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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 internal 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 underneath. 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

o«



loads, 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
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materials of which the member is fabricated. The necessary
information regarding the 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
materials 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

component part {4, 41 BE&R4>
torque [ to:k] n. #3074, % ;0. M
impose [im’'pauz] v. ¥---BINF, M0, 384



composite [ 'kompazit] a. ABH,HEEH;n. ESHE . 4Ry

sag [s&g] n. ;v. FIZE,MiG

deflect [ di'flekt] v. g%, 2, T, 6

excessively [ik’sesivli] ad. 3%, HREH

misalignment [ miso’lainmont ] n. RAES, ZWRiRE, HEFY

plaster [ 'pla:sta] n. KR, K¥ %2

buckling [ 'baklin] n. Z5gh, FEgl, #7eh, T

collapse [ ko'leps] v. jn. I3, 84K, US kLU ERES

stiffness [ ‘stifnis ] n. RIEE, Mt REEH

constructor [ kon’strakta] n. BEE BT AR

precedent [ 'presidont] n. 4@, 18%;a. 7E4EHY, 4T5EH

contradistinction [ kontradis’tinkfon] n. Xtk , BRHE, X5

in contradistinction to M 5 M BRAR, RFEF M

rational [ ‘refonl] a. &¥EH, I, HICH , A IRRAES KO

tension [ ‘tenfon] n. ¥, HA, Bl v Rl RE

compression [ kom'prefon] n. K43, K, 8%

indelible [in’delibl] a. REEWHBA, RATEEK A, BEREY

blended [ ‘blendid] a. BAHY, B2

postulate [ 'postjuleit] n. B, &, k&, HAFE

presume [ pri‘zju.m] v. BE, M, LN

visualize [ 'vizjuslaiz] v. W%, 0%, (#) B&[HER, HW] 4k, i%58 .48
2

diagrammatic [ daiogro’meetik] a. EfRE, BIE, HERE 5 EH
diagrammatic sketch ;R &EHE

dividend [ 'dividend] n. f&,F& ,¥ik
aerodynamic [ earoudai'nemik] a. ZEzFHHE, 3K



2 Overview of Engineering Mechanics

As we look around us we see 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,
“Exactly 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.

In practice, engineering mechanics 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 corrective measures. Our best designs often evolve through a

successive elimination of weak points.
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To many engineers, both of the above processes can prove to be
absolutely fascinating and enjoyable, not to mention ( at times)
lucrative.

In any “real” problem there is never sufficient good, useful
information ; we seldom know the actual loads and operating conditions
with any precision, and the analyses are seldom exact. While our
mathematics may be precise, the overall analysis is generally only
approximate, and different skilled people can obtain different
solutions. In the study of engineering mechanics most of the problems
will be sufficiently “idealized” to permit unique solutions, but it
should be clear that the “real world” is far less idealized, and that
you usually will have to perform some idealization in order to obtain a
solution.

The technical areas we will consider are frequently called

”

“statics” and “strength of materials, ” “statics” referring to the study
of forces acting on stationary devices, and “strength of materials”
referring to the effects of those forces on the structure ( deformations,
load limits, etc. ).

While a great many devices are not, in fact, static, the methods
developed here are perfectly applicable to dynamic situations if the
extra loadings associated with the dynamics are taken into account.
Whenever the dynamic forces are small relative to the static loadings,
the system is usually considered to be static.

In engineering mechanics, we will begin to appreciate the various
types of approximations that are inherent in any real problem .

Primarily, we will be discussing things which are in
“equilibrium,” i. e., not accelerating. However, if we look closely
enough, everything is accelerating.

We will consider many structural members to be “weightless” —
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but they never are.

We will deal with forces that act at a “point” —but all forces act
over an area.

We will consider some parts to be “rigid” —but all bodies will
deform under load.

We will make many assumptions that clearly are false. But these
assumptions should always render the problem easier, more tractable.
You will discover that the goal is to make as many simplifying
assumptions as possible without seriously degrading the result.

Generally there is no clear method to determine how completely,
or how precisely, to treat a problem. If our analysis is too simple, we
may not get a pertinent answer; if our analysis is too detailed, we may
not be able to obtain any answer. It is usually preferable to start with a
relatively simple analysis and then add more detail as required to
obtain a practical solution.

During the past two decades, there has been a tremendous growth
in the availability of computerized methods for solving problems that
previously were beyond solution because the time required to solve
them would have been prohibitive. At the same time the cost of
computers has decreased by orders of magnitude. The computer
programs not only remove the drudgery of computation, they allow
fairly complicated problems to be solved with ease. Students gain a
greater understanding of the subject by simply changing input values

and seeing what happens.
Words and Expressions

ceramics [ si‘remiks ] n. P& BEHE
perceive [ pa’si:v] vt B3, M, KK, 0 BB, BH



inertia [i'na:fia] n. 1@, &, 1

lifetime {# F %5 Ay, (A RARR , Fe4 et 18], A 47 3

interactive [intor’aktiv] a. HE/ERK,HEEWA,XEH

iterative [ ‘itorotiv] a. RER,ERH, TEEH

durability [ djuora’biliti] n. WA, HALE, i ELIR

pinpoint [ 'pinpoint ] n. &4k;a. HIEBAD, HEEY ;0. WEBERL, EFTE
i, Bk, 581

evolve [i'volv] v. R, RR, BI5i,(SRBHRE)BH

substance [ ‘sabstans] n. ¥, # K, WA, EA,EE

lucrative [ 'lju:krativ] a. "7R1B89, BEERH, A FIAY

statics [ 'staetiks | n. #A2%

strength of materials #1¥} /7%

deformation [di:fo:'meifon] n. 25,74, B4E

dynamic [ dai'nemik] a. HH#,3hH%6, hiH

appreciate [ 9'pri: fieit] vt Eﬁi?ﬁ,ﬂﬁ,ﬁ%ﬂ,ﬁiﬁ

(be) inherent in - FFEA , & - WEE KR

false [fo:1s] a. ; ad. B&, RELH, METIIER

render [ ‘renda] ut. £, 4F L, 0

tractable [ ‘traktobl] a. 54b3EK, HMTH

prohibitive [ pro’hibitiv] a. #1b#9, %69, EEIE/ERR

meld [meld] ». B& LA A4, 43,083

order of magnitude (&%

drudgery [ 'dradzeri] n. ¥#%, FEHTHE

greater understanding of the subject X33XAMa]E ([ T2El) EFEA MR



3 Stress-Strain Relationship of Materials

The satisfactory performance of a structure frequently is
determined by the amount of deformation or distortion that can be
permitted. A deflection of a few thousandths of an inch might make a
boring machine useless, whereas the boom on a dragline might deflect
several inches without impairing its usefulness. It is often necessary to
relate the loads on a structure, or on a member in a structure, to the
deflection the loads will produce. Such information can be obtained by
plotting diagrams showing loads and deflections for each member and
type of loading in a structure, but such diagrams will vary with the
dimensions of the members, and it would be necessary to draw new
diagrams each time the dimensions were varied. A more useful
diagram is one showing the relation between the stress and strain.

Such diagrams are called stress-strain diagrams (see Fig. 3.1).

Stress,o D
; Ultimate
i Ell|arr31:‘tc stress g
ield | i racture
stiess T C Yielding E

Proportional limit

Modulus, E
0
e - } Strain, ¢
Elastic Plastic
region region

Figure 3.1 Stress-strain curve for a typical low-carbon steel in tension
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