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PATH (Partnership for Advancing Technology in Housing) is a new private/public effort to develop, demon-
strate, and gain widespread market acceptance for the “Next Generation” of American housing. Through 
the use of new or innovative technologies the goal of PATH is to improve the quality, durability, environ-
mental efficiency, and affordability of tomorrow’s homes. 

Initiated at the request of the White House, PATH is managed and supported by the Department of 
Housing and Urban Development (HUD). In addition, all Federal Agencies that engage in housing research 
and technology development are PATH Partners, including the Departments of Energy and Commerce, as 
well as the Environmental Protection Agency (EPA) and the Federal Emergency Management Agency 
(FEMA). State and local governments and other participants from the public sector are also partners in 
PATH. Product manufacturers, home builders, insurance companies, and lenders represent private indus-
try in the PATH partnership. 

To learn more about PATH, please contact: 

PATH 
Suite B 133 
451 7th Street SW 
Washington, DC 20410 
202-708-4250 (fax) 
e-mail: pathnet@pathnet.org 
website: www.pathnet.org 

DISCLAIMER 
The statements and conclusions contained in this report are those of Steven Winter Associates, Inc. and 
do not necessarily reflect the views of the Department of Housing and Urban Development. Steven Winter 
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 
with any industry standard or mandatory requirement of any code, law, or regulation is either offered or 
implied. The products listed in the report are included only as examples of some available products. No 
endorsement, recommendation, or evaluation of these products or their use is given or implied. 
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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 agencies, 
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 reha-
bilitation. This volume, Partitions, Ceilings, Floors & Stairs, is the fifth 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 series of guidebooks has been produced by the U.S. Department of Housing and Urban Development 
to keep the design and construction industry abreast of innovations and state-of-the-art 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. It is evident that such innovations will not advance unless 
the industry is made aware of them and they are tested. The Rehab Guide 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 rehabilitation. 
Professional trade magazines, conferences, and trade shows offer some dissemination of this information, but 
they are rarely focused exclusively on housing rehabilitation, as this series is, nor are they comprehensive. 

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 ama-
teur. 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, Partitions, Ceilings, Floors, & Stairs, has been gathered from 
professionals in the housing rehabilitation field; manufacturers and suppliers of innovative technologies, 
materials, components, tools, and equipment; trade shows, conferences, reports, and publications con-
sidering such issues; trade organizations; and building research centers. 

A NOTE ON SOURCES 

A variety of excellent resources exists for information on partitions, ceilings, floors, and stairs. Floors and 
Stairways, published by Time-Life Books, is a comprehensive book on floors and stairs. Carpet: Installation 
and Maintenance for Maximum Performance, published by the Carpet and Rug Institute, is an excellent 
source for information on carpet rehabilitation. House Painting Inside and Out, published by The Taunton 
Press, and Respectful Rehabilitation: Walls and Moldings, published by the Preservation Press, are sources 
for information on paints, wallcoverings, and moldings and trim. Monthly publications of interest include the 
Energy Design Update, Environmental Building News, Journal of Light Construction, Home Energy, Old 
House Journal, This Old House, and Traditional Builder. Helpful information is also accessible via the 
Internet. Most equipment manufacturers and monthly magazines have Web sites where specific product 
information and past articles can be retrieved. The Department of Energy provides a wealth of information 
on energy conserving techniques and technologies at www.eren.doe.gov/consumerinfo/. 

LEAD PAINT HAZARD 

The hazard of lead paint in houses constructed before the 1980s is not discussed in the The Rehab Guide 
because there is extensive material available from HUD, the Environmental Protection Agency (EPA), and other 
sources. However, if you are a non-profit or rehab contractor rehabilitating pre-1978 housing for sale or rent, 
or if you are a homeowner rehabilitating a home for your own use, you are strongly urged to have the home 
tested for lead paint. This is especially critical if the home will be occupied by young children. Very small4 
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amounts of lead in paint or dust can poison children if swallowed or inhaled, causing damage to the brain and 
other organs, resulting in health problems and reduced intelligence. If lead paint is found, it is critical that all 
rehabilitation be done very carefully to reduce the possibility of lead poisoning to you or your workers. Proper 
work practices will minimize the risk of spreading lead contamination and increasing occupant exposure. 

One of the best and most recent sources on this subject is the HUD publication, “Lead Paint Safety: 
a Field Guide for Painting, Home Maintenance, and Renovation Work.” Another good publication is the EPA 
brochure, “Reducing Lead Hazards When Remodeling Your Home.” Both can be obtained by calling the 
National Lead Information Center at 800-424-LEAD or by downloading from the web site of the HUD Office of 
Lead Hazard Control, www.hud.gov/lea. A very comprehensive source is the HUD publication, “Guidelines for 
the Evaluation and Control of Lead-Based Paint Hazards in Housing,” which gives guidance on controlling lead 
hazards, lead paint and rehab work, risk assessment, monitoring, inspections, resident and work site prepa-
ration, worker protection, and routine building maintenance. This publication is available through HUD-User; 
you can also download a copy of this document from the HUD web site at: www.hud.gov:80/lea/learules.html. 

HUD has new regulations on lead-based paint hazards in federally owned housing and housing 
receiving federal assistance. If you will be using HUD funds for rehabilitation through grants, insurance, 
or other types of assistance, then there are protective procedures that must be followed. The Occupational 
Safety and Health Administration web site at www.osha.gov has information on worker protection require-
ments. In addition, many states and localities have their own rules regarding lead-based paint, which 
should be followed when undertaking rehabilitation. 

HOW THE GUIDE IS ORGANIZED 

Nine volumes make up The Rehab Guide in its entirety, and they are listed on the back cover of this vol-
ume. Each one is devoted to distinct elements of the house, and within each volume is a range of issues 
that are common to that element of home rehabilitation work. This volume covers topics from repair of 
wall and ceilings surfaces, rehabilitation of floor finishes, and fixing trim, to reconstructing stairs. Each 
volume addresses a wide range of 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. 

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 
descriptions of a broad range of items: state-of-the-art and innovative building technology, products, mate-
rials, 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 and techniques that are currently part of the house-building industry, The Rehab 
Guide also includes information on materials, products, and procedures from other construction 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 that 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 obtained. By virtue of their being listed 
here, such products are not necessarily being recommended; their existence and availability are being 
brought to the reader’s attention. New products should be carefully evaluated in the field as to their per-
formance. The product lists are not necessarily 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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OVERVIEW 
If a building’s foundations, exterior walls, and roofs have been well maintained, and the building has been 
free of plumbing leaks, general abuse, overloading from heavy objects, and damage from vermin and 
insects, then chances are that its floor/ceiling structural assemblies will be in reasonably good shape. 
Exceptions to this include problems caused by deficient design, engineering, or construction, or inap-
propriate material selection or detailing. If, however, the building’s roofs, exterior walls, and foundations 
have not been adequately maintained, the floor/ceiling structural assemblies (and the partitions and stairs 
that attach to them) will likely have suffered from the settlement, and insect and moisture-related deteri-
oration that affects the rest of the structure. This section addresses common structural deficiencies of 
floor/ceiling assemblies. Moisture, insect, and fire-related issues are covered more extensively in Volume 
2: Exterior Walls and Volume 3: Roofs. Additionally, because a structural rehab may involve removing and 
reframing deteriorated structure, recent innovations in joists, beams, and headers will be reviewed. 

COMMON STRUCTURAL PROBLEMS 
ESSENTIAL KNOWLEDGE 

Most problems with floor/ceiling structural assemblies are related to excessive sagging/deflection and can 
be attributed to a number of deficiencies, including beam strength that has been reduced by extensive 
notching at joist-framing connections and joists that are excessively cut at ends (Fig. 1) where they frame 
into girders (typical in pre-1900s houses); joists that have been excessively cut, notched, or bored (Fig. 2) 
to accommodate material changes, pipes, wiring, or ducts (code agencies and manufacturers of engineered 
wood beams and joists stipulate limits to such modification); insufficiently sized supporting beams; inade-
quately sized or spaced floor joists and fasteners; excessive spacing of posts supporting the beams; rotting 
of posts at bearing points; and insufficient or settled footings under the posts. Problems with partitions are 
usually related to insufficient floor support or shrinkage of the studs, which are dealt with below. 

Most current codes limit deflection for floors to L/360 (length of joist/360) which is derived 
from long-standing standards based on the deflection at which a plaster ceiling of the space below the 
floor would crack. While this is generally considered adequate to control deflection, some architects, engi-
neers, and designers believe that stiffer floors are necessary for a user’s sense of well-being, and design 
to higher deflection limits (such as L/480) or increase the floor load requirements from 40 psf on the 
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