[image: image1.png]MENG 453
(Finite Element Method & Applications in Design)
Final Exam (OPEN BOOK)}

Dec. 18 2000 Time: 2hrs.

Question (1):

a) Show that for a truss element with its temperature raised T®, the load-displacement
relations take that from

A1 a]ful = [®] +  Ea«{-Ti
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b) The shown structure is made of a thin triangular steel sheet (1) of E=200 GPa, v=
0.25 and thickness t = 12 mm., and connected by a pin joint to the steel member (2)
that is also pinned at joint (3).
The structure is loaded as shown and the temperature of truss (2} is raised by 50 °C
Treating the structure as composed of a single constant strain triangular element (1)
and a truss element (2), you are required to:

i) Develop the stiffness matrix of each element in global coordinates

ii} Assemble the stiffoess matrices to obtain the total structure matrix

iii) Apply the boundary conditions and solve for the displacements

iv) Determine the stress components in both elements
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Question (2): P: 10/6")

a) The work done by the distributed load “w” over a beam element length “L” is
L

givenby Wp= [ vpydx
o

Noting that v = [N] {d}, show that for a plane beam element loaded normal to its axis
by a distributed load “w”/unit length, a consistent load formulation leads to the shown
equivalent load system.





[image: image2.png]b) The shown member is loaded by a distributed load w = 8N/mm on half the beam
made of steel. Dividing the beam to two elements:

i) Develop the stiffness matrix for the structure

i) Apply the B.C. and solve for displacements at point (2)

iii) Determine the reactions at (1) and (3}

iv) Plot the internal reactions diagram over the whole length of the beam
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Question (3):
In solving the shown cantilever problem using 4-node isoparametric elements,
regular square (20, 20 cm) elements were used. The displacement components of

nodes 13 and 24 were found to be {dn}T = [2.256‘4 0.01136] cm.
{d24} T =[0.0187 -0.0135]cm.

i) Evaluate the Jacobian J and its inverse I at node 23.

i) Hence determine the strain € of element 11 at node 23.

1if) Compare the results with those of the closed form solution.

£=(PL)y 12/Et i’
E = 2000 kN/cm?, y = 0.25,t =2 cm.
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a) The shown two-dimensional problem is loaded by a concentrated force P at one of

its corners as shown. This causes a stress concentration at this point. Sketch a suitable
mesh with 25 — 40 elements to model closely the resulting stress distribution.
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b) It is required to model the shown rigid flange coupling using finite elements.
Discuss the problem indicating:

i) The types of elements to be used
i) Simulation of loadings and boundary conditions
iiif)

Assumptions and approximations you would need to do
iv) Sketch (free hand) a reasonable mesh
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