1-D Finite Elements — Virtual Work Approach
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1. Assume some variation of displacements in the element and write in
terms of the nodal displacements

Simplest case: linear variation UMy s (Upa—U, )¢
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shape functions for displacement



fwelet H™ =0 J=mm+1 then we can write the displacement

In each element in terms of all the nodal variables

u" = 2 H™U; (m=1...M) (if we have M elements
we have M+1 nodes)

2. Compute the strains for each element in terms of the nodal
displacements
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shape functions for strain (constants in this case)



again, if we let ng) 0 jEmm+l then we can write the strain

In each element in terms of all the nodal variables



4. Apply Principle of Virtual Work

If J' f.oudv +> RoU, = J'gxxgexxdv Is satisfied for all possible 6U's
Y then equilibrium will be
‘ ‘ (approximately) satisfied

work done by: distributed  concentrated
body force  loads

1 if load at node M+1

For concentrated loads, let d; = {O otherwise Then Y ,RdU, = Z; P.d;oU,
J:

and the principle gives
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Now, consider our particular problem
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reaction at wall
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6. Obtain stiffness matrix for each element:;
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Resulting system cannot be solved directly because we have not

eliminated rigid body motions
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8. Eliminate all possible rigid body motions and solve the system of
equations

For this problem, if U;=0 set K, =1 K, =0 (k#]) and R =Pd, =0
so that the jth equation gives U, =0 To preserve symmetry of the

stiffness matrix, also set K, =0
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