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1" 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
s0 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, the 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.

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

1
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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 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” —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 resulit.

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 computer capability and use has decreased by orders of magnitude. [*! We are
experiencing an influx of personal computers on campus, in the home, and in business.

- Words and Expressions

ceramics [ si'remiks] n. ML, BEMH
2



[1]

perceive [ pa'sirv]

so as to

inertia [i'nazfio]

meld [meld]
fastening [ 'fa:snip]
quantitative [ 'kwontitotiv]
interactive [ intor'zktiv]
iterative [ ‘itorativ)
durability [ djuora'biliti ]
pinpoint [ 'pinpsint ]
evolve [i'valv]

lucrative [ 'ljuzkrotiv]

not to mention

strength of materials
deformation [ di'fo:'meifon]
approximation [ o,proksi'meifon]
(be) inherent in

render [ 'rends]

tractable [ 'taktobl]
degrade [ di'greid]
prohibitive [ pra'hibitiv]
order of magnitude

influx [ 'inflaks]
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\ Stress-Strain Relationship of Materials

The satisfactory performance of a structure is frequently 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.

Data for stress-strain diagrams are usually obtained by applying an axial load to a
test specimen and measuring the load and deformation simultaneously. 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 cross sectional area of the specimen.
The area will change somewhat during the loading, and the stress obtained using the
initial area is obviously not the exact stress occurring at higher loads. It is the stress most
commonly used, however, in designing structures. The stress obtained by dividing the
load by the actual area is frequently called the true stress and is useful in explaining the
fundamental behavior of materials. Strains are usually relatively small in materials used
in engineering structures, often less than 0.001, and their accurate determination
requires special measuring equipment.

True strain, like true stress, is computed on the basis of the actual length of the test
specimen during the test and is used primarily to study the fundamental properties of
materials. The difference between nominal stress and strain, computed from initial
dimensions of the specimen, and true stress and strain is negligible for stresses usually

5



