FEM in Linear Structural Mechanics, Studywork 2008/2009, Student: Siljak Enes

Exercise 2

/] £

A I

9 o5

/ B

/ E E = 5000 kN/m?

/) pg pg A £ B

/) L 0 M v=0

///' e h=0.2m

/) — = _ 3
h c pg = 20 kN/m

|~
? Fﬁuh\ r‘lQ u= 0.01m
/ o

Figure 1: System and loading

The system showr in Figure 1 is loaded by the dead load of the plane slab elements. The
cross section of the colymn Awi lhas to be calculabexd such, that the wvertical displacement is

w = 0.01m.
Discretize the system using 4-node plane strass elements for the slabs and a 2-node truss element

for the colnmn.

a) Determine all components of the vector of external loads aad of the stiffness matrix which
ere necessary for the caleolation of the required cross section area of the eolumn and the
unknown nodal displacements! For the cntrica of the stiflness malrix, o 1-point CAUss
integration and [or the entries of the load vector, a 2x2-point G AUSS-integration should
be nzed.

b} Calenlate the required cross section of the colnmn and the nnknown noedal displacement!
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Using symetry :
a) Physical coordinates of nodes: g
b) 4 A~2
d el el
node | Xf'[m] | X§'[m] T~ 3
1 0.0 0.0 \
2 2.0 0.75
3 2.0 2.25 > él
4 0.0 3.0
/ |
/ 2
1
Kp
A
Interpolation functions for bilinear quadrilateral element: Values of interpolation functions and derivatives of shape

function for &l = &1 =0

1
N =-1-5)A-$)

1 1 1
1 M@=, M@= NO=; NO=;
N%(§) = Z(l +$)(1-§2) 1 1
N NI®=-7 NO=-7
N (f)=1(1+f1)(1+52) 1 1
. 1 N3 (§) = 7 N.%(f)I—Z
N =71 - E)(1+8) i i
N3(®) = 1 N3(§) = 1
1 1
N©=-7 MO= ;
0X, 0X, 1 1 1 1700
AR 2 1 72 “3llz20 075 [
“lox, ax,|= | 1 11 1|20 225 0.0 1125
95, ag51 L2 "3 2 zlloo
det(J) = 1.125
06 0%,
Jl = 0X; 0Xq _ 1 J22 _]12]_ 1 [1125 00] [
& 05| det(@) -~ Ju ] 125 0.0 08889
9X, 0X,
(061 & .
—N (f)-l-a—XlN 2(§) 0
B() = 0 NAGE) + SENECE)
06 % . o o
T VIO T TN SENL@ + ENL®
Node 2: Node 3:
0 0
1 0 1 0
B, = 0+0'8889'(_Z) =[—0.222] B, — |0 7088894 —[o.zzzl
1.0 - % +0 0.25 1.0 %+ 0 0.25

0 0
—0.222 0.222
0.25 0.25
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1 0 O
(C=5000[0 1 Ol

0 0 05

0 0

0 —-0.222 0.25 362.403 —81.153
Ket1=2-2-0.2-1.125-5000 - [ ] [ l [—0.222 0.222] = ]
0 0222 0.25 0o o osll 025 0.25 —81.153 362.403

Load vector

1

ret = f hNTbdQ® = h J- f NTbdet())dé, d¢, ~ hii NTbdet(J)
Qe

-1 -1 i=1 j=1

1
N? =Z(1+El)(1_€2)

v =lasrea+e)
4 1 2

Values of derivatives of shape functions for {} = —1/v/3 & =-1//3

9 05 05 04| _
ON' 9N%? 9N® ON*
05z 05 05y 0%
aX, 0X, 0.
j= 08, 06| _ [—0.394 0.394 0.106 —0.106] lz.o 075] [10 0.217

0.394 0.394 0.106 -0.106

ON' ON? ON3 oN*
] [—0.394 —-0.106 0.106  0.394

0X, 0X;|  1-0394 -0.106 0.106  0.394 225| " lo.o 1.342
05z 0%,

det(J) = 1.342

Values of derivatives of shape functions for & = 1/4/3 & = —1/4/3

0% 05 06 0L
ON' ON? ON® ON*
05, 05 0% 0%y
j =% 3 [ —-0.394 0394 0.106 —0.106] lz.o 075‘ [10 0.2165]

0.394 0.394 0.106 -0.106

ON' ON? ON3 ON*
] [—01057 —-0.394 0.394 0.106

0X; 90X, 0.1057 —0.394 0.394 0.106 2.25| " lo.0 0.9085
9, 0%,

det(J) = 0.9085

1 1 2 2
ret = [ RNTbdOe = h f j NTbdet(J)d¢,dé, ~ hzz NTbdet(J)

Qe

-1 -1 i=1 j=1
0 0
N = [ 1
N? N3 (1+51)(1—Ez) 7080 +8)
1 1o 1(1+<>)(1 A 1(1+s‘)(1 &)
_ 1 1 —G2) 09
hf f 41} [ Qg] det(Ndéydé; = h f f 41} detddss

-1 -1 0 Z(1+El)(1+fz -1 -1 _Z(1+61)(1+€2) 09



FEM in Linear Structural Mechanics, Studywork 2008/2009, Student: Siljak Enes

el _ 0.1667 - 207 . 0.6220 - 207 . 0.1667 - 207 . 0.0447 - 207 .
- 0'2( 0.0447-20] 1'342+[0.1667-20] 0.9085 + [0.6220-ZO] 0.9085 + [0.1667-20] 1'342)

el _ 0.1667 + 0.04471 . 0.6220 + 0.1667] . _ 5.674 14331\ _ [—4.0
- 0'2( 0.0447 + 0.1667] 20-1.342 + [0.1667 + 0.6220] 20 0'9085) - 0'2( 5.674] + [14.33 ) “l-40

Check:

Calcultion of the other two nodal forces

0 0
_|1 1
N=[y: e ZA-8)A-&) A-&A+E)
1 Loar 1
4( -&)A-&) 4(1—51)(1_52)‘99
rel = h f f ; |_og]detasias, =n [ [| 4 det()dg,dé;
Z121 |0 Z(l E)A+E) <1 =1 —1(1 §)(A+&) 09
o 0.6220 + 0.1667 0.1667 + 0.0447 _ 211691 | [3.8417\ _ [—5.0
t=—02( 0.1667 + 0.6ZZO] SAYS LA [0.0447 + 0.1667] +20-09085) = ~02( 21.169] + [3.841 )=

Weight of the element:

3+15
ret=-—=—-—:2-02:20 =180
Solution of system of equations Check
362403 + Kp —81.153 [uﬁ] _ [—4.0 362.403 + 145.344 —81.153] [u§] _[-
—-81.153  362.403 —81.153 362.403
(362.403 + Kp)u? — 81.153 - u3 = —4.0 [uﬁ] _ [—0.0100
—81.153 - u3 4+ 362.403 - u3 = —4.0 ~ 1-0.0133
Foru? = —0.01 we get:
i TH0+81153-(=0.01) _ oo
U2 = 362.403
—4.0 + 81.153(—0.013277)
= — 362.403 = 145.344
-0.01
EA L-2-Kp 20-2-145344 ,
K =2:Kp, Keg=—] =Ad=—F1—= =500 =0.116m
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