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Example. 2D plate modeled using 8-node element
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Equivalent load vector due to surface forces

lp] = [px, 0y |
2
P71, = o [ oy V) (2020 gy, ) o (P60 Yo || LA,
1x16 2x16 1x8 8x1 1x8 8x1 8 Z i, 6
YA py(S) = Pmax (1 - E) 1 Yy 5
L
ﬁ\A/ =L,x4=0,x7=§ T_.x é
:ﬂ»—%i 1] HewcHoy i) |
s| 7 i I
> L os=0 - £=-1 - :
<«—L = 50mm—, i s=L - &= +1}_>S(§) —(@-I-l) :‘l‘%/‘,\\ -;’g i
08 60 . S i
5 Pmax (1 @) = Pmax ( 5 (E.s + 1)) _pfla_xfl_ ) é)-;
16 & &2 X
\ 7
1 d0|N(¢é,1 dIN(é,1
1771y = ¢ £2,10,py ()N (22E0 e, ) 4 (A6 gy, Y




natural coordinate system

7 shape functions of the element and their derivatives in the natural system:
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vector of element nodal parameters

> column vector
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Boundary conditions:N = 16 — 6 = 10

vector of active nodal parameters after taking into account boundary conditions:
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Gradient matrix for the plain stress condition:
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16 X 16 16 x 3 3x3 3x16
Numerical integration (2 x 2 Gauss points)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 16
1| 157054.6148 48611.11111 88708.77897 259.9524658 78527.30739 20016.33987 52640.37433 -259.9524658 | -218143.4442 | -23915.62686 | -42458.90275 -11437.9085 -114595.712 -11437.9085 -1733.016439 | -21836.00713
2| 48611.11111 101294.8109 -259.9524658 44529.8574 20016.33987 50647.40543 259.9524658 46635.47237 -21836.00713 | -64589.52268 -11437.9085 -52753.0204 -11437.9085 -48541.79045 | -23915.62686 | -77223.21252
3| 88708.77897 -259.9524658 157054.6148 -48611.11111 52640.37433 259.9524658 78527.30739 -20016.33987 | -218143.4442 23915.62686 -1733.016439 21836.00713 -114595.712 11437.9085 -42458.90275 11437.9085
4| 259.9524658 44529.8574 -48611.11111 101294.8109 -259.9524658 | 46635.47237 -20016.33987 50647.40543 21836.00713 -64589.52268 23915.62686 -77223.21252 11437.9085 -48541.79045 11437.9085 -52753.0204
5| 78527.30739 20016.33987 52640.37433 -259.9524658 157054.6148 48611.11111 88708.77897 259.9524658 -114595.712 -11437.9085 -1733.016439 | -21836.00713 | -218143.4442 | -23915.62686 | -42458.90275 -11437.9085
6| 20016.33987 50647.40543 259.9524658 46635.47237 48611.11111 101294.8109 -259.9524658 44529.8574 -11437.9085 -48541.79045 | -23915.62686 | -77223.21252 | -21836.00713 | -64589.52268 -11437.9085 -52753.0204
7| 52640.37433 259.9524658 78527.30739 -20016.33987 88708.77897 -259.9524658 157054.6148 -48611.11111 -114595.712 11437.9085 -42458.90275 11437.9085 -218143.4442 23915.62686 -1733.016439 21836.00713
8| -259.9524658 46635.47237 -20016.33987 50647.40543 259.9524658 44529.8574 -48611.11111 101294.8109 11437.9085 -48541.79045 11437.9085 -52753.0204 21836.00713 -64589.52268 23915.62686 -77223.21252
9| -218143.4442 | -21836.00713 | -218143.4442 21836.00713 -114595.712 -11437.9085 -114595.712 11437.9085 458382.8481 -1.81899E-11 -1.81899E-11 -45751.63399 207095.4644 -9.09495E-12 5.45697E-12 45751.63399
10| -23915.62686 | -64589.52268 23915.62686 -64589.52268 -11437.9085 -48541.79045 11437.9085 -48541.79045 -1.81899E-11 194167.1618 -45751.63399 7.27596E-12 -7.27596E-12 32095.46445 45751.63399 -3.63798E-12
11| -42458.90275 -11437.9085 -1733.016439 23915.62686 -1733.016439 | -23915.62686 | -42458.90275 11437.9085 -1.45519E-11 -45751.63399 169835.611 7.27596E-12 1.45519E-11 45751.63399 -81451.77263 5.45697E-12
12| -11437.9085 -52753.0204 21836.00713 -77223.21252 | -21836.00713 | -77223.21252 11437.9085 -52753.0204 -45751.63399 5.45697E-12 -7.27596E-12 211012.0816 45751.63399 -1.81899E-11 5.45697E-12 48940.38423
13| -114595.712 -11437.9085 -114595.712 11437.9085 -218143.4442 | -21836.00713 | -218143.4442 21836.00713 207095.4644 -9.09495E-12 0 45751.63399 458382.8481 -1.09139E-11 -45751.63399
14| -11437.9085 -48541.79045 11437.9085 -48541.79045 | -23915.62686 | -64589.52268 23915.62686 -64589.52268 -7.27596E-12 32095.46445 45751.63399 -1.09139E-11 -1.09139E-11 194167.1618 -45751.63399 0
15| -1733.016439 | -23915.62686 | -42458.90275 11437.9085 -42458.90275 -11437.9085 -1733.016439 23915.62686 2.00089E-11 45751.63399 -81451.77263 7.27596E-12 -2.91038E-11 -45751.63399 169835.611 0
16| -21836.00713 -77223.21252 11437.9085 -52753.0204 -11437.9085 -52753.0204 21836.00713 -77223.21252 45751.63399 -3.63798E-12 3.63798E-12 48940.38423 -45751.63399 0 1.09139E-11 211012.0816
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Displacements in X direction

UX displacement
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Displacements in Y direction

UY displacement
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Strain in X direction

g, strain

BEOCROONN 23

= % e 0

SeRRERS

PLOT NO. 12
ELEMENT SOLUTION
STEP=1

SUB =1

TIME=1

EPELX (NOAVG)
RSYS=0
PowerGraphics
EFACET=1

DMX =.04694
SMN =-.313E-03
SMX =.157E-05
-.313E-03
-.278E-03
-.243E-03
-.208E-03
-.173E-03
-.138E-03
-.103E-03
-.682E-04
-.333E-04
.157E-05

BO00ECCEN

15




PLOT NO. 8 aS
ELEMENT LUTIO
TEP=1
UR =
TIME
EFELY (NCAV
REYS=0
FowarGraphice
EFACET~1
IMX =,03316!
MN a0E-0
MX 477E-D
108-03
- «S91E~0D
= d12E-0
= J23E-0
— | 34E-0
B3 44s8-0
=i 1 56E-0
B ieee-0
-,
N
Pmas

4

——

Mitsee 3

Strain in Y direction
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Shear strain

Yxy Strain
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Stress in X direction

G, stress
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Stress in Y direction

G, stress
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Shear stress

T,y Stress
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