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DEPARTMENT OF MECHANICAL ENGINEERING
16ME401 Finite Element Analysis
UNIT Il One Dimensional Problems

A compound axial member is subjected to the loads shown in Fig. Given,

Al Youngs modulus E, = 50MN [ m®, E, =100MN / m’,
300 N A2 N
A AR . 500N El = BoOx |0 6 Ml w2
1 2 @ 3 Qi N 7
B Eox = 160x16” N/m |
® ©) Length L, =0.5m, L, =m, Area A, = 20cm’, 4, =10cm
L, —< L, ~ A=70:002 M-

. . : =0.00 2
Figure compound axial member subjected to loads. A2 tw

Calculate the following: (i) Nodal displacement (ii) Element strain (iii) Element
stresses (iv) Support reaction, (v) Compare with exact solution , Using two bar

elements model. = £ A Moﬁ\e/\ 0 @EIQMQV\:{:
Solution: ﬁ\; ;‘ ; F Ner

Number of elements = 2; and number of nodes = 3.

The stiffness matrix of each element is computed from

: A- A the
me =" 47 o e Slemant

For element (1), the stiffness matrix is

SNSCT/ MECH/FEA/VII SEM/ Dr. M. SUBRAMANIAN /PROFESSOR / MECHANICAL ENGINEERING

¢

Cl)_“ S ! 2-Page10f3
D/\} =16°Ta, -2 ‘g |
-8 &),

(T) L (‘\E.&\ Mgtmb
S ¢ ;\oyB



lFor element (2), the stiffness matrix is

2) IR
K {S( Alh’ g (0.001 » (m()/ m ') [ | —1 ]
' |

(’) .
2_ I/\ — | —I

(2 _
D,LL—S'J‘;'“ \ ‘\ K] = I/H)S[_lI II ]
)

The final global matrices of stiffness, displacement, and load matrix, arc obtained

by combining, the L|Lllllull matrices as
- .J

2 -2 0 1 J”l I 0 l
(K19 = 105 =2 241 =1 podup=23 up g 4Fy=4 300 Ir

2 2 :
() — | I |2 l U3 I

Applying the fixed boundary conditions at node | and applying the external forces

al nodes 2 and 3, we have
) J 0 } 1
24 Uy =< 300 %. '

\ y A
2 — JU
l U3 l 500

P
Using the matrix partitioning lo solve for u2 and u3, we have

D=2 ~(
0> =2 241 —1,
0 -1 1

I U3 f_—- | 500 f ‘OSC"U‘Q-{—UBD SL+®
0

Uy S 0.004 l ) L
{zm } | 0.009 | 4—~ 3 mm%mw

(1) Nod a) drsplacawant Approach .
to =0 COAw  Waz 0:00T 4,
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Using the ln\( row ol th 0loh al matr l\ to (md R,, we have
(iv). Suppoxk m’&qahmr\
K = '> x 107 x 0.004 = —800 N.

Check for Equilibrium: Action Forces = - Reaction Forces

F> + F3 = 300 + 500 = 800N K, = —800N.

Resul't';
(i) Nodal displacement (i1) Element strain
Uy=0 Up=0 004N V-p.008 .
U3 =0.003ny @) =0.005
(iii) Element stresses (iv) Support reaction
O/’Q) AK 'O M/W\Q’ R\ = - Roonl

)C O S S5, N =
\% ompare with exact solution , \
a i - Veri Yed/ Same resul b sbYalnad -
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