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This book is an introduction to the
art of building. It begins by describ-
ing the simple but wondrously rich
materials of the ancients—wood,
stone, and brick—and the techniques
by which they are made into build-
ings today, before proceeding to
structural steel, reinforced and pre-
stressed concrete, float glass, ex-
truded aluminum, advanced gypsum
products, synthetic rubber com-
pounds, and plastics, the miraculous
materials of construction developed
over the past two centuries. Insofar as
possible it deals with whole systems
of building. The structural systems
are those widely used today—heavy
timber framing, wood platform
framing, masonry loadbearing wall,
structural steel framing, and con-
crete framing systems. The nonstruc-
tural systems are those that provide
enclosure and interior finishes. Elec-
trical and mechanical systems,
which are treated in detail in other
books, are considered here only to the
extent that they interact with the
fabric of a building.

The discussion of each building
system begins with a brief summary
of its historical development and con-
tinues with a review of how the ma-
jor material is obtained and pro-
cessed, an outline of the people and
organizations who work with the
material, a description of their tools
and working methods, and a discus-
sion of the role of the system in rela-
tion to alternative systems. The in-
tent of this organization is to help the
reader understand the evolutionary
development of the system, the prop-
erties of its major materials, the pos-
sibilities and limitations of the build-
ing method, and the basis for
choosing among systems.

At the end of each chapter is a

PREFACE

group of features designed to assist
the student in reviewing, remember-
ing, and learning to use the essential
material. A listing of the key terms
and concepts introduced in the chap-
ter will be helpful in mastering the
extensive technical terminology of
the building field. The review ques-
tions relate to the most important
ideas contained in the chapter, and
the exercises encourage the applica-
tion of the lessons of the chapter to
real-life situations. Several carefully
selected references point the way to-
ward further reading for those who
wish to delve more deeply into the
topic.

The book contains three hundred
drawings and nearly seven hundred
photographs, a thousand illustrations
in all. Each chapter includes three
types of illustrations: line drawings
to show in detail the major features
of building assemblies, photographs
of manufacturing and assembly op-
erations to relate the drawings to
everyday building practice, and pho-
tographs of finished buildings to ex-
emplify the use of the materials and
techniques described in the chapter.
Key progressions of construction op-
erations are illustrated with sequen-
tial drawings or photographs wher-
ever possible.

At the back of the book there is a
brief appendix containing tables of
physical quantities that the student
will find useful while studying any of
the chapters: densities and thermal
expansion coefficients of common
construction materials, and metric
and English units of conversion. This
is followed by a glossary that defines
the approximately nine hundred
technical terms introduced in this
book.

Several aids are available from the

publisher to the teacher who uses this
as a textbook, including a workbook
of student exercises, a set of black-
and-white 35-mm slides excerpted
from the illustrations in the book,
and a teacher’s manual that incorpo-
rates a script to accompany the
slides. The teacher’s manual also in-
cludes extensive suggestions on lec-
ture topics and schedules, and fur-
ther questions and exercises for use in
homework problems, examinations,
and the laboratory.

The student will soon recognize
that full expertise in the materials
and methods of construction can best
be acquired through practice—in
homework exercises, in the design
studio, in the professional office, in
the field. One must use the informa-
tion in order to learn it, extend it,
and shape it into a working meth-
odology. This is all the more impor-
tant because there are qualities of
construction materials that cannot be
conveyed adequately in graphic
form: their colors, their fragrances,
the sounds they make when struck or
rubbed, the way they feel beneath
the hand, the ways light plays off
them, the ways they interact with
tools, the manner in which they
change with age. And there is a po-
tential in construction methods that
can be fully realized—whether aes-
thetically or technically—only by one
who has observed firsthand, or better
yet, labored beside, skilled construc-
tion artisans over many a season.
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DISCLAIMER

The drawings, tables, descriptions,
and photographs in this book have
been obtained from many sources,
including trade associations, sup-
pliers of building materials, govern-
mental organizations, and architec-
tural firms. They are presented in

good faith, but the author, illustra-
tor, and publisher, while they have
made every reasonable effort to make
this book accurate and authoritative,
do not warrant, and assume no lia-
bility for, its accuracy or complete-
ness or its fitness for any particu-

lar purpose. It is the responsibility
of users to apply their professional
knowledge in the use of information
contained in this book, to consult the
original sources for additional infor-
mation when appropriate, and to
seek expert advice when appropriate.
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Making Buildings
4

We build because little that we
do can take place outdoors. We need shelter from
sun, wind, rain, and snow. We need dry, level plat-
forms for our activities. Often we need to stack
these platforms to multiply available groundspace.

DEsieNING
BUILDINGS

A building begins as an idea in some-
one’s mind, a desire for new and am-
ple accommodations for a family,
many families, an organization, or
an enterprise. For any but the small-
est of buildings, the next step for the
owner of the prospective building is
to engage, either directly or through
a hired construction manager, the
services of building design profes-
sionals. An architect helps to consoli-
date the owner’s ideas about the new
building, develops the form of the
building, and assembles a group of
engineering specialists to help work
out concepts and details of founda-
tions, structural support, and me-
chanical, electrical, and communica-
tions services. This team of designers,
working with the owner, then de-
velops the scheme for the building in
progressively finer degrees of detail.
Drawings and written specifications
are produced by the architect-
engineer design team to document
how the building is to be made and of
what. A general contractor is se-
lected, either by negotiation or by
competitive bidding, and it is the
general contractor who hires sub-
contractors to carry out many spe-
cialized portions of the work. The
drawings and specifications are sub-
mitted to the municipal inspector of
buildings, who checks them for con-
formance with zoning ordinances
and building codes before issuing a
permit to build. Construction may
then begin, with the building inspec-

On these platforms, and within our shelter, we need
air that is warmer or cooler, more or less humid,

tor, the architect, and the engineer-
ing consultants inspecting the work
at frequent intervals to be sure it is
carried out according to plan.

CHOOSING
BUILDING SYSTEMS:
CONSTRAINTS

Although a building begins as an ab-
straction, it is built in a world of
material realities. The designers of a
building—the architects and engi-
neers—work constantly from a
knowledge of what is possible and
what is not. They are able, on the
one hand, to employ any of a limit-
less palette of building materials and
any of a number of structural systems
to produce a building of almost any
desired form and texture. On the
other hand, they are inescapably
bound by certain physical limita-
tions: how much land there is with
which to work; how heavy a building
the soil can support; how long a
structural span is feasible; what sorts
of materials will perform well in the
given environment; and so on. They
are also constrained by a con-
struction budget and by a complex
web of legal restrictions. Those who
work in the building professions need
a broad understanding of many
things, including people, climate,
the physical principles by which
buildings work, the technologies
available for utilization in buildings,
the legal restrictions on building, and
the contractual arrangements under

than outdoors. We need less light by day, and more
by night, than is offered by the natural world. We
need services that provide energy, communications,
and water, and dispose of wastes. So we gather ma-
terials and assemble them into the constructions we
call buildings in an attempt to satisfy these needs.

which buildings are built. This book
is concerned primarily with the tech-
nologies of construction materials—
what the materials are, how they are
produced, what their properties are,
and how they are crafted into build-
ings. But these must be studied with
reference to many other factors that
bear on the design of buildings, some
of which require explanation here.

Zoning Ordinances

The legal restrictions on building be-
gin with local zoning ordinances,
which govern such matters as what
types of activities may take place on
a given piece of land, how miuch of
the land may be covered by the
building or buildings, how far build-
ings must be set back from each of
the property lines, how many park-
ing spaces must be provided, how
large a total floor area may be con-
structed, and how tall the building
may be. In many cities, the zoning
ordinances establish special center-
city fire zones in which buildings
must be built of noncombustible ma-
terials. Copies of the zoning ordi-
nance for a municipality are avail-
able for purchase or reference at the
office of the building inspector or the
planning department, or they may
be consulted at public libraries.

Building Codes

In addition to its zoning ordinances,
each local government also regulates
building activity by means of a



Choosing Building Systems: Constraints
5

Table 501
’ HEIGHT AND AREA LIMITATIONS OF BUILDINGS
Height limitations of buildings (shown in upper figure as stories and feet above grade), and area
limitations of one or two story buildings facing on one street or public space not less than 30 N.P. — Not permitted
feet wide (shown in lower figure as area in square feet per floor). See Note a. N.L. — Not limited
ra
Type of construction
Noncombustible N bustible/Combustible Combustibl
Use Group Type 1 Type 2 Type 3 Type d Type 5
Protected Heavy
Note b Protected Unprotected | Protected | Unprotected | timber Protected | Unprotected
Note a 1A 1B 2A 2B 2C 3A 3B 4 5A 58
| NL NL 55t 65 3St. 40 2St.30 3 St. 40 25t.30 35t 40 18t 20 15120
F A1 Assembly, theaters L L. 19,950 13,125 8.400 11,550 8.400 12,600 8.925 4,200
; ; 4 St. 50' 3.5t 40 25130 1St. 20 2St. 30 18t.200 2St.30 1St 20 1St 20
A-2 Assembly, night clubs and similar uses N.L 7.200 5,700 3,750 2400 3,300 2,400 3,600 2.550 1.200
Lecture halls, recreation centers . " i
: : - 5St. 65 3 St. 40 25t.30 3 St. 40 25130 3 St. 40 151.20 1St.20'
A-3 Assembly  terminals, r:i;l:lué’aun;: other than N.L. N.L. 19.950 13.125 8,400 11.550 8.400 12.600 8.925 4.500
5 St. 65 3 St. 40 2 St. 30 3 St. 40 2 St.30 3 St. 40 18120 15t 200
A-4 Assembly, churches Note d NL. N.L. 34,200 22 500 14,400 19.800 14.400 21,600 15.300 7500
. 7 St.85 5 St. 65 3 St. 40 4 5t. 50' 3 St. 40 5St.65 [ 3St 40 2 St.30
—> B Business Wik B 4200 | 22500 | 14400 | 19800 | 14400 | 21600 | 15, 7.200
: 5 St. 65 3 St. 40 25t.30 3 St.40 2 St. 30 3 St. 40 18120 181,200
£ Edicational Noteicid ML i 34200 | 22500 | 14400 | 19800 | 14400 | 21600 | 15300 7.200
; 6St. 75 4 St. 50 25t 30 35t 40 25130 4 St. 50 2St.30° 15t 200
F Factory and industnial Note h N.L. N.L. 22,800 15.000 9,600 13.200 9.600 14,400 10.200 .800
5 St. 65’ 3St. 40 3 St 40 2St.30 151200 25130 18t 20 2 St.30° 151200
B Highhazetd Note'e 16800 | 14400 | 11.400 7.500 4,800 6.600 4,800 7.200 5,100 N.P
; : 9 St. 100° 4 5t. 50 3 St 40 4 5t. 50 35t 40 4 St.50 3St.40 25135
I-1 Institutional, residential care N.L N.L. 19.950 13.125 8.400 11.550 8.400 12.600 8.925 4.200
: ; 8 St. 90’ 4 5t.50' 2St.30 15t.20° 151200 18t.20° 15120
I-2 Institutional. incapacitated N.L. 21.600 17.100 11.250 7.200 9.900 NP 10.800 7650 N.P
6St.75 45t.50' 2 St.30 18t.20° 2S5t 30 15120 28130 1St.20°
I-3 Institutional. restrained N.L. 18.000 14.250 9.375 6.000 8.250 6.000 9.000 6475 NP
y 6St. 75 4 St. 50 25130 3 St. 40 28130 4St.50 25130 15200
M Mercantile NL LI 22,800 15,000 9,600 13,200 9,600 12400 | (10,200 4,800
= , 9 St. 100° 4 St. 50 35t 40 4 St. 50 3 St 40 45150 3 St 40 25135
R-1 Residential, hotels NL. NL 22,800 15,000 9.600 13.200 9,600 14,400 10.200 4.800
9St. 100° 4 St. 50 3540 4 St. 50 35t 40 45150 3 St 40 285135
R-2 Residential, multi-family N.L. N.L. 22.800 15.000 9.600 13.200 9,600 14.400 10.200 4,800
Note f Note f
. 4 St.50' 4 St. 50 3 St 40 4St.50 3 St 40 4 St. 50 3St.40 25135
R-3 Residential, one and two family N.L. N.L. 22,800 15.000 9.600 13.200 9,600 14.400 10,200 4800
T 5St.65° 4 St. 50° 25130 3 St 40 2530 4 St.50 2St.30 15t 20
8-1 Storage, moderate N.L. N.L. 19.950 13,125 8.400 11.550 8.400 12,600 8.925 4.200
75185 55t 65 3 St 40 4 St. 50 3St.40 5 St. 65' 3 St.40 2 St.30
&2 Storage, low Note g ML L U200 | 22500 | 14400 | 19800 | 14400 | 21600 | 15,300 7.200
U Utility, miscellaneous N.L N.L.

Note a. See the following sections for general exceptions to Table 501:
Section 501.4 Allowable area reduction for multi-story buildings.
Section 502.2 Allowable area increase due to street frontage.
Section 502.3 Allowable area increase due to automatic fire suppression system installation.
Section 503.1 Allowable height increase due to automatic fire suppression system installation.
Section 504.0 Unlimited area one-story buildings.
Note b. Buildings of Type 1 construction permitted to be of unlimited tabular heights and areas are not subject to special requirements that allow increased heights
and areas for other types of construction (see Section 501.5).
Note c. For tabular area increase in buildings of Use Group E, see Section 502.4.
Note d. For height exceptions for auditoriums in buildings of Use Groups A-4 and E, see Section 503.2.
Notee. For exceptions to height and area limitations for buildings of Use Group H, see Article 6 governing the specific use. For other special fireresistive requirements
governing specific uses, see Section 905.0.
Note f. For exceptions to height of buildings for Use Group R-2 of Types 2B and 3A construction, see Section 905.2.
Note g. For height and area exceptions for open parking structures, see Section 607.0.
Note h. For exceptions to height and area limitations for special industrial uses, see Section 501.1.1.
Note i. 1 foot = 304.8 mm; 1 square foot = 0.093 m?.

FIGURE 1.1

Height and area limitations of build-
ings of various types of construction,
as defined in the BOCA National
Building Code/1987.
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Table 501.4
PERCENT REDUCTION OF AREA LIMITS

. Type of construction
ND; ofistories 1A & 1B 2A 2B, 2C, 3A, 3B, 4, 5A, 5B
1 None None None
2 None None None
3 None 5% 20%
4 None 10% 20%
5 None 15% 30%
6 None 20% 40%
7 None 25% 50%
8 None 30% 60%
9 None 35% 70%
10 None 40% 80%
FIGURE 1.2

building code. The intent of a build-
ing code is to protect public health
and safety by setting a minimum
standard of construction quality.
Most building codes in the United
States are based on one of three
model building codes. These are
standardized codes prepared by na-
tional organizations of local building
code officials. In the western United
States and parts of the Midwest, most
codes are modeled after the Uniform
Building Code. In the East and other
areas of the Midwest, the BOCA Na-
tional Building Code is the model in
most states. The Standard Building
Code has been adopted by many
southern and southeastern states.
Canada publishes its own model
code, the National Building Code of
Canada. While these four codes dif-
fer in detail, they are similar in their
approach. Each begins by defining
use groups for buildings: buildings of
assembly, business, industry, high-
hazard industry (such as plants work-
ing with highly flammable or
explosive substances), institutional
buildings, mercantile buildings, resi-
dential buildings, and simple build-
ings used only for storage or agri-
cultural purposes.

For a building more than two stories
in height, the area permitted by the
BOCA Code for each story of the
building must be reduced in accor-
dance with this table.

These definitions are followed by a
set of definitions of construction
types. At the head of this list are
highly fire-resistive types of con-
struction such as reinforced concrete
and fire-protected steel. At the foot
of it are types of construction that are
relatively combustible because they
are framed with small wood mem-
bers. In between are a range of con-
struction types with varying levels of
resistance to fire.

With use groups and construction
types carefully defined, the code pro-
ceeds to match the two, setting forth
in a table which use groups may be
housed in which types of con-
struction, and under what limita-
tions. Figure 1.1 is reproduced from
the model code prepared by the
Building Officials and Code Admin-
istrators International, Incorporated
(BOCA). This table concentrates a
great deal of useful information into
a very small space. A designer may
enter it with a particular use group
in mind—an electronics plant, for
example—and find out very quickly
what types of construction will be
permitted and what shape the plant
may take. An electronics plant ob-
viously fits under Use Group F, Fac-

tory and Industrial. Reading across
the chart, one finds immediately that
this factory may be built to any de-
sired size, without limit, using Type
1 construction.

Type 1 construction is defined in a
nearby table in the BOCA Code, re-
produced here as Figure 1.3. Looking
down this table under Type 1 con-
struction, one finds a rather detailed
listing of the required fire resistance
ratings, measured in hours, of the
various parts of either a Type 1A or
a Type 1B building. In a Type 1A
building, for example, one finds on
line 11 that floor beams must be
rated at 3 hours, and on line 9 that
lower-story columns must be rated at
4 hours. For the required fire resis-
tances of exterior walls (line 1) one is
referred to another section of the
BOCA Code, not reproduced in this
book. Lines 2 and 3 refer to a Table
902 for fire walls and party walls,
which is reproduced as Figure 16.6 of
this book.

Fire resistance ratings of actual
construction components are not
found in the BOCA Code (although
the Standard Building Code and Uni-
form Building Code do contain par-
tial listings). Instead, they are tabu-



lated in a variety of catalogs and
handbooks issued by building mate-
rial manufacturers, construction
trade associations, and organizations
concerned with fire protection of
buildings. In each case the ratings
are derived from full-scale laboratory
fire tests of building components car-
ried out in accordance with Standard
E-119 of the American Society for
Testing and Materials, to assure uni-
formity of results. (This fire test is
described more fully in Chapter 16 of
this book.) Figures 1.4 through 1.6
reproduce small sections of tables
from catalogs and handbooks to illus-
trate how this type of information is
presented.

It is not possible in this book to
reproduce a comprehensive listing of
fire resistance ratings for every type
of building component, but what can
be said in a very general way (and
with many exceptions) is that the
higher the degree of fire resistance,
the higher the cost. In general, there-
fore, buildings are built with the
least level of fire resistance that is
permitted by the applicable building
code. The hypothetical electronics
plant could be built using Type 1
construction, but does it really need
to be built to this standard?

Let us suppose that the owners
want the electronics plant to be a
two-story building with 10,000
square feet on each floor. The table
in Figure 1.1 makes it clear that it
cannot be built of unprotected metal
(Type 2C), unprotected joisted con-
struction (Type 3B), or unprotected
wood frame (Type 5B), because none
of these types will allow construction
of floors as large as 10,000 square
feet. But it can be built of steel with a
relatively small amount of applied
fire protective material (Type 2B), of
protected wood joists with exterior
walls either of masonry or of wood
(Type 3A), or of Heavy Timber con-
struction (Type 4). (The names asso-
ciated with the various construction
types are defined in later chapters of
this book.)

Often the situation is more compli-

cated than this. Figure 1.1 applies
only to one- and two-story buildings;
for taller buildings, the BOCA Code
applies the reduction factors shown
in Figure 1.2 (each of the model
building codes does this slightly dif-
ferently). The presence or absence of
an automatic sprinkler system for
suppression of fires also affects the
choice of a construction system under
all the building codes. Under the
BOCA Code, for example, a fully
sprinklered building belonging to a
nonhazardous use group is allowed to
have floor areas three times those
shown in Figure 1.1 if it is one or two
stories tall, and twice the tabulated
areas if it is more than two stories
tall. In addition, BOCA allows the
building to be a story taller than the
height limitation indicated in Figure
1.1 if it is fully sprinklered. Further
increases are granted by all the
model codes for buildings that front
on streets or open spaces on more
than one side. Additionally, if a
building is divided by fire walls hav-
ing the fire resistance ratings spec-
ified in Table 902 (Figure 16.6 of this
book), each portion of the building
that is separated from the remainder
of the building by fire walls may be
considered as a separate building for
purposes of computing its allowable
area, which effectively permits the
architect to create a building many
times larger than Figure 1.1 would
indicate.

A building code goes far beyond
what is illustrated here. A typical
code also establishes standards for
natural light, ventilation, means of
emergency egress, structural design,
floor, wall, ceiling, and roof con-

. . . 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
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struction, chimney construction, and
energy efficiency.

The building code is not the only
code with which a new building
must comply. There are also health
codes, fire codes, plumbing codes,
and electrical codes in force in most
communities. Some of these are lo-
cally written, but most are model na-
tional codes that have been adopted
locally.

Other Legal
Constraints

Other types of legal restrictions must
also be observed in the design and
construction of buildings. Access
standards regulate the design of en-
trances, stairs, doorways, elevators,
and toilet facilities to assure that they
are usable by physically handicapped
members of the population. The U.S.
Occupational Safety and Health Act
(OSHA) controls the design of work-
places to minimize threats to the
health and safety of workers. OSHA
sets safety standards under which a
building may be constructed and also
has an important effect on the design
of industrial and commercial build-
ings. Many states have established
standards of energy efficiency for
buildings. Fire insurance companies
exert a major influence on con-
struction standards through their
testing and certification organiza-
tions (Underwriters Laboratories
and Factory Mutual, for example)
and through their rate structures for
building insurance coverage, which
offer strong financial incentives for
more fire-resistant construction.
Building contractors and construc-
tion labor unions also have stan-
dards, both formal and informal,
that affect the ways in which build-
ings are built. Unions have work
rules and safety rules that must be
observed; contractors have particular
types of equipment, certain kinds of
skills, and customary ways of going
about things. All of these vary signifi-
cantly from one place to another.



