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“RECT_LIN.DAT” 4591818z LagisbL

2
A LINEAL SPRINGANALOGY Y TECHNIQUE COMPUTER PROGRAM,

AN UPPER Mov‘ 0

NELE NFOR

37‘ 1

NPOIN

= U AN nT -
NI NI INGAY

5 2 2 0 0 0
6 2 3 0 0 0
7 2 4 0 0 0
8 2 5 2 2 1
9 1 5 2 2 1
10 0 5 2 2 1



12 0 3 0 0 0 0
13 0 2 0 0 0 0
14 0 1 0 0 0 0
15 1 1 0 0 0 0
16 1 2 0 0 0 0
17 1 3 0 0 0 0
18 1 4 0 0 0 0

ELEMENT THETA(DEGREE)

1

2

3

4

5

6

7

8

9

10

1M1

12

13

14

15

16 | 90

17

wsﬂﬂﬂ?ﬂﬂﬂiﬂﬂﬂﬂi
180

ammnmum'mmaa
1.4142

23 9 18 1 270

24 10 1M 1 270

25 1M 12 1 270

26 1M 18 1 0

27 12 13 1 270

28 12 17 1 0

29 12 18 1.4142 45
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30 13 14 1 270
31 13 16 1 0
32 13 17 14142 45
33 14 15 1 0
34 14 16 14142 45
35 15 16 1 90
36
37

NPOIN
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11
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N

ﬂuﬂ’mﬂﬂi‘iﬂﬁﬂﬂ‘i
ammnmum'mmaﬂ

19 18 8 9

20 18 7 8

317 4.5 anwnuzdayalulng “RECT_LIN.DAT”
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>LINEAL2D <Enter>

PLEASE ENTER THE INPUT FILE

RECT_LIN.DAT

*** THE FINITE ELEMENT MO Al TS ***

PLEASE INPUT NO. OF CALCUL IDARY DISPLACEMENT (MAXIMUM OF 100
STEPS):

RECT_LIN_DEF.PLT

PLEASE ENTER FILE NAME F @I
RECT_LIN_QLT.PLT m

*** STARTING CALCULATION ST‘T’éOF TOTAL 1 STEP(8)™*

9
sy s b B U ERL)S-

A /s

YW %‘i Bl MANENaY
ex SOLVINQA SET OF SIMULTANEOUS EQUATIO FOR DISPLACEMENT SOLUTIONS ***

(TOTAL OF 36 EQUATIONS)

11 COMPLETELY DONE !!!
*** THANK YOU ***
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1
=

“RECT_LIN_SOL.OUT" uan<lfinsgii 4.7

a

FOR CALCULATION STEP: 1 OF TOTAL 1 STEP(S)
NODAL DISPLACEMENT SOLUTIONS [ 18]
NODE u \

1 0.000000E+00 0.000000E+00

2 0.000000E+00

3 0.000000E+00

4 0.129102E+00  -0:6248

5 0.343372E+00

6  0.584572E+0C

7 0.808267E+0

8  0.100000E+04

o 0.100000E+01 4 0800000840

10 0.100000E+0 0.000000E 00

11 0.870898E+0Q 2&&: ;
Hriet

12 0656628E400 J0.101412700-

13 0.415428E+004 0.105330 OE%D0 /.. '

14 0.191733E+00

15 0.152656E+00

16 0.378383E+00
17 0.621647EF00 0.3
18 0.84734

ELEMENT NO. AS FEOWIN HA _ E AREA: @

TOTAL INVALID ELEME}IT

4. ﬂuﬂ % nﬂ mi%ﬁmﬁﬁ LIN_SOL.OUT"
L‘]J?QIF;IHLLO }E@Nmmmmuumm;gﬂjmﬁwmﬂ%ﬂammmwmq?

4.8

TITLE = "FE PLOTTING DATA BY LINEAL SPRING TECHNIQUE"
VARIABLES = "X-CO", "Y-CO"
ZONE T="COORD", N= 18, E= 20, F=FEPOINT, ET=TRIANGLE
0.000000E+00 0.000000E+00
0.100000E+01 0.000000E+00
0.200000E+01 0.000000E+00
0.200000E+01 0.100000E+01



0.200000E+01
0.200000E+01
0.200000E+01
0.200000E+01
0.100000E+01
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.100000E+01
0.100000E+01
0.1700000E+01
0.100000E+01
1 15 14
1 2 15
2 4 15

2 3 4
14 16 13
14 15 16
15 5 16
15 4

13 17

13 16

16 6

16 5 6
12

1

N

0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.400000E+01

0.300000E+01
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ﬁuﬂawﬂwswawni

Qﬁﬁﬁﬁﬂﬁfﬂﬂﬁﬂﬂﬂ’]ﬁﬂ

188 8 9
18 7 8

0.000000E+00
0.100000E+01
0.200000E+01
0.212910E+01
0.234337E+01

ZONE T="COORD AT STEP: 1", N=

0.000000E+00
0.000000E+00
0.000000E+00
0.937517E+00
0.189859E+01

18 ,E= 20, F=FEPOINT, ET=TRIANGLE



0.258457E+01 0.289467E+01
0.280827E+01 0.392780E+01
0.300000E+01 0.500000E+01
0.200000E+01 0.500000E+01
0.100000E+01 0.500000E+01
0.870898E+00 0.406248E+01

0.656628E+00
0.415428E+00
0.191733E+00
0.115266E+01
0.137838E+01
0.162162E+01
0.184734E+01
1 15

1 2
2 4
2 3
14 16
14 15
15 5
15 4
13 17
13 16
16 6
16 5
12 18 11
12

RN
~

0.310141E+01

0.210633E+01

0.107220E
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TITLE = "COMPARISON CHART OF ELEMENT QUALITY BETWEEN EACH METHOD"
VARIABLES = "STEP", "QAVG", "QMIN"

ZONE T="LINEAL", I= 2, DATAPACKING=POINT

0 0.86602540 0.86602540

1 0.80654114 0.78922617
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2
A TORSIONAL SPRING ANALOGY TECHNIQUE COMPUTER PROGRAM
AN UPPER MOVING BOUNDARY OF RECTANGLE PROBLEM
NPOIN NELEM NFORCE
18 20 1
NODE bl 5 IBCY UMBX VMBY
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18
ELEMENT

ﬂumwmwmm
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6

7 15 5 16
8 15 4 5
9 13 17 12
10 13 16 17
" 16 6 17
12 16 5 6
13 12 18 "

14 12 17 18
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15 17 7 18
16 17 6 7
17 " 9 10
18 " 18 9
19 18 8 9
20 18 7 8
NPOIN FX FY
1 0 0

TORSION2D aztuilaur 1lsynisdauansliiglf 4.16

>TORSION2D

PLEASE ENTER THE INPUT FI
RECT_TOR.DAT

*** THE FINITE ELEMENT MODEL S OF NO R MENTS ***

PLEASE INPUT NO. OF CALCULAT V DARY DISPLACEMENT (MAXIMUM OF 100
STEPS):
1

PLEASE ENTER FILE NAM {‘y‘_ 2
RECT_TOR_SOL.OUT

RECT_TOR_DEF.P

PLEASE ENTER PLOTTING FII;E 192\@-(
ﬁ AHYNINYINT

PLEASE ENTER FILE NAME FOR MEASURING EéMENT QUALITYAPLT):

< RRANN 30 AR 1INYIAY

e STARTING CALCULATION STEP: 1 OF TOTAL 1 STEP(S) ***
*** ESTABLISHING ELEMENT MATRICES AND ASSEMBLING ELEMENT EQUATIONS ***
*** APPLYING BOUNDARY CONDITIONS ***

*** SOLVING A SET OF SIMULTANEOUS EQUATIONS FOR DISPLACEMENT SOLUTIONS ***
(TOTAL OF 36 EQUATIONS)



71

1l COMPLETELY DONE !!!
** THANK YOU ***

U7 4.16 aduduneunlinguuaepexiome il lllsunss TORSION2D
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HARWEURIANLARAUAINQAFRTULUILNUAIAD mmmagiuiﬂmfm

“RECT_TOR_SOL.OUT” uansléisasili 4.17

a

NODE

1

2

3

4

5

6

7 0.889299E+00
8  0.100000E+01
9 0.100000E+0%
10 0.100000E+01
1 0.912613E+00
12 0.669292E+00
13
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TITLE = "COMPARISON CHART OF ELEMENT QUALITY BETWEEN EACH METHOD"
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> ELASTIC2D <Enter>

PLEASE ENTER THE INPUT FILE NAME:
RECT_ELAS.DAT

*** THE FINITE ELEMENT MODEL CONSISTS OF 18 NODES AND 20 ELEMENTS ***

WHIICH TYPE OF ELASTIC PROBLEM? (1 = PLANE STRESS, 2 = PLANE STRAIN)

STEPS):
1

PLEASE ENTER FILE NAME F/

RECT_ELAS_SOL.OUT

PLEASE ENTER PLOTTING FIL
RECT_ELAS_DEF.PLT

PLEASE ENTER FILE NAME FOR MEASURING ELEMENT
RECT_ELAS_QLT.PLT

*** STARTING CALCULATIONSSTEP: 1 OF TOTAL 1 STEP(S) LANE STRESS” PROBLEM ***

IONS ***

*** ESTABLISHING ELEMENTETRIC EQ F;J
i

*** APPLYING BOUNDARY CONE‘I’ﬂS

soumorscy A bl 2 NANAN3..

(TOTAL OF 36 EQUATIONS)

...COMP’QWIMﬂiﬂJ UNIINYAY

*** THANK OU e
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FOR CALCULATION STEP: 1 OF TOTAL 1 STEP(S) FOR "PLANE STRESS"
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ZONE T="COORD", N=

18, E= 20, F=FEPOINT, ET=TRIANGLE
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TITLE = "COMPARISON CHART OF ELEMENT QUALITY BETWEEN EACH METHOD"
VARIABLES = "STEP", "QAVG", "QMIN"

ZONE T="ELASTIC", I= 2, DATAPACKING=POINT
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MANUIN N

‘i"lilﬂzL":]‘EIﬂ‘ﬂ’ﬂﬂiﬂﬁ‘LLﬂ’iNﬂ’ﬂNﬁQLlﬂ’ﬂ% LINEAL2D

Tsunsumanfiawmed LINEAL2D NlAdsshnfluinedinssitlynizeuannnnig

A Ao any o A~ = g
Lﬁ@ﬂummﬂﬂiﬂﬂﬂq')iqﬁluumw 4 UTYUAZLRUAANY

C***************************************************************************

c* PROGRAM I LNEAE2D %*
C* A FINITE ELEMENT PROGRAM FOR STUDYOF MESH MOVEMENT BY LINEAL SPRING *
c* ANALOGY TECHNIQUE FQR TWO-DAMENSIONAL MOVING *
c* BOUNDARY PROBLEMS *
C nnnnnnnnnn EE * * kX Fk EaE
c
c THE VALUE DECLARED N THE PARAMETER STATEMENT BELOW SHOULD BE
c ASSIGNED ACCORDING'TO/THE SIZE OF THE PROBLEMS
C -
o MXPO1 = MAXIMUM NUMBER OF NODES IN THE MODEL
¢ MXELE = MAXIMUIWNUVBER OF ELEMENTS N THE MODEL
& s
PARAMETER (MXPO 1210005 MXEL§=2500)
IMPLICIT REAL*8 (A-H, 0-2)
DIMENSION SYSK@XRO1*2, MXPOI*2) , SYSF(MXPO1*2), STORESYSF(MXPO1*2)
DIMENSION THETA(MXELE) . COORD(MXPOL, 2), UMB(MXPOI,2)
DIMENSION INTMATTRI (MXELE, 3). /.
REAL L12, k13, £23, LENGTH(MXELE), NEWCOORD(MXPOI,2)
INTEGER INTMAT (MXELE, 2) , #BECNXPOT ,2)
INTEGER CONDA(MXEEE), STEP, SUNMA
CHARACTER*20 NAMEL, NAMEZ. NAMES, NAWEA
o ; =T ' .
5 WRITE(6,10) . k. |
10 FORMAT(/, * PLEASE-ENTER-THEINPUT FILE-NAME:")
READ(5, "(A)3, ERR=5) NAMEL i
OPEN(UNIT=8, FILE=NAME1, STATUS="0LD®, ERR=5)
c J
Cmmm L
c READ INPUT DATA®
| OSSR ——— T )
c

READ(8,%) NLINES
DO 20 ILINE=1,NLINES
READ(8,1) TEXT
1 “FORNAT (20A4)

20 'CONTINUE
READ(8,1) TEXT
READ(8,*) NPOIN, NELEM, NFORCE, NETRI
READ(8,1) TEXT
DO 40 IP=1,NPOIN
READ(8,*) I, (COORD(I,J),J=1,2), (IBC(I,K),K=1,2), (UMB(I,L),L=1,2)
IF(1.NE_1P) WRITE(6,30) IP

30 FORMAT(/, " NODE NO.*, 15, " IN DATA FILE IS MISSING")
IF(1.NE.IP) STOP

40 CONTINUE
READ(8,1) TEXT
DO 60 IE=1,NELEM
READ(8,*) I, (INTMAT(1,J), J=1,2), LENGTH(I), THETA(I)
IF(1.NE.1E) WRITE(6,50) IE

50 FORMAT(/, " ELEMENT NO.®, 15, " IN DATA FILE IS MISSING™)
IF(1.NE.IE) STOP
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60 CONTINUE

NDF = 2.
= NPOIN*NDF
DO 70 1=1,NEQ
STORESYSF(I) = 0.

70 CONTINUE
READ(8,1) TEXT
DO 80 11=1,NFORCE
READ(8,*) N, FX, FY
1IEQ = (N-1)*NDF
STORESYSF(IEQ+1)
STORESYSF(1EQ+2)

80 CONTINUE
READ(8,1) TEXT
READ(8,1) TEXT
DO 90 I1E=1,NETRI
READ(8,*) I, (ANIMATTRICI,J) J=1,3)

90 CONTINUE

FX
FY

WRITE(6,100) NPOIN, NELEM
100 FORMAT(/, " *** THg'FWITE ELEMENT MODEL CONSISTS OF", 15,
" NODESTAND® 4 15, = ELEMENTS **x%)
110 WRITE(6,120) i
120 FORMAT(/, " PLEASE/INPUT NQ. O+ CALCULATION STEP(S) FOR MOVING~,
* BOUNDARY /D LSPLACEMENT/ (MAXINMUM, OF 100 STEPS): ")
READ(5,*) STEP )
IF(STEP.GT.100)" G@ TO 110 id

130 WRITE(6,140) =
140 FORMAT(/, " PLEASE ENTER FILE NAME FOR DISPLACEMENT SOLUTIONS :*)
READ(5, "(A)™, ERR=130) NAME2
OPEN(UNIT=9 “F1L E=NAVE? . STATUS="NEW" ERR:l3Q)

150 WRITE(6.160)

160 FORMAT(Z, T PLEASE ENTER PLOTTING FILE NAME (*.PLT):")
READ(5, ©(A)",.ERR£150) |NAME3
OPEN(UNET=10, FILE=NAME3, STATUS="NEW", ERR=150)

170 WRITE(6,180)
180 FORMAT(/, " PLEASE ENTER FILE NAME FOR MEASURING ELEMENT QUALITY
" (<.PLT):")
READ(5, "(A)", ERR=170) NAME4
OPEN(UNIT=11, FILE=NAME4, STATUS="NEW", ERR=170)

DO 5000 [ISTEP=1,STEP
WRITE(6,190) ISTEP, STEP
190 FORMAT(///, * *** STARTING CALCULATION STEP:", 13, * OF TOTAL", 13,



" STEP(S) ***7)

DO 200 1=1,NEQ
SYSF(1) = STORESY
200 CONTINUE
DO 210 1=1,NEQ
DO 210 J=1,NEQ
SYSK(1,J) =0.
210 CONTINUE

CREATE ELEMENT MATRICES, ASSEMBLE THEM FOR SYSTEM MATRICES,
APPLY BOUNDARY CONDITIONS AND SOLVE THEM FOR THE SOLUTIONS:

WRITE(6,220)

SF(D)
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220 FORMAT(/, * *** ESTABLISHING ELEMENT MATRICES AND ASSEMBLING ELEMENT®,

" EQUAT
CALL CEM( STEP,

THETA,

WRITE(6,230)

230 FORMAT(/, ° *** APPLYING BOUNdARY CONDETEIONS ****")
LN, UBC, SYSK, SYSF, UMB, STEP, MXPOI)

CALL APPLYBCENPO

WRITE(6,240)

240 FORMAT(/, ™ *** SOLVING A SET OF SIMULTANEOUS EQUATIONS FOR",
" DISPLACEMENT “SOLUTAONS X0

WRITE(6,250) NEQ
250 FORMAT(5X, " ( TO
CALL SOLVE(NEQ,

—— e e T — — — — — — — —

WRITE(9,260) | IST
260 FORMAT(/, "FOR- CAL

JONS %=y )

ISTEPS NETRI, INTMATIRI,
SYSK,#SYSF] MXPOI, MXELE)

=t

dal

TAL JOF- {45, |ZJEQUATIONS ) ")

SYSK, SYSF MXPOI)
ald -J'.-.

EP, STEP

CULATION STEP:*, 13, ™ OF TOTAL",

COORD, NELEM,

* STEP(S)")

WRITE(9,270) NPO
270 FORMAT("NODAL.DIS

"uT, 19X,
11 =1 o
DO 290 [IP=1,NPOM
12 =11+ 1

WRITE(93280) 1P,
280 FORMAT(16, 2E20.6
11 = 1294 1
290 CONTINUE

IN

PLACEMENT SOLUTIONS [*,

A
N

(SYSF(D), "1=1T512)
)]

S 1t 72X,

DO 300 1P=1,NPOI
= (IP-1)*2 + 1
J2=J1+1
NEWCOORD(IP,1)
NEWCOORD(IP,2)
300 CONTINUE

N

COORD(IP,1) + SYSF(J1)
COORD(IP,2) + SYSF(J2)

DO 310 IE=1,NETR

INTMAT , LENGTH

, 13X,
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CONDA(IE) =

CONT INUE

SUMA = 0.

DO 320 1E=1,NETRI
Il = INTMATTRI(IE,1)
JJ = INTMATTRI(IE,2)
KK = INTMATTRI(IE,3)
XG1 = NEWCOORD(II,1)
YG1 = NEWCOORD(II,2)
XG2 = NEWCOORD(JJ,1)
YG2 = NEWCOORD(JJ,2)
XG3 = NEWCOORD(KK,1)
YG3 = NEWCOORD(KK,2)
AREA = 0.5*(XG1*(YG2-YG3) + XG2*(YE3-YG1) + XG3*(YG1-YG2))
IF(AREA.LT.0) THEN

CONDA(IE) = 0.

SUMA = SUMA + 1.

ENDIF

CONT INUE

! CONDA = O : ARBA"OR<ELEMENT 1S NEGATIVE (AN INVALID ELEMENT)
! CONDA = 1 :"AREAOF ELEMENT|IS POSITIVE OR EQUAL ZERO

(AVALID ELEMENT)

WRITE(9,330)

FORMAT(/, "ELEMENTNOZ AS FOLLOWING HAS NEGATIVE AREA:")
DO 350 1E=1,NETRM

IF(CONDA(IE) .EQ.0) WRITE(Q, 340) g

FORMAT(15)

CONT INUE

WRITE(9,360) SUMA

FORMAT("TOTAL INVALID ELEMENT(S) 15)

IF(ISTEP.EQ.1)  THEN

WRITE(10,*). * TITLE = "FE PLOTTING DATA BY LINEAL SPRING MTD."*
WRITE(10,*) ~=VARIABLES = "X-CO", ™Y-CO""

WRITE(10,370) NPOIN, NETRI

FORMAT(" ZONE“T=""COORD",N=", 15,", E=", 15,%, F=FEPOINT, ET=TRIANGLE")
DO 390 IP=1,NPOIN

WRITE(105380) .. (COORD(IP.J),. J=1.2)

FORMAT(2E20.6)

CONTINUE

DO 410 “IE=1,NETRI

WRITE(10,400) (INTMATTRIEIE,J), J=1,3)

FORMAT (318)

CONTINUE

ENDIF

WRITE(10,420) ISTEP, NPOIN, NETRI

FORMAT(" ZONE T="COORD AT STEP:",13,"", N=",15,",E=",15," ,F=FEPOINT”,
< ET=TRIANGLE")

DO 440 1P=1,NPOIN

WRITE(10,430) (NEWCOORD(IP,J), J=1,2)

FORMAT (2E20.6)

CONT INUE

DO 460 1E=1,NETRI

WRITE(10,450) (INTMATTRI(IE,J), J=1,3)

FORMAT(318)

CONT INUE



EXIT THE PROGRAM IF INVALID ELEMENTS OCCUR:

IF(SUMA.GT.0.) WRITE(6,470) SUMA, ISTEP

470 FORMAT(/,"!!l ERROR Il1l*® /, * THERE ISCARE)",15," INVALID ELEMENT(S)"

" WHICH HAS(HAVE) NEGATIVE AREA AT THE®, 14, " STEP")
IF(SUMA.GT.0.) STOP

FIND & PRINT OUT THE NEW ELEMENT QUALITY:
SUMQ = 0.

QMIN = 1.

DO 490 IE=1,NETRI

Il = INTMATTRI(IE, 1)

JJ = INTMATTRI(IE,2)

KK = INTMATTRI(IE,3) J
XG1 = NEWCOORD(!I,1)

YG1 = NEWCOORD(IT,2)

XG2 = NEWCOORD(JJy1)

YG2 = NEWCOORD(JJ,2)

XG3 = NEWCOORD (KK, 1)

YG3 = NEWCOORD(KK 2)

AREA = 0.5*(XGL*(YG2LYE3) + XG2*(YE3-Y61) + XG3*(YGl-YG2))

L12 = SQRT((XG2EXGI)*#2/+ ((G2=XG1)**2)
L13 = SQRT((XG3-XE1)#*2 + (YG3-YGL)**2)
L23 = SQRT((XG3:XG2)**2 * (YG3—YG2)**2)

Q = (4*SQRT(3.0)*AREA)/(L12**2 + L13**2 + L23**2)
IF(Q-LT.0.0R.Q.GF-1) WRITE(6,480) ISTEP

480 FORMAT(/," 111 ERRORII .7/, ELEMENT QUALITY VALUE (Q) IS NOT IN ",

" RANGE [0,1] AT THE®, 14,5" STEP")
IF(Q.LT.0.0R.Q.GT.1) -STOP ==
SUMQ = SUMQ + Q =
IFCQ.LT-QMIN) QMIN =@ -
490 CONTINUE

QAVG = SUMQ/NETRI
WRITE(11,500) . ISTEP, QAVG, QMIN
500 FORMAT(14, 2F20.8)

IF(STEPYEQ.1) GO TO 520
WRITE(6,510)
510 #FORMAT (7 #4**% UPDATING, VARIABLES AEOR-NEXT, STER-#**1)
GALL'\ UPDATE(NEWCODRD, (COORD, | INTMAT, LENGTH,” THETA,'NPOIN, NELEM,
MXPOI', “MXELE)

5000 CONTINUE

520 WRITE(6,530)

530 FORMAT(///, ™ 111 COMPLETELY DONE I11%, /, ™ *** THANK YOU ***")
STOP
END

SUBROUTINE CEM( STEP, ISTEP, NETRI, INTMATTRI, COORD, NELEM, INTMAT,

LENGTH, THETA, SYSK, SYSF, MXPOl, MXELE)
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COMPUTE ELEMENT MATRICES AND ASSEMBLE THEM FOR SYSTEM EQUATIONS:

PARAMETER (Pl = 3.1415926)

IMPLICIT REAL*8 (A-H,0-2)

DIMENSION SYSK(MXPOI*2,MXPO1*2), SYSF(MXPO1*2)

DIMENS 10N COORD(MXPOI,2), THETA(MXELE), INTMATTRI(MXELE,3)
REAL L12, L13, L23, LENGTH(MXELE), K(4,4)

INTEGER STEP, INTMAT(MXELE,2)

CHECK ELEMENT VALIDITIES FOR ONLY INITIAL ELEMENTS:

IF(ISTEP.EQ.1) THEN

SUMQ =
QMIN = 1.

DO 300 IE=1, NETRI

Il = INTMATTRICIE, 1)

JJ = INTMATTRI(LES2)

KK = INTMATTRICIE,3)

XG1 = COORD(I!,1)

YG1 = COORD(I#,2)

XG2 = COORD(JJ, 1) 5
YG2 = COORD(JJ42) o’
XG3 = COORD(KK,1) '
YG3 = COORD(KK,2) )

AREA = 0.5*(XGI*(Y82-¥G3) + XGZ*(YGS YG1) + XG3*(YG1-YG2))
IF(AREA.LT.0.) WRITE(6,100) _
FORMAT(/, ™ 111 ERROR 111"/ % ;HERE 1S INVALID ELEMENT WHICH HAS *,
* NEGATIVE AREA%, /, ®./==- CHECK F.E. MODEL FOR NODAL ",
" COORDINATES AND ELEMENT NODAL CONNECTIONS ---*)
IF(AREA.LT.0.) STOP

L12 = SQRT((XG2-XG1)**2 + (YG2-YG1)**2)
L13 = SQRT((XG3-XG1)**2 + (YG3-YG1)**2)
L23 = SQRT((XG3-XG2)**2 + (YG3-YG2)**2)

Q = (4*SQRT(3.0)*AREA)/(L12**2 + L13**2 + L23**2)
IF(Q.LT.0.0R.Q.GT.1) .. WRLTE(6,200)
FORMAT(Z, 'f 111 ERROR /118", "/, *“ELEMENT QUALITY VALUE (Q) MUST BE -,
*IN_RANGE [0.1}. /.--£ CHECK.F_.E. MODEL FOR NODAL
" COORDINATES AND ELEMENT NODAL CONNECTIONS ---")
IF(Q.LT.0.0R.Q.GT.1) STOP
SUMQE= /SUMO%+ @
LF(QULT.OQMIND, QMIN = Q
CONT INUE

QAVG = SUMQ/NETRI

IMAX = STEP + 1.

WRITE(11,*) = TITLE = “COMPARISON CHART OF ELEMENT QUALITY BETWEEN -,
* EACH METHOD"*

WRITE(11,*) * VARIABLES = "STEP", "QAVG'", "QMIN""

WRITE(11,400) IMAX

FORMAT(" ZONE T="LINEAL", 1=", 14, " , DATAPACKING=POINT")

WRITE(11,500) 0O, QAVG, QMIN

FORMAT(14, 2F20.8)

ENDIF

LOOP OVER THE NUMBER OF ELEMENTS:
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DO 1000 [1E=1, NELEM

THETA(IE) = THETA(IE)*2*P1/360

K(1,1) = COS(THETA(IE))**2
K(1,2) = SIN(THETA(IE))*COS(THETA(IE))
K(1,3) = -COS(THETA(IE))**2

K(1,4) = -SIN(THETA(IE))*COS(THETA(IE))
K(2,1) = K(1,2)

K(2,2) = SIN(THETA(IE))**2

K(2,3) = -SIN(THETACIE))*COS(THETAIE))
K(2,4) = -SIN(THETACIE))**2

K(3,1) = K(1,3)

K(3,2) = K(2,3)

K(3,3) = COS(THETA(LE))*2

K(3,4) = SIN(THEFACIE))*COS(THETACIE))
K(4,1) = K(1,4)

K(4,2) = K(2,4) )

K(4,3) = K(3,4)

K(4,4) = SIN(THETA(IE))**2

FAC = 1./LENGTH(LE) | 4
DO 600 1=1,4 )
DO 600 J=1,4 -
K(1,3) = K(1,J3)*FAC

600 CONTINUE

———— e T — — — — —— — —— — —— ————————— —

CALL ASSEMBLE(IE, NTMAT, K, SYSK, MXPOI, MXELE)
1000 CONTINUE

RETURN
END

SUBROUINET ASSEMBLECIE, INTMAT, K, 'SYSK, MXPOI, MXELE)

IMPLICIT' REAL*8 '(A=H,0-7)
DIMENS 10N SYSK(MXPO1*2, MXPO1*2)

REAL K(4,4)

INTEGER INTMAT(MXELE, 2)
NNODE = 2

NDE = 2

DO 200 NR=1,NNODE
NODR = INTMAT(IE,NR)
DO 200 MR=1,NDF

NSR
NER

(NODR-1)*NDF + MR
(NR  -1)*NDF + MR
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DO 100 NC=1,NNODE
NODC = INTMAT(IE,NC)
DO 100 MC=1,NDF

NSC
NEC

(NODC-1)*NDF + MC
(NC -1)*NDF + MC

SYSK(NSR,NSC) = SYSK(NSR,NSC) + K(NER,NEC)
CONTINUE

CONTINUE

RETURN
END

O0O0O0O0O0O0O0O0 OO0

SUBROUTINE ~APP , 1BC, @ UMB, STEP, MXPOI)

IMPLICIT RE
DIMENSION
DIMENSION
INTEGER

NDF = 2.
DO 700 IN=1,NPOI
DO 600 1D=1,NDF

CHECK IF 1IB

IF(IBC(CIN, ID
GO TO 600

ELSE I1ECIBC(IN, ID).EQ. 1) THEN
IEQ = (IN-1)*NDF + ID

mgmmmm NINB1AY

SK(IEQ IEQ)
SYSF(IEQ) =

DO 200 IR=1,NPOIN*2
IF(IR.EQ.IEQ) GO TO 200
SYSK(IR, IEQ) =

CONTINUE

ELSE IF(IBC(IN,ID).EQ.2) THEN
IEQ = (IN-1)*NDF + ID
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DO 300 1C=1,NPOIN*2
SYSK(IEQ, IC) =

300 CONTINUE
SYSK(IEQ, 1EQ) = 1.
SYSF(IEQ) = UMB(IN, ID)/STEP

DO 400 IR=1,NPOIN*2
IF(IR.EQ.1EQ) GO TO 400
SYSF(IR) = SYSF(IR) - SYSK(IR,IEQ)*(UMB(IN, ID)/STEP)
SYSK(IR, IEQ) =

400 CONTINUE

CHECK IF INPUT IBC IS W

----- ese ',//.//

WRITE(6,500) IN,
Eﬂﬁt OF NODE*, 15, " ID =", I5)

500 FORMAT(/, " ERR
ENDIF

600 CONTINUE
700 CONTINUE

RETURN
END

OO0O0O0O0O0 OO0

SOLVE A SET OF GUASS ELIMINATION.
THE OUTPUT SOLUTI RIABLE SYSF.

SCALIN

----------- ﬁﬂﬂ’m&lw‘ﬁ"r’ﬂﬂ’]ﬂ‘i

DO 300 YIE=1,NEQ
BIG = ABS(SYSK(IE 1))

M%’Eﬁ@fﬂ‘mmﬁnmwa ¢)

NT INUE
DO 200 1C=1,NC
SYSK(IE, IC) = SYSK(IE, IC)/BIG
200 CONTINUE
SYSF(IE) = SYSF(IE)/BIG
300 CONTINUE

FORWARD ELIMINATION : STARTING FROM *PRIME" 1P=1,NEQ-1

DO 900 [IP=1,NEQ-1
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PIVOTING:

JP = IP

BIG = ABS(SYSK(IP,IP))

DO 400 I=1P+1,NR

KMAX = ABS(SYSK(I, IP))

IF(KMAX.GT.BIG) THEN
BIG = KMAX
JP =1

ENDIF

400 CONTINUE

IF(JP.NE.IP) THEN
DO 500 J=IP,NC
DUMY = SYSK(JP,J)
SYSK(JP,J) = SYSKCIP,J)
SYSK(IP,J) = DUMY

500 CONTINUE
DUMY = SYSF(JP)
SYSF(JP) = SYSF(P)
SYSF(IP) = DUMY
ENDIF

PERFORMING FORWARD ELIMINATION_ACCORDING TO THE ORDER OF
"PRIME® FROM 1 TOsNEQ-1

____________________________________ TJ__;______________________

DO 700 IE=IP+1,NEQ | -
RATIO = SYSK(IE AP)/SYSK(IP. 1P)
DO 600 IC=IP+1,NC F/R
SYSK(IE,IC) = SYSK(IE#€)-SYSK(IP, 1€)*RATIO
600 CONTINUE T
SYSF(IE) = SYSF(IE)-SYSFCIP)*RATIO
700 CONTINUE . -

DO 800 IE=4P+1,NEQ
SYSK(IE, IP) =

800 CONTINUE

900 CONTINUE

PIVOT =UABS(SYSK(NEQ,NEQ))

IF(ABS(PIVOT) .LT.10.E-10) #THEN

WRITE(67950) NEQ3 PIVOT

950 (FORMAT(" EQAUTION NO.", 15, " HAS NEARLY ZERO"PIVOT.OF%; [E14.6, "

= lexgTOP *x* Y7/, *** 'CHECK NODE ‘AND ELEMENT NUMBERING IN F.E.
* MODEL ***T)

STOP

ENDIF

SYSF(NEQ) = SYSF(NEQ)/SYSK(NEQ,NEQ)

DO 1100 IE=NEQ-1,1,-1

SUM = 0.

DO 1000 IC=1E+1,NEQ

SUM = SUM + SYSK(IE, IC)*SYSF(IC)
1000 CONTINUE
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SYSF(IE) = (SYSF(IE)-SUM)/SYSK(IE, IE)

1100 CONTINUE
C
RETURN
END
C
C
C
SUBROUTINE UPDATE(NEWCOORD, COORD, INTMAT, LENGTH, THETA, NPOIN,
* NELEM, MXPOI, MXELE)
C
C __________________________________________________________________
C CALCULATE NEW VARIABLES(COORD, ILENGTH, THETA) FOR NEXT STEP:
C __________________________________________________________________
C
PARAMETER (Pl = 3.1415926)
C
IMPLICIT REAL*S.. (A-H,0-7)
DIMENS 10N COORDCNMXPOY, 2) , | THETA(MXELE)
REAL NEWCOORR(WXPOI , 2) , LENGTH(MXELE)
INTEGER INTMAT QUXELE,2)
" |
C CALCULATE NEW<COORD:
C-————————— - - - (" &
C -
DO 100 1P=1,NPOIN
DO 100 J=1,2 )
COORD(IP,J) = NEWCQORD(IP.J)
100 CONTINUE wy
C }
Commmmmmmmme T F/R
C CALCULATE NEW LENGTH: 71,
Ce——————— %"} L
C I" —
DO 300 1E=1,NELEM - - -
Il = INTMAT(TE, 1)
JJ = INTMATCEE,2)
XG1 = COORDLIT,1)
YG1 = COORD(IL,2)
XG2 = COORD(JJ,1)
YG2 = COORD(JJF,2)
DX = XG2 - XG1
DY = YG2r -. YG1
LENGTHEE) = SQRT(DX**2 + DY**2)
C
cC--—————————_ % __________
C CALCULATE NEW THETA:
Co————n,_ Sl su, g _ B o
C
IF(DX.GT.0) ' THEN
IF(DY.GT.0) THEN
THETACIE) = ABS(ATAN(DY/DX))*(360/(2*P1))
ELSE IF(DY.LT.0) THEN
THETACIE) = (2*P1 - ABS(ATAN(DY/DX)))*(360/(2*P1))
ELSE
THETA(IE) = O.
ENDIF
ENDIF
C

IF(DX.EQ.0) THEN

IF(DY.GT.0) THEN

THETACIE) = (P1/2)*(360/(2*P1))
ELSE IF(DY.LT.0) THEN

THETACIE) = (3*P1/2)*(360/(2*P1))
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200

300

ELSE

WRITE(6,200) IE

FORMAT(/, ™ 111 ELEMENT NO.", 15, " IS A POINT.")
ENDIF

ENDIF

IF(DX.LT.0) THEN
IF(DY.GT.0) THEN
THETACIE) = (P1 - ABS(ATAN(DY/DX)))*(360/(2*P1))
ELSE IF(DY.LT.0) THEN

THETACIE) = (P1 + ABS(ATAN(DY/DX)))*(360/(2*P1))
ELSE
THETACIE) = P1*(360/(2*PI
ENDIF W
ENDIF

CONTINUE

RETURN
END

OO0O0O0O0OO0

R E T R A e e e

END PROGRAM

AULINENINYINT
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C***************************************************************************

c* PROGRAM / TORS LON2D *
C* A FINITE ELEMENT PROGRAM FOR STUDY OF-MESH MOVEMENT BY TORSIONAL SPRING *
c* ANALOGY "TECHNIQUE FQR TWO-D#MENSIONAL MOVING *
c* BOUND RY PROBLEMS %*
C nnnnnnnnnn EE * KX *xk *hxK
C
C ASSIGNED ACCORDANG 30 THE SI1ZE OF THE PROBLEMS
C \
C MXPOI = MAX EMUNMS NUMBER %F NODES IN THE MODEL
C MXELE "= MAXIMUM NUMBER OF ELENMENTS IN"THE MODEL
C
PARAMETER  (MXPO131000 S VXELE= 2500)
C
IMPLICIT REAL*8 (A-H, 0- -7) 4
DIMENSION SYSK@XRO1*2 ;MXPOI*2) 4 SYSF(MXPO1*2)
DIMENSION STORESYSF(NMXPOI+2), “COORD(IMXROI ,2), UMB(MXPO1*2)
REAL NEWCOORD(MXPOH ,2) ;' k12, L13, L23
INTEGER INTMAT(MXELE;3), I'_(MXPOI,Z), STEP, SUMA, CONDA(MXELE)
CHARACTER*20 NAMEL, NAMEZ, NAME3, NAME4
C - m— "
10 WRITE(6,20) ,
20 FORMAT(/, " PLEASE ENTER THE INPUT ?lLE NAME : ')
READ(5, "(A)"4 ERR=10) NAME1
OPEN(UNIT= 8 JEttE-NAMEi——ST#TUS—‘OtB‘——ERR-iO)
C
O RS ——— .
C READ INPUT DATA: i
Cmmm L
C
READ(85*) {NLINES
DO 30 | TLINE=1;NLINES
READ(8,1) 'TEXT
1 FORMAT(20A4)
30 CONTINUE
READ(8.1) JEXT
READ(8,*) [INPOIN, NELEMj; NFQRCE
C

NDF = 2.
NEQ = NPOIN*NDF
DO 40 1=1,NEQ
UMB(I) =
40 CONTINUE
READ(8,1) TEXT
DO 60 IP=1,NPOIN
READ(8,*) 1, (COORD(I,J), J=1,2), (I1BC(1.K), K=1,2), UX, UY
IF(1.NE_1P) WRITE(6,20) IP
50 FORMAT(/, " NODE NO.*, 15, " IN DATA FILE IS MISSING")
IF(1.NE.IP) STOP
1IEQ = (1-1)*NDF
UMB(IEQ+1) = UX
UMB(IEQ+2) = UY
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80

90

100

110

120
130

200
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CONTINUE

READ(8,1) TEXT

DO 80 1E=1,NELEM

READ(8,*) I, (INTMAT(I,J), J=1,3)

IF(1.NE.IE) WRITE(6,70) IE

FORMAT(/, " ELEMENT NO.*, 15, " IN DATA FILE IS MISSING™)
IF(1.NE.IE) STOP

CONT INUE

DO 90 1=1,NEQ
STORESYSF(I) =

CONT INUE

READ(8,1) TEXT

DO 100 11=1,NFORCE
READ(8,*) N, FX, FY
IEQ = (N-1)*NDF

STORESYSF(IEQ+1) = FX
STORESYSF(IEQ+2)..= FY J
CONT INUE

WRITE(6,110) NPOIN, .NELEM
FORMAT(/, = *** THE FINITE ELEMENT MODEL CONSISTS OF®, 15, " NODES",
" AND g5 & FUEMENTS ****)

WRITE(6,130)

FORVAT(/, * PLEASE INPUT NO. OF: CALCULATION STEP(S) FOR MOVING -,
" BOUNDARY /D LSPLACEMENT/(MAXINMUM OF 100 STEPS): ™)

READ(5,*) STEP J

IF(STEP.GT.100) GO TO 120 4

WRITE(6,150)

FORMAT(/, " PLEASE ENTER FILE NAME FOR DISPLACEMENT SOLUTIONS :%)
READ(5, "(A)™, ERR=140) NAME2

OPEN(UNIT=9, -FILE=NAME2, STATUS="NEW", ERR=140)

WRITE(6.170)

FORMAT(#, 1 PLEASE ENTER PLOTTING FILE NAME (*JPLT):")
READ(5, ©(A)",.ERR£160) |NAME3

OPEN(UNET=10, FILE=NAME3, STATUS="NEW", ERR=160)

WRITE(6,190)

FORMAT(/, " PLEASE ENTER FILE NAME FOR MEASURING ELEMENT QUALITY",
" (<.PLT):"

READ(5, "(A)"., ERR=180) NAME4

OPEN(UNIT=11, FILE=NAME4, STATUS="NEW", ERR=180)

DO 5000 ISTEP=1,STEP
WRITE(6,200) ISTEP, STEP
FORMAT(///, * *** STARTING CALCULATION STEP:®, 13, " OF TOTAL", 13, "
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" STEP(S) ***°)

DO 210 1=1,NEQ
SYSF(I) = STORESYSF(I)
CONTINUE

DO 220 1=1,NEQ

DO 220 J=1,NEQ
SYSK(I,J) =0.

CONTINUE

CREATE ELEMENT MATRICES, ASSEMBLE THEM FOR SYSTEM MATRICES,
APPLY BOUNDARY CONDITIONS AND SOLVE THEM FOR THE SOLUTIONS:

WRITE(6,230)
FORMAT(/, " *** ESTABLAISHING ELEMENT MATRICES AND ASSEMBLING ELEMENT",
" EQUATIONS-***=) 2
CALL CEM( ISTEP, STEP, NELEM, NPORN, COORD, INTMAT, SYSK, SYSF,
MXPOT, MXELE)

WRITE(6,240)
FORMAT(/, " *** APPLYING BOUNdARY CONDITEIONS, ****)
CALL APPLYBGENPOLN, ABC, SYSK, SYSF, UMB, STEP, MXPOI)
WRITE(6,250)
FORMAT(/, " *** SOLVING A SET ®F SIMULTANEOUS EQUATIONS FOR ",
" DISPEACEMENT “SOLUTAONS ***7)
WRITE(6,260) NEQ /4
FORMAT(5X, * ( TOTAL JOF=; 45, * EQUATIONS )")
CALL SOLVE(NEQ,/SYSK, SYSF. MXPOI)
akd -J'.-.

e T — — — — — — — —

WRITE(9,270)", ISTEP, STEP i

FORMAT(/, "FOR- CALCULATION STEP-*, ¥3, * OF TOTAL", 13, " STEP(S)")

WRITE(9,280) /NPOIN X |

FORMAT ("NODAL.DISPLACEMENT SOLUTIONS [®, I5,. " 1:", /, 2X, T"NODE",
13X, "Ur, 19X, "VT)

11=1 o -
DO 300 IP=1,NPOIN
12 =114 1

WRITE(93290) "1R," (SYSF(D), 1=1T512)
FORMAT(16, “2E20.6)

11 = 12094 1

CONTINUE

DO 310 [IP=1,NPOIN

= (IP-1)*2 + 1
J2=J1+1
NEWCOORD(IP,1) = COORD(IP,1) + SYSF(J1)
NEWCOORD(IP,2) = COORD(IP,2) + SYSF(J2)
CONTINUE

DO 320 [1E=1,NELEM



OO0O0O0

320

330

340

350
360

370

380

390
400

410
420

430

440
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CONDA(IE) =

CONT INUE

SUMA = 0.

DO 330 1E=1,NELEM
Il = INTMAT(IE,1)

JJ = INTMAT(IE,2)

KK = INTMAT(IE,3)
XG1 = NEWCOORD(IT,1)
YG1 = NEWCOORD(II,2)
XG2 = NEWCOORD(JJ,1)
YG2 = NEWCOORD(JJ,2)
XG3 = NEWCOORD(KK,1)
YG3 = NEWCOORD(KK,2)

AREA = 0.5*(XG1*(YG2-YG3) + XG2*(YE3-YG1) + XG3*(YG1-YG2))
IF(AREA.LT.0) THEN

CONDA(IE) = 0.

SUMA = SUMA + 1

ENDIF J

CONT INUE

! CONDA = O : ARBA"OR<ELEMENT 1S NEGATIVE (AN INVALID ELEMENT)
! CONDA = 1 :"AREAOF ELEMENT|IS POSITIVE OR EQUAL ZERO

(AWALID ELEMENT)

WRITE(9,340)

FORMAT(/, "ELEMENT MNO4 AS FOLLOWING HAS NEGATIVE AREA:")
DO 360 [1E=1,NELEM

IF(CONDA(IE) .EQ.0) (WRITE(Q, 350) “IE

FORMAT(15)

CONT INUE

WRITE(9,370) SUMA

FORMAT("TOTAL INVALAID ELEMENT(S)1 ., 15)

PRINT OUT 2-D PLOTTING DFAGRAI: _ff-

IF(ISTEP.EQ.1)  THEN

WRITE(10,*). “/TITLE = "FE PLOTTING DATA BY TORSIONAL SPRING MTD."

WRITE(10,*) *_VARIABLES = "X-CO", ™Y-CO™""

WRITE(10,380) NPOIN, NELEM

FORMAT(" ZONE*“T="COORD", N=", 15, ", E=", 15, ", F=FEPOINT,
* ET=TRIANGLE")

DO 400 __dP=1,NPOIN

WRITE(10,390) " (COORD(IP,J) .| J=172)

FORMAT (2E2016)

CONTINUE

DO 420 IE=1,NELEM

WR ITEC 10, 419) 1 GENTMAT GHE 3, 13513, 3)

FORNAT (318)

CONT INUE

ENDIF

WRITE(10,430) ISTEP, NPOIN, NELEM

FORMAT(" ZONE T=""COORD AT STEP:*, 13, " ™, N=", 15, ", E=", 15,
" F=FEPOINT ET=TRIANGLE")

DO 450 1P=1,NPOIN

WRITE(10,440) (NEWCOORD(IP,J), J=1,2)

FORMAT (2E20.6)

CONTINUE

DO 470 1E=1,NELEM

WRITE(10,460) (INTMAT(IE,J), J=1,3)

FORMAT(318)

CONTINUE
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C EXIT THE PROGRAM IF INVALID ELEMENTS OCCUR:

IF(SUMA.GT.0.) WRITE(6,480) SUMA, ISTEP
480 FORMAT(/, " 111 ERROR !11", /., " THERE IS(ARE)", 15, " [INVALID ",

* * ELEMENT(S) WHICH HAS(HAVE) NEGATIVE AREA AT THE", 14,
* * STEP™)

IF(SUMA.GT.0.) STOP
C
Cm e o
C FIND & PRINT OUT THE NEW ELEMENT QUALITY:
c-——H——--- - —F ¥+« &+ 4 4
C

SUMQ = 0.

QMIN = 1.

DO 500 1E=1,NELEM

Il = INTMAT(IE, 1)

JJ = INTMAT(IE,?2)

KK = INTMAT(IE,3)

XG1 = NEWCOORD(Liw1)

YG1 = NEWCOORD(I ! ,2)

XG2 = NEWCOORD(JJ', 1)

YG2 = NEWCOORD(JJ,2)

XG3 = NEWCOORD(KK',1) .

YG3 = NEWCOORDEKK ,2) -4

AREA = 0.5*(XG1*(¥G24YG3) + XG2*(XG3-YG1) + XG3*(YG1-YG2))

L12 = SQRT((XG2-XG1)**2 ¥ @YG2-YG1)**2)

L13 = SQRT((XG3-XGL)*#2 + (YG3-YG1)**2)

L23 = SQRT((XG3-XB2)#*2 + (YG3-YGR)**2)
C

Q = (4*SQRT(3.0)*AREA)/(L12**2 +/L13**2 + L23**2)

IF(Q-LT.0.0R.Q.GT.4) AWRITE(6,490) JSTEP
490 FORMAT(/, " Y11 ERROR-“YI1= /. * ELEMENT QUALITY VALUE (Q) IS NOT IN®,
* * RANGE [0,1]} AT THE®", 14y " STEP)

IF(Q.LT.0.0R.Q.GT.1) STOP S =

SUMQ = SUMQ % Q

IFCQ.LT.QMIN)- OMIN = O
500 CONTINUE

QAVG = SUMQ/NELEM
WRITE(11,510) ISTEP, QAVG, QMIN
510 FORMAT(14, 2F20.8)

I (STERTEQs1) 1GA~TA=530
WRITE(6,520)

520 FORMAT(/, * *** UPDATING VARIABLES FORNEXT STEP ***=)
CALL UPDATE(NEWCOORD, COORD, NPOIN, MXPOI)

5000 CONTINUE

530 WRITE(6,540)

540 FORMAT(///, ™ Y11 COMPLETELY DONE 1117, /, ™ *** THANK YOU ***%)
STOP
END

[eNeNe]

SUBROUTINE CEM(ISTEP, STEP, NELEM, NPOIN, COORD, INTMAT, SYSK, SYSF,
* MXPOIl, MXELE)



IMPLICIT REAL*8 (A-H,0-2)
DIMENS 10N SYSK(MXPOI*2,MXPO1*2), SYSF(MXPOI*2), COORD(MXPOI ,2)
DIMENS 10N C(3.,3), R(3,6), RT(6,3), DUMA(3,6)

REAL K(6,6), L12, L13, L23
INTEGER INTMAT(MXELE,3), STEP
SUMQ = 0.
QMIN = 1.

DO 1000 1E=1, NELEM

11 = INTMAT(IELD)

JJ = INTMAT(IE,2) 5
KK = INTMAT(IE42) o’
XG1 = COORD(IT,1) L 4
YG1 = COORD(II,2) )
XG2 = COORD(JJ41) -
YG2 = COORD(JJ,?2)

XG3 = COORD(KK,1) "
YG3 = COORD(KK,?2) F/R

AREA = 0.5*(XGL*(Y62-YG3) + XG2*(YG8-YGL) + XG3*(YGL-YG2))

—E——— e T — —— — — — —— — —— — — —

CHECK ELEMENT VALIDFTFEES FOR ONLVHleTIAL ELEMENTS:

IF(ISTEP.EQ.1) THEN
IF(AREA_LT.0.). WRITE(6,100) IE
100 FORMAT(/, " 'I1 ERROR Il ELEMENT NO.*, 15, " HAS NEGATIVE AREA",

"7=-- CHECK F_E. MODEL FOR NODAL*COORDINATES AND ELEMENT",

" NODAL CONNECTIONS ---%)
IF(AREA.LT_.O.). ,STOP

L12 = SQRT((XG2-XGL)**2. +. (YG2-YG1)**2)
L13" = SQRT((XG3-XG1)**2 ¥ (YG3-YG1)**2)
L23 = SQRT((XG3-XG2)**2 + (YG3-YG2)**2)

Q = (4*SQRT(3.0)*AREA)/(L12**2 + L13**2 + L23**2)
IF(Q.LT.0.0R.Q.GT.1) WRITE(6,200)

200 FORMAT(/, " 11l ERROR 111* /_ ~* ELEMENT QUALITY VALUE (Q) MUST BE IN",
" RANGE [0,1]",/,--- CHECK F.E.MODEL FOR NODAL COORDINATES"®,

* AND ELEMENT NODAL CONNECTIONS ---*)
IF(Q.LT.0.0R.Q.GT.1) STOP
SUMQ = SUMQ + Q
IF(Q-LT.QMIN) QMIN = Q
ENDIF

FAC = 4*AREA**2
C1 (L12*L12*L13*L13)/FAC
c2 (L12*L12*L23*L23)/FAC



O0O0O0O0

= (L13*L13*L23*L23)/FAC

300

DO 300 1=1,3
DO 300 J=1,3
c(1,J) = 0.
CONTINUE
c@i,1)) =c¢C1
c(2,2) = C2
C(@3,3) =C3

(XG2-XG1)/L12**
(XG3-XG1)/L1
(XG3-XG2)/
(YG2-YG1)

(YG3—Y61W
(YGB—YGZ/

400
500

A23 + A12
B23 =

A

-B13- : =
»vr. 3 LY
A13"

323319 lm
-A2

e

~

N

=

v/
I

Py

~

w

IN

N\
u TRRTRTIT

DO 400 -1 6
RT(J, |) R(1,J)

@Wﬁa\mmumawmaﬂ

600
700

DO 700 1
DO 700 J
DUMA(I ,J)
DO 600 L
DUMA(I ,J)
CONTINUE
CONTINUE

UMACI,J) + C(I,L)*R(L,J)

DO 900 1
DO 900 J

T ﬁﬁwﬂmwmm

1562
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K(1,J) = 0.
DO 800 L = 1,3
K(1,J) = K(1,J) + RT(I,L)*DUMA(L,J)

800 CONTINUE
900 CONTINUE
o
Cm
o ASSEMBLE THESE ELEMENT EQUATIONS INTO THE SYSTEM EQUATIONS:
Cm o
o
CALL ASSEMBLE(IE, INTMAT, K, SYSK, MXPOl, MXELE)
o
1000 CONTINUE
o
cC-————m—Mm—— =B . .
o PRINT OUT THE ELEMENT QUALITY FOR'ONLY .THE INITIAL ELEMENTS
Cmmm e T e e L
o J
IF(ISTEP.EQ.1) THEN
QAVG = SUMQ/NELEM
IMAX = STEP + 1.
WRITE(11,*) = TITLE = ":COMPARISON CHART OF ELEMENT QUALITY BETWEEN -,
* * EACH METHOD' =t
WRITE(11,*) S VARNABLES = ''STEP!', "QAVG", “QMIN""
WRITE(11,1100) _IMAX * -
1100 FORMAT(" ZONE F="TORSION", A==, 14, " , DATAPACKING=POINT")
WRITE(11,1200) 04 QAVG, .OMIN |
1200 FORMAT(14, 2F20.8) .
ENDIF i
C ~a+ i
RETURN v 7 i
END i JN
c =L
C 7_ =
SUBROUTINE ASSEMBLECEE, INTMAT, K, SYSK, MXPOI, MXELE)
o
o ., -
o ASSEMBLE ELEMENT EQUATIONS INTO SYSTEM EQUATIONS:
C———— e . = _
C
IMPLICIT REAL*8 (A-H,0-2)
DIMENSION SYSK(MXPO1*2 ,MXPOI*2)
REAL K(6.,6)
INTEGER INTMAT(MXELE, 3)
o
NNODE =93
NDF = 2
C
DO 200 NR=1,NNODE
NODR = INTMAT(IE,NR)
DO 200 MR=1,NDF
C
NSR = (NODR-1)*NDF + MR
NER = (NR -1)*NDF + MR
o
DO 100 NC=1,NNODE
NODC = INTMAT(IE,NC)
DO 100 MC=1,NDF
C
NSC = (NODC-1)*NDF + MC
NEC = (NC -1)*NDF + MC
o

100

SYSK(NSR,NSC) = SYSK(NSR,NSC) + K(NER,NEC)
CONTINUE
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200 CONTINUE

RETURN
END

OO0O0O0O0O0O0O0 [eXe@]

SUBROUTINE APPLYBC(NPOIN, IBC, SYSK, SYSF, UMB, STEP, MXPOI)

0 = FREE TO MOVE
1 = FIXED BOUNDARY .
2 =

IMPLICIT REAL*8
DIMENSION SY
DIMENSION UMB
INTEGER

NDF = 2. -
DO 700 IN=1,NP
DO 600 1D=1

CHECK IF IBC

IF(IBCCIN, I1D) .EQ.
GO TO 600

ELSE IF(IBC(
IEQ = (IN-1
DO 100 IC=
SYSK(IEQ, IC) -
100 CONTINUE
SYSK(IEQ, IEQ)
SYSF(IEQ) =

?253"!%1%%3 wﬂmw S'Wﬂ‘i

SYSK(IRJIEQ) =
200 CONTINUE

ELSE IF(IBC(IN,ID).EQ.2) THEN
IEQ = (IN-1)*NDF + ID
DO 300 1C=1,NPOIN*2
SYSK(IEQ, IC) =

300 CONTINUE
SYSK(IEQ, 1EQ) = 1.
SYSF(IEQ) = UMB(IEQ)/STEP

DO 400 IR=1,NPOIN*2

IF(IR.EQ.IEQ) GO TO 400

SYSF(IR) = SYSF(IR) - SYSK(IR, IEQ)*(UMB(I1EQ)/STEP)
SYSK(IR, 1EQ) =



400 CONTINUE
c
C— e
C CHECK IF INPUT IBC IS WRONG
C— e
c
ELSE
WRITE(6,500) 1IN, ID
500 FORMAT(/,"1!! ERROR 111",/ " PLEASE CHECK IBC OF NODE®,15," ID ="
ENDIF
c
600 CONTINUE
700 CONTINUE
c
RETURN
END
c
c
c
SUBROUTINE S
c
C————————___#EEF g EyFF 5 CRRA s e
C SOLVE A SET OF EC NS USING GUASS ELIMINATION.
c THE OUTPUT S "BE STORED IN E SYSF.
Cm e | B T e
c
IMPLICIT RE
DIMENSION
REAL
c
NR = NEQ
NC = NEQ
Cc
cC—————
C SCALING:
C————————
c
DO 300 IE
BIG = ABS(SYSKi
DO 100 1C=2,NC
KMAX = ABS(SYSK(IE,
IF(KMAX.GT.BIG) BIG = KMAX
100 CONTINUE ,
DO 200__ac=1Nc© % v
= TEAREN INYINT
200 CONTINUE ‘
SYSF(IE) = SYSF(IE)/BIG
300 CONTINUE ¢ o Qs
c . ,
A NARANE SRR AR A E
c RWARD ELTMINATION * ROM "PRIME™" IP=1,NEQ-1
C-————— 4
c
DO 900 IP=1,NEQ-1
c
Cmmme
c PIVOTING:
Cmmm e
c
JP = 1P

BIG = ABS(SYSK(IP,IP))

DO 400 I=IP+1,NR

KMAX = ABS(SYSK(I, IP))

IF(KMAX_.GT.BIG) THEN
BIG = KMAX

155
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JP =1
ENDIF
400 CONTINUE

IF(JP.NE.IP) THEN
DO 500 J=IP,NC
DUMY = SYSK(JP,J)
SYSK(JIP,J) = SYSK(IP,J)
SYSK(IP,J) = DUMY

500 CONTINUE
DUMY = SYSF(JP)

SYSF(JP) = SYSF(IP)
SYSF(IP) = DUMY
ENDIF

PERFORMING FORWARD. ELIMINATION ACCORDING TO THE ORDER OF
"PRIME®" FROM 1 TO NEQ-1 J

DO 700 IE=IP+1,NEO

RATIO = SYSK(IE, IR)/SYSK(IP, IR)

DO 600 IC=1P+1,NC

SYSK(IE, IC) =+SYSK(IEL 1)~ SYSK(IP IC)*RATIO
600 CONTINUE

SYSF(IE) = SYSF(IE)—SYSF(IP)*RAIIO
700 CONTINUE L 4

DO 800 IE=IP+1,NEQ i
SYSK(IE,IP) = wy 24y

800 CONTINUE ’

900 CONTINUE 7/N

PIVOT = ABSESYSK(NEQ,NEQ))

IF(ABS(PIVOTY.LT.10.E-10) THEN

WRITE(6,950) -NEQ, PIVOT

950 FORMAT(" EQAUTION NO.*, 15, ® HAS NEARLY ZERO PIVOT OF", E14.6,

* <% SFOP ***, //, " *** CHECK NODE AND ELEMENT NUMBERING"®,
"IN F.E.-MODEL ***")

STOP

ENDIF

SYSF(NEQ) = 'SYSF(NEQ)/SYSK(NEQ,NEQ)

DO 1100 IE=NEQ-1,1,-1

SUM = 0.

DO 1000 IC=I1E+1,NEQ

SUM = SUM + SYSK(IE, IC)*SYSF(IC)
1000 CONTINUE

SYSF(IE) = (SYSF(IE)-SUM)/SYSK(IE, IE)
1100 CONTINUE

RETURN
END

OO0

SUBROUTINE UPDATE(NEWCOORD, COORD, NPOIN, MXPOI)



100

IMPLICIT REAL*8(A-H,0-2)

DIMENSION COORD(MXPOL,2)
REAL NEWCOORD(MXPOL ,2)

DO 100 1P=1,NPOIN
DO 100 J=1,2

COORD(IP,J) = NEWCOORD(IP
CONTINUE W\

RETURN
END

OO0O0O0O0OO0O

B o o o

END PROGRAM TOR

AULINENINYINT
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C***************************************************************************

C
C
C
C

*

* A FINITE ELEMENT PROGRAM FOR STUDY ‘OF MESH MOVEMENT BY ELASTIC MEDIUM

*

*

PROGRAM 'ELAST4#C2D

ANALOGY TECHNIQUE FOR TWO-D#MENSIONAL MOVING
BOUND Y PROBLEMS

*

*
*
*

10
20

40

50

nnnnnnnn *xx * kX *k * kK k

MXPOI
MXELE

MAXTMUM NUMBER 1 OF 'NODES. IN THE MODEL
MAXIMUM™ NUMBER pF ELEMENTS IN THE MODEL

PARAMETER (MXPOL=1000 ,; MXELE=2500)

IMPLICIT REAW*8 (A-H,0-2)"

DIMENS 10N COORD(MXPOF2) U?B(MXPOI*Z) TEXT(20)
DIMENSION SYSK(WMXPOI~2 MXPOL*2) , SYSE(MXPO1+2)
DIMENS 10N STORESYSF(MXPO1*2) -

REAL NEWGOORD(MXPOT ,2) 112, 143,123
INTEGER 1BE(MXPOI ,2) . INTMA?(MXELE 3), STEP
INTEGER CONDAEMXELEY;— SUMA

CHARACTER*20 NAMEZ, NAMEZ NAMEZ;, NAME4

WRITE(6,20)

FORMAT(/, ° PLEASE ENTER ThE INPUT ?lLE NAME : ')
READ(5, "(A)“4/ERR=10) NAME1 i
OPEN(UNIT=8, JEttE-NAMEi——ST#TUS—‘OtB‘——ERR-iO)

READ INPUT DATA: 3

READ(84™) I NLINES
DO 30 [ 1LINE=1;NLINES

READ(8,1) ' TEXT

FORMAT (20A4)

CONT INUE

READ(8.1) ~TEXT

READ(8,*) INPOIN, NELEM; ‘NFORCE
READ(8,1) TEXT

READ(8,*) ELAS, PR, THICK

NDF = 2.
NEQ = NPOIN*NDF
DO 40 1=1,NEQ
UMB(I) =

CONTINUE
READ(8,1) TEXT
DO 60 IP=1,NPOIN

READ(8,*) 1, (COORD(I,J), J=1,2), (IBC(1,K), K=1,2), UMBX, UMBY

IF(1.NE_IP) WRITE(6,50) IP

FORMAT(/, " NODE NO.", 15, " IN DATA FILE IS MISSING")
IF(1.NE.IP) STOP

1IEQ = (1-1)*NDF



60

70

80

90

100

110

120

130

140
150
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UMB(IEQ+1) = UMBX

UMB(IEQ+2) = UMBY

CONTINUE

READ(8,1) TEXT

DO 80 1E=1,NELEM

READ(8,*) I, (INTMAT(I,J), J=1,3)

IF(1.NE.1E) WRITE(6,70) IE

FORMAT(/, " ELEMENT NO.*, 15, " IN DATA FILE IS MISSING™)
IF(1.NE.IE) STOP

CONT INUE

DO 90 1=1,NEQ
STORESYSF(I) =

CONT INUE

READ(8,1) TEXT

DO 100 11=1,NFORCE
READ(8,*) N, FX,.EY
IEQ = (N-1)*NDF

STORESYSF(IEQ+1) = FX
STORESYSF(IEQ+2) = FY¥
CONT INUE

WRITE(6,110) NROIN ,NELEM '

FORMAT(/, * ***THE/FINITE ELEMENT MODEL CONSEISTS OF", 15, " NODES®,
* AND" 4 154ELEMENTS **%7)

WRITE(6,130)

FORMAT(/, * WHIGH TYPE OF ELASTIC PROBLEM?%./, (1 = PLANE STRESS ,-,
* 2 ='PLANE /STRAIN) ")

READ(5,*) ITYPE

IFCITYPE.NE. 1.AND. I TYPE . NE. 2) GO T0 120

WRITE(6,150)

FORMAT(/, " PLEASE INRUT NO. OF CALCULATION STEP(S) FOR MOVING",
" BOUNDARY DFSPEACENENT ( MAXIMUM OF 100 STEPS ) :*)

READ(5,*) STEP = S

IF(STEP.GT.100) GO TO 140

WRITE(6,170)

FORMAT (/s .* PLEASE ENTER_.FILE_NAME FOR .DISPLACEMENT SOLUTIONS: ")
READ(5,0 " (A)" , ERR=160) "NAME2

OPEN(UNIT=97 FLLE=NAME2, |STATUS=SNEW*", |ERR=160)

WRITE(6,190)

FORMAT(/, " PLEASE ENTER PLOTTING FILE NAME (*.PLT):")
READ(5, "(A)", ERR=180) NAME3

OPEN(UNIT=10, FILE=NAME3, STATUS="NEW", ERR=180)

WRITE(6,210)

FORMAT(/, " PLEASE ENTER FILE NAME FOR MEASURING ELEMENT QUALITY -,
" (*.PLT):"

READ(5, "(A)", ERR=200) NAME4

OPEN(UNIT=11, FILE=NAME4, STATUS="NEW®, ERR=200)



220

230

240

270

280

290

300

310

320
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DO 5000 ISTEP=1,STEP

IF(ITYPE.EQ.1) THEN

WRITE(6,220) ISTEP,STEP

FORMAT(///, * *** STARTING CALCULATION STEP:", 13, " OF TOTAL", 13,
* STEP(S) FOR "PLANE STRESS" PROBLEM ****)

ELSE

WRITE(6,230) ISTEP,STEP

FORMAT(///, * *** STARTING GALGULATION STEP:", 13, " OF TOTAL", 13,
* STEP(S) FOR “PLANE/STRAIN" PROBLEM ****)

ENDIF
DO 240 1=1,NEQ

SYSF(1) = STORESYSE(L) J
CONT INUE

DO 250 I=1,NEQ
DO 250 J=1,NEQ
SYSK(1,J) = O
CONTINUE

CREATE ELEMENT/MATRICES, ASSEMBLE THEM FOR SYSTEM MATRICES,
APPLY BOUNDARY" CONDITIONS AND SOLVE THEM FOR"THE SOLUTIONS:

_______________________________ ——— e

WRITE(6,260) )

FORMAT(/, " ***ESTABLISHING ELEMENT MATRICES AND ASSEMBLING ELEMENT *,
* EQUATIONS ****%) 7

CALL CEM( ISTEP, STEP, NELEM, INTMAT, COORD, ELAS, PR, THICK, SYSK,

SYSF, ITYPE, WXPOI, WXELE)

WRITE(6,270) =

FORMAT(/, " *** APPLYING BOUNDARY CONDITIONS ***)

CALL APPLYBG(NPOIN, IBC, UMB, STEP, SYSK,uSYSF, MXPOI)

WRITE(6,280)

FORMAT(/, " **% SOLVING A SET OF SIMULTANEOUS EQS. FOR DISPLACEMENT -,
* SOLUTIONS ***m)

WRITE(6,290) “NEQ '

FORMAT(5X, "( TOTAL OF", 15, " EQUATIONS )")

CALL SOLVE(NEQ, SYSK,.SYSF.. MXPOT)

WF(ITYPE.EQL1), THEN

WRITE(9,300) ISTEP,STEP

FORMAT(/, " FOR CALCULATION STEP:", 13, " OF TOTAL", 13, " STEP(S)’,
" FOR "PLANE STRESS"")

ELSE

WRITE(9,310) ISTEP,STEP

FORMAT(/, " FOR CALCULATION STEP:", 13, " OF TOTAL", 13, " STEP(S)’,
" FOR "PLANE STRAIN"")

ENDIF

WRITE(9,320) NPOIN

FORMAT("NODAL DISPLACEMENT SOLUTIONS [*, 15, "]:", 7/, 2X, "NODE", 13X,

"UT, 19X, "VT)

11 =1
DO 340 [IP=1,NPOIN
12 = IP*NDF

WRITE(9,330) IP, (SYSF(1), 1=11,12)
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330 FORMAT(16, 2E20.6)
11 = 12+1
340 CONTINUE

DO 350 1P=1,NPOIN
J1 = (IP-1)*2 + 1

J2=J1+1
NEWCOORD(IP,1) = COORD(IP,1) + SYSF(J1)
NEWCOORD(IP,2) = COORD(IP,2) # ISYSF(J2)

350 CONTINUE

DO 360 IE=1,NELEM
CONDA(IE) = 1.
360 CONTINUE

SUMA = 0.

DO 370 IE=1,NELEM

Il = INTMAT(IE, 1)

JJ = INTMAT(IE42)

KK = INTMAT(IE,3)

XG1 = NEWCOORD( I, 1)

YG1 = NEWCOORD(II ,2)

XG2 = NEWCOORD(JJ41)

YG2 = NEWCOORD(JJ,2) :
XG3 = NEWCOORD(KK, 1)  dia
YG3 = NEWCOORD(KK,2) P

AREA = 0.5*(XG1*(YG2-YG3) + XG2*(YGS-YG1) + XG3*(YG1-YG2))
IF(AREA.LT.0) THEN :
CONDA(IE) = 0. -
SUMA = SUMA *# 1.
ENDIF
370 CONTINUE

! CONDA = O : AREA OF ELEMENT IS NEGATIVE (AN INVALID ELEMENT)

! CONDA = 1 :“AREA OF ELEMENT IS POSITIVE OR'EQUAL ZERO
(AVALID ELEMENT)

WRITE(93380)

380 FORMAT(/, "ELEMENTCNO. AS.FOLLOWEING HAS.NEGATIVE AREA:")
DO 400 “IE=1,NELEM
IF(CONDA(IE).EQ.0) WRITE(,390) IE

390 /FORWAT (15)

400 (GONTINUE
WRITE(9,410) SUMA

410 FORMAT("TOTAL INVALID ELEMENT(S):", 15)

IF(ISTEP.EQ.1) THEN
WRITE(10,*) " TITLE = "FE PLOTTING DATA BY ELASTIC MEDIUM MTD."*
WRITE(10,*) " VARIABLES = "X-CO", "Y-CO"*
WRITE(10,420) NPOIN, NELEM

420 FORMAT(" ZONE T="COORD", N=",15,", E=", 15,", F=FEPOINT, ET=TRIANGLE")
DO 440 1P=1,NPOIN
WRITE(10,430) (COORD(IP,J), J=1,2)

430 FORMAT(2E20.6)



440

450

460

470

480
490

EXIT THE PROGRAM#IF INVALLID ELEMENTS OCCUR:

520

530

540

CONT INUE

DO 460 IE=1,NELEM

WRITE(10,450) (INTMAT(IE,J), J=1,3)
FORMAT(318)

CONTINUE

ENDIF

WRITE(10,470) ISTEP, NPOIN, NELEM

FORMAT(" ZONE T=""COORD AT STEP:", 13, *",
" F=FEPOINT, ET=TRIANGLE")

DO 490 1P=1,NPOIN

WRITE(10,480) (NEWCOORD(IP,J), J=1,2)

FORMAT (2E20.6)

CONT INUE

DO 510 1E=1,NELEM

WRITE(10,500) (INTWATCIE,J), J=1:3)

FORMAT(318)

CONTINUE

IF(SUMA.GT.0.)" WRITE(64520) ~ SUMA, ISTER

FORMAT(/, * I1LJ/ERROR 10E" /s ™ THERE IS(ARE) ",

15,

» 15,

INVALID *,

" ELEMENT(S) WHICH HAS(HAVE) NEGATIVE AREA AT THE®, 14,

* STEP") "
IF(SUMA.GT.0.) STOP )

e e e e s s e e e

FIND & PRINT OUT/THE NEW ELEMENFE QUALITY

———

Fhd

DO 540 1E=1,NELEM fa—-
= INTMAT(TE,1)
JJ = INTMATCIE,2)

KK = INTMAT(IE.3)

XG1 = NEWCOORD(IT,1)
YG1 = NEWCOORD(II,2)
XG2 = NEWCOORD(JJ,1)
YG2 = NEWCOORD(JJ,2)
XG3 = NEWCOORD(KK,1)
YG3 = NEWCOORD(KK',2)

AREA =) 0.5%(XGL1*(YG2-YG3)..+ XG2*(YG3-YG1) + XG3*(YG1-YG2))

L12 = SORT((XG2-XG1)**2 + (YG2-YG1)**2)
L13 = SQRT((XG3-XG1)**2 +#(YG3-YG1)**2)
1233 2 SORT(XG3-X62)** 2=+ 1(YC3+YC2)**2)

Q.= (4*SOQRT(3.0)*AREA)/(L12**2 + L13**2 + L23%*2)

IF(Q-LT.0.0R.Q.GT.1) WRITE(6,530) ISTEP

162

FORMAT(/, * 11! ERROR I11*" /, * ELEMENT QUALITY VALUE (Q) IS NOT IN =,

" RANGE [0,1] AT THE®, 14, * STEPT)

IF(Q.LT.0.0R.Q.GT.1) STOP
SUMQ = SUMQ + Q
IF(Q.LT.QMIN) QMIN = Q
CONTINUE

QAVG = SUMQ/NELEM
WRITE(11,550) ISTEP, QAVG, QMIN
FORMAT(14, 2F20.8)

UPDATE VARIABLES FOR NEXT STEP:
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Cm -
o
IF(STEP.EQ.1) GO TO 570
WRITE(6,560)
560 FORMAT(/, * *** UPDATING VARIABLES FOR NEXT STEP ****)
CALL UPDATE(COORD, NEWCOORD, NPOIN, MXPOI)
C
5000 CONTINUE
C
570 WRITE(6,580)
580 FORMAT(///, = 111 COMPLETELY DONE 111", /, = *** THANK YOU ***")
o
STOP
END
C
C
C
SUBROUTINE CEM(ISTER, STEP,.NELEM, INTMAT, COORD, ELAS, PR, THICK,
* SYSKs+SYSF, ITYPE, MXRQOI, MXELE)
C
C—— ol R L N e
C COMPUTE ELEMENT MABRIGES AND ﬁ?SEMBLE THEM FOR SYSTEM EQS.
C—— A N o R AN e,
C v
IMPLICIT REAL*84(A-H.0-7) -
DIMENSION COORDAMXPON ,2)..
DIMENSION SYSK(MXPOI*2,MXPOI*2) ,  SYSF(MXPO1*2)
DIMENSION DUMA(35,6), C(3.3)%. B(3,6), BT(6,3)
REAL*8 K(6,6), L12, 4113, 4123
INTEGER INTMAT (MXELE ;3) , | STEP:
o 7
SUMQ = 0. i T/
QMIN = 1. ==
C ==
C___________________________—_—_______7,_T =
C LOOP OVER THE NUMBER-OF ELEMENTS: = -
| QI ——. W
C . — —
DO 2000 I1E=1,NELEM
o '
(R ] W
o FIND ELEMENT T-OCAL COORDINATES:
Cmm o
o
11 = INTMAT(IE, 1)
JJ = INTVATUIE.2)
KK= INTMAT(IE,3)
XG1 = COORD(II,1)
YG 1y =1 GOORPC I 1132)
XG2 = COORD(J3.,1)
YG2"'="COORD(JJ,2)
XG3 = COORD(KK,1)
YG3 = COORD(KK,2)
AREA = 0.5*(XG1*(YG2-YG3) + XG2*(YG3-YG1l) + XG3*(YG1l-YG2))
C
C _________________________________________________________
o CHECK ELEMENT VALIDITIES FOR ONLY INITIAL ELEMENTS:
C _________________________________________________________
C
IF(ISTEP.EQ.1) THEN
IF(AREA.LT.0.) WRITE(6,100) IE
100 FORMAT(/, " !l!l ERROR !l! ELEMENT NO.", 15, " HAS NEGATIVE AREA *, /,

" --- CHECK F_E_.MODEL FOR NODAL COORDINATES AND ELEMENT =,
" NODAL CONNECTIONS ---*
IF(AREA.LT.0.) STOP
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L12 = SQRT((XG2-XGL)**2 + (YG2-YG1)**2)
L13 = SQRT((XG3-XG1)**2 + (YG3-YG1)**2)
L23 = SQRT((XG3-XG2)**2 + (YG3-YG2)**2)

Q = (4*SQRT(3.0)*AREA)/(L12**2 + L13**2 + L23**2)
IF(Q.LT.0.0R.Q.GT.1) WRITE(6,200)
200 FORMAT(/, * '!! ERROR 111",/." ELEMENT QUALITY VALUE (Q) MUST BE IN ",

* RANGE [0,1] --- CHECK F.E MODEL FOR NODAL COORDINATES *,
* AND ELEMENT NODAL (CONNECTIONS ---")

IF(Q.LT.0.0R.Q.GT.1) STOP

SUMQ = SUMQ + Q

IF(Q.LT-QMIN) QMIN = Q

ENDIF

Bl = YG2 - YG3
B2 = YG3 - YG1
B3 = YG1 - YG2
Cl = XG3 - XG2
C2 = XG1 - XG3
C3 = XG2 - XGi

DO 300 1=1,3

DO 300 J=1,6 ;

B(1,J) = 0. X iR
300 CONTINUE =31,

B(1,1) = Bl

B(1,3) = B2 .

B(1,5) = B3

B(2,2) = Cl

B(2,4) = C2

B(2.,6) = C3

B(3,1) = C1

B(3.2) = Bl

B(3,3) = C2

B(3.,4) =-B2

B(3,5)l= C3

B(3,6) = B3

DO 500 1=1,3
DO 400 ~J=1%46
B(1,3) = B(¥,3)/(2.*AREA)
BT(J,1) = B(1,J)

400 CONTINUE

500 CONTINUE

IF(ITYPE.EQ.1) THEN
FAC = ELAS/(1.-PR*PR)

C(1,1) = FAC
C(1,2) = FAC*PR
c(1,3) = 0.
c(2,1) = C(1,2)
c(2.2) = c(1,1)



600
700

1100

1200

C(2,3) = 0.

c(3.1) = 0.

C(3,2) = 0.

C(3.3) = FAC*(1.-PR)/2.
ELSE

FAC = ELAS/((1.+PR)*(1.-2.*PR))
C(1,1) = FAC*(1-PR)

C(1,2) = FAC*PR

c(1,3) = 0.

c(2.1) = C(1,2)

c(2.2) = c(1,1)

c(2,3) = 0.

c(3.1) = 0.

c(3,2) = 0.

C(3,3) = FAC*(1.-2.*PR)/2.
ENDIF

[
DO 700 J
DUMA(I ,J)
DO 600 M
DUMA(I ,J)
CONT INUE
CONTINUE

K(1,J) = 0. =71,
DO 800 M=1,3 £
K(1,3) = K(1,J) + BT M)Y*DUNACM, )
CONTINUE -
CONTINUE

DO 1000 1=1.6
DO 1000 J=1,6

K(1,J) = K(1,J)*AREA*THICK
CONT INUE

ASSEMBLE' THESE.ELEMENT EQS. "INTO“THE|SYSTEM EQS.

CALL ASSEMBLE(IE, INTMAT, K, SYSK, MXPOI, MXELE)

CONTINUE

IF(ISTEP.EQ.1) THEN
QAVG = SUMQ/NELEM
IMAX = STEP + 1.

165

WRITE(11,*) ~ TITLE = "COMPARISON CHART OF ELEMENT QUALITY BETWEEN *,

* EACH METHOD""
WRITE(11,*) " VARIABLES = "STEP", "QAVG", "QMIN""
WRITE(11,1100) IMAX
FORMAT(" ZONE T="ELASTIC", 1=", 14, " , DATAPACKING=POINT"
WRITE(11,1200) 0, QAVG, QMIN
FORMAT(14, 2F20.8)

)
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ENDIF

RETURN
END

O0O0O0O0O0 OO0

SUBROUTINE ASSEMBLE(IE, INTMAT, K, SYSK, MXPOl, MXELE)

200
100

DIMENSION SYSK(M
REAL*8
INTEGER

NNODE
NDF

I
N

DO 100 NR=1,
NODR = INTMAT(I
DO 100 MR=1

NSR
NER

no

~
=
o
=

>

DO 200 NC=1,
NODC = INTMAT(IE,
DO 200 MC=1,NDE

NSC
NEC = (NC-1)*NDF
SYSK(NSR,NSC) =

T
~
z
o
>
o
=
>

*
P
S
T

CONTINUE
CONTINUE

RETURN
END

O0O0O0O0O0O0O0O0 [eXeXe!

APPLY DISPLACEMENT BOUNDARY CONDITIONS=WITH CONDITION ,CODE OF:

Q! W”]ﬁ»%ﬂ“ﬁ%},l AN1INETQE

IMPLICIT REAL*8 (A-H,0-2)

DIMENSION SYSK(MXPO1*2 ,MXPO1*2), SYSF(MXPOI*2)
DIMENSION UMB(MXPO1*2)

INTEGER IBC(MXPOI,2), STEP

NDF = 2.
DO 700 IN=1,NPOIN
DO 600 ID=1,NDF



C
IF(IBC(IN, ID).EQ.0) THEN
GO TO 600
C
C ___________________________________
C CHECK IF IBC = 1, APPLY U = 0
C ___________________________________
C
ELSE IF(IBC(IN,ID).EQ.1) THEN
IEQ = (IN-1)*NDF + ID
DO 100 1C=1,NPOIN*2
SYSK(IEQ, IC) = O.
100 CONTINUE
SYSK(IEQ, 1EQ) = 1.
SYSF(IEQ) = 0.
C
DO 200 IR=1,NPOLN*2
IF(IR.EQ.1EQ) GO.TO. 200
SYSK(IR, IEQ) = O.
200 CONTINUE
C
C _____________________________________
C CHECK IF IBC = 24" ARPLY U /= UMB
(oI i A O § e
C o
ELSE IF(IBCCINS1D) EQ.2) .THEN
IEQ = (IN-1)*NDF # 1D ' 4
DO 300 1C=1,NPQIN*2 )
SYSK(IEQ, IC) =40.
300 CONTINUE
SYSK(IEQ, IEQ) = 1. ,
SYSF(IEQ) = UMB(IEQ)/STERP F/R
C =g
DO 400 IR=1,NPOIN*2 e
IF(IR.EQ.IEQ) GO TO 400 .l
SYSF(IR) = SYSF(IR) = SYSK(IR, 1EQ)*CUMB(IEQ)/STEP)
SYSK(IR, 1EQ) "= 0.
400 CONTINUE
C
C _________________________________
C CHECK IF INPUT 1BC IS WRONG
C _________________________________
C
ELSE
WRITE(63500) "N, 1D
500 FORMAT(/, *CERROR¥1I1%®, |/, | PLEASE CHECK IBC OFUNODE", 15,
15)
ENDIF
C
600 (CONTINUE
700 CONTINUE
C
RETURN
END
C
C
C
SUBROUTINE SOLVE(NEQ, SYSK, SYSF, MXPOI)
C
C ___________________________________________________________________
C SOLVE A SET OF SIMULTANEOUS EQUATIONS USING GUASS ELIMINATION.
C THE OUTPUT SOLUTIONS WILL BE STORED IN VARIABLE SYSF.
C ___________________________________________________________________
C

IMPLICIT REAL*8 (A-H,0-2)
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100

200

300

400

500

600

700

DIMENSION SYSK(MXPO1*2 ,MXPO1*2), SYSF(MXPOI1*2)
REAL KMAX

NR = NEQ
NC = NEQ
SCALING

DO 300 [1E=1,NEQ

BIG = ABS(SYSK(IE,1))
DO 100 1C=2,NC

KMAX = ABS(SYSK(IE, IC)
IF(KMAX.GT.BIG)  BIG
CONTINUE

DO 200 1C=1,NC
SYSK(IE, IC) =

CONT INUE
SYSF(IE) = SYS /
CONTINUE

JP = IP
BIG = ABS(SYSK(IP,IP))
DO 400 I1=IP+1,NR
KMAX = ABS(SYSK(I
IF(KMAX.GT .B

BIG

P =

ENDIF -
CONTINUE Eﬂ

IF(IP-NE.IP)  THEN

AR UNINYINS

2 RAIINNNINYIA Y

DIF

PERFORMING FORWARD ELIMINATION ACCORDING TO THE ORDER OF
"PRIME®™ FROM 1 TO NEQ-1

DO 700 IE=1P+1,NEQ
RATIO = SYSK(IE, IP)/SYSK(IP, IP)

DO 600 I1C=1P+1,NC

SYSK(IE, IC) = SYSK(IE, IC)-SYSK(IP, IC)*RATIO
CONTINUE

SYSF(IE) = SYSF(IE)-SYSF(IP)*RATIO
CONTINUE
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DO 800 IE=1P+1,NEQ
SYSK(IE, IP) = 0.

800 CONTINUE

900 CONTINUE

PIVOT = ABS(SYSK(NEQ,NEQ))
IF(ABS(PIVOT) .LT.10.E-10) THEN
WRITE(6,950) NEQ, PIVOT
950 FORMAT(* EQAUTION NO.*
* - kX STOP E =

——

EARLY ZERO PIVOT OF", E14.6,
/DE AND ELEMENT NUMBERING IN7,

STOP
ENDIF

g /

Cemm &

c BACK SUBSTITION

C—mm
SYSF(NEQ) =
DO 1100
SUM = 0.
DO 1000 IC=¥
SUM = SUM + SYS SF

1000 CONTINUE Al

SYSF(IE) = (SYSF @@ﬁ'

1100 CONTINUE pilel s
C .ni':‘f’;f':‘l i
RETURN e
END
C
C
C
SUBROUT INE “-Ui
C
R,
C CALCULATING N
Commmm e . S —
C
IMPLIC *8 -H,0- e
oot (TEAIREN TNYNT
REAL COOR 1 ‘ ’
C U

SESEsalININYIAY

RETURN
END

(@]

END PROGRAM ELASTIC2D
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Abstract

In flow problems with moving boundaries, computational modeling in deforming
domain requires a method for updating the computational mesh as the domains deform while
maintaining mesh quality and element connections. In this paper, three methods for updating
mesh movement are studied such as lineal spring analogy method, torsional spring analogy
method and elastic medium analogy method. Two simple example problems are illustrated for
evaluating these three methods. It is demonstrated that the lineal spring analogy method
prevent two vertices from colliding but cannot prevent neighboring triangles from penetrating
each other when meshes undergo.large di§placements or deformations which caused invalid
triangulations. For the torsionalsspring analogy method, element cross-overs do not occur,
however, it provides irregular shapes which caused less mesh quality in some problems. In
any case, the elastic medium analogy method provides more mesh quality than two former

methods.

Keywords: Mesh movement, Moving boundary problem, Spring analogy method, Elastic
medium analogy method h
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