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An ironworker connects a steel wide-fl ange beam to a column. 
(Courtesy of Bethlehem Steel Company)
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Learning to Build
Throughout this book many alterna-
tive ways of building are described: 
different structural systems, different 
systems of enclosure, and different 
systems of interior fi nish. Each system 
has characteristics that distinguish it 
from the alternatives. Sometimes a 
system is distinguished chiefl y by its 
visual qualities, as one might acknowl-
edge in choosing one type of granite 
over another, one color of paint over 
another, or one tile pattern over an-
other. However, visual distinctions can 
extend beyond surface qualities; a de-
signer may prefer the massive appear-
ance of a masonry bearing wall build-
ing to the slender look of an exposed 
steel frame on one project, yet would 
choose the steel for another building 
whose situation is different. Again, one 
may choose for purely functional rea-
sons, as in selecting terrazzo fl ooring 
that is highly durable and resistant to 
water instead of more vulnerable car-
pet or wood in a restaurant kitchen. 
One could choose on purely technical 
grounds, as, for example, in electing 
to posttension a long concrete beam 
for greater stiffness rather than rely 
on conventional steel reinforcing. A 
designer is often forced into a partic-
ular choice by some of the legal con-
straints identifi ed later in this chapter. 
A choice is often infl uenced by con-
siderations of environmental sustain-
ability. And frequently the selection 
is made on purely economic grounds. 
The economic criterion can mean any 

of several things: Sometimes one sys-
tem is chosen over another because its 
fi rst cost is less; sometimes the entire 
life-cycle costs of competing systems 
are compared by means of formulas 
that include fi rst cost, maintenance 
cost, energy consumption cost, the 
useful lifetime and replacement cost 
of the system, and interest rates on 
invested money; and, fi nally, a system 
may be chosen because there is keen 
competition among local suppliers 
and/or installers that keeps the cost of 
that system at the lowest possible level. 
This is often a reason to specify a very 
standard type of roofi ng material, for 
example, that can be furnished and in-
stalled by any of a number of companies, 
instead of a newer system that is theoreti-
cally better from a functional standpoint 
but can only be furnished by a single 
company that has the special equipment 
and skills required to install it.

One cannot gain all the knowl-
edge needed to make such decisions 
from a textbook. It is incumbent upon 
the reader to go far beyond what can 
be presented here—to other books, 
to catalogs, to trade publications, to 
professional periodicals, and espe-
cially to the design offi ce, the work-
shop, and the building site. There 
is no other way to gain much of the 
required information and experi-
ence than to get involved in the art 
and business of building. One must 
learn how materials feel in the hand; 
how they look in a building; how they 
are manufactured, worked, and put 
in place; how they perform in service; 

how they deteriorate with time. One 
must become familiar with the peo-
ple and organizations that produce 
buildings—the architects, engineers, 
materials suppliers, contractors, sub-
contractors, workers, inspectors, 
managers, and building owners—and 
learn to understand their respective 
methods, problems, and points of 
view. In the meantime, this long and 
hopefully enjoyable process of educa-
tion in the materials and methods of 
building construction can begin with 
the information presented in this 
textbook.

Go into the fi eld where 
you can see the machines 
and methods at work that 
make the modern buildings, 
or stay in construction direct 
and simple until you can 
work naturally into building-
design from the nature of 
construction. 

Frank Lloyd Wright, To the Young 

Man in Architecture, 1931

Sustainability
In constructing and occupying build-
ings, we expend vast quantities of 
the earth’s resources and generate 
a signifi cant portion of the earth’s 
environmental pollution: The U.S. 
Green Building Council reported in 
2008 that buildings account for 30 
to 40 percent of the world’s energy 
use and associated greenhouse gas 
emissions. Construction and opera-
tion of buildings in the United States 
accounted for more than one-third 
of this country’s total energy use and 
the consumption of more than two-
thirds of its electricity, 30 percent 
of its raw materials, a quarter of its 
harvested wood, and 12 percent of 
its fresh water. Building construction 
and operation is responsible for nearly 

We build because most human activities cannot take place 
outdoors. We need shelter from sun, wind, rain, and snow. We need 
dry, level platforms for our activities. Often we need to stack these 
platforms to multiply available space. On these platforms, and 
within our shelter, we need air that is warmer or cooler, more or 
less humid, than outdoors. We need less light by day, and more by 
night, than is offered by the natural world. We need services that 
provide energy, communications, and water and dispose of wastes. 
So, we gather materials and assemble them into the constructions 
we call buildings in an attempt to satisfy these needs.
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Sustainability / 5

half of this country’s total greenhouse 
gas emissions and close to a third of its 
solid waste stream. Buildings are also 
signifi cant emitters of particulates and 
other air pollutants. In short, build-
ing construction and operation cause 
many forms of environmental degra-
dation that place an increasing burden 
on the earth’s resources and jeopar-
dize the future of the building industry 
and societal health and welfare.

Sustainability may be defi ned as 
meeting the needs of the present gen-
eration without compromising the abil-
ity of future generations to meet their 
needs. By consuming irreplaceable 
fossil fuels and other nonrenewable 
resources, by building in sprawling 
urban patterns that cover extensive 
areas of prime agricultural land, by us-
ing destructive forestry practices that 
degrade natural ecosystems, by allow-
ing topsoil to be eroded by wind and 
water, and by generating substances 
that pollute water, soil, and air, we have 
been building in a manner that will 
make it increasingly diffi cult for our 
children and grandchildren to meet 
their needs for communities, build-
ings, and healthy lives.

On the other hand, if we reduce 
building energy usage and utilize 
sunlight and wind as energy sources 
for our buildings, we reduce deple-
tion of fossil fuels. If we reuse exist-
ing buildings imaginatively and ar-
range our new buildings in compact 
patterns on land of marginal value, 
we minimize the waste of valuable, 
productive land. If we harvest wood 
from forests that are managed in such 
a way that they can supply wood at a 
sustained level for the foreseeable fu-
ture, we maintain wood construction as 
a viable option for centuries to come 
and protect the ecosystems that these 
forests support. If we protect soil and 
water through sound design and con-
struction practices, we retain these 
resources for our successors. If we sys-
tematically reduce the various forms 
of pollution emitted in the processes 
of constructing and operating build-
ings, we keep the future environment 
cleaner. And as the industry becomes 

more experienced and committed to 
designing and building sustainably, it 
becomes increasingly possible to do 
these things with little or no increase 
in construction cost while creating 
buildings that are less expensive to 
operate and more healthful for their 
occupants for decades to come.

Realization of these goals is de-
pendent on our awareness of the 
environmental problems created by 
building activities, knowledge of how 
to overcome these problems, and skill 
in designing and constructing build-
ings that harness this knowledge. 
While the practice of sustainable de-
sign and construction, also called green 
building, remains a relatively recent 
development in the design and con-
struction industry, its acceptance and 
support continue to broaden among 
public agencies, private developers, 
building operators and users, archi-
tectural and engineering fi rms, con-
tractors, and materials producers. 
With each passing year, green build-
ing techniques are becoming less a 
design specialty and more a part of 
mainstream practice.

The Building Life Cycle

Sustainability must be addressed 
on a life-cycle basis, from the ori-
gins of the materials for a build-
ing, through the manufacture and 
installation of these materials and 
their useful lifetime in the building, 
to their eventual disposal when the 
building’s life is ended. Each step 
in this so-called cradle-to-grave cycle 
raises questions of sustainability.

Origin and Manufacture of 
Materials for a Building
Are the raw materials for a building 
plentiful or rare? Are they renew-
able or nonrenewable? How much of 
the content of a material is recycled 
from other uses? How much embodied 
energy is expended in obtaining and 
manufacturing the material, and how 
much water? What pollutants are dis-
charged into air, water, and soil as a 
result of these acts? What wastes are 

created? Can these wastes be converted 
to useful products? 

Construction of the Building
How much energy is expended in 
transporting a material from its ori-
gins to the building site, and what 
pollutants are generated? How much 
energy and water are consumed on 
the building site to put the material 
in place? What pollutants are associ-
ated with the installation of this mate-
rial in the building? What wastes are 
generated, and how much of them 
can be recycled?

Use and Maintenance of the Building
How much energy and water does the 
building use over its lifetime as a con-
sequence of the materials used in its 
construction and fi nishes? What prob-
lems of indoor air quality are caused 
by these materials? How much main-
tenance do these materials require, 
and how long will they last? Can they 
be recycled? How much energy and 
time are consumed in maintaining 
these materials? Does this mainte-
nance involve use of toxic chemicals?

Demolition of the Building
What planning and design strategies 
can be used to extend the useful life of 
buildings, thereby forestalling resource-
intensive demolition and construction 
of new buildings? When demolition 
is inevitable, how will the building be 
demolished and disposed of, and will 
any part of this process cause pollu-
tion of air, water, or soil? Can demol-
ished materials be recycled into new 
construction or diverted for other uses 
rather than disposed of as wastes?

One model for sustainable design 
is nature itself. Nature works in cycli-
cal processes that are self-sustaining 
and waste nothing. More and more 
building professionals are learning 
to create buildings that work more 
nearly as nature does, helping to leave 
to our descendants a stock of health-
ful buildings, a sustainable supply of 
natural resources, and a clean envi-
ronment that will enable them to live 
comfortably and responsibly and to 
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6 / Chapter 1 • Making Buildings

pass these riches on to their descen-
dants in a never-ending succession.

Assessing Green Buildings

In the United States, the most widely 
adopted method for rating the envi-
ronmental sustainability of a build-
ing’s design and construction is the 
U.S. Green Building Council’s Lead-
ership in Energy and Environmental 
Design, or LEED™, rating system.  
LEED for New Construction and 
Major Renovation projects, termed 
LEED-NC, groups sustainability goals 

into categories including site selec-
tion and development, effi ciency in 
water use, reductions in energy con-
sumption and in the production of 
atmospheric ozone-depleting gases, 
minimizing construction waste and 
the depletion of nonrenewable re-
sources, improving the quality of the 
indoor environment, and encourag-
ing innovation in sustainable design 
and construction practices (Figure 1.1). 
Within each category are specifi c cred-
its that contribute points toward a 
building’s overall assessment of sus-
tainability. Depending on the total 

number of points accumulated, four 
levels of sustainable design are recog-
nized, including, in order of increas-
ing performance, Certifi ed, Silver, 
Gold, and Platinum. 

The process of achieving LEED 
certifi cation for a proposed new build-
ing begins at the earliest stages of proj-
ect conception, continues throughout 
the design and construction of the 
project, and involves the combined ef-
forts of the owner, designer, and build-
er. During this process, the successful 
achievement of individual credits is 
documented and submitted to the 

Figure 1.1
The LEED-NC 2009 Project Scorecard. 
The document shown here was in draft 

status at the time of this publication. 
See the U.S. Green Building Council 

web site for the most current version of 
this document. (Courtesy of U.S. 

Green Building Council)

LEED for New Construction and Major Renovation 2009

Project Scorecard

Project Name:
Project Address:

Yes ? No

Yes ? No

Yes ? No

Yes ? No

stnioP62setiSelbaniatsuS

Y Prereq 1 Construction Activity Pollution Prevention Required

Credit 1 Site Selection 1
Credit 2 Development Density & Community Connectivity 5
Credit 3 Brownfield Redevelopment 1
Credit 4.1 Alternative Transportation, Public Transportation Access 6
Credit 4.2 Alternative Transportation, Bicycle Storage & Changing Rooms 1
Credit 4.3 Alternative Transportation, Low-Emitting & Fuel-Efficient Vehicles 3
Credit 4.4 Alternative Transportation, Parking Capacity 2
Credit 5.1 Site Development, Protect or Restore Habitat 1
Credit 5 2 Site Development Maximize Open Space 1Credit 5.2 Site Development, Maximize Open Space 1
Credit 6.1 Stormwater Design, Quantity Control 1
Credit 6.2 Stormwater Design, Quality Control 1
Credit 7.1 Heat Island Effect, Non-Roof 1
Credit 7.2 Heat Island Effect, Roof 1
Credit 8 Light Pollution Reduction 1

Water Efficiency 10 Points

Prereq 1 Water Use Reduction, 20% Reduction Required

Credit 1.1 Water Efficient Landscaping, Reduce by 50% 2
Credit 1.2 Water Efficient Landscaping, No Potable Use or No Irrigation 2
Credit 2 Innovative Wastewater Technologies 2
Credit 3.1 Water Use Reduction, 30% Reduction 2
Credit 3.2 Water Use Reduction, 40% Reduction 2

stnioP53erehpsomtA&ygrenE gy p

Y Prereq 1 Fundamental Commissioning of the Building Energy Systems Required

Y Prereq 2 Minimum Energy Performance: 10% New Bldgs or 5% Existing Bldg Renovations Required

Y Prereq 3 Fundamental Refrigerant Management Required

Credit 1 Optimize Energy Performance 1 to 19

12% New Buildings or 8% Existing Building Renovations 1
16% New Buildings or 12% Existing Building Renovations 3
20% New Buildings or 16% Existing Building Renovations 5
24% New Buildings or 20% Existing Building Renovations 724% New Buildings or 20% Existing Building Renovations 7
28% New Buildings or 24% Existing Building Renovations 9
32% New Buildings or 28% Existing Building Renovations 11
36% New Buildings or 32% Existing Building Renovations 13
40% New Buildings or 36% Existing Building Renovations 15
44% New Buildings or 40% Existing Building Renovations 17
48% New Buildings or 44% Existing Building Renovations 19

Credit 2 On-Site Renewable Energy 1 to 7

1% Renewable Energy 11% Renewable Energy 1
3ygrenEelbaweneR%5
5ygrenEelbaweneR%9
7ygrenEelbaweneR%31

Credit 3 Enhanced Commissioning 2
Credit 4 Enhanced Refrigerant Management 2
Credit 5 Measurement & Verification 3
Credit 6 Green Power 2
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Green Building Council, which then 
makes the fi nal certifi cation of the 
project’s LEED compliance.

The U.S. Green Building Coun-
cil continues to refi ne and improve 
upon LEED-NC and is expanding its 
family of rating systems to include 
existing buildings (LEED-EB), com-
mercial interiors (LEED-CI), build-
ing core and shell construction 
(LEED-CS), homes (LEED-H), and 
other categories of construction and 
development. Through international 
sister organizations, LEED is being 
implemented in Canada and other 
countries. Other green building 

programs, such as the Green Build-
ing Initiative’s Green Globes, the Na-
tional Association of Home Builders’ 
Green Home Building Guidelines, and 
the International Code Council and 
National Association of Home Build-
ers’ jointly developed National Green 
Building Standard, offer alternative as-
sessment schemes.

Some green building efforts 
focus more narrowly on reducing 
building energy consumption, a 
measure of building performance 
that frequently correlates closely 
with the generation of greenhouse 
gas emissions and global warming 

trends. The American Society of 
Heating, Refrigerating and Air-Con-
ditioning Engineers’ Advanced Energy 
Design Guides and the U.S. Environ-
mental Protection Agency’s Energy 
Star program both set goals for re-
ductions in energy consumption in 
new buildings that exceed current 
national standards. These standards 
can be applied either as stand-alone 
programs or as part of a more com-
prehensive effort to achieve certifi -
cation through LEED or some other 
green building assessment program.

Buildings can also be designed 
with the goal of zero energy use or 
carbon neutrality. A net zero energy 
building is one that consumes no 
more energy than it produces, usually 
when measured on an annual basis to 
account for seasonal differences in 
building energy consumption and 
on-site energy production. Net zero 
energy use can be achieved using cur-
rent technology combining on-site 
renewable energy generation (such as 
wind or solar power), passive heating 
and cooling strategies, a thermally ef-
fi cient building enclosure, and highly 
effi cient mechanical systems and ap-
pliances. 

A carbon-neutral building is one 
that causes no net increase in the 
emission of carbon dioxide, the most 
prevalent atmospheric greenhouse 
gas. If emissions due only to building 
operation are considered, the calcu-
lation is similar to that for a net zero 
energy building. If, however, the em-
bodied carbon in the building’s full 
life cycle—from materials extraction 
and manufacturing, through building 
construction and operations, to demo-
lition, disposal, and recycling—is con-
sidered, the calculation becomes more 
complex. Carbon-neutral calculations 
may also consider the site on which 
the building resides. For example, 
what is the carbon footprint of a fully 
developed building site, including 
both its buildings and unbuilt areas, 
in comparison to that of the site prior 
to construction or in comparison to its 
natural state prior to human develop-
ment of any kind? Another possible 

stnioP41secruoseR & slairetaM

Y Prereq 1 Storage & Collection of Recyclables Required

Credit 1.1 Building Reuse, Maintain 75% of Existing Walls, Floors & Roof 2
C dit 1 2 B ildi R M i t i 95% f E i ti W ll Fl & R f 1Credit 1.2 Building Reuse, Maintain 95% of Existing Walls, Floors & Roof 1
Credit 1.3 Building Reuse, Maintain 50% of Interior Non-Structural Elements 1
Credit 2.1 Construction Waste Management, Divert 50% from Disposal 1
Credit 2.2 Construction Waste Management, Divert 75% from Disposal 1
Credit 3.1 Materials Reuse, 5% 1
Credit 3.2 Materials Reuse, 10% 1
Credit 4.1 Recycled Content, 10% (post-consumer + ½ pre-consumer) 1
Credit 4.2 Recycled Content, 20% (post-consumer + ½ pre-consumer) 1
Credit 5.1 Regional Materials, 10% Extracted, Processed & Manufactured Regionally 1Credit 5.1 Regional Materials, 10% Extracted, Processed & Manufactured Regionally 1
Credit 5.2 Regional Materials, 20% Extracted, Processed & Manufactured Regionally 1
Credit 6 Rapidly Renewable Materials 1
Credit 7 Certified Wood 1

Yes ? No

stnioP51ytilauQ latnemnorivnE roodnI

Y Prereq 1 Minimum IAQ Performance Required

Y Prereq 2 Environmental Tobacco Smoke (ETS) Control Required

Credit 1 Outdoor Air Delivery Monitoring 1
Credit 2 Increased Ventilation 1
Credit 3.1 Construction IAQ Management Plan, During Construction 1
Credit 3.2 Construction IAQ Management Plan, Before Occupancy 1
Credit 4.1 Low-Emitting Materials, Adhesives & Sealants 1
Credit 4.2 Low-Emitting Materials, Paints & Coatings 1
Credit 4.3 Low-Emitting Materials, Flooring Systems 1
Credit 4.4 Low-Emitting Materials, Composite Wood & Agrifiber Products 1
Credit 5 Indoor Chemical & Pollutant Source Control 1Credit 5 Indoor Chemical & Pollutant Source Control 1
Credit 6.1 Controllability of Systems, Lighting 1
Credit 6.2 Controllability of Systems, Thermal Comfort 1
Credit 7.1 Thermal Comfort, Design 1
Credit 7.2 Thermal Comfort, Verification 1
Credit 8.1 Daylight & Views, Daylight 75% of Spaces 1
Credit 8.2 Daylight & Views, Views for 90% of Spaces 1

Yes ? No

Innovation & Design Process 6 PointsInnovation & Design Process 6 Points

Credit 1.1 Innovation in Design: Provide Specific Title 1
Credit 1.2 Innovation in Design: Provide Specific Title 1
Credit 1.3 Innovation in Design: Provide Specific Title 1
Credit 1.4 Innovation in Design: Provide Specific Title 1
Credit 1.5 Innovation in Design: Provide Specific Title 1
Credit 2 LEED

®
Accredited Professional 1

Yes ? No

stnioP4stiderC sunoB lanoigeR

Credit 1.1 Region Specific Environmental Priority: Region Defined 1
Credit 1.2 Region Specific Environmental Priority: Region Defined 1
Credit 1.3 Region Specific Environmental Priority: Region Defined 1
Credit 1.4 Region Specific Environmental Priority: Region Defined 1

Yes ? No

Project Totals (Certification Estimates) 110 PointsProject Totals (Certification Estimates) 110 Points

Not Certified Certified: 40-49 points Silver:  50-59 points Gold:  60-79 points Platinum:  80+ points
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8 / Chapter 1 • Making Buildings

consideration is, what role, if any, 
should carbon offsetting (funding of off-
site activities that reduce global carbon 
emissions, such as planting of trees), 
play in such calculations? Questions 
such as these and the concepts of 
sustainability and how they relate to 
building construction will continue to 
evolve for the foreseeable future. 

Considerations of sustainability 
are included throughout this book. 
In addition, a sidebar in nearly 
every chapter describes the major 
issues of sustainability related to the 
materials and methods discussed 
in that chapter. These will be help-
ful in weighing the environmental 
costs of one material against those 
of another, and in learning how to 
build in such a way that we preserve 
for future generations the ability to 
meet their building needs in a rea-
sonable and economical manner. 
For more information on organiza-
tions whose mission is to raise our 
awareness and provide the knowl-
edge that we need to build sustain-
ably, see the references listed at the 
end of this chapter.

The Work of the 
Design Professional: 
Choosing Building 
Systems
A building begins as an idea in some-
one’s mind, a desire for new and 
ample accommodations for a family, 
many families, an organization, or an 
enterprise. For any but the smallest 
buildings, the next step for the own-
er of the prospective building is to 
engage, either directly or through a 
hired construction manager, the ser-
vices of building design profession-
als. An architect helps to organize the 
owner’s ideas about the new building, 
develops the form of the building, and 
assembles a group of engineering 
specialists to help work out concepts 
and details of foundations, structural 
support, and mechanical, electrical, 
and communications services.

. . . the architect should 
have construction at least as 
much at his fi ngers’ ends as a 
thinker his grammar. 

Le Corbusier, Towards a New 

Architecture, 1927

This team of designers, working 
with the owner, then develops the 
scheme for the building in progres-
sively fi ner degrees of detail. Draw-
ings and written specifi cations are 
produced by the architect–engineer 
team to document how the building 
is to be made and of what. The draw-
ings and specifi cations are submitted 
to the local government building au-
thorities, where they are checked for 
conformance with zoning ordinances 
and building codes before a permit is 
issued to build. A general contractor 
is selected, either by negotiation or by 
competitive bidding, who then hires 
subcontractors to carry out many spe-
cialized portions of the work. Once 
construction begins, the general 
contractor oversees the construction 
process while the building inspector, 
architect, and engineering consultants 
observe the work at frequent intervals 
to be sure that it is carried out accord-
ing to plan. Finally, construction is 
fi nished, the building is made ready 
for occupancy, and that original idea, 
often initiated years earlier, is realized. 

Although a building begins as 
an abstraction, it is built in a world of 
material realities. The designers of 
a building—the architects and engi-
neers—work constantly from a knowl-
edge of what is possible and what is 
not. They are able, on the one hand, 
to employ a seemingly limitless palette 
of building materials and any of a num-
ber of structural systems to produce a 
building of almost any desired form 
and texture. On the other hand, they 
are inescapably bound by certain physi-
cal limitations: how much land there is 
with which to work; how heavy a build-
ing the soil can support; how long a 

structural span is feasible; what sorts 
of materials will perform well in the 
given environment. They are also con-
strained by a construction budget and 
by a complex web of legal restrictions.

Those who work in the building 
professions need a broad understand-
ing of many things, including people 
and culture, the environment, the 
physical principles by which build-
ings work, the technologies avail-
able for utilization in buildings, the 
legal restrictions on building design 
and use, the economics of building, 
and the contractual and practical 
arrangements under which buildings 
are constructed. This book is con-
cerned primarily with the technologies 
of construction—what the materials 
are, how they are produced, what 
their properties are, and how they are 
crafted into buildings. These must be 
studied, however, with reference to 
many other factors that bear on the 
design of buildings, some of which 
require explanation here.

Zoning Ordinances

The legal restrictions on buildings be-
gin with local zoning ordinances, which 
govern the types of activities that may 
take place on a given piece of land, 
how much of the land may be covered 
by buildings, how far buildings must be 
set back from adjacent property lines, 
how many parking spaces must be pro-
vided, how large a total fl oor area may 
be constructed, and how tall the build-
ings may be. In larger cities, zoning or-
dinances may include fi re zones with 
special fi re-protection requirements, 
neighborhood enterprise districts with 
economic incentives for new construc-
tion or revitalization of existing build-
ings, or other special conditions. 

Building Codes

In addition to its zoning ordinances, 
local governments regulate build-
ing activity by means of building 
codes. Building codes protect public 
health and safety by setting minimum 
standards for construction quality, 
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structural integrity, durability, livability, 
accessibility, and especially fi re safety.

Most building codes in North 
America are based on one of sever-
al model building codes, standardized 
codes that local jurisdictions may 
adopt for their own use as an alterna-
tive to writing their own. In Canada, 
the National Building Code of Canada is 
published by the Canadian Commis-
sion on Building and Fire Codes. It is 
the basis for most of that country’s pro-
vincial and municipal building codes. 
In the United States, the International 
Building Code® is the predominant 
model code. This code is published 
by the International Code Council, a 
private, nonprofi t organization whose 
membership consists of local code of-
fi cials from throughout the country. 
It is the basis for most U.S. building 
codes enacted at the state, county, 
and municipal levels. The Interna-
tional Building Code (IBC) is the 
fi rst unifi ed model building code in 
U.S. history. First published in March 
2000, it was a welcome consolidation 
of a number of previous competing 
regional model codes. 

Building-code-related informa-
tion in this book is based on the IBC. 
The IBC begins by defi ning occupancy 
groups for buildings as follows:

• Groups A-1 through A-5 are public 
Assembly occupancies: theaters, audi-
toriums, lecture halls, nightclubs, res-
taurants, houses of worship, libraries, 
museums, sports arenas, and so on.

• Group B is Business occupancies: 
banks, administrative offi ces, high-
er-education facilities, post offi ces, 
banks, professional offi ces, and the 
like.

• Group E is Educational occupan-
cies: schools for grades K through 12 
and day-care facilities.

• Groups F-1 and F-2 comprise in-
dustrial processes using moderate-
fl ammability or noncombustible 
materials, respectively.

• Groups H-1 through H-5 include 
various types of High Hazard occu-
pancies in which toxic, corrosive, 

highly fl ammable, or explosive mate-
rials are present.

• Groups I-1 through I-4 are Insti-
tutional occupancies in which occu-
pants under the care of others may 
not be able to save themselves during 
a fi re or other building emergency, 
such as health care facilities, custo-
dial care facilities, and prisons.

• Group M is Mercantile occupan-
cies: stores, markets, service stations, 
and salesrooms.

• Groups R-1 through R-4 are Resi-
dential occupancies, including apart-
ment buildings, dormitories, fraternity 
and sorority houses, hotels, one- and 
two-family dwellings, and assisted-
living facilities.
• Groups S-1 and S-2 include build-
ings for Storage of moderate- and 
low-hazard materials, respectively.
• Group U is Utility buildings. It 
comprises agricultural buildings, car-
ports, greenhouses, sheds, stables, 
fences, tanks, towers, and other sec-
ondary buildings.

The IBC’s purpose in establishing 
occupancy groups is to distinguish 
various degrees of need for safety in 
buildings. A hospital, in which many 
patients are bedridden and cannot 
escape a fi re without assistance from 
others, must be built to a higher stan-
dard of safety than a hotel or motel. 
A warehouse storing noncombustible 
masonry materials, which is likely to 
be occupied by only a few people, 
all of them able-bodied, can be con-
structed to a lower standard than a 
large retail mall building, which will 
house large quantities of combustible 
materials and will be occupied by 
many users varying in age and physi-
cal capability. An elementary school 
requires more protection for its oc-
cupants than a university building. 
A theater needs special egress pro-
visions to allow its many patrons to 
escape quickly, without stampeding, 
in an emergency.

These defi nitions of occupancy 
groups are followed by a set of defi ni-
tions of construction types. At the head 

of this list is Type I construction, made 
with highly fi re-resistant, noncom-
bustible materials. At the foot of it is 
Type V construction, which is built 
from combustible wood framing—the 
least fi re-resistant of all construction 
types. In between are Types II, III, and 
IV, with levels of resistance to fi re fall-
ing between these two extremes. 

With occupancy groups and con-
struction types defi ned, the IBC pro-
ceeds to match the two, stating which 
occupancy groups may be housed 
in which types of construction, and 
under what limitations of building 
height and area. Figure 1.2 is repro-
duced from the IBC. This table gives 
values for the maximum building 
height, in both feet and number of 
stories above grade, and the maxi-
mum area per fl oor for every possible 
combination of occupancy group 
and construction type. Once these 
base values are adjusted according 
to other provisions of the code, the 
maximum permitted size for a build-
ing of any particular use and type of 
construction can be determined.

This table concentrates a great 
deal of important information into 
a very small space. A designer may 
refer to it with a particular build-
ing type in mind and fi nd out what 
types of construction will be permit-
ted and what shape the building may 
take. Consider, for example, an offi ce 
building. Under the IBC, a building 
of this type belongs to Occupancy 
Group B, Business. Reading across 
the table from left to right, we fi nd 
immediately that this building may 
be built to any desired size, without 
limit, using Type I-A construction.

Type I-A construction is de-
fi ned in the IBC as consisting of only 
noncombustible materials—masonry, 
concrete, or steel, for example, but 
not wood—and meeting minimum re-
quirements for resistance to the heat 
of fi re. Looking at the upper table in 
Figure 1.3, also reproduced from the 
IBC, we fi nd under Type I-A construc-
tion a listing of the required fi re resis-
tance ratings, measured in hours, for 
various parts of our proposed offi ce 
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TABLE 503

ALLOWABLE HEIGHT AND BUILDING AREASa

Height limitations shown as stories and feet above grade plane.

Area limitations as determined by the definition of “Area, building,” per story

GROUP

TYPE OF CONSTRUCTION

V EPYTVI EPYTIII EPYTII EPYTI EPYT

A B A B A B HT A B

HGT(feet)

HGT(S) UL 160 65 55 65 55 65 50 40

A-1
S
A

UL
UL

5
UL

3
15,500

2
8,500

3
14,000

2
8,500

3
15,000

2
11,500

1
5,500

A-2
S
A

UL
UL

11
UL

3
15,500

2
9,500

3
14,000

2
9,500

3
15,000

2
11,500

1
6,000

A-3
S
A

UL
UL

11
UL

3
15,500

2
9,500

3
14,000

2
9,500

3
15,000

2
11,500

1
6,000

A-4
S
A

UL
UL

11
UL

3
15,500

2
9,500

3
14,000

2
9,500

3
15,000

2
11,500

1
6,000

A-5
S
A

UL
UL

UL
UL

UL
UL

UL
UL

UL
UL

UL
UL

UL
UL

UL
UL

UL
UL

B
S
A

UL
UL

11
UL

5
37,500

4
23,000

5
28,500

4
19,000

5
36,000

3
18,000

2
9,000

E
S
A

UL
UL

5
UL

3
26,500

2
14,500

3
23,500

2
14,500

3
25,500

1
18,500

1
9,500

F-1
S
A

UL
UL

11
UL

4
25,000

2
15,500

3
19,000

2
12,000

4
33,500

2
14,000

1
8,500

F-2
S
A

UL
UL

11
UL

5
37,500

3
23,000

4
28,500

3
18,000

5
50,500

3
21,000

2
13,000

H-1
S
A

1
21,000

1
16,500

1
11,000

1
7,000

1
9,500

1
7,000

1
10,500

1
7,500

NP
NP

H-2d S
A

UL
21,000

3
16,500

2
11,000

1
7,000

2
9,500

1
7,000

2
10,500

1
7,500

1
3,000

H-3d S
A

UL
UL

6
60,000

4
26,500

2
14,000

4
17,500

2
13,000

4
25,500

2
10,000

1
5,000

H-4
S
A

UL
UL

7
UL

5
37,500

3
17,500

5
28,500

3
17,500

5
36,000

3
18,000

2
6,500

H-5
S
A

4
UL

4
UL

3
37,500

3
23,000

3
28,500

3
19,000

3
36,000

3
18,000

2
9,000

I-1
S
A

UL
UL

9
55,000

4
19,000

3
10,000

4
16,500

3
10,000

4
18,000

3
10,500

2
4,500

I-2
S
A

UL
UL

4
UL

2
15,000

1
11,000

1
12,000

NP
NP

1
12,000

1
9,500

NP
NP

I-3
S
A

UL
UL

4
UL

2
15,000

1
10,000

2
10,500

1
7,500

2
12,000

2
7,500

1
5,000

I-4
S
A

UL
UL

5
60,500

3
26,500

2
13,000

3
23,500

2
13,000

3
25,500

1
18,500

1
9,000

M
S
A

UL
UL

11
UL

4
21,500

4
12,500

4
18,500

4
12,500

4
20,500

3
14,000

1
9,000

R-1
S
A

UL
UL

11
UL

4
24,000

4
16,000

4
24,000

4
16,000

4
20,500

3
12,000

2
7,000

R-2
S
A

UL
UL

11
UL

4
24,000

4
16,000

4
24,000

4
16,000

4
20,500

3
12,000

2
7,000

R-3
S
A

UL
UL

11
UL

4
UL

4
UL

4
UL

4
UL

4
UL

3
UL

3
UL

R-4
S
A

UL
UL

11
UL

4
24,000

4
16,000

4
24,000

4
16,000

4
20,500

3
12,000

2
7,000

S-1
S
A

UL
UL

11
48,000

4
26,000

3
17,500

3
26,000

3
17,500

4
25,500

3
14,000

1
9,000

S-2b, c S
A

UL
UL

11
79,000

5
39,000

4
26,000

4
39,000

4
26,000

5
38,500

4
21,000

2
13,500

Uc S
A

UL
UL

5
35,500

4
19,000

2
8,500

3
14,000

2
8,500

4
18,000

2
9,000

1
5,500

For SI: 1 foot = 304.8 mm, 1 square foot = 0.0929 m2.
UL = Unlimited, NP = Not permitted.
a. See the following sections for general exceptions to Table 503:

1. Section 504.2, Allowable height increase due to automatic sprinkler system installation.
2. Section 506.2, Allowable area increase due to street frontage.
3. Section 506.3, Allowable area increase due to automatic sprinkler system installation.
4. Section 507, Unlimited area buildings.

b. For open parking structures, see Section 406.3.
c. For private garages, see Section 406.1.
d. See Section 415.5 for limitations.
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TABLE 601

FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (hours)

BUILDING  ELEMENT

TYPE I TYPE II TYPE III TYPE IV TYPE V

A B Ae B Ae B HT Ae B

Structural framea 3b 2b 1 0 1 0 HT 1 0

Bearing walls
Exteriorg

Interior
3
3b

2
2b

1
1

0
0

2
1

2
0

2
1/HT

1
1

0
0

Nonbearing walls and partitions
206elbaTeeSroiretxE

Nonbearing walls and partitions
Interiorf 0 0 0 0 0 0 See Section 602.4.6 0 0

Floor construction
Including supporting beams and joists

2 2 1 0 1 0 HT 1 0

Roof construction
Including supporting beams and joists

11/2
c 1c, d 1c, d 0 d 1 d 0 d HT 1c, d 0

For SI: 1 foot = 304.8 mm.
a. The structural frame shall be considered to be the columns and the girders, beams, trusses and spandrels having direct connections to the columns and bracing

members designed to carry gravity loads. The members of floor or roof panels which have no connection to the columns shall be considered secondary members
and not a part of the structural frame.

b. Roof supports: Fire-resistance ratings of structural frame and bearing walls are permitted to be reduced by 1 hour where supporting a roof only.
c. Except in Group F-1, H, M and S-1 occupancies, fire protection of structural members shall not be required, including protection of roof framing and decking

where every part of the roof construction is 20 feet or more above any floor immediately below. Fire-retardant-treated wood members shall be allowed to be used
for such unprotected members.

d. In all occupancies, heavy timber shall be allowed where a 1-hour or less fire-resistance rating is required.
e. An approved automatic sprinkler system in accordance with Section 903.3.1.1 shall be allowed to be substituted for 1-hour fire-resistance-rated construction, pro-

vided such system is not otherwise required by other provisions of the code or used for an allowable area increase in accordance with Section 506.3 or an allowable
height increase in accordance with Section 504.2. The 1-hour substitution for the fire resistance of exterior walls shall not be permitted.

f. Not less than the fire-resistance rating required by other sections of this code.
g. Not less than the fire-resistance rating based on fire separation distance (see Table 602).

TABLE 602

FIRE-RESISTANCE RATING REQUIREMENTS FOR EXTERIOR WALLS BASED ON FIRE SEPARATION DISTANCEa, e

FIRE SEPARATION DISTANCE = X

(feet) TYPE OF CONSTRUCTION

OCCUPANCY

GROUP H

OCCUPANCY

GROUP F-1, M, S-1

OCCUPANCY

GROUP A, B, E, F-2, I, R, S-2, Ub

X < c 123llA

5 ≤ X <10
IA

Others
3
2

2
1

1
1

10 ≤ X< 30
IA, IB

IIB, VB
Others

2
1
1

1
0
1

1d

0
1d

X ≥ 000llA03

For SI: 1 foot = 304.8 mm.
a. Load-bearing exterior walls shall also comply with the fire-resistance rating requirements of Table 601.
b. For special requirements for Group U occupancies see Section 406.1.2
c. See Section 705.1.1 for party walls.
d. Open parking garages complying with Section 406 shall not be required to have a fire-resistance rating.
e. The fire-resistance rating of an exterior wall is determined based upon the fire separation distance of the exterior wall and the story in which the wall is located.

Figure 1.2
Height and area limitations of build-
ings of various types of construction, as 
defi ned in the 2006 IBC. (Portions of this 
publication reproduce tables from the 2006 
International Building Code, International 
Code Council, Inc., Washington, D.C. Repro-
duced with Permission. All rights reserved.)

Figure 1.3
Fire resistance of building elements as 
required by the 2006 IBC. (Portions of this 
publication reproduce tables from the 2006 
International Building Code, International 
Code Council, Inc., Washington, D.C. Repro-
duced with Permission. All rights reserved.)

building. For example, the fi rst line 
states that the structural frame, in-
cluding such elements as columns, 
beams, and trusses, must be rated at 
3 hours. The second line also man-
dates a 3-hour resistance for bearing 
walls, which serve to carry fl oors or 
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12 / Chapter 1 • Making Buildings

roofs above. Nonbearing walls or parti-
tions, which carry no load from above, 
are listed in the third line, referring to 
Table 602, which gives fi re resistance 
rating requirements for exterior walls 
of a building based on their proxim-
ity to adjacent buildings. (Table 602 
is included in the lower portion of 
Figure 1.3.) Requirements for fl oor 
and roof construction are defi ned in 
the last two lines of Table 601. 

Looking across Table 601 in Fig-
ure 1.3, we can see that fi re resistance 
rating requirements are highest for 
Type I-A construction, decrease to 
1 hour for various intermediate types, 
and fall to zero for Type V-B construc-
tion. In general, the lower the con-
struction type numeral, the more 
fi re-resistant the construction system 
is. (Type IV construction is somewhat of 
an anomaly, referring to Heavy Timber 
construction consisting of large wood-
en members that are relatively slow to 
catch fi re and burn.) 

Once fi re resistance rating re-
quirements for the major parts of a 
building have been determined the 
design of these parts can proceed, 
using building assemblies meet-
ing these requirements. Tabulated 
fi re resistance ratings for common 
building materials and assemblies 
may come from a variety of sources, 
including the IBC itself, as well as a 
from catalogs and handbooks issued 
by building material manufacturers, 
construction trade associations, and or-
ganizations concerned with fi re pro-
tection of buildings. In each case, the 
ratings are derived from full-scale lab-
oratory tests of building components 
carried out in accordance with an ac-
cepted standard fi re test protocol to 
ensure uniformity of results. (This 
test, ASTM E119, is described more 
fully in Chapter 22 of this book.) 
Figures 1.4 to 1.6 show sections of 
tables from catalogs and handbooks 
to illustrate how such fi re resistance 
ratings are commonly presented.

In general, when determining 
the level of fi re resistance required 
for a building, the greater the de-
gree of fi re resistance, the higher 

Figure 1.4
Examples of fi re resistance ratings for concrete and masonry structural elements. 
The upper detail, taken from the Underwriters Laboratories Fire Resistance Directory, 
is for a precast concrete hollow-core plank fl oor with a poured concrete topping. Re-
strained and unrestrained refer to whether or not the fl oor is prevented from expanding 
longitudinally when exposed to the heat of a fi re. The lower detail is from literature 
published by the Brick Institute of America. (Reprinted with permission of Underwriters 
Laboratories Inc. and the Brick Institute of America, respectively.)
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Figure 1.6
A sample of fi re resistance ratings pub-
lished by the Gypsum Association, in this 
case for an interior partition. (Courtesy of 
the Gypsum Association)

Figure 1.5
Fire resistance ratings for a steel fl oor 
structure and column, respectively, taken 
from the Underwriters Laboratories Fire 
Resistance Directory. (Reprinted with permis-
sion of Underwriters Laboratories Inc.)
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14 / Chapter 1 • Making Buildings

the cost. Most frequently, therefore, 
buildings are designed with the low-
est level of fi re resistance permitted 
by the building code. Our hypothet-
ical offi ce building could be built 
using Type IA construction, but does 
it really need to be constructed to 
this high standard?

Let us suppose that the owner de-
sires a fi ve-story building with 30,000 
square feet per fl oor. Reading across 
the table in Figure 1.2, we can see that 
in addition to Type I-A construction, 
the building can be of Type I-B con-
struction, which permits a building 
of eleven stories and unlimited fl oor 
area, or of Type II-A construction, 
which permits a building of fi ve sto-
ries and 37,500 square feet per fl oor. 
But it cannot be of Type II-B construc-
tion, which allows a building of only 
four stories and 23,000 square feet per 
fl oor. It can also be built of Type IV 
construction but not of Type III or 
Type V.

Other factors also come into play 
in these determinations. If a building 
is protected throughout by an ap-
proved, fully automatic sprinkler sys-
tem for suppression of fi re, the IBC 
provides that the tabulated area per 
fl oor may be quadrupled for a single-
story building or as much as tripled 
for a multistory building (depending 
on additional considerations omit-
ted here for the sake of simplicity). 
A one-story increase in allowable 
height is also granted under most cir-
cumstances if such a sprinkler system 
is installed. If the fi ve-story, 30,000-
square-foot offi ce building that we 
have been considering is provided 
with such a sprinkler system, a bit of 
arithmetic will show that it can be 
built of any construction type shown 
in Figure 1.2 except Type V.

If more than a quarter of the 
building’s perimeter walls face pub-
lic ways or open spaces accessible 
to fi refi ghting equipment, an addi-
tional increase of up to 75 percent 
in allowable area is granted in ac-
cordance with another formula. Fur-
thermore, if a building is divided by 
fi re walls having the fi re resistance 

ratings specifi ed in another table 
(Figure 1.7), each divided portion 
may be considered a separate build-
ing for purposes of computing its 
allowable area, which effectively per-
mits the creation of a building many 
times larger than Figure 1.2 would, at 
fi rst glance, indicate.

The IBC also establishes stan-
dards for natural light, ventilation, 
means of emergency egress, struc-
tural design, construction of fl oors, 
walls, and ceilings, chimney con-
struction, fi re protection systems, ac-
cessibility for disabled persons, and 
many other important factors. The 
International Code Council also 
publishes the International Residential 
Code (IRC), a simplifi ed model code 
specifi cally addressing the construc-
tion of detached one- and two-family 
homes and townhouses of limited 
size. Within any particular build-
ing agency, buildings of these types 
may fall under the requirements of 
either the IBC or the IRC, depend-
ing on the code adoption policies of 
that jurisdiction.

The building code is not the only 
code with which a new building must 
comply. Health codes regulate aspects 
of design and operation related to 
sanitation in public facilities such as 
swimming pools, food-service opera-
tions, schools, or health care facilities. 

Energy codes establish standards of 
energy effi ciency for buildings affect-
ing a designer’s choices of windows, 
heating and cooling systems, and 
many aspects of the construction of a 
building’s enclosing walls and roofs. 
Fire codes regulate the operation and 
maintenance of buildings to ensure 
that egress pathways, fi re protection 
systems, emergency power, and other 
life-safety systems are properly main-
tained. Electrical and mechanical 
codes regulate the design and instal-
lation of building electrical, plumb-
ing, and heating and cooling systems. 
Some of these codes may be locally 
written. But like the building codes 
discussed above, most are based on 
national models. In fact, an impor-
tant task in the early design of any 
major building is determining what 
agencies have jurisdiction over the 
project and what codes and regula-
tions apply.

Other Constraints

Other types of legal restrictions must 
also be observed in the design and 
construction of buildings. The Ameri-
cans with Disabilities Act (ADA) makes 
accessibility to public buildings a civil 
right of all Americans, and the Fair 
Housing Act does the same for much 
multifamily housing. These access 

TABLE 705.4

FIRE WALL FIRE-RESISTANCE RATINGS

GROUP FIRE-RESISTANCE RATING (hours)

A, B, E, H-4, I, R-1, R-2, U 3a

F-1, H-3b, H-5, M, S-1 3

42-H ,1-H b

F-2, S-2, R-3, R-4 2

a. Walls shall be not less than 2-hour fire-resistance rated where separating
buildings of Type II or V construction.

b. For Group H-1, H-2 or H-3 buildings, also see Sections 415.4 and 415.5.

Figure 1.7
Fire resistance requirements for fi re walls, according to the 2006 IBC. (Portions of this 
publication reproduce tables from the 2006 International Building Code, International Code 
Council, Inc., Washington, D.C. Reproduced with Permission. All rights reserved.)
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standards regulate the design of en-
trances, stairs, doorways, elevators, toi-
let facilities, public areas, living spaces, 
and other parts of affected buildings 
to ensure that they are accessible and 
usable by physically handicapped 
members of the population. 

The U.S. Occupational Safety and 
Health Administration (OSHA) controls 
the design of workplaces to minimize 
hazards to the health and safety of 
workers. OSHA sets safety standards 
under which a building must be con-
structed and also has an important 
effect on the design of industrial and 
commercial buildings. 

An increasing number of states 
have limitations on the amount of 
volatile organic compounds (VOCs) that 
building products can release into 
the atmosphere. VOCs are organic 
chemical compounds that evaporate 
readily. They can act as irritants to 
building occupants, they contribute 
to air pollution, and some are green-
house gases. Typical sources of VOCs 
are paints, stains, adhesives, and bind-
ers used in the manufacture of wood 
panel products. 

States and localities have con-
servation laws that protect wetlands 
and other environmentally sensitive 
areas from encroachment by build-
ings. Fire insurance companies ex-
ert a major infl uence on construc-
tion standards through their testing 
and certifi cation organizations (Un-
derwriters Laboratories and Factory 
Mutual, for example) and through 
their rate structures for building 
insurance coverage, which offer 
strong fi nancial incentives to build-
ing owners for more hazard-resistant 
construction. Building contractors 
and construction labor unions have 
standards, both formal and infor-
mal, that affect the ways in which 
buildings are built. Unions have 
work rules and safety rules that must 
be observed; contractors have par-
ticular types of equipment, certain 
kinds of skills, and customary ways 
of going about things. All of these 
vary signifi cantly from one place to 
another.

Construction 
Standards and 
Information 
Resources
The tasks of the architect and the en-
gineer would be impossible to carry 
out without the support of dozens of 
standards-setting agencies, trade asso-
ciations, professional organizations, 
and other groups that produce and 
disseminate information on materials 
and methods of construction, some 
of the most important of which are 
discussed in the sections that follow. 

Standards-Setting Agencies

ASTM International (formerly the 
American Society for Testing and 
Materials) is a private organization 
that establishes specifi cations for 
materials and methods of construc-
tion accepted as standards throughout 
the United States. Numerical refer-
ences to ASTM standards—for exam-
ple, ASTM C150 for portland cement, 
used in making concrete—are found 
throughout building codes and con-
struction specifi cations, where they 
are used as a precise shorthand for 
describing the quality of materials or 
the requirements of their installation. 
Throughout this book, references to 
ASTM standards are provided for the 
major building materials presented. 
Should you wish to examine the con-
tents of the standards themselves, 
they can be found in the ASTM refer-
ences listed at the end of this chapter. 
In Canada, corresponding standards 
are set by the Canadian Standards 
Association (CSA).

The American National Standards 
Institute (ANSI) is another private or-
ganization that develops and certifi es 
North American standards for a broad 
range of products, such as exterior 
windows, mechanical components 
of buildings, and even the accessibil-
ity requirements referenced within 
the IBC itself (ICC/ANSI A117.1). 
Government agencies, most notably 
the U.S. Department of Commerce’s 

National Institute of Science and Technol-
ogy (NIST) and the National Research 
Council Canada’s Institute for Research 
in Construction (NRC-IRC), also spon-
sor research and establish standards 
for building products and systems. 

Construction Trade and 
Professional Associations

Design professionals, building ma-
terials manufacturers, and construc-
tion trade groups have formed a 
large number of organizations that 
work to develop  technical standards 
and disseminate information related 
to their respective fi elds of interest. 
The Construction Specifi cations In-
stitute, whose MasterFormat™ stan-
dard is described in the following 
section, is one example. This organi-
zation is composed both of indepen-
dent building professionals, such as 
architects and engineers, and of in-
dustry members. The Western Wood 
Products Association, to choose an 
example from among hundreds of 
trade associations, is made up of pro-
ducers of lumber and wood products. 
It carries out research programs on 
wood products, establishes uniform 
standards of product quality, certifi es 
mills and products that conform to 
its standards, and publishes authori-
tative technical literature concerning 
the use of lumber and related prod-
ucts. Associations with a similar range 
of activities exist for virtually every 
material and product used in build-
ing. All of them publish technical 
data relating to their fi elds of inter-
est, and many of these publications 
are indispensable references for the 
architect or engineer. A considerable 
number of the standards published by 
these organizations are incorporated 
by reference into the building codes. 
Selected publications from profes-
sional and trade associations are 
identifi ed in the references listed at 
the end of each chapter in this book. 
The reader is encouraged to obtain 
and explore these publications and 
others available from these various 
organizations. 

Construction Standards and Information Resources / 15
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MasterFormat

The Construction Specifi cations Institute (CSI) 
of the United States and its Canadian 
counterpart, Construction Specifi cations 
Canada (CSC), have evolved over a 
period of many years a comprehensive 
outline called MasterFormat for orga-
nizing information about construction 
materials and systems. MasterFormat 
is used as the outline for construction 
specifi cations for the vast majority of 
large construction projects in these 
two countries, it is frequently used to 
organize construction cost data, and it 
forms the basis on which most trade as-
sociations’ and manufacturers’ techni-
cal literature is cataloged. In some cases, 
MasterFormat is used to cross-reference 
materials information on construction 
drawings as well. 

MasterFormat is organized into 
50 primary divisions intended to 
cover the broadest possible range of 
construction materials and buildings 
systems. The portions of MasterFormat 
relevant to the types of construction 
discussed in this book are as follows:

Procurement and Contracting 
Requirements Group

Division 00  —  Procurement 
and Contracting 
Requirements

Specifi cations Group

General Requirements Subgroup
Division 01  —  General

Requirements
Facility Construction Subgroup

Division 02  —  Existing
Conditions

Division 03  — Concrete
Division 04  — Masonry
Division 05  — Metals
Division 06  —  Wood, Plastics,

and Composites

Division 07  —  Thermal and
Moisture
Protection

Division 08  — Openings
Division 09  — Finishes
Division 10  — Specialties

Division 11  — Equipment
Division 12  — Furnishings
Division 13  —  Special 

Construction
Division 14  —  Conveying

Equipment
Facilities Services Subgroup

Division 21  —  Fire
Suppression

Division 22  — Plumbing
Division 23  —  Heating,

Ventilating, 
and Air
Conditioning

Division 25  —  Integrated
Automation

Division 26  — Electrical
Division 27  —  Communica-

tions 
Division 28  —  Electronic

Safety and
Security

Site and Infrastructure Subgroup
Division 31  — Earthwork
Division 32  —  Exterior

Improvements

Division 33  — Utilities

These broadly defi ned divisions 
are further subdivided into sections, 
each describing a discrete scope of 
work usually provided by a single con-
struction trade or subcontractor. In-
dividual sections are identifi ed by six-
digit codes, in which the fi rst two digits 
correspond to the division numbers 
above and the remaining four digits 
identify subcategories and individual 
units within the division. Within Divi-
sion 05 – Metals, for example, some 
commonly referenced sections are:

Section 05 10 00  —  Structural 
Steel Framing

Section 05 21 00  —  Steel Joist 
Framing

Section 05 31 00  —  Steel Decking
Section 05 40 00  —  Cold-Formed 

Metal Framing
Section 05 50 00  —  Metal Fabrica-

tions

Almost every chapter in this book 
gives MasterFormat designations for 
the information it presents to help 
the reader know where to look in 
construction specifi cations and other 
technical resources for further infor-
mation. The full MasterFormat system 
is contained in the volume referenced 
at the end of this chapter.

MasterFormat organizes building 
systems information primarily accord-
ing to work product, that is, the work 
of discrete building trades, making it 
especially well suited for use during 
the construction phase of building. 
Other organizational systems, such 
as Uniformat™ and OmmiClass™, offer 
a range of alternative organizational 
schemes suitable to other phases of 
the building life cycle and other as-
pects of building functionality. See 
the references at the end of this chap-
ter for more information about these 
systems.

The Work of the 
Construction 
Professional: 
Constructing 
Buildings
Providing Construction 
Services

An owner wishing to construct a build-
ing hopes to achieve a fi nished project 
that meets its functional requirements 
and its expectations for design and 
quality, at the lowest possible cost, 
and on a predictable schedule. A con-
tractor offering its construction ser-
vices hopes to produce quality work, 
earn a profi t, and complete the proj-
ect in a timely fashion. Yet, the pro-
cess of building itself is fraught with 
uncertainty: It is subject to the vaga-
ries of the labor market, commodity 
prices, and the weather; despite the 
best planning efforts unanticipated 
conditions arise, delays occur, and 
mistakes are made; and the pressures 
of schedule and cost inevitably mini-
mize the margin for miscalculation. 
In this high-stakes environment, the 
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relationship between the owner and 
contractor must be structured to 
share reasonably between them the 
potential rewards and risks. 

Construction Project Delivery 
Methods
In conventional design/bid/build proj-
ect delivery (Figure 1.8), the owner 
fi rst hires a team of architects and 
engineers to perform design services, 
leading to the creation of drawings 
and technical specifi cations, referred 
to collectively as the construction docu-
ments, that comprehensively describe 
the facility to be built. Next, construc-
tion fi rms are invited to bid on the 
project. Each bidding fi rm reviews 
the construction documents and pro-
poses a cost to construct the facility. 
The owner evaluates the submitted 
proposals and awards the construc-
tion contract to the bidder deemed 
most suitable. This selection may be 
based on bid price alone, or other fac-
tors related to bidders’ qualifi cations 
may also be considered. The con-
struction documents then become 
part of the construction contract, and 
the selected fi rm proceeds with the 
work. On all but small projects, this 
fi rm acts as the general contractor, co-
ordinating and overseeing the overall 
construction process but frequently 
relying on smaller, more specialized 
subcontractors to perform signifi cant 
portions or even all of the construc-
tion work. During construction, the 
design team continues to provide ser-
vices to the owner, helping to ensure 
that the facility is built according to 
the requirements of the documents 
as well as answering questions related 

to the design, changes to the work, 
payments to the contractor, and simi-
lar matters. Among the advantages of 
design/bid/build project delivery are 
its easy-to-understand organizational 
structure, well-established legal prec-
edents, and ease of management. The 
direct relationship between the owner 
and the design team ensures that the 
owner retains control over the design 
and provides a healthy set of checks 
and balances during the construction 
process. Also, with design work com-
pleted before the project is bid, the 
owner starts construction with a fi xed 
construction cost and a high degree 
of confi dence regarding the fi nal 
costs of the project. 

In design/bid/build project de-
livery, the owner contracts with two 
entities, and design and construc-
tion responsibilities remain divided 
between these two throughout the 
project. In design/build project de-
livery, one entity ultimately assumes 
responsibility for both design and 
construction (Figure 1.8). A design/
build project begins with the owner 
developing a conceptual design or 
program that describes the functional 
or performance requirements of the 
proposed facility but does not detail 
its form or how it is to be constructed. 
Next, using this conceptual informa-
tion, a design/build organization is 
selected to complete all remaining as-
pects of the project. Selection of the 
designer/builder may be based on a 
competitive bid process similar to that 
described above for design/bid/build 
projects, on negotiation and evalu-
ation of an organization’s qualifi ca-
tions for the proposed work, or on 

some combination of both. Design/
build organizations themselves can 
take a variety of forms: a single fi rm 
encompassing both design and con-
struction expertise, a construction 
management fi rm that subcontracts 
with a separate design fi rm to provide 
those services, or a joint venture be-
tween two fi rms, one specializing in 
construction and the other in design. 
Regardless of the internal structure 
of the design/build organization, the 
owner contracts with this single en-
tity throughout the remainder of the 
project, which assumes responsibility 
for all remaining design and construc-
tion services. Design/build project de-
livery gives the owner a single source 
of accountability for all aspects of the 
project. It also places the designers 
and constructors in a collaborative re-
lationship, introducing construction 
expertise into the design phases of a 
project and allowing the earliest pos-
sible consideration of constructabil-
ity, cost control, construction schedul-
ing, and similar matters. This delivery 
method also readily accommodates 
fast track construction, a scheduling 
technique for reducing construction 
time that is described below.

Other delivery methods are possi-
ble: An owner may contract separately 
with a design team and a construction 
manager. As in design/build con-
struction, the construction manager 
participates in the project prior to 
the onset of construction, introduc-
ing construction expertise during the 
design stage. Construction manage-
ment project delivery can take a vari-
ety of forms and is frequently associ-
ated with especially large or complex 
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Figure 1.8
In design/bid/build project delivery, 
the owner contracts separately with the 
architect/engineer (A/E) design team 
and the construction general contrac-
tor (GC). In a design/build project, the 
owner contracts with a single organiza-
tional entity that provides both design 
and construction services.
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projects (Figure 1.9). In turnkey con-
struction, an owner contracts with a 
single entity that provides not only 
design and construction services, but 
fi nancing for the project as well. Or 
design and construction can be un-
dertaken by a single-purpose entity, of 
which the owner, architect, and con-
tractor are all joint members. Aspects 
of these and other project delivery 
methods can also be intermixed, al-
lowing many possible organizational 
schemes for the delivery of design 
and construction services that are 
suitable to a variety of owner require-
ments and project circumstances.

Paying for Construction Services
With fi xed fee or lump sum compensa-
tion, the contractor or other construc-
tion entity is paid a fi xed dollar amount 
to complete the construction of a proj-
ect regardless of that entity’s actual 
costs. With this compensation method 
the owner begins construction with a 
known, fi xed construction cost and as-
sumes minimal risk for unanticipated 
increases in cost. On the other hand, 
the construction contractor assumes 
most of the risk of unforeseen costs but 
also stands to gain from potential sav-
ings. Fixed fee compensation is most 
suitable to projects where the scope of 
the construction work is well defi ned at 
the time that the construction fee is set, 
as is the case, for example, with conven-
tional design/bid/build construction. 

As an alternative, compensation 
may be set on a cost plus a fee basis, 

where the owner agrees to pay the 
construction entity for the actual 
costs of construction—whatever 
they may turn out to be—plus an 
additional fee. In this case, the con-
struction contractor is shielded from 
most cost uncertainty, and it is the 
owner who assumes most of the risk 
of added costs and stands to gain the 
most from potential savings. Cost 
plus a fee compensation is most of-
ten used with projects where the 
scope of construction work is not 
fully known at the time that compen-
sation is established, a circumstance 
most frequently associated with con-
struction management or design/
build contracts.

With fi xed fee compensation, the 
builder assumes most of the risk re-
lated to unanticipated construction 
costs; with cost plus a fee compensa-
tion, the owner assumes most of this 
risk. Between these two extremes, many 
other fee-structuring arrangements 
can be used to allocate varying degrees 
of risk between the two parties.

Sequential versus Fast Track 
Construction
In sequential construction (Figure 1.10), 
each major phase in the design and 
construction of a building is com-
pleted before the next phase begins. 
Sequential construction can take 
place under any of the project deliv-
ery methods described previously. It 
is frequently associated with design/
bid/build construction, where the 

separation of design and construction 
phases fi ts naturally with the contrac-
tual separation between design and 
construction service providers.

Phased construction, also called fast 
track construction, aims to reduce the 
time required to complete a project 
by overlapping the design and con-
struction of various project parts (Fig-
ure 1.10). By allowing construction 
to start sooner and by overlapping 
the work of design and construction, 
phased construction can reduce the 
time required to complete a project. 
However, phased construction also 
introduces its own risks. Since con-
struction on some parts of the project 
begins before all design is complete, 
an overall cost for the project can-
not be established until a signifi cant 
portion of construction is underway. 
Phased construction also introduces 
more complexity into the design pro-
cess and increases the potential for 
costly design errors (for example, 
if foundation design does not ad-
equately anticipate the requirements 
of the not yet fully engineered struc-
ture above). Phased construction 
can be applied to any construction 
delivery method discussed above. It 
is frequently associated with design/
build and construction management 
project delivery methods, where the 
early participation of the construc-
tion entity provides resources that are 
helpful in managing the complex co-
ordination of overlapping design and 
construction activities. 

Figure 1.9
In its traditional role, a construction 
manager (CM) at fee provides project 
management services to the owner and 
assists the owner in contracting directly 
for construction services with one or 
more construction entities. A CM at fee 
is not directly responsible for the con-
struction work itself. A CM at risk acts 
more like a general contractor and takes 
on greater responsibility for construction 
quality, schedule, and costs. In either 
case, the A/E design team also contracts 
separately with the owner.
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Construction Scheduling

Constructing a building of any sig-
nifi cant size is a complex and costly 
endeavor, requiring the combined 
efforts of countless participants and 
the coordination of myriad tasks. 
Managing this process requires an 
in-depth understanding of the work 
required, of the ways in which differ-
ent aspects of the work depend upon 
each other, and of the constraints on 
the sequence in which the work must 
be performed.

Figure 1.11 captures one moment 
in the erection of a tall building. The 
process is led by the construction 
of the building’s central, stabilizing 
core structures (in the photograph, 
the pair of concrete towerlike struc-
tures extending above the highest 
fl oor levels). This work is followed by 
the construction of the surrounding 
fl oors, which rely, in part, on the pre-
viously completed cores for support. 
Attachment of the exterior skin can 
follow only after the fl oor plates are 
in place and structurally secure. And 
as the building skin is installed and 
fl oor areas become enclosed and pro-
tected from the weather, further oper-
ations, such as the roughing in of me-
chanical and electrical systems, and 
eventually, the installation of fi nishes 
and other elements, can proceed in 
turn. This simple example illustrates 
considerations that apply to virtually 
every aspect of building construction 
and at every scale from a building’s 
largest systems to its smallest details: 
Successful construction requires a de-
tailed understanding of the tasks re-
quired and their interdependencies.

The construction project sched-
ule is used to analyze and represent 
construction tasks, their relation-
ships, and the sequence in which they 
must be performed. Development of 
the schedule is a fundamental part 
of construction project planning, 
and regular updating of the schedule 
throughout the life of the project is es-
sential to its successful management. 
In a Gantt chart, a series of horizontal 
bars represent the duration of various 

tasks or groups of tasks that make up 
the project. Gantt charts provide an 
easy-to-understand representation of 
construction tasks and their relation-
ships in time. They can be used to 
provide an overall picture of a project 
schedule, with only a project’s major 
phases represented (Figure 1.10), or 
they can be expanded to represent a 
larger number of more narrowly de-
fi ned tasks at greater levels of project 
detail (Figure 1.12). 

The critical path of a project is the 
sequence of tasks that determines the 
least amount of time in which a project 
can be completed. For example, the 
construction of a building’s primary 
structural system is commonly on the 
critical path of a project schedule. If any 
of the tasks on which the completion of 
this system depends—such as design, 
shop drawing production and review, 
component fabrication, materials de-
livery, or erection on site—are delayed, 
then the fi nal completion date of the 
project will be extended. On the other 
hand, other systems not on the criti-
cal path have more fl exibility in their 

scheduling, and delays (within limits) 
in their execution will not necessarily 
impact the overall project schedule. 

The critical path method is a tech-
nique for analyzing collections of tasks 
and optimizing the project schedule 
to minimize the duration and cost of a 
project. This requires a detailed break-
down of the work involved in a project 
and the identifi cation of dependencies 
between the parts (Figure 1.13). This 
information is combined with consid-
erations of cost and resources avail-
able to perform the work, and then 
analyzed, usually with the assistance of 
computer software, to identify optimal 
scheduling scenarios. Once the critical 
path of a project has been established, 
the elements on this path are likely to 
receive a high degree of scrutiny dur-
ing the life of the project, since delays 
in any of these steps will directly impact 
the overall project schedule. 

Managing Construction

Once a construction project is un-
derway, the general contractor or 

Year 1 Year 2 Year 3

Jan Apr Jul Oct Jan Apr Jul Oct Jan Apr Jul

Design
Bidding
Construction

Design
Foundations
Shell & Core
Interiors

Bidding
Foundations
Shell & Core
Interiors

Construction
Foundations
Shell & Core
Interiors

PHASED 

CONSTRUCTION

SEQUENTIAL 

CONSTRUCTION

TIME 
SAVED

Figure 1.10
In sequential construction, construction does not begin until design is complete. 
In phased construction, design and construction activities overlap, with the goal of 
reducing the overall time required to complete a project.
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Figure 1.11
In this photo, the construction sequence 
of a tall building is readily apparent: A 
pair of concrete core structures lead 
the construction, followed by concrete 
columns and fl oor plates and, fi nally, the 
enclosing curtain wall.
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Figure 1.12
In a Gantt chart, varying levels of detail can be represented. In this example, roughly the top three-quarters of the chart is devoted 
to a breakdown of preconstruction and procurement activities such as bidding portions of the work to subtrades, preparing cost 
estimates, and making submittals to the architect (a). Construction activities, represented more broadly, appear in the bottom 
portion (b).

Figure 1.13
The critical path method depends on the detailed analysis of work tasks and their 
relationships to generate an optimal construction schedule. Shown here is a schematic 
network diagram representing task dependencies. For example, task 6 cannot begin 
until tasks 1, 4, and 5 are completed, and tasks 7 and 9 cannot begin until task 6 is 
fi nished. The dashed lines on the diagram trace two of many possible paths from the 
start to the end of the diagram. To determine the critical path for this collection of 
tasks, all such paths must be identifi ed and the time required to complete each one 
calculated. The path requiring the most time to complete is the critical path, that is, 
the sequence of activities that determines the least time in which the collection of 
tasks as a whole can be completed.
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construction manager assumes re-
sponsibility for day-to-day oversight 
of the construction site, management 
of trades and suppliers, and commu-
nications between the construction 
team and other major parties, such as 
the owner and the designer. On proj-
ects of any signifi cant size, this may 
include responsibility for fi ling con-
struction permits, securing the proj-
ect site, providing temporary power 
and water, setting up offi ce trailers 
and other support facilities, provid-
ing insurance coverage for the work in 
progress, managing personnel on site, 
maintaining a safe work environment, 
stockpiling materials, performing test-
ing and quality control, providing site 
surveying and engineering, arranging 
for cranes and other construction ma-
chinery, providing temporary struc-
tures and weather protection, dispos-
ing or recycling of construction waste, 
soliciting the work of subtrades and 
coordinating their efforts, submitting 
product samples and technical infor-
mation to the design team for review, 
maintaining accurate records of the 
construction as it proceeds, monitor-
ing costs and schedules, managing 
changes to the work, protecting com-
pleted work, and more.

Trends in the 
Delivery of Design 
and Construction 
Services
Improving Collaboration 
Among Team Members

The design and construction industry 
continues to evolve, testing innovative 
organizational structures and project 
delivery methods in which designers, 
builders, and owners assume less ad-
versarial and less compartmentalized 
roles. Such approaches share charac-
teristics such as:

• Contractual relationships and work-
ing arrangements that foster collabora-
tion between project members

• Participation of the construction 
contractor during the design phases 
of a project
• Overlapping of design and con-
struction activities to reduce the “time 
to market”
• Expanded defi nitions of project 
services to encompass the full life 
cycle of a project—from its original 
conception, through planning, design 
and construction, to postconstruc-
tion occupancy—to better serve the 
needs of the building owner

The growth of design/build in 
the construction marketplace is one 
example of this trend: Between 1980 
and 2005 the share of private, non-
residential construction work per-
formed as design/build construction 
increased from roughly 5 percent of 
the total market to an estimated 30 to 
40 percent. Alternatives to tradition-
al design/bid/build project delivery 
have gained increased acceptance 
in the public construction sector as 
well. Other new practice models, 
with such names as teaming, concurrent 
design, integrated practice, or alliancing, 
combine effi cient project delivery 
methods with innovations in team 
member relationships in a variety of 
ways, with the aim of aligning all par-
ties’ efforts with the shared goal of a 
fi nished product of the highest pos-
sible quality and value to the owner.

Improving Effi ciency in 
Production 

Other efforts within the construction 
industry focus on improvements in 
the effi ciency of construction meth-
ods themselves. Unlike factory pro-
duction, much building construction 
takes place outdoors, is performed 
within constrained and often physi-
cally challenging work areas, and 
is executed by a highly fragmented 
workforce. Despite the differences 
in these production environments, 
the construction industry is looking 
to lessons learned in factory produc-
tion for approaches to improving the 

quality and effi ciency of its own pro-
cesses. Such so-called lean construction 
methods attempt to: 

• Eliminate wasteful activities
• Structure the methods of produc-
tion and the supply chain of materials 
and products to achieve the quickest 
and most reliable workfl ow
• Decentralize information and de-
cision making so as to put control 
of construction processes into the 
hands of those most familiar with 
the work and most capable of im-
proving it

Current estimates of labor in-
effi ciency in building construction 
run as high as 35 to 40 percent, and 
estimates of materials wastage are 
20 percent or more. The challenge 
of lean construction is to restruc-
ture the way in which construction 
materials and building components 
are manufactured, delivered, and 
assembled so as to reduce these in-
effi ciencies and improve the quality 
of the delivered product.

Improving Information 
Management 

Developments in information tech-
nology also are infl uencing the way  
buildings are designed and con-
structed. Most notable is building 
information modeling (BIM), the com-
puterized, three-dimensional model-
ing of building systems. Unlike the 
two-dimensional representation of 
building systems characteristic of 
conventional computer-aided design 
(CAD), BIM involves an intelligent 
model. Components are not only rep-
resented geometrically, but are also 
linked to data describing their intrin-
sic properties and their relationships 
to other components. Originally de-
veloped for use in highly capital-in-
tensive industries such as aerospace 
and automobile manufacturing, this 
modeling technology is now fi nding 
increased application in the design 
and construction of buildings.
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BIM has the potential to im-
pact many aspects of the building 
life cycle. It can aid the design team 
with the visualization and realization 
of complex geometries. It can im-
prove coordination between design 
disciplines––for example, searching 
out “collisions” between mechanical 
system ductwork and structural fram-
ing or other such physical interfer-
ences between systems––and it can 
facilitate the modeling of building 
energy use and the performance of 
other building systems. For the builder, 
BIM can be used to improve coordina-
tion of trades, to drive the automated 
fabrication or preassembly of build-
ing components, and to integrate 
cost and schedule data more closely 
with building design. For the build-
ing owner, information accumulated 
in the model during design and con-
struction can be carried forward for 
use with postconstruction building 
operations and facilities planning. 

As the implementation of BIM 
matures, it is expected to have a 
profound impact as a communica-
tion tool used to improve the coor-
dination and sharing of information 
among all of the parties to a project. 
As the integrated building model is 
shared across the traditional bound-
aries of disciplines and project phas-
es, the boundaries of responsibility 
between the designers, construc-
tors, and owners will also blur, and 
new, more integrated relationships 
between these parties will likely be 
required to fully enable the poten-
tial of this technology.

Recurring Concerns
Certain themes are woven through-
out this book and surface again and 
again in different, often widely vary-
ing contexts. These represent a set 
of concerns that fall into two broad 
categories: building performance 
and building construction.

The performance concerns relate 
to the inescapable problems that must 

be confronted in every building: fi re; 
building movement of every kind, in-
cluding foundation settlement, struc-
tural defl ections, and expansion and 
contraction due to changes in temper-
ature and humidity; the fl ow of heat 
and air through building assemblies; 
water vapor migration and conden-
sation; water leakage; acoustical per-
formance; aging and deterioration of 
materials; cleanliness; building main-
tenance; and others.

The construction concerns are 
associated with the practical prob-
lems of getting a building built safely, 
on time, within budget, and to the re-
quired standard of quality: division of 
work between the shop and the build-
ing site; optimum use of the various 
building trades; sequencing of con-
struction operations for maximum 

productivity; convenient and safe 
worker access to construction opera-
tions; dealing with inclement weath-
er; making building components fi t 
together; and quality assurance in 
construction materials and compo-
nents through grading, testing, and 
inspection.

To the novice, these matters may 
seem of minor consequence when 
compared to the larger and often 
more interesting themes of building 
form and function. To the experi-
enced building professional, who has 
seen buildings fail both aesthetically 
and physically for want of attention to 
one or more of these concerns, they 
are issues that must be resolved as a 
matter of course before the work of 
a building project can be allowed to 
proceed.

CSI/CSC

MasterFormat Sections for Procurement of Construction 
and General Project Requirements
00 10 00 SOLICITATION

00 11 00  Advertisements and Invitations

00 30 00  AVAILABLE INFORMATION

00 40 00  PROCUREMENT FORMS AND SUPPLEMENTS

00 41 00  Bid Forms

00 50 00  CONTRACTING FORMS AND SUPPLEMENTS

00 52 00  Agreement Forms

00 70 00  CONDITIONS OF THE CONTRACT

01 10 00 SUMMARY

01 11 00  Summary of Work

01 30 00  ADMINISTRATIVE REQUIREMENTS

01 31 00  Project Management and Coordination
01 32 00 Construction Progress Documentation
  Construction Progress Schedule

01 40 00  QUALITY REQUIREMENTS

01 41 00  Regulatory Requirements

01 50 00  TEMPORARY FACILITIES AND CONTROLS

01 70 00  EXECUTION AND CLOSEOUT REQUIREMENTS

01 80 00  PERFORMANCE REQUIREMENTS

01 81 00 Facility Performance Requirements
   Sustainable Design Requirements
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1. Allen, Edward. How Buildings Work (3rd 
ed.).  New York, Oxford University Press, 
2005.

What do buildings do, and how do they do 
it? This book sets forth in easily understand-
able terms the physical principles by which 
buildings stand up, enclose a piece of the 
world, and modify it for human use.

2. U.S. Green Building Council. New Con-
struction & Major Renovation, Version 2.2, 
Reference Guide. Washington, DC, 2006.

This guide is an essential reference for 
building designers wishing to comply with 
the Green Building Council’s LEED for 
New Construction rating system. As the 
standard continues to be revised, look for 
updated versions. 

3. Williams, Daniel E. Sustainable Design: 
Ecology, Architecture, and Planning. Hobo-
ken, NJ, John Wiley & Sons, Inc., 2007.

This book provides a comprehensive 
treatment of the ecological, social, and 
economic basis for sustainable design in 
architecture. 

4. ASTM International. ASTM Standards 
in Building Codes. Philadelphia, updated 
regularly.

This volume contains most of the ASTM 
standards referenced in standard build-
ing construction practice.

5. The Construction Specifi cations In-
stitute and Construction Specifi cations 
Canada. MasterFormat™ 2004 Edition. Al-
exandria, VA, and Toronto, 2004.

This handbook lists the full set of Master-
Format numbers and titles under which 
construction information is most com-
monly organized.

6. International Code Council, Inc. Inter-
national Building Code®. Falls Church, VA, 
updated regularly.

This is the predominant U.S. model build-
ing code, used as the basis for the major-
ity of U.S. state, county, and municipal 
building codes.

7. Canadian Commission on Building 
and Fires Codes. National Building Code of 
Canada. Ottawa, National Research Coun-
cil of Canada, updated regularly.

This is the model building code used as 
the basis for most Canadian provincial 
and municipal building codes.

8. Allen, Edward, and Joseph Iano. The 
Architect’s Studio Companion (4th ed.). 
Hoboken, NJ, John Wiley & Sons, Inc., 
2007.

This designer’s reference tabulates build-
ing code requirements, simplifying de-
termination of the allowable heights and 
areas for any building under the IBC or 

the Canadian Building Code. It explains 
clearly what each construction type 
means, relating it to actual construction 
materials and structural systems, and it 
gives extensive rules of thumb for struc-
tural systems, mechanical systems, and 
egress planning.

9. Halpin, Daniel W. Construction Manage-
ment (3rd ed.). Hoboken, NJ, John Wiley 
& Sons, Inc., 2005.

This book covers the full range of contem-
porary construction management topics.

10. Elvin, George. Integrated Practice in 
Architecture. Hoboken, NJ, John Wiley & 
Sons, Inc., 2007.

How is the design industry responding 
to the evolution of design practice mod-
els and building delivery methods? This 
book provides case studies and insights 
into these recent trends.

11. Allen, Edward and Patrick Rand. 
Architectural Detailing (2nd ed). Hoboken, 
NJ, John Wiley & Sons, Inc., 2007.

How are the many functional, construc-
tional, and aesthetic requirements of 
building resolved in the detailing of 
building systems? This book presents a 
systematic treatment of the principles 
and practice of design and the detailing 
of building assemblies.
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Making Buildings

Author’s supplementary web site: www.ianosbackfi ll.com/01_making_buildings
Whole Building Design Guide: www.wbdg.org

Sustainability

AIA Sustainability Resource Center: http://www.aia.org/susn_rc_default 
American Society of Heating, Refrigerating and Air-Conditioning Engineers, Engineering for Sustainability:

www.engineeringforsustainability.org
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Architects/Designers/Planners for Social Responsibility: www.adpsr.org
Canada Green Building Council: www.cagbc.org
Climate Change, Global Warming, and the Built Environment—Architecture 2030: www.architecture2030.org
Green Building Initiative (GBI): www.thegbi.com
Green Globes: www.greenglobes.com
NAHB, Green Home Building Guidelines: www.nahbrc.org/greenguidelines
NAHB Research Center, National Green Building Standard: www.nahbgreen.org
National Renewable Energy Laboratory (NREL), Buildings Research: www.nrel.gov/buildings
Sustainable Buildings Industry Council (SBIC): www.sbicouncil.org
U.S. Environmental Protection Agency Energy Star Program: www.energystar.org
U.S. Green Building Council (USBGC): www.usgbc.org

The Work of the Design Professional: Choosing Building Systems

American Institute of Architects (AIA): www.aia.org
American Planning Association (APA): www.planning.org
Canadian Codes Centre: irc.nrc-cnrc.gc.ca/codes
International Code Council (ICC): www.iccsafe.org
U.S. Department of Justice, Americans with Disabilities Act (ADA): www.ada.gov

Construction Standards and Information Resources

American National Standards Institute (ANSI): www.ansi.org
ASTM International: www.astm.org
Canadian Standards Association (CSA): www.csa.ca
Construction Specifi cations Canada (CSC): www.csc-dcc.ca
Construction Specifi cations Institute (CSI): www.csinet.org
National Institute of Building Sciences (NIBS): www.nibs.org
National Research Council Canada, Institute for Research in Construction (NRC-IRC): irc.nrc-cnrc.gc.ca
Underwriters Laboratories, Inc. (UL): www.ul.com
U.S. Department of Commerce, National Institute of Standards and Technology (NIST): www.nist.gov
U.S. Department of Energy, Building Energy Codes: www.energycodes.gov

The Work of the Construction Professional: Constructing Buildings

Associated General Contractors of America (AGC): www.agc.org
Building Owners and Managers Association (BOMA): www.boma.org
Construction Management Association of America (CMAA): cmaanet.org
The Construction Users Roundtable (CURT): www.curt.org
Design-Build Institute of America (DBIA): www.dbia.org
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sustainability
green building
cradle-to-grave
embodied energy
LEED
LEED credit
Green Globes
Green Home Building Guidelines
National Green Building Standard
Advanced Energy Design Guides
Energy Star program
net zero energy
carbon-neutral
carbon offsetting
zoning ordinance
building code
model building code
National Building Code of Canada
International Building Code (IBC)
occupancy group
construction type
fi re resistance rating
bearing wall
nonbearing wall, partition
Heavy Timber construction

trade association
International Residential Code (IRC)
Americans with Disabilities Act (ADA)
Fair Housing Act 
access standard
Occupational Health and Safety 

Administrations (OSHA)
volatile organic compound (VOC)
ASTM International
American National Standards Institute 

(ANSI)
National Institute of Science and 

Technology (NIST)
Institute for Research in
    Construction (NRC-IRC)
trade association
Construction Specifi cations Institute 

(CSI)
Construction Specifi cations Canada 

(CSC)
MasterFormat
specifi cation division
specifi cation section
Uniformat
OmmiClass

design/bid/build
construction document
general contractor
subcontractor
design/build
construction manager
turnkey
single-purpose entity
fi xed fee compensation, lump sum 

compensation
cost plus a fee compensation
sequential construction
phased construction, fast track 

construction
Gantt chart
critical path
critical path method
teaming
concurrent design
integrated practice
alliancing
lean construction
building information modeling (BIM)
computer-aided design (CAD)

KEY TERMS
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1. Who are the members of the typical 
team that designs a major building? What 
are their respective roles?

2. What are the major constraints under 
which the designers of a building must 
work? 

3. What types of subjects are covered by 
zoning ordinances? By building codes?

4. In what units is fi re resistance mea-
sured? How is the fi re resistance of a 
building assembly determined?

5. Compare and contrast design/bid/
build and design/build construc-
tion. What is the difference between a 
construction manager and a general 
contractor? What is the difference be-
tween lump sum and cost plus a fee com-
pensation? What is fast track construc-
tion, and what types of contracts and fee 
compensation is it mostly commonly as-
sociated with?

6. If you are designing a fi ve-story offi ce 
building (Occupancy Group B) with 
35,000 square feet per fl oor, what types of 
construction will you be permitted to use 
under the IBC if you do not install sprin-
klers? How does the situation change if 
you install sprinklers? In each case, what 
level of fi re protection is required for the 
structural frame of the building?

REVIEW QUESTIONS

1. Have each class member write to two 
or three trade associations at the begin-
ning of the term to request their lists of 
publications, and then have each send 
for some of the publications. Display and 
discuss the publications.

2. Repeat the above exercise for manufac-
turers’ catalogs of building materials and 
components.

3. Obtain copies of your local zoning 
ordinance and building code (they may 
be in your library). Look up the appli-
cable provisions of these documents for 
a specifi c site and building. What setbacks 
are required? How large a building is per-
mitted? What construction types may be 
employed? What types of roofi ng materi-
als are permitted? What are the restric-
tions on interior fi nish materials? Outline 

in complete detail the requirements for 
emergency egress from the building.

4. Arrange permission to “shadow” an 
architect or CM during visits to a con-
struction site or during project meetings 
related to a construction project. Take 
notes. Interview the architect or CM 
about their role and the challenges they 
have encountered. Report back to the 
class what you have learned

EXERCISES
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