2.094
FINITE ELEMENT ANALYSIS OF SOLIDS AND FLUIDS

SPRING 2008
Homework 8 - Solution
Assigned: 04/10/2008
Instructor: Prof. K. J. Bathe Due: 04/17/2008

Problem 1 (20 points):

Since H,h < b, we only consider the displacement u in the X, -direction with the plane stress assumption.

Total Lagrangian formulation

Applied force: ' f* ="p'x0’.

0 _ 0 _ t _f t _t
Thickness: %t = H % —b +h L4 ,t=H txl tb +h txl ta
a—-b b—a a-'b b—"a

The displacement field with a single two node element is

= RO o =+ L0 =] L) Sa-n] 1]

0 15) 2
The Jacobian matrices are *J ' = 0_r = and 'J ' = l_r ==
Oox, b-a 0'x, 'b-'a

The linear strain components can be written as

061 =

Ou Ou Ou Ou Or O'u or \(ou or
+ =— —
0°x, 0°x,0°x, ord’x or °x, )\ or 0°x,

1 Ou (oJ—l)zﬂa_“

=" —+
or or or

ooy e T

Page 1 of 4




1 X X X X X u
where
o' b—a b+
u=h1,tul+h2,tu2, ‘w=h'u' +h'u’ and °x, = 4,274
or ’ 2 2
Therefore,
_ t t -
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The nonlinear strain components are
2
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Then,

t t _ 6514 _ au
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Therefore,

OJ_lhl r O"]_th 7
, ’ S R IS
0By = h, h, with (S = !
o o O 0S33
0 0
xl xl

Hence the final FE equation is

[} eat i () () (0 Jare 18 st () (1) ()]

u

=j_+11|:le|t+Atpa)2(H—At'xl)(27[)(H—At‘xl)(Z+Att)(t+AtJ_l)dr_J._+11 éﬁz ;$(27r)(°xl)(°t)(ofl)dr

Problem 2 (20 points):

Let’s consider “11 only (Other DOFs can be set to zero because we are interested in components corresponding to

”11 ). Then the displacement field is

0 0
u, :i 14— (1+%\]uf and u, =0

1 0
1+ —L|(1.5) and ‘u, = —| 1+—2 |(0.5)
2 2
The linear strain components are
5 ’x
0611 = oty T Otuk,l oMUy = 4_8£1+72J“11

— t —
0€2n = oUyp T ol ol = 0
0
1 , ; 5 14
062 = 5( oUip T oty ol oty o+ oUy Ouk,l) = + U
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The nonlinear strain components are

2
8 o7 :(Ouk,l)(50uk,l) = du, {é[“’%}} )

o 2
8oty = ( 0“k,2)(50uk,2) = du, {%[14’%\]} 0

1

02 = { (o) (Somea) + (o) (8}

0 0 0 0
=l 51/1111 1+i L 1+ﬁ ull+§ullL ]+ﬁ l 1+i ull
2178 3 12 2 2 2 )sl 3
0

And the stress matrices and the constitutive law are

100 0 0] ,. [100 g [1
S=l 0 60 0|, ,S=| 60 and0Q=1 v
0
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0 0 0 0 —v?

S — <
[S—

N ‘

Therefore,

458£1+ O;ZJ

32 0 0

: _ 5 X, 5 X, B N _ 0. j0. _
(vk.) _”2[_48[1+_2 } 0 2-—[1+—H .C 0 hd’xd x, = 0.682Eh
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