REF. NO.: EX/PG/ME/T/115B/24/2017
M. MECH. ENGG. IST. SEM. EXAM.-20]7
. FULL MARKS 100 .DURATION 3 HRS.
BASICS OF FINITE ELEMENT METHOD

Answer any four guestions. Subsections of a question (if any) carry equal distribution of marks. Some
data are presented in the Appendix-I. You may assume reasonable values to any other miss;. ng data

1. Solve the DOF values at all nodes for the shown loading condition of the frame structure below.
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2. Determine the unknown DOF values and force in each component of the truss structure below,
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For the simply supported beam shown below, use FE formulation of Euler-Bernoulli beam to
determine the deflection at the mid-point and compare that to the analytical solution of

5"'5qL4hL’I‘Il fthe b
= 384EI’W ere L = Total length of the beam.
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The column shown in Figure (4) has lateral dimensions ty =t, = 0.1 mand it is subjected to a
vertical traction of ¢ = 1E4 N/m?2. Using a single 4 node quadrilateral element with Full
Integration determine the DOF values at different nodes,
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5. Derive the complete FE formulation of a CST element.
6. Write short notes on the following (any 5):
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ii.

a. Galerkin's method.

Rayleigh-Ritz method.

Geodesic problem.

p and h refinement.

Equivalence of V-Statement and M-Statement.
Plane stress and Plane strain conditions.
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Appendix-I
For question number 1, 2, 3, following are the properties of each component.
a. A=10E-3m?
b, I=10E—-5m*
Value of Young's modulus should be universally taken as, E = 200 GPa.
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vi.
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For 1-D elements following are the element stiffness matrices in the local (element) coordinate
system.

a =201 )

12 6, -12 6l,
EI 412 61, 22
b. [Kébeam] — z_g_ e 12 e—6le
Sym. 42
The local to global transformation matrix for the frame element when the axis of the element
makes an angle of @ with the x axis-
cos(8) sin(@) 0

—sin(@) cos(6) 0O 0
[e1=| O ¢ 1
cos(d) sin(8) Of
0 —sin(8) cos(6) 0
g 0 1

The (¢;, wl) pairs for Gaussian Quadrature method with one and two integration pomts are (0,2)
and (+—— 1) respectively.
The material stiffness matrix for plane stress condition-

- 1 - 0
[D] = 2[—-1/ 1 0 |
o 0 0 1-—vy
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