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Final Elam inatiorI Summer Semester: 2022-2023
(-oul.sr No.: (’EE 4815 Full Marks: 150
('oul'se 'l'itle: Introduction to Finite Element Nlethod Time: 3.0 Hour's
[here are 6 (Six) questions. Answer 5 questiolrs. Questions 4, 5, and 6 are conrpulsory' Answer 2 t-l'wo)
questions from questions I to 3. The SynIhOIs have their usual Incaning. TIle figures in the right lnargin
indicate full nral'ks.

1(a), Brletlv explain the steps of the finite e lenIent method. ( IO)
(COI )
(POt )

1 (b). IEx I)Iain lsoparalnetrjc clement concept in fInite element method. (5)
(COI )
( PO 1 )

(10)
(COI )

(POI )

( 12)
(COI)
(PO it

Kc), Derl\c the shape functiolls of 3-nodal truss elcluent for the local coordinate system

2( a ). I)crt vc the sIl,IPC functions and Jact)bian nlatl-1 \ of a 4-nodal square element in the
t\vo-dimensional condition for the local coordinate system.

2(b). Allswer the following question regarding a quadrilateral element having coordinates
off 1.1 ). (4, 1 ). (5. 2), and (2,4) -

(1) Dctcrlntnc the coordinates of a PI)int in the global coordinate system
correspondIng to the local coordinate 10.6. 0.7).

( li ) I)eternli nc Jacoblalr lnatl'lx

( 13 )
(CO 1 )
(POI )

3 A 11 s;\vcr the following questions for the nnlte element mesh shown in Fig.1
( i) Calculate tIle band width of the mesh.

{li } Ft)nn [X 1, { A,i}rlf j = { Af }I ; considering : degrees of freedom of each node ( II.

(25)
( ('o 1 )

(POI)

V )

( IIi ) I ncI udc tIle boundary conditIons in the gIt)baI fitlite element equation where tIle
llodal displacements at node 3 are ( II = 0. 1 'Sm, v = -0.25m).

Fig. 1

Stiff-lrcss llratrix ofeacll tridnglltar element is
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4(a). Derive the shape function for a 4-nodal interface element. I
I

(10)
(COI )

(POI )

( 15)

{C02)
(P02 )

+( b ). Calculate the relative displacements of a interlace element at the center (x = 0), left
end (x = -L/2), and right end {x = L,'2) for the mesh shown in Fig.2. The length of
ttle interface eleme11t is 4.Om. Use the nodal dIsplacement vector of the mesh

{ d'}/ ={0.005 –O.001 0.015 –O.002 O 025 0.002 o.010 0.001}

{„'} = { [~]{'''}

Fig.2

5 Answer the following qllestions considering it lane strain condition for a triangular
element shown in Fig.3. 3 b>

(55)
(C02)
(PC)2)

) m

I
Fig. 3

(1 ) Calculate the Jacobian Matrix. The shape functions of the triangular element
in local coordinate system are-

N, (f,//) = 1 –,'– // , ,V, (f,//) == ( , and N, (b',//) = Il
Calculate straIn-displacement matrix (B MatrIX )
Calculate elastic stress-strain matrix (1) Matrix) for plane strain condition

using Lame’s constants ( X=40 MPa and p – 40 MPa).
Calculate stiffness matrix (K Matrix ).

Considering displacements of node 2 (:( iI-nln. -40lnm ), and node 3 ( 0,- lamm ),

form nodal displacement vector {dJ}

Calculate strain increment vector of the element, {.J£} = [B]{ Jd}

Calculate stress increment vector of the element, { Ja} = [D]{J£}

Calculate nodal forces of the element {_ if }

(11)

( 111)

(IV)
( \' )

(VI)

(VII)

(VIII)

6(a). Apply boundary conditions of the cantilever beam shown in Fig.4 in the finite
clement equation [K] jAa} = { AIr). Also, calculate horizontal displacement ( iI),
vertical denection (v)) and rotation ( a) at point B for the beam. Use, axial stiffness
IC.4 = 10,000 kN, and nexural stiffness A/ = 1 ,t)OO kN-m2 of the beam element

(15)
(C02)
(P02 )

Fig.4 sa kN

l+m
StI ft’lress matrix of a beam element is-
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6( b). A CIrcular truss member with the length of 1 OnI and didmerer of o.20m is subjected
to a dynamic loading. Calculate the consistcnl mass matrix of the truss member
wilere the density of the truss material is 50(>0 kg/nt-=.

(5)
(C02)
{p02 )

Page 3 of 3


