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Problem 1
A copper rod 1.4 inches in diameter is placed in an aluminum sleeve with inside diameter 1.42
inches and wall thickness of 0.2 inches as shown in Figure 1. The rod is 0.005 inches longer than
the sleeve. A load P = 60, 000 lb is applied to the assembly through a large bearing plate that can
be considered rifid. Detennine the stresses in the rod and the sleeve. The modulus of elasticity for
copper is 17 xl 0 psi and that for aluminum is l Ox 106 psi.
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Figure 1
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Problem 2
Referring to the frame shown in Figure 2(a); all members are assumed not extensible (in the axial
direction) with bending rigidity EI.

2.1 Using a plane frame element stiffness formulation (given below),
(a) find the displacement and the rotations at all nodal points
(b) draw the shear force and bending moment diagrams

2.2 The frame is now reinforced with a truss bars as shown in Fig. 2(b), Draw the deflections shape,
shearing forces diagram and bending moment diagram. The stiffness of the truss member is given

12EI .by: EA"= --. Comment the effect of the reinforcement,
[2

p

Figure 2(a)

The stiffness matrix of a beam element is given as following:
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Problem 3
For the plane strain element shown in Figure 3, determine the element stresses (Y~,a , ~&I> and the. y .

principal stresses, corresponding to the following nodal displacements:
ul =0.005 mm VI:::: 0.002 mm
u2 =O.Omm Vz =0.0 mm
u3 = 0.005 mm V3 = 0.0 mm

Use E = 70GPaand v = 0.3 . The coordinates of the nodes are given in Table I.

y Table 1: Coordinates of the nodes
node x y
1 5 5
2 25 5
3 15 15

Figure 3 (aUdimensions are in millimetres)

Given
The gradient matrix. [BJ.of a Constant Stress Triangle element ( 6 doj)
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Problems 4:

The four-node element shown was initially a square, two units on the side. Nodal displacement
components, each of magnitude c in both x and y directions, create the displacement shape
indicated by dashed lines (see table 2).
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Table 2: Nodal displacements
node x y

2 -c 0
3 c -c
4 0 c

4.1 Determine the strains at the center of the element.
4.2 Discuss these results

Given:

The shape functions on the element of reference are given by

1
1 1

N\ =-(l-~)(I-1]) N2 =-(1+q)(l-1])
4 4
1 1

N3 =-(1+4)(1+17) N. =-(1-q)(l+ll)4 4
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