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Lesson 1
Introduction to Mechanics of Materials

In all engineering construction the component parts of a structure
must be assigned definite physical sizes. Such parts must be properly
proportioned to resist the actual or probable forces that may be imposed
upon them. Thus, the walls of a pressure vessel must be of adequate
strength to withstand the intemal pressure; the floors of a building must
be sufficiently strong for their intended purpose; the shaft of a machine
must be of adequate size to carry the required torque; a wing of an
airplane must safely withstand the aerodynamic loads which may come
upon it in flight or landing. Likewise, the parts of a composite structure
must be rigid enough so as not to deflect or “sag” excessively when in
operation under the imposed loads. A floor of a building may be strong
enough but yet may deflect excessively, which in some instances may
cause misalignment of manufacturing equipment, or in other cases result
in the cracking of a plaster ceiling attached undemeath. Also a member
may be so thin or slender that, upon being subjected to compressive
loading, it will collapse through buckling; i.e., the initial configuration
of a member may become unstable. Ability to determine the maximum
load that a slender column can carry before buckling occurs, or
determination of the safe level of vacuum that can be maintained by a
vessel is of great practical importance.

Mechanics of materials is a fairly old subject, generally dated from
the work of Galileo in the early part of the seventeenth century. Prior to
his investigations into the behavior of solid bodies under loads,
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constructors followed precedents and empirical rules. Galileo was the first
to attempt to explain the behavior of some of the members under load on a
rational basis. He studied members in tension and compression, and
notably beams used in the construction of hulls of ships for the Italian
navy. Of course much progress has been made since that time, but it
must be noted in passing that much is owed in the development of this
subject to the French investigators, among whom a group of outstanding
men such as Coulomb, Poisson, Navier, St.Venant, and Cauchy, who
worked at the break of the nineteenth century, has left an indelible
impression on this subject.

The subject of mechanics of materials cuts broadly across all
branches of the engineering profession with remarkably many applications.
Its methods are needed by civil engineers in the design of bridges and
buildings ; by mining engineers and architectural engineers, each of whom
is interested in structures; by mechanical and chemical engineers, who
rely upon the methods of this subject for the design of machinery and
pressure vessels; by metallurgists, who need the fundamental concepts of
this subject in order to understand how to improve existing materials
further; finally, by electrical engineers, who need the methods of this
subject because of the importance of the mechanical engineering phases of
many portion of electrical equipment. Mechanics of materials has
characteristic methods all its own. It is a definite discipline and one of
the most fundamental subjects of an engineering curriculum, standing
alongside such other basic subjects as fluid mechanics, thermodynamics,
and basic electricity.

The behavior of a member subjected to forces depends not only on
the fundamental laws of Newtonian mechanics that govern the equilibrium
of the forces but also on the physical characteristics of the materials of
which the member is fabricated. The necessary information regarding the
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latter comes from the laboratory where materials are subjected to the action
of accurately known forces and the behavior of test specimens is observed
with particular regard to such phenomena as the occurrence of breaks,
deformations, etc. Determination of such phenomena is a vital part of the
subject, but this branch of the subject is left to other books. Here the end
results of such investigations are of interest, and this course is concerned
with the analytical or mathematical part of the subject in contradistinction
to experimentation. For the above reasons, it is seen that mechanics of
matenials is a blended science of experiment and Newtonian postulates of
analytical mechanics. From the latter is borrowed the branch of the
science called statics, a subject with which the reader of this book is
presumed to be familiar, and on which the subject of this book primarily
depends.

The subject matter can be mastered best by solving numerous
problems. The number of formulas necessary for the analysis and design of
structural and machine members by the methods of mechanics of materials
is remarkably small; however, throughout this study the student must
develop an ability to visualize a problem and the nature of the quantities
being computed. Complete, carefully drawn diagrammatic sketches of
problems to be solved will pay large dividends in a quicker and more
complete mastery of this subject.

Words and Expressions

torque [ to:k] n. $3hh4E, M. H

impose [ im’pouz] v. ¥--3BiNF, Mihn, 3R {E

composite [ 'kompozit] a. BB, HAH; . HEHH,SRY
sag [swg] n. ;0. T, UG

deflect [di'flekt] v. {R¥, B, FE,Hig



excessively [ ik’sesivli] ad. 3%, 85

misalignment [ miso’lsinmont] n. REA, REiRE, WBTY
plaster ['pla:sto] n. Kig,K¥E,%E

buckling [ 'baklin] n. 2, K, 78, F&

collapse [ko'leeps] v. ;n. I8, 85 Y&, KEUmBEY
stiffness [ 'stifnis] n. BUEE, R, R

constructor [ kon'strakte] n. itit#,BEE EIAR
precedent [ 'presidont] n. %81, 8% a. 7E5RY, BiERY
contradistinction [ kontrodis’tipkfon] n. Xfit, #EARME , X5
in contradistinction to M 5 MBAXRRF], AEF M

rational ['reefonl] a. A¥&Y, WM, HibH, A EMBEHH
tension [ ‘tenfon] n. A, Ry Rl o, iR RE
compression [ kom’prefon] n. K4, K, &%

indelible [in’delibl] a. REEWBRAY, RETBE XA, EREY
blended ['blendid] a. B4 H, B2/

postulate ['postjuleit] n. 8, 8E, ok, HARE
presume [pri‘zju:m] v. BE,BM, N

visualize [ 'vizjuolaiz] v. WEE, R, (6) BADER, HML, BB, 88
diagrammatic [ daiogro’meetik] a. FMERY, B, BERERD, DA
diagrammatic sketch /R EH

dividend [’dividend] n. B8, %18 42K

aerodynamic [eoroudai’nemik | a. ZKFHHM, SIH



Lesson 2
Overview of Engineering Mechanics

As we look around us we sce a world full of “things”: machines,
devices, tools; things that we have designed, built, and used; things
made of wood, metals, ceramics, and plastics. We know from experience
that some things are better than others; they last longer, cost less, are
quieter, look better, or are easier to use.

Ideally, however, every such item has been designed according to
some set of “functional requirements” as perceived by the designers—that
is, it has been designed so as to answer the question, “FExactly what
function should it perform?” In the world of engineering, the major
function frequently is to support some type of loading due to weight,
inertia, pressure etc. From the beams in our homes to the wings of an
airplane, there must be an appropriate melding of materials, dimensions,
and fastenings to produce structures that will perform their functions
reliably for a reasonable cost over a reasonable lifetime.

The goal of this text is to provide the background, analyses,
methods, and data required to consider many important quantitative
aspects of the mechanics of structures. In practice, these quantitative
methods are used in two quite different ways:

1. The development of any new device requires an interactive, iterative
consideration of form, size, materials, loads, durability, safety, and
cost.

2. When a device fails { unexpectedly) it is often necessary to carry out a
study to pinpoint the cause of failure and to identify potential
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