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ent Methed)
1. Please write the shape functicns of 4-node, 9-node and 2-node square elements shown in

Qualifying Exaraination (Finiie

- Fig.1, and illustrate your methed (procedures) to get those shape functions.
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Fig.1 - Fig.2

2. Use the 1'by 1 and 2 by 2 Gauss rule to approximate I over the rectangular region shown

N 1+x°
imFig2 I= II . o
Order n Sampling point Weignt factor

1 0 2

2 +1/43 1

Ny

3. Evaluate [J] (Jacobian matrix) and det[J] (determinant value) for each of the three
elements shown in Fig.3. Also computer the ratio of element area to the area of a square two
units on a side. How is this ratio related to det[J], and why?

3 Ay 3 Ay yA
':—P‘*—; e ple—3 —3 g3y
3 21 4 3
. > - 2
) A [ A .
“2 X 4-2 N 2:\ >
1 2 4 1 1 2 ¥
Fig.3

4. For a tow-dimensional (2-D) 4-node or three-dimensional (3-D) 8-node element, the
linear shape functions cannot present the deformation of bending effect appropriately. For
example, the finite element results are inaccurate using 2-D 4-node or 3-D 8-node elements
to model a cantilever beam even for a fine mesh. Thus, it is usually to add extra shape
functions including bending deformation effect to overcome the above drawback of these
linear elements. This element is so called incompatible element. Please illustrate (1) How to
generate the element stiffness for this incompatible element (equations are not necessary),
and (2) the behaviors of this element.
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Subgrade reaction coefficient = 80 psi/in
Slab thickness = 10 inch
Base course = 10 inch of granular material
Modulus of rupture of PCC = 600 psi
Loading = 30 kips single axle
Tire pressure = 120 psi
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