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Preface

This book is intended to provide the student with a clear and thorough
presentation of the theory and application of structural analysis as it applies
to trusses, beams, and frames. Emphasis is placed on developing the student’s
ability to both model and analyze a structure and to provide realistic applica-
tions encountered in professional practice.

Organization and Approach

The contents of each chapter are arranged into sections with specific topics
categorized by title headings. Discussions relevant to a particular theory are
succinct, yet thorough. In most cases, this is followed by a “procedure for
analysis” guide, which provides the student with a summary of the important
concepts and a systematic approach for applying the theory. The example prob-
lems are solved using this outlined method in order to clarify its numerical
application. Problems are given at the end of each chapter and are arranged
to cover the material in sequential order; moreover, for any topic they are
arranged in approximate order of increasing difficulty.

During recent years there has been a growing emphasis on using com-
puters to analyze structures by matrix analysis. These developments are most
welcome, because they relieve the engineer of the often lengthy calculations
required when large or complicated structures are analyzed using classical
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Homework Problems

methods. Although matrix methods are more efficient for a structural analy-
sis, it is the author’s opinion that students taking a first course in this subject
should also be well versed in the classicial methods. Practice in applying
these methods will develop a deeper understanding of the basic engineering
sciences of statics and mechanics of materials. Also, problem-solving skills
are further developed when the various techniques are thought out and
applied in a clear and orderly way. By experience, one can better grasp the
way loads are transmitted through structures and obtain a more complete
understanding of the way structures deform under load. Finally, the classi-
cial methods provide a means of checking computer results rather than simply
relying on the generated output.

Most of the problems in the book depict realistic situations encountered in
practice. It is hoped that this realism will both stimulate the student’s interest
in structural analysis and develop the skill to reduce any such problem from
its physical description to a model or symbolic representation to which the
appropriate theory can be applied. Throughout the book there is an approxi-
mate balance of problems using either SI or FPS units. The intent has been to
develop problems that test the student’s ability to apply the theory, keeping in
mind that those problems requiring tedious calculations can be relegated to
computer analysis. Using the STRAN computer program, included with this
book, the student also has a means of checking the solutions to many of these
problems, and can thereby be encouraged to apply a computer analysis
throughout the course. The answers to selected problems are listed in the back
of the book.
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This book is divided into three parts. The first part consists of seven chapters
that cover the classical methods of analysis for statically determinate struc-
tures. Chapter 1 provides a discussion of the various types of structural forms
and loads. The analysis of statically determinate structures is covered in the
next six chapters. Chapter 2 discusses the determination of forces at a struc-
ture’s supports and connections. The analysis of various types of statically
determinate trusses is given in Chapter 3, and shear and bending-moment
functions and diagrams for beams and frames are presented in Chapter 4. In
Chapter 5, the analysis of simple cable and arch systems is presented, and
in Chapter 6 influence lines for beams, girders, and trusses are discussed.
Finally, in Chapter 7 several common techniques for the approximate analysis
of statically indeterminate structures are considered.

In the second part of the book, the analysis of statically indeterminate
structures is covered in five chapters. Both geometrical and energy methods
for computing deflections are discussed in Chapter 8. Chapter 9 covers the
analysis of statically indeterminate structures using the force method of analy-
sis, in addition to a discussion of influence lines for beams. Then the displacement
methods consisting of the slope-deflection method in Chapter 10 and moment
distribution in Chapter 11 are discussed. Finally, beams and frames having
nonprismatic members are considered in Chapter 12.

The third part of the book treats the analysis of structures using the stiff-
ness method. Trusses are discussed in Chapter 13, beams in Chapter 14, and
frames in Chapter 15. A review of matrix algebra is given in Appendix A.
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The diamond-patterned framework
on this high-rise building is used
to resist earthquake loadings. (Photo
courtesy of Bethlehem Steel Corpo-
ration.)
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- Types of Structures and Loads

This chapter provides a discussion of some of the preliminary aspects of
structural analysis. The phases of activity necessary to produce a structure are
presented first, followed by an introduction to the basic types of structures, their
components, and supports. Finally, a brief explanation is given of the various
types of loads that must be considered for an appropriate analysis and design.

1.1 Introduction

A structure refers to a system of connected parts used to support a load. Important
examples related to civil engineering include buildings, bridges, and towers; and
in other branches of engineering, ship and aircraft frames, tanks, pressure vessels,
mechanical systems, and electrical supporting structures are important.

When designing a structure to serve a specified function for public use,
the engineer must account for its safety, esthetics, and serviceability, while
taking into consideration economic and environmental constraints. Often this
requires several independent studies of different solutions before final
judgment can be made as to which structural form is most appropriate. This
design process is both creative and technical and requires a fundamental
knowledge of material properties and the laws of mechanics which govern
material response. Once a preliminary design of a structure is proposed, the
structure must then be analyzed to ensure that it has its required strength and
rigidity. To analyze a structure properly, certain idealizations must be made
as to how the members are supported and connected together. The loadings
are determined from codes and local specifications, and the forces in the
members and their displacements are found using the theory of structural
analysis, which is the subject matter of this text. The results of this analysis
then can be used to redesign the structure, accounting for a more accurate
determination of the weight of the members and their size. Structural design,
therefore, follows a series of successive approximations in which every cycle
requires a structural analysis. In this book, the structural analysis is applied
to civil engineering structures; however, the method of analysis described can
also be used for structures related to other fields of engineering.
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1.2 Classification of Structures
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Fig. 1-1

5=

.

simply supported beam

I
cantilevered beam
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continuous beam

Fig. 1-2

It is important for a structural engineer to recognize the various types of
elements composing a structure and to be able to classify structures as to their
form and function. We will introduce some of these aspects now and expand
on them at appropriate points throughout the text.

Structural Elements. Some of the more common elements from which
structures are composed are as follows.

Tie Rods. Structural members subjected to a fensile force are often referred to
as tie rods or bracing struts. Due to the nature of this load, these members are
rather slender, and are often chosen from rods, bars, angles, or channels, Fig. 1-1.

Beams. Beams are usually straight horizontal members used primarily to
carry vertical loads. Quite often they are classified according to the way they
are supported, as indicated in Fig. 1-2. In particular, when the cross section
varies the beam is referred to as tapered or haunched as shown in the photo
below. Beam cross sections may also be “built up” by adding plates to their
top and bottom.

Beams are primarily designed to resist bending moment; however, if they
are short and carry large loads, the internal shear force may become quite large
and this force may govern their design. When the material used for a beam is
a metal such as steel or aluminum, the cross section is most efficient when it
is shaped as shown in Fig. 1-3. Here the forces developed in the top and
bottom flanges of the beam form the necessary couple used to resist the applied
moment M, whereas the web is effective in resisting the applied shear V. This
cross section is commonly referred to as a “wide flange,” and it is normally
formed as a single unit in a rolling mill in lengths up to 75 ft (23 m). If shorter
lengths are needed, a cross section having tapered flanges is sometimes
selected. When the beam is required to have a very large span and the loads
applied are rather large, the cross section may take the form of a plate girder.
This member is fabricated by using a large plate for the web and welding or
bolting plates to its ends for flanges. The girder is often transported to the
field in segments, and the segments are designed to be spliced or joined
together at points where the girder carries a small internal moment.

The precast concrete girders are simply
supported and are used for this
highway bridge. Also, note the tapered
beams used to support these girders.




