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PROGRAM RHBFE X7

A FINITE ELEMENT GROUNDWATER ANALYSIS PROGRAM FOR TRANSIENT
TWO-DIMENSIONAL MOISTURE MOVEMENT IN SATURATED-UNSATURATED SOILS
HEAD-BASED RICHARDS' EQUATION

MXPOI = MAXIMUM NUMBER OF NODES IN THE MODEL
MXELE MAXIMUM NUMBER OF ELEMENTS IN THE MODEL
MXFLUX MAXIMUM NUMBER OF SPECIFIED VELOCITIES BOUNDARY

PARAMETER (MXPOI=1809, MXELE=3200, MXFLUX=2)

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

DIMENSION COORD (MXPOI,2), FLUX{(MXPOI), TEXT(20)

DIMENSION PHEAD (MXPOT)

DIMENSION PHEAD P (MXPOI), PHEAD_N(MXPOI), PHEAD_O(MXPOI)
DIMENSION SYSK(MXPOI,MXPOI), SYSQ(MXPOI), SYSC(MXPOI,MXPOI)
DIMENSION QQQ (MXPOT)

DIMENSION QELE (MXELE), /HK(MXELE), SLOPE (MXELE)

DIMENSION EXTMAT (MXELE, 2), XVELO (MXELE), ZVELO (MXELE)

CHARACTER*30 NAME1l, NAMEZ

CHARACTER*10 WAN, WAELA

CHARACTER*1 CH1, CHZ UCHSS2CeM2ly) CM3, CS2, CS3
INTEGER INTMAT (MXELE, 3), IBC(MXPOI); ZINTFLUX (MXFLUX, 3)
OPEN INPUT FILE:

WRITE (6, 20)

FORMAT (/, ' PLEASE ENTER THE INPUT FILE NAME:')

READ (5, '(A)', ERR=10) NAME]

OPEN (UNIT=7, FILE=NAMEl, STATUS='OLD', ERR=10)

OPEN CHECKING FILE:

OPEN (UNIT=9, FILE='CHECK.OUT', STATUS='UNKNOWN")
OPEN (UNIT=10, FILE='CONV.OUT', STATUS='UNKNOWN")

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

€

READ INPUT DATA

C****************************i'*****************************

c

18
50

100

READ(7,*) NLINES

DO 50 ILINE=1,NLINES

READ(7,1) TEXT

FORMAT (20A4)

CONTINUE

READ(7,*) NPOIN, NELEM ,NFLUX, TOL

IF (NPOIN.GT.MXPOI) WRITE(6,100) NPOIN

FORMAT (/,' PLEASE INCREASE THE PARAMETER MXPOI TO ', I5)
IF (NPOIN.GT.MXPOI) STOP



IF (NELEM.GT.MXELE) WRITE(6,105) NELEM

105 FORMAT (/,' PLEASE INCREASE THE PARAMETER MXELE TO ', I5)
IF (NELEM.GT.MXELE) STOP
IF (NFLUX.GT.MXFLUX) WRITE(6,110) NFLUX

110 FORMAT(/,' PLEASE INCREASE THE PARAMETER MXFLUX TO ', I5)
IF (NFLUX.GT.MXFLUX) STOP

(&

c READ MATERIAL PROPERTIES:

c
READ(7,1) TEXT
READ(7,*) THICK, HKSAT, ALPHA, EM, EN, ZETA_ S, ZETA R
READ(7,1) TEXT
READ(7,*) ST_PH, MITER, NSAVE

C

C READ TRANSIENT PROPERTIES:

C
READ(7,1) TEXT
READ(7,*) DT, NSTEP, TWF

C

C READ NODAL COORDINATIONS, BOUNDARY CONDITIONS:

(&

READ(7,1) TEXT
DO 120 1IP=1,NPOIN
READ(7,*) I, IBC(I), (COORD(I,K), K=1,2), PHEAD(I), FLUX(I)
IF(I.NE.IP) WRITE(6,115) IP

115 FORMAT(/, ' NODE NO.*', I5, ' IN DATA FILE IS MISSING')
IF(I.NE.IP) STOP

120 CONTINUE

Cc
IQ =0
&)
c READ ELEMENT NODAL CONNECTIONS:
c

READ(7,1) TEXT
DO 130 IE=1,NELEM
READ(7,*) I, (INTMAT(I,J}), J=1,3), QELE(I)
IF(I.NE.IE) WRITE(6,125) IE
125 FORMAT(/, ' ELEMENT NO."'; I5, ' IN DATA FILE IS MISSING')
IF(I.NE.IE) STOP
IF(QELE(I).NE.O)9 YWIQZRIT
130 CONTINUE

c
C READ FLUX-BOUNDARY CONDITION ON NODES:
C
IF (NFLUX.NE.O) THEN
READ (7, 1) TEXT
DO 140 IB=1,NFLUX
READ (7, *) (INTFLUX (IB,J), J=1,3)
IF(INTFLUX (IB,1) .NE.IB) WRITE(6,135) 1IB
135 FORMAT(/, ' SURFACE NO.', I5, ' IN DATA FILE IS MISSING')

IF(INTFLUX(IB, 1) .NE.IB) STOP
140 CONTINUE
ENDIF
G
WRITE (6, 150)
150 FORMAT(/,' THE F.E. MODEL INCLUDES THE FOLLOWING',

* . ' MOISTURE TRANSFER MODE(S):',
i /i -- MOISTURE CONDUCTION ¥}
IF(IQ.EQ.1) WRITE(6,160)
160 FORMAT( ' -— INTERNAL MOISTURE GENERATION 1%

WRITE(6,170) NPOIN, NELEM



OQQaaaQ

190

OO0 anNn

380

390
400

410
C

FORMAT (/,' *** THE FINITE ELEMENT MODEL CONSISTS OF', 1I6,
' NODES AND', I6,' ELEMENTS *** ')

INITIAL NODE PRESSURE HEAD:

CALL INITIAL (NPOIN, NELEM, IBC, PHEAD, INTMAT, HK, SLOPE,
COORD, HKSAT, ALPHA, EM, EN, ZETA_S, ZETA R,
ST PH, MXPOI,MXELE )

LENG = LEN TRIM(NAMEl) - 3
OPEN (UNIT=8, FILE=NAME1 (1:LENG) //'.out', STATUS="'UNKNOWN")

Jodk sk gk ok h ok ok ok ko ko ke ko ko ko ke ok ok ok ko ok ok ok ke ke ok ke sk ok ok ok ke ke ke ke ok ok ok ok ke ke ke ok ok ke ko ke ok ok ke

TRANSIENT LOOP

J gk ko ke ke kg ok ok ko ke k ke ke ko ok ok ok ok ke ok ke ok ke ke ke gk ke e ke ok sk ke e ke ke Sk ke ke ke e ke ke ok ke ke e e e ok ok ok

RR
SS =
SM
SH =

I
O O OO

DO 190 J=1,NPOIN
PHEAD P(J) = PHEAD(J)
CONTINUE

DO 5000 NCOUNT=1,NSTEP
RR = RR + DT

DO 200 K=1,NPOIN
PHEAD O(K) = 0.
000 (K) = 0.
CONTINUE

deodk ks ok ke ke ke ok ok ok ko ok ok ok k ok ok ok ok ok ok ko ke ko ok ok ok ko ke ok ok sk ok sk ok ok ok sk ok ok ok ok ke ok ok ok ok ok ok ok ok ok

MAIN ITERATION

hkkhkhkhkhkhkhkdhhkhhkhkdhkhkhkhkdbdrdhkkrdrddhdkddhhd kg hkhkkkkkkkkkkhkkkkkhkkxki

DO 700 LOOP=1,MITER
WRITE (6,380) LOOP
FORMAT (/,10X,' *** ITERATION NO.',6I5,' ***')

NON = NPOIN
NOBP = NFLUX
NOE = NELEM
NEQ = NPOIN

DO 400 L=1,NON

SYSC (L) = 0.
PHEAD N(L) = 0.
DO 390 M=1, NON
SYSQ(L,M) = 0.
SYSK(L,M) = 0.
CONTINUE

CONTINUE

DO 410 N=1,NOE
XVELO (N) = 0.
ZVELO(N) = 0.
CONTINUE

74



75

SS = MOD(RR, 60.)

SH = INT(RR/3600.)
SM = INT(RR/60.) - SH*60
c
c ESTABLISH ALL ELEMENT MATRICES ASSOCIATED WITH THE SPECIFIED
C MOISTURE TRANSFER MODES AND ASSEMBLE THEM FOR SYSTEM MATRICES
C IN THE FORM NEEDED FOR MINIMUM MEMORY REQUIREMENT:
C
WRITE(6,420) SH, SM, SS
420 FORMAT(/,' *** TIME =',6X,F3.0,X,'Hr.',X,F3.0,X, 'Min."'
* +X,F8.3,2%X,'Sec." X, *¥**! )
c

WRITE (6,430)
430 FORMAT(/,' *** ESTABLISHING ELEMENT MATRICES AND',
* ' ASSEMBLING ELEMENT EQUATIONS ***' )

CALL TRI (NELEM, INTMAT, COORD, HK, OQELE, THICK,
* SYSK, SYSC, S¥YSQ, SLOPE, MXPOI, MXELE)

IF (NOBP.NE.O) THEN
WRITE (6,440)
440 FORMAT(/,' *** APPLYING SURFACE BOUNDARY CONDITIONS',

* ' OF NODAL VELOCITIES ***!' )
CALL VELBOUND (NOBP, INTFLUX, - COORD, FLUX, THICK,

* SYSQ, MXPOI, MXFLUX, NCOUNT )
ENDIF

WRITE (6,450)
450 FORMAT(/,' *** GENERATE TRANSIENT MATRICES ***')
CALL TRANSIENT (NON, SYSC, - S¥YSK, SYSQ, PHEAD P,
* 000, TWF, DT, 'MXPOI )

WRITE (6, 460)
460 FORMAT(/,' *** APPLYING BOUNDARY CONDITIONS OF NODAL',
* ' PRESSURE HEAD *#*X! )
CALL APPLYBC(NPOIN, IBC, PHEAD, SYSK, .SYSQ, MXPOTI)

WRITE(6,470)
470 FORMAT(/,' *** SOLVING A SET OF SIMULTANEOUS EQUATIONS',
* ' FOR PRESSURE HEAD SOLUTIONS ***' )
WRITE(6,480) NEQ
480 FORMAT (5X,'( TOTAL OF', I6,' EQUATIONS TO BE SOLVED )')
CALL SOLVEPDP (NEQ, SYSK, SYSQ, PHEAD N, MXPOI)

WRITE (6,490)
490 FORMAT(/,' *** USE DARCY LAW TO FIND OUT VELOCITIES ***')
CALL DARCY( NOE, INTMAT, COORD, HK, PHEAD N,
* EXTMAT, XVELO, ZVELO, MXPOI, MXELE )
&
€ COMPUTE NEW HYDRAULIC CONDUCTITY AND MOISTURE-PRESSURE HEAD
SLOPE:
s
WRITE (6, 500)
500 FORMAT(/,' *** SOLVING FOR THE NEW SET OF HYDRAULIC ',

* 'CONDUCTIVITY AND MOISTURE-PRESSURE HEAD SLOPE ***')
CALL ELEHK (NOE, INTMAT, PHEAD_N, HK, SLOPE, HKSAT, ALPHA,
X ; EM, EN, ZETA_S, ZETA R, MXPOI, MXELE )

CHECK FOR CONVERGENCE:

Q00

IF (LOOP.EQ.1l) GOTO 600
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WRITE (6, 510)
FORMAT (/,"' *** CHECKING FOR CONVERGENCE ***')

CALL CONVERGE (NON, PHEAD N, PHEAD O, TOLPH, MXPOI)
PRINT OUT TOLERANCE:

IF (LOOP.EQ.2) THEN

WRITE (10, 520)

FORMAT(/’16X’ '***************************ll/’
16X, '* SEEP V.I *1, /,
16X, '* PRESSURE HEAD TOLERANCE *',/,
16X,'***************************l )

WRITE (10, 530)

FORMAT (/, 5X, 'LOOP', 5X, ' PRESSURE HEAD TOLERANCE')

ENDIF

IF ((MOD(NCOUNT,NSAVE) .EQ.0) .OR. (NCOUNT.EQ.NSTEP)) THEN
WRITE(10,540) LOOP, TOLPH
FORMAT (5X,13,8X,F12.4)

ENDIF
WRITE (6,550) TOLPH
FORMAT (/,' PRESSURE HEAD TOLERANCE =',F12.4,X,'$')

SET TOLERANCE IN PERCENT:

IF (TOLPH.LE.TOL) THEN
WRITE(10,560) LOOP, TOLPH
FORMAT (5X, I3,8X,F12.4)
GOTO 750

ENDIF

CONTINUE
NSAVE RESULTS HISTORY:

DO 650 IH=1,NPOIN
PHEAD O(IH) = PHEAD N(IH)
CONTINUE

CONTINUE

WRITE (6, 710)
FORMAT (/, '***** SOLUTIONS DO NOT CONVERGE *****")

d ok ok ok ok ok ok ok ke ke k ok ok ok ke ke ok ok ke ke ke sk ok ke ke ok ok ke ke ke ok ok ke ok Sk ke ke ok ok ok ok ke ke sk ke ok ke ok ok ok ke ke ke ok ok ok ok

END OF MAIN ITERATION

Kk k ko k ok ke k ok ok gk ke ok ok ke ke sk ke ok ok sk ke sk ke Sk ke sk sk ke Sk sk ke sk ke ke ok ek ok ok ke ok ke ok ok ke ke ok ok ok ok ok ok ok ok ok ok

CONTINUE

DO 800 K=1,NPOIN
PHEAD P(K) = PHEAD N(K)
CONTINUE

WRITE(6,810) SH, SM, SS
FORMAT (/,' COMPLETE! TIME STEP AT #',X,F3.0,X,'Hr.',X,F3.0,X,
'Min.';X,F8.3;2X; 'Sec. '; X;"' **xt)

IF (NCOUNT.EQ.1l) THEN
WRITE (8,830)



840

850

860
870

QO

ONONe!

900

FORMAT(/’ 12X’ l***********************************" /,

12X, '* SEEP V.1 L 4
12X, '* PRESSURE HEAD IN EACH TIME STEP *',/,

12X,'***********************************' )

ENDIF

IF ((MOD(NCOUNT,NSAVE).EQ.0).OR. (NCOUNT.EQ.1) .OR.
(NCOUNT.EQ.NSTEP)) THEN

CALL DATE (WAN)

CALL TIME (WAELA)

WRITE (8,840) WAN, WAELA

FORMAT (/, 8X,Al10, 3X,A10)

WRITE(8,850) SH, SM, SS

FORMAT(/,"' *** TIME =',6X,F3.0,X,'Hr."',X,F3.0,X, 'Min."
,X,F8.3,2%X,"'Sec.',X," ***', /,3X, 'NODE', 9X, 'X-COORD'
, 12X, 'Y-COORD', 9X, ' PRESSURE HEAD' )

DO 870 IP=1,NPOIN

WRITE(8,860) IP, COORD(IP,1), COORD(IP,2), PHEAD P(IP)
FORMAT (16,3X,E16.6,3X,E16.6,3X,E16.6)

CONTINUE

ENDIF

PRINT OUT NODAL PRESSURE HEAD SOLUTIONS IN NASTRAN FORM:

FREQ = MOD (NCOUNT, NSAVE)

IF ((FREQ.EQ.0).OR. (NCOUNT.EQ.1).OR. (NCOUNT.EQ.NSTEP)) THEN

TYME = NCOUNT*DT

NH = INT(TYME/3600)

NM = INT(TYME/60) - NH*60
NS = INT (MOD(TYME, 60.))

NH1 = INT(NH/100)
CH1 CHAR (NH1 + 48)
NH NH - NH1*100
NH2 = INT(NH/10)

Il

CH2 = CHAR(NH2 + 48)
NM2 = INT(NM/10)

CM2 = CHAR(NM2 + 48)
NS2 = INT(NS/10)

CS2 = CHAR(NS2 + 48)
NH = NH - NH2*10

NM = NM - NM2*10
NS = NS - NS2*10
NH3 = MOD(NH, 10)

CH3 = CHAR(NH3 + 48)
NM3 = MOD(NM, 10)
CM3 = CHAR(NM3 + 48)
NS3 = MOD(NS, 10)

CS3 = CHAR(NS3 + 48)

NASTRAN OUTPUT:

77

OPEN (UNIT=11, FILE=NAME1l (1:LENG)//'_ '//CH1//CH2//CH3//'h'//CM2//

CM3//'m'//Cs2//CS3//'s'//"'.F06',STATUS="'UNKNOWN'
WRITE (11, 900)
FORMAT (' 1MSC/NASTRAN PAGE')
WRITE (11, 910)
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FORMAT (/,'0")

WRITE (11, 920)

FORMAT(' DI SPLACEMENT'")

DO 940 1IP=1,NPOIN

WRITE(11,930) IP, PHEAD P(IP)

FORMAT (I6,2X,'G',3X,E16.6,3X,'.000000E+00"', 3X, '.000000E+00",
3X,'.000000E+00',3X, '.000000E+00"', 3%, ' .000000E+00" )

CONTINUE

WRITE(11,950)

FORMAT (' 0')

TECPLOT OUTPUT:

OPEN (UNIT=12, FILE=NAME1 (1:LENG)//'_'//CH1//CH2//CH3//'h'//CM2//
CM3//'m'//CS2//CS3//'s"'//"'.PLT', STATUS="UNKNOWN' )
WRITE(12,952) NPOIN, NELEM
FORMAT (' VARIABLES = "NODE", "X-COOR", "Y-COOR", "PHEAD"', /
,"ZONE N=',I6,"',E=",1I6,"',F=FEPOINT,ET=TRIANGLE' )
DO 960 IP=1,NPOIN
WRITE(12,955) IP, COORD(IP,1), COORD(IP,2), PHEAD P(IP)
FORMAT (I6,2F12.6,E16.6)
CONTINUE
DO 965 IE=1,NELEM
WRITE(12,962) (INTMAT(IE,J),J=1,3)
FORMAT (31I6)
CONTINUE

ENDIF

hhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhhbhhhkhbhkrhhkhkrhkhkhd kb hkrhhkhkhhkhhkdxhkxkhhk

END OF TRANSIENT LOOP

Jdk ok ke ok ok ke ok ke ok ke ok ko sk sk sk ok ok ok ke ke ok ke sk ok ke ke ok ke ke sk ek ok ok ko k k ke sk sk sk ok ke ok ok k ke ok ok ok ok ok kK

CONTINUE

WRITE (6, 975)
FORMAT (/, ' PLEASE ENTER FILE NAME FOR VELOCITIES'
' OR TYPE -PASS- TO IGNORE' )
READ (5, '(A)', ERR=970) NAME2
IF (NAME2.EQ.'p') STOP
IF (NAME2.EQ.'P') STOP
IF (NAMEZ2.EQ.'pass') STOP
IF (NAMEZ2.EQ.'PASS') STOP
OPEN (UNIT=14, FILE=NAME2, STATUS='NEW', ERR=970)
WRITE (14, 980)
FORMAT (/, ' ELE-NO.',6X,'XXX',13X,'YYY',6 12X, 'X-VEL', 11X, 'Y-VEL')
DO 990 IE=1,NELEM
WRITE (14,985) IE,EXTMAT(IE,1l),EXTMAT (IE,2),XVELO(IE),ZVELO(IE)
FORMAT (I5,4E16.6)
CONTINUE

STOP
END

SUBROUTINE APPLYBC (NPOIN, IBC, PHEAD, SYSK, SYSQ, MXPOI)

APPLY PRESSURE HEAD BOUNDARY CONDITIONS WITH CONDITION CODES OF:
0 = FREE TO CHANGE (TO BE COMPUTED)
1 FIXED AS SPECIFIED
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IMPLICIT REAL*8 (A-H,0-2)
DIMENSION SYSK(MXPOI,MXPOI), SYSQ(MXPOI), PHEAD (MXPOI)

INTEGER IBC (MXPOI)

DO 100 IEQ=1,NPOIN
IF(IBC(IEQ).EQ.0) GO TO 100

DO 200 IR=1,NPOIN

IF(IR.EQ.IEQ) GO TO 200

SYSQ(IR) = SYSQ(IR) - SYSK(IR,IEQ)*PHEAD (IEQ)
SYSK(IR,IEQ) = O.

CONTINUE

DO 300 IC=1,NPOIN
SYSK(IEQ,IC) = O.
CONTINUE

SYSK(IEQ,IEQ) = 1.
SYSQ (IEQ) = PHEAD(IEQ)

CONTINUE

RETURN
END

SUBROUTINE ASSMBLE ( IE, INTMAT, AKC, QQ, SYSK,
5Y3C, SYSQ, ACC, MXPOI, MXELE)

ASSEMBLE ELEMENT EQUATIONS INTO SYSTEM EQUATIONS

IMPLICIT REAL*8 (A-H,0=2)
DIMENSION AKC(3,3), 0Q(3), ACC(3,3)
DIMENSION SYSK(MXPOI,MXPOI), SYSQ(MXPOI), SYSC(MXPOI,MXPOI)

INTEGER INTMAT (MXELE, 3)
NNODE = 3

DO 100 IR=1,NNODE

DO 200 IC=1,NNODE

IROW = INTMAT (IE, IR)

ICOL = INTMAT (IE, IC)

SYSK(IROW, ICOL) = SYSK(IROW,ICOL) + AKC(IR,IC)
SYSC(IROW,ICOL) = SYSC(IROW,ICOL) + ACC(IR,IC)
CONTINUE

SYSQ (IROW) = SYSQ(IROW) + QQ(IR)

CONTINUE

RETURN
END

SUBROUTINE SOLVEPDP (N, A, B, X, MXPOI, NHBW)
IMPLICIT REAL*8 (A-H, 0-2)
DIMENSION A (MXPOI,MXPOI), B(MXPOI), X (MXPOI)

CALL SCALE(N, A, B, MXPOI)
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&
Cc FORWARD ELEMINATION:
C

DO 100 IP=1,N-1
C

CALL PIVOT(N, A, B, MXPCI, IP)
G

DO 200 IE=IP+1,N

RATIO = A(IE,IP)/A(IP,IP)
C

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
(65

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

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

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

SUM = 0.

DO 600 IC=IE+1,N

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

X(IE) = (B(IE) - SUM)/A(IE,IE)
500 CONTINUE
C
RETURN
END
!
PR SNSRI . - S S R R N S S S S SO
!
SUBROUTINE PIVOT (N, A, B, MXPOI, IP)
IMPLICIT REAL*8 (A-H, 0=2Z)
DIMENSION A (MXPOI,MXPOI), B(MXPOI)
&

JP = IP
BIG = ABS(A(IP,IP))
DO 10 I=IP+1,N
IF(AMAX.GT.BIG) THEN
BIG = AMAX
JpP =1
ENDIF

10 CONTINUE
IF(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
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SUBROUTINE SCALE (N, A, B, MXPOI)
IMPLICIT REAL*8 (A-H, 0-2)
DIMENSION A (MXPOI,MXPOI), B (MXPOI)

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
CONTINUE

DO 30 IC=1,N

A(IE,IC) = A(IE,IC)/BIG
CONTINUE

B(IE) = B(IE)/BIG
CONTINUE

RETURN

END

* *+ * N

SUBROUTINE TRI (NELEM, INTMAT, COORD, HK, QELE, THICK,
SYSK, SYSC, SYSQ, SLOPE, MXPOI, MXELE)

ESTABLISH ALL ELEMENT MATRICES AND ASSEMBLE THEM TO FORM
UP SYSTEM EQUATIONS

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

DIMENSION COORD (MXPOI,2), SYSK(MXPOI,MXPOI), SYSQ(MXPOI)
DIMENSION SYSC (MXPOI,/MXPOI)

DIMENSION QELE (MXELE), HK(MXELE) , SLOPE (MXELE)

DIMENSION QG (3)

DIMENSION AKC(3,3), QQ{8)w=B(2+3), BT(3,2), ACC(3,3)
INTEGER INTMAT (MXELE,3)

LOOP OVER THE NUMBER OF ELEMENTS:

DO 500 TIE=1,NELEM

FIND ELEMENT LOCAL COORDINATES:

ITI = INTMAT(IE,1)
JJ = INTMAT (IE, 2)
KK = INTMAT (IE, 3)

XGl = COORD(II,1

)
XG2 = COORD(JJ, 1)
XG3 = COORD (KK, 1)
YGl = COORD(II,?2)
YG2 = COORD (JJ, 2)
)

YG3 = COORD (KK, 2
AREA= 0.5* (XG2* (YG3-YGl) + XG1*(YG2-YG3) + XG3*(YG1l-YG2))

IF(AREA.LE.O0.) WRITE(6,5) IE
FORMAT (/,' !!! ERROR !!! ELEMENT NO.',6 1I5,
' HAS NEGATIVE OR ZERO AREA ', /,

' --- CHECK F.E. MODEL FOR NODAL COORDINATES',
' AND ELEMENT NODAL CONNECTIONS ---' )
IF(AREA.LE.O0.) STOP
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Bl = YG2
B2 = YG3
B3 = YG1
Cl = XG3
C2 = XG1
C3 = XG2

CONTINUE

B(1,1)
B(l,2)
B{l,3)
B(2,1)
B(2,2)
B(2,3)

DO 20 I
DO 30 J
B (I ,J)
BT (J,I)
CONTINUE
CONTINUE

ELEMENT

DO 50 I=
DO 50 J=
IE(I.EQ.
IF(I.NE.
ACC(I,J)
CONTINUE

ELEMENT

DO 100
DO 100
AKC (I, J)
DO 90
AKC (I, J)
CONTINUE
AKC (I, J)
CONTINUE

ELEVATION TERM POSSITIVE IN UPWARD VERTICAL DIRECTION

00 (1)
Q0 (2)
QQ(3)

ELEMENT

- YG3
- YG1
- YG2
- XG2
- XG3
- XG1

||
w w
w N

|
Q
N

=7,
=1,
=B

B

I,J)/(2.*AREA)
I,d)

—_—w N

CAPACITANCE MATRIX (LUMP) :
, 3
, 3
) ACC(I,J) 1.
) ACC(I,J) = 0

i
1
J
J

SLOPE (IE) *AREA*TRICK*ACC (I, J) /3.

CONDUCTION MATRIX:

I=1,
J=1

0F
K=1, 2
AKC(I,J) + BT(I,K)*B(K,J)

HK(IE) *AREA*THICK*AKC (I, J)

-1 *HK/( IE) *THICK*C1/2.
-1*HK(IE)*THICK*C2/2.

= -1*HK(IE) *THICK*C3/2.

HEAT LOAD DUE TO INTERNAL MOISTURE GENERATION:

<QELE> POSSITIVE FOR SOURCE TERM

FAC = QELE (IE) *AREA*THICK/3.

DO 110
QG(I) =
CONTINUE
DO 200

I=1,3

FAC

I=1, 3

82
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QO (I) = QQ(I) + QG(I)
CONTINUE

ASSEMBLE THESE ELEMENT MATRICES TO FORM SYSTEM EQUATIONS:

CALL ASSMBLE ( IE, INTMAT, AKC, QQ, SYSK,
SYSC, SYSQ, ACC, MXPOI, MXELE)

CONTINUE

RETURN

END

SUBROUTINE DARCY (NOE, INTMAT, COORD, HK, PHEAD N,

EXTMAT, XVELO, ZVELO, MXPOI, MXELE )

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

DIMENSION COORD (MXPOI,2), XVELO(MXPOI), ZVELO (MXPOI)
DIMENSION PHEAD N (MXPOI)

DIMENSION HK(MXELE)

DIMENSION EXTMAT (MXELE, 2)

INTEGER INTMAT (MXELE, 3)

DO 100 IE=1,NOE

II = INTMAT(IE,1)
JJ = INTMAT(IE,2)
KK = INTMAT (IE, 3)

XN1 = COORD(II, 1)

XN2 = COORD(JJ, 1)

XN3 = COORD (KK, 1)

ZN1 = COORD(II,2)
(

ZN2 = COORD(JJ, 2)
ZN3 = COORD (KK, 2)
AREA = 0.5* (XN2* (ZN3-ZN1) + XN1*(ZN2-ZN3) + XN3* (ZN1-ZN2))

XELE (XN1 + XN2 + XN3)/3.
ZELE = (ZN1 + ZN2 + ZN3)/3.
EXTMAT (IE, 1) = XELE

EXTMAT (IE,2) = ZELE

BT1 = (ZN2 - ZN3)*PHEAD N(II)
BT2 = (ZN3 - ZN1)*PHEAD N(JJ)
BT3 = (ZN1 - ZN2)*PHEAD N (KK)
CT1 = (XN3 - XN2)*PHEAD N(II)
CT2 = (XN1 - XN3)*PHEAD N(JJ)
CT3 = (XN2 - XN1)*PHEAD N (KK)

XVELO(IE) = -1*HK(IE)*(BT1 + BT2 + BT3)/(2.*AREA)

ZVELO (IE) = -1*HK(IE)*(CT1 + CT2 + CT3)/(2.*AREA) - HK(IE)
CONTINUE

RETURN

END
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SUBROUTINE VELBOUND (NOBP, INTFLUX, COORD, FLUX, THICK,

e SYSQ, MXPOI, MXFLUX, NCOUNT )
€
c <FLUX> POSSITIVE FOR SOURCE TERM
C
IMPLICIT REAL*8 (A-H,0-2)
DIMENSION COORD (MXPOI,2), FLUX(MXPOI), SYSQ(MXPOI)
c
INTEGER INTFLUX (MXFLUX, 3)
c
C d ok ok ok ok ok ok ok ok ok ok ke ok ok ok ok ok ok ok ok ok ok ok kK
C FOR RUNNING BOUNDARY FLUX
C LR R B S R R R EEEEEEEEEE SRS
(6,
IF (MOD(NCOUNT,250).EQ.0) THEN
C
IA = INTFLUX (1, 2)
&
DO 50 II=1,NOBP
JI = INTFLUX(II,2)
KI = INTFLUX(II, 3)
c
INTFLUX(II,2) = JI + 1
INTFLUX(II,3) = KI + 1
(0
FLUX(JI + 1) = FLUX(JI)
FLUX(KI + 1) = FLUX(KI)
64
50 CONTINUE
FLUX (IA) = O.
c
ENDIF
c
DO 100 IE=1,NOBP
JJ = INTFLUX(IE,2)
KK = INTFLUX(IE, 3)
C
X1 = COORD(JJ, 1)
X2 = COORD (KK, 1)
Y1l = COORD(JJ, 2)
Y2 = COORD (KK, 2)
DX = X2 - X1
DY = Y2 - Y1
DL = SQRT(DX*DX + DY*DY)
c
Q1 = FLUX(JJ)*THICK*DL/2.
Q2 = FLUX(KK)*THICK*DL/2.
€
SYSQ(JJ) = SYSQ(JJ) + Q1
SYSQ(KK) = SYSQ(KK) + Q2
c
100 CONTINUE
C
RETURN
END

SUBROUTINE ELEHK (NOE, INTMAT, PHEAD N, HK, SLOPE, HKSAT, ALPHA,
2 EM, EN, ZETA_S, ZETA R, MXPOI, MXELE)
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IMPLICIT REAL*8 (A-H,0-2)
DIMENSION PHEAD N (MXPOT)
DIMENSION HK(MXELE), SLOPE (MXELE)

INTEGER INTMAT (MXELE, 3)

DO 100 I=1,NOE

IT = INTMAT (I,1)
JJ INTMAT (I,2)
KK INTMAT (I,3)

AVERAGE ELEMENT PRESSURE HEAD
AVEPH = (PHEAD N(II) + PHEAD N(JJ) + PHEAD N(KK))/3.

ELEMENT HYDRAULIC CONDUCTIVITY
OR MEANS HEAT CONDUCTION COEFF.IN HEAT TRANFER PROBLEM

HK(I) = HKSAT*1.175E6/(1.175E6 + ABS(AVEPH)**4.74)

ELEMENT MOISTURE-PRESSURE HEAD 'SLOPE
OR MEANS DENSITY*SPECIFIC HEAT (P) IN HEAT TRANFER PROBLEM

SLOPE(I) = -1*1.611E6* (0.287-0.075)*3.96*AVEPH*
CONTINUE

RETURN
END

SUBROUTINE CONVERGE (NON, PHEAD N, PHEAD O, TOLPH, MXPOI)

IMPLICIT REAL*8 (A-H,0=2)
DIMENSION PHEAD N (MXPOTI), PHEAD O(MXPOTI)

AAA = 0.
BBB = 0.

DO 100 I=1,NON

AA = PHEAD N(I)
AAA = AAA + AA
BB = PHEAD O(I)
BBB = BBB + BB
CONTINUE

WRITE(9,50) BBB
FORMAT (/,F16.6)

TOLPH = ABS((BBB - AAA)/AAA)*100

RETURN
END

SUBROUTINE INITIAL (NPOIN, NELEM, IBC, PHEAD, INTMAT, HK,
COORD, HKSAT, ALPHA, EM, EN, ZETA S,
ST_PH, MXPOI, MXELE

85
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ZETA_R,
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IMPLICIT REAL*8 (A-H,0-2)
DIMENSION COORD (MXPOI,2), PHEAD (MXPOI)
DIMENSION HK(MXELE), SLOPE (MXELE)

INTEGER INTMAT (MXELE, 3)
INTEGER IBC (MXPOI)

DO 100 IP=1,NPOIN
IF (IBC(IP).EQ.1) GOTO 100

PHEAD (IP) = ST_PH

CALL ELEHK (NOE, INTMAT, PHEAD, HK, SLOPE, HKSAT, ALPHA,
EM, EN, ZETA_S, ZETA R, MXPOI, MXELE )

RETURN

END

SUBROUTINE TRANSIENT (NON, SYSC, SYSK, SYSQ, PHEAD P,
QQQ, TWF, DT, MXPOI )

IMPLICIT REAL*8 (A-H,0-Z)
DIMENSION SYSK(MXPOI,MXPOL), SYSQ(MXPOI), SYSC(MXPOI,MXPOTI)
DIMENSION PHEAD P (MXPOI)/, QQQ (MXPOT)

ek ke sk ke ke sk e sk ke ke ok ke sk sk ke ke ke ok ok ok kb Sk ke ke ok ke ke sk ok ke ko ok ke ke ke ke ok ke ok ke e e ok ke ok ok ok ok ok ok

FOR STEADY, STATE

Fhkkkhkkdhhkhkhkhkhkhkrdhkhkhkhkkhkhkkhkhhkhkkdkhkhhkkhkkhkhhkhkkhkhkkkdkhkkhkkkkkkhkkk

WRITE (6, 50)
50 FORMAT (/, ' *** SThADYebawXTE ***')

Feode gk ok ok ke ke ke ke ke ok ok ke sk ok ko ke ok ok ok ok ke ke sk ok ok sk ok ke ok sk sk sk ok ok ke ke e ke ke ke sk sk ke ok ok ok ok ke ok ok ko ok ok

FOR TRANSIENT

Gk khkhkhkhhkhkdkhkhhrdhhkkrkhkhkdhhhokkhkdhkhkhkhkhkhkhkohkhkhdkhhkhkhkdkhkkhkdkhkkhkkhkkhdrk

WRITE(6,100)
FORMAT (/, ' *** TRANSIENT ***!')

DO 200 K=1,NON
QQQ(K) = SYSQ(K)
CONTINUE

DO 500 I=1,NON

SYSQ(I) = (1-TWF)*SYSQ(I) + TWE*QQQ(I)
DO 500 J=1,NON
SYSQ(I) = SYSQ(I) +
(SYSC(1,J)/DT - (1-TWF) *SYSK(I, J))*PHEAD P (J)
SYSK(I,J) = SYSC(I,J)/DT + SYSK(I,J)*TWF
CONTINUE
RETURN

END
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PROGRAM RHBFE_RZ

A FINITE ELEMENT GROUNDWATER ANALYSIS PROGRAM FOR TRANSIENT
TWO-DIMENSIONAL MOISTURE MOVEMENT IN SATURATED-UNSATURATED SOILS
HEAD-BASED RICHARDS' EQUATION

MXPOI = MAXIMUM NUMBER OF NODES IN THE MODEL
MXELE MAXIMUM NUMBER OF ELEMENTS IN THE MODEL
MXFLUX MAXIMUM NUMBER OF SPECIFIED VELOCITIES BOUNDARY

PARAMETER (MXPOI=1809, MXELE=3200, MXFLUX=2)

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

DIMENSION COORD (MXPOI,2), FLUX(MXPOI), TEXT(20)

DIMENSION PHEAD (MXPOT)

DIMENSION PHEAD_P (MXPOT), PHEAD N(MXPOI), PHEAD O (MXPOI)
DIMENSION SYSK(MXPOI,MXPOI), SYSQ(MXPOI), SYSC(MXPOI,MXPOI)
DIMENSION QQQ (MXPOTI)

DIMENSION QELE (MXELE)/, /'HK(MXELE), SLOPE (MXELE)

DIMENSION EXTMAT (MXELE,2), XVELO (MXELE), ZVELO (MXELE)

CHARACTER*30 NAME1l, NAME?2

CHARACTER*10 WAN, WAELA

CHARACTER*1 CH1, CHZ;QEHS, 28M2sY CM3, CS2, CS3
INTEGER INTMAT (MXELE, 3), IBC(MXPOI), INTFLUX (MXFLUX, 3)

OPEN INPUT FILE:

WRITE (6, 20)
FORMAT (/, ' PLEASE ENTER THE INPUT FILE NAME:')
READ (5, '(A)', ERR=10) . NAME1l

OPEN (UNIT=7, FILE=NAME1l, STATUS='OLD', ERR=10)
OPEN CHECKING FILE:

OPEN (UNIT=9, FILE='CHECK.OUT', STATUS='UNKNOWN")
OPEN (UNIT=10, FILE='CONV.OUT', STATUS='UNKNOWN")

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

C

READ INPUT DATA

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

C

1
50

100

READ(7,*) NLINES

DO 50 ILINE=1,NLINES

READ(7,1) TEXT

FORMAT (20A4)

CONTINUE

READ(7,*) NPOIN, NELEM ,NFLUX, TOL

IF (NPOIN.GT.MXPOI) WRITE(6,100) NPOIN

FORMAT (/, ' PLEASE INCREASE THE PARAMETER MXPOI TO ', I5)
IF(NPOIN.GT.MXPOI) STOP
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IF (NELEM.GT.MXELE) WRITE(6,105) NELEM
105 FORMAT(/,' PLEASE INCREASE THE PARAMETER MXELE TO ', 1I5)
IF (NELEM.GT.MXELE) STOP
IF (NFLUX.GT.MXFLUX) WRITE(6,110) NFLUX
110 FORMAT (/,' PLEASE INCREASE THE PARAMETER MXFLUX TO ', I5)
IF(NFLUX.GT.MXFLUX) STOP
&
G READ MATERIAL PROPERTIES:
c
READ(7,1) TEXT
READ(7,*) THICK, HKSAT, ALPHA, EM, EN, ZETA S, ZETA R
READ(7,1) TEXT
READ(7,*) ST _PH, MITER, NSAVE
c
c READ TRANSIENT PROPERTIES:
c
READ(7,1) TEXT
READ(7,*) DT, NSTEP, TWF
c
c READ NODAL COORDINATIONS, BOUNDARY CONDITIONS:
C
READ(7,1) TEXT
DO 120 1IP=1,NPOIN
READ(7,*) I, IBC(I), (COORD(I,K), K=1,2), PHEAD(I), FLUX(I)
IF(I.NE.IP) WRITE(6,115)  IP
115 FORMAT(/, ' NODE NO.', 15, ' IN DATA FILE IS MISSING')

IF(I.NE.IP) STOP
120 CONTINUE

C
IQ =0
C
© READ ELEMENT NODAL CONNECTIONS:
C

READ(7,1) TEXT
DO 130 IE=1,NELEM
READ(7,*) I, (INTMAT(I,J), J=1,3), QELE(I)
IF(I.NE.IE) WRITEf{g,125) IE
125 FORMAT(/, ' ELEMENT NO."', IS5, ' IN DATA FILE IS MISSING')
IF(I.NE.IE) STOP
IF(QELE (I) .NE.0) WINAsIf
130 CONTINUE

8
c READ FLUX-BOUNDARY CONDITION ON NODES:
c
IF(NFLUX.NE.O) THEN
READ (7, 1) TEXT
DO 140 IB=1,NFLUX
READ (7, *) (INTFLUX (IB,J), J=1,3)
IF(INTFLUX(IB,1) .NE.IB) WRITE(6,135) 1IB
135 FORMAT(/, ' SURFACE NO.', I5, ' IN DATA FILE IS MISSING')

IF(INTFLUX(IB,1) .NE.IB) STOP
140 CONTINUE
ENDIF
C
WRITE(6,150) ;
150 FORMAT(/,' THE F.E. MODEL INCLUDES THE FOLLOWING',

* ' MOISTURE TRANSFER MODE(S):',
* Lot -- MOISTURE CONDUCTION ')
IF(IQ.EQ.1) WRITE(6,160)
160 FORMAT( ' -- INTERNAL MOISTURE GENERATION ')

WRITE(6,170) NPOIN, NELEM
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380

390
400

410
C

FORMAT (/,' *** THE FINITE ELEMENT MODEL CONSISTS OF', 1I6,
' NODES AND', I6,' ELEMENTS **=* ')

INITIAL NODE PRESSURE HEAD:

CALL INITIAL (NPOIN, NELEM, IBC, PHEAD, INTMAT, HK, SLOPE,
2 COORD, HKSAT, ALPHA, EM, EN, ZETA S, ZETA R,
ST PH, MXPOI,MXELE )

LENG = LEN_TRIM(NAME1l) - 3
OPEN (UNIT=8, FILE=NAME1 (1:LENG) //'.out', STATUS="'UNKNOWN")

Je g ek ok ok ke ke ke sk sk ok ok ke sk ke ok ke ok ok ke ke ke ke ke ke ke sk etk e ke ke ke ke ke e ok ke ok ok ok ke ok ok ke ke ko ke ok ok ke ok ke ok

TRANSIENT LOOP

ok ok ke ks ok gk sk sk ke ks ke ke Sk ke sk ke sk sk ke sk ek ok sk ok ok ke sk ke ke ke ke ok ke sk ok ke ko ke ke ko ke ok ke ok ke ok ok ok ok ok

RR =
SS
SM
SH =

]

[oNoNoNe

DO 190 J=1,NPOIN
PHEAD P (J) = PHEAD(J)
CONTINUE

DO 5000 NCOUNT=1,NSTEP
RR = RR + DT

DO 200 K=1,NPOIN
PHEAD O(K) = 0.
QQQ(K) = 0.
CONTINUE

ok ke ok ok ke ok ke ok ok ke ko ke ke ok ok ke sk ok sk sk sk ke e Sk ok sk ok Sk ok ke ok Sk ok Sk sk ke sk ok ok ke ke ok ok ke ke ok ke ok ok ke ke ok ok ok

MAIN ITERATION

g ok ok ok ko ke sk ok ko ok Sk ok sk ke sk ke ko k ok kS k ko ok k k ok gk ok ok ok ok sk ke k k ok ok ke ok ke ke ke ke ok ok ke ok ke ke ok ok

DO 700 LOOP=1,MITER
WRITE (6, 380) LOOP
FORMAT (/,10X,' *** ITERATION NO.',6 I5,' ***')

NON = NPOIN
NOBP = NFLUX
NOE = NELEM
NEQ = NPOIN

DO 400 L=1,NON

SYSC (L) = 0.
PHEAD N(L) = 0.
DO 390 M=1, NON
SYSQ(L,M) = 0.
SYSK(L,M) = 0.
CONTINUE

CONTINUE

DO 410 N=1,NOE
XVELO(N) = 0.
ZVELO (N) 0.
CONTINUE

89
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SS = MOD(RR, 60.)
SH INT (RR/3600.)
SM = INT(RR/60.) - SH*60

ESTABLISH ALL ELEMENT MATRICES ASSOCIATED WITH THE SPECIFIED
MOISTURE TRANSFER MODES AND ASSEMBLE THEM FOR SYSTEM MATRICES
IN THE FORM NEEDED FOR MINIMUM MEMORY REQUIREMENT:

OO0

WRITE(6,420) SH, SM, SS
420 FORMAT(/,' * Kk TIME ="X'F3'O’X"Hr-'lX/F3-O,X,'Min.'
* (X, F8.3,2X, 'Sec. ', X, ***! :

WRITE(6,430)
430 FORMAT(/,' *** ESTABLISHING ELEMENT MATRICES AND',

L ' ASSEMBLING ELEMENT EQUATIONS ***! )
CALL TRI (NELEM, INTMAT, COORD, HK, QELE, THICK,
x SYSK, SYSC, SYSQ, SLOPE, MXPOI, MXELE)

IF (NOBP.NE.O) THEN
WRITE (6,440)
440 FORMAT(/,' *** APPLYING SURFACE BOUNDARY CONDITIONS',

* ' OF NODAL VELOCITIES ***! )
CALL VELBOUND (NOBP, INTFLUX, COORD, FLUX, THICK,

* SYSQ, MXPOI, MXFLUX, NCOUNT )
ENDIF

WRITE (6,450)
450 FORMAT(/,' *** GENERATE TRANSIENT MATRICES ***')
CALL TRANSIENT (NON, SYSC,” SYSK, SYSQ, PHEAD P,
= QQQ, TWF, DT, MXPOI )

WRITE (6,460)
460 FORMAT(/,' *** APPLYING BOUNDARY CONDITIONS OF NODAL',
* ' PRESSURE HEAD ***! )
CALL APPLYBC (NPOIN, IBC, PHEAD, SYSK,: SYSQ, MXPOI)

WRITE (6,470)
470 FORMAT(/,' *** SOLVING A SET OF SIMULTANEOUS EQUATIONS',
* ' FOR PRESSURE HEAD SOLUTIONS ***!' )
WRITE (6,480) NEQ
480 FORMAT (5X,'( TOTAL OF', I6,' EQUATIONS TO BE SOLVED )')
CALL SOLVEPDP(NEQ, SYSK, SYSQ, PHEAD N, MXPOI)

WRITE (6,490)
490 FORMAT(/,' *** USE DARCY LAW TO FIND OUT VELOCITIES **%')
CALL DARCY( NOE, INTMAT, COORD, HK, PHEAD N,
¥ EXTMAT, XVELO, ZVELO, MXPOI, MXELE )
C .
& COMPUTE NEW HYDRAULIC CONDUCTITY AND MOISTURE-PRESSURE HEAD
SLOPE:
c
WRITE (6, 500)
500 FORMAT(/,' *** SOLVING FOR THE NEW SET OF HYDRAULIC ',

* 'CONDUCTIVITY AND MOISTURE-PRESSURE HEAD SLOPE ***')
CALL ELEHK (NOE, INTMAT, PHEAD N, HK, SLOPE, HKSAT, ALPHA,
* EM, EN, ZETA_S, ZETA R, MXPOI, MXELE )
C
C CHECK FOR CONVERGENCE:
C

IF (LOOP.EQ.1) GOTO 600



WRITE(6,510)
510 FORMAT(/,' *** CHECKING FOR CONVERGENCE ***!')

C
CALL CONVERGE (NON, PHEAD N, PHEAD O, TOLPH, MXPOI)
(8
C PRINT OUT TOLERANCE:
C

IF (LOOP.EQ.2) THEN
WRITE(10,520)
520 FORMAT (/, 16X, " ** % %k ko ko ko kkkkkkkkkkdkkk 1/

* 16X, '* SEEP V.I *1 ./,
* 16X, '* PRESSURE HEAD TOLERANCE *',/,
* 16XI'***************************' )

WRITE (10, 530)
530 FORMAT(/,5X, 'LOOP', 5X, ' PRESSURE HEAD TOLERANCE')
ENDIF

IF ((MOD(NCOUNT,NSAVE) .EQ.0) .OR. (NCOUNT.EQ.NSTEP)) THEN
WRITE(10,540) LOOP, TOLPH
540 FORMAT (5X,I3,8X,F12.4)

ENDIF
WRITE(6,550) TOLPH
550 FORMAT(/,' PRESSURE HEAD TOLERANCE =',F12.4,X,'%")
c
c SET TOLERANCE IN PERCENT:
c

IF (TOLPH.LE.TOL) THEN
WRITE(10,560) LOOP, TOLPH
560 FORMAT (5X,I3,8X,F12.4)

GOTO 750
ENDIF
c
600 CONTINUE
C
C  NSAVE RESULTS HISTORY:
C
DO 650 IH=1,NPOIN
PHEAD O(IH) = PHEAD N(IH)
650 CONTINUE
C
700 CONTINUE
C
WRITE (6,710)
710 FORMAT (/,'***** SOLUTIONS DO NOT CONVERGE ****!)
C
C L R I b b S i S S i S S G L S S S . . 3
C END OF MAIN ITERATION
C hhkhkhkhkhkhkhkhkhkhkdhkhkhkhkhhkhkhkhhkhkrhkhkhkhkhkhkhkhdhhkhkhkhkhhkhkhkhkhkkdhhkkk ok dkkhhkkhhk
C
750 CONTINUE
c
DO 800 K=1,NPOIN
PHEAD_P (K) = PHEAD N(K)
800 CONTINUE
&

WRITE(6,810) SH, SM, SS
810 FORMAT(/,' COMPLETE! TIME STEP AT #',X,F3.0,X,'Hr.',6X,F3.0,X,
* 'Min."';X,F8.3,2X,"'Sec. ", X, "' ***!)

IF (NCOUNT.EQ.1l) THEN
WRITE (8,830)
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860
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900
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E‘ORMAT(/, 12X, ¥ ok Kk gk ke ko ke ke ke sk ke e e ke ke sk ke gk e e e e e ok ok ok ok ok ok ke ke ok ke ok ! F /'

ENDI

F

12X, '

SEEP V.1 L2

12X, '* PRESSURE HEAD IN EACH TIME STEP *',/,

12X T ok ok ke ke ok ke ke ke ke ke sk sk gk e ok ke ke sk sk Sk gk ok e e ke ke ke ko ke ok ok ok Y )
4

IF ((MOD(NCOUNT,NSAVE).EQ.0).OR. (NCOUNT.EQ.1) .OR.
(NCOUNT.EQ.NSTEP) ) THEN

CALL DATE (WAN)
CALL TIME (WAELA)

WRITE (8, 840)

WAN, WAELA

FORMAT (/, 8X,A10, 3X,A10)
WRITE(8,850) SH, SM,
FORMAT (/,' *** TIME
,X,F8.3,2X, 'Sec.',X,"' ***' /, 3X,'NODE', 9X, 'X-COORD'

, 12X, 'Y-COORD

DO 870 IP=1,NPOIN
WRITE (8,860) IP, COORD(IP,1), COORD(IP,2), PHEAD P(IP)
FORMAT (I6,3X,E16.6,3X,E16.6,3X,E16.6)

CONTINUE

ENDI

F

SS

=',X,F3.0,X,'Hr."',X,F3.0,X, 'Min."'

', 9X, "PRESSURE HEAD' )

PRINT OUT NODAL PRESSURE HEAD SOLUTIONS IN NASTRAN FORM:

FREQ = MOD (NCOUNT, NSAVE)

IF ((FREQ.EQ.O).OR. (NCOUNT.EQ.1).OR. (NCOUNT.EQ.NSTEP)) THEN

TYME
NH
NM
NS

NH1
CH1
NH

NH2
CH2
NM2
CM2

NS2 =

CS2
NH

NM

NS

NH3
CH3
NM3
CM3
NS3
CS3

NCOUNT*DT

INT(TYME/3600)

INT (TYME/60)
INT (MOD (TYME,

INT (NH/100)
CHAR (NH1 + 48)
NH - NH1*100
INT (NH/10)
CHAR (NH2 + 48)
INT (NM/10)
CHAR (NM2 + 48)
INT (NS/10)

= CHAR(NS2 + 48)

1

1

I

NH - NH2*10
NM - NM2*10
NS - NS2*10
MOD (NH, 10)
CHAR (NH3 + 48)
MOD (NM, 10)
CHAR (NM3 + 48)
MOD (NS, 10)
CHAR(NS3 + 48)

NASTRAN OUTPUT:

- NH*60
60.))

OPEN (UNIT=11, FILE=NAME1 (1:LENG)//'_'//CH1//CH2//CH3//'h'//CM2//
CM3//'m'//CS2//CS3//'s'//'.F06',STATUS="UNKNOWN' )
WRITE (11, 900)
FORMAT (' 1MSC/NASTRAN PAGE')
WRITE(11,910)



910

920

930

940

950

952

955
960

962
965

QOO0

5000

970
9175

980

985
990

Q600
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FORMAT (/,'0")

WRITE (11, 920)

FORMAT(' DI SPLACEMENT')

DO 940 1IP=1,NPOIN

WRITE(11,930) IP, PHEAD P(IP)

FORMAT (16,2X,'G',3X,E16.6,3X,'.000000E+00"', 3%, '.000000E+00",
3X,'.000000E+00"',3X, ' .000000E+00"', 3X, ' .000000E+00" )

CONTINUE

WRITE (11, 950)

FORMAT (' 0'")

TECPLOT OUTPUT:

OPEN (UNIT=12, FILE=NAME1 (1:LENG)//'_'//CH1//CH2//CH3//'h'//CM2//
CM3//'m'//CS2//CS3//"'s"'//"' .PLT', STATUS="'UNKNOWN" )
WRITE(12,952) NPOIN, NELEM
FORMAT ('VARIABLES = "NODE", "X-COOR", "Y-COOR", "PHEAD"', /
,"ZONE N=',1I6,',E="',16,"',F=FEPOINT,ET=TRIANGLE' )
DO 960 IP=1,NPOIN
WRITE(12,955) IP, COORD(IP,1), COORD(IP,2), PHEAD P (IP)
FORMAT (I16,2F12.6,E16.6)
CONTINUE
DO 965 IE=1,NELEM
WRITE(12,962) (INTMAT(IE,J),J=1,3)
FORMAT (316)
CONTINUE

ENDIF

Heok sk ks ke ko ok k ke sk ok ok ok ok ok ok ok ok sk ok ok ok ok k ke ki ok ko k ok ok ok ok sk ke ok ok sk ok ok ok ok ok ok ke ko ok ok ok ke ko

END/OF TRANSIENT LOOP

Fok ok k ok ok ok ok kkkkkkkkkdkkkkkkkkkdk ok khkhok ok ok ko ko ko ko dkhok ke ok ok kkokk ok ke ok h ok

CONTINUE

WRITE(6,975)
FORMAT (/, ' PLEASE ENTER FILE NAME FOR VELOCITIES'
' OR TYPE -PASS- TO IGNORE' )
READ (5, '(A)', ERR=970) NAME2
IF (NAME2.EQ.'p")1-STOP
IF (NAME2.EQ.'P') STOP
IF (NAME2.EQ.'pass') STOP
IF (NAME2.EQ.'PASS') STOP
OPEN (UNIT=14, FILE=NAME2, STATUS='NEW', ERR=970)
WRITE (14, 980)
FORMAT (/, ' ELE-NO.',6X,'XXX',13X,'YYY', 12X, 'X-VEL', 11X, 'Y-VEL')
DO 990 IE=1,NELEM
WRITE(14,985) IE,EXTMAT (IE,1),EXTMAT(IE,2),XVELO(IE), ZVELO (IE)
FORMAT (I5,4E16.6)
CONTINUE

STOP
END

SUBROUTINE APPLYBC (NPOIN, IBC, PHEAD, SYSK, SYSQ, MXPOI)

APPLY PRESSURE HEAD BOUNDARY CONDITIONS WITH CONDITION CODES OF:
0 = FREE TO CHANGE (TO BE COMPUTED)
1 FIXED AS SPECIFIED
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IMPLICIT REAL*8 (A-H,0-2)
DIMENSION SYSK(MXPOI,MXPOI), SYSQ(MXPOI), PHEAD (MXPOTI)

INTEGER IBC (MXPOI)

DO 100 IEQ=1,NPOIN
IF(IBC(IEQ).EQ.0) GO TO 100

DO 200 IR=1,NPOIN

IF(IR.EQ.IEQ) GO TO 200

SYSQ(IR) = SYSQ(IR) - SYSK(IR,IEQ)*PHEAD(IEQ)
SYSK(IR,IEQ) = 0.

CONTINUE

DO 300 IC=1,NPOIN
SYSK(IEQ,IC) = 0.
CONTINUE

SYSK(IEQ, IEQ) = 1.
SYSQ(IEQ) = PHEAD(IEQ)

CONTINUE

RETURN
END

SUBROUTINE ASSMBLE ( IE, INTMAT, AKC, QQ, SYSK,
SYSQ, SYSQ, ACC, MXPOI, MXELE)

ASSEMBLE ELEMENT EQUATIONS INTO SYSTEM EQUATIONS

IMPLICIT REAL*8 (A-H,0-2)
DIMENSION AKC(3,3), 09(3), ACC(3,3)
DIMENSION SYSK(MXPOI,MXPOI), SYSQ(MXPOI), SYSC(MXPOI,MXPOI)

INTEGER INTMAT (MXELE, 3)
NNODE = 3

DO 100 IR=1,NNODE

DO 200 IC=1,NNODE

IROW = INTMAT (IE, IR)

ICOL = INTMAT(IE, IC)

SYSK(IROW, ICOL) = SYSK(IROW,ICO
SYSC (IROW, ICOL)
CONTINUE
SYSQ(IROW) = SYSQ(IROW) + QQ(IR)
CONTINUE

)

/

OL \K
SYSC (IROW, ICOL)

A
AC

~

+
+

[oN®)
[y
X
H -
Q0

RETURN
END

SUBROUTINE SOLVEPDP (N, A, B, X, MXPOI, NHBW)
IMPLICIT REAL*8 (A-H,0-2)
DIMENSION A (MXPOI,MXPOI), B(MXPOI), X(MXPOI)

CALL SCALE(N, A, B, MXPOI)
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L6
(0 FORWARD ELEMINATION:
e

DO 100 IP=1,N-1
C

CALL PIVOT(N, A, B, MXPOI, IP)
G

DO 200 IE=IP+1,N

RATIO = A(IE,IP)/A(IP,IP)
C

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

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

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

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

SUM = 0.

DO 600 IC=IE+1,N

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

X(IE) = (B(IE) - SUM)/A(IE,IE)
500 CONTINUE
C
RETURN
END
!
P S W R~ Al S S
1
SUBROUTINE PIVOT (N, A, B, MXPOI, IP)
IMPLICIT REAL*8 (A=H, 0-2)
DIMENSION A (MXPOI,MXPOI), B(MXPOI)
C

JP = IP
BIG = ABS (A(IP,TZP))
DO 10 I=IP+1,N
IF(AMAX.GT.BIG) THEN
BIG = AMAX
JP =1
ENDIF

10 CONTINUE
IF(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
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SUBROUTINE SCALE (N, A, B, MXPOI)
IMPLICIT REAL*8 (A-H, 0-2)
DIMENSION A (MXPOI,MXPOI), B(MXPOI)

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
CONTINUE

DO 30 IC=1,N

A(IE,IC) = A(IE,IC)/BIG
CONTINUE

B(IE) = B(IE)/BIG
CONTINUE

RETURN

END

* % * O

SUBROUTINE TRI (NELEM, INTMAT, COORD, HK, QELE, THICK,
SYSK, SYSC, SYSQ, SLOPE, MXPOI, MXELE)

ESTABLISH ALL ELEMENT MATRICES AND ASSEMBLE THEM TO FORM
UP SYSTEM EQUATIONS

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

DIMENSION COORD (MXPOI, 2), SYSK(MXPOI,MXPOI), SYSQ (MXPOI)
DIMENSION SYSC (MXPOI,MXPOI)

DIMENSION QELE (MXELE), HK(MXELE) , SLOPE (MXELE)

DIMENSION QG (3)

DIMENSION AKC(3,3), QQ(3), B(2,3), BT(3,2), ACC(3,3)
INTEGER INTMAT (MXELE; 3)

LOOP OVER THE NUMBER OF ELEMENTS:

DO 500 IE=1,NELEM

FIND ELEMENT LOCAL COORDINATES:

IT = INTMAT(IE,1)
JJ = INTMAT(IE,2)
KK = INTMAT(IE, 3)

XGl = COORD(II, 1)

XG2 = COORD(JJ, 1)
XG3 = COORD (KK, 1)
YGl = COORD(II,?2)
YG2 = COORD(JJ, 2)

YG3 = COORD (KK, 2)
AREA= 0.5* (XG2* (YG3-YG1l) + XGl*(YG2-YG3) + XG3* (YGl-YG2))

IF(AREA.LE.O.) WRITE(6,5) IE
FORMAT(/,' !!! ERROR !!! ELEMENT NO.', I5,
' HAS NEGATIVE OR ZERO AREA ', /,
' --- CHECK F.E. MODEL FOR NODAL COORDINATES',
' AND ELEMENT NODAL CONNECTIONS —---' )
IF(AREA.LE.O.) STOP
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Bl = YG2 - YG3

B2 = YG3 - YG1
B3 = YGl1 - YG2
Cl = XG3 - XG2
C2 = XGl - XG3

C3 = XG2 - XGl1

DO 10 1I=1,2

DO 10 J=1,3
B(I,J) = 0.
CONTINUE

B(l1,1) = Bl
B(1,2) = B2
B(1,3) = B3
B(2,1) =Cl1
B(2,2) Cc2
B(2,3) c3

DO 20 1I=1,2

DO 30 J=1,3
B(I,J) = B(I,J)/(2.*AREA)
BT (J,I) = B(I,J)
CONTINUE
CONTINUE

ELEMENT CAPACITANCE MATRIX (LUMP) :

DO 50 I=1,3

DO 50 J=1,3

IF(I.EQ.J) ACC(I,J) 114

IF(I.NE.J) ACC(I,J) 0.

ACC(I,J) = SLOPE(IE)*AREA*ACC(I,J)/3.
CONTINUE

ELEMENT CONDUCTION MATRIX:

DO 100 1I=1,3
DO 100 J=1,3
AKC(I,J) = 0.

DO 90 K=1,2

AKC(I,J) = AKC(I,J) + BT(I,K)*B(K,J)

CONTINUE

AKC(I,J) = HK(IE)*AREA* (XG1+XG2+XG3)*AKC(I,J)/3.
CONTINUE

ELEVATION TERM POSSITIVE IN UPWARD VERTICAL DIRECTION

QQ (1) = -1*HK(IE)* (XG1l+XG2+XG3)*Cl/6.
QQ(2) = -1*HK(IE)* (XG1l+XG2+XG3)*C2/6.
0Q(3) = -1*HK(IE)* (XG1l+XG2+XG3)*C3/6.

ELEMENT HEAT LOAD DUE TO INTERNAL MOISTURE GENERATION:

<QELE> POSSITIVE FOR SOURCE TERM

FAC = QELE (IE)*AREA*THICK/3.

QG (1) = FAC* (2.*XG1l+XG2+XG3)/12.
QG (2) = FAC* (XGl+2.*XG2+XG3)/12.
QG (3) = FAC* (XGl+XG2+2.*XG3)/12.

97
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DO 200 1I=1,3
QQ(I) = QO(I) + QG(I)
CONTINUE

ASSEMBLE THESE ELEMENT MATRICES TO FORM SYSTEM EQUATIONS:

CALL ASSMBLE ( IE, INTMAT, AKC, QQ, SYSK,
SYSC, SYSQ, ACC, MXPOI, MXELE)

CONTINUE

RETURN

END

SUBROUTINE DARCY (NOE, INTMAT, COORD, HK, PHEAD N,

EXTMAT, XVELO, ZVELO, MXPOI, MXELE )

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

DIMENSION COORD (MXPOI,2), XVELO (MXPOI), ZVELO (MXPOI)
DIMENSION PHEAD N (MXPOI)

DIMENSION HK(MXELE)

DIMENSION EXTMAT (MXELE, 2)

INTEGER INTMAT (MXELE,3)
DO 100 IE=1,NOE

IT = INTMAT(IE,1)
JJ = INTMAT (IE, 2)

KK = INTMAT (IE, 3)

XN1 = COORD(II,1)
XN2 = COORD(JJ, 1)
XN3 = COORD (KK, 1)
ZN1 = COORD(II, 2)
ZN2 = COORD (JJ, 2)
ZN3 = COORD (KK, 2)

AREA = 0.5* (XN2* (ZN3-ZN1) + XN1*(ZN2-ZN3) + XN3* (ZN1-ZN2))

XELE = (XN1 + XN2 + XN3)/3.
ZELE = (ZN1 + ZN2 + ZN3)/3.
EXTMAT (IE,1) = XELE

EXTMAT (IE,2) = ZELE

BT1 = (ZN2 - ZN3)*PHEAD N(II)

BT2 = (ZN3 - ZN1)*PHEAD N(JJ)

BT3 = (ZN1 - ZN2)*PHEAD N (KK)

CT1l = (XN3 - XN2)*PHEAD N(II)

CT2 = (XN1 - XN3)*PHEAD N(JJ)

CT3 = (XN2 - XN1)*PHEAD N (KK)

XVELO(IE) = -1*HK(IE)* (BTl + BT2 + BT3)/(2.*AREA)
ZVELO(IE) = -1*HK(IE)*(CT1 + CT2 + CT3)/(2.*AREA) - HK(IE)
CONTINUE

RETURN

END
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SUBROUTINE VELBOUND (NOBP, INTFLUX, COORD, FLUX, THICK,
* SYSQ, MXPOI, MXFLUX, NCOUNT )

<FLUX> POSSITIVE FOR SOURCE TERM

IMPLICIT REAL*8 (A-H,0-2)
DIMENSION COORD (MXPOI,2), FLUX (MXPOI), SYSQ(MXPOI)

INTEGER INTFLUX (MXFLUX, 3)

e ke ok ke ke ok ok ok ok ko ok ok ok ok ke k ok ok ok ok ok ok ok

FOR RUNNING BOUNDARY FLUX

Kok ko ok gk ok ok ok ok ke ok ke ko ok ok ok ok ok ok ok ke ke ok

IF (MOD(NCOUNT,250).EQ.0) THEN
IA = INTFLUX(1,2)

DO 50 II=1,NOBP
JI = INTFLUX(II, 2)

KI = INTFLUX(II,3)
INTFLUX(II,2) = JI + 1
INTFLUX(II,3) = KI + 1
FLUX(JI + 1) = FLUX(JI)

FLUX(KI + 1) FLUX (KI)

50 CONTINUE
FLUX (IA) = O.

ENDIF

DO 100 IE=1,NOBP
JJ = INTFLUX(IE, 2)
KK = INTFLUX(IE, 3)

X1 = COORD(JJ, 1)

(
X2 = COORD (KK, 1)
Y1l = COORD(JJ, 2)
Y2 = COORD (KK, 2)
DX = X2 - X1
DY = Y2 - Y1

DL = SQRT (DX*DX + DY*DY)

Ql = FLUX(JJ) *THICK*DL/2.
Q2 = FLUX (KK) *THICK*DL/2.

SYSQ (JJ)
SYSQ (KK)

SYSQ(JJ) + 01
SYSQ(KK) + Q2

100 CONTINUE

RETURN
END

SUBROUTINE ELEHK (NOE, INTMAT, PHEAD N, HK, SLOPE, HKSAT, ALPHA,
* EM, EN, ZETA S, ZETA R, MXPOI, MXELE)
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IMPLICIT REAL*8 (A-H,0-2)
DIMENSION PHEAD N (MXPOI)
DIMENSION HK(MXELE), SLOPE (MXELE)

INTEGER INTMAT (MXELE, 3)

DO 100 I=1,NOE

II = INTMAT (I,1)
JJ = INTMAT (I,2)
KK = INTMAT (I, 3)

I

AVERAGE ELEMENT PRESSURE HEAD
AVEPH = (PHEAD_N(II) + PHEAD N(JJ) + PHEAD N (KK)) /3.

ELEMENT HYDRAULIC CONDUCTIVITY
OR MEANS HEAT CONDUCTION COEFF.IN HEAT TRANFER PROBLEM

HK(I) = HKSAT*1.175E6/(1.175E6 + ABS (AVEPH)**4.74)

ELEMENT MOISTURE-PRESSURE HEAD SLOPE
OR MEANS DENSITY*SPECIFIC HEAT (P) IN HEAT TRANFER PROBLEM

SLOPE(I) = -1*1.611E6*(0:287-0.075)*3.96*AVEPH*
CONTINUE

RETURN
END

SUBROUTINE CONVERGE (NON, PHEAD N, PHEAD O, TOLPH, MXPOI)

IMPLICIT REAL*8. (A=H,0-2)
DIMENSION PHEAD_N(MXPOI), PHEAD O (MXPOT)

AAA = 0.
BBB = 0.

DO 100 I=1,NON
AA = PHEAD N(I)
ARA = AAA + AA
BB PHEAD O (1)
BBB = BBB + BB

CONTINUE

WRITE(9,50) BBB
FORMAT (/,F16.6)

TOLPH = ABS((BBB - AAA)/AAA)*100

RETURN
END

SUBROUTINE INITIAL (NPOIN, NELEM, IBC, PHEAD, INTMAT, HK,
COORD, HKSAT, ALPHA, EM, EN, ZETA_S,

100

SLOPE,
ZETA R,
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ST _PH, MXPOI, MXELE

IMPLICIT REAL*8 (A-H,0-2)
DIMENSION COORD (MXPOI,2), PHEAD (MXPOTI)
DIMENSION HK(MXELE), SLOPE (MXELE)

INTEGER INTMAT (MXELE, 3)
INTEGER IBC (MXPOI)

DO 100 IP=1,NPOIN
IF (IBC(IP).EQ.1) GOTO 100

PHEAD (IP) = ST _PH

CALL ELEHK (NOE, INTMAT, PHEAD, HK, SLOPE, HKSAT, ALPHA,
EM, EN, ZETA_S, ZETA R, MXPOI, MXELE )

RETURN
END

SUBROUTINE TRANSIENT (NON, SYSC, SYSK, SYSQ, PHEAD P,
00Q, TWF, DT, MXPOI )

IMPLICIT REAL*8 (A-H,0-7%)
DIMENSION SYSK(MXPOI,MXPOI), 'SYSQ(MXPOI), SYSC (MXPOI,MXPOI)
DIMENSION PHEAD P (MXPOI)/, QQQ (MXPOI)

**********************************************************

FOR STEADY STATE

**********************************************************

WRITE (6, 50)
50 FORMAT (/, ' ***~“STEADY STATE ***')

**********************************************************

FOR TRANSIENT

**********************************************************

WRITE (6,100)
FORMAT (/, "' *** TRANSIENT ***!')

DO 200 K=1,NON
QQQ (K) = SYSQ(K)
CONTINUE

DO 500 I=1,NON

SYSQ(I) = (1-TWF)*SYSQ(I) + TWF*QQQ (I)
DO 500 J=1, NON
SYSQ(I) = SYSQ(I) +
(sysc(x, J) /DT - (l—TWF)*SYSK(I,J))*PHEAD_P(J)
SYSK(I,J) = SYSC(I,J)/DT + SYSK(I,J)*TWF
CONTINUE
RETURN

END
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