[image: image1.png]MENG 453 Finite Element Method
and its Application in Design
Dec. 31, 1999 Time: 2 hrs,
Open Book Exam

Final Exam

1.a. The work done by a distributed load on a plane beam element may be given by
W = [vwdx . For the shown plane beam element loaded with a linearly increasing distributed load
w, show that the equivalent loading at the nodes is given by the shown system.

1.b. The shown structure is made of two identical beams welded at right angies. having the indicated
properties and loaded as shown:

i- Write the stiffness matrix of each element in local coordinates

ii- Write the stiffness matrices in global coordinates

iii- Assemble the element matrices to form the global structural matrix

iv- Write the load and displacement boundary conditions

v- If the displacements at node 2 in global coordinates were found to be {d-|
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2.a. For the shown second order (quadratic) isoparametric truss element and hence using numerical
integration determine the term ki3 of the element stiffness matrix [K}
Note: The full stiffness matrix for such an element is given by

[K]= 2/3EA 35 05 -4
L 05 35 -4 %o
4 4 8





[image: image2.png]2.b. The shown structure is made of a triangular plate of thickness t = 2cm and connected to a truss
member (132) as shown. Treat the truss member as a quadratic isoparametric element and the
triangular plate as a constant strain triangular element.

The stiffness matrix of the triangular element is given by

iKj=10 293 -133 -80 53 =213 80

245 -133 293 80 =213 53 -80
-80 80 80 0 0 -80 | kN/cm
53 =213 0 213 -33 0
-213 53 0 -53 213 0

80 -80 -80 0 0 80
You are required to
i- Assemble the stiffness matrices for the structure
ii- Apply the boundary conditions and solve for displacements
iii- Determine the stresses in both elements.
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3.2, The shown two-dimensional element is mapped as a bilinear isoparametric element and is part of
a structure. A second order Gaussian quadrature is used
i Evaluate the Jacobian and its inverse at the second quadrature point (-1/3 . 1/3)
ii- If the global nodal displacement vector for this element is given by
(di'=40 - 1 0 1 1 0 0} x 107 mm,
determine the shear strain y., at the same point

3.b. A fin of square cross section is not insulated at its end and is transterring heat from a body at
100°C. Divide the fin to two elements and hence determine the temperature at the three nodes
Calculate also the amount of heat lost and the fin efficiency




[image: image3.png]4.a. Comment on each of the following elements from the indicated points:

- Application of the element

- Form and order of the interpolation function

- Degrees of freedom/node and number of nodes required to define the element
- Accuracy and compatibility

Elements

- 3-D truss elements

- 3-D beam eiements

- 3 and 6 plane strain. piane stress and axisymmetric elements
-3 to 9 plane strain, plane stress and axisymmetric elements
- 8 to 21 node brick element

- 3 and 4 noded shell elements

- 2 node axisvmmetric shell elements

4.b. You are required to divide the shown area of a plane problem to sub areas and suggest a suitable

mapped (parametric) mesh for this area. Sketch the mesh and indicate the boundary conditions used
Do not use more than 50 elements
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