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Preface

This book is intended to be written and used to undergraduate
students as a specialized English course. in the realm of engineering
mechanics and its related fields. The texts in this book are
concermned with a wide range of subject matters relevant to various
topies of mechanics. The typical technical terms, the grammatical
structures and sentence patterns commenly used in scientific books
and papers frequently occur throughout the book.

The special kind of English which is used only in seience and
technology has to be learned as a separate language. This is due to
the fact that for students who learned English as a language of

" everyday conversation and of literature, it will be very difficult for

them to understand what is written in specialized technical
English. Therefore, the purpose of this course is to teach students
of scientific subjects the basic language of technical English.

Technical English uses grammatical and syntactic forms and
patterns which often occur in a formal style, with a very high
concentration of technical terms and a number of mathematical
symbols. In fact, many technical English words have been taken
from everyday language but given a precise definition for technical
use. In this case, the meanings of these words in their technical
use are likely to differ from their non-technical meanings. As a
result, technical English does differ from everyday English because
of the specialized contexts. However, as far as technical English is
concemned, the differences will not present any great problems
once the features of technical English have been learned and
recognized. ’



The leaming approach of the book is recommended to be
essentially an oral practice, in view of the fact that oral repetition
is the most effective way of fixing material, even for purely
recognition purpose. In addition to the purely language-teaching
aims outlined above, the book is also recommended to be used to
stimulate- critical thought and foster the habits of clear exposition
of ideas and the impartial assessment of evidence.

. Finally, -it is hopeful that the texts in this book are shown in
such a way that will be of interest to the students who pursue the
subject of mechanics for learning both the language: of specialized
technical ‘English and the knowledge of mechanics. -

Q. Meng
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Lesson 1

Stress and Strain

1.The concepts of stress and strain can be illustrated in an
elementary way by considering the extension of a prismatic bar.
As shown in Fig.1, a prismatic bar is one that has constant
cross section throughout its length and a straight axis. In this
illustration the bar is assumed to be loaded at its ends by axial
forces P that produce a uniform stretching, or tension, of the
bar. . ‘

2. By making an artificial cut (section mm ) through the bar
at right angles to its axis, we can isolate part of the bar as a
free body [see Fig.1(b)]. At the left-hand end the tensile force
P is'applied, and at the other end there are forces representing

O — B—r
R

O m—T

Fig. 1 Prismatic bar in tension
the action of the removed portion of the bar upon the part that
remains. These forces will be continuously distributed over the
cross section, analogous to the continuous distribution of
hydrostatic pressure over a submerged surface.



3. The intensity of force, that is, the force per unit area, is
called the stress and is commonly denoted by the Greek letter
o . Assuming that the stress has a uniform distribution over the
cross section [see Fig.1(b)], we can readily see that its
resultant is equal to the intensity ¢ times the cross-sectional
area A of the bar. Furthermore, from the equilibrium of the
body shown in Fig.1(b), we can also see that this resultant
must be equal in magnitude and opposite in direction to the
force P. Hence, we obtain

G;X _ _ W

4.Eq. (1) can be regarded as the equation for the uniform
stress in a prismatic bar. :This equation shows that stress has
units of force divided by area. When the bar is being stretched
by the force P, as shown in the figure, the resulting stress is a
tensile stress; if the forces are reversed in direction, causing
the bar to be compressed, they are called compressive stresses.

5.A necessary condition for Eq. (1) to be valid is that the
stress ¢ must be uniform over the cross section of the bar. This
condition will be realized if the axial force P acts through the
centroid of the cross section. When -the load P does not act at
the centroid, bending of the bar will result, and a more
complicated analysis is necessary. At present, however, it is
assumed that all axial forces are applied at the centroid of the
cross section unless specifically stated to the contrary. Also,
unless stated otherwise, it is generally assumed that the weight
of the object itself is neglected, as was done when discussing
the bar in Fig.1. :

6.The total elongation of a bar carrying an axial force will

. 2 .



be denoted by the Greek letter & [see Fig.i(a)], and the
elongation per unit length, or strain, is then determined by the
equation

c=2 2

where L is the total length of the bar. Note that the strain ¢
is a non-dimensional quantity. It can be obtained accurately
from Eq. (2) as long as the strain is uniform throughout the
length of the bar. If the bar is in tension, the strain is a tensile
strain, representing an elongation or stretching of the material;
if the bar is in compression, the strain is a compressive strain,
which means that adjécent cross sections of the bar move closer
to one another. '

7.When a material exhibits a linear relationship between
stress and strain, it is said to-be linear elastic. This is an
extremely important property of many solid materials, including
most metals, plastics, wood, concrete, and ceramics. The
linear relationship between stress and strain for a bar in tension
can be expressed by the simple equation

o = Ee (3)
in which E is a constant of proportionality known as the
modulus of elasticity for the material.

8. Note that E has the same units as stress. The modulus of
elasticity is sometimes called Young’s modulus, after the
English scientist Thomas Young (1773 ~ 1829) who studied the
elastic behavior of bars. For most materials the modulus of
elasticity in compression is the same as in tension.



New Words and Expressions

analogous [o'neeloges] adj. UM, AHBIK
artificial [ia:ti'fifol] adj. AT, NEH, BRE
centroid [ ‘sentroid] n. 5 ,ﬁ?ll}

ceramic [si'remik] adj. BEM; n. BE(HES)

- compress [ kom’pres] v. K45, EE

compressive [ kom’presiv] adj. B4, BELS% G
‘concrete ['konkri:t] n. BE L

contrary ['kontrori] adj. HRN, MM ;0. KH; ddv. HRHE
distribute [ dis’tribju:t] ve. 445, B

elasticity [elees'tisiti] n. #Jy, 4k
elongation [ i;log’geifon] n. i<, HEff

equation [i’kweifon] n. &, Fx

equilibrium [ i: kwi'libriom] n. 45

- hydrostatics [ ,haidrow’stzetiks] n. Witk F12
intensity [in’tensiti] »n. &, WF

isolate ['aisoleit] vt. fFHRS, iz

linear (‘linio) adj. ZRHEM), HEH

modulus ['modjules] n. BB, B

pressure [prefo] n. K, Ef,Eif,&H, K8
prismatic [priz’'meetik] adj. B, ML
proportionality [ prapo: fo'nzliti] n. H.H)

resultant [ri‘zaltont] adj. SM; n. §h

solid ['solid] n. BE&K; adj. Bk, REW, BEYW
strain [strain] n. 2

4 -



stress [stres] n. B fj

stretch [stretf] ot. {8/, M7k, B, £ MEHK)
submerge [sob'mo:dz] v. B¥,B®E; vi. #EK
tension [ ‘tenfon] n. 3,5 h, FE :



Lesson 2

Tensile Stress-strain Behavior

1. The relationship between stress and strain in a particular
material is determined by means of a tensile test. A specimen of
the material, usually in the form of a round bar, is placed in a
testing machine and subjected to tension. The force on the bar
and the elongation of the bar are measured as the load is
increased. The stress in the bar is found by dividing the force by
the cross-sectional area, and the strain is found by dividing the
elongation by the-length along which the elongation occurs. In
this manner a complete stress-strain diagram can be obtained
for the material.

2. The typical shape of the stress-strain diagram for
structural steel is shown in Fig.1, where the axial strains are

Fig.1 A typical stress-strain curve
plotted on the horizontal axis and the corresponding stresses are
given by the ordinates to the curve OABCDE . From O to A the

06'



stress and strain are directly proportional to one another and
the diagram is linear. Beyond point A the linear relationship
between stress and strain no longer exists, hence the stress at
A is called the proportional limit.

3. With an increase in loading, the strain increases more
rapidly than the stress, until at point B a considerable
elongation begins to occur with no appreciable increase in the
tensile force. This phenomenon is known as yielding of the
material, and the stress at point B is called the yield point or
yield stress. In the region BC the material is said to have
become plastic, and the bar may actually elongate plastically by
an amount which is 10 or 15 times the elongation which occurs
up to the proportional limit.

4. At point C the material begins to strain harden and to
offer additional resistance to increase in load. Thus, with
further elongation the stress increases, and it reaches its
maximum value, or ultimate stress, at point D. Beyond this
point further stretching of the bar is accompanied by a
reduction in the load, and fracture of the specimen finally
occurs at point E on the diagram.

5. During elongation of the bar a lateral contraction
occurs, resulting in a decrease in the cross-sectional area of the

P T~ ; P
e —
Fig.2 Necking of a bar in tension
bar. This phenomenon has no effect on the stress-strain

diagram up to about point C, but beyond that point the decease
in area will have a noticeable effect upon the calculated value of

Ly A



stress. A pronounced necking of the bar occurs (see Fig.2),
and if the actual cross-sectional area at the narrow part of the
neck is used in calculating o, it will be found that the true
stress-strain curve follows the dashed line CE. Whereas the
total load the bar can carry does indeed diminish after the
ultimate stress is reached (line DE), this reduction is due to
the decrease in area and not to a loss in strength of the material
itself. - :

6. The material actually withstands an increase in stress up
to the point of failure. For most practical purposes, however,
the conventional stress-strain curve OABCDE, based upon the
original cross-sectional area of the specimen, provides
satisfactory information for design purposes.

7. The diagram in Fig.1 has been drawn to show the
general characteristics of the stress-strain curve. There is an
initial region on the stress-strain curve in which the material
behaves both elastically and linearly. The region from O to A
on the stress-strain diagram for steel is an example. The
presence of a pronounced yield point followed by large plastic
strains is somewhat unique to steel, which is the most common
structural metal in use today. Aluminium alloys exhibit a more
gradual transition from the linear to the nonlinear region.

8. Both steel and many aluminium alloys will undergo large
strains before failure and are therefore classified as ductile. On
the other hand, materials that are brittle fail at relatively low
values of strain. Examples include ceramics, cast iron,
concrete, certain metallic alloys, and glass.



