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Question 1 4 points

Explain the principle of virtual work and its significance in finite element analysis.

Question 2 6 points

Calculate the displacement at x = L for the beam shown in the diagram below with the following conditions:
EA =1000N/m’, 8 = 50N/m, L = 2m. Assume boundary conditions: u|,—g = 0.

EA =1000 N/m?
8 =50 N/m

L=2m

Fig. 2. Circuit diagram for Question 2
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Question 3 8 points

Consider the 1D finite element model for a bar under tension shown in the diagram below. Determine the
stiffness matrix and analyze the equilibrium conditions given these parameters: A = 0.01 m?, E = 200 GPa,
Element length L = 1 m.

E =200 GPa
Z A=0.01 m?
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Fig. 3. Circuit diagram for Question 3

Part 3.1 4 points

Calculate the stiffness of the element.

Part 3.2 4 points

Discuss the equilibrium conditions for the element.
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Question 4 6 points

Given the 2D quadrilateral element in the diagram below with vertices experiencing displacements ©1 = 0.005
and vl = —0.003, calculate the strain components €, and €,,. Assume a linear strain-displacement
relationship.

2D Quadrilateral Element with Nodal Displacements
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Fig. 4. Circuit diagram for Question 4
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Question 5 6 points

Apply the principle of virtual work to the 1D beam shown in the diagram below with length L = 3 m, cross-
sectional area A = 0.05m?, and modulus of elasticity E = 150 GPa. External load fZ = 20 N/m and point
load R = 100 N at the end. Determine internal and external virtual work.

R=100N
o FERTRRRNEY e—
PR 8 = 20 N/m E = 150 GPa
707 b
RA, [« kL > Re
Fig. 5. Circuit diagram for Question 5
Part 5.1 3 points

Calculate the internal virtual work.

Part 5.2 3 points

Calculate the external virtual work.
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