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Model of a rectanqular plate
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one-quarter model with
two finite elements
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NEEED
St - / Element 1
y A = 7.00E+04]|1/Pa
A0 - , = . — .
o ni= 033333332 %= XYk ™ XkYj
L ey he= 2|mm bi =y; — Yk
X )’ Ae=| 2000 |mm° C; = X — Xj
local i /
notation B WX °2
l @ o0 102030405 (2
node X3 Vi X] V] Xk vk ai bi ci
) 0 0 50 0 50 80 4000 80 0
@ 50 0 50 80 0 0 0 80 50
® 50 80 0 0 50 0 0 0 50
-0.02 0 0.02 0 0 0 -0.02 0 0
ol f :
B1— 0 0 0 -0.0125 0 0.0125 B1 = 0 0 0.02
0 002 | -00125 | 002 | 00125 0 0.02 0 -0.0125
0 00125 | 002
78750 26250 0 0 0 00125
D= 26250 78750 0 0 0.0195 0

0 0 26250
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0 10 20 30 40 50
u
v
k1= u
v
u
v

3 e
B, DB,=

315 0 -31.5 6.5625 0 -5.5625
0 10.5 6.5625 -10.5 -5.5625 0
-31.5 6.5625 | 3560156 | -13.125 | 410156 | 6.5625
6.5625 -10.5 -13.125 | 22.80469 | 65625 |-12.3047
0 -5.5625 | -4.10156 | 65625 | 4101563 0
-5.5625 0 6.5625 | -12.3047 0 1230469

v U v U v

-126000 | 26250
0 42000 26250 -42000 | -26250 0
-126000 26250 1424065 | -52500 | -16406.3 | 26250
26250 -42000 -52500 | 9121875 26250 | -49218.8
0 -262450 -16406.3 | 26250 [ 16406.25 0
-262450 0 26250 | -49218.8 0 4921875
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0 10 20 30 40 50

u1 v1 u2 V2 u3 v3 ud v4
ui 126000 0 126000 | 26250 0 26250 0 0
v 0 42000 | 26250 | -42000 | -26250 0 0 0
uz 126000 | 26250 |1424063| -52500 |-164063 | 26250 0 0
V2 26250 | -42000 | -52500 |9121875| 26250 |-492188| () 0
u3 0 26250 | -16406.3 | 26250 | 1640625 0 0 0
v3 26250 0 26250 | -49218.8 0 4921875 () 0
u4 0 0 0 0 0 0 0 0
v4 0 0 0 0 0 0 0 0
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80 ¢4 3
70
60 //|./_ Element 2
50 /L E= 7.00E+04|1Pa @ = XV — XV
y 30 // - ni= 033333323 b 1Yl = i)
t 30 ‘—|—|— he= 2 mm l _y] yk
20 ;/|—H— Ae=| 2000 |mm° Ci = Xk — %)
L T S Do 80 MPa
local S ANEEN
notation (1) 0 10 20 30 40 50
node X Y i X Y Xk y k a ] ci
@ 0 0 50 80 0 80 4000 0 -50
50 80 0 80 0 0 0 80 0
0 80 0 0 50 80 0 -80 50
0 0 0.02 0 -0.02 0 0 0 -0.0125
B,= 0 -0.0125 0 0 0 0.0125 B T= 0 -0.0125 0
2 : : e
-0.0125 0 0 002 | 00125 | -002 0.02 0 0
0 0 0.02
78750 26250 0 A : i
D=| 26250 78750 0 . 00125 | 000
0 0 26250
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0 10 20 30 40 50

=

T e
B, DB,=

41015625 0 0 -6.5625 | -4.10156 | 6.5625
0 12.30469 | -6.5625 0 6.5625 | -12.3047
0 -5.5625 31.5 0 -31.5 6.5625
-6.5625 0 0 10.5 6.5625 -10.5
-4.1015625 | 6.5625 -31.5 6.5625 | 35.60156 | -13.125
6.5625 -12.3047 | 6.5625 -10.5 -13.125 | 22.80469
L v L v L v

-16406.3 | 26250
0 49218.75 -26250 0 26250 | -49218.8
0 -26250 126000 0 -126000 | 26250
-26250 0 0 42000 26250 -42000
-16406.25 26250 -126000 | 26250 | 1424063 | -52500
26250 -49216.75 26250 -42000 | -52500 |91218.75
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0 10 20 30 40 50

ut Al u2 V2 u3 v3 u4 v4
U1 16406.25 0 0 0 0 26250 | -16406.3 26250
v 0 4921875 () 0 -26250 0 26250 | -49218.75
u2 0 0 0 0 0 0 0 0
v2 0 0 0 0 0 0 0 0
u3 0 26250 0 0 126000 0 -126000 26250
v3 -26250 0 0 0 0 42000 | 26250 -42000
ud 164063 | 26250 0 0 -126000 | 26250 |1424063| -52500
v4 26250 | -492188 | () 0 26250 | -42000 | -52500 | 9121875




u1 v uz2 v2 u3 v3 ud v4 ul v1 u2 v2 u3 v3 ud v4
ui 126000 0 126000 | 26250 0 26250 0 0 ui 16406.25 0 0 0 0 -26250 | -16408.3 26250
v 0 42000 | 26250 | -42000 | -26250 0 0 0 vi 0 4921875 () 0 26250 0 26250 49218 75
uz2 126000 | 26250 |1424083| -52500 |-16406.2 | 26250 0 0 u2 0 0 0 0 0 0 0 0
K*=| w2 26250 | -42000 | -52500 |8121875| 26250 |-492188( () 0 k*=| w2 0 0 0 0 0 0 0 0
u3 0 -26250 | -16406.3 | 26250 | 16406.25 0 0 0 u3 0 26250 0 0 126000 0 -126000 26250
v3 -26250 0 26250 |-49218.8 0 4921875| () 0 v3 -26250 0 0 0 0 42000 | 26250 -42000
u4 0 0 0 0 0 0 0 0 ud | -164062| 26250 | 0 O | -125000 | 26250 | 1424083 -52500
v4 0 0 0 0 0 0 0 0 vd 2e250 | 492188 | () 0 96250 | 42000 | 52500 | 9121875
u1 v1 u2 V2 u3 v3 ud v4
u 1 142406.3 0 -128000 26250 0 -52500 | -16406.3 26250
V'] 0 91218.75| 26250 -42000 -52500 0 26250 -49218.75
U2 -126000 26250 | 142406.3( -52500 | -16406.3 | 26250 0 0
K: \,-"2 26250 -42000 -52500 | 91218.75| 26250 | -49218.8 0 0
NDOF x NDOF
U3 0 -52500 | -16406.3 | 26250 | 142406.3 0 -126000 26250
VS -32500 0 26250 | -49218.8 0 91218.75| 26250 -42000
U4 -16406.3 | 26250 0 0 -126000 26250 | 142406.3 -52500
V4 26250 | -49218.8 0 0 26250 -42000 -52500 91218.75
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Boundary
conditions
u1 : v1 uz2 V2 u3 v3 u4 v4
ui | mausj; 0 -126000 | | 26250 0 -52500 |}16406.3 26250 | uil=0
vl | 0 b1218.7§ | 26250 |[-42000|| -52500 0 26250 || -49218.75 | | vl =0
uz2 -12600q | | 26250 | | 142406.3 | | -52500 | | -16406.3 | 26250 0 0
V2 | 26250 ||-42000| | -52500 |P1218.74| 26250 | -49218.8 0 0 | vZ =0
u3 0 -52500| | -16406.3 | | 26250 | | 142406.3 0 -126000 26250
v3 -52500 0 26250 | |49218.8 0 91218.75 | | 26250 -42000
ud | -16406.§ | | 26250 0 0 -126000 | 26250 |[i42406. -52500 | ud =0
v4 26250 | 149218.9 0 0 26250 | -42000 ||-52500|| 91218.75
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/ /
ol =hjpx(s)N1(s)ds:hjo-oozs=o
0 0

l /
E =h[ p,(S)N,(s) ds = h] p (1="))-0ds =0
0 0

l

" =h{ p,(s)N,(s) ds=

0

F} =h{ p,(s)N,(s) ds =

0
/

)

h'o-;dszo

0 1
/

B Py (1= ds =

[

0
/

F =h[ p(s)Ny(s) ds =hjo-(1—‘;) ds =0

0

0

é p.Ih=1000N

1

/ /
F =] p,$)N(s) ds=h[ pr(1=")-(1=" ) ds = pyy, Jh=2000N
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pmax
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NxN

HTTTT’M 3 RX4
Rl
2 ‘ R,
- Rxl
uz u3 v3 v4
U2 | 142406.3 | -16406.3 | 26250 0
U3 -16406.3 | 1424086.3 0 26250
v3 26250 0 |91218.75| -42000
v 0 26250 | -42000 |91218.75
0
K-F
= 0 —
"1 1000
2000

0 Rx1 Rx1
0 Ry1 Ry1
0 0 0
Fé=l O F'=| Ry2 F=| Ry2
0 0 NDOF x 1 0
1000 0 1000
0 Rx4 Rx4
2000 0 2000
uz u3 v3 v4
U2 7.71864E-086 | 1.20993E-06 | -3.02221E-06 | -1.7397E-06
K'1= U3 1.20993E-06 | 7.71864E-06 | -1.7397E-06 | -3.02221E-06
MNxN
VS -3.02221E-06 | -1.7387E-06 | 1.53082E-05 | 7.54899E-06
V4 -1.7397E-06 | -3.02221E-06 | 7.54899E-06 | 1.53082E-05
-0.006502 |mm uz
q= -0.007784 |mm u3
MNx1
*"1 0.030406 |mm v3
0.038165 [mm v4
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» 2

-0.02 0 0.02 0 0 0
B1 — 0 0 0 -0.0125 0 0.0125
ne x 1
0 002 | -00125 0.02 0.0125 0
B,q, /
78750 26250 0 -0.000130032
D=| 25250 78750 0 €,=| 0.000380077
0 0 26250 -1.60313E-05

q+=

0|mm u1

0|mm V1

-0.006502|mm uz2

0|mm V2

-0.007784|mm u3

0.030406|mm v3
De, -0.263 | MPa
mm) (,=|26.52| MPa
-0.421 | MPa
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io .
W AEEE
10 _/l__l_l_ 0|{mm u1
0 1+—F—F——
0 10 20 30 40 50 0 mm V1
0 0 0.02 0 -0.02 0 q,= -0.007784 |mm u3
0 -0.0125 0 0 0 0.0125 nex1 0.030406|mm V3
-0.0125 0 0 002 | 00125 | -002 0/mm u4
0.038165/mm v4
B,q, /
78750 26250 0 -0.000155682 De 0.263 | MPa
2
26250 78750 0 £,=| 0.000477066 — O,=| 33.48 | MPa
0 0 26250 -0.000155183 -4.074 | MPa
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pmax

4 80 3
|: ”TTTTTN\ 3 70 -
Element 1
60 - /
50 - /
p 40 - /
30 —f
2 20 P
I: 10 /f
Y Y 0 Y v 2
1 0 10 20 30 40 50
node ®1 i X] ¥ xk v k al bi cl
0 0 50 0 50 80 4000 -80 0
50 0 50 80 0 0 0 80 -50
a0 80 0 0 50 0 0 0 50

2
N,(x,,3,) = N,(12.5,20) = a +bxp+cy, _4000mm” +(-80mm)-12.5mm+Omm-20mm _ 3

2-4, 2-2000mm’ 4
a,+b,x,+c,y, 0+80-12.5+(-50)-20
N,(x,,v,)=N,(12.520)=—2—2"F_2-F = =0
2 (Xp5 Vp) o ( ) 2.4 2.2000

e

a,+bx,+c,y, 0+0-12.5+50-20 1
N,(x,,v,)=N,(12520)=—2—"FL_3-F — ==
(s yp) = N ) 2-A 2-2000 4

e




»3
N1(12.5,2O)+N2(12.5,20)+N3(12.5,2O):i+0+i=1 fﬂ EERY
; ; a 4
x:ZNl.(x,y)-xi:xp=ZNi(xp,yP)-xl.:Nl-xl+N2-x2+N3-x3= 0 ] /
i=1 i=l 30 —P
3 1 oy
=—-04+0-50+—-50=12.5mm 10/
4 4 0 ¥FHF———»2
3 ; (O 0 10 20 30 40 50 (2)
y:ZM(xay)'yi:yp:Z]vi(xpayp)'yi:Nl'y1+N2'y2+N3'y3:
i=1 i=1 0|/mm u1
=3-O+O-O+l-80=20mm s i
4 4 q4=| -0.006502(mm u2
3 3 ez 0|mm v2
uzzlljvi(‘x7y)'ui:>up:;Ni(xPLyP).ui:Nl.u1+N2.u2+N3.u3: -0.007784!mm u3
3 - . 0.030406/mm | v3

=4 0+0-(-0.006502) +411 -(—0.007784) =—-0.00195mm

3 3
v=ZNi(x,y)-vi:>vp =ZNi(xP,yP)-vl. =N, v+ N, v, + N, -v, =

i=1 i=1

= i : O+O-O+41l -0.030406=0.0076 mm
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pmax

4 ®
o {11112, 3 004
70 - [ Element 2
60 7
50 ,/
40
P 0 LB
20 0
: ? -
0 &1
1"" = @01020304050
node Xi i Xj Y x k vk ai bi Ci
0 0 a0 80 1] 80 4000 1] 50
a0 a0 1] 80 1] 1] 1] 80 1]
0 ao 1] 1] a0 80 1] -80 a0

2
N,(x,,3,) = N,(12.5,20) = a +bxp+cyp _4000mm” +O0mm 12.5mm+2( S0mm)-20mm _ 3
2-4 2-2000mm 4

a, +b,x,+c 0+80-12.5+0-20 1
Naxpa ) = ;125,200 =727 = 22000 4
a; +byx, +c;y,

0+(—80)-12.5+50-20
N (x,, =N.(12.5,20) = = =0
3(Xp, Vp) 3( ) . 4 2-2000

e




N,(12.5,20)+ N, (12.5,20) + N, (12.5,20) :i+i+o =1

3 3
x:Z]vi(xay)'xi =X, :ZNi(xPayP)'xi =N X+ Ny X, + Ny-xy =

i=l1 i=l1

=3 0+1.50140-0=12.5 mm
4 4

3 3
y:Z]\[i(xﬁy).yi:yp :Z]vi(xpayp)'yi =N+ Ny, +N; -y, =
i=1

i=1

:3.0+1-80+0-80:20mm
4 4

local notation
3 3
u :ZM(xay)'ui =u, :ZNi(xPayP)'ui =Ny -uy + Ny -ty + Ny-uy =

i=l1 i=l
o (R |
=—-0+—-(—-0.007784)+0-0=—-0.00195mm U, U,
4 4 global notation
3 3
v=ZNi(x,y)-vi:>vp =ZNi(xP,yP)-vl. =N, v+ N, v, + N, -v, =
i1 i=1 1\ ,T

= é -0 +1 +0.030406+0-0.038165=0.0076 mm V; V4
4 4 global notation

q,=

ne x 1

80 T4
70 /
60 / -
50 /At
40 y

30 .r

N
=2 A ]
0 FF——1—

0 ¢F+—t—F—F—

@0 10 20 30 40 50

3@

0/mm ul
0{mm v1
-0.007784|{mm u3
0.030406|mm v3
O{mm ud
0.038165|mm v4

20




UX displacement

-0.006502 |mm u2
=|-0.007784 |mm u3
N*1 0.030406 |mm v3
0.038165 |mm vd
—0.00195
y
X

—0.00195

MN PLOT NO. 1

NODAL SOLUTICHN
STEP=1
SUB =1
TIME=1

DMX =.038165
SMN =-.007784
007784
006919
. 006054
.005189
.004324
.0034¢6
002555
.00173
. 365E-03

B0LCNECNN

3
3
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UY displacement

-0.006502

=|-0.007784

MNxl1

0.030406

0.038165

mm

mm

0.0076

uz

u3

0.0076

PLOT NO. 5
NODAL SOLUTION
STEP=1

SUB =1

TIME=1

'S (AVG)

PowerGraphics
EFACET=1
AVRES=Mat

SM¥ =.038165
0

004241
008481
012722
0165962
021203
025444
029684
0335925
038165

NENEIEE

[mm]

22




-0.000155682

£,=| 0.000477066

-0.000130032

0.000380077

-1.60313E-05

-0.000155183

PLOT NO. 7
ELEMENT SOLUTION
STEP=1
SUB =
TTME=1
EPELX (NOAVG)
RSYS=0
PowerGraphics
EFACET=1
DMX =.038165
SMN =-.156E-03
SMX =-.130E-03

2o TE6E=03
Bl o5y 3
B _ i505-03
0 _ 1478-03
B _ 1445-03
. o
O _ . 1398-03
B o gs5epens
. - s
B 50

PLOT NO. 12
NODAL SOLUTION
STEP=1

SUB =1

TIME=1

EPELX (AVG)

PowerGraphics
EFACET=1
AVERES=Mat
DM¥ =.038165
SMN =-.156E-03
SM¥ =-.130E-03
-.156E-03
-.153E-03
-.150E-03
-.147E-03
-.144E-03
L141E-03
-.139E-03
-.136E-03
-.133E-03
-.130E-03

ACLCREDEN
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81=

-0.000155682

€,=/ 0.000477066

-0.000155183

PLOT NO. 3
ELEMENT SOLUTION
STEP=1

FPLOT WO. 13
NODAL SOLUTION
STEP=1

SUB =1
TIME=1
EPELY (NOAVG)
ESYS5=0
PowerGraphics
EFACET=1
OMX =.038165
SMN =.380E-03
SMX =.477E-03
.380E-03
B .o s
B 00503
B 4128-03
Bl s 03
Bl 34503
O | 4458-03
L1 | 456E-03
Bl o503
IR
-0.000130032
N\ 0.000380077
-1.60313E-05

SUB =1
TIME=1
EPELY (BVE)
ESYS=0
PowerGraphics
EFACET=1
AVERES=Mat
OMX =.033165
SMN =.330E-03
SMX =.477E-03
.380E-03
Bl o s
B oom-03
Bl o503
Bl 403503
B 434503
O | 4458-03
L1 | 456E-03
B | se6m-03
s

24




-0.000130032

0.000380077

&~

-1.60313E-05

-0.000155682

€,=| 0.000477066

r-0.000155183
PLOT WO. 1
ELEMENT SOLUTION
STEF=1
SUB =1
TIME=1
EPELXY (NOAVG)
RSY5=0
PowerGraphics
EFACET=1

DMX =.038165
SMN =-.155E-03
SMX =-.160E-04
-.1L5E-03
-.140E-03
-.124E-03
-.103E-03
-.933E-04
L TTOE-04
-.6Z4E-04
-.470E-04
-.315E-04
-.160E-04

RO0OREONN

PLOT NO. 14
NODAL SOLUTION

STEP=1
SUB =1
TIME=1
EPELXY  (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.038165
SMN =-.155E-03
SMX =-.160E-04
_.155E-03
s
Bl _ o503
0 100E-03
B _ 9335-04
B _ 7795-04
O - s24E-04
L1 _. 470E-04
B _ 3155-04
0504
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MPa
MPa
MPa

[ 0.263

G,=| 33.48

-4.074

PLOT HNO. 3
ELEMENT SOLUTION
STEP=1

SUB =1

TIME=1

SX (NOAVG)
R5YS=0
PowerGraphics
EFACET=1

IMX =.038165
SMN =-.263011
SMX =.263011
-.263011
-.204564
-.146117
-.08767
-.029223
L0252Z23
.08767

. 146117
204564
263011

ROLONEONN

MPa

MPa

MPa

PLOT HNO. 9
NODAL SOLUTION
STEP=1
suUB =1
TIME=1
SX (AVG)
RSY3=0
PowerGraphics
EFACET=1
AVRES=Mat
DM¥ =.038165
SMM =-.263011
SMX =.263011
-2 263011
-.204564
-.146117
-.08767
-.029223
029223
.08787
146117
204564
.263011

I

[MPa]
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| -0.263

26.52

-0.421

0.263 | MPa

G,=| 33.48 | MPa

-4.074 | MPa
PLOT NO. 4
ELEMENT SOLUTIOHN
STEP=1
SUB =1
TIME=1
Sy (NOAVG)
RSYS=0
PowerGraphics
EFACET=1
DMX =.038165
SMN =26.518
SMX =33.482
26vE18
TRy
B o s
B 5. 539
B 25,613
Bl 55 357
B s s
1 31.935
1 32 703
;. -
MPa
MPa
MPa

PLOT NO. 10
NODAL SOLUTION

STEP=1
SUB =1
TIME=1
5Y (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.038165
SMN =26.518
SMX =33.482
26.518
o, oo
Bl 5 065
0 25,339
Bl oo s
I IELY.
5 16
B s g3
B 35 708
s
[MPa]
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y 0.263 | MPa

G,=| 33.48 | MPa

(-4.074 | MPa

PLOT NO. 5
ELEMENT SOLUTION

SUB =

TIME=1

SXY (NOAVG)

REYS=0

PowerGraphics

EFACET=1

DMX =.038165

SMN =-4.074

SMX =-.420818
~4.074

-

. ;o

56

.

Bl 5 044

B 4 s

4 533

1 _ 526679

B o055

PLOT NO. 11
NODAL SOLUTION

-0.263 | MPa
\26.52 MPa
\
-0.421| MPa

STEP=1
SUB =
TIME=1
SXY (BVG)
RSYS=0
PowerGraphics
EFACET=1
AVREES=Mat
DMX =.038165
SMN =-4.074
SME =-.420818
~4.074
.
.
s
.,
B ;> g44
O _q.633
N _q o33
B o0
o015
[MPa]
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PLOT NO. 5]
ELEMENT SOLUTIOHN

PLOT NO. 15
NODAL SOLUTIOHN

STEP=1 STEP=1
SUB =1 SUB =1
TIME=1 TIME=1
EPELZ (NOAVG) EPELZ (BVG)
RSYS=0 RSYS=0
PowerGraphics PowerGraphics
EFACET=1 EFACET=1
DMX =.038165 AVRES=Mat
SMN =-.161E-03 DMX =.038165
SMX =-.125E-03 SMN =-.161E-03
= T61E=03 SMX =-.125E-03
= ~.157E-03 -.161E-03
0 15 SR03 B s
1 ]
~.149E-03 B i c3: 03
L )
~.145E-03 B2 1495-03
B _ 441503 B _ 1458-03
Bl 137503 VLN
L -.1338-03 = _.i575-03
B _ 1595 03 L1 _ . 1338-03
] )
-.125E-03 B P
L129E-03
B _ o503
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