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An ironworker connects a steel wide-flange beam to a column. 
(Courtesy of Bethlehem Steel Company.)
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Learning to Build

This book is about the materials 
and methods of building construc-
tion. Throughout it, alternative ways 
of building are described: different 
structural systems, different methods 
of building enclosure, and different 
interior finishes, each with charac-
teristics that distinguish it from the 
alternatives. Sometimes a choice 
between alternatives is based on vis-
ual characteristics, such as when a 
particular finish material is preferred 
for its surface character and beauty, 
or when a material such as concrete is 
selected over steel for its massiveness 
and plasticity. Sometimes choices are 
purely technical, such as the selec-
tion of a membrane that is impervi-
ous to water for a low-slope roof, or 
when a particular method of masonry 
wall reinforcing is selected to pro-
vide resistance to earthquake forces. 
Choices of materials and building 
systems may be made with the goal of 
minimizing environmental impacts, 
or they may be dictated by regulations 
intended to protect public safety and 
welfare. Construction costs, energy 
efficiency, durability, and many other 
factors come into consideration.

This textbook will start you down 
the path of becoming skilled at mak-
ing such choices. But it is incumbent 
upon the you, the reader, to go beyond 
what is provided here—to other books, 
product literature, trade publications, 
professional periodicals, websites, and 

especially the design office, workshop, 
and building site. One must learn how 
materials feel in the hand; how they 
look in a building; how they are manu-
factured, worked, and put in place; 
how they perform in service; how they 
age with time. One must become famil-
iar with the people and organizations 
that produce buildings—the archi-
tects, engineers, product manufactur-
ers, materials suppliers, contractors, 
subcontractors, workers, inspectors, 
managers, and building owners—and 
learn to understand their respective 
methods, problems, and points of 
view. There is no other way to gain the 
breadth of information and experi-
ence necessary than to get involved in 
the art and practice of building.

In the meantime, this long and 
hopefully enjoyable process of edu-
cation in the materials and methods 
of building construction can begin 
here, with this text.

Go into the field 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

We build to satisfy our practical and spiritual needs. Not all 
human activity can take place outdoors. We need shelter from 
sun, wind, rain, and snow. We need dry, level surfaces on which to 
work, play and live. On these sheltered surfaces, 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, 
water, and disposal of wastes. And we need structures that house 
and express our cultural and spiritual aspirations. So, we gather 
materials and assemble them into the constructions we call 
buildings in an attempt to satisfy these needs.

Buildings and the 
Environment

In constructing and occupying build-
ings, we consume large quantities of 
the earth’s resources and generate a 
significant portion of its environmen-
tal pollution. The construction and 
operation of buildings account for 
more than a third of the world’s con-
sumption of energy and emissions of 
the global warming gas carbon diox-
ide. In the United States, building 
design, construction, and operation 
are responsible for the consumption 
of more than 35 percent of the coun-
try’s energy, 12 percent of its potable 
water, and a third of its raw materials, 
while generating a third of its solid 
wastes and almost 40 percent of its 
carbon dioxide emissions. In short, 
building construction and opera-
tion are major contributors to many 
forms of environmental degradation 
and place a significant burden on the 
earth’s resources.

In 1987, the United Nations 
report “Our Common Future” pro-
vided a concise definition of sustain-
able development: building to meet 
the needs of the present genera-
tion without compromising the abil-
ity of future generations to meet 
their needs. But, by consuming 
irreplaceable fossil fuels and other 
nonrenewable resources, building 
in sprawling patterns on prime agri-
cultural land,  using destructive land 
development and forestry practices 
that degrade natural ecosystems, 
generating substances that pollute 
water, soil, and air, and generating 
copious amounts of waste materials 
that are eventually incinerated or 
buried in the earth, we have been 
building in a manner that will make 
it increasingly difficult for our chil-
dren and their children to meet 
their needs for communities, build-
ings, and healthy lives. Sustainable 
building construction demands a 
more symbiotic relationship between 
people, buildings, communities, 
and the natural world. Sustainable 

lano220120_c01.indd  4� Trim Size: 8.5 × 10.875 in.      21 Jul 2025  02:41:20 PM



Buildings and the Environment  /  5

buildings—in both their construc-
tion and operation—must consume 
fewer resources, cause less pollution, 
reduce waste, discourage wasteful 
land development practices, and con-
tribute to the protection of natural 
environments and ecosystems.

In the decades since the release 
of “Our Common Future,” the under-
standing of the interplay between 
buildings and the environment has 
deepened and the standards for 
assessing the sustainability of build-
ing materials and construction prac-
tices have matured in approach. 
The definition of sustainability has 
expanded to include human health 
impacts of buildings and considera-
tion of issues of social and economic 
justice. Expectations for the perfor-
mance of sustainable buildings have 
also advanced beyond simply reduc-
ing environmental harms to doing no 
harm, or even undoing previous such 
harms (Figure 1.1).

In 2015, the United Nations 
adopted its “2030 Agenda for Sustain-
able Development,” which provides a 
comprehensive framework of 17 Sus-
tainable Development Goals for global 
peace and prosperity. Concerns of the 
broadest possible social relevance—
such as poverty and hunger, human 
health and well-being, education, 
inequality, and justice—are addressed. 
Topics directly relating to the construc-
tion and habitation of our buildings 
are also considered, for example: clean 
water and sanitation, clean energy, 
resilient infrastructure, sustainable 
communities, sustainable consumption 
and production of materials, protec-
tion of the natural environment, and 

Figure 1.1
The Bullitt Center, Seattle, designed 
by architect Miller Hull Partnership, 
was the first commercial building to 

achieve Living Building certification in 
2015. This building generates as much 

as 60 percent more electricity than it 
uses and consumes less than one-quarter 

of the energy of a typical U.S. office 
building. 

(Photo by Joseph Iano.)

climate action. Throughout this book, 
the ways in which the materials and 
methods of building construction inter-
sect with these concerns are addressed.

Sustainable Buildings 
and Standards

Sustainable building (also called green 
building) requires a holistic, interdis-
ciplinary approach to design and 
construction. For example, one pro-
ject goal may be to provide natural 
daylighting, as a means to improving 
productivity and the well-being of 
building occupants. Good daylight-
ing design reduces reliance on elec-
tric lighting. This, in turn, reduces 
electricity consumption and excess 
heat generated by the electric lights. 
This, then, reduces cooling loads and 
allows the building’s cooling system 
to be reduced in capacity. Daylighting 
design can also influence building sit-
ing and shape, the arrangement and 
sizes of spaces within the building, 

and the building structure and enclo-
sure. As a result of the decision to 
provide natural daylighting, many 
building systems are impacted, and 
many opportunities for cost savings, 
reductions in energy consumption, 
improvements in occupant health 
and comfort, and lessening of envi-
ronmental impacts are created.

This kind of design thinking, 
sometimes called integrated design pro-
cess (IDP), is a whole-systems way of 
working that breaks down traditional 
boundaries between disciplines and 
parts of the work. The key members 
of the design, construction, and owner 
groups are brought together. A shared 
vision and goals are established. The 
process spans from the earliest concep-
tual phase through design, construc-
tion, and post-occupancy (the operational 
phase that begins once construction is 
completed). A collaborative, interdis-
ciplinary approach is used that maxi-
mizes opportunities for synergies and 
innovation.

lano220120_c01.indd  5� Trim Size: 8.5 × 10.875 in.      21 Jul 2025  02:41:20 PM



6  /  Chapter 1  •  Making Buildings

lano220120_c01.indd  6� Trim Size: 8.5 × 10.875 in.      21 Jul 2025  02:41:20 PM



Buildings and the Environment  /  7

Figure 1.2
The LEED v4.1 Project Checklist for New Construction and Major Renovation. (A significantly restructured LEED v5 is expected in 
2025.) (Courtesy of U.S. Green Building Council.)

In the United States, the most 
widely applied program for assess-
ing building sustainability is the 
U.S. Green Building Council’s 
Leadership in Energy and Environmen-
tal Design, or LEED®, rating system. 
LEED for New Construction and 
Major Renovation groups sustain-
ability goals into eight broad cat-
egories addressing areas such as site 

selection and development, energy 
efficiency, conservation of materi-
als and resources, and others (Fig-
ure  1.2). Within each category are 
mandatory prerequisites and optional 
credits that contribute points toward 
a building’s overall rating. During 
the design and construction pro-
cess, the achievement of prereq-
uisites and credits is documented 

and submitted to the Green Build-
ing Council, which then verifies the 
project’s compliance. Depending on 
the point total achieved, four levels 
of recognition are possible, includ-
ing, in order of increasing per-
formance, Certified, Silver, Gold, 
and Platinum. The LEED rating 
system is itself voluntary. It is used 
when adopted by a private building 
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developer or mandated by a public 
building agency.

The Green Building Council also 
provides rating systems for building 
core and shell construction, interior 
design and construction, building 
operations and maintenance, and 
cities and community development. 
Through affiliated organizations, 
LEED is implemented in Canada and 
other countries.

The International Living Future 
Institute’s Living Building Challenge™ 
standard for sustainable develop-
ment is formulated with the goal of 
not simply reducing harms to the 
environment and human well-being, 
but rather, to eliminating or even 
reversing such harms. For example, a 
building constructed and operated to 
this standard will (when considered 
on an annualized basis) produce all 
its own energy from on-site renew-
able resources, consume no fresh 
water, and make no contribution to 
increased greenhouse gas emissions.

The Living Building Challenge 
contains seven categories called Pet-
als, including: Place, Water, Energy, 
Health & Happiness, Materials, 
Equity, and Beauty. Within these 
are 20 Imperatives, such as net posi-
tive carbon, responsible materials 
sourcing, healthy interior environ-
ment, and others. There are various 
certification levels: Living Certifica-
tion meets all imperatives; Petal and 

Core Certifications signify compli-
ance with some but not all impera-
tives; Zero Energy and Zero Carbon 
Certifications pertain to perfor-
mance in those specific areas. All cer-
tifications are performance based. That 
is, they do not prescribe practices or 
methodologies for achieving these 
goals. Rather, certification is based on 
end results, verified after a building 
has been operational for at least one 
year and demonstrates compliance 
through its real-world performance. 
The Living Building Challenge can 
also be applied to other types of con-
struction and development, such 
as neighborhoods, landscape and 
infrastructure projects, and building 
renovations.

Sustainable Building Materials

Describing Sustainable Materials
Designing sustainable buildings 
requires access to information about 
the environmental and health impacts 
of the materials used in their construc-
tion. For example, when selecting a 
material, the designer might ask: Does 
its manufacture depend on the extrac-
tion of nonrenewable resources, or 
is it made from recycled or rapidly 
renewable materials? Is additional 
energy required to ship this material 
from a distant location, or can it be 
obtained from local sources? Does the 
material contain toxic ingredients or 

generate unhealthful emissions, or is 
it free of such health concerns?

Information about building mate-
rials and products can come from 
different sources and take various  
forms:

•	 It may be self-reported by the prod-
uct manufacturer, or it may come from 
an independent, trusted third party.

•	 It may take the form of a neutrally 
expressed, transparent disclosures of 
material attributes, or it may gauge the 
merits (or demerits) of such attributes 
and provide a rating of the material’s 
sustainability.

•	 It may address a limited scope 
of concerns, or it may describe the 
full range of impacts of a material 
throughout its life from raw materi-
als extraction to end-of-life disposal or 
repurposing.

The industry-standard Product 
Data Sheet (PDS) is a simple exam-
ple of manufacturer self-reported 
information. The PDS provides a 
description of a product, its mate-
rial makeup and physical properties, 
and guidelines for use. It may also 
include information relevant to sus-
tainability concerns, although this is 
not its primary purpose. The scope 
of information provided in a PDS 
is left entirely to the manufacturer, 
and the information is not indepen-
dently verified.

Other Sustainable Building Programs and Standards

There are myriad programs and standards offering path-
ways to sustainable building construction. For example, 
the National Association of Home Builders’ National 
Green Building Standard addresses both single-family 
and multi-unit residential building types. CALGreen 
is the sustainable construction code for the state of 
California. Green Globes certifies sustainably designed 
buildings in the United States and Canada. The Build-
ing Research Establishment Environmental Assess-
ment Method, (BREEAM) and the German Sustainable 
Building Council’s DGNB do the same for buildings 
constructed principally in the United Kingdom and 

other European countries. The North American Passive 
Building and European Passive House standards, imple-
mented in many places around the globe, emphasizes 
dramatic reductions in the energy consumption of resi-
dential and commercial buildings. The WELL standard 
certifies building construction with regard to human 
health and safety, well-being, and equity criteria. Many 
professional organizations and government agencies 
offer programs to support sustainable building, such 
as the Architecture 2030 Challenge and ASHRAE’s 
Standard for the Design of High-Performance Green 
Buildings, to name just two.
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Environmental labels, also called 
ecolabels, are third-party environmen-
tal ratings. An example is the Green 
Seal Standard GS-11 for Paints and 
Coatings. Green Seal is an inde-
pendent organization that develops 
sustainability standards and certifica-
tions. For a paint product to be certi-
fied to its standard, the product must 
meet minimum performance crite-
ria, be free of toxic ingredients, and 
not exceed content limits on volatile 
organic compounds (VOCs). (VOCs are 
air polluting and unhealthful chemi-
cal compounds that are released in 
particularly heavy concentrations 
from wet-applied products as they 
dry.) By relying on this certification, 
the designer can confidently make 
environmentally responsible choices, 
without having to perform in-depth 
investigations of individual products.

Product disclosures are another 
form of reporting that provide trans-
parent information about material 
ingredients and manufacturer prac-
tices. For example, the International 
Living Future Institute’s Declare 
label describes a product’s origins, 
its material ingredients, and end-
of-life disposal or recycling options. 
By providing this information in a 
standardized format, designers can 
more easily compare the attributes of 
alternative materials or products and 
make better-informed choices. Like a 
Product Data Sheet, the Declare label 
is self-reported by manufacturers, 
albeit with an option for independent 
auditing to verify accuracy. Unlike 
ecolabels, product disclosures do not 
grade or rate the sustainability of the 
product—it remains up to the user to 
interpret the information provided 
for this purpose.

Environmental Product Declarations 
(EPDs) describe the fuller, life-cycle 
impacts of building materials and 
products. An example is the West-
ern Red Cedar Lumber Association’s 
Typical Red Cedar Decking Product 
Declaration. This 10-page document 
describes this product’s material char-
acteristics and quantifies—in detail—
environmental impacts throughout  

its life. For example, for every 1 square 
meter (11 square feet) of decking 
harvested, milled, trucked to the con-
struction site, installed, maintained 
through its useful life, and then dis-
posed of at the end of its life, this dec-
laration reports the following:

•	 73 MJ (70,000 BTU) of nonrenew-
able energy consumed

•	 6.8 kg (15 pounds) of CO2 equiva-
lent global warming potential

•	 86 L (23  gallons) of fresh water  
consumed

Additional information in the 
report quantifies materials consump-
tion, smog production, ozone deple-
tion, and more. Information about 
the standards to which this informa-
tion is prepared and independent 
verification of the results are also 
included. While this document does 
not provide an environmental rating, 
it can be used, for example, in com-
paring Western red cedar to some 
other material, such as recycled plas-
tic decking, to assess the relative envi-
ronmental consequences of choosing 
one of these materials over the other.

As life-cycle data has become 
broadly reported for building mate-
rials, this type of analyses can be 
expanded and applied to whole build-
ings as well. Such environmental build-
ing declarations (EBDs), allow the big 
picture impacts of alternative build-
ing designs to be more meaningfully 
and easily compared. Whole building 
life-cycle data is typically reported on 
an annualized basis. For example, 
the Athena Institute’s EBD for the 
Brock Commons Tallwood House 
(see pages 146–147) reports a global 
warming impact of 20 kg (44 pounds) 
of CO2 equivalent global warming 
potential per square meter of build-
ing area per year.

Much of the environmental report-
ing provided by construction product 
manufacturers is developed according 
to the international series of stand-
ards designated ISO 14020, which 
establish guidelines for the develop-
ment and use of environmental labels, 

declarations, and other forms of 
product data. By relying on informa-
tion produced to common, accepted 
standards, designers and builders can 
have the greatest confidence in the 
consistency and relevance of the infor-
mation provided.

The Material Life Cycle and 
Environmental Impacts
Preparation of environmental pro
duct and building declarations de 
pends on the full accounting of the 
environmental impacts of materials 
and products throughout their use-
ful life. This begins with raw materials 
extraction, continues with manufac-
ture, transportation to the building 
site, construction, and building use, 
and finishes at end of life when a 
material is disposed of or put to a new 
use. Such a life-cycle analysis (LCA), is a 
comprehensive method for quantify-
ing the environmental impacts associ-
ated with construction materials and 
buildings. Through each life-cycle 
stage, impacts are tallied: How much 
fossil fuel, electricity, water, and other 
resources are consumed? How much 
solid waste, global warming gasses, 
and other air and water pollutants 
are generated? The total of all these 
impacts describes the environmental 
footprint of the material (Figure 1.3).

A life-cycle analysis that includes 
the full life of a product or system, 
from resource extraction to end of 
life, is called a cradle-to-grave analysis. 
Other life-cycle assessments may  be 
calculated for only a part of a mate
rial’s life. A cradle-to-gate analysis 
begins with materials extraction 
but extends only as far as when the 
material leaves the factory, exclud-
ing the effects of transportation 
to the building site, installation, 
use, maintenance, and disposal or 
reuse. Though less comprehensive, 
such analyses can still provide a use-
ful basis for comparison between 
products. This is because, for many 
materials, the difference in impacts 
between a cradle-to-grave and cradle-
to-gate analysis is small, as most of the 
energy expenditure, greenhouse gas 
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Figure 1.3
Life-cycle analysis of Western red cedar decking. The system boundary defines the 
materials and processes within the scope of the analysis. Within this boundary, 
the underlined life-cycle stages (Extraction, Manufacture or Processing, etc.) are 
generally applicable to any construction material LCA, while the activities listed 
under each stage will vary depending on the particular materials and processes under 
consideration. On the right, impacts, such as resources consumed (for example, 
energy and water) and pollutants generated (the creation of global warming gasses 
and wastes, etc.) are listed. Though not shown here, LCAs quantify these impacts so 
that materials, assemblages, or whole buildings can be meaningfully compared with 
one another.

emissions, and other impacts occur 
during the material’s extraction and 
manufacture, prior to its installation, 
use, and eventual disposal.

When comparing life cycle impacts 
between different materials, it is 
important to be sure that the com-
parison is functionally equivalent. For 
example, a material with an embod-
ied energy of 10,000 BTU per pound 
is not necessarily environmentally 
preferable to another with an embod-
ied energy of 15,000 BTU per pound, 

if 2 pounds of the prior material are 
required to accomplish the same pur-
pose as 1 pound of the latter. The 
types of energy consumed for each 
material, such as fossil, nuclear, or 
renewable, must also be considered, 
as impacts differ from one energy 
source to another.

Closely tied to LCA are the con-
cepts of embodied and operational 
environmental impacts. In simple 
terms, a building’s embodied impacts 
are the environmental costs of its con-
struction, and its operational impacts 
are the environmental costs of its use. 
For example, embodied energy refers to 
the energy expended in the extrac-
tion, manufacture, transportation, 
and construction on site of a build-
ing material. Operational energy refers 
to energy consumed over the life of a 
building resulting from the activities 
that take place within it.

Embodied energy tells us the 
energy cost to put a material into a 
building. These costs are incurred in 
a relatively brief period of perhaps sev-
eral years, at the start of the building 
life cycle. Operational energy tells us 
the energy costs of using the building 
over its full, useful life. In contrast to 
embodied energy, operational energy 
costs accrue more gradually, typically 
over a span of 50 years or more. A full 
life-cycle accounting of the energy 
impacts of a building includes consid-
eration of both embodied and oper-
ational energy. However, one may 
also consider that because embod-
ied impacts are concentrated at the 
start of the building life cycle, their 
impact on the environment comes 

sooner and is potentially more con-
sequential.

The concept of embodied effects 
can also be applied to other inputs or 
outputs from a life-cycle analysis. For 
example, embodied carbon refers to the 
carbon equivalent emissions associ-
ated with the manufacture and con-
struction of a material into a building. 
As the energy efficiency of buildings 
has improved and operational carbon 
impacts have decreased, building with 
low embodied carbon materials has 
become an increasingly important 
consideration in building sustainably.

While life-cycle analysis represents 
the most generally comprehensive 
materials assessment method cur-
rently available, it does not necessarily 
address all impacts arising from the 
use of a material or product. LCA of 
wood products, for example, does not 
capture the potential loss of biodiver-
sity, decreased water quality, or soil ero-
sion caused by poor forestry practices. 
In this case, these concerns are better 
addressed by sustainable forestry certi-
fication programs. Or, although global 
warming potential is quantified in 
environmental product declarations, 
the ultimate consequences of climate 
change for ecosystems, wildlife popu-
lations, and human well-being are not 
necessarily addressed.

Health Impacts 
of Building Materials
Similar to environmental product 
declarations, health product declara-
tions (HPDs) provide information 
about material ingredients and their 
associated human and environmental 
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health risks. For example, many build-
ing products, such as coatings, adhe-
sives, sealants, wood composites, floor, 
wall and ceiling finishes, and furni-
ture, are potential sources of chemi-
cal air pollutants or toxins that can be 
harmful to the workers that manufac-
ture these products, construction per-
sonnel, or building occupants.

The standard for creating HPDs 
is defined by the HPD Collaborative, 
an independent organization with 
representation from many construc-
tion industry stakeholders. HPDs list 
the material contents of the product 
being reported and indicate associ-
ated hazards, such as the presence 
of persistent bio-accumulative toxic 
compounds, carcinogens, respira-
tory irritants, neurotoxins, and more. 
Like EPDs, HPDs do not grade the 
healthfulness of a product. They do, 
however, provide reliable informa-
tion in a standardized format that can 
be used to make meaningful compar-
isons between products.

Other types of environmental 
labels and product disclosures also 
frequently provide health-related 
data. The Living Building Chal-
lenge Red List is one such notable 
source, cataloging compounds that 
pose especially grave risks to human 
health or the natural environment. 

Both LEED and the Living Building 
Challenge rating systems discourage 
the presence of Red List materials in 
buildings.

Other Considerations in Sustainable 
Materials and Design
Products with a high recycled materials 
content help to divert waste that would 
otherwise be disposed of in landfills 
or by incineration. Preconsumer recy-
cled materials originate as byproducts 
of manufacturing processes. For 
example, when a glass manufacturer 
reclaims broken glass during its man-
ufacture and reprocesses this waste 
into new glass, this is preconsumer 
recycled waste. Postconsumer recycled 
materials are generated by end users 
of a material. A gypsum board manu-
facturer recycling used newsprint into 
paper facing for its board products is 
an example of postconsumer recy-
cled wasted. When assessing recycled 
content in the LEED system, precon-
sumer waste is counted at only half of 
its weight or cost, while postconsumer 
waste is counted at its full value.

Materials reuse or salvaging, the 
taking of materials from decommis-
sioned buildings for use in new ones, 
design for disassembly, the design of new 
structures for future disassembly and 
materials repurposing, and extended 

producer responsibility programs, in 
which manufacturers assume respon-
sibility for diverting end of life prod-
ucts into recycling or reuse programs, 
are ways to reduce the demand for 
new raw materials and lessen the 
volume of waste going to landfills or 
incineration.

Bio-based materials are produced 
by agricultural or animal biological 
processes, for example, cornstarch 
derived from grain and used as an 
ingredient in the manufacture of gyp-
sum wallboard, or resins made from 
wood lignin or plant proteins used as 
substitutes for traditional petroleum-
derived resins in the manufacture of 
composite wood products. Bio-based 
materials are biodegradable and gen-
erally carbon-neutral (meaning they 
contribute less to global warming).

As extreme weather and natural 
disasters occur with more frequency, 
building resilience has become an impor-
tant consideration in sustainable 
design. Resilient buildings must be 
able to absorb and recover from excep-
tionally high winds, flooding, drought, 
wildfires, high temperatures, and other 
life- and property-threatening events 
while protecting occupants and mini-
mizing the time during which these 
buildings may be rendered unsafe or 
inoperable (Figure 1.4).

Figure 1.4
An example of resilient building design: 

This modest sea-side bathhouse is 
constructed of materials suitable to 

the harsh, day-to-day effects of coastal, 
wind-driven, water- and salt-laden air. It 
is also designed to survive exceptional 

storm surge events of the type that have 
become increasingly common in recent 
years. Flood resistant design such as this 

includes, for example, ensuring that the 
building structure and its foundation are 

strong enough to resist the pressures of 
flowing water and wave action, and that 

parts of the building below the expected 
level of flooding are made of materials 

that can withstand temporary submersion 
without suffering permanent damage. 

(Photo by Joseph Iano.)
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Increasing attention is also being 
given to consideration of social equity 
and responsible industry practices. That 
is, how do raw materials extraction 
practices, land use policies, manufac-
turing processes, and labor practices 
impact not only the natural environ-
ment, but also the communities and 
societies within which these activi-
ties occur? For example, the Natural 
Stone Council’s 373 Sustainability 
Assessment for Natural Dimension 
Stone includes consideration of 
land reclamation efforts and human 
health and safety. The Forest Stew-
ardship Council certification of sus-
tainable forestry includes, along with 
attention to responsible forestry prac-
tices, consideration of community 
relations, worker’s rights, and the 
rights of indigenous or other vulner-
able communities.

Achieving High-Performance, 
Sustainable Buildings

Sustainable building practices pro-
duce measurable improvements 
in building performance. Post-
occupancy evaluations of U.S. build-
ings constructed to LEED standards 
report reductions in energy consump-
tion and greenhouse gas emissions in 
the range of 20 to 40 percent on aver-
age in comparison to buildings con-
structed to conventional standards.

Even higher levels of performance 
are achievable. For example, the Liv-
ing Building certified Bullitt Center 
(page 5) consumes 83  percent less 
energy than an average office building 
in the same city. Zero energy buildings 
(also called net-0 energy buildings) can 
achieve efficiency improvements of as 
high as 90 percent, which when com-
bined with onsite renewable energy 
production, effectively reduce to zero 
these buildings’ annual consumption 
of energy from external sources.

Building Commissioning
Achieving high-performance results 
requires a committed, sustained 
effort by the design and construction 

team. As noted earlier in this chap-
ter, integrated design process is one 
example of such an effort. Building 
commissioning (abbreviated Cx) is 
another. Commissioning begins with 
the definition of performance objec-
tives at the start of design. As design 
progresses, these objectives are used 
to guide decision-making and assess 
progress at interim milestones. As 
construction is drawing to comple-
tion, real-world performance is veri-
fied through on-site testing. Finally, 
operational guidance is provided to 
the building owner or operator to 
ensure that the finished, occupied 
building will continue to perform 
as designed.

Building commissioning has in 
the past been applied most frequently 
to the testing and verification of heat-
ing, ventilating, and air condition-
ing systems in new buildings. With 
sustainable design and construction, 
commissioning has been elevated to 
address many overarching aspects of 
building performance such as energy 
use, water consumption, life safety 
systems, accessibility, acoustical per-
formance, occupant health and well-
being, operational procedures and 
costs, and more. A rigorous, fully doc-
umented commissioning process is a 
prerequisite for LEED certification.

The Work of the 
Design Professional

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 owner 
of the prospective building is to 
engage the services of building design 
professionals. An architect helps to 
organize the owner’s ideas about the 
new building while various engineer-
ing specialists work out concepts and 
details of foundations, structural sup-
port, and mechanical, electrical, and 
communications services.

The architect should 
have construction at least as 
much at his fingers’ 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 progressively 
finer degrees of detail. Construction 
drawings, primarily graphic in content, 
and specifications, mostly written, are 
produced by the architect/engineer 
team to describe how the building is 
to be made and of what. These draw-
ings and specifications, collectively 
known as the construction documents, 
are submitted to the local govern-
ment building authorities, where they 
are checked for conformance with 
various codes and regulations before 
a permit is issued to build. A general 
contractor is selected, who then plans 
the construction work in detail. Once 
construction begins, the general con-
tractor oversees the construction pro-
cess and hires the subcontractors who 
carry out many portions of the work, 
while the building inspector, architect, 
and engineering consultants observe 
the work at intervals, to be sure that 
it is completed according to plan. 
Finally, construction is finished, the 
building is made ready for occupancy, 
and that original idea—often initiated 
years earlier—is realized.

Environmental and Land Use 
Regulations

For many buildings, the first step in 
the legal approval process may be an 
environmental impact assessment. Con-
cerns related to both the natural and 
built environments may be addressed, 
including, for example, potential 
impacts on water resources, natural 
habitats, protected species, air and 
water pollution, municipal water and 
sewer systems, transportation systems, 
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urban open space, community facili-
ties, neighborhood character, and 
more. Impact assessments identify 
potentially undesirable outcomes, 
create opportunities for stakeholder 
input, and provide a legal framework 
for proposing mitigating measures. 
The scope of issues addressed and 
level of effort required to complete 
such assessments can vary significantly 
depending on the size of the project 
and complexity of the issues involved.

In many locations, buildings must 
also comply with land use regulations 
called zoning ordinances. These 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 much parking must be provided, 
how large a total floor area may be 
constructed, and how tall the build-
ings may be. In larger cities, zoning 
ordinances may include fire zones with 
special fire-protection requirements, 
neighborhood enterprise districts with 
economic incentives for new construc-
tion or revitalization of existing build-
ings, or other special conditions.

Building Codes

Local governments also regulate build-
ing activity by means of building codes. 
Building codes protect public health 
and safety by setting minimum stand-
ards for construction quality, structural 
integrity, durability, livability, and espe-
cially fire safety.

Most building codes in North 
America are based on one of several 
model codes: standardized compilations 
of building regulations that local 
jurisdictions may adopt for their own 
use as a simpler alternative to writing 
their own. In Canada, the National 
Building Code of Canada is published 
by the Canadian Commission on 
Building and Fire Codes. It is the basis 
for most of that country’s provincial 
and municipal building codes. In the 
United States, the International Build-
ing Code® (IBC) is the predominant 
model code. This code is published 
by the International Code Council, 

a private, nonprofit organization 
whose membership consists of local 
code officials from throughout the 
country. It is the basis for most U.S. 
building codes enacted at the state, 
county, and municipal levels.

Building Occupancies
Building code–related information 
in this book is based on the IBC. The 
IBC begins by defining occupancies for 
buildings as follows:

•	 A Assembly: public theaters, audi-
toriums, lecture halls, nightclubs, res-
taurants, houses of worship, libraries, 
museums, sports arenas, and so on

•	 B Business: banks, administrative 
offices, college and university build-
ings, post offices, banks, professional 
offices, and the like

•	 E Educational: schools for grades 
K through 12 and some types of child 
day-care facilities

•	 F Factory and Industrial: indus-
trial processes using materials that 
are noncombustible or only moder-
ately flammable

•	 H High Hazard: occupancies in 
which toxic, corrosive, highly flamma-
ble, or explosive materials are present

•	 I Institutional: occupancies in 
which occupants under the care of 
others may require assistance during 
a building emergency, such as 24-hour 
residential care facilities, hospitals, 
nursing homes, prisons, and some 
day-care facilities

•	 M Mercantile: stores, markets, ser-
vice stations, salesrooms, and other 
retail and wholesale establishments

•	 R Residential: apartment buildings, 
dormitories, fraternity and sorority 
houses, hotels, one- and two-family 
dwellings, and assisted-living facilities

•	 S Storage: facilities for the storage 
of moderate- and low-hazard materi-
als, respectively

•	 U Utility and Miscellaneous: agri-
cultural buildings, carports, green-
houses, sheds, stables, fences, tanks, 
towers, and other secondary buildings

The IBC’s purpose in describ-
ing occupancies is to identify dif-
ferent levels of life-safety risk within 
buildings. For example, a hospital, 
in which patients may be unable to 
escape without assistance from oth-
ers must provide added forms of 
protection from the spread of fire 
and smoke within a floor, protections 
that a hotel occupied by able-bodied 
residents does not need. A large retail 
mall building, containing large quan-
tities of combustible materials and 
occupied by many users varying in 
age and physical capacity, requires a 
greater level of fire protection than 
a warehouse storing noncombus-
tible materials and occupied by rela-
tively few people who are all familiar 
with their surroundings. A theater, 
with patrons densely packed in dark 
spaces, requires more attention to 
emergency exiting than does an ordi-
nary office building.

Building Construction Types
The IBC also classifies materials of 
construction according to their capac-
ity to resist fire, using two criteria: 
combustibility and resistance to the 
heat of fire. For example, masonry, 
concrete, and steel are considered 
noncombustible, as they do not, on 
their own, catch fire and burn. Wood, 
in contrast, is a combustible material. 
Resistance to the heat of fire is also 
considered, as even noncombustible 
materials lose their strength at high 
temperatures, and wood construc-
tion, in some forms, can be surpris-
ingly resistant to the effects of fire for 
extended periods.

Five construction types are defined: 
Types I and II construction must con-
sist of principally noncombustible 
materials; Types III and IV permit cer-
tain combinations of combustible and 
noncombustible materials; Type V  
construction may be constructed of 
any materials, both combustible or 
noncombustible. These types are 
then further subdivided to reflect 
varying degrees of resistance to fire 
and high temperatures (Figure 1.5).
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Figure 1.5
Fire resistance rating requirements of building elements, excerpted from the IBC. The lower table applies to all exterior walls, both 
bearing and nonbearing, as well as structural columns within the exterior wall. When determining rating requirements for such 
elements, read from both tables and use the larger number given by either one. Data provided for instructional purposes only.  
(2024 International Building Code / with permission of International Code Council.)

The upper table in Figure  1.5 
specifies minimum fire resistance rat-
ings, measured in hours, for the dif-
ferent parts of a building, for each 
construction type. Consider, for 
example, Type I-A construction. The 
first table row indicates that the struc-
tural frame, including such elements 
as columns, beams, and trusses, must 

be rated to withstand high tempera-
tures for at least 3 hours. The second 
row mandates a 3-hour resistance for 
bearing walls, which serve to carry 
floors or roofs above. The third row 
indicates that exterior walls must 
also comply with the requirements 
of IBC Table  705.5, reproduced 
in the lower portion of the figure, 

which sets requirements based on 
proximity to adjacent buildings 
or properties. Additional require-
ments are defined in the remaining 
table rows. Type I-A construction, 
being noncombustible and having 
the highest fire resistance ratings, 
is the construction type most resist-
ant to fire. As we will see later in this 
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Occupancy

Types of Construction—Unsprinklered

Noncombustible
Mixed Noncombustible/

Combustible Combustible

Type I Type II Type III Type IV Type V

A B A B A B A B
Heighta Ud 160 65 55 65 55 See  

Chapter 4
50 40

A-2, A-3, A-4 Storiesb U 11 3 2 3 2 2 1
Areac U U 15,500 9500 14,000 9500 11,500 6000

B Stories U 11 5 3 5 3 3 2
Area U U 37,500 23,000 28,500 19,000 18,000 9000

E Stories U 5 3 2 3 2 1 1
Area U U 26,500 14,500 23,500 14,500 18,500 9500

F-1 Stories U 11 4 2 3 2 2 1
Area U U 25,000 15,500 19,000 12,000 14,000 8500

F-2 Stories U 11 5 3 4 3 3 2
Area U U 37,500 25,000 28,500 18,000 21,000 13,000

M Stories U 11 4 2 4 2 3 1
Area U U 21,500 12,500 18,500 12,500 14,000 9000

R-1, R-2, R-4 Stories U 11 4 4 4 4 3 2
Area U U 24,000 16,000 24,000 16,000 12,000 7000

R-3 Stories U 11 4 4 4 4 3 3
Area U U U U U U U U

a Height: Roof height above grade in feet (1 ft = 0.3048 m).
b Stories: Number of stories above grade.
c �Area: Area per floor in square feet (1 sq ft = 0.0920 m2). For buildings taller than three floors, maximum area for all floors combined is three 

times the area listed in the table.
d U: Unlimited.

Figure 1.6
Simplified IBC height and area limitations for selected occupancies and construction types in buildings that are not fully 
sprinklered. As explained in the text, these values are further modified according to additional provisions to arrive at the final 
allowable height and area for a building. Floor areas shown in the table are for single floors. In multistory buildings, total area  
of all floors is normally limited to 3 times the area permitted for a single floor. Data provided for instructional purposes only.  
(2024 International Building Code / with permission of International Code Council .)

section, it is the only type of construc-
tion permitted for the very tallest of 
buildings.

Next in the list are Types I-B, II-A, 
and II-B construction, also required 
to be of noncombustible materials, 
but each with progressively lesser 
fire resistance ratings. Types III and 
IV may include various combinations 
of combustible and noncombustible 
materials, including, for example, 
mass timber construction. Types V-A 

and V-B, permitted to be entirely 
made from combustible materials 
and with low or no fire resistance 
rating, are the types least resistant to 
fire. In North America, most single-
family homes are constructed as Type 
V-B construction.

Building Height and Area Limits
With occupancies and construc-
tion types defined, the IBC pro-
ceeds to relate the two, stating which 

occupancies may be housed in which 
types of construction, and under 
what limitations of building height 
and area (Figure 1.6).

Consider, for example, an office 
building. Under the IBC, this build-
ing is classified as Occupancy B, Busi-
ness. Reading across the table from 
left to right, we find immediately 
that this building may be built to 
any desired height and area, without 
limit, using Type I-A construction.
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Reading across the table, we find 
other construction types, some with 
lesser fire resistance ratings and some 
with fewer restrictions on the use 
of combustible materials. At the far 
right of the table, we find Type V-B 
construction, with no restriction on 
combustible materials and no special 
fire resistance required. These differ-
ences are reflected in the table, in 
which the most resistant construction 
type, Type I-A, is permitted the great-
est height and area, and other less 
resistant types are limited to progres-
sively lower heights and lesser areas.

Fire-Resistance Rated Construction
Once fire resistance rating require-
ments for the major parts of a build-
ing have been determined, the 
design of these parts can proceed, 
using building assemblies meeting 
these requirements. Tabulated fire 
resistance ratings for building materi-
als and assemblies come from many 
sources, such as the IBC itself, as 
well as from catalogs and handbooks 
issued by building material manu-
facturers, construction trade associa-
tions, and organizations concerned 
with fire protection of buildings. In 
each case, the ratings are derived 
from large-scale laboratory tests 
carried out in accordance with an 
accepted standard protocol to ensure 
uniformity of results. (The most 
important of such tests, ASTM E119, 
is described more fully in Chapter 22 
of this book.) Figure 1.7 shows exam-
ples of how such ratings are com-
monly presented.

Design No. A814
Restrained Assembly Rating—3 Hr.

Unrestrained Assembly Rating—3 Hr.
Unrestrained Beam Rating—3 Hr.

Beam—W 12 × 27, min size.
1. Sand-Gravel Concrete—150 pcf unit weight 4000 pcf compressive strength.
2. Steel Floor and Form Units*—Non-composite 3 in. deep galv units. All 24 in. wide, 18/18
     MSG min cellular units. Welded to supports 12 in. O.C. Adjacent units button-punched or
     welded 36 in. O.C. at joints.
3. Cover Plate—No. 16 MSG galv steel.
4. Welds—12 in. O.C.
5. Fiber Sprayed*—Applied to wetted steel surfaces which are free of dirt, oil or loose scale
     by spraying with water to the �nal thickness shown above. The use of adhesive and sealer
     and the tamping of �ber are optional. The min and density of the �nished  �ber should be
     11 pcf and the speci�ed �ber thicknesses require a min �ber density of 11 pcf. For areas
     where the �ber density is between 8 and 11 pcf, the �ber thickness shall be increased in
     accordance with the following formula:       

Fiber density shall not be less than 8 pcf. For method of density determination refer to
General Information Section. 

*Bearing the UL Classi�cation Marking.

(11) (Design Thickness, in.)

Actual Fiber Density, pcf.
Thickness, in. = ,

1. Steel Studs—1 ∕  in. wide with leg dimensions of 1-5/16 and 1-7/16 in. with a ¼-in. folded
     �ange in legs, fabricated from 25 MSG galv steel, ¾- by 1¾- in. rectangular cutouts punched
     8 and 16 in. from the ends. Steel stud cut ½ in. less in length than assembly height.
2. Wallboard, Gypsum*—½ in. thick, three layers.
3. Screws—1 in. long, self-drilling, self-tapping steel screws, spaced vertically 24 in. O.C.
4. Screws—1 ∕  in. long, self-drilling, self-tapping steel screws, spaced vertically 24 in. O.C.,
     except on the outer layer of wallboard on the �ange, which are spaced 12 in. O.C.
5. Screws—2¼ in. long, self-drilling, self-tapping steel screws, spaced vertically 12 in. O.C.
6. Tie Wire—One strand of 18 SWG soft steel wire placed at the upper one-third point, used
     to secure the second layers of wallboard only.
7. Corner Beads—No. 28 MSG galv steel, 1¼ in. legs or 27 MSG uncoated steel, 1 ∕  in. legs,

5 8

3 8

5 8

4

2

1

Design No. ×511
Rating—3 Hr.

5

6

8

3

7

1 2 3

4

5

12˝
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2½˝

2½˝

2½˝
1½˝ 3¼˝

A
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Figure 1.7
Fire resistance ratings for a steel 
floor structure (top) and column 

(bottom), taken from the Underwriters 
Laboratories’ Fire Resistance Directory. 

In the floor assembly, the terms 
“restrained” and “unrestrained” refer 

to whether or not the floor is connected 
to its supporting structure in such a 

way that it is, or is not, prevented from 
expanding longitudinally when subjected 

to the heat of a fire. (Reproduced with 
permission of Underwriters Laboratories Inc.)

Applying Construction Types 
to Building Design
In general, when determining the 
construction type for a building, the 
greater its resistance to fire, the higher 

the cost. Most frequently, therefore, 
buildings are designed to the least 
resistive type permitted by the build-
ing code. Our hypothetical office 
building could be built using Type I-A 
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construction, but does it really have to 
be constructed to this high standard?

Let us suppose that the owner 
desires a three-story building with 
30,000 square feet per floor. Referring 
again to Figure 1.6, we can see that in 
addition to Type I-A construction, the 
building can be of Type I-B construc-
tion, which permits a building of 11 
stories and unlimited floor area; or 
of Type II-A construction, which per-
mits a building of 5 stories and 37,500 
square feet per floor. But it cannot 
be of Type II-B construction, which 
allows a building of three stories but 
only 23,000 square feet per floor, nor 
of Types III or V construction.

If a building is protected through-
out by an automatic sprinkler system 
for suppression of fire, the tabulated 
area per floor may, in many cases, be 
tripled for a multistory building or 
quadrupled for a single-story building. 
The rationale for this increase is the 
added protection to life and property 
provided by such a system. A one-story 
increase in allowable height is fre-
quently also granted in such circum-
stance. For example, if the three-story, 
30,000-square-foot office building 
that we have been considering is pro-
vided with an automatic sprinkler 
system, a bit of arithmetic will show 
that it can be built of any construction 
type included in Figure 1.6, with the 
exception of Type V-B.

Additional factors come into 
play in these determinations. For 
example, buildings surrounded by 
generous expanses of open space 
accessible to firefighting equipment 

may be increased in area. Or, build-
ings may be divided by special types 
of construction, called fire walls, that 
permit each divided portion to be con-
sidered a separate building for pur-
poses of computing its allowable area 
(Figure 1.8). In fact, the code includes 
many adjustments to its basic building 
height and area limits, which when 
taken together, can make the deter-
mination of allowable building size an 
often complex task in actual practice. 
For the purposes of this book, many of 
these possible modifications are sim-
plified or ignored.

Other Code Requirements
The IBC establishes standards for nat-
ural light; ventilation; means of egress 
(exiting during building emergencies); 
accessibility for disabled persons; struc-
tural design; interior finishes; chimney 
construction; fire-protection systems; 
and many other aspects of building 
design. In addition to the IBC, the 
International Code Council also pub-
lishes the International Residential Code 
for One- and Two-Family Dwellings (IRC), 
a simpler model code addressing the 
construction of detached one- and two-
family homes and townhouses of lim-
ited size. Within any particular building 
agency, these codes may be adopted 
directly in their model form. Or as is 
more common, they may be adopted 
with amendments, adjusting the code 
to suit the needs of that jurisdiction 
while still retaining its overall structure 
and intent.

The building code is not the only 
code with which a new building must 

comply. Energy codes establish stand-
ards of energy efficiency for build-
ings, affecting a designer’s choices of 
windows, heating and cooling systems, 
and many aspects of the construction 
of a building’s enclosing walls and 
roofs. Because of the significant envi-
ronmental impacts associated with 
energy consumption, the development 
of energy codes that require buildings 
to consume less energy is one of the 
important contributors to improving 
building sustainability.

Health codes regulate aspects 
of design and operation related to 
sanitation in public facilities such as 
swimming pools, food-service opera-
tions, schools, or healthcare facilities. 
Fire codes regulate the operation and 
maintenance of buildings to ensure 
that egress pathways, fire-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. 
Like the building codes discussed ear-
lier, most of these are also 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. Along 

TABLE 706.4
FIRE WALL FIRE-RESISTANCE RATINGS

FIRE-RESISTANCE RATING (hours)GROUP

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

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

4bH-1, H-2

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

a. In Type II or V construction, walls shall be permitted to have a 2-hour
    �re-resistance rating.
b. For Group H-1, H-2 or H-3 buildings, also see Sections 415.6 and 415.7.

Figure 1.8
Fire resistance requirements for fire walls, according 

to the IBC. For more information about fire walls, see 
Chapter 23. (2012 International Building Code /  

with permission of International Code Council.)
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with the accessibility provisions of 
the IBC, the Americans with Disabili-
ties Act (ADA) makes accessibility to 
public buildings a civil right of all 
Americans, and the Fair Housing 
Act does the same for much multi-
family housing. Together, these equal 
access standards regulate the design 
of entrances, stairs, doorways, eleva-
tors, toilet facilities, public areas, liv-
ing spaces, and other parts of many 
buildings to ensure that they are 
usable by members of the population 
with special access needs. The U.S. 
Occupational Safety and Health Admin-
istration (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 constructed 
and also has an important role in the 
design of industrial and commercial 
buildings.

Fire insurance companies exert 
a major influence on construction 
standards. Through their testing and 
certification organizations (Underwrit-
ers Laboratories and Factory Mutual, 
for example) and the rates they charge 
for building-insurance coverage, these 
companies offer financial incentives 
to building owners to build hazard-
resistant construction. Federal labor 
agencies, building contractor associa-
tions, and construction labor unions 
have standards, both formal and infor-
mal, that affect the labor force prac-
tices and the ways in which buildings 
are built. Contractors have particular 
types of equipment, certain kinds of 
skills, and customary ways of going 
about things. All of these affect a build-
ing design in myriad ways and must be 
appropriately considered by building 
designers.

Construction Standards and 
Information Resources

The tasks of the architect and the 
engineer would be much more diffi-
cult to carry out without the support 
of dozens of standards-setting agen-
cies, trade associations, professional 
organizations, and other groups 

that produce and disseminate infor-
mation on materials and methods 
of construction, some of the most 
important of which are discussed in 
the following sections.

Standards-Setting Agencies
ASTM International is a private 
organization that establishes speci-
fications for materials and methods 
of construction accepted as stand-
ards throughout the United States. 
Numerical references to ASTM 
standards—for example, ASTM C150 
for portland cement, used in mak-
ing concrete—are found through-
out building codes and construction 
specifications, where they are used 
as a precise shorthand for describing 
the quality of materials or the require-
ments of their installation. Through-
out this book, references to ASTM 
standards are provided for the major 
building materials presented. In Can-
ada, corresponding standards are set 
by the Canadian Standards Association 
(CSA). The International Organization 
for Standardization (ISO), an organi-
zation with more than 160  member 
countries, performs a similar role 
internationally.

The American National Stand-
ards Institute (ANSI) is another pri-
vate organization that certifies North 
American standards for a broad range 
of products, such as exterior win-
dows and mechanical components 
of buildings. Government agencies, 
most notably the U.S. Department 
of Commerce’s National Institute of 
Science and Technology (NIST) and 
the National Research Council Can-
ada’s Institute for Research in Con-
struction (NRC-IRC), also sponsor 
research and establish standards for 
building products and systems.

Construction Trade and Professional 
Associations
Design professionals, building mate-
rials manufacturers, and construc-
tion trade groups have formed a 
large number of organizations that 
work to develop technical stand-
ards and disseminate information 

related to their respective fields of 
interest. The Construction Specifi-
cations Institute, whose MasterFor-
mat™ standard is described in the 
following section, is one example. 
This organization is composed both 
of independent building profession-
als, such as architects and engineers, 
and of industry members. The West-
ern Wood Products Association, to 
choose one example from among 
hundreds of trade associations, is made 
up of producers of lumber and wood 
products. It carries out research pro-
grams on wood products, establishes 
uniform standards of product qual-
ity, certifies mills and products that 
conform to its standards, and pub-
lishes authoritative technical litera-
ture concerning the use of lumber 
and related products. Associations 
with a similar range of activities exist 
for virtually every material and prod-
uct used in building. All of them 
publish technical data relating to 
their fields of interest, and many of 
these publications are indispensable 
references for the architect or engi-
neer. In some cases, the standards 
published by these organizations 
are even incorporated by reference 
into the building codes, making 
them, in effect, legal requirements. 
Selected publications from profes-
sional and trade associations are 
identified 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.

MasterFormat and Other Systems 
of Organizing Building Information
The Construction Specifications Insti-
tute (CSI) of the United States, and 
its Canadian counterpart, Construc-
tion Specifications Canada (CSC), have 
evolved over a period of many years 
a comprehensive outline called Mas-
terFormat for organizing information 
about construction materials and 
systems. This format is used for the 
written construction specifications 
for the vast majority of large building 
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construction projects in these two 
countries. It is frequently used to 
organize construction cost data, and 
it forms the basis on which most 
trade associations’ and manufactur-
ers’ technical literature is cataloged. 
In some cases, MasterFormat is used 
to cross-reference materials informa-
tion on construction drawings and 
within digital building models as well.

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

Division 00—�Procurement 
and Contracting 
Requirements

Division 01—�General 
Requirements

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

Division 21—Fire Suppression

Division 22—Plumbing

Division 23—�Heating, Ventilat-
ing, and Air Condi-
tioning (HVAC)

Division 25—�Integrated 
Automation

Division 26—Electrical

Division 27—Communications

Division 28—�Electronic Safety 
and Security

Division 31—Earthwork

Division 32—�Exterior 
Improvements

Division 33—Utilities

These divisions are further subdi-
vided into sections, each describing a 
discrete scope of work often provided 
by a single construction trade or sub-
contractor. Individual sections are 
identified by six-digit codes, in which 
the first two digits correspond to the 
division number and the remain-
ing four digits identify subcategories 
and individual units within the divi-
sion. Within Division 05—Metals, 
for example, some commonly refer-
enced sections are:

Section 05 12 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 
Fabrications

At the end of each chapter in this 
book, MasterFormat designations 
relevant to the chapter content are 
listed, to help familiarize the reader 
with this system, and to provide guid-
ance on where to look in construction 
specifications and other technical 
resources for further information 
(Figure 1.15).

MasterFormat organizes build-
ing systems information primarily 
according to work product, that is, 
the work of discrete building trades. 
This makes it especially well suited 
for use during the construction phase 
of building. For example, Section 06 
10 00—Rough Carpentry specifies 
the materials and work of rough car-
penters who erect a wood light frame 
building structure. However, finish 
carpentry, such as the installation 
of interior doors and trim, occuring 
later during construction, requires 
different materials, and is performed 
by different workers with different 

skills and tools. So it is specified sepa-
rately in Section  06 20 00—Finish 
Carpentry. Defining each of these 
aspects of the work separately allows 
the architect to describe the work 
accurately and the contractor to effi-
ciently manage the work’s execution.

The UniFormat™ standard organ-
izes building systems information 
into functional groupings. For exam-
ple, UniFormat defines eight Level 1 
categories:

•	 A Substructure

•	 B Shell

•	 C Interiors

•	 D Services

•	 E Equipment and Furnishings

•	 �F Special Construction and 
Demolition

•	 G Building Sitework

•	 Z General

Where greater definition is requi
red, these categories are subdivided 
into so-called Level 2 classes, Level 3 
and 4 subclasses, and even Level 5 or 
higher-numbered sub-subclasses, each 
describing more finely divided aspects 
of a system or assembly. For exam-
ple, wood floor joist framing can fall 
under any of the following UniFormat  
descriptions:

•	 Level 1: B Shell

•	 Level 2: B10 Superstructure

•	 Level 3: B1010 Floor Construction

•	 �Level 4: B1010.10 Floor Struc-
tural Frame

•	 �Level 5: B1010.10.WF Wood 
Floor Framing

•	 Etc.

UniFormat provides a view of 
construction elements organized by 
function or system (rather than by 
work product as in MasterFormat). 
This system is well suited, for exam-
ple, to the description of systems 
and assemblies during early project 
definition and design, or to the per-
formance specification of building 
systems, such as discussed later in 
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this chapter for design/build project  
delivery.

The OmniClass™ Construction Clas-
sification System is designed to organize 
construction information through-
out the full facility life cycle and 
incorporates multiple other building 
information organizational systems, 
such as MasterFormat, UniFormat, 
and others. OmniClass consists of  
15 Tables, some of which include:

•	 Table 13: Spaces by Function

•	 Table 21: Elements

•	 Table 22: Work Results

•	 Table 23: Products

•	 Table 31: Phases

•	 Table 32: Services

•	 Table 35: Tools

•	 Table 41: Materials

•	 Table 49: Properties

For example, Table  13—Spaces 
by Function merges a number of 
existing systems for the manage-
ment of information about rooms 
and spaces within buildings, useful 
to building owners and facilities man-
agers. Table  21—Elements is based 
on UniFormat, and Table 22—Work 
Results is based on MasterFormat.

UniFormat and OmniClass are 
also well suited to organizing and 
maintaining construction and facili-
ties data in building information 
models and other technology plat-
forms, and to efficiently share this 
data between disciplines throughout 
the full building life cycle: from ini-
tial conception, through construc-
tion and occupancy, and eventually, 
decommissioning or demolition.

The Building 
Information Model

Today, the vast majority of building 
designs are developed in building infor-
mation modeling (BIM) systems. That is, 
these designs are produced as digital, 

object-based models that include 
both a three-dimensional description 
of the facility and its parts, along with 
integrated data relating to the prop-
erties, functions, and relationships of 
the modeled components.

The introduction of BIM to the 
design and construction industry has 
come with the promise of many bene-
fits. For the design team: BIM can aid 
in the visual communication of con-
cepts or the exploration of complex 
building geometries; it can facilitate 
coordination between disciplines; it 
can reduce errors, for example, find-
ing spatial conflicts between duct-
work, piping, structural members, 
and other components designed by 
separate teams; it can support the 
analysis of building energy use, day-
lighting design, and other perfor-
mance objectives. For the builder, 
the BIM model can assist with project 
planning, improve coordination of 
trades, drive the automated fabrica-
tion of building components, track 
changes to the design, and integrate 
cost and schedule data with con-
struction activities. For the building 
owner, information accumulated in 
the building model during design 
and construction can be carried for-
ward for use with facility operations 
and maintenance.

BIM implementation also brings 
challenges. Open data formats must 
be developed to permit interoper-
ability, that is, the easy and reliable 
sharing of data even as parties rely 
on different software systems and 
technology platforms. Or, as data 
from separate parties is combined 
in a shared model, new concepts for 
the protection of intellectual prop-
erty and the allocation of liability 
among partners must be incorpo-
rated into the contractual framework 
of projects.

Effective BIM implementation 
also depends on the clear definition 
of procedures for those contributing 

to the model. The BIM execution 
plan defines the role of the building 
model and its level of development at 
various project stages, identifies the 
sources of data that will contribute to 
the model, assigns responsibilities for 
authoring and managing the model, 
establishes protocols for information 
exchange among parties, and defines 
the technical and project infrastruc-
ture required to support these activi-
ties (Figure 1.9).

The as-yet unrealized, full prom-
ise of BIM technology is to integrate 
all information about a facility into 
one resource that can be readily 
accessed throughout the design, con-
struction, and operational life stages 
of a facility, while saving time and 
money for all parties.

The Work of the 
Construction 
Professional

Providing Construction  
Services

An owner wishing to construct a 
building hopes to achieve a finished 
project that meets their functional 
and aspirational needs, is of good 
quality, costs as little as possible, and 
is completed on a predictable sched-
ule. A contractor offering its con-
struction services hopes to produce 
a quality building, earn a profit, and 
complete the project safely and in 
a timely fashion. Yet, the process of 
building itself is fraught with uncer-
tainty: It is subject to the vagaries of 
the labor market, commodity prices, 
and the weather. Despite the best 
planning efforts, unanticipated con-
ditions arise, delays occur, and mis-
takes are made. Not infrequently, 
requirements change over the course 
of the project and the pressures of 
schedule and cost inevitably reduce 
the margin for miscalculation. In this 
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(a) Uses for
the model

(b) Data exchange
among disciplines

Figure 1.9
A sample high-level diagram of the BIM execution process through design and construction phases. Note how the model is used 
for numerous purposes at each phase by a variety of disciplines (a), while data must be exchanged regularly between disciplines in 
order to support the continued development of the model (b). (Building Information Modeling Execution Planning Guide (Version 2.1), 
2011. State College, PA: Computer Integrated Construction Research Program, Pennsylvania State University / CC BY 4.0. / The Pennsylvania 
State University.)

high-stakes environment, the rela-
tionship between the owner and con-
tractor must be structured to share 
reasonably between them the poten-
tial rewards and risks.

Construction Project 
Delivery Methods
In traditional design/bid/build pro-
ject delivery (Figure  1.10, left), the 
owner first hires a team of architects 
and engineers to perform design 
services, leading to the creation of 
construction documents that com-
prehensively describe the facility to 
be built. Next, construction firms are 
invited to bid on the project. Each 
bidding firm reviews the construc-
tion documents and proposes a cost 
to construct the facility. The owner 

evaluates the submitted proposals 
and awards the construction contract 
to the bidder deemed most suitable. 
This selection may be based on bid 
price alone, or other factors related 
to bidders’ qualifications may also be 
considered. The construction docu-
ments then become part of the con-
struction contract, and the selected 
firm proceeds with the work. On all 
but small projects, this firm acts as 
the general contractor, coordinating 
and overseeing the construction pro-
cess but frequently relying on smaller, 
more specialized subcontractors to per-
form significant portions or even all 
parts of the work. During construc-
tion, the design team continues to 
provide services to the owner, help-
ing to ensure that the facility is built 

according to the requirements of the 
documents as well as answering ques-
tions related to the design, changes 
to the work, verification of payments 
to the contractor, and similar matters.

Among the advantages of design/ 
bid/build project delivery are its 
easy-to-understand organizational 
scheme, well-established legal prec-
edents, and relative simplicity of 
management. The direct relation-
ship 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. With design work complete 
before the project is bid, the owner 
starts construction with a well-defined 
scope of work and a high degree of 
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confidence regarding the construc-
tion schedule and costs.

In design/bid/build project deli
very, the owner contracts with two 
entities, and design and construc-
tion responsibilities remain divided 
between these two throughout the 
project. In design/build project deliv-
ery, one entity assumes responsibil-
ity for both design and construction 
(Figure  1.10, center). A design/build 
project begins with the owner devel-
oping a conceptual design or pro-
gram 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 preliminary informa-
tion, a design/build organization is 
selected to complete the design and 
construction of the project. Selection 
of the designer/builder may be based 
on a competitive bid process similar 
to that for design/bid/build projects, 
on negotiation and evaluation of an 
organization’s qualifications for the 
proposed work, or on some combina-
tion of these. Design/build organiza-
tions themselves can take a variety of 
forms: a single firm encompassing 

both design and construction exper-
tise; a construction management firm 
that subcontracts with a separate design 
firm to provide those services; or a joint 
venture between two firms, one spe-
cializing in construction and the other 
in design. Regardless of the internal 
structure of the design/build organi-
zation, the owner contracts with this 
single entity throughout the remainder 
of the project, and this entity assumes 
responsibility for all design and con-
struction services.

Design/build project delivery 
gives the owner a single source of 
accountability for all aspects of the 
project. It can place the designers 
and constructors in a closer working 
relationship, introducing construc-
tion expertise into the design phases 
of a project and allowing the earliest 
possible consideration of constructa-
bility, costs, scheduling, and similar 
matters. This delivery method also 
readily accommodates phased con-
struction, a scheduling technique for 
reducing construction time that is 
described later in this chapter.

Project design and construction 
can also be structured around the 

services of a construction manager 
(CM), an entity that provides over-
sight through all phases of a project. 
As in design/build, prior to con-
struction, the CM provides expertise 
related to planning, construction 
budgeting, scheduling, and other 
such matters. During construction, 
the CM’s role can take a variety of 
forms. For example, it may continue 
to act in a strictly management capac-
ity while the owner contracts directly 
for construction services (construction 
management for fee). Or the CM may 
assume responsibility for the work 
itself, acting much as a general con-
tractor (construction manager at risk, 
Figure  1.10, right). Throughout the 
project, the architect/engineering 
design team acts independently. CM 
project delivery is frequently associ-
ated with especially large or complex 
projects requiring sophisticated man-
agement expertise.

In integrated project delivery (IPD), 
the major parties—the design team, 
construction team, and owner—
share mutually the responsibilities, 
decision-making, and financial risks 
and rewards of the project. In this 

Construction Manager at Risk

Owner

A/E

Subconsultants
Design Team

CM

Construction Contractors

Design/Bid/Build Construction

Owner

A/E GC

Subconsultants
Design Team

Subcontractors
Construction Team

Design/Build Construction

Owner

A/E GC

Subconsultants Subcontractors
Design/Build Entity

Figure 1.10
In design/bid/build project delivery (left), the owner contracts first the architect/engineer (A/E) design team for design services 
and then later, the construction general contractor (GC) for construction services. In a design/build project (center), the owner 
contracts with a single organizational entity that provides both design and construction services. In Construction Manager at Risk 
(right), the owner contracts with an A/E design team and construction manager (CM). The CM provides construction services 
through all phases of the planning, design, and construction.
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method’s purest form, the parties 
share one agreement, as a single-
purpose entity, binding them all to the 
same objectives, responsibilities, and 
outcomes. In other cases, a shared 
joining agreement may be used to 
mutually bind parties contracted 
under separate agreements. The goal 
of IPD is to increase efficiency and 
reduce conflict and litigation.

In turnkey construction, an owner 
contracts with a single entity that 
provides not only design and con-
struction services, but financing for 
the project as well. In a public-private 
partnership (PPP or P3), a government 
entity and private company agree to 
jointly design and build a facility, 
typically one with a public purpose. 
The private company provides capi-
tal and shares in the risk of develop-
ment, in return for which it later also 
shares in the income resulting from 
the project. Aspects of any of these 
project delivery methods can also be 
intermixed, allowing organizational 
schemes for the delivery of design and 
construction services that are suitable 
to all variety of owner requirements 
and project circumstances.

Paying for Construction Services
With fixed-fee, or lump-sum, compensa-
tion, the general contractor or other 
construction entity is paid a fixed 
dollar amount to complete the con-
struction of a project regardless of 
that entity’s actual costs to perform 
the work. With this compensation 
method, the owner begins construc-
tion with a known, fixed cost and 
assumes minimal risk for unantici-
pated cost increases. In contrast, 
the construction contractor assumes 
most of the risk of unforeseen costs, 
but also stands to gain from poten-
tial savings. Fixed-fee compensation 
is most suitable to projects where the 
scope of the construction work is well 
defined when the construction fee is 
set, as is the case, for example, with 
design/bid/build construction.

With cost plus a fee compensation, 
the owner agrees to pay the con-
struction entity for the actual costs 
of construction—whatever they may 
turn out to be—plus an additional 
amount to account for overhead and 
profit. In this case, the construction 
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 often used with 
projects for which the scope of con-
struction work is not fully defined at 
the time compensation is established, 
a circumstance most frequently asso-
ciated with construction manage-
ment or design/build contracts.

Cost plus a fee compensation 
may also include a guaranteed maxi-
mum price (GMAX or GMP). In this 
case, there is a maximum fee that 
the owner may be required to pay. 
While the contractor’s compensa-
tion remains under the guaranteed 
amount, compensation is made in the 
same manner as with a standard cost 
plus a fee contract. However, once 
the compensation reaches the guar-
anteed maximum, the owner is no 
longer required to make additional 
payments and the contractor assumes 
responsibility for all additional costs. 
This compensation method retains 
some of the scope and price flexibil-
ity of cost plus a fee compensation 
while also establishing a limit on the 
owner’s cost risk.

Incentive provisions in owner/
contractor agreements can be used 
to more closely align owner and con-
tractor interests. For example, in sim-
ple cost plus a fee construction, there 
may be temptation for a contractor 
to add costs to a project, as these 
added costs will generate added fees. 
To eliminate such a counterproduc-
tive incentive, a bonus fee or profit-
sharing provision can provide for 
some portion of construction cost sav-
ings to be returned to the contractor. 

In this way, the contractor and 
owner jointly share in the benefits of 
reduced construction cost. Bonuses 
and penalties for savings or overruns 
in costs and schedules can be part of 
any type of construction contract.

Surety bonds are another form 
of legal instrument used to manage 
financial risks of construction, most 
frequently with publicly financed or 
very large projects. The purpose of 
a surety bond is to protect an owner 
from the risks of default, such as 
bankruptcy, by the construction con-
tractor. For a fixed fee, a third party 
(surety) promises to complete the 
contractual obligations of the con-
tractor if that contractor should for 
any reason fail to do so. Most com-
monly, two separate bonds are issued, 
one for each of the general contrac-
tor’s principal obligations: a perfor-
mance bond to assure completion of 
the construction and a payment bond 
to assure full payment to suppliers 
and subcontractors.

With competitive bidding and 
fixed-fee compensation, the owner 
is assured of competitive pricing for 
construction services and the con-
tractor assumes most of the risk for 
unanticipated costs. With a negoti-
ated contract and simple cost plus a 
fee compensation, the risks of non-
competitive pricing and unantici-
pated costs are shifted more toward 
to the owner. By adjusting project 
delivery and compensation methods, 
these and other construction-related 
risks can be allocated in varying 
degrees between the two parties to 
best suit the requirements of any par-
ticular project.

Sequential Versus Fast Track 
Construction
In sequential construction (Figure 1.11), 
each major phase in the design and 
construction of a building is com-
pleted before the next phase begins, 
and construction does not start until 
all design work has been completed. 
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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 construc-
tion phases fits naturally with the con-
tractual separation between design 
and construction service providers.

Phased construction, also called 
fast track construction, aims to reduce 
the time required to complete a pro-
ject by overlapping the design and 
construction of various project parts 
(10). By allowing construction to start 
sooner and by overlapping the work 
of design and construction, phased 
construction can reduce the total 
time required to complete a project. 
However, phased construction also 
introduces its own risks. Because 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 significant 
portion of construction is underway. 
Phased construction also introduces 

Year 3Year 2Year 1
JulAprJanOctJulAprJanOctJulAprJan

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 1.11
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.

Construction Scheduling

Constructing a building of any sig-
nificant size is a complex endeavor, 
requiring the combined efforts of 
countless participants and the coordi-
nation of myriad tasks. Managing this 
process requires an in-depth under-
standing of the work required, of the 
ways in which different aspects of the 
work depend upon each other, and 
of the constraints on the sequence in 
which the work must be performed.

Figure 1.12 captures one moment 
in the construction 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 tower-like struc-
tures extending above the highest 
floor levels). This work is followed by 
construction of the surrounding floor 
plates, which rely, in part, on the pre-
viously completed cores for support. 

Figure 1.12
In this photo, the construction sequence 

of a tall building is readily apparent:  
A pair of concrete core structures leads 
the construction, followed by concrete 

columns and floor plates and, finally, 
the enclosing curtain wall. (Photo by 

Joseph Iano.)

more complexity into the design pro-
cess and increases the potential for 
design errors (for example, if foun-
dation design does not adequately 
anticipate the requirements of the 
not yet fully engineered structure 
above). Phased construction can be 
applied to any construction deliv-
ery method discussed earlier. 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 coor-
dination of overlapping design and 
construction activities.
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Attachment of the exterior skin can 
follow only after the floors are securely 
in place. As the building skin is installed 
and floor areas become protected 
from the weather, further operations, 
such as the roughing in of mechanical 
and electrical systems, and eventually, 
the installation of finishes and other 
elements, can proceed in turn. This 
simple example illustrates considera-
tions that apply to virtually every aspect 
of building construction and at every 
scale from a building’s largest systems 
to its smallest details:  Successful con-
struction requires a detailed under-
standing of the tasks required and 
their interdependencies in time and  
space.

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 
essential to its successful manage-
ment. In a Gantt (or bar) chart, a series 
of horizontal bars represents 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 relationships in time. They 
can be used to provide an overall 
picture of a project schedule, with 
only a project’s major phases rep-
resented (Figure  1.11), or they can 
be expanded to represent a larger 

number of more narrowly defined 
tasks at greater levels of project detail 
(Figure 1.13).

The critical path of a project is the 
sequence of activities that determines 
the least amount of time in which a 
project can be completed. For exam-
ple, the construction of a building’s 
primary structural system is com-
monly on the critical path of a project 
schedule. If any of the activities on 
which the completion of this system 
depends—such as design, shop draw-
ing production and review, compo-
nent fabrication, materials delivery, 
or erection on site—are delayed, 
then the final completion date of 
the project will be extended. In con-
trast, other systems not on the criti-
cal path have more flexibility in their 

(a) Preconstruction and
procurement activities

(b) Phases of construction

Figure 1.13
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).
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scheduling, called float, and delays 
(within limits) in their execution will 
not necessarily affect the overall pro-
ject schedule.

The critical path method (CPM) is a 
technique for analyzing collections of 
activities and optimizing the project 
schedule to minimize the duration 
and cost of a project. This requires 
a detailed breakdown of the work 
involved in a project and the identi-
fication of dependencies among the 
parts (Figure 1.14). This information 
is combined with considerations of 
cost and resources available to per-
form the work, and then analyzed, 
usually with the assistance of com-
puter software, to identify optimal 
scenarios for scheduling and worker 
and resource allocation. Once the 
critical path of a project has been 
established, the elements on this path 
are likely to receive a high degree of 
scrutiny during the life of the project, 
as delays in any of these steps will 
have a direct impact on the overall 
project schedule.

Projects of different sizes and 
degrees of complexity, and even dif-
ferent phases of planning and work 
within a single project, require sched-
ules that differ in their degree of 
definition and level of detail. AACE 
International, an organization dedi-
cated to promoting effective cost man-
agement practices, provides a useful 
system for defining different types of 
constructions schedules. The degree 
of project definition in a schedule is 
described by five schedule classes, for 
example: a Class 5 schedule provides 
the least project definition and is 
appropriate to early conceptual work; 
a Class 3 schedule relies on a medium 
degree of definition and is suitable, 
for example, to project budgeting dur-
ing design phases; a Class 1 schedule 
provides the highest degree of project 
definition, such as that needed for 
project bidding and costing.

Similarly, schedule levels define 
the amount of detail provided within 
the construction schedule. For 
example, a Level 1 schedule may be 

represented as a simple Gantt chart, 
outlining major project components 
and their duration. This type of 
schedule is appropriate for high-level 
description of a project, but is not suf-
ficient for monitoring and controlling 
project processes. A Level 3 schedule, 
such as a comprehensive CPM sched-
ule, provides much more detail and 
can perform as an effective project 
management tool. Level 4 schedules 
provide an even finer degree of detail 
and are used to describe segments of an 
overall schedule. Rolling (or look-ahead) 
schedules, in which day-to-day processes 
extending a limited number of weeks or 
months into the future are described, 
are examples of Level 4 schedules.

Managing Construction

Once a construction project is under-
way, the general contractor assumes 
responsibility 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 architect. On 
projects of any significant size, this 
may include responsibility for filing 
construction permits, securing the 
project site, providing temporary 
power and water, setting up office 
trailers and other support facilities, 
providing insurance coverage for the 
work in progress, managing person-
nel on site, maintaining a safe work 
environment, stockpiling materials, 
performing testing and quality con-
trol, providing site surveying and 
engineering, arranging for cranes 
and other construction machin-
ery, providing temporary structures 
and weather protection, disposing 
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 

ENDSTART 1
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Figure 1.14
The critical path method depends on a 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 
finished. 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 identified 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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changes to the work, protecting fin-
ished work, and more.

Trends in the 
Delivery of Design 
and Construction 
Services

Productivity and Automation 
in Construction

Building construction is a complex 
activity, requiring large investments 
of resources and time. An ordinary 
single-family home may be made from 
more than 100,000 parts, assembled 
by perhaps 1000 workers over a span 
of a year or more. Economic measures 
suggest that the construction industry 
as a whole has, for decades, remained 

stubbornly fragmented and inefficient 
in comparison to other industries. 
While U.S. nonfarm industrial pro-
ductivity has more than doubled since 
1964, productivity in the construction 
sector has remained unchanged or 
even declined during this same period. 
Today, some studies peg inefficiency 
(i.e., wasted work) in the construction 
sector at greater than 50 percent.

Some examples of efforts to 
improve efficiency in the design and 
construction of buildings have already 
been discussed in this chapter, such 
as exploiting BIM to improve the flow 
and accuracy of project information 
or implementing project delivery sys-
tems, such as IPD, that encourage col-
laboration between parties.

Moving construction activities 
from the building site to the fac-
tory floor is another way to pursue 

efficiencies in construction. Prefabri-
cation of building components, mod-
ular construction, and factory-made 
housing are all discussed later in this 
text. As one example, relying on fac-
tory prefabrication of mass timber 
components, erection of the 17-story 
tall Brock Commons Tallwood Tower 
(pages 145–146) was able to pro-
gress on site at the remarkable rate 
of two floors per week. Recent devel-
opments in factory-fabricated mass 
timber façade systems are another 
example (pages 622–625).

Other efforts focus on the restruc-
turing of construction business opera-
tions. For example, lean construction 
applies lessons from other large-scale 
manufacturing industries to con-
struction so as to reduce complex-
ity, eliminate wasteful activities, and 
streamline methods of production. 

MasterFormat Sections for Procurement of Construction and 
General Requirements
00 10 00 SOLICITATION
00 11 00 Advertisements and Invitations

00 20 00 INSTRUCTIONS FOR PROCUREMENT
00 21 13 Instructions to Bidders

00 40 00 PROCUREMENT FORMS AND SUPPLEMENTS
00 41 00 Bid Forms

00 50 00 CONTRACTING FORMS
00 52 00 Agreement Forms

00 60 00 PROJECT FORMS
00 61 13 Performance and Payment Bond Form

00 70 00 CONDITIONS OF THE CONTRACT
01 10 00 SUMMARY
01 11 00 Summary of the Work

01 30 00 ADMINISTRATIVE REQUIREMENTS
01 31 13 Project Management and Coordination
01 32 13 Scheduling of Work

01 40 00 QUALITY REQUIREMENTS
01 41 00 Regulatory Requirements
01 45 00 Quality Control

01 50 00 TEMPORARY FACILITIES AND CONTROLS

01 70 00 EXECUTION AND CLOSEOUT 
REQUIREMENTS

01 80 00 PERFORMANCE REQUIREMENTS
01 81 13 Sustainable Design Requirements

Figure 1.15
At the end of each chapter, a list of 
MasterFormat sections relevant to 

the topics discussed in that chapter is 
included. Here, Division 0 includes 

sections related to the solicitation of 
construction services and awarding of 

the contract for construction. Division 1  
addresses project requirements that 

apply broadly to all aspects of the work.
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Vertically integrated construction 
companies opt to manufacture key 
materials and components in their 
own facilities, instead of depending 
on outside, third-party suppliers, with 
the goal of leveraging economies of 
scale otherwise not possible.

New information technologies 
and automation are impacting the con-
struction sector. Sophisticated business 

analytics are being applied to the eco-
nomics of manufacturing building 
components and building construc-
tion. Advanced computational meth-
ods and data visualization techniques 
are opening up new possibilities for 
exploring the design of building 
systems related to structural perfor-
mance, energy use, environmental 
impacts, and more. The networking of 

embedded sensors and devices within 
the building fabric is creating new pos-
sibilities for smart buildings that can 
be monitored in more detail and oper-
ated more efficiently. Robotics and 
3D printing technologies are creating 
new possibilities for the automated 
assembly and construction of build-
ing components and whole buildings 
(page 544).

Key Terms

sustainable development
United Nations 17 Sustainable 

Development Goals
green building
integrated design process (IDP)
post-occupancy
Leadership in Energy and Environmental 

Design, LEED
LEED prerequisite
LEED credit
Living Building Challenge
Living Building Challenge Imperative
Performance based certification
Passive Building Standard
Product Data Sheet (PDS)
environmental label, ecolabel
volatile organic compound (VOC)
product disclosure
Environmental Product 

Declaration (EPD)
global warming potential
Environmental Building 

Declaration (EBD)
life-cycle analysis (LCA)
environmental footprint
system boundary
cradle-to-grave analysis
cradle-to-gate analysis
embodied energy
operational energy
embodied carbon
operational carbon
health product declaration (HPD)
red list materials
recycled materials content
preconsumer recycled material
postconsumer recycled material
materials reuse
materials salvaging

design for disassembly
extended producer responsibility
bio-based materials
building resilience, resilient 

building design
floor resistant design
social equity
responsible industry practices
zero energy building, net-0 

energy building
building commissioning (Cx)
construction drawings
construction specifications
construction documents
environmental impact assessment
zoning ordinance
building code
model code
National Building Code of Canada
International Building Code (IBC)
building code occupancy
noncombustible materials
combustible materials
construction type
fire resistance rating
bearing wall
fire wall
means of egress
International Residential Code (IRC)
Americans with Disabilities Act (ADA)
equal access standard
Occupational Safety and Health 

Administration (OSHA)
ASTM International
Canadian Standards Association  

(CSA)
International Organization for 

Standardization (ISO)
trade association

Construction Specifications 
Institute (CSI)

Construction Specifications 
Canada (CSC)

MasterFormat
specification division
specification section
UniFormat
OmniClass Construction 

Classification System
building information modeling (BIM)
BIM execution plan
design/bid/build project delivery
general contractor
subcontractor
design/build project delivery
construction manager (CM)
construction manager for fee
construction manager at risk
integrated project delivery (IPD)
turnkey construction
public-private partnership (PPP or P3)
fixed-fee compensation, lump-sum 

compensation
cost plus a fee compensation
guaranteed maximum price 

(GMAX, GMP)
incentive provision
surety bond
performance bond
payment bond
sequential construction
phased construction, fast track 

construction
Gantt chart, bar chart
critical path
float
critical path method (CPM)
rolling schedule, look-ahead schedule
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Review Questions

1. What is sustainable development? In 
the United States, what is the most widely 
adopted sustainable building program?

2. What is the difference between a prod-
uct disclosure and an ecolabel? Give an 
example of each.

3. What is a life-cycle analysis? What are the 
major life-cycle stages in such an analysis?

4. What is the embodied energy of a 
material?

5. Who are the three principal team mem-
bers involved in the creation of a new 
building? What are their respective roles?

6. What are construction documents? 
What two items are they comprised of?

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

8. What is a building code occupancy? 
What is a construction type? How are they 
related in a building code?

9. In what units is fire resistance meas-
ured? How is the fire resistance of a build-
ing assembly determined?

10. What is MasterFormat? What is it used 
for?

11. Compare and contrast design/bid/
build and design/build construction.

12. What is the difference between lump-
sum and cost plus a fee compensation?

13. What are the two common types of 
surety bonds? What are they used for?

14. What is fast track construction, and 
what types of contracts and fee compensa-
tion is it most commonly associated with?

15. What is the critical path? Why is it 
important to construction scheduling?

16. You are designing a three-story office 
building (Occupancy B) with 19,000 
square feet per floor. Referring to 
Figure 1.6, what types of construction will 
you be permitted to use under the IBC if 
you do not install sprinklers? How does 
the situation change if you install sprin-
klers (assume both an area and height 
increase are permitted)? In the second, 
sprinklered case, what is the least fire-
resistant construction type permitted? 
With this construction type, what level of 
fire resistance is required for the struc-
tural frame of the building?

Exercises

1. Choose a building material or prod-
uct. Visit the manufacturer’s website and 
determine what types of information are 
available that document the material or 
product’s sustainable attributes.

2. Choose two similar products from two 
different manufacturers (for example, 
exterior finish paints), both of which have 
published EPDs. Choose two life-cycle 
impacts, such as global warming, acidi-
fication, etc., and compare the results 
for the two products. Describe how the 

differences between the two materials 
might positively or negatively affect the 
environment or human health.

3. Apply the International Building Code 
to your current studio design project. 
What occupancies are included in your 
project? How large a building is permit-
ted? What construction types may be 
employed? What are the minimum fire 
resistance ratings for the structural and 
nonstructural parts of the building?

4. Arrange permission to shadow an archi-
tect or CM during visits to a construction 
site or during project meetings related to 
a construction project. Take notes. Inter-
view the architect or CM about their role 
and the challenges they have encoun-
tered. Report back to the class what you 
have learned.
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