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 SHELL EQUATIONS  
 
 
 
Stress resultants per unit length acting on an element of a cylindrical shell are shown in figure 1. 
 

 
 
 Figure 1   Forces acting on a shell element 
 
Equilibrium gives : 
 
 0 = X + N + N yyx,xx,   (  1 ) 

 0 = Y + Q 
R
1 + N + N yxxy,yy,   (  2 ) 

 0 =  Z- N R
1 + Q + Q yxx,yy,  (  3 ) 

 0 = Q - M + M yx xy,y yy,  (  4 ) 
 0 = Q - M + M xy yx,x xx,  (  5 ) 
 0 = N R - N R + M yxxyyx  (  6 ) 
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The following  approximations: 
 M    M xyyx …  (  7 ) 
 N    N xyyx …  (  8 ) 
Gives the following three equations of equilibrium in the X-, Y- and Z-directions: 
 0 = X + N + N yxy,xx,   (  9 ) 

 0 = Y + Q 
R
1 + N + N yxxy,yy,   ( 10 ) 

 0 =  Z- N R
1 + M + M 2 + M yyyyy,xyxy,xxxx,  ( 11 ) 

 
The relationship between stress resultants and the shell displacements u, v and w: 
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The shell stiffness is 
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Equilibrium equations expressed by the displacements u, v and w: 
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Y -Direction : ( 20 ) 
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Z -Direction : ( 21 ) 
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X -Direction Rearranged: ( 22 ) 
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Y -Direction Rearranged: ( 23 ) 
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Z -Direction Rearranged: ( 24 ) 
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Virtual displacement in X-direction: 
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Virtual displacement in Y-direction: 
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Virtual displacement in Z-direction: 
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Gives the following coefficients:  
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TANGENTIAL LOAD: 
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Virtual displacement in X-direction: 
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Virtual displacement in Y-direction: 
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Gives the following coefficients:  
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Virtual displacement in Z-direction: 
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Gives the following coefficients:  
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SHELL FORCES 
 
The stress resultants expressed with the shell displacement functions for  u, v and w: 
 
The solution for radial load:  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The solution for tangential load: 
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