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Sixth Semester B.E. Degree Examination, Dec.2015/Jan.2016

Finite Elerment Nethod

3 hrs. Max. Marks: 100
Note: Answer FIVE full questions, selecting
at least TWO questions from each part.

FPART - A
What ;s Finite £lement Method (FEM)? Explain the steas involved i FEM. (10 Marks)
Differentiate between plane stress and plane strain problems. Also state the stress strain
relations for both. (10 Warks)

State the principle of minimum potential energy and apply the same to determine nodal
displacement of a spring system shown in Fig Q.2(a) (10 Marks)

V\/\/\lfv—-*;-—ﬁ
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Using Rayleigh’s — Ritz method, derive an expression for maximum deflection of the simply
supported beam with pomt load “p’ at centre. (10 Marks)

Fiz.Q2 (a}

Derive the shape function for triangular elemen: (CST Elemert) in natural co-ordinate
systemnt (10 arks)
Derive an expression for Jacobzan matrix for a four noded quadrilateral element. (10 Marks)

A stepped bar is shown in Fig. 4ia).
Determine 1) The nodal displacement and nodal forces
i1) The stresses in each element
111) The principal and shear stress in each element. (10 Marks)
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k. Solve the following sys:eim «f ecuations by Gauss Elimination method.
X, +X,+X,=6
X, =X, +2X, =5

X, +2x,-%x,=2 (10 Marks)
PART-B -
§ a. Derive the shape function for a cuadratlc bar element using Lagrange’s mterpohtion
(10 Marks)
+1
x 2 1
b Evaluate _[ '+ +———|dx
4 (x + 2)7
Using one -- pomt and two -- point Gauss quadrature. _ (10 Marks)
f a. Derive the stiffness matrix for truss element. (10 Marks)
b. For the two bar truss s,hown m Fig.6 (b), determme the nodal displacements.
Assume E = 200GPa, A =6 x 10*m" ‘ o (10 Marks)
S 17 S
- A)\\ —h‘
™,
. BVY) \‘
Fig.Q6 (b)
\:: P=locs N
7 a. Derive the Hermite shape ﬁmctlons tor a beam element. (10 Marks)
b. For the beam fixed af both ends and loaded as shown in Fig.Q7(b). Determine the
displacement and shapes at rode 2, and reaction forces at node 1 only. (10 Marks)
le KN
v %
/ 4 .
/ ~ /
/ ‘ /u \ /3
Fig.Q7 (b) 14' ok mg //
/ 2
3am 2m L
N 44—
Ve |
& a Derive elemant conductivity matrix for ore dirnensional heat flow element. (10 Marks)

b. Find the temperature distribution and hezt transfer through an iron fin of thickness 5mm,
height 50mra and width 1000mm. The heat transfer coefficient around the fin is 10W/m® K
and ambien: temperature 15 28°C. The base of fin is at 108°C. Take K = 50W/m K.
Use two elements. (10 Marks)

# ok s ok %k
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Sixth Semester B.E. Degree Examination, Dec.2016/Jan.2017
Finite Element Methods

: 3 hrs. Max. Marks: 100
Note: Answer any FIVE full questions, selecting
atleast TWO questions from each part.

PART - A
Explain the basic steps involved in FEM. (06 Marks)
Explain briefly about node location system and node numbering scheme. (08 Marks)
Explain plane stress and plane strain problem with examples and write the relation between
stress and strain. (06 Marks)
Derive the stiffness matrix of bar element using direct approach. (05 Marks)
Using Rayleigh — Ritz method, determine the deflection of a cantilever beam subjected to
point load at its end. (10 Marks)
Determine the displacement at nodes of spring system shown Fig. Q2(c) using principle of
minimum potential energy, (05 Marks)
K =40 N/mm ; K; = 60N/mm ; K3 = 80 N/'mm ; F; =60 N F, = 50 N.
i
1,
Ry R \ S& Fa
'S
Sz >
A
e
Fig. Q2(c)
Explain simplex, complex and multiplex elements using element shapes. (06 Marks)
. Find the shape functions at point P for the CST element shown in Fig. Q3(b). Also find the
area and Jacobian matrix for the element. (08 Marks)
\/l 3( 6, 8>
2
€9,4)
{
(3,2)
» R
Fig. Q3(b)
What are the convergence requirements that an isoperimetric element should satisfy? Sketch
and explain 2D Pascal triangle. (06 Marks)
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Obtain the element stresses of the stepped bar shown Fig. Q4(a), take E =200 GPA.

A =400 mm® ; L, = 200 mm ; Az = 300 mm’ ; L, = 150 mm. (10 Marks)
O] ®
7 20KN
/;-»—-. _ b e e ————
Fig. Q4(a)

Obtain the element stresses of the stepped bar shown in Fig. Q4(b) using penalty approach.
Ay = 2400 mm® L; =150 mm ; E; = 70 GPa ; A; = 750 mm? L, = 300 mm E; =200 GPa ;
P =200 x 10°N. (10 Marks)

SN AN

Fig. Q4(b)

PART -B

Explain briefly the iso-parametric, sub-parametric and super parametric elements, (06 Marks)
Derive the shape function of 2D quadrilateral element of linear model. (08 Marks)
Evaluate the following integral using two-point and 3—point gauss—integration method.

+1

1= j (353 +2E2+E+ 2)d<: . (06 Marks)
Derive the stiffness matrix for a 1 — D truss element. (08 Marks)
For the two — bar truss shown in Fig. Q6(b) determine the nodal displacement. Take E = 200
GPa; Ay = Ay =200 mm’. , (12 Marks)

12w
Coor, T hee s *
Fig. Q6(b)

Derive Hermite shape function for beam element. (06 Marks)
A uniform C — S beam is fixed at one end and supported by a roller at the other end.

A concentrated load 20 kN is applied at the mid length of beam as shown in Fig. Q7(b).

Determine the deflection under load. (14 Marks)
E =200 GPa 20N
[=2500 x 10* mm* l
]
Fo
- _loon . o
Fig. Q7(b)
Discuss the Galerkin approach for 1 — D heat conduction problem. (10 Marks)

Consider the brick wall of thickness L = 0.3m, k = 0.7 W/m°C. The inner surface is at 28°C
and outer surface is exposed to cold air at —15°C. Heat transfer coefficient on outer surface
h = 40 W/m*°C. Determine steady state temperature distribution with the wall and heat flux
through the wall. Use two element model. (10 Marks)

X %k k %k %

20f2
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USN 10‘VIE64
Slxth Semester B.E. Degree Examination, Dec. 2017/Jan,2018
QS Finite Element Methods \
Time: 3 hrs. T/ : Max. Marks: 100
Npte Answer any FIVE full questions, selectmg
at least TWO questions from each part '
= PART — A :
1 Describe the basxc steps m the finite element method for engmeermg analysis in detail.
(06 Marks)
For a 3-D elemental cube “obtain the differential equatlons of equilibrium subjected to a
system of stresses in all the three directions. ' (06 Marks)
Distinguish clearly between plane stress and plane strain problems. Also give the
constitutive equations (stress-strain equations) for both. (08 Marks)

A cantilever beam of span ‘{’ is subJected to-a-uniformly dlstrlbuted load Py over its entire

length. The Young s modulus of e]a\tLCin of the beam material is ‘E’ and moment of inertia
of the section is ‘I’. Derive an equation for deﬂectlon by using the Rayleigh-Ritz method.

(12 Marks)
Derive the element stiffness matrix for a two‘node one-dimensional bar element using direct
approach. ‘ 4 (08 Marks)
Sketch and explain Pascal triangle for 2-D polynomials. (04 Marks)
Derive the strain displacement matrix [B] for a three noded constant strain triangle (CST)
element. = (08 Marks)
Derive the Jacobian matrix ‘[J] for a four noded quadrilateral element (08 Marks)
Explain in detail, ‘Ellmnnlatlon approach’ to handle boundary conditions. (10 Marks)

For the three stepped-bar shown in Fig.Q4(b), find the nodal dlsplacements stress in the
middle portion and-left support reaction. )

ZoGP oS =<
'/“?oo 'r'n:ﬂ Lf o Paa 200Gk ¢
< 4 o e ..o ‘ﬂ'\m 200 ™m 2 4
/ BOormm Qo ™mm _| 70 m™mm
"~ a " 77 R
Fig.Q4(b) i ‘l{ " (10 Marks)
PART — B

: Derlve the shape functions for a four node 1-D cubic bar element and show the varlations of

them along the length of the element. (10 Marks)
Using two point Gaussian quadrature formula evaluate the following integrals:

+1+1 1
jI(rz +2rs +s”)dr.ds ii) Ixz.dx (10 Marks)
0

=11
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o Derwe the element stiffness matrix for the truss element. : (08 Marks)

“For ‘the two-bar truss shown in Fig.Q6(b), determine the nodal dlsplacement, streSS in each
element and reaction at the support. :
Take B =2 X 10° N/mm?, area of each bar = A, = 200 mm’.
7 a © llzkf\)
(& T ‘
£
Q¢
QY
©
() SOo0O0™MMm
Fig.Q6(b) 7 (12 Marks)
Obtain the shape functions for a2-node beam element. and plot them. (10 Marks)
Determine the maximum deﬂectlon of the cantilever: beam with uniform cross section as

shown in Flg Q7(b) by assummg the beam as a smg]e element. Take E = 7 x 10° N/m’,
1=4x10*m".

100 kN

Fig.Q7(b) (10 Marks)

Explain the different types of boundary conditions ity heat transfer problems. (08 Marks)
A composite wall consists of two/materials is as shown in Fig.Q8(b). The outer temperature
is To = 20°C. Convection heat-transfer takes place on jhe inner surface of the wall with
T., = 800°C and h = 25 W/m’-°C. Determine the temperature distribution in the wall.

h,Teo L o= 2660
T (“ky=20 Wim-°C
k2=30 W/m-"C
h'=25 W/m’-°C
T = 800-C
0-2m ‘O-Ing .
i o s
Fig.Q8(b) (12 Marks)

* ¥ k %k %
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USN 10ME64
Sixth Semester B.E. Degree Examination, June/July 2013
Finite Element Methods
Time: 3 hrs. Max. Marks: 100
Note: Answer FIVE full questions, selecting
at least TWO questions from each part.
1 a. Write equilibrium equations in elasticity subjected to body and traction forces. (06 Marks)
b. Write the stress-strain relationships for both plane stress and plane strain.problems.(06 Marks)
c. Define ﬁmte element method. Explain the various apphcatlon fields of finite element
method. LY (08 Marks)
2 a. Explain minimum potentlal energy principle. (06 Marks)
b. Derive the stiffness matrix for a single element bar, usmg du‘ect stiffness method. (04 Marks)
c. A two element two noded bar is shown in Fig.Q2(c): Determme the nodal displacements and
the nodal forces. 4 v (10 Marks)
T %
% tokN - E=200GPa
Fig.Q2(c)
3 a. Write a note on the polynormals 1nv01ved in llnear quadratlc and cubic 1D elements.
(06 Marks)
b. Derive shape functions for one dimensional two noded bar element. Hence explain the
conditions that the shape function has to satisfy. (06 Marks)
c. Write the Jacobian-matrix for the triangular element shown in Fi 1g Q3 (c). (08 Marks)
3’ 2 (50,50) ; -
2,0) _ .
L -~ (50}"’5 D)
4 - A stepped bar is shown in Fig.Q4. Determine:
a.. The nodal displacements and nodal forces.
. b. The stresses in each element.
c. The principal and shear stresses in each element.
(-
J
A
3 ;‘ |
/ @ o -
steel Al wivaim
A= booww™ Az 2 L oovmt-
g, 2 wwe&be B ,x JTo R
Fig.Q4
Use penalty method to handle the boundary conditions. (20 Marks)
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PART - B
Distinguish between lower and higher order elements. (08 Marks)
Define isoparametric element. What are the advantages? (04 Marks)
Write a note on 2-point integration rule for 1D and 2D problems. (08 Marks)

For the two bar truss shown in Flg Q6, determine the nodal displacements and furces
Assume E =200 GPa, A=6 x 10* m ke

GJ > looo N L "
3 i, 3
PR
Fig.Q6 (20 Marks)

Define Hermite sha‘pe functions. Derive shape functionsfor the beam element. (10 Marks)
Derive stiffness matrixfor.the beam element using I‘{cj;[mte shape functions. (10 Marks)

A composite wall shown iﬁi“‘ﬁg.QS consisj;g@f three materials. The outer temperature
To is 20°C. Convective heat transfer takes. ﬁ‘lace on the inner surface of the wall with
T. = 800°C. The convective heat transfer coefficient hi is 25 W/m?°C. Determine the
temperature distribution in the wall. ’

0
Tazoe
?—S\A)/N'lt—oc_ 0'3\'\ ot o-ls“.
k <o
? \__A,‘m.__‘-‘“‘—‘—w o &
! K. Tz
SR LR
Fig.Q8 (20 Marks)
* %k % %k %
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1 a
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b.
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b.
C.
4 a

Sixth Semester B.E. Degree Examination, June/July 2014
Finite Element Methods

3 hrs. Max. Marks: 100
Note: Answer any FIVE full questions, selecting
atleast TWO questions from each part.

PART - A
What is FEM? Sketch the different types of elements used based on geometry in finite
element analysis. (1D, 2D and 3D). (04 Marks)
Explain with a sketch plane stress and plane strain. (06 Marks)

Derive the eqmllbrlum equation In elasticity subjected to body force and traction force.
. (10 Marks)

A cantilever beam of span ‘L’ is subjected to a point load at free end. Derive an equation for
the deflection at frée e’nd by using RR method. Assume polynomial displacement function.

(10 Marks)
Write the properties of Stlffness matrix and derive the element stiffness matrix (ESM) for a
1D bar element. o _ (10 Marks)

A modal co-ordinate of the triangular element is shown in Fig.QQ.3(a). At the interior point
‘P’ the co-ordinate is 3.3 and N, = 0.3. Determine ‘N,’ and ‘Nj” and the y co-ordinate at
point P. {05 Marks)
A 2 CH-,b)

Fig.Q.3(a) P22, ¥) (5,2
2L §

i C'l.fl)

?

What is convergence requirement? Discuss the 3 conditions of convergence requirement.
(05 Marks)

Derive the shape function of a 4 noded quadrilateral element. (10 Marks)

Consider the bar shown in Fig.Q.4(a). Using elimination method of handling boundary
conditions. Determine the following:

i) Nodal displacements.

i)  Stress in each element.

ii1)  Reaction forces.

Take E = 200GPa. 5 (10 Marks)
\som lfiwmm
A A
Fig.Q.4(a) T T Zovn |
25 35 6o !
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Consider the bar shown in Fig.Q.4(b). An axial load P = 60 x 10°N is applied at its midpoint.
Using penalty method of handling boundary condition. Determine: 1) Nodal displacements;
ii) Stress in each element; iii) Reaction at supports. Take A = 250mm’; E = 200GPa.

(£0 Marks)
JPVSTRRURIR | S P - ;
Fig.Q.4(b) y
’ 15D v |50 wan 0"'_‘:,
PART - B
Derive the shape function for a quadratic bar element using Lagrange’s interpolation.
{05 Marks)
+1
Evaluate 1= j (3& +E 4+ ﬁj dé using 1P and 2P Gaussian quadrature. (06 Marks)
+
-1

Derive Lagrange quadratic quadrilateral element (9 noded quadrilateral element). (09 Marks)

List out the assumptions made in the derivation of a truss élement. {04 Marks)
For the truss shown in Fig.Q.6(b), determine: '
1) Nodal displacement; 11) Stress in each element; 111) Reaction supports.

‘L, as | oo
T ® a"Ll
) i 8,
Fig.Q.6(b) 81
m}/ )
|
s 500w f
A =200mm’; E=70GPa. (16 Marks)
Derive the Hermite shape function for a beam element. (08 Marks)

For the beam and loading shown n Fig.Q.7(b). Determine:
1) Slopes at 2 and 3;  11) Vertical deflection at the midpoint of the load.

Take E = 200 GPa; 1=4 x 10°mm". (12 Marks)
R 12.Ke
| 7 Ll
Fig.Q.7(b) 2o e
1 |
Bring out the differences between continuum methods and FEM. (06 Marks)
Solve the temperature distribution in the composite wall using 1D heat elements, use penalty
approach of handling boundary conditions. (Fig.Q.8(b)). (14 Marks)
K; =20W/m°C; K, =30W/m°C; K; =50 W/m°C h =25 W/m™C; T.. =800°C
(T 20¢

HI;T k, By | Ks

Fig.Q.8(b) |
, 0-2?‘- o-is;o‘lST
% %k k k %k
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USN 10ME64
Sixth Semester B.E. Degree Examination, June/July 2015
Finite Element Methods
Time: 3 hrs. Max. Marks: 100
Note: 1. Answer any FIVE full questions, selecting :
atleast TWO questions from each part.
2. Missing data, if any, may be suitably assumed.
PART - A
1 Write the stress — strain relationship for both plane stress and plane stpam problems.

{06 Marks)
Discuss the types of elements based on geometry. {06 Marks)
Explain the various application fields of finite element method {08 Marks)

Derive an expression for total potential energy of an elastic body subjected to body force,
traction force and point force. {08 Marks)
Using Raleigh’s Ritz method, determine the displacement at mid point and stress in linear
one-dimensional rod as shown in Fig. Q2(b) Use second degree polynomial approximation

for the displacement. (12 Marks)
AY E = A =1
/ Z /
4 4 2KN ¥,
—- > - 2.
/] A
/ n
e 2™ e Am
o
{\.u._,;,,; . Fig Q2(b)
PN
Write an mterpo&@eh polynomial for linear, quadratic and cubic element. (06 Marks)
Explain sim e;;, Complex and multiplex elements using element shapes. (06 Marks)
Derive the pe functions for a CST element. (08 Marks)

Solve;_fgfa nodal displacement and elemental stresses for the following Fig.Q4(a), shows a
thin plate of uniform thickness of 1 mm, Young’s modulus = 200 GPa, weight density of the
plate = 76.6 x 107° N/mm’. In addition to its weight, it is subjected to a point load of 100 N

at its midpoint and model the plate with 2 bar elements. (10 Marks)
/
/ GOKN /
~
‘; .
*‘ 150Mwm | |50wwm 0"’:1‘“"‘"
Fig.Q4(a) Fig.Q4(b)

b. Determine the nodal displacements, reactlons and stresses for the Fig. Q4(b) using Penalty

approach. Take E = 210 GPa, Area = 250 mm’. {10 Marks)
1 of2
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PART - B
Distinguish between lower and higher order elements. (08 Marks)
Explain the concept of ISO, sub and super parametric elements and their uses. (06 Marks)
Write a note on 2 — point integration rule for 1D and 2D problems, (96 Marks)
Derive an expression for stiffness matrix of a truss element. {08 Marks)
For the pin-jointed cenfiguration shown in Fig.Q6(b), formulate the stiffness matrix. Also
determine nodal displacement and stress in each element. {12 Marks)

1
lpo0 ™ p p=50KN

| - E- - 200 (T\Pa..
T2
5 N T .l
! 12 00ww
|
. T50mw_ |
]
Fig.Q6(b)
Derive the Hermite shape function for a beam _éiément. {08 Marks)

For the beam and loading shown in Fig. Q7(b), determine the slopes at 2 and 3, vertical
deflection at the mid points of the distributed load. Take E = 200 GPa, I = 4 x 10° mm
L (12 Marks)

) ZKN
/ vy d by
7N T >
4w & Lo %

i o
Fig.Q7(b)
A
Discuss Ihq derivation of one dimensional heat transfer in thin fin. (08 Marks)

Determme the temperature distribution through the composite wall, subjected to convection
heat, transfer on the right side surface, with convective heat transfer co-efficient shown in
Fig.Q8(b). The ambient temperature is — 5°C. Assume unit area. {12 Marks)

(—\___/"\._/'_V_’ l'qﬁz'o
T.-_Z_o(l—-a s h'i‘- !DQO \UI- [
L~

i
b
L
., TRy, = 20 W/'mC
5> P2

—>
J\_./_“--_./‘"""_

! o-:0bm M
Fig.Q8(b)

* %k X ok &

2of2



50, will be treated as malpractice.

g 42+8 =

. Any revealing of identification, appeal to evaluator and /or equations written e

Important Note : 1. On completing your answers, compulsorily draw diagonal cross lines on the remaining blank pages.
o]

Download latest question papers and notes from
VTU campus app on playstore

USN 10ME64
Sixth Semester B.E. Degree Examination, June/July 2016
Finite element method
Time: 3 hrs. Max. Marks: 100
Note: 1. Answer FIVE full questions, selecting
at least TWO questions from each part.
2. Missing data may suitably be assumed.
PART — A
1 Derive the equilibrium equations of a three dimensional body subjected to a body force.

(08 Marks)
Explain the general description (steps) of FEM. (06 Marks)
Briefly explain the types of elements based on geometry. (06 Marks)
2 State principle of virtual work and principle of minimum potential energy. (04 Marks)
Calculate an expression for deflection in a simply supported beam under uniformly
distributed load P, ever entire span of length L using Rayleigh Ritz method. (10 Marks)
What are the steps involved in Galerkin’s method to find out deflection? (06 Marks)
3 Explain two dimensional Pascal’s triangle. (05 Marks)
Define interpolation polynomial, simplex, complex and multiplex elements and cubic
element. (05 Marks)
Find the shape functions of a CST element and plot the same. (10 Marks)
+ Fig Q4(a) shows a thin plate of uniform thickness of 1 mm, weight density = 76.6x107

N/mm® and subjected to point load of 1kN at its midpoint. Take E = 200 GPa. Evaluate

nodal displacement, stresses, and reactions. Using elimination techniques. (10 Marks)
§ 1
Fig Q4(a) S \L
N
00 N
20 MM
O T

b. Find the nodal displacement, stresses and reactions of a Fig. Q4(b). Using penalty approach

method. (10 Marks)

s =DM = 360
I —————

A i
Ee =200
Fig Q4(b) / 2o kn / E_: GPa
=70 qpo\
é______.,__
500 mm 360 mm
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PART - B

5 a. Obtain the shape functions of quadratic bar element. (10 Marks)

3
b. Use two point Gauss quadrature to evaluate the integral 1= J‘(Zi —EME . (10 Marks)

0
6 a. Derive an expression for stiffness matrix of a 2 noded truss element. (10 Marks)
b. Determine the nodal displacements in the truss segments subjected to concentrated load as
shown in Fig Q6 (b). Take E = 70GPa A = 0.01 m’. (10 Marks)

260 N

T

Im
|
b Am —=
Fig Q6(b)
7 a. Obtain Hermite shape functions of a beam element. (10 Marks)

b. Find the deflection at the tip and the support reaction of a cantilever shown in Fig. 7(b).

F = 250kN

J E =200GPa

/ E = 4x10° mm"

/i

/

b gl il
Fig. Q7(b)
(10 Marks)

8 a. Obtain the governing equation of a one dimension heat conduction. (10 Marks)

b. Calculate the temperature distribution in a one dimensional fin with the physical properties
shown in Fig 8(b). There is a uniform generation of heat inside the wall of Q =400 W/m’.

k=300W|M ¢, & =400 Wwd
qi.-ids&w'ﬁ#;:?.}/if? o B0CIm

Fig. Q8(b)

(10 Marks)

* k k & %

20f2



Kiani:

[T

1

Aayrtant Nng. -

e

TN AT anciare

amnlet

DU i D HCaied ad Hidiplacuce.

PCVCAnE U IdCRu LAl appldi W v didaizi @il 01 CYUALiVBED WL SR, 440 8

USN

Download latest question papers and notes from
VTU campus app on playstore

10ME64

Sixth Semester B.E. Degree Examination, June/July 2017
Finite Element Methods

Time: 3 hrs. Max. Marks:100
Note: 1. Answer FIVE full questions, selecting at least TWO questions from each part.

2. Missing data may suitably be assumed.

PART - A

Explain with neat sketch, plain stress and plain strain. (06 Marks)
Sketch the different types of 1D, 2D and 3D elements used in the finite clement analysis.

(06 Marks)
Derive the equilibrium equation in elasticity of 3D clastic body subjected to a body force
and traction force. (08 Marks)

Write the properties of stiffness matrix and derive the element stiffness matrix for a 1D bar
element. (10 Marks)
A cantilever beam of span ‘L" is subjected to a point at free end. Derive an equation for the
deflection at free end by using Rayleigh Ritz method. Assume polynomial displacement

function. (10 Marks)
Define interpolation polynomial, simplex, complex and multiplex element. (04 Marks)
Explain two Dimensional Pascal’s triangle. (06 Marks)
Derive the shape function for C.S.T element. (10 Marks)

Determine the nodal displacements, elemental stresses and support reactions for the Fig
Q4(a). Use elimination approach to handle the Boundary conditions. (10 Marks)
() Aluminium

Somm
2 ~ 4 y §30m E, = 0.7 x 10° MPa
7
7 2
/BC & 7 Q) Steel
7 N , E, =2x10° MP
So0mm /K ﬁaomm / g * e
Fig Q4(a)

Consider the bar shown Fig Q4 (b). An axial load P =60 x 10°N is applied at its mid point.
Using penalty method of handling Boundary conditions. Determine the nodal displacement
and support reactions. (10 Marks)
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PART -B
5 a. Derive the shape function for a quadratic bar element using Lagrange’s interpolation.
(05 Marks)
. With a neat sketch explain iso, sub and super parametric elements. (06 Marks)
c. Derive Lagrange quadratic quadrilateral element (9 noded quadrilateral clement). (09 Marks)

6 a. Derive the expression for stiffness matrix of a truss element. (08 Marks)
b. Find the nodal displacement, stress and reaction of truss element shown in the Fig Q6(b).
Take A =200mm”, E = 70GPa. (12 Marks)
3
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Fig Q6(b)
7 a. Derive the Hermite shape function of a beam element. (08 Marks)
b. For the beam and loading shown in the Fi§ Q7(b). Determine the end reaction and deflection
at midspan. Take E = 200 GPa, I = 4 x 10" mm". (12 Marks)
4 KANfm
12 p‘//m )’? : /
7 Z -
JI T T1I \
7 7N
j( L! >]1!\ ﬁ .——}],Ill
[a2]
K Fig Q7(b)
8 a. Discuss the derivation of one dimensional heat transfer in thin fins. (08 Marks)
b. Determine the temperature distribution in the composite wall using 1D hcat elements, use
penalty approach of handling boundary conditions (Fig Q8(b). (12 Marks)
Ki =25 W/m °C
s T =5¢ Kz =35 W/m°C
"T k k /( K3 =55 W/m °C
i ’ ol B h = 30 W/m*°C
Tw= 900°C
R —— Sem— A = Unit area
Oym 0:dm” .3
Fig Q3(b)
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Important Note : 1. On completing your answers, compulsorily draw diagonal cross lines on the remaining blank pages.
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PART - A (b‘c)

-

1 (‘ngifferentiate between plane stress and plain strain problems with examples. ¢ stress-
strain relations for both. . (08 Marks)
b. Eﬁ]ﬂe’in the node numbering scheme and its effect on the half band-widgl.cb © {06 Marks)
¢. List down the basic steps involved in FEM for stress analysis of elastic solid bodies.
(06 Marks)
2 a. State the principle of minimum potential energy. Determine the displacements at nodes for
the spring system shown in the Fig.Q.2(a). (08 Marks)
VO 40N fnm .
O . go o Son
. oV . |t
Fig.Q.2(a - .
£Q.2(a) /))63 ot

/ . - 1
b. Determine the deflection of’4 cantileverrdsin of length ‘L’ subjected to uniformly
distributed load (UDL} of Py/unit length, using the trail function y = a sin (;;( ] Compare
the results with analytical solution and comment on accuracy. (12 Marks)
3 a. Derive an expression for Jacgbiap matrix for a fgur-noded quadrilateral element. (10 Marks)
b. For the triangular elemem{%ywn in the Fig.Q®Q8). Obtain the strain-displacement matrix

‘B’ and determine the s Ex €y and Yyy. ’
Nodal displacements ={211-4-37x10? (10 Marks)
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f 20,46

Note: All dimensions in mm. Fig.QQ.3(b)

* o

4 a Kgxial load P = 300 x 10° N is applied at 20°C to the rod as shown in the&. A(a). The

CS
AN

Q)Memperature is then raised to 60°C. é

™

i)  Assemble the global stiffness matrix (K) and global load vector (F).

ii)  Determine the nodal displacements and element stresses. L;:j\
J— A00mM D oxtwnmh

Fig.Q.4(a) “'%“‘"‘* e S e e X
x

Alpyninum Stee|
E, =70 x 10° N/m?, E; = 200 x 10°N/m’
Ay =900mm?, A; = 1200mm’
oy =23 x 10°/°C, op=11.7 x 10°°/°C. (12 Marks)
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b. Solve the following system of equations by Gaussian-Elimination method:

—2% +6x3=0
2 2% +3x35=3
X +3x=2. (08 Marks)
PART-B \
a. Using Lagrangian method, derive the shape function of a three-noded one-dimension (fD‘)
element [quadratic element]. (06 Marks)
+i
b. Evaluate I= [| 3" +x’ +—1— |dx
It (x+2)
uw‘one-po int and two-point Gauss quadrature. Oy {06 Marks)
C (08 Marks)

Wort notes on higher order elements used in FEM. i
- Q . : . ’\IJ .

a. For thé/pba-bar truss shown in the Fig.Q.6(a). Determine thﬁa displacements and

element s s. A force of P = 1000 kN is applied at node\1{ake E = 210 GPa and

= 600mm?’ for cach element. (12 Marks)

Fig.Q.6(a)
P
b. Derive an expression for stiffness matrix for a 2-D truss element. (08 Marks)
a. Derive the Hermite shape functions of a beam clement. (08 Marks)

b. A simply supported beam of span 6m and uniform flexural rigidity EI = 40000 kN-m’ is
subjected to clockw%‘couple of 300 kN-m at a distance ofy4m from the left end as shown in
the Fig.Q.7(b) he deflection at the point of appl n‘{ﬁbg of the couple and internal
loads. b (;) (12 Marks)

\ BO0EN-M
Fig.Q.7(b) A ‘J %. )

.a. Find the temperature distribution and heat transfer through an iron fin of thickness Smm,

height 50mm and width 1000mm. The heat transfer coefficient around the fin is t ¢

K and ambient temperature is 28°C. The base of fin is at 108°C. Take K = 50 W/m. se

two elements. (10 M
WO | .aﬁ @
Fig.Q.8(a) l 1 jfrnm

;,_mm_mjy L s
b. Derive element matrices for heat conduction in one-dimensional element using Galerkin's
approach. (10 Marks)
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PART — A
1 a. Obtainr methbrlum equations of a 3-D elastic body sub]ectcd to &bddy force (08 Marks)
b. Discuss the types of elements based on geometry. (06 Marks)
c. Explain the: ggq;ral description of finite element method. C o (06 Marks)
2 a. Dernvean expressum for Total potential energy of an elastlc body subjected to body force,
traction force and a pomt force. {08 Marks)
b. Using Raleigh’s Ritz method find a deflection of a mmply supported beam of length L
subjected to a uniformly dlspfgbuted load of Po N/m (12 Marks)
3 a. Write an interpolation polynomial for linear, quadratlc and cubic clement. (06 Marks)
b. Obtain an expression for a strain disi)lacem'ent matrix of a rectangular element. (14 Marks)
4 a. Determine the nodal dlsplacements reactlons and stresses for the Fig. Q4 (a) using penalty
approach. Take E = 210 GPa, Area = 250 mm". {12 Marks)
/%
/
GOKN / x
/
T N 150 wam S 50mm, | 01 2imm.
Fig. Q4 (a)
b. Find the nodal dlsplacement stress and strain of the system shown in F1g Q4 (b). Take
E = 70 GPa, Area =1 m?. (08 Marks)
; %= o N/m, (Linear varying load)
;p—y > ]
e O™
Fig. Q4 (b)
PART B
5 a. Find the shape functions of a 2-D quadrilateral quadratic (9 noded) element. (14 Marks)
b. With a sketch define Iso, Sub and Super parametric elements. (06 Marks)
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b. Find the nodal dlsplaccment stress and reaction of truss element shown in Fig. Q6 (b). Take
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Obtain an expression for stiffness matrix of a truss element. (08 Marks)

E =70 GPa, Area = 200 mm®. (12 Marks)

- _jn kN

le— Sop

300

3
k:
YN

A oo ——F

Fig. Q6 (b)

Derive the Hém‘lite shape functions of a beam element, (08 Marks)
For the beam and loading shown in Fig. Q7 (b), determme the slopes at 2 and 3 and the
vertical deflection at the midpoints of the distributed load. Take E = 200 GPa,
I=4x10°mm®.

(12 Marks)
TV Z KN
' 1 & Yy
77 ¢ 3
L
F 1M i oA
| Fig. Q7'(b)
Discuss the derivation Qf one dlmensmnal heat traﬁs?er in thin films. (08 Marks)

A composite wall consaSts of 3 materials shown in th Q8 (b). The outer temperature is
T, = 20°C, determme the temperature distribution in the wall. Convection heat transfer

takes place at mner surface with T_ =800°C. Take h = 25 w/mz"C Area— 1 m?

(12 Marks)
—3 ] °
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