
Shells





















• At any point on shell surface there are 5 dof



















Similarly,





You may notice that we have ignored a sixth row in R matrix. Actually, it 
should also be there and would transform the rotation qxa and qya
along the normal at the node. The normal at a node does not really 
coincide with normal at (xa,ya,za). However this component of rotation 
along node normal may be small as angle between the node normal 
and normal at (xa,ya,za)  may be small. By rotating to nodal coordinate 
system continuity of variables (un,vn,wn, a, b ) is maintained.



• Instead of rotating to nodal coordinate system we can also rotate to 
global coordinate system and we have six dofs.











• The coordinates x, y in terms of nodal coordinates are given below. 
On the mid-plane put t=0 in the expressions below.



• Loads at the boundary due to moments or transverse loads can be 
resolved into moments or forces in x, y, z directions. 









Axisymmetric shell (HW)



a

ka is perpendicular to plane of paper

Following the procedure followed for shell element, determine the membrane and 
bending strain in r-y coordinate system. Hence determine the stiffness matrix.








