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Evaluate the stiffness matrix for the elements shown in Figure 0. The coordinates are given in
units of millimeters. Assume plane stress conditions. Let E =210GPa, p=025,andt = 10mm.

Figure 1.0
(xl’ y1) — (2 0’3 O) ‘.1' {50,120) \
‘ (xz, yZ) = (80!30)
(x3,y3) = (50,120) 1 .
To find; [K] = [B]f |ID||B].A.t | @ :
Step i) Area of Triangular Element ’
1|t ¥ o» 1[1 20 30
A=5l1 x y|=A=211 80 30
1 x3 3 1 50 120

1
:5(1(30x12{}—3ﬂxsn)—znuxun—mx1)+3n(1x50—anx1))

A = 2700mm?
Step it) Strain Displacement matrix

. g 0 g 0 g3 0
[B] = 57

0O »n 0 = 0 r
74 1 2 3

n 1 T2 4z T3 (3

q1 =V, —y3=30—-120=-90 r, =x3—x, =50-80=-30
g =y — vy, =120—-30=90 =X —X3 =20—-50=-30
Gz =y1—y2=30-30=0 ry =%, —x, = 80— 20 = 60

—90 0 90 0 0 0]

[B] 0 -30 0 =30 0 60
—-30 —90 —-30 90 60 O
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. 3 0 3 0 0 0‘
— xpolo -1 0 -1 0 2
2% 2700 TS ™

[B] =
-3 0 3 0 00
[B]z—[{] -1 0 -1 0 2‘
804 3 -1 3 20
. —3 0 —17
. 0 -1 3
r_ 13 0 -1
B =Tg|0 -1 3
0o 0 2
L0 2 0! 1w 0
E u 1 0
ii)Stress — strain matrix [D] for plane stress condition: D] = 122 1-u
0 0 5
1 0.25 0
' 4 1 0
21x10°|p25 1 0 2.1 x 10°
1-025%] 0 - 1-0.25 0 0 15

S

1 0
[D]zSﬁDUG[l 4 0]
0 0

1.5

'[K] = [B]"[D][B].A.t
= [D][B]

-3 0 3 0 0 0
0—10—102]

1[4 1 0
=56x103x—[1 4 ﬂ]

180 0 0 15 3 2 0
Marm AJ3 tjf Mafrm ijtjj Matrix C[3x3]
0 0 O
=311.111 [ ‘ I -1 0 2
0 0 15 3 2 0

Matrix Af3x3]x [3x3]

‘\ Matrix A[3x3]x Matrix C[3x3]

-12 -1 12 -1 0 2
=311.111| -3 —4 3 -4 0 8
—-15 —45 —-15 45 3 0



12

-1 0 2
3 —4 0 8

—-15 45 3 0

mat C

-1 0 2
-4 0 8

45 3 0

To find; [K]| = [B]"[D][B].A.t
= [B]"[D][B].
—3 —17
0o -1 -3
1 3 o 1|72 !
=——x311.111 -3 —4
180 o -1 3| % .
0 0 2 ' '
-0 2 0 -
—3 0 =17
0 -1 -3
-12 -1 12 -1 0
= 1.72839 g _ﬂl _31 [—3 -4 3 -4 0
0 0 3 -15 —-45 =15 45 3
L0 2 04
matat [-3 0 —17 mat B
g _01 j -12 -1 12
=172839| | l—3 —4 3
0 0 5 —1.5 —-45 -1.5
L0 2 02- mat A* x mat B mat A* x mat C
_ At[B]T[D][B] mat A mat A* X mat B mat A* X mat C
375 75 —345 —15
75 175 15 —95
B —345 15 375 -75
= 46666.53 -15 -95 -75 175
-3 -9 —3 9
L —6 —8 6 —8

—3 —6]
-9 -8
-3 6
9 -8
6 0
0 16
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Calculate the deflection under the load in the statically indeterminate beam in
figure.1., and predict the shear force and bending moment distributions.

A 2poxio K15

—

5 kN )
E = 200 x 10° MPa N/Mq’
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To illustrate how we can combine spring and bar.elements in one structure, e
now solve the two-bar truss supported by a spring shown in Figure 1. Both bars
have E=210 GPa and 4 =5x10*m*. Bar one has a length of 5 m and bar tWo @
length of 10 m. The spring stiffness is k = 2000 kN/m. |

L, i</ Soluki0Y :
0 ; . 3
T g SHfossroebe0e
ks : Bst k=[L* Lw A
a} @ 31@’ AE [ vy w2 ~Llwg -
o L] Al sl LY Leg
Ll=coge-00- @ 2 = 2000 kN/m l--Q-W) —wW2 Loy W
= : | .
Lv\:n:s(“n SR 4 Toy, Elewont @ 8= 1. 36" =
e ek S Le 08125 = - 707 l0L78XIE

L*=0

' i :5 /2
Stffrag wabvix  Bl= SMies =4 707- l0618X0
Sos  Elavrant@ L O'%' E.Q.,\N) ==

o) L=5w [wedact—2
K =(Bxs?)xioxs) |05 05 -0 5 05

. ‘_J 2 8
=lo5xes |1 -t bt
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For the axisymmetric elements shown in Figure, determine the element stresses.
Let E=210GPaand u=0.25.The coordinates (in millimeters) are shown in the

figures, and the nodal displacements for the element are
u, = 0.05mm,u, = 0.02mm,u, = 0.0mm , w, = 0.03mm,w, =0.02mm,w; = 0.0mm.

W
(30, 50)

3

(0, 0) (60, @)
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- G\'\Vm:
= bo mm/ Z,= 0mm
T3 = 30 mm . Z3= Ko mm

.N()&nl dwsplacemunis :

Wy = 0.05 ram ; Wy = g.p2 mwm
Uy = 0r02'mm, Wa= g:02mm
:ua:owm'n P Wg2 9mm.
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Evaluate the stiffness matrix for the elements shown in Figure 0. The coordinates arc

given in units of millimeters. Assume plane stress conditions. Let E =210GPa, u=0.25 ,and t
=10 mm.

4},1'

-\

(0.0 (10. 0)



(7;,1;): (S,lo)

To Find: -

(k1 =[] [p1[ET]-A-¢

Ster 'l) e e of l1'.m\3u\0'r [_‘lpmrﬁ}-

A - A ! X 9, 4
2 | 7: j) - ’\— 7‘ '
' *y % |
2 }L[‘(tovlo—c)—(,-q—o]
fp = loo - Gomm
2
Ster ) S kbyain Displarement matyix
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8s L. [F1 @ T3 9 & o |
N
o T o T8 O L
__70 7: 7 9‘: 73 ZgJ
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Temperature effects: When the change in temperature A7 is present, then strain £, should be
considered,

aAT alT
For plane stress  {e,} ={aAT For Plane strain : {&,} = (1+4) { AT
o : 0
{e}=|D].{e-&,} @- Cocffof the expression .
to}=[D]. {[Bl{u}~{e} } :

The element temp force can be represented by

(F}=(8 [D]{s,} 1

Calculate clement stiffness matrix and temperature force vector for. the plane stress element
shown in figure. The clement expressions 20 degree increase in temperature, Assume

a=6x10%°C,e=2x10°N/mm’. u=025,t=5mm.

Given: & =6x10"/° C;& =2x10° N /mm’; u=0.25;t = Smm
AT =20°C, To find [K] {F}
WKT, [K]=[B] [P][B]+4
9 0 4 0 ¢ 0

[B]:ZLA 0, 0 n 0 n
nog n @ nh 9% ‘ Y
1 . X3Ys
N el (1.3)
Aera[A]:i 1 X, V2
1 5 5 3
1 0
- -l 2 1 2 x
2h 1 3
(0,0) 2,0)
= (6-0) Xi, Yi Xy, Y2
2A=6
A=3 n=x-x=1-2=-1
= —3=-3
G =Y2"N 0 r=x=-x=0=1=~I
gy = 3= 3 =3-0=3 r . x =2-0=2
g, =y, -y, =0-0=0 AT
3 |
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1-(0.25)

0.25

=213.33x10°| 0.25

0
3 0
(Bl =% 0 -1
o

[8] =

oo Cc woe

=0.35555%10’
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UNIT I

0
1 0
0 0375
0 0 0]
-1 0 2
3 2 0

-1.125
-0.375
1.125
0.75
0

—0.375

x213.33x10°10.25 1

4

CLITrIrritis

1 025 0
0

0 0 0375

RAMA NIAN/meessar/Meckanlcal/I 6ME401/ Finite Element Analysis JJ Rf
UB .



16ME401 Finite Element Analysis
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g
[ -3 075 03757
—0325 -1 -1.125 R
[K]=035555x10° 013 DA Ua 1 a1 03] %53
=025 -1 L2516l L 4 3 2 ¢
0 0 075
L 05 2 0 |
(9375 1.875 -8.625 -0375 -0.75 -L.5]
1875 4375 0375 -2375 -225 -2
Y . L 75 15
_gg7so| 8625 0375 9375 -1875 -075
0375 2375 -1.875 4375 225 -2
-0.75 225 075 225 15 0
| -1.5 -2 1.5 -2 0 1 |
aAT) [6x10%x20] [1.2x10™
{£,} =4 aAT y=196x107 %201 =11.2x107
0 0 0
{F}=[p] [D]{C,} 1.4
T -3 -0.75 -0.375]
-025 -1 -LI25 1.2x10'
ool 300 WP hsadiaadt  6X3,3X1
0.355)( —0.25 —l 1.125 0
0 0 0.75
| 05 .22 0 |
; _41
2.17x10
~1.5x10™
45x10™
S N
{F}=5325x10°1 ) 5 107
0
| 3x10™ |
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= ME402 Finlte Element Analysis
¢ g UNIT IV HEAT TRANSFER

A fin is a one-dimensional heat transfer problem. One end of the fin is
connected to a heat source (whose temperature is known 140°C') and heat will
be lost to the surroundings through the perimeter surface and the end. The
temperature of the ambient air is 40°C. The thermal conductivity of is

70 ( walts

cm°l{)' The natural convective heat transfer coefficient associated with the

walls
ZoK

surrounding air is 5 Find the temperature distribution in the fin shown in

cm
Figure 1.0 by including the effect of convection from the end surface A using
three finite elements,

heb walls
T.=40°C c?.ﬂ(

140°C @\

1cm radius

SN

I End surface A

k=70 YRS _
v em-K
One dimensional rod

5 5 5

Finite element idealization
For elawans (1) avd (2) i the Sjduakten ),
e @nductana and thestral load wahe

|'v.2n

P N )

Frowy apedal dorducki, Pestimeldv Grvadin.

1= hptz (0 |
2 / ] Pertimator Q)nuad:xb\?.
alysis
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A wall of an industrial oven consists of three different materials, as depicted in
figure 1.0. The first layer is composed of Scm of insulating cement with a clay
binder that has a thermal conductivity of 0.08W/m.K.. The second layer is made
from 15cm of 6-ply asbestos board with a thermal conductivity of 0.074W/m. R
The exterior consists of 10cm common brick with a thermal conductivity of
0.72W/m?®. The inside wall temperature of oven is 200 °C , and the outside air

is 30°C with a convection coefficient of 40W /m®.&. Determine the
temperature distribution along the composite wall.

(2) (&)

* = 2
3 4

\ A composite wall of an industrial oven.
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