Internal Assessment Test 11 — April 2019
Sub: [Finite Element Methods

Max
Date: 1s/04/2009 Duration: 90 mins Marks: 50 Sem: | VI
Note: Answer any five questions.

1  Figure 1 shows a thin plate of uniform thickness of 1mm, young's modulus E = 200GPa, weight
density of the plate 76.6 x 10° N/mm?®. In addition to its weight, it is subjected to a point load of

1000N at its mid-point. Model the plate with 2 bar element.
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2 Derive shape function of Quadratic Bar element in natural co-ordinates.
3 Derive the stiffness matrix for truss element in terms of direction cosines.

4 For the Pin Jointed Configuration shown in below Figure 2. Formulate the stiffness

matrix also determine the nodal displacements.
5 Derive shape functions for QUAD 4 element using Lagrangian element.

6 a The nodal co-ordinates of a triangular element are shown in Figure 3. The x - coordinates of an

interior point P is 3.3 and shape function. N, =0.3. Determine N,, N,and y - coordinate point P.
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b For the truss element shown in below Figure 4 (X, y) co-ordinates of the element are

indicated near nodes 1, 2. The element displacement dof vector is given by
[u] =[1.5, 1.0, 2.1, 4.3] "x10?mm Take E = 300x10° N/mm?

A =100 mm? Determine the following

a) Element displacement dof in local co-ordinates

b) Stress in the element

c) Stiffness matrix of the element
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IAT 2 - Solution April 2019

Subject : FEM(15ME61)

1. Given:

Thin plate of uniform thickness of 1mm, young's modulus E = 200GPa, weight density of the
plate 76.6 x 10° N/mm?®

N ’r— Ll L L LLCL
|22 ey @
240 < 2 : !
N 1’ ‘
1 V ]
| AKN
L\ryj
v |
s |



cmr
Text Box
 April 2019


i A AT

- SRR

| V3 - 200 G Pa = DeooX l0® Mpa

'tU%’}O( = |5 j ‘{:0\00(
24,0
K= 35 W=
MPM&-
Yoluroe 0(3 ’PLaIL@ = Voluene ca
Volume = jﬂ[ﬂ&&iﬁo@ g 400
2

[2.0 [Go +45’Jx L = W, Xl20x1
/98

Wy ® 52«5 ™MM )

W, Xk

A‘J”(EQ. = A\

A sz LS )

\ —

[20 [45+ 80] x | = Wyxlzoxd
=

by = 33 5o

Ay = WXt = 3745 00

E (anentol ‘Sf&ﬁ “U’“" maﬁf)’_{“ _

(2]

EA

Sl -

Prashant S. Hatti

R
|2.0
4.5 Mmoo
5@;‘)?(_& PL“'E'@
LA SEMJ X Acdeans

52.5 X A



Prashant S. Hatti

K, = dooxio® x52:5 [ 1 -_J
J2.0 1
! 2
= g 0-&%5 -0-515}
. _0.845 085 |2
F‘;J’L elwnent ._2;
K, - Zooxlo® X375 [ i —f]
[2.0 -+
2> 3

s [ 0.625 —0.625 |=
= o
0625 0625 )3

( lobal &S%H(w)b r‘f}aﬁk
1 oon- ;

2- 5
0.8F9 ~-0.8%5 o [
~0.625
K= 16° | cot3s -3 figas: [

0 —0.625 0.625 |3

/éie-mcofaﬂ- % d_‘i-’i_fff
F = SAL [ :]

2

- foy, et L

I

e

042,4[2,61"{ )
0.24129 ] >

f

F = b ol oA BE-BX zw[ ;]
I —

(


cmr
Text Box


F - :}écéxw”c’x&%gxmo[
B

2 O.[F255 2-
0. 13239 |3
Globel  Jorte Vel

0.26124 |1

F= Jooo. 1364
0. 17255

]

Equilcbriven 240 (k5 Tad=1F)

0-.84s —0383S O 7

[05 —0.5FS l-S "O'G’V;. T
O —0.615 0.625 -
- E Leminalron

Appgng BE - VS
0815 ~0-8%9 o Ay

1 | _psie 15 —oes || %
! ot 06| T

G20 5 =004t

:Di(sfla.&méot
Node 2 5

Nodt 3 , s

6. 4429

Joo0. &3
o 17235

mtft\/\ﬂ(Q

- | loov 4136y
o. 11235

q{é - D-0llGLmm

£ piede £ 5 WEE

4, = 0.0 &l £0x)

= 0.0UQ4 mm

Prashant S. Hatti

T 4 T e i £ itk



— auADRA'Flﬁ ELEMENT o8 3 MopED BAR ELEHENT

——

g‘t*‘Q

G 1

4, Ja o
) g
o 24 > 5

F‘\«f) : Shows & 3 noded.

'NOGQLE) 1; e % NCLS'M

i Do¥F.
DERWATIoN  of SHAPE F
Leb Np= o & 068§ + 0(5&2
At node 4 2 Nl A . 82 =

ONeTloN



cmr
Text Box

cmr
Text Box
2



e Aet ,\11; _b([.—f — oé'z&

Lok Nys ol 4oh§ 4 L §”

At wode A, MNg=o0, &=-1.
X~ t o R,
At rode 2, Nj=0, §=1.
| oy + o &+ o4

O -

— ()

V

o)
50

DAk node 3, Np=a,

A= o

be
P



Prashant S. Hatti

!
E
E
:
!
i
i

3 e vm@nd @p : azmmm &7 FPN €S8 MATRIX

—

—

E POK ﬁ TRUSS éLéHENT

i

- e
@tlabog bl nedal dusplatemank o& o beus e

k local  Coomdcoatus & Fobal Coodinaty is  enprsed @
Coeh
q = Lq 4
4
i i B 4 wm o © . ], = 5
Mgt i {Cbi} b3 {9 o L m]’ a,
Yy Ky
eq/uz\zaLLf}E &

[Cas et i Lol Coorduate
«Sl’:ﬂo.«.() eX\U'LjnS CfQ’\- e
IS 8&:{) L:)\\j
l o K'!'q — — @
fle = s

alof:@‘trm‘m_, S Kein @n% O(Q


cmr
Text Box
      3


Prashant S. Hatti

Ue = ”_iz___ CIJTCLTK] L) g,

= L g Kk q
Ue zq,

| ; B . Coecdlinofes
Whow Ke - elemental ST s v, sl ekl

K . LTk L

)

A: [‘Q ) () OJ ; j:r:-‘ i
| P

(V]

. 0

ooQ.m

q
£,L g wr™ O 0]
: -
Ke = Bl 15 %[:E l] [o o L M
c 5
o ™|
I"Lz Loy I S 7 [
BT
K, = Eh | g iy oW
1& gt i gr 000
— 200 — L0 de
ﬂfmlﬁrm CoSiness



\
N
Z
; -
i
]
|
; e
OV4
>
o /,\ FAylas
i / jpova
«’{6{
Vs
v
/»’
;"/l
A
/=4
= 7 S50y

Lot Gonedn'G fﬂb

[Tt
ot
| “i |

%@?‘

qa( 254

E: = E)——Z 20061?&

08322




N R |
K - EA Lo
e Loy " Ay -m*
-1> e I e L0
e _mnt L) n*
Fn ot A
K- 2Xbx1250 | 0.69 oLt -069  -0:4b
Gol.3e% 0.6 0.3 i
~0.69 —0-l6 9. 69 0.4¢
—0. 46 —0.5) 046 9,31
(09 -9 t.24 -9 o~
Ky = o
2% 0.%C ~L2¥ 0%
1.9 -12r +9 (%
12} -086 2% 0¥
2.6bL © ~2.66
2l |
Ki 0 © 'e)
—266 © B . Gk
O o &,
1. {24 ~1-9 ~l.23 o O
1,2} 6.86 12?7 o5 © ©
K; loS ~1-9 127 4 Sk t.ay <266 O
-2+ 0.3806 12Y o0.% O o
0 ) 266 1) 2.6 ©
0 0 (@] 0 (9] o)




(1.4 127

05 | 12y o%G
A9 2R

.2y 0%
0 o
0 O

b 2%

4 5%
log [

2y || %2 0
0.6 || U | leoe

4, - —5.5 X L MY

%z

0.0(945 "MOM.

At /\Olﬁw '1)37

= 6";»%2.:9’5_: KZ/[’ 20‘

= )
_ —5.5XLe oney)
qg = /

’

g, = 001175

/ / /;‘




——

-— -——

Fiq Shews « q uadnilderat. lroent  haviag 4 Nodes
OLQ: eacly !AOOEL cﬂj}o?.

Y

DERVATION OF SHRPE  FoNcfilon

EE———————————p= e

S A 1Y

_3—-8



cmr
Text Box

cmr
Text Box
5


T T Lt N,
New L (rae) Cennd

te by 080

N L (- (g
Ny = b (rve) ()
Ny s L (1+e) (xn)
N e L (-6 ()

aog—

- LAGRENGERN TAETHZD

—

N (8m) = 4(s) L)
.{{(‘3«) % g_ﬁ?: = .E;.__i

= - B sy } gt._ a?. = =
\ :

L = S


cmr
Text Box


| Li(n)= "~y =

e =4
1= 2
& R
N, = AlCﬁ) ALVLJ
S FU . L
l > 2
LMi = ——l—Cl"€‘>CH’l>J
4 e — —
Nzcg, VL) e LLCS‘) LP_(VL)
Lil5) = 5% o 5% = 1Ve
E. Zfi § s ) $H -9 -\ - o
1 2
Al
t3 = o | = |~
(0 - 1 s t 1
At 2 T o T
2
NL i \j__%_ te
2 >
| N
Ny = L (40 CWL)E
Ns (6, n) = (e 43(n)
.
____q,__&..m_ﬁwm; £5(5) = &-° %4 = 41 = .%_2.,
23*'2;4 HA
3

1‘5 CVI) = V)_"‘q.')_ =3 VL*‘ il
Ny~ M, I+ 1 2




Lulag = % = 820 = 195§
. : i &~ G5 #. A=
& 5
4 fo(n) = LW - At - 1l
] Ny -' 141 2
£
\r,v}. T - C .
L = LR 4N
Nq = ——:‘-( Q‘) )



cmr
Text Box


; a = ST —

A
(1,%)
9(: N1°(-1 + NQXZ""' N\B'K_%

3.3= 03(0) + (o + (V4
3.3 = 9:35 %+ Sy + 4-45740
~4¢ +N = ~1
| ~4 (ois) + 9~ =
0-oe
= Ny=mv = O-:L//

N5:1~2~q: [ 023 =0
N&: 05//

= B8

Y= Ny # Nay, + Moy

3 0-5(9.) + 0,2_(_5) + 0,5'((')

Y= 4o


cmr
Text Box
6 a 



—— e ————— SSLSS i Prashant S. Hatti

6b FDA, A Bruas Lk Bhews (%6 Y) Cootdinty A1t
2

elssnanle
ndicatzd  nan  nodes _'LJQ..KMNM,P[&»M% A of

E{J . [[,5) 2 0 i q&JT K e oMm
2 Daaming

A = leomm™.

&ch W Lo el &ag/;_dknaza Cq/]’ ,%-D

Vedor b GWVeo by

Toke E = 300 WG '\f[mm2 :
) Bleont Hisg letamenk
D Skes e lermk

) Stjess melme § elmeol
'S 2
(5‘9311_{0)
ic'm,la)
g
o\ &
é, Node Dola
Node [
No %Lm.ro;) ’ (‘;2«3)
1 (o Lo
2 | B 40 ‘
Element G—"ﬁ'ﬂLLa:v'.g Toblc
(N - T Ty e s AR
| EXRT Ngif Node ‘Z’:by@nt e B A
A 1 2 50 0-§ 0.6
I

oo {(mxdt € Caendt - V@t (oo
de = 500m B


cmr
Text Box
  6 .b


et T 6 = ({é_/_é__ [*SL = L{Y)J Z:_

iz %FN '-’xj:,\{ -3 i‘g O -&
Le ey
. Ben ~Ysu 32 - o6
7= « Ok
Lol CoondintT
E lemenk A‘%EL"”&”’“}’ ﬁ‘g . =
a = L9

0-% p.e © O ] i Lrl
. | xte
© (o] @"8— 0.6 j_
) 0.01% 'S
= %)

- 500)&03& '_, LFOIS' ~0.6 oO-% O'BJ
50

G oh =2y $uls ”[mm'?'ﬁ

Prashant S. Hatti

)-8

A\
L3

Xl



Prashant S. Hatti

Sl mabin

—

JI ¥ T B L

Iy mF o -
SRR 9> Lm

Aoy~ 8 ') m=

K- EA
Le

O- —0.6 —s g
-~ 3ooxle>x 100 0.6 b& Yy "

50 0.L% O 36 —0-4& —0-3L

—0-64 —O0-¥& 0-6( o-L ¥
0¥ —0-A6 o4y O AL

[ 3.8y  2-8% -3.84 -2-8&

5 ~2.16
|0 2.8% 2.16 - 9. 8%

F
t

—3.5¢ L& 3-8Y 2.8%

=~ JR  T2elB 2-8& 2. 16 //




	IAT  2 question
	Solution
	1.1
	1
	2
	3
	4
	5
	6.a
	6.b




