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�2� ����5.  

�8: 

•G>2 =>?! H��I! 7�� �� 
3�E�2 �!. 

•Z��� �2��: G>2 =>?! 
H��I! �� &62��! 3.�� �!. 

•	�: ��� 3��F��! �V�T � 7�� 
�� &62��! 3.�� �!.   

1-ft 

4 – 18/43 

3.4�� � 	��5�,/ :	,16����� 7. 8���!  



Pure Bending 41 Slides 12/2/2025 

10 

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

MECHANICS OF MATERIALS 

T
h

ird
 

E
d

itio
n

 

Beer  •  Johnston  •  DeWolf 

 &-��- &�a !4.4 )&!���( 
�8: 

•3.�� �! ���6� �2� 7�� E� )5 ^��� &� =>?! 
� &� �� =>?!. 

( ) 22

8
5

4

6

6

in95.4in 206.8

06.8
psi 106.3

psi 1029

=



×=

=
×

×
==

π
s

c

s

nA

E

E
n

•Z��� �2��: G>2 =>?! H��I! �� &62��! 3.�� �!. 

)��! H�� h�>2 V�� � 7.��� 	���! &� E� F�,! G>2 �! ��;/  
,��,� �2�: 

)��! �2,��� H�8 	���! &� 	E��! =�J ��.��� �.>� ! �2�: 

( )12 4.95 4 0 1.450in
2

x
x x x
  − − = = 
 

•3.�� �! &62��! �� 3��F��! 	�: ���. 

4
2

4
1

in44.4

in55.2inkip40
06.8

in44.4

in1.45inkip40

×⋅
==

×⋅
==

I

Mc
n

I

Mc

s

c

σ

σ ksi306.1=cσ

ksi52.18=sσ

	��1T 
 

�11� 

( ) ( ) ( ) ( )3 22 41
3 12in 1.45in 4.95in 2.55in 44.4inI = + =
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•��� �� ,L� ��� D��� E� ���! E� =�B ��L5 ��� �����P� �� ,L�  
��� 	���! � =�E�� ��� �>� �(�8 E� )��! �1�� ���� &�  

�2� ��5 �!. 

( ) ( )
centric bendingx x x

z

zz

M yP

A I

σ σ σ= +

= −

)��?� &�'( �� ���! E� D��� 	��;/��� 

•���! E� D��� 	��;/��� 

z

F P

M Pd

=

=
•7�� =�B ��L5 �� ����( ,6�I! �2� &� �: ��� ,�E �8 M2���  

@��*�� ,L� ,..U� �: �P* 	�� &2��: ���� �*�i�1R @�*�� �  
�: ��� �� �P��F- j�?- ,L� �,.- ����E�� �-�1-. 
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zz

M yP

A I
± ±

x 
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 H�X!4.7 


� &?�8 ,.#-E E�� �� ��� 
� &�.! 	�V�T 3�  
7�,� &���2 K�* �2�. 	�,� ��� 160 lb@ $��(  

	�: ��� 3��F��! �11� � @	��1T c( &�(�T 7.�  
F�,! G>2 �� ��� �X�� �� &� �2� ����5.   

�8: 

•��� 	���!  � )��! �1�� H��I! ��  
�.��.�. 

•��� �����P� �(�8 E� ��� 	���! �  
��� �>� �(�8 E� )��! �1�� �� �� 

K��'�2� E� �(� =�B ��L5 �� 3: =�B �.-F�. 

•�� K��'�2� E� =�E�� 	�: ��� =�B ��L5 
@�:��� 	�: ��� �11� � 	��1T 3��F��! 

�� �� &6� ����� � �B��� &� �2� ����5. 

•��� �X�� �� �� 7� -�� &P��� �� ��.I��! 
�2� &� ��� 3C�� ,'( �2� &� �2�  
����5. 
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 H�X!4.7 )&!���( 

•H��I! �1�� )��! �  	���! ���: 

P =160 lb 

M = Pd =(160 lb)(0.65 in) 

          =104 lb.in 

( )22

2

0.25in

0.1963in

A cπ π= =

=

•	���! ��� ,L� �� 3C�� ���: 

( )
4

441 1
4 4

3 4

0.25
64

3.068 10 in

d
I c

π
π π

−

= = =

= ×

•�1�� )��! ,L� �� 3C�� ���: 

4 – 22/43 

0 2

160lb

0.1963in

P

A
σ = =

( ) ( )
3 4

104lb in 0.25in

3.068 10 in
m

Mc

I
σ −

⋅
= =

×
8475Psi=

815Psi=

3.4�� � 	��5�,/ :	,16����� 7. 8���! 
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 H�X!4.7 )&!���( 

•3��F��! 	��1T � �11� 	�: ���: 

0

815 8475

t mσ σ σ= +

= + 9290Psitσ =

7660 Psi
c

σ = −

•�X�� ��� ��!: 
00

MyP

A I
= −

in0240.00 =y

y0 

4 – 23/43 

0

815 8475

c mσ σ σ= −

= −

0

P I
y

A M
= ( )

3 43.068 10 in
815Psi

104lb in

−×
=

⋅
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 &-��- &�a !4.8 

7�,�1.� 	�: ��� E�#! 	�,� �
� k��� &� E�  
)�R 	,/ &�%�� &���2 K�* �2� 30 MPa ��  

�1� �  120 MPa�� ��1T �2�. 7�,�1.�  
	�,.- P �� &� )��� �! &� �
� k��� ���� �,� &� 
�2� ����5. 

�8: 

• ��� 	���! � )��! �1�� H��I! �� &� �2� ����5. 

• ��� �� ,L� ��� 	���! � ��� �� ,L� )��! �1�� �� 
E� �(� =�B ��L5 �� 3: =�B �.��. 

• ��� �-�,�� 	�,� ��� �11� � 	��1T E�#! �� &� 
�2� ����5.   

• 7�,�1.� ��� E�#! 7�,� 
R�� 7�� �� ��� �-�,�� �2�. 

 &-��- &�a ! E�4.2 3����: 

49

23

m10868

m038.0

m103

−

−

×=

=

×=

I

Y

A

4 – 24/43 

y 

z 

3.4�� � 	��5�,/ :	,16����� 7. 8���! 



Pure Bending 41 Slides 12/2/2025 

13 

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

MECHANICS OF MATERIALS 

T
h

ird
 

E
d

itio
n

 

Beer  •  Johnston  •  DeWolf 

 &-��- &�a !4.8 )&!���( 
•����5 �2� &� �� H��I! �1�� )��! � 	���! 	�,.-. 

 

                  	���! ���                   P= 

                  �1�� )��! 

0.038 0.010 0.028md = − =

•����5 �2� &� �� E�#! 	��1T � �11� ��� 	�,� �-�,�� ���  . 

kN0.77MPa1201559

kN6.79MPa30377

=−=−=

==+=

PP

PP

B

A

σ
σ

kN 0.77=P • 7�,� 
R��P �2� E�#! ��� 7�,�1.�  : 

•  ��L5 =�B �(� E� �� �1�� )��! ,L� �� ��� � 	���! ��� ,L� �� ���
�.�� =�B 3: ��. 

( )( )

( )( )
P

PP

I

Mc

A

P

P
PP

I

Mc

A

P

B
B

A
A

1559
10868

038.0028.0

103

377
10868

022.0028.0

103

93

93

−=
×

−
×

−=−−=

+=
×

+
×

−=+−=

−−

−−

σ

σ

0.028M Pd P= = =

P 

M 

C 
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)��?�! ,.l ��� 

•�.��� ��� ���� ����! &� ���
�� ��� &� ��� ����  
�-��! �� &�'( )��?� ��� �-���. 

 

•�
�� )��?�! ���� �-�-�! �! � ��� �� &�'( )��?�  
m�'�� ���T� �!. 

•��� �X�� ,� ���! ���� ]6>�! ���. 

 

•)���� ����8 �� �� ,4- 3�,./ �! &� ���� �� &�'(  
)��?� ��� n��� ��- 

•�� d`(� &�'( �-��?� ��B� ����-. 

•)��� ��- W,T �,� &� ��� �� &�'( ���� m�'��  
��T� �!. 

•@d�!��� ��� �X�� =>?! ,� ���! ���� ]6>�! � .-. 

4 – 26/43 

y  �z �-� ��(� 	�:���!. 

y  �z ��� .-  ��(� 	�:���!. 

y  �z ��� .-  ��(� 	�:���!. 
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 )��?�! ,.l ���)&!���( 

3.:��� �! �>��,* �� &� �2� 3���5 &� ��� �X��   

� =>?! �� �P* K��%�� ]6>�! ,� &�'( ����  

�*�� ��-��: �P*. 

 

���5,� �,.- � )��! E� =�E�� 	�:�,.- �: )���� ����  
NV��I! ,�E �� K���5,� �-E�2.   

 

���� H���� K�* 0, 0,x y zF M M M= = = =

��;9� G>2 F�,! E� ���� �X�� ���. 

0 x x m

y
F dA dA

c
σ σ = = = − 

 ∫ ∫

	�:���,� ���� ���� �� 	��2�� 	�:���! ��(�  
=>?! ��*��. 

0 y x m

y
M z dA z dA

c
σ σ = = = − 

 ∫ ∫

�2,��� )��! 

��� �! $�,I� �� ��� =�E��. 

c,
�(�8 �2,��� )��! 

z m

y
M M y dA

c
σ = = − − 

 ∫

4 – 27/43 
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c

σ
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Mc

I
σ =
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•�X�� ��� 	��2�� ��:. 

 )��?�! ,.l ���)&!���( 
	�,� &� �2� )���5 ��� �� ���8 ��� 	��;/��� ,.l )��?�! �(� =�B  
��L5 &� ��� ��� �!. )W,T ��* �! �� K����! 
.�2V� 3.� : � ,..U� 

	�: �P* �(�8 E� 
� ����1/ =�E�� 	�: ��� �(�8 E� ����1/ ,9�� ��  
��� ,.L�� ��,� �:� ��-.( 

•���,� ���� �� &� ���: &'�O! �� 	��2�� 	�:���! ��(� =>?! &�F#�  
3.�� �!. θθ sincos MMMM yz ==

•	�: &'�O! =�E�� ��� �� �� 3: =�B �.��. 

                                                  �� yz
x

z z yy

M zM y

I I
σ = − +

( ) ( )

θφ

θθ
σ

tantan

sincos
0

y

z

yzy

y

z

z
x

I

I

z

y

I

zM

I

yM

I

zM

I

yM

==

+−=+−==

4 – 28/43 

yz
x

zz yy

M zM y

I I
σ = ± ±

E� 7�� &>��� ^��I! ��* �! &� ,/� Iz >Iy 
@�*��φ >θ  �2�. ��I� ��� �X�� &1.�:  

7.� ���! ����1/ � 	���! &� )��!  
�2,��� 	,��� ���� ��,� �,./ �!. 

y 

z 

M 
My 

Mz 

θ 
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,/� y � z 	�:���! ��(� ��*�6- ) Iyz ,9�� ,'( � .-(: 
 
 
 

�� 7�� k���� ���� �!`� 	,6B 	�: )��! �1�� o��� ��,/ �� �: ��� F.- E� ,4- 	��1T �  
�11� )��� �%1! ��*. 

 
 

��! ��� �X��: 
 
 
 

β &���E ��� �X�� �� ���! z  

�1�� ��� ��� k���� 

2 2

z yy y yz y zz z yz

x

yy zz yz yy z z yz

M I M I M I M I
y z

I I I I I I
σ

+ +
= − +

− −

1

0

tan
tan

tan

y

z z yz
y z z z yz z

x
yz yy y yz

yy yz

z

zz yz

yy yz

M
I I

M I M I M
y z z

MM I M I
I I

M

I I

I I

σ

α
β

α
−

+
+

= → = =
+ +

+
=

+
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 H�X!4.08 

���� 1600 lb-in �� 
� &�'( &� &���E 30 
&B�� �� &�'( 3C�� �E�2 �! &� 
� ,.� ���R ��  
=>?! ��.>� ! H���� ��* �!. $��( ��� 3��F��!  

@,.� c( 	� &���E &� ��� �X�� �� &�'( ]T� @�E�2 �!  
�� &� �2� ����5.    

�8: 

•���,� ���� �� �� 	��2�� 	�:���! ��(� =>?!  
&�F#� �.�� � 	�: ��� 3��F��! �� &� �2�  
����5. 

θθ sincos MMMM yz ==

•	�: ��� �(�8 E� 	�: &'�O! =�E�� ��� ��  
M.�,� �.��.   

y

y

z

z
x

I

zM

I

yM
+−=σ

•����5 �2� &� �� �X�� ��� &���E. 

θφ tantan
y

z

I

I

z

y
==
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 H�X!4.08 )&!���( 
•���,� ���� �� �� 	��2�� 	�:���! ��(� =>?! &�F#� �.�� � 	�: ���  

3��F��! �� &� �2� ����5. 

( )
( )

( )( )

( )( )

3 41
12

3 41
12

1600lb in cos30 1386lb in

1600lb in sin30 800lb in

1.5in 3.5in 5.359in

3.5in 1.5in 0.9844in

z

y

z

y

M

M

I

I

= ⋅ = ⋅

= ⋅ = ⋅

= =

= =

•7�,�/�F� ��� �11� �� ,L� ��� �6.�,� �� A m�'�� ��T� �!. 

5.6096.45221max +=+= σσσ
max 1062Psiσ =

7�,�/�F� ��� �11� �� ,L� Mz �� ����!� AB m�'�� ��T� �!. 

7�,�/�F� ��� �11� �� ,L� My �� ����!� AD m�'�� ��T� �!. 

( )( )
1 4

1386lb in 1.75in
452.6Psi

5.359in
z

z

M y

I
σ

⋅
= = =

( )( )
2 4

800lb in 0.75in
609.5Psi

0.9844in

y

y

M z

I
σ

⋅
= = =
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 H�X!4.08 )&!���( 

•����5 �2� &� �� �X�� ��� &���E. 

143.3

30tan
in9844.0

in359.5
tantan

4

4

=

== θφ
y

z

I

I

o4.72=φ
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	���! ,.l 	��;/��� ��� ���8 

•
� �
� 3.?� ! &� ��� ,L� �� 	�,.- 	�� ! � 
�"#�� $��%! ,.l 	���! ��,� ���� �� �� ,4- ��,.9�. 

•y � z 	�:���! ��(� =>?! �2�. 
•��� ,.l 	���! H��I! �2� �� 
� 	�,.- 	���! � �� ���� 

                                ��� 	���! 

y z

P

M Pa M Pb

=

= =

•E� �(� =�B @��L5 =�E�� ��� M.�,� K�* N��6� �2� E�: 

yz
x

z y

M zM yP

A I I
σ = − +

•��� �X�� 	�� =>?! ��,� ���� � E� &>��� ,�E �.I��! )5 &�  
�2� ��5 �!. 

A

P
z

I

M
y

I

M

y

y

z

z =−
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���� 	�:�2 

H�X!: �� �P* ,�E 
� �2 ���� �� =>?! �X�X! )�1- K��� K�* �2�. c��>! �2� 7..I� 
=�E�� 	�: ��� 3C�� �� =>?! AB ���� &� G>2 c5 �� E�,� )�1- K��� K�* �*��. ��  

N�62��! 
� ,�! E� 	��"� �2 �� �� �"B ���� ,� &�'( ;l�� &� N��( 
� ,.� �F#! 
W,T �.��. )E� Z�Y%! 7�� 25 kN/m3 � c5  10 kN/m3= γ �� ,4- ��,.9�. 

A B 

3.3 
3.6 m 

0.6 

2.16 m 

	�,.- ���5,� 	�:��1T 
.���2� &� ,�  
G>2 3C�� �2�V�� �2 ��� ��� �!. 

)E� Z�Y%! c5                = γ 
��1T �� <�'��� h E� G>2 c5  = γh 
��1T 3��F��! �� ]��      L  =L  γ 
��1T k2��!                      = γ L /2  

��>2 &� 7�� ��1T �� ���� ��� �!=S 

10(2.7)
2.7 1

2 2

L
H S

γ
= × = × ×

	��"� �2 

h 

b=1 m 

+ 

= 
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1m 1.8m 0.486myI = =
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O 
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P M=12.55 kN.m 
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 ���� 	�:�2)&!���(  

10(2.7)
2.7 1 36.4 kN

2
H V= = × × =

)�R ��4�! 7..I� 	�: ��� 3C�� @�2� E� ,L� 	�,.- �*,� )��� �! �*�� 31R �,�. �� 7��  
N��( &�a ! �6.�,� E� 	�,.- 	���! � ,9�� �1�� �2�. 

	�: ��� 3C�� �6.�,� �� =>?! A-B �� )��� �! �� 7..I� 	�: ��� 3C�� �*�- E� 	�,.- 
	���! � ,9�� �1�� &� ��+ &-�/��B � ei2 	�� 3: 	��;/ �: )5 &� �2� ���5. 

1
(1.8)(3) 1 25 67.5kN

2
W P

 = = × × =  

G>2 

3#8 

7�� Z�Y%! )E� 

(0.9) (0.3) (36.4)(0.9) (67.5)(0.3) 12.5kN.m
y

M H W= − = − =

+
 

0OM =∑
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 ���� 	�:�2)&!���(  

267.5 (12.5)(0.9)
( ) 37.5 23.2 14.33kN/m

(1.8)(1) 0.486

y

x B

y

M cW

A I
σ = − + = − + = − + = −

2( ) 37.5 23.2 60.7 kN/m
y

x A

y

M cW

A I
σ = − − = − − = −

^�� ��� N�62��! m�T! 
.١ E� �#-5 &� k���� P/A � My/I �"�� �� K����! 	�:,.� 	��1�! m��( ��� : � ��  

�#��� 
� r,+ �2 &� N��( ���6.* @�*�� �! N�62��! ���E ].�� � .-. 
.٢ &� K�`� �:�2 �� K�� 	�:,.� K���� ��,� �-��� � ��.��� &� ,� &��� k���� ����I! ��,� 

&�*�� �*�� 	�,� �: )5 �6�,?� �2�. &� )���� H�X! &>���              )��� �*,� �� �:,.�(  
)&� d��I� )�.� ��* �!( 	�,� &62��! 	�: ��� �*,� c��B k�l ��:� �!. 

VQ Itτ =

	��1T 

	��1T 


� &#.�- 	,./ 3"! �� ���! 	�:�2 ����: �� H�X! m�T ^��� 	�: ��� ��C�� &� �� =>?!  
A-B &� �2� @�-�!5 	��1T �-���. H�8 ,/� 	��"� &��� �2 
���� ,� ��� ���?! )E� �2 �  

�� &#.�- ���?! M ,�1.� �* �! � &R � �     �6X! � ��� 3C�� �11� �* �!. E� �T,+  
�
I� E� G��Y! ��-�! 7�� ��>� ���� �"B�� �� �!��?! �� ���?! 	�: ��� �11� $.IJ  

��� :. H�8 3.:��� �! 3.�.6� ��I�� 
� �2 ��� � �� 
� &��� E� G��Y! �-�����2 ��?R  
���� �*�� �� �� ^�9�: ,.Lb� @�:�,.- &-�9s.: �11� �� G��Y! ��#�� t��1- 

Bσ
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h/2 

b 

h/2 

( )B Pσ

( )B Mσ

0Bσ ≤

e 

P 

O 

M=Pe 

R=P 

A B 

	��1T 

2

6
B

P Pe

bh bh
σ = − +

3 2

62( )

12

B M

h
Pe

Mc Pe

bhI bh
σ = = =�1�� ��� 

+ 

( )B P

P P

A bh
σ = =	���! 	��1T ��� 

0yF R P= → =∑
0OM M Pe= → =∑

+ 

	�,� 7�� &� &-�9s.: ���  
�11� ��B�� ���.-: 

0
6

h
e≤ → ≤
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 ���� 	�:�2)&!���( 
7��,���� )�-�� �(�Y%! &� ���� k2�� )�8�,+ �:�2 � �� 	�: KE�2 �-�����2 &��1! �����  

@��,/ �-��� �! &� N��( ,�E )�.� ��*: 

,/� ���5,� ^��� 	�:�,.- 3C�� �� 
� ^�2 �-�.!(1/6)  
� =>?! ��.>� ! ,.Lb� @���  

&-�9s.: �11� �� G��Y! )5 =>?! ��B�� ��5 ��-.   
���� &B�� �,� &� 	�,.- ���5,� �� &�'( ��C�� &� �P� E� 	�:���! )��?� G>2 =>?!  

��.>� ! �� )5 ��,� ���� ��� ��� �!. 

,/� P ���! @�*�� ���� &'�O! 3C�� )5 j,* �� K���5,� 
���. 

e� &� ��+ ���: 
,/� ���5,� ���:�,.- &� �� 	V�� 
� =>?! ��.>� !  

,.Lb� ���� �! �P� E� 	�:���! )��?� =>?! �� �� &.8�- 

� ^�2 �-�.! =>?! =>� @��� &-�9s.: �11� ��  

=>?! ��B�� ��5 ��-. 

AB/2 

P 

O A B 

AB/6 
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H�X!4.10  

 KE��-� &� �1�� ���� 
�M0=1.5 kN.m  ,.� 
� &� 3C�� &�'( ��z  �P* ]��>! �P*
��* �! H���� .$�� : &>?- �� ���A c :����5 �2� &� �� �?T� &�'( �� �X�� ���! &���E. 

 
 
 
 

�,� �8 )��� �! K�� �� E� �� &�a !: 
1-  ��(� 	�:���! )���5 �2� &� u �v &>��� E� K��'�2� �: 
 
 
 
2- ��� &>��� E�: 

6 4

6 4

6 4

3.25 10

4.18 10

2.87 10

y

z

yz

I m

I m

I m

−

−

−

= ×

= ×

= ×
M0 

x 

y 

z 

2 2

z yy y yz y zz z yz

x

yy zz yz yy z z yz

M I M I M I M I
y z

I I I I I I
σ

+ +
= − +

− −

v u
x

vv uu

M u M v

I I
σ = − +y 

z 

12 cm 

100 cm M0 c 

80 cm 

A 
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 H�X!4.10 )&!���( 

3.25 4.18
3.72

2 2

y z

ave

I I
I

+ +
= = =

4.18 3.25
,

2.87 2.87

z y

zy zy

I I
z y

I I

 
= = − − 

D 

v u E F 

Z(4.18,-2.87) 

y(3.25,2.87) 

3.72
ave
I =

6 4(10 m )I −

6 4(10 m )yzI
−

o 

2.87
tan 2 2 80.8 40.4

4.18 3.25

22

zy

p p p
z y

I

I I
θ θ θ= = → = → =

− −
� �

2 2 2 2 2 6 44.18 3.25
( ) ( ) (2.87) 2.91 10

2 2

z y

zy

I I
R I R m−− −

= + = + → = ×
6 6 4

min (3.72 2.91) 10 0.81 10
u ave
I I ou I R m− −= = = − = − × = ×

6 6 4

max (3.72 2.91) 10 6.63 10
v ave
I I ov I R m− −= = = + = + × = ×

H�� K�� :��! K,��� �� � ���6� 	,6B k���� E� K��'�2� 
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cos 2 sin 2
2 2

cos 2 sin 2
2 2

sin 2 cos 2
2

x y x y

x xy

x y x y

y xy

x y

x y xy

I I I I
I I

I I I I
I I

I I
I I

θ θ

θ θ

θ θ

′

′

′ ′

+ −
= + −

+ −
= − +

−
= +

��� ��* &� ��  
�#��� N�Y�%!  
x-y �� y �–z  

7�F9��B K�*.    
,/� �"B z &�  

r,+ xR ��6-  
N�Y�%! z �� Iz 

� Izy 3.�T,/ �! 
&� �� ���  

N��'�! �2�. 

 H�� &>��� E� &� ���5 �! �2� &� ,���?! 7�� F.- m�T ���6� 	,6B k���� E�I ��5 �! �2� &� 3�.�.!. 
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 H�X!4.10 )&!���( 
y 

z M0 c 

u 

v 

Mu 

Mv 

θP 

0 sin 1500sin 40.4 972N.m
u P

M M θ= = =�

0 cos 1500cos 40.4 1142N.m
v P

M M θ= = =�

cos sin 50cos 40.4 74sin 40.4 86mmA A P A Pu y zθ θ= + = + =� �

sin s 50sin 40.4 74cos 40.4 23.9mmA A P A Pv y z coθ θ= − + = − + =� �

( ) ( ) ( ) ( )
6 4 6 4

972N.m 0.0239m 1142N.m 0.086m

0.81 10 m 6.63 10 m
u A v A

A

u v

M v M u

I I
σ − −= − = −

× ×
28.68 14.81 13.87MPa

A
σ = − =

t n0 ana tu
P

v v
A

u uv

I I
u v v v

I

M

M I
σ φθ= → = = =

6.63
tan tan tan 40.4 81.8

0.81
v

P

u

I

I
φ θ φ= = → =� � 81.8 40.4 41.4β = − =� � �
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y 

z c 

A 

u 

v 
θ 

N.A 

β 

2 2

z yy y yz y z z z yz

x

yy z z yz yy z z yz

M I M I M I M I
y z

I I I I I I
σ

+ +
= − +

− −

^�� K��: 0 0 

( ) ( )
( )( ) ( )

( )

( ) ( )
( ) ( ) ( )

( )

6

26 6 6

6

26 6 6

1.5kN.m 3.25 10
0.05

3.25 10 4.18 10 2.87 10

1.5kN.m 2.87 10
0.074

3.25 10 4.18 10 2.87 10

13.99 MPa

xσ
−

− − −

−

− − −

×
= − +

× × − ×

×

× × − ×

=

1 1 2.87
tan tan 41.4

3.25

yz

yy

I

I
β − −

   = = =       

�

1
tan

tan
tan

zz yz

yy yz

I I

I I

θ
β

θ
− +

=
+

�X�� ��� &���E: 
0 

0  k?T )�RMZ  7��,���� @3����tanθ=0 
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The more precisely you plan, 
the harder destiny will hit you 
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