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 ( )2 20.25 4 0.04909 in.oA π= =  

 ( )2 20.212 4 0.03530 in.fA π= =  

From the σ ε−  diagram: 

(a) 
34.5 0 27,600 ksi

0.00125 0
E σ

ε
∆ −

= ≅ =
∆ −

............Ans. 

(b) 36 ksiPLσ ≅ .........................................................Ans. 

(c) 73 ksiultσ ≅ .........................................................Ans. 

(d) ............................................................................................................ Ans. ( )0.05% 43 ksiysσ ≅

(e) ............................................................................................................ Ans. ( )0.20% 43 ksiysσ ≅

(f) 65 ksitσ ≅ .............................................................................................................................. Ans. 

(g) 
( )65 0.04909

90 ksi
0.03530

f f o
ft

f f

P A
A A

σ
σ = = ≅ = ..................................................................... Ans. 

(h) 
64 50 467 ksi

0.06 0.03tE
σ
ε

∆ −
= ≅ =
∆ −

...................................................................................... Ans. 

(i) 
56 0 1400 ksi
0.04sE

σ
ε

∆ −
= ≅ =
∆

............................................................................................. Ans. 
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( )

( )

2 2

6 2

5.64 4 24.98 mm

24.98 10  m
oA π

−

= =

=
 

 
( )

( )

2

2 6

4.75 4

17.72 mm 17.72 10  m
fA π

−

=

= = 2
 

From the σ ε−  diagram: 

(a) 
( )( )6225 0 10

0.0012 0
E σ

ε

−∆
= ≅
∆ −

 

 ........................................................................................ Ans. ( )9 2187 10  N/m 187 GPaE ≅ =

(b) 270 MPaPLσ ≅ ...................................................................................................................... Ans. 

(c) 510 MPaultσ ≅ ...................................................................................................................... Ans. 

(d) ...................................................................................................... Ans. ( )0.05% 305 MPaysσ ≅

(e) ...................................................................................................... Ans. ( )0.20% 328 MPaysσ ≅

(f) 450 MPatσ ≅ ........................................................................................................................ Ans. 

(g) 
( )450 24.98

634 MPa
17.72

f f o
ft

f f

P A
A A

σ
σ = = ≅ = ................................................................. Ans. 

(h) 
( )( ) ( )

6
9 2

460 410 10
2.50 10  N/m 2.50 GPa

0.04 0.02tE
σ
ε

−∆
= ≅ = =
∆ −

.................................. Ans. 

(i) 
( )( ) ( )

6
9 2

440 0 10
14.67 10  N/m 14.67 GPa

0.03sE
σ
ε

−∆
= ≅ = =
∆

.................................. Ans. 
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 ( )2 211.28 4 99.93 mmoA π= =  

 ( )2 29.50 4 70.88 mmfA π= =  

First calculate stresses and strains from the given  
data and draw the σ ε−  diagram (next page).  Then,  
from the  σ ε−  diagram: 

(a) 
( )( )6222 0 10

0.0012 0
E σ

ε

−∆
= ≅
∆ −

 

 ........................................................................................ Ans. ( )9 2185 10  N/m 185 GPaE ≅ =

(b) 270 MPaPLσ ≅ ...................................................................................................................... Ans. 

(c) 510 MPaultσ ≅ ...................................................................................................................... Ans. 

(d) ...................................................................................................... Ans. ( )0.05% 305 MPaysσ ≅

(e) ...................................................................................................... Ans. ( )0.20% 328 MPaysσ ≅

(f) 450 MPatσ ≅ ........................................................................................................................ Ans. 

(g) 
( )450 99.93

634 MPa
70.88

f f o
ft

f f

P A
A A

σ
σ = = ≅ = ................................................................. Ans. 

(h) 
( ) ( )

6
9 2

80 10
16.7 10  N/m 16.7 GPa

0.0048tE
σ
ε

∆
= ≅ = =
∆

.................................................... Ans. 

(i) 
( ) ( )

6
9 2

315 10
109 10  N/m 109 GPa

0.0029sE
σ
ε

∆
= ≅ = =
∆

.................................................... Ans. 
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The given values are  73 GPaE = 0.33ν =  

 875 m/ma xε ε µ= =  120 700 m/mbε ε µ°= =  60 650 m/mcε ε µ°= = −  

 2 2cos sin sin cosn x y xyε ε θ ε θ γ θ= + + θ  

 ( ) ( ) ( ) ( ) ( )2 2875 cos 120 sin 120 sin 120 cos 120 700b y xyε ε γ= ° + ° + ° ° =  

 ( ) ( ) ( ) ( ) ( )2 2875 cos 60 sin 60 sin 60 cos 60 650c y xyε ε γ= ° + ° + ° ° = −  

 0.75000 0.43301 481.25y xyε γ− =  

 0.75000 0.43301 868.75y xyε γ+ = −  

 258.33 m/myε µ= −  1558.85 radxyγ µ= −  

 ( ) ( )
( )

( ) ( ) ( )
3

6
22

73 10
875 0.33 258.33 10

1 1 0.33x x y
Eσ ε νε
ν

−
×

= + = + −  − −
 

 64.7 MPa 64.7 MPa (T)xσ = + = ..................................................................................... Ans. 

 ( ) ( )
( )

( ) ( ) ( )
3

6
22

73 10
258.33 0.33 875 10

1 1 0.33y y x
Eσ ε νε
ν

−
×

= + = − +  − −
 

 2.49 MPa 2.49 MPa (T)yσ = + = ..................................................................................... Ans. 

 
( ) ( )

73 27.444 GPa
2 1 2 1 0.33
EG
ν

= = =
+ +

 

 ..................................... Ans. ( )( )3 627.444 10 1558.85 10 42.8 MPaxy xyGτ γ −= = × − × = −
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The given values are  10,600 ksiE = 0.33ν =  

 875 in./in.a xε ε µ= =  135 700 in./in.bε ε µ°= =  135 350 in./in.cε ε µ− °= = −  

 2 2cos sin sin cosn x y xyε ε θ ε θ γ θ= + + θ  

 ( ) ( ) ( ) ( ) ( )2 2875 cos 135 sin 135 sin 135 cos 135 700b y xyε ε γ= ° + ° + ° ° =  

 ( ) ( ) ( ) ( ) ( )2 2875 cos 135 sin 135 sin 135 cos 135 350c y xyε ε γ= − ° + − ° + − ° − ° = −  

 0.5000 0.5000 262.5y xyε γ− =  

 0.5000 0.5000 787.5y xyε γ+ = −  

 525.00 in./in.yε µ= −  

 1050.00 radxyγ µ= −  

(a) 
( )

( ) ( )
1 1 10501 1tan tan 18.435 , 71.565

2 2 875 525
xy

p
x y

γ
θ

ε ε
− − −

= = = − °
− − −

°  

When 18.435pθ = − °  

 ( ) ( ) ( )

2 2

2 2

1

cos sin sin cos

875 cos 525 sin 1050 sin cos

1050.00 in./in.

n x y xy

p p p

p

ε ε θ ε θ γ θ θ

pθ θ θ

µ ε

= + +

= + − + −

= =

θ  

 2 1 700.00 in./in.p x y pε ε ε ε µ= + − = −  

 1 1050 in./in.pε µ=   18.43 ............................................................................................. Ans. °

 2 700 in./in.pε µ= −   ............................................................................................ Ans. 71.57°

 ( ) ( ) ( )3
0.33 875 525 172.4 in./in.

1 1 0.33p x y
νε ε ε µ
ν

− −
= + = + − = −  − −

......................... Ans. 

 max 1 2 1750 radp p pγ γ ε ε µ= = − = ..................................................................................... Ans. 

(b) ( ) ( )
( )

( ) ( ) ( )6
1 1 2 22

10,600
1050 0.33 700 10

1 1 0.33p p p
Eσ ε νε
ν

−= + = + −  − −
 

 1 9.7423 ksi 9.74 ksi (T)pσ = + ≅ ...................................................................................... Ans. 

 ( ) ( )
( )

( ) ( ) ( )6
2 2 1 22

10,600
700 0.33 1050 10

1 1 0.33p p p
Eσ ε νε
ν

−= + = − +  − −
 

 2 4.2050 ksi 4.21 ksi (C)pσ = − ≅ ...................................................................................... Ans. 

 3 0 ksipσ = .............................................................................................................................. Ans. 

 ( )max 1 2 2 6.97 ksip p pτ τ σ σ= = − = ................................................................................ Ans. 
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PLL T
AE

δ ε α= = + ∆ L  

  ( )( )( )60 22.5 10 75 300 0.50625 mmaδ
−= + × =

  ( )( )( )60 11.9 10 75 300 0.26775 mms bδ −= + × = =

 ( ) ( )250 250 0.50625 0.26775
25 25a sa b δ δ+ = − = −  

 ..........................................................................Ans. 2.12 mm a = ←
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  29,000 ksiE = 11,000 ksiG =  ( )2 1E Gν= +  

  ( )(29,000 2 1 11,000ν= + ) 0.31818ν =  

 ( ) ( )
6 0.31818

2 2
29,000

y
xa xa xa xaL

σ
δ ε ε

−
= = =  

 ( ) ( )53 3
29,000xb xb xb xbLδ ε ε= = =  

But xa xbδ δ= , therefore 

 12 0.63636 15yσ− =  

 4.71 ksiyσ = − ........................................................................................................................ Ans. 
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Assume series of rails all initially separated by 0.125     in.
When heated, rails expand from center in both directions. 

(a) ( )( )( )60.125 6.6 10 55 12T L Tδ α −= = ∆ = × ∆ ×  

  28.7 FT∆ = °
 .................................................................. Ans. Rails touch when   60 28.7 88.7 FT = + = °

(b)  ( )( )( )66.6 10 50 55 12 0.21780 in.δ −= × − × = −

 .............................................................. Ans. 0.125 0.2178 0.3428 in. 0.343 in.gap = + = ≅
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