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PREFACE
TO SECOND EDITION

In 1969 the American Institute of Steel Construction, the American
Association of State Highway Officials, and the American Railway Engi-
neering Association made substantial revisions to their specifications for
structural steel. This edition has been prepared with the primary objec-
tive of updating its contents to agree with these new specifications.

In addition many sections have been rewritten and additional material
included. The homework problems have been almost completely changed
and their number greatly increased. Based on requests from students,
answers are included for approximately half of the problems.

The author is very grateful to the many persons who have taken the
time to write to him concerning various phases of the text and will continue
to be extremely interested in hearing from anyone regarding any part of
the book. He is especially grateful to Dr. Oktay Ural, University of
Missouri—Rolla, for his helpful suggestions and review of the manuscript
for this edition.

Jack C. McCormac

Clemson, South Carolina
May, 1971
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PREFACE
TO FIRST EDITION

This book presents an elementary discussion of structural steel design.
Its purpose is to set forth the fundamental theories necessary for the
design of simple steel structures in such a manner as to create interest
in the subject.

The design of individual members and their connections is discussed
in Chapters 1 through 12. Chapters 13 through 20 treat designs for entire
structures. Chapters 21 and 22 introduce the student to plastic analysis
and design. A satisfactory background in the fundamentals of mechanics
of materials and structural analysis is a prerequisite for this text.

It is strongly recommended that the student supplement the text by
observing the actual erection of steel structures. If he develops an aware-
ness of the details of steel construction, a large part of the purpose of
this book will have been achieved, and the student will have made a long
and important step toward becoming a structural designer.

Proficiency in the field of structures undoubtedly leads to many em-
ployment opportunities with appreciable economic rewards. Perhaps more
important is the definite sense of accomplishment felt by the engineer in
seeing the structures he has designed become reality and of service to the
community.

Jack C. McCormace
Clemson, South Carolina
May, 1965
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cl'xapter ].

INTRODUCTION TO
STRUCTURAL STEEL DESIGN

1-1. ADVANTAGES OF STEEL AS A STRUCTURAL MATERIAL

A person traveling in the United States might quite understandably
decide that steel was the perfect structural material. He would see an
endless number of steel bridges, buildings, towers, and other structures—
comprising, in fact, a list too lengthy to enumerate. After seeing these
numerous steel structures he might be quite surprised to learn that steel
was not made in the United States until 1856 and the first wide-flange
beams were not rolled until 1908.

His assumption of the perfection of this metal, perhaps the most
versatile of structural materials, would appear to be even more reason-
able when he considered its great strength, light weight, ease of fabrica-
tion, and many other desirable properties. These and other advantages
of structural steel are discussed in detail in the following paragraphs.

High Strength. The high strength of steel per unit of weight means
dead loads will be small. This fact is of great importance for long-span
bridges, tall buildings, and for structures having poor foundation con-
ditions.

Uniformity. The properties of steel do not change appreciably with
time as do those of a reinforced-concrete structure.

Elasticity. Steel behaves closer to design assumptions than most ma-
terials because it follows Hooke’s law up to fairly high stresses. The
moments of inertia of a steel structure can be definitely calculated while
the values obtained for a reinforced concrete structure are rather indefi-
nite.

Permanence. Steel frames that are properly maintained will last
indefinitely. Research on some of the newer steels indicates that under
certain conditions no painting maintenance whatsoever will be required.

Ductility. The property of a material by which it can withstand ex-
tensive deformation without failure under high tensile stresses is said
to be its ductility. When a mild steel member is being tested in tension,

1



2 INTRODUCTION TO STRUCTURAL STEEL DESIGN

a considerable reduction in cross section and a large amount of elongation
will oceur at the point of failure before the actual fracture occurs. A
material that does not have this property is probably hard and brittle
and might break if subjected to a sudden shock.

In structural members under normal loads, high stress concentrations
develop at various points. The ductile nature of the usual structural
steels enables them to yield locally at those points, thus preventing pre-
mature failures. A further advantage of ductile structures is that when
overloaded _their large deflections give visible evidence of impending
failure (sometimes jokingly referred to as “running time’).

Additions to Existing Structures. Steel structures are quite well suited
to having additions made to them. New bays or even entire new wings
can be added to existing steel frame buildings, and steel bridges may
often be widened.

Miscellaneous. Several other important advantages of structural steel
are: (a) adaptation to prefabrication, (b) speed of erection, (c) weld-
ability, (d) toughness and fatigue strength, (e) possible reuse after a
structure is disassembled, and (f) scrap value even though not reusable
in its existing form.

1-2. DISADVANTAGES OF STEEL AS A STRUCTURAL MATERIAL

In general steel has the following disadvantages:

Maintenance Costs. Most steels tend to corrode when freely exposed
to air and must be periodically painted.

Fireproofing Costs. The strength of structural steel is tremendously
reduced at temperatures which are commonly reached in fires. The steel
frame of a building must be fireproofed to obtain an appreciable fire
rating. It is to be remembered, however, that steel itself is not com-
bustible.

Susceptibility to Buckling. The longer and slenderer compression mem-
bers, the greater the danger of buckling. As previously indicated, steel
has a high strength per unit weight and when used for steel columns is
sometimes not economical because considerable material has to be used
merely to stiffen the columns against buckling.

1-3. THE STRUCTURAL DESIGNER

The structural designer can take great pride in his part in the de-
velopment of our country. Cities, farmlands, and industrial areas of the
United States are filled with the amazing structures designed by members
of his profession. But even this remarkable array of structures will be
merely child’s play compared to the structural endeavors of the next few



