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USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION-A

There are FOUR questions in this section. Answer any THREE.

Symbols have their usual meanings. Assume reasonable values for any missing data.

1. (a) What are the basic assumptions in analyzing a structure based on linear stati'c

analysis?

(b) Write three statements to describe the advantage of FEM over other methods in

. solving an engineering problem.

(c) For the spring system with arbitrarily defined nodes and elements as shown in Figure

1, find the global stiffness matrix, Comment on the problem and your derived result.
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2. (a) Introduce reasonable shape functions for a two nodded beam element (Figure 2) and

derive the element stiffness matrix (K),. In this process also consider axial stiffness of a

bar elemenLand ..fonnulate_the stiffness matrix of a 2D general beam element.
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(b) A cantilever beam shown in Figure 3 is subjected to distributed load. Write down the

global FE equation for the beam and find out (i) deflection and rotation at right end (ii)

reaction force and moment at the left end.-----.. . i
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3. (a) Introduce and explain isoparametric concept in finite element analysis.

(b) State the three basic theorems on which he isoparametric concept is developed.

(c) Discuss the convergence criteria for isoparametric elements.

(d) Explain he following terms:

(i) Sub parametric element
(ii) Super parametric element.

4. (a) Explain the term, 'Shape Functions'. Why polynomials are preferred for shape functions?

. (b) List four major discontinuities that may exist in a real structure and the necessity of

considering those in discretizing a structure. Draw necessary sketches.

SECTION-B
There are FOUR questions in this section. Answer any THREE.

5. (a) What are the basic components of a general purpose finite element software?

(b) Approximate the area of a circle by dividing it into a number of triangles. In this

process show that SN= nR2 when n ~ 00.

where R = radius of the circle, N= number of triangles, SN= area of the circle.

(c) Summarize the basic procedural steps that are followed in FEM for analyzing a

structure.

6. (a) Define plane stress and plane strain as applied to 2D element.

(b) In civil engineering problems, the derived global stiffuess matrix is usually 'symmetric"
and "banded". Explain the implications of these characteristic features in solving global FE

equation by employing band solution technique.

(c) Give an illustrative example to compare frontal solution technique with band solution

technique. Explain the aspects where frontal solution technique can offer economic solution.

7. (a) Distinguish between Gauss elimation and iterative methods in solving global finite

element equations.

(b) A displacement based FEM formulation provides lower bound of the exact solution -

Explain.

(c) What is the necessity of re.fining an FEM mesh? Discuss different mesh refining methods.

8. (a) What is constitutive relation? What is the purpose of an FEM program?

(b) Introduce natUral coordinate systems and derive the Jacobian matrix ~ for any element.

In this process also derive the strain displacement matrix B .

(c) What is a numerical error?
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USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION -A
There are FOUR questions in this section. Answer any THREE.

Symbols carry their usual meaning.

1. (a) What are the steps involved in Finite Element analysis?

(b) What is the definition of strain for beam elements? Derive the strain-displacement

matrix of beam elements.

(c) What constitutive law will you use for an axially loaded pile as shown in Fig. 1. Will

there be any normal stress in the tangential direction?
- ~ .~ •.•• ~~r
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2. (a) Explain why the two'noded bar element yields exact stiffness matrix.

(b) For the spring system shown in Fig. 2:

k\ = 100 N/mm, K2 = 200 N/mm, k3 = 100 N/mm

P = 500 Nand u \ = 0

Find:
(i) The global stiffness matrix
(ii) Displacements of nodes 2 and 3
(iii) The reaction force at node I
(iv) The force in spring 2

.~----

(c) A simple plane truss is made of two identical bars as shown in Fig. 3. Find the global

stiffness matrix.
- _. ----.--..
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3. (a) A propped cantilever beam is subjected to a distributed vertical load p as shown in

Fig. 4. Show the work equivalent nodal loads. Ignoring nodal moment at the right end,

find the deflection and rotation at node 3. (12)

£cJ-.i1----
(b) Determine natural coordinates of the p~illt P of the triangular element ABC shown in

Fig. 5.

______ r:L~_,~)--------
\J

"--......-'- . ~- ----- .-
4. (a) Determine nodal displacement at node 2 (Fig. 6) due to applied force P = 400 kN and

temperature rise 30° C. Given:

Thickness, t = 20 mm, Eal = 0.7 x 105 N/mm2
,

5 2 -6 -6
Est = 2 x 10 N/mm, Ual = 22 x 101°C and Ust = 12 x 101°C

(11X)

-+~
2..

?t
_'='8' b _

(b) A jet grout pile as shown in Fig. 7 is subjected to concentrated loads PI and P2 at

nodes 1 and 2 and surface tractions T I and T2 in elements 1 and 2. Determine stresses in

element 1 and 2. Given: E = 2.5 x 105N/mm2 and p = 16 kg/m3
, PI = 400 kN, P2 = 100 kN,

TI = 20 N/mm2 and T2 = 80 N/mm2
• (12)
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SECTION -B

There are FOUR questions in this section. Answer any THREE.

5. (a) Introduce and explain isoparametric concept in finite element analysis.

(b) State three basic theorem on which isoparametric element is developed.

(c) Discuss convergence criteria for isoparametric elements.

(d) Explain the following terms:

(i) Subparametric element

(ii) Superparametric element

6. (a) In Civil engineering problem derived global stiffness matrix is usually "banded" and

"symmetric" - Explain the implications of these characteristics features in solving global

FE equations by employing band solution technique.

(b) Explain the solution when band solution becomes more expenSIve than frontal

solution technique in terms of memory requirements and storage time.

7. (a) Why Gauss quadrature formula is preferred in finite element analysis? Write down the

expression that Gauss method used to compute a function at predetermined sampling

points.

(b) What is a numerical error?

(c) Explain Skyline storage technique with an example.

8. (a) List four major discontinuities that may exist in a real structure and the necessity of

considering those in discretizing a structure. Draw necessary sketches.

(b) Write down a short note on the effect of element aspect ratio on accuracy of a

numerical solution.
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USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION-A

There are FOUR questions in this section. Answer any THREE.

1. (a) Is FEM an exact method of analysis? Explain why?

(b) For the spring system shown in Fig. 1, find the global stiffness matrix.

(c) A shear wall is subjected to vertical and lateral loads as shown in Fig. 2. What

constitutive law will you use for the problem? Will there be any strain in the z-direction?

2. (a) What are the advantages ofFEM over other matrix based methods of structural analysis?

(b) Determine the support reaction forces at the two ends of the bar shown in Fig. 3,

given the following,

(5)

(12)

(4)

(10)
4P=6.0xIO N 4 2E = 2.0 x 10 N/mm
2A = 250 mm , L = 150 mm, tl = 1.2 mm

(c) The beam shown in Fig. 4 is clamped at the two ends and acted upon by the

distributed force p. Find the deflection and rotation at the center node.

3. (a) What are the assumptions oflinear static problems?

(b) For the spring system shown in Fig. 5,

kj = 100 N/mm, k2 = 200 N/mm, k3 = 100 N/mm

P = 500 N, Uj = U3 = 0

Find (i) the global stiffness matrix, (ii) displacement of node 2, (iii) the reaction forces at

nodes 1 and 3 and (iv) the force in the spring 2.

(c) Determine the rotation at the right most hinge of the beam shown in Fig. 6.

4. (a) A two noded bar element shown in Fig. 7 is subjected to a triangularly varying axial

load with intensity zero at the i-node and maximum intensity q at the j-node. Determine

the nodal force vector.

(b) What do you understand by 'Transformation Matrix'?

(c) A simple plane truss is made of two bars and loaded as shown in Fig. 8. Find (i)

displaceme~t of node 2 and (ii) strain-energy in each bar.

Contd P12
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SECTION -B

There are FOUR questions in this section. Answer any THREE.

5. (a) Explain the situation when band solution becomes more expensive than frontal

solution technique in terms of memory requirements and storage time. (7 ,73')
(b) Name different types of symmetry considerations that an engineer may adopt in

modeling a problem using finite element approach. (8)

(c) In modeling a 2D space, a triangular element is often superior than a quadrilateral

element while in modeling a 3D solid cube, tetrahedral elements are often better than

brick elements. Explain. (8)

6. (a) Explain the isoparametric concept in finite element analysis. (9)

(b) Determine shape functions for 4-noded rectangular elements. Use natural coordinate

system. In this process show that shape function for ith node can be written generally as: (14,73')

for i = 1,2,3 and 4.

7. (a) Why Gauss quadrate formula is preferred in finite element analysis? Write down also

the expression that the Gauss method uses to compute a function at predetermined

sampling points.

(b) Write a short note on the effect of element aspect ratio on accuracy.

(c) Discuss convergence criteria for isoparametric elements.

8. (a) "An inadequately defined displacement based finite element mesh may provide a

lower bound solution" - Explain.

(b) Describe the sequence of the development of front in terms of letters used for nodes

as the front creeps forward one element after another as shown in Figure 9.
---_.~~-----------~-----.\- ~..-:s-- --I-- -'f
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