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Stress and Strain:

0 0

90.45 0.00035

259.9 0.00120

308.0 0.00204

333.3 0.00330

355.3 0.00498

435.1 0.02032

507.7 0.06096

525.6 0.12700

507.7 0.17780

479.1 0.23876

Modulus of Elasticity: From the stress–strain diagram

Ans.

Ultimate and Fracture Stress: From the stress–strain diagram

Ans.

Ans.(sf)approx = 479 MPa

(sm)approx = 528 MPa

(E)approx =
228.75(106) - 0

0.001 - 0
= 229 GPa

e = dL
L

(mm/mm)s = P
A

(MPa)

*3–4. A tension test was performed on a specimen having
an original diameter of 12.5 mm and a gauge length of
50 mm. The data are listed in the table. Plot the stress–strain
diagram, and determine approximately the modulus of
elasticity, the ultimate stress, and the fracture stress. Use a
scale of and 
Redraw the linear-elastic region, using the same stress scale
but a strain scale of 20 mm = 0.001 mm>mm.

20 mm = 0.05 mm>mm.20 mm = 50 MPa

 0
 11.1
 31.9
 37.8
 40.9
 43.6
 53.4
 62.3
 64.5
 62.3
 58.8

 0
 0.0175
 0.0600
 0.1020
 0.1650
 0.2490
 1.0160
 3.0480
 6.3500
 8.8900
11.9380

Load (kN) Elongation (mm)
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Normal Stress and Strain: The cross-sectional area of the hollow bar is
. When ,

From the stress–strain diagram shown in Fig. a, the slope of the straight line OA
which represents the modulus of elasticity of the metal alloy is

Since , Hooke’s Law can be applied. Thus

Thus, the elongation of the bar is

Ans.

When ,

From the geometry of the stress–strain diagram, Fig. a,

When is removed, the strain recovers linearly along line BC, Fig. a,
parallel to OA. Thus, the elastic recovery of strain is given by

The permanent set is

Thus, the permanent elongation of the bar is

Ans.dP = ePL = 0.0285(600) = 17.1 mm

eP = e2 - er = 0.0305 - 0.002 = 0.0285 mm>mm

 er = 0.002 mm>mm

 s2 = Eer;  400(106) = 200(109)er

P = 360 kN

e2 - 0.00125
400 - 250

= 0.05 - 0.00125
500 - 250

  e2 = 0.0305 mm>mm

s2 = P
A

=
360(103)

0.9(10- 3)
= 400 MPa

P = 360 kN

d1 = e1L = 0.5556(10- 3)(600) = 0.333 mm

 e1 = 0.5556(10- 3) mm>mm

 s1 = Ee1; 111.11(106) = 200(109)e1

s1 6 250 MPa

E =
250(106) - 0
0.00125 - 0

= 200 GPa

s1 = P
A

=
100(103)

0.9(10- 3)
= 111.11 MPa

P = 100 kNA = 0.052 - 0.042 = 0.9(10- 3)m2

*3–16. Determine the elongation of the square hollow bar
when it is subjected to the axial force If this
axial force is increased to and released, find
the permanent elongation of the bar. The bar is made of a
metal alloy having a stress–strain diagram which can be
approximated as shown.

P = 360 kN
P = 100 kN.
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P

P

600 mm

50 mm250

0.00125 0.05
P (mm/mm)

500

50 mm 5 mm

5 mm

s (MPa)
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From the stress–strain diagram,

Thus,

Angle of tilt :

Ans.tan a = 18.535
1500

 ; a = 0.708°

a

dCD = eCDLCD = 0.002471(500) = 1.236 mm

dAB = eABLAB = 0.009885(2000) = 19.771 mm

eCD =
sCD

E
=

7.958(106)

3.22(109)
= 0.002471 mm>mm

sCD =
FCD

ACD
=

40(103)
p
4(0.08)2 = 7.958 MPa

eAB =
sAB

E
=

31.83(106)

3.22(109)
= 0.009885 mm>mm

sAB =
FAB

AAB
=

40(103)
p
4(0.04)2 = 31.83 MPa

E =
32.2(10)6

0.01
= 3.22(109) Pa

•3–21. The stress–strain diagram for a polyester resin
is given in the figure. If the rigid beam is supported by a
strut AB and post CD, both made from this material, and
subjected to a load of determine the angle
of tilt of the beam when the load is applied.The diameter of
the strut is 40 mm and the diameter of the post is 80 mm.

P = 80 kN,
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0

tension

compression

0.01 0.02 0.03 0.04

95

80

100

70
60
50
40

32.2

20

0

0.75 m

B

C

D

A

P

0.75 m 0.5 m

2 m

P (mm/mm)

s (MPa)
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Normal Stress:

Normal Strain: From the Stress–Strain diagram, the modulus of elasticity

. Applying Hooke’s Law

Thus,

Ans.

Poisson’s Ratio: The lateral and longitudinal can be related using poisson’s ratio.

Ans.d = d0 + dd = 13 + (-0.003918) = 12.99608 mm

dd = elat d = -0.3014 A10- 3 B(13) = -0.003918 mm

 = -0.3014 A10- 3 B  mm>mm

 elat = -velong = -0.4(0.7534) A10- 3 B
L = L0 + dL = 50 + 0.03767 = 50.0377 mm

dL = elong L0 = 0.7534 A10- 3 B(50) = 0.03767 mm

elong = s
E

=
150.68(106)

200(109)
= 0.7534 A10- 3 B  mm>mm

= 200 GPaE =
400(106)

0.002

s = P
A

=
20(103)
p
4  (0.0132)

= 150.68Mpa

*3–28. The elastic portion of the stress–strain diagram for
a steel alloy is shown in the figure. The specimen from
which it was obtained had an original diameter of 13 mm
and a gauge length of 50 mm. If a load of kN is
applied to the specimen, determine its diameter and gauge
length. Take n = 0.4.

P = 20
400

P(mm/mm)
0.002

s(MPa)

Ans.

Ans.h¿ = 2 + 0.0000880(2) = 2.000176 in.

v = -0.0000880
-0.0002667

= 0.330

elat = 1.500132 - 1.5
1.5

= 0.0000880

elong = s
E

= -2.667
10(103)

= -0.0002667

s = P
A

= 8
(2)(1.5)

= 2.667 ksi

•3–29. The aluminum block has a rectangular cross
section and is subjected to an axial compressive force of
8 kip. If the 1.5-in. side changed its length to 1.500132 in.,
determine Poisson’s ratio and the new length of the 2-in.
side. Eal ! 10(103) ksi.

3 in.

1.5 in.

8 kip
8 kip 2 in.
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a (1)

a (2)

Since the beam is held horizontally,

Ans.

From Eq. (2),

Ans.dA
œ = dA + d elat = 30 + 30(0.0002646) = 30.008 mm

elat = -velong = -0.35(-0.000756) = 0.0002646

elong =
sA

E
= -

55.27(106)

73.1(109)
= -0.000756

sA =
FA

A
=

39.07(103)
p
4(0.032)

= 55.27 MPa

FA = 39.07 kN

x = 1.53 m

80(3 - x)(220) = 80x(210)

dA = dB ; 80(3 - x)
3 (220)

AE
=

80x
3 (210)

AE

d = eL = a P
A

E
b  L = PL

AE

s = P
A

 ; e = s
E

=
P
A

E

dA = dB

+  ©MB = 0; -FA(3) + 80(3 - x) = 0; FA =
80(3 - x)

3

+  ©MA = 0; FB(3) - 80(x) = 0; FB = 80x
3

3–39. The rigid beam rests in the horizontal position on
two 2014-T6 aluminum cylinders having the unloaded lengths
shown. If each cylinder has a diameter of 30 mm, determine
the placement x of the applied 80-kN load so that the beam
remains horizontal. What is the new diameter of cylinder A
after the load is applied? nal = 0.35.

3 m

210 mm220 mm

x

A B

80 kN

Normal Stress:

Normal Strain: Since , Hooke’s law is still valid.

Ans.

If the nut is unscrewed, the load is zero. Therefore, the strain Ans.e = 0

e = s
E

= 28.97
29(103)

= 0.000999 in.>in.

s 6 sg

s = P
A

= 800
p
4 A 3

16 B2 = 28.97 ksi 6  sg = 40 ksi

*3–40. The head H is connected to the cylinder of a
compressor using six steel bolts. If the clamping force in
each bolt is 800 lb, determine the normal strain in the
bolts. Each bolt has a diameter of If and

what is the strain in each bolt when the
nut is unscrewed so that the clamping force is released?
Est = 2911032 ksi,

sY = 40 ksi3
16 in. H

LC
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