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Associates, Inc. has made every effort to verify the accuracy and appropriateness of the report’s content. 
However, no guarantee of the accuracy or completeness of the information or acceptability for compliance 
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F O R E W O R D  
President Clinton recognizes that research and technological innovation are crucial if America is to meet 
its affordable housing needs. In 1998, the President introduced a major new initiative: The Partnership for 
Advancing Technology in Housing (PATH). This initiative brings together leaders from the home building, 
product manufacturing, insurance, and financial industries, as well as representatives from federal agen-
cies, to spur housing design and construction innovations. 

Thanks to the development of new machinery and materials and the creation of new technologies 
and techniques, the construction industry has made great progress. But a breakthrough material, a labor-
saving tool, or a cost-cutting technique is only valuable if it is widely adopted, which means the construction 
industry must first become aware of these new developments. 

The Department of Housing and Urban Development can help. We have commissioned a set of 
guidebooks that will present state-of-the-art techniques, materials, and technologies for housing rehabil-
itation. This volume, Exterior Walls, is the second of nine guidebooks—known collectively as The Rehab 
Guide—that will appear over the next few years. 

We are presenting these guidebooks because, like research and technological innovation, housing 
rehabilitation is an essential component of America’s commitment to provide affordable housing. I am 
pleased to present this important publication in the hope that it will become a valuable resource that leads 
to affordable, high quality rehabilitation, and thus to better housing for all Americans. 

Andrew Cuomo, Secretary 
U.S. Department of Housing and Urban Development 
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This publication, The Rehab Guide: Exterior Walls is one in a series of guidebooks produced by the 
U.S. Department of Housing and Urban Development (HUD) to keep the design and construction indus-
try abreast of innovations and state-of-the-art materials and practices in home rehabilitation. As is too 
often the case, innovative techniques, materials, technologies, and products are slow to make their way 
into accepted practice. The Rehab Guide series is intended to accelerate this process by informing 
builders, architects, engineers, and other housing rehabilitation professionals about such innovations and 
state-of-the-art practices. 

The Rehab Guide was also prompted by the lack of a comprehensive publication to make the 
design and construction industry aware of innovative and cost-saving developments in housing rehabilita-
tion. Professional trade magazines, conferences, and trade shows offer some distribution of this informa-
tion, but they are rarely focused on housing rehabilitation, as this series is, nor are they comprehensive. 
It is evident that such innovations will not advance unless the industry is made aware of them and they are 
tested. 

FOCUS OF THE REHAB GUIDE 

The focus of this series is on housing rehabilitation, which is different than home improvement. 
Rehabilitate means “to restore to good condition,” not necessarily to improve to a state that is significantly 
different than the original. This is a fine line, but it distinguishes this series from “home improvement” 
books written for the amateur. The Rehab Guide focuses on building technology, materials, components, 
and techniques rather than “projects” such as adding a new room, converting a garage into a den, or 
finishing an attic. Nor is The Rehab Guide intended to be a “diagnostic” tool; a number of such books are 
already available to the industry. 

The content for this guidebook, Exterior Walls, has been gathered from professionals in the 
housing rehabilitation field; manufacturers and suppliers of innovative technologies, materials, compo-
nents, tools, and equipment; trade shows, conferences, reports, and publications considering such issues; 
trade organizations; and building research centers. 

A NOTE ON SOURCES 

Particularly useful sources of technical information on exterior wall design and construction are publica-
tions by APA--The Engineered Wood Association, the Cedar Shake and Shingle Bureau, the Brick Industries 
Association, the Western Wood Products Association, the California Redwood Association and other indus-
try associations. Other valuable and detailed sources of information from the general construction indus-
try include technical trade magazines such as Construction Specifier and RSI Roofing Siding Insulation 
magazine. Publications relating more directly to residential construction include the Journal of Light 
Construction, Old House Journal, This Old House, Fine Homebuilding, Energy Design Update, 

INTRODUCTION 
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Environmental Building News, Preservation Briefs, and publications of the Forest Products Laboratory 
of the U.S. Department of Agriculture. A valuable source of publications on wall construction is the Canada 
Mortgage and Housing Corporation, which has an extensive catalog of excellent books and articles on a 
wide range of subjects on housing construction and rehab. The most complete and comprehensive books 
on exterior wall construction materials are the product information and installation manuals of individual 
manufacturers. Other valuable resources are the Troubleshooting Guide to Residential Construction, 
produced by the Journal of Light Construction, and Rehabilitation of Wood-Frame Homes, produced 
by the U. S. Department of Agriculture. 

HOW THE GUIDE IS ORGANIZED 

Nine volumes will eventually make up The Rehab Guide in its entirety, and they are listed on the back cover 
of this volume. 
of issues that are common to that element of home rehabilitation work. The present volume on Exterior 
Walls covers the major wall enclosure systems including framing and sheathing; protective strategies such 
as building paper, flashing, and housewraps; energy and air infiltration issues; various cladding materials; 
and trim. Each volume addresses a wide range techniques, materials, and tools, and recommendations 
based on regional differences around the country. Throughout The Rehab Guide, special attention is given 
to issues related to energy efficiency, accessible design, and sustainability. 

EASILY ACCESSIBLE FORMAT 

The Rehab Guide is written and presented in a format intended for easy use. The spiral bound volumes 
open flat so that they can be easily photocopied, and they can be assembled and stored in a single three-
ring binder. Within each volume, drawings, photos, and other graphic materials supplement written descrip-
tions of a broad range of items: state-of-the-art and innovative building technology, products, materials, 
components, construction and management techniques, tools, equipment, software—virtually any and all 
items that make housing rehabilitation more efficient in terms of cost and time. While the content focuses 
on present technologies, techniques, and materials that are currently part of the house-building industry, 
The Rehab Guide also includes information on materials, products, and procedures from other con-
struction sectors (such as commercial, industrial, institutional) that are relevant to housing rehabilitation. 

The information is organized in different sections according to rehab subjects, and under head-
ings that make this book easy to understand. “Essential Knowledge” gives the reader a basic overview of 
the important issues related to the section heading. Next, “Techniques, Materials, Tools” presents state-of-
the-art and innovative approaches to accomplishing the work. Each entry is explained in detail, including 
its advantages and disadvantages. This makes it easy for readers to compare approaches and choose the 
one that is most applicable to their particular project. By design, the “Techniques, Materials, Tools” sec-
tion is an overview, not a detailed description of implementation. “Further Reading” lists the valuable 
resources relevant to the subject which readers can go to for more detailed information. Finally, “Product 
Information” provides names and addresses of manufacturers of products, materials, systems, and com-
ponents mentioned in the text so that more information can be attained. By virtue of their being listed here, 
such products are not necessarily being recommended; their existence and availability is being brought to 
the reader’s attention. New products should be carefully evaluated in the field as to their efficacy. The prod-
uct lists are not comprehensive, and we encourage readers to bring new materials and products to our 
attention to be included in later editions of The Rehab Guide. 
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2 D E S I G N  &  
E N G I N E E R I N G  

2.1 EXTERIOR WALL OVERVIEW 
From the time of the first European settlers in North America, the predominant wall framing system for 
houses was timber (with wood exterior cladding). Also popular, but to a lesser degree than wood fram-
ing, was masonry construction (most commonly brick or stone). Other exterior wall systems less widely 
used included log construction and adobe. 

In the first half of the 19th Century, the introduction of machine-sawn lumber and factory-made 
nails led to lighter structural systems (Fig. 1), including braced-frame construction, (which combines tim-
ber framing and infill studs), and balloon framing, which replaced heavy timber columns and girts 
(beams) with light-weight framing members that ran continuously from the foundation to the roof. By the 
beginning of World War II, balloon framing had largely been replaced with platform framing, which uses 
shorter framing pieces and gains lateral stability from the floor platform. This system prevails today in both 
stick-built and prefabricated housing. 

FIGURE 1 BRACED FRAMING BALLOON FRAMING PLATFORM FRAMING 

Because it has been the dominant framing material, the rehabilitation of wood-frame systems will 
be given the most attention in this guide. Masonry systems such as stone, brick, and concrete block will 
be addressed briefly. Additional recommendations for remedial work will be addressed in the individual 
chapters that discuss specific wall materials and application systems. Steel framing has not been used 
extensively in residential rehab, except occasionally for interior non-load-bearing partitions. Structural 
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insulated panels (SIPs) have also not been used much in residential rehab work, because it is rare that 
large sections of walls are completely replaced. 

Older, pre-code-complying domestic structures employed carpenters’ rules of thumb and build-
ings were, for the most part, strong, resilient, and adequate for normal conditions. When buildings fail 
structurally, which is infrequent, it is typically due to one or more of the following causes: inadequate 
design, earthquakes, storms and high winds, fire, insect damage, and structural deterioration caused by 
moisture. This chapter will outline some of the causes of structural failure, and recommended remedial 
approaches and reference sources to be contacted for additional recommendations. 

FURTHER READING 

“The Structure of Wood Frame Homes,” Gordon Bock, Old-House Journal, March/April 1992. 

WOOD FRAME SEISMIC 
RESISTANCE 
ESSENTIAL KNOWLEDGE 

A house’s load-bearing walls and columns transmit live and dead loads from the roof to the foundation, 
which in turn distributes these loads to the ground. Resistance is also needed to lateral forces from wind 
and seismic occurrences, which can cause racking and displace buildings from their foundations. These 
loads are taken into account in the design of newer code-complying buildings, but for houses constructed 
before state and local code enforcement it is likely that they were not specifically addressed. For instance, 
the use of anchor bolts was not uniformly enforced until the late-1950s, and seismic requirements were 
not developed and enforced until the early-1960s. 

The most serious structural damage to wood-frame houses in seismic areas results from 
insufficient anchoring of the frame to the foundation, and the collapse of “cripple walls” in crawlspaces. 
Local municipalities, working on their own and with code agencies, have developed prescriptive standards 
that are accepted by local building departments and insurance providers. Typical standards, such as those 
approved by the city of San Leandro, California, are described below. Other municipalities may reference 
the Uniform Code for Building Conservation (UCBC), 1994 edition, or 1997 for seismic requirements. 
Codes are evolving, may vary among municipalities, and should be researched carefully. 

TECHNIQUES, MATERIALS, TOOLS 

1. ATTACH A SILL TO THE FOUNDATION WITH ANCHOR BOLTS. 
Unreinforced brick and block foundations are problematic because anchor bolts are difficult to drill and 
install properly, and the mortar may not be strong enough to hold the wall together in an earthquake. 
Crumbling, cracked, or porous concrete cannot hold mechanical anchors and will tend to shear adjacent 
to epoxied anchor bolts (inadequate or substandard foundations should be rebuilt or replaced to current 
code standards). Reinforced concrete foundations are preferable, but they are not typical in older homes. 
If the foundation is adequate and there is sufficient height in the crawlspace to use an impact/rotary drill, 
the easiest method of attachment of a sill is by means of an expansion bolt or an anchor bolt epoxied into 
the foundation (Fig. 2). Sills should be bolted at a maximum of 6 foot intervals with bolts located within 
12 inches of each joint or step in the sill, but not less than 9 inches from the end of a sill board. In addi-
tion to, or in lieu of, conventional anchor bolts, special hold-down brackets are often installed at shear 
walls or at wall openings. These hold-downs secure the studs/post through the bottom plate into the foun-

2.2 
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dations (Fig. 3). Specific reinforcement requirements will depend on individual site and building code 
requirements and should be reviewed with a structural engineer. 
ADVANTAGES: Simplest, most positive connection. 
DISADVANTAGES: May not be possible where there is insufficient headroom to drill. 

2. ATTACH A SILL, JOIST, OR STUD TO THE FOUNDATION WITH SIDE BRACKETS 
OR STRAPS. 
Where it is not possible to install anchor bolts because of insufficient headroom, a variety of fasteners has 
been specially developed to affix frames to foundations. Anchors are available from manufacturers such 
as Simpson Strong-Tie Co., Inc., among others. Typical products include straps and plates designed for 
attachment of plates and joists to the face of foundations and mud sills (Fig. 4). 
ADVANTAGES: Can connect walls to foundations in areas with limited headroom. 
DISADVANTAGES: Not as strong or direct a connection as anchor bolts. 

FIGURE 2 EPOXIED ANCHOR BOLT, EXPANSION ANCHOR BOLT 

FIGURE 3 TYPICAL HOLD-DOWNS 
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FIGURE 4 TYPICAL ANCHORS 

3. REINFORCE CRIPPLE WALLS WITH PLYWOOD OR OSB. 
The lateral forces of an earthquake are concentrated on the interface of the foundation and the wood 
frame. Cripple walls are inherently weak connections and have to be reinforced to prevent buckling and 
collapse. This is easily accomplished with plywood or oriented strand board (OSB) structural sheathing 
used as a rigid diaphragm connecting the top and bottom plates with the studs (Fig 5). The selection of 
the proper fastener type and spacing is critical. For crawlspaces that are not accessible, most municipal- 
ities have standards for the application of plywood or alternative structural sheathing to the outside of the 
crawlspace. Consultation with a licensed engineer is recommended. 
ADVANTAGES: An inexpensive and effective remedy. 
DISADVANTAGES: Requires accessible crawlspace, otherwise existing siding and sheathing have to be 
removed and new sheathing applied to the building exterior. 

FIGURE 5 PLYWOOD REINFORCEMENT 
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4. PROVIDE SECURE LOAD PATH FROM ROOF TO FOUNDATION. 
Engineers recommend that a continuous “load path” or “hold down path” be created with metal connec- 
tors or sheathing so the walls, floors, and roof act together as a structural unit. This is accomplished by 
providing, in addition to the wall/foundation connection, a secure load path between the walls and floors 
(in platform construction) and between the walls and the roof. Typical floor-to-floor connectors include 
bolted hold-downs with threaded rods or straps designed specifically for that use. The choice would 
depend on job-site conditions and loading requirements (Fig. 6). Another material used to tie building 
components together is plywood or OSB sheathing which provides a hold-down path and resists shear or 
racking forces. The lower portion of the plywood sheathing should connect the lower to the upper floor 
and be nailed into the bottom plate, the wall studs, the top plate and the second floor rim joist, the upper 
portion should connect the rim joists, bottom plate and studs, to the top wall plate (Fig. 7). In areas of 
high seismic probability, engineers may specify a top grade of plywood, Structural #1, in lieu of regular 
rated sheathing. Consultation with a licensed engineer is recommended. Wall/roof connections in seismic 
areas are reviewed in Rehab Guide, Volume 3: Roofs. 
ADVANTAGES: Provides structural continuity to the entire house. 
DISADVANTAGES: Costly, requires removal of siding and possibly sheathing. 

FIGURE 6 FLOOR-TO-FLOOR CONNECTIONS 

FIGURE 7 SHEATHING RESISTS SHEAR AND RACKING 



FURTHER READING 

A Guide to Strengthening and Repairing Your Home Before the Next Earthquake. Developed by the 
Governor’s Office of Emergency Services, State of California, and the Federal Emergency Management 
Agency, revised May 1995. Association of Bay Area Governments (ABAG) Publications, P.O. Box 2050, 
Oakland, CA 94604–2050. 

An Ounce of Prevention: Strengthening Your Wood Frame House for Earthquake Safety: A Do-It-
Yourself Program. Video and book. Governor’s Office of Emergency Services, State of California, 1993. 
Association of Bay Area Governments (ABAG) Publications, P.O. Box 2050, Oakland, CA 94604–2050. 

“Bracing Walls Against Racking,” Harris Hyman, P.E., Journal of Light Construction, April 1987. 

Buildings at Risk: Wind Design Basics for Practicing Architects, Michael J. Crosbie, Washington, DC: 
American Institute of Architects, 1998. 

How the City of San Leandro Can Help Strengthen Your Home for the Next Big Earthquake in the Bay 
Area (publication includes prescriptive details). The City of San Leandro Development Services, Building 
Regulation Division, 835 East 14th Street, San Leandro, CA 94577; 510–577–3405. 

Prescriptive Seismic Strengthening Plan for Wood Frame Residential Structures, Simpson Strong-Tie Co., 1996. 

Rehab Guide, Volume 3: Roofs, Washington, DC: US Department of Housing and Urban Development, 1999. 

The San Francisco Bay Area—On Shaky Ground. Association of Bay Area Governments, 1995 (multi-
media CD-ROM, 1996). Association of Bay Area Governments (ABAG) Publications, P.O. Box 2050, 
Oakland, CA 94604–2050. 

Structural Strengthening for Seismic Conditions, (Video 1997), Simpson Strong-Tie® Co. 

“Tying Down the House,” John Scoggins, Journal of Light Construction, September 1997. 

PRODUCT INFORMATION 

Earthquake Resistant Construction Connectors, Simpson Strong-Tie® Co., 4637 Chabot Drive, Suite 200, 
Pleasanton, CA 94588; 800–999–5099; www.strongtie.com. 

United Steel Products Co. (USP), 703 Rogers Drive, Montgomery, MN 56069; 800–328–5934. 

WOOD FRAME WIND RESISTANCE 
ESSENTIAL KNOWLEDGE 

Exterior walls, in combination with interior shear walls that brace them, resist perpendicular and lateral 
loads and uplift forces generated by high winds (which can tear off roofs and porches). The increasing 
amount of damage caused by hurricanes to the Gulf and Atlantic coastal states and the mounting costs to 
repair and replace existing structures demonstrate the need to better design, build, and retrofit houses for 
wind resistance. 

While code requirements regarding wind resistance are extensive for new home construction, there 
are relatively few requirements for rehab of existing houses (unless the work is extensive enough to warrant 
bringing the entire building up to code). Exceptions to this occur in some municipalities, such as Dade County, 
Florida, which have specific requirements for rehabing existing buildings. Rehab guidelines regarding wind 
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resistance being considered by local, state, and model code agencies include the following recommendations. 
A key aspect of these considerations is whether to provide prescriptive “fixes” for simple building configura-
tions or whether to require that a professional engineer or architect prescribe the specific details. The latter 
is recommended for complicated building geometries. 

TECHNIQUES, MATERIALS , TOOLS 

1. REINFORCE CONNECTIONS OF WOOD-FRAME WALLS TO FOUNDATIONS. 
Depending on the type of foundation and access possible, there are a number of anchor bolts, straps, or 
threaded-rod connections that can be used to reinforce the connection of the frame to the foundations. 
Many of these connectors are similar to those used in seismic areas. In Northern areas, crawl spaces might 
provide accessibility, while foundations in Southern regions are slab on grade or, along the coast, pilings 
or piers. Typical rehab options for reinforcement are shown in Figs. 3 and 4. 
ADVANTAGES: Relatively simple, cost-effective remedies. 
DISADVANTAGES: May involve removing exterior or interior finishes. 

2. REINFORCE WOOD-FRAME WALLS FOR SHEAR RESISTANCE. 
Winds cause lateral forces on buildings that can, in severe cases, displace and collapse the building walls. 
Resistance to these forces is provided by exterior and interior shear walls that brace the building’s struc-
ture and transfer loads to the floors and foundations. The most effective shear walls are made of plywood 
or oriented strand board. Alternative systems include other structurally approved sheathings, let-in wood 
bracing, metal strapping, “T” bracing, or special stud connectors. For buildings that have qualifying struc-
tural sheathings, a cost-effective retrofit is to increase the number of fasteners or connectors from the 
sheathing to the studs or to add resistance with foamed-in-place adhesives such as Foam Seal® products. 
This can be accomplished with the removal and replacement of the siding. 
ADVANTAGES: A simple way of providing shear resistance. 
DISADVANTAGES: Will require removal of siding and may require removal of sheathing if it is not struc-
turally adequate. 

3. REINFORCE CONNECTIONS OF WOOD-FRAME WALLS TO FIRST FLOOR. 
Connections are simple to make in new construction but difficult in rehab work unless the siding is 
removed to expose the wall sheathing. Metal straps similar to those used in seismic areas provide struc-
tural continuity from one building component to another (Figs. 5 and 6). 
ADVANTAGES: Provides a continuous load path. 
DISADVANTAGES: Requires removal of siding and sheathing, if it is structurally inadequate. 
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4. REINFORCE CONNECTIONS OF WOOD-FRAME WALLS TO ROOF TRUSSES 
AND RAFTERS. 
The connection of the exterior walls to the roof structure is the key element in transferring wind loads to 
the building frame and in preventing uplift forces from tearing off the roof. While new houses in high wind 
areas are required to have metal connectors, older houses most likely do not have them. The simplest con- 
nection is made from the outside after the soffit is removed (Fig. 8). This juncture can be reinforced from 
the inside, but the top portions of the wall as well as portions of the ceiling at the wall have to be removed 
for access. See Rehab Guide, Volume 3: Roofs, for further discussion.  
ADVANTAGES: An effective means of providing uplift resistance. 
DISADVANTAGES: Will require removal of soffit material. 

5. REINFORCE CONNECTIONS OF WOOD-FRAME WALLS TO ROOF OVERHANGS. 
The most vulnerable portion of a building for wind uplift is the connection of roof overhangs and walls. 
The typical connection of the wall to the “ladder” overhang (Fig. 9) is inadequate if the overhand exceeds 
one foot in depth, and uplift forces can lead to separation of the ladder from the wall. The preferred detail 
on new or repaired construction is to use “lookouts” tied to the top of the exterior wall and anchored 
back to the adjoining truss or rafter (Fig. 10). 
ADVANTAGES: Effective means of providing uplift resistance. 
DISADVANTAGES: Will require removal of soffit and modification to gable end. 

FIGURE 9 SHALLOW LADDER OVERHAND 

FIGURE 10 DEEP OVERHANGS SUPPORTED BY “LOOKOUTS” 13 



FURTHER READING 

Buildings at Risk – Wind Design Basics for Practicing Architects, Michael J. Crosbie, Washington, DC: 
American Institute of Architects, 1998. 

Rehab Guide, Volume 3: Roofs, Washington, DC: US Department of Housing and Urban Development, 1998. 

PRODUCT INFORMATION 

High-Wind-Resistant Construction Connectors, Simpson Strong-Tie Co., Inc., 4637 Cabot Drive, Suite 
200, Pleasanton, CA 94588; 800–999–5099; www.strongtie.com. 

High-Wind Retrofit of Wood Trusses or Rafters to Masonry or Concrete Walls, Simpson Strong-Tie Co., 
Inc., 4637 Cabot Drive, Suite 200, Pleasanton, CA 94588; 800–999–5099; www.strongtie.com. 

REINFORCING EXISTING 
MASONRY WALL CONSTRUCTION 
ESSENTIAL KNOWLEDGE 

It is often difficult to reinforce existing masonry walls for seismic or high wind resistance. Reinforcement 
strategies should be developed for individual buildings on a case-by-case basis by a licensed professional. 
Masonry buildings generally perform well in high wind as long as they are reinforced in accordance with 
codes, and as long as the connections to the roof structure are adequate to prevent uplift failure. 
Unreinforced masonry buildings perform poorly in seismic areas. The connection to roof structures and 
secondary structures such as porches are similar in concept to those used for wood-frame construction 
but adapted to masonry. Typical masonry-to-roof connectors are illustrated in Fig. 11. 
ADVANTAGES: An effective means of providing uplift resistance. 
DISADVANTAGES: Will require removal of soffit material. 
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MASONRY-TO-ROOF CONNECTORSFIGURE 11 

PRODUCT INFORMATION 

High-Wind Retrofit of Wood Trusses or Rafters to Masonry or Concrete Walls, Simpson Strong-Tie Co., 
Inc., 4637 Cabot Drive, Suite 200, Pleasanton, CA 94588; 800–999–5099; www.strongtie.com. 



MOISTURE DETERIORATION 
ESSENTIAL KNOWLEDGE 

Water absorbed by structural wood-framing can raise its moisture content, reduce its compressive and tensile 
strength, ultimately cause rot and decay, and also attract termites. The most critical points of the building enve-
lope susceptible to leakage are: tears or gaps in the roofing material; at flashings and penetrations of the roof 
plane; roof/wall connections; wall penetrations such as windows and doors; rainwater penetration through sid-
ing materials; and wall/foundation connections. Roofing water-related problems are discussed in the Rehab 
Guide, Volume 3: Roofs, wall penetration leaks at wall openings are covered in Volume 4: Windows and 
Doors, and water penetrations through wall materials are covered in other chapters of this volume. 

Wall/foundation junctures are particularly critical because run-off from roofs and walls collects 
on the ground at that location. If the sill and floor assembly are not sufficiently elevated, rot will occur. 
Older timber-framed and balloon-framed structures with sill plates that rest on a few courses of stone (or, 
occasionally, directly on grade) are at greatest risk. Platform-framed houses that have foundation walls 
with the sill a minimum of 6 inches to 8 inches above grade (to comply with code minimums) are less sus-
ceptible to rot and decay from moisture. However, unless the grade below the siding is sufficiently sloped 
away and kept clear of debris and plantings, moisture can wick up through the siding and cause decay. Rot 
and decay cannot progress in the absence of moisture. 

Sills can be inspected from inside the building in the crawl space or from outside by removing a 
portion of the siding and sheathing. The condition of the wood can be checked with a sharp object such 
as a screwdriver or pocket knife. Sound wood will split into fibrous splinters, while decayed wood will sep-
arate into small chunks of a dark brown, black, or gray color. Decay can also be revealed by rapping the 
surface of the wood member; a dull, hollow sound frequently indicates decay below the surface. 

Decayed sills can be replaced with full-sized members, partially replaced with built-up lumber, 
or stabilized with structural epoxy conservation techniques. 

TECHNIQUES, MATERIALS, TOOLS 

1. REPAIR SILL WITH BUILT-UP LUMBER. 
If the sill is a heavy timber section (4 by 6 to 8 by 8) and the wall studs are 3 or 4 inches wide, the house 
is most likely of post-and-beam construction. The roof and floor loads are transferred by means of beams 
(girts) to the columns and the studs between columns carry very little weight. Accordingly, it is possible to 
temporarily support the building at its bearing columns and replace sections of the sill below. If the build-
ing is balloon-framed or platform-framed, with individual studs carrying the load, the wall has to be sup-
ported along its length. Once the load is taken by the shoring, deteriorated sections of the sill can be 
removed with a reciprocating saw and a mallet and chisel. Pressure-treated sections of lumber can be 
scabbed (spliced) into the affected area (using APA-The Engineered Wood Association (APA) approved 
gap-filling adhesives) and fastened with galvanized drywall screws, spikes, or other rust-resistant fasteners. 
ADVANTAGES: Relatively simple fix for sills requiring isolated repairs. 
DISADVANTAGES: Requires accurate assessment of sill condition; sections of rotting sill may be overlooked. 

2. REPLACE LARGE SECTIONS OR THE ENTIRE SILL. 
If significant decay runs the length of the sill, it should be replaced in its entirety. The exterior wall can be 
supported by jacking timbers placed next to the plate, running perpendicular to the joists (Fig. 12). 
Sections of the sill can be cut with a chain saw or reciprocating saw between joists that frame into the sill. 
A new sill is placed on top of the foundation. If the floor joists do not rest directly on top of the sill they 
can be hung from the new sill with joist hangers or, if the ends of the joists are not decayed, they can be 
mortised into the new sill. Replacing a sill is much easier with stud-framed houses, as individual joists rest 
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FURTHER READING 

Renovating Old Houses, George Nash, Newtown, CT: Taunton Press, 1996. 

Renovation: A Complete Guide (Second Edition), Michael W. Lichfield, New York: Prentice Hall, 1991. 

The Old House Journal Guide to Restoration, edited by Patricia Poore, New York: Dutton, 1992. 

Rehabilitation of Wood-Frame Homes, USDA, Forest Service, Handbook No. 704, February 1998. 

“Saving House Sills,” “Structural Repair Under Old Floors,” Old House Journal, March/April 1992. 

“The Structure of Wood-Frame Houses,” Old House Journal, March/April 1992. 

PRODUCT INFORMATION 

IN-SITU STRUCTURAL REPAIRS 

Preservation Resource Group, P.O. Box 1768, Rockville, MD 20849–1768; 301–309–2222. 

Abatron, Inc. Wood Restoration Systems, 5501–95th Avenue, Department HP, Kenosha, WI 53144; 
800–445–1754; www.abatron.com. 

MITIGATING INSECT DAMAGE 
ESSENTIAL KNOWLEDGE 

Destructive insects include termites, carpenter ants, and wood-boring beetles (Fig.14). Termites access 
above-ground wood through cracks in foundation walls or slabs or build tubes from the ground up to the 
wood above to provide the necessary moist environment. Having infested the wood, they can live there 
indefinitely with no ground contact if the moisture level is adequate. Sources of moisture include roof 
leaks, condensation, or plumbing problems. Termites in crawlspaces may build free-hanging tubes from 
wood members to the ground. Evidence of termite infestation includes: the presence of mud tubes; dam-
aged wood; active swarms of winged termites or large numbers of discarded wings or evidence of con-
ducive conditions (e.g., moisture; wood-to-ground contact; inadequate ventilation; settlement cracks; and 
other likely entry points). Detection tools include: visual inspection; probing of the wood surface with a 
screwdriver or pocket knife; sounding (tapping) of the affected area with a hard object such as the handle 
of the screwdriver; the use of a moisture meter to detect likely environments; infestations; listening 
devices; electronic gas (methane) detectors; and fiber optic devices to inspect areas otherwise inaccessible 
to visual inspections. Many species of termites prefer wood that has been previously invaded by fungi. To 
guard against drying, termites consume wood only until the outer shell remains, leaving the wood look-
ing intact. Wood that has been tunneled by termites will sound hollow when tapped with a solid object. 
Termites will attack all types of wood including redwood, cypress, and junipers if the wood has aged and 
the chemicals that provide termite-resistance (alcohols, oils, gums and resins) have leached out. Termites 
have been known to penetrate and damage many non-cellulosic materials such as drywall, plaster, stucco, 
and plastics. Items damaged include some softer metals (e.g., lead, copper, aluminum). Insulation board 
used as a substrate for Exterior Insulation and Finish Systems (EIFS) has often been riddled by termites lead-
ing to the prohibition of foam plastic within 8" of the ground in states with very heavy infestation of termites. 

Ants are the most reported pests in many parts of the country and range from the arctic to the 
tropics. Carpenter ants, the major group that damages buildings, tunnel through wood but do not con-
sume it for food. Main colonies of carpenter ants, given their name because they typically dwell in and 
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excavate wood, are located in trees surrounding the infested structures. Inside buildings, satellite 
colonies will nest in a variety of voids including walls, hollow doors, behind appliances, in floor cavities 
and attic rafter spaces, under kitchen cabinets, bathroom fixtures, etc. Carpenter ant infestations can be 
located by their very presence or by piles of “frass,” pieces of dead ants and other insects mixed in with 
bits of wood. 

There is a variety of wood-boring beetles. Among the best known and most destructive are the 
powderpost, roundhead, and flathead beetles. Some beetles attack both hardwood and softwoods, usually 
limiting their feeding to the sapwood portion. Their presence is usually indicated by frass and a number 
of exit holes in wood, although the number of holes does not necessarily indicate the activity or severity 
of infestation. The potential for damage is greatest when the infestations are new and the number of exit 
holes is low. Beetles are typically introduced into structures in building materials that have been infested 
at lumber yard stock piles, although they may also enter homes in finished wood products such as floor-
ing, paneling, furniture, and firewood. Dead tree limbs may serve as a habitat from which flying adults may 
enter the house. 

TECHNIQUES, MATERIALS, TOOLS 

MITIGATE AND CONTROL INSECTS. 
Mitigation methods to reduce the likelihood of termite infestations include: removal of all cellulous mate-
rial on or beneath the soil adjacent to structures or in crawlspaces; eliminating details that allow materi-
als to continue from the exterior wall into the soil; providing adequate clearance between grade and struc-
tural members to allow access and inspection of termite tunnels; eliminating dirt-filled porches, steps, and 
similar raised attachments; providing termite shields; and using pressure-preservative-treated lumber. 
Treatment strategies include the use of: liquid termiticides; termiticidal foams that fill cracks and gaps in 
materials and can be injected into soils; borate insecticides; and termite baits. The variety of treatment 
products is widespread and new products are being developed. The effectiveness of individual products, 
especially new ones, may vary depending on local soil and building-related conditions. Local pest control 
experts should be contacted for site-specific recommendations. Certain treatments may be prohibited by 
local authorities. 

Mitigation methods for subterranean termites are of little benefit against drywood termites since 
infestations originate from “swarmers” entering through vents, cracks, or other openings. Drywood ter-
mites live within the affected wood. Their presence is indicated by piles of fecal pellets or discarded wings 
adjacent to holes or joints in the affected wood. Methods to control drywood termites include the use of: 
pressure-preservative-treated wood; sprayed insecticides; silica aerogel dust (a desiccant); borate dust; 
fumigation; heat treatment; and “drill-and-treat” with termiticides. Some new, and as yet unproven, strate-
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gies include the use of microwave equipment and electrocution. Local pest control experts should be con-
tacted for site-specific recommendations. Ant mitigation methods include: reducing moisture conditions; 
sealing cracks in the building’s exterior; trimming trees away from the house roofs; keeping log piles away 
from houses; and eliminating wood-to-soil contact. Treatment strategies include a variety of sprayed insec-
ticides, baits, and soil treatment. Treatment of affected houses for wood-boring beetles includes: remov-
ing infested wood; use of sprayed insecticides; fumigation; moisture reduction; and use of borate sprays. 
ADVANTAGES: Soil treatment and elimination of cellulose in backfill can be effective deterrents. 
DISADVANTAGES: New chemical treatments need replenishing sooner and are less effective than those 
approved in the past. Treatments can be costly. 

FURTHER READING 

Handbook of Pest Control, Eighth Edition, Arnold Mallis, Mallis Handbook & Technical Training Company, 1997. 

The Approved Reference Procedures for Subterranean Termite Control, National Pest Control 
Associations (NPCA), 1991. 

FIRE DAMAGE TO WOOD FRAMING 
ESSENTIAL KNOWLEDGE 

Damage from fire can range from the total loss of a building and its contents to minor inconvenience from 
smoke odors. The process of determining the restoration requirements of a fire-damaged building varies 
considerably with the building location and extent of damage. Insurance adjusters often make settlement 
offers based on their own evaluation of restoration needs, although they may employ consultants on more 
complex projects. Recommendations may also originate from local fire marshals, building department 
officials, contractors, consulting engineers, industrial hygienists, public adjusters, and architects hired by 
the building owner. Unless the damage is limited, the restoration process can be complicated, involving 
structural, electrical, HVAC, and plumbing systems, as well as building finishes. In addition, significant 
health and comfort issues arise from the residual smoke, combustion gases, moisture from fire depart-
ment hoses, and the existence of products containing asbestos. For these reasons the selection of a 
restoration contractor who is experienced and knowledgeable in current techniques is critical. At least 
one national association, the Association of Specialists in Cleaning and Restoration (ASCR) manages train-
ing and certification programs and publishes a restoration guideline. 

TECHNIQUES, MATERIALS, TOOLS 

FIRE-DAMAGE RESTORATION. 
The first step in a restoration project is to assess the damage to the wall structure. In 2 by 4 construction, 
significantly charred members are generally removed in their entirety. Heavy timber construction can 
remain (according to the American Society of Civil Engineers), once the char is removed and if the 
remaining section is still structurally adequate (after a reduction-in-size-factor of 1/4 inch on all sides). 
Char is removed by scraping and abrasive blasting. It should generally be removed because it holds odors, 
although encapsulating coatings inhibit their transmittal. New construction, replacing the damaged con-
struction, should meet codes for new construction. Smoke-damaged materials should be cleaned and 
deodorized as necessary. The use of ozone generators, sometimes used to remove odors and contami-
nants, is controversial and considered by a number of specialists to be ineffective and potentially danger-
ous (see Further Reading). 
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ADVANTAGES: Restoration can be relatively effective in removing odors when fire damage is slight. 
DISADVANTAGES: Restoration after serious fires is expensive and complicated. Finding competent restora-
tion professions is sometimes difficult. 

FURTHER READING 

Evaluation, Maintenance, and Upgrading of Wood Structures, American Society of Civil Engineers. 

“Research Sheds New, Unfavorable Light on Ozone Generators,” IEQ Strategies, P.O. Box 129, Center 
Strafford, NH 03815–0129; 603–664–6942; www.cutter.com/energy/. 

NIDR - Guidelines for Fire and Smoke Damage Repair, National Institute for Disaster Restoration (a 
division of the Association of Specialists in Cleaning and Restoration); 1997; 410–729–9900; 
www.ascr.org. 

Odor Removal Manual, Volume I, Clifford B. Zlotnik, Unsmoke Systems, Inc. 
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Restoration Technology, Volume I, Clifford B. Zlotnik, Unsmoke Systems, Inc. 

PRODUCT INFORMATION 

Unsmoke Systems, Inc., 1135 Braddock Avenue, Braddock, PA 15104; 800–332–6037. 



Brick and stone masonry are among the oldest, long-lasting, and most versatile materials. Throughout the 
U.S. many brick homes, centuries old, continue to perform well. In many regions brick is the predomi-
nant building material because of its low maintenance, non-combustibility, availability, moisture resis-
tance, and aesthetic appeal. 

Any corrective work should be preceded by a careful visual assessment of the wall’s conditions 
to determine overall patterns of deterioration and distress so that underlying problems can be appraised 
and corrected. Some common problems include foundation displacement (see Rehab Guide, Volume 1: 
Foundations); water penetration into the wall assembly; inappropriate material choices; poor construc-
tion practices; stresses caused by expansion and contraction due to temperature changes; shrinkage of the 
wood structural walls; and routine aging of the masonry facing and joints. 

This chapter focuses on repair and rehabilitation of brick masonry, primarily clay and concrete 
brick veneer wall construction, as this is the most common construction type, although many of the rec-
ommendations apply also to stone, concrete block, and solid brick construction. Topics include cleaning, 
protective coatings, repointing, and repair. 

CLEAN EXISTING MASONRY WALLS 
ESSENTIAL KNOWLEDGE 

The decision to clean a masonry veneer facade requires careful consideration because the cleaning 
process may remove weathered material as well as accumulated dirt. It might be justified if the dirt and 
pollutants (such as that from acidic rain, efflorescence, bird droppings, deteriorated paint, etc.) are hav-
ing a harmful effect on the wall, however, “lightening up” the facade for cosmetic reasons may not be pru-
dent. The benefits of cleaning should be weighed against the possibility of adverse affects on the masonry 
surfaces and mortar joints, as well as on flashing, windows, and other elements. 

The least invasive cleaning is usually recommended; improper or over-cleaning can cause 
irreparable damage. Cleaning strategies for historic buildings should be reviewed with a restoration pro-
fessional. All cleaning procedures and materials should be tested prior to the start of the project. For large 
jobs, the test area should be a minimum of 20 square feet. Before chemical cleaners are used, the wall 
should be saturated with water to avoid staining by heavy concentrations of cleaning agents. A waiting 
period of at least one week after finishing the test area is recommended in order to judge the results of 
the cleaning procedure, especially if chemical agents are used. For recommendations on cleaning specific 
stains see Further Reading. 

TECHNIQUES, MATERIALS, TOOLS 

1. CLEAN WITH BRUSH BY HAND. 
This technique employs a variety of cleaning agents including water, detergents, proprietary cleaners, and 
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acid. Efflorescence can often be removed by dry brushing, with pressurized water, or with proprietary 
cleaners. Dirt can be removed with water or with a detergent solution such as trisodium phosphate and 
laundry detergents dissolved in water. Many stains can be removed with conventional “kitchen cleaners.” 
Other stains, resulting from leaching of salts or coloring agents within the brick, require acid cleaners, 
which should be used very carefully in diluted form. Some acids, such as hydrochloric (muriatic acid) 
can seriously degrade mortar. Acid can also discolor lighter masonry surfaces and damage metal, glass, 
marble, terra cotta, limestone, and cast stone surfaces, and can also leave a white film that is difficult to 
remove. Walls treated with acid must be thoroughly flushed with water after cleaning. 
ADVANTAGES: Easiest and most conservative approach. Employs the widest variety of cleaning options. 
Allows for most cost-effective approach. Can confirm the appropriateness of cleaning strategies prior to 
large-scale application. 
DISADVANTAGES: Appropriate only for relatively small areas. Time consuming; requires direct access to 
wall surfaces. 

2. CLEAN WITH PRESSURIZED WATER. 
Useful in covering large areas, pressurized cleaning may be accomplished with low- or moderate-pressure 
water, steam, or water in combination with detergents or other cleaning solutions. Walls should be satu-
rated with water prior to cleaning and completely flushed after cleaning. Care should be taken with acidic 
compounds as discussed above. 
ADVANTAGES: Cost-effective for large areas; can reach heights of 100 feet. 
DISADVANTAGES: Requires specialized equipment. Nozzle pressures in excess of 700 psi may damage 
brick, especially sand-finished material, and erode mortar joints. May not remove certain stains as effec-
tively as brush cleaning by hand. Disposal of water run-off may be a problem. Excess water can bring sol-
uble salts from within the masonry to the surface. Cannot be used during periods of freezing weather. 
Steam cleaning with or without chemicals may be useful in removing paint and embedded grime, but 
requires careful analysis, testing, and experienced professionals. Can be costly. 

3. CLEAN BY ABRASIVE-BLASTING. 
Abrasive-blasting, usually with sand, is often considered a means of last resort, and in many cases is pro-
hibited because it can erode ornamental details and destroy or scar brick and stone faces. Less abrasive 
and softer aggregates than sand, such as glass and plastic beads, and organic matter such as finely ground 
nut shells, wheat starch, peach and apricot pits, and cherrystones, are sometimes used on small sections 
of decorative brick, stone or metal elements. 
ADVANTAGES: Will clean when other techniques will not. 
DISADVANTAGES: Potentially destructive; use only after careful analysis and testing. May be prohibited. 

FURTHER READING 

“The Cleaning and Waterproof Coating of Masonry Buildings,” Preservation Briefs, No. 1, Robert C. Mark, 
National Park Service, Washington, D.C., 1975. 

“Cleaning Brick Masonry,” Brick Industries Association Technical Note #20, Rev. 11, November 1990. 

“Gentle Blasting—New Methods of Abrasive Cleaning,” Valerie Sivinski, Old House Journal, July/Aug. 1996. 

“Moisture Resistance of Brick Masonry,” BIA Technical Note #7F, January 1987. 
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APPLY COLORLESS PROTECTIVE 
COATINGS 
ESSENTIAL KNOWLEDGE 

Colorless coatings are sometimes considered for masonry walls in order to enhance water resistance or 
to repel graffiti. The chemicals used fall within two classifications: films and penetrates. These two have 
significantly different physical properties and performance. Whereas these coatings may have some lim-
ited usefulness, in many cases they provide little or no advantages, require frequent replacement, and can 
have adverse effects. Brick manufacturers should be contacted for recommendations on the use of color-
less coatings. 

TECHNIQUES, MATERIALS, TOOLS 

1. APPLY FILM COATING TO MASONRY WALL. 
Products include acrylics, stearates, mineral gum waxes, urethane, and silicone resins. The large molec-
ular size of these materials prevents them from penetrating into the masonry. 
ADVANTAGES: Can reduce the absorption of some bricks and can bridge hairline cracks. Can keep sur-
faces clean and help prevent graffiti from penetration into the masonry surface. 
DISADVANTAGES: Can inhibit evaporation of water within the masonry through the exterior face, which can 
cause the coating to cloud or spall under some freeze/thaw conditions. Generally not recommended in 
such environments. Sheen or gloss may darken material. Vulnerable to cracking due to thermal fluctua-
tions. Urethane often breaks down under Ultraviolet light. Silicones do not chemically bond with substrate, 
and as a result have a short life. 

2. APPLY PENETRATING COATING TO MASONRY WALL. 
These coatings typically penetrate into the masonry to depths up to 3/8 inch, due to their small molecular 
structure. Materials include silane and siloxanes that chemically bond with silica- or aluminum-content 
materials to make them water repellent. These coatings are not generally necessary on new walls or brick 
veneer walls with drainage cavities. 
ADVANTAGES: Coatings can last up to 10 years, decrease absorption, and increase water repellence. Unlike 
film coatings, penetrating coatings allow wall to breathe. Siloxanes have been shown to be effective on 
some multi-wythe brick barrier walls where water penetration is a problem. 
DISADVANTAGES: May have limited lifetime; cannot be applied over film coatings. May react with other 
building materials. Can kill vegetation and emit harmful vapors. Will not seal cracks in mortar joints. 

FURTHER READING 

“Colorless Coatings for Brick Masonry,” BIA Technical Note #6A April 1995. 
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REPOINT EXISTING WALLS 
ESSENTIAL KNOWLEDGE 

While the service life of many types of brick can exceed 100 years, the longevity of mortar joints, depend-
ing on the exposure, is closer to 25 years, according to the Brick Industries Association (BIA). At some 
point the mortar joint will fail, allowing water to enter the wall cavity. Conditions that require repointing 
may include: mortar erosion more than 1/4 inch, crumbling mortar, and hairline cracks in the mortar and 
between the mortar and brick. 

TECHNIQUES, MATERIALS, TOOLS 

REPOINT EXISTING WALL. 
Visual observation in combination with a light scraping with a metal tool can detect most deficiencies. 
Other conditions requiring repairs beyond repointing are discussed in section 3.4. Where repointing work 
is undertaken on houses of special architectural or historical significance, advice should be sought from 
a preservation specialist. Portland cement mortar was not used before the beginning of the 20th century. 
To avoid serious brick damage the compressive strength of the repointing mortar should be similar to or 
weaker than that of the original mortar. If it is not, dead loads and stresses from the expansion and con-
traction of the brick can transfer loads through the new mortar into the brick and can spall and crack the 
brick face. Mortars used in more recent construction include types N and O (Table 1). 

MORTAR TYPES AND INGREDIENTS BY VOLUME 

Type Cement Hydrated Lime Sand 
N 1 6 
O 2 9 
K 4 15 

ADVANTAGES: Repointing walls can stabilize deterioration, strengthen walls, and provide weathertightness. 
DISADVANTAGES: Costly, may require scaffolding. Requires skilled and thorough mechanics. 

FURTHER READING 

“Mortars for Brick Masonry,” BIA Technical Note #8, revised Aug. 1995. 

“Repointing (Tuckpointing) Brick Masonry,” BIA Engineering and Research Document #622. 

REPAIR EXISTING MASONRY WALLS 
ESSENTIAL KNOWLEDGE 

There are certain conditions where repointing alone is not effective and replacement of a portion of a wall 
may be required. Some of these include: 

■ Wall cracking associated with thermal movement: Such cracks are cyclical and will open and close with 
thermal swings. These cracks may gradually expand as dislodged mortar accumulates in the crack after 
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1 
1 
1 



each cycle. The cracks should be cleaned and protected with flexible sealants. Remortaring cyclical cracks 
will prevent them from closing and may lead to further cracking. In some instances, the masonry may need 
to be cut and expansion joints installed. 

■ Wall cracking associated with moisture penetration and caused by freeze/thaw cycles and corrosion: 
Examples include cracking around sills, cornices, eaves, parapets, joints between dissimilar materials, 
and other elements subject to water penetration and freezing; cracking around clogged or non-function-
ing weep holes at lintels and at the base of brick veneer cavity walls. A number of companies, including 
Mortar Net™ and Heckman Building Products, Inc., make plastic mesh products for cavity wall con-
struction that suspend mortar droppings above the weep holes, thereby reducing the chance of blocking 
them with mortar debris (Fig. 1). Mortar Net™ also makes a vertical insert between bricks that acts as a 
continuous weep (Fig. 2). 

FIGURE 1 NO. 365 TRASH MORTAR DIVERTER CAVITY DRAINAGE SYSTEM 

FIGURE 2 WEEP VENT 

■ Wall cracking associated with failure of structural elements. Above-ground examples include cracking 
or displacement of brick over openings resulting from deflection or failure of lintels or the deterioration 
of mortar joints in masonry arches; cracking from outward displacement of sloped roofs due to lack or 
failure of collar ties; bulging and cracking of walls caused by deteriorated or inadequate wall ties; crack-
ing due to inadequately supported point loads; cracking due to ground tremors, nearby construction, or 
heavy traffic. Light gauge (22 or 24 ga.) corrugated wall ties typically used in residential construction are 
not recommended, according to the BIA, for three reasons: the tie shape allows water to flow more freely 
to the interior of the wall; they are susceptible to corrosion; they have poor strength to transfer loads 
between the brick wythes and the building structure. Adjustable ties, similar to those recommended for 
use with metal studs, (Fig. 3) are preferred. Serious structural problems require a professional engineer’s 
assistance in determining appropriate corrective measures. 
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