint 
removal, 2) removal and repair of sash (inCluding reglaz-
ing where necessary) , 3) repairs to the frame, 4) weather-
stripping and reinstallation of the sash, and 5) repainting. 
These operations are illustrated for a typical double-hung 
wooden window (see figures 4a-f) , but they may be 
adapted to other window types and styles as applicable. 

Historic windows have usually acquired many layers of 
paint over time. Removal of excess layers or peeling and 
flaking paint will facilitate operation of the window and 
restore the clarity of the original detailing. Some degree of 
paint removal is also necessary as a first step in the prop-
er surface preparation for subsequent refinishing (if paint 
color analysis is desired, it should be conducted prior to 
the onset of the paint removal). There are several safe and 
effective techniques for removing paint from wood, 
depending on the amount of paint to be removed . Several 
techniques such as scraping, chemical stripping, and the 
use of a hot air gun are discussed in "Preservation Briefs: 
10 Paint Removal from Historic Woodwork" (see Addi-
tional Reading section at end) . 

Paint removal should begin on the interior frames , be-
ing careful to remove the paint from the interior stop and 
the parting bead, particularly along the seam where these 
stops meet the jamb. This can be accomplished by run-
ning a utility knife along the length of the seam, breaking 
the paint bond. It will then be much easier to remove the 
stop, the parting bead and the sash. The interior stop may 
be initially loosened from the sash side to avoid visible 
scarring of the wood and then gradually pried loose using 
a pair of putty knives, working up and down the stop in 
small increments (see figure 4b) . With the stop removed, 
the lower or interior sash may be withdrawn . The sash 
cords should be detached from the sides of the sash and 
their ends may be pinned with a nail or tied in a knot to 
prevent them from falling into the weight pocket. 

Removal of the upper sash on double-hung units is 
similar but the parting bead which holds it in place is set 
into a groove in the center of the stile and is thinner and 
more delicate than the interior stop. After removing any 
paint along the seam, the parting bead should be carefully 
pried out and worked free in the same manner as the in-
terior stop. The upper sash can be removed in the same 
manner as the lower one and both sash taken to a conve-
nient work area (in order to remove the sash the interior 
stop and parting bead need only be removed from one 
side of the window). Window openings can be covered 
with polyethylene sheets or plywood sheathing while the 
sash are out for repair. 

The sash can be stripped of paint using appropriate 
techniques, but if any heat treatment is used (see figure 
4c), the glass should be removed or protected from the 
sudden temperature change which can cause breakage . An 
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Figure 4a. The following series of photographs of 
the repair of a historic double-hung window use a 
unit which is structurally sound but has many 
layers of paint, some cracked and missing putty, 
slight separation at the joints, broken sash cords, 
and one cracked pane. Photo: John H. Myers 

Figure 4d. Reglazing or replacement of the putty 
requires that the existing putty be removed 
manually, the glazing points be extracted, the 
glass removed, and the back putty scraped out. To 
reglaze, a bed of putty is laid around the perimeter 
of the rabbet, the pane is pressed into place, 
glazing points are inserted to hold the pane 
(shown), and a final seal of putty is beveled 
around the edge of the glass. Photo: John H. 
Myers 
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Figure 4b. After removing paint from the seam 
between the interior stop and the jamb, the stop 
can be pried out and gradually worked loose using 
a pair of putty knives as shown. To avoid visible 
scarring of the wood, the sash can be raised and 
the stop pried loose initially from the outer side. 
Photo: John H. Myers 

Figure 4e. A common repair is the replacement of 
broken sash cords with new cords (shown) or with 
chains. The weight pocket is often accessible 
through a removable plate in the jamb, or by 
removing the interior trim. Photo: John H. Myers 

Figure 4c. Sash can be removed and repaired in a 
convenient work area. Paint is being removed from 
this sash with a hot air gun while an asbestos 
sheet protects the glass from sudden temperature 
change. Photo: John H. Myers 

( ( 1 
Figure 4£. Following the relatively simple repairs, 
the window is weathertight, like new in 
appearance, and serviceable for many years to 
come. Both the historic material and the detailing 
and craftsmanship of this original window have 
been preserved. Photo: John H. Myers 



overlay of aluminum foil on gypsum board or asbestos 
can protect the glass from such rapid temperature 
change. It is important to protect the glass because it 
may be historic and often adds character to the window. 
Deteriorated putty should be removed manually, taking 
care not to damage the wood along the rabbet . If the 
glass is to be removed, the glazing points which hold the 
glass in place can be extracted and the panes numbered 
and removed for cleaning and reuse in the same open-
ings. With the glass panes out, the remaining putty can be 
removed and the sash can be sanded, patched, and 
primed with a preservative primer. Hardened putty in 
the rabbets may be softened by heating with a soldering 
iron at the point of removal. Putty remaining on the 
glass may be softened by soaking the panes in linseed 
oil, and then removed with less risk of breaking the 
glass. Before reinstalling the glass, a bead of glazing 
compound or linseed oil putty should be laid around the 
rabbet to cushion and seal the glass. Glazing compound 
should only be used on wood which has been brushed 
with linseed oil and primed with an oil based primer or 
paint. The pane is then pressed into place and the glaz-
ing points are pushed into the wood around the perim-
eter of the pane (see figure 4d) . The final glazing com-
pound or putty is applied and beveled to complete the 
seal. The sash can be refinished as desired on the inside 
and painted on the outside as soon as a "skin" has formed 
on the putty, usually in 2 or 3 days. Exterior paint should 
cover the beveled glazing compound or putty and lap 
over onto the glass slightly to complete a weathertight 
seal. After the proper curing times have elapsed for paint 
and putty, the sash will be ready for reinstallation. 

While the sash are out of the frame, the condition of 
the wood in the jamb and sill can be evaluated. Repair 
and refinishing of the frame may proceed concurrently 
with repairs to the sash, taking advantage of the curing 
times for the paints and putty used on the sash. One of 
the most common work items is the replacement of the 
sash cords with new rope cords or with chains (see figure 
4e). The weight pocket is frequently accessible through a 
door on the face of the frame near the sill , but if no door 
exists, the trim on the interior face may be removed for 
access . Sash weights may be increased for easier window 
operation by elderly or handicapped persons . Additional 
repairs to the frame and sash may include consolidation 
or replacement of deteriorated wood. Techniques for these 
repairs are discussed in the following sections. 

The operations just discussed summarize the efforts 
necessary to restore a window with minor deterioration to 
"like new" condition (see figure 4f) . The techniques can be 
applied by an unskilled person with minimal training and 
experience. To demonstrate the practicality of this ap-
proach, and photograph it, a Technical Preservation Ser-
vices staff member repaired a wooden double-hung, two 
over two window which had been in service over ninety 
years. The wood was structurally sound but the window 
had one broken pane, many layers of paint , broken sash 
cords and inadequate, worn-out weatherstripping. The 
staff member found that the frame could be stripped of 
paint and the sash removed quite easily . Paint , putty and 
glass removal required about one hour for each sash, and 
the reglazing of both sash was accomplished in about one 
hour. Weatherstripping of the sash and frame , replace-
ment of the sash cords and reinstallation of the sash, part-
ing bead, and stop required an hour and a half. These 
times refer only to individual operations; the entire proc-

ess took several days due to the drying and curing times 
for putty, primer, and paint, however, work on other win-
dow units could have been in progress during these lag 
times. 

Repair Class II: Stabilization 
The preceding description of a window repair job focused 
on a unit which was operationally sound. Many windows 
will show some additional degree of physical deteriora-
tion, especially in the vulnerable areas mentioned earlier, 
but even badly damaged windows can be repaired using 
simple processes. Partially decayed wood can be water-
proofed, patched, built-up, or consolidated and then 
painted to achieve a sound condition, good appearance, 
and greatly extended life. Three techniques for repairing 
partially decayed or weathered wood are discussed in this 
section, and all three can be accomplished using products 
available at most hardware stores. 

One established technique for repairing wood which is 
split, checked or shows signs of rot, is to: 1) dry the 
wood, 2) treat decayed areas with a fungicide, 3) water-
proof with two or three applications of boiled linseed oil 
(applications every 24 hours), 4) fill cracks and holes with 
putty, and 5) after a "skin" forms on the putty, paint the 
surface. Care should be taken with the use of fungicide 
which is toxic. Follow the manufacturers' directions and 
use only on areas which will be painted. When using any 
technique of building up or patching a flat surface, the 
finished surface should be sloped slightly to carry water 
away from the window and not allow it to puddle. Caulk-
ing of the joints between the sill and the jamb will help 
reduce further water penetration. 

When sills or other members exhibit surface weathering 
they may also be built-up using wood putties or home-
made mixtures such as sawdust and resorcinol glue, or 
whiting and varnish. These mixtures can be built up in 
successive layers, then sanded, primed, and painted. The 
same caution about proper slope for flat surfaces applies 
to this technique. 

Wood may also be strengthened and stabilized by con-
solidation, using semi-rigid epoxies which saturate the 
porous decayed wood and then harden. The surface of the 
consolidated wood can then be filled with a semi-rigid 
epoxy patching compound, sanded and painted (see figure 
5). Epoxy patching compounds can be used to build up 

Figure 5. This illustrates a two-part epoxy patching compound used to fill 
the surface of a weathered sill and rebuild the missing edge. When the epoxy 
cures, it can be sanded smooth and painted to achieve a durable and 
waterproof repair. Photo: John H. Myers 
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missing sections or decayed ends of members. Profiles can 
be duplicated using hand molds, which are created by 
pressing a ball of patching compound over a sound sec-
tion of the profile which has been rubbed with butcher's 
wax. This can be a very efficient technique where there 
are many typical repairs to be done. Technical Preserva-
tion Services has published Epoxies for Wood Repairs 
in Historic Buildings (see Additional Reading section at 
end), which discusses the theory and techniques of epoxy 
repairs. The process has been widely used and proven in 
marine applications; and proprietary products are avail-
able at hardware and marine supply stores. Although 
epoxy materials may be comparatively expensive, they 
hold the promise of being among the most durable and 
long lasting materials available for wood repair. 

Any of the three techniques discussed can stabilize and 
restore the appearance of the window unit. There are 
times, however, when the degree of deterioration is so ad-
vanced that stabilization is impractical, and the only way 
to retain some of the original fabric is to replace damaged 
parts. 

Repair Class III: Splices and Parts Replacement 
When parts of the frame or sash are so badly deteriorated 
that they cannot be stabilized there are methods which 
permit the retention of some of the existing or original 
fabric. These methods involve replacing the deteriorated 
parts with new matching pieces, or splicing new wood in-
to existing members. The techniques require more skill 
and are more expensive than any of the previously dis-
cussed alternatives. It is necessary to remove the sash 
and / or the affected parts of the frame and have a 
carpenter or woodworking mill reproduce the damaged or 
missing parts. Most millwork firms can duplicate parts, 
such as muntins, bottom rails, or sills , which can then be 
incorporated into the existing window, but it may be 
necessary to shop around because there are several factors 
controlling the practicality of this approach. Some wood-
working mills do not like to repair old sash because nails 
or other foreign objects in the sash can damage expensive 
knives (which cost far more than their profits on small 
repair jobs); others do not have cutting knives to 
duplicate muntin profiles. Some firms prefer to concen-
trate on larger jobs with more profit potential, and some 
may not have a craftsman who can duplicate the parts. A 
little searching should locate a firm which will do 
the job, and at a reasonable price. If such a firm does not 
exist locally, there are firms which undertake this kind of 
repair and ship nationwide. It is possible, however, for 
the advanced do-it-yourselfer or craftsman with a table 
saw to duplicate moulding profiles using techniques 
discussed by Gordie Whittington in "Simplified Methods 
for Reproducing Wood Mouldings," Bulletin of the 
Association for Preservation Technology, Vol. III, No . 4, 
1971, or illustrated more recently in The Old House, 
Time-Life Books, Alexandria, Virginia, 1979. 

The repairs discussed in this section involve window 
frames which may be in very deteriorated condition, 
possibly requiring removal; therefore, caution is in 
order. The actual construction of wooden window frames 
and sash is not complicated. Pegged mortise and tenon 
units can be disassembled easily, if the units are out of the 
building. The installation or connection of some frames to 
the surrounding structure, especially masonry walls, can 
complicate the work immeasurably, and may even require 
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dismantling of the wall. It may be useful , therefore, to 
take the following approach to frame repair: 1) conduct 
regular maintenance of sound frames to achieve the 
longest life possible, 2) make necessary repairs in place 
wherever possible, using stabilization and splicing tech-
niques, and 3) if removal is necessary, thoroughly in-
vestigate the structural detailing and seek appropriate pro-
fessional consultation. 

Another alternative may be considered if parts replace-
ment is required, and that is sash replacement. If extensive 
replacement of parts is necessary and the job becomes 
prohibitively expensive it may be more practical to pur-
chase new sash which can be installed into the existing 
frames . Such sash are available as exact custom reproduc-
tions, reasonable facsimiles (custom windows with similar 
profiles), and contemporary wooden sash which are 
similar in appearance . There are companies which still 
manufacture high quality wooden sash which would 
duplicate most historic sash. A few calls to local build-
ing suppliers may provide a source of appropriate replace-
ment sash, but if not, check with local historical 
associations, the state historic preservation office, 
or preservation related magazines and supply catalogs for 
information. 

If a rehabilitation project has a large number of win-
dows such as a commercial building or an industrial com-
plex, there may be less of a problem arriving at a solu-
tion . Once the evaluation of the windows is completed 
and the scope of the work is known, there may be a 
potential economy of scale. Woodworking mills may be 
interested in the work from a large project; new sash in 
volume may be considerably less expensive per unit ; 
crews can be assembled and trained on site to perform all 
of the window repairs; and a few extensive repairs can be 
absorbed (without undue burden) into the total budget 
for a large number of sound windows. While it may be 
expensive for the average historic home owner to pay 
seventy dollars or more for a mill to grind a custom knife 
to duplicate four or five bad muntins, that cost becomes 
negligible on large commercial projects which may have 
several hundred windows. 

Most windows should not require the extensive repairs 
discussed in this section . The ones which do are usually in 
buildings which have been abandoned for long periods or 
have totally lacked maintenance for years. It is necessary 
to thoroughly investigate the alternatives for windows 
which do require extensive repairs to arrive at a solution 
which retains historic significance and is also economically 
feasible . Even for projects requiring repairs identified in 
this section, if the percentage of parts replacement per 
window is low, or the number of windows requiring 
repair is small, repair can still be a cost effective solution. 

Weatherization 
A window which is repaired should be made as energy ef-
ficient as possible by the use of appropriate weather-
stripping to reduce air infiltration. A wide variety of 
products are available to assist in this task . Felt may be 
fastened to the top, bottom, and meeting rails, but may 
have the disadvantage of absorbing and holding moisture, 
particularly at the bottom rail. Rolled vinyl strips may 
also be tacked into place in appropriate locations to 
reduce infiltration. Metal strips or new plastic spring 
strips may be used on the rails and, if space permits, in 



the channels between the sash and jamb. Weatherstripping 
is a historic treatment, but old weatherstripping (felt) is 
not likely to perform very satisfactorily. Appropriate con-
temporary weatherstripping should be considered an in-
tegral part of the repair process for windows. The use of 
sash locks installed on the meeting rail will insure that the 
sash are kept tightly closed so that the weatherstripping 
will function more effectively to reduce infiltration. 
Although such locks will not always be historically accu-
rate, they will usually be viewed as an acceptable contem-
porary modification in the interest of improved thermal 
performance. 

Many styles of storm windows are available to improve 
the thermal performance of existing windows. The use of 
exterior storm windows should be investigated whenever 
feasible because they are thermally efficient, cost-effective, 
reversible, and allow the retention of original windows 
(see "Preservation Briefs: 3") . Storm window frames may 
be made of wood, aluminum, vinyl, or plastic; however, 
the use of unfinished aluminum storms should be 
avoided. The visual impact of storms may be minimized 
by selecting colors which match existing trim color. 
Arched top storms are available for windows with special 
shapes. Although interior storm windows appear to offer 
an attractive option for achieving double glazing with 
minimal visual impact, the potential for damaging con-
densation problems must be addressed. Moisture which 
becomes trapped between the layers of glazing can con-
dense on the colder, outer prime window, potentially 
leading to deterioration. The correct approach to using in-
terior storms is to create a seal on the interior storm while 
allowing some ventilation around the prime window. In 
actual practice, the creation of such a durable, airtight 
seal is difficult. 

Window Replacement 
Although the retention of original or existing windows is 
always desirable and this Brief is intended to encourage 
that goal, there is a point when the condition of a win-
dow may clearly indicate replacement. The decision proc-
ess for selecting replacement windows should not begin 
with a survey of contemporary window products which 
are available as replacements, but should begin with a 
look at the windows which are being replaced. Attempt to 
understand the contribution of the window(s) to the ap-
pearance of the facade including: 1) the pattern of the 
openings and their size; 2) proportions of the frame and 
sash; 3) configuration of window panes; 4) muntin pro-
files; 5) type of wood; 6) paint color; 7) characteristics of 
the glass; and 8) associated details such as arched tops, 
hoods, or other decorative elements. Develop an under-
standing of how the window reflects the period, style, or 
regional characteristics of the building, or represents tech-
nological development. 

Armed with an awareness of the significance of the ex-
isting window, begin to search for a replacement which 
retains as much of the character of the historic window as 
possible. There are many sources of suitable new win-
dows. Continue looking until an acceptable replacement 
can be found. Check building supply firms, local wood-
working mills, carpenters, preservation oriented maga-
zines, or catalogs or sUl'pliers of old building materials, 
for product information. Local historical associations and 
state historic preservation offices may be good sources of 

information on products which have been used success-
fully in preservation projects. 

Consider energy efficiency as one of the factors for 
replacements, but do not let it dominate the issue. Energy 
conservation is no excuse for the wholesale destruction of 
historic windows which can be made thermally efficient 
by historically and aesthetically acceptable means. In fact , 
a historic wooden window with a high quality storm win-
dow added should thermally outperform a new double-
glazed metal window which does not have thermal 
breaks (insulation between the inner and outer frames in-
tended to break the path of heat flow) . This occurs 
because the wood has far better insulating value than the 
metal, and in addition many historic windows have high 
ratios of wood to glass, thus reducing the area of highest 
heat transfer. One measure of heat transfer is the U-value, 
the number of Btu's per hour transferred through a square 
foot of material. When comparing thermal performance, 
the lower the U-value the better the performance. Accord-
ing to ASHRAf 1977 Fundamentals, the U-values for 
single glazed wooden windows range from 0.88 to 0.99. 
The addition of a storm window should reduce these 
figures to a range of 0.44 to 0.49. A non-thermal break, 
double-glazed metal window has a U-value of about 0.6. 

Conclusion 
Technical Preservation Services recommends the retention 
and repair of original windows whenever possible. We 
believe that the repair and weatherization of existing 
wooden windows is more practical than most people 
realize, and that many windows are unfortunately re-
placed because of a lack of awareness of techniques for 
evaluation, repair, and weatherization. Wooden windows 
which are repaired and properly maintained will have 
greatly extended service lives while contributing to the 
historic character of the building. Thus, an important ele-
ment of a building's significance will have been preserved 
for the future. 
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A cautionary approach to paint removal is included in the guidelines to 'The Secretary of the Interior Standards for Historic Preservation 
Projects." Removing paints down to bare wood surfaces using harsh methods can permanently damage those surfaces; therefore such methods 
are not recommended . Also, total removal obliterates evidence of the historical paints and their sequence and architectural context. 

This Brief expands on that advice for the architect, build-
ing manager, contractor, or homeowner by identifying 
and describing common types of paint surface conditions 
and failures, then recommending appropriate treatments 
for preparing exterior wood surfaces for repainting' to 
assure the best adhesion and greatest durability of the new 
paint. Although the Brief focuses on resp.Q.rlsible methods 
of "paint removal," several paint surface conditions will 
be described which do not require any paint removal, and 
still others which can be successfully handled by limited 
paint removal. In all cases, the information is intended to 
address the concerns related to exterior wood. It will also 
be generally assumed that, because houses built before 1950 
involve one or more layers of lead-base paint,2 the majori-
ty of conditions warranting paint removal will mean deal-
ing with this toxic substance along with the dangers of the 
paint removal tools and chemical strippers themselves. 

Purposes of Exterior Paint 
Paint3 applied to exterior wood must withstand yearly ex-
tremes of both temperature and humidity. While never ex-
pected to be more than a temporary physical shield-
requiring re-application every 5-8 years-its importance 
should not be minimized. Because one of the main causes 
of wood deterioration is moisture penetration, a primary 
purpose for painting wood is to exclude such moisture, 
thereby slowing deterioration not only of a building's ex-
terior siding and decorative features but, ultimately, its 
underlying structural members. Another important pur-
pose for painting wood is, of course, to define and accent 
architectural features and to improve appearance. 

Treating Paint Problems in Historic Buildings 
Exterior paint is constantly deteriorating through the proc-
esses of weathering, but in a program of regular mainte-
nance-assuming all other building systems are function-
ing properly-surfaces can be cleaned, lightly scraped, 
and hand sanded in preparation for a new finish coat. Un-
fortunately, these are ideal conditions. More often, com-
plex maintenance problems are inherited by owners of 

historic buildings, including areas of paint that have 
failed 4 beyond the point of mere cleaning, scraping, and 
hand sanding (although much so-called "paint failure" is 
attributable to interior or exterior moisture problems or 
surface preparation and application mistakes with 
previous coats). 

Although paint problems are by no means unique to 
historic buildings, treating multiple layers of hardened, 
brittle paint on complex, ornamental-and possibly 
fragile-exterior wood surfaces necessarily requires an ex-
tremely cautious approach (see figure 1). In the case of re-
cent construction, this level of concern is not needed 
because the wood is generally less detailed and, in addi-
tion, retention of the sequence of paint layers as a partial 
record of the building's history is not an issue. 

When historic buildings are involved, however, a 
special set of problems arises-varying in complexity 
depending upon their age, architectural style, historical 
importance, and physical soundness of the wood-which 
must be carefully evaluated so that decisions can be made 
that are sensitive to the longevity of the resource. 

Justification for Paint Removal 
At the outset of this Brief, it must be emphasized that 
removing paint from historic buildings-with the excep-
tion of cleaning, light scraping, and hand sanding as part 
of routine maintenance-should be avoided unless abso-
lutely essential. Once conditions warranting removal have 

, General paint type recommendations will be made, but paint color recommenda-
tions are beyond the scope of this Brief. 

l Douglas R. Shier and William Hall , Analysis of Housing Data Collected in a Lead-
Based Paint Survey in Pittsburgh, Pennsylvania, Part 1, National Bureau of Stan-
dards, Inter-Report 77-1250, May 1977. 

, Any pigmented liquid, liquefiable , or mastic composition designed for application 
to a substrate in a thin layer which is converted to an opaque solid film after ap-
plication, Paint and Coatings Dictionary, 1978, Federation of Societies for Coat-
ings and Technology. 

4 For purposes of the Brief, this includes any area of painted exterior woodwork 
displaying signs of peeling, cracking, or alligatoring to bare wood. See descrip-
tions of these and other paint surface conditions as well as recommended treat-
ments on pp . 5-10. 



Fig. 1 Excessive paint build-up on architectural details such as 
this ornamental bracket does not in itself justify total paint 
removal. If paint is cracked and peeling down to bare wood, 
however, it should be removed using the gentlest means possible. 
Photo: David W. Look, AlA. 

been identified, the general approach should be to remove 
paint to the next sound layer using the gentlest means 
possible, then to repaint (see figure 2). Practically speak-
ing as well, paint can adhere just as effectively to existing 
paint as to bare wood, providing the previous coats of 
paint are also adhering uniformly and tightly to the wood 
and the surface is properly prepared for repainting-
cleaned of dirt and chalk and dulled by sanding. But, if 
painted exterior wood surfaces display continuous patterns 
of deep cracks or if they are extensively blistering and 
peeling so that bare wood is visible, then the old paint 
should be completely removed before repainting. The only 
other justification for removing all previous layers of 
paint is if doors, shutters, or windows have literally been 
"painted shut," or if new wood is being pieced-in adjacent 
to old painted wood and a smooth transition is desired 
(see figure 3). 

Paint Removal Precautions 
Because paint removal is a difficult and painstaking proc-
ess, a number of costly, regrettable experiences have oc-
curred-and continue to occur-for both the historic 
building and the building owner. Historic buildings have 
been set on fire with blow torches; wood irreversibly 
scarred by sandblasting or by harsh mechanical devices 
such as rotary sanders and rotary wire strippers; and 
layers of historic paint inadvertently and unnecessarily 
removed. In addition, property owners, using techniques 
that substitute speed for safety, have been injured by toxic 
lead vapors or dust from the paint they were trying to 

2 

Fig. 2 A traditionally painted bay window has been stripped to 
bare wood, then varnished. In addition to being historically inac-
curate, the varnish will break down faster as a result of the sun 's 
ultraviolet rays than would primer and finish coats of paint. 
Photo: David W. Look, AlA. 

Fig . 3 If damage to parts of a wooden element is severe, new 
sections of wood will need to be pieced-in. When such piecing is 
required, paint on the adjacent woodwork should be removed so 
that the old and new woods will make a smooth profile when 
joined. After repainting, the repair should be virtually impossible 
to detect. Photo: Morgan W. Phillips. 

remove or by misuse of the paint removers themselves. 
Owners of historic properties considering paint removal 

should also be aware of the amount of time and labor in-
volved. While removing damaged layers of paint from a 
door or porch railing might be readily accomplished 
within a reasonable period of time by one or two people, 
removing paint from larger areas of a building can, with-



out professional assistance, easily become unmanageable 
and produce less than satisfactory results. The amount of 
work involved in any paint removal project must there-
fore be analyzed on a case-by-case basis. Hiring qualified 
professionals will often be a cost-effective decision due to 
the expense of materials, the special equipment required, 
and the amount of time involved. Further, paint removal 
companies experienced in dealing with the inherent health 
and safety dangers of paint removal should have pur-
chased such protective devices as are needed to mitigate 
any dangers and should also be aware of State or local en-
vironmental and! or health regulations for hazardous 
waste disposal. 

All in all, paint removal is a messy, expensive, and 
potentially dangerous aspect of rehabilitating or restoring 
historic buildings and should not be undertaken without 
careful thought concerning first , its necessity, and second, 
which of the available recommended methods is the safest 
and most appropriate for the job at hand. 

Repainting Historic Buildings for Cosmetic 
Reasons 

If existing exterior paint on wood siding, eaves, window 
sills, sash, and shutters, doors, and decorative features 
shows no evidence of paint deterioration such as chalking, 
blistering, peeling, or cracking, then there is no physical 
reason to repaint, much less remove paint! Nor is color 
fading, of itself, sufficient justification to repaint a historic 
building. 

The decision to repaint may not be based altogether on 
paint failure. Where there is a new owner, or even where 
ownership has remained constant through the years, taste 
in colors often changes. Therefore, if repainting is 
primarily to alter a building's primary and accent colors, 
a technical factor of paint accumulation should be taken 
into consideration . When paint builds up to a thickness of 
approximately 1/16 " (approximately 16-30 layers), one or 
more extra coats of paint may be enough to trigger crack-
ing and peeling in limited or even widespread areas of the 
building's surface. This results because excessively thick 
paint is less able to withstand the shrinkage or pull of an 
additional coat as it dries and is also less able to tolerate 
thermal stresses . Thick paint invariably fails at the 
weakest point of adhesion-the oldest layers next to the 
wood. Cracking and peeling follow . Therefore, if there 
are no signs of paint failure, it may be somewhat risky to 
add still another layer of unneeded paint simply for 
color's sake (extreme changes in color may also require 
more than one coat to provide proper hiding power and 
full color). When paint appears to be nearing the critical 
thickness, a change of accent colors (that is, just to 
limited portions of the trim) might be an acceptable com-
promise without chancing cracking and peeling of paint 
on wooden siding. 

If the decision to repaint is nonetheless made, the "new" 
color or colors should, at a minimum, be appropriate to 
the style and setting of the building. On the other hand, 
where the intent is to restore or accurately reproduce the 
colors originally used or those from a significant period in 
the building's evolution, they should be based on the 
results of a paint analysis. 5 

Identification of Exterior Paint Surface 
Conditions/ Recommended Treatments 
It is assumed that a preliminary check will already have 
been made to determine, first, that the painted exterior 
surfaces are indeed wood-and not stucco, metal, or other 
wood substitutes-and second, that the wood has not 
decayed so that repainting would be superfluous. For ex-
ample, if any area of bare wood such as window sills has 
been exposed for a long period of time to standing water, 
wood rot is a strong possibility (see figure 4). Repair or 
replacement of deteriorated wood should take place before 
repainting. After these two basic issues have been 
resolved, the surface condition identification process may 
commence. 

The historic building will undoubtedly exhibit a variety 
of exterior paint surface conditions. For example, paint on 
the wooden siding and doors may be adhering firmly; 
paint on the eaves peeling; and paint on the porch 
balusters and window sills cracking and alligatoring. The 
accurate identification of each paint problem is therefore 
the first step in planning an appropriate overall solution. 

Paint surface conditions can be grouped according to 
their relative severity: CLASS I conditions include minor 
blemishes or dirt collection and generally require no paint 
removal; CLASS II conditions include failure of the top 
layer or layers of paint and generally require limited paint 
removal; and CLASS III conditions include substantial or 
multiple-layer failure and generally require total paint 
removal. It is precisely because conditions will vary at dif-
ferent points on the building that a careful inspection is 
critical. Each item of painted exterior woodwork (i.e., 
siding, doors, windows, eaves, shutters, and decorative 
elements) should be examined early in the planning phase 
and surface conditions noted. 

CLASS I Exterior Surface Conditions Generally Requiring 
No Paint Removal 

• Dirt, Soot, Pollution, Cobwebs, Insect Cocoons, etc. 
Cause of Condition 

Environmental "grime" or organic matter that tends to 
cling to painted exterior surfaces and, in particular, pro-
tected surfaces such as eaves, do not constitute a paint 
problem unless painted over rather than removed prior to 
repainting. If not removed, the surface deposits can be a 
barrier to proper adhesion and cause peeling. 

Recommended Treatment 
Most surface matter can be loosened by a strong, direct 

stream of water from the nozzle of a garden hose. 
Stubborn dirt and soot will need to be scrubbed off using 
1fz cup of household detergent in a gallon of water with a 
medium soft bristle brush. The cleaned surface should 
then be rinsed thoroughly, and permitted to dry before 
further inspection to determine if repainting is necessary . 
Quite often, cleaning provides a satisfactory enough result 
to postpone repainting. 

, See the Reading List for paint research and documentation information. See also 
Tilt? Sl?cretary of tilt? Interior 's Standards for Historic Prt?ser..'atiotl Projects i.vitl, 
Guid,lilles for Applyillg the Stalldards for recommended approaches on paints 
and finishes within various types of project work treatments. 
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• Mildew 
Cause of Condition 

Mildew is caused by fungi feeding on nutrients 
contained in the paint film or on dirt adhering to any sur-
face. Because moisture is the single most important factor 
in its growth, mildew tends to thrive in areas where 
dampness and lack of sunshine are problems such as 
window sills, under eaves, around gutters and down-
spouts, on the north side of buildings, or in shaded areas 
near shrubbery. It may sometimes be difficult to distin-
guish mildew from dirt, but there is a simple test to 
differentiate: if a drop of household bleach is placed on 
the suspected surface, mildew will immediately turn white 
whereas dirt will continue to look like dirt. 

Recommended Treatment 
Because mildew can only exist in shady, warm, moist 

areas, attention should be given to altering the environ-
ment that is conducive to fungal growth. The area in 
question may be shaded by trees which need to be pruned 
back to allow sunlight to strike the building; or may lack 
rain gutters or proper drainage at the base of the building. 
If the shady or moist conditions can be altered, the mildew 
is less likely to reappear. A recommend solution for 
removing mildew consists of one cup non-ammoniated 
detergent, one quart household bleach, and one gallon 
water. When the surface is scrubbed with this solution 
using a medium soft brush, the mildew should disappear; 
however, for particularly stubborn spots, an additional 
quart of bleach may be added. After the area is mildew-
free, it should then be rinsed with a direct stream of water 
from the nozzle of a garden hose, and permitted to dry 
thoroughly. When repainting, specially formulated 
"mildew-resistant" primer and finish coats should be used. 

• Excessive Chalking 
Cause of Condition 

Chalking-or powdering of the paint surface-is caused 
by the gradual disintegration of the resin in the paint film. 
(The amount of chalking is determined both by the for-
mulation of the paint and the amount of ultraviolet light 
to which the paint is exposed.) In moderation, chalking is 
the ideal way for a paint to "age," because the chalk, 
when rinsed by rainwater, carries discoloration and dirt 
away with it and thus provides an ideal surface for 
repainting. In excess, however, it is not desirable because 
the chalk can wash down onto a surface of a different 
color beneath the painted area and cause streaking as well 
as rapid disintegration of the paint film itself. Also, if a 
paint contains too much pigment for the amount of binder 
(as the old white lead carbonate/oil paints often did), 
excessive chalking can result. 

Recommended Treatment 
The chalk should be cleaned off with a solution of 1/2 

cup household detergent to one gallon water, using a 
medium soft bristle brush. After scrubbing to remove the 
chalk, the surface should be rinsed with a direct stream of 
water from the nozzle of a garden hose, allowed to dry 
thoroughly, (but not long enough for the chalking process 
to recur) and repainted, using a non-chalking paint. 

• Staining 
Cause of Condition 

Staining of paint coatings usually results from excess 
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Fig. 4 Paint films wear unevenly depending on exposure and 
location . Exterior locations which are susceptible to accelerated 
deterioration are horizontal surfaces such as window sills. These 
and similar areas will require repainting more often than less 
vulnerable surfaces. In the case of this window sill where paint 
has peeled off and adjacent areas have cracked and alligatored, 
the paint should be totally removed. Prior to repainting, any 
weathered wood should be rejuvenated using a solution of 3 
cups exterior varnish, 1 oz. paraffin wax, and mineral spirits/ 
paint thinner/ or turpentine to make 1 gallon. Liberal brush ap-
plication should be made. This formula was tested over a 
20-year period by the U.S. Department of Agriculture's Forest 
Products Laboratory and proved to be just as effective as water-
repellent preservatives containing pentachlorophenol. After the 
surface has thoroughly dried (2-3 days of warm weather), the 
treated surface can be painted. A high quality oil-base primer 
followed by two top coats of a semi-gloss oil-enamel or latex-
enamel paint is recommended. Photo: Baird M. Smith, AlA. 

moisture reacting with materials within the wood sub-
strate. There are two common types of staining, neither of 
which requires paint removal. The most prevalent type of 
stain is due to the oxidation or rusting of iron nails or 
metal (iron, steel, or copper) anchorage devices. A second 
type of stain is caused by a chemical reaction between 
moisture and natural extractives in certain woods (red 
cedar or redwood) which results in a surface deposit of 
colored matter . This is most apt to occur in new replace-
ment wood within the first 10-15 years . 

Recommended Treatment 
In both cases, the source of the stain should first be lo-

cated and the moisture problem corrected. 
When stains are caused by rusting of the heads of nails 

used to attach shingles or siding to an exterior wall or by 
rusting or oxidizing iron, steel, or copper anchorage 
devices adjacent to a painted surface, the metal objects 
themselves should be hand sanded and coated with a rust-
inhibitive primer followed by two finish coats. (Exposed 
nail heads should ideally be countersunk, spot primed, 
and the holes filled with a high quality wood filler except 
where exposure of the nail head was part of the original 
construction system or the wood is too fragile to with-
stand the countersinking procedure.) 

Discoloration due to color extractives in replacement 
wood can usually be cleaned with a solution of equal 
parts denatured alcohol and water. After the affected atea 



has been rinsed and permitted to dry, a "stain-blocking 
primer" especially developed for preventing this type of 
stain should be applied (two primer coats are recommended 
for severe cases of bleeding prior to the finish coat) . Each 
primer coat should be allowed to dry at least 48 hours . 

CLASS II Exterior Surface Conditions Generally 
Requiring Limited Paint Removal 

• Crazing 
Cause of Condition 

Crazing-fine, jagged interconnected breaks in the top 
layer of paint-results when paint that is several layers 
thick becomes excessively hard and brittle with age and is 
consequently no longer able to expand and contract with 
the wood in response to changes in temperature and hu-
midity (see figure 5). As the wood swells, the bond be-
tween paint layers is broken and hairline cracks appear. 
Although somewhat more difficult to detect as opposed to 
other more obvious paint problems, it is well worth the 
time to scrutinize all surfaces for crazing. If not corrected, 
exterior moisture will enter the crazed surface, resulting in 
further swelling of the wood and, eventually, deep crack-
ing and alligatoring, a Class III condition which requires 
total paint removal. 

Recommended Treatment 
Crazing can be treated by hand or mechanically sanding 

the surface, then repainting . Although the hairline cracks 
may tend to show through the new paint, the surface will 
be protected against exterior moisture penetration. 

/ 

coat can sometimes result since, upon aging, the oil paint 
becomes harder and less elastic than the latex paint. If 
latex paint is applied over old, chalking oil paint, peeling 
can also occur because the latex paint is unable to pene-
trate the chalky surface and adhere. 

Recommended Treatment 
First, where salts or impurities have caused the peeling, 

the affected area should be washed down thoroughly after 
scraping, then wiped dry . Finally, the surface should be 
hand or mechanically sanded, then repainted. 

Where peeling was the result of using incompatible 
paints, the peeling top coat should be scraped and hand 
or mechanically sanded. Application of a high quality oil 
type exterior primer will provide a surface over which 
either an oil or a latex topcoat can be successfully used. 

fig. 6 Th is is an example of intercoat peeling. A latex top coat 
was applied directly over old oil paint and, as a result , the latex 
paint was unable to adhere. If latex is being used over oil, an ai/-
base primer should be applied first. Although much of the peel-
ing latex paint can be scraped off, in this case, the best so lution 
may be to chemically dip strip the entire shutter to remove all of 
the paint down to bare wood, rinse thoroughly , then repaint. 
Photo: Mary L. O ehrlein, AlA. 

Fig. 5 Crazing-or surface cracking-is an exterior surface condi-
tion which call be successfu lly treated by sanding and painting. • Solvent Blistering 
Photo: Courtesy, National Decorating Products Associatioll. Cause of Condition 

• Intercoat Peeling 
Cause of Condition 

Intercoat peeling can be the result of improper surface 
preparation prior to the last repainting. This most often 
occurs in protected areas such as eaves and covered 
porches because these surfaces do not receive a regular 
rinsing from rainfall , and salts from air-borne pollutants 
thus accumulate on the surface. If not cleaned off, the 
new paint coat will not adhere properly and that layer 
will peel. 

Another common cause of intercoat peeling is incom-
patibility between paint types (see figure 6) . For example, 
if oil paint is applied over latex paint, peeling of the top 

Solvent blistering, the result of a less common applica-
tion error, is not caused by moisture, but by the action of 
ambient heat on paint solvent or thinners in the paint 
film. If solvent-rich paint is applied in direct sunlight, the 
top surface can dry too quickly and, as a result, solvents 
become trapped beneath the dried paint film. When the 
solvent vaporizes, it forces its way through the paint film, 
resulting in surface blisters. This problem occurs more 
often with dark colored paints because darker colors ab-
sorb more heat than lighter ones. To distinguish between 
solvent blistering and blistering caused by moisture, a 
blister should be cut open. If another layer of paint is visi-
ble, then solvent blistering is likely the problem whereas if 
bare wood is revealed, moisture is probably to blame. 
Solvent blisters are generally small. 
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Recommended Treatment 
Solvent-blistered areas can be scraped, hand or mechan-

ically sanded to the next sound layer, then repainted. In 
order to prevent blistering of painted surfaces, paint 
should not be applied in direct sunlight. 

• Wrinkling 
Cause of Condition 

Another error in application that can easily be avoided 
is wrinkling (see figure 7). This occurs when the top layer 
of paint dries before the layer underneath. The top layer 
of paint actually moves as the paint underneath (a primer, 
for example) is drying. Specific causes of wrinkling in-
clude: (1) applying paint too thick; (2) applying a second 
coat before the first one dries; (3) inadequate brushing 
out; and (4)" painting in temperatures higher than recom-
mended by the manufacturer. 

Recommended Treatment 
The wrinkled layer can be removed by scraping followed 

by hand or mechanical sanding to provide as even a sur-
face as possible, then repainted following manufacturer's 
application instructions. 

Fig. 7 Wrinkled layers can generally be removed by scraping anc 
sanding as opposed to total paint removal. Following manufac-
turers' application instructions is the best way to avoid this sur-
face condition. Photo: Courtesy , National Decorating Products 
Association . 

CLASS III Exterior Surface Conditions Generally 
Requiring Total Paint Removal 

If surface conditions are such that the majority of paint will have to 
be removed prior to repainting, it is suggested that a small sample 
of intact paint be left in an inconspicuous area either by covering 
the area with a metal plate, or by marking the area and identifying 
it in some way. (When repainting does take place, the sample 
should not be painted over) . This will enable future investigators to 
have a record of the building's paint history. 

• Peeling 
Cause of Condition 

Peeling to bare wood is most often caused by excess in-
terior or exterior moisture that collects behind the paint 
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film, thus impairing adhesion (see figure 8). Generally 
beginning as blisters, cracking and peeling occur as mois-
ture causes the wood to swell , breaking the adhesion of 
the bottom layer. 

Recommended Treatment 
There is no sense in repainting before dealing with the 

moisture problems because new paint will simply fail. 
Therefore, the first step in treating peeling is to locate and 
remove the source or sources of the moisture, not only 
because moisture will jeopardize the protective coating of 
paint but because, if left unattended, it can ultimately 
cause permanent damage to the wood . Excess interior 
moisture should be removed from the building through in-
stallation of exhaust fans and vents. Exterior moisture 
should be eliminated by correcting the following condi-
tions prior to repainting : faulty flashing; leaking gutters; 
defective roof shingles; cracks and holes in siding and 
trim; deteriorated caulking in joints and seams; and 
shrubbery growing too close to painted wood . After the 
moisture problems have been solved, the wood must be 
permitted to dry out thoroughly . The damaged paint can 
then be scraped off with a putty knife , hand or mechani-
cally sanded, primed, and repainted . 

Fig. 8 Peeling to bare w ood-one of the m ost common types of 
paint failure- is usually caused by an interior or exterior 
moisture problem. Photo: Anne E. Grimmer. 

• Cracking/ Alligatoring 
Cause of Condition 

Cracking and alligatoring are advanced stages of craz-
ing (see figure 9). Once the bond between layers has been 
broken due to intercoat paint failure , exterior moisture is 
able to penetrate the surface cracks, causing the wood to 
swell and deeper cracking to take place . This process con-
tinues until cracking, which forms parallel to grain , ex-
tends to bare wood. Ultimately, the cracking becomes an 
overall pattern of horizontal and vertical breaks in the 
paint layers that looks like reptile skin; hence, "alligator-
ing ." In advanced stages of cracking and alligatoring, the 
surfaces will also flake badly . 

Recommended Treatment 
If cracking and alligatoring are present only in the top 

layers they can probably be scraped, hand or mechanical-
ly sanded to the next sound layer, then repainted. How-
ever, if cracking and/ or alligatoring have progressed to 



bare wood and the paint has begun to flake, it will need 
to be totally removed. Methods include scraping or paint 
removal with the electric heat plate, electric heat gun, or 
chemical strippers, depending on the particular area in-
volved. Bare wood should be primed within 48 hours, 
then repainted. 

... --
Fig. 9 Cracking, alligatoring, and flaking are evidence of long-
term neglect of painted surfaces. The remaining paint on the 
clapboard shown here can be removed with an electric heat plate 
and wide-bladed scraper. In addition, unsound wood should be 
replaced and moisture problems corrected before primer and top 
coats of paint are applied. Photo: Dav id W. Look, AlA . 

Selecting the Appropriate/ Safest Method to 
Remove Paint . 
After having presented the "hierarchy" of exterior paint 
surface conditions-from a mild condition such as mildew-
ing which simply requires cleaning prior to repainting to 
serious conditions such as peeling and alligatoring which 
require total paint removal-one important thought bears 
repeating: if a paint problem has been identified that war-
rants either limited or total paint removal, the gentlest 
method possible for the particular wooden element of the 
historic building should be selected from the many avail-
able methods. 

The treatments recommended-based upon field testing 
as well as onsite monitoring of Department of Interior 
grant-in-aid and certification of rehabilitation projects-
are therefore those which take three over-riding issues into 
consideration (1) the continued protection and preserva-
tion of the historic exterior woodwork; (2) the retention 
of the sequence of historic paint layers; and (3) the health 
and safety of those individuals performing the paint 
removal. By applying these criteria, it will be seen that no 
paint removal method is without its drawbacks and all 
recommendations are qualified in varying degrees. 

Methods for Removing Paint 

After a particular exterior paint surface condition has 
been identified, the next step in planning for repainting-if 
paint removal is required-is selecting an appropriate 
method for such removal. 

The method or methods selected should be suitable for 
the specific paint problem as well as the particular 
wooden element of the building. Methods for paint 
removal can be divided into three categories (frequently, 
however, a combination of the three methods is used) . 

Each method is defined below, then discussed further and 
specific recommendations made: 
Abrasive-"Abrading" the painted surface by manual 
and/or mechanical means such as scraping and sanding. 
Generally used for surface preparation and limited paint 
removal. 
Thermal-Softening and raising the paint layers by apply-
ing heat followed by scraping and sanding. Generally used 
for total paint removal. 
Chemical-Softening of the paint layers with chemical 
strippers followed by scraping and sanding. Generally used 
for total paint removal. 

• Abrasive Methods (Manual) 
If conditions have been identified that require limited 

paint removal such as crazing, intercoat peeling, solvent 
blistering, and wrinkling, scraping and hand sanding 
should be the first methods employed before using 
mechanical means. Even in the case of more serious condi-
tions such as peeling-where the damaged paint is weak 
and already sufficiently loosened from the wood surface-
scraping and hand sanding may be all that is needed prior 
to repainting. 

Recommended Abrasive Methods (Manual) 
Putty Knife/ Paint Scraper: Scraping is usually accom-
plished with either a putty knife or a paint scraper, or 
both. Putty knives range in width from one to six inches 
and have a beveled edge. A putty knife is used in a push-
ing motion going under the paint and working from an 
area of loose paint toward the edge where the paint is still 
firmly adhered and, in effect, "beveling" the remaining 
layers so that as smooth a transition as possible is made 
between damaged and undamaged areas (see figure 10). 

Paint scrapers are commonly available in 1%6, 21/2, and 
3 lj2 inch widths and have replaceable blades. In addition, 
profiled scrapers can be made specifically for use on 
moldings. As opposed to the putty knife, the paint scraper 
is used in a pulling motion and works by raking the 
damaged areas of paint away. 

The obvious goal in using the putty knife or the paint 
scraper is to selectively remove the affected layer or layers 
of paint; however, both of these tools, particularly the 
paint scraper with its hooked edge, must be used with 
care to properly prepare the surface and to avoid gouging 
the wood. 
Sandpaper/ Sanding Block/ Sanding sponge: After manually 
removing the damaged layer or layers by scraping, the 
uneven surface (due to the almost inevitable removal of 
varying numbers of paint layers in a given area) will need 
to be smoothed or "feathered out" prior to repainting. As 
stated before, hand sanding, as opposed to harsher 
mechanical sanding, is recommended if the area is rela-
tively limited. A coarse grit, open-coat flint sand-
paper-the least expensive kind-is useful for this purpose 
because, as the sandpaper clogs with paint it must be 
discarded and this process repeated until all layers adhere 
uniformly. 

Blocks made of wood or hard rubber and covered with 
sandpaper are useful for handsanding flat surfaces. Sand-
ing sponges-rectangular sponges with an abrasive aggre-
gate on their surfaces-are also available for detail work 
that requires reaching into grooves because the sponge 
easily conforms to curves and irregular surfaces. All sand-
ing should be done with the grain. 
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Summary of Abrasive Methods (Manual) 
Recommended: Putty knife, paint scraper, sandpaper, 
sanding block, sanding sponge. 
Applicable areas of building: All areas. 
For use on: Class 1, Class II, and Class III conditions. 
Health / Safety factors: Take precautions against lead dust, 
eye damage; dispose of lead paint residue properly. 

Fig. 10 An excellent example of inadequate scraping before re-
painting, the problems here are far more than cosmetic. This im-
properly prepared surface will permit moisture to get behind the 
paint film which, in turn , will resu lt in chipping and peeling. 
Photo: Baird M. Smith , AlA. 

• Abrasive Methods (Mechanical) 
If hand sanding for purposes of surface preparation has 
not been productive or if the affected area is too large to 
consider hand sanding by itself, mechanical abrasive 
methods, i.e. , power-operated tools may need to be 
employed; however, it should be noted that the majority 
of tools available for paint removal can cause damage to 
fragile wood and must be used with great care . 

Recommended Abrasive Methods (Mechanical) 
Orbital sander: Designed as a finishing or smoothing tool-
not for the removal of multiple layers of paint-the 
oribital sander is thus recommended when limited paint 
removal is required prior to repainting. Because it sands 
in a small diameter circular motion (some models can also 
be switched to a back-and-forth vibrating action), this 
tool is particularly effective for "feathering" areas where 
paint has first been scraped (see figure 11) . The abrasive 
surface varies from about 3'X 7 inches to 4 X 9 inches and 
sandpaper is attached either by clamps or sliding clips. A 
medium grit, open-coat aluminum oxide sandpaper should 
be used; fine sandpaper clogs up 50 quickly that it is inef-
fective for smoothing paint. 
Belt sander: A second type of power tool-the belt sander-
can also be used for removing limited layers of paint but , 
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in this case, the abrasive surface is a continuous belt of 
sandpaper that travels at high speeds and consequently of-
fers much less control than the orbital sander. Because of 
the potential for more damage to the paint or the wood, 
use of the belt sander (also with a medium grit sandpaper) 
should be limited to flat surfaces and only skilled 
operators should be permitted to operate it within a 
historic preservation project. 

Fig . 11 The orbital sander can be used for lilllited paint removal, 
i. e., for smoothing flat surfaces after the majority of deteriorated 
paint has already been scraped off. Ph oto : Charles E. Fisher, III. 

Not Recommended 
Rotary Drill Attachments: Rotary drill attachments such 
as the rotary sanding disc and the rotary wire stripper 
should be avoided. The disc sander-usually a disc of 
sandpaper about 5 inches in diameter secured to a rubber 
based attachment which is in turn connected to an electric 
drill or other motorized housing-can easily leave visible 
circular depressions in the wood which are difficult to 
hide , even with repainting. The rotary wire stripper-clus-
ters of metals wires similarly attached to an electric drill-
type unit-can actually shred a wooden surface and is 
thus to be used exclusively for removing corrosion and 
paint from metals. 
Waterblasting: Waterblasting above 600 p .s.i. to remove 
paint is not recommended because it can force water into 
the woodwork rather than cleaning loose paint and grime 
from the surface; at worst, high pressure waterblasting 
causes the water to penetrate exterior sheathing and 
damages interior finishes . A detergent solution, a medium 
soft bristle brush, and a garden hose for purposes of rins-
ing, is the gentlest method involving water and is recom-
mended when cleaning exterior surfaces prior to repaint-
ing. 



Sandblasting: Finally-and undoubtedly most vehemently 
"not recommended" -sandblasting painted exterior wood-
work will indeed remove paint, but at the same time can 
scar wooden elements beyond recognition . As with rotary 
wire strippers, sandblasting erodes the soft porous fibers 
(spring wood) faster than the hard, dense fibers (summer 
wood), leaving a pitted surface with ridges and valleys . 
Sandblasting will also erode projecting areas of carvings 
and moldings before it removes paint from concave areas 
(see figure 12). Hence, this abrasive method is potentially 
the most damaging of all possibilities, even if a contractor 
promises that blast pressure can be controlled so that the 
paint is removed without harming the historic exterior 
woodwork. (For Additional Information, See Presevation 
Briefs 6, "Dangers of Abrasive Cleaning to Historic Build-
ings" .) 

Fig. 12 Salldblasting has permallently damaged this ornamental 
bracket. Evell paillt will not be able to hide the deep erosion of 
the wood. Photo: David W. Look, AlA. 

Summary of Abrasive Methods (Mechanical) 
Recommended: Orbital sander, belt sander (skilled opera-
tor only). 
Applicable areas of building: Flat surfaces, i.e ., siding, 
eaves, doors, window sills. 
For use on: Class II and Class III conditions. 
Health / Safety factors: Take precautions against lead dust 
and eye damage; dispose of lead paint residue properly . 
Not Recommended: Rotary drill attachments, high 
pressure waterblasting, sandblasting. 

• Thermal Methods 
Where exterior surface conditions have been identified 
that warrant total paint removal such as peeling, crack-
ing, or alligatoring, two thermal devices- the electric heat 
plate and the electric heat gun-have proven to be quite 
successful for use on different wooden elements of the 
historic building. One thermal method-the blow torch- is 
not recommended because it can scorch the wood or even 
burn the building down! 

Recommended Thermal Methods 
Electric heat plate: The electric heat plate (see figure 13) 
operates between 500 and 800 degrees Fahrenheit (not hot 
enough to vaporize lead paint), using about 15 amps of 
power . The plate is held close to the painted exterior sur-
face until the layers of paint begin to soften and blister, 
then moved to an adjacent location on the wood while the 
softened paint is scraped off with a putty knife (it should 
be noted that the heat plate is most successful when the 
paint is very thick!). With practice, the operator can suc-
cessfully move the heat plate evenly across a flat surface 
such as wooden siding or a window sill or door in a con-
tinuous motion, thus lessening the risk of scorching the 
wood in an attempt to reheat the edge of the paint suffi-
ciently for effective removal. Since the electric heat plate's 
coil is "red hot," extreme caution should be taken to 
avoid igniting clothing or burning the skin. If an extension 
cord is used, it should be a heavy-duty cord (with 3-prong 
grounded plugs) . A heat plate could overload a circuit or, 
even worse , cause an electrical fire; therefore, it is recom-
mended that this implement be used with a single circuit 
and that a fire extinguisher always be kept close at hand . 

Fig. 13 The electric heat plate (with paint scraper) is particularly 
useful for removing paint down to bare wood on flat surfaces 
such as doors , window frames , and siding. After scraping, some 
light sanding w ill probably be necessary to smooth the surface 
prior to application of primer and top coats. Ph oto: David W. 
Look, A lA. 

Electric heat gun: The electric heat gun (electric hot-air 
gun) looks like a hand-held hairdryer with a heavy-duty 
metal case (see figure 14). It has an electrical resistance 
coil that typically heats between 500 and 750 degrees 
Fahrenheit and, again, uses about 15 amps of power 
which requires a heavy-duty extension cord. There are 
some heat guns that operate at higher temperatures but 
they should not be purchased for removing old paint 
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because of the danger of lead paint vapors. The tempera-
ture is controlled by a vent on the side of the heat gun. 
When the vent is closed, the heat increases. A fan forces a 
stream of hot air against the painted woodwork, causing a 
blister to form. At that point, the softened paint can be 
peeled back with a putty knife. It can be used to best ad-
vantage when a paneled door was originally varnished, 
then painted a number of times. In this case, the paint 
will come off quite easily, often leaving an almost pristine 
varnished surface behind. Like the heat plate, the heat gun 
works best on a heavy paint build-up. (It is, however, not 
very successful on only one or two layers of paint or on 
surfaces that have only been varnished. The varnish sim-
ply becomes sticky and the wood scorches.) 

Although the heat gun is heavier and more tiring to use 
than the heat plate, it is particularly effective for remov-
ing paint from detail work because the nozzle can be 
directed at curved and intricate surfaces. Its use is thus 
more limited than the heat plate, and most successfully 
used in conjunction with the heat plate. For example, it 
takes about two to three hours to strip a paneled door 
with a heat gun, but if used in combination with a heat 
plate for the large, flat area, the time can usually be cut in 
half. Although a heat gun seldom scorches wood, it can 
cause fires (like the blow torch) if aimed at the dusty 
cavity between the exterior sheathing and siding and in-
terior lath and plaster. A fire may smolder for hours be-
fore flames break through to the surface. Therefore, this 
thermal device is best suited for use on solid decorative 
elements, such as molding, balusters, fretwork, or "ginger-
bread." 

Fig. 14 The nozzle on the electric heat gun permits hot air to be 
aimed into cavities on solid decorative elements such as this ap-
plied column. After the paint has been sufficiently softened, it 
can be removed with a profiled scraper. Photo: Charles E. 
Fisher, III. 
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Not Recommended 
Blow Torch: Blow torches, such as hand-held propane or 
butane torches, were widely used in the past for paint 
removal because other thermal devices were not available. 
With this technique, the flame is directed toward the paint 
until it begins to bubble and loosen from the surface. 
Then the paint is scraped off with a putty knife. Although 
this is a relatively fast process, at temperatures between 
3200 and 3800 degrees Fahrenheit the open flame is not 
only capable of burning a careless operator and causing 
severe damage to eyes or skin, it can easily scorch or ig-
nite the wood. The other fire hazard is more insidious. 
Most frame buildings have an air space between the ex-
terior sheathing and siding and interior lath and plaster. 
This cavity usually has an accumulation of dust which is 
also easily ignited by the open flame of a blow torch. 
Finally, lead-base paints will vaporize at high tempera-
tures, releasing toxic fumes that can be unknowingly in-
haled. Therefore, because both the heat plate and the heat 
gun are generally safer to use-that is, the risks are much 
more controllable-the blow torch should definitely be 
avoided! 

Summary of Thermal Methods 
Recommended: Electric heat plate, electric heat gun. 
Applicable areas of building: Electric heat plate-flat sur-
faces such as siding, eaves, sash, sills, doors. Electric heat 
gun-solid decorative molding, balusters, fretwork, or 
"gingerbread." 
For use on: Class III conditions. 
Health/Safety factors: Take precautions against eye 
damage and fire. Dispose of lead paint residue properly. 
Not Recommended: Blow torch. 

• Chemical Methods 
With the availability of effective thermal methods for 
total paint removal, the need for chemical methods-in 
the context of preparing historic exterior woodwork for 
repainting-becomes quite limited. Solvent-base or caustic 
strippers may, however, playa supplemental role in a 
number of situations, including: 

• Removing paint residue from intricate decorative 
features, or in cracks or hard to reach areas if a heat gun 
has not been completely effective; 

• Removing paint on window muntins because heat 
devices can easily break the glass; 

• Removing varnish on exterior doors after all layers of 
paint have been removed by a heat plate/heat gun if the 
original varnish finish is being restored; 

• Removing paint from detachable wooden elements 
such as exterior shutters, balusters, columns, and doors 
by dip-stripping when other methods are too laborious. 

Recommended Chemical Methods 
(Use With Extreme Caution) 

Because all chemical paint removers can involve potential 
health and safety hazards, no wholehearted recommenda-
tions can be made from that standpoint. Commonly known 
as "paint removers" or "strippers," both solvent-base or 
caustic products are commercially available that, when 
poured, brushed, or sprayed on painted exterior wood-
work are capable of softening several layers of paint at a 
time so that the resulting "sludge" -which should be 
remembered is nothing less than the sequence of historic 



paint layers-can be removed with a putty knife. 
Detachable wood elements such as exterior shutters can 
also be "dip-stripped." 
Solvent-base Strippers: The formulas tend to vary, but 
generally consist of combinations of organic solvents such 
as methylene chloride, isopropanol, toluol, xylol, and 
methanol; thickeners such as methyl cellulose; and various 
additives such as paraffin wax used to prevent the volatile 
solvents from evaporating before they have time to soak 
through multiple layers of paint. Thus, while some 
solvent-base strippers are quite thin and therefore un-
suitable for use on vertical surfaces, others, called "semi-
paste" strippers, are formulated for use on vertical sur-
faces or the underside of horizontal surfaces. 

However, whether liquid or semi-paste, there are two 
important points to stress when using any solvent-base 
stripper: First, the vapors from the organic chemicals can 
be highly toxic if inhaled; skin contact is equally danger-
ous because the solvents can be absorbed; second, many 
solvent-base strippers are flammable. Even though appli-
cation out-of-doors may somewhat mitigate health and 
safety hazards, a respirator with special filters for organic 
solvents is recommended and, of course, solvent-base 
strippers should never be used around open flames, lighted 
cigarettes, or with steel wool around electrical outlets. 

Although appearing to be the simplest for exterior use, 
a particular type of solvent-base stripper needs to be men-
tioned here because it can actually cause the most prob-
lems. Known as "water-rinsable," such products have a 
high proportion of methylene chloride together with emul-
sifiers. Although the dissolved paint can be rinsed off with 
water with a minimum of scraping, this ultimately creates 
more of a problem in cleaning up and properly disposing 
of the sludge. In addition, these strippers can leave a 
gummy residue on the wood that requires removal with 
solvents. Finally, water-rinsable strippers tend to raise the 
grain of the wood more than regular strippers. 

On balance, then, the regular strippers would seem to 
work just as well for exterior purposes and are perhaps 
even better from the standpoint of proper lead sludge 
disposal because they must be hand Scraped as opposed to 
rinsed off (a coffee-can with a wire stretched across the 
top is one effective way to collect the sludge; when the 
putty knife is run across the wire, the sludge simply falls 
into the can. Then, when the can is filled, the wire is 
removed, the can capped, and the lead paint sludge dis-
posed of according to local health regulations). 
Caustic Strippers: Until the advent of solvent-base strip-
pers, caustic strippers were used exclusively when a 
chemical method was deemed appropriate for total paint 
removal prior to repainting or refinishing. Now, it is more 
difficult to find commercially prepared caustic solutions in 
hardware and paint stores for home-owner use with the 
exception of lye (caustic soda) because solvent-base 
strippers packaged in small quantities tend to dominate 
the market. 

Most commercial dip stripping companies, however, 
continue to use variations of the caustic bath process 
because it is still the cheapest method available for remov-
ing paint. Generally, dip stripping should be left to 
professional companies because caustic solutions can 
dissolve skin and permanently damage eyes as well as 
present serious disposal problems in large quantities . 

If exterior shutters or other detachable elements are be-

ing sent out6 for stripping in a caustic solution, it is wise 
to see samples of the company's finished work. While 
some companies do a first-rate job, others can leave a 
residue of paint in carvings and grooves. Wooden ele-
ments may also be soaked too long so that the wood 
grain is raised and roughened, requiring extensive hand 
sanding later. In addition, assurances should be given by 
these companies that caustic paint removers will be 
neutralized with a mild acid solution or at least 
thoroughly rinsed with water after dipping (a caustic 
residue makes the wood feel slippery). If this is not done, 
the lye residue will cause new paint to fail. 
Summary of Chemical Methods 
Recommended, with extreme caution: Solvent-base strip-
pers, caustic strippers. 
Applicable areas of buildings: decorative features, window 
muntins, doors, exterior shutters, columns, balusters, and 
railings. 
For use on: Class III Conditions. 
Health/Safety factors: Take precautions against inhaling 
toxic vapors; fire; eye damage; and chemical 'poisoning 
from skin contact. Dispose of lead residue properly 

General Paint Type Recommendations 
Based on the assumption that the exterior wood has been 
painted with oil paint many times in the past and the ex-
isting top coat is therefore also an oil paint, * it is recom-
mended that for CLASS I and CLASS II paint surface con-
ditions, a top coat of high quality oil paint be applied 
when repainting. The reason for recommending oil rather 
than latex paints is that a coat of latex paint applied 
directly over old oil paint is more apt to fail. The con-
siderations are twofold. First, because oil paints continue 
to harden with age, the old surface is sensitive to the 
added stress of shrinkage which occurs as a new coat of 
paint dries. Oil paints shrink less upon drying than latex 
paints and thus do not have as great a tendency to pull 
the old paint loose. Second, when exterior oil paints age, 
the binder releases pigment particles, causing a chalky 
surface. Although for best results, the chalk (or dirt, etc.) 
should always be cleaned off prior to repainting, a coat of 
new oil paint is more able to penetrate a chalky residue 
and adhere than is latex paint. Therefore, unless it is 
possible to thoroughly clean a heavy chalked surface, oil 
paints-on balance-give better adhesion. 

If however, a latex top coat is going to be applied over 
several layers of old oil paint, an oil primer should be 
applied first (the oil primer creates a flat, porous surface 
to which the latex can adhere). After the primer has 
thoroughly dried, a latex top coat may be applied. In the 
long run, changing paint types is more time consuming 
and expensive. An application of a new oil-type top coat 
on the old oil paint is, thus, the preferred course of 
action. 

• Marking the original location of the shutter by number {either by stamping 
numbers into the end grain with metal numeral dies or cutting numbers into the 
end with a pen knife} will minimize difficulties when rehanging them. 

• If the top coat is latex paint {when viewed by the naked eye or, preferably, with 
a magnifying glass, it looks like a series of tiny craters} it may either be repainted 
with new latex paint or with oil paint. Normal surface preparation should precede 
any repainting. 
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If CLASS III conditions have necessitated total paint 
removal, there are two options, both of which assure pro-
tection of the exterior wood: (1) an oil primer may be ap-
plied followed by an oil-type top coat, preferably by the 
same manufacturer; or (2) an oil primer may be applied 
followed by a latex top coat, again using the same brand 
of paint. It should also be noted that primers were never 
intended to withstand the effects of weathering; therefore, 
the top coat should be applied as soon as possible after 
the primer has dried. 

Conclusion 
The recommendations outlined in this Brief are cautious 
because at present there is no completely safe and effec-
tive method of removing old paint from exterior wood-
work. This has necessarily eliminated descriptions of 
several methods still in a developmental or experimental 
stage, which can therefore neither be recommended nor 
precluded from future recommendation. With the ever-
increasing number of buildings being rehabilitated, 
however, paint removal technology should be stimulated 
and, in consequence, existing methods refined and new 
methods developed which will respect both the historic 
wood and the health and safety of the operator. 
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The Secretary of the Interior's "Standards for Rehabilitation" require that where historic windows are individually significant features, or where 
they contribute to the character of significant facades , their distinguishing visual qualities must not be destroyed. Further, the rehabilitation 
guidelines recommend against changing the historic appearance of windows through the use of inappropriate designs, materials, finishes, or colors 
which radically change the sash, depth of reveal, and muntin configuration; the reflectivity and color of the glazing; or the appearance of the 
frame. 

Windows are among the most vulnerable features of 
historic buildings undergoing rehabilitation. This is 
especially the case with rolled steel windows, which are 
often mistakenly not deemed worthy of preservation in the 
conversion of old buildings to new uses. The ease with 
which they can be replaced and the mistaken assumption 
that they cannot be made energy efficient except at great 
expense are factors that typically lead to the decision to 
remove them. In many cases, however, repair and retrofit 
of the historic windows are more economical than whole-
sale replacement, and all too often, replacement units are 
unlike the originals in design and appearance. If the win-
dows are important in establishing the historic character of 
the building (see fig. 1), insensitively designed replacement 
windows may diminish-or destroy-the building's historic 
character. 

This Brief identifies various types of historic steel 
windows that dominated the metal window market from 
1890-1950. It then gives criteria for evaluating deterioration 
and for determining appropriate treatment, ranging from 
routine maintenance and weatherization to extensive 
repairs, so that replacement may be avoided where possi-
ble. I This information applies to do-it-yourself jobs and to 
large rehabilitations where the volume of work warrants the 
removal of all window units for complete overhaul by pro-
fessional contractors. 

This Brief is not intended to promote the repair of fer-
rous metal windows in every case, but rather to insure 
that preservation is always the first consideration in a 
rehabilitation project. Some windows are not important 
elements in defining a building's historic character; others 
are highly significant, but so deteriorated that repair is in-
feasible. In such cases, the Brief offers guidance in 
evaluating appropriate replacement windows. 

Fig. 1 Often highly distinctive in design and craftsmanship, rolled steel 
windows play an important role in defining the architectural character of 
many later nineteenth and early twentieth century buildings. Art Deco, 
Art Moderne, the International Style, and Post World War II Moder-
nism depended on the slim profiles and streamlined appearance of metal 
windows for much of their impact. Photo: William G. Johnson. 

'The technical information given in this brief is intended for most ferrous (or 
magnetic) metals, particularly rolled steel. While stainless steel is a ferrous metal, 
the cleaning and repair techniques outlined here must not be used on it as the finish 
will be damaged. For information on cleaning stainless steel and non-ferrous 
metals, such as bronze, Monel, or aluminum, refer to Metals in America's Historic 
Buildings (see bibliography). 



HISTORICAL DEVELOPMENT 

Although metal windows were available as early as 1860 
from catalogues published by architectural supply firms, 
they did not become popular until after 1890. Two factors 
combined to account for the shift from wooden to metal 
windows about that time. Technology borrowed from the 
rolling industry permitted the mass production of rolled 
steel windows. This technology made metal windows cost 
competitive with conventional wooden windows. In addi-
tion, a series of devastating urban fires in Boston, 
Baltimore, Philadelphia, and San Francisco led to the 
enactment of strict fire codes for industrial and multi-
story commercial and office buildings. 

As in the process of making rails for railroads, rolled 
steel windows were made by passing hot bars of steel 
through progressively smaller, shaped rollers until the ap-
propriate angled configuration was achieved (see fig. 2). 
The rolled steel sections, generally 118" thick and 1" -
1 112" wide, were used for all the components of the win-
dows: sash, frame,and subframe (see fig. 3). With the ad-
dition of wire glass, a fire-resistant window resulted. 
These rolled steel windows are almost exclusively found in 
masonry or concrete buildings. 

A byproduct of the fire-resistant window was the 
strong metal frame that permitted the installation of 
larger windows and windows in series. The ability to have 
expansive amounts of glass and increased ventilation 
dramatically changed the designs of late 19th and early 
20th century industrial and commercial buildings. 

The newly available, reasonably priced steel windows 
soon became popular for more than just their fire-
resistant qualities. They were standardized, extremely 
durable, and easily transported. These qualities led to the 
use of steel windows in every type of construction, from 
simple industrial and institutional buildings to luxury 
commercial and apartment buildings. Casement, double-
hung, pivot, projecting, austral, and continuous windows 
differed in operating and ventilating capacities. Figure 4 
outlines the kinds and properties of metal windows 
available then and now. In addition, the thin profiles of 
metal windows contributed to the streamlined appearance 
of the Art Deco, Art Moderne, and International Styles, 
among others. 

The extensive use of rolled steel metal windows con-
tinued until after World War II when cheaper, non-
corroding aluminum windows became increasingly 
popular. While aluminum windows dominate the market 
today, steel windows are still fabricated. Should replace-
ment of original windows become necessary, replacement 
windows may be available from the manufacturers of 
some of the earliest steel windows. Before an informed 
decision can be made whether to repair or replace metal 
windows, however, the significance of the windows must 
be determined and their physical condition assessed. 

Cover illustration: from Hope's Metal Windows and Casements: 
1818-1926, currently Hope's Architectural Products, Inc. Used with per-
mission. 
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ROLLING SECTION FROM BAR 

1ST PASS 2ND PASS 3RD PASS 4TH PASS 

5TH PASS 6TH PASS 7TH PASS 8TH PASS 

FULL SIZE 
Fig. 2. The process of rolling a steel bar into an angled section is il-
lustrated above. The shape and size of the rolled section will vary slight-
ly depending on the overall strength needed for the window opening and 
the location of the section in the assembly: subframe, frame, or sash. 
The 1/ 8 " thickness of the metal section is generally standard. Drawing: 
A Metal Window Dictionary. Used with permission. 

?A?H· 

Fig. 3 A typical section through the top and bottom of a metal window 
shows the three component parts of the window assembly: subframe, 
frame, and sash. Drawings: Catalogue No. 15, January 1931; Interna-
tional Casement Co, Inc., presently Hope's Architectural Products, Inc., 
Jamestown, NY. Used with permission. 



EVALUATION 

Historic and Architectural Considerations 

An assessment of the significance of the windows should 
begin with a consideration of their function in relation to 
the building's historic use and its historic character. Win-
dows that help define the building's historic character 
should be preserved even if the building is being converted 
to a new use. For example, projecting steel windows used 
to introduce light and an effect of spaciousness to a 
warehouse or industrial plant can be retained in the con-
version of such a building to offices or residences. 

Other elements in assessing the relative importance of 
the historic windows include the design of the windows 
and their relationship to the scale, proportion, detailing 
and architectural style of the building. While it may be 
easy to determine the aesthetic value of highly ornamented 
windows, or to recognize the importance of streamlined 
windows as an element of a style, less elaborate windows 
can also provide strong visual interest by their small panes 
or projecting planes when open, particularly in simple, 
unadorned industrial buildings (see fig. 5). 

One test of the importance of windows to a building is 
to ask if the overall appearance of the building would be 
changed noticeably if the windows were to be removed or 
radically altered. If so, the windows are important in 
defining the building's historic character, and should be 
repaired if their physical condition permits. 

Physical Evaluation 

Steel window repair should begin with a careful evaluation 
of the physical condition of each unit. Either drawings or 
photographs, liberally annotated, may be used to record 
the location of each window, the type of operability, the 
condition of all three parts-sash, frame and sub-
frame-and the repairs essential to its continued use. 

Specifically, the evaluation should include: presence and 
degree of corrosion; condition of paint; deterioration of 
the metal sections, including bowing, misalignment of the 
sash, or bent sections; condition of the glass and glazing 
compound; presence and condition of all hardware, 
screws, bolts, and hinges; and condition of the masonry 
or concrete surrounds, including need for caulking or 
resetting of improperly sloped sills. 

Corrosion, principally rusting in the case of steel win-
dows, is the controlling factor in window repair; 
therefore, the evaluator should first test for its presence. 
Corrosion can be light, medium, or heavy, depending on 
how much the rust has penetrated the metal sections. If 
the rusting is merely a surface accumulation or flaking, 
then the corrosion is light. If the rusting has penetrated 
the metal (indicated by a bubbling texture), but has not 
caused any structural damage, then the corrosion is 
medium. If the rust has penetrated deep into the metal, 
the corrosion is heavy. Heavy corrosion generally results 
in some form of structural damage,through delamination, 

to the metal section, which must then be patched or splic-
ed. A sharp probe or tool, such as an ice pick, can be us-
ed to determine the extent of corrosion in the metal. If 
the probe can penetrate the surface of the metal and brit-
tle strands can be dug out, then a high degree of corrosive 
deterioration is present. 

In addition to corrosion, the condition of the paint, the 
presence of bowing or misalignment of metal sections, the 
amount of glass needing replacement, and the condition 
of the masonry or concrete surrounds must be assessed in 
the evaluation process. These are key factors in determin-
ing whether or not the windows can be repaired in place. 
The more complete the inventory of existing conditions, 
the easier it will be to determine whether repair is feasible 
or whether replacement is warranted. 

Rehabilitation Work Plan 
Following inspection and analysis, a plan for the 
rehabilitation can be formulated. The actions necessary to 
return windows to an efficient and effective working con-
dition will fall into one or more of the following 
categories: routine maintenance, repair, and weatheriza-
tion. The routine maintenance and weatherization 
measures described here are generally within the range of 
do-it-yourselfers. Other repairs, both moderate and ma-
jor, require a professional contractor. Major repairs nor-
mally require the removal of the window units to a 
workshop, but even in the case of moderate repairs, the 
number of windows involved might warrant the removal 
of all the deteriorated units to a workshop in order to 
realize a more economical repair price. Replacement of 
windows should be considered only as a last resort. 

Since moisture is the primary cause of corrosion in steel 
windows, it is essential that excess moisture be eliminated 
and that the building be made as weathertight as possible 
before any other work is undertaken. Moisture can ac-
cumulate from cracks in the masonry, from spalling mor-
tar, from leaking gutters, from air conditioning condensa-
tion runoff, and from poorly ventilated interior spaces. 

Finally, before beginning any work, it is important to 
be aware of health and safety risks involved. Steel win-
dows have historically been coated with lead paint. The 
removal of such paint by abrasive methods will produce 
toxic dust. Therefore, safety goggles, a toxic dust 
respirator, and protective clothing should be worn. 
Similar protective measures should be taken when acid 
compounds are used. Local codes may govern the 
methods of removing lead paints and proper disposal of 
toxic residue. 

ROUTINE MAINTENANCE 

A preliminary step in the routine maintenance of steel 
windows is to remove surface dirt and grease in order to 
ascertain the degree of deterioration, if any. Such minor 
cleaning can be accomplished using a brush or vacuum 
followed by wiping with a cloth dampened with mineral 
spirits or denatured alcohol. 
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Double-hung industrial windows 
duplicated the look of traditional wooden 
windows. Metal double-hung windows were 
early examples of a building product adapt-
ed to meet stringent new fire code require-
ments for manufacturing and high-rise 
buildings in urban areas. Soon supplanted 
in industrial buildings by less expensive 
pivot windows, double-hung metal win-
dows regained popularity in the 1940s for 
use in speculative suburban housing. 

Pivot windows were an early type of in-
dustrial window that combined inexpen-
sive first cost and low maintenance. Pivot 
windows became standard for warehouses 
and power plants where the lack of screens 
was not a problem. The window shown 
here is a horizontal pivot. Windows that 
turned about a vertical axis were also 
manufactured (often of iron). Such ver-
tical pivots are rare today. 

Projecting windows, sometimes called 
awning or hopper windows, were perfected 
in the 1920s for industrial and institutional 
buildings. They were often used in "combi-
nation" windows, in which upper panels 
opened out and lower panels opened in. 
Since each movable panel projected to 
one side of the frame only, unlike pivot 
windows, for example, screens could be 
introduced. 

Austral windows were also a product of 
the 1920s. They combined the appearance 
of the double-hung window with the in-
creased ventilation and ease of operation 
of the projected window. (When fully 
opened, they provided 70070 ventilation as 
compared to 50% ventilation for double-
hung windows.) Austral windows were 
often used in schools, libraries and other 
public buildings. 

Casement windows adapted the English 
tradition of using wrought iron casements 
with leaded carnes for residential use. 
Rolled steel casements (either single, as 
shown, or paired) were popular in the 
1920s for cottage style residences and 
Gothic style campus architecture. More 
streamlined casements were popular in the 
1930s for institutional and small industrial 
buildings. 

Continuous windows were almost exclusively used for in-
dustrial buildings requiring high overhead lighting. Long 
runs of clerestory windows. operated by mechanical 
tension rod gears were typical. Long banks 
of continuous windows were possible 
because the frames for such 
windows were often 
structural elements 
of the building. 

Fig. 4 Typical rolled steel windows available jrom 1890 to the present. The various operating and ventilating capacities in combination 
with the aesthetics oj the window style were important considerations in the selection oj one window type over another. Drawings: 
Sharon C. Park; AlA. 

If it is determined that the windows are in basically 
sound condition, the following steps can be taken: 1) 
removal of light rust, flaking and excessive paint; 2) prim-
ing of exposed metal with a rust-inhibiting primer; 3) 
replacement of cracked or broken glass and glazing com-
pound; 4) replacement of missing screws or fasteners; 5) 
cleaning and lubrication of hinges; 6) repainting of all 
steel sections with two coats of finish paint compatible 
with the primer; and 7) caulking the masonry surrounds 
with a high quality elastomeric caulk. 

Recommended methods for removing light rust include 
manual and mechanical abrasion or the application of 
chemicals. Burning off rust with an oxy-acetylene or pro-
pane torch, or an inert gas welding gun, should never be 
attempted because the heat can distort the metal. In addi-
tion, such intense heat (often as high as 3800 0 F) 
vaporizes the lead in old paint, resulting in highly toxic 
fumes. Furthermore, such heat will likely result in broken 
glass. Rust can best be removed using a wire brush, an 
aluminum oxide sandpaper, or a variety of power tools 
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Fig. 5 Windows ojten provide a strong visual element to relative-
ly simple or unadorned industrial or commercial buildings. This 
design element should be taken into consideration when eval-
uating the significance oj the windows. Photo: Michael Auer. 



adapted for abrasive cleaning such as an electric drill with 
a wire brush or a rotary whip attachment. Adjacent sills 
and window jambs may need protective shielding. 

Rust can also be removed from ferrous metals by using 
a number of commercially prepared anti-corrosive acid 
compounds. Effective on light and medium corrosion, 
these compounds can be purchased either as liquids or 
gels. Several bases are available, including phosphoric 
acid, ammonium citrate, oxalic acid and hydrochloric 
acid. ¥ydrochloric acid is generally not recommended; it 
can leave chloride deposits, which cause future corrosion. 
Phosphoric acid-based compounds do not leave such 
deposits, and are therefore safer for steel windows. 
However, any chemical residue should be wiped off with 
damp cloths, then dried immediately. Industrial blow-
dryers work well for thorough drying. The use of running 
water to remove chemical residue is never recommended 
because the water may spread the chemicals to adjacent 
surfaces, and drying of surfaces may be more dif-
ficult. Acid cleaning compounds will stain masonry; 
therefore plastic sheets should be taped to the edge of the 
metal sections to protect the masonry surrounds. The 
same measure should be followed to protect the glazing 
from etching because of acid cop.tact. 

Measures that remove rust will ordinarily remove flak-
ing paint as well. Remaining loose or flaking paint can be 
removed with a chemical paint remover or with a 
pneumatic needle scaler or gun, which comes with a series 
of chisel blades and has proven effective in removing flak-
ing paint from metal windows. Well-bonded paint may 
serve to protect the metal further from corrosion, and 
need not be removed unless paint build-up prevents the 
window from closing tightly. The edges should be feath-
ered by sanding to give a good surface for repainting. 

Next, any bare metal should be wiped with a cleaning 
solvent such as denatured alcohol, and dried immediately 
in preparation for the application of an anti-corrosive 
primer. Since corrosion can recur very soon after metal 
has been exposed to the air, the metal should be primed 
immediately after cleaning. Spot priming may be required 
periodically as other repairs are undertaken. Anti-
corrosive primers generally consist of oil-alkyd based 
paints rich in zinc or zinc chromate.2 Red lead is no 
longer available because of its toxicity. All metal primers, 
however, are toxic to some degree and should be handled 
carefully. Two coats of primer are recommended. Manu-
facturer's recommendations should be followed concern-
ing application of primers. 

REPAIR 

Repair in Place 

The maintenance procedures described above will be in-
sufficient when corrosion is extensive, or when metal win-
dow sections are misaligned. Medium to heavy corrosion 
that has not done any structural damage to the metal sec-
tions can be removed either by using the chemical cleaning 

process described under "Routine Maintenance" or by 
sandblasting. Since sandblasting can damage the masonry 
surrounds and crack or cloud the glass, metal or plywood 
shields should be used to protect these materials. The 
sandblasting pressure should be low, 80-100 pounds per 
square inch, and the grit size should be in the range of 
#10-#45. Glass peening beads (glass pellets) have also been 
successfully used in cleaning steel sections. While sand-
blasting equipment comes with various nozzle sizes, 
pencil-point blasters are most useful because they give the 
operator more effective control over the direction of the 
spray. The small aperture of the pencil-point blaster is 
also useful in removing dried putty from the metal sec-
tions that hold the glass. As with any cleaning technique, 
once the bare metal is exposed to air, it should be primed 
as soon as possible. This includes the inside rabbeted sec-
tion of sash where glazing putty has been removed. To re-
duce the dust, some local codes allow only wet blasting. 
In this case, the metal must be dried immediately, general-
ly with a blow-drier (a step that the owner should consider 
when calculating the time and expense involved). Either 
form of sandblasting metal covered with lead paints pro-
duces toxic dust. Proper precautionary measures should 
be taken against toxic dust and silica particles. 

Bent or bowed metal sections may be the result of 
damage to the window through an impact or corrosive ex-
pansion. If the distortion is not too great, it is possible to 
realign the metal sections without removing the window to 
a metal fabricator's shop. The glazing is generally remov-
ed and pressure is applied to the bent or bowed section. 
In the case of a muntin, a protective 2 x 4 wooden brac-
ing can be placed behind the bent portion and a wire 
cable with a winch can apply progressively more pressure 
over several days until the section is realigned. The 2 x 4 
bracing is necessary to distribute the pressure evenly over 
the damaged section. Sometimes · a section, such as the 
bottom of the frame, will bow out as a result of pressure 
exerted by corrosion and it is often necessary to cut the 
metal section to relieve this pressure prior to pressing the 
section back into shape and making a welded repair. 

Once the metal sections have been cleaned of all corro-
sion and straightened, small holes and uneven areas 
resulting from rusting should be filled with a patching 
material and sanded smooth to eliminate pockets where 
water can accumulate. A patching material of steel fibers 
and an epoxy binder may be the easiest to apply. This 
steel-based epoxy is available for industrial steel repair; it 
can also be found in auto body patching compounds or in 
plumber's epoxy. As with any product, it is important to 
follow the manufacturer's instructions for proper use and 
best results. The traditional patching technique-melting 
steel welding rods to fill holes in the metal sections-may 
be difficult to apply in some situations; moreover, the 
window glass must be removed during the repair process, 
or it will crack from the expansion of the heated metal 
sections. After these repairs, glass replacement, hinge 
lubrication, painting, and other cosmetic repairs can be 
undertaken as necessary. 

'Refer to Table IV, Types of Paint Used for Painting Metal in Metals in America's 
Historic Buildings, p, 139. (See bibliography). 

5 



To complete the checklist for routine maintenance, 
cracked glass, deteriorated glazing compound, missing 
screws, and broken fasteners will have to be replaced; 
hinges cleaned and lubricated; the metal windows painted, 
and the masonry surrounds caulked. If the glazing must 
be replaced, all clips, glazing beads, and other fasteners 
that hold the glass to the sash should be retained, if possi-
ble, although replacements for these parts are still being 
fabricated. When bedding glass, use only glazing com-
pound formulated for metal windows. To clean the hinges 
(generally brass or bronze), a cleaning solvent and fine 
bronze wool should be used. The hinges should then be 
lubricated with a non-greasy lubricant specially for-
mulated for metals and with an anti-corrosive agent. 
These lubricants are available in a spray form and should 
be used periodically on frequently opened windows. 

Final painting of the windows with a paint compatible 
with the anti-corrosive primer should proceed on a dry 
day. (Paint and primer from the same manufacturer 
should be used.) Two coats of finish paint are recom-
mended if the sections have been cleaned to bare metal. 
The paint should overlap the glass slightly to insure 
weathertightness at that connection. Once the paint dries 
thoroughly, a flexible exterior caulk can be applied to 
eliminate air and moisture infiltration where the window 
and the surrounding masonry meet. 

Caulking is generally undertaken after the windows 
have received at least one coat of finish paint. The 
perimeter of the masonry surround should be caulked 
with a flexible elastomeric compound that will adhere well 
to both metal and masonry. The caulking used should be 
a type intended for exterior application, have a high 
tolerance for material movement, be resistant to 
ultraviolet light, and have a minimum durability of 10 
years. Three effective compounds (taking price and other 
factors into consideration) are polyurethane, vinyl acrylic, 
and butyl rubber. In selecting a caulking material for a 
window retrofit, it is important to remember that the 
caulking compound may be covering other materials in a 
substrate. In this case, some compounds, such as silicone, 
may not adhere well. Almost all modern caulking com-
pounds can be painted after curing completely. Many 
come in a range of colors, which eliminates the need to 
paint. If colored caulking is used, the windows should 
have been given two coats of finish paint prior to caulk-
ing. 

Repair in Workshop 

Damage to windows may be so severe that the window 
sash and sometimes the frame must be removed for clean-
ing and extensive rust removal, straightening of bent sec-
tions, welding or splicing in of new sections, and reglaz-
ing. These major and expensive repairs are reserved for 
highly significant windows that cannot be replaced; the 
procedures involved should be carried out only by skilled 
workmen. (see fig. 6a-6f.) 
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As part of the orderly removal of windows, each win-
dow should be numbered and the parts labelled. The 
operable metal sash should be dismantled by removing the 
hinges; the fixed sash and, if necessary, the frame can 
then be unbolted or unscrewed. (The subframe is usually 
left in place. Built into the masonry surrounds, it can only 
be cut out with a torch.) Hardware and hinges should be 
labelled and stored together. 

The two major choices for removing flaking paint and 
corrosion from severely deteriorated windows are dipping 
in a chemical bath or sandblasting. Both treatments re-
quire removal of the glass. If the windows are to be dip-
ped, a phosphoric acid solution is preferred, as mentioned 
earlier. While the dip tank method is good for fairly even-
ly distributed rust, deep set rust may remain after dipping. 
For that reason, sandblasting is more effective for heavy 
and uneven corrosion. Both methods leave the metal sec-
tions clean of residual paint. As already noted, after 
cleaning has exposed the metal to the air, it should be 
primed immediately after drying with an anti-corrosive 
primer to prevent rust from recurring. 

Sections that are seriously bent or bowed must be 
straightened with heat and applied pressure in a 
workshop. Structurally weakened sections must be cut 
out, generally with an oxy-acetylene torch, and replaced 
with sections welded in place and the welds ground 
smooth. Finding replacement metal sections, however, 
may be difficult. While most rolling mills are producing 
modern sections suitable for total replacement, it may be 
difficult to find an exact profile match for a splicing 
repair. The best source of rolled metal sections is from 
salvaged windows, preferably from the same building. If 
no salvaged windows are available, two options remain. 
Either an ornamental metal fabricator can weld flat plates 
into a built-up section, or a steel plant can mill bar steel 
into the desired profile. 

While the sash and frame are removed for repair, the 
subframe and masonry surrounds should be inspected. 
This is also the time to reset sills or to remove corrosion 
from the subframe, taking care to protect the masonry 
surrounds from damage. 

Missing or broken hardware and hinges should be 
replaced on all windows that will be operable. Salvaged 
windows, again, are the best source of replacement parts. 
If matching parts cannot be found, it may be possible to 
adapt ready-made items. Such a substitution may require 
filling existing holes with steel epoxy or with plug welds 
and tapping in new screw holes. However, if the hardware 
is a highly significant element of the historic window, it 
may be worth having reproductions made. 

Following are illustrations of the repair and thermal 
upgrading of the rolled steel windows in a National 
Historic Landmark (fig. 6). Many of the techniques 
described above were used during this extensive rehabilita-
tion. The complete range of repair techniques is then sum-
marized in the chart titled Steps jor Cleaning and Repair-
ing Historic Steel Windows (see fig. 7). 



• 
Fig. 6 a. View of the wing of the State Capitol where the 
rolled steel casement windows are being removed for repair. 

Fig. 6 c. View of the rusted frame which was unscrewed from the 
sub frame and removed from the window opening and taken to a 
workshop for sandblasting. In some cases, severely deteriorated sec-
tions of the frame were replaced with new sections of milled bar 
steel. 

Fig. 6 e. View looking down towards the sill. The cleaned frame 
was reset in the window opening. The frame was screwed to the 
refurbished subframe at the jamb and the head only. The screw 
holes at the sill, which had been the cause of much of the earlier 
rusting, were infilled. Vinyl weatherstripping was added to the 
frame. 

Fig. 6 d. View looking down towards the sill. The sub frames ap-
peared very rusted, but were in good condition once debris was 
vacuumed and surface rust was removed, in place, with chemical 
compounds. Where necessary, epoxy and steel filler was used to 
patch depressions in order to make the sub frame serviceable again. 

Fig. 6 f View from 
the outside of the 
completely 
refurbished window. 
In addition to the 
steel repair and the 
installation of vinyl 
weatherstripping, 
the exterior was 
caulked with 
polyurethane and 
the single glass was 
replaced with 
individual lights of 
thermal glass. The 
repaired and 
upgraded windows 
have comparable 
energy efficiency 
ratings to new 
replacement units 
while retaining the 
historic steel sash, 
frames and 
subframes. 

Fig. 6. The repair and thermal upgrading oj the historic steel windows at the State Capitol, Lincoln, Nebraska. This early twentieth 
century building, designed by Bertram Goodhue, is a National Historic Landmark. Photos: All photos in this series were provided by 
the State Building Division. 
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STEPS FOR CLEANING AND REPAIRING HISTORIC STEEL WINDOWS ________ _ 

Recommended Tools, Products and 
Work Item Techniques Procedures Notes 

*(Must be done in a 
workshop) 

1. Removing General maintenance Vacuum and bristle brushes to Solvents can cause eye and skin ir-
dirt and and chemical cleaning remove dust and dirt; solvents ritation . Operator should wear pro-
grease- from (denatured alcohol, mineral tective gear and work in ventilated 
metal spirits), and clean cloths to area. Solvents should not contact 

remove grease. masonry. Do not flush with water. 

2. Removing 
Rust! 
Corrosion 

Light Manual and mechanical Wire brushes, steel wool, Handsanding will probably be 
abrasion rotary attachments to electric necessary for corners. Safety goggles 

drill, sanding blocks and and masks should be worn. 
disks. 

Chemical cleaning Anti-corrosive jellies and li- Protect glass and metal with plastic 
quids (phosphoric acid prefer- sheets attached with tape. Do not 
red); clean damp cloths. flush with water. Work in ventilated 

area. 

Medium Sandblasting! abrasive Low pressure (80-100 psi) and Removes both paint and rust. Codes 
cleaning small grit (#10-#45); glass should be checked for environ men-

peening beads. Pencil blaster tal compliance. Prime exposed 
gives good control. metal promptly. Shield glass and 

masonry. Operator should wear 
safety gear. 

Heavy *Chemical dip tank Metal sections dipped into Glass and hardware should be 
chemical tank (phosphoric removed. Protect operator. Deepset 
acid preferred) from several rust may remain, but paint will be 
hours to 24 hours. removed. 

*Sandblasting! Low pressure (80-100 psi) and Excellent for heavy rust. Remove or 
abrasive cleaning small grit (#10-#45). protect glass. Prime exposed metal 

promptly. Check codes for en-
vironmental compliance. Operator 
should wear safety gear. 

3. Removing Chemical method Chemical paint strippers Protect glass and masonry. Do not 
flaking suitable for ferrous metals. flush with water. Have good ven-
paint. Clean cloths. tilation and protection for operator. 

Mechanical abrasion Pneumatic needle gun chisels, Protect operator; have good ventila-
sanding disks. tion. Well-bonded paint need not be 

removed if window closes properly. 

4. Aligning Applied pressure Wooden frame as a brace for Remove glass in affected area. 
bent, bowed cables and winch mechanism. Realignment may take several days. 
metal 
sections *Heat and pressure Remove to a workshop. Apply Care should be taken that heat does 

heat and pressure to bend not deform slender sections. 
back. 
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Recommended Tools, Products and 
Work Item Techniques Procedures Notes 

*(Must be done in a 
workshop) 

5. Patching Epoxy and steel filler Epoxy fillers with high con- Epoxy patches generally are easy to 
depressions tent of steel fibers; plumber's apply, and can be sanded smooth. 

epoxy or autobody patching Patches should be primed. 
compound. 

Welded patches Weld in patches using steel Prime welded sections after grinding 
rods and oxy-acetylene torch connections smooth. 
or arc welder. 

6. Splicing in *Cut out decayed sec- Torch to cut out bad sections Prime welded sections after grinding 
new metal tions and weld in new back to 45 0 joint. Weld in connection smooth. 
sections or salvaged sections new pieces and grind smooth. 

7. Priming Brush or spray At least one coat of anti-cor- Metal should be primed as soon as 
metal application rosive primer on bare metal. it is exposed. If cleaned metal will 
sections Zinc-rich primers are general- be repaired another day, spot prime 

ly recommended. to protect exposed metal. 

8. Replacing Routine maintenance Pliers to pull out or shear off If new holes have to be tapped into 
missing rusted heads. Replace screws the metal sections, the rusted holes 
screws and and bolts with similar ones, should be cleaned, filled and primed 
bolts readily available. prior to redrilling. 

9. Cleaning, Routine maintenance, Most hinges and closure hard- Replacement hinges and fasteners 
lubricating solvent cleaning ware are bronze. Use solvents may not match the original exactly. 
or rep lac- (mineral spirits), bronze wool If new holes are necessary, old ones 
ing hinges and clean cloths. Spray with should be filled. 
and other non-greasy lubricant contain-
hardware ing anti-corrosive agent. 

10. Replacing Standard method for Pliers and chisels to remove Heavy gloves and other protective 
glass and application old glass, scrape putty out of gear needed for the operator. All 
glazing glazing rabbet, save all clips parts saved should be cleaned prior 
compound and beads for reuse. Use only to reinstallation. 

glazing compound formulated 
for metal windows. 

11. Caulking Standard method for Good quality (10 year or bet- The gap between the metal frame 
masonry application ter) elastomeric caulking com- and the masonry opening should be 
surrounds pound suitable for metal. caulked; keep weepholes in metal 

for condensation run-off clear of 
caulk. 

12. Repainting Spray or brush At least 2 coats of paint com- The final coats of paint and the 
metal patible with the anti-corrosive primer should be from the same 
windows primer. Paint should lap the manufacturer to ensure compatibili-

glass about 1/8" to form a ty. If spraying is used, the glass and 
seal over the glazing masonry should be protected. 
compound. 

Fig. 7. STEPS FOR CLEANING AND REPAIRING HISTORIC STEEL WINDOWS. Compiled by Sharon C. Park, AlA. 
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WEATHERIZATION 

Historic metal windows are generally not energy efficient; 
this has often led to their wholesale replacement. Metal 
windows can, however, be made more energy efficient in 
several ways, varying in complexity and cost. Caulking 
around the masonry openings and adding weatherstrip-
ping, for example, can be do-it-yourself projects and are 
important first steps in reducing air infiltration around the 
windows. They usually have a rapid payback period. 
Other treatments include applying fixed layers of glazing 
over the historic windows, adding operable storm win-
dows, or installing thermal glass in place of the existing 
glass. In combination with caulking and weatherstripping, 
these treatments can produce energy ratings rivaling those 
achieved by new units. 3 

Weatherstripping 

The first step in any weatherization program, caulking, 
has been discussed above under "Routine Maintenance." 
The second step is the installation of weatherstripping 
where the operable portion of the sash, often called the 
ventilator, and the fixed frame come together to reduce 
perimeter air infiltration (see fig. 8). Four types of 
weatherstripping appropriate for metal windows are 
spring-metal, vinyl strips, compressible foam tapes, and 
sealant beads. The spring-metal, with an integral friction 
fit mounting clip, is recommended for steel windows in 
good condition. The clip eliminates the need for an ap-
plied glue; the thinness of the material insures a tight 
closure. The weatherstripping is clipped to the inside 
channel of the rolled metal section of the fixed frame. To 
insure against galvanic corrosion between the weather-
stripping (often bronze or brass), and the steel window, 
the window must be painted prior to the installation of 
the weatherstripping. This weatherstripping is usually ap-
plied to the entire perimeter of the window opening, but 
in some cases, such as casement windows, it may be best 
to avoid weatherstripping the hinge side. The natural 
wedging action of the weatherstripping on the three sides 
of the window often creates an adequate seal. 

Vinyl weatherstripping can alSO be applied to metal win-
dows. Folded into a "V" configuration, the material 
forms a barrier against the wind. Vinyl weatherstripping is 
usually glued to the frame, although some brands have an 
adhesive backing. As the vinyl material and the applied 
glue are relatively thick, this form of weatherstripping 
may not be appropriate for all situations. 

Compressible foam tape weatherstripping is often best 
for large windows where there is a slight bending or 
distortion of the sash. In some very tall windows having 
closure hardware at the sash mid-point, the thin sections 

'One measure of energy efficiency is the U·value (the number of BTUs per hour 
transferred through a square foot of material). The lower the U·value. the better 
the performance. According to ASHRAE HANDBOOK·1977 Fundamentals, the 
U·value of historic rolled steel sash with single glazing is 1.3 . Adding storm win· 
dows to the existing units or reglazing with 5/ S" insulating glass produces a 
U·value of .69. These methods of weatherizing historic steel windows compare 
favorably with rolled steel replacement alternatives: with factory installed I" in· 
sulating glass (.67 U·value); with added thermal·break construction and factory 
finish coatings (.62 U·value) . 
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of the metal window will bow away from the frame near 
the top. If the gap is not more than 114", foam 
weatherstripping can normally fill the space. If the gap ex-
ceeds this, the window may need to be realigned to close 
more tightly. The foam weatherstripping comes either 
with an adhesive or plain back; the latter variety requires 
application with glue. Compressible foam requires more 
frequent replacement than either spring-metal or vinyl 
wea therstri pping. 

A fourth type of successful weatherstripping involves 
the use of a caulking or sealant bead and a polyethylene 
bond breaker tape. After the window frame has been 
thoroughly cleaned with solvent, permitted to dry, and 
primed, a neat bead of low modulus (firm setting) caulk, 
such as silicone, is applied. A bond breaker tape is then 
applied to the operable sash covering the metal section 
where contact will occur. The window is then closed until 
the sealant has set (2-7 days, depending on temperature 
and humidity). When the window is opened, the bead will 
have taken the shape of the air infiltration gap and the 
bond breaker tape can be removed. This weatherstripping 
method appears to be successful for all types of metal 
windows with varying degrees of air infiltration. 

Since the several types of weatherstripping are ap-
propriate for different circumstances, it may be necessary 
to use more than one type on any given building. Suc-
cessful weatherstripping depends upon using the thinnest 
material adequate to fill the space through which air 
enters. Weatherstripping that is too thick can spring the 
hinges, thereby resulting in more gaps. 

Sprlng·metal 

Vinyl Strips 

/ 
Spring·metal in bronze, brass or 
stainless steel with an integral friction·fit 
clip. The weatherstripping is applied after 
the repaired windows are painted to avoid 
galvanic corrosion. This type of thin 
weatherstripping is intended for windows 
in good condition. 

Vinyl strips are scored and fold into a "V" 
configuration. Applied adhesive is necessary 

7A7H which will increase the thickness of the . ? weatherstripping, making it inappropriate 
.',' ' for some situations. The weatherstripping 
• is generally applied to the window after 

'C.WEATHE'f'>;rI\If" painting. 

Foam Tape 

Sealant Bead EXlel"l lo J<? 

Closed cell foam tape comes either with 
or without an adhesive backing, It is 
effective for windows with a gap of 
approximately 1,4" and is easy to install . 
However, this type of weatherstripping 
will need frequent replacement on 
windows in regular use. The metal section 
should be cleaned of all di rt and grease 
prior to its application. 

This very effective type of weatherstripping 
involves the application of a clean bead of 
firm setting caulk on the primed frame 
with a polyethelene bond breaker tape on 
the operable sash. The window is then 
closed until the bead has set and takes the 
form of the gap . The sash is then opened 
and the tape is removed leaving the set 
caulk as the weatherstripping. 

Fig. 8 APPROPRIA TE TYPES OF WEA THERSTRIPPING 
FOR METAL WINDOWS. Weatherstripping is an important 
part of upgrading the thermal efficiency of historic steel windows. 
The chart above shows the jamb section of the window with the 
weatherstripping in place. Drawings: Sharon C. Park, AlA. 



Thermal Glazing 

The third weatherization treatment is to install an addi-
tional layer of glazing to improve the thermal efficiency 
of the existing window. The decision to pursue this treat-
ment should proceed from careful analysis. Each of the 
most common techniques for adding a layer of glazing 
will effect approximately the same energy savings (approx-
imately double the original insulating value of the win-
dows); therefore, cost and aesthetic considerations usually 
determine the choice of method. Methods of adding a 
layer of glazing to improve thermal efficiency include ad-
ding a new layer of transparent material to the window; 
adding a separate storm window; and replacing the single 
layer of glass in the window with thermal glass. 

The least expensive of these options is to install a clear 
material (usually rigid sheets of acrylic or glass) over the 
original window. The choice between acrylic and glass is 
generally based on cost, ability of the window to support 
the material, and long-term maintenance outlook. If the 
material is placed over the entire window and secured to 
the frame, the sash will be inoperable. If the continued 
use of the window is important (for ventilation or for fire 
exits), separate panels should be affixed to the sash 
without obstructing operability (see fig. 9). Glass or 
acrylic panels set in frames can be attached using mag-
netized gaskets, interlocking material strips, screws or 
adhesives. Acrylic panels can be screwed directly to 
the metal windows, but the holes in the acrylic panels 
should allow for the expansion and contraction of this 
material. A compressible gasket between the prime sash 
and the storm panel can be very effective in establishing a 
thermal cavity between glazing layers. To avoid condensa-
tion, 1/S" cuts in a cop corner and diagonally opposite 
bottom corner of the gasket will provide a vapor bleed, 
through which moisture can evaporate. (Such cuts, how-
ever, reduce thermal performance slightly.) If condensa-
tion does occur, however, the panels should be easily re-
movable in order to wipe away moisture before it causes 
corrosion. 

The second method of adding a layer of glazing is to 
have independent storm windows fabricated. (Pivot and 
austral windows, however, which project on either side of 
the window frame when open, cannot easily be fitted with 
storm windows and remain operational.) The storm win-
dow should be compatible with the original sash con-
figuration. For example, in paired casement windows, 
either specially fabricated storm casement windows or 
sliding units in which the vertical meeting rail of the slider 
reflects the configuration of the original window should 
be installed. The decision to place storm windows on the 
inside or outside of the window depends on whether the 
historic window opens in or out, and on the visual impact 
the addition of storm windows will have on the building. 
Exterior storm windows, however, can serve another pur-
pose besides saving energy: they add a layer of protection 
against air pollutants and vandals, although they will par-
tially obscure the prime window. For highly ornamental 
windows this protection can determine the choice of ex-
terior rather then interior storm windows. 

The third method of installing an added layer of glazing 
is to replace the original single glazing with thermal glass. 
Except in rare instances in which the original glass is of 
special interest (as with stained or figured glass), the glass 
can be replaced if the hinges can tolerate the weight of the 
additional glass. The rolled metal sections for steel win-
dows are generally from 1" - 1 1/2" thick. Sash of this 
thickness can normally tolerate thermal glass, which 
ranges from 3/S" - 5/S". (Metal glazing beads, readily 
available, are used to reinforce the muntins, which hold 
the glass.) This treatment leaves the window fully opera-
tional while preserving the historic appearance. It is, 
however, the most expensive of the treatments discussed 
here. (See fig. 6f). 

A 1\F'P'LlEi7 
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Fig. 9 Two examples of adding a second layer of glazing in order to im-
pro.ve the thermal performance of historic steel windows. Scheme A 
(showing jamb detail) is of a panel with a closed cell foam 
gasket attached with self-tapping stainless steel screws directly to the ex-
terior of the outwardly opening sash. Scheme B (showing jamb detail) is 
of a glass panel in a magnetized frame affixed directly to the interior of 
the historic steel sash. The choice of using glass or acrylic mounted on 
the inside or outside will depend on the ability of the window to tolerate 
additional weight, the location and size of the window, the cost, and the 
long-term maintenance outlook. Drawing: Sharon C. Park, AlA. 

WINDOW REPLACEMENT 

Repair of historic windows is always preferred within a 
rehabilitation project. Replacement should be considered 
only as a last resort. However, when the extent of 
deterioration or the unavailability of replacement sections 
renders repair impossible, replacement of the entire win-
dow may be justified. In the case of significant windows, 
replacement in kind is essential in order to maintain the 
historic character of the building. However, for less 
significant windows, replacement with compatible new 
windows may be acceptable. In selecting compatible 
replacement windows, the material, configuration, color, 
operability, number and size of panes, profile and propor-
tion of metal sections, and reflective quality of the 
original glass should be duplicated as closely as possible. 

A number of metal window manufacturing companies 
produce rolled steel windows. While stock modern win-
dow designs do not share the multi-pane configuration of 
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historic windows, most of these manufacturers can 
reproduce the historic configuration if requested, and the 
cost is not excessive for large orders (see figs. lOa and 
lOb). Some manufacturers still carry the standard pre-
World War II multi-light windows using the traditional 
12" x 18" or 14" x 20" glass sizes in industrial, commer-
cial, security, and residential configurations. In addition, 
many of the modern steel windows have integral 
weatherstripping, thermal break construction, durable 
vinyl coatings, insulating glass, and other desirable 
features. 

Fig. 10 a. A six-story concrete manufacturing building prior to 
the replacement of the steel pivot windows. Photo: Charles 
Parrott. 

Fig. 10 b. Close-up view of the new replacement steel windows 
which matched the multi-lighted originals exactly. Photo: Charles 
Parrott. 

Windows manufactured from other materials generally 
cannot thin profiles of the rolled steel sections. 
AluminulIl, fpr example, is three times weaker than steel 
and must be extruded into a box-like configuration that 
does not reflect the thin historic profiles of most steel 
windows. Wooden and vinyl replacement windows 
generally are not fabricated in the industrial style, nor can 
they reproduce the thin profiles of the rolled steel sec-
tions, and consequently are generally not acceptable 
replacements. 

For product information on replacement windows, the 
owner, architect, or contractor should consult manufac-
turers' catalogues, building trade journals, or the Steel 
Window Institute, 1230 Keith Building, Cleveland, Ohio 
44115. 

SUMMARY 

The National Park Service recommends the retention of 
significant historic metal windows whenever possible. 
Such windows, which can be a character-defining feature 
of a historic building, are too often replaced with inap-
propriate units that impair rather than complement the 
overall historic appearance. The repair and thermal 
upgrading of historic steel windows is more practicable 
than most people realize. Repaired and properly maintain-
ed metal windows have greatly extended service lives. 
They can be made energy efficient while maintaining their 
contribution to the historic character of the building. 
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Introduction to Historic Concrete 

Concrete is an extraordinarily versatile building material 
used for utilitarian, ornamental, and monumental 
structures since ancient times. Composed of a mixture 
of sand, gravel, crushed stone, or other coarse material, 
bound together with lime or cement, concrete undergoes 
a chemical reaction and hardens when water is added. 
Inserting reinforcement adds tensile strength to 
structural concrete elements. The use of reinforcement 
contributes significantly to the range and size of 
building and structure types that can be constructed 
with concrete. 

While early twentieth century proponents of modern 
concrete often considered it to be permanent, it is, 
like all materials, subject to deterioration. This Brief 
provides an overview of the history of concrete and 
its popularization in the United States, surveys the 
principal causes and modes of concrete deterioration, 
and outlines approaches to repair and protection that 
are appropriate to historic concrete. In the context of this 
Brief, historic concrete is considered to be concrete used 
in construction of structures of historical, architectural, 
or engineering interest, whether those structures are old 
or relatively new. 

Brief History of Use and Manufacture 

The ancient Romans found that a mixture of lime putty 
and pozzolana, a fine volcanic ash, would harden 
under water. The resulting hydraulic cement became 
a major feature of Roman building practice, and was 
used in many buildings and engineering projects 
such as bridges and aqueducts. Concrete technology 
was kept alive during the Middle Ages in Spain and 
Africa. The Spanish introduced a form of concrete to 
the New World in the first decades of the sixteenth 
century, referred to as "tapia" or "tabby." This material, 
a mixture of lime, sand, and shell or stone aggregate 

mixed with water, was placed between wooden forms, 
tamped, and allowed to dry in successive layers. Tabby 
was later used by the English settlers in the coastal 
southeastern United States. 

The early history of concrete was fragmented, 
with developments in materials and construction 
techniques occurring on different continents and in 
various countries. In the United States, concrete was 
slow in achieving widespread acceptance in building 
construction and did not begin to gain popularity until 
the late nineteenth century. It was more readily accepted 
for use in transportation and infrastructure systems. 

The Erie Canal in New York is an example of the 
early use of concrete in transportation in the United 
States. The natural hydraulic cement used in the canal 
construction was processed from a deposit of limestone 
found in 1818 near Chittenango, southeast of Syracuse. 
The use of concrete in residential construction was 

Figure 1. The Sebastopol House in Seguin, Texas, is an 1856 Greek 
Revival-style house constructed of lime concrete. Lime concrete 
or "limecrete" was a popular construction material, as it could be 
made inexpensively from local materials. By 1900, the town had 
approximately ninety limecrete structures, twenty of which remain. 
Photo: Texas Parks and Wildlife Department. 
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Figure 2. Chatterton House was the home of the post trader at Fort 
Fred Steel in Wyoming, one of several forts established in the 1860s 
to protect the Union Pacific Railroad. The walls of the post trader's 
house were built using stone aggregate and lime, without cement. 
The use of this material presents special preservation challenges. 

publicized in the second edition of Orson S. Fowler's A 
Home for All (1853) which described the advantages of 
"gravel wall" construction to a wide audience. The town 
of Seguin, Texas, thirty-five miles east of San Antonio, 
already had a number of concrete buildings by the 1850s 
and came to be called "The Mother of Concrete Cities," 
with approximately ninety concrete buildings made 
from local "lime water" and gravel (Fig. 1). 

Impressed by the economic advantages of poured gravel 
wall or "lime-grout" construction, the Quartermaster 
General's Office of the War Department embarked on a 
campaign to improve the quality of building for frontier 
military posts. As a result, lime-grout structures were 
constructed at several western posts soon after the Civil 
War, including Fort Fred Steele and Fort Laramie, both 
in Wyoming (Fig. 2). By the 1880s, sufficient experience 
had been gained with unreinforced concrete to permit 
construction of much larger buildings. A notable 
example from this period is the Ponce de Leon Hotel in 
St. Augustine, Florida. 

Figure 3. The Lincoln Highway Association promoted construction of 
a high quality continuous hard surface roadway across the country. 
The Boys Scouts of America installed concrete road markers along the 
Lincoln Highway in 1928. 

Extensive construction in concrete also occurred through 
the system of coastal fortifications commissioned by the 
federal government in the 1890s for the Atlantic, Pacific, 
and Gulf coasts. Unlike most concrete construction 
to that time, the special requirements of coastal 
fortifications called for concrete walls as much as 20 feet 
thick, often at sites that were difficult to access. Major 
structures in the coastal defenses of the 1890s were built 
of mass concrete with no internal reinforcing, a practice 
that was replaced by the use of reinforcing bars in 
fortifications constructed after about 1905. 

The use of reinforced concrete in the United States dates 
from 1860, when S.T. Fowler obtained a patent for a 
reinforced concrete wall. In the early 1870s, William E. 
Ward built his own house in Port Chester, New York, 
using concrete reinforced with iron rods for all structural 
elements. Despite these developments, such construction 
remained a novelty until after 1880, when innovations 
introduced by Ernest L. Ransome made the use of 
reinforced concrete more practicable. Ransome made 
many contributions to the development of concrete 
construction technology, including the use of twisted 
reinforcing bars to improve bond between the concrete 
and the steel, which he patented in 1884. Two years later, 
Ransome introduced the rotary kiln to United States 
cement production. The new kiln had greater capacity 
and burned more thoroughly and uniformly, allowing 
development of a less expensive, more uniform, and 
more reliable manufactured cement. Improvements in 
concrete production initiated by Ransom led to a much 
greater acceptance of concrete after 1900. 

The Lincoln Highway Association, incorporated in 
1913, promoted the use of concrete in construction of a 
coast-to-coast roadway system. The goal of the Lincoln 
Highway Association and highway advocate Henry 
B. Joy was to educate the country in the need for good 
roads made of concrete, with an improved Lincoln 

Figure 4. The highly ornamental concrete panels on the exterior 
facade of the Baha'i House of Worship in Wilmette, Illinois, illustrate 
the work of fabricator John J. Earley, known as "the man who made 
concrete beautiful. " 



Figure 5. Following World War II, architects and engineers took 
advantage of improvements in concrete production, quality control, 
and advances in precast concrete to design structures such as the Police 
Headquarters building in Philadelphia, Pennsylvania, constructed in 
1961. Photo: Courtesy of the Philadelphia Police Department. 

Highway as an example. Concrete "seedling miles" 
were constructed in remote areas to emphasize the 
superiority of concrete over unimproved dirt. The 
Association believed that as people learned about 
concrete, they would press the government to construct 
good roads throughout their states. Americans' 
enthusiasm for good roads led to the involvement 
of the federal government in road-building and the 
creation of numbered U.S. routes in the 1920s (Fig. 3). 

During the early twentieth century, Ernest Ransome 
in Beverly, Massachusetts, Albert Kahn in Detroit, and 
Richard E. Schmidt in Chicago, promoted concrete 
for use in "Factory Style" utilitarian buildings with 
an exposed concrete frame infilled with expanses 
of glass. Thomas Edison's cast-in-place reinforced 
concrete homes in Union Township, New Jersey 
(1908), proclaimed a similarly functional emphasis 
in residential construction. From the 1920s onward, 
concrete began to be used with spectacular design 
results: examples include John J. Earley's Meridian 
Hill Park in Washington, D.C.; Louis Bourgeois' 
exuberant, graceful Baha'i Temple in Wilmette, Illinois 
(1920-1953), for which Earley fabricated the concrete 
(Fig. 4); and Frank Lloyd Wright's Fallingwater 
near Bear Run, Pennsylvania (1934). Continuing 
improvements in quality control and development 
of innovative fabrication processes, such as the 
Shockbeton method for precast concrete, provided 
increasing opportunities for architects and engineers. 
Wright's Guggenheim Museum in New York City 
(1959); Geddes Brecher Qualls & Cunningham'S Police 
Headquarters building in Philadelphia, Pennsylvania 
(1961); and Eero Saarinen's soaring terminal building at 
Dulles International Airport outside Washington, D.C., 
and the TWA terminal at Kennedy Airport in New 
York (1962), exemplify the masterful use of concrete 
achieved in the modern era (Fig. 5). 

Figure 6. The Bailey Magnet School in Jackson, Mississippi, was 
designed as the Jackson Junior High School by the firm of N. W. 
Overstreet & Town in 1936. The streamlined building exemplifies the 
applicability of concrete to creating a modern architectural aesthetic. 
Photo: Bill Burris, Burris/Wagnon Architects, P.A. 

Figure 7. Detailed bas reliefs as well as sculptures, such as this lion at 
the Bailey Magnet School, could be used as ornamentation on concrete 
buildings. Sculptural concrete elements were typically cast in molds. 

Throughout the twentieth century, a wide range of 
architectural and engineering structures were built using 
concrete as a practical and cost-effective choice-and 
concrete also became valued for its aesthetic qualities. 
Cast in place and precast concrete were readily adapted 
to the Streamlined Moderne style, as exemplified by the 
Bailey Magnet School in Jackson, Mississippi, designed 
as the Jackson Junior High School by N.W. Overstreet 
& Town in 1936 (Figs. 6 and 7). The school is one of 
many concrete buildings designed and constructed 
under the auspices of the Public Works Administration. 
Recreational structures and landscape features also 
utilized the structural range and unique character of 
exposed concrete to advantage, as seen in Chicago'S 
Lincoln Park Chess Pavilion, designed by Morris 
Webster in 1956 (Fig. 8), and the Ira C. Keller Fountain 
in Portland Oregon, designed by Lawrence Halprin in 
1969 (Fig. 9). Concrete was also popular for building 
interiors, with ornamental features and exposed 
structural elements recognized as part of the design 
aesthetic (See Figs. 10 and 11 in sidebar). 
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Historic Interiors 

The expanded use of concrete provided new opportunities to 
create dramatic spaces and ornate architectural detail on the 
interiors of buildings, at a significant cost savings over traditional 
construction practices. The architectural design of the Berkeley 
City Club in Berkeley, California, expressed Moorish and Gothic 
elements in concrete on the interior of the building (Fig. 10). Used 
as a woman's social club, the building was designed by noted 
California architect Julia Morgan and constructed in 1929. The 
vaulted ceilings, columns, and ornamental capitals of the lobby 
and the ornamental arches and beamed ceiling of the "plunge" are 
all constructed of concrete. 

Figure 10. The Berkeley City Club has significant interior spaces alld features of 
concrete construction, including the lobby and pool. Photos: Una Gilmartin (left) 
and Brian Kehoe (right), Wiss, Janney, Elstner Associates, Illc. 

The historic character of a building's interior can also be conveyed 
in a more utilitarian manner in terms of concrete features and 
finishes (Fig. 11). The exposed concrete structure-columns, 
capitals, and drop panels- is an integral part of the character 
of this old commercial building in Minneapolis. In concrete 
warehouse and factory buildings of the early twentieth century, 
exposed concrete columns and formboard finish concrete slab 
ceilings are common features as seen in this warehouse, now 
converted for use as a parking garage and shops. 

Figure 11. Whether in a circa 1925 office (left) or in a parking garage 
and retail facility (right), exposed concrete structures help characterize 
these building interiors. Photo: Minnesota Historical Society (left). 

Concrete Characteristics 

Concrete is composed of fine (sand) and 
coarse (crushed stone or gravel) aggregates 
and paste made of portland cement and water. 
The predominant material in terms of bulk is 
the aggregate. Portland cement is the binder 
most commonly used in modern concrete. It 
is commercially manufactured by blending 
limestone or chalk with clays that contain 
alumina, silica, lime, iron oxide and magnesia, 
and heating the compounds together to high 
temperatures. The hydration process that 
occurs between the portland cement and water 
results in formation of an alkali paste that 
surrounds and binds the aggregate together as 
a solid mass. 

The quality of the concrete is dependent on 
the ratio of water to the binder; binder content; 
sound, durable, and well-graded aggregates; 
compaction during placement; and proper 
curing. The amount of water used in the mix 
affects the concrete permeability and strength. 
The use of excess water beyond that required 
in the hydration process results in more 
permeable concrete, which is more susceptible 
to weathering and deterioration. Admixtures 
are commonly added to concrete to adjust 
concrete properties such as setting or hardening 
time, requirements for water, workability, and 
other characteristics. For example, the advent 
of air entraining agents in the 1930s provided 
enhanced durability for concrete. 

During the twentieth century, there was 
a steady rise in the strength of ordinary 
concrete as chemical processes became better 
understood and quality control measures 
improved. In addition, the need to protect 
embedded reinforcement against corrosion 
was acknowledged. Requirements for concrete 
cover over reinforcing steel, increased cement 
content, decreased water-cement ratio, and air 
entrainment all contributed to greater concrete 
strength and improved durability. 

Mechanisms and Modes of 
Deterioration 

Causes of Deterioration 
Concrete deterioration occurs primarily because 
of corrosion of the embedded steel, degradation 
of the concrete itself, use of improper techniques 
or materials in construction, or structural 
problems. The causes of concrete deterioration 
must be understood in order to select an 
appropriate repair and protection system. 



While reinforcing steel has played a pivotal role in 
expanding the applications of concrete in twentieth 
century architecture, corrosion of this steel has also 
caused deterioration in many historic structures. 
Reinforcing steel embedded in the concrete is normally 
surrounded by a passivating 
oxide layer that, when present, 
protects the steel from corrosion 
and aids in bonding the 
steel and concrete. When the 
concrete's normal alkaline 
environment (above a pH 
of 10) is compromised and 
the steel is exposed to water, 
water vapor, or high relative 
humidity, corrosion of the 

Lack of proper maintenance of building elements 
such as roofs and drainage systems can contribute to 
water-related deterioration of the adjacent concrete, 
particularly when concrete is saturated with water 
and then exposed to freezing temperatures. As water 

within the concrete freezes, it 
expands and exerts forces on 
the adjacent concrete. Repeated 
freezing and thawing can result 
in the concrete cracking and 
delaminating. Such damage 
appears as surface degradation, 
including severe scaling and 
micro-cracking that extends 
into the concrete. The condition 
is most often observed near 

steel reinforcing takes place. A 
reduction in alkalinity results 
from carbonation, a process that 
occurs when the carbon dioxide 
in the atmosphere reacts with 
calcium hydroxide and moisture 
in the concrete. Carbonation 
starts at the concrete's exposed 
surface but may extend to the 
reinforcing steel over time. 
When carbonation reaches 

Figure 8. The Chess Pavilion in Chicago'S Lincoln Park 
was designed by architect Morris Webster and constructed 
in 1956. The pavilion is a distinctive landscape feature, 
with its reinforced concrete cantilevered slab that provides 
cover for chess players. 

the surface of the concrete but 
can also eventually occur deep 
within the concrete. This type 
of deterioration is usually most 
severe at joints, architectural 
details, and other areas with 
more surface exposure to 
weather. In the second half of 
the twentieth century, concrete 
has utilized entrained air (the 
incorporation of microscopic 
air bubbles) to provide 
enhanced protection against 
damage due to cyclic freezing 
of saturated concrete. 

the metal reinforcement, the 
concrete no longer protects the 
steel from corrosion. 

Corrosion of embedded 
reinforcing steel may be 
initiated and accelerated if 
calcium chloride was added to 
the concrete as a set accelerator 
during original construction 
to promote more rapid curing. 
It may also take place if the 
concrete is later exposed to 
deicing salts, as may occur 
during the winter in northern 
climates. Seawater or other 
marine environments can 

Figure 9. The Ira C. Keller Fountain in Portland, Oregon, 
was designed by Lawrence Halprin and constructed in 
1969. The fountain is constructed primarily of concrete 
pillars with formboard textures and surrounding elements, 
patterned with geometric lines, which facilitate the path 

The use of certain aggregates 
can also result in deterioration 
of the concrete. Alkali-
aggregate reactions-in some 
cases alkali-silica reaction 
(ASR)-occur when alkalis 
normally present in cement 
react with certain aggregates, 
leading to the development of 
an expansive crystalline gel. 
When this gel is exposed to 
moisture, it expands and causes of water. Photo: Anita Washko, Wiss, Janney, Elstner 

Associates, Inc. cracking of the aggregate and 
concrete matrix. Deleterious also provide large amounts 

of chloride, either from 
inadequately washed original aggregate or from 
exposure of the concrete to seawater. 

Corrosion-related damage to reinforced concrete is 
the result of rust, a product of the corrosion process of 
steel, which expands and thus requires more space in 
the concrete than the steel did at the time of installation. 
This change in volume of the steel results in expansive 
forces, which cause cracking and spalling of the 
adjacent concrete (Fig. 12). Other signs of corrosion of 
embedded steel include delamination of the concrete 
(planar separations parallel to the surface) and rust 
staining (often a precursor to spalling) on the concrete 
near the steel. 

aggregates are typically found only in certain areas of 
the country and can be detected through analysis by an 
experienced petrographer. Low-alkali cements as well 
as fly ash are used today in new construction to prevent 
such reactions where this problem may occur. 

Problems Specifically Encountered with 
Historic Concrete 

Materials and workmanship used in the construction 
of historic concrete structures, particularly those built 
before the First World War, sometimes present potential 
sources of problems. For example, where the aggregate 
consisted of cinder from burned coal or crushed brick, 

5 



6 

Figure 12. The concrete lighthouse at the Kilauea Point 
Light Station, Kilauea, Kauai, Hawaii, was constructed 
circa 1913. The concrete, which was a good quality, high 
strength mix for its day, is in good condition after almost 
one hundred years in service. Deterioration in the form of 
spalling related to corrosion of embedded reinforcing steel 
has occurred primarily in areas of higher ornamentation 
such as projecting bands and brackets (see close-up photo). 

the concrete tends to be weak and porous 
because these aggregates absorb water. Some of 
these aggregates can be extremely susceptible 
to deterioration when exposed to moisture 
and cyclic freezing and thawing. Concrete 
was sometimes compromised by inclusion of 
seawater or beach sand that was not thoroughly 
washed with fresh water, a condition more 
common with coastal fortifications built prior to 
1900. The sodium chloride present in seawater 
and beach sand accelerates the rate of corrosion 
of the reinforced concrete. 

Another problem encountered with historic 
concrete is related to poor consolidation of the 

concrete during its placement in forms, or in molds in the case 
of precasting. This problem is especially prevalent in highly 
ornamental units. Early twentieth century concrete was often 
tamped or rodded into place, similar to techniques used in 
forming cast stone. Poorly consolidated concrete often contains 
voids (lfbugholes" or "honeycombs"), which can reduce the 
protective concrete cover over the embedded reinforcing 
bars, entrap water, and, if sufficiently large and strategically 
numerous, reduce localized concrete strength. Vibration 
technology has improved over time and flowability agents are 
also used today to address this problem. 

A common type of deterioration observed in concrete is the 
effect of weathering from exposure to wind, rain, snow, and 
salt water or spray. Weathering appears as erosion of the 
cement paste, a condition more prevalent in northern regions 
where precipitation can be highly acidic. This results in the 
exposure of the aggregate particles on the exposed concrete 
surface. Variations may occur in the aggregate exposure due 
to differential erosion or dissolution of exposed cement paste. 
Erosion can also be caused by the mechanical action of water 
channeled over concrete, such as by the lack of drip grooves in 
belt courses and sills, and by inadequate drainage. In addition, 
high-pressure water when used for cleaning can also erode the 
concrete surface. 

In concrete structures built prior to the First World War, 
concrete was often placed into forms in relatively short 
vertical lifts due to limitations in lifting and pouring 
techniques available at the time. Joints between different 
concrete placements (often termed cold joints or lift lines) may 
sometimes be considered an important part of the character of 
a concrete element (Fig. 13). However, wide joints may permit 
water to infiltrate the concrete, resulting in more rapid paste 
erosion or freeze-thaw deterioration of adjacent concrete in 
cold climates. 

In the early twentieth century, concrete was sometimes placed 
in several layers parallel to the exterior surface. A base concrete 
was first created with form work and then a more cement rich 
mortar layer was applied to the exposed vertical face of the 

Figure 13. Fort Casey on Admiralty Head, Fort Casey, Washington, was 
constructed in 1898. The lift lines from placement of concrete are clearly 
visible on the exterior walls and characterize the finished appearance. 



base concrete. The higher cement content in the facing 
concrete provided a more water-resistant outer layer 
and finished surface. The application of a cement-rich 
top layer, referred to in some early concrete publications 
as "waterproofing," was also used on top surfaces of 
concrete walls, or as the top layer in sidewalks. With this 
type of concrete construction, deterioration can occur 
over time as a result of debonding between layers, and 
can proceed very rapidly once the protective cement-rich 
layer begins to break down. 

It is common for historic concrete to have a highly 
variable appearance, including color and finish texture. 
Different levels of aggregate exposure due to paste 
erosion are often found in exposed aggregate concrete. 
This variability in the appearance of historic concrete 
increases the level of difficulty in assessing and repairing 
weathered concrete. 

Signs of Distress and Deterioration 

Characteristic signs of failure in concrete include 
cracking, spalling, staining, and deflection. Cracking 
occurs in most concrete but will vary in depth, width, 
direction, pattern, and location, and can be either active 
or dormant (inactive). Active cracks can widen, deepen, 
or migrate through the concrete, while dormant cracks 
remain relatively unchanged in size. Some dormant 
cracks, such as those caused by early age shrinkage of 
the concrete during curing, are not a structural concern 
but when left unrepaired, can provide convenient 
channels for moisture penetration and subsequent 
damage. Random surface cracks, also called map cracks 
due to their resemblance to lines on a map, are usually 
related to early-age shrinkage but may also indicate 
other types of deterioration such as alkali-silica reaction. 

Structural cracks can be caused by temporary or 
continued overloads, uneven foundation settling, seismic 
forces, or original design inadequacies. Structural cracks 
are active if excessive loads are applied to a structure, if 
the overload is continuing, or if settlement is ongoing. 
These cracks are dormant if the temporary overloads 
have been removed or if differential settlement has 
stabilized. Thermally-induced cracks result from 
stresses produced by the expansion and contraction 
of the concrete during temperature changes. These 
cracks frequently occur at the ends or re-entrant corners 
of older concrete structures that were built without 
expansion joints to relieve such stress. 

Spalling (the loss of surface material) is often associated 
with freezing and thawing as well as cracking and 
delamination of the concrete cover over embedded 
reinforcing steel. Spalling occurs when reinforcing 
bars corrode and the corrosion by-products expand, 
creating high stresses on the adjacent concrete, which 
cracks and is displaced. Spalling can also occur when 
water absorbed by the concrete freezes and thaws (Fig. 
14). In addition, surface spalling or scaling may result 
from the improper finishing, forming, or other surface 

Figures 14. Layers of architectural concrete that have debonded 
(spaUed) from the surface were removed from a historic water tank 
during the investigation performed to assess existing conditions. 
Photos: Anita Washko, Wiss, Janney, Elstner Associates, Inc. 

phenomena when water-rich cement paste (laitance) 
rises to the surface. The resulting weak material is 
vulnerable to spalling of thin layers, or scaling. In some 
cases, spalling of the concrete can diminish the load-
carrying capacity of the structure. 

Deflection is the bending or sagging of structural beams, 
joists, or slabs, and can be an indication of deficiencies in 
the strength and structural soundness of concrete. This 
condition can be produced by overloading, corrosion 
of embedded reinforcing, or inadequate design or 
construction, such as use of low-strength concrete or 
undersized reinforcing bars. 

Staining of the concrete surface can be related to soiling 
from atmospheric pollutants or other contaminants, 
dirt accumulation, and the presence of organic growth. 
However, stains can also indicate more serious 
underlying problems, such as corrosion of embedded 
reinforcing steel, improper previous surface treatments, 
alkali-aggregate reaction, or efflorescence, the deposition 
of soluble salts on the surface of the concrete as a result 
of water migration (Fig. 15). 
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Planning for Concrete Preservation 

The significance of a historic concrete building or 
structure-including whether it is important for its 
architectural or engineering design, for its materials 
and construction techniques, or both-guides decision 
making about repair and, if needed, replacement 
methods. Determining the causes of deterioration is also 
central to the development of a conservation and repair 
plan. With historic concrete buildings, one of the more 
difficult challenges is allowing for sufficient time during 
the planning phase to analyze the concrete, develop 
mixes, and provide time for adequate aging of mock-ups 
for matching to the original concrete. 

An understanding of the original construction 
techniques (cement characteristics, mix design, original 
intent of assembly, type of placement, precast versus 
cast in place, etc.) and previous repair work performed 
on the concrete is important in determining causes 
of existing deterioration and the susceptibility of the 
structure to potential other types of deterioration. 
For example, concrete placed in short lifts (individual 
concrete placements) or constructed in precast segments 
will have numerous joints that can provide entry points 
for water infiltration. Inappropriate prior repairs, such 
as installation of patches using an incompatible material, 
can affect the future performance of the concrete. Such 
prior repairs may require corrective work. 

As with other preservation projects, three primary 
approaches are usually considered for historic concrete 
structures: maintenance, repair, or replacement. 
Maintenance and repair best achieve the preservation 
goal of minimal intervention and the greatest retention 
of existing historic fabric. However, where elements of 
the building are severely deteriorated or where inherent 
problems with the material lead to ongoing failures, 
replacement may be necessary. 

During planning, information is gathered through 
research, visual survey, inspection openings, and 
laboratory studies. The material should then be 
reviewed by professionals experienced in concrete 
deterioration to help evaluate the nature and causes of 
the concrete problems, to assess both the short-term and 
long-term effects of the deterioration, and to formulate 
proper repair approaches. 

Condition Assessment 

A condition assessment of a concrete building or 
structure should begin with a review of all available 
documents related to original construction and prior 
repairs. While plans and specifications for older 
concrete buildings are not always available, they can 
be an invaluable resource and every attempt should be 
made to find them. They may provide information on 
the composition of the concrete mix or on the type and 
location of reinforcing bars. If available, documents 
related to past repairs should also be reviewed to 

Figure 15. Evidence of 
moisture movement through 
concrete is apparent 
in the form of mineral 
deposits on the concrete 
surface. Cyclic freezing 
and thawing of entrapped 
moisture, and corrosion of 
embedded reinforcement, 
have also contributed to 
deterioration of the concrete 
column on this fence at 
Crocker Field in Fitchburg, 
Massachusetts, designed by 
the Olmsted Brothers. 

understand how the repairs were made and to help 
evaluate their anticipated performance and service life. 
Archival photographs can also provide a valuable source 
of information about original construction. 

A visual condition survey will help identify and 
evaluate the extent, types, and patterns of distress 
and deterioration. The American Concrete Institute 
offers several useful guides on how to perform a visual 
condition survey of concrete. Generally, the condition 
assessment begins with an overall visual survey, 
followed by a close-up investigation of representative 
areas to obtain more detailed information about modes 
of deterioration. 

A number of nondestructive testing methods can be 
used in the field to evaluate concealed conditions. Basic 
techniques include sounding with a hand-held hammer 
(or for horizontal surfaces, a chain) to help identify areas 
of delamination. More sophisticated techniques include 
impact-echo testing (Fig. 16), ground penetrating radar, 
pulse velocity, and other methods that characterize 
concrete thickness and locate voids or delaminations. 
Magnetic detection instruments are used to locate 
embedded reinforcing steel and can be calibrated to 
identify the size and depth of reinforcement. Corrosion 
measurements can be taken using copper-copper 
sulfate half-cell tests or linear polarization techniques to 
determine the probability or rate of active corrosion of 
the reinforcing steel. 

To further evaluate the condition of the concrete, 
samples may be removed for laboratory study to 
determine material components and composition, 
and causes of deterioration. Samples need to be 
representative of existing conditions but should be taken 
from unobtrusive locations. Laboratory studies of the 
concrete may include petrographic evaluation following 
ASTM C856, Practice for Petrographic Examination 
of Hardened Concrete. Petrographic examination, 
consisting of microscopical studies performed by a 
geologist specializing in the evaluation of construction 
materials, is performed to determine air content, water-
cement ratio, cement content, and general aggregate 
characteristics. Laboratory studies can also include 



chemical analyses to determine chloride content, sulfate 
content, and alkali levels of the concrete; identification 
of deleterious aggregates; and determination of depth 
of carbonation. Compressive strength studies can 
be conducted to evaluate the strength of the existing 
concrete and provide information for repair work. The 
laboratory studies provide a general identification of 
the original concrete's components and aggregates, 
and evidence of damage due to various mechanisms 
including cyclic freezing and thawing, alkali-aggregate 
reactivity, or sulfate attack. Information gathered 
through laboratory studies can also be used to help 
develop a mix design for the repair concrete. 

Cleaning 

As with other historic structures, concrete structures are 
cleaned for several reasons: to improve the appearance 
of the concrete, as a cyclical maintenance measure, or 
in preparation for repairs. Consideration should first be 
given to whether the historic concrete structure needs to 
be cleaned at all. If cleaning is required, then the gentlest 
system that will be effective should be selected. 

Three primary methods are used for cleaning concrete: 
water methods, abrasive surface treatments, and 
chemical surface treatments. Low-pressure water (less 
than 200 psi) or steam cleaning can effectively remove 
surface soiling from sound concrete; however, care is 
required on fragile or deteriorated surfaces. In addition, 
water and steam methods are typically not effective in 
removing staining or severe soiling. Power washing 
with high-pressure water is sometimes used to clean or 
remove coatings from sound, high-strength concrete, but 
high-pressure water washing is generally damaging to 
and not appropriate for concrete on historic structures. 

When used with proper controls and at very low 
pressures (typically 35 to 75 psi), microabrasive 

Figure 16. Impact echo testing is performed on a concrete structural 
slab to help determine depth of deterioration. In this method, a short 
pulse of energy is introduced into the structure and a transducer 
mounted on the impacted surface of the structure receives the 
reflected input waves or echoes. These waves are analyzed to help 
identify flaws and deterioration within the concrete. 

surface treatments using very fine particulates, such 
as dolomitic limestone powder, can sometimes clean 
effectively. However, micro abrasive cleaning may alter 
the texture and surface reflectivity of concrete. Some 
concrete can be damaged even by fine particulates 
applied at very low pressures. 

Chemical surface treatments can clean effectively 
but may also alter the appearance of the concrete by 
bleaching the concrete, removing the paste, etching 
the aggregate, or otherwise altering the surface. 
Detergent cleaners or mild, diluted acid cleaners may 
be appropriate for removal of staining or severe soiling. 
Cleaning products that contain strong acids such as 
hydrochloric (muriatic) or hydrofluoric acid, which will 
damage concrete and are harmful to persons, animals, 
site features, and the environment, should not be used. 

For any cleaning process, trial samples should be 
performed prior to full-scale implementation. The 
intent of the cleaning program should not be to return 
the structure to a like new appearance. Concrete can 
age gracefully, and as long as soiling is not severe or 
deleterious, many structures can still be appreciated 
without extensive cleaning. 

Methods of Maintenance and Repair 

The maintenance of historic concrete often is thought of 
in terms of appropriate cleaning to remove unattractive 
dirt or soiling materials. However, the implementation 
of an overall maintenance plan for a historic structure is 
the most effective way to help protect historic concrete. 
For examples, the lack of maintenance to roofs and 
drainage systems can promote water related damage 
to adjacent concrete features. The repeated use of 
deicing salts in winter climates can pit the surface of old 
concrete and also may promote decay in embedded steel 
reinforcements. Inadequate protection of concrete walls 
adjacent to driveways and parking areas can result in the 
need for repair work later on. 

The maintenance of historic concrete involves the regular 
inspection of concrete to establish baseline conditions 
and identify needed repairs. Inspection tasks involve 
monitoring protection systems, including sealant joints, 
expansion joints, and protective coatings; reviewing 
existing conditions for development of distress such as 
cracking and delaminations; documenting conditions 
observed; and developing and implementing a cyclical 
repair program. 

Sealants are an important part of maintenance of historic 
concrete structures. Elastomeric sealants, which have 
replaced traditional oil-resin based caulks for many 
applications, are used to seal cracks and joints to keep 
out moisture and reduce air infiltration. Sealants are 
commonly used at windows and door perimeters, 
at interfaces between concrete and other materials, 
and at attachments to or through walls or roofs, such 
as with lamps, signs, or exterior plumbing fixtures. 
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Figure 17. (a) The 63rd Street Beach House was constructed on the shoreline of Chicago in 1919. The highly exposed aggregate concrete of the 
exterior walls of the beach house was used for many buildings in the Chicago parks as an alternative to more expensive stone construction. Photo: 
Leslie Schwartz Photography. (b) Concrete deterioration included cracking, spalling, and delamination caused by corrosion of embedded reinforcing 
steel and concrete damage due to cyclic freezing and thawing. (c) Various sizes and types of aggregates were reviewed for matching to the original 
concrete materials. (d) Mock-ups of the concrete repair mix were prepared for comparison to the original concrete. Considerations included aggregate 
type and size, cement color, proportions, aggregate exposure, and surface finish. (e) The craftsman finished the surface to replicate the original 
appearance in a mock-up on the structure. Here, he used a nylon bristle brush to remove loose paste and expose the aggregate, creating a variable 
surface to match the adjacent original concrete. 

Where used for crack repairs on historic facades, the 
finished appearance of the sealant application must 
be considered, as it may be visually intrusive. In some 
cases, sand can be broadcast onto the surface of the 
sealant to help conceal the repair. 

Urethane and polyurethane sealants are often used to 
seal joints and cracks in concrete structures, paving, 
and walkways; these sealants provide a service life of 
up to ten years. High-performance silicone sealants 
also are often used with concrete, as they provide a 
range of movement capabilities and a service life of 
twenty years or more. Some silicone sealants may stain 
adjacent materials, which may be a problem with more 
porous concrete, and may also tend to accumulate 
dust and dirt. The effectiveness of sealants for sealing 
joints and cracks depends on numerous factors 
including proper surface preparation and application. 
Sealants should be examined as part of routine 
maintenance inspections, as these materials deteriorate 
faster than their substrates and must be replaced 
periodically as a part of cyclical maintenance. 

Repair of historic concrete may be required to 
address deterioration because the original design and 

construction did not provide for long-term durability, 
or to facilitate a change in use of the structure. 
Examples include increasing concrete cover to protect 
reinforcing steel and reducing water infiltration into the 
structure by repair of joints. Any such improvements 
must be thoroughly evaluated for compatibility with 
the original design and appearance. Care is required in 
all aspects of historic concrete repair, including surface 
preparation; installation of form work; development 
of the concrete mix design; and concrete placement, 
consolidation, and curing. 

An appropriate repair program addresses existing 
distress and reduces the rate of future deterioration, 
which in many cases involves moisture-related issues. 
The repair program should incorporate materials and 
methods that are sympathetic to the existing materials 
in character and appearance, and which provide good 
long-term performance. In addition, repair materials 
should age and weather similarly to the original 
materials. In order to best achieve these goals, concrete 
repair projects should be divided into three phases: 
development of trial repair procedures, trial repairs and 
evaluation, and production repair work. 



For any concrete repair project, the process of investigation, 
laboratory analysis, trial samples, mock-ups, and full-scale 
repairs allows ongoing refinement of the repair work as 
well as implementation of quality-control measures. The 
trial repair process provides an opportunity for the owner, 
architect, engineer, and contractor to evaluate the concrete 
mix design and the installation and finishing techniques for 
the repairs from both technical and aesthetic standpoints. 
The final repair materials and procedures should match 
the original concrete in appearance while meeting the 
established criteria for durability. Information gathered 
through trial repairs and mock-ups is invaluable in refining 
the construction documents prior to the start of the overall 
repair project (Fig. 17). 

Surface Preparation 

In undertaking surface preparation for historic concrete 
repair, care must be taken to limit removal of existing 
material while still providing an appropriate substrate for 
repairs. This is particularly important where ornamentation 
and fine details are involved. Preparation for localized 
repairs usually begins with removal of the loose concrete 
to determine the general extent of the repair, followed by 
saw-cutting the perimeter of the repair area. The repair area 
should extend beyond the area of concrete deterioration 
to a sufficient extent to provide a sound substrate. When 
repairing concrete with an exposed aggregate or other 
special surface texture, a sawcut edge may be too visually 
evident. To hide the repair edge, techniques such as lightly 
hand-chipping the edge of the patch may be used to 
conceal the joint between the original concrete and the new 
repair material. The depth to which the concrete needs to 
be removed may be difficult to determine without invasive 
probing in the repair area. Removal of concrete should 
typically extend beyond the level of the reinforcing steel, if 
present, so that the patch encapsulates the reinforcing steel, 
which provides mechanical attachment for the repair. 

If the concrete was originally of lower strength and quality, 
the assessment of present soundness is more difficult. 
Deteriorated and unsound concrete is typically removed 
using pneumatic chipping hammers. Removal of concrete 
in historic structures is better controlled by using smaller 
chipping hammers or hand tools. The area of the concrete 
to be repaired and the exposed reinforcing steel are 
then cleaned, usually by careful sandblast and air blast 
procedures applied only within the repair area. Adjacent 
original concrete surfaces should be protected during this 
work. In some cases, project constraints such as dust control 
may limit the ability to thoroughly clean the concrete and 
steel. For example, it may be necessary to use needle scaling 
(a small pneumatic impact device) and wire brushing 
instead of sandblasting. 

Supplemental steel may be needed when existing 
reinforcing steel is severely deteriorated, or if reinforcing 
steel is not present in repair areas. Exposed existing 
reinforcing and other embedded steel elements can be 
cleaned, primed, and painted with a corrosion-inhibiting 
coating. The patching material should be reinforced 

and mechanically attached to the existing concrete. 
Reinforcement materials used in repairs most often 
include mild steel, epoxy-coated steel, or stainless steel, 
depending on existing conditions. 

Formwork and Molds 

Special formwork is needed to recreate ornamental 
concrete features - which may be complex, in high 
relief, or architecturally detailed-and to provide special 
surface finishes such as wood form board textures. 
Construction of the formwork itself requires particular 
skill and craftsmanship. Reusable forms can be used for 
concrete ornamentation that is repeated across a building 
facade, or precast concrete elements may be used to 
replace missing or unrepairable architectural features. 
Formwork for ornamental concrete is often created using 
a four-step process: a casting of the original concrete is 
taken; a plaster replica of the unit is prepared; a mold or 
form is made from the plaster replica; and a new concrete 
unit is cast. Custom formwork and molds are often the 
work of specialty companies, such as precasters and cast 
stone fabricators. 

The process of forming architectural features or special 
surface textures is particularly challenging if early age 
stripping (removal of formwork early in the concrete 
curing process) is needed to perform surface treatment 
on the concrete. Timing for formwork removal is related 
to strength gain, which in turn is partly dependent on 
temperature and weather conditions. Early age removal of 
formwork in highly detailed concrete can lead to damage 
of the new concrete that has not yet gained sufficient 
strength through curing. 

Selection of Repair Materials and Mix Design 

Selection and design of proper repair materials is a 
critical component of the repair project. This process 
requires evaluation of the performance, characteristics, 
and limitations of the repair materials, and may involve 
laboratory testing of proposed materials and trial repairs. 
The materials should be selected to address the specific 
type of repair required and to be compatible with special 
characteristics of the original concrete. Some modern 
repair materials are designed to have a high compressive 
strength and to be impermeable. Even though inherently 
durable, these newer materials may not be appropriate for 
use in repairing a low strength historic concrete. 

The concrete's durability, or resistance to deterioration, 
and the materials and methods selected for repair 
depend on its composition, design, and quality of 
workmanship. In most cases, a mix design for durable 
replacement concrete should use materials similar to 
those of the original concrete mix. Prepackaged materials 
are often not appropriate for repair of historic concrete. 
The concrete patching material can be air entrained or 
polymer-modified if subject to exterior exposure, and 
should incorporate an appropriate selection of aggregate 
and cement type, and proper water content and water 
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Figure 18. (a) Exposed aggregate precast concrete is 
sounded with a hammer to detect areas of deterioration. 
Corrosion of the exposed reinforcing steel bar has led to 
spalling of the adjacent concrete. (b) Samples of aggregate 
considered for use in repair concrete are compared to the 
original concrete materials in terms of size, color, texture, 
and reflectance. (c) Various sample panels are made using 
the selected concrete repair mix design for comparison to 
the original concrete on the building, and the mix design is 
adjusted based on review of the samples. (d) After removal 
of the spall, the concrete surface is prepared for installation 
of a formed patch. (e) Prior to placement of the concrete, 
a retarding agent is brush-applied to the inside face of the 
formwork to slow curing at the surface. After the concrete 
is partially cured, the forms are removed and the surface 
of the concrete is rubbed to remove some of the paste and 
expose the aggregate to match the original concrete. 

to cement ratio. Some admixtures, including polymer modifiers, 
may change the appearance of the concrete mix. Design of the 
concrete patching material should address characteristics required 
for durability, workability, strength gain, compressive strength, 
and other performance attributes. During installation of the 
repair, skilled workmanship is required to ensure proper mixing 
procedures, placement, consolidation, and curing. 

Matching and Repair Techniques for Historic Concrete 

Repair measures should be selected that retain as much of the 
original material as possible, while providing for removal of an 
adequate amount of deteriorated concrete to provide a sound 
substrate for a durable repair. The installed repair must visually 
match the existing concrete as closely as possible and should be 
similar in other aspects such as compressive strength, permeability, 
and other characteristics important in the mix design of the 
concrete (Fig. 18). 

Understanding the original construction techniques often provides 
opportunities in the design of repairs. For example, joints between 
the new and old concrete can be hidden in changes in surface 
profile and cold joints. The required patching mix for the concrete 
to be used in the repair will likely need to be specially designed 
to replicate the appearance of the adjacent historic concrete. A 
high level of craftsmanship is required for finishing of historic 
concrete, in particular to create the sometimes inconsistent finish 
and variation in the original concrete in contrast to the more even 
appearance required for most non-historic repairs. 

To match the various characteristics of the original concrete, trial 
mixes should be developed. These mixes need to take into account 
the types and colors of aggregates and paste present in the original 
concrete. Different mixes may be needed because of variations 
in the appearance and composition of the historic concrete. The 
trials should utilize different forming and finishing techniques 
to achieve the best possible match to the original concrete. Initial 
trials should first take place on site but off the structure. The mix 
designs providing the best match are then installed as trial repairs 
on the structure, and assessed after they have cured. 

Achieving compatibility between repair work and original 
concrete may be difficult, especially given the variability often 
present in historic concrete materials and finishes. Formed rather 
than trowel-applied patch repairs are recommended for durability, 
as forming permits better ranges of mix ingredients (such as coarse 
aggregates) and improved consolidation as compared to trowel-
applied repairs. Parge coatings usually are not recommended 
as they do not provide as durable repair as formed concrete. 
However, in some cases parge coatings may be appropriate to 
match an original parged surface treatment Proper placement 
and finishing of the repair are important to obtain a match with 
the original concrete. To minimize problems associated with rapid 
curing of concrete, such as surface cracking, it is important to use 
proper curing methods and to allow for sufficient time. 

Hairline cracks that show no sign of increasing in size may often 
be left unrepaired. The width of the crack and the amount of 
movement usually limits the selection of crack repair techniques 
that are available. Although it is difficult to determine whether 
cracks are moving or non-moving, and therefore most cracks 



should be assumed to be moving, it is possible to repair 
non-moving cracks by installation of a cementitious 
repair mortar matching the adjacent concrete. It is 
generally desirable not to widen cracks prior to the mortar 
application. Repair mortar containing sand in the mix may 
be used for wider cracks; unsanded repair mortar may be 
used for narrower cracks. 

When it is desirable to re-establish the structural integrity 
of a concrete structure involving dormant cracks, epoxy 
injection repair has proven to be an effective procedure. 
Such a repair is made by first sealing the crack on both sides 
of a wall or structural member with epoxy, polyester, wax, 
tape, or cement slurry, and then injecting epoxy through 
small holes or ports drilled in the concrete. Once the epoxy 
in the crack has hardened, the surface sealing material 
may be removed; however, this type of repair is usually 
quite apparent. Although it may be possible to inject epoxy 
without leaving noticeable residue, this process is difficult 
and, in general, the use of epoxy repairs in visible areas of 
concrete on historic structures is not recommended. 

Active structural cracks (which move as loads are 
added or removed) and thermal cracks (which move as 
temperatures fluctuate) must be repaired in a manner that 
will accommodate the anticipated movement. In some more 
extreme cases, expansion joints may have to be introduced 
before crack repairs are undertaken. Active cracks may 
be filled with sealants that will adhere to the sides of 
the cracks and will compress or expand during crack 
movement. The design, detailing, and execution of sealant 
repairs require considerable attention, or they will detract 
from the appearance of the historic building. The routing 
and cleaning of a crack, and installation of an elastomeric 
sealant to prevent water penetration, is used to address 
cracks where movement is anticipated. However, unless 
located in a concealed area of the concrete, this technique 
is often not acceptable for historic structures because the 
repair will be visually intrusive (Fig. 19). Other approaches, 
such as installation of a cementitious crack repair, may need 
to be considered even though this type of repair may be less 
effective or have a shorter service life than a sealant repair. 

Replacement 

If specific components of historic concrete structures are 
beyond repair, replacement components can be cast to 
match historic ones. Replacement of original concrete 
should be carefully considered and viewed as a method of 
last resort. In some cases, such as for repeated ornamental 
units, it may be more cost-effective to fabricate precast 
concrete units to replace missing elements. The forms 
created for precast or cast-in-place units can then be used 
again during future repair projects. 

Careful mix formulation, placement, and finishing are 
required to ensure that replacement concrete units will 
match the historic concrete. There is often a tendency to 
make replacement concrete more consistent in appearance 
than the original concrete. The consistency can be in 
stark contrast with the variability of the original concrete 

Figure 19. A high-speed grinder ia used to widen a crack in 
preparation for installation of a sealant. This process is called 
"routing. " After the crack is prepared, the sealant is installed to 
prevent moisture infiltration through the crack. Although sealant 
repairs can provide a durable, watertight repair for moving cracks, 
they tend to be very visible. 

due to original construction techniques, architectural 
design, or differential exposure to weather. Trial repairs 
and mock-ups are used to evaluate the proposed 
replacement concrete work and to refine construction 
techniques (Fig 20). 

Protection Systems 

Coatings and Penetrating Sealers. Protection systems 
such as a penetrating sealers or film forming coating 
are often used with non-historic structures to protect 
the concrete and increase the length of the service life 
of concrete repairs. However, film-forming coatings 
are often inappropriate for use on a historic structure, 
unless the structure was coated historically. Film-
forming coatings will often change the color and 
appearance of a surface, and higher build coatings can 
also mask architectural finishes and ornamental details. 
For example, the application of a coating on concrete 
having a formboard finish may hide the wood texture 
of the surface. Pigmented film-forming coatings are 
also typically not appropriate for use over exposed 
aggregate concrete, where the uncoated exposed surface 
contributes significantly to the historic character of 
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Figure 20. (a) The Jefferson Davis Memorial in Fairview, Kentucky, 
constructed from 1917-1924, is 351 feet tall and constructed of 
unreinforced concrete. The walls of the memorial are 8 feet thick at the 
base and 2 feet thick at the top of the wall. Access to the monument 
for investigation was provided by rappelling techniques, while ground 
supported and suspended scaffolding was used to access the exterior during 
repairs. (b) The concrete was severely deteriorated at isolated locations, with 
spalling and damage from cyclic freezing and thawing of entrapped water. 
In addition, previous repairs were at the end of their service life and removal 
of deteriorated concrete and failed previous repairs was required. Light 
duty chipping hammers were used to avoid damage to adjacent material 
when removing deteriorated concrete to the level of sound concrete. (c) 
Field samples were performed to match the color, finish, and texture of the 
original concrete. A challenge in matching of historic concrete is achieving 
variability of appearance. (d) The completed surface after repairs exhibits 
intentional variability of the concrete surface to match the appearance of 
the original concrete. Some formwork imperfections that would normally be 
removed by finishing were intentionally left in place, to replicate the highly 
variable finish of the original concrete. (e) The Jefferson Davis Memorial 
after completion of repairs in 2004. Photo e: Joseph Lenzi, Senler, Campbell 
& Associates, Inc. 



concrete. In cases where the color of a substrate needs to 
be changed, such as to modify the appearance of existing 
repairs, an alternative to pigmented film-forming coatings is 
the use of pigmented stains. 

Many proprietary clear, penetrating sealers are currently 
available to protect concrete substrates. These products 
render fine cracks and pores within the concrete 
hydrophobic; however, they do not bridge or fill cracks. 
Clear sealers may change the appearance of the concrete in 
that treated areas become more visible after rain in contrast 
to the more absorptive areas of original concrete. Once 
applied, penetrating sealers cannot be effectively removed 
and are therefore considered irreversible. They should 
not be used on historic concrete without thorough prior 
consideration. However, clear penetrating sealers provide 
an important means of protection for historic concrete that 
is not of good quality and can help to avoid more extensive 
future repairs or replacement. Thus they are sometimes 
appropriate for use on historic concrete. Once applied, these 
sealers will require periodic re-application. 

Waterproofing membranes are systems used to protect 
concrete surfaces such as roofs, terraces, plazas, or balconies, 
as well as surfaces below grade. Systems range from coal 
tar pitch membranes used on older buildings, to asphalt or 
urethane-based systems. On historic buildings, membrane 
systems are typically used only on surfaces that were 
originally protected by a similar system and surfaces that are 
not visible from grade. Waterproofing membranes may be 
covered by roofing, paving, or other architectural finishes . 

Laboratory and field testing is recommended prior to 
application of a protection system or treatment on any 
concrete structure; testing is even more critical for historic 
structures because many such treatments are not reversible. 
As with other repairs, trial samples are important to 
evaluate the effectiveness of the treatment and to determine 
whether it will harm the concrete or affect its appearance. 

Cathodic Protection. Corrosion is an electrochemical 
process in which electrons flow between cathodic (positively 
charged) and anodic (negatively charged) areas on a 
metal surface; corrosion occurs at the anodes. Cathodic 
protection is a technique used to control the corrosion of 
metal by making the whole metal surface the cathode of 
an electrochemical cell. This technique is used to protect 
metal structures from corrosion and is also sometimes 
used to protect steel reinforcement embedded in concrete. 
For reiniorced concrete, cathodic protection is typically 
accomplished by connecting an auxiliary anode to the 
reiniorcing so that the entire reiniorcing bar becomes a 
cathode. In sacrificial anode (passive) systems, current flows 
naturally by galvanic action between the less noble anode 
(such as zinc) and the cathode. In impressed-current (active) 
systems, current is impressed between an inert anode 
(such as titanium) and the cathode. Cathodic protection is 
intended to reduce the rate of corrosion of embedded steel 
in concrete, which in turn reduces overall deterioration. 
Protecting embedded steel from corrosion helps to prevent 
concrete cracking and spalling. 

Impressed-current cathodic protection is the most 
effective means of mitigating steel corrosion and has 
been used in practical structural applications since the 
1970s. However, impressed-current cathodic protection 
systems are typically the most costly to install and 
require substantial ongoing monitoring, adjustment, 
and maintenance to ensure a proper voltage output 
(protection current) over time. Sacrificial anode cathodic 
protection dates back to the 1800s, when the hulls of 
ships were protected using this technology. Today 
many industries utilize the concept of sacrificial anode 
cathodic protection for the protection of steel exposed 
to corrosive environments. It is less costly than an 
impressed-current system, but is somewhat less effective 
and requires reapplication of the anode when it becomes 
depleted. 

Re-alkalization. Another technique currently available 
to protect concrete is realkalization, which is a process 
to restore the alkalinity of carbonated concrete. The 
treatment involves soaking the concrete with an alkaline 
solution, in some cases forcing it into the concrete to 
the level of the reiniorcing steel by passage of direct 
current. These actions increase the alkalinity of the 
concrete around the reiniorcement, thus restoring the 
protective alkaline environment for the reiniorcement. 
Like impressed-current cathodic protection methods, it 
is costly. Other corrosion methods are also available but 
have a somewhat shorter history of use. 

Careful evaluation of existing conditions, the causes and 
nature of distress, and environmental factors is essential 
before a protection method is selected and implemented. 
Not every protection system will be effective on each 
structure. In addition, the level of intrusion caused by 
the protection system must be carefully evaluated before 
it is used on a historic concrete structure. 

Summary 

In the United States, concrete has been a popular 
construction material since the late nineteenth century 
and recently has gained greater recognition as a historic 
material. Preservation of historic concrete requires a 
thorough understanding of the causes and types of 
deterioration, as well as of repair and replacement 
materials and methods. It is important that adequate 
time is allotted during the planning phase of a project 
to provide for trial repairs and mock-ups in order 
to evaluate the effectiveness and aesthetics of the 
repairs. Careful design is essential and, as with other 
preservation efforts, the skill of those performing 
the work is critical to the success of the repairs. The 
successful repair of many historic concrete structures 
in recent years demonstrates that the techniques and 
materials now available can extend the life of such 
structures and help ensure their preservation. 
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The Secretary of the Interior's Standards for Rehabilitation require that "deteriorated architectural features be repaired rather than 
replaced, wherever possible. In the event that replacement is necessary, the new material should match the material being 
replaced in composition, design, color, texture, and other visual properties." Substitute materials should be used only on a 
limited basis and only when they will match the appearance and general properties of the historic material and will not damage 
the historic resource . 

Introduction 
When deteriorated, damaged, or lost features of a 
historic building need repair or replacement, it is 
almost always best to use historic materials. In 
limited circumstances substitute materials that imitate 
historic materials may be used if the appearance and 
properties of the historic materials can be matched 
closely and no damage to the remaining historic 
fabric will result. 

Great care must be taken if substitute materials are 
used on the exteriors of historic buildings. Ultra-violet 
light, moisture penetration behind joints, and stresses 
caused by changing temperatures can greatly impair 
the performance of substitute materials over time . 
Only after consideration of all options, in consultation 
with qualified professionals, experienced fabricators 
and contractors, and development of carefully written 
specifications should this work be undertaken. 

The practice of using substitute materials in 
architecture is not new, yet it continues to pose prac-
tical problems and to raise philosophical questions. 
On the practical level the inappropriate choice or im-
proper installation of substitute materials can cause a 
radical change in a building's appearance and can 
cause extensive physical damage over time . On the 
more philosophical level, the wholesale use of 
substitute materials can raise questions concerning 
the integrity of historic buildings largely comprised of 
new materials. In both cases the integrity of the 
historic resource can be destroyed. 

Some preservationists advocate that substitute 
materials should be avoided in all but the most 
limited cases. The fact is, however, that substitute 
materials are being used more frequently than ever in 
preservation projects, and in many cases with 
positive results. They can be cost-effective, can permit 

the accurate visual duplication of historic materials, 
and last a reasonable time. Growing evidence in-
dicates that with proper planning, careful specifica-
tions and supervision, substitute materials can be 
used successfully in the process of restoring the 
visual appearance of historic resources. 

This Brief provides general guidance on the use of 
substitute materials on the exteriors of historic 
buildings. While substitute materials are frequently 
used on interiors, these applications are not subject to 
weathering and moisture penetration, and will not be 
discussed in this Brief. Given the general nature of 
this publication, specifications for substitute materials 
are not provided. The guidance provided should not 
be used in place of consultations with qualified pro-
fessionals . This Brief includes a discussion of when to 
use substitute materials, cautions regarding their ex-
pected performance, and descriptions of several 
substitute materials, their advantages and disad-
vantages . This review of materials is by no means 
comprehensive, and attitudes and findings will 
change as technology develops. 

Historical Use of Substitute Materials 
The tradition of using cheaper and more common 
materials in imitation of more expensive and less 
available materials is a long one. George Washington, 
for example, used wood painted with sand-
impregnated paint at Mount Vernon to imitate cut 
ashlar stone. This technique along with scoring stucco 
into block patterns was fairly common in colonial 
America to imitate stone (see illus. 1, 2). 

Molded or cast masonry substitutes, such as dry-
tamp cast stone and poured concrete, became popular 
in place of quarried stone during the 19th century. 
These masonry units were fabricated locally, avoiding 



Illus. 1. An early 18th-century technique for imitating caroed or 
quarried stone was the use of sand-impregnated paint applied to 
wood. The facade stones and quoins are of wood. The Lindens 
(1754), Washington, D.C. Photo: Sharon C. Park, AlA. 

Illus. 3. Casting concrete to represent quarried stone was a 
popular late 19th-century technique seen in this circa 1910 mail-
order house. While most components were delivered by rail, the 
foundations and exterior masonry were completed by local crafts-
men. Photo: Sharon C. Park, AlA. 

expensive quarrying and shipping costs, and were 
versatile in representing either ornately carved blocks, 
plain wall stones or rough cut textured surfaces . The 
end result depended on the type of patterned or tex-
tured mold used and was particularly popular in con-
junction with mail order houses (see illus . 3) . Later, 
panels of cementitious perma-stone or formstone and 
less expensive asphalt and sheet metal panels were 
used to imitate brick or stone. 

Metal (cast, stamped, or brake-formed) was used 
for storefronts, canopies, railings, and other features, 
such as galvanized metal cornices substituting for 
wood or stone, stamped metal panels for Spanish 
clay roofing tiles, and cast-iron column capitals and 
even entire building fronts in imitation of building 
stone (see illus. no. 4). 

Terra cotta, a molded fired clay product, was itself 
a substitute material and was very popular in the late 
19th and early 20th centuries. It simulated the ap-
2 

Illus . 2. Stucco has for many centuries represented a number of 
building materials. Seen here is the ground floor of a Beaux Arts 
mansion, circa 1900, which represents a finely laid stone founda-
tion wall executed in scored stucco. Photo: Sharon C. Park, AlA. 

Illus. 4. The 19th-century also produced a variety of metal prod-
ucts used in imitation of other materials. In this case, the entire 
exterior of the Long Island Safety Deposit Company is cast-iron 
representing stone. Photo: Becket Logan, Friends of Cast Iron 
Architecture. 

pearance of intricately carved stonework, which was 
expensive and time-consuming to produce. Terra 
cotta could be glazed to imitate a variety of natural 
stones, from brownstones to limestones, or could be 
colored for a polychrome effect. 

Nineteenth century technology made a variety of 
materials readily available that not only were able to 
imitate more expensive materials but were also 
cheaper to fabricate and easier to use. Throughout 
the century, imitative materials continued to evolve. 
For example, ornamental window hoods were 
originally made of wood or carved stone. In an effort 
to find a cheaper substitute for carved stone and to 
speed fabrication time, cast stone, an early form of 
concrete, or cast-iron hoods often replaced stone. 
Toward the end of the century, even less expensive 
sheet metal hoods, imitating stone, also came into 
widespread use. All of these materials, stone, cast 
stone, cast-iron, and various pressed metals were in 
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Illus. 5. The four historic examples of various window hoods 
shown are: (a) stone; (b) cast stone; (c) cast-iron; and (d) sheet 
metal. The criteria for selecting substitute materials today 
(availability, quality, delivery dates, cost) are not much different 
from the past. Photo: Sharon C. Park, AlA. 

production at the same time and were selected on the 
basis of the availability of materials and local crafts-
manship, as well as durability and cost (see illus. 5). 
The criteria for selection today are not much 
different. 

Many of the materials used historically to imitate 
other materials are still available. These are often 
referred to as the traditional materials: wood, cast 
stone, concrete, terra cotta and cast metals. In the last 
few decades, however, and partly as a result of the 
historic preservation movement, new families of syn-
thetic materials, such as fiberglass, acrylic polymers, 
and epoxy resins, have been developed and are being 
used as substitute materials in construction. In some 
respects these newer products (often referred to as 
high tech materials) show great promise; in others, 
they are less satisfactory, since they are often difficult 
to integrate physically with the porous historic 
materials and may be too new to have established 
solid performance records. 

When to Consider Using Substitute 
Materials in Preservation Projects 
Because the overzealous use of substitute materials 
can greatly impair the historic character of a historic 
structure, all preservation options should be explored 
thoroughly before substitute materials are used. It is 
important to remember that the purpose of repairing 
damaged features and of replacing lost and ir-
reparably damaged ones is both to match visually 
what was there and to cause no further deterioration. 
For these reasons it is not appropriate to cover up 
historic materials with synthetic materials that will 
alter the appearance, proportions and details of a 
historic building and that will conceal future 
deterioration (see illus. 6). 

Some materials have been used successfully for the 
repair of damaged features such as epoxies for wood 
infilling, cementitious patching for sandstone repairs, 
or plastic stone for masonry repairs. Repairs are 
preferable to replacement whether or not the repairs 
are in kind or with a synthetic substitute material (see 
illus. 7). 

In general, four circumstances warrant the con-
sideration of substitute materials: 1) the unavailability 
of historic materials; 2) the unavailability of skilled 
craftsmen; 3) inherent flaws in the original materials; 
and 4) code-required changes (which in many cases 
can be extremely destructive of historic resources). 

Cost mayor may not be a determining factor in 
considering the use of substitute materials. Depend-
ing on the area of the country, the amount of 
material needed, and the projected life of less durable 
substitute materials, it may be cheaper in the long 
run to use the original material, even though it may 
be harder to find. Due to many early failures of 
substitute materials, some preservationist are looking 
abroad to find materials (especially stone) that match 
the historic materials in an effort to restore historic 

Illus . 6. Substitute materials should never be considered as a 
cosmetic cover-up for they can cause great physical damage and 
can alter the appearance of historic buildings. For example, a 
fiberglass coating was used at Ranchos de Taos, NM, in place of 
the historic adobe coating which had deteriorated. The waterproof 
coating sealed moisture in the walls and caused the sfXllIing 
shown. It was subsequently removed and the walls were properly 
repaired with adobe. Photo: Lee H. Nelson, FAlA. 
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Illus . 7. Whenever possible, historic materials should be repaired 
rather than replaced. Epoxy, a synthetic resin, has been used to 
repair the wood window frame and sill at the Auditors Building 
(1878) Washington, DC. The cured resin is white in this photo 
and will be primed and painted. Photo: Lee H. Nelson, FAIA. 

Illus. 9. Simple solutions should not be overlooked when materials 
are no longer available. In the case of the Morse-Libby Mansion 
(1859) , Portland, ME, the deteriorated brownstone porch beam 
was replaced with a carved wooden beam painted with sand im-
pregnated paint. Photo: Stephen Sewall. 

buildings accurately and to avoid many of the uncer-
tainties that come with the use of substitute 
materials. 

1. The unavailability of the historic material. The 
most common reason for considering substitute 
materials is the difficulty in finding a good match for 
the historic material (particularly a problem for 
masonry materials where the color and texture are 
derived from the material itself). This may be due to 
the actual unavailability of the material or to pro-
tracted delivery dates. For example, the local quarry 
that supplied the sandstone for a building may no 
longer be in operation. All efforts should be made to 
locate another quarry that could supply a satisfactory 
match (see illus. 8) . If this approach fails, substitute 
materials such as dry-tamp cast stone or textured 
precast concrete may be a suitable substitute if care is 
taken to ensure that the detail, color and texture of 
the original stone are matched. In some cases, it may 
be possible to use a sand-impregnated paint on wood 
4 

Illus . 8. Even when materials are not locally available, it may be 
possible and cost effective to find sources elsewhere. For example, 
the local sandstone was no longer available for the restoration of 
the New York Shakespeare Festival Public Theater. The 
deteriorated sandstone window hoods, were replaced with stone 
from Germany that closely matched the color and texture of the 
historic sandstone. Photo: John G. Waite. 

Illus . 10. The use of substitute materials is not necessarily cheaper 
or easier than using the original materials. The complex process of 
fabricating the polyester bronze reproduction pieces of the gilded 
wood molding for the clockcase at Independence Hall required 
talented artisans and substantial mold-making time. From left to 
right is the final molded polyester bronze detail; the plaster 
casting mold; the positive and negative interim neoprene rubber 
molds; and the expertly carved wooden master. Photo: Courtesy of 
Independence National Historical Park. 

as a replacement section, achieved using readily 
available traditional materials, conventional tools and 
work skills. (see illus. 9). Simple solutions should not 
be overlooked. 

2. The unavailability of historic craft techniques 
and lack of skilled artisans. These two reasons com-
plicate any preservation or rehabilitation project. This 
is particularly true for intricate ornamental work, 
such as carved wood, carved stone, wrought iron, 
cast iron, or molded terra cotta. However, a number 
of stone and wood cutters now employ sophisticated 
carving machines, some even computerized. It is also 
possible to cast substitute replacement pieces using 



Illus. 11. The unavailability of historic craft techniques is another 
reason to consider substitute materials. The original first floor cast 
iron front of the Grand Opera House, Wilmington, DE, was 
missing; the expeditious reproduction in cast aluminum was possi-
ble because artisans working in this medium were available. 
Photo: John G. Waite. 

aluminum, cast stone, fiberglass, polymer concretes, 
glass fiber reinforced concretes and terra cotta. Mold 
making and casting takes skill and craftsmen who can 
undertake this work are available. (see illus. 10, 11). 
Efforts should always be made, prior to replacement, 
to seek out artisans who might be able to repair or-
namental elements and thereby save the historic 
features in place. 

3. Poor original building materials. Some historic 
building materials were of inherently poor quality or 
their modern counterparts are inferior. In addition, 
some materials were naturally incompatible with 
other materials on the building, causing staining or 
galvanic corrosion. Examples of poor quality materials 
were the very soft sandstones which eroded quickly. 
An example of poor quality modern replacement 
material is the tin coated steel roofing which is much 
less durable than the historic tin or terne iron which 
is no longer available. In some cases, more durable 
natural stones or precast concrete might be available 
as substitutes for the soft stones and modern terne-
coated stainless steel or lead-coated copper might 
produce a more durable yet visually compatible 
replacement roofing (see illus. 12). 

4. Code-related changes. Sometimes referred to as 
life and safety codes, building codes often require 
changes to historic buildings. Many cities in earth-
quake zones, for example, have laws requiring that 
overhanging masonry parapets and cornices, or 
freestanding urns or finials be securely reanchored to 
new structural frames or be removed completely. In 
some cases, it may be acceptable to replace these 
heavy historic elements with light replicas (see illus. 
13). In other cases, the extent of historic fabric re-
moved may be so great as to diminish the integrity of 
the resource. This could affect the significance of the 
structure and jeopardize National Register status. In 
addition, removal of repairable historic materials 
could result in loss of Federal tax credits for rehabil-
itation. Department of the Interior regulations make 

Illus . 12. Substitute materials may be considered when the 
original materials have not performed well. For example, early 
sheet metals used for roofing, such as tinplate, were reasonably 
durable, but the modem equivalent, terne-coated steel, is subject 
to corrosion once the thin tin plating is damaged. Terne-coated 
stainless steel or lead-coated copper (shown here) are now used as 
substitutes. Photo: John G. Waite. 

Illus . 13. Code-related changes are of concern in historic preserva-
tion projects because the integrity of the historic resource may be 
irretrievably affected. In the case of the Old San Francisco Mint, 
the fiberglass cornice was used to bring the building into seismic 
conformance. The original cornice was deteriorated, and the 
replacement (1982) was limited to the projecting pediment. The 
historic stone fascia was retained as were the stone columns. The 
limited replacement of deteriorated material did not jeopardize the 
integrity of the building. Photo: Walter M. Sontheimer. 

clear that the Secretary of the Interior's Standards for 
Rehabilitation take precedence over other regulations 
and codes in determining whether a project is con-
sistent with the historic character of the building 
undergoing rehabilitation. 

Two secondary reasons for considering the use of 
substitute materials are their lighter weight and for 
some materials, a reduced need of maintenance. 
These reasons can become important if there is a 
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need to keep dead loads to a minimum or if the 
feature being replaced is relatively inaccessible for 
routine maintenance. 

Cautions and Concerns 
In dealing with exterior features and materials, it 
must be remembered that moisture penetration, ultra-
violet degradation, and differing thermal expansion 
and contraction rates of dissimilar materials make any 
repair or replacement problematic. To ensure that a 
repair or replacement will perfonn well over time, it 
is critical to understand fully the properties of both 
the original and the substitute materials, to install 
replacement materials correctly, to assess their impact 
on adjacent historic materials, and to have reasonable 
expectations of future performance. 

Many high tech materials are too new to have been 
tested thoroughly. The differences in vapor 
permeability between some synthetic materials and 
the historic materials have in some cases caused 
unexpected further deterioration. It is therefore dif-
ficult to recommend substitute materials if the historic 
materials are still available . As previously mentioned, 
consideration should always be given first to using 
traditional materials and methods of repair or replace-
ment before accepting unproven techniques, materials 
or applications. 

Substitute materials must meet three basic criteria 
before being considered: they must be compatible 
with the historic materials in appearance; their 
physical properties must be similar to those of the 
historic materials, or be installed in a manner that 
tolerates differences; and they must meet certain 
basic performance expectations over an extended 
period of time. 
Matching the Appearance of the Historic Materials 
In order to provide an appearance that is compatible 
with the historic material, the new material should 
match the details and craftsmanship of the original as 
well as the color, surface texture, surface reflectivity 
and finish of the original material (see illus. 14). The 
closer an element is to the viewer, the more closely 
the material and craftsmanship must match the 
original. 

Matching the color and surface texture of the 
historic material with a substitute material is normally 
difficult. To enhance the chances of a good match, it 
is advisable to clean a portion of the building where 
new materials are to be used. If pigments are to be 
added to the substitute material, a specialist should 
determine the formulation of the mix, the natural ag-
gregates and the types of pigments to be used. As all 
exposed material is subject to ultra-violet degradation, 
if possible, samples of the new materials made during 
the early planning phases should be tested or allowed 
to weather over several seasons to test for color 
stability. 

Fabricators should supply a sufficient number of 
samples to permit on-site comparison of color, tex-
ture, detailing, and other critical qualities (see illus. 
15, 16). In situations where there are subtle variations 
in color and texture within the original materials, the 
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Illus . 14. The visual qualities of the historic feature must be 
matched when using substitute materials. In this illustration, the 
lighter weight mineral fiber cement shingles used to replace the 
deteriorated historic slate roof were detailed to match the color, 
size, shape and pattern of the original roofing and the historic 
snow birds were reattached. Photo: Sharon C. Park, AlA. 

Illus. 15. Poor quality workmanship can be avoided. In this 
example, the crudely cast concrete entrance pier (shown) did not 
match the visual qualities of the remaining historic sandstone (not 
shown) . The aggregate is too large and exposed; the casting is not 
crisp; the banded tooling edges are not articulated; and the color 
is too pale. Photo: Sharon C. Park, AIA. 



Illus. 16. The good quality substitute materials shown here do 
match the historic sandstone in color, texture, tooling and surface 
details. Dry-tamp cast stone was used to match the red sandstone 
that was no longer available. The reconstructed first floor incor-
porated both historic and substitute materials. Sufficient molds 
were made to avoid the problem of detecting the substitutes by 
their uniformity. Photo: Sharon C. Park, AlA. 

Illus . 17. Care must be taken to ensure that the replacement 
materials will work within a predesigned system. At the Norris 
Museum, Yellowstone National Park, the 12-inch diameter log 
rafters, part of an intricate truss system, had rotted at the inner 
core from the exposed ends back to a depth of 48 inches. The ex-
terior wooden shells remained intact. Fiberglass rods (left photo) 
and specially formulated structural epoxy were used to fill the 
cleaned out cores and a cast epoxy wafer end with all the detail of 
the original wood graining was laminated onto the log end (right 
photo). This treatment preserved the original feature with a com-
bination of repair and replacement using substitute materials as 
part of a well thought out system. Photos: Courtesy of Harrison 
Goodall. 

substitute materials should be similarly varied so that 
they are not conspicuous by their uniformity. 

Substitute materials, notably the masonry ones, 
may be more water-absorbent than the historic 
material. If this is visually distracting, it may be ap-
propriate to apply a protective vapor-permeable 
coating on the substitute material. However, these 
clear coatings tend to alter the reflectivity of the 
material, must be reapplied periodically, and may 
trap salts and moisture, which can in turn produce 
spalling. For these reasons, they are not recommend-
ed for use on historic materials. 

Illus . 18. Substitute materials must be properly installed to allow 
for expansion, contraction, and structural security. The new 
balustrade (a polymer concrete modified with glass fibers) at 
Carnegie Hall, New York City, was installed with steel structural 
supports to allow window-washing equipment to be suspended 
securely. In addition, the formulation of this predominantly epoxy 
material allowed for the natural expansion and contradion within 
the predesigned joints. Photo: Courtesy of MJM Studios. 

Matching the Physical Properties 
While substitute materials can closely match the ap-
pearance of historic ones, their physical properties 
may differ greatly. The chemical composition of the 
material (i.e., presence of acids, alkalines, salts, or 
metals) should be evaluated to ensure that the 
replacement materials will be compatible with the 
historic resource . Special care must therefore be taken 
to integrate and to anchor the new materials properly 
(see illus. 17). The thermal expansion and contraction 
coefficients of each adjacent material must be within 
tolerable limits. The function of joints must be 
understood and detailed either to eliminate moisture 
penetration or to allow vapor permeability. Materials 
that will cause galvanic corrosion or other chemical 
reactions must be isolated from one another. 

To ensure proper attachment, surface preparation is 
critical. Deteriorated underlying material must be 
cleaned out. Non-corrosive anchoring devices or 
fasteners that are designed to carry the new material 
and to withstand wind, snow and other destructive 
elements should be used (see illus. 18). Properly 
chosen fasteners allow attached materials to expand 
and contract at their own rates. Caulking, flexible 
sealants or expansion joints between the historic 
material and the substitute material can absorb slight 
differences of movement. Since physical failures often 
result from poor anchorage or improper installation 
techniques, a structural engineer should be a member 
of any team undertaking major repairs. 

Some of the new high tech materials such as 
epoxies and polymers are much stronger than historic 
materials and generally impermeable to moisture. 
These differences can cause serious problems unless 
the new materials are modified to match the expan-
sion and contraction properties of adjacent historic 
materials more closely, or unless the new materials 
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are isolated from the historic ones altogether. When 
stronger or vapor impermeable new materials are 
used alongside historic ones, stresses from trapped 
moisture or differing expansion and contraction rates 
generally hasten deterioration of the weaker historic 
material. For this reason, a conservative approach to 
repair or replacement is recommended, one that uses 
more pliant materials rather than high-strength ones 
(see illus. 19). Since it is almost impossible for 
substitute materials to match the properties of historic 
materials perfectly, the new system incorporating 
new and historic materials should be designed so that 
if material failures occur, they occur within the new 
material rather than the historic material. 

Performance Expectations 
While a substitute material may appear to be accept-
able at the time of installation, both its appearance 
and its performance may deteriorate rapidly. Some 
materials are so new that industry standards are not 
available, thus making it difficult to specify quality 
control in fabrication, or to predict maintenance re-
quirements and long term performance. Where possi-
ble, projects involving substitute materials in similar 
circumstances should be examined. Material specifica-
tions outlining stability of color and texture; com-
pressive or tensile strengths if appropriate; the 
acceptable range of thermal coefficients, and the 
durability of coatings and finishes should be included 
in the contract documents. Without these written 
documents, the owner may be left with little recourse 
if failure occurs (see illus. 20, 21). 

The tight controls necessary to ensure long-term 
performance extend beyond having written perform-
ance standards and selecting materials that have a 
successful track record. It is important to select 
qualified fabricators and installers who know what 
they are · doing and who can follow up if repairs are 
necessary. Installers and contractors unfamiliar with 
specific substitute materials and how they function in 
your local environmental conditions should be 
avoided. 

The surfaces of substitute materials may need 
special care once installed. For example, chemical 
residues or mold release agents should be removed 
completely prior to installation, since they attract 
pollutants and cause the replacement materials to ap-
pear dirtier than the adjacent historic materials. Fur-
thermore, substitute materials may require more fre-
quent cleaning, special cleaning products and protec-
tion from impact by hanging window-cleaning scaf-
folding. Finally, it is critical that the substitute 
materials be identified as part of the historical record 
of the building so that proper care and maintenance 
of all the building materials continue to ensure the 
life of the historic resource. 
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Illus. 19. When the physical properties are not matched, par-
ticularly thermal expansion and contraction properties, great 
damage can occur. In this case, an extremely rigid epoxy replace-
ment unit was installed in a historic masonry wall . Because the 
epoxy was not modified with fillers, it did not expand or contract 
systematically with the natural stones in the wall surrounding it. 
Pressure built up resulting in a vertical crack at the center of the 
unit, and spalled edges to every historic stone that was adjacent 
to the rigid unit. Photo: Walter M. Sontheimer. 

Illus. 20. Long-term performance can be affected by where the 
substitute material is located. In this case, fiberglass was used as 
part of a storefront at street level. Due to the brittle nature of the 
material and the frequency of impact likely to occur at this loca-
tion, an unsightly chip has resulted. Photo: Sharon C. Park, AIA. 



Illus . 21. Change of color over time is one of the greatest prob-
lems of synthetic substitute materials used outdoors. Ultra-violet 
light can cause materials to change color over time; some will 
lighten and others will darken. In this photograph, the synthetic 
patching material to the sandstone banding to the left of the win-
dow has aged to a darker color. Photos: Sharon C. Park, AlA. 

Choosing an Appropriate Substitute 
Material 
Once all reasonable options for repair or replacement 
in kind have been exhausted, the choice among a 
wide variety of substitute materials currently on the 
market must be made (see illus. 22). The charts at the 
end of this Brief describe a number of such materials, 
many of them in the family of modified concretes 
which are gaining greater use. The charts do not 
include wood, stamped metal, mineral fiber cement 
shingles and some other traditional imitative 
materials, since their properties and performance are 
better known. Nor do the charts include vinyls or 
molded urethanes which are sometimes used as 
cosmetic claddings or as substitutes for wooden 
millwork. Because millwork is still readily available, it 
should be replaced in kind. 

The charts describe the properties and uses of 
several materials finding greater use in historic 
preservation projects, and outline advantages and 
disadvantages of each. It should not be read as an 
endorsement of any of these materials, but serves as 
a reminder that numerous materials must be studied 
carefully before selecting the appropriate treatment. 
Included are three predominantly masonry materials 
(cast stone, precast concrete, and glass fiber 
reinforced concrete); two predominantly resinous 
materials (epoxy and glass fiber reinforced polymers 
also known as fiberglass), and cast aluminum which 
has been used as a substitute for various metals and 
woods. 

Illus. 22. A fiber reinforced polymer (fiberglass) cornice and 
precast concrete elements replaced deteriorated features on the 
19th-century exterior. Photo: Sharon C. Park, AlA. 

Summary 
Substitute materials-those products used to imitate 
historic materials-should be used only after all other 
options for repair and replacement in kind have been 
ruled out. Because there are so many unknowns 
regarding the long-term performance of substitute 
materials, their use should not be considered without 
a thorough investigation into the proposed materials, 
the fabricator, the installer, the availability of 
specifications, and the use of that material in a 
similar situation in a similar environment. 

Substitute materials are normally used when the 
historic materials or craftsmanship are no longer 
available, if the original materials are of a poor 
quality or are causing damage to adjacent materials, 
or if there are specific code requirements that 
preclude the use of historic materials. Use of these 
materials should be limited, since replacement of 
historic materials on a large scale may jeopardize the 
integrity of a historic resource. Every means of 
repairing deteriorating historic materials or replacing 
them with identical materials should be examined 
before turning to substitute materials. 

The importance of matching the appearance and 
physical properties of historic materials and, thus, of 
finding a successful long-term solution cannot be 
overstated. The successful solutions illustrated in this 
Brief were from historic preservation projects 
involving profeSSional teams of architects, engineers, 
fabricators, and other specialists. Cost was not 
necessarily a factor, and all agreed that whenever 
possible, the historic materials should be used. When 
substitute materials were selected, the solutions were 
often expensive and were reached only after careful 
consideration of all options, and with the assistance 
of expert professionals. 

FOLLOWING ARE DESCRIPTIONS OF VARIOUS SUBSTITUTE MATERIALS 
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PROs and CONs of VARIOUS SUBSTITUTE MATERIALS 
Cast Aluminum 
Material: Cast aluminum is a molten aluminum alloy cast 
in permanent (metal) molds or one-time sand molds which 
must be adjusted for shrinkage during the curing process. 
Color is from paint applied to primed aluminum or from a 
factory finished coating. Small sections can be bolted 
together to achieve intricate or sculptural details. Unit 
castings are also available for items such as column plinth 
blocks. 
Application: Cast aluminum can be a substitute for cast-
iron or other decorative elements. This would include 
grillwork, roof crestings, cornices, ornamental spandrels, 
storefront elements, columns, capitals, and column bases 
and plinth blocks. If not self-supporting, elements are 
generally screwed or bolted to a structural frame. As a 
result of galvanic corrosion problems with dissimilar metals, 
joint details are very important. 

Close-up detail showing the crisp casting in aluminum of this 
19th-century replica column and capital for a storefront. Photo: 

Advantages: 
• light weight (112 of cast-iron) 
• corrosion-resistant, non-combustible 
• intricate castings possible 
• easily assembled, good delivery time 
• can be prepared for a variety of 

colors 
• long life, durable, less brittle than 

cast iron 

Sharon C. Park, AlA. 

Disadvantages: 
• lower structural strength than 

cast-iron 
• difficult to prevent galvanic corrosion 

with other metals 
• greater expansion and contraction 

than cast-iron; requires gaskets or 
caulked joints 

• difficult to keep paint on aluminum 

Checklist: 
• Can existing be repaired or replaced 

in-kind? 
• How is cast aluminum to be 

attached? 
• Have full-size details been developed 

for each piece to be cast? 
• How are expansion joints detailed? 
• Will there be a galvanic corrosion 

problem? 
• Have factory finishes been protected 

during installation? 
• Are fabricators/installers experienced? 

The new cast aluminum storefront replaced the lost 19th-century cast-iron original. Photo: Sharon C. Park, AlA. 
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PROs and CONs of VARIOUS SUBSTITUTE MATERIALS 
Cast Stone (dry-tamped): 
Material: Cast stone is an almost-dry cement, lime and 
aggregate mixture which is dry-tamped into a mold to pro-
duce a dense stone-like unit. Confusion arises in the 
building industry as many refer to high quality precast 
concrete as cast stone. In fact, while it is a form of precast 
concrete, the dry-tamp fabrication method produces an 
outer surface ressembling a stone surface. The inner core 
can be either dry-tamped or poured full of concrete. 
Reinforcing bars and anchorage devices can be installed 
during fabrication . 
Application: Cast stone is often the most visually similar 
material as a replacement for unveined deteriorated stone, 
such as brownstone or sandstone, or terra cotta in imitation 
of stone. It is used both for surface wall stones and for 
ornamental features such as window and door surrounds, 
voussoirs, brackets and hoods. Rubber-like molds can be 
taken of good stones on site or made up at the factory from 
shop drawings. 

Dry-tamped cast stone can reproduce the sandy texture of some 
natural stones. Photo: Sharon C. Park, AlA. 

Advantages: 
• replicates stone texture with good 

molds (which can come from extant 
stone) and fabrication 

• expansion/contraction similar to stone 
• minimal shrinkage of material 
• anchors and reinforcing bars can be 

built in 
• material is fire-rated 
• range of color available 
• vapor permeable 

Disadvantages: 
• heavy units may require additional 

anchorage 
• color can fade in sunlight 
• may be more absorbent than natural 

stone 
• replacement stones are obvious if too 

few models and molds are made 

Glass Fiber Reinforced Concretes (GFRC) 
Material: Glass fiber reinforced concretes are lightweight 
concrete compounds modified with additives and reinforced 
with glass fibers. They are generally fabricated as thin 
shelled panels and applied to a separate structural frame or 
anchorage system. The GFRC is most commonly sprayed 
into forms although it can be poured. The glass must be 
alkaline resistant to avoid deteriorating effects caused by 
the cement mix. The color is derived from the natural ag-
gregates and if necessary a small percentage of added 
pigments. 

Checklist: 
• Are the original or similar materials 

available? 
• How are units to be installed and 

anchored? 
• Have performance standards been 

developed to ensure color stability? 
• Have large samples been delivered to 

site for color, finish and absorption 
testing? 

• Has mortar been matched to adjacent 
historic mortar to achieve a good 
color/tooling match? 

• Are fabricators/installers experienced? 

Application: Glass fiber reinforced concretes are used in 
place of features originally made of stone, terra cotta, metal 
or wood, such as cornices, projecting window and door 
trims, brackets, finials, or wall murals. As a molded pro-
duct it can be produced in long sections of repetitive 
designs or as sculptural elements. Because of its low 
shrinkage, it can be produced from molds taken directly 
from the building. It is installed with a separate non-
corrosive anchorage system. As a predominantly cemen-
titious material, it is vapor permeable. 

This glass fiber reinforced concrete sculptural wall panel will 
replace the seriously damaged resin and plaster original. A finely 
textured surface was achieved by spraying the GFRC mix into 
molds that were created from the historic panel and resculpted 
based on historic photographs. Photo: Courtesy of MJM Studios. 

Advantages: 
• lightweight, easily installed 
• good molding ability, crisp detail 

possible 
• weather resistant 
• can be left uncoated or else painted 
• little shrinkage during fabrication 
• molds made directly from historic 

features 
• cements generally breathable 
• material is fire-rated 

Disadvantages: 
• non-Ioadbearing use only 
• generally requires separate anchorage 

system 
• large panels must be reinforced 
• color additives may fade with 

sunlight 
• joints must be properly detailed 
• may have different absorption rate 

than adjacent historic material 

Checklist: 
• Are the original materials and crafts-

manship still available? 
• Have samples been inspected on the 

site to ensure detail/texture match? 
• Has anchorage system been properly 

designed? 
• Have performance standards been 

developed? 
• Are fabricators/installers experienced? 
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PROs and CONs of VARIOUS SUBSTITUTE MATERIALS 
Precast Concrete 
Material: Precast concrete is a wet mix of cement and ag-
gregate poured into molds to create masonry units . Molds 
can be made from existing good surfaces on the building. 
Color is generally integral to the mix as a natural coloration 
of the sand or aggregate, or as a small percentage of pig-
ment. To avoid unsightly air bubbles that result from the 
natural curing process, great care must be taken in the ini-
tial and long-term vibration of the mix. Because of its 
weight it is generally used to reproduce individual units of 
masonry and not thin shell panels. 
Application: Precast concrete is generally used in place of 
masonry materials such as stone or terra cotta. It is used 
both for flat wall surfaces and for textured or ornamental 
elements. This includes wall stones, window and door sur-
rounds, stair treads, paving pieces, parapets, urns, 
balusters and other decorative elements. It differs from cast 
stone in that the surface is more dependent on the textured 
mold than the hand tamping method of fabrication. 

Textured molds can produce a variety of high quality carved, 
quarried, and tooled surfaces in concrete. 
Photo: Sharon C. Park, ALA. 

Advantages: 
• easily fabricated, takes shape well 
• rubber molds can be made from 

building stones 
• minimal shrinkage of material 
• can be load bearing or anchorage can 

be cast in 
• expansion/contraction similar to stone 
• material is fire-rated 
• range of color and aggregate available 
• vapor permeable 

Fiber Reinforced Polymers-
Known as Fiberglass 

Disadvantages: 
• may be more moisture absorbent 

than stone although coatings may be 
applied 

• color fades in sunlight 
• heavy units may require additional 

anchorage 
• small air bubbles may disfigure units 
• replacement stones are conspicuous if 

too few models and molds are made 

Material: Fiberglass is the most well known of the FRP pro-
ducts generally produced as a thin rigid laminate shell 
formed by pouring a polyester or epoxy resin gel-coat into 
a mold. When tack-free, layers of chopped glass or glass 
fabric are added along with additional resins. ReinforCing 
rods and struts can be added if necessary; the gel coat can 
be pigmented or painted. 

Checklist: 
• Is the historic material still available? 
• What are the structural/anchorage 

requirements? 
• Have samples been matched for 

color/texture/absorption? 
• Have shop drawings been made for 

each shape? 
• Are there performance standards? 
• Has mortar been matched to adjacent 

historic mortar to achieve good 
color/tooling match? 

• Are fabricators/installers experienced? 

Application: Fiberglass, a non load-bearing material 
attached to a separate structural frame, is frequently used 
as a replacement where a lightweight element is needed or 
an inaccessible location makes frequent maintenance of 
historic materials difficult. Its good molding ability and ver-
satility to represent stone, wood, metal and terra cotta 
make it an alternative to ornate or carved building elements 
such as column capitals, bases, spandrel panels, 
beltcourses, balustrades, window hoods or parapets. Its 
ability to reproduce bright colors is a great advantage. 

A fiberglass cornice for the reconstruction of an 18th-century 
wooden clockcase is being lifted in pre-fabricated sections. The 
level of detail is intricate and cf high quality. Photo: Courtesy of 
Independence National Historical Park. 

Advantages: Disadvantages: 
• lightweight, long spans available with • requires separate anchorage system 

a separate structural frame • combustible (fire retardants can be 
• high ratio of strength to weight added); fragile to impact. 
• good molding ability • high co-efficient of expansion and 
• integral color with exposed high contraction requires frequently placed 

quality pigmented gel-coat or takes expansion joints 
paint well • ultra-violet sensitive unless surface is 

• easily installed, can be cut, patched, coated or pigments are in gel-coat 
sanded • vapor impermeability may require 

• non-corrosive, rot-resistant ventilation detail 

Checklist: 
• Can original materials be saved/used? 
• Have expansion joints been designed 

to avoid unsightly appearance? 
• Are there standards for color 

stability / durability? 
• Have shop drawings been made for 

each piece? 
• Have samples been matched for color 

and texture? 
• Are fabricators/installers experienced? 
• Do codes restrict use of FRP? 
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PROs and CONs of VARIOUS SUBSTITUTE MATERIALS 
Cast Stone (dry-tamped): 
Material: Cast stone is an almost-dry cement, lime and 
aggregate mixture which is dry-tamped into a mold to pro-
duce a dense stone-like unit. Confusion arises in the 
building industry as many refer to high quality precast 
concrete as cast stone. In fact, while it is a form of precast 
concrete, the dry-tamp fabrication method produces an 
outer surface ressembling a stone surface. The inner core 
can be either dry-tamped or poured full of concrete. 
Reinforcing bars and anchorage devices can be installed 
during fabrication . 
Application: Cast stone is often the most visually similar 
material as a replacement for unveined deteriorated stone, 
such as brownstone or sandstone, or terra cotta in imitation 
of stone. It is used both for surface wall stones and for 
ornamental features such as window and door surrounds, 
voussoirs, brackets and hoods. Rubber-like molds can be 
taken of good stones on site or made up at the factory from 
shop drawings. 

Dry-tamped cast stone can reproduce the sandy texture of some 
natural stones. Photo: Sharon C. Park, AlA. 

Advantages: 
• replicates stone texture with good 

molds (which can come from extant 
stone) and fabrication 

• expansion/contraction similar to stone 
• minimal shrinkage of material 
• anchors and reinforcing bars can be 

built in 
• material is fire-rated 
• range of color available 
• vapor permeable 

Disadvantages: 
• heavy units may require additional 

anchorage 
• color can fade in sunlight 
• may be more absorbent than natural 

stone 
• replacement stones are obvious if too 

few models and molds are made 

Glass Fiber Reinforced Concretes (GFRC) 
Material: Glass fiber reinforced concretes are lightweight 
concrete compounds modified with additives and reinforced 
with glass fibers. They are generally fabricated as thin 
shelled panels and applied to a separate structural frame or 
anchorage system. The GFRC is most commonly sprayed 
into forms although it can be poured. The glass must be 
alkaline resistant to avoid deteriorating effects caused by 
the cement mix. The color is derived from the natural ag-
gregates and if necessary a small percentage of added 
pigments. 

Checklist: 
• Are the original or similar materials 

available? 
• How are units to be installed and 

anchored? 
• Have performance standards been 

developed to ensure color stability? 
• Have large samples been delivered to 

site for color, finish and absorption 
testing? 

• Has mortar been matched to adjacent 
historic mortar to achieve a good 
color/tooling match? 

• Are fabricators/installers experienced? 

Application: Glass fiber reinforced concretes are used in 
place of features originally made of stone, terra cotta, metal 
or wood, such as cornices, projecting window and door 
trims, brackets, finials, or wall murals. As a molded pro-
duct it can be produced in long sections of repetitive 
designs or as sculptural elements. Because of its low 
shrinkage, it can be produced from molds taken directly 
from the building. It is installed with a separate non-
corrosive anchorage system. As a predominantly cemen-
titious material, it is vapor permeable. 

This glass fiber reinforced concrete sculptural wall panel will 
replace the seriously damaged resin and plaster original. A finely 
textured surface was achieved by spraying the GFRC mix into 
molds that were created from the historic panel and resculpted 
based on historic photographs. Photo: Courtesy of MJM Studios. 

Advantages: 
• lightweight, easily installed 
• good molding ability, crisp detail 

possible 
• weather resistant 
• can be left uncoated or else painted 
• little shrinkage during fabrication 
• molds made directly from historic 

features 
• cements generally breathable 
• material is fire-rated 

Disadvantages: 
• non-Ioadbearing use only 
• generally requires separate anchorage 

system 
• large panels must be reinforced 
• color additives may fade with 

sunlight 
• joints must be properly detailed 
• may have different absorption rate 

than adjacent historic material 

Checklist: 
• Are the original materials and crafts-

manship still available? 
• Have samples been inspected on the 

site to ensure detail/texture match? 
• Has anchorage system been properly 

designed? 
• Have performance standards been 

developed? 
• Are fabricators/installers experienced? 
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PROs and CONs of VARIOUS SUBSTITUTE MATERIALS 
Precast Concrete 
Material: Precast concrete is a wet mix of cement and ag-
gregate poured into molds to create masonry units . Molds 
can be made from existing good surfaces on the building. 
Color is generally integral to the mix as a natural coloration 
of the sand or aggregate, or as a small percentage of pig-
ment. To avoid unsightly air bubbles that result from the 
natural curing process, great care must be taken in the ini-
tial and long-term vibration of the mix. Because of its 
weight it is generally used to reproduce individual units of 
masonry and not thin shell panels. 
Application: Precast concrete is generally used in place of 
masonry materials such as stone or terra cotta. It is used 
both for flat wall surfaces and for textured or ornamental 
elements. This includes wall stones, window and door sur-
rounds, stair treads, paving pieces, parapets, urns, 
balusters and other decorative elements. It differs from cast 
stone in that the surface is more dependent on the textured 
mold than the hand tamping method of fabrication. 

Textured molds can produce a variety of high quality carved, 
quarried, and tooled surfaces in concrete. 
Photo: Sharon C. Park, ALA. 

Advantages: 
• easily fabricated, takes shape well 
• rubber molds can be made from 

building stones 
• minimal shrinkage of material 
• can be load bearing or anchorage can 

be cast in 
• expansion/contraction similar to stone 
• material is fire-rated 
• range of color and aggregate available 
• vapor permeable 

Fiber Reinforced Polymers-
Known as Fiberglass 

Disadvantages: 
• may be more moisture absorbent 

than stone although coatings may be 
applied 

• color fades in sunlight 
• heavy units may require additional 

anchorage 
• small air bubbles may disfigure units 
• replacement stones are conspicuous if 

too few models and molds are made 

Material: Fiberglass is the most well known of the FRP pro-
ducts generally produced as a thin rigid laminate shell 
formed by pouring a polyester or epoxy resin gel-coat into 
a mold. When tack-free, layers of chopped glass or glass 
fabric are added along with additional resins. ReinforCing 
rods and struts can be added if necessary; the gel coat can 
be pigmented or painted. 

Checklist: 
• Is the historic material still available? 
• What are the structural/anchorage 

requirements? 
• Have samples been matched for 

color/texture/absorption? 
• Have shop drawings been made for 

each shape? 
• Are there performance standards? 
• Has mortar been matched to adjacent 

historic mortar to achieve good 
color/tooling match? 

• Are fabricators/installers experienced? 

Application: Fiberglass, a non load-bearing material 
attached to a separate structural frame, is frequently used 
as a replacement where a lightweight element is needed or 
an inaccessible location makes frequent maintenance of 
historic materials difficult. Its good molding ability and ver-
satility to represent stone, wood, metal and terra cotta 
make it an alternative to ornate or carved building elements 
such as column capitals, bases, spandrel panels, 
beltcourses, balustrades, window hoods or parapets. Its 
ability to reproduce bright colors is a great advantage. 

A fiberglass cornice for the reconstruction of an 18th-century 
wooden clockcase is being lifted in pre-fabricated sections. The 
level of detail is intricate and cf high quality. Photo: Courtesy of 
Independence National Historical Park. 

Advantages: Disadvantages: 
• lightweight, long spans available with • requires separate anchorage system 

a separate structural frame • combustible (fire retardants can be 
• high ratio of strength to weight added); fragile to impact. 
• good molding ability • high co-efficient of expansion and 
• integral color with exposed high contraction requires frequently placed 

quality pigmented gel-coat or takes expansion joints 
paint well • ultra-violet sensitive unless surface is 

• easily installed, can be cut, patched, coated or pigments are in gel-coat 
sanded • vapor impermeability may require 

• non-corrosive, rot-resistant ventilation detail 

Checklist: 
• Can original materials be saved/used? 
• Have expansion joints been designed 

to avoid unsightly appearance? 
• Are there standards for color 

stability / durability? 
• Have shop drawings been made for 

each piece? 
• Have samples been matched for color 

and texture? 
• Are fabricators/installers experienced? 
• Do codes restrict use of FRP? 
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PROs and CONs of VARIOUS SUBSTITUTE MATERIALS 

Epoxies (Epoxy Concretes, Polymer Concretes): 
Material: Epoxy is a resinous two-part thermo-setting 
material used as a consolidant, an adhesive, a patching 
compound, and as a molding resin. It can repair damaged 
material or recreate lost features. The resins which are 
poured into molds are usually mixed with fillers such as 
sand, or glass spheres, to lighten the mix and modify their 
expansion/contraction properties. When mixed with ag-
gregates, such as sand or stone chips, they are often called 
epoxy concrete or polymer concrete, which is a misnomer 
as there are no cementitious materials contained within the 
mix. Epoxies are vapor impermeable, which makes detailing 
of the new elements extremely important so as to avoid 
trapping moisture behind the replacement material. It can 
be used with wood, stone, terra cotta, and various metals. 
Application: Epoxy is one of the most versatile of the new 
materials. It can be used to bind together broken fragments 
of terra cotta; to build up or infill missing sections of or-
namental metal; or to cast missing elements of wooden or-
naments. Small cast elements can be attached to existing 
materials or entire new features can be cast. The resins are 
poured into molds and due to the rapid setting of the 
material and the need to avoid cracking, the molded units 
are generally small or hollow inside. Multiple molds can be 
combined for larger elements. With special rods, the epox-
ies can be structurally reinforced. Examples of epoxy 
replacement pieces include: finials, sculptural details, small 
column capitals, and medallions. 

This replica column capital was made using epoxy resins poured 
into a mold taken from the building. The historic wooden column 
shaft was repaired during the restoration. Photo: Courtesy Dell 
Corporation. 

Advantages: 
• can be used for repair/replacement 
• lightweight, easily installed 
• good casting ability; molds can be 

taken from building 
• material can be sanded and carved. 
• color and ultra-violet screening can 

be added; takes paint well 
• durable, rot and fungus resistant 

Disadvantages: 
• materials are flammable and generate 

heat as they cure and may be toxic 
when burned 

• toxic materials require special protec-
tion for operator and adequate venti-
lation while curing 

• material may be subject to ultra-violet 
deterioration unless coated or filters 
added 

• rigidity of material often must be 
modified with fillers to match expan-
sion coefficients 

• vapor impermeable 

Checklist: 
• Are historic materials available for 

molds, or for splicing-in as a repair 
option? 

• Has the epoxy resin been formulated 
within the expansion/contraction coef-
ficients of adjacent materials? 

• Have samples been matched for 
color/finish? 

• Are fabricators/installers experienced? 
• Is there a sound sub-strate of material 

to avoid deterioration behind new 
material? 

• Are there performance standards? 

Columns were repaired and a capital was replaced in epoxy on this 19th-century 2-story porch. Photo: Dell Corporation 
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Architectural Character: 
Identifying the Visual Aspects of 
Historic Buildings as an Aid to 
Preserving Their Character 
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Cultural Resources 

Heritage Preservation Services 

The Secretary of the Interior's "Standards for Historic Preservation Projects" embody two important goals: 1) the preservation of 
historic materials and, 2) the preservation of a building's distinguishing character. Every old building is unique, with its own identity 
and its own distinctive character. Character refers to all those visual aspects and physical features that comprise the appearance of 
every historic building. Character-defining elements include the overall shape of the building, its materials, craftsmanship, decorative 
details, interior spaces and features, as well as the various aspects of its site and environment. 

The purpose of this Brief is to help the owner or the 
architect identify those features or elements that give 
the building its visual character and that should be taken 
into account in order to preserve them to the max-
imum extent possible. 

There are different ways of understanding old 
buildings. They can be seen as examples of specific 
building types, which are usually related to a building's 
function, such as schools, courthouses or churches. 
Buildings can be studied as examples of using specific 
materials such as concrete, wood, steel, or limestone. 
They can also be considered as examples of an 
historical period, which is often related to a specific ar-
chitectural style, such as Gothic Revival farmhouses, 
one-story bungalows, or Art Deco apartment buildings. 

There are many other facets of an historic building 
besides its functional type, its materials or construction 
or style that contribute to its historic qualities or 
significance. Some of these qualities are feelings con-
veyed by the sense of time and place or in buildings 
associated with events or people. A complete 
understanding of any property may require documen-
tary research about its style, construction, function, its 
furnishings or contents; knowledge about the original 
builder, owners, and later occupants; and knowledge 
about the evolutionary history of the building. Even 
though buildings may be of historic, rather than ar-
chitectural significance, it is their tangible elements that 
embody its significance for association with specific 
events or persons and it is those tangible elements both 
on the exterior and interior that should be preserved. 

Therefore, the approach taken in this Brief is limited 
to identifying those visual and tangible aspects of the 
historic building. While this may aid in the planning 
process for carrying out any ongoing or new use or 
restoration of the building, this approach is not a 

substitute for developing an understanding about the 
significance of an historic building and the district in 
which it is located. 

If the various materials, features and spaces that give 
a building its visual character are not recognized and 
preserved, then essential aspects of its character may be 
damaged in the process of change. 

A building's character can be irreversibly damaged or 
changed in many ways, for example, by inappropriate 
repointing of the brickwork, by removal of a distinctive 
side porch, by changes to the window sash, by 
changes to the setting around the building, by changes 
to the major room arrangements, by the introduction of 
an atrium, by painting previously unpainted wood-
work, etc. 

A Three-Step Process to Identify A 
Building's Visual Character 
This Brief outlines a three-step approach that can be 
used by anyone to identify those materials, features 
and spaces that contribute to the visual character of a 
building. This approach involves first examining the 
building from afar to understand its overall setting and 
architectural context; then moving up very close to ap-
preciate its materials and the craftsmanship and surface 
finishes evident in these materials; and then going into 
and through the building to perceive those spaces, 
rooms and details that comprise its interior visual 
character. 

Step 1: Identify the Overall Visual Aspects 
Identifying the overall visual character of a building is 
nothing more than looking at its distinguishing physical 
aspects without focusing on its details. The major con-
tributors to abuilding's overall character are embodied 



in the general aspects of its setting; the shape of the 
building; its roof and roof features, such as chimneys or 
cupolas; the various projectiolls on the building, such as 
porches or bay windows; the recesses or voids in a 
building, such as open galleries, arcades, or recessed 
balconies; the openillgs for windows and doorways; and 
finally the various exterior materials that contribute to 
the building's character. Step one involves looking at 
the building from a distance to understand the 
character of its site and setting, and it involves walking 
around the building where that is possible. Some 
buildings will have one or more sides that are more 
important than the others because they are more highly 
visible. This does not mean that the rear of the 
building is of no value whatever but it simply means 
that it is less important to the overall character. On the 
other hand, the rear may have an interesting back 
porch or offer a private garden space or some other 
aspect that may contribute to the visual character. Such 
a general approach to looking at the building and site 
will provide a better understanding of its overall 
character without having to resort to an infinitely long 
checklist of its possible features and details. Regardless 
of whether a building is complicated or relatively plain, 
it is these broad categories that contribute to an 
understanding of the overall character rather than the 
specifics of architectural features such as moldings and 
their profiles. 
Step 2: Identify the Visual Character at Close Range 
Step two involves looking at the building at close range 
or arm's length, where it is possible to see all the sur-
face qualities of the materials, such as their-color and 
texture, or surface evidence of craftsmanship or age. In 
some instances, the visual character is the result of the 
juxtaposition of materials that are contrastingly different 
in their color and texture. The surface qualities of the 
materials may be important because they impart the 
very sense of craftsmanship and age that distinguishes 
historic buildings from other buildings. Furthermore, 
many of these close up qualities can be easily damaged 
or obscured by work that affects those surfaces. Ex-
amples of this could include painting previously un-
painted masonry, rotary disk sanding of smooth wood 
siding to remove paint, abrasive cleaning of tooled 
stonework, or repointing reddish mortar joints with 
gray portland cement. 

There is an almost infinite variety of surface 
materials, textures and finishes that are part of a 
building's character which are fragile and easily lost. 
Step 3: Identify the Visual Character of the Interior 
Spaces, Features and Finishes 
Perceiving the character of interior spaces can be 
somewhat more difficult than dealing with the exterior. 

In part, this is because so much of the exterior can be 
seen at one time and it is possible to grasp its essential 
character rather quickly. To understand the interior 
character, it is necessary to move through the spaces 
one at a time. While it is not difficult to perceive the 
character of one individual room, it becomes more dif-
ficult to deal with spaces that are interconnected and 
interrelated. Sometimes, as in office buildings, it is the 
vestibules or lobbies or corridors that are important to 
the interior character of the building. With other groups 
of buildings the visual qualities of the interior are 
related to the plan of the building, as in a church with 
its axial plan creating a narrow tunnel-like space which 
obviously has a different character than an open space 
like a sports pavilion. Thus the shape of the space may 
be an essential part of its character. With some 
buildings it is possible to perceive that there is a visual 
linkage in a sequence of spaces, as in a hotel, from the 
lobby to the grand staircase to the ballroom. Closing off 
the openings between those spaces would change the 
character from visually linked spaces to a series of 
closed spaces. For example, in a house that has a front 
and back parlor linked with an open archway, the two 
rooms are perceived together, and this visual relation-
ship is part of the character of the building. To close 
off the open archway would change the character of 
such a residence. 

The importance of interior features and finishes to 
the character of the building should not be overlooked. 
In relatively simple rooms, the primary visual aspects 
may be in features such as fireplace mantels, lighting 
fixtures or wooden floors. In some rooms, the absolute 
plainness is the character-defining aspect of the interior. 
So-called secondary spaces also may be important in 
their own way, from the standpoint of history or 
because of the family activities that occurred in those 
rooms. Such secondary spaces, while perhaps 
historically significant, are not usually perceived as im-
portant to the visual character of the building. Thus we 
do not take them into account in the visual 
understanding of the building. 

Conclusion 

Using this three-step approach, it is possible to conduct 
a walk through and identify all those elements and 
features that help define the visual character of the 
building. In most cases, there are a number of aspects 
about the exterior and interior that are important to the 
character of an historic building. The visual emphasis of 
this brief will make it possible to ascertain those things 
that should be preserved because their loss or alteration 
would diminish or destroy aspects of the historic 
character whether on the outside, or on the inside of 
the building. 
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Overall Visual Character: Shape 
The shape of a building can be an important aspect of its 
overall visual character. The building illustrated here, for ex-
ample, has a distinctive horizontal box-like shape with the 
middle portion of the box projecting up an extra story. This 
building has other visual aspects that help define its overall 
character, including the pattern of vertical bands of win-
dows, the decorative horizontal bands which separate the 
base of the building from the upper floors, the dark brown 
color of the brick, the large arched entranceway, and the 
castle-like tower behind the building. 

Overall Visual Character: Openings 
Window and door openings can be important to the overall 
visual character of historic buildings. This view shows only 
part of a much larger building, but the windows clearly help 
define its character, partly because of their shape and 
rhythm: the upper floor windows are grouped in a 4,3,4,1,4 
rhythm, and the lower floor windows are arranged in a 
regular 1,1,1, ... rhythm. The individual windows are tall, 
narrow and arched, and they are accented by the different 
colored arched heads, which are connected where there are 
multiple windows so that the color contrast is a part of its 
character. If additional windows were inserted in the gap of 
the upper floors, the character would be much changed, as 
it would if the window heads were painted to match the 
color of the brick walls. Photo by Susan 1. Dynes 

Overall Visual Character: Shape 
It should not be assumed that only large or unusual 
buildings have a shape that is distinctive or identifiable. The 
front wall of this modest commercial building has a simple 
three-part shape that is the controlling aspect of its overall 
visual character. It consists of a large center bay with a two 
story opening that combines the storefront and the windows 
above. The upward projecting parapet and the decorative 
stonework also relate to and emphasize its shape. The flank-
ing narrow bays enframe the side windows and the small 
iron balconies, and the main entrance doorway into the 
store. Any changes to the center portion of this three-part 
shape, could drastically affect the visual character of this 
building. Photo by Emogene A. Bevitt 

Overall Visual Character: Openings 

The opening illustrated here dominates the visual character 
of this building because of its size, shape, location, materials, 
and craftsmanship. Because of its relation to the generous 
staircase, this opening places a strong emphasis on the prin-
cipal entry to the building. Enclosing this arcade-like entry 
with glass, for example, would materially and visually 
change the character of the building. Photo by Lee H . 
Nelson. 
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Overall Visual Character: Roof and Related Features 
This building has a number of character-defining aspects 
which include the windows and the decorative stonework, 
but certainly the roof and its related features are visually im-
portant to its overall visual character. The roof is not only 
highly visible, it has elaborate stone dormers, and it also has 
decorative metalwork and slatework. The red and black 
slates of differing sizes and shapes are laid in patterns that 
extend around the roof of this large and freestanding 
building. Any changes to this patterned slatework, or to the 
other roofing details would damage the visual character of 
the building. Photo by Laurie R. Hammel 

Overall Visual Character: Roof and Related Features 
On this building, the most important visual aspects of its 
character are the roof and its related features such as the 
dormers and chimneys. The roof is important to the visual 
character because its steepness makes it highly visible, and 
its prominence is reinforced by the patterned tinwork, the 
six dormers and the two chimneys. Changes to the roof or 
its features, such as removal or alterations to the dormers, 
for example, would certainly change the character of this 
building. This does not discount the importance of its other 
aspects, such. as the porch, the windows, the brickwork, or 
its setting; but the roof is clearly crucial to understanding the 
overall visual character of this building as seen from a 
distance. Photo by Lee H . Nelson 
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Overall Visual Character: Projections 
A projecting porch or balcony can be very important to the 
overall visual character of almost any building and to the 
district in which it is located. Despite the size of this 
building (3 1/2 stories), and its distinctive roofline profile, 
and despite the importance of the very large window open-
ings, the lacy wrap-around iron balcony is singularly impor-
tant to the visual character of this building. It would 
seriously affect the character to remove the balcony, to 
enclose it, or to replace it with a balcony lacking the same 
degree of detail of the original material. Photo by Baird M. 
Smith 



Overall Visual Character: Projections 
Since these are row houses, any evaluation of their visual 
exterior character is necessarily limited to the front and rear 
walls; and while there are a number of things competing for 
attention in the front, it is the half round projecting bays 
with their conical roofs that contribute most prominently to 
the visual character. Their removal would be a devastating 
loss to the overall character, but even if preserved, the 
character could be easily damaged by changes to their color 
(as seen in the left bay which has been painted a dark 
color), or changes to their windows, or changes to their tile 
roofs . Though these houses have other fine features that 
contribute to the visual character and are worthy of preser-
vation, these half-round bays demonstrate the importance of 
projecting features on an already rich and complex facade . 
Because of the repetitive nature of these projecting bays on 
adjacent row houses, along with the buildings' size, scale, 
openings, and materials, they also contribute to the overall 
visual character of the streetscape in the historic district. Any 
evaluation of the visual character of such a building should 
take into account the context of this building within the 
district. Photo by Lee H . Nelson 

Overall Visual Character: Projections 
Many buildings have projecting features such as porches, 
bay windows, or overhanging roofs, that help define their 
overall visual character. This projecting porch because of its 
size and shape, and because it copies the pitch and material 
of the main roof, is an important contributor to the visual 
character of this simple farmhouse. The removal or alteration 
of this porch would drastically alter the character of this 
building. If the porch were enclosed with wood or glass, or 
if gingerbread brackets were added to the porch columns, if 
the tin roof was replaced with asphalt, or if the porch railing 
was opened to admit a center stairway, the overall visual 
character could be seriously damaged. Although this project-
ing porch is an important feature, almost any other change 
to this house, such as changes to the window pattern, or 
changes to the main roof, or changes to the setting, would 
also change its visual character. Photo by Hugh C. Miller 

Overall Visual Character: Trim 
If one were to analyze the overall shape or form of this 
building, it would be seen that it is a gable-roofed house 
with dormers and a wrap-around porch. It is similar to 
many other houses of the period. It is the wooden trim on 
the eaves and around the porch that gives this building its 
own identify and its special visual character. Although such 
wooden trim is vulnerable to the elements, and must be 
kept painted to prevent deterioration; the loss of this trim 
would seriously damage the overall visual character of this 
building, and its loss would obliterate much of the close-up 
visual character so dependent upon craftsmanship for the 
moldings, carvings, and the see-through jigsaw work. Photo 
by Hugh C. Miller 
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Overall Visual Character: Setting 
In the process of identifying the overall visual character, the 
aspect of setting should not be overlooked. Obviously, the 
setting of urban row houses differs from that of a mansion 
with a designed landscape. However, there are many in-
stances where the relationship between the building and its 
place on the streetscape, or its place in the rural environ-
ment, in other words its setting, may be an important con-
tributor to its overall character . 

In this instance, the comer tower and the arched entryway 
are important contributors to the visual character of the 
building itself, but there is also a relationship between the 
building and the two converging streets that is also an im-
portant aspect of this historic building. The curb, sidewalk, 
fence, and the yard interrelate with each other to establish a 
setting that is essential to the overall visual character of the 
historic property. Removing these elements or replacing 
them with a driveway or parking court would destroy an 
important visual aspect. Photo by Lee H. Nelson 

Overall Visual Character: Setting 
Even architecturally modest buildings frequently will have a 
setting that contributes to their overall character. In this very 
urban district, set-backs are the exception, so that the small 
front yard is something of a luxury, and it is important to 
the overall character because of its design and materials, 
which include the iron fence along the sidewalk, the curved 
walk leading to the porch, and the various plantings. In a 
district where parking spaces are in great demand, such 
front yards are sometimes converted to off-street parking, 
but in this instance, that would essentially destroy its setting 
and would drastically change the visual character of this 
historic property. Photo by Lee H . Nelson 
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Overall Visual Character: Setting 
Among the various visual aspects relating to the setting of 
an historic property are such site features as gardens, walks, 
fences, etc. This can include their design and materials . 
There is a dramatic difference in the visual character be-
tween these two fence constructions-one utilizing found 
materials with no particular regard to their uniformity of size 
or placement, and the other being a product of the machine 
age utilizing cast iron components assembled into a pattern 
of precision and regularity. If the corral fence were to be 
repaired or replaced with lumberyard materials its character 
would be dramatically compromised. The rhythm and 
regularity of the cast iron fence is so important to its visual 
character that its character could be altered by accidental 
damage or vandalism, if some of the fence top spikes were 
broken off thus interrupting the rhythm or pattern. Photos 
by Lee H . Nelson 



Arm's Length Visual Character: Materials 
At arm's length, the visual character is most often deter-

mined by the surface qualities of the materials and crafts-
manship; and while these aspects are often inextricably 
related, the original choice of materials often plays the domi-
nant role in establishing the close-range character because of 
the color, texture, or shape of the materials. 

In this instance, the variety and arrangement of the 
materials is important in defining the visual character, start-
ing with the large pieces of broken stone which form the 
projecting base for the building walls, then changing to a 
wall of roughly rectangular stones which vary in size, color, 
and texture, all with accentuated, projecting beads of mortar, 
then there is a rather precise and narrow band of cut and 
dressed stones with minimal mortar joints, and finally, the 
main building walls are composed of bricks, rather uniform 
in color, with fairly generous mortar joints. It is the jux-
taposition and variety of these materials (and of course, the 
craftsmanship) that is very important to the visual character. 
Changing the raised mortar joints, for example, would 
drastically alter the character at arm's length. Photo by Lee 
H. Nelson 

Ann's Length Visual Character: Craft Details 
There are many instances where craft details dominate the 
arm's length visual character. As seen here, the craft details 
are especially noticeable because the stones are all of a 
uniform color, and they are all squared off, but their sur-
faces were worked with differing tools and techniques to 
create a great variety of textures, resulting in a tour-de-force 
of craft details. This texture is very important at close range. 
It was a deliberately contrived surface that is an important 
contributor to the visual character of this building. Photo by 
Lee H. Nelson 

Arm's Length Visual Character: Craft Details 
The arm's length visual character of this building is a com-
bination of the materials and the craft details. Most of the 
exterior walls of this building consist of early 20th century 
Roman brick, precisely made, unusually long bricks, in vary-
ing shades of yellow-brown, with a noticeable surface spot-
ting of dark iron pyrites. While this brick is an important 
contributor to the visual character, the related craft details 
are perhaps more important, and they consist of: unusually 
precise coursing of the bricks, almost as though they were 
laid up using a surveyor's level; a row of recessed bricks 
every ninth course, creating a shadow pattern on the wall; 
deeply recessed mortar joints, creating a secondary pattern 
of shadows; and a toothed effect where the bricks overlap 
each other at the corner of the building. The cumulative ef-
fect of this artisanry is important to the arm's length visual 
character, and it is evident that it would be difficult to match 
if it were damaged, and the effect could be easily damaged 
through insensitive treatments such as painting the 
brickwork or by careless repointing. Photo by Lee H. Nelson 
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Arm's Length Visual Character: Craft Details 
On some buildings, there are subtle aspects of visual 
character that cannot be perceived from a distance . This is 
especially true of certain craft details that can be seen only 
at close range. On this building, it is easily understood that 
!he narrow, unpainted, and weathered clapboards are an 
Important aspect of its overall visual character; but at close 
rang: there are a. number of subtle but very important craft 
details that contnbute to the handmade quality of this 
building, and which clearly differentiate it from a building 
with machine sawn clapboards. The clapboards seen here 
were split by hand and the bottom edges were not dressed, 
so that the boards vary in width and thickness, and thus 
they a very uneven pattern. Because they 
were splIt from oak that IS unpainted, there are occasional 
wa':'Y rays .in the wood that stand against the grain. Also 
notIceable IS the fact that the boards are of relatively short 
lengths, and that ends that overlap 
each a detail IS very different from butted joints. 
The occasIOnal large nail heads and the differential silver-
gray weathering add to the random quality of the clap-
boards. All of these qualities contribute to the arm's length 
visual character. Photo by Lee H. Nelson 
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Arm's Length Visual Character: Craft Details 
While hand-split clapboards are distinctive visual elements 

their way, machine-sawn and painted wood siding 
IS equally Important to the overall visual character in most 
other instances. At arm's length, however, the machine 
sawn siding may not be so distinctive; but there might be 
other details that add visual character to the wooden 
building, such as the details of wooden trim and louvered 
shutters around the windows (as seen here), or similar sur-
face textures on other buildings, such as the saw marks on 
wall shingles, the joints in leaded glass, decorative tinwork 
on a rain conductor box, the rough surface of pebble-dash 
stuccowork, or the pebbly surface of exposed aggregate 
concrete. Such surfaces can only be seen at arm's length 
and they add to the visual character of a historic building. 
Photo by Hugh C. Miller 

Interior Visual Character: Individually Important Spaces 
In assessing the interior visual character of any historic 
building, it is necessary to ask whether there are spaces 
that are important to the character of this particular 
building, whether the building is architecturally rich or 
modest, or even if it is a simple or utilitarian structure. 
. The character .of the individually important space which is 
illustrated here IS a combination of its size, the twin curv-
ing staircases, the massive columns and curving vaulted 
ceilings, in addition to the quality of the materials in the 
floor and in the stairs. If the ceiling were to be lowered to 
provide space for heating ducts, or if the stairways were to 
be enclosed for code reasons, the shape and character of 
this space .would be damaged, even if there was no perma-
n:nt phySIcal damage. Such changes can easily destroy the 
vIsual of an individually important interior space. 
Thus., It IS Important that the visual aspects of abuilding's 
mtenor character be recognized before planning any 
changes or alterations. Photo by National Portrait Gallery 



Interior Visual Character: Related Spaces 
Many buildings have interior spaces that are visually or 
physically related so that, as you move through them, they 
are perceived not as separate spaces, but as a sequence of 
related spaces that are important in defining the interior 
character of the building. The example which is illustrated 
here consists of three spaces that are visually linked to each 
other. 
The first of these spaces is the vestibule which is of a 
generous size and unusual in its own right, but more im-
portant, it visually relates to the second space which is the 
main stairhall. 
The hallway is the circulation artery for the building, and 
leads both horizontally and vertically to other rooms and 
spaces, but especially to the open and inviting stairway. 
The stairway is the third part of this sequence of related 
spaces, and it provides continuing access to the upper 
floors. 
These related spaces are very important in defining the in-
terior character of this building. Almost any change to these 
spaces, such as installing doors between the vestibule and 
the hallway, or enclosing the stair would seriously impact 
their character and the way that character is perceived . Top 
photo by Mel Chamowitz, others by John Tennant 

Interior Visual Character: Interior Features 
Interior features are three-dimensional building elements or 
architectural details that are an integral part of the building 
as opposed to furniture . Interior features are often impor-
tant in defining the character of an individual room or 
space. In some instances, an interior feature, like a large 
and ornamental open stairway may dominate the visual 
character of an entire building. In other instances, a modest 
iron stairway (like the one illustrated here) may be an im-
portant interior feature, and its preservation would be 
crucial to preserving the interior character of the building. 
Such features can also include the obvious things like 
fireplace mantles, plaster ceiling medallions, or panelling, 
but they also extend to features like hardware, lighting fix-
tures, bank tellers cages, decorative elevator doors, etc . 
Photo by David W. Look 
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Interior Visual Character: Interior Features 
Modern heating or cooling devices usually add little to the 
interior character of a building; but historically, radiators, 
for instance, may have contributed to the interior character 
by virtue of their size or shape, or because of their specially 
designed bases, piping, and decorative grillage or 
enclosures. Sometimes they were painted with several col-
ors to highlight their integral, cast-in details. In more recent 
times, it has been common to overpaint and conceal such 
distinctive aspects of earlier heating and plumbing devices, 
so that we seldom have the opportunity to realize how 
important they can be in defining the character of interior 
rooms and spaces. For that reason, it is important to iden-
tify their character-defining potential, and consider their 
preservation, retention, or restoration. Photo by David W. 
Look 

Interior Visual Character: Surface Materials and Finishes 
When identifying the visual character of historic interior 
spaces one should not overlook the importance of those 
materials and finishes that comprise the surfaces of walls, 
floors and ceilings. The surfaces may have evidence of 
either hand-craft or machine-made products that are impor-
tant contributors to the visual character, including patterned 
or inlaid designs in the wood flooring, decorative painting 
practices such as stenciling, imitation marble or wood grain, 
wallpapering, tinwork, tile floors, etc. 

The example illustrated here involves a combination of 
real marble at the base of the column, imitation marble pat-
terns on the plaster surface of the column (a practice called 
scagliola), and a tile floor surface that uses small mosaic 
tiles arranged to form geometric designs in several different 
colors. While such decorative materials and finishes may be 
important in defining the interior visual character of this 
particular building, it should be remembered that in much 
more modest buildings, the plainness of surface materials 
and finishes may be an essential aspect of their historic 
character. Photo by Lee H. Nelson 
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Fragility of A Building's Visual Character 
Some aspects of a building's visual character are fragile and 
are easily lost. This is true of brickwork, for example, 
which can be irreversibly damaged with inappropriate 
cleaning techniques or by Insensitive repointing practices. 
At least two factors are important contributors to the visual 
character of brickwork, namely the brick itself and the 
craftsmanship. Between these, there are many more aspects 
worth noting, such as color range of bricks, size and shape 
variations, texture, bonding patterns, together with the 
many variable qualities of the mortar joints, such as color, 
width of joint and tooling. These qualities could be easily 
damaged by painting the brick, by raking out the joint with 
power tools, or rep ointing with a joint that is too wide. As 
seen here during the process of repointing, the visual 
character of this front wall is being dramatically changed 
from a wall where the bricks predominate, to a wall that is 
visually dominated by the mortar joints. Photo by Lee H. 
Nelson 
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The Architectural Character Checklist! Questionnaire 

Lee H. Nelson, FAIA 
National Park Service 

This checklist can be taken to the building and used to identify those aspects that give the building and setting its 
essential visual qualities and character. This checklist consists of a series of questions that are designed to help in 
identifying those things that contribute to a building's character. The use of this checklist involves the three-step 
process of looking for : 1) the overall visual aspects, 2) the visual character at close range, and 3) the visual 
character of interior spaces, features and finishes. 

Because this is a process to identify architectural character, it does not address those intangible qualities that give 
a property or building or its contents its historic significance, instead this checklist is organized on the assumption 
that historic significance is embodied in those tangible aspects that include the building's setting, its form and 
fabric. 

Step One 

1. Shape 
What is there about the form or shape of the building that 
gives the building its identity? Is the shape distinctive in 
relation to the neighboring buildings? Is it simply a low, 
squat box, or is it a tall, narrow building with a corner 
tower? Is the shape highly consistent with its neighbors? Is 
the shape so complicated because of wings, or ells, or dif-
ferences in height, that its complexity is important to its 
character? Conversely, is the shape so simple or plain that 
adding a feature like a porch would change that character? 
Does the shape convey its historic function as in smoke 
stacks or silos? 
Notes on the Shape or Form of the Building: 

2. Roof and Roof Features 
Does the roof shape or its steep (or shallow) slope con-
tribute to the building's character? Does the fact that the 
roof is highly visible (or not visible at all) contribute to the 
architectural identity of the building? Are certain roof 
features important to the profile of the building against the 
sky or its background, such as cupolas, multiple chimneys, 
dormers, cresting, or weathervanes? Are the roofing 
materials or their colors or their patterns (such as patterned 
slates) more noticeable than the shape or slope of the roof? 
Notes on the Roof and Roof Features: 

3. Openings 
Is there a rhythm or pattern to the arrangement of win-
dows or other openings in the walls; like the rhythm of 
windows in a factory building, or a three-part window in 
the front bay of a house; or is there a noticeable relation-
ship between the width of the window openings and the 
wall space between the window openings? Are there 
distinctive openings, like a large arched entranceway, or 
decorative window lintels that accentuate the importance of 
the window openings, or unusually shaped windows, or 
patterned window sash, like small panes of glass in the 
windows or doors, that are important to the character? Is 
the plainness of the window openings such that adding 
shutters or gingerbread trim would radically change its 
character? Is there a hierarchy of facades that make the 
front windows more important than the side windows? 
What about those walls where the absence of windows 
establishes its own character? 
Notes on the Openings: 

4. Projections 
Are there parts of the building that are character-defining 
because they project from the walls of the building like 
porches, cornices, bay windows, or balconies? Are there 
turrets, or widely overhanging eaves, projecting pediments 
or chimneys? 
Notes on the Projections: 

5. Trim and Secondary Features 
Does the trim around the windows or doors contribute to 
the character of the building? Is there other trim on the 
walls or around the projections that, because of its decora-
tion or color or patterning contributes to the character of 
the building? Are there secondary features such as shutters, 
decorative gables, railings, or exterior wall panels? 

Notes on the Trim and Secondary Features: 

6. Materials 
Do the materials or combination of materials contribute to 
the overall character of the building as seen from a distance 
because of their color or patterning, such as broken faced 
stone, scalloped wall shingling, rounded rock foundation 
walls, boards and battens, or textured stucco? 
Notes on the Materials: 

7. Setting 
What are the aspects of the setting that are important to 
the visual character? For example, is the alignment of 
buildings along a city street and their relationship to the 
sidewalk the essential aspect of its setting? Or, conversely, 
is the essential character dependent upon the tree plantings 
and out buildings which surround the farmhouse? Is the 
front yard important to the setting of the modest house? Is 
the specific site important to the setting such as being on a 
hilltop, along a river, or, is the building placed on the site 
in such a way to enhance its setting? Is there a special rela-
tionship to the adjoining streets and other buildings? Is 
there a view? Is there fencing, planting, terracing, 
walkways or any other landscape aspects that contribute to 
the setting? 
Notes on the Setting: 
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Step Two 

8. Materials at Close Range 
Are there one or more materials that have an inherent tex-
ture that contributes to the close range character, such as 
stucco, exposed aggregate concrete, or brick textured with 
vertical grooves? Or materials with inherent colors such as 
smooth orange-colored brick with dark spots of iron 
pyrites, or prominently veined stone, or green serpentine 
stone? Are there combinations of materials, used in jux-
taposition, such as several different kinds of stone, com-
binations of stone and brick, dressed stones for window 
lintels used in conjunction with rough stones for the wall? 
Has the choice of materials or the combinations of materials 
contributed to the character? 
Notes on the Materials at Close Range: 

9. Craft Details 
Is there high quality brickwork with narrow mortar joints? 
Is there hand-tooled or patterned stonework? Do the walls 
exhibit carefully struck vertical mortar joints and recessed 
horizontal joints? Is the wall shinglework laid up in pat-
terns or does it retain evidence of the circular saw marks or 
can the grain of the wood be seen through the semi-
transparent stain? Are there hand split or hand-dressed 
clapboards, or machine smooth beveled siding, or wood 
rusticated to look like stone, or Art Deco zigzag designs ex-
ecuted in stucco? 

Almost any evidence of craft details, whether handmade 
or machinemade, will contribute to the character of a 
building because it is a manifestation of the materials, of 
the times in which the work was done, and of the tools 
and processes that were used. It further reflects the effects 
of time, of maintenance (and/or neglect) that the building 
has received over the years. All of these aspects are a part 
of the surface qualities that are seen only at close range. 

Notes on the Craft Details: 

Step Three 

10. Individual Spaces 
Are there individual rooms or spaces that are important to 
this building because of their size, height, proportion, con-
figuration, or function, like the center hallway in a house, 
or the bank lobby, or the school auditorium, or the 
ballroom in a hotel, or a courtroom in a county courthouse? 
Notes on the Individual Spaces: 

11. Related Spaces and Sequences of Spaces 
Are there adjoining rooms that are visually and physically 
related with large doorways or open archways so that they 
are perceived as related rooms as opposed to separate 
rooms? Is there an important sequence of spaces that are 
related to each other, such as the sequence from the entry 
way to the lobby to the stairway and to the upper balcony 
as in a theatre; or the sequence in a residence from the en-
try vestibule to the hallway to the front parlor, and on 
through the sliding doors to the back parlor; or the se-
quence in an office building from the entry vestibule to the 
lobby to the bank of elevators? 

Notes on the Related Spaces and Sequences of Spaces: 

12. Interior Features 
Are there interior features that help define the character of 
the building, such as fireplace mantels, stairways and 
balustrades, arched openings, interior shutters, inglenooks, 
cornices, ceiling medallions, light fixtures , balconies, doors, 

windows, hardware, wainscotting, panelling, trim, church 
pews, courtroom bars, teller cages, waiting room benches? 
Notes on the Interior Features: 

13. Surface Finishes and Materials 
Are there surface finishes and materials that can affect the 
design, the color or the texture of the interior? Are there 
materials and finishes or craft practices that contribute to 
the interior character, such as wooden parquet floors, 
checkerboard marble floors, pressed metal ceilings, fine 
hardwoods, grained doors or marblized surfaces, or 
polychrome painted surfaces, or stencilling, or wallpaper 
that is important to the historic character? Are there surface 
finishes and materials that, because of their plainness, are 
imparting the essential character of the interior such as 
hard or bright, shiny wall surfaces of plaster or glass or 
metal? 
Notes on the Surface Finishes and Materials: 

14. Exposed Structure 
Are there spaces where the exposed structural elements 
define the interior character such as the exposed posts, 
beams, and trusses in a church or train shed or factory? 
Are there rooms with decorative ceiling beams (non-
structural) in bungalows, or exposed vigas in adobe 
buildings? 
Notes on the Exposed Structure: 

This concludes the three-step process of identifying 
the visual aspects of historic buildings and is in-
tended as an aid in preserving their character and 
other distinguishing qualities. It is not intended as a 
means of understanding the significance of historical 
properties or districts, nor of the events or people 
associated with them. That can only be done through 
other kinds of research and investigation. 

This Preservation Brief was originally developed as a slide 
talk/methodology in 1982 to discuss the use of the Secretary 
of the Interior's Standards for Rehabilitation in relation to 
preserving historic character; and it was amplified and 
modified in succeeding years to help guide preservation 
decision making, initially for maintenance personnel in the 
National Park Service. A number of people contributed to 
the evolution of the ideas presented here. Special thanks go 
to Emogene Bevitt and Gary Hume, primarily for the many 
and frequent discussions relating to this approach in its 
evolutionary stages; to Mark Fram, Ontario Heritage Foun-
dation, Toronto, for suggesting several additions to the 
Checklist; and more recently, to my co-workers, both in 
Washington and in our regional offices, especially Ward 
Jandl, Sara Blumenthal, Charles Fisher, Sharon Park, AlA, 
Jean Travers, Camille Martone, Susan Dynes, Michael 
Auer, Anne Grimmer, Kay Weeks, Betsy Chittenden, 
Patrick Andrus, Carol Shull, Hugh Miller, FAIA, Jerry 
Rogers, Paul Alley, David Look, AlA, Margaret Pepin-
Donat, Bonnie Halda, Keith Everett, Thomas Keohan, the 
Preservation Services Division, Mid-Atlantic Region, and 
several reviewers in state preservation offices, espeCially 
Ann Haaker, Illinois; and Stan Graves, AlA, Texas; for pro-
viding very critical and constructive review of the 
manuscript. 

This publication has been prepared pursuant to the Na-
tional Historic Preservation Act of 1966, as amended. Com-
ments on the usefulness of this information are welcomed 
and can be sent to Mr. Nelson, Preservation Assistance 
Division, National Park Service, U.S. Department of the In-
terior, P.O. Box 37127, Washington, D.C. 20013-7127. This 
publication is not copyrighted and can be reproduced 
without penalty. Normal procedures for credit to the author 
and the National Park Service are appreciated. 



PRESERVATION 

The Preservation and Repair of 
Historic Stucco 

Anne Grimmer 

u.s. Department of the Interior 
National Park Service 
Preservation Assistance Division 

The term "stuccd' is used here to describe a type of 
exterior plaster applied as a two-or-three part coating 
directly onto masonry, or applied over wood or metal 
lath to a log or wood frame structure. Stucco is found 
in many forms on historic structures throughout the 
United States. It is so common, in fact, that it fre-
quently goes unnoticed, and is often disguised or used 
to imitate another material. Historic stucco is also 
sometimes incorrectly viewed as a sacrificial coating, 
and consequently removed to reveal stone, brick or 
logs that historically were never intended to be ex-
posed. Age and lack of maintenance hasten the deterio-
ration of many historic stucco buildings. Like most 
historic building materials, stucco is at the mercy of the 
elements, and even though it is a protective coating, it 
is particularly susceptible to water damage. 

Stucco is a material of deceptive simplicity: in most 
cases its repair should not be undertaken by a property 

owner unfamiliar with the art of plastering. Successful 
stucco repair requires the skill and experience of a pro-
fessional plasterer. Therefore, this Brief has been pre-
pared to provide background information on the nature 
and components of traditional stucco, as well as offer 
guidance on proper maintenance and repairs. The Brief 
will outline the requirements for stucco repair, and, 
when necessary, replacement. Although several stucco 
mixes representative of different periods are provided 
here for reference, this Brief does not include specifica-
tions for carrying out repair projects. Each project is 
unique, with its own set of problems that require indi-
vidual solutions. 

Historical Background 

Stucco has been used since ancient times. Still widely 
used throughout the world, it is one of the most com-
mon of traditional building materials (Fig. 1). Up until 

Fig. 1. These two houses in a residential section of Winchester, Virginia, illustrate the continuing popularity of stucco (a) from this 
early 19th century, Federal style house on the left, (b) to the English Cotswold style cottage that was built across the street in the 
1930's. Photos: Anne Grimmer. 



the late 1800's, stucco, like mortar, was primarily Iime-
based, but the popularization of portland cement 
changed the composition of stucco, as well as mortar, 
to a harder material. Historically, the term "plaster" has 
often been interchangeable with "stucco"; the term is 
still favored by many, particularly when referring to the 
traditional lime-based coating. By the nineteenth cen-
tury "stucco," although originally denoting fine interior 
ornamental plasterwork, had gained wide acceptance 
in the United States to describe exterior plastering. 
"Render" and "rendering" are also terms used to de-
scribe stucco, especially in Great Britain. Other historic 
treatments and coatings related to stucco in that they 
consist at least in part of a similarly plastic or malleable 
material include: parging and pargeting, wattle and 
daub, "cob" or chalk mud, pise de terre, rammed 
earth, briquete entre poteaux or bousillage, half-
timbering, and adobe. All of these are regional varia-
tions on traditional mixtures of mud, clay, lime, chalk, 
cement, gravel or straw. Many are still used today. 

The Stucco Tradition in the United States 

Stucco is primarily used on residential buildings and 
relatively small-scale commercial structures. Some of 
the earliest stucco buildings in the United States in-
clude examples of the Federal, Greek and Gothic Re-
vival styles of the eighteenth and the nineteenth 
centuries that emulated European architectural fash-
ions. Benjamin Henry Latrobe, appointed by Thomas 
Jefferson as Surveyor of Public Buildings of the United 
States in 1803, was responsible for the design of a num-
ber of important stucco buildings, including St. John's 
Church (1816), in Washington, D.C. (Fig. 2). Nearly 
half a century later Andrew Jackson Downing also ad-
vocated the use of stucco in his influential book The 
Architecture of Country Houses, published in 1850. In 
Downing's opinion, stucco was superior in many re-
spects to plain brick or stone because it was cheaper, 
warmer and dryer, and could be "agreeably" tinted. As 
a result of his advice, stuccoed Italianate style urban 
and suburban villas proliferated in many parts of the 
country during the third quarter of the nineteenth 
century. 

Revival Styles Promote Use of Stucco 

The introduction of the many revival styles of architec-
ture around the turn of the twentieth century, com-
bined with the improvement and increased availability 
of portland cement resulted in a "craze" for stucco as a 
building material in the United States. Beginning about 
1890 and gaining momentum into the 1930's and 1940's, 
stucco was associated with certain historic architectural 
styles, including: Prairie; Art Deco, and Art Moderne; 
Spanish Colonial, Mission, Pueblo, Mediterranean, 
English Cotswold Cottage, and Tudor Revival styles; as 
well as the ubiquitous bungalow and "four-square" 
house (Fig. 3). The fad for Spanish Colonial Revival, 
and other variations on this theme, was especially im-
portant in furthering stucco as a building material in 
the United States during this period, since stucco 
clearly looked like adobe (Fig. 4). 
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Fig. 2. St. John's Church, Washington, D. c., constructed of 
brick and stuccoed immediately upon completion in 1816, 
reflects the influence of European, and specifically English, 
architectural styles. Photo: Russell Jones, HABS Collection. 

Fig. 3. The William Gray and Edna S. Purcell House, 
Minneapolis, Minnesota, was designed in 1913 by the 
architects Purcell and Elmslie in the Prairie style. Stuccoed 
in a salmon-pink, sand (float) finish, it is unusual in that it 
featured a 3-color geometric frieze stencilled below the eaves of 
the 2nd story. The Minneapolis Institute of Art has removed 
the cream-colored paint added at a later date, and restored the 
original color and texture of the stucco. Photo: Courtesy 
MacDonald and Mack Partnership. 



Although stucco buildings were especially prevalent in 
California, the Southwest and Florida, ostensibly be-
cause of their Spanish heritage, this period also 
spawned stucco-coated, revival-style buildings all over 
the United States and Canada. The popularity of stucco 
as a cheap, and readily available material meant that by 
the 1920's, it was used for an increasing variety of 
building types . Resort hotels, apartment buildings, 
private mansions and movie theaters, railroad stations, 
and even gas stations and tourist courts took advantage 

Fig. 4. The elaborate Spanish Colonial Revival style of this 
building designed by Bertram Goodhue for the 1915 Panama 
California Exposition held in San Diego's Balboa Park 
emphasizes the sculptural possibilities of stucco. Photo: C. W 
Snell, National Historic Landmark Files . 

of the "romance" of period styles, and adopted the 
stucco construction that had become synonymous with 
these styles (Fig. 5). 

A Practical Building Material 

Stucco has traditionally been popular for a variety of 
reasons. It was an inexpensive material that could sim-
ulate finely dressed stonework, especially when 
"scored" or "lined" in the European tradition. A stucco 
coating over a less finished and less costly substrate 
such as rubblestone, fieldstone, brick, log or wood 
frame, gave the building the appearance of being a 
more expensive and important structure. As a weather-
repellent coating, stucco protected the building from 
wind and rain penetration, and also offered a certain 
amount of fire protection. While stucco was usually 
applied during construction as part of the building 
design, particularly over rubblestone or fieldstone, in 
some instances it was added later to protect the struc-
ture, or when a rise in the owner's social status de-
manded a comparable rise in his standard of living. 

Composition of Historic Stucco 

Before the mid-to-Iate nineteenth century, stucco con-
sisted primarily of hydrated or slaked lime, water and 
sand, with straw or animal hair included as a binder. 
Natural cements were frequently used in stucco mixes 
after their discovery in the United States during the 
1820's. Portland cement was first manufactured in the 
United States in 1871, and it gradually replaced natural 
cement. After about 1900, most stucco was composed 
primarily of portland cement, mixed with some lime. 
With the addition of portland cement, stucco became 
even more versatile and durable. No longer used just 
as a coating for a substantial material like masonry or 
log, stucco could now be applied over wood or metal 
lath attached to a light wood frame. With this increased 
strength, stucco ceased to be just a veneer and became 
a more integral part of the building structure. 

Fig. 5. During the 19th and 20th centuries stucco has been a popular material not only for residential, but also for commercial 
buildings in the Spanish style. Two such examples are (a) the 1851 Ernest Hemingway House, Key West, Florida, built of stuccoed 
limestone in a Spanish Caribbean style; and (b) the Santa Fe Depot (Union Station), San Diego, California, designed by the 
architects Bakewell and Brown in 1914 in a Spanish Colonial Revival style, and constructed of stucco over brick and hollow tile. 
Photos: (a) J.F. Brooks, HABS Collection, (b) Marvin Rand, HABS Collection. 
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Today, gypsum, which is hydrated calcium sulfate or 
sulfate of lime, has to a great extent replaced lime. 
Gypsum is preferred because it hardens faster and has 
less shrinkage than lime. Lime is generally used only 
in the finish coat in contemporary stucco work. 

The composition of stucco depended on local custom 
and available materials. Stucco often contained sub-
stantial amounts of mud or clay, marble or brick dust, 
or even sawdust, and an array of additives ranging 
from animal blood or urine, to eggs, keratin or gluesize 
(animal hooves and horns), varnish, wheat paste, 
sugar, salt, sodium silicate, alum, tallow, linseed oil, 
beeswax, and wine, beer, or rye whiskey. Waxes, fats 
and oils were included to introduce water-repellent 
properties, sugary materials reduced the amount of 
water needed and slowed down the setting time, and 
alcohol acted as an air entrainer. All of these additives 
contributed to the strength and durability of the stucco. 

The appearance of much stucco was determined by the 
color of the sand-or sometimes burnt clay, used in the 
mix, but often stucco was also tinted with natural pig-
ments, or the surface whitewashed or colorwashed 
after stuccoing was completed. Brick dust could pro-
vide color, and other coloring materials that were not 
affected by lime, mostly mineral pigments, could be 
added to the mix for the final finish coat. Stucco was 

also marbled or marbleized-stained to look like stone 
by diluting oil of vitriol (sulfuric acid) with water, and 
mixing this with a yellow ochre, or another color (Fig. 
6). As the twentieth century progressed, manufactured 
or synthetic pigments were added at the factory to 
some prepared stucco mixes. 

Methods of Application 

Stucco is applied directly, without lath, to masonry 
substrates such as brick, stone, concrete or hollow tile 
(Fig. 7). But on wood structures, stucco, like its interior 
counterpart plaster, must be applied over lath in order 
to obtain an adequate key to hold the stucco. Thus, 
when applied over a log structure, stucco is laid on 
horizontal wood lath that has been nailed on vertical 
wood furring strips attached to the logs (Fig. 8). If it is 
applied over a wood frame structure, stucco may be 
applied to wood or metal lath nailed directly to the 
wood frame; it may also be placed on lath that has 
been attached to furring strips. The furring strips are 
themselves laid over building paper covering the wood 
sheathing (Fig. 9). Wood lath was gradually super-
seded by expanded metal lath introduced in the 
late-nineteenth and early-twentieth century. When 
stuccoing over a stone or brick substrate, it was cus-
tomary to cut back or rake out the mortar joints if they 
were not already recessed by natural weathering or 

Fig. 6. Arlington House, Arlington, Virginia, was built between 1802-1818 of brick covered with stucco. It was designed by George 
Hadfield for George Washington Parke Custis, grandson of Martha Washington, and was later the home of Robert E. Lee. This 
photograph taken on June 28, 1864, by Captain Andrew f. Russell, a U. S. Signal Corps photographer, shows the stucco after it had 
been marbleized during the 1850's. Yellow ochre and burnt umber pigments were combined to imitate Sienna marble, and the stucco, 
with the exception of the roughcast foundation, was scored to heighten the illusion of stone. Photo: National Archives, Arlington 
House Collection, National Park Service. 
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Fig. 7. Patches of stucco have fallen off this derelict 19th 
century structure exposing the rough-cut local stone 
substrate. The missing wood entablature on the side and the 
rough wood lintel now exposed above a second-floor window, 
offer clues that the building was stuccoed originally. Photo: 
National Park Service Files. 

Fig. 8. Removal of deteriorated stucco in preparation for 
stucco repair on this late-18th century log house in 
Middleway, West Virginia , reveals that the stucco was 
applied to hand-riven wood lath nailed over vertical wood 
strips attached to the logs. Photo: Anne Grimmer. 

Fig. 9. This cutaway drawing shows the method of 
attachment for stucco commonly used on wood frame or 
balloon frame structures from the late-19th to the 20th 
century. Drawing: Brian Conway, "Illinois Preservation 
Series Number 2: Stucco. " 

erosion, and sometimes the bricks themselves were 
gouged to provide a key for the stucco. This helped 
provide the necessary bond for the stucco to remain 
attached to the masonry, much like the key provided 
by wood or metal lath on frame buildings. 

Like interior wall plaster, stucco has traditionally been 
applied as a multiple-layer process, sometimes con-
sisting of two coats, but more commonly as three. 
Whether applied directly to a masonry substrate or 
onto wood or metal lath, this consists of a first 
"scratch" or "pricking-up" coat, followed by a second 
scratch coat, sometimes referred to as a "floating" or 
"brown" coat, followed finally by the "finishing" coat. 
Up until the late-nineteenth century, the first and the 
second coats were of much the same composition, gen-
erally consisting of lime, or natural cement, sand, per-
haps clay, and one or more of the additives previously 
mentioned . Straw or animal hair was usually added to 
the first coat as a binder. The third, or finishing coat, 
consisted primarily of a very fine mesh grade of lime 
and sand, and sometimes pigment. As already noted, 
after the 1820's, natural cement was also a common 
ingredient in stucco until it was replaced by portland 
cement . 
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Fig. 10. (a) Tudor Place, Washington, D.C. (1805-1816), was designed by Dr. William Thornton. Like its contemporary, Arlington 
House, it is stuccoed and scored, with a roughcast base, but here the stucco is a monochromatic sandstone color tinted by sand and 
mineral pigments (b). Although the original stucco was replaced in the early-20th century with a portland cement-based stucco, the 
family, who retained ownership until 1984 when the house was opened to the public, left explicit instructions for future stucco 
repairs. The mix recommended for repairing hairline cracks (c), consists of sharp sand, cement and lime, burnt umber, burnt sienna, 
and a small amount of raw sienna. Preparation of numerous test samples, the size of "a thick griddle cake," will be necessary to 
match the stucco color, and when the exact color has been achieved, the mixture is to be diluted to the "consistency of cream," 
brushed on the wall and rubbed into the cracks with a rubber sponge or float . Note the dark color visible under the eaves intended to 
replicate the stronger color of the originallimewashed stucco (d). Photos: Anne Grimmer. 

6 



Both masonry and wood lath must be kept wet or 
damp to ensure a good bond with the stucco. Wetting 
these materials helps to prevent them from pulling 
moisture out of the stucco too rapidly, which results in 
cracking, loss of bond, and generally poor quality 
stuccowork. 

Traditional Stucco Finishes 

Until the early-twentieth century when a variety of 
novelty finishes or textures were introduced, the last 
coat of stucco was commonly given a smooth, troweled 
finish, and then scored or lined in imitation of ashlar. 
The illusion of masonry joints was sometimes en-
hanced by a thin line of white lime putty, graphite, or 
some other pigment. Some nineteenth century build-
ings feature a water table or raised foundation of 
rough-cast stucco that differentiates it from the stucco 
surface above, which is smooth and scored (Fig. 10). 
Other novelty or textured finishes associated with the 
"period" or revival styles of the early-twentieth century 
include: the English cottage finish, adobe and Spanish, 
pebble-dashed or dry-dash surface, fan and sponge 
texture, reticulated and vermiculated, roughcast (or wet 
dash), and sgraffito (Fig. 11). 

Repairing Deteriorated Stucco 

Regular Maintenance 

Although A. J. Downing alluded to stuccoed houses in 
Pennsylvania that had survived for over a century in 
relatively good condition, historic stucco is inherently 
not a particularly permanent or long-lasting building 
material. Regular maintenance is required to keep it in 
good condition. Unfortunately, many older or historic 
buildings are not always accorded this kind of care. 

Because building owners knew stucco to be a protect-
ive, but also somewhat fragile coating, they employed a 
variety of means to prolong its usefulness. The most 
common treatment was to whitewash stucco, often 
annually. The lime in the whitewash offered protection 
and stability and helped to harden the stucco. Most 
importantly, it filled hairline cracks before they could 
develop into larger cracks and let in moisture. To im-
prove water repellency, stucco buildings were also 
sometimes coated with paraffin, another type of wax, 
or other stucco-like coatings, such as oil mastics. 

Assessing Damage 

Most stucco deterioration is the result of water infiltra-
tion into the building structure, either through the 
roof, around chimneys, window and door openings, or 
excessive ground water or moisture penetrating 
through, or splashing up from the foundation. Poten-
tial causes of deterioration include: ground settlement, 
lintel and door frame settlement, inadequate or leaking 
gutters and downspouts, intrusive vegetation, moisture 
migration within walls due to interior condensation 
and humidity, vapor drive problems caused by furnace, 
bathroom and kitchen vents, and rising damp resulting 
from excessive ground water and poor drainage around 
the foundation. Water infiltration will cause wood lath 
to rot, and metal lath and nails to rust, which eventu-

Fig. 11. The Hotel Washington, Washington, D. C. 
(1916-1917), is notable for its decorative sgraffito surfaces. 
Stucco panels under the comice and around the windows 
feature classical designs created by artists who incised the 
patterns in the outer layer of red-colored stucco while still 
soft, thereby exposing a stucco undercoat of a contrasting 
color. Photo: Kaye Ellen Sill1onson. 

ally will cause stucco to lose its bond and pull away 
from its substrate. 

After the cause of deterioration has been identified, 
any necessary repairs to the building should be made 
first before repairing the stucco. Such work is likely to 
include repairs designed to keep excessive water away 
from the stucco, such as roof, gutter, downspout and 
flashing repairs, improving drainage, and redirecting 
rainwater runoff and splash-back away from the build-
ing. Horizontal areas such as the tops of parapet walls 
or chimneys are particularly vulnerable to water infil-
tration, and may require modifications to their original 
design, such as the addition of flashing to correct the 
problem. 

Previous repairs inexpertly carried out may have 
caused additional deterioration, particularly if executed 
in portland cement, which tends to be very rigid, and 
therefore incompatible with early, mostly soft lime-
based stucco that is more "flexible ." [ncompatible 
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repairs, external vibration caused by traffic or con-
struction, or building settlement can also result in 
cracks which permit the entrance of water and cause 
the stucco to fail (Fig. 12). 

Before beginning any stucco repair, an assessment of 
the stucco should be undertaken to determine the ex-
tent of the damage, and how much must be replaced 
or repaired. Testing should be carried out systemati-
cally on all elevations of the building to determine the 
overall condition of the stucco. Some areas in need of 
repair will be clearly evidenced by missing sections of 
stucco or stucco layers. Bulging or cracked areas are 
obvious places to begin. Unsound, punky or soft areas 
that have lost their key will echo with a hollow sound 
when tapped gently with a wooden or acrylic hammer 
or mallet. 

Identifying the Stucco Type 

Analysis of the historic stucco will provide useful infor-
mation on its primary ingredients and their propor-
tions, and will help to ensure that the new replacement 
stucco will duplicate the old in strength, composition, 
color and texture as closely as possible. However, un-
less authentic, period restoration is required, it may not 
be worthwhile, nor in many instances possible, to at-
tempt to duplicate all of the ingredients (particularly 
some of the additives), in creating the new stucco mor-

tar. Some items are no longer available, and others, 
notably sand and lime-the major components of tradi-
tional stucco-have changed radically over time. For 
example, most sand used in contemporary masonry 
work is manufactured sand, because river sand, which 
was used historically, is difficult to obtain today in 
many parts of the country. The physical and visual 
qualities of manufactured sand versus river sand, are 
quite different, and this affects the way stucco works, 
as well as the way it looks. The same is true of lime, 
which is frequently replaced by gypsum in modern 
stucco mixes. And even if identification of all the items 
in the historic stucco mix were possible, the analysis 
would still not reveal how the original stucco was 
mixed and applied. 

There are, however, simple tests that can be carried out 
on a small piece of stucco to determine its basic make-
up. A dilute solution of hydrochloric (muriatic) acid 
will dissolve lime-based stucco, but not portland ce-
ment. Although the use of portland cement became 
common after 1900, there are no precise cut-off dates, 
'as stuccoing practices varied among individual plaster-
ers, and from region to region. Some plasterers began 
using portland cement in the 1880's, but others may 
have continued to favor lime stucco well into the early-
twentieth century. While it is safe to assume that a 
late-eighteenth or early-nineteenth century stucco is 
lime-based, late-nineteenth or early-twentieth century 

Fig. 12. (a) Water intrusion caused by rusting metal, or (b) plant growth left unattended will gradually enlarge these cracks, 
resulting in spalling, and eventually requiring extensive repair of the stucco. Photos: National Park Service Files. 
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Fig. 13. (a) In preparation for repainting, hairline cracks on this Mediterranean style stucco apartment building were filled with a 
commercial caulking compound; (b) dirt is attracted and adheres to the texture of the caulked areas, and a year after painting, these 
inappropriate repairs are highly obvious. Photos: Anne Grimmer. 

stucco may be based on either lime or portland cement. 
Another important factor to take into consideration is 
that an early lime-stucco building is likely to have been 
repaired many times over the ensuing years, and it is 
probable that at least some of these patches consist of 
portland cement. 

Planning the Repair 

Once the extent of damage has been determined, a 
number of repair options may be considered. Small 
hairline cracks usually are not serious and may be 
sealed with a thin slurry coat consisting of the finish 
coat ingredients, or even with a coat of paint or white-
wash. Commercially available caulking compounds are 
not suitable materials for patching hairline cracks. Be-
cause their consistency and texture is unlike that of 
stucco, they tend to weather differently, and attract 
more dirt; as a result, repairs made with caulking com-
pounds may be highly visible, and unsightly (Fig. 13). 
Larger cracks will have to be cut out in preparation for 
more extensive repair. Most stucco repairs will require 
the skill and expertise of a professional plasterer (Fig. 
14). 

In the interest of saving or preserving as much as pos-
sible of the historic stucco, patching rather than whole-
sale replacement is preferable. When repairing heavily 
textured surfaces, it is not usually necessary to replace 
an entire wall section, as the textured finish, if well-
executed, tends to conceal patches, and helps them to 
blend in with the existing stucco. However, because of 
the nature of smooth-finished stucco, patching a num-
ber of small areas scattered over one elevation may not 
be a successful repair approach unless the stucco has 
been previously painted, or is to be painted following 
the repair work. On unpainted stucco such patches are 
hard to conceal, because they may not match exactly or 
blend in with the rest of the historic stucco surface. For 

Fig. 14. This poorly executed patch is not the work of a 
professional plasterer. While it may serve to keep out water, it 
does not match the original surface, and is not an appropriate 
repair for historic stucco. Photo: Betsy Chittenden. 

this reason it is recommended, if possible, that stucco 
repair be carried out in a contained or well-defined 
area, or if the stucco is scored, the repair patch should 
be "squared-off" in such a way as to follow existing 
scoring. In some cases, especially in a highly visible 
location, it may be preferable to restucco an entire wall 
section or feature. In this way, any differences between 
the patched area and the historic surface will not be so 
readily apparent. 

Repair of historic stucco generally follows most of the 
same principles used in plaster repair. First, all deterio-
rated, severely cracked and loose stucco should be re-
moved down to the lath (assuming that the lath is 
securely attached to the substrate), or down to the ma-
sonry if the stucco is directly applied to a masonry 
substrate. A clean surface is necessary to obtain a good 
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bond bet\'veen the stucco and substrate. The areas to be 
patched should be cleaned of all debris with a bristle 
brush, and all plant growth, dirt, loose paint, oil or 
grease should be removed (Fig. 15). If necessary, brick 
or stone mortar joints should then be raked out to a 
depth of approximately 5/8" to ensure a good bond 
between the substrate and the new stucco. 

To obtain a neat repair, the area to be patched should 
be squared-off with a butt joint, using a cold chisel, a 
hatchet, a diamond blade saw, or a masonry bit. Some-
times it may be preferable to leave the area to be 
patched in an irregular shape which may result in a 
less conspicuous patch. Proper preparation of the area 
to be patched requires very sharp tools, and extreme 
caution on the part of the plasterer not to break keys of 
surrounding good stucco by "over-sounding" when 
removing deteriorated stucco. To ensure a firm bond, 
the patch must not overlap the old stucco. If the 
stucco has lost its bond or key from wood lath, or the 
lath has deteriorated or come loose from the substrate, 
a decision must be made whether to try to reattach the 
old lath, to replace deteriorated lath with new wood 
lath , or to leave the historic wood lath in place and 
supplement it with modern expanded metal lath. Un-
less authenticity is important, it is generally preferable 
(and easier) to nail new metal lath over the old wood 
lath to support the patch. Metal lath that is no longer 

securely fastened to the substrate may be removed and 
replaced in kind, or left in place, and supplemented 
with new wire lath . 

When repairing lime-based stucco applied directly to 
masonry, the new stucco should be applied in the same 
manner, directly onto the stone or brick. The stucco 
will bond onto the masonry itself without the addition 
of lath because of the irregularities in the masonry or 
those of its mortar joints, or because its surface has 
been scratched, scored or otherwise roughened to pro-
vide an additional key. Cutting out the old stucco at a 
diagonal angle may also help secure the bond between 
the new and the old stucco. For the most part it is not 
advisable to insert metal lath when restuccoing historic 
masonry in sound condition, as it can hasten deteriora-
tion of the repair work. Not only will attaching the lath 
damage the masonry, but the slightest moisture pene-
tration can cause metal lath to rust. This will cause 
metal to expand, eventually resulting in spalling of the 
stucco, and possibly the masonry substrate too. 

If the area to be patched is properly cleaned and pre-
pared, a bonding agent is usually not necessary. How-
ever, a bonding agent may be useful when repairing 
hairline cracks, or when dealing with substrates that do 
not offer a good bonding surface. These may include 
dense stone or brick, previously painted or stuccoed 

Fig. 15. (a) After reattaching any loose wood lath to the furring. strips underneath, the a:ea to be patched has been cleaned, the lath 
thoroughly wetted, and (b) the first coat of stucco has been applzed and scratched to provide a key to hold the second layer of stucco. 
Photos: Betsy Chittenden. 
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masonry, or spalling brick substrates. A good mechani-
cal bond is always preferable to reliance on bonding 
agents. Bonding agents should not be used on a wall 
that is likely to remain damp or where large amounts 
of salts are present. Many bonding agents do not sur-
vive well under such conditions, and their use could 
jeopardize the longevity of the stucco repair. 

A stucco mix compatible with the historic stucco 
should be selected after analyzing the existing stucco. It 
can be adapted from a standard traditional mix of the 
period, or based on one of the mixes included here. 
Stucco consisting mostly of portland cement generally 
will not be physically compatible with the softer, more 
flexible lime-rich historic stuccos used throughout the 
eighteenth and much of the nineteenth centuries. The 
differing expansion and contraction rates of lime stucco 
and portland cement stucco will normally cause the 
stucco to crack. Choosing a stucco mix that is durable 
and compatible with the historic stucco on the building 
is likely to involve considerable trial and error, and 
probably will require a number of test samples, and 
even more if it is necessary to match the color. It is 
best to let the stucco test samples weather as long as 
possible-ideally one year, or at least through a change 
of seasons, in order to study the durability of the mix 
and its compatibility with the existing stucco, as well as 
the weathering of the tint if the building will not be 
painted and'color match is an important factor. If the 
test samples are not executed on the building, they 
should be placed next to the stucco remaining on the 
building to compare the color, texture and composition 
of the samples with the original. The number and 
thickness of stucco coats used in the repair should also 
match the original. 

After thoroughly dampening the masonry or wood 
lath, the first, scratch coat should be applied to the 
masonry substrate, or wood or metal lath, in a thick-
ness that corresponds to the original if extant, or gener-
ally about 1/4" to 3/8" . The scratch coat should be 
scratched or cross-hatched with a comb to provide a 
key to hold the second coat. It usually takes 24-72 
hours, and longer in cold weather, for each coat to dry 
before the next coat can be applied. The second coat 
should be about the same thickness as the first, and 
the total thickness of the first two coats should gener-
ally not exceed about 5/8". This second or leveling coat 
should be roughened using a wood float with a nail 
protruding to provide a key for the final or finish coat. 
The finish coat, about 1/4" thick, is applied after the 
previous coat has initially set. If this is not feasible, the 
base coat should be thoroughly dampened when the 
finish coat is applied later. The finish coat should be 
worked to match the texture of the original stucco (Fig. 
16). 

Colors and Tints for Historic Stucco Repair 

The color of most early stucco was supplied by the 
aggregate included in the mix-usually the sand. 
Sometimes natural pigments were added to the mix, 
and eighteenth and nineteenth-century scored stucco 
was often marbleized or painted in imitation of marble 
or granite. Stucco was also frequently coated with 
whitewash or a colorwash. This tradition later evolved 

into the use of paint, its popularity depending on the 
vagaries of fashion as much as a means of concealing 
repairs. Because most of the early colors were derived 
from nature, the resultant stucco tints tended to be 
mostly earth-toned. This was true until the advent of 
brightly colored stucco in the early decades of the 
twentieth century. This was the so-called "Jazz Plaster" 
developed by O.A. Malone, the "man who put color 
into California," and who founded the California 
Stucco Products Corporation in 1927. California Stucco 
was revolutionary for its time as the first stucco/plaster 
to contain colored pigment in its pre-packaged factory 
mix. 

When patching or repairing a historic stucco surface 
known to have been tinted, it may be possible to deter-
mine through visual or microscopic analysis whether 
the source of the coloring is sand, cement or pigment. 
Although some pigments or aggregates used tradition-
ally may no longer be available, a sufficiently close 
color-match can generally be approximated using sand, 
natural or mineral pigments, or a combination of these . 
Obtaining such a match will require testing and com-
paring the color of dried test samples with the original. 
Successfully combining pigments in the dry stucco mix 
prepared for the finish coat requires considerable skill. 
The amount of pigment must be carefully measured for 
each batch of stucco. Overworking the mix can make 
the pigment separate from the lime. Changing the 
amount of water added to the mix, or using water to 
apply the tinted finish coat, will also affect the color of 
the stucco when it dries. 

Generally, the color obtained by hand-mixing these 
ingredients will provide a sufficiently close match to 
cover an entire wall or an area distinct enough from the 
rest of the structure that the color differences will not 
be obvious. However, it may not work for small 
patches conspicuously located on a primary elevation, 
where color differences will be especially noticeable. In 
these instances, it may be necessary to conceal the 
repairs by painting the entire patched elevation, or 
even the whole building. 

Many stucco buildings have been painted over the 
years and will require repainting after the stucco re-
pairs have been made. Limewash or cement-based 
paint, latex paint, or oil-based paint are appropriate 
coatings for stucco buildings. The most important fac-
tor to consider when repainting a previously painted or 
coated surface is that the new paint be compatible with 
any coating already on the surface. In preparation for 
repainting, all loose or peeling paint or other coating 
material not firmly adhered to the stucco must be re-
moved by hand-scraping or natural bristle brushes. The 
surface should then be cleaned. 

Cement-based paints, most of which today contain 
some portland cement and are really a type of lime-
wash, have traditionally been used on stucco buildings . 
The ingredients were easily obtainable. Furthermore, 
the lime in such paints actually bonded or joined with 
the stucco and provided a very durable coating. In 
many regions, whitewash was applied annually during 
spring cleaning. Modern, commercially available pre-
mixed masonry and mineral-based paints may also be 
used on historic stucco buildings. 
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Fig. C Fig. 0 

Fig. 16. (a) In preparation for stucco repair, this plasterer is mixing the dry materials in a mortar box with a mortar hoe (note the 2 
holes in the blade), pulling it through the box using short choppy strokes. After the dry materials are thoroughly combined, water 
is added and mixed with them using the same choppy, but gradually lengthening stokes, making sure that the hoe cuts completely 
through the mix to the bottom of the box. (b) The deteriorated stucco has been cut away, and new metal lath has been nailed to the 
clapboarding in the area to be patched. (Although originally clapboarded when built in the 19th century, the house was stuccoed 
around the turn-of-the-century on metal lath nailed over the clapboard.) (c) The first, scratch coat and the second coat have been 
applied here, and await the spatterdash or rough-cast finish of the final coat (d) which was accomplished by the plasterer using a 
whisk broom to throw the stucco mortar against the wall surface. This well-executed patch is barely discernable, and lacks only a 
coat of paint to make it blend completely with the rest of the painted wall surface. Photos: Anne Grimmer. 
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If the structure must be painted for the first time to 
conceal repairs, almost any of these coatings may be 
acceptable depending on the situation. Latex paint, for 
example, may be applied to slightly damp walls or 
where there is an excess of moisture, but latex paint 
will not stick to chalky or powdery areas. Oil-based, or 
alkyd paints must be applied only to dry walls; new 
stucco must cure up to a year before it can be painted 
with oil-based paint. 

Contemporary Stucco Products 

There are many contemporary stucco products on the 
market today. Many of them are not compatible, either 
physically or visually, with historic stucco buildings. 
Such products should be considered for use only after 
consulting with a historic masonry specialist. However, 
some of these prepackaged tinted stucco coatings may 
be suitable for use on stucco buildings dating from the 
late-nineteenth or early-twentieth century, as long as 
the color and texture are appropriate for the period and 
style of the building. While some masonry contractors 
may, as a matter of course, suggest that a water-
repellent coating be applied after repairing old stucco, 
in most cases this should not be necessary, since color-
washes and paints serve the same purpose, and stucco 
itself is a protective coating. 

Cleaning Historic Stucco Surfaces 

Historic stucco buildings often exhibit multiple layers of 
paint or limewash. Although some stucco surfaces may 
be cleaned by water washing, the relative success of 
this procedure depends on two factors : the surface 
texture of the stucco, and the type of dirt to be re-
moved. If simply removing airborne dirt, smooth un-
painted stucco, and heavily-textured painted stucco 
may sometimes be cleaned using a low-pressure water 
wash, supplemented by scrubbing with soft natural 
bristle brushes, and possibly non-ionic detergents. 
Organic plant material, such as algae and mold, and 
metallic stains may be removed from stucco using poul-
tices and appropriate solvents. Although these same 
methods may be employed to clean unpainted rough-
cast, pebble-dash, or any stucco surface featuring ex-
posed aggregate, due to the surface irregularities, it 
may be difficult to remove dirt, without also removing 
portions of the decorative textured surface. Difficulty in 
cleaning these surfaces may explain why so many of 
these textured surfaces have been painted. 

When Total Replacement is Necessary 

Complete replacement of the historic stucco with new 
stucco of either a traditional or modern mix will proba-
bly be necessary only in cases of extreme deterioration-
that is, a loss of bond on over 40-50 per cent of the 
stucco surface. Another reason for total removal might 
be that the physical and visual integrity of the historic 
stucco has been so compromised by prior incompatible 
and ill-conceived repairs that patching would not be 
successful. 

When stucco no longer exists on a building there is 
more flexibility in choosing a suitable mix for the re-
placement. Since compatibility of old and new stucco 
will not be an issue, the most important factors to con-

sider are durability, color, texture and finish . Depend-
ing on the construction and substrate of the building, 
in some instances it may be acceptable to use a rela-
tively strong cement-based stucco mortar. This is cer-
tainly true for many late-nineteenth and early-twentieth 
century buildings, and may even be appropriate to use 
on some stone substrates even if the original mortar 
would have been weaker, as long as the historic visual 
qualities noted above have been replicated. Generally, 
the best principle to follow for a masonry building is 
that the stucco mix, whether for repair or replacement 
of historic stucco, should be somewhat weaker than the 
masonry to which it is to be applied in order not to 
damage the substrate . 

General Guidance for Historic Stucco Repair 

A skilled professional plasterer will be familiar 
with the properties of materials involved in stucco 
repair and will be able to avoid some of the pit-
falls that would hinder someone less experienced . 
General suggestions for successful stucco repair 
parallel those involving restoration and repair of 
historic mortar or plaster. In addition, the follow-
ing principles are important to remember: 

• Mix only as much stucco as can be used in one 
and one-half to two hours. This will depend on 
the weather (mortar will harden faster under hot 
and dry, or sunny conditions); and experience is 
likely to be the best guidance. Any remaining 
mortar should be discarded; it should not be 
retempered. 

• Stucco mortar should not be over-mixed. (Hand 
mix for 10-15 minutes after adding water, or ma-
chine mix for 3-4 minutes after all ingredients are 
in mixer.) Over-mixing can cause crazing and 
discoloration, especially in tinted mortars. Over-
mixing will also tend to make the mortar set too 
fast, which will result in cracking and poor bond-
ing or keying to the lath or masonry substrate . 

• Wood lath or a masonry substrate, but not metal 
lath, must be thoroughly wetted before applying 
stucco patches so that it does not draw moisture 
out of the stucco too rapidly. To a certain extent, 
bonding agents also serve this same purpose . 
Wetting the substrate helps retard drying. 

• To prevent cracking, it is imperative that stucco 
not dry too fast. Therefore, the area to be stuc-
coed should be shaded, or even covered if possi-
ble, particularly in hot weather. It is also a good 
idea in hot weather to keep the newly stuccoed 
area damp, at approximately 90 per cent humidity, 
for a period of 48 to 72 hours. 

• Stucco repairs, like most other exterior masonry 
work, should not be undertaken in cold weather 
(below 40 degrees fahrenheit, and preferably 
warmer), or if there is danger of frost. 
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Historic Stucco Textures 

Most of the oldest stucco in the U.S. dating prior to 
the late-nineteenth century, will generally have a 
smooth, troweled finish (sometimes called a sand or 
float finish) , possibly scored to resemble ashlar ma-
sonry units. Scoring may be incised to simulate ma-
sonry joints, the scored lines may be emphasized by 
black or white penciling, or the lines may simply be 
drawn or painted on the surface of the stucco. In 
some regions, at least as early as the first decades of 
the nineteenth century, it was not uncommon to use 
a roughcast finish on the foundation or base of an 
otherwise smooth-surfaced building (Fig. a). Rough-
cast was also used as all overall stucco finish for 
some outbuildings, and other less important types 
of structures . 

A wide variety of decorative surface textures may be 
found on revival style stucco buildings, particularly 
residential architecture. These styles evolved in the 
late-nineteenth century and peaked in popularity in 
the early decades of the twentieth century. Frank 
Lloyd Wright favored a smooth finish stucco, which 
was imitated on much of the Prairie style architec-
ture inspired by his work. Some of the more pictur-
esque surface textures include: English Cottage or 
English Cotswold finish; sponge finish (Fig. b); fan 
texture; adobe finish (Fig. c), and Spanish or Italian 

---

Fig. A Fig. B 

Fig . 0 Fig. E 

finish. Many of these finishes and countless other 
regional and personalized variations on them are 
still in use. 

The most common early-twentieth century stucco 
finishes are often found on bungalow-style houses, 
and include: spatter or spatterdash (sometimes 
called roughcast, harling, or wetdash), and pebble-
dash or drydash. The spatterdash finish is applied 
by throwing the stucco mortar against the wall using 
a whisk broom or a stiff fiber brush, and it requires 
considerable skill on the part of the plasterer to 
achieve a consistently rough wall surface. The mor-
tar used to obtain this texture is usually composed 
simply of a regular sand, lime, and cement mortar, 
although it may sometimes contain small pebbles or 
crushed stone aggregate, which replaces one-half 
the normal sand content. The pebbledash or dry-
dash finish is accomplished manually by the plas-
terer throwing or "dashing" dry pebbles (about 1/8" 
to 1/4" in size), onto a coat of stucco freshly applied 
by another plasterer. The pebbles must be thrown at 
the wall with a scoop with sufficient force and skill 
that they will stick to the stuccoed wall. A more 
even or uniform surface can be achieved by patting 
the stones down with a wooden float. This finish 
may also be created using a texturing machine (Figs . 
d-f illustrate 3 versions of this finish. Photos: 
National Park Service Files). 

Fig. C 

Fig. F 



Summary 

Stucco on historic buildings is especially vulnerable not 
only to the wear of time and exposure to the elements, 
but also at the hands of well-intentioned "restorers;' 
who may want to remove stucco from eighteenth and 
nineteenth century structures, to expose what they 
believe to be the original or more "historic" brick, 
stone or log underneath. Historic stucco is a character-
defining feature and should be considered an impor-
tant historic building material, significant in its own 
right. While many eighteenth and nineteenth century 
buildings were stuccoed at the time of construction, 
others were stuccoed later for reasons of fashion or 
practicality. As such, it is likely that this stucco has 
acquired significance over time, as part of the history 
and evolution of a building. Thus, even later, non-
historic stucco should be retained in most instances; 
and similar logic dictates that new stucco should not be 
applied to a historic building that was not stuccoed 
previously. When repairing historic stucco, the new 
stucco should duplicate the old as closely as possible in 
strength, composition, color and texture . 

Mixes for Repair of Historic Stucco 

Historic stucco mixes varied a great deal region-
ally, depending as they did on the availability of 
local materials. There are probably almost as 
many mixes that can be used for repair of historic 
stucco as there are historic stucco buildings. For 
this reason it is recommended that at least a rudi-
mentary analysis of the existing historic stucco be 
carried out in order to determine its general pro-
portions and primary ingredients . However, if 
this is not possible, or if test results are inconclu-
sive, the following mixes are provided as refer-
ence. Many of the publications listed under 
"Selected Reading" include a variety of stucco 
mixes and should also be consulted for additional 
guidance. 

Materials Specifications should conform to those 
contained in Preservation Briefs 2: Repainting Mortar 
Joints in Historic Brick Buildings, and are as follows : 
• Lime should conform to ASTM C-207, Type S, 

Hydrated Lime for Masonry 
• Sand should conform to ASTM C-144 to assure 

proper gradation and freedom from impurities. 
Sand, or other type of aggregate, should match 
the original as closely as possible. 

• Cement should conform to ASTM C-lS0, Type 
II (white, non-staining), portland cement. 

• Water should be fresh, clean and potable . 
• If hair or fiber is used, it should be goat or cattle 

hair, or pure manilla fiber of good quality, 1/2" 
to 2" in length, clean, and free of dust, dirt, oil, 
grease or other impurities. 

• Rules to remember: More lime will make the 
mixture more plastic, but stucco mortar with a 
very large proportion of lime to sand is more 
likely to crack because of greater shrinkage; it is 
also weaker and slower to set. More sand or 
aggregate, will minimize shrinkage, but make 
the mixture harder to trowel smooth, and will 
weaken the mortar. 

Soft Lime Stucco (suitable for application to 
buildings dating from 1700-1850) 

A.f. Downing's Recipe for 50ft Lime Stucco 
1 part lime 
2 parts sand 
(A.J. Downing, "The Architecture of Country Houses," 1850) 

Vieux Carre Masonnj Maintenance Guidelines 
Base Coats (2): 
1 part by volume hydrated lime 
3 parts by volume aggregate [sand]-size to match original 
6 pounds/cubic yards hair or fiber 
Water to form a workable mix. 
Finish Coat: 
1 part by volume hydrated lime 
3 parts aggregate [sand]-size to match original 
Water to form a workable mix. 
Note: No portland cement is recommended in this mix, but if 
it is needed to increase the workabili ty of the mix and to de-
crease the setting time, the amount of portland cement added 
should never exceed 1 part to 12 parts lime and sand. 
("Vieux Carre Masonry Maintenance Guidelines;' June, 1980.) 

"Materials for 50ft Brick Mortar and for 50ft Stucco" 
5 gallons hydrated lime 
10 gallons sand 
1 quart white, non-staining portland cement (1 cup only for 
pointing) 
Water to form a workable mix. 
(Koch and Wilson, Architects , New Orleans, Louisiana, Febru-
ary, 1980) 

Mix f9r Repair of Traditional Natural Cement or Hy-
draulic LIme Stucco 

part by volume hydrated lime 
2 parts by volume white portland cement 
3 parts by volume fine mason's sand 
If hydrauliC lime is available, it may be used instead of lime-
cement blends. 
("Conservation Techniques for the Repair of Historical Orna-
mental Exterior Stucco, January, 1990) 

Early-twentieth century Portland Cement Stucco 
1 part portland cement 
21 /2 parts sand 
Hydrated lime = to not more than 15% of the cement's vol-
ume 
Water to form a workable mix. 
The same basic mix was used for all coats, but the finish coat 
generally contained more lime than the undercoats. (" lIIinois 
Preservation Series No.2: Stucco," January, 1980) 

American Portland Cement Stucco Specifications 
(c. 1929) 
Base Coats: 
5 pounds, dry, hydrated lime 
1 bag portland cement (94 lbs.) 
Not less than 3 cubic feet (3 bags) sand (passed through a IR 
screen) 
Water to make a workable mix. 
Finish Coat: 
Use WHITE portland cement in the mix in the same propor-
tions as above. 
To color the stucco add not more than 10 pounds pigme nt for 
each bag of cement contained in the mix . 
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Cover Photograph: St . James Church, Goose Creek, Berkeley 
County, South Carolina (1713-1719), is constructed of brick 
covered with stucco. Although much restored, it is notable 
for its ornamental stucco detailing, including rusticated 
quoins, cherub head "keystones" above the windows, flaming 
hearts, and a pelican in piety-symbol of the sacrament, in 
the pediment over the front door. Photo: Gary Hume. 
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The need for modern mechanical systems is one of the 
most common reasons to undertake work on historic 
buildings. Such work includes upgrading older me-
chanical systems, improving the energy efficiency of 
existing buildings, installing new heating, ventilation or 
air conditioning (HVAC) systems, or-particularly for 
museums-installing a climate control system with 
humidification and dehumidification capabilities. Deci-
sions to install new HVAC or climate control systems 
often result from concern for occupant health and com-
fort, the desire to make older buildings marketable, or 
the need to provide specialized environments for oper-
ating computers, storing artifacts, or displaying mu-
seum collections . Unfortunately, occupant comfort and 
concerns for the objects within the building are some-
times given greater consideration than the building 
itself. In too many cases, applying modern standards 
of interior climate comfort to historic buildings has 
proven detrimental to historic materials and decorative 
finishes. 

This Preservation Brief underscores the importance of 
careful planning in order to balance the preservation 
objectives with interior climate needs of the building. It 
is not intended as a technical guide to calculate ton-
nage or to size piping or ductwork. Rather, this Brief 
identifies some of the problems associated with install-
ing mechanical systems in historic buildings and rec-
ommends approaches to minimizing the physical and 
visual damage associated with installing and maintain-
ing these new or upgraded systems. 

Historic buildings are not easily adapted to house 
modern precision mechanical systems. Careful plan-
ning must be provided early on to ensure that deci-
sions made during the design and installation phases 
of a new system are appropriate. Since new mechanical 
and other related systems, such as electrical and fire 
suppression, can use up to 10% of a building'S square 
footage and 30%-40% of an overall rehabilitation 
budget, decisions must be made in a systematic and 
coordinated manner. The installation of inappropriate 

mechanical systems may result in any or all of the 
following: 
• large sections of historic materials are removed to 

install or house new systems. 
• historic structural systems are weakened by carrying 

the weight of, and sustaining vibrations from, large 
equipment. 

• moisture introduced into the building as part of a 
new system migrates into historic materials and 
causes damage, including biodegradation, freeze/ 
thaw action, and surface staining. 

• exterior cladding or interior finishes are stripped to 
install new vapor barriers and insulation. 

• historic finishes, features, and spaces are altered by 
dropped ceilings and boxedchases or by poorly lo-
cated grilles, registers, and equipment. 

• systems that are too large or too small are installed 
before there is a clearly planned use or a new tenant. 
For historic properties it is critical to understand what 

spaces, features, and finishes are historic in the build-
ing, what should be retained, and what the realistic 
heating, ventilating, and cooling needs are for the 
building, its occupants, and its contents. A systematic 
approach, involving preservation planning, preserva-
tion design, and a follow-up program of monitoring 
and maintenance, can ensure that new systems are 
successfully added-or existing systems are suitably 
upgraded-while preserving the historic integrity of tl}e 
building. 

No set formula exists for determining what type of 
mechanical system is best for a specific building. Each 
building and its needs must be evaluated separately. 
Some buildings will be so significant that every effort 
must be made to protect the historic materials and sys-
tems in place with minimal intrusion from new sys-
tems. Some buildings will have museum collections 
that need special climate control. In such cases, cura-
torial needs must be considered-but not to the ulti-
mate detriment of the historic building resource. Other 



buildings will be rehabilitated for commercial use . For 
them, a variety of systems might be acceptable, as long 
as significant spaces, features, and finishes are retained. 

Most mechanical systems require upgrading or re-
placement within 15-30 years due to wear and tear or 
the availability of improved technology. Therefore, his-
toric buildings should not be greatly altered or other-
wise sacrificed in an effort to meet short-term systems 
objectives. 

History of Mechanical Systems 
The history of mechanical systems in buildings involves 
a study of inventions and ingenuity as building own-
ers, architects, and engineers devised ways to improve 
the interior climate of their buildings . Following are 
highlights in the evolution of heating, ventilating, and 
cooling systems in historic buildings . 

Eighteenth Century. Early heating and ventilation in 
America relied upon common sense methods of manag-
ing the environment (see figure 1). Builders purposely 
sited houses to capture winter sun and prevailing sum-
mer cross breezes; they chose materials that could help 
protect the inhabitants from the elements, and took 
precautions against precipitation and damaging drain-
age patterns. The location and sizes of windows, 
doors, porches, and the floor plan itself often evolved 
to maximize ventilation. Heating was primarily from 
fireplaces or stoves and, therefore, was at the source of 
delivery. In 1744, Benjamin Franklin designed his 
"Pennsylvania stove" with a fresh air intake in order to 
maximize the heat radiated into the room and to mini-
mize annoying smoke. 

Thermal insulation was rudimentary-often wattle 
and daub, brick and wood nogging. The comfort level 
for occupants was low, but the relatively small differ-
ence between internal and external temperatures and 
relative humidity allowed building materials to expand 
and contract with the seasons. 

Regional styles and architectural features reflected 
regional climates . In warm, dry and sunny climates, 
thick adobe walls offered shelter from the sun and kept 
the inside temperatures cool. Verandas, courtyards, 
porches, and high ceilings also reduced the impact of 
the sun. Hot and humid climates called for elevated 
living floors, louvered grilles and shutters, balconies, 
and interior courtyards to help circulate air. 

Nineteenth Century. The industrial revolution pro-
vided the technological means for controlling the envi-
ronment for the first time (see figure 2). The dual 
developments of steam energy from coal and industrial 
mass production made possible early central heating 
systems with distribution of heated air or steam using 
metal ducts or pipes. Improvements were made to 
early wrought iron boilers and by late century, steam 
and low pressure hot water radiator systems were in 
common use, both in offices and residences. Some 
large institutional buildings heated air in furnaces and 
distributed it throughout the building in brick flues 
with a network of metal pipes delivering heated air to 
individual rooms. Residential designs of the period 
often used gravity hot air systems utilizing decorative 
floor and ceiling grilles. 

Ventilation became more scientific and the introduc-
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1. Eighteenth century and later vernacular architecture depended on the 
siting of the building, deciduous trees, cross ventilation, and the placement 
of windows and chimneys to maximize winter heating and natural summer 
cooling. Regional details, as seen in this Virginia house, include external 
chimneys and a separate summer kitchen to reduce fi re risk and isolate heat 
in the summer. Photo: NPS Files. 

2. Nineteenth century buildings continued to use architectural features such 
as porches, cupolas, and awnings to make the buildings more comfortable in 
summer, but heating was greatly improved by hot water or steam radiators . 
Photo: NPS Files 



tion of fresh air into buildings became an important 
component of heating and cooling. Improved forced air 
ventilation became possible in mid-century with the 
introduction of power-driven fans. Architectural fea-
tures such as porches, awnings, window and door 
transoms, large open-work iron roof trusses, roof mon-
itors, cupolas, skylights and clerestory windows helped 
to dissipate heat and provide healthy ventilation. 

Cavity wall construction, popular in masonry struc-
tures, improved the insulating qualities of a building 
and also provided a natural cavity for the dissipation of 
moisture produced on the interior of the building. In 
some buildings, cinder chips and broken masonry filler 
between structural iron beams and jack arch floor 
vaults provided thermal insulation as well as fire-
proofing. Mineral wool and cork were new sources of 
lightweight insulation and were forerunners of contem-
porary batt and blanket insulation. 

The technology of the age, however, was not suffic-
ient to produce "tight" buildings. There was still only a 
moderate difference between internal and external tem-
peratures. This was due, in part, to the limitations of 
early insulation, the almost exclusive use of single 
glazed windows, and the absence of air-tight construc-
tion. The presence of ventilating fans and the reliance 
on architectural features, such as operable windows, 
cupolas and transoms, allowed sufficient air movement 
to keep buildings well ventilated. Building materials 
could behave in a fairly traditional way, expanding and 
contracting with the seasons. 

Twentieth Century. The twentieth century saw inten-
sive development of new technologies and the notion 
of fully integrating mechanical systems (see figure 3). Oil 
and gas furnaces developed in the nineteenth century 
were improved and made more efficient, with electric-
ity becoming the critical source of power for building 
systems in the latter half of the century. Forced air heat-
ing systems with ducts and registers became popular 
for all types of buildings and allowed architects to ex-
periment with architectural forms free from mechanical 
encumbrances. In the 1920s large-scale theaters and 
auditoriums introduced central air conditioning, and by 
mid-century forced air systems which combined heat-
ing and air conditioning in the same ductwork set a 
new standard for comfort and convenience. The combi-
nation and coordination of a variety of systems came 
together in the post-World War II highrise buildings; 
complex heating and air conditioning plants, electric 
elevators, mechanical towers, ventilation fans, and full 
service electric lighting were integrated into the build-
ing's design. 

The insulating qualities of building materials im-
proved. Synthetic materials, such as spun fiberglass 
batt insulation, were fully developed by mid-century. 
Prototypes of insulated thermal glazing and integral 
storm window systems were promoted in construction 
journals. Caulking to seal out perimeter air around 
window and door openings became a standard con-
struction detail. 

The last quarter of the twentieth century has seen 
making HVAC systems more energy efficient and better 
integrated. The use of vapor barriers to control mois-
ture migration, thermally efficient windows, caulking 

and gaskets, compressed thin wall insulation, has be-
come standard practice. New integrated systems now 
combine interior climate control with fire suppression, 
lighting, air filtration, temperature and humidity con-
trol, and security detection. Computers regulate the 
performance of these integrated systems based on the 
time of day, day of the week, occupancy, and outside 
ambient temperature. 

3. The circa 1928 Fox Theater in Detroit, designed by C. Howard Crane, 
was one of the earliest twentieth century buildings to provide air condition-
ing to its patrons. The early water-cooled system was recently restored. 
Commercial and highrise buildings of the twentieth century were able, 
mostly through electrical power, to provide sophisticated systems that inte-
grated many building services. Photo: William Kessler and Associates, 
Arch i tects. 

Climate Control and Preservation 

Although twentieth century mechanical systems tech-
nology has had a tremendous impact on making his-
toric buildings comfortable, the introduction of these 
new systems in older buildings is not without prob-
lems. The attempt to meet and maintain modern cli-
mate control standards may in fact be damaging to historic 
resources. Modern systems are often over-designed to 
compensate for inherent inefficiencies of some historic 
buildings materials and plan layouts. Energy retrofit 
measures, such as installing exterior wall insulation 
and vapor barriers or the sealing of operable window 
and vents, ultimately affect the performance and can 
reduce the life of aging historic materials. 
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In general, the greater the differential between the 
interior and exterior temperature and humidity levels, 
the greater the potential for damage. As natural vapor 
pressure moves moisture from a warm area to a colder, 
dryer area, condensation will occur on or in building 
materials in the colder area (see figure 4). Too little 
humidity in winter, for example, can dry and crack 
historic wooden or painted surfaces. Too much humid-
ity in winter causes moisture to collect on cold sur-
faces, such as windows, or to migrate into walls. As a 
result, this condensation deteriorates wooden or metal 
windows and causes rotting of walls and wooden 
structural elements, dampening insulation and holding 
moisture against exterior surfaces. Moisture migration 
through walls can cause the corrosion of metal an-
chors, angles, nails or wire lath, can blister and peel 
exterior paint, or can leave efflorescence and salt de-
posits on exterior masonry. In cold climates, freeze-
thaw damage can result from excessive moisture in 
external walls. 

To avoid these types of damage to a historic building, 
it is important to understand how building components 
work together as a system. Methods for controlling 
interior temperature and humidity and improving ven-
tilation must be considered in any new or upgraded 
HVAC or climate control system. While certain energy 
retrofit measures will have a positive effect on the over-
all building, installing effective vapor barriers in his-
toric walls is difficult and often results in destruction of 
significant historic materials (see figure 5). 
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5. The installation of vapor retarders in walls of historic buildings in an 
effort to contain interior moisture can cause serious damage to historic 
finishes as shown here. In this example, all the wall plaster and lath have 
been stripped in preparation for a vapor barrier prior to replastering, Con-
trolling interior temperature and relative humidity can be more effective than 
adding insulation and vapor barriers to historic perimeter walls. Photo: 
Ernest A. Conrad, P.E. 
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4. Mechanical heating and cooling systems change the interior climate of a building, Moisture in the air will dissipate from the warmer area of a building to 
the colder area and can cause serious deterioration of historic materials. Condensation can form if the dew point occurs within the building wall, particularly 
one that has been insulated (see a and b), Even when vapor retarders are installed (c), any non-continuous areas will provide spaces for moisture to pass. Wall 
Section Drawings: NPS files 
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Planning the New System 
Climate control systems are generally classified accord-
ing to the medium used to condition the 
air, water, or a combination of both (see overvIew on 
page 6). The complexity of choices facinp a buildinp 
owner or manager means that a systematic approach IS 
critical in determining the most suitable system for a 
building, its contents, and its . 
which system is installed, a change m the mtenor ch-
mate will result. This physical change will in turn affect 
how the building materials perform. New registers, 
grilles, cabinets, or other accessories associated with 
the new mechanical system will also visually change 
the interior (and sometimes the exterior) appearance of 
the building. Regardless of the type or extent of a me-
chanical system, the owner of a historic . 
should know before a system is installed what It will 
look like and what problems can be anticipated during 
the life of that system. The potential harm to a 
and costs to an owner of selecting the wrong mecham-
cal system are very great. . 

The use of a building and its contents will largely 
determine the best type of mechanical system. The 
historic building materials and construction technology 
as well as the size and availability of secondary spaces 
within the historic structure will affect the choice of a 
system. It may be necessary to investigate a combina-
tion of systems. In each case, the needs of the the 
needs of the building, and the needs of a collectIon or 
equipment must be considered. It may not be neces- . 
sary to have a comprehensive climate control sy'stem if 
climate-sensitive objects can be accommodated m spe-
cial areas or climate-controlled display cases. It may not 
be necessary to have central air conditioning. in a mild 
climate if natural ventilation systems can be Improved 
through the use of operable windows, awnings, ex-
haust fans, and other "low-tech" means. Modern 
standards for climate control developed for new con-
struction may not be achievable or for ?istoric 
buildings. In each case, the lowest level of mterventlOn 
needed to successfully accomplish the job should be selected. 

Before a system is chosen, the following planning 
steps are recommended: 

1. Determine the use of the building. The proposed 
use of the building (museum, commercial, residential, 
retail) will influence the type of system that should be 
installed. The number of people and functions to be 
housed in a building will establish the level of comfort 
and service that must be provided. Avoid uses that 
require major modifications to significant 
spaces. What is the intensity of of the buildmg: 
intermittent or constant use, speCIal events or seasonal 
events? Will the use of the building require major new 
services such as restaurants, laundries, kitchens, locker 
rooms, or other areas that generate moisture that may 
exacerbate climate control within the historic space? In 
the context of historic preservation, uses that require 
radical reconfigurations of historic spaces are inappro-
priate for the building. 

2. Assemble a qualified team. This team ideally 
should consist of a preservation architect, mechanical 
engineer, electrical engineer, structural and 
preservation consultants, each knowledgeable m codes 
and local requirements. If a special use (church, mu-

seum, art studio) or a collection is involved, a specialist 
familiar with the mechanical requirements of that 
building type or collection should also be hired. 

Team members should be familiar with the needs of 
historic buildings and be able to balance complex fac-
tors: the preservation of the historic architecture (aes-
thetics and conservation), requirements imposed by 
mechanical systems (quantified heating and cooling 
loads), building codes (health and safety), ten.ant re-
quirements (quality of comfort, ease of operatIon), ac-
cess (maintenance and future replacement), and the 
overall cost to the owner. 

3. Undertake a condition assessment of the existing 
building and its systems. What are the existing con-
struction materials and mechanical systems? What con-
dition are they in and are they reusable (see figure 6)? 
Where are existing chillers, boilers, air handlers, or 
cooling towers located? Look at the condition of all 
other services that may benefit from being integrated 
into a new system, such as electrical and fire suppres-
sion systems. Where can energy efficiency be improved 
to help downsize any new equipment added, an? 
which of the historic features, e.g. shutters, awnmgs, 
skylights, can be reused (see. figure 7)? air 
infiltration through the extenor envelope; momtor the 
interior for temperature and humidity levels with hy-
grothermographs for at least a year. Identify building, 
site, or equipment deficiencies or the presence of .as-
bestos that must be corrected prior to the installation or 
upgrading of mechanical systems. 

6. A condition assessment during the planning stage would identify this 
round radiator in a small oval-shaped vestibule as a significant element of the 
historic heating system. In upgrading the mechanical system, the radiator 
should be retained. Photo: Michael C. Henry, P.E. , AlA. 
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Overview of HVAC Systems 

WATER SYSTEMS: Hydronic radiators, Fan coil, or 
radiant pipes 
Water systems are generally called hydronic and use a network 
of pipes to deliver water to hot water radiators, radiant pipes set 
in floors or fan coil cabinets which can give both heating and 
cooling. Boilers produce hot water or steam; chillers produce 
chilled water for use with fan coil units. Thermostats control the 
temperature by zone for radiators and radiant floors. Fan coil 
units have individual controls. Radiant floors provide quiet, 
even heat, but are not common. 

Advantages: Piped systems are generally easier to install in 
historic buildings because the pipes are smaller than ductwork. 
Disadvantages: There is the risk, however, of hidden leaks in 
the wall or burst pipes in winter if boilers fail. Fan coil conden-
sate pans can overflow if not properly maintained. Fan coils 
may be noisy. 

Hydronic Radiators: Radiators or baseboard radiators are 
looped together and are usually set under windows or along 
perimeter walls. New boilers and circulating pumps can up-
grade older systems. Most piping was cast iron although cop-
per systems can be used if separately zoned. Modern cast iron 
baseboards and copper fin-tubes are available. Historic radia-
tors can be reconditioned. 

cast iron baseboard 

cast iron radiator 

Fan Coil Units: Fan coil systems use terminal cabinets in each 
room serviced by 2, 3, or 4 pipes approximately 1-1/2" each in 
diameter. A fan blows air over the coils which are serviced by 
hot or chilled water. Each fan coil cabinet can be individually 
controlled. Four-pipe fan coils can provide both heating and 
cooling all year long. Most piping is steel. Non-cabinet units 
may be concealed in closets or custom cabinetry, such as ben-
ches, can be built. 

return piping Fan coil unit 
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CENTRAL AIR SYSTEMS 
The basic heating, ventilation and air conditioning (HVAC) sys-
tem is all-air, single zone fan driven designed for low, medium 
or high pressure distribution. The system is composed of com-
pressor drives, chillers, condensers, and furnace depending 
on whether the air is heated, chilled or both. Condensers, gen-
erally air cooled, are located outside. The ducts are sheet metal 
or flexible plastic and can be insulated. Fresh air can be circu-
lated. Registers can be designed for ceilings, floors and walls. 
The system is controlled by thermostats; one per zone. 
Advantages: Ducted systems offer a high level of control of 
interior temperature, humidity, and filtration. Zoned units can 
be relatively small and well concealed. 
Disadvantages: The damage from installing a ducted system 
without adequate space can be serious for a historic building. 
Systems need constant balancing and can be noisy. 

Basic HVAC: Most residential or small commercial systems will 
consist of a basic furnace with a cooling coil set in the unit and 
a refrigerant compressor or condenser located outside the 
building. Heating and cooling ductwork is usually shared. If 
sophisticated humidification and dehumidification is added to 
the basic HVAC system, a full climate control system results. 
This can often double the size of the equipment. 

supply 

Heating furnace with cooling coil 

Basic Heat Pump/Air System: The heat pump is a basic HVAC 
system as described above except for the method of generating 
hot and cold air. The system operates on the basic refrigeration 
cycle where latent heat is extracted from the ambient air and is 
used to evaporate refrigerant vapor under pressure. Functions 
of the condenser and evaporator switch when heating is 
needed. Heat pumps, somewhat less efficient in cold climates, 
can be fitted with electric resistance coil. 

Cooling cycle 

compressor refrigerant flow 

he.li" ,',"po .. lo. 

expansion valve 

cycle reverses for heating 



COMBINED AIR AND WATER SYSTEMS 
These systems are popular for restoration work because they 
combine the ease of installation for the piped system with the 
performance and control of the ducted system. Smaller air han-
dling units, not unlike fan coils, may be located throughout a 
building with service from a central boiler and chiller. In many 
cases the water is delivered from a central plant which services I a complex of buildings. 
This system overcomes the disadvantages of a central ducted ; 
system where there is not adequate horizontal or vertical runs I 
for the ductwork. The equipment, being smaller, may also be 

I quieter and cause less vibration. If only one air handler is being 
utilized for the building, it is possible to house all the equip-
ment in a vault outside the building and send only conditioned 
air into the structure. 

Advantages: flexibility for installation using greater piping runs 
with shorter ducted runs; Air handlers can fit into small spaces. 
Disadvantages: piping areas may have undetected leaks; air 
handlers may be noisy. 

Water-serviced Air Handlers: 

a supply air 

t) return air 

o 
fresh air intake 

Typical Systems Layout: 

heating coil supply air 

coil 
humidifier foi1 I Conditioned 

Air handler space 

(J return air 

Chiller In 

{} 
Fresh air intake 

OTHER SYSTEM COMPONENTS 
Non-systems components should not be overlooked if they can 
make a building more comfortable without causing damage to 
the historic resource or its collection. 

Advantages: components may provide acceptable levels of 
comfort without the need for an entire system. 
Disadvantages: Spot heating, cooling and fluxuations in hu-
midity may harm sensitive collections or furnishings. If an inte-
grated system is desirable, components may provide only a 
temporary solution . 

Portable Air Conditioning: 

Most individual air conditioners are set in windows or through 
exterior walls which can be visually as well as physically dam-
aging to historic buildings. Newer portable air conditioners are 
available which sit in a room and exhaust directly to the exterior 
through a small slot created by a raised window sash. 

air 

(Air conditioner) 

Fans: Fans should be considered in most properties to improve 
ventilation . Fans can be located in attics, at the top of stairs, or 
in individual rooms. In moderate climates, fans may eliminate 
the need to install central air systems. 

exhaust fan 

Dehumidifiers: For houses without central air handling sys-
tems, a dehumidifier can resolve problems in humid climates. 
Seasonal use of dehumidifiers can remove moisture from damp 
basements and reduce fungal growth. 

portable unit 
(dehom;difie,) lA 

Heaters: Portable radiant heaters, such as those with water 
and glycol, may provide temporary heat in buildings used infre-
quently or during systems breakdowns. Care should be taken 
not to create a fire hazard with improperly wired units. 

portable heater 

electric baseboard 

Compiled by Sharon C. Park. Sketches adapted from Architectural Graphic Standards with permission from John Wiley and Sons. 
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4. Prioritize architecturally significant spaces, fin-
ishes, and features to be preserved. Significant archi-
tectural spaces, finishes and features should be 
identified and evaluated at the outset to ensure their 
preservation. This includes significant existing mechan-
ical systems or elements such as hot water radiators, 
decorative grilles, elaborate switchplates, and non-
mechanical architectural features such as cupolas, tran-
soms, or porches. Identify non-significant spaces 
where mechanical equipment can be placed and sec-
ondary spaces where equipment and distribution runs 
on both a horizontal and vertical basis can be located. 
Appropriate secondary spaces for housing equipment 
might include attics, basements, penthouses, mezza-
nines, false ceiling or floor cavities, vertical chases, 
stair towers, closets, or exterior below-grade vaults (see 
figure 8) . 

5. Become familiar with local building and fire 
codes. Owners or their representatives should meet 
early and often with local officials. Legal requirements 
should be checked; for example, can existing ductwork 
be reused or modified with dampers? Is asbestos abate-
ment required? What are the energy, fire, and safety 
codes and standards in place, and how can they be met 
while maintaining the historic character of the build-
ing? How are fire separation walls and rated mechani-
cal systems to be handled between multiple tenants? Is 
there a requirement for fresh air intake for stair towers 
that will affect the exterior appearance of the building? 
Many of the health, energy, and safety code require-
ments will influence decisions made for mechanical 
equipment for climate control. It is importance to know 
what they are before the design phase begins. 

6. Evaluate options for the type and size of systems. 
A matrix or feasibility studies should be developed to 
balance the benefits and drawbacks of various systems. 
Factors to consider include heating and/or cooling, fuel 
type, distribution system, control devices, generating 
equipment and accessories such as filtration, and hu-
midification. What are the initial installation costs, pro-
jected fuel costs, long-term maintenance, and life-cycle 

7. Operable skylights and grilles that can be adapted for return air should be 
identified as part of the planning phase for new or upgraded mechanical 
systems. Photo: Dianne Pierce, NPS files. 
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costs of these components and systems? Are parts of 
an existing system being reused and upgraded? The 
benefits of added ventilation should not be overlooked 
(see figure 9). What are the trade-offs between one 
large central system and multiple smaller systems? 
Should there be a forced air ducted system, a 2-pipe 
fan coil system, or a combined water and air system? 
What space is available for the equipment and distribu-
tion system? Assess the fire-risk levels of various fuels. 
Understand the advantages and disadvantages of the 
various types of mechanical systems available. Then 
evaluate each of these systems in light of the preservation 
objectives established during the design phase of planning. 

8. In considering options for new systems, existing spaces should be evalu-
ated for their ability to house new equipment. This sketch shows several 
areas where new mechanical equipment could be located to avoid damaging 
significant spaces. Sketch: NPS files 

9. Improving ventilation through traditional means should not be overlooked 
in planning new or upgraded HVAC systems. In mild climates, good exhaust 
fans can often eliminate the need for air conditioning or can reduce equip-
ment size by reducing cooling loads. Photo: Ernest A . Conrad, P.E. 



Designing the new system 
In designing a system, it is important to anticipate how 
it will be installed, how damage to historic materials 
can be minimized, and how visible the new mechanical 
system will be within the restored or rehabilitated 
spaces (see figure 10 a-f). Mechanical equipment space 
needs are often overwhelming; in some cases, it may 
be advantageous to look for locations outside of the 
building, including ground vaults, to house some of 
the equipment but only if it there is no adverse impact 
to the historic landscape or adjacent archeological re-
sources. Various means for reducing the heating and 
cooling loads (and thereby the size of the equipment) 
should be investigated. This might mean reducing 
slightly the comfort levels of the interior, increasing the 
number of climate control zones, or improving the 
energy efficiency of the building. 

The following activities are suggested during the 
design phase of the new system: 

1. Establish specific criteria for the new or upgraded 
mechanical system. New systems should be installed 
with a minimum of damage to the resource and should be 
visually compatible with the architecture of the building. 
They should be installed in a way that is easy to service, 
maintain, and upgrade in the future. There should be 
safety and back-up monitors in place if buildings have col-
lections, computer rooms, storage vaults or special 
conditions that need monitoring. The new systems 
should work within the structural limits of the historic 
building. They should produce no undue vibration, no 
undue noise, no dust or mold, and no excess moisture that 
could damage the historic building materials. If any 
equipment is to be located outside of the building, 
there should be no impact to the historic appearance of 
building or site, and there should be no impact on archeo-
logical resources. 

2. Prioritize the requirements for the new climate 
control system. The use of the building will determine 
the level of interior comfort and climate control. Some-
times, various temperature zones may safely be created 
within a historic building. This zoned approach may be 
appropriate for buildings with specialized collections 
storage, for buildings with mixed uses, or for large 
buildings with different external exposures, occupancy 
patterns, and delivery schedules for controlled air. Spe-
cial archives, storage vaults or computer rooms may 
need a completely different climate control from the 
rest of the building. Determine temperature and hu-
midity levels for occupants and collections and ventila-
tion requirements between differing zones. Establish if 
the system is to run 24 hours a day or only during op-
erating or business hours. Determine what controls are 
optimum (manual, computer, preset automatic, or 
other) . The size and location of the equipment to han-
dle these different situations will ultimately affect the 
design of the overall system as well. 

3. Minimize the impact of the new HVAC on the 
existing architecture. Design criteria for the new sys-
tem should be based on the type of architecture of the 
historic resource. Consideration should be given as to 
whether or not the delivery system is visible or hidden. 
Utilitarian and industrial spaces may be capable of 

accepting a more visible and functional system. More 
formal, ornate spaces which may be part of an interpre-
tive program may require a less visible or disguised 
system. A ducted system should be installed without 
ripping into or boxing out large sections of floors, 
walls, or ceilings. A wet pipe system should be in-
stalled so that hidden leaks will not damage important 
decorative finishes . In each case, not only the type of 
system (air, water, combination), but its distribution 
(duct, pipe) and delivery appearance (grilles, cabinets, 
or registers) must be evaluated. It may be necessary to 
use a combination of different systems in order to pre-
serve the historic building. Existing chases should be 
reused whenever possible. 

4. Balance quantitative requirements and preserva-
tion objectives. The ideal system may not be achievable 
for each historic resource due to cost, space limitations, 
code requirements, or other factors beyond the owner's 
control. However, significant historic spaces, finishes, 
and features can be preserved in almost every case, 
even given these limitations. For example, if some ceil-
ing areas must be slightly lowered to accommodate 
ductwork or piping, these should be in secondary ar-
eas away from decorative ceilings or tall windows. If 
modern fan coil terminal units are to be visible in his-
toric spaces, consideration should be given to custom 
designing the cabinets or to using smaller units in more 
locations to diminish their impact. If grilles and regis-
ters are to be located in significant spaces, they should 
be designed to work within the geometry or placement 
of decorative elements. All new elements, such as 
ducts, registers, pipe-runs, and mechanical equipment 
should be installed in a reversible manner to be re-
moved in the future without further damage to the 
building (see fig 11). 

Systems Performance and Maintenance 
Once the system is installed, it will require routine 
maintenance and balancing to ensure that the · proper 
performance levels are achieved. In some cases, ex-
tremely sophisticated, computerized systems have been 
developed to control interior climates, but these still 
need monitoring by trained staff. If collection exhibits 
and archival storage are important to the resource, the 
climate control system will require constant monitoring 
and tuning. Back-up systems are also needed to pre-
vent damage when the main system is not working: 
The owner, manager, or chief of maintenance should 
be aware of all aspects of the new climate control sys-
tem and have a plan of action before it is installed. 

Regular training sessions on operating, monitoring, 
and maintaining the new system should be held for 
both curatorial and building maintenance staff. If there 
are curatorial reasons to maintain constant temperature 
or humidity levels, only individuals thoroughly trained 
in how the HVAC systems operates should be able to 
adjust thermostats. Ill-informed and haphazard at-
tempts to adjust comfort levels, or to save energy over 
weekends and holidays, can cause great damage. 
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10. The following photographs illustrate recent preservation projects where careful planning and design retained the historic character of the 
resources. 

before after 

a. Before and after of a circa 1900 school entrance. The radiators have been replaced with a two-pipe fan coil system built into bench seats . The 
ceiling was preserved and no exposed elements were required to add air conditioning. Piping runs are under the benches and there was no 
damage to the masonry walls. Photos: Notter Finegold + Alexander Inc. and Lautman Photography, Washington. 

historic after 

d. Auditors Buildings, Washington, D.C. This upper floor workspace had been modified over the years with dropped ceilings and partitions. In 
the recent restoration, the open plan workspace was restored, the false ceiling was removed, and the fireproof construction was exposed. A vari-
able air volume (VA V) system using round double shell exposed ductwork is in keeping with the industrial character of the architectural space. 
Photo: Kenneth Wyner Photography, courtesy of Notter Finegold + Alexander Inc. Before view provided by Notter Finegold + Alexander/Mariani. 
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b. Central air conditioning was installed in the corridors of this circa 1900 
school building by adding an air handler over the entrance from a vestibule. 
The custom-designed slot registers provide linear diffusers without detracting 
from the architecture of the space. Photo: Lautman Photography courtesy of 
Notter Finegold + Alexander Inc. 

e. Town Hall, Andover, MA. The upstairs auditorium was restored and new 
mechanical systems were installed. Perimeter baseboard radiation provides 
heat and air handlers, located in the attic space provide air conditioning. The 
cast iron ceiling grille was adapted for return air and the supply registers 
were installed in a symmetrical and regular manner to minimize impact on 
the historic ceiling. Photo: David Hewitt/Anne Garrison for Ann Beha 
Associates. 

c. Conference room, Auditors Building, Washington, D.C. The historic 
steam radiators were retained for heating. The cast iron ceiling register was 
retained as a decorative element, but made inoperable to meet fire codes. 
Photo: Kenneth Wyner Photography courtesy of Notter Finegold + Alexan-
der Inc. 

f. Homewood, Baltimore, MD. This elegant circa 1806 residence is now a 
house museum. The registers for the forced air ducted system seen behind the 
table legs, are grained to blend with the historic baseboards. The HVAC 
system uses a water/air system where chilled water and steam heat are 
converted to conditioned air. Photo: Courtesy Homewood Museum, Johns 
Hopkins University. 
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HVAC Do's and Don'ts 

DO's: 

• Use shutters, operable windows, porches, curtains, 
awnings, shade trees and other historically appro-
priate non-mechanical features of historic buildings 
to reduce the heating and cooling loads. Consider 
adding sensitively designed storm windows to 
existing historic windows. 

• Retain or upgrade existing mechanical systems 
whenever possible: for example, reuse radiator 
systems with new boilers, upgrade ventilation 
within the building, install proper thermostats or 
humidistats. 

• Improve energy efficiency of existing buildings by 
installing insulation in attics and basements. Add 
insulation and vapor barriers to exterior walls only 
when it can be done without further damage to the 
resource. 

• In major spaces, retain decorative elements of the 
historic system whenever possible. This includes 
switchplates, grilles and radiators. Be creative in 
adapting these features to work within the new or 
upgraded system. 

• Use space in existing chases, closets or shafts for 
new distribution systems. 

• Design climate control systems that are compatible 
with the architecture of the building: hidden sys-
tem for formal spaces, more exposed systems possi-
ble in industrial or secondary spaces. In formal 
areas, avoid standard commercial registers and use 
custom slot registers or other less intrusive grilles. 
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• Size the system to work within the physical con-
straints of the building. Use multi-zoned smaller 
units in conjunction with existing vertical shafts, 
such as stacked closets, or consider locating equip-
ment in vaults underground, if possible. 

• Provide adequate ventilation to the mechanical 
rooms as well as to the entire building. Selectively 
install air intake grilles in less visible basement, 
attic, or rear areas . 

• Maintain appropriate temperature and humidity 
levels to meet requirements without accelerating 
the deterioration of the historic building materials. 
Set up regular monitoring schedules. 

• Design the system for maintenance access and for 
future systems replacement. 

• For highly significant buildings, install safety moni-
tors and backup features, such as double pans, 
moisture detectors, lined chases, and battery packs 
to avoid or detect leaks and other damage from 
system failures. 

• Have a regular maintenance program to extend 
equipment life and to ensure proper performance. 

• Train staff to monitor the operation of equipment and 
to act knowledgeably in emergencies or breakdowns. 

• Have an emergency plan for both the building and 
any curatorial collections in case of serious mal-
functions or breakdowns. 

DON'TS: 

• Don't install a new system if you don't need it. 

• Don't switch to a new type of system (e.g. forced 
air) unless there is sufficient space for the new sys-
tem or an appropriate place to put it. 

• Don't over-design a new system. Don't add air con-
ditioning or climate control if they are not abso-
lutely necessary. 

• Don't cut exterior historic building walls to add 
through-wall heating and air conditioning units. 
These are visually disfiguring, they destroy historic 
fabric, and condensation runoff from such units 
can further damage historic materials. 

• Don't damage historic finishes, mask historic fea-
tures, or alter historic spaces when installing new 
systems. 

• Don't drop ceilings or bulkheads across window 
openings. 

• Don't remove repairable historic windows or re-
place them with inappropriately designed thermal 
windows. 

• Don't seal operable windows, unless part of a mu-
seum where air pollutants and dust are being 
controlled. 

• Don't place condensers, solar panels, chimney 
stacks, vents or other equipment on visible por-
tions of roofs or at significant locations on the site. 

• Don't overload the building structure with the 
weight of new equipment, particularly in the attic. 

• Don't place stress on historic building materials 
through the vibrations of the new equipment. 

• Don't allow condensation on windows or within 
walls to rot or spall adjacent historic building 
materials. 



. Maintenance staff should learn how to operate, mon-
Itor, and maintain the mechanical equipment. They 
must know where the maintenance manuals are kept. 
Routine maintenance schedules must be developed for 
changing and cleaning filters, vents, and condensate 
pans to control fungus, mold, and other organisms that 
are dangerous to health. Such growths can harm both 
inhabitants and equipment. (In piped systems, for ex-

molds in condensate pans can block drainage 
lmes and cause an overflow to leak onto finished sur-
faces). Maintenance staff should also be able to monitor 
the appropriate gauges, dials, and thermographs. Staff 
must be trained to intervene in emergencies, to know 
where the master controls are, and whom to call in an 
emergency. As new personnel are hired, they will also 
require maintenance training. 
. In to regular cyclical maintenance, thorough 
mspectIons should be undertaken from time to time to 
evaluate the continued performance of the climate con-
trol s):,stem. As the system ages, parts are likely to fail, 
and SIgns of trouble may appear. Inadequately venti-

areas may smell musty. Wall surfaces may show 
stammg, wet patches, bubbling or other signs of mois-
ture damage. Routine tests for air quality, humidity, 
and temperature should indicate if the system is per-
forming properly. If there is damage as a result of the 
new system, it should be repaired immediately and 
then monitored to ensure complete repair. 

EqUIpment must be accessible for maintenance and 
should be visible for easy inspection. Moreover, since 

systems last only 15-30 years, the system 
be "reversible." That is, the system must be 

mstalled m such a way that later removal will not dam-
age building. In addition to servicing, the back-up 

that signal malfunctioning equipment must 
be routmely checked, adjusted, and maintained. 
Checklists should be developed to ensure that all as-
pects. of routine maintenance are completed and that 
data IS reported to the building manager. 

a 

Conclusion 

The successful integration of new systems in historic 
can be challenging. Meeting modern HVAC 

requrrem.ents for human comfort or installing con-
clImates for museum collections or for the oper-

atIon of complex computer equipment can result in 
both visual and physical damage to historic resources. 
Owners of historic buildings must be aware that the 
final result will involve balancing multiple needs; no 
perfect. heating, and air conditioning sys-
tem eXIsts. In undertakmg changes to historic build-
ings, it is best to have the advice and input of trained 
professionals who can: 

assess the condition of the historic building, 
evaluate the significant elements th<if should be 

preserved or reused, 
prioritize the preservation objectives, 
understand the impact of new interior climate condi-

tions on historic materials, 
integrate preservation with mechanical and code 

requirements, 
maximize the advantages of various new or upgraded 

mechanical systems, 
understand the visual and physical impact of various 

installations, 
identify maintenance and monitoring requirements 

for new or upgraded systems, and 
plan for the future removal or replacement of the 

system. 
Too often the presumed climate needs of the occu-

pants or collections can be detrimental to the long-term 
preservation of the building. With a careful balance 
?etw:en the preservation needs of the building and the 
mtenor temperature and humidity needs of the occu-
pants, a successful project can result. 

11. Durin$ the restoration of this 1806 National Historic Landmark (photo a), a new climate control system was installed. The architects removed all the earli-
fr0

b
m
l 

the house and Installed new equipment in a 30' x 40' concrete vault located underground 150 feet from the house itself (photo 
. n y con I lOne air IS own Into the house reusing much of the circa 1930s ductwork. Photos: Thomas C. Jester. 
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When all means of finding a productive use for a historic 
building have been exhausted or when funds are not 
currently available to put a deteriorating structure into a 
useable condition, it may be necessary to close up the 
building temporarily to protect it from the weather as well 
as to secure it from vandalism. This process, known as 
mothballing, can be a necessary and effective means of 
protecting the building while planning the property's future, 
or raising money for a preservation, rehabilitation or 
restoration project. If a vacant property has been declared 
unsafe by building officials, stabilization and mothballing 
may be the only way to protect it from demolition. 

This Preservation Brief focuses on the steps needed to "de-
activate" a property for an extended period of time. The 
project team will usually consist of an architect, historian, 
preservation specialist, sometimes a structural engineer, and 

a contractor. Mothballing should not be done without 
careful planning to ensure that needed physical repairs are 
made prior to securing the building. The steps discussed in 
this Brief can protect buildings for periods of up to ten years; 
long-term success will also depend on continued, although 
somewhat limited, monitoring and maintenance. For all but 
the simplest projects, hiring a team of preservation 
specialists is recommended to assess the specific needs of the 
structure and to develop an effective mothballing program. 

A vacant historic building cannot survive indefinitely in a 
boarded-up condition, and so even marginal interim uses 
where there is regular activity and monitoring, such as a 
caretaker residence or non-flammable storage, are generally 
preferable to mothballing. In a few limited cases when the 
vacant building is in good condition and in a location where 
it can be watched and checked regularly, closing and locking 

the door, setting heat levels at just 
above freezing, and securing the 
windows may provide sufficient 
protection for a period of a few years. 
But if long-term mothballing is the 
only remaining option, it must be 
done properly (see fig. 1 & 2). This 
will require stabilization of the 
exterior, properly designed security 
protection, generally some form of 
interior ventilation - either through 
mechanical or natural air exchange 
systems - and continued maintenance 
and surveillance monitoring. 

Figure 1. Proper mothballing treatment: This building has been successfully mothballed for 10 years 
because the roof and walls were repaired and structurally stabilized, ventilation louvers were added, and 
the property is maintained. Photo: Charles E. Fisher, NPS. 

Comprehensive mothballing 
programs are generally expensive and 
may cost 10% or more of a modest 
rehabilitation budget. However, the 
money spent on well-planned 
protective measures will seem small 
when amortized over the life of the 
resource. Regardless of the location 
and condition of the property or the 
funding available, the following 9 
steps are involved in properly 
mothballing a building: 
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to be structurally unsound until the 
condition of the structure can be fully 
assessed (see fig. 3). If pigeon or bat 
droppings, friable asbestos or other 
health hazards are present, precautions 
must be taken to wear the appropriate 
safety equipment when first inspecting 
the building. Consideration should be 
given to hiring a firm specializing in 
hazardous waste removal if these 
highly toxic elements are found in the 
building. 

Figure 2. Improper treatment: Boarding up without adequate ventilation, lack of maintenance, and 
neglect of this property have accelerated deterioration. Photo; NPS file . 

Documenting and recording the 
building. Documenting a building's 
history is important because evidence 
of its true age and architectural 
significance may not be readily 
evident. The owner should check with 
the State Historic Preservation Office 
or local preservation commission for 
assistance in researching the building. 
If the building has never been 
researched for listing in the National 
Register of Historic Places or other 
historic registers, then, at a minimum, 

Documentation 
1. Document the architectural and historical significance of 
the building. 
2. Prepare a condition assessment of the building. 

Stabilization 

3. Structurally stabilize the building, based on a 
professional condition assessment. 

4. Exterminate or control pests, including termites and 
rodents. 

5. Protect the exterior from moisture penetration. 

Mothballing 

6. Secure the building and its component features to 
reduce vandalism or break-ins. 

7. Provide adequate ventilation to the interior. 

8. Secure or modify utilities and mechanical systems. 

9. Develop and implement a maintenance and 
monitoring plan for protection. 

These steps will be discussed in sequence below. 
Documentation and stabilization are critical components 
of the process and should not be skipped over. 
Mothballing measures should not result in permanent 
damage, and so each treatment should be weighed in 
terms of its reversibility and its overall benefit. 

Documentation 
Documenting the historical significance and physical 
condition of the property will provide information 
necessary for setting priorities and allocating funds. 
The project team should be cautious when first entering 
the structure if it has been vacant or is deteriorated. It 
may be advisable to shore temporarily areas appearing 

the following should be determined: 

• The overall historical significance of 
the property and dates of construction; 

• the chronology of alterations or additions and their 
approximate dates; and, 

• types of building materials, construction techniques, and 
any unusual detailing or regional variations of 
craftsmanship. 

Old photographs can be helpful in identifying early or 
original features that might be hidden under modern 
materials. On a walk-through, the architect, historian, or 
preservation specialist should identify the architecturally 
significant elements of the building, both inside and out 
(see fig.4) . 

Figure 3. Buildings seriously damaged by storms or deterioration may need to be 
braced before architectural evaluations can be made. Jethro Coffin House. Photo: 
John Milner Architects. 



Figure 4. Documenting the bUl1ding's history, preparing schematic 
plans, and assessing the condition of the building wl1/ provide necessary 
information on which to set priorities for stabilization and repair prior to 
securing the building. Photo: Frederick Lindstrom, HABS. 

By understanding the history of the resource, significant 
elements, even though deteriorated, may be spared the 
trash pile. For that reason alone, any materials removed 
from the building or site as part of the stabilization effort 
should be carefully scrutinized and, if appearing historic, 
should be photographed, tagged with a number, 
inventioried, and safely stored, preferably in the building, 
for later retrieval (see fig. 5). 

A site plan and schematic building floor plans can be used 
to note important information for use when the building is 
eventually preserved, restored, or rehabilitated. Each room 
should be given a number and notations added to the plans 
regarding the removal of important features to storage or 
recording physical treatments undertaken as part of the 
stabilization or repair. 

Because a mothballing project may extend over a long 
period of time, with many different people involved, clear 
records should be kept and a building file established. 
Copies of all important data, plans, photographs, and lists 
of consultants or contractors who have worked on the 
property should be added to the file as the job progresses. 

Figure 5. Loose or detached elements should be identified, tagged and 
stored, preferably on site. Photo: NPS files . 

Recording all actions taken on the building will be helpful 
in the future. 

The project coordinator should keep the building file 
updated and give duplicate copies to the owner. A list of 
emergency numbers, including the number of the key 
holder, should be kept at the entrance to the building or on 
a security gate, in a transparent vinyl sleeve. 

Preparing a condition assessment of the building. A 
condition assessment can provide the owner with an 
accurate overview of the current condition of the property. 
If the building is deteriorated or if there are Significant 
interior architectural elements that will need special 
protection during the mothballing years, undertaking a 
condition assessment is highly recommended, but it need 
not be exhaustive. 

A modified condition assessment, prepared by an architect 
or preservation specialist, and in some case a structural 
engineer, will help set priorities for repairs necessary to 
stabilize the property for both the short and long-term. It 
will evaluate the age and condition of the following major 
elements: foundations; structural systems; exterior 
materials; roofs and gutters; exterior porches and steps; 
interior finishes; staircases; plumbing, electrical, mechanical 
systems; special features such as chimneys; and site 
drainage. 

To record existing conditions of the building and site, it 
will be necessary to clean debris from the building and to 
remove unwanted or overgrown vegetation to expose 
foundations. The interior should be emptied of its 
furnishing (unless provisions are made for mothballing 
these as well), all debris removed, and the interior swept 
with a broom. Building materials too deteriorated to repair, 
or which have come detached, such as moldings, balusters, 
and decorative plaster, and which can be used to guide later 
preservation work, should be tagged, labeled and saved. 

Photographs or a videotape of the exterior and all interior 
spaces of the resource will provide an invaluable record of 
lias is" conditions. If a Videotape is made, oral commentary 
can be provided on the significance of each space and 
architectural feature. If 35mm photographic prints or slides 
are made, they should be numbered, dated, and 
appropriately identified. Photographs should be cross-
referenced with the room numbers on the schematic plans. 
A systematic method for photographing should be 
developed; for example, photograph each wall in a room 
and then take a corner shot to get floor and ceiling portions 
in the picture. Photograph any unusual details as well as 
examples of each window and door type. 

For historic buildings, the great advantage of a condition 
assessment is that architectural features, both on the 
exterior as well as the interior, can be rated on a scale of 
their importance to the integrity and significance of the 
building. Those features of the highest priority should 
receive preference when repairs or protection measures are 
outlined as part of the mothballing process. Potential 
problems with protecting these features should be 
identified so that appropriate interim solutions can be 
selected. For example, if a building has always been heated 
and if murals, decorative plaster walls, or examples of 
patterned wall paper are identified as highly significant, 
then special care should be taken to regulate the interior 
climate and to monitor it adequately during the 
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mothballing years. This might require retaining electrical 
service to provide minimal heat in winter, fan exhaust in 
summer, and humidity controls for the interior. 

Stabilization 
Stabilization as part of a mothballing project involves 
correcting deficiencies to slow down the deterioration of the 
building while it is vacant. Weakened structural members 
that might fail altogether in the forthcoming years must be 
braced or reinforced; insects and other pests removed and 
discouraged from returning; and the building protected 
from moisture damage both by weatherizing the exterior 
envelope and by handling water run-off on the site. Even if 
a modified use or caretaker services can eventually be 
found for the building, the following steps should be 
addressed. 

Structurally stabilizing the building. While bracing may 
have been required to make the building temporarily safe 
for inspection, the condition assessment may reveal areas of 
hidden structural damage. Roofs, foundations, walls, 
interior framing, porches and dormers all have structural 
components that may need added reinforcement. 
Structural stabilization by a qualified contractor should be 
done under the direction of a structural engineer or a 
preservation specialist to ensure that the added weight of 
the reinforcement can be sustained by the building and that 
the new members do not harm historic finishes (see fig. 6). 
Any major vertical post added during the stabilization 
should be properly supported and, if necessary, taken to the 
ground and underpinned. 

Fi$,ure 6. Interior bracing which will last the duration of the mothballing 
WIll protect weakened structural members. Jethro Coffin House. Photo: 
John Milner Architects. 

If the building is in a northern climate, then the roof 
framing must be able to hold substantial snow loads. 
Bracing the roof at the ridge and mid-points should be 
considered if sagging is apparent. Likewise, interior 
framing around stair openings or under long ceiling spans 
should be investigated. Underpinning or bracing structural 
piers weakened by poor drainage patterns may be a good 
precaution as well. Damage caused by insects, moisture, or 
from other causes should be repaired or reinforced and, if 
possible, the source of the damage removed. If features 
such as porches and dormers are so severely deteriorated 

that they must be removed, they should be documented, 
photographed, and portions salvaged for storage prior to 
removal. 
If the building is in a southern or humid climate and 
termites or other insects are a particular problem, the 
foundation and floor framing should be inspected to ensure 
that there are no major structural weaknesses. This can 
usually be done by observation from the crawl space or 
basement. For those structures where this is not possible, it 
may be advisable to lift selective floor boards to expose the 
floor framing. If there is evidence of pest damage, 
particularly termites, active colonies should be treated and 
the structural members reinforced or replaced, if necessary. 
Controlling pests. Pests can be numerous and include 
squirrels, raccoons, bats, mice, rats, snakes, termites, moths, 
beetles, ants, bees and wasps, pigeons, and other birds. 
Termites, beetles, and carpenter ants destroy wood. Mice, 
too, gnaw wood as well as plaster, insulation, and electrical 
wires. Pigeon and bat droppings not only damage wood 
finishes but create a serious and sometimes deadly health 
hazard. 

If the property is infested with animals or insects, it is 
important to get them out and to seal off their access to the 
building. If necessary, exterminate and remove any nests or 
hatching colonies. Chimney flues may be closed off with 
exterior grade plywood caps, properly ventilated, or 
protected with framed wire screens. Existing vents, grills, 
and louvers in attics and crawl spaces should be screened 
with bug mesh or heavy duty wire, depending on the type 
of pest being controlled. It may be advantageous to have 
damp or infected wood treated with insecticides (as 
permitted by each state) or preservatives, such as borate, to 
slow the rate of deterioration during the time that the 
building is not in use. 

Securing the exterior envelope from moisture penetration. 
It is important to protect the exterior envelope from 
moisture penetration before securing the building. Leaks 
from deteriorated or damaged roofing, from around 
windows and doors, or through deteriorated materials, as 
well as ground moisture from improper site run-off or 
rising damp at foundations, can cause long-term damage to 
interior finishes and structural systems. Any serious 
deficiencies on the exterior, identified in the condition 
assessment, should be addressed. 
To the greatest extent possible, these weatherization efforts 
should not harm historic materials. The project budget may 
not allow deteriorated features to be fully repaired or 
replaced in-kind. Non-historic or modem materials may be 
used to cover historic surfaces temporarily, but these 
treatments should not destroy valuable evidence necessary 
for future preservation work. Temporary modifications 
should be as visually compatible as possible with the 
historic building. 

Roofs are often the most vulnerable elements on the 
building exterior and yet in some ways they are the easiest 
element to stabilize for the long term, if done correctly. 
"Quick fix" solutions, such as tar patches on slate roofs, 
should be avoided as they will generally fail within a year 
or so and may accelerate damage by trapping moisture. 
They are difficult to undo later when more permanent 
repairs are undertaken. Use of a tarpaulin over a leaking 
roof should be thought of only as a very temporary 



Figure 7. Non-historic materials are appropriate for mothballing projects when they are used to protect 
historic evidence remaining for future preservation. This lightweight aluminum channel frame and 
roofing covers the historic wooden shingle roof. Galvanized mesh panels secure the window openings 
from intrusion by raccoons and other unwanted guests. Photo: Williamsport Preservation Training 
Center, NPS. 

Figure 8. Appropriate mortar mixes should be 
used when masonry repairs are undertaken. In 
this case, a soft lime based moriar is used as an 
infill between the brick and wooden elements. 
When full repairs are made during the 
restoration phase, this soft moriar can easily be 
removed and missing bricks replaced. 

emergency repair because it is often blown off by the wind 
in a subsequent storm. 

If the existing historic roof needs moderate repairs to make 
it last an additional ten years, then these repairs should be 
undertaken as a first priority. Replacing cracked or missing 
shingles and tiles, securing loose flashing, and reanchoring 
gutters and downspouts can often be done by a local 
roofing contractor. If the roof is in poor condition, but the 
historic materials and configuration are important, a new 
temporary roof, such as a lightweight aluminum channel 
system over the eXisting, might be considered (see fig. 7). If 
the roofing is so deteriorated that it must be replaced and a 
lightweight aluminum system is not affordable, various 
inexpensive options might be considered. These include 
covering the existing deteriorated roof with galvanized 
corrugated metal roofing panels, or 90 lb. rolled roofing, or 
a rubberized membrane (refer back to cover photo). These 
alternatives should leave as much of the historic sheathing 
and roofing in place as evidence for later preservation 
treatments. 

For masonry repairs, appropriate preservation approaches 
are essential. For example, if repointing deteriorated brick 
chimneys or walls is necessary to prevent serious moisture 
penetration while the building is mothballed, the mortar 
should match the historic mortar in composition, color, and 
tooling. The use of hard portland cement mortars or vapor-
impermeable waterproof coatings are not appropriate 
solutions as they can cause extensive damage and are not 
reversible treatments (see fig. 8). 

For wood siding that is deteriorated, repairs necessary to 
keep out moisture should be made; repainting is generally 
warranted. Cracks around windows and doors can be 
beneficial in prOViding ventilation to the interior and so 
should only be caulked if needed to keep out bugs and 
moisture. For very deteriorated wall surfaces on wooden 
frame structures, it may be necessary to sheathe in plywood 
panels, but care should be taken to minimize installation 
damage by planning the location of the nailing or screw 

patterns or by installing panels over a frame of battens (see 
fig. 9). Generally, however, it is better to repair deteriorated 
features than to cover them over. 

Foundation damage may occur if water does not drain 
away from the building. Run-off from gutters and down-
spouts should be directed far away from the foundation 
wall by using long flexible extender pipes equal in length to 
twice the depth of the basement or crawl space. If under-
ground drains are susceptible to clogging, it is recommen-
ded that the downspouts be disconnected from the drain 
boot and attached to flexible piping. If gutters and down-
spouts are in bad condition, replace them with inexpensive 
aluminum units. 

Figure 9. Severely deteriorated wooden siding on a farm building has been 
covered over with painted plywood panels as a temporary measure to 
eliminate moisture penetration to the interior. Foundation vents and loose 
floor boards allow air to circulate inside. 

5 



6 

If there are no significant landscape or exposed archeo-
logical elements around the foundation, consideration 
should be given to regrading the site if there is a docu-
mented drainage problem (see fig. 10). If building up the 
grade, use a fiber mesh membrane to separate the new soil 
from the old and slope the new soil 6 to 8 feet (200 cm-266 
cm) away from the foundation making sure not to cover up 
the dampcourse layer or come into contact with skirting 
boards. To keep vegetation under control, put down a layer 
of 6 mil black polyethylene sheeting or fiber mesh matting 
covered with a 2"-4" (5-10 cm.) of washed gravel. If the 
building suffers a serious rising damp problem, it may be 
advisable to eliminate the plastic sheeting to avoid trapping 
ground moisture against foundations. 

Figure 10. Regrading around the Booker Tenement at Colonial Williams-
burg has protected the masonary foundation wall from excessive damp. 
This building has been successfully mothballed for over 10 years. Note the 
attic and basement vents, the temporary stairs, and the informative sign 
interpreting the history of this building. 

Mothballing 
The actual mothballing effort involves controlling the long-
term deterioration of the building while it is unoccupied as 
well as finding methods to protect it from sudden loss by 
fire or vandalism. This requires securing the building from 
unwanted entry, prOViding adequate ventilation to the 
interior, and shutting down or modifying existing utilities. 
Once the building is de-activated or secured, the long-term 
success will depend on periodic maintenance and 
surveillance monitoring. 

Securing the building from vandals, break-ins, and 
natural disasters. Securing the building from sudden loss 
is a critical aspect of mothballing. Because historic 
buildings are irreplaceable, it is vital that vulnerable entry 
points are sealed. If the building is located where fire and 
security service is available then it is highly recommeded 
that some form of monitoring or alarm devices be used. 

To protect decorative features, such as mantels, lighting 
fixtures, copper downspouts, iron roof cresting, or stained 
glass windows from theft or vandalism, it may be advisable 
to temporarily remove them to a more secure location if 
they cannot be adequately protected within the structure. 

Mothballed buildings are usually boarded up, particularly 
on the first floor and basement, to protect fragile glass 
windows from breaking and to reinforce entry points (see 
fig. 11). Infill materials for closing door and window 
openings include plywood, corrugated panels, metal grates, 
chain fencing, metal grills, and cinder or cement blocks (see 
fig. 12). The method of installation should not result in the 
destruction of the opening and all associated sash, doors, 
and frames should be protected or stored for future reuse. 

Figure 11. Urban buildin.$.s often need additional protection from 
unwanted entry and graffiti. This commercial building uses painted 
plywood panels to cover expansive glass storefronts and chain link fencing 
is applied on top of the panels. The upper windows on the street sides have 
been covered and painted to resemble 19th century sash. Photo: Thomas 
Jester, NPS. 

Generally exterior doors are reinforced and provided with 
strong locks, but if weak historic doors would be damaged 
or disfigured by adding reinforcement or new locks, they 
may be removed temporarily and replaced with secure 
modem doors (see fig. 13). Alternatively, security gates in a 
new metal frame can be installed within existing door 
openings, much like a storm door, leaving the historic door 
in place. If plywood panels are installed over door 
openings, they should be screwed in place, as opposed to 
nailed, to avoid crowbar damage each time the panel is 
removed. This also reduces pounding vibrations from 
hammers and eliminates new nail holes each time the panel 
is replaced. 
For windows, the most common security feature is the 
closure of the openings; this may be achieved with wooden 
or pre-formed panels or, as needed, with metal sheets or 
concrete blocks. Plywood panels, properly installed to 
protect wooden frames and properly ventilated, are the 
preferred treatment from a preservation standpoint. 

There are a number of ways to set insert plywood panels 
into windows openings to avoid damage to frame and sash 
(see fig. 14). One common method is to bring the upper 
and lower sash of a double hung unit to the mid-point of 
the opening and then to install pre-cut plywood panels 
using long carriage bolts anchored into horizontal wooden 
bracing, or strong backs, on the inside face of the window. 
Another means is to build new wooden blocking frames set 
into deeply recessed openings, for example in an industrial 
mill or warehouse, and then to affix the plywood panel to 



the blocking frame. If sash must be removed prior to 
installing panels, they should be labeled and stored safely 
within the building. 

Plywood panels are usually 1/2"-3/4" (1.25-1.875 cm.) 
thick and made of exterior grade stock, such as COX, or 

Figure 12. First floor openings have been filled with cinderblocks and 
doors, window sash and frames have been removed for safe keeping. Note 
the security light over the windows and the use of a security metal door 
with heavy duty locks. Photo: H. Ward Jandl, NPS . 

.. 

Figure 13. Ifhistoric doors would be damaged by adding extra locks, they 
should be removed and stored and new security doors added. At this 
lighthouse, the historic door has been replaced with a new door (seen both 
inside and outside) with an inset vent and new deadbolt locks. The heavy 
historic hinges have not been damaged. Photo: Williamsport Preservation 
Training Center, NPS. 

marine grade plywood. They should be painted to protect 
them from delamination and to provide a neater 
appearance. These panels may be painted to resemble . 
operable windows or treated decoratively (see fig. 15). With 
extra attention to detail, the plywood panels can be 

Figure 14. A: Plan detail showing plywood security panel anchored with 
carriage bolts through to the inside horizontal bracing, or strong backs. 
B: Plan detail showing section of plywood window panel attached to a 
new pressure treated wood frame set within the masonry opening. 
Ventilation should be included whenever possible or necessary. 

Figure 15. Painting trompe l'oeil scenes on plywood panels is a 
neighborhood friendly device. In addition, the small sign at the bottom left 
comer gives information for contacting the organization responsible for 
the care of the mothballed building. Photo: Lee H. Nelson, F AlA. 
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trimmed out with muntin strips to give a shadow line 
simulating multi-lite windows. This level of detail is a good 
indication that the building is protected and valued by the 
owner and the community. 

If the building has shutters, simply close the shutters and 
secure them from the interior (see fig. 16). If the building 
had shutters historically, but they are missing, it may be 
appropriate to install new shutters, even in a modem 
material, and secure them in the closed position. Louvered 
shutters will help with interior ventilation if the sash are 
propped open behind the shutters. 

Figure 16. Historic louvered shutters make excellent security closures 
with passive ventilation. 

There is some benefit from keeping windows unboarded if 
security is not a problem. The building will appear to be 
occupied, and the natural air leakage around the windows 
will assist in ventilating the interior. The presence of 
natural light will also help when periodic inspections are 
made. Rigid polycarbonate clear storm glazing panels may 
be placed on the window exterior to protect against glass 
breakage. Because the sun's ultraviolet rays can cause 
fading of floor finishes and wall surfaces, filtering pull 
shades or inexpensive curtains may be options for reducing 
this type of deterioration for significant interiors. Some 
acrylic sheeting comes with built-in ultraviolet filters. 

Securing the building from catastrophic destruction from 
fire, lightning, or arson will require additional security 
devices. Lightning rods properly grounded should be a 
first consideration if the building is in an area susceptible to 
lightning storms. A high security fence should also be 
installed if the property cannot be monitored closely. These 
interventions do not require a power source for operation. 
Since many buildings will not maintain electrical power, 
there are some devices available using battery packs, such 
as intrusion alarms, security lighting, and smoke detectors 
which through audible hom alarms can alert nearby 
neighbors. These battery packs must be replaced every 3 
months to 2 years, depending on type and usage. In 
combination with a cellular phone, they can also provide 
some level of direct communication with police and fire 
departments. 

If at all possible, new temporary electric service should be 
provided to the building (see fig. 17). Generally a telephone 

Figure 17. Security systems are very important for mothballed buildings 
if they are located where fire and security services are available. A 
temporary electric service with battery back-up has been installed in this 
bul1ding. Intrusion alarms and ionization smoke/fire detectors are wired 
directly to the nearby security service. 

line is needed as well. A hard wired security system for 
intrusion and a combination rate-of-rise and smoke detector 
can send an immediate signal for help directly to the fire 
department and security service. Depending on whether or 
not heat will be maintained in the building, the security 
system should be designed accordingly. Some systems 
cannot work below 32°P (OOe). Exterior lighting set on a 
timer, photo electric sensor, or a motion/infra-red detection 
device provides additional security. 

Providing adequate ventilation to the interior. Once the 
exterior has been made weathertight and secure, it is 
essential to provide adequate air exchange throughout the 
building. Without adequate air exchange, humidity may 
rise to unsafe levels, and mold, rot, and insect infestation 
are likely to thrive (see fig. 18). The needs of each historic 
resource must be individually evaluated because there are 
so many variables that affect the performance of each 
interior space once the building has been secured. A 
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Figure 18. Heavy duty wooden slated louvers were custom fabricated to 
replace the deteriomted lower sash. The upper sash were rebuilt to retain 
the historic appearance and to allow light into this vacant historic 
building. Refer back to Fig. 1 for a view of the building. Photo: Charles E. 
Fisher, NPS. Drawing by Thomas Vitanza. 



mechanical engineer or a specialist in interior climates 
should be consulted, particularly for buildings with intact 
and significant interiors. In some circumstances, providing 
heat during the winter, even at a minimal 45° F (7°C), and 
utilizing forced-fan ventilation in summer will be 
recommended and will require retaining electrical service. 
For masonry buildings it is often helpful to keep the 
interior temperature above the spring dew point to avoid 
damaging condensation. In most buildings it is the need 
for summer ventilation that outweighs the winter 
requirements. 
Many old buildings are inherently leaky due to loose-fitting 
windows and floorboards and the lack of insulation. The 
level of air exchange needed for each building, however, 
will vary according to geographic location, the building's 
construction, and its general size and configuration. 

There are four critical climate zones when looking at the 
type and amount of interior ventilation needed for a closed 
up building: hot and dry (southwestern states); cold and 
damp (Pacific northwest and northeastern states); 
temperate and humid (Mid-Atlantic states, coastal areas); 
and hot and humid (southern states and the tropics). (See 
fig. 19 for a chart outlining guidance on ventilation.) 

Once closed up, a building interior will still be affected by 
the temperature and humidity of the exterior. Without 
proper ventilation, moisture from condensation may occur 
and cause damage by wetting plaster, peeling paint, 

staining woodwork, warping floors, and in some cases even 
causing freeze thaw damage to plaster. If moist conditions 
persist in a property, structural damage can result from rot 
or returning insects attracted to moist conditions. Poorly 
mothballed masonry buildings, particularly in damp and 
humid zones have been so damaged on the interior with 
just one year of unventilated closure that none of the 
interior finishes were salvageable when the buildings were 
rehabilitated. 

The absolute minimum air exchange for most mothballed 
buildings consists of one to four air exchanges every hour; 
one or two air exchanges per hour in winter and often twice 
that amount in summer. Even this minimal exchange may 
foster mold and mildew in damp climates, and so 
monitoring the property during the stabilization period and 
after the building has been secured will provide useful 
information on the effectiveness of the ventilation solution. 

There is no exact science for how much ventilation should 
be provided for each building. There are, however, some 
general rules of thumb. Buildings, such as adobe 
structures, located in hot and arid climates may need no 
additional ventilation if they have been well weatherized 
and no moisture is penetrating the interior. Also frame 
buildings with natural cracks and fissures for air infiltration 
may have a natural air exchange rate of 3 or 4 per hour, and 
so in arid as well as temperate climates may need no 
additional ventilation once secured. The most difficult 

VENTILATION GUIDANCE CHART 

CLIMATE AIR EXCHANGES VENTILA nON 

Temperature Winter air Summer air Frame Buildings Masonry Buildings Masonry Buildings 
and exchange exchange passive louvering passive louvering fan combination 

Humidity per hour per hour 
% of openings % of openings one fan + 
louvered louvered % louvered 

winter summer winter summer summer 

hot and dry less than 1 less than 1 N/A N/A N/A N/A N/A 
Southwestern 
areas 

cold and damp 1 2-3 5% 10% 10% 30% 20% 
Northeastern & 
Pacific northwestern 
areas 

temperate/humid 2 3-4 10% 20% 20% 40% 30% 
Mid-Atlantic & 
coastal areas 

hot and humid 3 4 20% 30% 40% 80% 40% 
Southern states & or more or more or more 
tropical areas 

Figure 19. This is a general guide for the amount of louvering which might be expected for a medium size residential structure with an average amount of 
windows, attic, and crawl space ventilation. There is currently research being done on effective air exchanges, but each project should be evaluated 
individually. It will be noticed from the chart that summer louvering requirements can be reduced with the use of an exhaust fan. Masonry buildings need 
more ventilation than frame buidings. Chart prepared by Sharon C. Park, AlA and Ernest A. Conrad, PE. 
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buildings to adequately ventilate without resorting to 
extensive louvering and/ or mechanical exhaust fan systems 
are masonry buildings in humid climates. Even with 
basement and attic vent grills, a masonry building many 
not have more than one air exchange an hour. This is 
generally unacceptable for summer conditions. For these 
buildings, almost every window opening will need to be 
fitted out with some type of passive, louvered ventilation. 

Depending on the size, plan configuration, and ceiling 
heights of a building, it is often necessary to have louvered 
opening equivalent to 5%-10% of the square footage of each 
floor. For example, in a humid climate, a typicaI20'x30' 
(6.1m x 9.1m) brick residence with 600 sq. ft.(55.5 sq.m) of 
floor space and a typical number of windows, may need 30-
60 sq. ft .(2.75sq.m-5.5 sq. m) of louvered openings per floor. 
With each window measuring 3'x5'(.9m x 1.5 m) or 15 sq. ft. 
(1.3 sq.m), the equivalent of 2 to 4 windows per floor may 
need full window louvers. 

Small pre-formed louvers set into a plywood panel or small 
slit-type registers at the base of inset panels generally 
cannot provide enough ventilation in most moist climates to 
offset condensation, but this approach is certainly better 
than no louvers at all. Louvers should be located to give 
cross ventilation, interior doors should be fixed ajar at least 
4" (IOcm) to allow air to circulate, and hatches to the attic 
should be left open. 

Monitoring devices which can record internal temperature 
and humidity levels can be invaluable in determining if the 
internal climate is remaining stable. These units can be 
powered by portable battery packs or can be wired into 
electric service with data downloaded into laptop 
computers periodically (see fig. 20). This can also give long-
term information throughout the mothballing years. If it is 
determined that there are inadequate air exchanges to keep 
interior moisture levels under control, additional passive 
ventilation can be increased, or, if there is electric service, 
mechanical exhaust fans can be installed. One fan in a 
small to medium sized building can reduce the amount of 
louvering substantially. 

Figure 20. Portable monitors used to record temperature and humidity 
conditions in historic buildings during mothballing can help identify 
ventilation needs. This data can be downloaded directly into a lap top 
computer on site. These monitors are especially helpful over the long term 
for buildings with significant historic interiors or which are remaining 
furnished. If interiors are remaining damp or humid, additional 
ventilation should be added or the source of moisture controlled. 

If electric fans are used, study the environmental conditions 
of each property and determine if the fans should be 
controlled by thermostats or automatic timers. 
Humidistats, designed for enclosed climate control systems, 
generally are difficult to adapt for open mothballing 
conditions. How the system will draw in or exhaust air is 
also important. It may be determined that it is best to bring 
dry air in from the attic or upper levels and force it out 
through lower basement windows (see fig. 21). If the 
basement is damp, it may be best to zone it from the rest of 
the building and exhaust its air separately. Additionally, 
less humid day air is preferred over damper night air, and 
this can be controlled with a timer switch mounted to the 
fan. 

The type of ventilation should not undermine the security 
of the building. The most secure installations use custom-
made grills well anchored to the window frame, often set in 
plywood security panels. Some vents are formed using 
heavy millwork louvers set into existing window openings 
(refer back to fig.18) . For buildings where security is not a 
primary issue, where the interior is modest, and where 
there has been no heat for a long time, it may be possible to 
use lightweight galvanized metal grills in the window 
openings (refer back to fig.7). A cost effective grill can be 
made from the expanded metal mesh lath used by 
plasterers and installed so that the mesh fins shed rainwater 
to the exterior. 

Securing mechanical systems and utilities. At the outset, 
it is important to determine which utilities and services, 
such as electrical or telephone lines, are kept and which are 
cut off. As long as these services will not constitute a fire 

Figure 21. This electric thermostat/humidistat mounted in the attic vent 
controls a modified ducted air/fan system. The unit uses temporary 
exposed sheet metal ducts to pull air through the building and exhaust it 
out of the basement. For over ten years this fan system in combination 
with 18" x 18" preformed louvers in selective windows has kept the 
interior dry and With good air exchanges. 



hazard, it is advisable to retain those which will help 
protect the property. Since the electrical needs will be 
limited in a vacant building, it is best to install a new 
temporary electric line and panel (100 amp) so that all the 
wiring is new and exposed. This will be much safer for the 
building, and allows easy access for reading the meter (see 
fig. 22). 

Most heating systems are shut down in long term 
mothballing. For furnaces fueled by oil, there are two 
choices for dealing with the tank. Either it must be filled to 
the top with oil to eliminate condensation or it should be 
drained. If it remains empty for more than a year, it will 
likely rust and not be reusable. Most tanks are drained if a 
newer type of system is envisioned when the building is 
put back into service. Gas systems with open flames should 
be turned off unless there is regular maintenance and 
frequent surveillance of the property. Gas line,s are shut off 
by the utility company_ 

If a hot water radiator system is retained for low levels of 
heat, it generally must be modified to be a self-contained 
system and the water supply is capped at the meter. This 

Figure 22. All systems except temporary electric have been shut off at this 
residence which has been mothballed over 20 years. An electric meter and 
100 amp panel box have been set on a plywood panel at the front of the 
building. It is used for interior lightinS and various alarm systems. The 
building, however, is showing signs ot moisture problems with effIou-
rescent stains on the masonry indicating the need for gutter maintenance 
and additional ventz1ation for the interior. The vegetation on the walls, 
although picturesque, traps moisture and is damaging to the masonry. 
Photo: H. Ward Jandl, NPS. 

recirculating system protects the property from extensive 
damage from burst pipes. Water is replaced with a 
water / glycol mix and the reserve tank must also be filled 
with this mixture. This keeps the modified system from 
freezing, if there is a power failure. If water service is cut 
off, pipes should be drained. Sewerage systems will require 
special care as sewer gas is explosive. Either the traps must 
be filled with glycol or the sewer line should be capped off 
at the building line. 

Developing a maintenance and monitoring plan. While 
every effort may have been made to stabilize the property 
and to slow the deterioration of materials, natural disasters, 
storms, undetected leaks, and unwanted intrusion can still 
occur. A regular schedule for surveillance, maintenance, 
and monitoring should be established: (See fig. 23 for 
maintenance chart). 

MAINTENANCE CHART 

U regular drive by surveillance o check attic during stonns if possible 

monthly walk arounds o check entrances o check window panes for breakage o mowing as required o check for graffiti or vandalism 

enter every 3 months to air out o check for musty air o check for moisture damage o check battery packs and monitoring 
equipment o check light bulbs o check for evidence of pest intrusion 

every 6 months; spring and fall o site clean-up; pruning and trimming o gutter and downspout check o check crawlspace for pests o clean out storm drains 

every 12 months o maintenance contract inspections 
for equipment/utilities o check roof for loose or missing shingles o termite and pest inspection/treatment o exterior materials spot repair and touch up 
painting o remove bird droppings or other stains from 
exterior o check and update building file 

Figure 23. Maintenance Chart. Many of the tasks on the maintenance 
chart can be done by volunteer help or service contracts. Regular visits to 
the site wm help detect intrusion, storm damage, or poor water drainage. 
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The fire and police departments should be notified that the 
property will be vacant. A walk-through visit to familiarize 
these officials with the building's location, construction 
materials, and overall plan may be invaluable if they are 
called on in the future. 

The optimum schedule for surveillance 
visits to the property will depend on the 
location of the property and the number 
of people who can assist with these 
activities. The more frequent the visits 
to check the property, the sooner that 
water leaks or break-ins will be noticed. 
Also, the more frequently the building is 
entered, the better the air exchange. By 
keeping the site clear and the building in 
good repair, the community will know 
that the building has not been aband-
oned (see fig. 24). The involvement of 
neighbors and community groups in 
caring for the property can ensure its 
protection from a variety of catastrophic 
circumstances. 

Service companies on a maintenance contract can provide 
yard, maintenance, and inspection services, and their 
reports or itemized bills reflecting work undertaken should 
be added to update the building file. 

The owner may utilize volunteers and 
service companies to undertake the 
work outlined in the maintenance chart. Figure 24. Once mothballed, a property must still be monitored and maintained. The openings in this 

historic barn has been modified with a combination of wood louvers and metal mesh panels which require 
little maintenance. The $rounds are regularly mowed, even inside the chain link security fence. Photo: 
Williamsport Preservation Training Center, NPS. 

Components of a Mothballing Project 
Document: Brearley House, New Jersey; story center 
hall plan house contains a high degree of integrity of 
circa 1761 materials and significant early 19th century 
additions. Deterioration was attributable to leaking roof, 
unstable masonry at gables and chimneys, deteriorating 
attic windows, poor site drainage, and partially detached 
gutters. Mothballing efforts are required for approxi-
mately 7-10 years. 

Stabilize: Remove bat droppings from attic using great 
caution. Secure historic chimneys and gable ends with 
plywood panels. Do not take historic chimneys down. 
Reroof with asphalt shingles and reattach or add new 
gutters and downspouts. Add extenders to downspouts. 
Add bug screens to any ventilation areas. Add soil 
around foundation and slope to gain positive drain; do 
not excavate as this will disturb archeological evidence. 

Mothball: Install security fence around the property. 
Secure doors and windows with plywood panels 
exterior grade). Install preformed metal grills in 
basement and attic openings. Add surface mounted 
wiring for ionization smoke and fire detection with direct 
wire to police and fire departments. Shut off heat and 
drain pipes. Add window exhaust fan set on a 
tnermostatic control. Provide for periodic mOnitoring 
and maintenance of the property. 

Figure 25. Above is a summary of the tasks that were necessary in 
order to protect this significant property while restoration funds are 
raised. Photographs: Michael Mills; Ford Farewell Mills Gatsch 
Architects. 

a. A view showing the exterior of the house in its mothballed condition. 

b. Plywood panels stabilize the 
chimneys. Note the gable vents. 

c. The exhaust fan has tamper-
proof housing. 
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hazard, it is advisable to retain those which will help 
protect the property. Since the electrical needs will be 
limited in a vacant building, it is best to install a new 
temporary electric line and panel (100 amp) so that all the 
wiring is new and exposed. This will be much safer for the 
building, and allows easy access for reading the meter (see 
fig. 22). 

Most heating systems are shut down in long term 
mothballing. For furnaces fueled by oil, there are two 
choices for dealing with the tank. Either it must be filled to 
the top with oil to eliminate condensation or it should be 
drained. If it remains empty for more than a year, it will 
likely rust and not be reusable. Most tanks are drained if a 
newer type of system is envisioned when the building is 
put back into service. Gas systems with open flames should 
be turned off unless there is regular maintenance and 
frequent surveillance of the property. Gas line,s are shut off 
by the utility company_ 

If a hot water radiator system is retained for low levels of 
heat, it generally must be modified to be a self-contained 
system and the water supply is capped at the meter. This 
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residence which has been mothballed over 20 years. An electric meter and 
100 amp panel box have been set on a plywood panel at the front of the 
building. It is used for interior lightinS and various alarm systems. The 
building, however, is showing signs ot moisture problems with effIou-
rescent stains on the masonry indicating the need for gutter maintenance 
and additional ventz1ation for the interior. The vegetation on the walls, 
although picturesque, traps moisture and is damaging to the masonry. 
Photo: H. Ward Jandl, NPS. 
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off, pipes should be drained. Sewerage systems will require 
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be filled with glycol or the sewer line should be capped off 
at the building line. 
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storms, undetected leaks, and unwanted intrusion can still 
occur. A regular schedule for surveillance, maintenance, 
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chart can be done by volunteer help or service contracts. Regular visits to 
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The fire and police departments should be notified that the 
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service companies to undertake the 
work outlined in the maintenance chart. Figure 24. Once mothballed, a property must still be monitored and maintained. The openings in this 

historic barn has been modified with a combination of wood louvers and metal mesh panels which require 
little maintenance. The $rounds are regularly mowed, even inside the chain link security fence. Photo: 
Williamsport Preservation Training Center, NPS. 

Components of a Mothballing Project 
Document: Brearley House, New Jersey; story center 
hall plan house contains a high degree of integrity of 
circa 1761 materials and significant early 19th century 
additions. Deterioration was attributable to leaking roof, 
unstable masonry at gables and chimneys, deteriorating 
attic windows, poor site drainage, and partially detached 
gutters. Mothballing efforts are required for approxi-
mately 7-10 years. 

Stabilize: Remove bat droppings from attic using great 
caution. Secure historic chimneys and gable ends with 
plywood panels. Do not take historic chimneys down. 
Reroof with asphalt shingles and reattach or add new 
gutters and downspouts. Add extenders to downspouts. 
Add bug screens to any ventilation areas. Add soil 
around foundation and slope to gain positive drain; do 
not excavate as this will disturb archeological evidence. 

Mothball: Install security fence around the property. 
Secure doors and windows with plywood panels 
exterior grade). Install preformed metal grills in 
basement and attic openings. Add surface mounted 
wiring for ionization smoke and fire detection with direct 
wire to police and fire departments. Shut off heat and 
drain pipes. Add window exhaust fan set on a 
tnermostatic control. Provide for periodic mOnitoring 
and maintenance of the property. 

Figure 25. Above is a summary of the tasks that were necessary in 
order to protect this significant property while restoration funds are 
raised. Photographs: Michael Mills; Ford Farewell Mills Gatsch 
Architects. 

a. A view showing the exterior of the house in its mothballed condition. 

b. Plywood panels stabilize the 
chimneys. Note the gable vents. 

c. The exhaust fan has tamper-
proof housing. 
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MOTHBALLING CHECKLIST 

Mothballing Checklist 
In reviewing mothballing plans, the following checklist may help to 
ensure that work items are not inadvertently omitted. 

Moisture 
• Is the roof watertight? 
• Do the gutters retain their proper pitch and are they clean? 
• Are downspout joints intact? 
• Are drains unobstructed? 
• Are windows and doors and their frames in good condition? 
• Are masonry walls in good condition to seal out moisture? 
• Is wood siding in good condition? 
• Is site properly graded for water run-off? 
• Is vegetation cleared from around the building foundation to avoid 

trapping moisture? 

Pests 
• Have nests/pests been removed from the building's interior and 

eaves? 
• Are adequate screens in place to guard against pests? 
• Has the building been inspected and treated for termites, carpenter 

ants, and rodents? 
• If toxic droppings from bats and pigeons are present, has a special 

company been brought in for its disposal? 

Housekeeping 
• Have the following been removed from the interior: trash, hazardous 

materials such as inflammable liquids, poisons, and paints and 
canned goods that could freeze and burst? 

• Is the interior broom-clean? 
• Have furnishings been removed to a safe location? 
• If furnishings are remaining in the building, are they properly 

protected from dust, pests, ultraviolet light, and other potentially 
harmful problems? 

• Have significant architectural elements that have become detached 
from the building been labeled and stored in a safe place? 

• Is there a building file? 

Security 
• Have fire and police departments been notified that the building will 

be mothballed? 
• Are smoke and fire detectors in working order? 
• Are the exterior doors and windows securely fastened? 
• Are plans in place to monitor the building on a regular basis? 
• Are the keys to the building in a secure but accessible location? 
• Are the grounds being kept from becoming overgrown? 

Utilities 
• Have utility companies disconnected/shut off or fully inspected 

water, gas, and electric lines? 
• If the building will not remain heated, have water pipes been drained 

and glycol added? 
• If the electricity is to be left on, is the wiring in safe condition? 

Ventilation 
• Have steps been taken to ensure proper ventilation of the building? 
• Have interior doors been left open for ventilation purposes? 
• Has the secured building been checked within the last 3 months for 

interior dampness or excessive humidity? 

Yes No Date of action or comment. 

Figure 26 .. MOTHBALL CHECKLIST. This checklist will give the building owner or manager a handy reference guide to items that should be addressed when 
mothballing a historic building. Prepared by H. Ward Jandl, NPS. 

Conclusion 
Providing temporary protection and stabilization for vacant 
historic buildings can arrest deterioration and buy the 
owner valuable time to raise money for preservation or to 
find a compatible use for the property. A well planned 
mothballing project involves documenting the history and 
condition of the building, stabilizing the structure to slow 
down its deterioration, and finally mothballing the 
structure to secure it (See fig. 25). The three highest 
priorities for the building while it is mothballed are 1) to 
protect the building from sudden loss, 2) to weatherize and 
maintain the property to stop moisture penetration, and 3) 
to control the humidity levels inside once the building has 
been secured. See Mothballing Checklist Figure 26. 

While issues regarding mothballing may seem simple, the 
variables and intricacies of possible solutions make the 
decision-making process very important. Each building 
must be individually evaluated prior to mothballing. In 
addition, a variety of professional services as well as 
volunteer assistance are needed for careful planning and 
repair, sensitively designed protection measures, follow-up 
security surveillance, and cyclical maintenance (see fig. 27). 

In planning for the future of the building, complete and 
systematic records must be kept and generous funds 
allocated for mothballing. This will ensure that the historic 
property will be in stable condition for its eventual 
preservation, rehabilitation, or restoration. 
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Historically, most buildings and landscapes were not de-
signed to be readily accessible for people with disabilities. 
In recent years, however, emphasis has been placed on 
preserving historically significant properties, and on making 
these properties-and the activities within them-more 
accessible to people with disabilities. With the passage of 
the Americans with Disabilities Act in 1990, access to 
properties open to the public is now a civil right. 

This Preservation Brief introduces the complex issue of 
providing accessibility at historic properties, and 
underscores the need to balance accessibility and historic 
preservation. It provides guidance on making historic 
properties accessible while preserving their historic 
character; the Brief also provides examples to show that 
independent physical accessibility at historic properties can 
be achieved with careful planning, consultation, and 
sensitive design. While the Brief focuses primarily on 
making buildings and their sites accessible, it also includes a 
section on historic landscapes. The Brief will assist historic 
property owners, design professionals, and administrators 
in evaluating their historic properties so that the highest 
level of accessibility can be provided while minimizing 
changes to historic materials and features. Because many 
projects encompassing accessibility work are complex, it is 
advisable to consult with experts in the fields of historic 
preservation and accessibility before proceeding with 
permanent physical changes to historic properties. 

Modifications to historic properties to increase accessibility 
may be as simple as a small, inexpensive ramp to overcome 
one entrance step, or may involve changes to exterior and 
interior features. The Brief does not provide a detailed 
explanation of local or State accessibility laws as they vary 
from jurisdiction to jurisdiction. A concise explanation of 
several federal accessibility laws is included on page 13. 

Planning Accessibility Modifications 
Historic properties are distinguished by features, materials, 
spaces, and spatial relationships that contribute to their 
historic character. Often these elements, such as steep 
terrain, monumental steps, narrow or heavy doors, 

decorative ornamental hardware, and narrow pathways and 
corridors, pose barriers to persons with disabilities, 
particularly to wheelchair users (See Figure 1). 

A three-step approach is recommended to identify and 
implement accessibility modifications that will protect the 
integrity and historic character of historic properties: 

1) Review the historical significance of the property and 
identify character-defining features; 

2) Assess the property's existing and required level of 
accessibility; and 

3) Evaluate accessibility options within a preservation 
context. 

1) Review the Historical Significance of the Property 
If the property has been designated as historic (properties 
that are listed in, or eligible for listing in the National 
Register of Historic Places, or designated under State or local 
law), the property's nomination file should be reviewed to 
learn about its significance. Local preservation commissions 
and State Historic Preservation Offices can usually provide 

Figure 1. It is important to identify the materials,jeatures, and spaces 
that should be preserved when planning accessibility modifications. These 
may include stairs, railings, doors, and door surrounds. Photo: National 
Park Seroice files. 
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copies of the nomination file and are also resources for 
additional information and assistance. Review of the 
written documentation should always be supplemented 
with a physical investigation to identify which character-
defining features and spaces must be protected whenever 
any changes are anticipated. If the level of documentation 
for a property's significance is limited, it may be necessary 
to have a preservation professional identify specific historic 
features, materials, and spaces that should be protected. 
For most historic properties, the construction materials, the 
form and style of the property, the principal elevations, the 
major architectural or landscape features, and the principal 
public spaces constitute some of the elements that should 
be preserved. Every effort should be made to minimize 
damage to the materials and features that convey a 
property's historical significance when making 
modifications for accessibility. Very small or highly 
significant properties that have never been altered may be 
extremely difficult to modify. 

Secondary spaces and finishes and features that may be less 
important to the historic character should also be 
identified; these may generally be altered without 
jeopardizing the historical significance of a property. Non-
significant spaces, secondary pathways, later additions, 
previously altered areas, utilitarian spaces, and service 
areas can usually be modified without threatening or 
destroying a property's historical significance. 

2) Assess the Property's Existing and Required Level 
of Accessibility 
A building surveyor assessment will provide a thorough 
evaluation of a property's accessibility. Most surveys 
identify accessibility barriers in the following areas: 
building and site entrances; surface textures, widths and 
slopes of walkways; parking; grade changes; size, weight 
and configuration of doorways; interior corridors and path 
of travel restrictions; elevators; and public toilets and 
amenities (See Figure 2). Simple audits can be completed 
by property owners using readily available checklists (See 
Further Reading) . Accessibility specialists can be hired to 
assess barriers in more complex properties, especially those 
with multiple buildings, steep terrain, or interpretive 
programs. Persons with disabilities can be particularly 
helpful in assessing specific barriers. 

Figure 2. Surveys of historic properties can identify accessibility barriers. 
Persons with disabilities and accessibility consultants should participate 
whenever possible. Photo: Thomas Jester. 

All applicable accessibility requirements-local codes, State 
codes and federal laws- should be reviewed carefully 
before undertaking any accessibility modification. Since 
many States and localities have their own accessibility 
regulations and codes (each with their own requirements 
for dimensions and technical requirements), owners should 
use the most stringent accessibility requirements when 
implementing modifications. The Americans with 
Disability Act Accessibility Guidelines (ADAAG) is the 
document that should be consulted when complying with 
the Americans with Disabilities Act (ADA) requirements. 

3) Identify and Evaluate Accessibility Options within a 
Preservation Context 
Once a property's significant materials and features have 
been identified, and existing and required levels of 
accessibility have been established, solutions can be 
developed (See Figure 3). Solutions should provide the 
greatest amount of accessibility without threatening or 
destroying those materials and features that make a 
property significant. Modifications may usually be phased 
over time as funds are available, and interim solutions can 
be considered until more permanent solutions are 
implemented. A team comprised of persons with 
disabilities, accessibility and historic preservation 
professionals, and building inspectors should be consulted 
as accessibility solutions are developed. 

Modifications to improve accessibility should generally be 
based on the following priorities: 

1) Making the main or a prominent public entrance 
and primary public spaces accessible, including a 
path to the entrance; 

2) Providing access to goods, services, and programs; 

3) Providing accessible restroom facilities; and, 

4) Creating access to amenities and secondary spaces. 

All proposed changes should be evaluated for conformance 
with the Secretary of the Interior's "Standards for the 
Treatment of Historic Properties," which were created for 
property owners to guide preservation work. These 
Standards stress the importance of retaining and protecting 
the materials and features that convey a property's 
historical significance. Thus, when new features are 
incorporated for accessibility, historic materials and 
features should be retained whenever possible. 
Accessibility modifications should be in scale with the 
historic property, visually compatible, and, whenever 
possible, reversible. Reversible means that if the new 
feature were removed at a later date, the essential form and 
integrity of the property would be unimpaired. The design 
of new features should also be differentiated from the 
design of the historic property so that the evolution of the 
property is evident. See Making Historic Buildings 
Accessible on page 9. 

In general, when historic properties are altered, they should 
be made as accessible as possible. However, if an owner or 
a project team believes that certain modifications would 
threaten or destroy the significance of the property, the 
State Historic Preservation Officer should be consulted to 
determine whether or not any special accessibility 
provisions may be used. Special accessibility provisions for 
historic properties will vary depending on the applicable 
accessibility requirements. 



A. 

B. 

c. 
Figure 3. Before implementing accessibility modifications, ownfrs should 
consider the potential effect on their historic property. At the Derby 
House in Salem, Massachusetts, several solutions to make the entrance 
accessible were considered, including regrading (a); a lift (b); and a ramp 
(c). The solution, an entrance on a secondary elevation, preserves the 
building's architectural significance and is convenient to designated 
parking. Drawings: National Park Service Files .. 

In some cases, programmatic access may be the only option 
for extremely small or unaltered historic properties, such as 
a two-story house museum with no internal elevator. 
Programmatic access for historic properties refers to 
alternative methods of providing services, information, and 
experiences when physical access cannot be provided. It 

may mean offering an audio-visual program showing an 
inaccessible upper floor of a historic house museum, 
providing interpretive panels from a vista at an inaccessible 
terraced garden, or creating a tactile model of a historic 
monument for people with visual impairments. 

Accessibility Solutions 
The goal in selecting appropriate solutions for specific 
historic properties is to provide a high level of accessibility 
without compromising significant features or the overall 
character of the property. The following sections describe 
accessibility solutions and offer guidance on specific 
historic property components, namely the building site, 
entrances, interiors, landscapes, amenities, and new 
additions. Several solutions are discussed in each section, 
referencing dimensions and technical requirements from 
the ADA's accessibility guidelines, ADAAG. State and local 
requirements, however, may differ from the ADA 
requirements. Before making any modification owners 
should be aware of all applicable accessibility requirements. 
The Building Site 
An accessible route from a parking lot, sidewalk, and public 
street to the entrance of a historic building or facility is 
essential. An accessible route, to the maximum extent 
possible, should be the circulation route used by the general 
public. Critical elements of accessible routes are their 
widths, slopes, cross slopes, and surface texture. Each of 
these route elements must be appropriately designed so that 
the route can be used by everyone, including people with 
disabilities. The distance between the arrival and destination 
points should also be as short as possible. Sites containing 
designed landscapes should be carefully evaluated before 
making accessibility modifications. Historic landscapes are 
described in greater detail on pages 10 and 11. 

Providing Convenient Parking. If parking is provided, it 
should be as convenient as possible for people with 
disabilities. Specially designated parking can often be 
created to improve accessibility (See Figure 4). Modifica-
tions to parking configurations and pathways should not 
alter significant landscape features. 

Creating an Accessible Route. The route or path through a 
site to a historic building's entrance should be wide enough, 
generally at least 3 feet (91 cm), to accommodate visitors 

Figure 4. Parking designated for people with disabilities is provided near 
an accessible entrance to the Springfield Library in Springfield, 
Massachusetts. Photo: William Smith. 
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with disabilities and must be appropriately graded with a 
stable, firm, and slip-resistant surface. Existing paths 
should be modified to meet these requirements whenever 
possible as long as doing so would not threaten or destroy 
significant materials and features. 

Existing surfaces can often be stabilized by providing a new 
base and resetting the paving materials, or by modifying 
the path surface. In some situations it may be appropriate 
to create a new path through an inaccessible area. At large 
properties, it may be possible to regrade a slope to less than 
1:20 (5%), or to introduce one or more carefully planned 
ramps. Clear directional signs should mark the path from 
arrival to destination. 

Entrances 
Whenever possible, access to historic buildings should be 
through a primary public entrance. In historic buildings, if 
this cannot be achieved without permanent damage to 
character-defining features, at least one entrance used by 
the public should be made accessible. If the accessible 
entrance is not the primary public entrance, directional 
signs should direct visitors to the accessible entrance (See 
Figure 5). A rear or service entrance should be avoided as 
the only mean of entering a building. 

Figure 5. A universal access symbol clearly marks the Arts and 
Industries Building in Washington, D.C., and a push plate (right) 
engages the automatic door-opener. Photo: Thomas Jester. 

Creating an accessible entrance usually involves 
overcoming a change in elevation. Steps, landings, doors, 
and thresholds, all part of the entrance, often pose barriers 
for persons with disabilities. To preserve the integrity of 
these features, a number of solutions are available to 
increase accessibility. Typical solutions include regrading, 
incorporating ramps, installing wheelchair lifts, creating 
new entrances, and modifying doors, hardware, and 
thresholds. 

Regrading an Entrance. In some cases, when the entrance 
steps and landscape features are not highly significant, it 
may be possible to regrade to provide a smooth entrance 
into a building. If the existing steps are historic masonry, 
they should be buried, whenever possible, and not removed 
(See Figure 6). 

Incorporating Ramps. Permanent ramps are perhaps the 
most common means to make an entrance accessible. As a 
new feature, ramps should be carefully designed and 
appropriately located to preserve a property's historic 
character (See Figure 7). Ramps should be located at public 

Figure 6. Entrances can be regraded to make a bllilding accessible as long 
as no significant landscape features will be destroyed and as long as the 
building's historic character is preserved. The Houghton Chapel (a) in 
Wellesley, Massachusetts, was made accessible by regrading over the 
historic steps (b). Photos: Carol R. Johnson & Associates. 

Figure 7. This ramp is convenient for visitors with disabilities and 
preserves the building's historic character. The design is also compatible 
in scale with the building. Photo: William Smith. 

entrances used by everyone whenever possible, preferably 
where there is minimal change in grade. Ramps should 
also be located to minimize the loss of historic features at 
the connection points-porch railings, steps, and win-
dows-and should preserve the overall historic setting and 
character of the property. Larger buildings may have 
below grade areas that can accommodate a ramp down to 
an entrance (See Figure 8). Below grade entrances can be 
considered if the ramp leads to a publicly used interior, 
such as an auditorium, or if the building is by a 
public elevator. Ramps can often be incorporated behind 



Figure 8. A new below-grade ramp provides access to Lake MacDonald 
Lodge in Glacier National Park. Photo: Thomas Jester 

historic features, such as cheek-walls or railings, to mini-
mize the visual effect (See Figure 9). 

The steepest allowable slope for a ramp is usually 1:12 (8%), 
but gentler slopes should be used whenever possible to 
accommodate people with limited strength. Greater 
changes in elevation require larger and longer ramps to 
meet accessibility scoping provisions and may require an 
intermediate landing. Most codes allow a slightly steeper 
ramp for historic buildings to overcome one step. 

Ramps can be faced with a variety of materials, including 
wood, brick, and stone. Often the type and quality of the 
materials determines how compatible a ramp design will be 
with a historic property (See Figure 10). Unpainted 
pressure-treated wood should not be used to construct 
ramps because it usually appears temporary and is not 
visually compatible with most historic properties. Railings 

Figure 9. This ramp was created by infilling the window-well and 
slightly modifying the historic railing. The ramp preserves this building's 
historic character. Photo: Thomas Jester. 

Figure 10. This brick ramp provides access to St. Anne's Episcopal 
Church in Annapolis, Maryland. Its design is compatible with the 
historic building. Photo: Charity V. Davidson. 

should be simple in design, distinguishable from other 
historic features, and should extend one foot beyond the 
sloped area (See Figure 11). 

Ramp landings must be large enough for wheelchair users, 
usually at least 5 feet by 5 feet (152.5 cm by 152.5 cm), and 
the top landing must be at the level of the door threshold. 
It may be possible to reset steps by creating a ramp to 
accommodate minor level changes and to meet the 
threshold without significantly altering a property's 
historic character. If a building's existing landing is not 
wide or deep enough to accommodate a ramp, it may be 

Figure 11. Simple, contemporary railings that extend beyond the ramp 
slope make this ramp compatible with the industrial character of this 
building. Photo: Thomas Jester. 

necessary to modify the entry to create a wider landing. 
Long ramps, such as switchbacks, require intermediate 
landings, and all ramps should be detailed with an 
appropriate edge and railing for wheelchair users and 
visually impaired individuals. 

Temporary or portable ramps are usually constructed of 
light-weight materials and, thus, are rarely safe or visually 
compatible with historic properties. Moreover, portable 
ramps are often stored until needed and, therefore, do not 
meet accessibility requirements for independent access. 
Temporary and portable ramps, however, may be an 
acceptable interim solution to improve accessibility until a 
permanent solution. can be implemented (See figure 12). 
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Figure 12. The Smithsonian Institution 
installed a temporary ramp on its 
visitor's center to allow adequate time to 
design an appropriate permanent ramp. 
Photo: Thomas Jester. 

Installing Wheelchair 
Lifts. Platforms lifts 
and inclined stair lifts, 
both of which 
accommodate only one 
person, can be used to 
overcome changes of 
elevation ranging from 
three to 10 feet (.9 m-3 
m) in height. However, 
many States have 
restrictions on the use 
of wheelchair lifts, so all 
applicable codes should 
be reviewed carefully 
before installing one. 
Inclined stair lifts, 
which carry a wheel-
chair on a platform up a 
flight of stairs, may be 
employed selectively. 

They tend to be visually intrusive, although they are 
relatively reversible. Platform lifts can be used when there 
is inadequate space for a ramp. However, such lifts should 
be installed in unobtrusive locations and under cover to 
minimize maintenance if at all possible (See Figure 13). A 
similar, but more expensive platform lift has a retracting 
railing that lowers into the ground, minimizing the visual 
effect to historic properties (See Figure 14). Mechanical lifts 
have drawbacks at historic properties with high public 
visitation because their capacity is limited, they sometimes 
cannot be operated independently, and they require 
frequent maintenance. 

Considering a New Entrance. When it is not possible to 
modify an existing entrance, it may be possible to develop a 
new entrance by creating an entirely new opening in an ap-
propriate location, or by using a secondary window for an 
opening. This solution should only be considered after ex-
hausting all possibilities for modifying existing entrances 
(See Figure 15). 

Retrofitting Doors. Historic doors generally should not be 
replaced, nor should door frames on the primary elevation 
be widened, as this may 
alter an important 
feature of a historic 
design. However, if a 
building's historic doors 
have been removed, 
there may be greater 
latitude in designing a 
compatible new en-
trance. Most accessi-
bility standards require 
at least a 32" (82 cm) 
clear opening with man-
ageable door opening 
pressures. The most 
desirable preservation 
solution to improve 
accessibility is retaining 
historic doors and 
upgrading the door 
pressure with one of 
several devices. Auto-
matic door openers 

Figure 13. Platform lifts like the one 
used 011 this building require minimal 
space and can be removed without 
damaging historic materials. Shielded 
with lattice work, this lift is also 
protected by the roof eaves. Approach 
path should be stable, firm, and slip 
resistant. Photo: Sharol1 Park. 

Readily Achievable Accessibility 
Modifications 

Many accessibility solutions can be implemented easily 
and inexpensively without destroying the significance 
of historic properties. While it may not be possible to 
undertake all of the modifications listed below, each 
change will improve accessibility. 

Sites and Entrances 
• Creating a designated parking space. 

• Installing ramps. 

• Making curb cuts. 
Interiors 
• Repositioning shelves. 
• Rearranging tables, displays, and furniture. 

• Repositioning telephones. 

• Adding raised markings on elevator control buttons. 

• Installing flashing alarm lights. 
• Installing offset hinges to widen doorways. 

• Installing or adding accessible door hardware. 

• Adding an accessible water fountain, or providing a 
paper cup dispenser at an inaccessible water fountain. 

Restrooms 
• Installing grab bars in toilet stalls. 

• Rearranging toilet partitions to increase maneuvering 
space. 

• Insulating lavatory pipes under sinks to prevent 
bums. 

• Installing a higher toilet seat. 

• Installing a full-length bathroom mirror. 

• Repositioning the paper towel dispenser. 



Figure 14. At the 
Lieutenant Governor's 
Mansion in Frankfort, 
Kentucky, a retracting lift 
(b) was installed to 
minimize the visual effect 
on this historic building 
when not in use (a). 
Photos: Aging Technology 
Incorporated. 

Figure 15. A new 
entrance to the 
elevator lobby re-
places a window at 
Faneuil Hall in 
Boston, Massa-
chusetts. The new 
entrance is appro-
priately differen-
tiated from the 
historic design. 
Photo: Paul Holtz . 

(operated by push buttons, mats, or electronic eyes) and 
power-assisted door openers can eliminate or reduce door 
pressures that are accessibility barriers, and make single or 
double-leaf doors fully operational (See Figure 16). 

Adapting Door Hardware. If a door opening is within an 
inch or two of meeting the 32" (81 cm) clear opening 
requirement, it may be possible to replace the standard 
hinges with off-set hinges to increase the size of the door 
opening as much as 11/2" (3.8 cm). Historic hardware can 
be retained in place, or adapted with the addition of an 
automatic opener, of which there are several types. Door 
hardware can also be retrofitted to reduce door pressures. 
For example, friction hinges can be retrofitted with ball-
bearing inserts, and door closers can be rethreaded to 
reduce the door pressure. 

Altering Door Thresholds. A door threshold that exceeds 
the allowable height, generally 1/2" (1.3 cm), can be altered 
or removed with one that meets applicable accessibility 

Figure 16. During the rehabilitation of the Rookery in Chicago, the 
original entrance was modified to create an accessible entrance. Two 
revolving doors were replaced with a new one flanked by new doors, one 
of which is operated with a push-plate door opener. Photo: Thomas Jester. 

requirements. If the threshold .J deemed to be significant, a 
bevel can be added on each side to reduce its height (See 
Figure 17). Another solution is to replace the threshold 
with one that meets applicable accessibility requirements 
and is visually compatible with the historic entrance. 
Moving Through Historic Interiors 

Persons with disabilities should have independent access to 
all public areas and facilities inside historic buildings. The 
extent to which a historic interior can be modified depends 
on the significance of its materials, plan, spaces, features, and 
finishes. Primary spaces are often more difficult to modify 
without changing their character. Secondary spaces may 
generally be changed without compromising a building'S 
historic character. Signs should clearly mark the route to 
accessible restrooms, telephones, and other accessible areas. 

Installing Ramps and Wheelchair Lifts. If space permits, 
ramps and wheelchair lifts can also be used to increase 
accessibility inside buildings (See Figures 18 & 19). 
However, some States and localities restrict interior uses of 
wheelchair lifts for life-safety reasons. Care should be taken 
to install these new features where they can be readily 
accessed. Ramps and wheelchair lifts are described in detail 
on pages 4-6. 
Upgrading Elevators. Elevators are an efficient means of 
providing accessibility between floors. Some buildings 
have existing historic elevators that are not adequately 
accessible for persons with disabilities because of their size, 
location, or detailing, but they may also contribute to the 
historical significance of a building. Significant historic 
elevators can usually be upgraded to improve accessibility. 
Control panels can be modified with a "wand" on a cord to 
make the control panel accessible, and timing devices can 
usually be adjusted. 

Retrofitting Door Knobs. Historic door knobs and other 
hardware may be difficult to grip and tum. In recent years, 
lever-handles have been developed to replace door knobs. 
Other lever-handle devices can be added to existing 
hardware. If it is not possible or appropriate to retrofit 
existing door knobs, doors can be left open during 
operating hours (unless doing so would violate life safety 
codes), and power-assisted door openers can be installed. It 
may only be necessary to retrofit specific doorknobs to 
create an accessible path of travel and accessible restrooms. 
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Threshold Modifications 

if x exceeds 1/2", 
threshold should 
be modified r----- existing stone 

threshold 

sec urely fastened 
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0 1:1 2Slope ,----------- new stone 
threshold 

modify/ra ise platform or floor 
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existing 
p la tform 
or floor 

existing threshold 

Figure 17. Thresholds that exceed allowable heights can be modified several ways to increase 
accessibility. Source: Uniform Federal Accessibility Standard (UFAS) Retrofit Manual. 

Modifying Interior Stairs. Stairs are the primary barriers 
for many people with disabilities. However, there are some 
ways to modify stairs to assist people who are able to 
navigate them. It may be appropriate to add hand railings 
if none exist. Railings should be 11/4" (3.8 cm) in diameter 
and return to the wall so straps and bags do not catch. 
Color-contrasting, slip-resistant strips will help people with 
visual impairments. Finally, beveled or closed risers are 
recommended unless the stairs are highly significant, 
because open risers catch feet (See Figure 20) . 
Building Amenities 

be retained in the process of making 
modifications. For example, larger restrooms 
can sometimes be reconfigured by reloca ting 
or combining partitions to create an 
accessible toilet stall. Other changes to 
consider are adding grab bars around toilets, 
covering hot water pipes under sinks with 
insulation to prevent burns, and providing a 
sink, mirror, and paper dispenser at a height 
suitable for wheelchair users. A unisex 
restroom may be created if it is technically 
infeasible to create two fully accessible 
restrooms, or if doing so would threaten or 
destroy the significance of the building. It is 
important to remember that restroom 
fixtures, such as sinks, urinals, and partitions, 
may be historic, and therefore, should be 
preserved whenever possible. 

Modifying Other Amenities. Other 
amenities inside historic buildings may 
require modification. Seating in a theater, for 
example, can be made accessible by 
removing some seats in several areas (See 
Figure 21). New seating that is accessible can 
also be added at the end of existing rows, 
either with or without a level floor surface. 
Readily removable seats may be installed in 
wheelchair spaces when the spaces are not 
required to accommodate wheelchair users. 
Historic water fountains can be retained and 
new, two-tiered fountains installed if space 
permits. If public telephones are provided, it 
may be necessary to install at least a Text 
Telephone (TT), also known as a 
Telecommunication Device for the Deaf 
(TOO) (See Figure 22). Historic service 
counters commonly found in banks, theaters, 
and hotels generally should not be altered. 
It is preferable to add an accessible counter 
on the end of a historic counter if feasible . 
Modified or new counters should not exceed 
36" (91.5 cm) in height. 

Some amenities in historic buildings, such as restrooms, 
seating, telephones, drinking fountains, counters, may 
contribute to a building's historic character. They will often 
require modification to improve their use by persons with 
disabilities. In many cases, supplementing existing amenities, 
rather than changing or removing them, will increase access 
and minimize changes to historic features and materials. 

Figure 18. Symmetrical ramps at the Mayflower Hotel in Washington , 
D.C. , provide access to the hotel's lower level. The design for the ramps 
respects the historic character of this landmark building. Photo: Thomas 
Jester. 

Upgrading Restrooms. Restrooms may have historic 
fixtures such as sinks, urinals, or marble partitions that can 



MAKING A HISTORIC BUILDING ACCESSIBLE 

d 

The Orange County Courthouse (a), located in Santa Ana, California, was rehabilitated in the late 1980s as a county museum. As part of the rehabilitation, 
the architect sensitively integrated numerous modifications to increase accessibility. To preserve the building's primary elevation, a new public entrance was 
created on the rear elevation where parking spaces are located. A ramp (b) leads to the accessible entrance that can be opened with a push-plate automatic 
door-opener (c). Modifications to interior features also increased accessibility. To create an accessible path of travel, offset hinges (d) were installed on doors 
that were narrower than 32 inches (81.3 cm). Other doors were rethreaded to reduce the door pressure. Beveling the 1" high thresholds (e) reduced their 
height to approximately 1/4 inch (.64 cm). The project architect also converted a storeroom into an accessible restroom (j). The original stairway, which has 
open grillwork, was made more accessible by applying slip-resistant pressure tape to the marble steps (g) . And the original elevator was upgraded with 
raised markings, alarm lights, and voice floor indicators. Photos: Milford Wayne Donaldson, FAlA. 
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MAKING HISTORIC LANDSCAPES ACCESSIBLE 
To successfully incorporate access into historic landscapes, 
the planning process is similar to that of other historic 
properties. Careful research and inventory should be 
undertaken to determine which materials and features 
convey the landscape's historical significance. As part of 
this evaluation, those features that are character-defining 
(topographical variation, vegetation, circulation, 
structures, furnishings, objects) should be identified. 
Historic finishes, details, and materials that also contribute 
to a landscape's significance should also be documented 
and evaluated prior to determining an approach to 
landscape accessibility. For example, aspects of the 
pedestrian circulation system that need to be understood 
include walk width, aggregate size, pavement pattern, 
texture, relief, and joint details. The context of the walk 
should be understood including its edges and surrounding 
area. Modifications to surface textures or widths of 
pathways can often be made with minimal effect on 
significant landscape features (a) and (b). 

Additionally, areas of secondary importance such as 
altered paths should be identified -- especially those where 
the accessibility modifications will not destroy a 
landscape's significance. By identifying those features that 
are contributing or non-contributing, a sympathetic 
circulation experience can then be developed. 

After assessing a landscape's integrity, accessibility 
solutions can be considered. Full access throughout a 
historic landscape may not always be possible. Generally, 
it is easier to provide accessibility to larger, more open 

(a.) To improve accessibility in Boston's Emerald Necklace Parks, 
standard asphalt paving was replaced in selected areas with an imbedded 
aggregate surface that is more in keeping with the landscape's historic 
appearance. Photo; Charles Birnbaum. 

(b.) The Friendly Garden at 
Ranchos Los Alamitos, a 
historic estate with 
designed gardens in 
southern California, was 
made accessible with 
limited widening of its 
existing approach path. 
Photo; Ranchos Los 
Alamitos Foundation. 

sites where there is a greater variety of public experiences. 
However, when a landscape is uniformly steep, it may only 
be possible to make discrete portions of a historic landscape 
accessible, and viewers may only be able to experience the 
landscape from selected vantage pOints along a prescribed 
pedestrian or vehicular access route. When defining such a 
route, the interpretive value of the user experience should 
be considered; in other words, does the route provide 
physical or visual access to those areas that are critical to 
understand the meaning of the landscape? 

. The following accessibility solutions address three 
common landscape situations: 1) structures with low 
integrity landscapes; 2) structures and landscapes of equal 
significance; and, 3) landscapes of primary significance 
with inaccessible terrain. 

1. The Hunnewell Visitors Center at the Arnold 
Arboretum in Jamaica Plain, Massachusetts, was con-
structed in 1892. Its immediate setting has changed 
considerably over time (c). Since the existing landscape 
immediately surrounding this structure has little re-
maining integrity, the new accessibility solution has the 
latitude to integrate a broad program including site 
orientation, circulation, interpretation, and 
maintenance. 

The new design, which has few ornamental plants, 
references the original planting design principles, with 
a strong emphasis on form, color, and texture. In 
contrast with the earlier designs, the new plantings 
were set away from the facade of this historic building, 

(c.) Hunnewell Visitor's Center before rehabilitation, revealing the 
altered landscapes. Photo; Jennifer Jones, Carol R. Johnson and associates. 

(d.) Hunnewell Visitors Center's entrance following rehabilitation, 
integrating an accessible path (left), platform, and new steps. Photo; 
Charles Birnbaum. 



allowing the visitor to enjoy its architectural detail. A 
new walk winds up the gentle earthen berm and is 
vegetated with plantings that enhance the interpretive 
experience from the point of orientation (d). The new 
curvilinear walks also provide a connection to the 
larger arboretum landscape for everyone. 

2. The Eugene O'Neill National Historic Site overlooks 
the San Ramon Valley, twenty-seven miles east of San 
Francisco, California. The thirteen-acre site includes a 
walled courtyard garden on the southeast side of the 
Tao House, which served as the O'Neill residence from 
1937-44 (e). Within this courtyard are character-
defining walks that are too narrow by today's 
accessibility standards, yet are a character-defining 
element of the historic design. To preserve the 
garden's integrity, the scale and the characteristics of 
the original circulation were maintained by creating a 
wheelchair route which, in part, utilizes reinforced 
turf. This route allows visitors with disabilities to 
experience the main courtyard as well. 

3. Morningside Park in New York City, New York, 
designed by Frederick Olmstead, Sr., and Calvert Vaux 
in 1879, is sited on generally steep, rocky terrain (f). 
Respecting these dramatic grade changes, which are 
only accessible by extensive flights of stone stairs, 
physical access cannot be provided without destroying 
the park's integrity. In order to provide some 
accessibility, scenic overlooks were created that 
provide broad visual access to the park. 

(e.) This view shows the new reinforced turf path at the Eugene O'Neill 
National Historic Site that preserved the narrow Historic Path. Photo: 
Patricia M. O'Donnell. 

if.) Steep terrain at Morningside Park in New York City cannot be made 
accessible without threating or destroying this landscape 's integrity. 
Photo: Quennell Rothschild Associates. 

Figure 19. Inclined lifts can sometimes overcome interior changes of 
elevation where space is limited. This lift in Boston's Faneuil Hall 
created access to the floor and stage level of the State Room. Photo: Paul 
Holtz. 

Considering a New Addition as an Accessibility 
Solution 

Many new additions are constructed specifically to 
incorporate modem amenities such as elevators, restrooms, 
fire stairs, and new mechanical equipment. These new 
additions often create opportunities to incorporate access 
for people with disabilities. It may be possible, for 
example, to create an accessible entrance, path to public 
levels via a ramp, lift, or elevator (See Figure 23). However, 
a new addition has the potential to change a historic 
property's appearance and destroy significant building and 
landscape features. Thus, all new additions should be 
compatible with the size, scale, and proportions of historic 
features and materials that characterize a property (See 
Figure 24). 

New additions should be carefully located to minimize 
connection points with the historic building, such that if the 
addition were to be removed in the future, the essential 
form and integrity of the building would remain intact. On 
the other hand, new additions should also be conveniently 
located near parking that is connected to an accessible route 
for people with disabilities. As new additions are 
incorporated, care should be taken to protect significant 
landscape features and archeological resources. Finally, the 
design for any new addition should be differentiated from 
the historic design so that the property's evolution over 
time is clear. New additions frequently make it possible to 
increase accessibility, while simultaneously reducing the 
level of change to historic features, materials, and spaces. 
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Nosing Modifications 
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Figure 20. In certain situations it may be appropriate to modify stair 
nosings for persons with mobility impairments. Whenever possible, 
stairs should be modified by adding new materials rather than removing 
historic materials. Source: UFAS Retrofit Manual. 
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shelf or partition 

Figure 22. Amenities such as telephones should be at height that 
wheelchair users can reach. Changes to many amenities can be adapted 
with minimal effect on historic materials, features, and spaces. Source: 
UFAS Retrofit Manual. 

Wheelchair Seating Dispersed Throughout Seating Area 
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additional single/ 
double wheelchair 
spaces may be 
provided using 
removable seats 

I I 
I I 
I I 
I I 
I I 
I I 
I I 

I 

I 
I 
I 
I 
I 
I 
I 

'-f----- 66" x 48" back or 
front row position 
for two wheel-
chairs; omit three 
chairs (parked 
wheelchairs should 
not obstruct other 
pedestrian traffic) 

...------'r"----- aisle width must allow 
passage of wheelchair 
users; fire codes should 
be consulted to deter-
mine required width 

Figure 21. Seating in historic theaters and auditoriums can be changed to accommodate wheelchair users. Accessible seating areas should be connected to an 
accessible route from the building entrance. Source: UFAS Retrofit Manual. 



Federal Accessibility Laws 
Today, few building owners are exempt from providing 
accessibility for people with disabilities. Before making any 
accessibility modification, it is imperative to determine which 
laws and codes are applicable. In addition to local and State 
accessibility codes, the following federal accessibility laws are 
currently in effect: 

Architectural Barriers Act (1968) 

The Architectural Barriers Act stipulates that all buildings 
designed, constructed, and altered by the Federal Government, 
or with federal assistance, must be accessible. Changes made to 
federal buildings must meet the Uniform Federal Accessibility 
Standards (UF AS). Special provisions are included in UF AS for 
historic buildings that would be threatened or destroyed by 
meeting full accessibility requirements. 

Rehabilitation Act (1973) 

The Rehabilitation Act requires recipients of federal financial 
assistance to make their programs and activities accessible to 
everyone. Recipients are allowed to make their properties 
accessible by altering their building, by moving programs and 
activities to accessible spaces, or by making other 
accommodations. 

Americans with Disabilities Act (1990) 

Historic properties are not exempt from the Americans with 
Disabilities Act (ADA) requirements. To the greatest extent 
possible, historic buildings must be as accessible as non-historic 
buildings. However, it may not be possible for some historic 
properties to meet the general accessibility requirements. 

Under Title n of the ADA, State and local governments must 
remove accessibility barriers either by shifting services and 
programs to accessible buildings, or by making alterations to 
existing buildings. For instance, a licensing office may be moved 
from a second floor to an accessible first floor space, or if this is 
not feasible, a mail service might be provided. However, State 
and local government facilities that have historic preservation as 
their main purpose-State-owned historic museums, historic 
State capitols that offer tours-must give priority to physical 
accesSibility. 

Under Title ill of the ADA, owners of "public accommodations" 
(theaters, restaurants, retail shops, private museums) must make 
"readily achievable" changes; that is, changes that can be easily 
accomplished without much expense. This might mean installing 
a ramp, creating aCCessIble parking, adding grab bars in 
bathrooms, or modifying door hardware. The requirement to 
remove barriers when it is "readily achievable" is an ongoing 
responsibility. When alterations, including restoration and 
rehabilitation work, are made, specific accessibility requirements 
are triggered. 

Recognizing the national interest in preserving historic 
properties, Congress established alternative requirements for 
properties that cannot be made accessible without "threatening 
or destroying" their significance. A consultation process is 
outlined in the ADA's Accessibility Guidelines for owners of 
historic properties who believe that making specific accessibility 
modifications would "threaten or destroy" the significance of 
their property. In these situations, after consulting with persons 
with disabilities and disability organizations, building owners 
should contact the State Historic Preservation Officer (SHPO) to 
determine if the special accessibility provisions for historic 
properties may be used. Further, if it is determined in 
consultation with the SHPO that compliance with the minimum 
requirements would also "threaten or destroy" the significance of 
the property, alternative methods of access, such as home 
delivery and audio-visual programs, may be used. 

Figure 23. New additions to historic buildings can be designed to increase 
accessibility. A new addition links two adjacent buildings used for the 
Albany, New York, Visitor's Center, and incorporates an accessible 
entrance, restrooms, and signage. Photo: Clare Adams. 

Figure 24. Creating an accessible entrance with a new elevator tower 
requires a compatible design. This elevator addition blends in with the 
historic building's materials and provides access to all public levels. 
Photo: Sharon Park. 
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Conclusion 
Historic properties are irreplaceable and require special care 
to ensure their preservation for future generations. With 
the passage of the Americans with Disabilities Act, access to 
historic properties open to the public is a now civil right, 
and owners of historic properties must evaluate existing 
buildings and determine how they can be made more 
accessible. It is a challenge to evaluate properties 
thoroughly, to identify the applicable accessibility 
requirements, to explore alternatives and to implement 
solutions that provide independent access and are 
consistent with accepted historic preservation standards. 
Solutions for accessibility should not destroy a property's 
significant materials, features and spaces, but should 
increase accessibility as much as possible. Most historic 
buildings are not exempt from providing accessibility, and 
with careful planning, historic properties can be made more 
accessible, so that all citizens can enjoy our Nation's diverse 
heritage. 

Photo: Massachusetts Historical Commission. 
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If you have ever felt a sense of excitement and mystery 
going inside an old building-whether occupied or vacant-
it is probably because its materials and features resonate 
with the spirit of past people and events. Yet excitement 
about the unknown is heightened when a historic structure 
is examined architecturally, and its evolution over time 
emerges with increasing clarity to reveal the lives of its 
occupants. Architectural investigation is the critical first 
step in planning an appropriate treatment-understanding 
how a building has changed over time and assessing levels 
of deterioration. 

Whether as a home owner making sympathetic repairs, a 
craftsman or contractor replacing damaged or missing 
features, or a conservator reconstituting wood or restoring 
decorative finishes, some type of investigative skill was used 
to recognize and solve an architectural question or explain a 
difficult aspect of the work itself. 

To date, very little has been written for the layman on the 
subject of architectural investigation. This Preservation Brief 
thus addresses the often complex investigative process in 
broad, easy-to-understand terminology. The logical 
sequence of planning, investigation and analysis presented 
in this Brief is applicable to all buildings, geographic 
locations, periods, and construction types. It is neither a 
"how to" nor an exhaustive study on techniques or 
methodologies; rather, it serves to underscore the need for 
meticulous planning prior to work on our irreplaceable 
cultural resources. 

Determining the Purpose of Investigation 
Both the purpose and scope of investigation need to be 
determined before formulating a particular approach. For 
example, investigation strictly for research purposes could 
produce information for an architectural surveyor for an 
historic designation application at the local, state or national 
level. 

Within the framework of The Secretary of the Interior's 
Standards for the Treatment of Historic Properties, 
investigation is crucial for "identifying, retaining, and 
preserving the form and detailing of those architectural 
materials and features that are important in defining the 

historic character" of a property, whether for repair or 
replacement. A rehabilitation project, for instance, might 
require an investigation to determine the historic 
configuration of interior spaces prior to partitioning a room 
to meet a compatible new use. Investigation for 
preservation work can entail more detailed information 
about an entire building, such as determining the physical 
sequence of construction to aid in interpretation. 
Investigation for a restoration project must be even more 
comprehensive in order to re-capture the exact form, 
features, finishes, and detailing of every component of the 
building. 

Whether investigation will be undertaken by professionals-
architects, conservators, historians-or by interested 
homeowners, the process is essentially comprised of a 
preliminary four-step procedure: historical research, 
documentation, inventory, and stabilization. 

Historical Research. Primary historical research of an old 
building generally encompasses written, visual and oral 
resources that can provide valuable site-specific information. 
Written resources usually include letters, legal transactions, 
account books, insurance policies, institutional papers, and 
diaries. Visual resources consist of drawings, maps, plats, 
paintings and photographs. Oral resources are people's 
remembrances of the past. Secondary resources, comprised 
of research or history already compiled and written about a 
subject, are also important for providing a broad contextual 
setting for a project. 

Historical research should be conducted well in advance of 
physical investigation. This allows time for important 
written, visual, and oral information to be located, 
transcribed, organized, studied and used for planning the 
actual work. 

A thorough scholarly study of a building's history provides 
a responsible framework for the physical investigation; in 
fact, the importance of the link between written historical 
research and structural investigation cannot be 
overestimated. For example, the historical research of a 
building through deed records may merely determine the 
sequence of owners. This, in turn, aids the investigation of 
the building by establishing a chronology and identifying 
the changes each occupant made to the building. A letter 
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Figure 2. Early photographs discovered during historical research can be 
enhanced through photo-micrography to accurately recreate missing 
elements and details during restoration. The enlargements helped clariftj 
questions about the porch column detail and the type of shutter hardware. 
photo: E. C. Stanton House, courtesy Seneca Falls Historical Society, 
New York; insets: NPS North Atlantic Cultural Resource Center, 
Building Conservation Branch. 

may indicate that an occupant painted the building in a 
certain year; the courthouse files contain the occupant's 
name and paint analysis of the building will yield the actual 
color. Two-dimensional documentary research and three-
dimensional physical investigation go hand-in-hand in 
analyzing historic structures. The quality and success of 
any restoration project is founded upon the initial research. 

Documentation. A building should be documented prior to 
any inventory, stabilization or investigative work in order 
to record crucial material evidence. A simple, 
comprehensive method is to take 35 mm photographs of 
every wall elevation (interior and exterior), as well as 
general views, and typical and unusual details. The 
systematic numbering of rooms, windows and doors on the 
floor plan will help organize this task and also be useful for 
labelling the photographs. Video coverage with annotated 
sound may supplement still photographs. Additional 
methods of documentation include written descriptions, 
sketches, and measured drawings. 

Significant structures, such as individually listed National 
Register properties or National Historic Landmarks, benefit 
from professional photographic documentation and 
accurate measured drawings. Professionals frequently use 
The Secretary of the Interior's Standards and Guidelines for 
Architectural and Engineering Documentation: 
HABS/HAER Standards. It should be remembered that the 
documents created during investigation might play an 
unforeseen role in future treatment and interpretation. 
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Figure 3. Dating, labeling, and providing annotated photographs is a 
simple, yet effective, way to document today's preservation efforts for 
future work and research. A useful document can be created by mounting 
a photograph upon archival paper and writing the annotations by hand. 
photo: NPS Preservation Assistance Division Files. 

Documentation is particularly valuable when a feature will 
be removed or altered. 

Inventory. The historic building and its components should 
be carefully inventoried prior to taking any action; 
premature clean-up of a structure or site can be a mistake. 
A careful look at all spaces in and around a building may 
reveal loose architectural artifacts, fragile evidence or clues 
to historic landscape features. This thorough observation 
includes materials and features which have fallen off due to 
deterioration, fragments removed and stored in basements, 
attics or outbuildings, and even materials which have 
seemingly been discarded. 

In the beginning, anything that seems even remotely 
meaningful should be saved. A common mistake is to 
presume to know the value of artifacts or features at the 
beginning of a project. Even if the period of significance or 
interpretation is known from the beginning, evidence from 
all periods should be protected. Documentation for future 
study or use includes labelling and, if possible, 
photographing prior to storage in a secure place. 

Stabilization. In many cases, emergency stabilization is 
necessary to ensure that a structure does not continue to 
deteriorate prior to a final treatment or to ensure the safety 
of current occupants, investigators, or visitors. Although 
severe cases might call for structural remedies, in more 
common situations, preliminary stabilization would be 
undertaken on a maintenance level. Such work could 
involve installing a temporary roof covering to keep water 
out; diverting water away from foundation walls; removing 
plants that hold water too close to the walls; or securing a 



Figure 4. An inven tory of animal nests found within hidden spaces of a 
structure may yield unexpected evidence, such as informatioll about food, 
decorative arts, and cultural or social traditions of every day life. Typical 
items of paper, fabric and wood are important artifacts which are 
generally not found during archeology digs in the ground. photo: Tom 
Graves, Jr., courtesy Jefferson's Poplar Forest. 

Figure 5. In vestigation frequently identifies urgent needs of stabilization. 
Priority must be given to issues of safety and structural integrity. 
Supplemental support, such as temporary shoring, may be required to 
prevent collapse and should be reviewed by a structural engineer. 

structure against intruding insects, animals and vandals. 

An old building may require temporary remedial work on 
exterior surfaces such as reversible caulking or an 
impermanent, distinguishable mortar. Or if paint analysis 
is contemplated in the future, deteriorated paint can be 
protected without heavy scraping by applying a 
recognizable "memory" layer over all the historic layers. 
Stabilization adds to the cost of any project, but human 
safety and the protection of historical evidence are well 
worth the extra money. 

Investigators and Investigative Skills 

General and Specialized Skills. The essential skill needed 
for any level of investigation is the ability to observe closely 
and to analyze. These qualities are ideally combined with a 
hands-on familiarity of historic buildings-and an open 
mind! Next, whether acquired in a university or in a 
practical setting, an investigator should have a good general 
knowledge of history, building design history and, most 
important, understand both construction and finish 
technologies. 

But it is not enough to know architectural style and 
building technology from a national viewpoint; the 
investigator needs to understand regional and local 
differences as well. While investigative skills are 
transferable between regions and chronological periods, 
investigators must be familiar with the peculiarities of any 
given building type and geographical area. 

Architectural survey and comparative fieldwork provides a, 
crucial database for studying regional variations in historic 
buildings. For example, construction practices can reflect 
shared experiences of widely diverse backgrounds and 
traditions within a small geographical area. Contemporary 
construction practice in an urban area might vary 
dramatically from that of rural areas in the same region. 
Neighbors or builders within the same geographical area 

Figure 6. An investigator must have the skill and ability to closely 
observe and analyze the materials with a broad understanding of historic 
construction practices and technologies. Through the collection of 
samples and analysis of materials, investigative questions are either 
answered, refined, or formulated. 
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Showing the Evolution of an 
18th Century Farmhouse 
Most structures evolve over time. Houses, perhaps 
more than other building types, are often subjected 
to a full range of change that reflects a wide variety 
of solutions for creating new living space or 
eliminating outmoded spaces. Architectural changes 
to historic houses can be studied through the close 
physical examination of construction and decorative 
details. Tracing the history of alterations over time 
is tantamount to "excavating" the structure, 
somewhat like an archeological investigation. By 
peeling back its layers of occupation and assembling 
plan changes, a sequence of consecutive solutions or 
transformations can be developed that reveals 
people's ongoing desires for new and improved 
living conditions. 

The example of a Sussex County, Delaware, house--
from ca. 1790 to the early 1900s--illustrates how 
complicated the pattern of change over time can 
become in outlining an individual house history. 
The Hunter Farm House was built in the 18th 
century as a double-cell, double-pile, half-passage 
plan (a). Two bays across the front and two stories 
tall, the house possessed back-to-back corner 
fireplaces with fully paneled fireplace walls in the 
front and back rooms. A stair in the rear passage 
provided access to the second floor. A one-story, 
two-room shed that was attached to the gable wall 
farthest from the fireplace was accessed by a low 
door leading from the front room. 

During the course of its history, the house was 
altered at least three times. The five-part illustration 
shows the house's transformation from an open plan 
to a Georgian plan and the subsequent addition and 
re-arrangement of service rooms for cooking and 
storage. The first remodelling occurred in the early 
nineteenth century when the lean-to shed was 
removed, and a two-story, single-pile, two-bay 
house was moved up and attached to the northwest 
gable of the existing building (b). (The newly 
attached building had originally been furnished 
with opposing doors and windows on the front and 
back facades, a fireplace on the southeast gable, and 
double windows on the opposite end.) When the 
second building was joined to the first, the fireplace 
in the newer building was relocated to the opposite 
gable; the front door in the older house moved to a 
more central position; and a center-hall plan created 
with a roughly symmetrical front elevation (c). A 
subsequent alteration later in the nineteenth century 
included the addition of a one-story rear service ell 
(d). Finally, in the early 1900s, the one-story service 
wing was increased. During this last remodeling, the 
large kitchen hearth was demolished and replaced 
with a stove and new brick flue (e). 

Sidebar: Bernard L. Herman and Gabrielle M. Lanier, 
University of Delaware. Drawings by: Center for Historic 
Architecture and Engineering, University of Delaware. 

(A) CIRCA 1760 

(8) 

(C) CIRCA 1800 

(D) CIRCA 1850 
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often practice different techniques of constructing similar 
types of structures contemporaneously. Reliable dating 
clues for a certain brick bond used in one state might be 
unreliable for the same period in a different state. Regional 
variation holds true for building materials as well as 
construction. 
Finally, even beyond regional and local variation, an 
investigator needs to understand that each building has its 
own unique history of construction and change over time. 
Form, features, materials and detailing often varied 
according to the tastes and finances of both builder and 
supplier; construction quality and design were also 
inconsistent, as they are today. 

Specialists on a Team. Because architectural investigation 
requires a wide range of knowledge and many different 
skills, various people are likely to interact on the same 
project. While homeowners frequently execute small-scale 
projects, more complex projects might be directed by a 
craftsman, an architect or a conservator. For large-scale 
projects, a team approach may need to be adopted, 
consisting of professionals interacting with additional 
consultants. Consulting specialists may include 
architectural historians, architectural conservators, 
craftsmen, historic finish analysts, historians, archeologists, 
architects, curators, and many others. The scope and needs 
of a specific project dictate the skills of key players. 

Architectural investigation often includes the related fields 
of landscape and archeological investigation. Landscape 
surveyor analysis by horticulturists and landscape 
architects identify pre-existing features or plantings or those 
designed as separate or complementary parts of the site. 
Both above and below-ground archeology contribute 
information about missing or altered buildings, 
construction techniques, evidence of lifestyle and material 
culture, and about the evolution of the historic landscape 
itself. 

Architectural Evidence: Studying the Fabric 
of the Historic Building: 
Original Construction and Later Changes. Research prior 
to investigation may have indicated the architect, builder or 
a building's date of construction. In the absence of such 
information, architectural histories and field guides to 
architectural style can help identify a structure's age 
through its form and style. 

Any preliminary date, however, has to be corroborated 
with other physical or documentary facts. Dates given for 
stylistic periods are general and tend to be somewhat 
arbitrary, with numerous local variations. Overall form and 
style can also be misleading due to subsequent additions 
and alterations. When the basic form seems in conflict with 
the details, it may indicate a transition between styles or 
that a style was simply upgraded through new work. 

The architectural investigation usually determines original 
construction details, the chronology of later alterations, and 
the physical condition of a structure. Most structures over 
fifty years old have been altered, even if only by natural 
forces . People living in a house or using a building for any 
length of time leave some physical record of their time 
there, however subtle. 

A longer period of occupancy generally counts for greater 
physical change. Buildings acquire a "historic character" as 
changes are made over time. 
Changes to architectural form over time are generally 
attributable to material durability, improvement in 
convenience systems, and aesthetics. First, the durability of 
building materials is affected by weathering, temperature 
and humidity, by disasters such as storms, floods or fire, or 
by air pollution from automobiles and industry. Second, 
changes in architectural form have always been made for 
convenience' sake-fueled by technological innovations-
as people embrace better lighting, plumbing, heating, 
sanitation, and communication. People alter living spaces 
to meet changing family needs. Finally, people make 
changes to architectural form, features, and detailing to 
conform to current taste and style. 

Conducting the Architectural Investigation 
Architectural investigation can range from a simple one 
hour walk-through to a month long or even multi-year 
project-and varies from looking at surfaces to professional 
sub-surface examination and laboratory work. 

All projects should begin with the simplest, non-destructive 
processes and proceed as necessary. The sequence of 
investigation starts with reconnaissance and progresses to 
surface examination and mapping, sub-surface non-
destructive testing, and various degrees of sub-surface 
destructive testing. 
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Figure 8. During the initial visit, the architectural investigator may be 
able to resolve many questions about the building's condition and 
chronology while recording their observations through field notes and 
annotated sketches. Drawing by Marianne Graham, courtesy Jefferson's 
Poplar Forest Restoration Field School. 
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Looking More Closely at Historic Building 
Materials and Features 
Although brick or wood frame buildings are the most common 
in this country, similar sets of characteristics and questions can 
be established for examining log, adobe, steel, or any other 
material. 

Figure A. Careful examination of the masonry reveals different periods of 
construction and repair through the composition and detailing of bricks 
and mortar. Depending upon location, open vertical joints may indicate 
the location of nailing blocks for decorative trim or weeps for drainage. 
These open joints at the building's cornice show evidence of an earlier 
wooden entablature extending down two courses below the present trim. 
The paint ghosts below the lowest blocks confirms the entablature's 
existence and provides clues to its size and finish. 

Masonry. Studying historic brickwork can provide 
important information about methods of production and 
construction. For example, the color, size, shape and 
texture of brick reveals whether it was hand molded and 
traditionally fired in a clamp with hardwoods, or whether 
it was machine molded and fired in a kiln using modern 
fuels. Similarly, the principal component part of masonry 
mortar, the lime or cement, reveals whether it was 
produced in a traditional or modern manner. Certain 
questions need to be asked during investigation. Is the 
mortar made with a natural or a Portland cement? If a 
natural cement, did it come from an oyster shell or a 
limestone source? Is it hydrated or hydraulic? As a 
construction unit, brick and mortar further reveal 
something about the time, place and human variables of 
construction, such as the type of bond, special brick 
shapes, decorative uses of glazed or rubbed brick, 
coatings and finishes, and different joints, striking and 
tooling. Does the bond conform with neighboring or 
regional buildings of the same period? Does the pattern of 
"make up" bricks in a Flemish Bond indicate ·the number 
of different bricklayers? What is the method of attaching 
wood trim to the masonry? The same types of questions 
related to production and construction characteristics can 
be applied to all types of masonry work, including stone, 
concrete, terra cotta, adobe and coquina construction. A 
complete survey undertaken during "surface mapping" 
can outline the materials and construction practices for the 

various periods of a structure, distinguishing the original 
work as well as the additions, alterations, and 
replacements. 

Figure B. Without damaging or altering historic fabric, X-ray images of 
wood connections provide internal views of construction materials and 
techniques. These x-ray images show nails being used to form the 
connections of a door opening in a wood stud wall covered with plaster 
and cut wooden lath . A single technician can operate the portable 
equipment and develop the film on site for immediate analysis. photos: 
NPS North Atlantic Cultural Resource Center, Building Conservation 
Branch. 

Wood. Buildings constructed with wood have a very 
different set of characteristics, requiring a different line of 
questioning. Is the wooden structural system log, timber 
frame, or balloon frame construction? Evidence seen on 
the wood surface indicates whether production was by 
ax, adze, pit saw, mill saw (sash or circular), or band saw. 
What are the varying dimensions of the lumber used? 
Finished parts can be sawn, gouged, carved, or planed (by 
hand or by machine). Were they fastened by notching, 
mortise and tenon, pegs, or nailing? If nails were used, 
were they wrought by hand, machine cut with wrought 
heads, entirely machine cut, or machine wire nails? For 
much of the nineteenth century the manufacture of nails 
underwent a series of changes and improvements that are 
dateable, allowing nails to be used as a tool in establishing 
periods of construction and alteration. Regardless of 
region or era, the method of framing, joining and 
finishing a wooden structure will divulge something 
about the original construction, its alterations, and the 
practices of its builders. Finally, does some of the wood 



appear to be re-used or re-cycled? Re-used and 
reproduction materials used in early restoration projects 
have confused many investigators. When no 
identification record was kept, it can be a problem 
distinguishing between materials original to the house 
and later replacement materials. 

Figure C. In many cases, new materials or coverings are placed directly 
over existing exterior features, preserving the original materials 
underneath. Here, the removal of a modern shingle roof and its 
underlayment revealed an historic standing seam metal roof. photo: 
courtesy, Phillips and Opperman, P.A. 

Roofs. Exterior features are especially prone to alteration 
due to weathering and lack of maintenance. Even in the 
best preserved structures, the exterior often consists of 
replaced or repaired roofing parts. Roof coverings 
typically last no more than fifty years. Are several 
generation of roof coverings still in place? Can the layers 
be identified? If earlier coverings were removed, the 
sheathing boards frequently provide clues to the type of 
covering as well as missing roof features. Dormers, 
cupolas, finials, cresting, weathervanes, gutters, lightning 
rods, skylights, balustrades, parapets and platforms come 
and go as taste, function and maintenance dictate. The 
roof pitch itself can be a clue to stylistic dating and is 
unlikely to change unless the entire roof has been rebuilt. 
Chimneys might hold clues to original roof pitch, 
flashings, and roof feature attachments. Is it possible to 
look down a chimney and count the number of flues? 
This practice has occasionally turned up a missing 
fireplace. In many parts of the country, nineteenth-
century roof coverings evolved from wooden shingles or 
slate shingles, to metal shingles, to sheet metal, and still 
later in the twentieth century, to asphaltic or asbestos 
shingles. Clay tiles can be found covering roofs in 
seventeenth and eighteenth-century settlements of the east 
coast as well as western and southwestern Spanish 
settlements from the same period. Beyond the mid-
nineteenth century, and into the twentieth, the range and 
choice of roof coverings greatly expanded. 

Floors. In addition to production and construction clues, 
floors reveal other information about the interior, such as 
circulation patterns, furniture placement, the use of 
carpets, floor cloths, and applied floor finishes. Is there a 
pattern of tack holes? Tacks or tack holes often indicate 
the position and even the type of a floor covering. A 
thorough understanding of the seasonal uses of floor 
coverings and the technological history of their 
manufacture provide the background for identifying this 
type of evidence. 

Figure D. Building styles change over time as moldings and trims are 
added and removed. The ghosts of the previous woodwork are often left 
behind and preserved under the new trim. This photograph shows 
distinct profiles of architectural trim from three successive periods. 
photo: courtesy, Valentine Museum, Richmond, Virginia . 

Walls. Walls and their associated trim, both outside and 
inside, hold many clues to the building'S construction and 
changes made over time. The overall style of moldings, 
trim and finishes, and their hierarchical relationship, can 
help explain original construction as well as room usage 
and social interaction between rooms. Holes, scars, 
patches, nails, nail holes, screws and other hardware 
indicate former attachments. Are there "ghosts," or 
shadow outlines of missing features, or trim attachments 
such as bases, chair rails, door and window casings, 
en tablatures, cornices, mantels and shelves? Ghosts can be 
formed by paint, plaster, stucco, wear, weathering or dirt. 
Interior walls from the eighteenth and early nineteenth-
century were traditionally plastered after grounds or 
finished trim was in place, leaving an absence of plaster on 
the wall behind them. Evidence of attachments on 
window casings can also be helpful in understanding 
certain interior changes. Other clues to look for include 
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the installation of re-used material brought into a house or 
moved about within a house; worker's or occupant's 
graffiti, especially on the back of trim; and hidden finishes 
or wallpaper stuck in crevices or underneath pieces of 
trim. Stylistic upgrading often resulted in the re-use of 
outdated trim for blocking or shims. Unexpected 
discoveries are particularly rewarding. Investigators 
frequently tell stories about clues that were uncovered 
from architectural fragments carried off by rats and later 
found, or left by workers in attics, between walls and 
under floors. 

Figure E. Discarded items are routinely stored within attics, then 
forgotten, only to be discovered during a later investigation. Seemingly 
worthless clutter and debris may help answer many questions. A 
thorough inventory should be performed before evaluating any object's 
usefulness. 

Attics and Basements. Attics and basements have been 
known as collection points for out-of-date, out-of-style and 
cast-off pieces such as mechanical systems, furnishings, 
family records and architectural fragments. These and 
other out-of-the-way places of a structure provide an 
excellent opportunity for non-destructive investigation. 
Not only are these areas where structural and framing 
members might be exposed to view, they are also areas 
which may have escaped the frequent alteration campaigns 
that occur in the more lived-in parts of a building. If a 
building has been raised or lowered in height, evidence of 
change would be found in the attic as well as on the 
exterior. Evidence of additions might also be detected in 
both the attic and the basement. Attics frequently provide 
a "top-side" view at the ceiling below, revealing its 
material, manner of production and method of attachment. 
A "bottom-side" view of the roof sheathing or roof 
covering can be seen from the attic as well. 

Basements generally relate more to human service 
functions in earlier buildings and to mechanical services 
in more recent eras. For example, a cellar of an urban 

1812 house disclosed the following information during an 
investigation: first period bell system, identification of a 
servant's hall, hidden fireplace, displacement of the 
service stairs, identification of a servants' quarters, an 
1850s furnace system, 1850s gas and plumbing systems, 
relocation of the kitchen in 1870, early use of 1890s 
concrete floor slabs and finally, twentieth century utility 
systems. While the earliest era had been established as 
the interpretation period, evidence from all periods was 
documented in order to understand and interpret how the 
house evolved or changed over time. 

Figure F. Outdated fixtures and systems are frequently abandoned in 
place when more modern units are installed. Examining and 
documenting their existence can provide a technological reference to 
the history and use of many rooms or structures. photo: NPS 
Preservation Assistance Division Files. 

Mechanical, Electrical, Plumbing and Other Systems. 
Systems of utility and convenience bear close scrutiny 
during investigation. All historic buildings inhabited and 
used by people reveal some association, at the very 
minimum, with the necessities of lighting, climate control, 
water, food preparation, and waste removal. Later 
installations in a building may include communication, 
hygiene, food storage, security, and lightning protection 
systems. Other systems, such as transportation, are 
related to more specific functions of commercial or public 
structures. Although research into the social uses of 
rooms and their furnishings has borne many new studies, 
parallel research into how people actually carried out the 
most mundane tasks of everyday life has been fairly 
neglected. Utility and convenience systems are most 
prone to alteration and upgrading and, at the same time, 
less apt to be preserved, documented or re-used. 
Understanding the history or use of a building, and the 
history of systems technology can help predict the 
physical evidence that might be found, and what it will 
look like after it is found. 



t @-----------1, ;,&-----0 
I I 

" II: @ A 
: __ 
I , -----------,- -- \1 
I ... -------- .. -----
, I 

:: 0 

J G-f ! 0 t>f 

;, 
I ------------

Figure 9. Raking light is used to show irregularities on flat surfaces. Patches, repairs, and alterations can then be mapped by the shadows or ghosts they cast . 
In this case, the pattern of patched plaster suggested the removal shelves and a balustrade handrail from the wall . Historical research and plaster analysis 
confirmed the findings and the sequence of change. 

Reconnaissance. An initial reconnaissance trip through a 
structure-or visual overview-provides the most limited 
type of investigation. But experienced investigators 
accustomed to observation and analysis can resolve many 
questions in a two-to-four hour preliminary site visit. They 
may be able to determine the consistency of the building's 
original form and details as well as major changes made 
over time. 

Surface Mapping. The first step in a thorough, systematic 
investigation is the examination of all surfaces. Surface 
investigation is sometimes called "surface mapping" since it 
entails a minute look at all the exterior and interior surfaces. 
The fourfold purpose of surface mapping is to observe 
every visible detail of design and construction; develop 
questions related to evidence and possible alterations; note 
structural or environmental problems; and help develop 
plans for any further investigation. Following 
investigation, a set of documentary drawings and 
photographs is prepared which record or "map" the 
evidence. 

While relying upon senses of sight and touch, the most 
useful tool for examining surfaces is a high-powered, 
portable light used for illuminating dark spaces as well as 
for enhancing surface subtleties. Raking light at an angle on 
a flat surface is one of the most effective means of seeing 
evidence of attachments, repairs or alterations. 

Non-Destructive Testing. The next level of investigation 
consists of probing beneath surfaces using non-destructive 
methods. Questions derived from the surface mapping 
examination and analysis will help determine which areas 
to probe. Investigators have perfected a number of tools 
and techniques which provide minimal damage to historic 
fabric. These include x-rays to penetrate surfaces in order 
to see nail types and joining details; boroscopes, fiber optics 
and small auto mechanic or dentists' mirrors to look inside 
of tight spaces; and ultra violet or infra-red lights to observe 
differences in materials and finishes. The most advanced 

SUPPORT 

Figure 10. Top: A boroscope is a fiber-optic tube which can provide views 
into the framing connections of a wall through an existing crack or hole. 
Bottom: Once the image is oriented, the investigator can see an open joint 
between the wood stud and its nailed lateral support. photos: NPS North 
Atlantic Cultural Resource Center, Building Conservation Branch. 
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technology combines the boroscope with video cameras 
using fiber optic illumination. In addition to the more 
common use of infra-red photography, similar non-
destructive techniques used in archeological investigations 
include remote sensing and ground-penetrating radar. 

Small material samples of wood, plaster, mortar, or paint 
can also be taken for laboratory analysis at this stage of 
investigation. For instance, a surface examination of a 
plaster wall using a raking light may show clear evidence of 
patching which corresponds to a shelf design. Were the 
shelves original or a later addition? A small sample of 
plaster from the patched area is analyzed in the laboratory 
and matches plaster already dated to a third period of 
construction. A probe further reveals an absence of first 
period plaster on the wall underneath. The investigator 
might conclude from this evidence that the shelves were an 
original feature and that the plaster fill dates their removal 
and patching to a third period of construction. 

Destructive Testing. Most investigations require nothing 
more than historical research, surface examination and non-
destructive testing. In very rare instances the investigation 
may require a sub-surface examination and the removal of 
fabric. Destructive testing should be carried out by a 
professional only after historical research and surface 
mapping have been fully accomplished and only after non-
destructive testing has failed to produce the necessary 
information. Owners should be aware that the work is a 
form of demolition in which the physical record may be 
destroyed. Sub-surface examination begins with the most 
accessible spaces, such as retrofitted service and mechanical 
chases; loose or previously altered trim, ceilings or floor 
boards; and pieces of trim or hardware which can be easily 
removed and replaced. 

Non-destructive testing techniques do not damage historic 

fabric. If non-destructive techniques are not sufficient to 
resolve important questions, small "windows" can be 
opened in surface fabric at predetermined locations to see 
beneath the surface. This type of subsurface testing and 
removal is sometimes called "architectural archeology" 
because of its similarity to the more well-known process of 
trenching in archeology. The analogy is apt because both 
forms of archeology use a method of destructive 
investigation. 

Photographs, video and drawings should record the before, 
during and after evidence when the removal of historic 
fabric is necessary. The selection and sequence of material 
to be removed requires careful study so that original extant 
fabric remains in situ if pOSSible. If removed, original fabric 
should be carefully put back or labelled and stored. At 
least one documentary patch of each historic finish should 
be retained in situ for future research. Treatment and 
interpretation, no matter how accurate, are usually not 
final; treatment tends to be cyclical, like history, and 
documentation must be left for future generations, both on 
the wall and in the files. 

Laboratory Analysis. Laboratory analysis plays a scientific 
role in the more intuitive process of architectural 
investigation. One of the most commonly known 
laboratory procedures used in architectural investigation is 
that of historic paint analysis. The chronology and 
stratigraphy of applied layers can establish appropriate 
colors, finishes, designs or wall coverings. When 
conducted simultaneously with architectural investigation, 
the stratigraphy of finishes, like that of stratigraphic soils in 
archeology, helps determine the sequence of construction or 
alterations in a building. Preliminary findings from in situ 
examinations of painted finishes on walls or trim are 
common, but more accurate results come from extensive 

Figure 11. The physical evidence of cracks and patches seen during surface mapping suggested an abandoned fireplace. Right: Exploratory testing was used 
to verijij its location. Left: Museum restoration required more detailed probing to discover the original detailing. Plaster and brick were carefully 
documented and removed to determine the fireplace's type, size, and decoration. The rectangular slots held wooden nailing blocks supporting the mantel and 
surround. A indicates the inside edge of the surround; B points to the ghost from an iron firebacl< and C shows the original floor level of the hearth. 



Figure 12. During a thorough investigation, the mortar sample is viewed 
under microscope using various lighting to find the presence of coatings 
or additIVes. It IS then ;sround and washed in an acid bath to separate 
and free the sand and fIbers. After further cleaning, these fines are stored 
and used for comparison in matching or dating repairs and alterations. 
photos: NPS North Atlantic Cultural Resource Center, Building 
Conservation Branch . 

sampling and microscopic laboratory work using chemical 
analysis and standardized color notations. Consultants 
without the proper have been known to cause 
far more harm than good. 

Mortar and plaster analysis often provide a basis for dating 
construction with minimal intervention. Relatively small 
samples of the lime-based materials can be chemically 
separated into their component parts of sands and fines, 
which are then visually compared to equivalent parts of 
known or dated samples. A more thorough scientific 
approach may be used to accurately profile and compare 
samples of other materials through elemental analysis. Two 
similar methods in common use are Neutron Activation 
and Energy Dispersive Spectroscopy (EDS). Neutron 
Activation identifies the sample's trace elements by 
monitoring their response to neutron bombardment. EDS 
measures the response to electron bombardment through 

the use of an electron microscope. In both tests, the 
gathered information is plotted and matched with the 
reactions of ·known elements. The results provide a 
quantitative and qualitative profile of the sample's 
elemental for use in further comparisons. 

Dendrochronology presents a minimally destructive 
process for dating wooden members. Also called tree ring 
dating, this process relies on the comparative wet and dry 
growth seasons of trees as seen in their rings via a core 
sample. This technique has two limitations: a very 
extensive data base must be compiled for climatic 
conditions over a long span of years and matched with 
corresponding tree ring samples; and the core samples can 
only be taken from timber which still has a bark edge. 
Simple identification of wood species during an 
investigation can be determined from small samples sent to 
a forest products laboratory. 

After Architectural Investigation: 
Weighing the Evidence 
Evidence, questions, and hypotheses must be continually 
evaluated during investigation. Like a detective 
constructing a case, an investigator must sort out 
information to get at "the facts." Yet, are the "facts" 
conclusive at any time? 

Observations made during the surface mapping may 
identify random features. These features begin to form 
patterns; then, sets of patterns, perhaps representing 
alterations from multiple eras, begin to appear. If the right 
questions are not asked, the evidence can remain hidden. 
Hypotheses are formed, questioned, tested, re-formed and 
either rejected or substantiated. This process is repeated as 
more "facts" are uncovered and questions asked. 
Eventually the evidence seems conclusive. These 
conclusions, in turn, may lead to re-examination, more 
historical research, and the advice of specialized 
consultants. At some point, treatment generally follows 
based on the collective, educated conclusions of an entire 
professional team. 

Keeping a Responsible Record 
for Future Investigators 
The evidence collected during investigation, and any 
conclusions which can be drawn from it, should be 
documented in a written report. The complexity of a 
project dictates the complexity of the resulting record. It 
may be wise to maintain a report in an expandable format if 
long or extensive work is expected-additional evidence 
will undoubtedly need to be incorporated that alters 
previous conclusions. Reports tend to range from 
annotated photographs in loose-leaf binders to full-length 
bound "books." 

Putting findings and conclusions in an accessible form 
helps those who are planning treatment. For example, a 
rehabilitation project may require documentation to satisfy 
grant funding or tax credit program requirements; 
preservation and restoration projects always need careful 
documentation to guide the work. After work, the 
investigation report and notes on the treatment itself are 
made into a permanent file record. Whether or not work is 
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being planned, the architectural investigation report will 
always be of value to future researchers or owners of the 
building. 
The most common professional document is called an 
Historic Structure Report. This invaluable tool for 
preservation typically contains historical as well as physical 
information. Sections include a history of the building, an 
architectural description of the original structure and 
changes made over time, the results of all investigations, a 
record of current conditions or problems, of past repairs 
and treatments, and recommendations for current and 
future action. They are seldom definitive; thus, research is a 
continuing process. 

Conclusion 
Architectural investigation plays a critical role in making 
responsible decisions about treating and interpreting 
historic buildings. A successful project to research, 
inventory, document, and ultimately treat and interpret a 
building is directly linked to the knowledge and skills of 
architectural investigators and other historic preservation 
specialists. The expressed goal of historic preservation is to 
protect and preserve materials and features that convey the 
significant history of a place. Careful architectural 
investigation-together with historical research-provides 
a firm foundation for this goal. 
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Cultural landscapes can range from thousands of acres of 
rural tracts of land to a small homestead with a front yard of 
less than one acre. Like historic buildings and districts, 
these special places reveal aspects of our country's origins 
and development through their form and features and the 
ways they were used. Cultural landscapes also reveal much 
about our evolving relationship with the natural world. 

A cultural landscape is defined as "a geographic area, 
including both cultural and natural resources and the wildlife 
or domestic animals therein, associated with a historic event, 
activity, or person or exhibiting other cultural or aesthetic 
values." There are four general types of cultural landscapes, 
not mutually exclusive: historic sites, historic designed landscapes, 

historic vernacular landscapes, and ethnographic landscapes. These 
are defined on the Table on page 2.1 

Historic landscapes include residential gardens and 
community parks, scenic highways, rural communities, 
institutional grounds, cemeteries, battlefields and zoological 
gardens. They are composed of a number of character-
defining features which individually or collectively contribute 
to the landscape's physical appearance as they have evolved 
over time. In addition to vegetation and topography, cultural 
landscapes may include water features such as ponds, 
streams, and fountains; circulation features such as roads, 
paths, steps, and walls; buildings; and furnishings, including 
fences, benches, lights and sculptural objects. 

Figure 1: The New York Peace Monument atop Lookout Mountain in the 8,100 acre Chickamauga and Chattanooga National Military Park, Chattanooga, 
Tennessee, commemorates the reconciliation of the Civil War between the North and South. The strategic high point provides panoramic views to the City of 
Chattanooga and the Moccasin Bend. Today, it is recognized for its culturaL and naturaL resource vaLue. The memorial, which was added in 1910 is part of 
this landscape's historic continuum. (courtesy Sam Abell and NationaL Geographic). 
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DEFINITIONS 
Historic Designed Landscape - a landscape that was 
consciously designed or laid out by a landscape architect, 
master gardener, architect, or horticulturist according to 
design principles, or an amateur gardener working in a 
recognized style or tradition. The landscape may be 
associated with a significant person(s), trend, or event in 
landscape architecture; or illustrate an important 
development in the theory and practice of landscape 
architecture. Aesthetic values playa significant role in 
designed landscapes. Examples include parks, campuses, 
and estates. 

Historic Vernacular Landscape - a landscape that 
evolved through use by the people whose activities or 
occupancy shaped that landscape. Through social or 
cultural attitudes of an individual, family or a 
community, the landscape reflects the physical, 
biological, and cultural character of those everyday lives. 
Function plays a significant role in vernacular 
landscapes. They can be a single property such as a farm 
or a collection of properties such as a district of historic 
farms along a river valley. Examples include rural 
villages, industrial complexes, and agricultural 
landscapes. 

Historic Site - a landscape significant for its association 
with a historic event, activity, or person. Examples 
include battlefields and president's house properties. 

Ethnographic Landscape - a landscape containing a 
variety of natural and cultural resources that associated 
people define as heritage resources. Examples are 
contemporary settlements, religious sacred sites and 
massive geological structures. Small plant communities, 
animals, subsistence and ceremonial grounds are often 
components. 

Most historic properties have a cultural landscape 
component that is integral to the significance of the 
resource. Imagine a residential district without sidewalks, 
lawns and trees or a plantation with buildings but no 
adjacent lands. A historic property consists of all its 
cultural resources -landscapes, buildings, archeological 
sites and collections. In some cultural landscapes, there 
may be a total absence of buildings. 

This Preservation Brief provides preservation professionals, 
cultural resource managers, and historic property owners a 
step-by-step process for preserving historic designed and 
vernacular landscapes, two types of cultural landscapes. 
While this process is ideally applied to an entire landscape, 
it can address a single feature such as a perennial garden, 
family burial plot, or a sentinel oak in an open meadow. 
This Brief provides a framework and guidance for 
undertaking projects to ensure a successful balance 
between historic preservation and change. 

Developing a Strategy and Seeking 
Assistance 
Nearly all designed and vernacular landscapes evolve 
from, or are often dependent on, natural resources. It is 
these interconnected systems of land, air and water, 

Figures 2-4: Character-defining landscape features (top to bottom): "Boot 
Fence" near D. H. Lawrence Ranch, Questa, New Mexico, 1991 
(courtesy Chenjl Wagner); paving detail at Ernest Hemingway House 
National Historic Site, Key West, Florida, 1994 (courtesy author); and, 
tree planting detail for Jefferson Memorial Park, St. Louis, Missouri 
(courtesy Office of Dan KileJj) 

vegetation and wildlife which have dynamic qualities that 
differentiate cultural landscapes from other cultural 
resources, such as historic structures. Thus, their 
documentation, treatment, and ongoing management 
require a comprehensive, multi-disciplinary approach. 

Today, those involved in preservation planning and 
management for cultural landscapes represent a broad 
array of academic backgrounds, training, and related 



project experience. Professionals may have expertise in 
landscape architecture, history, landscape archeology, 
forestry, agriculture, horticulture, pomology, pollen 
analysis, planning, architecture, engineering (civil, 
structural, mechanical, traffic), cultural geography, wildlife, 
ecology, ethnography, interpretation, material and object 
conservation, landscape maintenance and management. 
Historians and historic preservation professionals can bring 
expertise in the history of the landscape, architecture, art, 
industry, agriculture, society and other subjects. Landscape 
preservation teams, including on-site management teams 
and independent consultants, are often directed by a 
landscape architect with specific expertise in landscape 
preservation. It is highly recommended that disciplines 
relevant to the landscapes' inherent features be represented 
as well. 

Additional guidance may be obtained from State Historic 
Preservation Offices, local preservation commissions, the 
National Park Service, local and state park agencies, 
national and state chapters of the American Society of 
Landscape Architects, the Alliance for Historic Landscape 
Preservation, the National Association of Olmsted Parks, 
and the Catalog of Records in the United States 
at Wave Hill among others. 

A range of issues may need to be addressed when 
conSidering how a particular cultural landscape should be 
treated. This may include the in-kind replacement of 
declining vegetation, reproduction of furnishings, 
rehabilitation of structures, accessibility provisions for 
people with disabilities, or the treatment of industrial 
properties that are rehabilitated for new uses. 

Preservation Planning for Cultural 
Landscapes 
Careful planning prior to undertaking work can help 
prevent irrevocable damage to a cultural landscape. 
Professional techniques for identifying, documenting, 
evaluating and preserving cultural landscapes have 
advanced during the past 25 years and are continually 
being refined. Preservation planning generally involves the 
following steps: historical research; inventory and 
documentation of existing conditions; site analysis and 
evaluation of integrity and significance; development of a 
cultural landscape preservation approach and treatment 
plan; development of a cultural landscape management 
plan and management philosophy; the development of a 
strategy for ongoing maintenance; and preparation of a 
record of treatment and future research recommendations. 

The steps in this process are not independent of each other, 
nor are they always sequential. In fact, information gathered 
in one step may lead to a re-examination or refinement of 
previous steps. For example, field inventory and historical 
research are likely to occur simultaneously, and may reveal 
unnoticed cultural resources that should be protected. 

The treatment and management of cultural landscape 
should also be considered in concert with the management 
of an entire historic property. As a result, many other 
studies may be relevant. They include management plans, 
interpretive plans, exhibit design, historic structures 
reports, and other. 

CULTURAL LANDSCAPE REPORTS 
A Cultural Landscape Report (CLR) is the primary 
report that documents the history, significance and 
treatment of a cultural landscape. A CLR evaluates 
the history and integrity of the landscape including 
any changes to its geographical context, features, 
materials, and use. 

CLR's are often prepared when a change (e.g. a new 
visitor's center or parking area to a landscape) is 
proposed. In such instances, a CLR can be a useful 
tool to protect the landscape'S character-defining 
features from undue wear, alteration or loss. A CLR 
can provide managers, curators and others with 
information needed to make management decisions. 

A CLR will often yield new information about a 
landscape's historic significance and integrity, even 
for those already listed on the National Register. 
Where appropriate, National Register files should be 
amended to reflect the new findings. 

These steps can result in several products including a 
Cultural Landscape Report (also known as a Historic 
Landscape Report), statements for management, 
interpretive guide, maintenance guide and maintenance 
records. 

Historical Research 
Research is essential before undertaking any treatment. 
Findings will help identify a landscape's historic period(s) 
of ownership, occupancy and development, and bring 
greater understanding of the associations and 
characteristics that make the landscape or history 
significant. Research findings provide a foundation to 
make educated decisions for work, and can also facilitate 
ongoing maintenance and management operations, 
interpretation and eventual compliance requirements. 

A variety of primary and secondary sources may be 
consulted. Primary archival sources can include historic 
plans, surveys, plats, tax maps, atlases, U. S. Geological 
Survey maps, soil profiles, aerial photographs, 
photographs, stereoscopic views, glass lantern slides, 
postcards, engravings, paintings, newspapers, journals, 
construction drawings, specifications, plant lists, nursery 
catalogs, household records, account books and personal 
correspondence. Secondary sources include monographs, 
published histories, theses, National Register forms, survey 
data, local preservation plans, state contexts and scholarly 
articles. (See Figures 5-7, page 4.) 

Contemporary documentary resources should also be 
consulted. This may include recent studies, plans, surveys, 
aerial and infrared photographs, Soil Conservation Service 
soil maps, inventories, investigations and interviews. Oral 
histories of residents, managers, and maintenance 
personnel with a long tenure or historical association can be 
valuable sources of information about changes to a 
landscape over many years. (Figures 8-9, page 4) For 
properties listed in the National Register, nomination forms 
should be consulted. 

3 



4 

WO .A.RD HILl, 
EMETERr 

p 
2. 

Figures 5-7: Atlases and aerial photographs were useful for 
understanding the evolution of burial grounds in Lancaster County, 
Pennsylvania . Comparing the plans from the 1864 and 1875 atlases 
(courtesy Lancaster County Historical Society) with a 1980 aerial 
photograph (courtesy Lancaster County Planning Commission) revealed 
the growth and development of Woodward Hill Cemetery and its 
geographic context for over a century. 

Figures 8, 9: Mary: Smith Nelson spent her childhood at the Zane Grey 
famI ly compound In Lackawaxen, Pennsylvania. Recently, her 
recollectIOns of nearly eIghty years ago helped landscape architects to 
document the evolution of this cultural landscape. These oral memoirs 
have since bee? confirmed by archeological and archival findings. 
(courtesy NatIOnal Park SerVIce, Zane Grey House Archives and 
LANDSCAPES) 



Figure 10: Traditional land uses are often the key to long term 
preservatIOn. Therefore, a knowledge of prior landscape management 
practIces IS essentwl as part of the research phase. Land use patterns were 

the result of actlVltles such as agriculture, fishing or 
mlnll1g. In HanaleI, Hawall.for example, taro fields are important 
because they reflect the continuIty of use of the land over time. (courtesy 
Land and Community Associates) 

Preparing Period Plans 

In the case of designed landscapes, even though a historic 
design plan exists, it does not necessarily mean that it was 
realized fully, or even in part. Based on a review of the 
archival resources outlined above, and the extant landscape 
today, an as-built period plan may be delineated. For all 
successive t.enures of ownership, occupancy and landscape 
change, perIOd plans should be generated (see Figure 13, 
page 6). Period plans can document to the greatest extent 
possible historic appearance during a particular period 
of ownershIp, occupancy, or development. Period plans 
should be based on primary archival sources and should 
avoid conjecture. Features that are based on secondary or 
less accurate sources should be graphically differentiated. 
Ideally, all referenced archival sources should be annotated 
and footnoted directly on period plans. 
Where historical data is missing, period plans should reflect 
any gaps in the CLR narrative text and these limitations 
considered in future treatment decisions (See Treatments 
for Cultural Landscapes on page 13.) 

Inventorying and Documenting Existing Conditions 

Both physical evidence in the landscape and historic 
documentation guide the historic preservation plan and 
treatments. To document existing conditions, intensive 
field investigation and reconnaissance should be conducted 
at the same time that documentary research is being 
gathered. Information should be exchanged among 
preservation professionals, historians, technicians, local 
residents, managers and visitors. 

To assist in the survey process, National Register Bulletins 
have been published by the National Park Service to aid in 

nominating and evaluating designed and rural 
histonc landscapes. Additionally, Bulletins are available for 
specific land.scape types such as battlefields, mining sites, 
and cemetenes.6 
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Figure 11: Landscape archeology is an important research tool that can 
provIde locatIOn, dating and detail verification for landscape features. At 
MontIcello, the estate of Thomas Jefferson in Charlottesville, Virginia, 
archeologIcal research has employed both excavational and non-invasive 
methods . . This has aerial photography, soil resistivity, transect 
and stratified sampling and photogrammetric recording. As illustrated 
In the plan above, fence post spacing and alignment can be confirmed 
with a transect trenching technique.3 (courtesy Thomas Jefferson 
Memorial Foundation) 

Although there are several ways to inventory and 
document a landscape, the goal is to create a baseline from 
a record of the landscape and its features as they 
eXIst at the present (considering seasonal variations)? Each 
landscape inventory should address issues of boundary 

methodologies and techniques, 
the hmitahons of the mventory, and the scope of inventory 
efforts. These are most often influenced by the timetable, 
budget, project scope, and the purpose of the inventory 
and, deper:ding on the physical qualities of the property, its 
scale, detml, and the interrelationship between natural and 
cultural resources. For example, inventory objectives to 
develop a treatment plan may differ considerably compared 
to those needed to develop an ongoing maintenance plan. 
Once the criteria for a landscape inventory are developed 
and tested, the methodology should be explained. 

Preparing Existing Condition Plans 

and documentation may be recorded in plans, 
sectlOns, photographs, aerial photographs, axonometric 
perspectives, narratives, video-or any combination of 
techniques. Existing conditions should generally be 
documented to scale, drawn by hand or generated by 
computer. The scale of the drawings is often determined by 
the size and complexity of the landscape. Some landscapes 
may require documentation at more than one scale. For 
example, a large estate may be documented at a small scale 
to depict its spatial and visual relationships, while the 
discrete .area estate mansion may require a larger 
scale to Illustrate mdividual plant materials, pavement 

and other details. The same may apply to an 
entire rural historic district and a fenced vegetable garden 
contained within. (See Figures 14-15, page 8). 

When landscapes are documented in photographs, 
registration points can be set to indicate the precise location 
and orientation of features. Registration points should 
correspond to significant forms, features and spatial 
relationships within the landscape and its surrounds (see 
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DEGREE OF DOCUMENTATION 
HISTORIC LANDSCAPE FEATURES SITE MANNING HISTORIC LETTERS 1955-1993 SECONDARY 

EVIDENCE PLAN PHOTOS 1914-1946 RECORDS SOURCES 

NATURAL SYSTEMS/TOPOGRAPHY ... ... ... ... ... ? 
Bedrock (Quarry) • • • • Land Contour • • • • • Rockwork • • • • • 

WATER FEATURES ... ... ... ... ... ? 
Alignment-Cascade • • • • Alignment-Pools & Streams • • • • • Materials-Cascade • • • • Materials-Pools & Streams • • • • 

CIRCULATION ... ... ... ... ... ? 
Alignment-Upland Area • • • Alignment-Perimeter Paths • • • • • Alignment-Internal Paths • • • Materials-Upland Area • • • Materials-Perimeter Paths • • • • Materials-Internal Paths • • • • 

SPATIAL RELATIONSHIPS ... ... ... ... ... ? 
Garden Site (Quarry) • • • • Viewshed (Cuyahoga Valley) • • • Vista over Garden from Terrace • • Views within Garden • • • • Views within Upland • • • Views from Croquet Lawn • • 

VEGETATION ... ... ... ... ... ? 
Native Forest Trees • • • • • Ornamental Shrubs in Garden • • • • Groundcovers in Garden • • • • Herbaceous Plants in Garden • • • 

SITE FURNISHINGS ... ... ... ... ... ? 
Lanterns • • • • Seats • • • 

STRUCTURES ... ... ... ... ... ? 
Torii Gate • • • Cistern • • • • Stone Wall Concealing Cistern • • • • Lagon Bridges • • • Umbrella House • • Trellis/Lattice • • 

Figure 12: This chart measures available documentation for character-defining features in the Japanese Garden at Stan Hywet Hall, Akron, Ohio designed by 
Warren Manning. Areas with little or no historic documentation are noted, thus identifying areas where future treatment options may be restricted. As 
illustrated, restoration or reconstruction are viable alternatives based on the rich research findings. (courtesy Stan Hywet Hall Foundation, Inc. and 
Doell and Doell) 

Figure 13: Period plans show the evolution of Aspet, the home of Augustus St. Gaudens, Cornish, New Hampshire. Plans were developed at two scales: first 
for the entire estate's development, and second for the core area around the house, studio and gardens. For both, plans were generated for five time periods: 
1885-1903,1903-1907,1907-1926,1926-1965 and 1965-1992. Illustrated above are the 1885-1903,1907-1926, and the 1926-1965 plans for the core area. 
(courtesy National Park Service, North Atlantic Region and Pressley Associates) 



READING THE LANDSCAPE 

A noted geographer stated, "The attempt to derive 
meaning from landscapes possesses overwhelming 
virtue. It keeps us constantly alert to the world around 
us, demanding that we pay attention not just to some of 
the things around us but to all of them-the whole visible 
world in all of its rich, glorious, messy, confusing, ugly, 
and beautiful complexity.,,4 
Landscapes can be read on many levels-landscape as 
nature, habitat, artifact, system, problem, wealth, 
ideology, history, place and aesthetic.s When developing 
a strategy to document a cultural landscape, it is 
important to attempt to read the landscape in its context 
of place and time. (See Figures 16-17, page 8) 
Reading the landscape, like engaging in archival research, 
requires a knowledge of the resource and subject area as 
well as a willingness to be skeptical. As with archival 
research, it may involve serendipitous discoveries. 
Evidence gained from reading the landscape may confirm 
or contradict other findings and may encourage the 
observer and the historian to revisit both primary and 
secondary sources with a fresh outlook. Landscape 
investigation may also stimulate other forms of research 
and survey, such as oral histories or archeological 
investigations, to supplement what appeared on-site. 
There are many ways to read a landscape-whatever 
approach is taken should provide a broad overview. This 
may be achieved by combining on-the-ground 
observations with a bird's-eye perspective. To begin this 
process, aerial photographs should be reviewed to gain 
an orientation to the landscape and its setting. Aerial 
photographs come in different sizes and scales, and can 
thus portray different levels of detail in the landscape. 
Aerial photographs taken at a high altitude, for example, 
may help to reveal remnant field patterns or -traces of an 
abandoned circulation system; or, portions of axial 
relationships that were part of the original design, since 
obscured by encroaching woodland areas. Low altitude 
aerial photographs can point out individual features such 
as the arrangement of shrub and herbaceous borders, and 
the exact locations of furnishings, lighting, and fence 

Figure 22, page 11 for an example.) The points may also 
correspond to historic views to illustrate the change in the 
landscape to date. These locations may also be used as a 
management tool to document the landscape's evolution, 
and to ensure that its character-defining features are 
preserved over time through informed maintenance 
operations and later treatment and management decisions. 

All features that contribute to the landscape's historic 
character should be recorded. These include the physical 
features described on page 1 (e.g. topography, circulation), 
and the visual and spatial relationships that are character-
defining. The identification of existing plants, should be 
specific, including genus, species, common name, age (if 
known) and size. The woody, and if appropriate, 
herbaceous plant material should be accurately located on 
the existing conditions map. To ensure full representation 
of successional herbaceous plants, care should be taken to 
document the landscape in different seasons, if possible. 

alignments. This knowledge can prove beneficial before 
an on-site visit. 
Aerial photographs provide clues that can help orient the 
viewer to the landscape. The next step may be to view 
the landscape from a high point such as a knoll or an 
upper floor window. Such a vantage point may provide 
an excellent transition before physically entering the 
cultural landscape. 
On ground, evidence should then be studied, including 
character-defining features, visual and spatial 
relationships. By reviewing supporting materials from 
historic research, individual features can be understood 
in a systematic fashion that show the continuum that 
exists on the ground today. By classifying these features 
and relationships, the landscape can be understood as an 
artifact, possessing evidence of evolving natural systems 
and human interventions over time. 
For example, the on-site investigation of an abandoned 
turn-of-the-century farm complex reveals the remnant of 
a native oak and pine forest which was cut and burned in 
the mid-nineteenth century. This previous use is 
confirmed by a small stand of mature oaks and the 
presence of these plants in the emerging secondary 
woodland growth that is overtaking this farm complex in 
decline. A ring count of the trees can establish a more 
accurate age. By reading other character-defining 
features-such as the traces of old roads, remnant 
hedgerows, ornamental trees along boundary roads, 
foundation plantings, the terraCing of grades and 
remnant fences -the visual, spatial and contextual 
relationships of the property as it existed a century ago 
may be understood and its present condition and 
integrity evaluated. 
The findings of on-site reconnaissance, such as materials 
uncovered during archival research, may be considered 
primary data. These findings make it possible to inventory 
and evaluate the landscape's features in the context of the 
property's current condition. Character-defining features 
are located in situ, in relationship to each other and the 
greater cultural and geographic contexts. 

Treating living plant materials as a curatorial collection has 
also been undertaken at some cultural landscapes. This 
process, either done manually or by computer, can track the 
condition and maintenance operations on individual plants. 
Some sites, such as the Frederick Law Olmsted National 
Historic Site, in Brookline, Massachusetts have developed a 
field investigation numbering system to track all woody 
plants. (See Table, page 9) Due to concern for the 
preservation of genetic diversity and the need to replace 
significant plant materials, a number of properties are 
beginning to propagate historically important rare plants that 
are no longer commercially available, unique, or possess 
significant historic associations. Such herbarium collections 
become a part of a site's natural history collection. 

Once the research and the documentation of existing 
conditions have been completed, a foundation is in place to 
analyze the landscape's continuity and change, determine 
its significance, assess its integrity, and place it within the 
historic context of similar landscapes. 
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Figures 14 and 15: Existing conditions plans for large corridor 
landscapes can employ a variety of documentation methodologies. For the 
2 -1/2 mile Rock Creek and Potomac Parkway, Washington, D.C., the 
Historic American Buildings Survey (HABS) used aerial photo-
grammetric photographs as the basis for digitized mapping and delineated 
drawings. Overall documentation was done at a scale of 1" = 40' with a 
100' either side geographic context. Contours were shown at 2' intervals, 
tree canopy with trunk placement for specimen species, bridges (also 
drawn in detail), roads, and the creek itself. In all, there are 36 drawings 
measuring 34" x 44" for the project. These two sample drawings include 
the index to plans (above) and an area of existing conditions 
documentation (opposite top). (courtesy Historic American Buildings 
Survey) 

Figures 16 and 17: Landscapes cannot be inventoried in a vacuum. 
Therefore, an understanding of its geographic context or setting should be 
part of inventory process. At Rancho Los Alamitos, Long Beach, 
California (middle and bottom opposite), a comparison between the 1936 
aerial view with a present day aerial photograph illustrates the 
encroachments and adjacent developments that will affect the future 
treatment of visual and spatial relationships. (courtesy Rancho Los 
Alamitos Foundation) 



HISTORIC PLANT INVENTORY 

Within cultural landscapes, plants may have historical or 
botanical significance. A plant may have been associated 
with a historic figure or event or be part of a notable 
landscape design. A plant may be an uncommon 
cultivar, exceptional in size, age, rare and commercially / 
unavailable. If such plants are lost, there would be a loss 
of historic integrity and biological diversity of the cultural 
landscape.To ensure that significant plants are preserved, 
an inventory of historic plants is being conducted at the 
North Atlantic Region of the National Park Service.8 

Historical landscape architects work with landscape 
managers and historians to gather oral and documented 
history on the plant's origin and potential significance. 
Each plant is then examined in the field by an expert 
horticulturist who records its name, condition, age, size, 
distribution, and, any notable botanic characteristics. 

1. The Arnold Arboretum's preservation technician, lilac specialist, and 
horticulturist compare lilacs from the Vanderbilt Mansion National 
Historic Site in Hyde Park, New York with lilac specimens in the 
Arboretum's living collection. (courtesy Olmsted Center) 

3. The Arnold Arboretum's horticulturist, landscape historian, 
and preservation technician examine shrubs at the Longfellow 
National Historic Site in Cambridge, MA. (courtesy Olmsted 
Center) 

Plants that are difficult to identify or are of potential 
historical significance are further examined in the 
laboratory by a plant taxonomist who compares leaf, 
fruit, and flower characteristics with herbarium 
specimens for named species, cultivars and varieties. 
For plants species with many cultivars, such as apples, 
roses, and grapes, specimens may be sent to specialists 
for identification. 

If a plant cannot be identified, is dying or in decline, 
and unavailable from commercial nurseries, it may be 
propagated. Propagation ensures that when rare and 
significant plants decline, they can be replaced with 
genetically-identical plants. Cuttings are propagated 
and grown to replacement size in a North Atlantic 
Region Historic Plant Nursery. 

2. The Arnold Arboretum's horticulturist alld preservation technician 
examine an enormous black locust tree at the Home of FD. Roosevelt 
National Historic Site in Hyde Park, NY. (courtesy Olmsted Center) 
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Site Analysis: Evaluating Integrity and Significance 
By analyzing the landscape, its change over time can be 
understood. This may be accomplished by overlaying the 
various period plans with the existing conditions plan. Based 
on these findings, individual features may be attributed to the 
particular period when they were introduced, and the various 
periods when they were present. 

It is during this step that the historic significance of the 
landscape component of a historic property and its integrity 
are determined. Historic significance is the recognized 
importance a property displays when it has been evaluated, 

when it has been found to meet National Register 
Criteria. A landscape may have several areas of historical 
significance. An understanding of the landscape as a 
continuum through history is critical in assessing its 
cultural and historic value. In order for the landscape to 
have integrity, these character-defining features or qualities 
that contribute to its significance must be present. 

While National Register nominations document the 
significance and integrity of historic properties, in general, 
they may not acknowledge the significance of the 
landscape's design or historic land uses, and may not 
contain an inventory of landscape features or 
characteristics. Additional research is often necessary to 
provide the detailed information about a landscape's 
evolution and significance useful in making decision for the 
treatment and maintenance of a historic landscape. Existing 
National Register forms may be amended to recognize 
additional areas of significance and to include more 
complete descriptions of historic properties that have 
significant land areas and landscape features. 

Integrity is a property's historic identity evidenced by the 
survival of physical characteristics from the property's 
historic or prehistoric period. The seven qualities of integrity 
are location, setting, feeling, association, design, workman-
ship and materials. to When evaluating these qualities, care 
should be taken to consider change itself. For example, when 
a second-generation woodland overtakes an open pasture in a 
battlefield landscape, or a woodland edge encloses a scenic 
vista. For situations such as these, the reversibility and/ or 
compatibility of those features should be considered, both 
individually, and in the context of the overall landscape. 
Together, evaluations of significance and integrity, when 
combined with historic research, documentation of existing 
conditions, and analysis findings, influence later treatment 
and interpretation decisions. (See Figure 21-23) 

Developing a Historic Preservation Approach 
and Treatment Plan 
Treatment may be defined as work carried out to achieve a 
historic preservation goal-it cannot be considered in a 
vacuum. There are many practical and philosophical 
factors that may influence the selection of a treatment for a 
landscape. These include the relative historic value of the 
property, the level of historic documentation, existing 
physical conditions, its historic significance and integrity, 
historic and proposed use (e.g. educational, interpretive, 
passive, active public, institutional or private), long- and 
short-term objectives, operational and code requirements 
(e.g. accessibility, fire, security) and costs for anticipated 
capital improvement, staffing and maintenance. The value 
of any significant archeological and natural resources 

Figure 18: At Lawnfield, the home of President James A. Garfield near 
Cleveland, Ohio, the Sugar Maple that shadowed the porch during Garfield's 
1880 "Front Porch Campaign" is in decline. Cuttings were taken from the 
historically significant tree by the Holden Arboretum and the National Park 
Service for eventual in-kind replacement. (courtesy NPS, Midwest Region) 

Figure 19: The landscape of Lyndhurst, Tarrytown , New York is 
significant in American culture and meets Criterion C of the National 
Register because it embodies the distinctive character of a type and period 
in American landscape architecture, known as early Picturesque; it 
possesses high artistic value; and it is the work of a recognized master 
gardener, Ferdinand Mangold. (courtesy National Trust for Historic 
Preservation) 



Figure 20: Cultural landscapes often contain plant communities such as 
orchards or meadows-both of which mayor may not require a 
management intervention. When analyzing a landscape, it is important 
to recognize the present-day biodiversity of these resources- for example 
at the Fruita Rural Historic District in Capitol Reef National Park in 
Utah , the landscape contains 2,500 fruit trees associated with settlement 
and agriculture on the Colorado Plateau (courtesy D. White). 

Figure 21: Integrihj can involve both continuity and change. This can be 
evidenced by a detailed review of materials. Although the surface 
material has changed on some roads through the Port Oneida (near 
Empire, Michigan) community, the character-defining alignment, width 
and rows of Sugar Maple trees remain intact. (courtesy NPS, Midwest 
Region). 

, . 
c::::::J. 

'''';iit.JU I/. 

I 
I 
I 
I 

d 
I 
I 
I 
I 

4+' 
I II 

... I 
to •••• h _-,-__ L.!.l..:l_ 

I 
I'zz./ 

I 

i'" : . 0 
I j 

j crOO:% I I : l IIUtIdl CdSS VieM P I 0 
: set ()e!UlPT1Ol1 Le6e1'l> Of h · 0 
: WLDlnr,s ano i'" 
: ..tt{>IIIIOIC"..'"-.... Ih----"...... I I 

: (:> 0 I ___ .. : 
I _ _ _ ._"" ....... I 0 
1 :-::_-: ___ _ 1 : -
I ................. 0 0 

o 
o 
o 
o 
o 
o 

: ___ r) I 

..... L __________________________ !!:t. __ b..--'8 ______________ 0.. ____ __ 

tI}J --------------------

lO. 

Figures 22 and 23: The plan for the Kehlbeck Farmstead, located in Cass 
County in Southeastern Nebraska, illustrates a well-planned, and 
aesthetically arranged general farm complex of the twentieth century. 
The farmstead is composed of 23 contributing and 5 non-contributing 
resources. Integrity was judged uniformly high because many character-
defining resources were present and the visual and spatial relationships 
mtact. Note the varied graphic techniques used to document a variehj of 
fence types, and, the key to photographs illustrating the various 
landscape features and spatial relationships. The photograph above, 
labeled #3 on the farmstead , is looking north along the farm lane allee. 
(courtesy National Register Files) 
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LANDSCAPE INTERPRETATION 

Figures A and B: Archeology and restoration of the Privy Garden at Hampton Court Palace gardens, England. The project is being 
interpreted to the public in the garden, an indoor exhibition and a multimedia show. The outdoor interpretive display, (above left) includes 
period plans, aerial photographs and historic images that detail the histon) of the garden and current work, 1994. (courtesy 
the author) 

Landscape interpretation is the process of providing 
the visitor with tools to experience the landscape as it 
existed during its period of significance, or as it 
evolved to its present state. These tools may vary 
widely, from a focus on existing features to the 
addition of interpretive elements. These could 
include exhibits, self-guided brochures, or a new 
representation of a lost feature. The nature of the 
cultural landscape, especially its level of significance, 
integrity, and the type of visitation anticipated may 
frame the interpretive approach. Landscape 
interpretation may be closely linked to the integrity 
and condition of the landscape, and therefore, its 
ability to convey the historic character and character-

should also be considered in the decision-making process. 
Therefore, a cultural landscape's preservation plan and the 
treatment selected will consider a broad array of dynamic 
and interrelated considerations. It will often take the form 
of a plan with detailed guidelines or specifications. 

Adopting such a plan, in concert with a preservation 
maintenance plan (page 18-19), acknowledges a cultural 
landscape's ever-changing existence and the 
interrelationship of treatment and ongoing maintenance. 
Performance standards, scheduling and record keeping of 
maintenance activities on a day-to-day or month-to-month 
basis, may then be planned for. Treatment, management, 
and maintenance proposals can be developed by a broad 
range of professionals and with expertise in such fields as 
landscape preservation, horticulture, ecology, and 
landscape maintenance. 

The selection of a primary treatment for the landscape, 
utilizing the Secretary of the Interior's Standards for the 
Treatment of Historic Properties, establishes an overall 
historic preservation approach, as well as a philosophical 
framework from which to operate. Selecting a treatment is 
based on many factors. They include management and 
interpretation objectives for the property as a whole, the 
period(s) of significance, integrity, and condition of 
individual landscape features. 

defining features of the past. If a landscape has high 
integrity, the interpretive approach may be to direct 
visitors to surviving historic features without 
introducing obtrusive interpretive devices such as 
free-standing signs. For landscapes with a 
diminished integrity, where limited or no fabric 
remains, the interpretive emphasis may be on using 
extant features and visual aids (e.g. markers, 
photographs, etc.) to help visitors visualize the 
resource as it existed in the past. The primary goal in 
these situations is to educate the visitor about the 
landscape's historic themes, associations and lost 
character-defining features or broader historical, 
social and physical landscape contexts. 

For all treatments, the landscape's existing conditions and 
its ability to convey historic significance should be carefully 
considered. For example, the life work, design philosophy 
and extant legacy of an individual designer should all be 
understood for a designed landscape such as an estate, 
prior to treatment selection. For a vernacular landscape, 
such as a battlefield containing a largely intact mid-
nineteenth century family farm, the uniqueness of that 
agrarian complex within a local, regional, state, and 
national context should be considered in selecting a 
treatment. 

The overall historic preservation approach and treatment 
approach can ensure the proper retention, care, and repair 
of landscapes and their inherent features. ll In short, the 
Standards act as a preservation and management tool for 
cultural landscapes. The four potential treatments are 
described in the box opposite. 

Landscape treatments can range from simple, inexpensive 
preservation actions, to complex major restoration or 
reconstruction projects. The progressive framework is 
inverse in proportion to the retention of historic features 
and materials. Generally, preservation involves the least 
change, and is the most respectful of historic materials. It 
maintains the form and material of the existing landscape. 
Rehabilitation usually accommodates contemporary 



Figure 24: On some occasions, especially larger landscapes, it is possible 
to have a primary treatment, with discrete, or secondary areas of another 
treatment. This is most common for an individual feature in a larger 
landscape. At the Eugene and Carlotta O'Neill Historic Site, Danville, 
California the primary treatment selected for the courtyard was 
restoration. When accommodating universal accessibility requirements, 
the introduction of a grass paver walk was installed which warranted the 
removal of a few historic shrubs. This discrete project would be considered 
a rehabilitation treatment. (courtesy Patricia M. O'Donnell) 

TREATMENTS FOR CULTURAL 
LANDSCAPES 

Prior to undertaking work on a landscape, a treatment plan 
or similar document should be developed. The four primary 
treatments identified in the Secretary of the Interior's 
Standards for the Treatment of Historic Properties12, are: 
Preservation is defined as the act or process of applying 
measures necessary to sustain the existing form, integrity, 
and materials of an historic property. Work, including 
preliminary measures to protect and stabilize the property, 
generally focuses upon the ongoing maintenance and repair 
of historic materials and features rather than extensive 
replacement and new construction. New additions are not 
within the scope of this treatment; however, the limited and 
sensitive upgrading of mechanical, electrical and plumbing 
systems and other code-required work to make properties 
functional is appropriate within a preservation project. 
Rehabilitation is defined as the act or process of making 
possible a compatible use for a property through repair, 
alterations, and additions while preserving those portions or 
features which convey its historical or cultural values. 
Restoration is defined as the act or process of accurately 
depicting the fonn, features, and character of a property as it 
appeared at a particular period of time by means of the 
removal of features from other periods in its history and 
reconstruction of missing features from the restoration 
period. The limited and sensitive upgrading of mechanical, 
electrical and plumbing systems and other code-required 
work to make properties functional is appropriate within a 
restoration project. 
Reconstruction is defined as the act or process of depicting, 
by means of new construction, the form, features, and 
detailing of a non-surviving site, landscape, building, 
structure, or object for the purpose of replicating its 
appearance at a specific period of time and in its historic 
location. 

Figures 25 and 26: When 
the American Elm 
(Ulmus americana) was 
plagued with Dutch Elm 
Disease many historic 
properties relied on the 
Japanese Zelkova 
(Zelkova serrata) as a 
substitute plant. As 
illustrated, the overall 
form and scale of these 
trees is really quite 
different, and would 
therefore not be an 
appropriate substitute 
plant material under a 
restoration or 
reconstruction 
treatment. 

alterations or additions without altering significant historic 
features or materials, with successful projects involving 
minor to major change. Restoration or reconstruction 
attempts to recapture the appearance of a property, or an 
individual feature at a particular point in time, as confirmed 
by detailed historic documentation. These last two 
treatments most often require the greatest degree of 
intervention and thus, the highest level of documentation. 

In all cases, treatment should be executed at the appropriate 
level reflecting the condition of the landscape, with repair 
work identifiable upon close inspection and/ or indicated in 
supplemental interpretative information. When repairing 
or replacing a feature, every effort should be made to 
achieve visual and physical compatibility. Historic 
materials should be matched in design, scale, color and 
texture. 

A landscape with a high level of integrity and authenticity 
may suggest preservation as the primary treatment. Such a 
treatment may emphasize protection, stabilization, cyclical 
maintenance, and repair of character-defining landscape 
features. Changes over time that are part of the landscape's 
continuum and are significant in their own right may be 
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Figure 27: The historic birch allee at Stan Hywet Hall, Akron, Ohio was 
suffering from borer infestation and leaf miner. Dying trees were topped 
and basal sprout growth encouraged. Next, trees were selectively 
thinned, and ultimately, when the new growth matured, older trunks 
were removed. Original rootstock and genetic material were preserved. 
As Illustrated, thIs preservatIOn treatment took fifteen years to realize. 
(courtesy Child Associates) 

Figure 28:. Patterns on the land have been preserved through the 
continuatIOn of traditIOnal uses such as the grape fields at the Sterling 
Vineyards in Calistoga, California. (courtesy author) 

Figures 29: Rehabilitation was selected as the primary treatment for 
Columbus Park, Chicago, 1IIinois. Originally designed and executed 
between 1917 and 1920 by lens Jensen, the waterfall, cascades, rocky 
brook and assocIated landscape, are well documented and possesses a high 
level of integrity. (courtesy author) 

Figure 30, 31: A 75-mile portion of Skyline Drive at Shenandoah 
National Park overlooking the Blue Ridge Mountains of Virginia required 
the rehabilitation of a 22" -high, dry-laid stone wall. The new wall was 
built to a height of 27" - code normally requires a height of 36". The wall 
was constructed of percast concrete, clad with split stone and mortar 
joints. To achieve visual compatibility recessed mortar joints were 
arranged in a random pattern (courtesy Robert R. Page) 



retained, while changes that are not significant, yet do not 
encroach upon or erode character may also be maintained. 
Preservation entails the essential operations to safeguard 
existing resources. (Figures 27-28) 

Rehabilitation is often selected in response to a 
contemporary use or need-ideally such an approach is 
compatible with the landscape's historic character and 
historic use. Rehabilitation may preserve existing fabric 
along with introducing some compatible changes, new 
additions and alterations. Rehabilitation may be desirable 
at a private residence in a historic district where the 
homeowner's goal is to develop an appropriate landscape 
treatment for a front yard, or in a public park where a 
support area is needed for its maintenance operations. 
(Figures 29-31) 

When the most important goal is to portray a landscape and 
its character-defining features at an exact period of time, 
restoration is selected as the primary treatment. Unlike 
preservation and rehabilitation, interpreting the landscape's 
continuum or evolution is not the objective. Restoration 
may include the removal of features from other periods 
and/ or the construction of missing or lost features and 
materials from the reconstruction period. In all cases, 
treatment should be substantiated by the historic research 
findings and existing conditions documentation. 
Restoration and reconstruction treatment work should 
avoid the creation of a landscape whose features did not 
exist historically. For example, if features from an earlier 
period did not co-exist with extant features from a later 
period that are being retained, their restoration would not 
be appropriate. (Figures 32-34) 

In rare cases, when evidence is sufficient to avoid 
conjecture, and no other property exists that can adequately 
explain a certain period of history, reconstruction may be 
utilized to depict a vanished landscape. The accuracy of 
this work is critical. In cases where topography and the 
subsurface of soil have not been disturbed, research and 
existing conditions findings may be confirmed by thorough 
archeological investigations. Here too, those features that 
are intact should be repaired as necessary, retaining the 
original historic features to the greatest extent possible. The 
greatest danger in reconstruction is creating a false picture 
of history. 

False historicism in every treatment should be avoided. 
This applies to individual features as well as the entire 
landscape. Examples of inappropriate work include the 
introduction of historic-looking benches that are actually a 
new design, a fanciful gazebo placed in what was once an 
open meadow, executing an unrealized historic design, or 
designing a historic-looking landscape for a relocated 
historic structure within "restoration." 

Figure 32-34: Tower Grove Park in St. Louis, Missouri, is a National 
Historic Landmark. The music pavilion, just north of the main drive is a 
circular lawl! area with radiating walks, white marble busts of eminent 
composers, walks, and curb. The area was in general decline, especially 
the marble busts which were suffering from acid rain damage. Based on 
the excellent documentation in nineteenth century annual reports, 
postcards and photographic images, this area was recently restored. 
lIlustrated above are a sample historic view, work in progress and the 
completed restoration project. (courtesy Tower Grove Park) 
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Figure 35-37: Central Park has developed an in-house historic 
preservation crew to undertake small projects. A specialized crew has 
been trained to specifically repair and rebuild rustic furnishings. As 
illustrated, the restoration of the Dene rustic shelter was achieved by 
constructing it in the Ramble compound, moving in-place opposite 67th 
street and completed. (courtesy Central Park Conservancy) 

Developing a Preservation Maintenance Plan 
and Implementation Strategy 
Throughout the preservation planning process, it is 
important to ensure that existing landscape features are 
retained. Preservation maintenance is the practice of 
monitoring and controlling change in the landscape to 
ensure that its historic integrity is not altered and features 
are not lost. This is particularly important during the 
research and long-term treatment planning process. To be 
effective, the maintenance program must have a guiding 
philosophy, approach or strategy; an understanding of 
preservation maintenance techniques; and a system for 
documenting changes in the landscape. 

The philosophical approach to maintenance should 
coincide with the landscape's current stage in the 
preservation planning process. A Cultural Landscape 
Report and Treatment Plan can take several years to 
complete, yet during this time managers and property 
owners will likely need to address immediate issues related 
to the decline, wear, decay, or damage of landscape 
features. Therefore, initial maintenance operations may 
focus on the stabilization and protection of all landscape 
features to provide temporary, often emergency measures 
to prevent deterioration, failure, or loss, without altering 
the site' s existing character. 

After a Treatment Plan is implemented, the approach to 
preservation maintenance may be modified to reflect the 
objectives defined by this plan. The detailed specifications 
prepared in the Treatment Plan relating to the retention, 
repair, removal, or replacement of features in the landscape 
should guide and inform a comprehensive preservation 
maintenance program. This would include schedules for 
monitoring and routine maintenance, appropriate preserva-
tion maintenance procedures, as well as ongoing record 
keeping of work performed. For vegetation, the preserva-
tion maintenance program would also include thresholds 
for growth or change in character, appropriate pruning 
methods, propagation and replacement procedures. 

To facilitate operations, a property may be divided into 
discrete management zones (Figure 41). These zones are 
sometimes defined during the Cultural Landscape Report 
process and are typically based on historically defined areas. 
Alternatively, zones created for maintenance practices and 
priorities could be used. Examples of maintenance zones 
would include woodlands, lawns, meadow, specimen trees, 
and hedges. 

Training of maintenance staff in preservation maintenance 
skills is essential. Preservation maintenance practices differ 
from standard maintenance practices because of the focus on 
perpetuating the historic character or use of the landscape 
rather than beautification. For example, introducing new 
varieties of turf, roses or trees is likely to be inappropriate. 
Substantial earth moving (or movement of soil) may be 
inappropriate where there are potential archeological 
resources. An old hedge or shrub should be rejuvenated, or 
propagated, rather than removed and replaced. A mature 
specimen tree may require cabling and careful monitoring to 
ensure that it is not a threat to visitor safety. Through 
training programs and with the assistance of preservation 
maintenance specialists, each property could develop 
maintenance specifications for the care of landscape features. 



Figure 40: A management decision was made to place a fence around a 
sentinel tree in Balboa Park, San Diego, California. The fence protects the 
specimen from root damage-impact from excessive pedestrian compaction 
or lawn mower damage. (courtesy author). 
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Figure 38 and 39 (above, left and right): The importance of landscape 
analysis and its ability to inform treatment and maintenance decisions is 
reflected in these two plans for Downing Park, Newburgh, New York. 
The plan, rendered in black, top left, illustrates all extant historic plants, 
while the plan, top right, depicts plantings which are non-historic or 
invasive for removal or relocation outside of the historic park. (courtesy 
LANDSCAPES) 

Figure 41 (below): A small property of under an acre may only have a few 
managemellt zones including lawn, trees over lawll , shrub and herbaceous 
borders. Larger, more complex landscapes such as Jamaica Pond Park, 
Boston and Brookline, Massachusetts, contains a broader range of 
management zones including: forests, trees over grass-broad areas, trees 
over grass-narrow areas, meadows, and mown grass for active recreation 
amenities or passive use. (courtesy Walmsley/Pressley Joint Venture) 

M A C A o 
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DEVELOPING A PRESERVATION MAINTENANCE GUIDE 
In the past, there was rarely adequate record-keeping to 
fully understand the ways a landscape was maintained. 
This creates gaps in our research findings. Today, we 
recognize that planning for ongoing maintenance and on-
site applications should be documented-both routinely 
and comprehensively. An annual work program or 
calendar records the frequency of maintenance work on 
built or natural landscape features. It can also monitor 
the age, health and vigor of vegetation. For example, on-
site assessments may document the presence of weeds, 
pests, dead leaves, pale color, wilting, soil compaction-
all of which signal particular maintenance needs. For 
built elements, the deterioration of paving or drainage 
systems may be noted and the need for repair or 
replacement indicated before hazards develop. An 
overall maintenance program can assist in routine and 
cyclic maintenance of the landscape and can also guide 
long term treatment projects. 

To help structure a comprehensive maintenance 
operation that is responsive to staff, budget, and 
maintenance priorities, the National Park Service has 
developed two computer-driven programs for its own 
landscape resources. A Maintenance Management 
Program (MM) is designed to assist maintenance 
managers in their efforts to plan, organize, and direct the 
park maintenance system. An Inventory and Condition 
Assessment Program (lCAP) is designed to complement 

MM by providing a system for inventorying, assessing 
conditions, and for providing corrective work 
recommendations for all site features. 

Another approach to documenting maintenance and 
recording changes over time is to develop a manual or 
computerized graphic information system. Such a system 
should have the capability to include plans and 
photographs that would record a site's living collection of 
plant materials. (Also see discussion of the use of 
photography under Preparing Existing Conditions Plans, 
page 5.) This may be achieved using a computer-aided 
drafting program along with an integrated database 
management system. 

To guide immediate and ongoing maintenance, a 
systematic and flexible approach has been developed by 
the Olmsted Center for Landscape Preservation. 
Working with National Park Service landscape managers 
and maintenance specialists, staff assemble information 
and make recommendations for the care of individual 
landscape features. 

Each landscape feature is inspected in the field to 
document existing conditions and identify field work 
needed. Recommendations include maintenance 
procedures that are sensitive to the integrity of the 
landscape. 
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Figure A- Existing Conditions: A map of the existing trees at the Statue of Liberty 
National Monument is used to indicate necessary preservation maintenance work 
(Drawn by Margaret Coffin , 1992) 

Figure B - Field Inventory, Inspection, and 
work needed: Within areas of the landscape, 
each feature is assigned a field idel1tification 
number. An inspection is conducted to assess 
the condition, potential problems, such as 
deadwood or integral decay, al1d specify work 
needed. A map (above) is used to locate features 
that require attention) 



Statue of Liberty National MOllumJ!nI 
FEATURE DATA LONDON PLANE TREE 

Statue of Liberty Narional Monument 
CALENDAR - SPRING 

CATEGORY: Deciduous Tree 

AREAS: 4-SoulhLawn 
FOR ALL TREES -

FEATURE NAME: 

SOURCE OF lDENTIFICATlON: 

DESCRIPTIVE CHARACTERISTICS: 

London Planetn=e (Platanus xaccrifolia) 

Al Farrugkl,.sTU Horticulturist. 1992 

The: fruit of London Plane Tree is typically in clusten of2, leave$ are large , S -10 ' widlh 
whereas the fruit of American Sycamore is singular, and leaves are slightly smaller. 

Usnil or!r.aranalysj. jOOk;aI(Slbalft:oiljn:risnccdcd, late fall is thtbc:st timc: to fenilize 
However, fertilizer may also be applied in early Spring. before bud break. Use an 

organic fertilizer willi the micronutricnlS needed, sucli IlS manganese. Iftht lawn area 
below the trees is rt:eeiving fertilizer, additional fertilizer is 001 nccessary. Ligbtannual 
pruning throughout the tree tends to reduce tht amouru of fertlizer ntt.ded. 

HlSTORIC SIGNlflCANCE:/ APPEARANCE! INTENT: 
LONDON PLANE TREES-London Plane trees specified in the Genenl Developmeru Plan by Norman Newton in 

1937 (Newton, N. T . Design on the Land. Harvard University Press, 1971 , p. S43) . 

PRESERVATION PRACI'ICES AND WORK PROCEDURES: 
Take prevelU.Btive IIClions 10 protecl tht base ofeJ(:h tree from string 

trimmer damage. Train all equipmeru operaton. 

Wintet'-
I:DuJr:: out dead, damaged wood and watcrsproulS as needed . Inspect for interior decay and 
pest damage. Disinfect toolS betwc:cn CUls 10 prevent spread ofcankenl.lin disease . 
Spring -

Monitor a'" trr'l'nrhracoosc Prolonged periods of cool, mobt, damp spring weather will 
increase anthracnose. The: best times 10 control anthracnose are before bud break, at bud 
break, and when leaves haveexpatUed. 

Take preventative actions to protect the basc: ofeacb tree from string 
trimmer damage. Tnin all equipment operaton. 
Monjro[,od !m! 'n!bracoosr Prolonged periods of cool, moist, damp spring weather will 
increaseanlhracnose. The: best timcl 10 comrol antbracnose are befure bud break,at bud 
break,andwbenleavcshaveexpanded. 

LlNDENS-

fnuIu!ul crossing branches on young trttI . 

LAWN-
I.wlsp.I.aDl. Spring is the best timc: to transplant trees . 
SUIDIDff'-
Yla.ltL.newly transplanted trees so that thty reeeiveone illCh of water every 10 days . To 
water. set up water bags around tht base of tht tree at the end of tht day . Remove empty 
bags in the morning. Do 001 overwater . 

in the early spring to remove mattcd graS$ and accumulated debris. De-
thatch lawn areas where match accumulation excceds 3f4 of an incb. 

Fan -
Aeon,. with. mrr 'CrntQr, lawn areas that are heavily compacted. However, do not aerate 
aroundthetltl'sbecauscofshallowroou. 

BaG.. up LolKion Plane tree leaves Ind dispose off sill' to remove anthracnose inoculum. 

PESTS. DISEASES AND CID..TURAL PROBLEMS; 
Pesls · Plum Borer, La;anium Scale. Sycamore Lace Bug, Aphids, Fall Webworm 
Diseases - Anthracnose. Cankerstain, WClwood, Powdery Mildew 

fkRjD rMwjnp aoo trjmming oncfJIjODS Instruct In equipmeru opeaton on how to prevent 
damage to tn=e trunb. 

Culrural Problems - Susceptible to drought stress, frequently produces watersproulS, often 
vandalized by carving in bark. 

Send soil samples to Coopcnltive EAtcnsionService for analysis of pH, 
phosphorus and poI.Issium levels. Apply lime and fenilizer as necessary to adjUSt tht soil 
condition 

RECOMMENDED METHOD AND SOURCE OF REPLACEMENT: Replace in-kind 
with nursery slock. Consider anthnK:nose resistant cultivan that an: similiar in size and 
cbaracter 10 tht stnight species. 

&I::tiliz,c. in latc May or early June willi an organic fertilizer with an analysis ofS-4-3 or 
Apply at a rate of one pound of nitrogen per 1000 square fect. This b the first 

oflhrec annual Ipplications. 
PROPAGATION METHOD; Take root cunings in July or Augusl. Treat wilh IBA. 

ADDITIONAL SOURCES OF INFORMATION: 
Inspect lawn areas for pe515 (grubs) and disease (leaf spot. leaf smut) damage. 

1I1'llt, 
t'\'t!!; 
tI l l It! , Shigo, Alex L. A New Tree Biology. Durham NH : Shigo & Trees, Assoc., 1986 

Sinclair, Lyon & Johnson. Diseases of Trees & Sbrubs. Ithaca NY : Cornell U. Press, 1981 . t :+1 

Figure C - Feature Data: For each feature that 
requires special care, a detailed sheet is 
developed. This contains notes on when to 
monitor and carry out work, specific procedures, 
cite potential problems, and perform repair or 
replacement. 

Figure D - Calendar for Monitoring and for 
Work: All feature-specific monitoring and work 
recommendations are combined into one seasonal 
calendar for all areas of the landscape to ensure 
that important work activities are not 
overlooked. 

Figure E - Record Keeping: A record sheet is 
created for each type of feature. Maintenance 
staff may record information relating to changes 
in condition, major work performed, removal, 
replacement, propagation and any other events. 
As records are added too through the years, they 
become a valuable source of documentation of the 
landscape's history. 

Because landscapes change through the seasons, specifications 
for ongoing preservation maintenance should be organized in 
a calendar format. During each season or month, the calendar 
can be referenced to determine when, where, and how 
preservation maintenance is needed. For example, for some 
trees structural pruning is best done in the late winter while 
other trees are best pruned in the late summer. Serious pests 
are monitored at specific times of the year, in certain stages of 
their life cycle. This detailed calendar will in turn Identify 
staff needs and work priorities. 
Depending on the level of sophistication desired, one 
approach to documenting maintenance data and recording 
change over time is to use a computerized geographical or 
visual information system.B Such a system would have the 
capability to include plans and photographs that would focus 
on a site's landscape features. 
If a computer is not available, a manual or notebook can be 
developed to organize and store important information. This 
approach allows managers to start at any level of detail and to 
begin to collect and organize information about landscape 
features (see Box opposite and above). The value of these 
maintenance records cannot be overstated. These records will 
be used in the future by historians to understand how the 
landscape has evolved with the ongoing care of the 
maintenance staff. 

Treatment Work and Future 
Research "Recommendations 
The last and ongoing step in the preservation planning 
process records the treatment work as carried out. It may 
include a series of as-built drawings, supporting photographic 
materials, specifications and a summary assessment. New 
technologies that have been successfully used should be 

highlighted. Ideally, this information should be shared with 
interested national organizations for further dissemination 
and evaluation. 
The need for further research or additional activities should 
also be documented. This may include site-specific or 
contextual historical research, archeological investigations, 
pollen analysis, search for rare or unusual plant materials, 
or, material testing for future applications. 

Finally, in consultation with a conservator or archivist-to 
maximize the benefit of project work and to minimize the 
potential of data loss-all primary documents should be 
organized and preserved as archival materials. This may 
include field notes, maps, drawings, photographs, material 
samples, oral histories and other relative information. 

Summary 
The planning, treatment, and maintenance of cultural 
landscapes requires a multi-disciplinary approach. In 
landscapes, such as parks and playgrounds, battlefields, 
cemeteries, village greens, and agricultural land preserves-
more than any other type of historic resource-communities 
rightly presume a sense of stewardship. It is often this grass 
roots commitment that has been a catalyst for current research 
and planning initiatives. Individual residential properties 
often do not require the same level of public outreach, yet a 
systematic planning process will assist in making educated 
treatment, management and maintenance decisions. 
Wise stewardship protects the character, and or spirit of a 
place by recognizing history as change over time. Often, 
this also involves our own respectful changes through 
treatment. The potential benefits from the preservation of 
cultural landscapes are enormous. Landscapes provide 
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scenic, economic, ecological, social, recreational and 
educational opportunities that help us understand ourselves 
as individuals, communities and as a nation. Their ongoing 
preservation can yield an improved quality of life for all, 
and, above all, a sense of place or identity for future 
generations. 
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Uncontrolled moisture is the most prevalent cause of 
deterioration in older and historic buildings. It leads to 
erosion, corrosion, rot, and ultimately the destruction of 
materials, finishes, and eventually structural components. 
Ever-present in our environment, moisture can be controlled 
to provide the differing levels of moisture necessary for 
human comfort as well as the longevity of historic building 
materials, furnishings, and museum collections. The 
challenge to building owners and preservation professionals 
alike is to understand the patterns of moisture movement in 
order to better manage it - not to eliminate it. There is 
never a single answer to a moisture problem. Diagnosis and 
treatment will always differ depending on where the 
building is located, climatic and soil conditions, ground 
water effects, and local traditions in building construction. 

Remedial Actions within an Historic 
Preservation Context 
In this Brief, advice about controlling the sources of 
unwanted moisture is provided within a preservation 
context based on philosophical principles contained in the 
Secretary of the Interior's Standards for the Treatment of Historic 
Properties. Following the Standards means significant 
materials and features that contribute to the historic 
character of the building should be preserved, not damaged 
during remedial treatment (see fig.I). It also means that 
physical treatments should be reversible, whenever possible. 
The majority of treatments for moisture management in this 
Brief stress preservation maintenance for materials, effective 
drainage of troublesome ground moisture, and improved 
interior ventilation. 

The Brief encourages a systematic approach for evaluating 
moisture problems which, in some cases, can be undertaken 
by a building owner. Because the source of moisture can be 
elusive, it may be necessary to consult with historic 
preservation professionals prior to starting work that would 
affect historic materials. Architects, engineers, conservators, 
preservation contractors, and staff of State Historic 
Preservation Offices (SHPOs) can provide such advice. 

Regardless of who does the work, however, these are the 
principles that should guide treatment decisions: 

• Avoid remedial treatments without prior careful 
diagnosis. 

• Undertake treatments that protect the historical 
significance of the resource. 

• Address issues of ground-related moisture and rain run-
off thoroughly. 

• Manage existing moisture conditions before introducing 
humidified / dehumidified mechanical systems. 

• Implement a program of ongoing monitoring and 
maintenance once moisture is controlled or managed. 

• Be aware of Significant landscape and archeological 
resources in areas to be excavated. 

Finally, mitigating the effects of catastrophic moisture, such 
as floods, requires a different approach and will not be 
addressed fully in this Brief. 

Fig. 1. Moisture problems, if not properly corrected, will increase damage to 
historic buildings. This waterproof coating trapped moisture from the leaking 
roof, causing portions of the masonry parapet to fail. Photo: NPS Files. 
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How and Where to Look for 
Damaging Moisture 
Finding, treating, and managing the sources of damaging 
moisture requires a systematic approach that takes time, 
patience, and a thorough examination of all aspects of the 
problem-including a series of variable conditions (See this 
page). Moisture problems may be a direct result of one of 
these factors or may be attributable to a combination of 
interdependent variables. 

Factors Contributing to Moisture Problems 

A variety of simultaneously existing conditions 
contribute to moisture problems in old buildings. For 
recurring moisture problems, it may be necessary for the 
owner or preservation professional to address many, if 
not all, of the following variables: 

• Types of building materials and construction systems 

• Type and condition of roof and site drainage systems 
and their rates of discharge 

• Type of soil, moisture content, and surface / subsurface 
water flow adjacent to building 

• Building usage and moisture generated by occupancy 

• Condition and absorption rates of materials 

• Type, operation, and condition of heating, ventilating, 
cooling, humidification/ dehumidification, and 
plumbing systems 

• Daily and seasonal changes in sun, prevailing winds, 
rain, temperature, and relative humidity (inside and 
outside), as well as seasonal or tidal variations in 
groundwater levels 

• Unusual site conditions or irregularities of construction 

• Conditions in affected wall cavities, temperature and 
relative humidity, and dewpoints 

• Amount of air infiltration present in a building 

• Adjacent landscape and planting materials 

Fig. 2. Historic buildings plagued by dampness problems will benefit 
from systematic documentation to set a baselme agaznst whIch mOIsture 
changes can be measured. Exterior areas wIth hl$her mOIsture levels may 
have algae growth or discoloration stains. Drawzng: John H. Stubbs. 

Diagnosing and treating the cause of moisture problems 
requires looking at both the localized decay, as well as 
understanding the performance of the entire building and 
site. Moisture is notorious for traveling far from the source, 
and moisture movement within concealed areas of the 
building construction make accurate diagnosis of the source 
and path difficult. Obvious deficiencies, such as broken 
pipes, clogged gutters, or cracked walls that contribute to 
moisture damage, should always be corrected promptly. 

For more complicated problems, it may take several months 
or up to four seasons of monitoring and evaluation to 
complete a full diagnosis. Rushing to a solution without 
adequate documentation can often result in the unnecessary 
removal of historic materials-and worse-the creation of 
long-term problems associated with an increase, rather than 
a decrease, in the unwanted moisture. 

Looking for Signs 
Identifying the type of moisture damage and discovering its 
source or sources usually involves the human senses of 
sight, smell, hearing, touch, and taste combined with 
intuition. Some of the more common signs of visible as 
well as hidden moisture damage (see fig. 2, 3) include: 

• Presence of standing water, mold, fungus, or mildew 

• Wet stains, eroding surfaces, or efflorescence (salt 
deposits) on interior and exterior surfaces 

• Flaking paint and plaster, peeling wallpaper, or moisture 
blisters on finished surfaces 

• Dank, musty smells in areas of high humidity or poorly 
ventilated spaces 

• Rust and corrosion stains on metal elements, such as 
anchorage systems and protruding roof nails in the attic 

• Cupped, warped, cracked, or rotted wood 

• Spalled, cracked masonry or eroded mortar joints 

• Faulty roofs and gutters including missing roofing slates, 
tiles, or shingles and poor condition of flashing or gutters 

• Condensation on window and wall surfaces 

• Ice dams in gutters, on roofs, or moisture in attics 

Fig. 3. The deterioration of this wooden cover was a sign that water was 
leaking from the fan coil unit behind. Photo: author. 



Uncovering and Analyzing Moisture 
Problems 
Moisture comes from a variety of external sources. Most 
problems begin as a result of the weather in the form of rain 
or snow, from high ambient relative humidity, or from high 
water tables. But some of the most troublesome moisture 
damage in older buildings may be from internal sources, 
such as leaking plumbing pipes, components of heating, 
cooling, and climate control systems, as well as sources 
related to use or occupancy of the building. In some cases, 
moisture damage may be the result of poorly designed 
original details, such as projecting outriggers in rustic 
structures that are vulnerable to rotting, and may require 
special treatment. 

The five most common sources of unwanted moisture 
include: 

• Above grade exterior moisture entering the building 

• Below grade ground moisture entering the building 

• Leaking plumbing pipes and mechanical equipment 

• Interior moisture from household use and climate control 
systems 

• Water used in maintenance and construction materials. 

Above grade exterior moisture generally results from 
weather related moisture entering through deteriorating 
materials as a result of deferred maintenance, structural 
settlement cracks, or damage from high winds or storms 
(see fig. 4). Such sources as faulty roofs, cracks in walls, 
and open joints around window and door openings can be 
corrected through either repair or limited replacement. Due 
to their age, historic buildings are notoriously "drafty," 
allowing rain, wind, and damp air to enter through missing 
mortar joints; around cracks in windows, doors, and wood 
siding; and into uninsulated attics. In some cases, 
excessively absorbent materials, such as soft sandstone, 
become saturated from rain or gutter overflows, and can 
allow moisture to dampen interior surfaces. Vines or other 
vegetative materials allowed to grow directly on building 

Fig. 4. Deferred maintenance often leads to blocked gutters and 
downspouts. ThIS cracked gutter allowed moisture to penetrate 
the upper exterIOr wall, erode mortar Jomts, and rot fascia boards. Photo: 
NPS files. 

materials without trellis or other framework can cause 
damage from roots eroding mortar joints and foundations 
as well as dampness being held against surfaces. In most 
cases, keeping vegetation off buildings, repairing damaged 
materials, replacing flashings, rehanging gutters, repairing 
downspouts, rep ointing mortar, caulking perimeter joints 
around windows and doors, and repainting surfaces can 
alleviate most sources of unwanted exterior moisture from 
entering a building above grade. 

Below grade ground moisture is a major source of 
unwanted moisture for historic and older buildings. Proper 
handling of surface rain run-off is one of the most important 
measures of controlling unwanted ground moisture. Rain water 
is often referred to as "bulk moisture" in areas that receive 
significant annual rainfalls or infrequent, but heavy, 
precipitation. For example, a heavy rain of 2" per hour can 
produce 200 gallons of water from downspout discharge 
alone for a house during a one hour period. When soil is 
saturated at the base of the building, the moisture will wet 
footings and crawl spaces or find its way through cracks in 
foundation walls and enter into basements (see fig. 5). 
Moisture in saturated basement or foundation walls-also 
exacerbated by high water tables-will generally rise up 
within a wall and eventually cause deterioration of the 
masonry and adjacent wooden structural elements. 

Builders traditionally left a working area, known as a 
builder's trench, around the exterior of a foundation wall. 
These trenches have been known to increase moisture 
problems if the infill soil is less than fully compacted or 
includes rubble backfill, which, in some cases, may act as a 
reservoir holding damp materials against masonry walls. 
Broken subsurface pipes or downspout drainage can leak 
into the builder's trench and dampen walls some distance 
from the source. Any subsurface penetration of the 
foundation wall for sewer, water, or other piping also can 
act as a direct conduit of ground moisture unless these 
holes are well sealed. A frequently unsuspected, but 
serious, modern source of ground moisture is a landscape 
irrigation system set too close to the building. Incorrect 
placement of sprinkler heads can add a tremendous amount 
of moisture at the foundation level and on wall surfaces. 

Fig. 5. Excavating this foundation revealed that the downspout pipe had 
corroded at the." u-trap" and was leaking moisture into the soil. Openings 
around the horzzontal water supply lme and cracks in the wall allowed 
moisture to penetrate the basement in multiple locations. Photo: author. 
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The ground, and subsequently the building, will stay much 
drier by 1) re-directing rain water away from the 
foundation through sloping grades, 2) capturing and 
disposing downspout water well away from the building, 3) 
developing a controlled ground gutter or effective drainage 
for buildings historically without gutters and downspouts, 
and 4) reducing splash-back of moisture onto foundation 
walls. The excavation of foundations and the use of 
dampproof coatings and footing drains should only be used 
after the measures of reducing ground moisture listed 
above have been implemented. 

Leaking plumbing pipes and mechanical equipment can 
cause immediate or long-term damage to historic building 
interiors. Routine maintenance, repair, or, if necessary, 
replacement of older plumbing and mechanical equipment 
are common solutions. Older water and sewer pipes are 
subject to corrosion over time. Slow leaks at plumbing 
joints hidden within walls and ceilings can ultimately rot 
floor boards, stain ceiling plaster, and lead to decay of 
structural members. Frozen pipes that crack can damage 
interior finishes (see fig. 6). In addition to leaking 
plumbing pipes, old radiators in some historic buildings 
have been replaced with water-supplied fan coil units 
which tend to leak. These heating and cooling units, as well 
as central air equipment, have overflow and condensation 
pans that require cyclical maintenance to avoid mold and 
mildew growth and corrosion blockage of drainage 
channels. Uninsulated forced-air sheet metal ductwork and 
cold water pipes in walls and ceilings often allow 
condensation to form on the cold metal, which then drips 
and causes bubbling plaster and peeling paint. Careful 
design and vigilant maintenance, as well as repair and 
insulating pipes or ductwork, will generally rid the 
building of these cornmon sources of moisture. 

Fig. 6. Uninsulated plumbing pipes close to the exterior wall froze and 
cracked, wetting this ornamental plaster ceiling before the water supply 
line could be shut off. As a result, limited portions of the ceiling needed 
reattaching. Photo: author. 

Interior moisture from building use and modern 
humidified heating and cooling systems can create serious 
problems. In northern U.S. climates, heated buildings will 
have winter-time relative humidity levels ranging from 
10%-35% Relative Humidity (RH). A house with four 
occupants generates between 10 and 16 pounds of water a 
day (approximately 1- 2 gallons) from human residents. 
Moisture from food preparation, showering, or laundry use 
will produce condensation on windows in winter climates. 

When one area or floor of a building is air-conditioned and 
another area is not, there is the chance for condensation to 
occur between the two areas. Most periodic condensation 
does not create a long-term problem. 

Humidified climate control systems are generally a major 
problem in museums housed within historic buildings. 
They produce between 35%-55% RH on average which, as 
a vapor, will seek to dissipate and equalize with adjacent 
spaces (see fig. 7). Moisture can form on single-glazed 
windows in winter with exterior temperatures below 30 F 
and interior temperatures at 70 F with as little as 35% RH. 
Frequent condensation on interior window surfaces is an 
indication that moisture is migrating into exterior walls, 
which can cause long-term damage to historic materials. 
Materials and wall systems around climate controlled areas 
may need to be made of moisture resistant finishes in order 
to handle the additional moisture in the air. Moist interior 
conditions in hot and humid climates will generate mold 
and fungal growth. Unvented mechanical equipment, such 
as gas stoves, driers, and kerosene heaters, generate large 
quantities of moisture. It is important to provide adequate 
ventilation and find a balance between interior 
temperature, relative humidity, and airflow to avoid 
interior moisture that can damage historic buildings. 

Fig. 7. Condensation dripping from the large overhead courtyard 
skylight was damaging the masonry in this museum. A new skylight 
with thermal glazing was installed, replacing the deteriorated single-
glazed unit. A new climate control system monitors interior temperature 
and humidity. Photo: © Isabella Stewart Gardner Museum, Boston. 

Moisture from maintenance and construction materials 
can cause damage to adjacent historic materials. Careless 
use of liquids to wash floors can lead to water seepage 
through cracks and dislodge adhesives or cup and curl 
materials. High-pressure power washing of exterior walls 
and roofing materials can force water into construction 
joints where it can dislodge mortar, lift roofing tiles, and 
saturate frame walls and masonry. Replastered or newly 



plastered interior walls or the construction of new additions 
attached to historic buildings may hold moisture for 
months; new plaster, mortar, or concrete should be fully 
cured before they are painted or finished. The use of 
materials in projects that have been damaged by moisture 
prior to installation or have too high a moisture content 
may cause concealed damage (see fig. 8). 

Fig. 8. Damaging moisture conditions can occur during construction. 
Peeling paint on this newly rehabilitated frame wall was attributed to 
wall insulation that had become wet during the project and was not 
discovered. Photo: NPS Files. 

Transport or Movement of Moisture 
Knowing the five most common sources of moisture that 
cause damage to building materials is the first step in 
diagnosing moisture problems. But it is also important to 
understand the basic mechanisms that affect moisture 
movement in buildings. Moisture transport, or movement, 
occurs in two states: liquid and vapor. It is directly related 
to pressure differentials. For example, water in a gaseous or 
vapor state, as warm moist air, will move from its high 
pressure area to a lower pressure area where the air is 
cooler and drier. Liquid water will move as a result of 
differences in hydrostatic pressure or wind pressure. It is 
the pressure differentials that drive the rate of moisture migration 
in either state. Because the building materials themselves 
resist this moisture movement, the rate of movement will 
depend on two factors: the permeability of the materials 
when affected by vapor and the absorption rates of 
materials in contact with liquid. 

The mechanics, or physics, of moisture movement is 
complex, but if the driving force is difference in pressure, 
then an approach to reducing moisture movement and its 
damage is to reduce the difference in pressure, not to 
increase it. That is why the treatments discussed in this 
Brief will look at managing moisture by draining bulk moisture 
and ventilating vapor moisture before setting up new barriers 
with impermeable coatings or over-pressurized new climate 
control systems that threaten aging building materials and 
archaic construction systems. 

Three forms of moisture transport are particularly 
important to understand in regards to historic buildings -
infiltration, capillary action, and vapor diffusion -remem-
bering, at the same time, that the subject is infinitely 
complex and, thus, one of continuing scientific study (see 

fig. 9). Buildings were traditionally designed to deal with 
the movement of air. For example, cupolas and roof 
lanterns allowed hot air to rise and provided a natural draft 
to pull air through buildings. Cavity walls in both frame 
and masonry buildings were constructed to allow moisture 
to dissipate in the air space between external and internal 
walls. Radiators were placed in front of windows to keep 
cold surfaces warm, thereby reducing condensation on 
these surfaces. Many of these features, however, have been 
altered over time in an effort to modernize appearances, 
improve energy efficiency, or accommodate changes in use. 
The change in use will also affect moisture movement, 
particularly in commercial and industrial buildings with 
modern mechanical systems. Therefore, the way a building 
handles air and moisture today may be different from that 
intended by the original builder or architect, and poorly 
conceived changes may be partially responsible for chronic 
moisture conditions. 

Moisture moves into and through materials as both a visible 
liquid (capillary action) and as a gaseous vapor (infiltration 
and vapor diffusion). Moisture from leaks, saturation, 
rising damp, and condensation can lead to the deterioration 
of materials and cause an unhealthy environment. 
Moisture in its solid form, ice, can also cause damage from 
frozen, cracked water pipes, or split gutter seams or spalled 
masonry from freeze-thaw action. Moisture from melting 
ice dams, leaks, and condensation often can travel great 
distances down walls and along construction surfaces, 
pipes, or conduits. The amount of moisture and how it 
deteriorates materials is dependent upon complex forces 
and variables that must be considered for each situation. 

Fig. 9. The dynamic forces that move air and moisture through a 
building are important to understand particularlly when selecting a 
treatment to correct a moisture problem. Air infiltration, capillary 
action, and vapor diffusion all affect the wetting and drying of materials. 
Drawing; NPS Files. 
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Determining the way moisture is handled by the building is 
further complicated because each building and site is 
unique. Water damage from blocked gutters and 
downspouts can saturate materials on the outside, and high 
levels of interior moisture can saturate interior materials. 
Difficult cases may call for technical evaluation by 
consultants specializing in moisture monitoring and 
diagnostic evaluation. In other words, it may take a team to 
effectively evaluate a situation and determine a proper 
approach to controlling moisture damage in old buildings. 

Infiltration is created by wind, temperature gradients (hot 
air rising), ventilation fan action, and the stack or chimney 
effect that draws air up into tall vertical spaces. Infiltration 
as a dynamic force does not actually move liquid water, but 
is the vehicle by which dampness, as a component of air, 
finds its way into building materials. Older buildings have 
a natural air exchange, generally from 1 to 4 changes per 
hour, which, in turn, may help control moisture by diluting 
moisture within a building. The tighter the building 
construction, however, the lower will be the infiltration rate 
and the natural circulation of air. In the process of 
infiltration, however, moisture that has entered the building 
and saturated materials can be drawn in and out of 
materials, thereby adding to the dampness in the air (see 
fig. 10). Inadequate air circulation where there is excessive 
moisture (i.e., in a damp basement), accelerates the 
deterioration of historic materials. To reduce the unwanted 
moisture that accompanies infiltration, it is best to 
incorporate maintenance and repair treatments to close 
joints and weatherstrip windows, while providing 
controlled air exchanges elsewhere. The worst approach is 
to seal the building so completely, while limiting fresh air 
intake, that the building cannot breathe. 

Fig. 10. Infiltration of damp air can occur around loose-fitting or 
deteriorated window sash and through cracks or open joints in building 
exteriors. Photo: Ann Brooks Prueher. 

Capillary action occurs when moisture in saturated porous 
building materials, such as masonry, wicks up or travels 
vertically as it evaporates to the surface. In capillary 
attraction, liquid in the material is attracted to the solid 
surface of the pore structure causing it to rise vertically; 
thus, it is often called "rising damp," particularly when 
found in conjunction with ground moisture. It should not, 
however, be confused with moisture that laterally 
penetrates a foundation wall through cracks and settles in 
the basement. Not easily controlled, most rising damp 
comes from high water tables or a constant source under 
the footing. In cases of damp masonry walls with capillary 
action, there is usually a whitish stain or horizontal tide 
mark of efflorescence that seasonally fluctuates about 1- 3 
feet above grade where the excess moisture evaporates 
from the wall (see fig. 11). This tide mark is full of salt 
crystals, that have been drawn from the ground and 
building materials along with the water, making the 
masonry even more sensitive to additional moisture 
absorption from the surrounding air. Capillary migration 
of moisture may occur in any material with a pore structure 
where there is a constant or recurring source of moisture. 

Fig. 11. Capillary rise of moisture in masonry is often accompanied with 
a horizontal tide-mark line several feet above the grade, as seen here. 
Removing or redirecting as much ground moisture as possible usually 
helps reduce moisture within a wall. Photo: NPS Files. 

The best approach for dealing with capillary rise in building 
materials is to reduce the amount of water in contact with 
historic materials. If that is not possible due to chronically 
high water tables, it may be necessary to introduce a 
horizontal damp-proof barrier, such as slate course or a 
lead or plastic sheet, to stop the vertical rise of moisture. 
Moisture should not be sealed into the wall with a 
waterproof coating, such as cement parging or vinyl wall 
coverings, applied to the inside of damp walls. This will 
only increase the pressure differential as a vertical barrier 
and force the capillary action, and its destruction of 
materials, higher up the wall. 

Vapor diffusion is the natural movement of pressurized 
moisture vapor through porous materials. It is most readily 
apparent as humidified interior air moves out through 
walls to a cooler exterior. In a hot and humid climate, the 
reverse will happen as moist hot air moves into cooler, 
dryer, air-conditioned, interiors. The movement of the 
moisture vapor is not a serious problem until the dewpoint 
temperature is reached and the vapor changes into liquid 
moisture known as condensation. This can occur within a 
wall or on interior surfaces. Vapor diffusion will be more of 



a problem for a frame structure with several layers of infill 
materials within the frame cavity than a dense masonry 
structure. Condensation as a result of vapor migration 
usually takes place on a surface or film, such as paint, 
where there is a change in permeability. 
The installation of climate control systems in historic 
buildings (mostly museums) that have not been properly 
designed or regulated and that force pressurized damp air 
to diffuse into perimeter walls is an ongoing concern. These 
newer systems take constant monitoring and back-up 
warning systems to avoid moisture damage. 
Long-term and undetected condensation or high moisture 
content can cause serious structural damage as well as an 
unhealthy environment, heavy with mold and mildew 
spores. Reducing the interior / exterior pressure differential 
and the difference between interior and exterior 
temperature and relative humidity helps control unwanted 
vapor diffusion. This can sometimes be achieved by 
reducing interior relative humidity. In some instances, 
using vapor barriers, such as heavy plastic sheeting laid 
over damp crawl spaces, can have remarkable success in 
stopping vapor diffusion from damp ground into buildings. 
Yet, knowledgeable experts in the field differ regarding the 
appropriateness of vapor barriers and when and where to 
use them, as well as the best way to handle natural 
diffusion in insulated walls. 

Adding insulation to historic buildings, particularly in 
walls of wooden frame structures, has been a standard 
modern weatherization treatment, but it can have a 
disastrous effect on historic buildings. The process of 
installing the insulation destroys historic siding or plaster, 
and it is very difficult to establish a tight vapor barrier. 
While insulation has the benefit of increasing the efficiency 
of heating and cooling by containing temperature 
controlled air, it does not eliminate surfaces on which 
damaging moisture can condense. For insulated residential 
frame structures, the most obvious sign of a moisture 
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Fig. 12. Vapor diffusion can result in damp air migrating into absorbent 
materials and condensing on colder surfaces, thereby wetting insulation, 
damaging electrical conduits, and causing deterioration of the wooden 
framing. Drawing: NPS Files. 

diffusion problem is peeling paint on wooden siding, even 
after careful surface preparation and repainting. Vapor 
impermeable barriers such as plastic sheeting, or more 
accurately, vapor retarders, in cold and moderate climates 
generally help slow vapor diffusion where it is not wanted. 

In regions where humidified climate control systems are 
installed into insulated frame buildings, it is important to 
stop interstitial, or in-wall, dewpoint condensation. This is 
very difficult because humidified air can penetrate breaches 
in the vapor barrier, particularly around electrical outlets 
(see fig. 12). Improperly or incompletely installed retrofit 
vapor barriers will cause extensive damage to the building, 
just in the installation process, and will allow trapped 
condensation to wet the insulation and sheathing boards, 
corrode metal elements such as wiring cables and metal 
anchors, and blister paint finishes. Providing a tight wall 
vapor barrier, as well as a ventilated cavity behind wooden 
clapboards or siding appears to help insulated frame walls, if 
the interior relative humidity can be adjusted or monitored 
to avoid condensation. Correct placement of vapor 
retarders within building construction will vary by region, 
building construction, and type of climate control system. 

Surveying and Diagnosing Moisture Damage: 
Key Questions to Ask 
It is important for the building to be surveyed first and the 
evidence and location of suspected moisture damage 
systematically recorded before undertaking any major work 
to correct the problem. This will give a baseline from 
which relative changes in condition can be noted. 

When materials become wet, there are specific physical 
changes that can be detected and noted in a record book or 
on survey sheets. Every time there is a heavy rain, snow 
storm, water in the basement, or mechanical systems 
failure, the owner or consultant should note and record the 
way moisture is moving, its appearance, and what variables 
might contribute to the cause. Standing outside to observe a 
building in the rain may answer many questions and help trace 
the movement of water into the building. Evidence of 
deteriorating materials that cover more serious moisture 
damage should also be noted, even if it is not immediately 
clear what is causing the damage. (For example, water 
stains on the ceiling may be from leaking pipes, blocked fan 
coil drainage pans above, or from moisture which has 
penetrated around a poorly sloped window sill above.) 
Don't jump to conclusions, but use a systematic approach to 
help establish an educated theory - or hypothesis - of 
what is causing the moisture problem or what areas need 
further investigation. 

Surveying moisture damage must be systematic so that relative 
changes can be noted. Tools for investigating can be as simple 
as a notebook, sketch plans, binoculars, camera, aluminum 
foil, smoke pencil, and flashlight. The systematic approach 
involves looking at buildings from the top down and from 
the outside to the inside. Photographs, floor plans, site plan, 
and exterior elevations - even roughly sketched - should 
be used to indicate all evidence of damp or damaged 
materials, with notations for musty or poorly ventilated 
areas. Information might be needed on the absorption and 
permeability characteristics of the building materials and 
soils. Exterior drainage patterns should be noted and these 
base plans referred to on a regular basis in different seasons 
and in differing types of weather (see fig. 13). 
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Glossary: 
Air flow/ infiltration: The movement that carries moist air into 
and through materials. Air flow depends on the difference 
between indoor and outdoor pressures, wind speed and 
direction as well as the permeability of materials. 

Bulk water: The large quantity of moisture from roof and 
ground run-off that can enter into a building either above 
grade or below grade. 

Capillary action: The force that moves moisture through the 
pore structure of materials. Generally referred to as rising 
damp, moisture at or below the foundation level will rise 
vertically in a wall to a height at which the rate of 
evaporation balances the rate at which it can be drawn up by 
capillary forces. 

Condensation: The physical process by which water vapor is 
transformed into a liquid when the relative humidity of the 
air reaches 100% and the excess water vapor forms, 
generally as droplets, on the colder adjacent surface. 

Convection: Heat transfer through the atmosphere by a 
difference in force or air pressure is one type of air transport. 
Sometimes referred to as the "stack effect," hotter less dense 
air will rise, colder dense air will fall creating movement of 
air within a building. 

Dewpoint: The temperature at which water vapor condenses 
when the air is cooled at a constant pressure and constant 
moisture content. 

Diffusion: The movement of water vapor through a material. 
Diffusion depends on vapor pressure, temperature, relative 
humidity, and the permeability of a material. 

Evaporation: The transformation of liquid into a vapor, 
generally as a result of rise of temperature, is the opposite of 
condensation. Moisture in damp soil, such as in a crawl 
space, can evaporate into the air, raise the relative humidity 
in that space, and enter the building as a vapor. 

Ground moisture: The saturated moisture in the ground as a 
result of surface run-off and naturally occuring water tables. 
Ground moisture can penetrate through cracks and holes in 
foundation walls or can migrate up from moisture under the 
foundation base. 

Monitoring instrumentation: These devices are generally used 
for long term diagnostic analysis of a problem, or to measure 
the preformance of a treatment, or to measure changes of 
conditions or environment. In-wall probes or sensors are 
often attached to data-loggers which can be down-loaded 
into computers. 

Permeability: A characteristic of porosity of a material 
generally listed as the rate of diffusion of a pressurized gas 
through a material. The pore structure of some materials 
allows them to absorb or adsorb more moisture than other 
materials. Limestones are generally more permeable than 
granites. 

Relative humidity (RH): Dampness in the air is measured as 
the percent of water vapor in the air at a specific 
temperature relative to the amount of water vapor that can 
be held in a vapor form at that specific temperature. 

Survey instrumentation: technical instrumentation that is used 
on-site to provide quick readings of specific physical 
conditions. Generally these are hand-held survey 
instruments, such as moisture, temperature and relative 
humidity readers, dewpoint sensors, and fiber optic 
boroscopes. 

DATE: June 2 1992 
WEATHER:.-1F,-,aULir __ 

TEMP: ...,70,--° __ 
TIME: 10:00AM 

OTH ER: -'-!.!J,!W"""-"t!l.ill!L....l 

revi 

Fig. 13. Using sketch plans and elevation drawings to record the 
moisture damage along with the date, time, and weather conditions will 
show how moisture is affecting buildings over time. Drawing: Courtesy, 
Quinn Evans Architects. 

It is best to start with one method of periodic 
documentation and to use this same method each time. 
Because moisture is affected by gravity, many surveys start 
with the roof and guttering systems and work down 
through the exterior walls. Any obvious areas of water 
penetration, damaged surfaces, or staining should be noted. 
Any recurring damp or stain patterns, both exterior and 
interior, should also be noted with a commentary on the 
temperature, weather, and any other facts that may be 
relevant (driving rains, saturated soil, high interior 
humidity, recent washing of the building, presence of a 
lawn watering system, etc.). 

The interior should be recorded as well, beginning with the 
attic and working down to the basement and crawl space. 
It may be necessary to remove damaged materials 
selectively in order to trace the path of moisture or to 
pinpoint a source, such as a leaking pipe in the ceiling. 
The use of a basic resistance moisture meter, available in 
many hardware stores, can identify moisture contents of 
materials and show, over time, if wall surfaces are drying 
or becoming damper (see fig. 14). A smoke pencil can chart 
air infiltration around windows or draft patterns in interior 
spaces. For a quick test to determine if a damp basement is 
caused by saturated walls or is a result of condensation, 
tape a piece of foil onto a masonry surface and check it 
after a day or two; if moisture has developed behind the 
foil, then it is coming from the masonry. If condensation is 
on the surface of the foil, then moisture is from the air. 

Comparing current conditions with previous conditions, 
historic drawings, photographs, or known alterations may 
also assist in the final diagnOSis. A chronological record, 
showing improvement or deterioration, should be backed 
up with photographs or notations as to the changing size, 
condition, or features of the deterioration and how these 
changes have been affected by variables of temperature and 
rainfall. If a condition can be related in time to a particular 
event, such as efflorescence developing on a chimney after 
the building is no longer heated, it may be possible to 
isolate a cause, develop a hypothesis, and then test the 
hypothesis (by adding some temporary heat), before 
applying a remedial treatment. 



Fig. 14. Using instruments in this damp-check kit can help determine 
the relative change in wet conditions over time. This involves readings of 
air temperature, computing dewpoint temperatures, and tracking the 
moisture content of materials to indicate if they are drying properly. 
Photo: Dell Corporation. 

If the owner or consultant has access to moisture survey 
and monitoring equipment such as resistance moisture 
meters, dewpoint indicators, salt detectors, infrared 
thermography systems, psychrometer, fiber-optic 
boroscopes, and miniaturized video cameras, additional 
quantified data can be incorporated into the survey (see fig. 
15). If it is necessary to track the wetting and drying of 
walls over a period of time, deep probes set into walls and 
in the soil with connector cables to computerized data 
loggers or the use of long-term recording of 
hygrothermographs may require a trained specialist. 
Miniaturized fiber-optic video cameras can record the 
condition of subsurface drain lines without excavation (see 
fig. 16). It should be noted, however, that instrumentation, 
while extremely useful, cannot take the place of careful personal 
observation and analysis. Relying on instrumentation alone 
rarely will give the owner the information needed to fully 
diagnose a moisture problem. 
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Fig. 15. Psychrometric charts quantify the amount of relative humidity a 
building can tolerate before dewpoint condensation occurs. This is 
important when the range of temperature and humidity are critical to 
both collections management and historic building preservation. Chart: 
Landmark Facilities Group. 

Fig. 16. Contractors 
specializing in 
building diagnostics 
often have video 
cameras or fiber 
optic equipment that 
allow the viewing of 
inaccessible areas. 
This is particularly 
helpful in chimney 
flues or subsurface 
drains, as shown 
here. In the past, 
these areas would 
need to be excavated 
for visual 
inspection. 
Photo: author. 

To avoid jumping to a quick-potentially erroneous-
conclusion, a series of questions should be asked first. This 
will help establish a theory or hypothesis that can be tested 
to increase the chances that a remedial treatment will 
control or manage existing moisture. 

How is water draining around building and site? What is 
the effectiveness of gutters and downspouts? Are the 
slopes or grading around foundations adequate? What are 
the locations of subsurface features such as wells, cisterns, 
or drainage fields? Are there subsurface drainage pipes (or 
drainage boots) attached to the downspouts and are they in 
good working condition? Does the soil retain moisture or 
allow it to drain freely? Where is the water table? Are there 
window wells holding rain water? What is the flow rate of 
area drains around the site (can be tested with a hose for 
several minutes)? Is the storm piping out to the street 
sufficient for heavy rains, or does water chronically back up 
on the site? Has adjacent new construction affected site 
drainage or water table levels? 

How does water/moisture appear to be entering the 
building? Have all five primary sources of moisture been 
evaluated? What is the condition of construction materials 
and are there any obvious areas of deterioration? Did this 
building have a builder's trench around the foundation that 
could be holding water against the exterior walls? Are the 
interior bearing walls as well as the exterior walls showing 
evidence of rising damp? Is there evidence of hydrostatic 
pressure under the basement floor such as water 
percolating up through cracks? Has there been moisture 
damage from an ice dam in the last several months? Is 
damage localized, on one side of the building only, or over 
a large area? 

What are the principal moisture dynamics? Is the moisture 
condition from liquid or vapor sources? Is the attic 
moisture a result of vapor diffusion as damp air comes up 
through the cavity walls from the crawl space or is it from a 
leaking roof? Is the exterior wall moisture from rising 
damp with a tide mark or are there uneven spots of 
dampness from foundation splash back, or other ground 
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moisture conditions? Is there adequate air exchange in the 
building, particularly in damp areas, such as the basement? 
Has the height of the water table been established by 
inserting a long pipe into the ground in order to record the 
water levels? 

How is the interior climate handling moisture? Are there 
areas in the building that do not appear to be ventilating 
well and where mold is growing? Are there historic 
features that once helped the building control air and 
moisture that can be reactivated, such as operable skylights 
or windows? Could dewpoint condensation be occurring 
behind surfaces, since there is often condensation on the 
windows? Does the building feel unusually damp or smell 
in an unusual way that suggest the need for further study? 
Is there evidence of termites, carpenter ants, or other pests 
attracted to moist conditions? Is a dehumidifier keeping 
the air dry or is it, in fact, creating a cycle where it is 
actually drawing moisture through the foundation wall? 

Does the moisture problem appear to be intermittent, 
chronic, or tied to specific events? Are damp conditions 
occuring within two hours of a heavy rain or is there a 
delayed reaction? Does rust on most nail heads in the attic 
indicate a condensation problem? What are the wet 
patterns that appear on a building wall during and after a 
rain storm? Is it localized or in large areas? Can these rain 
patterns be tied to gutter over-flows, faulty flashing, or 
saturation of absorbent materials? Is a repaired area 
holding up well over time or is there evidence that 
moisture is returning? Do moisture meter readings of wall 
cavities indicate they are wet, suggesting leaks or 
condensation in the wall? 

Once a hypothesis of the source or sources of the moisture 
has been developed from observation and recording of 
data, it is often useful to prove or disprove this hypothesis 
with interim treatments, and, if necessary, the additional 
use of instrumentation to verify conditions. For damp 
basements, test solutions can help determine the cause. For 
example, surface moisture in low spots should be 
redirected away from the foundation wall with regrading 
to determine if basement dampness improves. If there is 
still a problem, determine if subsurface downspout 
collection pipes or cast iron boots are not functioning 
properly. The above grade downspouts can be 
disconnected and attached to long, flexible extender pipes 
and redirected away from the foundation (see fig. 17). If, 
after a heavy rain or a simulation using a hose, there is no 
improvement, look for additional ground moisture sources 
such as high water tables, hidden cisterns, or leaking water 
service lines as a cause of moisture in the basement. New 
data will lead to a new hypothesis that should be tested and 
verified. The process of elimination can be frustrating, but is 
required if a systematic method of diagnosis is to be successful. 

Selecting an Appropriate Level of Treatment 
The treatments in chart format at the back of this 
publication are divided into levels based on the degree of 
moisture problems. Level I covers preservation 
maintenance; Level II focuses on repair using historically 
compatible materials and essentially mitigating damaging 
moisture conditions; and Level III discusses replacement 
and alteration of materials that permit continued use in a 
chronically moist environment. It is important to begin 

Fig. 17. In testing a theory for the cause of basement wetness, the owner 
used long black extellder pipes to direct roof run-off away from the 
foundation. This test established that the owner did not need expensive 
waterproofing of the foundation, but a better drainage system. Photo: 
Baird M. Smith. 

with Level I and work through to a manageable treatment 
as part of the control of moisture problems. Buildings in 
serious decay will require treatments in Level II, and 
difficult or unusual site conditions may require more 
aggressive treatments in Level III. Caution should always 
be exercised when selecting a treatment. The treatments 
listed are a guide and not intended to be recommendations 
for specific projects as the key is always proper diagnosis. 

Start with the repair of any obvious deficiencies using 
sound preservation maintenance. If moisture cannot be 
managed by maintenance alone, it is important to reduce it 
by mitigating problems before deteriorated historic 
materials are replaced (see fig. 18). Treatments should not 
remove materials that can be preserved; should not involve 
extensive excavation unless there is a documented need; 
and should not include coating buildings with waterproof 
sealers that can exacerbate an existing problem. Some 
alteration to historic materials, structural systems, 
mechanical systems, windows, or finishes may be needed 
when excessive site moisture cannot be controlled by 
drainage systems, or in areas prone to floods. These 
changes, however, should, be sensitive to preserving those 
materials, features, and finishes that convey the historic 
character of the building and site. 

Ongoing Care 
Once the building has been repaired and the larger 
moisture issues addressed, it is important to keep a record 
of additional evidence of moisture problems and to protect 
the historic or old building through proper cyclical maintenance 
(see fig. 19) In some cases, particularly in museum 
environments, it is critical to monitor areas vulnerable to 
moisture damage. In a number of historic buildings, in-
wall moisture monitors are used to ensure that the moisture 
purposely generated to keep relative humidity at ranges 
appropriate to a museum collection does not migrate into 
walls and cause deterioration. The potential problem with 
all systems is the failure of controls, valves, and panels over 
time. Back-up systems, warning devices, properly trained 
staff and an emergency plan will help control damage if 
there is a system failure. 
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Fig. 18. This detail drawing shows a sub-surface perimeter drain in 
conjunction with a historic brick ground gutter system to help control 
roof run-off moisture from entering the historic foundation. Detail: 
Courtesy, Gunston Hall Plantation. Photo: Elizabeth Sasser. 

Fig. 19. Maintaining gutters and downspouts in good operable 
condition, repairing exteriors to keep water out, redirecting damaging 
moisture away from foundations and controlling interior moisture and 
condensation are all important when holding the line on moisture 
deterioration. Photo: Nebraska State Historical Society. 

Ongoing maintenance and vigilance to situations that could 
potentially cause moisture damage must become a routine 
part of the everyday life of a building. The owner or staff 
responsible for the upkeep of the building should inspect 
the property weekly and note any leaks, mustiness, or 
blocked drains. Again, observing the building during a rain 
will test whether ground and gutter drainage are working 
well. 

For some buildings a back-up power system may be 
necessary to keep sump pumps working during storms 
when electrical power may be lost. For mechanical 
equipment rooms, condensation pans, basement floors, and 
laundry areas where early detection of water is important, 
there are alarms that sound when their sensors come into 
contact with moisture. 

Conclusion 
Moisture in old and historic buildings, though difficult to 
evaluate, can be systematically studied and the appropriate 
protective measures taken. Much of the documentation and 
evaluation is based on common sense combined with an 
understanding of historic building materials, construction 
technology, and the basics of moisture and air movement. 
Variables can be evaluated step by step and situations 
creating direct or secondary moisture damage can generally 
be corrected. The majority of moisture problems can be 
mitigated with maintenance, repair, control of ground and 
roof moisture, and improved ventilation. For more complex 
situations, however, a thorough diagnosis and an 
understanding of how the building handles moisture at 
present, can lead to a treatment that solves the problem 
without damaging the historic resource. 

It is usually advantageous to eliminate one potential source 
of moisture at a time. Simultaneous treatments may set up 
a new dynamic in the building with its own set of moisture 
problems. Implementing changes sequentially will allow 
the owner or preservation professional to track the success 
of each treatment. 

Moisture problems can be intimidating to a building owner 
who has diligently tried to control them. Keeping a record 
of evidence of moisture damage, results of diagnostic tests, 
and remedial treatments, is beneficial to a building's long-
term care. The more complete a survey and evaluation, the 
greater the success in controlling unwanted moisture now 
and in the future. 

Holding the line on unwanted moisture in buildings will be 
successful if 1) there is constant concern for signs of 
problems and 2) there is ongoing physical care provided by 
those who understand the building, site, mechanical 
systems, and the previous efforts to deal with moisture. 
For properties with major or difficult-to-diagnose 
problems, a team approach is often most effective. The 
owner working with properly trained staff, contractors and 
consultants can monitor, select, and implement treatments 
within a preservation context in order to manage moisture 
and to protect the historic resource. 
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MOISTURE: LEVEL I PRESERVATION MAINTENANCE 
Exterior: Apply cyclical maintenance procedures to eliminate rain and moisture 
infiltration. 

Roofing/ guttering: Make weather-tight and operational; inspect and 
clean gutters as necessary depending on number of nearby trees, but at 
least twice a year; inspect roofing at least once a year, preferably spring; 
replace missing or damaged roofing shingles, slates, or tiles; repair 
flashing; repair or replace cracked downspouts. 

Walls: Repair damaged surface materials; repoint masonry with 
appropriately formulated mortar; prime and repaint wooden, metal, or 
masonry elements or surfaces; remove efflorescence from masonry with 
non-metallic bristle brushes. 

Window and door openings: Eliminate cracks or open joints; caulk or 
rep oint around openings or steps; repair or reset weatherstripping; check 
flashing; repaint, as necessary. 

Ground: Apply regular maintenance procedures to eliminate standing water and vegetative 
threats to building/site. 

Grade: Eliminate low spots around building foundations; clean out 
existing downspout boots twice a year or add extension to leaders to carry 
moisture away from foundation; do a hose test to verify that surface 
drains are functioning; reduce moisture used to clean steps and walks; 
eliminate the use of chlorides to melt ice which can increase freeze / thaw 
spalling of masonry; check operation of irrigation systems, hose bib leaks, 
and clearance of air conditioning condensate drain outlets. 

Crawl space: Check crawl space for animal infestation, termites, ponding 
moisture, or high moisture content; check foundation grilles for adequate 
ventilation; seasonally close grilles when appropriate - in winter, if not 
needed, or in summer if hot humid air is diffusing into air conditioned 
space. 

Foliage: Keep foliage and vines off buildings; trim overhanging trees to 
keep debris from gutters and limbs from rubbing against building; remove 
moisture retaining elements, such as firewood, from foundations. 

Basements and foundations: Increase ventilation and maintain surfaces to avoid moisture. 

Equipment: Check dehumidifiers, sump pump, vent fans, and water 
detection or alarm systems for proper maintenance as required; check 
battery back-up twice a year. 

Piping/ductwork: Check for condensation on pipes and insulate / seal 
joints, if necessary. 

Interior: Maintain equipment to reduce leaks and interior moisture. 

Plumbing pipes: Add insulation to plumbing or radiator pipes located in 
areas subject to freezing, such as along outside walls, in attics, or in 
unheated basements. 

Mechanical equipment: Check condensation pans and drain lines to keep 
clear; insulate and seal joints in exposed metal ductwork to avoid drawing 
in moist air. 

Cleaning: Routinely dust and clean surfaces to reduce the amount of 
water or moist chemicals used to clean building; caulk around tile floor 
and wall connections; and maintain floor grouts in good condition. 

Ventilation: Reduce household-produced moisture, if a problem, by 
increasing ventilation; vent clothes driers to the outside; install and 
always use exhaust fans in restrooms, bathrooms, showers, and kitchens, 
when in use. 

A. Inspecting the overall building on at 
least an annual basis will identify areas 
needing maintenance. A bucket lift is 
helpful for large buildings. Photo: author. 

B. Repair exterior surfaces, paint, and recaulk 
as needed. Photo: Williamsport Preservation 
Training Center (WPTC), NPS. 

C. Cleaning out gutters and downspouts 
should be done at least twice a year. 
Photo: WPTC, NPS. 

D. Protect the building from damage by 
maintaining equipment and using alarms, like 
this floor water sensor. Photo: Dell Corporation. 



MOISTURE: LEVEL II REPAIR AND CORRECTIVE ACTION 
Exterior: Repair features that have been damaged. Replace an extensively deteriorated 
feature with a new feature that matches in design, color, texture, and where possible, 
materials. 

Roofing: Repair roofing, parapets and overhangs that have allowed 
moisture to enter; add ice and water shield membrane to lower 3-4 feet or 
roofing in cold climates to limit damage from ice dams; increase attic 
ventilation, if heat and humidity build-up is a problem. Make gutters 
slope @ 1/8" to the foot. Use professional handbooks to size gutters and 
reposition, if necessary and appropriate to historic architecture. Add 
ventilated chimney caps to unused chimneys that collect rain water. 

Walls: Repair spalled masonry, terra cotta, etc. by selectively installing 
new masonry units to match; replace rotted clapboards too close to grade 
and adjust grade or clapboards to achieve adequate clearance; protect or 
cover open window wells. 

Ground: Correct serious ground water problems; capture and dispose of downspout water 
away from foundation; and control vapor diffusion of crawlspace moisture. 

Grade: Re-establish positive sloping of grade; try to obtain 6" of fall in the 
first 10' surrounding building foundation; for buildings without gutter 
systems, regrade and install a positive subsurface collection system with 
gravel, or waterproof sheeting and perimeter drains; adjust pitch or slope 
of eave line grade drains or French drains to reduce splash back onto 
foundation walls; add subsurface drainage boots or extension pipes to 
take existing downspout water away from building foundation to the 
greatest extent feasible . 

Crawl space: Add polyethylene vapor barrier (heavy construction grade 
or Mylar) to exposed dirt in crawlspace if monitoring indicates it is 
needed and there is no rising damp; add ventilation grilles for additional 
cross ventilation, if determined advisable. 

Foundations and Basements: Correct existing high moisture levels, if other means of 
controlling ground moisture are inadequate. 

Mechanical devices: Add interior perimeter drains and sump pump; add 
dehumidifiers for seasonal control of humidity in confined, unventilated 
space (but don't create a problem with pulling dampness out of walls); 
add ventilator fans to improve air flow, but don't use both the 
dehumidifier and ventilator fan at the same time. 

Walls: Remove commentates coatings, if holding rising damp in walls; coat 
walls with vapor permeable lime based rendering plaster, if damp walls 
need a sacrificial coating to protect mortar from erosion; add termite 
shields, if evidence of termites and dampness cannot be controlled. 

Framing: Reinforce existing floor framing weakened by moisture by 
adding lolly column support and reinforcing joist ends with sistered or 
parallel supports. Add a vapor impermeable shield, preferably non-
ferrous metal, under wood joists coming into contact with moist 
masonry. 

Interior: Eliminate areas where moisture is leaking or causing a problem. 

Plumbing: Replace older pipes and fixtures subject to leaking or 
overflowing; insulate water pipes subject to condensation. 

Ventilation: Add exhaust fans and whole house fans to increase air flow 
through buildings, if areas are damp or need more ventilation to control 
mold and mildew. 

Climate: Adjust temperature and relative humidity to manage interior 
humidity; Correct areas of improperly balanced pressure for BV AC 
systems that may be causing a moisture problem. 

A. Mitigate poor drainage with gravel, filter cloth, 
or the use of subsurface drainage mats under 
finished paving. Photo: Larry D. Dermody. 

B. Repair roofs and add ice and water shields at 
eaves and under valleys in cold climates. Photo: 
Larry D. Dermody. 

C. Develop new drainage systems for roof run-off 
that remove moisture from the bas.e of the 
building. Photo: WPTC, NPS. 

D. Install ventilating fans when additional air 
circulation will improve damp conditions in 
buildings or reduce cooling loads. Photo: Ernest 
A. Conrad, P. E. 
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MOISTURE: LEVEL III REPLACEMENT / ALTERATIONS -

A. This Lead sheet was installed at the base of the 
repLacement column to stop rising damp. Photo: 
Bryan Blundell. 

B. Wood sills set on grade were replaced with 
concrete pier foundation and new wooden sill 
plates. Changes were not visible on the exterior 
(see C). Photo: WPTC, NPS. 

C. The new ground gutter gravel base helps 
drainage around the concrete foundation (see B 
above) which is not visible behind the replaced 
wooden wall shingles. Photo: WPTC, NPS. 

Exterior: Undertake exterior rehabilitation work that follows professional repair practices 
-i.e., replace a deteriorated feature with a new feature to match the existing in design, 
color, texture, and when possible, materials. In some limited situations, non-historic 
materials may be necessary in unusually wet areas. 

Roofs: Add ventilator fans to exhaust roofs but avoid large projecting 
features whose designs might negatively affect the appearance of the 
historic roof. When replacing roofs, correct conditions that have caused 
moisture problems, but keep the overall appearance of the roof; for 
example, ventilate under wooden shingles, or detail standing seams to 
avoid buckling and cracking. Be attentive to provide extra protection for 
internal or built-in gutters by using the best quality materials, flashing, 
and vapor impermeable connection details. 

Walls: If insulation and vapor barriers are added to frame walls, 
consider maintaining a ventilation channel behind the exterior cladding 
to avoid peeling and blistering paint occurrences. 

Windows: Consider removable exterior storm windows, but allow 
operation of windows for periodic ventilation of cavity between exterior 
storm and historic sash. For stained glass windows using protective 
glazing, use only ventilated storms to avoid condensation as well as heat 
build-up. ------------------------------

Ground: Control excessive ground moisture. This may require extensive excavations, 
new drainage systems, and the use of substitute materials. These may include concrete or 
new sustainable recycled materials for wood in damp areas when they do not impact the 
historic appearance of the building. 

Grade: Excavate and install water collection systems to assist with 
positive run-off of low lying or difficult areas of moisture drainage; use 
drainage mats under finished grade to improve run-off control; consider 
the use of column plinth blocks or bases that are ventilated or 
constructed of non-absorbent substitute materials in chronically damp 
areas. Replace improperly sloped walks; repair non-functioning catch 
basins and site drains; repair settled areas around steps and other 
features at grade. 

D. In a flood plain, rotted joists were replaced 
with a concrete slab and sleepers designed to 
drain water. Spaced flooring allowed drainage 
and room for damp wood to swell without 
buckling. Harper's Ferry Center, NPS. 

E. Mechanical systems on the lower level 
were placed on platforms above the flood 
line. Harper's Ferry Center, NPS. 



- - FOR CHRONICALLY DAMP CONDITIONS 

Foundations: Improve performance of foundation walls with damp-proof treatments 
to stop infiltration or damp course layers to stop rising damp. Some substitute 
materials may need to be selectively integrated into new features. 

Walls: excavate, rep oint masonry walls, add footing drains, and 
waterproof exterior subsurface walls; replace wood sill plates and 
deteriorated structural foundations with new materials, such as 
pressure treated wood, to withstand chronic moisture conditions; 
materials may change, but overall appearance should remain similar. 
Add damp course layer to stop rising damp; avoid chemical injections 
as these are rarely totally effective, are not reversible, and are often 
visually intrusive. 

Interior: Control the amount of moisture and condensation on the interiors of historic 
buildings. Most designs for new HV AC systems will be undertaken by mechanical 
engineers, but systems should be selected that are appropriate to the resource and 
intended use. 

Windows, skylights: Add double and triple glazing, where necessary 
to control condensation. A void new metal sashes or use thermal 
breaks where prone to heavy condensation. 

Mechanical systems: Design new systems to reduce stress on 
building exterior. This might require insulating and tightening up the 
building exterior, but provisions must be made for adequate air flow. 
A new zoned system, with appropriate transition insulation, may be 
effective in areas with differing climatic needs. 

Control devices/Interior spaces: If new climate control systems are 
added design back-up controls and monitoring systems to protect 
from interior moisture damage. 

Walls: If partition walls sit on floors that periodically flood, consider 
spacers or isolation membranes behind baseboards to stop moisture 
from wicking up through absorbent materials. 

I. Critically damp foundation walls were protected with a layer ofbentonite clay to reduce 
moisture penetration. This work was in combination with new downspouts that were connected 
to drainage boots that deposited captures roof run-off away from the foundation. 
Photo: Courtesy, Larry D. Dermody and the National Trust for Historic Preservation. 

F. Triple glazed windows replaced the originals 
to control condensation. Photo: © Isabella 
Stewart Gardner Museum, Boston. 

G. New sensors which monitor temperature and 
relative humidity are located throughout this 
museum and tied to a computer that controls the 
climate control system. Photo: © Isabella Stewart 
Gardner Museum, Boston. 

H. New computers tie a variety of monitoring 
and security features into a comprehensive 
system which provides warning and backup alerts 
when any of the system components are not 
functioning properly. Photo: © Isabella Stewart 
Gardner Museum, Boston. 
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Back Cover: The Diagnosing Moisture in Historic Building Symposium held in Washington, DC, May, 1996, brought together practitioners in the field of 
historic preservation to 4iscuss the issues contained in this Preservation Brief Attendees are standing in front of the cascading fountains at Meridian Hill 
Park, a National Historic Landmark. Photo: Eric Avner. 
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Violent, swift, and unpredictable, earthquakes result from 
sudden movements of the geological plates that form the 
earth's crust, generally along cracks or fractures known as 
"faults." If a building has not been designed and 
constructed to absorb these swaying ground motions, then 
major structural damage, or outright collapse, can result, 
with grave risk to human life. Historic buildings are 
especially vulnerable in this regard. As a result, more and 
more communities are beginning to adopt stringent 
requirements for seismic retrofit of existing buildings. And 
despite popular misconceptions, the risks of earthquakes are 
not limited to the West Coast, as the Seismic Zone Map on 
page 14 illustrates. 

Although historic and other older buildings can be retro-
fitted to survive earthquakes, many retrofit practices damage 
or destroy the very features that make such buildings 
significant. Life-safety issues are foremost and, fortunately, 
there are various approaches which can save historic 
buildings both from the devastation caused by earthquakes 
and from the damage inflicted by well-intentioned but 
insensitive retrofit procedures. Building owners, managers, 
consultants, and communities need to be actively involved 
in preparing documents and readying irreplaceable historic 
resources from these damages (see illus.l). 

This Preservation Brief provides essential information on 
how earthquakes affect historic buildings, how a historic 
preservation ethic can guide responsible decisions, and how 
various methods of seismic retrofit can protect human lives 
and historic structures. Because many of the terms used in 
this Brief are technical, a glossary is provided on page 7. 
The Brief focuses on unreinforced masonry buildings 
because these are the most vulnerable of our older resources, 
but the guidance is appropriate for all historic buildings. 
Damage to non-structural elements such as furnishings and 
collections is beyond the scope of this Brief, but consider-
ation should be given to securing and protecting these 
cultural resources as well. 

Planning the retrofit of historic buildings before an earth-
quake strikes is a process that requires teamwork on the part 
of engineers, architects, code officials, and agency admini-
strators. Accordingly, this Brief also presents guidance on 
assembling a professional team and ensuring its successful 
interaction. Project personnel working together can ensure 
that the architectural, engineering, financial, cultural, and 
social values of historic buildings are preserved, while 
rendering them safe for continued use. 

1. Earthquake damage to historic buildings can be repaired in a manner sensitive to their historic character as seen in this ca. 1928 five story apartment 
building. The owners used a combination of federa l rehabilitation tax credits, community development block grants, and post earthquake grants to fund a 
portion of the rehabilitation and seismic upgrade costs. Photos: Historic Resources Group, Los Angeles. 
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Balancing Seismic Retrofit and Preservation 
Reinforcing a historic building to meet new construction 
requirements, as prescribed by many building codes, can 
destroy much of a historic building's appearance and 
integrity. This is because the most expedient ways to 
reinforce a building according to such codes are to impose 
structural members and to fill irregularities or large 
openings, regardless of the placement of architectural 
detail. The results can be quite intrusive (see illus. 2). 
However, structural reinforcement can be introduced 
sensitively. In such cases, its deSign, placement, patterning, 
and detailing respect the historic character of the building, 
even when the reinforcement itself is visible. 

Three important preservation principles should be kept in 
mind when undertaking seismic retrofit projects: 

• Historic materials should be preserved and retained to the 
greatest extent possible and not replaced wholesale in the 
process of seismic strengthening; 

• New seismic retrofit systems, whether hidden or exposed, 
should respect the character and integrity of the historic 
building and be visually compatible with it in design; 
and, 

• Seismic work should be "reversible" to the greatest extent 
possible to allow removal for future use of improved 
systems and traditional repair of remaining historic 
materials. 

It is strongly advised that all owners of historically 
significant buildings contemplating seismic retrofit become 
familiar with The Secretary of the Interior's Standards for the 
Treatment of Historic Properties, which are published by the 
National Park Service and cited in the bibliography of this 
publication. These standards identify approaches for 
working with historic buildings, including preservation, 
rehabilitation, and restoration. Code-required work to 
make buildings functional and safe is an integral 
component of each approach identified in the Standards . 
While some seismic upgrading work is more permanent 
than reversible, care must be taken to preserve historic 
materials to the greatest extent possible and for new work 
to have a minimal visual impact on the historic appearance 
of the building. 

2. Standard approaches to seismic retrofit, as seen with the diagonally 
braced frame crossing in front of the historic windows. are visually 
intrusive. Solutions, such as using hidden moment frames around the 
perimeter of the window, will meet the goals of historic preservation and 
seismic retrofit. Photo: Steade Craigo. 

Earthquake Damage 
to Historic Buildings: 
Assessing Principal 
Risk Factors 
Typical earthquake damage 
to most older and historic 
buildings results from poor 
ductility-or flexibility-of 
the building and, 
specifically, poor structural 
connections between walls, 
floors, and foundations 
combined with the very 
heavy weight and mass of 
historic materials that are 
moved by seismic forces 
and must be resisted. In 
buildings that have not 
been seismically upgraded, 
particularly unreinforced 
masonry buildings, 
parapets, chimneys, and 
gable ends may dislodge 
and fall to the ground 
during a moderate to severe 
earthquake (see illus. 3). 
Walls, floors, roofs, 
skylights, porches, and 
stairs which rely on tied 
connections may simply 
fail. Interior structural 
supports may partially or 
totally collapse. 
Unreinforced masonry 
walls between openings 
often exhibit shear (or 
diagonal) cracking. Upper 
stories may collapse onto 
under-reinforced lower 
floors with large perimeter 
openings or atriums. 
Unbraced infill material 
between structural or rigid 
frame supports may 
dislodge. Adjacent 
buildings with separate 
foundations may move 
differently in an earthquake 
crea ting damage between 
them. Poorly anchored 
wood frame buildings tend 
to slide off their 
foundations. Ruptured gas 
and water lines often cause 
fire and water damage. 
Many of these 
vulnerabilities can be 
mitigated by understanding 
how the forces unleashed 
in an earthquake affect the 
building, then planning 
and implementing 
appropriate remedial 
treatments. 
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=-3. Forces from moderate to serious 
earthquakes ca used a) the untied gable 
to fail, b) the first floor to collapse c) 
cracks from the pounding effect of 
adjacent buildings, and d) and diagonal 
cracks in exterior masonnj between 
windows to form. Photos: David Look. 



Six principal factors influence how and why historic 
buildings are damaged in an earthquake: (1) depth of the 
earthquake and subsequent strength of earthquake waves 
reaching the surface; (2) duration of the earthquake, 
including after-shock tremors; (3) proximity of the building 
to the earthquake epicenter, although distance is not 
necessarily a direct relationship; (4) geological and soil 
conditions; (5) building construction details, including 
materials, structural systems, and plan configuration; and 
(6) existing building condition, including maintenance 
level. 

The first three factors-the depth, duration, and proximity 
to the fault-are beyond human control. Recent 
earthquakes have shown the fourth factor, geological soil 
conditions, to be as important as any of the other factors 
because loose, soft soils tend to amplify ground motion, 
thereby increasing damage. Further, there is the tendency 
of soft, unstable soils to "liquefy" as the ground vibrates, 
causing the building foundations to sink unevenly. This 
fourth factor, geological and soil conditions, is difficult to 
address in a retrofit situation, although it can be planned for 
in new construction. The last two factors-the building'S 
construction type and its existing physical condition-are 
the two factors over which building owners and managers 
have control and can ultimately affect how the historic 
property performs in an earthquake (see illus. 4). 

4. The compact size and good condition of the masonry building on the 
left withstood the earthquake except for the loss of the unsupported 
chimney at the roof line. The brick building on the right appears to have 
sustained more damage. Photo: Steade Craigo. 

Although historic buildings present problems, the way they 
were constructed often has intrinsic benefits that should not 
be overlooked. Diagonal subflooring under tongue-and-
groove nailed flooring can provide a diaphragm, or 
horizontal membrane, that ties the building together. 
Interior masonry walls employing wire lath with plaster 
also add strength that binds materials together. The typical 
construction of older buildings with partition walls that 
extend from floor to ceiling (instead of just to the underside 
of a dropped ceiling) also provides additional support and 
load transfer during an earthquake that keeps shifting 
floors from collapsing. Moreover, buildings constructed of 
unrein forced masonry with a wall thickness to height ratio 
that does not exceed code requirements can often survive 
shaking without serious damage. The stability of 
unrein forced masonry walls should not be underestimated; 
while the masonry may crack, it often does not shift out of 
plumb enough to collapse. 

Type of Building and Construction 

A historic building's construction and materials determine 
its behavior during an earthquake. Some buildings, such as 
wooden frame structures, are quite ductile and, thus, able to 
absorb substantial movements. Others, such as unreinforc-
ed brick or adobe buildings comprised of heavy individual 
load-bearing units, are more susceptible to damage from 
shaking. If an earthquake is strong, or continues for a long 
time, building elements that are poorly attached or unrein-
forced may collapse. Most historic buildings still standing 
in earthquake zones have survived some shaking, but may 
be structurally weakened. 

Buildings of more rigid construction techniques may also 
have seismic deficiencies. Masonry infill-wall buildings are 
generally built of steel or concrete structural frames with 
unreinforced masonry sections or panels set within the 
frame. While the structural frames may survive an earth-
quake, the masonry infill can crack and, in some cases, 
dislodge. The reaction of concrete buildings and concrete 
frame structures is largely dependent upon the extent and 
configuration of iron or steel reinforcement. Early 
buildings constructed of concrete are often inadequately 
reinforced, inadequately tied, or both, and are thus 
susceptible to damage during earthquakes. 

Recognition of the configuration of the historic structure 
and inherent areas of weakness are essential to addressing 
appropriate alternatives for seismic retrofit. For example, 
the plan and elevation may be as important as building 
materials and structural systems in determining a historic 
building's survival in an earthquake. Small round, square, 
or rectangular buildings generally survive an earthquake 
because their geometry allows for equal resistance of lateral 
forces in all directions. The more complex and irregular the 
plan, however, the more likely the building will be 
damaged during an earthquake because of its uneven 
strength and stiffness in different directions. Structures 
having an "L," "T," "H," "U," or "E" shape have unequal 
resistance, with the stress concentrated at corners and 
intersections. This is of particular concern if the buildings 
have flexible structural systems and/ or an irregular layout 
of shear walls which may cause portions of the building to 
pull apart. 

Similarly, the more complex and irregular a building 
elevation, the more susceptible it is to damage, especially in 
tall structures. Large or multiple openings around the 
building on the ground level, such as storefronts or garage 
openings, or floors with columns and walls running in only 
one direction are commonly known as "soft stories" and are 
prone to structural damage. 

Building Condition 

Much of the damage that occurs during an earthquake is 
directly related to the building's existing condition and 
maintenance history. Well maintained buildings, even 
without added reinforcement, survive better than buildings 
weakened by lack of maintenance. The capacity of the 
structural system to resist earthquakes may be severely 
reduced if previous alterations or earthquakes have 
weakened structural connections or if materials have 
deteriorated from moisture, termite, or other damage. 
Furthermore, in unreinforced historic masonry buildings, 
deteriorated mortar joints can weaken entire walls. Cyclical 
maintenance, which reduces moisture penetration and 
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erosion of materials, is therefore essential. Because damage 
can be cumulative, it is important to analyze the structural 
capacity of the building. 

Over time, structural members can become loose and pose 
a major liability. Unrein forced historic masonry buildings 
typically have a friction-fit connection between horizontal 
and vertical structural members, and the shaking caused by 
an earthquake pulls them apart. With insufficient bearing 
surface for beams, joists, and rafters against the load 
bearing walls or support columns, they fail. The resulting 
structural inadequacy may cause a partial or complete 
building collapse, depending on the severity of the 
earthquake and the internal wall configuration. Tying the 
building together by making a positive anchored or braced 
connection between walls, columns, and framing members, 
is key to the seismic retrofit of historic buildings. 

Putting a Team Together 
The two goals of the seismic retrofit in historic buildings 
are life safety and the protection of older and historic 
buildings during and after an earthquake. Because 
rehabilitation should be sensitive to historic materials and 
the building's historic character, it is important to put 
together a team experienced in both seismic requirements 
and historic preservation. Team members should be 
selected for their experience with similar projects, and may 
include architects, engineers, code specialists, contractors, 
and preservation consultants. Because the typical seismic 
codes are written for new construction, it is important that 
both the architect and structural engineer be knowledge-
able about historic buildings and about meeting building 
code equivalencies and using alternative solutions. Local 
and state building officials can identify regulatory 
requirements, alternative approaches to meeting these 
requirements, and if the jurisdiction uses a historic 
preservation or building conservation code. Even on small 
projects that cannot support a full professional team, 
consultants should be familiar with historic preservation 
goals. The State Historic Preservation Office and the local 
historic preservation office or commission may be able to 
identify consultants who have been successful in 
preserving historic buildings during seismic retrofit work. 
Once the team has been assembled, their tasks include: 

Compiling documentation. The team should review all 
available documentation on the historic building, including 
any previous documentation assembled to nominate the 
structure to the National Register of Historic Places, and 
any previous Historic Structures Reports. Original plans 
and specifications as well as those showing alterations 
through time often detail structural connections. Early real 
estate or insurance plans, such as the Sanborn Maps, note 
changes over time. Historic photographs of the building 
under construction or before and after previous 
earthquakes are invaluable. Base maps for geological or 
seismic studies and utility maps showing the location of 
water, gas, and electric lines should be also identified. The 
municipal or state office of emergency preparedness can 
provide data on earthquake hazard plans for the 
community. 

Evaluating significant features and spaces. The team must also 
identify areas of a historic building and its site that exhibit 
design integrity or historical significance which must be 
preserved. It is critical, and a great challenge, to protect 

these major features, such as domes, atriums, and vaulted 
spaces or highly decorative elements, such as mosaics, 
murals, and frescoes. In some cases, secondary areas of the 
building can provide spaces for additional reinforcement 
behind these major features, thus saving them from damage 
during seismic retrofit work. Both primary and secondary 
spaces, features, and finishes should, thus, be identified. 

Assessing the condition of the building and the risk hazards. The 
team then assesses the general physical condition of the 
building's interior and exterior, and identifies areas 
vulnerable to seismic damage. This often requires a 
structural engineer or testing firm to determine the strength 
and durability of materials and connections (see illus. 5) . A 
sliding scale of potential damage is established, based on 
the probability of hazard by locale and building use. This 
helps the owner distinguish between areas in which 
repairable damage, such as cracking, may occur and those 
in which life-threatening problems may arise. These 
findings help guide cost-benefit decisions, especially when 
budgets are limited. 
5. A careful program of in-place 
testing is essential to evaluate 
the existing seismic capacity of 
a building. This masonry push-
test uses hydraulic jacks to 
estimate the shear capacity of 
the wall . Test locations should 
be in areas that do not destroy 
significant features and repairs 
should be carried out carefully. 
Photo: Architectural Resources 
Group, San Francisco. 

Evaluating local and state 
codes and requirements. Few 
codes consider historic 
buildings, but the California 
State Historical Code and 
the Uniform Code for 
Building Conservation 
provide excellent models for jurisdictions to adopt. Code 
officials should always be asked where alternative 
approaches can be taken to provide life safety if the specified 
requirements of a code would destroy significant historic 
materials and features. Some jurisdictions require the 
removal of parapets, chimneys, or projecting decoration from 
unreinforced masonry buildings which is not a preservation 
approach. Professionals on the team should be prepared 
with alternatives that allow for mitigating potential damage 
to such features while retaining them through reattachment 
or strengthening. 

Developing a retrofit plan. The final task of the project team is 
to develop a retrofit plan. The plan may require multiple 
treatments, each more comprehensive than the last. Treating 
life-safety issues as well as providing a safe route of exit 
should be evaluated for all buildings. Developing more 
comprehensive plans, often combined with future rehabili-
tation, is reasonable. Long-term restoration solutions phased 
in over time as funding is available should also be consid-
ered. In every case, owners and their planning teams should 
consider options that keep preservation goals in mind. 

There are significant advantages of completing a seismic 
survey and analysis even if resources for implementing a 



retrofit are not yet available. Once the retrofit plan is 
finished, the project team will have a document by which to 
assess future damage and proceed with emergency repairs. 
If construction is phased, its impact to the whole building 
should be understood. Some partially completed retrofit 
measures have left buildings more rigid in one area than in 
others, thereby contributing to more extensive damage 
during an ensuing earthquake. 

Planning for Seismic Retrofit: How Much 
and Where? 
The integrity and significance of the historic building, 
paired with the cost and benefit of seismic upgrading, need 
to be weighed by the owner and the consulting team. 
Buildings in less active seismic areas may need little or no 
further bracing or tying. Buildings in more active seismic 
zones, however, may need more extensive intervention. 
Options for the level of seismic retrofit generally fall into 
four classifications, depending on the expected seismic 
activity and the desired level of performance. Realistically, 
for historic buildings, only the first three categories apply. 

1) Basic Life Safety. This addresses the most serious life-
safety concerns by correcting those deficiencies that 
could lead to serious human injury or total building 
collapse. Upgrades may include bracing and tying the 
most vulnerable elements of the building, such as 
parapets, chimneys, and projecting ornamentation or 
reinforcing routes of exit. (see illus. 6). It is expected that 
if an earthquake were to occur, the building would not 
collapse but would be seriously damaged requiring 
major repairs. 

2) Enhanced Life Safety. In this approach, the building is 
upgraded using a flexible approach to the building codes 
for moderate earthquakes. Inherent deficiencies found in 
older buildings, such as poor floor to wall framing 
connections and unbraced masonry walls would be 
corrected (see illus. 7). After a design level earthquake, 
some structural damage is anticipated, such as masonry 
cracking, and the building would be temporarily 
unusable. 

Sheathing Cripple Walls 
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6. Often simple approaches, such as nailing plywood stiffeners between 
crawlspace studs and onto floor joist above and bolting sill plates to 
foundations can make a dramatic difference in protecting a building from 
seismic damage. Illustration: Reproduced with permission from Home 
Earthquake Preparedness Guide. EQE Incorporated, San Francisco, CA. 

7. More exte/1sive seismic issues can be addressed through structural 
reinforcement, the most common methods using anchor ties and braces. 
Shown here is an interior diagonal frame, to be covered, which will 
dampen and transfer seismic loads in a designed path from foundation to 
roof. Photo: David Look. 

8. Full seismic restructuring to ensure that buildings survive a major 
earthquake with a minimum of damage may involve extensive 
reinforcement. Upon completion, the changes to this ca. 1932 Gothic 
Revival building to add base isolation at the foundation were not visually 
apparent. Photo: © Jonathan Farrer, courtesy University of California at 
Los Angeles (UCLA), Capital Programs. 

3) Enhanced Damage Control. Historic buildings are 
substantially rehabilitated to meet, to the extent possible, 
the prescribed building code provision (See illus. 8). 
Some minor repairable damage would be expected after 
a major earthquake. 

4) Immediate Occupancy. This approach is intended for 
designated hospitals and emergency preparedness 
centers remaining open and operational after a major 
earthquake. Even most modern buildings do not meet 
this level of construction, and so for a historic building to 
meet this requirement, it would have to be almost totally 
reconstructed of new materials which, philosophically, 
does not reflect preservation criteria. 

5 
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Devising the most appropriate approach for a 
particular historic building will depend on a 
variety of factors, including the building's use, 
whether it remains occupied during 
construction, applicable codes, budgetary 
constraints, and projected risk of damage. 
From a design perspective, the vast majority of 
historic buildings can tolerate a well-planned 
hidden system of reinforcement. Utilitarian 
structures, such as warehouses, may be able to 
receive fairly visible reinforcement systems 
without undue damage to their historic 
character. Other more architecturally detailed 
buildings or those with more finished interior 
surfaces, however, will benefit from more 
hidden systems; installation of such systems 
may even require the temporary removal of 
significant features to assure their protection. 
Most buildings, particularly commercial 
rehabilitations, can incorporate seismic 
strengthening during other construction work 
in a way that ensures a high degree of 
retention of historic materials in place. 

9. These stlldies for a public building compared, in the shaded areas, the amount of historic 
material that wOllld be affected by (a) the Uniform Building Code requirements, (b) engineering 
alternatives that protected significallt historic materials, and (c) the lise of base isolation systems. 
The cost for implementing the 3 proposals was similar, and while proposal (c) was selected there 
were mallY positive aspects to both (b) and (c). Photos: George Siekkinen , with permission from 
Ehrenkrantz, Eckstut, & Kuhn Architects. 

Assessing the Cost of Seismic Retrofit 
Cost plays a critical role in selecting the most appropriate 
retrofit measure. It is always best to undertake retrofit 
measures before an earthquake occurs, when options are 
available for strengthening existing members. Once 
damage is done, the cost will be substantially higher and 
finding engineers, architects, and contractors available to do 
the work on a constricted schedule will be more difficult. 

Planned seismic retrofit work may add between $10 and 
$100 per square foot to the cost of rehabilitation work 
depending on the level of intervention, the condition of the 
building, and whether work will be undertaken while the 
building is occupied. Costs can exceed several hundred 
dollars a square foot for combined restoration and seismic 
upgrade costs in major public buildings, in order to provide 
a level of structural reinforcement that would require only 
minor repairs after a major earthquake. But maintenance 
and incremental improv:ements to eliminate life-safety risks 
are within the cost realm of responsible upkeep. 

Each property owner has to weigh the costs and benefits of 
undertaking seismic retrofit in a timely manner. Owners 
may find that an extended engineering study evaluating a 
wide range of options is worthwhile. Not only can such a 
study consider the most sensitive historic preservation 
solution, but the most cost-effective one as well. In many 
cases, actual retrofit expenses have been lower than 
anticipated because a careful analysis of the existing 
building was made that took the durability and 
performance of existing historic materials into 
consideration. Most seismic retrofit is done incrementally 
or incorporated into other rehabilitation work. In large 
public buildings, seemingly expensive "high-tech" solution 
such as installing foundation base isolators can turn out to 
be justified because significant historic materials do not 
have to be removed, replaced, or replicated (see illus. 9). 
The cost for a fully retrofitted building can offset the poten-
tialloss of income, relocation, and rebuilding after an earth-
quake. Without careful study, these solutions often are not 
evaluated. 

Some municipalities and states provide low-interest loans, 
tax relief, municipal bonds, or funding grants targeted to 
seismic retrofit. Federal tax incentives for the rehabilitation 
of income-producing historic buildings include seismic 
strengthening as an allowable expense. Information on 
these incentives is available from the State Historic Preser-
vation Office. It is also in the best interest of business 
communities to support the retrofit of buildings in 
seismically active areas to reduce the loss of sales and 
property taxes, should an earthquake occur. 

Seismic Strengthening Approaches 
Seismic strength within buildings is achieved through the 
reinforcement of structural elements. Such reinforcement 
can include anchored ties, reinforced mortar joints, braced 
frames, bond beams, moment-resisting frames, shear walls, 
and horizontal diaphragms. Most historic buildings can use 
these standard, traditional methods of strengthening 
successfully, if properly designed to conform to the historic 
character of the building. In addition, there are new 
technologies and better designs for traditional connection 
devices as well as a greater acceptance of alternative 
approaches to meeting seismic requirements. While some 
technologies may still be new for retrofit, the key preserva-
tion principles on page 2 should be applied, to ensure that 
historic buildings will not be damaged by them. For an 
illustrated design guideline for using some of the more 
traditional methods on the exteriors of historic unrein-
forced masonry buildings, see illustration 10 on pages 8-9. 

There are varying levels of intervention for seismically 
retrofitting historic buildings based on the owner's 
program, the recommendations of the team, applicable 
codes, and the availability of funds. The approaches to 
strengthening buildings beginning on page 10 are to show a 
range of treatments and are not intended to cover all 
methods. Each building should be evaluated by qualified 
professionals prior to initiating any work. 



Maintenance/Preparedness 

Adequate maintenance ensures that existing historic 
materials remain in good condition and are not weakened by 
rot, rust, decay or other moisture problems. Without 
exception, historic buildings should be well maintained and 
an evacuation plan developed. Expectation that an earth-
quake will occur sometime in the future should prepare the 
owner to have emergency information and supplies on hand. 

• Check roofs, gutters, and foundations for moisture 
problems, and for corrosion of metal ties for 
parapets and chimneys. Make repairs and keep 
metal painted and in good condition. 

• Inspect and keep termite and wood boring insects 
away from wooden structural members. Check 
exit steps and porches to ensure that they are 
tightly connected and will not collapse during an 
emergency exit. 

• Check masonry for deteriorating mortar, and 
never defer repairs. Repoint, matching the historic 
mortar in composition and detailing. 

• Contact utility companies for information on flex-
ible connectors for gas and water lines, and earth-
quake activated gas shut-off valves. Strap oil tanks 
down and anchor water heaters to wall framing. 

• Collect local emergency material for reference and 
implement simple household or office mitigation 
measures, such as installing latches to keep 
cabinets from flying open or braces to attach tall 
bookcases to walls. Keep drinking water, 
tarpaulins, and other emergency supplies on hand . 

Basic/Traditional Measures 

This is not an exhaustive list, but illustrates that most 
measures to reduce life-safety risks rely on using 
mechanical fasteners to tie a building together. 
Incorpora ting these measures can be done incrementally 
without waiting for extensive rehabilitation (see illus.ll-
12). An architectural or engineering survey should identify 
what is needed. Care should be taken to integrate these 
changes wi th the visual appearance of the building. 

11. Limited interventiol7 should correct obvious structural deficiencies, 
such as tying vllinerable elemel7ts together and repoil7til7g masonn;. 
Seen here is 1) anchored baIt, 2) metal joist strap, al7d 3) repainting and 
reinforcing masonry joints. UpOI7 replastering alld painting these 
reinforcements willllot be visible. Photo: Historic Preservation Partl7ers 
for Earthquake Response. 

GLOSSARY: 
Anchor Ties or bolts: Generally threaded rods or bolt 
which connect walls to floor and roof framing. Washers, 
plates, or rosettes anchor the bolt in place. 
Base isolation: the ability to isolate the structures from 
the damaging effects of earthquakes by providing a 
flexible layer between the foundations and vertical 
supports. 
Diagonal Braces: the use of diagonal, chevron or other 
type of bracing (X or K) to provide lateral resistance to 
adjacent walls. 
Core drilling: a type of vertical reinforcement of 
masonry walls that relies on drilling a continuous 
vertical core that is filled with steel reinforcing rods and 
grouting to resist in-plane shear and out-of-plane 
bending. 
Cripple wall: A frame wall between a building'S first 
floor and foundation. 
Diaphragm: A floor, roof, or continuous membrane that 
provides for the transfer of earthquake loading to the 
exterior or interior shear walls of the structure. 

Fiber wrap reinforcement: A synthetic compound of 
filaments that increase the shear capacity of structural 
members. 

Grouted bolts: anchor bolts set, generally on an angle, in 
a concrete grout mixture, avoid the problem of using an 
exposed washer. Requires a greater diameter hole than 
an anchor bolt with washer. 
Lateral forces: Generally the horizontal forces 
transferred to the building from the dynamic effects of 
wind or seismic forces. 

Life-safety: providing a level of assurance that risk of 
loss of life is kept to minimal levels. For buildings, this 
includes strengthening to reduce l)structural collapse, 2) 
falling debris, 3)blocking exits or emergency routes, and 
4) prevention of consequential fire. 

Moment-resisting frame: A steel frame designed to 
provide in-plane resistance to lateral loads particularly 
by reinforcing the joint connection between column and 
beams without adding a diagonal brace. Often used as a 
perimeter frame around storefronts or large door and 
window openings. 
Seismic retrofit: All measures that improve the 
earthquake performance of a building especially those 
that affect structural stability and reduce the potential 
for heavy structural damage or collapse. 
Shear stress: A concept in physics where forces act on a 
body in opposite directions, but not in the same line. 
Horizontal forces applied to a wall that is insufficient to 
move with these forces will crack, often in a diagonal or 
X pattern. Connections at beams and walls will also 
crack from shear stress. 

Shear wall: A wall deliberately designed to transfer the 
building's loads from the roof and floors to the 
foundation thereby preventing a building from collapse 
from wind or earthquake forces. 

Unreinforced Masonry (URM): This designation refers 
to traditional brick, block, and adobe construction that 
relies on the weight of the masonry ':lnd the bonding 
capacity of mortar to provide structwal stability. 

7 
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Anchor Bolts: 
Typically 1/2" bolts with flat metal 
washers (sometimes called plates or 
rosettes) are probably the most common 
retrofit procedure. The tie the exterior 
wall to the floors and roof causing the 
building to move as a single unit. 
The washers are the most noticeable part 
of the system. Anchor bolt locations are 
determined by the structural engineer. 
Decorative washers, such as cast iron 
stars, carefully placed, can enhance the 
building. Poorly placed or carelessly 
aligned washers are very noticeable. 

KEEPING PRESERVAT 

Recommended Not Recommended 

It is important to control rust by painting 
ferrous metal washers. New washers can 
be specified as stainless or galvanized 
steel. In circumstances where washers 
are visibly intrusive, the preferable 
solution would be to recess them below 
the face material. This is particularly 
applicable to stucco buildings. 

• Use decorative washers in areas with high visibility. 
• Align washers to create orderly appearance. 

• The anchor bolts on this building were placed in 
a haphazard fashion. More care shou ld be taken 
to align the anchor bolt washers. Also, painting 
the washers can reduce the unsightly rust streaks 
that result from weathering. 

• Use stainless or galvanized steel and paint when 
appropriate, to prevent rust streaks. 

• Attempt to conceal the bolts and washers below the 
exterior finish , when appropriate. • Do not place anchor bolts at locations with high 

relief ornamentation. 

Infill Windows: 
From an architectural standpoint, infill of 
openings is not a desirable remedy and 
should be used only as a last resort. It is 
often possible to use a braced frames 
instead of infilling openings, but it may 
be more expensive. 

Recommended Not Recommended 

The purpose of filling the openings is to 
increase the shear capacity and reduce the 
stresses on the unreinforced masonry wall. 
It is not adequate to just infill with the 
same unreinforced masonry, but generally 
a reinforced concrete, reinforced block or 
reinforced brick is specified. If infilling 
the openings appears to be the only real-
istic method, the design solution should be 
sensitive, and if possible, limited to 
secondary elevations. The opening should 
be set back and the facing material should 
be compatible with the surrounding 
material. 

·lnfill of windows should be avoided in all cases. .Infill techniques such as this are not encouraged. 
Where absolutely required, however, the 
appearance of a window opening should be retained 
to suggest the original visual rhythm of the facade. 

Suggestion of a former window opening should 
have been emphasized by slightly recessing the 
former opening. 

Questions to Ask When Planning Seismic Retrofit: 
These questions should be asked with the assistance of the team to 
determine acceptable alternatives. Since there is never a single 
right answer, the design team and code officials should work 
together to determine the appropriate level of seismic retrofit with 
the lowest visual impact on the significant spaces, features, and 
finishes of both the interior and exterior of historic buildings. 
As with the illustrations above, this guide is not intended to 
proscribe how seismic retrofit should be done, but rather, to 
illustrate that every physical change to a building will have some 
consequence. By asking how impacts can be reduced, the owner 
will have several options from which to choose. 

• Can bracing be installed without damaging decorative 
details or appearance of parapets, chimneys, or balconies? 

KEY QUES 

• Are the visible features of the reinforcement, such as anchor 
washers or exterior buttresses adequately designed to blend 
with the historic building? 

• Can hidden or grouted bolts be set on an angle to tie floors 
and walls together, instead of using traditional bolts and 
exposed washers or rosettes on ornamental exteriors? 

• Are diagonal frames, such as X, K, or struts located to have a 
minimal impact on the primary facade? 

• Are they set back and painted a receding color if visible 
through windows or storefronts? 

• Can moment frames or reinforced bracing be added around 
historic storefronts in order to avoid unsightly exposed 
reinforcement, such as X braces, within the immediate 
viewing range of the public? 
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IN THE FOREFRONT 

Recommended 
• All original building ornamentation enhances the 

architectural value and should be retained and 
maintained. 

Recommended 
• Exterior bracing or buttressing should incorporate 

the building's natural lines. The exterior steel 
bracing appears to be an original building element 
because it runs parallel to the cornice line. 

Not Recommended 
• If it is determined that ornamentation must be 

secured or removed, effort shou ld be made to secure 
it. The parapet of this building shows a "scar" where 
ornamentatIon was removed . 

IT- f-L 
_L t:r Of _L 

! 
tr: 

II "'" !!!!! 

IT-

T 
Not Recommended 
• The exterior bracing on this building dominates its 

appearance. Care snould be taken to design exterior 
bracing to blend with or enhance the building's 
natural lines. 

Adapted from "Architectural Design Guide for Exterior Treatments of Unreinforced 
Masonry Buildings During Seismic Retrofit." Used with permission from the San 
Francisco Chapter, The American Institute of Architects. Drawings © Cassandra 
Mettling-Davis. 

STOASK: 

Securing Exterior Ornamentation: 
Ornament is one of the character-defining 
features of a building. Careful forethought 
and analysis should always precede 
alteration of a building's ornament. 

Generally methods to secure ornament-
ation by repair and reinforcing 
connections should be undertaken. 
Repairs or reinforcement should blend 
with the appearance of the ornamentation 
and should be designed to prevent future 
failures such as cracking due to thermal 
and seismic stress or unsightly differential 
weathering. 
If ornamental elements must be removed 
during the repair process, they should be 
reinstalled or replaced in-kind. The use of 
substitute materials may be acceptable if 
no other options exist. 

Exterior Buttresses: 
Exterior buttresses, an integral part of 
Gothic architecture, are not traditionally 
part of our architecture. In retrofitting an 
existing building, it is usually better to use 
an in-wall or interior bracing system rather 
than a visible exterior system. When used 
as an exterior bracing system, care must be 
taken to avoid damage to existing decora-
tive elements. Even if saved, exterior but-
tresses can obscure decorative elements. 

Another problem requiring careful study 
is the integration of the buttresses with the 
existing structural system. Their attach-
ment penetrates the building skin making 
the building more vulnerable to moisture 
damage. In a few cases where the interior 
building fabric is highly significant, exter-
ior buttresses may be preferred. Care 
should be taken to avoid damage or 
obscuring existing architectural details. 

• Can shorter sections of reinforcement be "stitched" into 
the existing building to avoid removal of large sections of 
historic materials? This is particularly true for the 
insertion of roof framing supports. 

• Should base isolation, wall damping systems, or core 
drilling be considered? Are they protecting significant 
materials by reducing the amount of intervention? 

• Can shear walls be located in utilitarian interior spaces to 
reduce the impact on finishes in the primary areas? 

• Are there situations where thinner applied fiber reinforced 
coating would adequately strengthen walls or supports 
without the need for heavier reinforced concrete? 

• Can diaphragms be added to non-significant floors in 
order to protect highly decorated ceilings below, or the 
reverse if the floor is more ornamental than the ceiling? 

• Are there adequate funds to retain, repair, or reinstall 
ornamental finishes once structural reinforcements have 
been installed? 

• Are the seismic treatments being considered "reversible" 
in a way that allows the most amount of historic materials 
to be retained and allows future repair and restoration? 

10. Keeping preservation in the forefront is a critical aspect of 
seismic retrofit of historic buildings. These key questions will 
help keep preservation in mind as decisions are made about how 
best to improve the structural performance of historic buildings. 

q 
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If through-bolts are used, 
consider exterior appearance 
in location and detailing of 
bolt plates 

If exterior appearance is sen-
sitive, consider grouted bolts 

New steel angle brace at-
tached to existing roof 

Masonry wall 

12. Bracing parapets, as illustrated here, and supporting chimneys 
using metal struts or ties, are simple methods to protect these heavy 
elements fro m fa lling. Drawing: Architectural Resources Group. 

• Bolt sill plates to foundations and add plywood 
stiffeners to cripple wall framing around wood 
frame buildings. Keep reinforcement behind 
decorative crawlspace lattice or other historic 
features. 

• Reinforce floor and roof framing connections to 
walls using joist hangers, metal straps, threaded 
bolts, or other means of mechanical fasteners. Tie 
columns to beams; reinforce porch and stair 
connections as well. 

• Repair weakened wooden structural systems by 
adding, pairing, or bracing existing members. 
Consider adding non-ferrous metal straps in 
alternating mortar jOints if extensive rep ointing is 
done in masonry walls . 

• Reinforce projecting parapets and tie parapets, 
chimneys, balconies, and unsecured decorative 
elements to structural framing. Make the 
connections as unobtrusive as possible. In some 
cases, concrete bond beams can be added to 
reinforce the top of unreinforced masonry or adobe 
walls. 

• Properly install and anchor new diaphragms, such 
as roof sheathing or subflooring, to the walls of a 
structure prior to installing finish materials. 

• Avoid awkwardly placed exposed metal plates or 
rosettes when using threaded bolts through 
masonry walls. When exposed plates will interfere 
with the decorative elements of the facade, use less 
visible grouted bolts or plates that can be set 
underneath exposed finished materials. 

• Use sensitively designed metal bracing along 
building exteriors to tie the unsupported face of 
long exterior walls to the floor framing. This is 
often seen along side or party walls in commercial 
or industrial buildings. 

Rehabilitation 

When buildings are being rehabilitated, it is generally the 
most cost effective time to make major upgrades that affect 
the structural performance of the building (see illus. 13-17). 
New elements, such as concrete shear walls or fiber 
reinforcing systems can be added while the structure is 
exposed for other rehabilitation or code compliance work. 

• Inspect and improve all lateral tie connections and 
diaphragms. 

13. Installing diago nal frallles, underway in this rehabilitation, are a 
traditional method of seismic reinforcement . To reduce the impact of the 
X, K, or diagonal braces, they should be on the inside of the perimeter 
wall , designed to cross behind solid walls as much as possible, and 
painted a receding color where visible. Photo: David Look. 

steel moment frame 

14. The use of a steel moment frame to support the large open storefront 
during a rehabilitation eliminated the need to place diagonal braces or 
other illtrusive supports in a highly visible area of a historic building. 
Photo: David Look. 

15. The use of fiber composite materials can enhance the shear capacity of 
existing structural components -beams, columns, and surface elements, 
such as walls and floors . In this roofing application, the existing roof 
diaphragm is being strengthened and there is add itional benefit to the 
shear reinforcement of the parapet wall . Photo: The Crosby Group. 



16. During the extensive rehabilitation of this historic building, new 
concrete, behind the new plaster finishes, strengthened the exterior brick 
walls and additional roof reinforcement was hidden behind the repaired/ 
recollstructed coffered ceiling. Photo: © !onathal1 Ferrar, courtesy 
UCLA Capital Programs. 

• Reinforce walls and large openings to improve shear 
strength in locations of doors, windows, and 
storefront openings. Carefully locate "X" and "K" 
bracing to avoid visual intrusion, or use moment 
frames, which are a hidden perimeter bracing in large 
openings. From a preservation perspective, the use of 
a more hidden system in finished spaces is generally 
preferable. 

• Strengthen masonry walls or columns with new 
concrete reinforcement or fiber wrap systems. A void 
the use of heavy spray concrete or projecting 
reinforced walls that seriously alter the historic 
relationship of the wall to windows, trim, and other 
architectural moldings or details. 

17. The internal grout illjection of rubble walls can improve seismic 
capacity. Care must be taken in formulating the mortar grout and 
repairing the area where injection occurs. Photo: Architectural 
Resources Group, San Francisco. 

• Selectively locate new shear walls constructed to 
assist the continuous transfer of loads from the 
foundation to the roof. If these walls cannot be set 
behind historic finishes, they should be located in 
secondary spaces in conjunction with other types of 
reinforcement of the primary spaces or features. 

• Consider the internal grouting of rubble masonry 
walls using an injected grout mixture that is 
compatible in composition with existing mortar. 
Ensure that exposed areas are repaired and that the 
mortar matches all visual qualities of the historic 
mortar joints in tooling, width, color and texture. 

• Evaluate odd-shaped buildings and consider the 
reinforcement of corners and connections instead 
of infilling openings with new construction. Alter-
ing the basic configuration and appearance of 
primary facades of buildings is damaging to those 
qualities that make the building architecturally 
significant. 

Specialized Technologies 

New technologies, being developed all the 
time, may have applicability to historic 
preservation projects. These specialized 
technologies include: vertical and center core 
drilling systems for unreinforced masonry 
buildings, base isolation at the foundations, 
superstructure damping systems, bonded 
resin coatings, and reproducing lost elements 
in lighter materials (see illus. 18-20). 
However, many new technologies may also 
be non-reversible treatments resulting in 
difficulties of repair after an earthquake. The 
reinforcement of historic materials with 
special resins, or the use of core drilling to 
provide a reinforced vertical connection from 
foundation to roof may not be as repairable 
after an earthquake as would more traditional 
means of wall reinforcement. New 
technologies should be carefully evaluated by 
the design team for both their benefits as well 
as their shortcomings. 

18. Oakland City Hall, California, completed in 1914, was res tored to its original appearance 
and the computer model illustrates the comprehensive methods used to fu lly reillfo rce the 
building for the future. Photo: © Vittoria Visuals; Computer Model: © Douglas Symes, San 
Francisco. VBN, Architects and Carey & Co, Inc. Architecture. 

Using computer modeling of how historic 
buildings may act in an earthquake suggests 
options for seismic upgrade using a 
combination of traditional methods and new 
technologies. While most projects involving 
base isolation and other complex damping 

11 



19. A system of core drilling, shown here, removes internal cored sections 
of unreinforced masonry from roof to fOllndations and fills them with 
grout and reinforcing rods. This may be an option for some 1I1lreinforced 
lI1asonry buildings with significant interiors and exteriors, although it is 
a less reversibLe treatment thall traditionaL diagonal frames or shear walls. 
Photo: David Look. 

20. The new base isolator allows the structural support member at the 
foundation to move horizontally as it absorbs the earthquake forces. 
While expensive, base isoLation may be justified by reducing the amount 
of damage to interior finishes and features with traditional methods of 
seismic retrofit. Photo: Photo: © Jonathan Farrer, courtesy UCLA, 
CapitaL Programs. 

systems constitute only a small percentage of the projects 
nationwide that are seismically reinforced, they may be 
appropriate for buildings with significant interior spaces 
that should not be disturbed or removed during the retrofit. 
Each building will needs its own survey and evaluation to 
determine the most appropriate seismic reinforcement. 

Post-Earthquake Issues 

12 

Should a historic building suffer damage during an 
earthquake, it is the owner who has a plan in place who will 
be able to playa critical role in determining its ultimate 
fate. If the owner has previously assembled a team for the 
purpose of seismic upgrading, there is a greater chance for 
the building to be evaluated in a timely fashion and for 
independent emergency stabilization to occur. In most 
municipalities, a survey, often by trained volunteers, will 
be conducted as soon as possible after an earthquake, and 
buildings will be tagged on the front with a posted notice 
according to their ability to be entered. Typically red, 
yellow, and green tags are used to indicate varying levels of 
damage-no entry, limited entry, and useable-to warn 

citizens of their relative safety. Heavily damaged areas are 
often secured off-limits and many red tagged, but 
repairable, buildings have been torn down unnecessarily 
because owners were unable to evaluate and present a 
stabilization plan in time (see illus. 21). Owners or members 
of the preservation community may engage their own 
engineers with specialized knowledge to challenge a 
demolition order. Because seismic retrofit is complex and 
many jurisdictions are involved, the coordination between 
various regulatory bodies needs to be accomplished before 
an earthquake. 

21. Without a plan in place before all earthquake, buiLdings that could be 
repaired are often torn dowl1. The loss of significant numbers of buildings 
within historic districts call further erode the financial alld Cllitural assets 
of an area. Photo: David Look. 

During times of emergencies, many communities, banks, 
and insurance agencies will not be in a position to evaluate 
alternative approaches to dealing with damaged historic 
buildings, and so they often require full compliance with 
codes for new construction for the major rehabilitation 
work required. Because seismic after-shocks often create 
more damage to a weakened building, the inability to act 
quickly-even to shore up the structure on a temporary 
basis-can result in the building's demolition. Penetrating 
rain, uneven settlement, vandalism, and continuing after-
shocks can easily undermine a building's remaining 
structural integrity. Moreover, the longer a building is 
unoccupied and non-income-producing, the sooner it will 
be torn down in a negotiated settlement with the insurance 
company. All of these factors work against saving 
buildings damaged in earthquakes, and make having an 
action plan essential. 

Having an emergency plan in place, complete with access 
to plywood, tarpaulins, bracing timbers, and equipment, 
will allow quick action to save a building following an 
earthquake. Knowing how the community evaluates 
buildings and the steps taken to secure an area will give the 
owner the ability to be a helpful resource to the community 
in a time of need. 

If the federal government is asked to intervene after a 
natural disaster, technical assistance programs are 
available. Often after a disaster, grant funds or low-cost 
loans from federal, state, and congressional special 
appropriations are targeted to qualified properties, which 
can help underwrite the high cost of rehabilitation (see 
information about FEMA on page 15.) 



Conclusion 
Recent earthquakes have shown that historic buildings 
retrofitted to withstand earthquakes survive better than 
those that have not been upgraded. Even simple efforts, 
such as bracing parapets, tying buildings to foundations, 
and anchoring brick walls at the highest, or roof level, have 
been extremely effective. It has also been proven that well 
maintained buildings have faired better than those in poor 
condition during and after an earthquake. Thus, mainten-
ance and seismic retrofit are two critical components for the 
protection of historic buildings in areas of seismic activity. 
It makes no sense to retrofit a building, then leave the 
improvements, such as braced parapets or metal bolts with 
plates, to deteriorate due to lack of maintenance. 

Damage to historic buildings after an earthquake can be as 
great as the initial damage from the earthquake itself. The 
ability to act quickly to shore up and stabilize a building 
and to begin its sensitive rehabilitation is imperative. 
Communities without earthquake hazard reduction plans 
in place put their historic buildings-as well as the safety 
and economic well-being of their residents - at risk. 

Having the right team in place is important. Seismic 
strengthening of existing historic buildings and knowledge 
of community planning for earthquake response makes the 
professional opinions of the team members that much more 
important when obtaining permits to do the work. Local 
code enforcement officials can only implement the 
provisions of the model or historic preservation codes if the 
data and calculations work to ensure public safety. 

22. When undertaking a substalltial rehabilitation to include seismic 
reinforcement, it is also an opportune time to restore lost or damaged 
features . The owner of this commerciaL buiLding, using the Historic 
Rehabilitation Tax Credits, restored the original bay and parapet gable, 
alld stone detailing that had been removed in an earlier insensitive 
remodeLing. Photo: David Look. 

23. Both exteriors and interiors can be severeLy damaged in an earthquake. This Craftsman Style bungalow was successflllly restored and seismically 
upgraded after the Northridge eartllquake in Ca Jifomia. Photographs: Historic Preservation Partners in Earthquake Response. 
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Buildings do not need to be over-retrofitted. A cost-
effective balance between protecting the public and the 
building recognizes that planned for repairable damage can 
be addressed after an earthquake. Engineers and architects, 
who speciaLize in historic buildings and who have a working 
knowledge of alternative options and expected perfor-
mance for historic structures, are critical to the process. 

It is clear that historic and older buildings can be 
seismically upgraded in a cost-effective manner while 

Seismic Risk Zones 
Most local jurisdictions measure 
seismic risk based on seismic zones 
established by code, such as the 
Uniform Building Code with its 4 risk 
zones [1=low to 4=highJ . There are 
also maps, such as this one, which 
identify the Effective Peak 
Acceleration (EPA) which further 
reflect the light, moderate, and severe 
shaking risks as a percentage of the 
acceleration of gravity that can be 
expected in an area. 

In the United States, the greatest 
activity areas are the western states, 
Alaska, and some volcanic island 
areas. However, noted historical 
earthquakes occurred in 
Massachusetts (1755), Missouri (1811), 
South Carolina (1886), and Alaska 
(1964). The Caribbean Islands and 
Puerto Rico have been sites of severe 
earthquakes. The history of 
earthquakes in the United States has 
been recorded for over 200 years and 
new areas of concern include 
moderate risk areas in southern and 
mid-western states. 

The Richter Magnitude Scale, first 
published in 1935, records the size of 
an earthquake at its source, as 
measured on a seismograph. 
Magnitudes are expressed in whole 
numbers and decimals between 1 and 
9. An earthquake of a magnitude of 6 
or more will cause moderate damage, 
while one of over 7 will be considered 
a major earthquake. It is important to 
remember that an increase of one 
whole number on the Richter Scale is 
a tenfold increase in the size of the 
earthquake. 

retaining or restoring important historic character-defining 
qualities (see illus. 22, 23). Seismic upgrading measures 
exist that preserve the historic character and materials of a 
buildings. However, it takes a multi-disciplined team to 
plan and to execute sensitive seismic retrofit. It also takes 
commitment on the part of city, state, and federal leaders to 
ensure that historic districts are protected from needless 
demolition after an earthquake so that historic buildings 
and their communities are preserved for the future . 
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24. Seismic Map. The shading indicate areas in the United States and Puerto Rico that are affected by the probability of varying shaking intellsities. 
The risk of severe shaking is not limited to the west coast. Map: adapted from Federal Emergency Managemel1t Agency, FEMA 74 Guide. 
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The Federal Emergency Management Agency 

The Federal Emergency Management Agency (FEMA) -
is an independent agency of the federal government, 
reporting to the President. Since its founding in 1979, 
FEMA's mission has been to reduce loss of life and 
property and protect our nation's critical infrastructure 
from all types of hazards through a comprehensive, 
risk-based, emergency management program. FEMA 
works with the state and local governments and the 
private sector to stimulate increased participation in 
emergency preparedness, mitigation, response and 
recovery programs related to natural disasters. To 
minimize damage-repair-damage cycles, FEMA carries 
out and encourages preventive activities referred to as 
hazard mitigation. 

The FEMA Hazard Mitigation Program, established in 
1988 with the passage of the Robert T. Stafford Disaster 
Relief and Emergency Assistance Act, offers a frame-
work for protecting historic structures from natural 
disasters. In the event of a federally declared disaster, 
state and local governments as well as eligible non-profit 
applicants may receive financial and technical assistance 
to identify and carry out cost-effective hazard mitigation 
activities. 

FEMA encourages hazard mitigation projects, including 
the restoration of buildings, by providing technical 
assistance and funding through the Hazard Mitigation 
Grant Program (HMPG), which can underwrite up to 
50% of the cost of the project. 

FEMA's public-assistance program provides financial 
and other assistance to rebuild disaster-damaged 
facilities that serve a public purpose, such as schools, 
hospitals, government buildings and public utilities. 

In terms of technical assistance, FEMA, under a 
cooperative agreement with the Building Seismic Safety 
Council has produced two volumes of comprehensive 
material dealing with the seismic retrofit of existing 
buildings (see Further Reading). In addition an ongoing 
project ATC-43 involves earthquake analysis procedures 
for Unreinforced Masonry Buildings and Reinforced 
Concrete Buildings. These documents contain nationally 
applicable technical criteria intended to ensure that 
buildings will withstand earthquakes better than before. 
There is a great deal of information that is applicable to 
historic buildings, although historic buildings are not 
necessarily identified as a category. Write for FEMA 
publications at: 

FEMA, PO Box 70274, Washington, DC 20024 

For current information about emergency activities, 
federally declared disaster areas, or how to contact 
regional offices see the 

FEMA website: http://www.fema.gov / 

For additional information on cultural resource 
preservation and Historic Rehabilitation Tax Credits see 
the National Park Service's 

NPS website: http://www.cr.nps.gov / 
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Before After 

" 

25. While it is best to seismically retrofit historic buildil1gs before an earthquake strikes, if earthquake damage is to be repaired, it should be done in a 
manner respecting the historic character of the building. For this ca. 1925 Mediterranean Revival style building damaged in the Northridge Earthquake in 
California, financial and planning assistance from the Historic Preservation Partners for Earthquake Response made possible a sensitive rehabilitation. New 
structural steeL and restoration of the historic stucco and decorative tile work and a repaired tiLe roof reinstated this earthquake damaged buiLding as a major 
eLement of the historic district. Photo: Courtesy Historic Preservation Partners for Earthquake Response, M2A Architects. 

The Historic Preservation Partners for Earthquake Response 
was formed after the Northridge Earthquake of 1994 and 
was comprised of members of the National Park Service, the 
National Trust for Historic Preservation, The Getty 
Institute, The California Office of Historic Preservation, the 
California Preservation Foundation, and the Los Angeles 
Conservancy. After the earthquake, this organization 
provided technical assistance and grant funding to various 
historic buildings. Funding of 10 million dollars from the 
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