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6/9/2004 3D Problems 1

Three-Dimensional Stress 
Analysis
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Equations of Equilibrium
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Strain Displacement

(u,v,w) are the x, y and z components of 
displacement.
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Stress-Strain Relationships 
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3D Stress-Strain Matrix
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Step 1 - Select the Element Type

1. Discretize Body into Four-Noded Tetrahedral 
Elements.

2. Three degrees-of-freedom per node.
3. These are x , y, and z displacements.
4. ui - x displacement at ith node.
5. vi - y displacement at ith node.
6. wi - z displacement at ith node.
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Tetrahedral Element
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Step 2 - Select Displacement Function

Select Linear Functions:
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Step 3 - Define 
Strain/Displacements and 
Stress/Strain Relationships
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Stress/Strain
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Step 4 - Element Stiffness
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[ ] [ ] [ ] [ ] VBDBk T=

[B] and [D] are constant, therefore:
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Volume Coordinates
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At a point P, four tetrahedrons can be drawn, 
P-2-3-4, P-1-3-4, P-1-2-4, and P-1-2-3.

Let V be the volume of tetrahedron 1-2-3-4.
Let V1 be the volume of tetrahedron P-2-3-4.
Let V2 be the volume of tetrahedron P-1-3-4.
Let V3 be the volume of tetrahedron P-1-2-4.
Let V4 be the volume of tetrahedron P-1-2-3.
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ξ1  = V1/V
ξ2  = V2/V
ξ3 = V3/V
ξ4 = V4/V

ξ1 + ξ2 + ξ3+ ξ4 = 1
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Shape Functions:

ξ1 = N1
ξ2 = N2
ξ3 = N3
ξ4 = N4

φ = N1 φ1 + N2φ2 + N3 φ3 + N4 φ4
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Centroidal Coordinates
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Jacobian matrix:
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