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SYNOPSIS OF THE FILMS

Deformations and Strains (Film#1) discusses the
definitions and measurement of homogeneous
and inhomogeneous strains, (0-07-074601-X)

Loads and Stresses (Film#2) shows methods of load
application in various testing machines and the
determination of tensile, compressive, and
shear stresses, (0-07-074602-8)

Tension Test, Part I (Film#3) develops an auto-
mated experiment and explains the stress-strain
diagram, (0-07-074603-6)

Tension Test, Part I (Film#4) compares test re-
sults for various materials and introduces the
true-stress-true-strain diagram, (0-07-074604-4)

Compression and Buckling (Film#5) shows the si-
milarities and differences between tension and
compression tests ‘and examines relevant varia-
bles in column buckling, (0-07-074605-2)

Bending ( Film#6) examines beém th eories and
compares results with experiments on beams in
pure bending and bending with shear using a
computer, ~(0-07-074606-0)

Torsion (Film#7) shows the performance of tests

2
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on various materials both in the elastic and
plastic regions and looks into the membrane
analogy, (0-07-074607-9)

Hardness and Impact Tests (Film#8) explains the
significance of these experiments and their re-
lation to material properties such as transition
temperatures, notch sensitivity, and ductility,
(0-07-074608-7)

The Creep Test (Film#9) examines creep tests on
" lead wire at various temperatures and loads and
relates these to each other, (0-07-074608-5)
Fatigue (Film#10) introduces the phenomenon, the

testing machinery, and failure surfaces, toge-

ther with some typical results, (0-07-074610-9)
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FILM 1. DEFORMATIONS AND STRAINS

The mechanical behavior of engineering ma-
terials subjected to loads and environmental effects
can be examined in the laboratory, A qualitative
experiment is performed illustrating that the end of
a steel bar cooled in liquid nitrogen breaks when
hit by a hammer, while its other end that was kept
at room temperature onlybends, However, to obtain
a quantitative measure of the energy required to
break a steel bar, a testing machine such as an im—
pact tester has to be used,

It is explained that the determination of me-
chanical properties of materials is a fourfold pro-
blem, It consists of the application and measure-
ment of loads and stresses, of measurement of de-
formations and strains, of the establishment of qu-
antitative relations between them, and of the exa-
mination of failures,

As an axial load, P, is applied to a rubber bar,
its original] length, L,, changes by an amount AL
to L, The so-called engineering strain e is defined
as the length change per unit original length of

material, That is,

8:—-—1:0——:T°‘—1 (1:
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Strain is a dimensionless qﬁantity, A negative
strain means shortening, Another definition of
strain, called “true strain, ” is explained next,
After a load, P, is applied to the rubber bar, the
length changes from L, to L, An additional dif-
ferential load, dP, produces an incremental length
change, dL, The strain, de, due to this increment,
is equal to the change in length, dL, divided by
the length prior to the application of the load in-

crement;

,d8=‘L— (2)

The total strain during loading will be the sum
of strain increments from the original length, L,
to the stressed length, L, Therefore, true strain,
e can be expressed as an integral of the strain
increment,

L dL L
81=SL0 —L—~=ln A (3)

For a very small strain, both definitions give
essentially the same value, and hence, the simpler
engineering-strain definition will be used, For a
large -strain, the true-strain definition is more

meaningful, The two definitions can be related to

3
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each other, If the engineering strain Eq, (1) is

substituted into the true-strain cxpression Eq, (3),

er=1In(1+eg) (4)

is obtained,

In contrast to normal forces that produce chang-
es in length, the application of shear forces to a
rubber membrane results in angular distortion, Ri-
ght angles drawn on the surface of the sheet change
into acute or obtuse angles under the influence of
shear, True shear strain y is defined as the tan-
gent of the change from the initial right angle to
the deformed angle,

AL
r=tan = Ts (5)

The tangent of a small angle is equal to the angle
itself, Hence, for small shear strain,
Y= a (6)

When the rubber sheet is defermed, circles in-
scribed on it before deformation change into el-
lipses, Tension produces a lengthening, compres-
sion a shortening, and shear a reorientation of the
ellipses’axes, Measurements of the change in length,
position, and orientation of their major and minor
axes can be used to determine local strain in the

material,

10
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When strains are the same at every point in a
material, we talk about homogeneous strains, Dur-
ing homogeneous straining, straight lines remain
straight, though their length and orientation may
change, The phenomenon is again illustrated on a
rubber specimen, Another rubber specimen with a
hole in its center is srtetched, Deformation changes
circles drawn on it into ellipses, but in this
case their orientation and ellipticity are different
at every point, Therefore, the strain also varies
from point to point and is said to be inhomoge-
neous, Originally straight lines become curves in
the presence of inhomogeneous strain, Strains are
usually inhomogeneous near abrupt changes in cross
sections, as indicated by the curved line in the vi-
cinity of the fillets on a dog-bhone-shaped specimen,

Strain measurements are usually confined to
that portion of a specimen where strains are ho-
mogeneous,

The determination of strains in engineering
materials where deformations are invisibly small
requires the amplified measurements of changes in
length and rotations, Several means of amplifica-
tion are illustrated with the aid of a rubber bar,
whose elongation under load is marked as AL,

Instruments used to measure axial strains are

12
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called “extensometers, ? The simplest amplifying
extensometer is a lever, The ratio of the length
of its arms provides an amplification factor, The
specimen deforms along a straight line while the
tip of the lever moves along a circular path gra-
duated in units of length, To obtain a large am-
plification, the lever would have to be very long
and, because of its weight, unwieldy,

Specimen deformation is converted into the ro-
tation of a mirror that in turn reflects a beam of
light onto a curved screen, The beam of light ser-
ves as a weightless lever arm,

A rack and pinion system is another variation
of the lever idea, Here, amplification is obtained
ti11‘011gh gear ratios, The rack and pinion system
1s used in the dial gages shown, A mechanical
extensometer which combines a lever with the dial
gage is demonstirated, The distance between poifits
of attachment on a specimen is called the “gage
length, ” in which the deformation is measured and
is assumed to be homogeneous, A mechanical ex-
tensometer has to be read by the observer and its
output recorded manually, Consequently, it can be
used only for static or very siow experiments,

In a dynamic experiment, strains are usually

converted into optical or electrical signals, which

14
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in turn can be recorded on electronic instruments,
or on photographic film, Systems that convert me-
chanical strain into magnetic, electrical, or op-
tical signals are called “transducers,”

An iron core is moved in and out of a coil of
wire through which electrical current is running,
and the inductance of the system changes, This
change in inductance is a function of the core di-
splacement and is measured in electronically .am-
plified form on a meter, This principle is utilized
in so-called linear variable differential transfor-
mers, often referred to as LVDTs, The amount of
twist in a bar is measured with the aid of a va-
riable capacitor, In this case, the change in ca-
pacitance indicated on a meter is a measure of the
shear strain in the specimen,

Next a tensile force is applied to a wire, It
becomes longer and thinner, and a rearrangement
of its internal crystal structure takes place, As a
consequence, its electrical: resistance increases and
is measured, Change in length, AL,and change in
resistance, AR, are related to each other through
a material constant called the “gage factor,” which
is the ratio of the change in resistance divided by
the original resistance and the strain in the wire;
AR/R,
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