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Losson 7

STRESS AND STRAIN

The concepts of stress and strain can be illustrated in an elementary way by
considering the extension of a prismatic bar (see Fig.1-1a). A prismatic bar is one that
has constant cross section through 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. By making an artificial cut (section m-m) through the bar at right
angles to its axis, we can isolate parts of the bar as a free body (see Fig.1-1b).® At the
right-hand end the tensile force P is applied, and at the other end, these forces will be
continuously distributed over the cross section, analogous to the continuous distribution
of hydrostatic pressure over a submerged surface. ® 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.1-1b),
we can readily see that its resultant is equal to the intensity o times the cross-sectional
area A of the bar. Furthermore, from the equilibrium of the body shown in Fig.1-1b, we
can also see that this resultant must be equal in magnitude and opposite in direction to the
force P. Hence, we abtain

oc=— 1-1

as the equation for the uniform stress in a prismatic bar. This equation shows that stress
has units of force divided by area—for example, pounds per square inch (psi) or kips®
per square inch (ksi). When the bar is being stretched by the forces 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.

m -_—
p P
- -
L 5‘
(a)
e}
O e |———> p
(b)

Fig.1-1 Prismatic bar in tension

A necessary condition for Eq.1-1 to be valid is that the stress o must be uniform over
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BT

d

Hn
At

the cross section of the bar. ® This condition will be realized if the axial force P acts
through the centroid of the cross section, as can be demonstrated by statics.® When the
load P does not act at the centroid, bending of the bar will resuli, and a more complicated
analysis is necessary. However, here, 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.1-1.

The total elongation of a bar carrying an axial force will be denoted by the Greek
letter & (see Fig.1-1a), and the elongation per unit length, or strain, is then determined by
the equation

e=2 | 1-2

L

where L is the total length of the bar. Note that the strain ¢ is a nondimensional quantity.
It can be obtained accurately from Eq.1-2 as long as the strain is uniform throughout the
length of the bar. If the bar is in tension, the strain is a tensile sfrain, representing an
elongation or stretching of the material; if the bar is in compression, the strain is a
compressive strain, which means that adjacent across sections of the bar move closer to
one another.

*QOne kip, or kilopound, equals 1000 pounds.

Words and Expressions

stress [stres] n. NS}
strain [strein] n. AR
ioad [loud] n. B, i, M
v, n#E
prismatic [priz'maetik] adj. BTN, BEH
uniform [junifa:m] adj. Y5
tension ['tenfon] n A, By
tensile ['tensail] adj. SKJIH1, bR
distribute [dis'tribju () t] v. G, K or
distribution [ distri'bju:fon] i)
analogous [a'nzlogas] adj. U, FEEBLE
analogue ['enaldg] n. Ky
static (hydrostatic) ['steetik] ([ haidrou'steetik]) adi. B S1¥H (RARER T
ZHD)

statics (hydrostatics) ['steetiks] ([ haidrou'stetiks])  n &S1% (FERE 1)
submerge [sob'ma:d3] v B, BKR



intensity
denote

resultant

equilibrium
compression
compressive
centroid

elongation
nondimensional
adjacent

in an elementary way
at right angles

be analogous to
constant cross section
axial force

tensile strain

tensile stress

be in tension

be in compression

to the contrary

compressive stress

{in'tensiti]
[di'naut]
[ri'zAltont)

[ izkwi'libriom]
[kem'pref (a) n]
[kom'presiv]
['sentraid]
[icIon'geifan]
['nondi'menfanal)
[o'd3eisont]

Notes

n A

v, R, 2

n &%, &h

adj. AR, AEK
n. JE4E

adji. BIEITH, R4
no B, O, B0 ()
n K, EK FER)
adj. LR

adj. MM
CAFEA 5 ik

BE A

HlF

SEm

W= 77

EUANE!S

VAN

2

BREMRM Gh)
R

© FRMBDLUEH R E I -ing R (RIGHELE R RBA S FAMELAE) . £
HENTHE T RERRE.
BB HILT by considering, By making. -ing EXEMFARE, ©E5H
W BB ERE, AP ERE. B ZBRE — LT when discussing
the bar in Fig.1-1, H13%id] when 5l##-ing 7175 ELE A PR ARG .

@ these forces will be continuously distributed over the cross section, analogous to the
continuous distribution of hydrostatic pressure over a submerged surface.
] analogous to BREEINEEEHHEE. 2AEBR: XEHELN MR
AMERE L, LT RETH LR R S AT .

® A necessary condition for Eq.1-1 to be valid is that the stress ¢ must be uniform
over the cross section of the bar.

{.oxson |/

3
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for Eq.1-1 Z31FEAE to be valid HEHEERE, BEN: AR 1-1 BB RLK
HBEFAFR . JETER that 3] HH— /N RIEMN .
@ This condition will be realized if the axial force P acts through the centroid of the
cross section, as can be demonstrated by statics.
as can be demonstrated XA B 5 — R [ as was done, H A as X EN
], FIHAEMRBIMEEEMND, as RBREANA ERFHRIAR, HENTPEEE.
® However, here, 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...
R — ) H unless 1 SRMNAENR: BRIFHREBAFRIBR. B—a: R,
BRIAESH B

Exercises
I . Translate the following words into Chinese.

1. atotal elongation of a bar carrying an axial force
2. ahbar that has constant cross section throughout its length and a strait axis

a uniform stretching

Units of force divided by area

a compressive stress

at right angles to its axis

II. Translate the following words into English.
1. S0

2. BAEREMS

3. EREMNE

4. M ORIBGERTEH IR

5. HEEBEMEL

6

7

8

S e w

BAKEHKE
R AT
BRIEDH R
II. Translate the following sentences into Chinese.

1. This condition will be realized if the axial force P acts through the centroid of
the cross section, as can be demonstrated by statics.

2. 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.1-1.

3. By making an artificial cut through the bar at right angles to its axis, we can
isolate parts of the bar as a free body.

4. The concepts of stress and strain can be illustrated in an elementary way by
considering the extension of prismatic bar.



5. Assuming that the stress has a uniform distribution over the cross section, we
can readily see that its resultant is equal to the intensity o times the
cross-section area 4 of the bar.

6. 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.

IV. Translate the following sentences into English.

1. HHERE, BISEMEBR NS, BRAMS.

2. NMNERABET o RER. .

3. BAUKEREKERANE, EHAUTARME.

4. FENERNMAHSFEH K,

5. MBI R EARTE A R PR YRS

V. Answer the following questions briefly.
1.  What is the concept of stress?
What is the concept of compression strain?
How do we obtain the tension strain?
What is the condition for Eq.1-1 to be valid?
Please give us the units of the stress and strain, and show some examples.

woR W

Reading materials

Statically Indeterminate Beams

In this paper we will consider the analysis of beams that have a larger number of
reactions (J2 7) than the number of equations of static equilibrium. Such beams are said
to be statically indeterminate (¥4 A £ ), H#HE ), and their analysis requires that the

deflections be taken into account. Only statically determinate beams (#EZR) were
considered in the previous lesson, and in each instance we could immediately obtain the
reactions of the beam by solving equations of static equilibrium. Knowing the reactions,
we could then obtain the bending moments (Z4E) and shear forces (8 77), which in turn
made it possible to find the stresses and deflections. However, when the beam is
statically indeterminate, we cannot solve for the forces on the basis of statics alone.
Instead we must take into account the deflection of the beam and obtain equations of
compatibility to supplement the equations of statics. This same procedure was discussed
for the case of statically indeterminate problems involving members in tension and
compression.

Several types of statically indeterminate beam are illustrated in Fig.1-2. The beam
part (a) of the figure is fixed (or clamped) at support 4 and simply supported at B; such a

Lesson I 8§
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beam is called either a propped cantilever beam (H SLHEE ) or a “fixed simple”
beam. The reactions of the beam consist of horizontal and vertical forces at 4, a
couple (J1{8) at 4, and a vertical force at B. Because there are only three independent
equations of static equilibrium for the beam, it is not possible to calculate all four of
these reactions by statics. The number of reactions in excess of the number of
equilibrium equations is called the degree of statical indeterminacy & £ X% . Thus,
the beam pictured in Fig.1-2a is statical indeterminacy to the first degree. Any reactions
in excess of the number needed to support the structure in a statically determinate manner
are called statical redundants (%% 2 J1), and the number of such redundants necessarily is
the same as the degree of indeterminacy. For example, the reaction R, shown in Fig.1-2a
may be considered as a redundant reaction. Note that when it is removed from the
structure, there remains a cantilever beam. The statically determinate structure which
remains when the redundant is released is called the released structure (FR¥AZ5#4)) or the
primary structure (F:A<£5¥J) . Another approach to the beam in Fig.1-2a is to consider
the reactive moment (%5, J1%H) M, as the redundant; if it is removed, the released
structure is a simple beam with a pin support ($3¢37 %) at A and a roller support GRHIZ
BE) at B.
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B .
B
: T R, R, TRC

T

Fig.1-2 Statically indeterminate beams
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A special case arises if all loads on the beam are vertical (see Fig.1-2b) because
then the horizontal reaction vanishes. However, the beam is stili statically indeterminate
to the first degree inasmuch as there are now two independent equations of static
equilibrium but three reactions.

A fixed-end ([l 72 3%i) beam sometimes called a “fixed-fixed” beam, is shown in
Fig.1-2c. At each support there are three reactive quantities, and hence the beam has a
total of six unknown reactions. Because there are three equations of equilibrium CV-# 2
3{), the beam is statically indeterminate to the third degree. If we take the reactions at
one end as the three redundants, and if we remove them from the structure, a cantilever
beam will remain as the released structure. If we remove the two fixed-end moments and
one horizontal reaction, the released structure is a simple beam.

Again considering the special case of vertical loads only (see Fig.1-2d), we find
that now there are only four reactions to be determined. The number of static equilibrium
equations is two and, therefore, the beam is statically indeterminate to the second degree.

The remaining two beams shown on Fig.1-2 are examples of continuous beams, so
called because they have more than one span and are continuous over a support. The
beam shown in Fig.1-2e is statically indeterminate to the first degree because there are
four reactive forces and only three equations of static equilibrium. If R;, is selected as the
redundant, and if we imagine it to be removed from the beam, then there will remain a
statically determinate simple beam AC. If R, is selected, the released structure will be a
simple beam 4B with an overhang BC. The last beam shown in the figure 1-2f is
statically indeterminate to the second degree. We might select R, and R as the redundant
reactions, and then the released structure is a cantilever beam.

R SEE R BT (1) — BERAE
Reading Skills(1) —Reading without translating

Some students complain that they can’t read well in English. The primary reason,
that they do not read well is that they simply do not read, they translate. They don’t
believe they understand anything, unless they translate it into Chinese. Reading and
translating are not the same thing. Translating is an important skill. It can be helpful in
the early stages of reading, but it should be left behind as soon as possible if you want to
read more and faster.

Now read the following paragraphs without translating. Try to understand the
meaning directly from English.

Both uniaxial ((51) and biaxial (F4HI) stresses are special cases of a more
general stress condition known as plane stress (*F-THi . /1) . An element inplane CFEW)
stress may have both normal (1) and shear (B§Y)) stresses on the x and y faces, as
shown in Fig.1-3, but no stresses on the z face of the element. The shear stress on the x
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