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¢ A PINITE ELEMENT PROGRAM
¢ POR SOLVING 1-D ANNULAR DISK WITH RADIAL TEMPERATURE VARIATION
¢ FOR T(r) = a+b*ln{r) WITH EXACT U{r) INTERPOLATION PUNCTION

c

€ MXELE = maximum number of elements in model (can be adjueted)
e MXPOI = maximum number of nodes in model (can ba adjusted)
c
L

L T T e Y TR LA R AL I DA AL D L
PARAMETER (MXELE=100,MiPOI=101)
IMPLICIT REAL*8 (A-H,0-Z)
DIMENSION U{(MXPOTI),STR{MXPOL),UR{MXPOI),T (MXPOI)
DIMENSION SYSK{MXPOI,MXPOIL), SYSA {MXPOI) , BNEW (MXPOL} ,R (MXPCI)
CHARACTER*20 NAME], NAMR2
INTEGER IBC(MXPOI}

10 WRITE({E, 20)
20 FORMAT(/,'**FINITE ELEMENT FOR SOLVING ANNULAR DISK WITH RADIAL
*TEMP VARIATION PROBLEM*+',/,' WITH T{r) = asb*ln(z} ', //,
*1  PLEASE INPUT THE FILE NAME OF INPUT DATA:',/)
READ(5, '(A)',ERR=10} NAMEL
OPEN {(UNIT=7, FILE=NAMEL, STATUS='OLD' , ERR=10)

¢ read title of computation:
READ(7,*) NLINES
DO 100 ILINES = 1,NLINES
READ{7,1) TEXT
1 FORMAT (20A4}
100 CONTINUE

Q m=-ewvwmwrmnerranacaa== read input data ---c-vccecececccccccncconcnnaaa
READ (7,1} TEXT
READ(7,*) NE,NP,NFIX
IP(NE.GT.MXELE) WRITE(6,110)NE
110 FORMAT (/,'PLEASE INCREASE MXELE TO',I1S)
IF (NE.GT.MXELE) STOP
IF(NP.GT.MXPOI) WRITE(6,120)NP
120 FORMAT(/,'PLEASE INCREASE MXPOI TO',IS5)
IF (NP.GT.MXPOI} STOP
READ(7,1) TEXT
READ({7,*) AL,E,PR,TREF,PI,PO,TI,TO
¢ read the boundary condition {if IBCa0 U(I} not )
(tf£ IBC=1 U(I} fix )

0

c set matric to zero
DO 130 I=1,NP
STR{I) =0
U(I)=0
IBC(I)=0
130 CONTINUE

READ(7,1) TEXT
DO 131 IB = 1,NP
READ(7,*} IP,R(IB)
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IF({IP.NE.IB) WRITE(6,132) IB
132 PORMAT {/, ' **ERROR** NODE',IS,'IN DATA PILE WAS MISSING')
STR{1) = PI
STR{NP}) = PO
131 CONTINUE
DO 13% Isl,NP
T{I)«LOG{R(I}/R{NP)}/LOG(%{1) /R(NP) )} *TI+LOG(R (1) /R{X)}}/
*LOG(R(1) /R(NF}) *TO
135 CONTINUER
IP (NFIX.EQ.0) GO TO 133
READ(7,1) TEXT
DO 134 IF=1,NFIX
READ(7,*) IFIX
IBC(IFIX} =l
134 CONTINUE

4]
]
1
'
1
1
+
L]

--------------------- processing =-=-==---sccc-c-cc-ocsasmme==--

133 WRITE(6,200) NP,NE
200 FORMAT(/,'**THE MODEL CONSISTS OF',IS,' NODES',6I5,' ELEMENTS**')

[+

establish all element matrics and assemble them to form system equation

WRITE (6, 210)
210 FORMAT{/,'+**ESTABLISHING BELEMENT MATRICS AND'
*,/," ASSEMBLE THEM TO SYSTEM EQUATION**')
CALL ELE(NE,NP,MXPOI,PR,AL,STR, SYSK, SYSA, T,R, TREF,E)

c apply boundary condition and set them to be new matric to solve

WRITE(6,220)

220 PORMAT(/,'**APPLYING BOUNDARY CONDITION OF NODAL ',/,
+¢ AND FORMING SET OF NEW MATRICS TC BE BOLVED**')
CALL APPLYBC{IBC,NP,MXPOI,U, SYSR,SYSK, BNEW)

[+]

solve with gauss

WRITE(6,230)

230 PORMAT(/,'** SOLVING A SET OF SIMULTANEOUS EQUATIONS **')
WRITE{6,231) NP

231 FORMAT (5X, 'TOTAL OF',IS5,' EQUATIONS TC BE SOLVED')
CALL GAUSS (NP, SYSK, BNEW, UR, MXPQI)

300 WRITR(6,310)
310 FORMAT(/,' PLEASE ENTER FILE NAME FOR DISP. SOLUTION:'
*/)
READ (S , *{A)',ERR=300} NAME2
OPEN (UNITa8, FILE=NAME2, STATUS="'NEW', ERR=300}
WRITE (8,330) NP
320 PORMAT{'NODAL SOLUTION([',I5,'l1',//,2X, 'NODE',10X,'U',/)
DO 330 IPm=l,NP
WRITE(B,340) IP,UR{IP)
340 FORMAT (I6,2E14.6)
330 CONTINUE
STOP
END
Y e A e s s a2 e 2222 B3 2R 22 R A2 R RS R R A AR R R RO AR A R d s dldlhhd
c
SUBROUTINE ELE{NE,NP,MXPOI,PR,AL,STR,SYSK, SYSA,T,R, TREF,E)
c
c establish all element matrics and assemble them to system equation
c
IMPLICIT REAL*83 (A-H,0-Z}
DIMENSION AK(2,2), AE(2), STR(MXPOI}, T(MXPOI),R(MXPOI)
DIMENSION SYSK(MXPOI,MXPOI) ,SYSA(MXPOI)



c set

120
110
[

value in matric sys to zero
DO 110 IR = 1,KP
DO 120 IC = 1,NP
SYSK(IR,IC) = 0
SYSA({IR) = 0O
CONTINUR
CONTINUE

c loop over the number of elaments

c

DO 100 IE = 1,NE
RiI = R(IR)
R2 = R{IE+1)
Tl = T{IE)
T2 = T{IE+1)
C = {T1-T2)/log(R1/R2}

c find element matric [Kle

c

Lt]

100

T2 21222222223 X ST AL R R AR R SRS S 2 a2 2 iR el Al Al el bl Al l s

2000

1000

P L A e 2T IS Y Y S L RE S TS R R AR R RS A R LA R AR R A R R R R AR Al Rl b hld

]

SP = 1/{1~-PR**2}
SR = (R2+#*2-R1**2)

AK(1,1) = SP*{2*R1/SR+{1-PR)/R1)
AK(1,2) = SP*{-2*R2/SR)

AK{2,1) = SP*(-2*R1/8R)

AK{2,2) = 8P+ (2*R2/8R- (1-PR) /R2)}
Il=]IE

I2mIB+1l

AX{1l} = AL*C/{2+{1-PR)*38R)*(2*R2**2*1og{R1/R2)+5R)-STR(I1) /R

*=AL/ {1-PR) * {T1-TREF)

RE(2) = -AL*C/{2*{1-PR)*S5R)*(2*R1**2*1log{R1/R2)+5R)+STR{I2) /R

*+AL/ (1-PR) * (T2~TREF)

assemble these element eguations

CALL ASSMBLE (IE,RK, AE, MXPOI, SYSK, SYSA)

CONTINUE
RETURN
END

SUBROUTINE ASSMBLE(IE,AK,AR,MXPOI,SYSK,SYSA)

IMPLICIT REAL*8 (A-H,0-Z)
DIMENSION RK(2,2), RE(2}
DIMENSION SYSK{MXPOI,MXPOL) ,SYSA(MXPOI)

NNODE = 2
DO 1000 IR = 1,NNODE
DO 2000 IC =1,NNODE
IROW = IE+({IR-1)}
ICOL = IE+{IC-1)
SYSK(IROW, ICOL} = SYSK({IROW,ICOL)+AK(IR,IC)
CONTINUE
SYSA (IROW) = SYSA(IROW)+AE(IR)
CONTINUE
RETURN
END

SUBROUTINE &PPLYBC(IBC,NP.MXPOI,U,SYSA.SYSK.BNEW)

© try to set new matric to be solved

c

Q

IMPLICIT RERL*8 (A-H,0-Z)

DIMENSION U(MXPOI), BNEW (MXPOI)
DIMENSION SYSK(MXPOI,MXPOI) ,SYSA(MXPOI}
INTEGER IBC (MXPOI)

¢ change only IBC = 1 (known value of u)

109
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DO 100 IR = 1 ,NP
IP(IBC{IR).EQ.0) GO TO 100
DO 200 IC wi,NP
SYSK{IR,IC) = 0
200 CONTINUE
BNEW(IR) = U{IR}
SYSK(IR,IR) = 1
100 CONTINUR
[
c for only IBC = 0 [known value of satress)
c
DO 200 IR = 1,NP
IF(IBC{IR) .EQ.1) GO TO 300
BNEW (IR) = SYSA(IR)
DO 400 IC = 1,NP
I¥ (IBC(IC).EQ.0) GO TO 400
BNEW(IR) = BNEW(IR)-SYSK(IR,IC)*U(IC)
SYSK(IR,IC) = O
4900 CONTINUR
300 CONTINUE
RETURN
END
t.tt.itt.ﬁ't"'ti'.t.t.ttt.tt‘.**!t.tttt’.ﬁt.t*"'.l"ttltt.t*tt'tt-t.tl’
C
SUBROUTINE GAUSS{N, A, B, X, MXPOI)
IMPLICIT REAL*8 {(A-H,0-2)
DIMENSION A (MXPOI,MXPOI), B(MXPOI), X(MXPOI)

PERPORM SCALING:

naon

CALL SCALE(N, A, B, MXPOI)
FORWARD ELIMINATION:

PERFORM ACCORDING TO ORDER OF 'PRIME' FROM 1 TO N-1:

onNnnoon

DO 100 IP=l,N-1

PERFORM PARTIAL PIVOTING:

aona

CALL PIVOT(N, A, B, MXPOI, IP]

LOOP OVER EACH EQUATION STARTING FROM THE ONE THAT CORRESPONDS
WITH THE ORDER COF ‘PRIME' PLUS ONE:

nnnon

DO 200 IE=IP+1,N
RATIO = A{IE,IP)/A(IP,IP)

COMPUTE NEW COEFFICIENTS OF THE EQUATION CONSIDERED:

nnan

DO 300 IC=IP+1,N

A(IE,IC) = A(IE,IC) - RATIO*A(IP,IC)
300 CONTINUE

B{IE} = B{IE} - RATIO*B(IP)
200 CONTINUE

SET COEFFICIENTS ON LOWER LEFT PORTION TO ZERD:

nnaen

DO 400 IEmIP+1,N
A(IE,IP) = 0.
400 CONTINUE

100 CONTINUE
c
c BACK SUBSTITUTION:
c
c COMPUTE SOLUTION OF THE LAST EQUATION:
Cc

X(N) = B(N)/A(N,N)



c THEN COMPUTE SOLUTIONS FROM EQUATION N-1 TO 1:

DO S00 JIE=N-1,1,-1
SUM = 0,
DO 600 IC=IE+l,N
SUM = SUM + A(IE,IC)*X(IC}
6§00 CONTINUE
X(IE) = (B(IEB) - BUM)/A(IE, IR}
500 CONTINUE

SUBROUTINE PIVOT(N, A, B, MXPOI, IP)
IMPLICIT REAL*B (A~H,0-2)
DIMENSION A(MXPOI,MXPQOX), B(MXPOI)

c PERFORM PARTIAL PIVOTING:

JP = IP
BIG = ABS{A(IP,IP))
DO 10 IsIP+1,N
AMAX = ABS(A(I,IP))
IF (AMAX.GT.BXG} THEN
BIG = AMAX
JP = I
ENDIF
10 CONTINUE
IP(JP.NE,IP) THEN
DO 20 J=IP,N
DUMY = A(JP,J)
A{JP,J) = A(IP,J)
A(IP,J) = DUMY
20 CONTINUE
DUMY = B(JP)
B(JP) = B(IP)
B{IP) = DUMY
ENDIF
RETURN
END
c
cb.-——d--’t--t---—‘ ------------ L L LRSS EmEE LSS nSs s s- AR N
(]
SUBROUTINE SCALE(N, A, B, MXPOI}
IMPLICIT REAL*8 (A-H,0-Z)
DIMENSION A (MXPOI,MXPOI), B{MXPOI)

c PERFORM SCALING:

DO 10 IE=1,N
BIG = ABS(A{IE,1))
DO 20 IC=2,N
AMAX = ABS(A(IE,IC})
IF (AMAX.GT.BIG) BIG = AMAX
20 CONTINUE
DO 30 IC=1,N
A{IE,IC} = A(IE,IC)/BIG
30 CONTINUE
B{IE) = B(IE)/BIG
10 CONTINUE
RETURN
END
c
(e L Y L L mmsman

LA A L a Rl A3 Al d Rl d Rl d Rl d il il d i lad il d Rl dRldlrledl il el el ls )l



TaziBuavIlusunsy DISLNEAR

nuszivennslysunsy DISLNEAR

Tusunts  DISLNEAR stiinwandusdusinlusuntumsnuscaadio
Tusunsutioumaghmunsail

LA AR LA LA S ARSI AR A LRl R L L L R L R Y Y R PR e T ey

c A FINITRE ELEMENT PROGRAM

¢ FOR SOLVING 1-D ANNULAR DISK WITH RADIAL TEMPERATURE VARIATION
¢ POR OVERALL T(r) = a+b*ln(r)

¢ WITH LINERR U{r) AND T(r)} INTERPOLATION FUNCTION IN EACH ELEMENT

-]
e MXELE = maximum number of elements in model (can be adjuasted)
] MXPOI = maximum number of nodes in model (can be adjusted)
¢
[ ]

LA L PO
PARAMETER (MXBLE=100,MXPOI=101)
IMPLICIT REAL*8 (A-H,0-Z)
DIMENSION U(MXPOI),STR(MXPOI} ,UR(MXPOI), T (MXPOI)
DIMENSION SYSK(MXPOIL,MXPOI),SYSA{MXPOI) , BNEW (MXPOI) , R (MXPOL)
CHARACTER*20 NAME1l, RAMEZ
INTBGER IBC (MXPOI)

e

10 WRITE(6,20)

20 FORMAT(/,'**FINITE ELEMENT FOR SOLVING ANNULAR DISK WITH RADIAL
*TEMP VARIATION PROBLEM+**',/. ' WITH LINERR TEMP AND DISP INTERPOLA
*TION *,//,' PLERSE INPUT THE FILE NAME OF INPUT DATA:',/}

READ(5, ' (A)',ERR=10)} NAME1l
OPEN (UNIT=7, FILE=NAME) , STATUS='0OLD', ERR=10)
<

€ read title of computation:
READ (7, *) NLINES
DO 100 ILINES » 1,NLINES
READ{7,1} TEXT
1 PORMAT (20A4)
100 CONTINUE

C ~wevearmmasccecccaansuan read input data ---s~-eccaecaaaooooo.. R
READ (7,1} TEXT
READ (7,*) NE,NP,NPIX
IF(NE.GT.MXELE) WRITE(6,110)NE
110 FORMAT(/, 'PLEASE INCREASE MXELE TO',18)
IF(NE,GT .MXELE) STOP
IF(NP.GT.MXPOI} WRITE(E,120)}NP
120 PORMAT(/, *PLEASE INCREASE MXPOI TO', IS}
IF(NP,GT.MXPOI) STOP
READ(7,1) TEXT
READ{7,*) AL,E,PR,TREF,PI,PO,TI,TO
€ read the boundary condition (if IBC=0 U{I) not }
(if IBCwl U(I) fix }

[¢]

¢ set matric to zero
DO 130 I=1,NP

STR(I) =0
U(I)=0
IBC(I}wD
130 CONTINUE
<
<

READ (7,1} TEXT

DO 131 IB = 1,NP
READ(7,*) IP,R(IB}
IF{IP.NE.IB) WRITE(6,132) 1B
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132 FORMAT{/, ' **ERROR** NCODE',IS,'IN DATA FILE WAS MISSING')
STR(L) = PI
STR(NP} = PO
131 CONTINUE
DO 135 Ia=1,NP
T(I)=LOG{R(I) /RINP)) /LOG(R{1} /R(NP)) *TT+LOG (R {1} /R(1))/
*LOG (R{1) /R(NP)) *TO
135 CONTINUE
IF{NFIX.EQ.O0) GO TO 133
READ({7,1) TEXT
DO 134 IF=]l,NFIX
READ(7,*) IFIX

IBC(IPFIX)wl
134 CONTINUE
c
@ ~memesrrmsescee————~ e proceasing ---==--===-=- e L L L

133 WRITE(6,200) NP,NE
200 PORMAT(/,'**THE MODEL CONSISTS OF',I5,' NODES',X5,' BLEMENTS**'}

0

establish all element matrica and assemble them to form system aquation

WRITE (€,210)
210 PORMAT(/,'*+*ESTABLISHING ELEMENT MATRICS AND'
w,/," ASSEMBLE THEM TO SYSTEM EQUATION*+'})
CALL ELE (NE,NP,MXPOI,PR,AL, 8TR,SYBK, SYSA,T,R, TREF,E)

a

apply boundary condition and set them to be new matxic to solve

WRITB (6,220}

220 FORMAT(/, '**APPLYING BOUNDARY CONDITION OF NODAL ',/,
*' BAND PORMING SET OF NEW MATRICS TO BB BOLVED***)
CALL APPLYBC (IBC,NP,MXPOI,U, SYSA, SYSK, BNEW)

0

sclve with gauss

WRITE(6,230)

230 PORMAT(/,'** SOLVING A SET OF SIMULTANEOUS EQUATIONS **')
WRITE(§,231) NP

231 PORMAT (5X, 'TOTAL OF',IS,' EQUATIONS TO BE SOLVED')
CALL GAUSS (NP, SYSK, BNEW, UR, MXPOI)

300 WRITE({6,310)

310 FORMAT(/,' PLEASE ENTER FILE NAME FOR DISP, SOLUTION:'
"/
READ(5 ,'(AR}',ERR=300] NAME2
OPEN (UNIT=8, FILE=NAME2, STATUS='NEW' , ERR=300)
WRITE(8,320}) NP

320 PORMAT ('NODAL SOLUTION[',1S,']',//,2X,'NCDE', 10X, 'U',/)
DO 330 IP=1l,NP

WRITE (8,340) IP,UR{IP}
40 FORMAT {16,2E14.6)
330 CONTINUE

STCP
END .
21 1222232222222 3 XX 2322 2 R X S0 XX R RS R R 22 2R R 2 AR X2 R 2 Ryl )
¢
SUBROUTINE ELE(NE,NP,MXPOI,PR,AL, STR,S8YSK,SYSA,T,R,TREF,E)
c
c establish all element matrics and assemble tham to system equation
c .
IMPLICIT REAL*8 (A-H,0-Z}
DIMENSION AK(2,2), AEB(2), STR{MXPOI), T(MXPOI),R{MXPOI)
DIMENSION SYSK(MXPOI,MXPOL},SYSA(MXPOI)
c

c set value in matric sys to zero




DO 110 IR = 1,NP
DO 120 IC = 1, NP
SYSK{IR,IC) = 0
SYSA(IR) = O
120 CONTINUE
110 CONTINUE
c
¢ loop ovex the number of elements
DO 100 IE =» 1,NE
Rl » R(XIE}
R2 = R(IE+1)
Tl = T{IR)
T2 = T(IR+1)
c
c find elamsnt matxic [Kle
c
SP w» 1,/(1-PR¥**2)
SR = {R2-R1)**2

<
AK{1,1} = SP*{(2.*{R2-R1)-R2*LOG{R2/R1}}/8R+{1-PR)/R1}
AK(1,2) = 8P*{{2.*(R1-R2)-R1*LOG(R1/R2)) /BR)
AK(2,1) = sSp*{({2.*{(R1-R2}+R2+*LOG(RZ/R1))/8R)}
AX{2,2) = 8P*{(2.*(R2-R1)+R1*LOG(R1/R2}) /SR~ {1-PR) /R2)
[~
IleIE
I2=IE+1
AE{1} = ~AL*{(T1-TRBPF}+(T2-TREF))/(2.*(1-PR))~-STR{I1)/E
AE({2) = AL*({T1«TRBF)+(T2-TREF))/(2.¥(1-PR))+BTR(I2)}/K
c i
¢ asgsemble these element aguations
[~]
CALL ASSEMBLE (IE,AK,AE,MXPOI,SYSK,SYSA)
c
100 CONTINUE
RETURN
END

.-Q.Q.**.*...'**0"*."".'.'&.i'tt'.'t.*"*...iiiﬁ&.‘t.tttt...*".*..*'

SUBROUTINE ASSEMBLE (IE, AK,AE,MXPOI, 5YSK, SYSA)

c

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

DIMENSION AK(2,2), AR(2)

DIMENSION SYSK(MXPOI,MXPOI) ,SYSA{MXPOI)
[+

NNODE = 2
DO 1000 IR = 1,NNCDE
DO 2000 IC w]l,NNODE
IROW = IB+(IR-1)
ICOL = IE+(IC-1)
SYSK(IROW,ICOL) = SYSK{IROW,ICOL)+AK{IR,IC)
2000 CONTINUR
SYSA(IROW) « SYSA(IROW)+AE(IR)
1000 CONTINUE
RETURN
END
tit.t***'ﬁ't'titiit'itiiﬁtititt*t'*lﬂ..tt-t.ttt'**.*ﬁ*t'titi-.tt.***i"t
SUBROUTINE APPLYBC(IBC,NP,MXPOI,U,SYSA,SYSK, BNEW)
c
C try to set new matric to be solved
c
IMPLICIT REAL*8 (A-H,0-2)
DIMENSION U(MXPOI),BNEW(MXPOI)
DIMENSION SYSK(MXPOI,MXPOI) ,SYSA (MXPOI)
INTEGER IBC (MXPOI}
c
¢ change only IBC = 1 (known value of u)
c
DO 100 IR = 1,NP
IP{IBC(IR) .EQ.0) GO TO 100
DO 200 IC =1,NP
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SYSK(IR,IC} = 0
200 CONTINUE
BHEW(IR) = U(IR)
SYSK(IR,IR) = 1
100 CONTINUR
c
c for only IBC » 0 (known value of atress)
c
DO 300 IR = 1,NP
IF{IBC{IR).EQ.1) GO TO 300
BNEW(IR} = SYSA({IR)
DO 400 IC = 1,NP
IF{IBC(IC).BQ.0) GO TO 400
BNEW(IR} = BNEW(IR)-8YSBK(IR,IC}*U(IC}
SYSK(IR,IC) = 0
400 CONTINUE
300 CONTINUE

RETURN
END
L2 L R 2R 2L 22 a2 a2l i il d 2 IR X2 2 0 X A0 X 2 2 X R 2 R 2 X X 2 1Y)
c
SUBROUTINE GAUSB(N, A, B, X, MXPOI)
IMPLICIT REAL*8 (A-H,0-2)
DIMBNSION A(MXPOI,MXPOI), B{MXPOI), X(MXPOI)
c
C PERFORM SCALING:
c
CALL SCALE(N, A, B, MXPOI}
C
c FORWARD ELIMINATION:
c
c PERFORM ACCORDING TO ORDER OF 'PRIME' FROM 1 TO N-1:
¢
DO 160 IP=1,N-1
c
c PERFORM PARTIAL PIVOTING:
c
CALL PIVOT(N, A, B, MXPOI, IP)
¢
c LOOP OVER EACH EQUATION STARTING FROM THE ONE THAT CORRESPONDS
c WITH THE ORDER OF 'PRIME' PLUS ONE:
c
DO 200 IE=IP+1,N
RATIO = A(IR,IP)/A(IP,IP)
c
¢ COMPUTE NEW COEFFICIENTS OF THE EQUATION CONSIDERED:
¢
DO 300 IC=IP+1,N
A(IE,IC) = A{IE,IC) - RATIO*A{IP,IC)
300 CONTINUE
B(IE) = B(IE) - RATIO*B(IP)
200 CONTINUE
¢
c SET COEFPICIENTS ON LOWER LEFT PORTION TO ZERO:
c
DO 400 IE=IP+1,N
A(IE,IP) = 0.
400 CONTINUE
100 CONTINUE
c
o] BACK SUBSTITUTION:
C
¢ COMPUTE SOLUTION OF THE LAST EQUATION:
c
X(N) = B(N)/A(N,N)
c
c THEN COMPUTE SOLUTIONS FROM EQUATION N-1 TO 1:
c

DO 500 IE=N-1,1,-1
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SUM = 0,

DO 600 IC=IE+1,N

SUM = S5UM + A(IE,IC)*X({IC)
600 CONTINUE

X(IE} = (B(XE) - SUM)/A(IR,IE)
500 CONTINUE

SUBROUTINE PIVOT(N, A, B, MXPOI, IP)
IMPLICIT REAL*E (A-R,0-2)
DIMENSION A (MXPOI,MXPOI), B(MXPOI}

c PERFORM PARTIAL PIVOTING:

JP = IP
BIG = ABS (A(IP,IF})
DO 10 IaIP+L,N
AMAX w ABS(A(I,IP)}
IF{AMAX.GT.BIG) THEN
BIG = AMRX
Jp = I
ENDIF
10 CONTINUE
IF(JP.NE.IP) THEN
DO 20 J=IP,N
DUMY = A{JP,J)
A(JP,J) = AlIP,J)
A(IP,J) = DUMY
20 CONTINUE
DUMY = B{JP)
B{(JP} = B(IP)
B{IP) = DUMY
ENDIF
RETURN
END
c
[ L L L L P E L L Ll e R e W
c
SUBROUTINE SCALE(N, A, B, MXPOI)
IMPLICIT REAL*8 (A-H,0-2)
DIMENSION A (MXPOI,MXPOI), B(MXPOI)

Cc PERFORM SCALING:

DO 10 IE=1,N
BIG = ABS(A(IE,1))
DO 20 IC=2,N
AMAX = ABS{A(IE,IC))
IF (AMAX.GT.BIG) BIG = AMAX
20 CONTINUE
DO 30 ICwl,N
A(IE,IC) = A(IE,IC)/BIG
30 CONTINUE
B{IE) = B(IE)/BIG
10 CONTINUE
RETURN
END
c
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PROGRAM AXISSYM

A PINITE ELEMENT MECHANICAL/THERMAL STRESS ANALYSIS PROGRAM

FOR AXISYMETRIC PROBLEM (TWO-DIMENSIONAL) OPERATIONING UNDER

PRESSURE, CENTRIFUGAL FORCE, BODY PORCE AND TEMPERATURE.
MIS8S JUKSANEE VIRULSRI
FACULTY OF ENGINEERING
CHULALONGRORN UNIVERSITY
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THE VALUES DECLARED IN THE PARAMETER STATEMENT BELOW SHOULD
BE ASSIGNED ACCORDING TO THE SIZE OF THE PROBLEMS

MXPOI = MAXIMUM NUMBER OF NODES IN THE MODEL
MXELE = MAXIMUM NUMBER OF ELEMENTS IN THE MODEL
MXHBW = MAXIMUM NUMBER OF HALF-BANDWIDTH

COCRDINATE IS R-Z-ZETA

nannoannnnan

PRRAMETER (MXPOI=781, MXELEw=1400, MXHBW=1556 }

[#]

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

REAL COORD{MXPOI, 2}, TEMP(MXPOI)

REAL, PR1(MXELE), PZ1(MXELE}

REAL PR2(MXELE}, P2Z2(MXELE)

REAL SYSK(MXPOI*2,MXHBW}, SYSF{MXPOI*2)

REAL SRR ({MXPOI), SZZ (MXPOI),S00(MXPOI)}, SRZ (MXPOI),ONE (MXPOI)

CHARACTER*20 NAMEl, NAMEZ, named
CHARACTER"*4 TEXT
CHARACTER™* 8 TEXT1

INTEGER INTMAT(MXELE,3), IBC{MXPOI,2)
INTEGER IEDGEP1{MXELE,2), IEDGEP2(MXELE,2), S(MXELE)

10 WRITB(6,15)

15 FORMAT(/,'**FINITE ELEMENT FOR SOLVING AXISYMETRIC PROBLEM**',/,
%!  WITH PRESSURE TEMPERATURE AND CONSTANT ANGULAR VELOCITY',/,
*'  PLEASE INPUT THE FILE NAME',/)

READ{S5, '(A)', ERR=1l0) NAMEl
OPEN (UNIT=7, FILE=NAMEl, STATUS='OLD', ERR=10)

nnoo

READ TITLE OF COMPUTATION:

READ(7,*) NLINES
DO 100 ILINE=),NLINES
READ(7,1) TEXT
1 FORMAT (A4}
100 CONTINUE

READ INPUT DATA:

nonn

READ({7,1}) TEXT
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110

120

135

130

136

131

133
132

134

FIX

137

150

140

200

118

RRAD(7,%) NPOIN, NELEM, NFORCE ,NSGROUP

IF (NPOIN.GT ,MXPOI) WRITE(6,110) NPOIN

FORMAT (/, ' PLEASE INCREASE THE PARAMETER MXPCI TO ', 15}
IF (NPOIN.GT.MXPOI) STOP

IP{NELEM.GT.MXBLE) WRITE(6,120) NBLEM

FORMAT (/, ' PLEASE INCREASE THE PARAMETER MXELE TO ', 15)

IF (NELEM.GT.MXELE) STOP

READ{7,1) TBXT

READ(7,*) ELAS, PR, DENS, ALPHA, TREP, ANGVEL, GRAV
READ(7,1) TEBXT

DO 130 IP«=l, NPOIN

READ(7,*} I, (COORD{I,K), K=1,2)

IF(I.NE.IP) WRITE(E,135) IP

PORMAT(/, ' NODE NO.', IS, ' IN DATA FILE IS MISSING')
IF(I.NE.IP} STOP

CONTINUE

READ(7,1) TEXT
DO 131 IP = 1,NPOIN
READ{7,*) I, TEMP({I)
IF{I,.NE.IP} WRITE(6,136) 1IP
FORMAT(/, ' NODAL TEMP. NO.', IS, ' IN DATA FILE IS MISSING')
IP(I.NE.IP) STOP
CONTINUE

DO 132 IP = 1,NPOIN
DO 133 IC = 1,2
IBC{IP,IC) = 0.
CONTINUE
CONTINUE

READ(7,1) TBXT
READ(7,%) TEXTl, IPP, ISPC
IF(TEXT1.EQ. 'ENDCCNST') GO TO 137

FOR COORDINATE IN PLANE X-2

IF(1SPC.EQ.1) IBC(IPP,1} = 1
IF({ISPC.EQ.3) IBC(IPP.,2) = 1

IF{ISPC.EQ.13) THEN
IBC{IPP,1) = 1
IBC({IPP,2) = 1
ELSE
ENDIF
IF (TEXT1.NE, 'ENDCONST') GO TO 134

READ (7,1} TEXT

DO 140 IB=1,NELEM

READ(7,*) I, (INTMAT(I,J), J=1,3}

IF(I.NE.IE) WRITE{6,150) IE

FORMAT{/, ' ELEMENT NO.', IS, ' IN DATA FILE IS5 MISSING')
IF(I.NE.IE) STOP

CONTINUE

NFORCE MEAN NUMBER OF NODES THAT SUPPORT THE EXTERNAL FORCE
NEPRESS MERN NUMBER OF ELEMENT THAT FACE TO PRESSURE

DO 200 ISF=1,NELEM
S(ISF) = 0
CONTINUE

DO 205 IEP = 1,NELEM
PRL(IEP) = O,
PR2(IEP) = O,
PZ1(IEP) = O,




c
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P22 {IEP) = O,
DO 206 J = 1,2
IEDGEPL (IEP,J) = O.
IEDGEP2 (IEP,J) = 0.
206 CONTINUE
205 CONTINUE
IF(NSGROUP.EQ.0) GO TO 240

DO 210 IG = 1,NSGROUP
READ{7,1} TBXT
RBAD(7,1) TEXT
220 READ (7,*) TEXTi, IEBP, PRR, PZZ, N1, N2

IP(TEXT1.EQ.'ENDGROUP') GO TO 210

IF (S(IEP) ,EQ.0) THEN
PR1(IEP) = PRR
PZ1(IBP) w PZZ
IEDGEP1 (1EP,1) = N1
IEDGEP1 ({IEP,2) = N2

ELSE

ENDIF

IF{S(IEP) .EQ.1) THEN
PR2(IEP) = PRR
P22 (IEP} = P22
1EDGEPZ (IEP,1) = N1
IEDGEP2 (IEP,2) = N2

ELSE

ENDIP

S(IEP) = S{IEP)+1

IP (TEXT1.NE. 'ENDGROUP') GO TO 220

210 CONTINUE

240 RDF = 2
NDOF = 6
NEQ = NPOIN*NDF
DO 300 1Is=l1,NEQ
BYSF{I) = O.

300 CONTINUE
IF (NFORCE.EQ.0) GO TO 415
READ(7,1) TEXT
DO 310 II=l,NPORCE
READ({7,*) N, FR, FZ
write (10, ) 'frfza' ,n,fr, fz
IEQ = (N-1)+*NDF
SYSF{IEQ+l} = FR
write(l10,*) fr
SYSF(IEQ+2) = FZ
write(lo,*) fz

310 CONTINUE

COMPUTE HALF-BANDWIDTH:

415 NHEW = 0

DO 400 IE=1,NELEM

MIN = 100000

MAX = O

DO 410 IN=1,3

II = INTMAT(IE,IN}

IF(IX1.GT.MAX) MAX = II

I¥(I1.LT.MIN} MIN = II
410 CONTINUE

NDIF = MAY - MIN + 1

IF(NDIF,.GT .NHBW) NHBW = NDIF
400 CONTINUE

NHEW = NHBW*NDF
IF(NHBW.GT.MXHBW} WRITE(6,420) NHBW

420 FORMAT(/,' PLEASE INCREASE THE PARAMETER MXHBW TO ',
IF{NHBW.GT.MXHBW} STOP

15)
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DO 430 I=1,NEQ
DO 430 J=1,NHBW
SYSK(I,J) = O.
430 CONTINUE
WRITE(6,435) NPOIN, NELEM
435 PORMAT(/,' *** THE FINITE ELEMENT MODEL CONSISTS OF', IS,
* ' NODES AND', I5,' BLEMENTS ***')

LOOP OVER ALL ELEMENTS TO COMPUTE BLEMENT MATRICES AND ASSEMBLE
THEM POR SYSTEM MATRICES IN THE FORM NEEDED POR MINIMUM MEMORY
REQUIREMENT:

WRITE (6,440}

440 FORMAT(/,' **~ ESTABLISHING ELEMENT MATRICES AND',
* ' ASSEMBLING ELEMENT EQUATIONS #w»! )
CALL AXIS {NELEM, INTMAT, IEDGEP1, IEDGEP2, COORD, ELAS, PR,ALPHA,
*ANGVEL, GRAV, DENS, PR1, PZ1, PR2, PZ2, S, TREF, TEMP, SYSK, SYSF,
*MXPOI, MXELE, MXHBW, NPOIN)

WRITE (&, 450)
450 FORMAT(/,' *** APPLYING BOUNDARY CONDITIONS ***')
CALL APPLYBC (NHBW, NPOIN, IBC, SYSK, SYSF, MXPOI, MXHBW)

WRITE(6,460)
460 FORMAT(/,' *** SOLVING A SET OF SIMULTANEOUS EQUATIONS',
* ' FOR DISPLACEMENT SOLUTIONS *w»w' )

WRITE(6,465) NEQ, NHBW
465 PORMAT (5X,'( TOTAL OF', 1I5,' EQUATIONS WITH HALP-BANDWIDTH OF',
. 4, ') L)

CALL SOLVE{NEQ, NHBW, SYSK, SYSF, MXPOI, MXHBW)
PRINT OUT NODAL DISPLACEMENT SOLUTIONS:

470 WRITE(6,480)
480 FORMAT(/, ' PLEASE ENTER FILE NAME FOR DISPLACEMENT',
hd ' AND STRESS SOLUTIONS:',/ )
READ (S5, '(A)', ERRw=470) NAME2
OPEN (UNIT=8, FILE~NAME2, STATUS='NEW', ERR=470)

WRITE {8,485} NPOIN, NELEM,NHBW
485 FORMAT ('THE PINITE ELEMENT MODEL ',/,
% 'CONSISTS OF', IS5,' NODES AND', IS5,' ELEMENTS ',/,
* |AND HALF BAND WIDTH OF', IS )
WRITE (8,490} NPOIN
490 FORMAT(' NODAL DISPLACEMENT SOLUTIONS [', IS,'):',
* /.2X, 'NODE', 12X, 'U', 14X, 'W'}
DO 500 IP=1,NPOIN
Il = {IP-1)*NDF+1
I2Z = (IP-1)*NDF+2
WRITE(8,510) 1IP, SYSF(I1), SYSF(I2)
510 PORMAT {16, SX, 2E1€.7)
500 CONTINUE

COMPUTE NODAL STRESSES:

DO 700 I=1,NPOIN
SRR(I) = 0.
8z2z(I)
800(I)
SRZ{I)
ONE(I)
700 CONTINUE

(=0 = = B =]

CALL STRESS (NPOIN, NELEM, INTMAT, COORD, SYSF, ELAS, PR,
*ALPHA, TREF, TEMP, MXPOI, MXELE, SRR, B8ZZ, 800, SRZ,
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SUBROUTINE APPLYBC (NHBW, NPOIN, IBC, SYSK, SYSF, MXPOI, MXHEW)

APPLY DISPLACEMENT BOUNDARY CONDITIONS WITH CONDITION CODES OF:
0 = FREE TO MOVE
1 = FIXED

nnooon

IMPLICIT REAL*8S (A-H,0-Z)
REAL SYSK(MXPOI*2,MXHBW), SYSF(MXPOI*2)

INTEGER IBC(MXPOI,2)

NDF = 2

DO 100 IN=1,NPOIN

DO 200 ID=l,NDF

IF(IBC(IN,ID) .NE.1} GO TO 200

IEQ = (IN-1)*NDF + 3ID
SYSF(IEQ) w 0,

SYSK(IEQ,1l) = 1.

DO 300 I=2,NHBW

BYSK{IEQ,I) = 0.
300 CONTINUE

IF({IEQ.EQ.1) GO TO 450
DO 400 N=1,IEQ-1
IROW = IEQ - N
ICOL = N+1
IF(ICOL.GT.NHBW) GO TO 450
SYSK{IROW,ICOL) = &.

400 CONTINUE

450 CONTINUE

200 CONTINUE
100 CONTINUE

RETURN
END

SUBROUTINE ASSMBLE ( IE, INTMAT, SGBL, PFGBL, S5SYSK, SYSF,
. MXPOI, MXELE, MXHBW )

ASSEMBLE ELEMENT EQUATIONS INTO SYSTEM EQUATIONS

ana

IMPLICIT REAL*8 (A-H,0-Z)
REAL SGBL(6,6), FGBL(6)
REAL SYSK(MXPOI*2,MXHBW), SYSF(MXPOI*2)

INTEGER INTMAT (MXELE,3)

NNODE = 3
NDF = 2

DO 100 NRwl,NNODE
NODR = INTMAT (IE,NR)
DO 100 MR=1,NDF

DENOTE: NSR = ROW POSITION IN THE SYSTEM EQS.
NER = ROW POSITION IN THE ELEMENT EQS.

nnna




NSR = (NODR-1)*NDF + MR
NER = (NR ~1)*NDF + MR
SYSP (NSR) = SYSF(NSR) + FGBLI{NER)

c
DO 200 NCwl,NNODE
NODC = INTMAT (IE,NC)
DO 200 MC=1,NDF
c
c DENOTE: NSC « COLUMN POSITION IN THE SYSTEM EQS.
c (APTER ROTATION - READY FOR BANDED SOLVER)
¢ NEC = COLUMN POSITION IN THE ELEMENT EQS.
c
NSC = (NODC-1)*NDF + MC - NSR + 1
NEC = (NC =-1)*NDF + MC
IF(NSC.GT.0)
& BYSK{NSR,NSC) = SYSK(NSR,NSC) + SOBL(NER,NEC)
200 CONTINUE
c
100 CONTINUE
c
RETURN
END
c
o S L L T B L L T
c
SUBROUTINE AXIS (NELEM, INTMAT, IEDGEPL, IEDGEP2, COORD, ELAS, PR,
*ALPHA, ANGVEL, GRAV, DENS, PR1, PZ1l, PR2, P22, 8, TREF, TEMP,SYSK,
*SYSP, MXPOI, MXRLE, MXHBW, NPOIN)
c
c COMPUTE ELEMENT MATRICES AND ASSEMBLE THEM POR SYSTEM EQUATIONS
C
IMPLICIT RBAL*B (A-H,0-Z)
REAL COORD{MXPOI,2), TEMP(MXPOI)
REAL SYSK(MXPOI*2,MXHBW), SYSF(MXPOIL*2)
REAL STRA(6,6), PT(6), C(4,4), B(4,6), BT(E,4)
REAL FEB(6), PEB(6), FET(6)
REAL DUMA(4,6), DUMB{4), AL{4}
REAL PR (MXELE), PZ1{MXELE)
REAL PR2 (MXELE}, P22 (MXELE)
c
INTEGER INTMAT (MXELE,3}, IEDGEP1 (MXELE, 2) , IEDGEP2 (MXELE, 2) , S (MXELE}
c
¢ LOOF OVER THE NUMBER OF ELEMENTS:
C
DO 5000 IE=),NELEM
c
(o FIND ELEMENT LOCAL COCRDINATES:
c
ITI = INTMAT{IE,1)
JJ = INTMAT (IE,2)
KK = INTMAT(IE,3)
c
RGL = COORD(II, 1)
RG2 = COCRD(JJ,1)
RG3 = COORD (KX, 1)}
ZG1 = COORD(IX, 2}
ZG2 = COORD(JJT, 2}
ZG3 = COORD(KK,2)
c
AVGR = (RG1 + RGZ + RG3) /3.
AVGZ » (ZGL + 262 + 2G3)/3.
c
Al = RG2*2G3-RGI*3G2
A2 = RG3I*2G1-RG1+2G3
A3} = RG1*ZG2-RG2+ZG1
C

Bl = 2G2-2G3
B2 = ZG3-2G1
B3 = Z2G1l-IG2

122
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Cl = RG3I-RG2
C2 = RG1l-RG3
C3 = RG2-RG1

AREA=1/2.*{AY + R2 + A3}

IF (AREA.LE.O0.) WRITE({6,5)} IE
5 PORMAT(/,' 1!! BRROR 1!! ELEMENT RO.', IS,

*

-

L

110

130
120

150
140

' HAS NEGATIVE OR ZERO VOLUME ', /,

' --- CHECK F.E. MODEL FOR NODAL COORDINATES',

' AND ELEMENT NODAL CONNECTIONS ---'

IF{AREA,LE.0.) STOP

DO 110 Imsl,.4

DO 110 J=1,6

B{I.J) = 0.

CONTINUE

B{1,1}) = Bl

B{1,3) = B2

B{1,5) = B3

B(2,2) = C1

B(2,4) = C2

Bl{2,6) «» C)

B(3,1) = AL/AVGR + Bl + C1*AVGZ/AVGR
B(3,3) = A2/AVGR + B2 + C2*AVGZ/AVGR
B{3,5) = A3/AVGR + B} + CI*AVGZ/AVGR
B{4,1) = C1

B(4,2) = Bl

B{4,3) = C2

B{4,4) = B2

B{4,5) = C3

B{4,6) = B3

DO 120 Iwl,4

DG 130

J=l, 6

B(I,J) = B{X,J)/(2,*AREA)
BT(J:I) = B(IHJ,

CONTINUE
CONTINUE

ELASTICITY MATRIX:

DO 140 I = 1,
PO 150 J = 3,

4
4

C(I,J) = 0.
CONTINUE
CONTINUE
FAC = ELAS/((L.4PR}*(1.-2.*PR))
C{1,1) = PAC*(1-PR)

C{1,2) = FAC*PR

c,3)
ci(z,1)
c(2,2)
c(2,3)
cia,n
c(3,2)
C(3,3)
Ci(4.,4)

FAC*PR
c(1,2)
c{1,1)
FAC*PR
€(1,3)
c(2,3)
c1,1)
PAC*(1.-2.*PR) /2.

ELEMENT STIFFNESE MATRIX:

DO 100

Iml,4

DO 100 J=1,6
DUMA(I,J) = 0.

)
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DO 200 Kel,4

DUMA(X,J) = DUMA(I,J) + C(I,K)*B{K,J)
200 CONTINUE
100 CONTINUE

DO 300 Isl,6

DO 300 Jw=1,6

STRA(I,J) = 0.

DO 400 ©Kal,4

STRA(I,J) = STRA(I,J) + BT{I,K)*DUMA(K,J)
400 CONTINUE
100 CONTINUE

DO 500 1I=l,6

DG 500 Jwl,6

STRA(I,J) = 2.*3.141592654*AVGR*ARER*STRA(I,J)
500 CONTINUE

c
C ELEMENT NODAL FORCE DUE TO THERMAL EXPANSION:
Cc
AL(1) = ALPHA
AL(2) = ALPHA
AL(3) = ALPHA
AL(4) = 0,
C

DO €00 I=1,4

DUMB(I) = 0.

DO 700 Jul,4

DUMB(I} = DUMB(I]} + C{I,J)*AL{J)
700 CONTINUR
600 CONTINUE

DO 800 Iwl,6

FET({I} = 0.

DO 900 J=1,4

FET(I}) = FET(I} + BT(I,J) *DUMB(J)
900 CONTINUE
800 CONTINUE

AVERAGE ELEMENT TEMPERATURE:

0onn

TAVG = (TEMP(II) + TEMP{JJ) + TEMP(KK)}/3.

FAC = 2%3.141592654*AVGR*AREA* (TAVG - TREF)
DO 1000 Iwl,é
FET(I) = FET(I)*FAC

1000 CONTINUE

ELEMENT BCDY FORCE DUE TC CENTRIFUGRL FCORCE

ano

FACB = 2%3.141592654*AVGR*AREA/3.
FACBR = FACB* (DENS*ANGVEL*ANGVEL*AVGR)
FACBZ = FACB* (-DENS*GRAV)

FEB (1)
FEB{2)
FEB{3)
FEB (4)
FEB(5)
FEB(6)

FACBR
FACBZ
FACBR
FACBZ
FRCBR
FACBZ

ELEMENT NADAL FORCE DUE TO SURFACE FORCE BY UNIFORM PRESSURE

Nnaon

DO 1200 IF = 1,6
FES(IF) w 0.
1200 CONTINUE
IF(S(IE).EQ.0.) GO TO 1310
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IIS = S(IE)

DO 1210 IL = 1,II8

IF({S(IEB) .EQ.1) THEN
IS = IEDGEP1(IE,1l)
J§ = IERDGEP1{IE,2)
PRR = PR1(IE)

PZZ = PZ1(1E)

BLSE
I8 = IEBDGEP2(IE,1}
JS = IEDGEP2(IE,2)
PRR = PR2(IE)

PZZ « PZ2(IE)
ENDIF
RI = COORD{IS,1l)
RJ = COORD(JS, 1}
ZI = COORD(IS,2)
ZJ =« COORD(JS,2)
AVGRS = (RI + RJ}/2.
DIFFZ = ABS(ZI - ZJ)
FACS = 2.%3,141592654*AVGRS*DIFFZ/2.

IF(IS.EQ.II) then
I§s = 1
else
IF{I3.EQ.JJ) then
IS = 2
else
IF(IS.EQ.KX) then
IS = 3
else
endif
endif
endif }
IF(JS.EQ.II) then
JE = 1
else
IF(JS8.EQ.JJ) then
JS = 2
else
IF(JS.EQ.KK) then
J8 = 3
elae
endif
endif
endif

NNODE = 3,
NDF = 2,
DO 1300 1T = 1,NNODE

IF{(1.NE.IS) .AND.(I.NE.JE)) GO TO 1300

IRR = (I-1}*NDF + 1.
IRZ = (I-1)*NDF + 2,
PES(IRR} = FACS*PRR + FES{IRR}
PES(IR2Z) = FACS*PZZ + FES(IRZ)

1300 CONTINUE
1210 CONTINUE

FIND OF TOTAL FORCE OF ELEMENT

1310 DO 1400 ISUM = 1,6

PT(ISUM) « PEB(ISUM} + FES{(IBUM} + FET(ISUM)

1400 CONTINUE

ASSEMBLE THESE ELEMENT EQUATIONS INTO THE SYSTEM EQUATIONS:

CALL ASSMBLE ( IE, INTMAT, STRA, FT,

SYSK,

8YSF,
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MXPOXI, MXELE, MXHBW )

SUBROUTINE SOLVE (NROW, NHBW, GSTIP, XL, MXPOI, MXHBW)

SOLVE A SET OF SIMULTANEOUS EQUATIONS USING GAUSS ﬁLININATION.
THIS SOLVER ROUTINE CAN BE DESCRIBED BY USING AN EXAMPLE OF A

SET OF FOUR SIMULTANEOUS EQUATIONS (AFTER APPLYING BOUNDARY
CONDITIONS) AS SHOWN BELOW:

[ A11 Al12 A13 0 [ X1 [ F1)
f ] ( | [ }
[ A12 A22 A23 A24 ] [ X2 {F2)
[ 1 [ 1 = [ ]
[ A13 A23 A3l A34 ) [ X3 ] [P ]
( ' i [ 1 [ 1
[ 0 A24 A34 Rde ) [ X4 ) [ Pa ]

WHERE THE VARIABLE XL IS THE LOAD VECTOR ON RHS OF THE EQUATIONS.

THE GLOBAL STIFFNESS MATRIX ABOVE I8 STORED IN THE VARIABLE

GSTIF IN THE FORMAT SHOWN BELOW: (HERE NROW = 4 AND NHBW = 3)

[ A21 Ax12 A1l

[
[ A22 A23 A24

et s et b ) s

[ GSTIF } = [
[ A33 R34 0
[
[ A44 o 0

AND THE OUTPUT SOLUTIONS WILL BE STORED IN THE VARIABLE XL.
IMPLICIT REAL*8 (A-H,0-Z)
REAL GSTIF(MXPOI+2,MXHBW), XL(MXPOI*2)

NRaNROW
NC=NHBW

DIAGONALIZATION THE MATRIX:

DO 10 I=1,NR

PIVOT1=GSTIF(I,1)

IF{ABS (PIVOT1) .LT.10.E-10) THEN

WRITE(§,1025) I, PIVOTL

FORMAT(' EQ. NO.', IS, ' HAS NEARLY ZERO PIVOT OP', El4.6,
] % STOP ttl‘ //'

¢ ww« CHECK NODE AND ELEMENT NUMBERING IN F.E. MODEL *%*!')

STOP
ENDIF

XL(I)mXL(I}/PIVOT1

DO 20 J=}1,NC
GSTIF(I,J)=GSTIF(I,J) /PIVOTI
MM=0

DO 30 II=I+1,NR

MM=MM+1

IP{MM+1.GT.NC) GO TO 30
PIVOT2=GSTIF (I, MM+1) *PIVOT1
XL(II)=XL{II)-XL(I)*PIVOT2
DO 40 JJI=1,NC

JITwIJ+MM

IP(JJJ.LE.NC)
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70

& GSTIP{II,JJ)=GSTIF(II,JJ)-GSTIF(X,JJJ)*PIVOT2
CONTINUE
CONTINUE
CONTINUE

BACK SUBSTITUTION:

DO 70 I=NR-1,1,~1

II=1

DO 90 J=I+1,NR

ITIaIX+l

IF{II.LE,.NHBW} XL(I)=XL(I)-GSTIF{I,II)*XL(J)
CONTINUR

CONTINUR

SUBROUTINE STRESS (NPOIN, NELEM, INTMAT, COORD, DISP, BLAS, PR,
* ALPHA, TREF, TEMP, MXPOI, MABLE, SRR, SZZ, 800, SRZ, ONE)

COMPUTE NODAL STRESS COMPONENTS FOR TETRAHEDRAL ELEMENTS
IMPLICIT REAL*B (A-H,0-Z)

REAL COOCRD (MXPOY,2), TEMP(MXPOI), DISP(MXPOI*1),ONE (MXPOI)
REAL SRR(MXPOI}, SZZ(MXPOX), SOO{MXPOI}, SRZ(MXPOI}

REAL C(4,4), B(4,6), EPS(4), UG(4), WG(4)

INTEGER INTMAT (MXELE,3)

PRINT OUT ELEMENT STRESSES:
WRITE (8,11) NELEM

11 FORMAT{ ' ELEMENTAL STRESS SOLUTIONS [', I5,'}:',/,

* 2X, 'BELEM', 11X, ‘'SRR', 11X, '8zZz',
* 11X, '800', 11X, ‘SRZ' }

LOOP OVER THE NUMBER OF ELEMENTS:
DO 1000 IEe«]l,NELEM

FIND ELEMENT LOCAL COORDINATES:
II = INTMAT(IE,1)

JJF = INTMAT(IE,2)

KK = INTMAT(IE,3)

RG1 = COORD(II,1)

RG2 = COORD(JJ,1)
RG3 = COORD(KK,1)
2Gl = COORD(IX,2)
ZG2 = COORD(JJ,2)
ZG3 = COORD(KK,2)

AVGR = (RG1 + RG2 + RG3)/3.
AVGZ = (ZGl + 2G2 + ZG3)/3.

Al = RG2%2G3-RAI*ZG2
A2 = RG3I*ZG1-RG1+ZG3
A3 = RG1*2G2-RG2*ZG1

Bl = ZG2-ZG3
B2 = 203-2G1
B3 = ZGl-ZG2

Cl = RG1-RG2
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110

130
120

150
140

€2 = RGl-RG3
C3 = RG2-RG1

AREAw1/2.%({Al + A2 + A3}

IF(ARER.LE.0.) WRITE{é,5) IE

15,

' HAS NEGATIVE OR ZERO VOLUME ', /,
' =<~ CHECK F.E, MODEL FOR NODAL COORDINATES®,

* AND RLEMENT RODAL COWNECTIONS ---'

IF(AREA.LE.0.) STOP

DO 110 Iml,4
DO 110 J=1,6

B(I,J)} = 0.

CONTINUE

3‘101’ = Bl

B{1l,3) = B2

B{1,5) = B3

B{2,2) = C1

5(204) w C2

Bi{2,6) = C3

B(3,1) = AL/AVGR + Bl + C1l*AVGZ/AVGR
B(3,3) = AZ/AVGR + B2 + C2*AVOZ/AVGR
B(3,5) = AI/AVGR + B2 + C3I*AVGZ/AVGR
B“ll, - Cl

B(4,2) = Bl

B(4,3) = Q2

B{4,4) = B2

B{4,5) = C3

B{4,6) = B3

DO 120 I=1,4
DO 130 J=1,6

B(I,J) = B(I,J)/(2.*ARER)
CONTINUE

CONTINUE

ELASTICITY MATRIX:

DO 140 I = 1,4
DO 150 J = 1,4
C{I,J) = &,
CONTINUE
CONTINUE

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

C(1,2) = FAC*PR

C(1,3) = FAC*PR

ci{2,1) = ¢(1,2)
€(2,2) = C{1,1)
C{2,3) = PAC*PR
€{3,1) = €(1,23)
Ci(3,2} = C(2,3)
Ci3,3) = C(1,1)
Cl4,4) = FAC*{1.-2.*PR}/2,

GATHER ELEMENT NODAL DISPLACEMENTS:

NDOF = 2

DO 200 J1s=1,3

Il = YNTMAT(IE,J1)
IEQ = {I1-1)*NDOF + 1
UG(J1) « DISP(IEQ)

}
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WG{J1) = DISPIIEQ+1l)
CONTINUR

COMPUTE THE TOTAL STRAINS:

DO 220 I=1,4

BPS(I}) = 0.

DO 230 J=1,3

J1 = {J-1)*NDOF + 1

J2 w J1 + 1

EPS(I) = EPS(I) + B(I,J1}*UG(J) + B(I,J2)*WG(J)
CONTINUE

CONTINUE

COMPUTE THERMAL STRAINS USING AVERAGE ELEMENT NODAL TEMPERATURES:
TAVG = (TEMP(II)} + TEMP(JJ) + TEMP(KK))/3.

COMPUTE THE NET STRAINS:

BPS({1) = EPS{1) - ALPHA*(TAVG - TREF)

EPS(2) = EPS{(2) - ALPHA*(TAVG - TREF)

EPS(3) = EPS{3} - ALPHA¥(TAVG - TREF)

COMPUTE THE ELEMENT STRESSES:

SRRE = C(1,1)*BPS(1) + C(3,2)*BPS(2) + C{1,3)*EPS{3}
SZZE = C(2,1)*EPS(1) + C(2,32)*EPS(2} + €(2,3)*EPS(]1)
SOOR = CI3,1)}*EPS(1) + C(3,2)*EPS(2) + C(3,3)*EPS(3)
SRZIE = C(4,4) *EPS(4)

COMPUTE NODAL STRESSES FROM ELEMENT STRESSES:

SRR{II} = SRR(II) + SRRE
SRR({JJ) = SRR(JJ) + SRRE
SRR{KK} = SRR(KK! + BRRE
8ZZ(II) = S2Z(II) + SZZE
8ZZ{(JJ) = SZZ(JJ} + BZZE
82Z(KK) = B5ZZ(KX) + SZZE
800(II) = SOO({II) + SOOE
S00{JJ) = S500(JT) + SOOE
SO00{KK) = SCO(KK) + SOOE
SRZ(II) = BRZ(II) + SRZE
SRZ{JJ) = SRZ{JJ) + SRZE
SRZ (KK) = SRZ(KK) + SRZE
ONE{II) = ONE{II) + 1.

ONE(JJ) = ONB{JJ) + 1,

ONE(KK) = ONE(KK) + 1.

PRINT OUT ELEMENTAL STRESS SOLUTION
WRITE(8,12) IE,SRRE,SZZE,SOCE,SRZE
FORMAT {16,4E14.6)

CONTINUE
PRINT OUT THESE NODAL STRESSES:

DO 1100 Iml,NPOIN

IF(ONE(I) .EQ.0.) WRITE(6,1200) I

PORMAT (' *+* WARNING *** NO STRESS CONTRIBUTION AT NODE', IS}
IF(ONE(1) .EQ.0.) ONE(I) = 1,

SRR(I) = SRR(I)/ONE(I)

8ZZ(I) = S2Z(I)/ONE{I)

S500(I) = SOO0(I)/ONE(I)

SRZ(I) = SRZ(I)/ONE(I)

CONTINUE

WRITE(8,1300) NPOIN



130

1300 FORMAT( ' NODAL STRESS SOLUTIONS (', IS,'}:*, /,
* 2X, 'NODE', 11X, 'SRR', 11X, 'SZZ’,
* 11X, 'S00', 11X, °'SRZ' )
DO 1400 Is=l,NPOIN
WRITE{8,1500) I, SRR{I), sSzz{I), S00{1), SRZ(I)
1500 PORMAT(I6, 4R14.6)
1400 CONTINUE

c

C PRINT OUT ELEMENT NODAL CONNECTION
WRITR{8,*) *ELEMENT NODAL CONNECTION'
WRITE({8,1}}

13 PORMAT(3X, 'ELE',8X,'I',3X, "J',5X, 'K")}
DO 1600 IE = 1,NELEM
WRITE(8,14) IE,INTMAT(IE,1),INTMAT(IE,2),INTMAT(IE,k3)
14 FORMAT(IS,SX,3I5)
1600 CONTINUE

RETURN
END
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. TRANSLATE OUTPUT FILE OF AXISSYM TO NASTRAN FORMAT .
* AND CONCULATE VONMISES STRESS .
* MISE JUKSANEE VIRULSRI .
- PACULTY OF ENGINEERING .
» CHULALONGKORN UNIVERSITY .
*'i**-**ﬂ*t.t't-i.'-*t'iiit'*‘tt*-**-**"*H*it.i‘".ﬁtt'**"’t'*."Q"ii"t'
PARAMETER (MXPOIwd44, MXELE=1282)
IMPLICIT REAL*S (A-H,0-Z)
REAL SRREE(MXELE), SZZEE(MXELE), SOOER(MXELE), SRZEE{MXELE)
RERL VONE(MXELE), SRRE, S2ZE, SOOR, SRZE, SVONE
¢
CHARACTER*20 NAMEL, NAMEZ
c
10 WRITE(6,15)
15 FORMAT(/, 'TRANSLATE OUTPUT FILE OF AXIS PROGRAM TO NMASTRAN PORMAT®
*,/.' PLERSE INPUT THE OUTPUT FILE TO TRANSLATE:',/)
READ(5, '(A)', ERRel0) NRME1
OPEN (UNIT=7, FILE~NAMEL, STATUS='OLD', ERR=10)
¢
READ(7,1) TEXT
1 PORMAT{20A4)
REBAD(7,200) NPOIN, NELEM
200 PORMAT({T12,IS,127,I5)
c
IF(NPQIN.GT.MXPOI} WRITE(6,20} NPOIN
20 FORMAT(/,' PLEASE INCREASE THE PARAMETER MXPOL TO ', IS)
IF (NPOIN.GT.MXPOI) STOP
IF (NELEM,.GT.MXELE) WRITE(6,30) NELEM
30 FORMAT(/,' PLEASE INCREASE THE PARAMETER MXELE TO ', IS)
IP (NELEM.GT ,MXELE) ~ STOP
c
READ(7,1) TEXT
READ(7,1) TEXT
READ(7,1) TEXT
¢
c FRINT DISPLACEMENT
c
40 WRITE(6,45) ‘
45 FORMAT(/, ' PLEASE ENTER FILE NAME FOR DISPLACEMENT'
* '*_AND STRESS SOLUTIONS OF NASTRAN FORMAT:',/ )
READ(S, '(A)', ERR=40) NAME2
OPEN (UNIT=8, FILE=NAMEZ, STATUS='NEW', ERR=40)
WRITE(§,50)
50 FORMAT({T1, 'l MSC/NASTRAN PAGE')
WRITE(8,€0) 0
60 FORMAT (T1,I1)
WRITE(8,*) 'DISPLACEMEN T
WRITE(8,*) 'POINT ID. TYPE T1 T2 ™
. 1 R2 R3'
c

DO 65 I = 1,NPOIN

READ(7,*) IP, U, W

V = 0.

Rl = 0.

R2 = 0.

Rl = 0.

IF(I.NE.IP) WRITE({§,75) I
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75 FORMAT(/, ' NODE NO.', 15, ' IN DATA FILE I3 MISSING'}
IP{I.NE.IP) STOP
WRITB(8,70) 1IP, U, V, W, Rl, R2, R}

70 FORMAT(t7,18,t21,'G',t27,B13.6,P6.1,t57,e13.6,76.1,¢t85,F6.1,t100,
*F6,.1)

65 CONTINUE
WRITE(8,60) 1

DO 66 I = 1, NELEM
SRREE(I) = 0.
SZ2ZBR(I)} = O,
SOOER (1) = 0,
SRZEE(I) = 0.
VONE(I) = 0.

66 CONTINUE

READ(7,1) TEXT
READ (7,1} TEXT
DO 300 IE = 1,NELEM
READ({7,*) II,SRREE(IX), SZZEE(IX),SOOBE(II),SRZEE(II)
IF{II.NE.IE) WRITE(6,80) IE
80 FORMAT(/, ' ELEMENT NO.', IS, ' IN DATA FILE IS MISSING')
IF(II.NE.IE]} STOP
SRRE = SRREE(II)
SZZB = SZ2EE(II)
S00E = SOOEE(II)
SRZR = SRZEE(II)

c SOLVE POR VON MISES STRESS OF EACH ELEMENT
CALL VONM{SRRE, SZZE, S800E, SRZE, SVONR)
VONE (II) = SVONE
300 CONTINUE

PRINT STRESS DISTRIBUTION

nNnnainon

WRITE(8,60} 0
WRITE (8,90}
90 FORMAT(t39,'S TR E S S E S IN TRIAXS ELEMENTS

« N
WRITE(8,1010}

1010 FORMAT({T7,'ID',T24, 'RADIAL',T38, 'AZIMUTHAL',T52, 'AXIAL', T66, ' SHEAR
*',T108, 'VON MISES')
DO 600 IE = 1,NELEM
WRITE({B,64C¢) IE,0,SRREE(IE),SOOEE(IE),S22EE(IE),SRZEE(IE)}, 0,0
* ,VONE (1IE)

640 FORMAT(T3,IS8,T19,I1,T21,4(1x,E13.6),T90,I1,T104,I1,T106,E13.6)

600 CONTINUE
WRITE(8,60) 1

c
STOP
END
Cevmemenccananana am .- Ceeesemeessmsess-samasasscssccecscmscmssasa en
¢
SUBROUTINE VONM(SRRE, 3ZZE, SOOR, SRZE, SVONE)
c
REAL SRRE, SZZE, SOOE, SRZE, SPEl, SPE2, SPE3, SVONE
c
SPEL = (SRRE+SZZE)/2,+SQRT(((SRRE-SZ2ZE)/2.)**245RZ**2)
SPE2 = (SRRE+S82ZE)/2.-5QRT(((SRRE-SZZE)/2.) **248RZ"*2)
SPE3 = S00E
c
C FPIND VON MISES STRESS
¢
EVONE = 1./5QRT(2.)*SQRT((SPE1-SPE2) **2+ (SEP2-5PR3) **24
* (SPE3I-SPE1) **2)
¢
RETURN
END
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PROGRAM STRES3D

A PINITE ELEMENT MECHANICAL/THERMAL STRESS ANALYSIS PROGRAM

FOR SOLID PROBLEM (THREE-DIMENSIONAL) OPERATIONING UNDER

STEAM PRESSURE, CENTRIFUGAL PORCE AND HIGH TEMPERATURE.
MISS JUKSANEE VIRULSRI
FACULTY OF ENGINEERING
CHULALONGKORN UNIVERSITY

Parrarepaapara e T T I T I I T TR IS TR NT LN RS L LA AL A A LA L L R X LR ARl A A L]

* & % &% % % % &
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THE VALUES DECLARED IN THE PARAMETER STATEMENT BELOW SHOULD
BE ASSIGNED ACCORDING TO THE SI2E OF THE PROBLEMS

MXPOI = MAXIMUM NUMBER OF NODES IN THE MODEL
MXELE = MAXIMUM NUMBER OF ELEMENTS IN THE MODEL
MXHBW = MAXIMUM NUMBER OF HALF-BANDWIDTH

anonNnaoannnn

PARAMETER (MXPOIm1134, MXELE=4000, MXHBW=300)

o]

IMPLICYIT REAL*8 (A-H,0-2Z)

REAL COORD{MXPOI,3), TEME(MXPOI)

REAL P1(MXBLE,2), P2{MXELE,2), P3(MXELE,2)

REAL SYSK(MXPOI*3,MXHBW), SYSF({MXPOI*3)

REAL SXX(MXPOI),SYY{MXPOI), 522 (MXPOI) , BXY {(MXPOI)
REAL BXZ (MXPOI1) , SYZ (MXPOI) ,ONE (MXPOI)

CHARACTER*20 NAMEl, NAME2, TEXTi
CHARACTER*4 TEXT

INTEGER INTMAT (MXELE,4), IBC{MXPOI,3), S{(MXELE)
INTEGER INTMATP1 (MXELE, 3), INTMATP2 (MXELE, 3) , INTMATP3 (MXELE, 3)

10 WRITE(6,15)

15 FORMAT{/,'**FINITE ELEMENT FOR SOLVING DISPLACEMENT AND STRESS OF
*TURBINE BLADE PROBLEM**',/,' WITH CONSTANT PRESSURE AND CONSTANT
*ANGULAR VELOCITY',//,

*' PLERSE INPUT THE FILE NAME OP INPUT DATA:',/)
READ(5, ' (A)', ERR=10) NAMEl
OPEN (UNIT=7, FILE=NAMEl, STATUS='OLD', ERR=l0)

READ TITLE OF COMPUTATION:

o0n

READ(7,*) NLINES
DO 100 ILINE=l,NLINES
READ(7,1) TBXT
1 FORMAT (A4}
100 CONTINUE

READ INPUT DATA:

nnao

READ(7,1) TEXT
READ(7,+*) NPOIN, NELEM, NFORCE , NSGROP
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134

IF{NPOIN.GT.MXPOI) WRITE(6,110) NPOIN
110 PORMAT(/,' PLBASE INCREASE THE PARAMETER MXPOI TO ', IS)
IF (NPOIN.GT .MXPOI) STOP
IF (NELEM.GT.MXBLE) WRITE(6,120) NBLEM
120 PORMAT!(/,' PLBASE INCREASE THE PARAMETER MXELE T0 ', I5)
IF (NELEM.GT.MXBLE) STOPR
READ{7,1) TEXT
READ(7,*) ELAS, PR, DENS, ALPHA, TREF, ANGVEL
READ{7,1) TEXT
DO 130 IP=1,NPOIN
READ(7,*) I, (COORD{I,K), K=1,b3)
2 FORMAT(T9,I8,T25,F8.0,T33,F8.0,T41,¥8.0)
IF(I.NE.IP) WRITE(6,135) IP
135 FORMAT(/, ' NODE NO.', IS5, ' IN DATA FILE IS MISSING')
IP{I.NE.IP) STOP
130 CONTINUE
READ(7,1) TEXT
DO 131 IP = 1,NPCIN
READ(7,*) I, TEMP(I}
3 PORMAT (T17,18,Tas,F8.0)
IP({I.NE.IP) WRITE(6,1356) IP
136 PORMAT{/, ' NODAL TEMP. NO.', IS, ' IN DATA FILE IS MISSING')
IF(X.NE.IP) STOP
131 CONTINUE

PO 132 IP = 1,NPOIN
DO 133 IC = 2,3
IBC{IP,IC) = 0
133 CONTINUE
132 CONTINUE
READ(7,1) TEXT
134 READ(7,*) TEXT1l, IPP, ISPC
141 FORMAT{T1,A8,TL7,18,T25,18)
IF (TEXTL.EQ. 'ENDCONST') GO TO 137
DO 138 I = 1,3
IF(ISPC.EQ.I) IBC(IPP,I) = 1
138 CONTINUE
IF(IS8PC.EQ.12) THEN
IBC{IPP,1l]) = 1
IBC({IPP,2} = 1
ELSE
ENDIF
IF(ISPC.EQ.13) THEN
IBC(IPP,1) = 1
IBC(IFP,3) = 1
ELSE -
ENDIF
IP(ISPC.EQ,.123) THEN
IBC{IPP,1) = 1
IBC(IFP,2) =1
IBC(IFP,3) = 1
ELSE
ENDIF
IF{ISPC.EQ.23) THEN
IBC(IPP,2) = 1
IBC(IPP,3) = 1
ELSE
ENDIF
1F (TEXT1.NE. 'ENDCONST') GO TO 134

137 READ(7,1) TEXT
DO 140 IEwl,NELEM
READ(7,*} I, (INTMAT(I,J), Jul,4)
4 FORMAT (T9,I8,T25,I8,T33,I8,T41,I8,T49,18)
IF(I.NE.1E) WRITE(§,150) IE
150 FORMAT(/, ' ELEMENT NO.', IS, ' IN DATA PILE IS MISSING') .
IP{I.NE.IB) STOP
140 CONTINUE
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NPORCE MEAN NUMBER OF NODES THAT SUPPORT THE EXTERNAL FORCE
NSGROP MEAN GROUP NUMBER OF ELEMENT THAT PACE TCO PRESSURE
NESURF MEAN NUMBER OF ELEMENT THAT FACE TO PRESSURE IR EACH NSGROP

DO 200 ISFPel,NELEM
S(ISF) = O
200 CONTINUE

CONSIDER INTMATP OF ‘'HE ELEMENT THAT FACE TO PRESSURE
FROM ERACH NSGROP
IF{NSGROP.EQ.0) GO TO 240
DO 205 IEP = 1,NELEM
DO 207 JJ = 1,2
PL{IEP,JJ) = 0.
P2({IEP,JJ) = 0.
P3(1IEP,JJ) = O.
207 CONTINUE
DO 206 J = 1,3
INTMATPL(IEP,J) = 0.
INTMATP2 (IEP,J) = O,
INTMATP3 {IEP,J) = &.
206 CONTINUE
205 CONTINUR

DO 210 IG = 1,NSGRCP
READ (7,1} TEXT
220 IIC = 1
READ(7,*) TEXTl, IEP, P. INP
S PORMAT (TL,A8,T17,18,T25,F0.0,T65,18)
IF{TEXT1.EQ. 'ENDGROUP'} GO TO 210
IF(S(IEP).EQ.0) THEN
P1({IEP,1} = P
P1(IEP,2} = INP
ENDIP
IF{S{IEP) .EQ.1) THEN
P2(IEP,1l) = P
P2(IEP,2) = INP
ENDIF
IF{S8{IEP) .EQ.2) THEN
P3 (IEF,1) » P
P3 (IEF,2) = INP
ENDIF
DO 230 IC = 1,4
IF(INP,EQ.INTMAT{IER,IC)) GO TO 230
- IF{S{IEP) .EQ.0} INTMATPl{IEP,IIC) = INTMAT(IEP,IC)
IF{(S{IEP) .EQ.1l) INTMATP2(IEF,IIC) = INTMAT(IEP,IC)
IF({S{IEP) .EQ.2) INTMATP3 (1EP,IIC} = INTMAT(IEP,IC)
IIC = IIC+1
230 CONTINUE
S(IEP) = S(IEP)+1 .
IF{TEXT1.NE. 'ENDGROUP') GO TO 220
210 CONTINUE

240 NDF = 3
NDOF = 12
NEQ = NPOIN*NDF
DO 300 I=l,NEQ
SYSF(I)} = 0.
300 CONTINUE
IF (NFPORCE.EQ.0} GO TO 415
READ{7,1} TERXT
DO 310 IX=1,NPFORCE
READ({Y,*}) N, PX, PY ,PZ
6 FORMAT(T17,I8,T41,F8,0,T¢9,F8.0,TS7,FB.0)
IEQ = (N-1)*NDF
SYSF(IEQ+l) = FX
SYSKF (IEQ+2) = FY
EYSF (IEQ+3) = FZ
310 CONTINUE
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COMPUTE HALF-BANDWIDTH:

415 NHEW = 0
DO 400 IEw=l,NELEM
MIN = 100000
MAX = O
DO 410 IN=1,4
II = INTMAT(IE, IN}
IP(IX.GT.MAX} MAX = II
IF(II.LT.MIN} MIN = Il
410 CONTINUE

NDIF = MAX - MIN + 1
IF(NDIF.GT.NHBW) NHBW = NDIF
400 CONTINUE

NHEW = NHBW*NDF
IF (NHBW,.GT.MXHBW) WRITE(6,420) NHBW

420 FORMAT(/,' PLEASE INCREASE THE PARAMETER MXHBW TO ', IS5}
IP (NHBW,GT.MXHBW) STOP

DO 430 1I=1,NEQ

DO 430 J=1,NHBW

S8YSK(I,J) = O.
430 CONTINUE

WRITE({6,435) NPOIN, NELEM .
435 FORMAT(/,* +** THE FINITE BLEMENT MODEL CONSISTS OF', IS,
* ' NODES AND*', IS,' ELEMENTS #**'}

LOOP OVER ALL ELEMENTS TO COMPUTE RLEMENT MATRICES AND ASSEMBLE
THEM FPOR SYSTEM MATRICES IN THE FORM NEEDED FOR MINIMUM MEMORY
REQUIREMENT :

WRITE (6, 440)

440 PORMAT(/,' **+ ESTABLISHING ELEMENT MATRICES AND',
* ' ASSEMBLING ELEMENT EQUATIONS #*w! }
CALL TETRA{NELEM, INTMAT, INTMATPLl, INTMATP2, INTMATP3,
*COORD, ELAS, PR, ALPHA, ANGVEL, DENS, Pl, P2, P3, 8, TREF,
*TEMP, BYSK, SYSF, MXPOI, MXELE, MXHBW)

WRITE(6,450)
450 FORMAT(/,' *** APPLYING BOUNDARY CONDITIONS #w*=»')
CALL APPLYBC (NHBW, NPOIN, IBC, SYSK, SYSFP, MXPOI, MXHBW)

WRITE (6,460}
460 FORMAT(/,' *** SOLVING A SET OF SIMULTANEOUS EQUATIONS',
* ! FOR DISPLACEMENT SOLUTIONS *#+! ) )

MEM = 1288+144*MXPOI+104*MXELE+24 *MXPOI*MXHBW
WRITE(6,465) NEQ, NHBW, MEM

465 FORMAT(5X,'( TOTAL OF', IS,' EQUATIONS WITH HALF-BANDWIDTH OF',
- I4, * )' ,/,' REQUIRED MEMORY ABOUT ',12I,/ )

CALL SOLVE(NEQ, NHBW, SYSK, SYSF, MXPOI, MXHBW)

PRINT QUT NODAL DISPLACEMENT SOLUTIONS:

470 WRITE(6,480)
480 FORMAT(/, ' PLEASE ENTER FILE NAME FOR DISPLACEMENT'
* ' AND STRESS SOLUTIONS:',/ )
READ(5, '(A)', ERR=470) NAME2
OPEN (UNITws, FILE=NAMEZ, STATUS='NEW', ERRw470)
WRITE(8,485) NAMEl,NPOIN, NELEM, NHBW
485 FORMAT(, "THE FINITE ELEMENT MODEL OF INPUT FILE * *L,A20,'%,/,
* 'CONSISTS OF', IS5,' NODES AND', IS,' ELEMENTS °',/,
* 'AND HALF BAND WIDTH OF', 15 ,/,' MEMORY REQUIRED ',I12,' bytes')
WRITE(8,450) NPOIN
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490

FORMAT (' NODAL DISPLACEMENT SOLUTIONS (', I5,'l:‘',

* /.2X, 'NODE‘, 12X, 'U‘', 14X, 'V', 14X, 'W',
- 12X, 'R1*,12X, 'R2', 12X, 'R3"')

510
500

700

300

400
450

DO 500 IP=l,NPOIN
R =0.
Il = (XIP-1)*NDF+l
I2 = (IP-1)*NDPF+2
I3 = (IP-1)*NDF+3
WRITE(B,510) IP, SYSP(Il), SYSF{I2), SYSF(I3), R, R, R
FORMAT (16, 5X, €E14.6)
CONTINUE

COMPUTE NODAL STRESSES:

DO 700 Iel,NPOIN
SXX(I} = 0,

SYY (I} Q.
8ZZ(I) 0.

SXY (1) 0.
SYZ(I) Q.
SXZ(I) = O.
ONE(I) = 0.
CONTINUE

PRINT OUT CHECK FILE :

CALL STRESS (NPOIN, NELEM, INTMAT, COORD, SYSF, ELAS, PR,
*ALPHA, TREF, TEMP, MXPOI, MXELE, 8XX, SYY, S2ZZ, sXY, 8XZ,
*8YZ, ONE)

SUBROUTINE APPLYBC({NHBW, NPOIN, IBC, SYSK, SYSF, MXPOI, MXHBW)

APPLY DISPLACEMENT BOUNDARY CONDITICNS WITH CONDITION CODES OF:
0 = FREE TO MOVE
1 = FIXED

IMPLICIT REAL*8 (A-H,0-Z)
REAL SYSK(MXPOI*3, MXHBW), SYSF{MXPOI*3)

INTEGER IBC({MXPOI, 3}

NDF = 3

DO 100 IN=1,NPOIN

DO 200 1ID=1,NDF
IF(IBC(IN,ID).NE.1) GO TO 200

IBQ = (IN-1)*NDF + ID
SYSF (IEQ) = 0.

SYSK(IEQ,1l) = 1.
DO 300 1I=2,NHBW
SYSK(IEQ,I) = 0,
CONTINUE

IP(IRQ.EQ.)) GO TO 450

DO 400 N=1,IEQ-1

IROW = IEQ -~ N

ICOL = N+ 1
IFP(ICOL.GT.NHBW) GO TO 450
SYSK{IROW,ICOL) = 9.
CONTINUE

CONTINUE
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200 CONTINUE
100 CONTINUE

SUBROUTINE ASSMBLE( IE, INTMAT, 5GBL, FGBL, SYSK, SYSP,
* MXPOI, MXELE, MXHBW )

ASSEMBLE ELEMENT EQUATIONS INTO SYSTEM EQUATIONS

IMPLICIT REAL*8 (A-H,0-2)
REAL 8§GBL(12,12)}, FGBL{12)
REAL SYSK(MXPOI*3,MXHBW), SYSF(MXPOI*3)

INTEGER INTMAT (MXELE, 4}

NNODE = 4
NDF = 3

DG 100 NR=1,NNODE
NODR = INTMAT (IE,NR)
DO 100 MRal,NDF

DENOTE: N5SR = ROW POSITION IN THE SYSTEM BEQS.
NER = ROW POSITION IN THE ELEMENT EQS.

NS5R = {NODR-1)*NDF + MR
NER = (NR -1)*NDF + MR
SYSF(NSR) = SYSF{NSR) + FGBL{NER)

DO 200 NCwl, NNODE
NODC = INTMAT(IE,NC)
DO 200 MCwl,NDF

DENOTEB: NSC = COLUMN POSITION IN THE SYSTEM EQS.
{AFTER ROTATION - READY POR BANDED SOLVER)
NEC » COLUMN POSITICN IN THE RLEMENT RQS.

NSC = (NODC-1)*NDF + MC - NSR + 1

NEC = (NC ~-1)*NDF + MC

IF(NSC.GT.0)
E SYSK(NSR,NSC) = SYSK(NSR,NSC) + SGBL(NER,NEC)

200 CONTINUE
100 CONTINUE

RETURN

SUBROUTINE TETRA{(NELEM, INTMAT, INTMATPl, INTMATP2, INTMATP3,
*COORD, ELAS, PR, ALPHA, ANGVEL, DENS, PL, P2, P3, S, TREF,
*TEMP, BYSK, SYSF, MXPOI, MXELE, MXHBW)

COMPUTE BLEMENT MATRICES AND ASSEMBLE THEM FOR SYSTEM EQUATIONS

IMPLICIT REAL*B (A-H,0-Z)

REAL COORD (MXPOI, ), TEMP (MXPOI)

REAL SYSK({MXPOI*3, MXHBW), SYSP{MXPOI+*3)

RBAL STRA(12,12)}, FT(12), C{6,6), B(€,12), BT(i2,6)
REAL FPEB(12}, FES(12), FET(12)

REAL DUMA(E,1i2}, DUMB(S), ALI(&}

REAL Pl1{(MXELE,2), P2{(MXELE,2), P3(MXELE,2)
CHARACTER*20 NAME3

INTEGER INTMAT (MXELE,4) , S(MXELE)
INTEGER INTMATP1 (MXELE, 3), INTMATR2 (MXELE, 3) , INTMATP3 (MXELE, 3)
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REAL CX,CY,CZ,FACC, P,NX,NY.NZ

4070 WRITE(6,4800)

4800 FORMAT(/,
READ{S, '(A)}', BRR=4070}
OPEN (UNIT=9,

FILE=NAME},

NAME3

STATUS='"NEW',

LOOP OVER THE NUMBER OF ELEMENTS:

DO 5000 IEal,NELEM
FIND

11 = INTMATI(IE,1}
JJ = INTMAT(IE, 2}
KK = INTMAT(IE,3)
LL = INTMAT(IE,4)
XG1 = COORD({II,1}
XG@2 = COORD(JJ, 1)
XG3 = COORD (KK, 1)
XG4 = COORD(LL,1)
YG1 = COORD(IX,2)
YG2 = COORD(J7J,2)
YG3 = COORD({KK, 2}
YG4 = COORD({LL,2)
ZG1i = COORD(II,3)
ZG2 = COORD({JJ,3)
2G3 = COORD(KK,3)
2G4 = COORD{LL,3)

ELEMENT LOCAL COORDINATES:

VOL=1/6.*{{{XG2-XGI )} *YG4+ (XG4-XG2) *YGI+ (XG3-XG4) *YG2) *2G1+
*{ (XG1-XG4) *YG3+ (XG3-XG1} *¥G4+ {XG4-XE3) *¥YG1) *2G2+
* { (XG2-XG4) *YG1+ (XG1-XG2) *YG4 + (XG4 -XG1) *YG2) *ZG3+
* ({XGL-XG3) *YG2+ (XQ3-XG2) *YG1+{XG2-XG1) *YG3) *ZG4)

IF(VOL.LE.O.)

§ PORMAT(/,'

L]

*

IF(VOL.LE.0D.)

Al = XG2*Y@3I*ZG4-XG2*ZG3*YG4-XE3*YG2*Z2G4+XG3I*ZG2*YC4+

WRITE(€,5)

11! ERROR 1!}
' HAS NEGATIVE OR ZERO VOLUME ', /,

! === CHECK ¥.E. MODEL POR NODAL COORDINATES',
' AND ELEMENT NODAL CONNECTICNS --~'

STOP

*XG4*YG2*ZG3 -XG4*Z2G2*YG3

A2 w-XGL*YG3I*ZG4+XGLl*Z2FI*YG4+XAI*YGI*ZG4-XAI*IGL*YG4 -

*X@4*YGL*ZGI+ XG4 *ZGL*YGI

A} = XGL*YG2*ZG4-XGL*Z02+YG4-XGAI*VGL*ZG4+XG2*ZG)*YG4+

*XG4*YGL*ZG2-XG4*2G1*YG2

At =-XGL*YG2+233+XQL*Z202*YGI+XG2*YG1¥ZG3 -XG2*ZG1*YE3 -

*XGI*YGL*ZG2+XGI*ZG1*YG2

Bl =-¥YG3*ZG4+ZG3*YG4+YE2*Z(G4-2G2*YG4-Y@2*20G3+2G2*YQ3
B2 = YOI*ZG4-ZG3*YG4-YOL+ZG4+2GL*YG4+YGL*ZG] -ZG1*YG)
Bl =-YGR*ZG4+ZG2*YA4+YQG1*ZG4-2G1*YG4 ~YOL*ZG2+ZG1vY@2
B4 = YG2*ZG3-ZG2*YG3-YGL*ZGI+2GI*YG3+YGI*Z2G2-2G1*YG2
Cl =-XG2*ZG4+XG2+*ZGI+XG3*Z04-XGI*2G2 -XG4*ZGI+XG4*ZG2
C2 » XG1*ZG4-XG1*Z2GI-XG3I*ZG4+XGI*ZQA1+XGA*2GI - XG4 *ZGL
C3 =-XG1*ZG4+XGLl*ZG2+XG2*ZU4-XG2*2F1~-XG4*2G2+XG4*Z3L
C4 = XG1*ZG3~XG1*ZG2-XG2%ZGI+XG2I*ZG1+XAI*ZG2-XG3*ZG1
DI =~XG2*YG3+XG2*YG4+XG3*YG2~-XGI*YG4 ~ XG4 *YG2+XG4*YGI
D2 = XGL*YGI-XGL*YG4-XGI*YA1l+XGI*YG4+XG4*YGL-XG4*YGI
D3 =-XGl*YG2+XG1l*YI4+XQ2*YGL-XG2*YG4 -XA4*YGL+XG4*YQ2
D4 = AGL*YG2-XCL*YG3I-XG2*YGL+XG2*YGI+XGI*YGL1-XG3I*YG2

DO
DO

110 I=l1,6
110 J=1,12
B(I,J) = 0.

110 CONTINUE

IE
ELEMENT NO.',

* PLRASE ENTER FILE NAME FOR CHECKING',/)

ERR=4070)

15,

)
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B{l1,1)
B(l,4)
B(1,7)

Bi{l1,10)=

B({2,2)
B(2,5)
B(2,9)

B{2,11)=

B(3,3})
B{3,6}
B(3,9)

-
-

B(3,12)=

B(4,1)
B(4,3)
B(4,4)
B(4,5)
B(4,7)
B(4,8)

B(4,10)=
Bl4,1l1)=

B(5,2)
B(5,3)
B(S,5)
B(5,6)
B(5,8)
B(S,%)

B(5,11) =

. Bi{5,12)=

130
120

150
140

Bi6,1)
B(6,3)
B(6,4)
B(6,6)
B(6,7)
B(6,9)

B(6,10)m
B(6,12)= B4

DO 120
DO 130

Bl
B2
B3
B4
Cl
c2
C3
Ce
D1
D2
D3
D4
C1
Bl
C2
B2
C3
B3
C4
B4
D1
C1
D2
c2
D3
C3
D4
Ct
"
Bl
p2
B2
D3
B3
D4

Inl,6

Jul,12
B(I,J) = B(I,J)/(6.*VOL)
BT(J,I) = B{X,J)

CONTINUE
CONTINUE

ELASTICITY MATRIX:

DO 140 I = 1,6
DO 150 J = 1,6
C{I,J) = 0.

CONTINUE
CONTINUE

PAC = ELAS/((1.+PR)*{1.-2.*PR)}

C{1,1) = FAC*{1-PR}
C{1,2) = FAC*PR

c{1.3)
€(a,1)
C(2,2)
c(2,3)
c(3,1)
C(3,2)
C{3,3}
C{4,4)
c(5,5)

FAC*PR
ci1,2)
c(1,1)
FAC*PR
c{1,3)
c(2,3)
c(1,1)
FAC* (1
Cl4,4)

C(6,6) = C(4,4)

.~2.*PR} /2,

ELEMENT STIFFNESS MATRIX:

DO 00

I=l,6
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DO 100 J=1,12

DUMA(I,J) = 0.

DO 200 K=1,6

DUMA(I,J) = DUMA(I,J)} + C(I,K)*B(K,J}
CONTINUE

CONTINUR

DO 300 Is=l,l2

DO 300 J=1,12

STRA(I,J) « 0.

DO 400 Kwl,6

STRA(I,J) = STRA(I,J) + BT(I,K}*DUMA(K,J)
CONTINUE

CONTINUE

DO 500 I=l1,12

DO 500 - Jm=l,12

S8TRA(I,J) = STRA(I,J)*VOL
CONTINUVE

ELEMENT NODAL PORCE DUE TO THERMAL EXPANSION:

AL({1) = ALPHA
AL(2) = ALPHA
AL{3) = ALPHA
AL(4) = 0.
AL(5) = O,
AL(€} = ©.
DO 600 1Ial1,6
DUMB(I) = 0.

DO 700 J=1,6

DUMB(I) = DUMB(I) + C{I,J)*AL(J)
CONTINUE

CONTINUE

DO 800 Im1,12

FET(I) = 0.

DO 900 Jm=l,6

FET(I) = PET(I} + BT(I,J)*DUMB(J)
CONTINUE

CONTINUE

AVERAGE ELEMENT TEMPERATURE:

TAVG = (TEMP(II) + TEMP(JJ) + TEMP(KK) + TEMP(LL))/4.
FAC = (TAVG - TREF) *VOL

DO 1000 Is=1,12

FET(I) « FET(I)*FAC

CONTINUE

ELEMENT BODY FORCE DUE TO CENTRIFUGAL FORCE
(NEGLECT GRAVITATIONAL FORCE):

AVX = {XG1l + XG2 + XG3 + XG4)/4.
AVY ={YGl + YG2 + YG3 + YG4) /4.

FACBl = DENS*ANGVEL*ANGVEL*AVX*VOL/4.
FACB2 = DENS*ANGVEL*ANGVEL*AVY*VOL/4.

FEB(1) = FACBl
FEB(2) = FACB2
FEB(3) = 0.

FEB(4) = FACBl
FEB(5) = FACB2
FEB(6) = O,

FEB(7) = FACBl1
FER(8) = PACB2
FEB(9) = 0.

FEB(10)= FACB1
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C CHECKING FOR NORMAL VECTOR OF PLANE THAT POINT FROM PLANE TO INP

c

1200

FEB(1l)= PACB2
PEB(12)= 0.

ELEMENT NADAL FORCE DUE TO SURFACE FORCE BY UNIPORM PRESSURE

DO 1200 IF = 1,12
FES(IF) = 0.
CONTINUE

IF(S{1E).BQ.0.) GO TO 1310

FIND AREA OF THE SURPACE THAT FACE TO PRESSURE
FROM ARERA = SQRT(S(S-A}*(8-B}*(8-C)}

IIS = S({IE)
DO 1210 ISE = }1,II8
IF(ISE.EQ.1} THEN

IS = INTMATP1l(IE,1}
JS = INTMATPL1(IE,2)
K8 = INTMATP1(IE,3)

INP = P1{IE,2)
P = P1{IE,1)

ELSE
ENDIF

IF(ISE.EQ.2) THEN

I8 = INTMATPZ(IE,1)
JS = INTMATP2(IE,2)
K§ = INTMATP2(IRE,3)

INP = P2(IE,2)
P = P2({IE,1)

ELSE

ENDIF

Ir(ISE.EQ.3) THEN

I5 = INTMATP3 (IE,1}
JS = INTMATP3(IE,2)
KS w INTMATP3 (IE, 3}

INP = P3(IE,2)
P = P3(IE,1)

ELSE

ENDIF
X81 = COORDIIS,1)
XS2 = COORD(JS,1)
%83 = COORD(KS,1)
¥51 = COORD(IS,2)
Y52 = COORD(JS, 2}
¥S3 = COORD(KS,2)
ZS1 = COORD(IS,3)
282 = COORD({JS,3)
Z83 = COORD(KS, 3)
XSN = COORD{INP,1}
YSN = COORD(INP,2)
Z5N = COORD{INP,3)

VOLP=l/6.*( ((X52-X81) *YSN+ (XEN-X82) *¥Y534+ {X83-XSN) *Y52) *Z51+
* {{XB1~-XSN) *¥S3+ (XS3-XS51) *YSN+ (XSN-X53) *Y51) *Z82+

* ({XB2-XSN) *¥S1+ (X51-X32) *YSN+ ({XSN-X81) *¥52) *ZS3+
*({X81+-X83) *¥52+ ({X83-X52) *¥81+ (XS2-X51) *YS53) *ZSN}
IF(VOLP.LE.0} THEN

JEN = KS

KSN = J8

X82 = COORD(JSN,1}
X8) w COORD{KSN, 1)}
YS2 = COORD(JSN, 2)
Y33 = COORD(KSN, 2)
Z82 = COORD(JSN, 1)
Z83 = COORD(KSN, 3}

ENDIF
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FIND NORMAL VECTOR OF BURFACEVTHAE FACE TO PRESSURR

CX = (252-283)*YS1 + (253-Z81)+*Y82 + (281-281)+*¥83
CY = (X52-X853)}+*Z51 + (X8)-XS1)+282 + (X81-X52)+*283
CZ = (¥YS82-Y53)*X51 + (Y83-YS81)*X82 + (YS1-YB52)+Xs3
FACC = SQRT (CX*CX+CY*CY+CZ*C2)

FIND PX, PY, P2
PX = P*CX/FACC
PY = P*CY/FACC
PZ = P*CZ/FACC

Xs2~XS1
¥82-YS1
Z52-251
X83-X51
YS83-YSL
Z83-Z81
X83-X82
Y83-¥Y82
Z83-282

= SORT (AA*AA+AB*AB+AC*AC)

= SQRT (BA*BA+BB*BE+BC*BC)

8C = SQRT(CA*CA+CR*CB+CC*CC)

= {BA + 5B + BC)/2,
DELA = SL - SA
DELB = SL - §B
DELC = SL - SC
SAREA = SQRT{SL*DELA*DELB*DELC)

c CHECK
IF(I5.EQ.II) IS
IF{I5,EQ.J7) IS
IF(1IS.EQ.KK) IS
IF(IS8.EQ.LL) IS
IF(YS.BQ.IX) J8
IF{JS.EQ.JJ) J8
IF(JS.EQ.KK) JS
IF(J8.BQ.LL)
IF(X5.BEQ.II)
IF(KS.EQ.JJ)
IF{KS,EQ.KK)
IP(KS.EQ.LL)

A KR B B R B BANETR
B W R R W R R W B

AR

NHODE = 4

NDF = 3

DO 1300 I = 1,NNODE

IF{(I.NE.IS) .AND.(I.NE.JS).AND. (I1.NE.XS)) GO TO 1300

IRX = (I-1)*NDF + 1
IRY = {(I-1)*NDF + 2
IRZ w (I-1)*NDF + 2
FES{IRX) = PX*SARBA/3. + FES(IRX)
FES(IRY) = PY*SAREA/3. + FES({IRY)
FES(IRZ}) = PZ*SAREA/3. + FES(IRZ)
1300 CONTINUE
1210 CONTINUE

PIND OF TOTAL FORCE OF ELEMENT
1310 DO 1400 ISUM = 1,12

PT{ISUM) =« PEB(ISUM) + FES({ISUM) + FET{ISUM)
1400 CONTINUE

nn

ASSEMBLE THESE ELEMENT EQUATIONS INTO THE SYSTEM EQUATIONS:

CALL ASSMBLE( IE, INTMAT, STRA, FT, SYSK, SYSP,
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MXPOI, MXELE, MXHBW }

SUBROUTINE SOLVE (NROW, NHBW, GSTIF, XL, MXPOI, MXHBW)

SOLVE A SRT OF SIMULTANEOUS EQUATICNS USING GAUSS ELIMINATION.
THIS SOLVER ROUTINE CAN BE DESCRIBED BY USING AN EXAMPLE OF A

SET OF FOUR SIMULTANEOUS EQUATIONS (AFTER APPLYING BOUNDARY
CONDITIONS) AS SHOWN BELOW:

[ A1l R12 Al3 0] [ X1 [ FP1]
[ | [ 1 4 1
[ A12 A22 A23 A24 ) [ X2 1 [ r2}
[ 1 [ | - [ ]
{ A13 A23 RA33 R34 ) [ x3 3} [ 73]
{ ) ( ] [ ]
I ©0 A4 A hdea ) [ X4 ) [ P4}

WHERE THE VARIABLE XL IS5 THE LOAD VECTOR OM RHS OF THE EQUATIONS.

THE GLOBAL STIFFNESS MATRIX ABOVE IS STCRED IN THE VARIABLE

GSTIF IN THE FORMAT SHOWN BELOW: (HERE NROW = 4 AND NHEW = 3)

[ A2l  Al2 Al3 }
[ }
[ A22 A23 A4 ]
[ G8TIF | = [ }
[ A33  A34 01
( }
[ Ad4a ] 0)

AND THE OUTPUT SOLUTIONE WILL BE STORED IN THE VARIABLE XL.
IMPLICIT REAL*8 (A-H,O+Z)
REAL GSTIF{(MXPOI*], MXHBW), XL{MXPOI*3)

NR=NROW
NC=NHBW

DIAGONALIZATION THE MATRIX:

DO 10 I=1,NR

PIVOT1=GSTIF{I,1)

IF{ABS (PIVOT1).LT.10.E-10) THEN
WRITE(6,1025) I, PIVOT1

1025 FORMAT(' EQ. NO.', IS, ' HAS NEARLY ZERC PIVOT OF', El4.6,
w*

20

w

i % STOP %+, //'

! #e+ CHECK NODE AND ELEMENT NUMBERING IN F.E, MODEL ww+!)

STOP
ENDIF

XL(I)=XL{I)/PIVOT1

DO 20 Jm=l,NC
GSTIF(I,J)=GSTIF(I,J}/PIVOT1
MM=(

DO 30 II=I+1,NR

MM=MM+1

IF{MM+1.GT.NC) GO TO 30
PIVOT2=GSTIF{I,MM+1) *PIVOT1
XL{XI)=XL{II)-XL(I})+*PIVOT2
DO 40 JJ=1,NC

JITmJT+MM

IF(JJJ.LE.NC)
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& GSTIF(
40 CONTINUE
30 CONTINUR
10 CONTINUE

145

1I,JJ) »GSTIF({I1I,JJ} ~GSTIP{I,JJJ} *PIVOT2

BACK SUBSTITUTION:

DO 70 IwNR-1,1,-1

II=l

DO 80 JuI+]1,NR

IIwIX+l

IF(I1.LE.NHBW) XL{I}=XL(I)-GSTIF(I,II)*XL{J)
80 CONTINUE
70 CONTINUE

SUBROUTINE STRESS (NPOIN, NELEM, INTMAT, COORD, DXIEP, BELAS, PR,
*ALPHA, TREF, TEMP, MXPOI, MXELE, BXX, 8YY, 522, SXY, BXZ, 5YZ
*, ONE}

COMPUTE NODAL STRESS COMPONENTS FOR TETRAHEDRAL ELEMENTS

IMPLICIT REAL*8 (A-H,0-Z}

COORD (MXPOI, 3}, TEMP(MXPOI)}, DISP(MXPOI*3),ONE(MXPOI)
SXX (MXPOL) , 5YY (MXPOI) , 5% (MXPOX) , SXY (MXPOI}

SYZ (MXPOX) , SX2 (MXPOI)

REAL
REAL
REAL
REAL

ci{s,6), B(6,12), EPBI(6E), UG(6), VA(E}, WGE)

INTEGER INTMAT (MXELE,4)

PRINT OUT ELEMENT STRESSES:

WRITE(8,11) NELEM

11 FORMAT{ ' ELEMENTAL STRESS SOLUTIONS [*, I5,'):'./,

-

-

2X, 'ELEM',
11X, 'SBXxy',

11X, *'8XX', 11X, ‘syYy', 11X, 'sSZz’',
11X, 'SXz', 11X, 'SYz' )

LOOP OVER THE NUMBER QOF ELEMENTS:

DO 1000 IEw~l,NELEM

FIND ELEMENT LOCAL COORDINATES:

IX = INTMAT(IE,1)
JJ = INTMAT(IE,2)
KK = INTMAT(IE,3)
LL = INTMAT(IE,4)

X@1
X@2
X33
XG4
YGL
¥G2
Ya3
YG4
ZG1
ZG2
za3
4G4
VOL»

1

COORD(1I,1)
COORD {JJ, 1)
COORD (KK, 1)
COORD {LL, 1)
COORD{II,2)
COQRD (JJ, 2)
COORD (KK, 2)
COORD (LL, 2)
COORD (II,3)
COORD {JJ,3)
COORD (KK, 3)
COORD (LL, 3)

JE. 7 (L (XG2+XA3) *YG4+ (XG4 -XG2) *YA3+ (XGI~XG4) *YG2) *ZG1+
* { (XG1-XG4) *YGI+ {XG3-XG1) *YG4+ (XG4 -XGI) *YG1) *2G2+
* { (XG2-XQ4) *YO1+ (XG1-XG2) *YG4+ (XG4-XG1) *YG2) *2G3+
* ((XG1-XG3) *YO2+ (XG3~XG2) *YG1+ (XG2-XG1) *YG3) *ZG4)



aoon

Bl
B2
B)
B4
Cl
C2
ot ]
C4
D1
D2
D3
D4

DO
DO

=-YGI*ZG4+2G2 *YG4+YG2* 2G4 -2G2*YG4-YU2*2A3+2G2*YG)
u YGI*ZG4~2ZGI*YG4 -YGL*ZG4 +2G1*YG4 +YGL*2G3 - ZG1*YG)
w-YG2*204+ZG2*YGA +YGL* %04 - ZG1*YG4 -YG1 * 202+ 261 *YG2
= YGZ*2G3-2G2*YG)-YGL*ZGI+2GL*YGI+YU1*202-ZG1*YG2
w=-XG2*ZG4+XG2*2ZG3+ X33 *ZG4 ~XGI *ZG2-XG4* 203 +XG4 * 262
= XG1l*204-XG1*2G3-XG3I*ZG4+XGI*Z31+X04 *203 - XG4 261
== XG1*204+XG1*2G2+XG2* 204 -XG2*2G1 -X04 *Z02+ XG4 *2G1
= XG1*Z0G31-XG1l*ZG2-XG23*ZG3I+XG2*2G1+XQ3*202~-XGI*2G1
==-XGI*YG3I+XG2*YG4A+XGI *YG2 -XG3 *YG4 ~ XG4 * Y2+ XG4 *YG3
a XGL*YG3-XG1*YG4-XGI*YG1+XGI*VTG4+XG4*Y01-XG4*YG]
w=XGL*YGI+XGL*YG4+XG2*YG1 - XG2*YG4 - XG4 *YQ1+ XG4 *YG2
= XG1*YG2-XG1l*YGI-XG2*YGL+XG2*YG3+XGI*YG1~XGI*YG2

110 I=l,6
110 J=1,12

B(I.J! = 0,
1190 CONTINUE

B(l}l) = Bl
B(l,4) = B2
B(1,7) = B3
B(1,10)= B4
B(2,2) = C1
B(2,5) = C2
B(2,8) = C3
B{1,11)= C4
B(3,3) =~ D1
B(3,6) = D2
B{3,%) = D3
Bi{4,1) = C1
B"f:) - 81
Bi4,4) = C2
BH;S) - BZ
B(4,7) = C3
B{4,8) = B3
B(4,10}= C4
B{4,11)= B4
B{(5,2} = D1

B{S5,3} = C1
B(5,5) = D2
B(5,6) = C2
B(5,8} = D3
B(5,8) = C3
B(5,11)= D4
B(5,12)= C4
B(6,1) = D1
B(6,3) = B2
B(so‘) = D2
B(‘Js) = B2
B(s,7) = D3
B(6,9) = B3

B(6,10)= D4
B{6,12)= B4

bo
DO

120 1I=1,6
130 J=1,12

B(I,J) = B(X,J}/(6.*VOL)
130 CONTINUE
120 CONTINUE

ELASTICITY MATRIX:

)
DO

140 I = 1,6
150 J = 1,6

C(I,J) = 0.
150 CONTINUE
140 CONTINUE
FAC = ELAS/{(1.+PR)*{1.-2.*PR})
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a30
220

c{1,1)
ci{1,2)
c(1,3)
c(2,1)
Cla,2)
€ia,3)
ci3,1)
ci3.2)
C€(3,3)
Cla,4)
c{s,s)
c(s,6)

GATHER

DO 200

FAC* (1-PR}

FAC*PR
FAC*PR
Ci{1,2)
c,1)
FAC*PR
ey
Cia,3)
ci1,1)

PAC*(1.-2.*PR) /2.

Cl4,4)
Cl4,4)

ELEMENT NODAL DISPLACEMENTS:

Jiml, 4

I1 = INTMAT(IE,J1l)

IBQ = (I1-1)%*3 + 1
Wi {J1) = DISP{IEQ)
VG{J1l) = DISP(IEQ+l)
WG(J1} = DISP{IRQ+2)

CONTINUE

COMPUTE THE TOTAL STRAINS:

DO 220
EPS{I)

Iel, 6
a.

DO 230 J=1,4

J1l = {J=1}*3 + 1
J2 = J1 + 1

JI = J1l + 2
EPS({I) = EPS(I) + B{I,J1}*UG(J) + B(I,J2)*VA(J)} + B(I,J3}*WG{J)}
CONTINUE
CONTINUE

COMPUTE THERMAL STRAINS USING AVERAGE ELEMENT NODAL TEMPERATURES:

TAVG = (TEMP(II) + TEMP(JJ) + TEMP{(KK) + TEMP{LL)}/4.

COMPUTE THE NET STRAINS:

EP5{1) = EPS(1)
EPS(2) = EPS(2)
= EPS(3)

EPS(3)

- ALPHA*{TAVG - TREF)
= ALPHA* (TAVG -« TREF)
- ALPHA* {TAVG - TREF)

COMPUTE THE ELEMENT STRESSES:

SXXE = C(1,1) *EP8(1)
SYYE = C(2,1)*EPS(1)
SZZE = C(3,1)*BP5(1)
SXYE = C(4,4)*BPS(4)
SYZE = C(5,5) *EPS(S)
SXZE = C(6,€) *EPS(6)
COMPUTE

SXX(II) = SXX(II) +
SXX (3T} = SXX(JJ) +
SXX (KK) = SXX(KK) +
SXX(LL) = SXX(LL) +
SYY{II) = SYY(II) +
EYY{JJ) = SYY(JJ) +
BYY({KK) = SYY(KK) +
SYY(LL) = SYY{LL) +
SZZ(II) = SZZ(II) +
SZZ{JJT) = SZZ{JT) +
S2Z(KK}) = SZZ(KK) +
8ZZ(LL} = SZZ(LL) +
SXY(II) = SXY(II) +
SXY(JT) = SXY(JT) +
SXY(KK) = SXY(KKX) +

+ C{1,2)*EPS(2) + C(1,3)*EPS(3)
+ C{2,2)*EPS(2) + C(2,3)*EPS(3)
+ C{3,2)*EPS(2) + C(3,3}*BPS{3)

NODAL STRESSES FROM ELEMENT STRESSES:

SXXE
SXXE
SXXE
SXXE
SYYE
SYYE
SYYE
SYYE
SZZE
SZZE
SZZE
SZZE
SXYE
SXYE
SXYE
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SXY(LL) = SXY{LL) + BXYE
SYZ(II) = SYZ{II) + BYZIE
SYZ(JJ) = SYZ{JJ) + SYZE
BYZ(KK) = SYZ(KK) + SYZE
BYZ(LL) = SYZ(LL) + SYZE
BXZ(IXI) = SXZ(II) + SBXZE
8XZ(JY) = SXZ(JJ) + SXZR
SXZ({KK) = BXZ(KX) + SXZE
8XZ(LL) = SXZ(LL) + SX2ZE
[
ONEB(II) = ONE(II) + 1.
ONE{JJ) = ONE(JJ) + 1.
ONB{XK) = ONE(KK) + 1.
ONE(LL) = ONE(LL) + 1.
c
C PRINT OUT ELEMENTAL STRESS SOLUTION
WRITE(8,12) IE,SXXE,SYYE,SZZIE,SXYE, SXZE, SYZE
12 FORMAT(I&,6E1l4.6)
c

1000 CONTINUE

PRINT QUT THESE WODAL STRESSES:

aan

DO 1100 Iwl,NPOIN
IF(ONE(I) .EQ.0.) WRITE{6,1200} I

1200 PORMAT(' +++ WARNING *** NO STRESS CONTRIBUTICN AT NODE', I5)
IF(ONE(I).EQ.0.) ONE(XI} = 1.
SXX(I} = SXX(I)/ONBI(I)

SYY(I} = SYY(I)/ONE{I)

SZ2(I} = SZZ{I) /ONB(I)

SXY(I) = 8XY{I)/ORE(I)

SYZ(I) = SYZ{I)/ONE(I)

SXZ(X) = SXZ{I)/ONE(I)
1100 CONTINUE

¢
WRITE(8,1300) NPOIN

1300 FORMAT( ' NODAL STRESS SOLUTIONS (', I5,'l:', /,
" 2X, 'NODB', 11X, ‘'8SXX', 11X, '8¥YY', 11X, '8z2',
* 11X, 'sXY', 11X, °'SXzZ', 11X, 'SYZ2' )
DO 1400 1Iwl,NPOIN
WRITE(8,1500} I, SXXI(I}, SYY(I), SZZ(I}, SXY(I), SXZ(I), SYZ(X)

1500 PORMAT (IS, 6E14.6)

1400 CONTINUE

c

c PRINT OUT ELEMENT NODAL CONNECTION
WRITE(8,*) ‘'ELEMENT NODAL CONNECTION®
WRITE(8,13)

13 FORMAT(3X, 'ELE',B8X,'I',3X,'J',5X,'K',4X,'L")
DO 1600 IE = 1,NELEM
WRITE(8,14) IE,INTMAT(IE,1l),INTMAT(IB,2)},INTMAT(IE, 3}, INTMAT (IE,4)
14 FORMAT{I5,5X,4I5)
1600 CONTINUE

RETURN
END
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- TRANSLATE OUTPUT FILE OF SOLID3D TO KASTRAN FORMAT
- AND CONCULATE VONMISES STRESS
* MISS JUKSANEE VIRULSRI
* FACULTY OF ENGINBERING
* CHULALONGKORN UNIVERSITY
P XS T IR TSRS IR 22222l Xt il il il it Rl it 22222 L)
PARAMETER (MXPOl«l666, MXELE=§760)
IMPLICIT REAL*8 (A-H,0-2)
REAL SXXEB (MXELE), SYYEE(MXELE}, SZZRE(MXBLE)
REAL SXYEE (MXELE), SYZEE(MXELE), SXZEE (MXELE)

+ * & & %

c
CHARACTER*20 NAME1l, NAME2
c
INTEGER INTMAT (MXELE,+4)
REAL PSE} {(MXELE) , PER2 (MXELE) , PSE3 (MXELE) , MPR {MXELE)
REAL LE1 (MXELE} , LE2 (MXELE) ,LE3 (MXBLE) , MEX (MXBLE) , ME2 (MXELE)
REAL ME3 {MXELE) , NE1 (MXELE) , NE2 (MXELE) , NE3 {MXELR) , VONR (MXELE}
REAL SXXE,SYYR, 8ZZE, SXYE,SXZE,SYZR, SPE1l, SPE2, SPE3, DLE1,DLE2, DLE)}
REAL DME1,DME2,DME3,DNELl,DNE2,DNE3, MPRE, SVONE
C
10 WRITE(§, 15)
15 FORMAT(/,' TRANSLATE OUTPUT FILE OF STRES3D TO NASTRAN FORMAT'
*,/,' PLEASE INPUT THE OUTPUT FILE TO TRANSLATE:',/)}
READIS, '{A)', ERR=l0) NAMEL
OPEN (UNIT=7, PFILE«NAMEl, STATUS='OLD', ERR=10)
c
READ (7,1} TEXT
(o]
1 FORMAT {20A4)
READ(7,200) NPOIN, NELEM
200 FORMAT(T12,15,T27,I5)
c
IF (NPOIN.GT.MXPOI) WRITE(6,20) NPOIN
20 FORMAT(/,' PLEASE INCREASE THE PARAMETER MXPOI TO ', I5)
IF (NPOIN.GT.MXPOI) STOP
IF (NELEM.GT.MXELE) WRITE(6,30) NELEM
30 PORMAT(/,' PLEASE INCREASE THE PARAMETER MXELE TO ', I5)
IF (NELEM.GT .MXELE) STOP
c
READ (7,1} TEXT
READ(7,1) TEXT
RBAD(7,1) TEXT
READ(7,1) TEXT
c
c PRINT DISFLACEMENT
c .

40 WRITE (6,45)
45 PORMAT(/, ' PLEASE ENTER FILE NAME FOR DISPLACEMENT'
. ' AND STRESS SOLUTIONS OF NASTRAN PORMAT:',/ )
READ{5, '(A}', ERR=40) NAME2 .
OPEN(UNIT=8, FILE=NAME2, STATUSw'NEW', ERRw40)
WRITE (B,50)
50 FORMAT(T1,'l MSC/NASTRAN PAGE')
WRITE(8,60) ©
60 PORMAT (T1,Il)



aoan

WRITE{8,*) 'DI SPLACEMENT

WRITE(8,*) 'POINT ID. TYPE TL T2 T3

hd Rl ' R2 R3’

75

10
6%

80

oo

400

500

90

DO &5 I = 1,NPOIN

READ(7,*) 1P, U, V, W, R1l, R2, R}

IF{I.NE.IP) WRITE(6,75} I

PFORMAT(/, ' NODE NO.', IS5, ' IN DATA FILE IS MISSING'}
IP{I.NE.IP} BETOP

WRITE(8,70}) IP, U, V, W, R1l, R2, R}

PORMAT (16, 5X, 'G', 5X, 6Bl4.6)

CONTINUE

WRITB(8,60) 1

READ(7,1) TEXT

READ(7,1) TEXT

DO 300 IE = 1,NELEM

READ({7,+*) II,SXXEE(II),SYYEE(IX),SZZEE(II),SXYEE(II),SXZEE(II)
* ,SYZEE (IE)

IF{11.NE.IB) WRITE(6,80) IE

FORMAT(/, ' ELEMENT NO.', IS, ' IMN DATA FILE IS MISSING')
IF{JI.NE,IE) STOP

EXXE = SXXBR(ID)

SYYE » SYYEER(II)

SZZE = SZZEE(II)
SXYE = SXYEE(II)
SXZE = SXZEE{II)
SYZR = SYZEB(II)

SOLVE FOR MEAN PRESSURE AND VON MISES STRESS OF RACH ELEMENT
CALL VONM (SXXE,SYYE,SZ2E,SXYE, SXZB, 5YZE, SPE1, SPE2, SPE3,DLE1,DLE2,
* DLE3,DMEL, DME2 ,DME3 , DNE1, DNE2, DNE3 , MPRE, SVONE )
PSE1(IE) = SPEl ‘
PSE2(IE) = SPE2

PSE3 (IR) = SPE3

LE1{IE} = DLEl
LB2(IE) = DLE2
LE3({IE}) = DLE3
MEL({IE) =~ DMEl
ME2{IE) = DME2
ME3{IE) = DME3
NE1{IE) = DNEl
NE2(IE) = DNE2
NE3{IE) = DNE3
MPE{IE) « MPRE
VONE(IE) = SVONE
CONTINUE
READ (7,1} TEXT
READ(7,1} TEXT
DO 400 IP = 1,NPOIN
READ(7,1) TEXT
CONTINUE
READ (7,1} TEXT
READ(7,1) TEXT
DO 500 IE=1,NELEM
READ(7,*} I, (INTMAT{I,J), Jml,d)
IF{I.NE.IE) WRITE(6,80) IE
IF(I.NE.IE) STOP
CONTINUE
PRINT STRESS DISTRIBUTION
WRITE(8,60) O
WRITE (B, 50}
FORMAT (* STRESSES 1IN TETRAHKED
*RON SOLID ELEMENTS {CTETRAY)

WRITE(8,1000} ©

150



nnon

annaan

nonn

1000 PORMAT{(T1,I1,T148,'CORNER

*8B8--r--=a-- DIR. COSINES MEAN')
WRITR (8, 1010)
1010 PORMAT(' RBLEMENT-ID GRID-ID NCRMAL SHEAR
* PRINCIPAL -A- =B- -C- PRESSURE VON MIB
*28 ')

DO €00 IR = 1,NELEM
WRITE(8,630) 0, IE

€30 FORMAT{T1,I1,T4,18,7T23,'0GRID C§ 4 GP')

WRITR (8,640) 0,SXXEBS(IE),SXYER(IR),PSEL(IR},LE1l(IB),LE2{IR},
« LE3I{IE),MPE(XE), VONE{IR}

640 FORMATI(T),I1,Ti8,'CENTER X',T29,E13.6,T44,'XY',T46,K13.6,T64,'A",
*T67,E13.6,T62, 'LX',T84,95.2,T89,F5.2,794,F5.2,T101,K13,.6,T117,
*R13.6)

WRITE(8,650) SYYEE(IE),SYZEE(IE),PSE2(IR), 6 MB)(IE) ,ME2(IE),ME3(IE)

650 FORMAT (726,'Y',T29,E13.6,T44,'YZ' ,T48,B13.6,T64,'R',T67,B13,6,Te2,
*'LY', T84,F5.2,T89,F5.2,T94,P5.2)

WRITE(8,660) S2ZZEE(IE),S5XZEB(IR),PSE3{IE)},NE1l(IR),NE2(IE),NE3 (IE)

660 FORMAT (T26,'%',T29,E13.6,T44,'2ZX',T48,B13.6,T64,'C',T67,813.6,T02,
*'L7 T84,F5.2,T89,P5.2,T94,F5.2}

DO 620 IPE wl,4
IX = INTMAT({IE,IPE)
WRITE (8,670} 0,1I,5XXBE(IE),SXYRE(IE),PSELl(IR},LEL(IE),LE2(IE),
*LE3 (IE) ,MPE (IE) , VONE (IE)

670 PORMAT(T),I1,T16,18,T26,'X',T29,E13.6,T44, 'XY"',T48,E13.6,T64, A",
*T¢7,E13.6,T82, 'LX',T84,F5.2,T09,F5.2,T94,F5.2,T101,E13.6,T117,
*E13.6)

WRITE(8,650) SYYEE(IR),SYZEE(IR), PSE2(IE},MEL(IE),MEZ(IE),ME3 (IE)
WRITR(9,660) SZIZEE(IR),SXZEE(IE},PSE3(IE), NEL(IR) ,NR2{IR), NR3 (IR)
6§20 CONTINUE
€00 CONTINUE
WRITE{8,€60) 1

SUBROUTINE VONM(SSXX, S8YY,S8BZZ, 55XY, 88X2, 58YZ, 8P1,5P2, 5P3,DLL,DL2,
* DL3,DM},DM2,DM3 , DN1,DN3, DN3, MPR, SVONM }

REAI, 88XX,B85YY, 8822, 85XY, 88X2,88YZ, 5F1,5P2,58P3,DL1,DL2,DL3

REAL DM1,DM2,DM3,DNL,DN2,DN3, MPR, SVONM, ANG

8I1 = 8SXX + S3YY + 85822

8Y2 = 8SSXX*S8YY+SSXX*BSZZ+5SYY*5SZZ~S8XY*S5XY-58YZ*S5YZ-58XZ*86X2
513 = SSXX*S8YY*S8ZZ%+2.*88XY*38YZ*ESX2-E8YYYSEXZ*85X2

- ~SSXX*SSYZ*S5YZ-S822*38XY*S8XY

DEFINE

a = SI1*S5I1/3. - SI2
D= -2,%(8I1/3.}**3 + (SI1*8SI2)/3. - SI3
© = 2,%SQRT(a/3.)
ang = 1/3,*ACOS(-3.*b/{a*c)}
test = abs(-3.*b/{a*c))
if{test.gt.l.) write(8,*) 'error with angle value'

THE PRINCIPLE STRESSES ARE GIVEN BY

SP1 = SI1/3. + c*COS(ang)
S5P2 = SI1/3. + c*COS{ang+2.094395102)
SP3 w 8I1/3. + ¢*CO8 (ang+4,188790205)

FIND THE PRINCIPLE DIRECTION
Al=-{ (852Z-5P1) - (SSYZ*SSYZ)/ (SSYY-5P1))/
* (88XZ- {35XY*S8YZ) / {SSYY-5P1) }
Bl= (SSYZ- {88XY*S8XZ)/(88XX-5PL)}/
. ((88YY-8P1) -~ {(SEXY*8SXY) / (88XX-SP1} )
DN1 = SQRT{1./(A1*R1+B1*Bl4+l.))

==e=~~CENTER AND CORNER POINT STRES
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DL1 = Al*DN1
DM1 = B1*DN1
A2e- { (562%-5P2) - {88YZ*85YZ) / (88YY-5P2) )/
v (BSXZ- (SSXY*58YZ) / (BSYY-8P2) }
B2 (S8YZ- (B8XY*S88X2)/ (88XX-5912))/
. { (8SYY-5D2) - (B8XY*B8XY) / {88XX-5P2))
DNZ = SQRT(1./{A2*A2+Bi*B2+1.})
DLZ = A2*DN2
DM2 = B2*DN2
Ad=-((8822-8P3) - (S5YZ*58YZ) / (88YY-5P3})/
* (88XZ- (BEXY*SSYZ) / (BEYY-8P3})
B3= {(88YZ- (SSXY*S5SXZ)/ (58XX-8P3))/
- {(B8YY-5P3) -~ (88XY*88XY) / {88%XX-5P3}))
DN3 = SQRT(1./{A3*A3+B3*Bl+1,))
DL3 = A3*DN3
DM) = B3*DN3

C FIND VON MISES STRESS

200 SVONM = 1/SQRT(2.)*SQRT({(SP1-SP31)**2+(5P2-8P3) **2+(5P3-5P1) **2)

MPR = -SI1/3.

RETURN
END

2RISR I YRR IS L AR R A A AR L LA A Rl el Al il el Rl dlals ] )
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