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Lesson Outcomes

* At the end of this lesson, the student should
be able to:

— Understand the use of stiffness equations for 3D
stress analysis

— Develop the gradient matrix for 3D stress analysis
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3D Stress Analysis Example

e Construct the

gradient matrix for y

the tetrahedral C(0,6,0)

solid element

shown. The

coordinates are in

the units of A(0,0,0) B(6,0,0) X

centimetres and

the modulus of

elasticity of the D(0,0,6)
material is Z
110GPa.
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Solution

Chosing node numbering such that nodes 1, 2, and 3 are counterclockwise when
viewed from node 4, points A, B, C, and D are denoted as node 1, 2, 3, and 4,

respectively. Therefore;

r1=0 1y =02z=0
ro =6, y2=0, z29=0
r3=0, y3=6, z3=0

ry =0, yp=0, z,=06

1 00 0

1 6 0 0O
6V =

1 0 6 0

1 0 0 6

o0Ee

BY NC SA




Solution (Continued)
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6V =1 +04+04+0

= O
= o
oy O

0
6V =6 +0+0

6V = 216 em®

Bi=—|1 6 0 |=-36cm’

o0Ee

BY NC SA




Solution (Continued)

w=|1 0 0|=236cm? da=|1 0 6 |=0
1 0 6 1 0 0
1 6 0 1 0 0
Ssi=—|1 0 6|=-36cm® Bg=—1]1 0 01]=0
1 0 0 1 0 6
1 0 0 1 0 0
Bo=|1 6 0]=236cm® =1 6 0|=36cm®
1 0 6 1 0 6
1 0 0 1 0 0
Ya=—11 0 0]=0 ds=—|1 6 0]=0
1 0 6 1 0 0

o0Ee

BY NC SA




Solution (Continued)

1 0 0
Ba=]11 0 0|=0
1 6 0
1 0 0
w=—]1 6 0|=0
1 0 0
1 0 0
bs=11 6 0|=236cm’
1 0 6

The gradient matrix 1s given as:
DO

BY NC SA




Solution (Continued)

10 0 10000000 0
001 0 000O0T10TO00 0
00 -1 0000G0O0TO0O0 1
[B] = 0.167
1 -1 0 01010000 0
011 000001010
10 100100010 0
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