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There are 6 (Six) questions. Answer 5 questions. Questions 5 and 6 are compulsory. Answer 3 (Three) questions
from questions 1 to 4. The Symbols have their usual meaning. The figures in the right margin indicate full

marks.
1(a). Explain isoparametric element concept in finite element method. (6)
(Co1)
(PO1)
1(b). Explain the limitations of Jacobian Matrix. (6)
(CO1)
(POD)
1(c). Derive the shape functions of a 3-nodal triangular element in the two-dimensional (13)
condition for the local coordinate system. ((gg 1;
1
2. Derive the general stiffness matrix for soil-water coupling condition from (25)
{AF}= ;![B]T {Ac}dV using effective stress theory. (g,gg
3. Derive the shape function and stiffness matrix for a 4-nodal interface element in the (25)
local coordinate system using the principle of virtual work. (((1301;
01
4. Answer the following questions for the finite element mesh shown in Fig.1. (25)
(i) Calculate the band width of the mesh. (CO1)
(ii) Form [K],{A8}, . ={AF}, considering2 degrees of freedom of each node (v, )
v).
(iii) Include the the boundary conditions in the global finite element equation where
the nodal displacements at node 4 are (z=-0.2m, v =-0.5m).
3 2 4
i 1
Fig.1 . 5

Stiffness matrix of each element is —
K, Ky Ky Ky K% K Ky Ky
Ky K'p Ky K, K'y K% K°
Ky Ky K5 K% K Ky K5 K
I:Ke]_ K‘u K‘u K!G K‘u Keu Ke% K‘n K‘u
Ky, K5 K's K K'yy K¢ K'y K’
K'qg K'q K'qg K'q K'g K'q K'qg K'g
K Ky K'n K% K% K% K K'y
LKesx Ky Ky Ky K% Ky Ky K*
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5. Answer the following questions considering plane strain condition for a square
element shown in Fig.2. The [B] matrix of the element is

4F 3
05 0 05 0 05 0 05 0 B
[B]=s|0o 05 0o 05 0 -05 0 -05 {
05 05 05 -05 -05 -05 -05 05 m 22
Fig. 2

(i) Form nodal displacement vector {d5} considering displacements of node 3 (0,
-0.20m), and node 4 (0,-0.20m).

(i) Calculate strain increment of the element, {Ae} =[B]{45}.

(iii)  Calculate elastic stress-strain matrix [D] using £=200MPa and v=1/3.

(iv)  Calculate stress increment {Ao}

(v) Calculate stiffness matrix.

6(a). Answer the following questions for a beam element: (20)
(1) Derive shape function, [N] - Matrix. (COo1)
(i1) Derive strain displacement matrix, [B] - Matrix. (Fo)

(11)  Derive stiffness matrix, [K] — Matrix.

6(b). Calculate axial forces, shear forces, and bending moments at both ends of a (15)
cantilever beam, shown in Fig 3, using the stiffness matrix derived in Q.6(a), where ~ (CO2)
at the free end, u = -25 mm, v = -200 mm, and 6= -0.06 radian. The length of the (P02
beam is 5.0 m, axial stiffness £4 = 2000 kN, and flexural stiffness £/ = 500 kN-m?.

Fig3 sm

6(c). Calculate the consistent and lumped mass matrices of a truss member having a (10)
length of 5.0 m. The cross-sectional area of the truss member is 0.10 m?, and density ~ (CO2)
of the truss material is 2450 kg/m®. Also, briefly explain which mass matrix should ~ (PO2)
be used for a dynamic analysis.
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