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3-1. A tension test was performed on a steel specimen

: > > . Load (kip) | Elongation (in.)
having an original diameter of 0.503 in. and gauge length of
2.00 in. The data is listed in the table. Plot the 0 0
stress—strain diagram and determine approximately the 1.50 0.0005
modulus of elasticity, the yield stress, the ultimate stress, and ggg 888;
the rupture stress. Use a scale of 1 in. = 20 ksi and 11.00 0.0035
1 in. = 0.05 in./in. Redraw the elastic region, using the same 11.80 0.0050
stress scale but a strain scale of 1 in. = 0.001 in./in. 11.80 0.0080
12.00 0.0200
1 16.60 0.0400
A = —m(0.503)> = 0.1987 in? 20.00 0.1000
4 21.50 0.2800
_ : 19.50 0.4000
L =2001n. 18.50 0.4600
o(ksi) e(in./in.)
0 0
7.55 0.00025
23.15 0.00075
40.26 0.00125
55.36 0.00175
59.38 0.0025
59.38 0.0040
60.39 0.010
83.54 0.020
100.65 0.050
108.20 0.140
98.13 0.200
93.10 0.230
48 3y A
Eapprox = m = 320(10 )kSl ns.
Test)
120 JF/ (gua{ )‘PP'Dﬂ = m
1004
Oy 22 £
801
—_—
________ (UYJ appror = 55 KJ’E
1
w0t !
I
i
10-|~ :
]
'
N E ! 4 N € (in/, )
o 005 5 0:10 015 020 026 7 Ans:
O-OOI" 0002 0-003 0.004 0005 (Gult)approx = 110 kSia (O'R)approx =931 kSia
0.0015 (0y)approx = S5 ksi, Eqpprox = 32.0(10%) ksi
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3-2. Data taken from a stress—strain test for a ceramic are
given in the table. The curve is linear between the origin and
the first point. Plot the diagram, and determine the modulus
of elasticity and the modulus of resilience.

Modulus of Elasticity: From the stress—strain diagram

E- 2270 55.3(10%) ksi

= 0.0006 — 0 Ans.

Modulus of Resilience: The modulus of resilience is equal to the area under the
linear portion of the stress—strain diagram (shown shaded).

1 3 1b in. in-1b
u, = 2(33.2)(10-)(inz><o.0006 m) =9.96 =

m

Ans.

40+

32 g

Jo <4

o (ksi) | e (in./in.)
0 0
33.2 0.0006
45.5 0.0010
49.4 0.0014
51.5 0.0018
534 0.0022

-

L) 1
00005 0000 0-00I5 OO0

Ans:
E = 553(10°) ksi, u, = 9.96

—— ECinjin.)
o.0028

in-1lb

in’
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3-3. Data taken from a stress—strain test for a ceramic are
given in the table. The curve is linear between the origin and
the first point. Plot the diagram, and determine
approximately the modulus of toughness. The rupture stress
is o, = 53.4 ksi.

Modulus of Toughness: The modulus of toughness is equal to the area under the

stress-strain diagram (shown shaded).

(”t)approx = ;(332)(103)<11nb2>(00004 + 00010)<IE>
1b in.
+ 45.5(103)<m2>(0.0012)<m>
+ ;(7.90)(103)<i1nbz>(o.0012)<$>

1 Ib in.
+ 2(12'3)(103)<m2>(0'0004)<in.>

in-1b

in®

= 85.0

Ans.

o (ksi) | e (in./in.)
0 0
33.2 0.0006
45.5 0.0010
49.4 0.0014
51.5 0.0018
53.4 0.0022

<0

10 -
> ) ) g, “
S5 %é et g0
Tt ke R gl eGnfin)
2| o0005) 000 0-0ms 00D 00025

Ans:

in-1b
(ut)approx =85.0

in’
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*3—4. A tension test was performed on a steel specimen Load (kip) | Elongation (in.)
having an original diameter of 0.503 in. and a gauge length
of 2.00 in. The data is listed in the table. Plot the 0 0
stress—strain diagram and determine approximately the 2.50 0.0009
modulus of elasticity, the ultimate stress, and the rupture ggg 8884218
stress. Use a scale of 1 in. = 15 ksi and 1 in. = 0.05 in./in. 920 0.0065
Redraw the linear-elastic region, using the same stress scale 9.80 0.0098
but a strain scale of 1 in. = 0.001 in. 12.0 0.0400
14.0 0.1200
1 14.5 0.2500
1 , - 14.0 0.3500
A= 477(0.503) = 0.19871 in 132 0.4700
L = 2.00in.
o =Lksi) e=45E(n/in.)
0 0
12.58 0.00045
32.71 0.00125
42.78 0.0020
46.30 0.00325
49.32 0.0049
60.39 0.02
70.45 0.06
72.97 0.125
70.45 0.175
66.43 0.235
32.71 3
Epprox = 000125 26.2(10°) ksi Ans.

']
301 |
|
]
]
5% :
I
]
] -
t— ;/ —+~ } : € ("Vl'n)
0.0§ a-i0 o5 o20 o-25
' - - + ¥ +
0 b.001 0.002 0003 OO0 O-005
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3-5. A tension test was performed on a steel specimen Load (kip) | Elongation (in.)
having an original diameter of 0.503 in. and gauge length of
2.00 in. Using the data listed in the table, plot the 0 0
stress—strain diagram and determine approximately the 2.50 0.0009
modulus of toughness. 228 88831(5)
9.20 0.0065
9.80 0.0098
Modulus of toughness (approx) 12.0 0.0400
14.0 0.1200
u, = total area under the curve 13(5) 8%288
= 87 (7.5) (0.025) 1) 132 04700
in. - kip
=163 —— Ans.
in
In Eq.(1), 87 is the number of squares under the curve.
o =2L(ksi) e=4E(in/in)
0 0
12.58 0.00045
32.71 0.00125
42.78 0.0020
46.30 0.00325
49.32 0.0049
60.39 0.02
70.45 0.06
72.97 0.125
70.45 0.175
66.43 0.235
v (Ksi)
. U.ult = M
75 “*T=~"r-= = __L*
o S ——
-1:- -/ﬂ{--n— e it i et el —--h:.;"‘w
“1/ — Ve = g6 A4
-2
45 /"/ a
30 '
]
//'
I
!
5 }
Dl |
'
I -
I € ("yrn)
0.08 010 015 20 0-25
L
] ot ; L . R Ans . .
t ¥ } } } 4 in. - kip
0.00| 0002 0003 000 0005 u, =163 2
i
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3-6. A specimen is originally 1 ft long, has a diameter of
0.5 in., and is subjected to a force of 500 Ib. When the force
is increased from 500 Ib to 1800 Ib, the specimen elongates
0.009 in. Determine the modulus of elasticity for the
material if it remains linear elastic.

P oL
Normal Stress and Strain: Applying o = 1 ande = A

o1 = 2% ) sa6ksi
7(0.5%)

oy = 0 9167 ksi
7(0.5%)

Ae = % = 0.000750 in./in.

Modulus of Elasticity:

Ao 9.167 — 2.546

E= e = 0000750

= 8.83(10%) ksi

Ans.

Ans:
E = 8.83(10%) ksi
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3-7. A structural member in a nuclear reactor is made of a
zirconium alloy. If an axial load of 4 kip is to be supported
by the member, determine its required cross-sectional area.
Use a factor of safety of 3 relative to yielding. What is the
load on the member if it is 3 ft long and its elongation is
0.02 in.? E,, = 14(10%) ksi, oy = 57.5 ksi. The material has
elastic behavior.

Allowable Normal Stress:

ag
FS. =
Tallow
57.5
3 =
Tallow

Tallow — 19.17 ksi

NI

Tallow —

19.17

NIFN

A = 02087 in® = 0.209 in?

Stress—Strain Relationship: Applying Hooke’s law with

1) 0.02 .
Z = m = 0.000555 1n./1n.

€=
o = Ee = 14(10%) (0.000555) = 7.778 ksi

. . P

Normal Force: Applying equation o = T

P =0A = 17778 (0.2087) = 1.62 kip

Ans.

Ans.

Ans:
A = 0209in? P = 1.62 kip
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*3-8. 'The strut is supported by a pin at C and an A-36 steel
guy wire AB. If the wire has a diameter of 0.2 in., determine
how much it stretches when the distributed load acts on
the strut.

Here, we are only interested in determining the force in wire AB.

1
C+EMc=0;  Fapcos60°(9) = (200)(9)(3) =0 Fap = 6001b

The normal stress the wire is

F 5 600
=== = 19.10(10%) psi = 19.10 ksi
O AB AAB % (022) ( )p

Since 045 < o, = 36 ksi, Hooke’s Law can be applied to determine the strain
in wire.

o = Eenp 1910 = 29.0(10%)e 45
€45 = 0.6586(1073) in/in

9(12
The unstretched length of the wire is L,p = s ( )O = 124.71 in. Thus, the wire

stretches in 60

Sap = €ap Lag = 0.6586(1073)(124.71)

= 0.0821 in. Ans.

4200)(9) 1h

-~
ﬁh”

[
|
{
i

43
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3-9. The o—e€ diagram for elastic fibers that make up o (psi)
human skin and muscle is shown. Determine the modulus of

elasticity of the fibers and estimate their modulus of 55
toughness and modulus of resilience.

11
1 1 in. /i
: s € (in./in.)
11 . T
E = ) = 5.5 psi Ans. 5
1 1 .
u, = 5(2)(11) + 5(55 + 11)(2.25 — 2) = 19.25 psi Ans. nf
1 : ;215 ¢ {in.din)
u, = 5(2)(11) = 11 psi Ans.

Ans:
E = 55psi,u, = 19.25 psi, u, = 11 psi
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3-10. The stress—strain diagram for a metal alloy having o (ksi)
an original diameter of 0.5 in. and a gauge length of 2 in. is 105
given in the figure. Determine approximately the modulus o—T—T—2
of elasticity for the material, the load on the specimen that 90 \a\
causes yielding, and the ultimate load the specimen will 75 o
support. /{ 5
60 —
45
30
15
0 € (in./in.)
0 005 0.10 0.15 020 0.25 0.30 0.35
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007

From the stress—strain diagram, Fig. a,

E 60ksi — 0 B -
.~ 0002 —0° E = 30.0(10°) ksi Ans.

oy =60ksi oy = 100ksi

Thus,
Py = ayA = 60[3(0.5%)] = 11.78 kip = 11.8 kip Ans.
Py = ou A = 100[% (0.5%)] = 19.63 kip = 19.6 kip Ans.
& (ksi)
W 10,
.y
90 =] : ‘“\
-
75
U'Y-ao
45
30 /
15 :
0K € (in.fin.)

0 005 010 0.15 020 0.25 0.30 035
0-00L.| 0003 | 0005 | 000]
0002, 0.004 0006

@)

Ans:
E = 30.0(103) ksi, Py = 11.8 kip, Py, = 19.6 kip
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3-11. The stress—strain diagram for a steel alloy having an o (ksi)

original diameter of 0.5 in. and a gauge length of 2 in. is
given in the figure. If the specimen is loaded until it is
stressed to 90 ksi, determine the approximate amount of 90
?lastlc recovery and the increase in the gauge length after it 75
is unloaded.

60

45
30
15

0

105

From the stress—strain diagram Fig. a, the modulus of elasticity for the steel alloy is

E_60ksi—0 B o
= oom o E = 30000 ksi

when the specimen is unloaded, its normal strain recovers along line AB, Fig. a,
which has a slope of E. Thus

90 90 ksi
Elastic Recovery = — = S1

= 0,003 in/in. Ans.
E  30.0(10°) ksi in/in s

Thus, the permanent set is

ep = 0.05 — 0.003 = 0.047 in/in.

Then, the increase in gauge length is

AL = epL = 0.047(2) = 0.094 in. Ans.
o (ksi)
105 A
"
90
AN
75 / A
60 i -
45
30
E
15
0 -8 . € (in./in.)
0 |05 010 0.15.020 025 030 035 '
P ‘dol | o003 | 0.005| 000]
A 0002 ‘6.004 0000

Elastic Recovery

(4)

Ans:

Elastic Recovery = 0.003 in./in., AL = 0.094 in.
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*3-12. The stress—strain diagram for a steel alloy having o (ksi)
an original diameter of 0.5 in. and a gauge length of 2 in. is
. - . . . 105
given in the figure. Determine approximately the modulus 5 S
of resilience and the modulus of toughness for the material. 90 \a\
M
75 /
60 L
45
30
15
0 € (in./in.)
0 0.05 0.10 0.15 020 0.25 0.30 0.35
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007
The Modulus of resilience is equal to the area under the stress—strain diagram up to
the proportional limit.
Opr = 60 ksi €Ep; = 0.002 ln/ln
Thus,
1 1 in. - 1b
(W), = ~ oprepr = 5 [60(10%)](0.002) = 60.0 Ans.
2 2 n
The modulus of toughness is equal to the area under the entire stress—strain
diagram. This area can be approximated by counting the number of squares. The
total number is 38. Thus,
b in. in.-1b
- 3y 10 m.\ 3
[ 43): Japprox = 38 {15(10 ) inz} (0.05 in.) = 285(10°) = Ans.
o (kst)
105
P il N
920 g
75
DALY 4
L
45
30
15 /
00 505 040 0.5 020 028 0.0 035« (/)

0.001 | 0003 L 0.005 | 0-007
0003 g.004 0006

@
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3-13. A bar having a length of 5 in. and cross-sectional
area of 0.7 in.? is subjected to an axial force of 8000 Ib. If the 800‘0 Ib L J 800’0 b
bar stretches 0.002 in., determine the modulus of elasticity 5in. }

of the material. The material has linear-elastic behavior.

Normal Stress and Strain:

800

P .
o —Z —W— 11.43 ksi
o  0.002 .
€7~ "5 = 0.000400 in./in.
Modulus of Elasticity:
_ o _ 1143 3
E = < = 0.000400 = 28.6(10°) ksi Ans.

Ans:
E = 28.6(10°) ksi
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3-14. The rigid pipe is supported by a pin at A and E
an A-36 steel guy wire BD. If the wire has a diameter of B
0.25 in., determine how much it stretches when a load of
P = 600 1b acts on the pipe.

B 1A D
5 > |C
=3
1 3t : 3t 1
Here, we are only interested in determining the force in wire BD. Referring to the
FBD in Fig. a
C+IM,=0;  Fyp(2)3) — 600(6) =0  Fpp =15001b
The normal stress developed in the wire is
Fgp 1500
= = ———— = 30.56(10%) psi = 30.56 ksi
TED T Aup T (025) (10 psi 1
Since opp < oy, = 36 ksi, Hooke’s Law can be applied to determine the strain in
the wire.
ogp = Eegp;  30.56 = 29.0(10%)ep
egp = 1.054(107%) in./in.
The unstretched length of the wire is Lgp = \/3% + 42 = 5 ft = 60 in. Thus, the
wire stretches
8sp = €gp Lpp = 1.054(1073)(60)
= 0.0632 in. Ans.
4 Fop Goo 1b
5
4
Ax, — = 4 |
r ﬂ
3ft 3ft
(@)
Ans:

8zp = 0.0632 in.
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3-15. The rigid pipe is supported by a pin at A and an -
A-36 guy wire BD. If the wire has a diameter of 0.25 in., B
determine the load P if the end C is displaced 0.15 in.
downward.

‘ 31t ‘ 3t 1

Here, we are only interested in determining the force in wire BD. Referring to the
FBD in Fig. a

C+IM, =0,  Fpp()3) — P(6) =0  Fpp=250P

The unstretched length for wire BD is Lgp = V 3% + 4> = 5 ft = 60 in. From the
geometry shown in Fig. b, the stretched length of wire BD is

Lgp = V60* + 0.075> — 2(60)(0.075) cos 143.13° = 60.060017

Thus, the normal strain is

Ly — Lgp _ 60.060017 — 60
Lsn 60

€gp = = 1.0003(10"%) in./in.

Then, the normal stress can be obtain by applying Hooke’s Law.

ogp = Eegp = 29(10%)[1.0003(107%)| = 29.01 ksi

Since opp < o, = 36 ksi, the result is valid.

Fgp 250 P
= ;o 29.01(10%) = ——
OBD Agp ( ) % (0.252)
P =569.571b = 570 Ib Ans.

Ans:
P =5701b
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*#3-16. The wire has a diameter of 5 mm and is made from
A-36 steel. If a 80-kg man is sitting on seat C, determine the £
. . w
elongation of wire DE. |
600 mm
D
A B C
800 mm ‘ 600 mm

Equations of Equilibrium: The force developed in wire DE can be determined by
writing the moment equation of equilibrium about A with reference to the free-
body diagram shown in Fig. a,

C+=IM, =0, FDE(%)(O.S) —80(9.81)(1.4) =0
Fpp = 2289 N
Normal Stress and Strain:
Fpe 2289

opr =P = S = 11658 MPa
DE %(0.0052)

Since o pr < oy, Hooke’s Law can be applied

opr = Eepg
116.58(10°) = 200(10%)ep g

epr = 0.5829(107%) mm/mm

The unstretched length of wire DE is Lpr = V600> + 800? = 1000 mm. Thus, the
elongation of this wire is given by

Spr = €prLpr = 0.5829(107%)(1000) = 0.583 mm Ans.

8o(38)N
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3-17. A tension test was performed on a magnesium alloy
specimen having a diameter 0.5 in. and gauge length 2 in.
The resulting stress—strain diagram is shown in the figure.
Determine the approximate modulus of elasticity and the
yield strength of the alloy using the 0.2% strain offset
method.

o (ksi)

40
35

30

25

20

15

10

5

0 0.002

Modulus of Elasticity: From the stress—strain diagram, when e = 0.002 in./in., its

corresponding stress is o = 13.0 ksi. Thus,

13.0 -0 .
Eapprox = m = 650(103) ksi

Ans.

Yield Strength: The intersection point between the stress—strain diagram and the
straight line drawn parallel to the initial straight portion of the stress—strain diagram
from the offset strain of € = 0.002 in./in. is the yield strength of the alloy. From the

stress—strain diagram,

Oys = 25.9 ksi

o (ksi)

20 £

1 e
=on——F | X

0 7
2%

0 0002 0.004 000 0.008

i

) z( 9, Strain of{.fd'

Q-0/0

Ans.

€ (infin.)

0004 0006 0008 0oio © (nin)

Ans:
Eapprox = 6'50(103) ksi, oyg = 25.9 ksi
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3-18. A tension test was performed on a magnesium alloy o (ksi)
specimen having a diameter 0.5 in. and gauge length of 2 in.
The resulting stress—strain diagram is shown in the figure. If 40
the specimen is stressed to 30 ksi and unloaded, determine 35
the permanent elongation of the specimen. =
30
25 /
20 -
15
10
5
€ (in./in.)
0 0.002  0.004 0.006 0.008 0.010

Permanent Elongation: From the stress—strain diagram, the strain recovered is
along the straight line BC which is parallel to the straight line OA. Since

13.0 -0
Epprox = 0002 -0~ 6.50(10%) ksi, then the permanent set for the specimen is
30(10°) o
ep = 0.0078 — ———— = 0.00318 in./in.
6.5(10%)
Thus,
Sp = epL = 0.00318(2) = 0.00637 in. Ans.
o (ksi)
40
35
30 B

7
. // f/

A /
0 C\/ € (inin.)

0 0002 | 0.004 ©006 0.008 o0-0/0

v

>

Ans:
8p = 0.00637 in.
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3-19. The stress-strain diagram for a bone is shown, and
can be described by the equation e = 0.45(10°%) o +
0.36(107'2) o, where o is in kPa. Determine the yield
strength assuming a 0.3% offset.

€ = 0.45(10%0 + 0.36(107')c?,

de = (0.45(10°°) + 1.08(1072) 0?)dor
_Gdo|\__ 1
de 0.45(107°)

o=0

= 2.22(10°% kPa = 2.22 GPa

The equation for the recovery line is o = 2.22(10%)(e — 0.003).

This line intersects the stress—strain curve at oyg = 2027 kPa = 2.03 MPa

TP

€ =0.45(10"%0 + 0.36(107 )0
.

P

TP

€,

0.4

5(10*)0 + 0.36(10 )0

€ ‘P

=]
0.003

Ans.

Ans:
agys = 2.03 MPa
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*3-20. The stress—strain diagram for a bone is shown TP
and can be described by the equation € = 0.45(10°°) o +

0.36(107'2) ¢, where o is in kPa. Determine the modulus of -
toughness and the amount of elongation of a 200-mm-long region
just before it fractures if failure occurs at e = 0.12 mm/mm.

€ = 0.45(10 %0 + 0.36(10" 120
-

P

When e = 0.12
120(107%) = 0.45 o + 0.36(10 %0

Solving for the real root:

o = 6873.52 kPa

6873.52
u; = /dA = / (0.12 — e)do
A 0

6873.52
u, = / (0.12 — 0.45(10 %0 — 0.36(10 ?)o)do
0

6873.52
0

=0120 — 0.225(1076)0-2 — 0.09(10712)0_4

= 613 kJ/m’ Ans.
& = eL = 0.12(200) = 24 mm Ans.

<

el

F o

76

l- o '* é

o. /2
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3-21. The two bars are made of polystyrene, which has the
stress—strain diagram shown. If the cross-sectional area of
bar AB is 1.5 in? and BC is 4 in2, determine the largest force
P that can be supported before any member ruptures.
Assume that buckling does not occur.

3
+13F, =0; gFAB - P =0 Fup = 1.6667 P

4
«—3F,=0; Fpc— 5(1.6667P) =0; Fpc=1333P
Assuming failure of bar BC:

From the stress—strain diagram (og), = 5 ksi

Fpc Fpc .
g = TBC; 5= T; FBC = 20.0 klp
From Eq. (2), P = 15.0 kip
Assuming failure of bar AB:
From stress—strain diagram (o). = 25.0 ksi

Fasp Fasp .

=— 250 = ——; Fap =375k

g AAB’ 15 > AB 1p

From Eq. (1), P = 22.5 kip
Choose the smallest value

P = 150kip

P

(1) 20+
15+
) 10f

tension

W

compression

L
0 0.20

Ans.

L
0.40

I
0.60

0.;30 € (in./in.)

Ans:
P = 15.0kip
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3-22. The two bars are made of polystyrene, which has the
stress—strain diagram shown. Determine the cross-sectional
area of each bar so that the bars rupture simultaneously
when the load P = 3 kip. Assume that buckling does not

occur.
3 .
+1=F, = 0; Fpa 5 -3 =0 Fy, = Skip
+ 4 )
—XIF, =0 ~Fpc +5 5 =0; Fpc = 4 kip
For member BC:
Fpe 4 kip .
(a'max)t = A ) ABC = 5 ksi =0.8 ln2
For member BA:
FBA 5 kip .
(Umax)c = T; BA — 25 ksi = 0.2 ln2

Ans.

Ans.

P
‘ 41t
B lc y
’[ D) (B
31t
+ b
o (ksi)
] —
i
20F !
1
15+ o
CompI'ESSlOIl :
10k :
1
5 H ptension 1
1
1
L 1 L Ll in. /in.
00020 040 060 o0 ©ln/in)
s
3
*

Ans:

Apc = 0.8in%, Az, = 0.21in?
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3-23. The stress—strain diagram for many metal alloys can
be described analytically using the Ramberg-Osgood three
parameter equation € = o/E + ko", where E, k, and n are
determined from measurements taken from the diagram.
Using the stress—strain diagram shown in the figure, take
E = 30(10%) ksi and determine the other two parameters k
and n and thereby obtain an analytical expression for the

curve.

Choose,
o =40ksi,e = 0.1

o =60ksi, e =03

40

0.1 = — + k(40)"
30(10%)

S — + k(60)"
30(10%)

0.098667 = k(40)"
0.29800 = k(60)"

0.3310962 = (0.6667)"

In (0.3310962) = n In (0.6667)

n=273

k = 4.23(107%)

Ans.

Ans.

o (ksi)

80

60

40

20

\

01 02 03 04 05

€ (107%)

(k)

T

€(10-%)

0.1 02 03 04 05

Ans:
n =273,k = 423107
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3-24. The wires AB and BC have original lengths of 2 ft
and 3 ft, and diameters of é in. and 1% in., respectively. If
these wires are made of a material that has the approximate
stress—strain diagram shown, determine the elongations of

the wires after the 1500-1b load is placed on the platform.

Equations of Equilibrium: The forces developed in wires AB and BC can be

determined by analyzing the equilibrium of joint B, Fig. a,

S5F, =0, Fpesin 30° — F ppsin 45° = 0

+T2Fy=0; Fpccos30° + F 4pcos 45°

Solving Egs. (1) and (2),
F, 5 = 77646 1b Fpc = 1098.08 1b
Normal Stress and Strain:

F 776.46
oup=—28 - "2 _ 6327 ksi

AAB w
Tasy

Fze  1098.08

The corresponding normal strain can be determined from the stress—strain diagram,

Opc = Ao = P = 39.77 ksi
BC = (3/16)
4
Fig. b.
3977 58
€pc 0.002°
63.27 — 58 80 — 58

1500

epc = 0.001371 in./in.

= €45 = 0.003917 in./in.

ers — 0002 0.01 — 0.002°
Thus, the elongations of wires AB and BC are

6AB = EABLAB = 0003917(24) = 0.0940

dpc = epcLpc = 0.001371(36) = 0.0494

fis

@c=57'7] 4

(M
@)

o (ksi)

80

58

€ (in./in.)

0.002 0.01

Ans.

Ans.

b (ksi)

——ri +—€Gn ),
0.0/
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3-25. The acrylic plastic rod is 200 mm long and 15 mm in
diameter. If an axial load of 300 N is applied to it, determine
the change in its length and the change in its diameter.
E, =2.70 GPa, v, = 04.

P 300
— =" = 1678 MPa
A 7(0.015)

_ o _ 16780109 0.0006288
flone T g T 270109
8 = €long L = 0.0006288 (200) = 0.126 mm
€l = —Velong = —0.4(0.0006288) = —0.0002515

Ad = e,d = —0.0002515 (15) = —0.00377 mm

-

300 N ‘

Ans.

Ans.

200 mm |

Ans:
8 = 0.126 mm, Ad = —0.00377 mm
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3-26. The thin-walled tube is subjected to an axial force of
40 kN. If the tube elongates 3 mm and its circumference
decreases 0.09 mm, determine the modulus of elasticity,
Poisson’s ratio, and the shear modulus of the tube’s
material. The material behaves elastically.

Normal Stress and Strain:

P 40(10°)
o=—= 3 > = 226.35 MPa
A 7(0.0125° — 0.01°)
SR 3.3333 (10%) mm/mm
“T L 900
Applying Hooke’s law,

o = Ee,; 22635(10% = E[3.3333(107%)]

E = 67.91(10° Pa = 67.9 GPa

Ans.

Poisson’s Ratio: The circumference of the loaded tube is 27(12.5) — 0.09 =

78.4498 mm. Thus, the outer radius of the tube is

_78.4498
2

r = 12.4857 mm

The lateral strain is

r—ry 124857 — 125

€lat = = = —1.1459(107%) mm/mm

ro 12.5

L G _[71.1459(10—3)

- ] = 03438 = 0.344
3.3333(1079)

€4

~E  6791(10%)
21+ ) 2(1 + 0.3438)

G

= 25.27(10%) Pa = 25.3 GPa

Ans.

Ans.

Ans:
E =679GPa,v = 0344, G = 25.3 GPa
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3-27. When the two forces are placed on the beam, the
diameter of the A-36 steel rod BC decreases from 40 mm to
39.99 mm. Determine the magnitude of each force P.

Equations of Equilibrium: The force developed in rod BC can be determined by
writing the moment equation of equilibrium about A with reference to the
free-body diagram of the beam shown in Fig. a.

4
Normal Stress and Strain: The lateral strain of rod BC is

Cd—dy 3999 — 40
B T

= —0.25(10"%) mm/mm

€lat = — Ve —0.25(107%) = —(0.32)e,
€, = 0.78125(10°) mm/mm
Assuming that Hooke’s Law applies,
oge = Eey opc = 200(10%)(0.78125)(1073) = 156.25 MPa

Since o < oy, the assumption is correct.

F
o =05 15625(10%) = #Lﬂ
BC
S (004)
P = 157.08(10°)N = 157 kN Ans.
fac
A 5
p A 4 a
im | |m Im

(&)

Ans:
P = 157kN
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*3-28. If P = 150 kN, determine the elastic elongation of
rod BC and the decrease in its diameter. Rod BC is made of
A-36 steel and has a diameter of 40 mm.

Equations of Equilibrium: The force developed in rod BC can be determined by
writing the moment equation of equilibrium about A with reference to the free-
body diagram of the beam shown in Fig. a.

C+3M, =0; FBCG)@) —150(2) — 150(1) = 0 Fye = 187.5kN

Normal Stress and Strain: The lateral strain of rod BC is

Fpe _187500) _ 149.21 MPa

B ABC m
4009)

O BC

Since o < oy, Hooke’s Law can be applied. Thus,
Opc = EEBC; 14921(106) = 200(109)€BC
egc = 0.7460(107%) mm/mm

The unstretched length of rod BCis Ly = V750% + 1000*> = 1250 mm. Thus the
elongation of this rod is given by

8pc = epclpe = 0.7460(107°)(1250) = 0.933 mm Ans.
We obtain,
€lat = TVEG; €1 = —(0.32)(0.7460)(1073)
= —0.2387(107%) mm/mm
Thus,

8d = € de = —0.2387(107)(40) = —9.55(1073) mm Ans.

/50kN /50 KkN

166




© 2014 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

3-29. The friction pad A is used to support the member,
which is subjected to an axial force of P = 2 kN. The pad is
made from a material having a modulus of elasticity of
E = 4 MPa and Poisson’s ratio v = 0.4. If slipping does not
occur, determine the normal and shear strains in the pad.
The width is 50 mm. Assume that the material is linearly
elastic. Also, neglect the effect of the moment acting on
the pad.

Internal Loading: The normal force and shear force acting on the friction pad can be
determined by considering the equilibrium of the pin shown in Fig. a.

LsF, =0 V — 2cos 60° = V = 1kN

+T2Fy=0; N — 2sin60° =0 N = 1.732 kN Z KA,
Normal and Shear Stress:
v o 1(10%) °
TS AT 01(005)  200KPa o
N 1.732(10°)
=7 = 0100 = 346.41 kPa

Normal and Shear Strain: The shear modulus of the friction pad is

G= 2(1€ » 20 j 04y ~ 429 MPa
Applying Hooke’s Law,
o = Ee; 346.41(10°) = 4(10%e € = 0.08660 mm/mm Ans.
=Gy, 200(10°) = 1.429(10%y  y = 0.140 rad Ans.

Ans:
€ = 0.08660 mm/mm,y = 0.140 rad
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3-30. The lap joint is connected together using a 1.25 in. P
2

diameter bolt. If the bolt is made from a material having a
shear stress—strain diagram that is approximated as shown,
determine the shear strain developed in the shear plane of
the bolt when P = 75 kip.

Internal Loadings: The shear force developed in the shear planes of the bolt can be
determined by considering the equilibrium of the free-body diagram shown in Fig. a.

BSF, =0, 75-2V=0  V =375kip
Shear Stress and Strain:

e AT

A 7
2 125%)

Using this result, the corresponding shear strain can be obtained from the shear
stress—strain diagram, Fig. b.

30.56 50

= 0005 y = 3.06(107%) rad Ans.
Y .

< P
-
P
7 (ksi)
75
50
0.005 0.05 v (rad)
D — 75kips
l—|=l——&ﬁ
—

T (ksi)

75

50
7=30.56 -

Ans:
y = 3.06(1073) rad
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3-31. The lap joint is connected together using a 1.25 in.
diameter bolt. If the bolt is made from a material having a
shear stress—strain diagram that is approximated as shown,
determine the permanent shear strain in the shear plane of
the bolt when the applied force P = 150 kip is removed.

Internal Loadings: The shear force developed in the shear planes of the bolt can be
determined by considering the equilibrium of the free-body diagram shown in Fig. a.

BsF, =0, 150-2V =0 V =75kip

Shear Stress and Strain:

Vv 75

T=—=

- = 61.12 ksi
el 2
4 (125)

Using this result, the corresponding shear strain can be obtained from the shear
stress—strain diagram, Fig. b.

611250  75-50
y — 0005  0.05 — 0.005’

y = 0.02501 rad

When force P is removed, the shear strain recovers linearly along line BC, Fig. b,
with a slope that is the same as line OA. This slope represents the shear modulus.

50 N
G = 0,005 10(10°) ksi

Thus, the elastic recovery of shear strain is

=Gy, 6112 = (10)(10%)y, vy, = 6.112(107%) rad

And the permanent shear strain is

yp =7y — v, = 0.02501 — 6.112(10"%) = 0.0189 rad Ans.

T(kst)

“ype

7 (ksi)

75

50

y (rad)

0.005

75 -
150kips (76112~ -
50-

L)
i

I

[
\ﬁ

Y

(b)

0-05

0.05

Yrad)

Ans:
yp = 0.0189 rad
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*3-32. A shear spring is made by bonding the rubber P
annulus to a rigid fixed ring and a plug. When an axial load
P is placed on the plug, show that the slope at point y in
the rubber is dy/dr = —tan y = —tan(P/(2whGr)). For small
angles we can write dy/dr = —P/(2whGr). Integrate this
expression and evaluate the constant of integration using
the condition that y = 0 at r = r,. From the result compute
the deflection y = § of the plug.

Shear Stress—Strain Relationship: Applying Hooke’s law with 74, = py—
T

TA P

YOG T 2rhGr

(QE.D)

Y = —t (L)
Cony = A WGy

If 7y is small, then tan y = vy. Therefore,

dy P
dr 20hGr
___F dr
R Sy
= - +
y 27'rhGlnr C
Atr =r,, y=20
P
=- +
0 gt C
= s In
2mhG e
Th In’®
Y=o hG
Atr =r,, y=2a
P r,
5 = Lo Ans.
2mhG ns
—
JI
=]
Ind
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3-33. 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.
E, = 10(10%) ksi.

P 8
=== = 2.667 ksi
A (2)(15) .
o —2.667
=2 = —0.0002667
Slone = B T 10(10%)
1.500132 — 1.5
G = e = 0.0000880
—0.0000880
= 0 Ans.
Y= 200002667 2 e
B’ =2 + 0.0000880(2) = 2.000176 in. Ans.

Ans:
v = 0.330, 4’ = 2.000176 in.
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3-34. A shear spring is made from two blocks of rubber,
each having a height A, width b, and thickness a. The
blocks are bonded to three plates as shown. If the plates
are rigid and the shear modulus of the rubber is G,
determine the displacement of plate A if a vertical load P is
applied to this plate. Assume that the displacement is small
sothaté = atany ~ ay.

P
Average Shear Stress: The rubber block is subjected to a shear force of V = >

P R

P
2z

_Vv
A bh 2b

v-£

Shear Strain: Applying Hooke’s law for shear

§
P LY
_ Tt _3m_ P '
Y267 G  2bhG
Thus,
Pa
S = = = A X
ay 2bhG ns
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3-35. The elastic portion of the tension stress—strain o (ksi)
diagram for an aluminum alloy is shown in the figure. The P
specimen used for the test has a gauge length of 2 in. and a 70—
diameter of 0.5 in. When the applied load is 9 kip, the new
diameter of the specimen is 0.49935 in. Compute the shear

modulus G for the aluminum. l

-
-

o € (in./in.)
From the stress—strain diagram, 0.00614

o 70
E,=—=
a e T 0.00614

= 11400.65 ksi

When specimen is loaded with a 9 - kip load,

P 9
=—=—"—"5=4584ksi
A 7(05)
o 45.84 L
€long = & = 11400.65 0.0040205 in./in.
d —d 049935 - 0.5
€l = 5 = 05 = —0.0013 in./in.
€lat —0.0013
V=- = ———— = (32334
€long 0.0040205
E, 114010 _ e
Gy 4.31(10°) ksi Ans.

T2 +v) 201 + 0.32334)

Ans:
Gy = 431(10°) ksi
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*3-36. The elastic portion of the tension stress—strain o (ksi)
diagram for an aluminum alloy is shown in the figure. The e
specimen used for the test has a gauge length of 2 in. and a 01—
diameter of 0.5 in. If the applied load is 10 kip, determine
the new diameter of the specimen. The shear modulus is
Ga = 3.8(10%) ksi.

-

-

-

10 0.00614

P
o=-—=_——> = 50929 ksi
A Z(05)

From the stress—strain diagram

70

E= = 11400.65 ksi
0.00614 0065 ksi
o 509296 L
€lone = £ = 1140065 0.0044673 in./in.
__E 3y — 11400.65 _
O oary WO T,y v

€lat = — Veiong = —0.500(0.0044673) = —0.002234 in. /in.
Ad = e d = —0.002234(0.5) = —0.001117 in.

d =d+ Ad =05 — 0.001117 = 0.4989 in. Ans.

€ (in./in.)
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3-37. The rigid beam rests in the horizontal position on
two 2014-T6 aluminum cylinders having the wunloaded
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? v, = 0.35.

C+SM,=0;  Fp(3) —80(x) =0;  Fpy= %

Since the beam is held horizontally, 64 = g

_ P o _ i
T4 “TETE
P
A PL
s=eL=(4)L="=
€ (E) AE
s s 806 =9 (220) _ 80x (210)
Ak AE AE

80(3 — x)(220) = 80x(210)

x =153m
From Eq. (2),
F, = 39.07kN
F 39.07(10°
o= 7“ _300700) s s Mpa
a
—(0.03?
4( )
55.27(10°
Elong = ﬂ = - ( ) = _0000756

e 731(10°
€lat = —Velong = —0.35(—~0.000756) = 0.0002646

dj=d, + dey = 30 + 30(0.0002646) = 30.008 mm

2}0 mm

80 kN
..x_.l
t1]a B!
220 mim
! 3m
(1) lao (4]
80(3 — | ]
_ 80( . x) (2) } —t—s %
-K
A A
Ans.
Ans.
Ans:

x = 1.53m,d) = 30.008 mm
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3-38. The wires each have a diameter of % in., length of
2 ft, and are made from 304 stainless steel. If P = 6 kip, Cc
determine the angle of tilt of the rigid beam AB.

Equations of Equilibrium: Referring to the free-body diagram of beam AB shown

in Fig. a,
+13Mpz=0; 6(1) — F4p(3) =0 Fap = 2kip

Normal Stress and Strain:

F 40103
ope = 25 = ( )2 = 20.37 ksi
ABC z(l)
4\2
F 2(10°
oap = 22— U9 10 ksi

i)
4\2
Since o3¢ < oy and 04 < oy, Hooke’s Law can be applied.

opc = Eepes 20.37 = 28.0(10%)e egc = 0.7276(1073) in./in.
oap = Eesp; 1019 = 28.0(10°)e,p  €4p = 0.3638(107°) in./in.
Thus, the elongation of cables BC and AD are given by
dgc = epcLpe = 0.7276(1073)(24) = 0.017462 in.
84p = €apLap = 0.3638(107%)(24) = 0.008731 in.

Referring to the geometry shown in Fig. b and using small angle analysis,

o

180
= 0.2425(107%) rad(—) = 0.0139° Ans.
mrrad

8sc — 8ap _ 0.017462 — 0.008731

0="% 36

6'35':0’9’746;%

h

A 8

""-'-----..___ l Y

o 8’
(@) P

)
%1 A""'“"""‘-:‘—::::?---—*-——-—-i

Ans:
0 = 0.0139°
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3-39. The wires each have a diameter of } in., length of

D@ o
2 ft, and are made from 304 stainless steel. Determine the C
magnitude of force P so that the rigid beam tilts 0.015°.
2 ft
IP
2 ft 1 ft —
A® &—1
= —
Equations of Equilibrium: Referring to the free-body diagram of beam AB shown
in Fig. a,
+1=Mz=0; P(1) — F,p(3) =0 Fp = 0.3333P
Normal Stress and Strain:
Fpe  0.6667P
=—= = 3.3953P
OpBC ABC z(l)z
4\2
F,p 0.3333P
=—= = 1.6977P
T AD AAD E(l)z
4\2
Assuming that ogc < oy and 0 4p < oy and applying Hooke’s Law,
opc = Eepe;  3.3953P = 28.0(10%e ¢ epc = 0.12126(107%) P
oap = Ee,p;  1.6977P = 28.0(10%€,p  €4p = 60.6305(107°)P
Thus, the elongation of cables BC and AD are given by
8pc = €gclpe = 0.12126(107°%)P(24) = 2.9103(10 %) P
84p = €apLlap = 60.6305(10°)P(24) = 1.4551(10°%)P
. 7rrad 5 .
Here, the angle of the tile is § = 0.015° 80° ) = 0.2618(107°) rad. Using small
angle analysis,
_ 8pc — dap. Ly 29103(10°°)P — 1.4551(10 %)P
0= 6 0.2618(107) = 36
P = 647693 Ib = 6.48 kip Ans.
Since opc = 3.3953(6476.93) = 21.99ksi < oy and o,4p = 1.6977(6476.93) =
11.00 ksi < o7y, the assumption is correct.
'l
s P foe o2 910300)p
2ft £t -
(I , e
} A 5
I"u' = b g e e I
4 T ————
’
a ) B Ans:
( |4551C07C)p P = 6.48 kip
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*3-40. The head H is connected to the cylinder of a L
compressor using six steel bolts. If the clamping force in
each bolt is 800 Ib, determine the normal strain in the
bolts. Each bolt has a diameter of 1% in. If oy = 40 ksi and
Eg = 29(10%) ksi, what is the strain in each bolt when the
nut is unscrewed so that the clamping force is released?

Normal Stress:

P 800
c== = 2897ksi < o, = 40ksi

z(i)Z B
4\16

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

28.97
=7 = 2220 = 0.000999 in./in. Ans.
E  29(10°)
If the nut is unscrewed, the load is zero. Therefore, the strain e = 0 Ans.
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3-41. The stress—strain diagram for polyethylene, which is o (ksi)
used to sheath coaxial cables, is determined from testing a P
specimen that has a gauge length of 10 in. If a load P on the 5
specimen develops a strain of e = 0.024 in./in., determine | ¢
the approximate length of the specimen, measured between 4 5 5 = =
the gauge points, when the load is removed. Assume the N ] ° ©
specimen recovers elastically. 3 °
2
! P
0 € (in./in.)
0 0.008 0.016 0.024 0.032 0.040 0.048
Modulus of Elasticity: From the stress—strain diagram, o = 2 ksi when
€ = 0.004 in./in.
2-0
E = ———— = 0.500(10°) ksi
0.004 — 0 0.500(10°) ksi
Elastic Recovery: From the stress—strain diagram, o = 3.70 ksi when
€ = 0.024 in./in.
o 3.70
Elastic recovery = — = ————— = 0.00740 in./in.
VYT E T 0.500(10%) /
Permanent Set:
Permanent set = 0.024 — 0.00740 = 0.0166 in./in.
Thus,
Permanent elongation = 0.0166(10) = 0.166 in.
L = Ly + permanent elongation
=10 + 0.166
= 10.17 in. Ans.
Ans:
L = 1017 in.
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3-42. The pipe with two rigid caps attached to its ends is
subjected to an axial force P. If the pipe is made from a
material having a modulus of elasticity £ and Poisson’s
ratio v, determine the change in volume of the material.

P
Normal Stress: The rod is subjected to uniaxial loading. Thus, ojo,, = " and o, = 0.

8V = ASL + 2mrLor

= A€iong L + 27rLerr
Using Poisson’s ratio and noting that AL = 7L =V,
OV = €1onV — 2v€15pV

= €tong (1 — 20)V

70-10ng1 WV
=R -2w)

Since oopy = P/ A,

P
8V = - (1 - WAL

PL
= ? (1 - 21/) Ans.

Ans:
PL
oV = ? (1 - 21/)
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3-43. The 8-mm-diameter bolt is made of an aluminum
alloy. It fits through a magnesium sleeve that has an inner
diameter of 12 mm and an outer diameter of 20 mm. If the
original lengths of the bolt and sleeve are 80 mm and
50 mm, respectively, determine the strains in the sleeve and
the bolt if the nut on the bolt is tightened so that the tension
in the bolt is 8 kN. Assume the material at A is rigid.
E, = 70 GPa, E,, = 45 GPa.

Normal Stress:

P 8(10°
op=—= % = 159.15 MPa
Ay 7(0.008%)
P 8(10°
oy =—= 7T2(—)2 = 39.79 MPa
Ay 7(0.027 - 0.0127)

Normal Strain: Applying Hooke’s Law

oy 159.15(10°) 0.00227 mm)
= < = .o = LU mm/mm
T E. 70010
o, 39.79(10°%)
€ = =

E,g 45(10%)

= 0.000884 mm/mm

50 mm

!‘30 mm

1

Ans.

Ans.

Ans:
€, = 0.00227 mm/mm, €, = 0.000884 mm,/mm
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*3-44. An acetal polymer block is fixed to the rigid plates ‘ 400 mm |
at its top and bottom surfaces. If the top plate displaces ‘
2 mm horizontally when it is subjected to a horizontal force
P = 2 kN, determine the shear modulus of the polymer.
The width of the block is 100 mm. Assume that the polymer
is linearly elastic and use small angle analysis.

P =2kN

Normal and Shear Stress:

Vo 2(10°%)
T4 T 0a01)  OkPa
Referring to the geometry of the undeformed and deformed shape of the block
shown in Fig. a,
200mm
2
Y = % = 0.01 rad
Applying Hooke’s Law,
T =Gy; 50(10% = G(0.01)
G = 5MPa Ans.
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