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	 0��E	 ��F���	  
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(�") % ��� &��'� /� 
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 %/�# % ���	 08 2i�\ !�� ���(Boom) 

•���	 �# !%"�� !0�'	 50 kN .��@  8�* 
	. 

•��� ��F���	 08 N "	 ���	 �# ��� j�E	 !%"��8 (A = 314×10-6m2)    

50�67 ��� /� σBC = +159 MPa. 

•%/�# �# !%"�� !0�'	 40 kN 08 0�@3 ��� % ��� 2i�\ ��F���	 $9 "#�"#  
��� �#  –26.7 MPa . 
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�,��: 08 !� �'�� �  !�� ��� 
*"# 21�N �	 �� 21���	 Z��,A� !�� ��� 2i�\ )     ( s�	%N� "�� ��,A��. 

•��� 2i�\ 21�N �	 
,\% t���� �,3� 
	 �  �'�� �# 0�'	 �I7  
8�17 �*�#: 

 

•��� 
*"# .�"1� $9: 

�,��: 08 !� �'�� �  !�� ��� 2i�\ 21�N �	 �� 21���	 Z��,A� 
!�� ��� 
*"# )    ( ��"��. 

m 0
0

P

Aθ
σ σ

=
= =

•��� 
*"# 21�N �	 08 !� �'�� �  ��%�/ o45 + �# 0�'	 �I7  
80�8 t���� �,3� 
	: 

 

 

•��� 2i�\ .�"1� $9: 

 

0 0

4 0 0

2
( sin 2 ) cos 2 0 2
2 2 2 4

sin 45 cos 45
2

m

d d P P

d d A A

P P

A A
π

θ

τ π π
θ θ θ θ

θ θ

τ τ
=

= = = → = ± → = ±

= = =

21�N �	 !�� ��� 

2

0 0

cos , sin cos
P P

A A
σ θ τ θ θ= =

•!�� ��� 2i�\ % 
*"# !%0 �� �'�� &��	 50�67 ��� /�: 
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0

2
sin cos 0 sin 2 0 2 0, 0,

2

d P

d A

σ π
θ θ θ θ π θ

θ
= − = → = → = → = ±

τ ′

σ ′

0
0

θ
τ τ

=
′= =

2

4 0 0

cos 45
2

P P

A A
π

θ
σ σ

=
′= = =
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�  !0�k>0�# 08 ��� 

•!�I7 �  �'� !0�k>0�# 
�  ��� �#  
!� �'�� !0��,<� �  /� ��E� Q 80k> 
	 %  

!/��	 �'�� yz Z��� �# %8 �-# 2�AE� 
8�* 
	. 

•!�"# !0�"\"# ZB8��� j�/�� ��%"�� % !�� ���  

�<�8 "#�"# % +��-	 �� ��� ���# �# �1A\  

"F�8 �I7 80�% 8�*.  
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V

A

V

A

F

x
z

A
xz

x
y

A
xy

x

A
x

∆
∆

=
∆

∆
=

∆
∆

=

→∆→∆

→∆

limlim

lim

00

0

ττ

σ

•j�/�� !�� ���d	 !�� ��� 
�<�8 �# &�* "�/  
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•!�� ���d	 ��� 08 
��'�� +�"�� ���* 
	 �  !/��	  
!��0�'	 , x y % z ���. !�"# !0�"\"# ZB8��� 
��� ���  

"#�"# % +��-	 ��O !%0 5�'�� $���K /� ��8 �	 80�%  
���* 
	. 

•���"#��# 6 ���d	 ��� ���# +�"�� ���* �� ���( ��� �# 0�)  
&	�  08 �� ��E� +�"�� 8�*. 

•�7�1S	 
���%"�� �  08 "m� �� ��� 8�O�# Z���9 
	 ���#  
^��"* B8��� �0 .80%9"# ��/��: 

0

0

===

===

∑∑∑

∑∑∑

zyx

zyx

MMM

FFF

( ) ( )
yxxy

yxxyz aAaAM

ττ

ττ

=

∆−∆==∑ 0

,yz zy xz zxτ τ τ τ= =

•$�1	 B�( 0�'	 z �0 08 "=� ��"�F#: 

 

�# 0�) �#�@	: 
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$���1)� h�"V 

u

all

Factor of safety 1

ultimate stress
 

allowable stress

or u
all

FS

FS

FS

σ
σ

σ
σ

= >

= =

=

!�I7� �� ./�� % �� �� ��*�	 ���# �# !� ���> 
(�")  
���* �  ��� !0�  �� $9 ",1  /� ���  

����(ultimate strength)  ����	 �*�#. ���"#��#  
��� /�S	 /� 2�AE� ��� 
���� �# �� h�"V  

$���1)� ",>0N# /� �� �# ��8 ��9 
	. 


��=(u	 �  h�"V $���1)� �0 !0%"V 8/�� 
	: 

•��7 $���1)� 08 ;��< ����	 

•��7 $���1)� 08 !0�k>0�# 

•��7 $���1)� 08 �� &��'� 

•8���� &��� !0�k>0�# 

•U�� �A�* 

•5�	�N�� !0���F� % 5�"m� 
>8��"3 

•��1�� �I7 08 
FX0�v�� �� ./�� 

•"�< !"�kK )�A�0( B�) "17 % ;��< 

•"�mw� 08 8" 0�  ��*�	 
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!8�7 �\8: 
�\8 &( ��xA	 
F,A# �# %8 80�	 80�8: )1( �\8 �� .8�8 )2( �\8 5�6��'	 
�\8 &( ���6� ",@�#  /� �\8 ��� %8 80�	 �*�#. 
uC	 ">� 0�# 80�% "# �� "�� 75000 lb Z�*�# !��< 
6A� �  $�N�	 �\8 �� .8�8 �0  

�S�� 
	 50�67 ��� /�: 

 

08 ��� Z50�� ��F�� �6��'	 !�� &1��� J�7 !����> ���� "�� $��� 
1� $9 �0 �# 50�� 

14322 lb $��# 8" . �\8 5�6��'	 "� �X Z�*�# �\8 &( ����� 
1� ",@�# /� 0.13 �*�#  

% !��< ��1	 z��K ����� 
	 �# ./����                               �*�#. z��K ��'� �# 

50�� 14320±20 lb ���. 
08 &i�A	 Z
����	 �\8 �� .8�8 �# 50�� ",@�# /� 0.2 ��08 ���. Z���"#��# z��K ���  

&i�A	 �0 �# 50�� �# �\8 ��# /� 0.2  ��08 ��A��� 
	.  ���"#��#: 
 

!�"# �6m !8��7� �  �# �� U%"* ���* 
	 /� 4 2\0 % !�"# "��� 8��7� /� 3 2\0 .8��,��  
8�* 
	. suC	 !%"�� 40 lb �# 50�� 40.0 lb % !%"�� 15 lb �# 50��15.00 lb  �,*�� 
8�* 
	. 

100lb
0.0013 0.13%

75000lb
= =

0.13
(14322lb) 20lb

100

  ≈ 
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The one who takes your hand but touches your 
heart is a true Friend  

��  J1� �"� h�\ 
�% 8"�F# �0 �� !�� ��8 �  ��� 
A  
�\�% ��%8.  

/� 
,�%8 �# $�,�%8 `1(� N��"v# �"�/ `�30 `1(� 0"V % h��9 �# �� ����0 
	 08 

��( �  $9 0"V �0 �# j�� % 8�� �� ���8 
	 % !�# % 2�| �# �� ��  
	 08 
��( �  
B��< ��  
	 �� �0 8�* % B�'*�< ���8"> 
	. ) 
�7 )U(-Z2�'��0"l &�3 5 .0�1* 100( 

����: 
��� ���� ���
� ���  !�"�# $�%  &'�� �(�) * �%���� * !�+,-� $�% 

 
�� ��% �
� � �,� * ����� ��.(� 
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•��%8 
�\�% 
A  ��� �  7<�% *� =�> * 0?�� �*�#. 

•��%8 
�\�% @� �+�*  �%   �� �"(Z "� ��X �# %� ��O 8�*. 

•��%8 
�\�% 
A  ��� �  08 80�	 A� B�C �	 �� ���2( ��/ % 08 �@K 5"� h|��	 �� �*�# % �� �0  

"# 8�< ��E	 80��#. 

•08 �4�	 * �+8� $@�� �+�*  0��*9 8�* 
	. 

•
A  �  �6A� �# �� �D-"	 ��/ �"( % $%�# �  ��� �# T�> �� ����"# 5� ���,� Z���F# �� �0 ��%8 80�8. 

•��",�# ���,�%8 !�'�(�  * �(� !���% �%. 

•��",�# ��%8 �� 
A  ��� �  �	 �� �% A�)E ��"FGC  @�� % �H,( �% ��(  �% �H�� ��/ % �� �0 �   

�C�<� @� �(*��) ���' ��/. 

•"� �  �# !���� �) 
,�%8 Z��  �# 0�\% 8�* 
	 ) 0�\% ."1m 
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