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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 pro-
portioned to resist the actual or probable furces 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 sufficient-
ly strong for their intended purpose; the shaft of a machine must be of ad-
equate size to carry the ~~quired torque; a wing of an airplane must safely
withstand the aerodynamic loads which may come upon it in flight or land-
ing. 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 he strong enough but yet may deflect ex-
cessively, which in some inslances may cause misalignment of manufac-
turing equipment, or in other cases result in the cracking of a plaster ceil-
ing attached undemecath. Also a member nay 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 unsta-
ble. 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, construc-
tors followed precedents and empirical rules. Galileo was the first to
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attempt to explain the behavior of some of the members under load on a
rational basis. He studied members in tension and compression, and no-
tably beams used in the construction of hulls of ships for the lialian 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 branch-
es of the engineering profession with remarkably many applications. Its
methods are needed by civil engineers in the design of bridges and build-
ings ; by mining engineers and architectural engincers, each of whom is in-
terested in structures; by mechanicz] 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 sub-
ject in order to understand how to improve existing materials further; fi-
nally, by electrical engineers, who nced the methods of this subject be-
cause 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 funda-
mental subjects of an engineerizig curriculum, standing alongside such
other basic subjects as fluid mechanics, thermodynamics, and basic elec-
tricity .

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
latter comes from the laboratory where materials are subjected to the action
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of accurately known forces and the behavior of test specimens is observed
with -particular regard 0 such phenomena as the occurrence of breaks, de-
formations, etc. Delennination 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 sci-
ence called statics, a subject with which the reader of this book is pre-
sumed to be familiar, and on which the subject of this book primarily de-
pends.

The subject matter can be mastered best by solving numerous prob-
lems. 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 de-
velop an ability to visualize a problem and the nature of the quantities be-
ing computed. Complete, carefully drawn diagrammatic sketches of prob-
lems to be solved will pay large dividends in a quicker and more complete

mastery of this subject.
Words and Expressions

torque [to:k] n. S35, M5 ;0. M5

impose [ im'pouz] v. #---iA1F M0, 3Bl

composite [ 'kompozit] a. &M, EEM 0. EEHE, 2R
sag [saegl n. 50, T&H. M

deflect {di'flekt] v. Mm%k, Bill, F &, fuist

excessively [ ik’sesivli| ad. it %1, R EF




misalignment [ miso'lainmont | n. FE @R IRE, kR Y
plaster [’pla:sta] n. K,k KL

buckling ['baklin] n. 2, 16 47, FE

collapse [ko'leps] v on. {3 S35, G . % 20 BUE Tk
stiffness [ 'stifnis] n. RO RyVE B 1L

constructor [ kon'strakto! . %P & EEE T AR

precedent [’presidont;l n. SeiE L e, fEGHY,SLK
contradistinction [ kontrodis' tinkfon | n. %flt, #R MR, X 5

in contradistinction to M 15 M 1R R[5l AF T M

rational [ 'reefonl]| a. &K RIS, b, MR HM
tension [ 'tenfon] n. 1. A fofl oL I B
compression | kom'prefon | n. Fi#i. iS40

indelible [in'delibl ] a. 7Rfiisay, 1500 B8 K 1y, R
postulate [ 'postjuleit] n. i, i%:F, fooess i, BAEEE
presume [pri‘zju:m| v. {E MWL 11N

visualize [ 'vizjuolaiz] v. RMEE, 4052, (H) K[ B&, HMWIE,RE B
diagrammatic [ daiogro'meetik | a. [HHHY.IE K, BBEAG, SRR IG
diagrammatic sketch 5 & (%]

dividend ['dividend] n. & # g8 ik

aerodynamic [ eoroudai’naemik | «. F S AW KM

Reading Material

Overview of Engineering Mechanics

As we look around us we see a world full of “things”: machines,
devices, gadgets; 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.
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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 perfonn?” In the world of engineering, the major func-
tion frequently is to support some type of loading due to weight, inertia,
pressure etc. From the beams in our humes to the wings of an airplane,
there must be an appropriate melding of materials, dimensions, and fas-
tenings 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, meth-
ods, 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 fonn. size, materials, loads, durability, safety, and
cost. This text provides the analytic framework and methods funda-
mental to this process.

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 correc-
tive measures. Our best designs often evolve through a successive e-
limination of weak points. Again, this text provides the analytic sub-
stance required for such a study.

To many engineers, both of the above processes can prove to be ab-
solutely fascinating and enjoyable, not to mention (at times) lucrative.

In any “real” problem there is never sufficient good, useful informa-
tion; 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 differ-
ent skilled people can obtain different solutions. In this book most of the
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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 solu-
tion.

The technical areas we will consider are frequently called “statics”
and “strength of materials, " “statics” referring to the study of forces act-
ing on stationary devices, and “strength of materials” referring to the ef-
fects of those forces on the structure (deformations, load limits, etc. ).

While a great many devices are not, in fact, static, the methods de-
veloped here are perfectly applicable to dynamic situations if the extra
loadings associated with the dynamics are taken into account (we shall
briefly mention how this is done). Whenever the dynamic forces are small
relative to the static loadings, the system is usuzx}l}' considered 1o be stat-
1c.

As we proceed, you will begin to appreciate the various types of ap-
proximations 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” —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 de-
form under load.

We will make many assumptions that clearly are false. But these as-
sumptions should always render the problemn easier, more tractable. You
will discover that the goal is to make as many simplifying assumptions as
possible without seriously degrading the result,
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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; il 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 previ-
ously were beyond solution because the time required to solve them would
have been prohibitive. At the same time the cost of computer capability
and use has decreased by orders of magnitude. In addition, we are begin-
ning to experience an influx of “personal computers” on campus, in the
home, and in business. Accordingly, we will begin to introduce computer

methods in this text.
Words and Expressions

gadget [ ‘geedzit] n. #lF KoM S WE TR

ceramics [ si'remiks | n. B BEH R

perceive [ po'sizv] ot. M, RE KK, HL, HEE,FH

inertia [i'no: fio] n. ¥, M 11

lifetime i Fi1 5% fr , b8 FIT AR, 35 S ), A 7 00

interactive [intor'ektiv] a. HIEERS, HIEEWA, ZLEH

iterative [ 'itorotiv] a. JXEH, LN, BEH

durability [ djuoro’biliti | n. it Atk AL, IR

pinpoint [ 'pinpoint | n. H 9 a. WAEHE, BB, o, WHE L EHT
b B

evolve [i'volv] v. H ke, &I BISEH, (2B RSB H

substance ['sabstons] n. #1/% . ¥, BB EH EH



lucrative [ ju:krotiv] a. B 3E186G, W48y, 47 FI
statics [ /steetiks | n. #4%

deformation [di:fo: ‘meifon| n. 4 &, Fd, B
dynamic [ dai'neemik ] a. #1709, 5 5% 0, fike
appreciate [o'pri: [ieit | vr. FE88TM, Bk, 425 %
(be) inherent in Jy-FT B & . B89 [ A 1%

false [fo:1s] a.; ad. fift, ROCSEAY, (LR TT4E
render [ ‘rendo] vt. i 4T e KM

tractable [ 'trektobl] a. B ic¥Ef. % T 6

prohibitive [ pro’hibitiv] a. # 1k#y. i &y, B 1k 1T 9
meld [meld] v. B4, 7, A4 45,013

influx ["inflaks] n. WA, Wi, g, #0E
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Lesson 2
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 de-
flection of a few thousandths of an inch might make a boring machine use-
less, whereas the boom on a dragline might deflect several inches without
impairing its usefulness. [t s often necessarv to relate the loads on a
structure, or on a member in a structure, 1o the deflection the loads will
produce. Such information can be obtained by plotting diagrams showing
loads and deflections for cach 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 1s one showing the relation between the
stress and strain. Such diagrams are called stress-strain diagrams.

Data for stress-strain diagrams are usually obtained by applying an
axial load to a test spechnen and measuring the load and deformation si-
multaneously. A testing machine is used to strain the specimen and to
measure the load required to produce the strain. The stress is obtained by
dividing the load by the initial ¢ross-sectional area of the specimen. The
area will change somewhat during the loading, and the stress obtained us-
ing the initial area is obviously not the exact stress occurring at higher
loads. It is the stress most commonly used, however, in designing struc-
tures. The stress obtained by dividing the load by the actual area is fre-
quently called the true stress and is useful in explaining the fundamental
behavior of materials. Strains are usually relatively small in materials used

Q.




