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1. What are the various steps in Finite Element Method and explain them.

2. a) Derive the equilibrium equations at any point in a 2 Dimensional elastic systems
under the action of external forces; in terms of stresses.
b) If stresses at any point in an elastic body are

o, =ox+py, o,=20x+3fy, and T, =30x+2pfy,then determine & and f.

3. a) What do you mean by shape functions and derive shape functions for a simple bar
element.
b) Derive stiffness matrix of a simple bar element using interpolation functions.

4. What are convergence requirements in the context of displacement model, and explain
their significance.

5. Explain how stiffness matrix of a three nodded triangular element is determined.

6. a) What do you mean by iso-parametric element and explain it.
b) Derive shape functions of a simple rectangular element in terms of iso-parametric
element.

7. a) What do you mean by axi-symmetric problem and explain it.
b) Derive stress-strain relationship for axi-symmetric problem.

8. Write short answers on the following.
i) Numerical integration
1) Static condensation
1ii) Geo-metric invariance
iv) Boundary conditions
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1. a) Explain the concept of Finite Element Method.
b) Enlist the merits and demerits o Finite Element Method.

2. a) Ifu and v are displacement components along x- and y-axes respectively at any
point in a 2D elastic body; derive strain-displacement relations,

e:(auj £ =& and;/:a—u+@
* Aox) 7 \oy/S ¥ o ldy ox

b) If the displacements at any point in an elastic body are,
u=10" (2x2 + 3y), v=10" (4)63 +3y% + 5), and find strains at the point.

3. a) If shape functions of a 2 nodded bar element of length, L are,
N, =(ax+pB,) and N, =(c,x+ f3,), determine the constants.
b) Derive stiffness of using the shape functions given in the above problem.

4. Explain how equivalent nodal loads due to traction on the 2D element are computed.
5. Explain how stiffness matrix of a four nodded rectangular element is determined.

6. Derive the shape functions of a simple rectangular Lagrangian element in terms of
isoparametric element form.

7. Derive stiffness matrix of an axi-symmetric triangular element.

8. Write short answers on the following.
a) Gaussian points in the context of numerical integration.
b) Assembling of elements’ stiffness matrices

c¢) Principle of minimum potential energy.
d) Displacement boundary conditions
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1. Explain the basic principle of the Rayleigh-Ritz method, in the context Finite
Element method.

2. a)What do you mean by plane stress and explain it.
b) Derive the constitute relationships for plane stress case.

3. A 1Dimensional structure, of length L fixed at one end; is subjected to an axially
distributed load, /mgall throughout. Assume axial stiffness, AE is constant. Analyze

the structure using finite element method and find maximum stress and maximum
displacement.

4. Analyse the equilateral triangular truss structure shown in Fig.1 using finite element
method and find the member forces. Take AE is constant.

P

Fig. 1

5. Explain how nodal load matrix of a three nodded triangular element is determined.

6. Derive the shape functions of a simple rectangular Serendipity element in terms of
isoparametric element form.
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7. Differentiate how axi-symmetric element is different from 2D element and explain it.

8. Write short answers on the following.

l
a) Derive the one-point numerical integrations, I fdx=wf (x1 ) = f(x)
0

3
b) Find the I(2x2 +3x+ 4):lx using one-point formula.

0

3

¢) Find the I(2x2 +3x+ 4):lx using two-point formula.
0

d) Static condensation
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1. A cantilever beam is subjected to uniformly Distributed load, w/m throughout the
span. Analyze the beam using Rayleigh-Ritz method and determine the following,
i) Displacement function,
i) Max. Bending Moment,
ii1) Max. Shear Force,
iv) Max. Deflection and comment on the results.

2. a) What do you mean by plane strain and explain it.
b) Derive the constitute relationships for plane strain case.

3. A fixed beam is subjected to uniformly distributed load, w/m all throughout. Analyze
the beam using finite element method and determine the maximum deflection and
maximum bending moment in the beam.

4. a) What do you mean by constant strain triangular element and explain it.
b) Derive the shape functions of a triangular element with coordinates as shown
in Fig. 1.

(X1,y1)

Fig.1

(Xz,YZ) (Xa,Va)

5. Explain how nodal load matrix of a four nodded rectangular element is determined.

6. Derive the shape functions of a 8 nodded isoparametric element.
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7. Derive material stiffness matrix of an axi-symmetric element.

8. Write short answers on the following.
a) Jacobin matrix
b) Strain-displacement matrix
c) Assembling of elements’ nodal force vector into global matrix.
d) Beam element
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