Example

3 l Distributed external force coarlinaias
> T node
R X y
1 0.0 0.0
2 1.0 0.0
A [_) —
3 0.0 1.0
Y
. 4 1.0 1.0
Young's modulus: E, = 100
4 V Poisson ratio: v, = 1/3 displacement
thickness: he =1 node -
u v
1 0.0 0.0
fe= [ (* : start node at each element)
_ - _ } 2 - 0.0
. 1 v, 0 100 1 13 0 - 3 10 3 0.0 -
Dezl = 10 |=>Dy=Dy=——- 1 0 ) 30
~V, 1y, 1-(13) 1-1/3 sym 1 force
sym > sym > element edge
L _ L - tx ty
node
element area thickness @ 2] 0 0
1 2 3 @ [3] - 0
@ 1 4 3 1/2 1 @ [2] 0 -
@ 4 1 2 1/2 1 @ 3] p 0
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Example: Element @

[ L TTTT—
(node:1-4-3) u=N,d,, ¢=0N,d, =B,d,
(Xi ’yl) %.%)=(0.0) a” 1) (a] (0] [a 0
(% y) )= x4,y4):(1,1)> =2, =1, 1 =150 =00, {b =41}, {b) t=4-1
o _ ® ®
(X3®,y3®) 3):(0’1) C, 1 C, 0 C, 1

1 0 0 0 0O 0 1 0 -1 0
— X —X+

d®:{u1® voud vl V?}T,NCD:{ y y },BCD: 0 -1 00 0 1
-1 0 01 1 -1

0 0 -1] 1 0 0 -1 -1 1
1 0 0 3 -1 0 1 -3
1 0 753100010_10750 1 3 0 -3 1
K =Ah B D B = 1 30//l0 -1 00 0 1= - -
o = AofoBy DBy 0 41-1 0 0 1 1 =1
00 1/|-1 0 0 1 1 -1
1 0 1 11 -3 1 4 -2
0 1 -1 1 -3 1 -1 -2 4
P2 o o m @ o o L0 0000 oVt o 0 0 12 o
@‘7{"@ Lo to 4o } +§{ J +§{tx® La }
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Example: Element 2@

a3®

by t=41

| |1

0O 0 -1 0 1 O
01 0 0 0 -1
10 0 -1 -1 1
1 0 0 -1 -1 1]
o 3 -1 0 1 -3
O -1 3 0 -3 1
-1 0 0 1 1 -1
-1 1 -3 1 4 =2
1 3 1 -1 2 4|

(node:4-1-2) u=N,d,, ¢=0N,d, =B,d,
(Xl ’yl ) X4’ y4) (l’l) a1® 0 a2® 1
(%7, y: )= (% %) =(0,0) ¢ L) =2, 1 =1, LI =15 10" L =10¢, 1b7 p=4-1F,
® )
C 1 C 0
(%" ¥5') = (%1 ,) = (1,0) 1 2
(42 @ 4@ @ 4@ ol y 0 1-x 0 x-y 0 _
d®_{ul v© u, VvV, U vs},N® {0 y 0 1-x 0 x—y’B®_
0 0 1]
0O 1 O
d1 0 ol 3 10{00 -1 0 1 O -
K,=A,h,B, D,B, =— —(1 3 001 0 0 0 -1|=—
0O 0 -1|2 4
0 011 0 0 -1 1 1
1 0 -1
0 -1 1
\/E 1 1 1 1 1 1
F®=7{t£é> ) ) o of +§{o 00t} ol +>fpooo p o
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SN (TSR VA TR /S T2
K <K

1 0 (0) (0) -1

0 3 (0) (0) 1

(0) (0) (0) (0) (0)

75((0) (0) (0) (0) (0)

4-1 1 (0) (0) 4

1 3 (0) (0) -2

0 -1 (0) (0) -3

-1 0 (0) (0) 1

4 0 -3 1

0 4 1 -1

3 1 4 =2

7501 -1 -2 4

=571 1 (0) (0

1 3 (0) (0)

0 -2 -1 1

2 0 1 -3
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Example: Assembly

U, V4}

K<=K,
1lu«ur [3 0 -3 1
0 |v, « Vv’ o 1 1 -1
0) wu, -3 1 4 =2
0)| v, 7511 -1 -2 4
1o, <ul 7|(0) (0) (0) (0)
Al ev |0 (0) (0) (0)
0 |u, « ugb o -1 -1 1
1 v, <—v§D _—1 0 1 -3
[V
0 -2
2 0 Va(tg +) )+t
1 1 p
1 -3 | F:L t%
3 1 2 {3
x®
1 -1 0
4 0 1 4l
0 4 \/E(tx@)—i_tx@)—i_p
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Example

, v, =0,v,=0,u,=0
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Example: Post-process (stress/strain)

element @ (node:1-4-3) u=N,d,, €e=0N,d, =B,d

0 u1®=ul
0 0 _
0 0 10 -1 0 /100"1®V1
g, =B, d,=|0 -1 00 0 1| p/300>“§D‘“4 %
10 01 1 -1//7P v =l
0 U,” =Us
—p/300) vy" =v,
element @ (node:4—1—2) u=Nyd,, e=0Nyd, =B,d,
[ p/100 Ju? =u,
_p/300| v& =
0 0 10 1 o7 P00V =y,
0 |u’=u p
10 01 1 -1 V2 =%
p/100 |uy =u,
0 vy =V,
310 1 p
6. =Dz =21 3 ol Pl y3l-lol-6 -De
@ (OO 2 100 @ @°®
00 1 0 0
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