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CHAPTER 2 MATERIALS 
 
 
SOLUTION (2.1) 
 

 A in A inf0 4
2 3 2

4
2 3 205 196 35 10 05 0 00024 19616 10= = = − =− −π π( . ) . ( ) . , ( . . ) . ( ) .  

 We have ε µ ε µa t= = = =
− −12 10

8
0 24 10

0 5

3 3

1500 480( ) . ( )
.,  

 Thus  

S ksip
P
A= = =−

0

3

3

4 10

196 35(10
20 37( )

. )
.  

  E psi
S p

a

t

a
= = = = =−ε

ε
εν20 37 10

1500 10
6

3

6 1358 10 0 32. ( )

( )
. ( ) , .  

 Also  
 

 

  % ( ) .. .
.reduction in area = =−196 35 196 16

196 35 100 0 097 

 
 
SOLUTION (2.2) 
 
 Normal stress is 

  
2

500

(1 8)
4

4744P
A ksiπσ = = =  

 This is below the yield strength of 50 ksi (Table B.1). 
 We have 

  0.3
18.5 12 0.001351 1351L

δε µ×= = = =  

 Hence 

  6

640,744

135(10 )
30 10E psiσ

ε −= = = ×  

 
 
SOLUTION (2.3) 
 

 The cross-sectional area: 20.5(0.25) 0.125 .o oA w t in= = =  

     ( a ) Axial strain and axial stress are 

  0.00331
2.5 0.01324 1324aε µ= = =  

  4.8
0.125 38.4P

a A ksiσ = = =  

 Because a ySσ <  (See Table B.1), Hooke's Law is valid.  

     ( b ) Modulus of elasticity, 

  6

638,400

1324(10 )
29 10a

a
E psiσ

ε −= = = ×  

 
     ( c ) Decrease in the width and thickness 

  0.3(0.5) 0.15 .ow w inν∆ = = =  

  0.3(0.24) 0.072 .ot t inν∆ = = =  

 
 

15.0)100(% 8
)10(12 3

==
−

elongation
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SOLUTION (2.4) 
 
 Assume Hooke's Law applies. We have  

  1.5
5 300tε µ= − = −  

  300
0.34 822t

a
ε
νε µ−= − = − =  

 Thus, 

  9 9(105 10 )(822 10 ) 92.61aE MPaσ ε −= = × × =  

 Since ySσ < , our assumption is valid. 

 So 

  2(92.61)( 4)(5) 1.818P A kNσ π= = =  

 
 
 
SOLUTION (2.5) 
 
 We obtain 

  L L mmAC BD= = + =15 15 21212 2 .  

 

 ε µx
L

L
AC

AC
= = = −−∆ 2117 21 21

21 21 1886. .
.  

 ε µy
L

L
BD

BD
= = =−∆ 21 22 21 21

21 21 471. .
.  

 

     ( a ) E GPax

x
= = =− −

σ
ε

100

1886

6

6 53(10 )

(10 )
 

     ( b ) ν ε
ε= = =y

x

471
1886 0 25.  

     ( c ) G GPa= =+
53

2 0 25 212(1 . ) .  

 
 
SOLUTION (2.6) 
 
 Use generalized Hooke’s law: 

  ε ε ε σ σ σν
x y z E x y z+ + = + +−1 2 ( )      (1) 

 For a constant triaxial state of stress: 
  ε ε ε ε σ σ σ σx y z x y z= = = = = =,  

 

        Then, Eq. (1) becomes ε σν= −1 2
E . Since σ  and ε   must have identical signs: 

  1 2 0− ≥ν      or     ν = 1
2  

 
 
 
SOLUTION (2.7) 
 

 We have σ x ksi= =100 10
3 2

3

16 67( )
( ) .  

 
                       (CONT.) 
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2.7 (CONT.) 
 

     ( a ) ε µ ε µx y= = = − = −0 02
10

0 001
22000 500. .,  

 ν = =500
2000 0 25.  

     ( b ) E psix

x
= = =−

σ
ε

16 67 10

2000 10
6

3

6 8 335 10. ( )

( )
. ( )  

     ( c ) µε νσ 50025.0
)10(335.8

)10(67.16
6

3

−=−=−= Ez
x  

 .9885.20015.00.3';.)10(5.13)10(500 36 inaina =−=−=−=∆ −−  

     ( d ) G psi= =+
8 335 10
2 1 0 25

6
6

3334 10. ( )
( . ) . ( )  

 
SOLUTION (2.8) 
 
 We have 

  ε εy z= = 0   σ x MPa= =× −
25

20 10

3

6 125(10 )

(10 )
 

 Thus 

ε σ ν σ σy E y x z= = − +0 1 [ ( )]       (1) 

  ε σ ν σ σz E z x y= = − +0 1 [ ( )]       (2) 

  ε σ ν σ σx E x y z= − +1 [ ( )]       (3) 

 Equations (1) and (2) become 
  σ νσ νσy z x− =        (1’) 

  σ νσ νσz y x− =        (2’) 

 Adding :ν σ σ ν σ ν( ) ( )y z x+ = −2 12 . Then, Eq. (3): 

ε ν ν
ν

σ
x E

x= − −
−

1 2
1

2

  

 Substituting the data: 

  ε µx = =− −1 0 3 0 18
0 7

125

70

6

9 1327. .
.

(10 )

(10 )
 

 
 
SOLUTION (2.9) 
 

 Hooke's Law. We have 0yσ =  and 

  yx z

x E E E

νσσ νσε = − −  

       
6

9
10

72 10
[(80) 0 0.3(140)] 0.000528 528µ

×
= − − = =  

  yx z

y E E E

σνσ νσε = − + −  

       
6

9
10

72 10
[ 0.3(80) 0 0.3(140)] 917µ

×
= − + − = −  

  yx z

z E E E

νσνσ σε = − − +  

       
6

9
10

72 10
[ 0.3(80) 0 140] 1611µ

×
= − − + =  

                    (CONT.) 
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2.9 (CONT.) 
 

( a ) Change in length AB xL aε∆ = , 

 6(528 10 )(320) 0.169ABL mm−∆ = × =  

 
( b ) Change in thickness 

  6( 917 10 )(15) 0.014yt t mmε −∆ = = − × = −  

 
( c ) Change in volume, 

  528 917 1611 1.222x y ze ε ε ε= + + = − + =  

  31.222(320 320 15) 1.877oV eV mm∆ = = × × =  

 
 
SOLUTION (2.10) 
 
 By assumptions, rubber in triaxial stress: 

  2 2
4

4
, F F

x z y d d
p

π π
σ σ σ= = − = − = −  

 Stains are 0x zε ε= = . Hooke's law gives 

  10 [ ( )]x x y zEε σ ν σ σ= = − +  

 or 

  2
4
(1 )

0 F
d

p
π ν

ν
−

= −  

 Solving, 

  2
4

(1 )
F

d
p ν

π ν−
=   Q.E.D. 

 Substitute the data: 

  
3

2

4(0.5)(2 10 )

(2.5) (1 0.5)
407.4P psi

π
×
−

= =   (C) 

 
 
 
SOLUTION (2.11) 
 
     Hooke’s law gives 

       ε σ νσ µx E x y= − = + =1 10
100

90
3

6

9 150 1800( ) ( )
(10 )

 

       µνσσε 1400)90()( 3
150

)10(100
101

9

6 −=−−=−= xyEy  

       ε σ σ µν
z E x y= − + = − − = −( ) ( )( )

(10 )

1 3 10

100

6

9 150 90 200  

 
 
 Thus 

∆L m= =1800 100 180µ µ( )  

  ∆a m= − = −1400 50 70µ µ( )  

  ∆b m= − = −200 10 2µ µ( )  

 and 
  L mm a mm b mm' . , ' . , ' .= = =100 018 49993 99998  

 

100 mm 

10 mm 
90 MPa 

150 MPa 

x 

y 

xσ  

zσ  

yσ  
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SOLUTION (2.12) 
 
 We have 
  σ σ σx y z p= = = −  

 
 Gen. Hooke’s law: 

  ε ε ε ν µx y z
p
E= = = − − = − = −( ) (10 )

(10 )
1 2 400120

100
1
3

6

9  

 Thus 
∆L m= − = −400 100 40µ µ( )  

  ∆a m= − = −400 50 20µ µ( )  

  ∆b m= − = −400 10 4µ µ( )  

 and 
  L mm a mm b mm' . , ' . , ' .= = =9996 4998 9996  

 
 
SOLUTION (2.13) 
 
 We have  

  x y z pσ σ σ= = = − . The volume is 

  3 3 344
3 3 (5) 523.6 .oV r inππ= = =  

 

     ( a ) 1 [ ( )] (1 2 )x E E
σε σ ν σ σ ν= − − + = − −  

      
3

6

24(10 )

10(10 )
(1 0.5) 1200µ= − = −  

 
 Change in diameter, 

  61200(10 )10 0.012 .xd d inε −∆ = = − = −  

 
 Decrease in circumference: 
  ( ) 0.012 0.038 .d inπ π∆ = − = −  

 

     ( b ) (1 2 )o x oV eV Vν ε∆ = = −  

        6 3(0.5)( 1200 10 )(523.6) 0.314 .in−= − × = −  

 
 
 
SOLUTION (2.14) 
 
 From Fig.2.3b and Eq.2.20: 

 U MPat

S S

f
y u= ≈ ≈+ +
2

250 440
2 0 27 93ε ( . )  

 
 We have  L mmf = + =50 50 0 27 635( . ) .  

 

 Using Eq.(2.1): % ( ) %.elongation = =−63 5 50
50 100 27  
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SOLUTION (2.15) 
 
 Table B.1:     S MPa E GPay = =260 70,  

 We have 

  V AL m= = = × −π
4

2 6 30 005 3 589 10( . ) ( ) .  

  U kJ mr

S

E
y= = =×

×

2 6 2

92
260 10

2 70 10
34829( )

( )
.  

  U U V Japp r= = × × =−4829 10 589 10 28 443 6. ( . ) .  

 For U Japp = 9 : 

  n = =28 44
9 316. .  

 
SOLUTION (2.16) 
 

     ( a ) ASTM-A242. 200E GPa=  and 345y MPaσ =  

  
2 6 2

9 3

(345 10 )
2 2(200 10 )

298yS kJ
o E m

U ×
×

= = =  

        3298
6.895 43.2 . .in lb in= = −  

 

     ( b ) Stainless (302). 190E GPa=  and 520yS MPa=  

  
2 6 2

9 3

(520 10 )
2 2(200 10 )

712yS kJ
o E m

U ×
×

= = =  

        3712
6.895 103 . .in lb in= = −  

 
SOLUTION (2.17) 
 

     ( a ) Aluminum 2014-T6. 72E GPa=  and 410y MPaσ =  

  
2 6 2

9

(410 10 )
2 2(72 10 )

yS

o EU ×
×

= =  

        3

31167
6.8951167 169 . .kJ

m
in lb in= = = −  

 

     ( b ) Annealed yellow brass. 105E GPa=  and 105yS MPa=  

  
2 6 2

9

(105 10 )
2 2(105 10 )

yS

o EU ×
×

= = 352.5 kJ
m

=  

        352.5
6.895 7.61 . .in lb in= = −  

 
SOLUTION (2.18) 
 

 Referring to Fig. P.2.18: 
3 615 10

0.0025 6 10 , 27.5 .yE psi S ksi×= = × =  

 

     ( a ) 
2 3 2

6

(27.5 10 )
2 2(6 10 )

63.02 .yS

o EU in lb×
×

= = = −  

     ( b ) Total area under σ ε− diagram: 

  3 337.5(10 )(0.176) 6.6 . .tU in kip in≈ = −  
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SOLUTION (2.19) 
 

     ( a ) V mm= × × =50 50 1 500 375 106 3, . ( )  

 Thus nU V
S

E
y=
2

2  

 or S y
EnU
V= [ ]2

1
2  

        = =× × × ×
−[ ].

. (10 )
2 200 10 1 5 400

3 75

9

3

1
2 253 MPa  

 

     ( b ) U kPar

S

E
y= = =×

×

2 6 2

92
253 10

2 200 10
160( )

( )
 

 
SOLUTION (2.20) 
 

 Table B.1:     S ksi E psiy = = ×36 29 106,  

 We have 
  U nU in lbapp= = = ⋅5 150 750( ) .  

  U in lb inr

S

E
y= = = ⋅×

×

2 3 2

62
36 10

2 29 10
32234( )

( )
. . .  

 Therefore 

  V inU
Ur

= = =750
22 34

33357. . .  

 Also V AL d= = ×: . ( )3357 8 124
2π  

 or 
d in= 0 667. . 

 
SOLUTION (2.21) 
 
 Refer to Fig. P2.21. We have 

  
6190(10 )

0.001 190 , 245yE GPa S MPa= = ≈  

     ( a ) 
2 3 2

9 3

(245 10 )
2 2(190 10 )

158yS kJ
o E m

U ×
×

= = =  

       3158
6.895 22.9 . .in lb in= = −  

 
     ( b ) Total area under σ ε− diagram: 

  3

3350 10 (0.28) 98MJ
t m

U ≈ × =  

       398
6.895 14.2 . .in kip in≈ = −  

 
 
SOLUTION (2.22) 
 

 3(0.05)(0.05)(1.2) 0.003V m= =  and y pS S≈  

 

     ( a ) 
2

(2 )2
2 ,pS nU E

pE Vn U V S⋅ = =  

 Substituting the data given, 
                    (CONT.) 
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1.22 (CONT.) 
 

  
91.8(150)(2 210 10 )2 15

0.003 37.8 10pS × ×= = ×  

 or 

  194.4pS MPa=  

 

     ( b ) 
2 15

9 3
37.8 10

2 2(210 10 )
90pS kJ

o E m
U ×

×
= = =  

 
SOLUTION (2.23) 
 
 Applying Eq. (2.22), we find 

  500 500(149) 74.5u BS H psi ksi= = =  

 Equation (2.24): 

  525(149) 30000 48.225yS ksi= − =  

 
 
SOLUTION (2.24) 
 
 Using Eq. (2.22), 

  500 500(179) 89.5u BS H psi ksi= = =  

 Formula (2.24): 

  525(179) 30,000 63.975yS ksi= − =  

 
 
SOLUTION (2.25) 
 
 Formula (2.22), 

  500 500(156) 78u BS H psi ksi= = =  

 Equation (2.24): 

  525(156) 30,000 51.9yS ksi= − =  

 
SOLUTION (2.26) 
 
 Equation (2.22) gives 

  500 500(293) 146.5u BS H psi ksi= = =  

 Formula (2.24): 

  525(293) 30,000 123.825yS ksi= − =  

 
 
 
        End of Chapter 2 
 
 


