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H1 Engineering materials such as crystalline metals are classified as linear elastic solids whereas 
rubber-likematerials are considered nonlinear elastic solids. The difference is the type of stress strain 
behavior as shown in Fig.3. These curves represent the stress-strain response to unixial loading. 
Figure 3(a) depicts the constant slope response associated with a linear isotropic Hookean material, a
class to which most metals belong. Figure 3(b) depicts a behavior typical of rubber-like solids, in 
which stresses cannot be described as a linear function of strains. In both cases however, the curves 
during loading and unloading follow the same path; the stress is a unique function of the strain or 
deformation. Figure 3(c) depicts a third case where the stresses are not a single-valued function of 
the strains. Stresses during loading and unloading follow different paths. For a given strain, such as 
εb, there are two possible stress values depending on previous loading history. Also, note that upon 
unloading to zero stress, the material has acquired a permanent deformation εa. This is called 
inelastic behavior, and is typical of materials when the elastic limit is exceeded.
Hossein٠۴/؛ ١٠/٢٠١٨



@M.H. Abolbashari 12/2/2025 

6 

© 2002 The McGraw-Hill Companies, Inc. All rights reserved.  

MECHANICS OF MATERIALS 

T
h

ird
 

E
d

itio
n

 

Beer  •  Johnston  •  DeWolf 


��
� 
������� �(��� �  #$� ���"� 

E
E E

P

A

σ
σ ε ε= = =

•����� f�  ����J ��: 

• K��;� �� �A�J ���������: 

L

δ
ε =

•�� k���� W�� ���"� #$� �� !� >�� ����' )�: 

  

��� !P��� ���"� #$� 
��� �� N�O FLC� !� �� ���  

��
� �&�C� �� ���C0 ��� )� � MP� ?PQ� >��( �  
=�% M<�B� @�� ���"� &�$� �H+;� >��. �� ��3 ��� e��4  

�� �  )<�O !� k���� j�0 ���J�� ��� !P��� �H+;� >��.  
���"� #$� #� �� X�:c� ���"� 
�  #$� 
�  >:,J )�@%  

!� >�� &�' )�:   

P

AE

L
δ =

∑=
i ii

ii

EA

LP
δ

0

LP Pdx
d

AE

dx
d

A
x

E
δ ε δ= = → = ∫

•
��� 
� !.�� �� ?PQ� )l�9 A !� );��� �� x &��� � ��  
P � E );��� ��  x 7&���� �����: 

2 – 11/38 

© 2002 The McGraw-Hill Companies, Inc. All rights reserved.  

MECHANICS OF MATERIALS 
T

h
ird

 
E

d
itio

n
 

Beer  •  Johnston  •  DeWolf 

 N�d�2.01 

���"� #$� !.�� 
�W�0 �� >
� 
������� ����  
�&� !� >�� &���'. 

#I: 

• !.�� �� �� m�Q� N�:9� ���� !� 
�  >:,J  
K.+L� ��,Q� ���� )�. 

 

• 
��� !� >�� ����' 
� ���� 7).E�� !:����  
���' �  �89 �� #�.
� ���� )�. 

 

 

• ���"� N�O #� �89� �� !H��
� ���� )�. 

6

1 2

29 10 Psi

1.07 in.   0.618 in.

E

d d

= ×

= =

 

 A B C D 
d1 d2 

 ��&I1 �+�  

1kips 4.448 kN≃

2 – 12/38 

��6�� � 
��'��� :
�CH<���� ��,I&:
� 



@M.H. Abolbashari 12/2/2025 

7 

© 2002 The McGraw-Hill Companies, Inc. All rights reserved.  

MECHANICS OF MATERIALS 

T
h

ird
 

E
d

itio
n

 

Beer  •  Johnston  •  DeWolf 

#I: 

•���� )� ��,Q� !;PJ !� !� �� !.��: 

2
21

21

in 9.0

in. 12

==

==

AA

LL

2
3

3

in 3.0

in. 16

=

=

A

L

•
��� !� >�� ����' 
� ���� 7).E�� !:���� ���' �  !;PJ  
�� #�.
� ���� )�. 

lb1030

lb1015

lb1060

3
3

3
2

3
1

×=

×−=

×=

P

P

P

•���� )� !H��
� �� #� ��$� ���"�: 

( ) ( ) ( )

in.109.75

3.0

161030

9.0

121015

9.0

121060

1029

1

1

3

333

6

3

33

2

22

1

11

−×=











 ×
+

×−
+

×

×
=









++=∑=

A

LP

A

LP

A

LP

EEA

LP

i ii

iiδ

375.9 10  in =1.92mmδ −= ×

• �89 
��C0 
���� )b�� >�`9 !�BC &��� !%��. 

2 – 13/38 

��6�� � 
��'��� :
�CH<���� ��,I&:
� 

© 2002 The McGraw-Hill Companies, Inc. All rights reserved.  

MECHANICS OF MATERIALS 
T

h
ird

 
E

d
itio

n
 

Beer  •  Johnston  •  DeWolf 

 !��:� !.o,�2.1 

!.�� �.4 BDE �� �� 
���� AB � CD !+��&/*�  
��� )�.  


���� AB �� �����<' )E = 70 GPa( !+E�� �&� � 
>I�,� MP� ?PQ� �' 500 mm2 � 
���� CD ��  

�W�0 )E = 200 GPa( � >I�,� MP�  ?PQ�  �'  
600 mm2 >��. 


��� 
���� 30 kN ��C� ���� 7�&� ���"� 
�  ��$� B7 
D7 � E �� !� >�� &���'. 

#I: 

•!:���� ���' BDE �� #�.
� ���� )� �� 
)�� ���� �� !� �� 
� ���� AB �  CD!� �' ����  
��� )� !� >�� ����'. 

•���"� #$� �89 AB � CD �� ���"� ��$� B �  
D �� !� >�� ����' )�.   

•�� ��� )�&�  �� �+��� ���"� ��$� B � D  
���"� ��$� !PQ� E �� !� >�� ����' )�. 

 

2 – 14/38 

��6�� � 
��'��� :
�CH<���� ��,I&:
� 



@M.H. Abolbashari 12/2/2025 

8 

© 2002 The McGraw-Hill Companies, Inc. All rights reserved.  

MECHANICS OF MATERIALS 

T
h

ird
 

E
d

itio
n

 

Beer  •  Johnston  •  DeWolf 

 ��$� ���"�B: 

( )3

-6 2 9

6

( 60 10 N) 0.3m

(500 10 m )(70 10 Pa)

514 10 m

B

PL

AE
δ

−

=

− ×
=

× ×

= − ×

↑=  mm 514.0Bδ

 ��$� ���"�D: 

3

-6 2 9

6

(90 10 N)(0.4 m)

(600 10 m )(200 10 Pa)

300 10 m

D

PL

AE
δ

−

=

×
=

× ×

= ×

↓=  mm 300.0Dδ

���' !:���� : !.��BDE 

( )

( )

ncompressioF

F

tensionF

F

M

AB

AB

CD

CD

B

   kN60

m2.0m4.0kN300

0M

   kN90

m2.0m6.0kN300

0

D

−=

×−×−=

=

+=

×+×−=

=

∑

∑

#I: 

 !��:� !.o,�2.1 

+
 

+
 

2 – 15/38 

��6�� � 
��'��� :
�CH<���� ��,I&:
�  

© 2002 The McGraw-Hill Companies, Inc. All rights reserved.  

MECHANICS OF MATERIALS 
T

h
ird

 
E

d
itio

n
 

Beer  •  Johnston  •  DeWolf 

 ��$� ���"�E : !.�� ���� �.4 !� !%�� ��BDE  
�����: 

( )

mm 7.73

mm 200

mm 0.300

mm 514.0

=

−
=

=
′
′

x

x

x

HD

BH

DD

BB

↓=  mm 928.1Eδ

( )

mm 928.1

mm 7.73

mm7.73400

mm 300.0

=

+
=

=
′
′

E

E

HD

HE

DD

EE

δ

δ

 !��:� !.o,�2.1 

2 – 16/38 

��6�� � 
��'��� :
�CH<���� ��,I&:
�  



@M.H. Abolbashari 12/2/2025 

9 

© 2002 The McGraw-Hill Companies, Inc. All rights reserved.  

MECHANICS OF MATERIALS 

T
h

ird
 

E
d

itio
n

 

Beer  •  Johnston  •  DeWolf 

\��E ��� ��(p� >
� !.�� �� #$� ���"� 

•R�.P� >�� ���"� ��$� 
�/+�� ���' C �� !.�� CD >
� �(�  
��� q\��E MP� ?PQ� >��( � ����� A � ��� �' w [N/m]  

&��� )�. 

 

 

•��� ��� #� !.�� W=wL &���: 

 

 

•�������� �� ���"� 7#$� �(� ��� KB� �(� 
���� @��:+� N��;�  
)!� �� 
�/+�� !.�� �(� &��( >��. 

C 

D 

L 

P=wx 

dx 

x 

2 2

0
0

1

2 2

L
D L

x

C

P dx w x wL
wxdx

AE AE AE AE
δ = = = =∫ ∫

2

WL

AE
δ =

2 – 17/38 

��6�� � 
��'��� :
�CH<���� ��,I&:
�  

© 2002 The McGraw-Hill Companies, Inc. All rights reserved.  

MECHANICS OF MATERIALS 
T

h
ird

 
E

d
itio

n
 

Beer  •  Johnston  •  DeWolf 

N�d�: 

•R�.P� >�� ���"� ��$� ?PQ� mn !.�� ��C� ���� �&�. MP�  
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)��+,�� )��;��� 

•)��  ���� �� !� 
� ���� ).E�� � 
�  #:;<� =$9 �  �' &���+�  
!� )��/�� �� )��+,�� !� >�� 7&�' �� �6� )��+,�� ��;���  

&���� )�. 

•
� ���� !� �+C�� �� ��&;� _�W 
��� �+��� N��;� ��� !�$�  
!+��� 7&��� �� �6� )��+,�� ��;��� >��. 

•
� ���� #:;<� =$9 )0�l� )&A��( (redundant) �� �� 
� ���  
N�/c� ��@*��% ���� )� !� �� ���� 
� ���� ���� !� 7���� &���  

���"� 
�  #$� 
������ ��%�� &������. 

0=+= RL δδδ

•���"� #$� �� �(� 
� ��� );J�� � 
�  #:;<� =$9 )0�l� !����&%  
!� >�� ����' &��� )� � =s� �� �  ?:% �� _�3��  

(superposed) &��� )�. 
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 N�d�2.04 

�  #:;<� =$9 �� A � B �� !.�� 
�W�0 >
� 
�  
�������  

��
� ��C� ���� �&� �� !� >�� &���'. t�0 &��� �� �  �� 

!�$� ��� #HJ �� N�:9� ��� !��*D�  
� !.4�0 ��%� !+��&� >��. 

•=$9 #:;<� A �� !%�� !� 
� ��� N�:9� �&� � ).:;<� =$9 !�  
�� B !� >�� �����' !H��
� ��� )�. 

•���"� �  ��$� �� �(� � ��� � 
�  #:;<� =$9 )0�l� &��� ������  
q&���� )�;� &��� X�:c� �/�' �b4 ���. 

•���"� ��$� �� B �� �� �(� #:;<� =$9 )0�l� �� B !H��
�  
���� )�. 

#I: 

•#:;<� =$9 �� B �� )0�l� �� �6� ����� )� � !.�� �� �� ��� !�$�  
�&% ���� )� � ���"� ��$� B �� �� �(� ��� ����� !� >��  

����' )�. 
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#I: 

•�� ���' 
��� &�J 7)0�l� ���"� ��$� !PQ� B �� �� �(� 
� ��� N�:9� �&� !� >�� ����' )�.   
3 3

1 2 3 4

6 2 6 2

1 2 3 4

1 2 3 4

3 3 3 9

L 6 6 6

0 600 10 N 900 10 N

400 10 m 250 10 m

0.150 m

0.15 600 10 600 10 900 10 1.125 10
( )
400 10 250 10 250 10

i i

i i i

P P P P

A A A A

L L L L

P L

A E E E
δ

− −

− − −

= = = × = ×

= = × = = ×

= = = =

× × × ×
= = + + =

× × ×∑

•���"� ��$� �� !PQ� B �� �� �(� &�J )0�l� !� >�� ����' )�. 

( ) ( )
E

R

E

R

EA

LP

EA

LP

EA

LP
δ

LL

AA

RPP

BB

i ii

ii
R

B

3

6

22

22

11

11

21

26

2

26

1

21

1095.1

250

1

400

1

10

3.0

m 300.0

m10250m10400

×
−=







 +
×

−=

+==

==

×=×=

−==

−

−−

∑

  N�d�2.04 
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•&���� ������ &��� )0�l� 
�  #:;<� =$9 �(� �� � 
������� �(� �� ��$� ���"�. 

( )

kN 577N10577

0
1095.110125.1

0

3

39

=×=

=
×

−
×

=

=+=

B

B

RL

R

E

R

E
δ

δδδ

• �� #:;<� =$9A ����' )� >�� !� �� 
������� �(� ��. 

kN323

kN577kN600kN 3000

=

∑ +−−==

A

Ay

R

RF

kN577

kN323

=

=

B

A

R

R

 N�d�2.04 
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)����I 
�  ��� 
•���"� !%�� e���I �c�� !� ���"� N�O 

     �� ���� )����I ��� )�. 
    

   α �� ���l m�,H�� )����I &���� )�. 

•���� )����I G9�� ��%�� �&�'  ��� )����I ��� ):� �*� !$���  
!0�l� �&� N�O !� !.��� ��� !�$� &�Q� �&� &���.  

•�c��� �  ) �� !�$� )0�l� !� G9�� &�Q� �&� ��� �� &I ���� )�  
)� )CQ� �� N��;� ���&�( �� �� �6� &���*� � #4� 
�� �  
����  

��(' �� !� ��� &�&�H�. 

 

                                                       

( ) ,T P

PL
T L

AE
δ α δ= ∆ =

( )

( )

( )TE
A

P

TAEP

AE

PL
LTPT

∆−==

∆−=

→=+∆→=+=

ασ

α

αδδδ 00

•���"� #$� )����I � ���"� #$� �� �(� ��� !�$� )0�l� )!� �' ��  
!+����� � !� 
�% �' 
���� #:;<� =$9 ��+����( &��� ������ &����. 

( )T T Lδ α= ∆

��� ��&� ���� 

���� ��&� ��� 

L 
A B 

L δT 

A B 
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�����1 >H,� 

•����� >�� 
��
� 
������� >
� !� ����� !.�� �� 
���: 

 

•_�/b� k���� ��� >�� !� )����� �� e�/% �*�� ��%� ���&�  
)<� 
�  ��� ���,� ):� �� e�/% �*�� ��%�� &��' )� !�  
i�&;� �� ��E &��. 

0=== zy
x

x
E

σσ
σ

ε

•)�&�C� �� >/% x �� t�HQ�� �� � �� N�O �� e�/% �*��  
���:  & ��E ���. ��� t�0 ���� !� M<�B� &���*��,:   

(Isotropic) ))�;� ��C4��E !� >/% !+,��� >,��( �����: 

0≠= zy εε
•��� )� K��;� ��� #$� !� �����1 >H,�. 

 

 

!�  )�&�/� ���� �d�� ��)�  ��+,�� @% !�: 
�  >���s��� 7
� !�W 
�:�.1 
�  _�0
 �
@.0 ( >Hd� 
�&9>��  . 

x

y

x

z
ε ε

ν
ε ε

= = − = −
)H��% ���� 


��
� ���� 

 >/% �� 
������� ���y  ��z ����� &���: 
x

y

z

y

ε ε
ε

ν
ε

= = −− x

z

y

z

ε ε

ε
ν

ε
= = −−
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•
��� �� ��:<� !� >
� 
������� &�U ���
� 7>�� 
�  !b<r� ����  
�A�J !� �� �(� 
�  !b<r� ��� ��%�� &��' )� �� ���� )� �� #4� 
��  
�  
���� ��(' !� >�� ���'. ��� #4� �� e��l�0 ��� ���:  >��: 

(١ !P������->�� )PE ���� 

(٢&�$U�� �  #$� ���"� 

•����� �  >���&
� ��� ��: 

 

 

 
 

•�� ��� k���� FLC� >�� !� ����  kQ0 ��� σx !+��� 7����� )C��  
!� ���&��                                                                       � 

                                                    !� ����� �� >/% y � �� z �� ��E    
>���  !�  )+J�  !�  ����9  N�d�  ��  !P���  N��  ���J  &���*�  ���l 

         &� ��E >��� � ���,� &�$U�� � �� �  �' �6�0�4 ��� )�. 

yx z
x

yx z
y

yx z
z

E E E

E E E

E E E

ν σσ ν σ
ε

σνσ νσ
ε

νσνσ σ
ε

= + − −

= − + −

= − − +

 !+0�� >���:9 f�  ����J)
&;� !� ><�I 
���( 

yy xxE E νσ σε νε′ = −=−=

z z x
Eσ ε νσ′ = = −

2ν

yε
zε
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��� k����-
&;� !� ���� 

[(1 ) ( )]
(1 )(1 2 )

[(1 ) ( )]
(1 )(1 2 )

[(1 ) ( )]
(1 )(1 2 )

x x y z

y y x z

z z x y

E

E

E

σ ν ε ν ε ε
ν ν

σ ν ε ν ε ε
ν ν

σ ν ε ν ε ε
ν ν

= − + +
+ −

= − + +
+ −

= − + +
+ −

yx z
x

yx z
y

yx z
z

E E E

E E E

E E E

ν σσ ν σ
ε

σνσ νσ
ε

νσνσ σ
ε

= + − −

= − + −

= − − +

�� >�� e��H9 �  ���� �,I �� �  ��� )�;� u�$;� k����: 
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 MP,� 
� !
b4 ���)Plane Stress( 
!.o,� ��� 7MP,� �� !.o,� h�E 
��o� )9�c��� �� >;�HO �� 
&;� &��� )� !�  

&���� )� !� ����9 N�d� �� !� X�� ��+0� 
� ���� h�E ��1 &�': 
* ��+0� �� !
b4 >
� �(� 
� ���� ���� 
� !
b4 )In-plane Forces(7 

* ��� >
� �(� 
�  ��� ���� 7
� !
b4 
* 
� ����� )���. 
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� !
b4 ���)!����( 

yx z
x

yx z
y

yx z
z

E E E

E E E

E E E

ν σσ ν σ
ε

σνσ νσ
ε

νσνσ σ
ε

= + − −

= − + −

= − − +

yx
x

yx
y

yx
z

E E

E E

E E

ν σσ
ε

σνσ
ε

νσνσ
ε

= + −

= − +

= − −

Plane stress:  0, 0, 0x y zσ σ σ≠ ≠ =

2

2

( )
(1 )

( )
(1 )

x x y

y y x

E

E

σ ε νε
ν

σ ε νε
ν

= +
−

= +
−

 �� �  ��� )�;� u�$;� k����
�� >�� e��H9 �  ���� �,I: 

����' )� >�� !� �� _�� !P���: 

2 – 28/38 

0zσ =  →

2 – 28/38 

x
x

E

νσ
νε =

2

y

x
y

E

E

ν σ

νσ
ε

−

= −

2

2
(1 ) ( )

1

y

y x y y x

y

E

E

E

σ
ε νε ν σ ε νε

νσ





→ + = − → = +
− +

* 

* 

** 

** 
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&;� �� )9�c��� 
��o� #A�,� : 
� !
b4 ����)MP,�( )Plane Strain  ( 

!<p,� ���� 7MP,� �� !<p,� h�E 
��o� )9�c��� �� >;�HO �� 
&;� &��� )� !�  
&���� )� !� ����9 N�d� �� �� X�� ��+0� 
� ���� h�E ��1 &�': 

��+0� �� �,% 
� !���+�� #$� #��O !� ��
� &<�� �' 
���� ��
� X3  )�� Z( �� �6� 
!+0�� ��� )�. �+,�� ��� );���� �� 
�� ��� !���+�� !� 
� !��� >�� !� !b<r� _�� ����� 

)��c��% a�I � �� ��9 N�I �� !b<r� �*�� )��c��% �� 
�+��� X3  >��( ���� )�;�  
#Q+,� �� X3  &���� )�. 

��+0� �� &� 7#��O !��:� 
�*�� �� !<p,� ���� MP,� &��� )�. 
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� !
b4 ����)MP,�( )Plane Strain) (!����( 

[(1 ) ( )]
(1 )(1 2 )

[(1 ) ( )]
(1 )(1 2 )

[(1 ) ( )]
(1 )(1 2 )

x x y z

y y x z

z z x y

E

E

E

σ ν ε ν ε ε
ν ν

σ ν ε ν ε ε
ν ν

σ ν ε ν ε ε
ν ν

= − + +
+ −

= − + +
+ −

= − + +
+ −

[(1 ) ( )]
(1 )(1 2 )

[(1 ) ( )]
(1 )(1 2 )

( )
(1 )(1 2 )

x x y

y y x

z x y

E

E

E

σ ν ε ν ε
ν ν

σ ν ε ν ε
ν ν
ν

σ ε ε
ν ν

= − +
+ −

= − +
+ −

= +
+ −

0, 0, 0x y zε ε ε≠ ≠ =

1
[(1 ) ]

1
[(1 ) ]

x x y

y y x

E

E

ν
ε ν σ ν σ

ν
ε ν σ ν σ

+
= − −

+
= − −

 �� �  ���� )�;� u�$;� k����
�� >�� e��H9 �  ��� �,I: 

 
����' )� >�� !� �� N�� !<��;�: 

2 – 30/38 

2 2

0 ( )

1 1
[( ) ( 1) ]

[

[ (

]

]

(

1 )

)

yx z
z x y

y yx x
x

y

z

xz

x

y

x y

E E E

E E E E E E

E E

σ

ν σ σ

νσνσ σ
ε ν σ σ

νσ ν νσν σ σ
ε

ν
ν ν σ ν σ νσ ν σ

σ

= − − + = → = +

= − − + = − − +

+
= − − + − + = − + −

+

0
z

ε =
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 X�,��)m�,H�� (Dilatation  ):cI N�&� �)
� !s� ((Bulk) 
•&���*� �6� �� &I�� X`l� !� )H;$� .�� >�� e��H9 �cI ���"� 7��� ��&� ><�I !� >H,�: 

( )( )( )[ ] 1111 −+++=∆ zyxV εεε

•����� >�� >E���$� )$���+����&�  ��C0 >
� !� ��:<� �� 
���: 

 

X�,�� 

����� N�&� �� ):cI N�&� 

( )1 2
( 3 )

p
e p

E k

ν−
= − = −

•��� ��C0 >E���$� 7&��� X�,�� &��� )b�� 7&��� �������� ν !� wHO K��;� 
�&9 >Hd� >�� 
&��� �� 0.5 @�� �+:� &���: )
��� M<�B� ��*��,: �� �+C�� �� 0.5  \��@� �&�( 2

10 << ν

•��� �� R�l #4�I �  ���� !� ).�E &�$U�� �6�0�4 ���� �����: 

 

 

 

•�� �c�' !� �cI !�<�� 1 7>�� X�,�� �� !� #$� ��� )�;� ���"� �cI �� &I��  
�cI K��;� ���� )�. 

( )

1 1

1 2

x y z

y y yx z x z z x
x y z

x y z

E E E E E E E E E

E

ε ε ε

νσ σ νσσ νσ νσ νσ σ νσ
ε ε ε

ν
σ σ σ

 ≅ + + + − 

= + + = − − + − − + − −

−
= + +

( )1
or

2
x y z x y z

V
e e

V E

ν
σ σ σ ε ε ε

∆ −
= = + + = + +

x y z pσ σ σ= = = −

( )
 bulk modulus

3 1 2

E
k

ν
= =

−
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)��� ���� 

•�� ��:<� )H;$� !� >
� ��� )��� >�� !� #$� x�P,<� 
���+� ��  
&�' )�. ���� )��� m���� �� �,I ���"� !���� ��� ��%� FLC�  

��� )�: 

( )xyxy f γτ =

•����:� ��� )��� �� �,I ���� )��� !�H� ����:� ��� �A�J ��  
�,I ���� �A�J >�� �� ��� e��b� !� ����Q� >���Q� i�H��Q� KB�  
&�� �&�. 
��� 
�  ���� �U��: 

 

����J f�  
��� ��� � ���� )��� , ,xy xy yz yz zx zxG G Gτ γ τ γ τ γ= = =

 !�G  )��� N�&� �� >�H.4 N�&�>��. 

 ��� !P��� ��G7 E  �ν   ����� )� i�&;� !�
�����: 

τ 

γ ε 

σ 
2 3G E G≤ ≤
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 N�d�2.10 

��  f�.�  �;$�  ).�P+,�  ��  )
<�B�   ��  
G = 90 ksi !+E�� �&� � �� �� !
b4 �.4  

)Q0� �� �� a�O !+,� �&� >��. !
b4 )����1  
>��( � !
b4 )�W�� �� �� 
���� )Q0�P   

�&�C� ��� )�. ��� !
b4 )�W�� >
� ��� ����  
0.04 in >��I 7&�� K<�( ���� )���  

k��+� �� 7M<�B� � R( 
���� P !� !� !
b4  
���� �&� �� !� >�� &���'. 

#I: 

•���"� #$� 
� !���� k��+� �� ���� 
)��� f�.� �� !� >�� &���'. 

•
��� !� >�� ����' 
���� P �� K��;�  
��� )��� ���b+�� ���� )�. 

•����J f�  �� 
��� ��� )��� �  
���� !� ��� ���� )� �� ��� )���  

!O���� �� !� >�� ����'. 

2

kiloponds
ksi= kilopounds per square

i
or inch

n
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•���"� #$� 
� !���� ��*���� �� ���� )��� f�.� �� !�  
>�� ����' )�. 

rad020.0
in.2

in.04.0
tan ==≈ xyxyxy γγγ

•����J f�  �� 
��� ��� )��� � ���� !� ��� ���� )� ��  
��� )��� !O���� �� !� >�� ����'. 

3(90 10 Psi)(0.020 rad) 1800 Psixy xyGτ γ= = × =

•
��� !� >�� ����' 
���� P �� K��;� ��� )���  
���b+�� ���� )�. 

 ( ) ( )( ) 31800Psi 8in. 2.5in. 36 10 lbxyP Aτ= = = ×

kips0.36=P

kips= kilopounds
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 ���� !P���E  7G � ν 

•�� !.�� ����� !� >
� 
������� 
��
� 7>�� ��  
>/% ��
� �&�C� �&� � �� e�/% )l�9 yHQ�� 

��� )�.  

( )ν+= 1
2G

E

•�������� 
�  !b<r� 
�  ���� �A�J � )��� !� �  m����  
&��� )�. �� ��� m�H��� ���� )� e�H(� ��� !� !P��� ���  

���J�� >�� ) e�H(� �� >���Q� 2(. 

•��� �� ��:<� )H;$� �� 
�+���45̊ >H,� !� ��
� &����  
#$� #��Q� 
������� 7��� !� #$� x�P,<� 
���+� ��  

&�' )�. =1 
���� 
��
� G9�� ���� )��� @��  
��� )�. 

•�� ��:<� )H;$� @�� �� �' k���� �;$� #�P+,� 
��� )�. 
���� 
��
� G9�� ��%�� �&�' ���� �A�J  
��� )�.  
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 !��:� !.o,�2.5 


� ����� !� �PJ d = 9 in 
�� 
� !
b4 )������<' ��&�  
��� !� >��Ll t = 3/4 in ��C� ���� �&� >��. 
����  
#E�� !
b4 G9�� 
�  ��� �A�J σx=12 ksi � σz=20 ksi 

��� )�.    


��� E = 10×106 Psi � ν = 1/37 e����"� ��� �� !� >��  

&���'. 

(a �PJ N�OAB 

(b �PJ N�OCD 

(c � 7!
b4 >��Ll 

(d!
b4 �cI 

)�� 
�  ���� !.o,� !%�+� ���� )� !� !.o,� ���  

� !
b4 >�� ����:     σx ≠0 � σz≠0 � σy=0( 
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#I: 

•
��� !� >�� ����' 
�  !b<r� ���� 7�A�J ����J  
>���:9 !+0�� f�  )!� 
&;�( �� !� ��� ���� )� )�   

&�U !� !.o,� ��� 
� !
b4 )�;� �� 
&;� >��(. 

yx z
x

E E E

νσσ νσ
ε = + − −

( )( )31.600 10 in/in 9inC D zdδ ε −= = + ×

( )( )31.067 10 in/in 0.75in
t y

tδ ε −= = − ×

314.4 10 inC Dδ −= + ×

30.800 10 intδ −= − ×

•����' )� >�� !� �� �cI e����"�. 

( )

3

3 3

1.067 10 in/in

1.067 10 15 15 0.75 in

x y z
e

V eV

ε ε ε −

−

= + + = ×

∆ = = × × ×

30.178inV∆ = +

2 – 37/38 

•���� )� !H��
� �� #$� ���"� 
�  !b<r�. 

( )( )30.533 10 in/in 9inB A xdδ ε −= = + ×
34.8 10 inB Aδ −= + ×

( ) ( )6

3

1 1
12 ksi 0 20 ksi

10 10 Psi 3

0.533 10 in/in−

 = − − ×  

= + ×

3

3

1.067 10 in/in

1.600 10 in/in

yx z
y

yx z
z

E E E

E E E

σνσ νσ
ε

νσνσ σ
ε

−

−

= − + −

= − ×

= − − +

= + ×

��6�� � 
��'��� :
�CH<���� ��,I&:
�  

We seldom think of what we have, but 
always think of what we miss  

(Arthur Schopenhauer) 
 )<� ���� )� �$0 ����� !� )�� @�U ���� �� e�&� !� ��

���$0 �� !C�:  ��� ���� >�� �� !D�' !� ?%��.   

����� �� ������ ��� ���� 
�� ���. 
����� �� �����  ��� !"�#� 
�� ���. 

����� $� %&�� 
�� ���. 

٣٨ 


