Finite Element Method and Application Sharif University of Technology
M. Ghaemian Department of Civil Engineering

Assignment Number 2

1. Assuming a single degree of freedom at each node and using the following
model:

u(x,y) =oy +a,x+asy+a,xy

Compute matrix [A] ™, displacement transformation matrix.
Compute [N], where{u} = [N]{q} and {q} isvector of nodal degrees of freedom.
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2. Assume that the element stiffness matrices Ka and Kg corresponding to the
element displacements shown have been calculated. Assemble these element
matrices directly into the global structure stiffness matrix with the displacement
boundary condition shown.

a, Qp, Q3 a Qg5 ag b11 b12 b13 b14 b15

Ay Ay Ay Ay Ay Ay b21 bzz b23 b24 b25

[K,]= A3 Ay Qg Ay Ag Ay [K,]= b31 bsz b33 b34 b35
al= Bl =

Ay Ay Qu Ay Ay b41 b42 b43 b44 b45

g Qg Az Ay Azs  Agg b51 b52 b53 b54 b55

1861 Qg Qg Qg Ags Qg _b61 bez bas b64 b65
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3.Write down an algorithm for obtaining the address of each member stiffness
matrix components by skyline method and allocating it in the array of total
stiffness matrix. The algorithm must be as exists in the finite element program
FEB.For.

4. A tapered beam-column element 1-2 is shown.
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system x and y , rotated through on angle 6 from x and y (the global) system.

For the tapered element:
A(G) =[1-A +EA,
1(§)=@1-1,+4l,

where Ai’s and |;’ s are the cross sectional areas and the moment of inertias of x-
section, respectively, at nodesi (i=1,2).

a) For linear axia displacement and cubic transverse displacement, show that the
stiffness matrix in the local x and y system is given by (E=modulus of elasticity):
[ E E
Z—IE(A1+A2) 0 0 —Z—IE(A1+A2) 0 0
0 ?TE(I1+|2) IZTE(2|1+|2) 0 ?TE(|1+|2) IZTE(|1+2|Z)
0 IZTE(2|1+|2) |E(3'1+'2) 0 —IZTE(2|1+|2) |E('1+'2)
[Kal= E ) ¢ E ) ¢
—or (A A) 0 0 o (At A) 0 0
0 ?TE(I1+I2) —IZTE(2I1+I2) 0 ?TE(IIHZ) —IZTE(I1+2I2)
0 IZTE(I1+2IZ) IE(I1+I2) 0 —lzTE(I1+2I2) IE(I1+3IZ)

Dueto linearly varying transverse and axial loads

p,(5)=A-&)p, + & p,
p()=1-p +¢p,]
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b)Show that the resulting load vector in the local coordinate is given by the following:
T Ie 1 2 Ie 1 2 Iez 1 2 Ie 1 2 Ie 1 2 Iez 1 2
{pt,, = E(ZDX +p,°) 5(7&1y +p,7) a(Sloy +2p,”) E(lox +2p,%) E(SDy +7p,°) —E(ZDy +3p,°)

c)show the transformation matrix for each node aswell as[T]. How do you transform
the local stiffness matrix and load vector into the global ?

Note: Strain energy due to moment and axial force for u as axial displacement and w as
transverse displacement are given by:

|
due to moment = %I Elw, “dx
0

|
due to axial = EJ' EAu, “dx
2 0



