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V.I. Diverse figuren betreffende de nauwkeurigheid
r

in verband met tijdstap grootte, onderver-
deling en r-eken'tLjd ,

VI.l. Stroomschema voor de programma's LM6A en
LM6B (LM6) • ,

'VI.2. Computer programma LM6 ('?pagina's)

VI.3. Computer programma LM6A (8 pagina's)

. i
VI.4. Computer programma LM6B (8 pagina's_)

VIII.lA • DetaiR van zandblok bij lineaire stijging
gedurende 15 minuten •

. .:"
. , .

,VIII.1B. Detail van zandblok bij lineaire stijging
bij time = 15 minuten •

VIII.2. Vergelijking van de hoogte van het freatisch
vlak in ,de tijd gedurende 1 uur.

VIII.3. Vergelijking van de hoogte van het freatisch
'vlak in de tijd gedurende 15 minuten.

VIII.4. Resultaten van het vrije oppervlak in het
zandblok bij lineaire stijging.

VIII.5. Resultaten van het vrije oppervlak per raai
in de tijd bij lineaire stijging.

VIII.6. Resultaten van het vrije oppervlak in het zand
blok bij periodieke randvoorwaarde •

.VIII.? Resultaten van het vrije oppervlak per raai

in de tijd bij periodieke randvoorwaarde.
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rJl'JITE ELU1FNT ~1ETH(l[) IN PU\":E G'<O\)~m~'ATEP, FLOW
PRC1(,I{M1 f), :\.Vf:1znUIJT, IJr:LFT, HOLLll.~-.jDf AUGUST 1971.

':'~<,-~:>:<.~-',<:1/ ':'~-:*"*:;::**'i~'* >;~~(**",* 1:<* *,:C

* *'" '~llN-ST[ADY FLO'·/ IN f)t\M *
'* r R IjG R t\ ;-1 L W., *

THIS PROr,~M1 CALCULATES TIIE TI<I\N~lnJT POSITTON OF THE
FREt: SURFf\CF: IN A '),'\M. THr=. n/\"1 IS IIt\SlO UPON A HOqYZ(JNTI\L
p.îPrl~~1r:/\nL[ l./\Y;':R. lTS LEFT t\Nfl f<.IGIIT s t nr SLOPE:S liRE
S TRA I r;11T. T H [ 'ti 'Î T r 0. IJ V r L 1\ T T 1-1 E p, TGHTS I nErs CON S T t\NT,
ANn TIIE WATER LEVEL AT TH[: LEFT SInE F-LUCTUhTES. THE DAM
IS f.ll:WllSEP OF t\ HUHOGr=NfJUS A~:O I SnTRUf1IC POROIJS
M.t\TERIAL.
nEAL L/\
INT[GER CT,ST,TY,TR,TT,TL,TR
f) 1 r1ê r~S TIJ \1 C r 1 ( .~:0 o , ?. ) , ST ( 8 00 , :3 1 , T Y ( LJ 0 0 ) , PE ( 8 0 0 )
DIM[~SIUN CT(400,J2),P(400,12),LA(4DOI
I) 1 r~>: \J SI WJ P I-fI(l~0 0 ) , PS I ('t 00 ) , Q ( 20 ) , H ( 20 )
DJMENSJON NO(31,X(31,Y(31,B{31,C(3"AA(3,31
DTMENSIlJ;--! 'j/l.S(?O,?,) ,TDP{20,:?, ,T8(20) ,TT(20) ,PB(20) ,PT(20)
OlMENSION rOS(?Ol,SLUPE(20)
RE.fJ.!)(5,J.' AL,AR
F iJRMAT (2F6 •2' -
AL IS /l.NGLE ~F LEFT STOE SLOPE, IN DEGRCES.
AR !S ~NGLE nF RIGHT SInE SLOPE, IN OEGREESc
BOTH ANGLFS TAKFN WI~~ RESPECT TO THE HORIZONTAL
BASE, IN COUNTERCLOCKWJSE OIR~CTION FROM THE
ZERO nIR~CTION W~TCH POINTS TOWARO'THE RIGHT.
REAO(S,Z) NR.,NC
FORMA'T(2T31
NR IS NU~BER OF ROWS OF NOD~S.
NC IS NU~BER OF COLUMNS O~ NODE$.
REA 0 ( 5 ,31 u , PER 1'1, BET f\ , HH
F LJ R,'1AT (4 F J. 2 • 6 )

-H -IS LENGTH OF HClRI ZiJNTAL BASE OF DAM.
rERM IS COEF~TCIE~T OF PERMEABILITY.
RETA IS EFFECfIVE POROSITY. ,
HH IS ORrr,UJAL HEIGHT OF \>/ATER T/l.BLE.
REAO(5,4) MAXIT,NTS,NJFS,RELAX,TS
FORMf\T(316,~F~?6)
MAX~T IS NUMRER nF ITERATTONS IN NUMERICAL SOLUTION
(FOR INST/I.~CE MAXIT=NR+NCI.
NTS IS NUMGCR OF TIME STEPS.
NIFS IS NUMBER OF ITERATIONS IN CALCUlATION OF NEW

;
j
I
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C PIJ S I T I[) i'~'o r Fr:: FES 1,1R FA C F: (F!) RIN S T ti~er "l I F S = 2 ) •
C R r L:\ X r S IJVEP, -~, ç- LAX/I. T T QN F.'I r; TJ R (F DR I:-.J S TI' NeE R r L AX= '- .1 ) •
C TS IS TIME STEP.
C rn fNSURE STJ\fHLITY TS nUST BE SMflLL FNf1UGH. A DOSSIRLE
C uprr:J~ LHllJNn IS B[T~'!«nF.lTI\X'}:>r?)/(2"rPER"1*Hln, WH~RE
( OELTAX IS THE SM~LLEST ~LEMENT SIZE NE/I.R THE FRfE
C SURFAC[.

KLfvl=O
TTS=O
TI:-1[=O.O
P I = ~ • 1 i~" ')<)? 6 5 't
/l.l.=Av"pr/1.10
1\ R = i\R ,~P I /l f3 0
nh'=Wj(\JC-l)
DO 5 I:: 1. , Ne
8A$( I,J. )=( I-l''*OW
f1AS(t,7)=0.0
T8(J)::;J.

5 P B ( I ) = '-IH
TB(1.)=2
TB ( :'lC ) =?
Al =HH':.CQS(~.L' /5 IN (AL)
A2 =14+HI·'::-:CO$ (AR) / SIN (AR)
OW=(i\2-/l.l)/(NC-l)
DO 6 1=)., NC
TOP(J,l)=Al+(I-ll*DW
TOP( I ,2) =HH
TT(I}=2

6 PT ( r ) ::.'·H-I
Tl.=2
TR=2

-, - PL=HH
PR=HH
NOD=NR~"'NC
NEl=2*CNR-l)*CNC-l)
CALCULATION OF STRUCTURE
l=NC-l

FURTR~N IV G LEVrL 1~

0017
Q01R
(JOlt')
('OZO
O('~l
0022
l'O;::1
(1)24
Ol12 ')
002t-
0027
0028
002Q
0030
0031
00,2
0033
0034
0035 '
0036

. 0037
0038
003')
OOl:,O
0041
0042
0043
00-44

C
·0045
0046
0047
0048
0049
0050
0051.
005?
(;053
0054
0055
0056

LL :::Î'!R-l
00 ?,O I=l,l
r I= ( I- J. ) '*~J~ + 1.
DO 30 J=l,LL
JJ=2*(I-l>*lL+2'*J-l
JJJ=JJ+J
lII=II+J
ST(JJ,J. }=I I 1-'
ST(JJ,2)=JII~~R-l
ST(JJ,31=III+NR
ST(JJJ,).)=III-l

I,

DATF. = 71345
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fnRTP.t\N I V G LEVEL J o 14Á 1N OATF = 71~45
0057
0!)58
005Q

00(-·0
OOf· l
0062
00(-,3
I)O-S4

ST ( J.J J , ? ) = T r T +NR
ST(JJJ,,:\)=r r I

30 Cf.HH I NUF.
C UW C/\LC'JLflTlrJN ST.
C CflI.CULÁTTU~1 OF JNCLTN/\TrnN OF COLl)r'1~S.

DO 31 I=J.,~IC
AJ=TDP(T,2)-flAS( 1,2)
fI?=TUP( I,J )-nflS( I,J.)
SLDPECJ)=f\2/f11_

31 CONTINUE
C r:N IJ C 1\LC lJL 1\ T ION INeL J NAT ION Of: C () LU'''' NS. .
C CI\LCULflTJOi'l,flF TY I\NO PEe

1)0 50 1=). ,1'1(11)
50 TY( I )-=0

o Cl s :. 1 = 1, N R
TY(I)=TL

5J. TY(NUO+~-I)=TR.
DO 52 I=1 ,~IC
J=(I-l»):~~R
TY(j+-U=TrHII

52 TY(J+-NR)=TT(II
DO 53 1= J. , NEL

53 PI: ( I )=PERH
C END CALCULATION TY liNo PEe
C CALCULATTON OF NODAL CONTA(TS,CT.
C . CT ( T ,1 I= I, CT ( I,J ), 1=1, ••• , NUD, J = 2 ,••• ,CT ( I,J.2) ARE
C THE NOOAL NUMBERS OF TltE 1\JODES THAT ARE IN ONE
C ELEMENT WITH NODE T.

DO 280 I=l,NOO
CT(!,1)=!
CT( 1 ,:1.2)=1'
K=l
J=l

. 281 IF(J.GT.NEL) GOTD 280
DO 28211=1,3
TFCSTCJ,II).EQ.Il GOTD 2A3

282 CONTINUE
GOTD 28/t

283 DO 285 IT=1,3
JJ=ST(J,TU .
00 286 L=:t,K
IF(CTCI,L).F.Q.JJ) GDTO 285

286 CONTINUE

0065
006h
00(:,7
0068
0069
n070
()071
007?
0073
0074
0075

0076 ~
0077
0078
007<)
0080
008I
0082
0083
0084

. 0085
0086
0087
OOR13
0089
0090
0091
0092
0093
OOC)4

- 0095

K=K+l
CT(!,K)=JJ
C T ( J , J. 2 ) = K
CONTINUE ..
J=J+l

285
284

"

/ .
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o I)(j()
01'<""'7

GrJTrJ ?r.l
280 CGrH I ~IIJ[

C [ND C/\U::UU·.TTON CT.
C CflLClJLATlr)\J OF CClORnTl\ll\TESOF ~ODES,C(J.

4 1 o0 4 o I = J. , NCOOQB
oo s»
01GO
O.ll)~.
OJ.02
(11.0:\
0104
o i o s
O'.OC)
(\107
Ol08
Ü.l.09
OUD
0)J1

1\1 =f',(I.S ( 1,)
A;:=f\ASCI,:?)
n J. -= T o P ( J , }. I - (\ J
B? :::HW cr, 2 ) - A?
I I = ( T-1 ) ,r.NR
nu 40 J=l,NR
JII=II+J
Aj:::J-l
I\N=~m- J.
I\JN=f\J/I\N
en ( 1 I I ,. J. ) =A ,. +1\ JN* rn.
Cf) (1 I I,?) =1\2t·~.jN*R2

40 CONTINUE
C END CI\LClJLATlm~ co.
C CL\LCULI\TIOhJ OF PHI PI FIRST ESTIMI\TION.

DO 5{~· I=).,NC
1\ ~.-= T [1P (I ,2 )
T I = ( I -1 ) o~f\1R
DO 5 4 J:::'., iIR

54 PHT(II+J)=.lll
DO 55 J=J.,NR

55 PHIIJ)=PL
PHI(NR)=CO(NR.,2)

C END CALCULATICN PH!.
C CALCULATION OF INITTAL VALUES OF MATRIX I\ND LOI\D VfCTnR.

DO 290 I=l,NOD
LAll )=().o
DO 290 J=1,l2

290 P(I,J)=O.O
eEND CALCULI\TION INTTIAL VALUES.
C CtLCULATION OF MATRIX COEFFICICNTS.

00 320 I=l,NEL
DO 330 J=1,3

330 NO(J)=$T(I,J)
DO 340 K=1,3
J=Nfl(K)
X(K)=CO(J,l)

340 Y(K)=CO(J,?)
B( J. I = Y ( 2 ) - Y I 3 I
[3(2)=Y(.3)-Y(l)
B(3)=Y(l)-Y(Z)
C(J.)=X(3)-X(2)
C(2)=X(l)-X(])

(I'. J.2
(11 J.3
0114
OJ.15
0116
OJ.17
0118
0119

0120
0121
0122
Ol.23

0124
0125
0126
0J.27
OJ28
01.29
O~.30
OJ31
0132
0).33
OJ.34
0135

~._• "... I _.,

.,....~ ....-._, ...• - __,. ....... _- ~'I<-' -__ ,,~..._ ~_,.

....-~ -_ ~.""! _- ,.- - ....• " ••. ._ .... _.~~,....-._ ... ~_.. (.~....~ ...._-._- ......."...- .~'.



F r]R T R 'Î N I V G l.E V F L J. 9

OJ?6
OJ.37
0138
01.39
o 1./t·0
(I J.liJ
0142
OJ43
n144
0145
OJ46
OUt 7
0148
0149
011)0
0:1.51
Ol52
0153
Ol54
0155

0156
0157
0158
0159
0160
Ol61.
0162
0163
0164
0165
0J.66
0167
01.68
0169
0170
0171

0172
0173
0174
OJ.75
0176
0177

c
C

CU)=X(?)-X(1 )
fI = X (J ) ~<n { ". I +)( { 2 H" ij(2. ) + X ( 3 ) ,...p, ( 3 )
nun."? ,~ti i~S ( D )
f!=PF(I)/OOD
Dn 3~;/) J=1.,3
f)U ? ~n K=~., 3
AA(J,K)=(O{J)~8(K)+C(J)~C(K»*D
Dn 3HJ J=1.,3
JJ=\JJ.l(J)
rI=CT(JJ,12)
00 370 K=l,II
DO 380 L=l,3
IF(NO(ll.EQ.CTCJJ,K) GOTD 390
GOTO 380
PCJJ,K)=P(JJ,K)+AA(J,L)
GO rn 370
CONTTNUE
CONTINUE
C ONT I Nl.JE
CONTI ~wr:
END CALCULATION M~TRIX COFFFICIENTS.
GAUSS-SEIOF.L ITERATJON.
lT=O
OD 520 1=J.,NOO
rF(TY(I).GT.l~ GOTO 520
CC=L/\(II
II=CT(T,12}
DO 530 J=?,II
CC=CC-P( I ,J )*PHI (CTC I ,J)>>.
CC=CC/P( J,l )
CC=PHICI I-CC
PHI(I)=PHI(I)-RELAX*CC
CONTINUE
IT=IT+1 .
IF(MAXIT-IT) 540,550,510

550 CONTINUE

350

390

300
370
360
320

510

530

520

GOTO 510
540 CONT I ~IUE

END GAUSS-SEI0EL ITERATJON.
·CALCULATION OF NODAL FLOWS.
DO 40l I=:t,NC
K= I'!cNR
Q( l.)=().0
L=CT(K,12)
DO 40\ J=l,L

40 J. Q ( I)=Q ( T ) -P (K,J ) ,:cpH T ( CT (K,J) )
END CALCULATION NonAL FLOWS.
CALCULATION OF APPAR~NT EV4PORATIUN. o·

C
oe

C
C

DATE -=: 71345

~_I' ,'..~•

I
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FfJRTHi\N IV G LEVEL J9

OJ 78
Ol7°
lJ)ÎlO
01131
o UJ·2
0l.83
(q 84
018')
Ol ;!6
0107
(l)'P8
0189
07.90
0).91
0192
o J. 93
OJ. o z,
0195

0196
01.97
OJ.98

. Cn99
0200
0201
0202
0203
0204
0205
0206
O?07
0200
02:)9
02J.0
0211
021.2
0213

0214

021.5
0216
02).7
0218
02J.9
0220
0221

, .

f)n 't0% t = ~ , L
nw = (T U r ( J +) , ). ) - TClp ( 1-),1 ) ) 12

402 H( I )=Q( T) lOr!
o Iv= ( T n p ( f\J C f J. ) - T n P ( L, J_ ) ) 12
H ( Ne) = Q ( '-IC ) / f) 1,./
00 40] J=l, 1.0
A!=(TOP(2,1)-TClP(1,J })/6
11(l)=(C)() )/Al-H(2})/2
DO '.O/t 1=·2,L
/1.1= {TOr (1+1.,1)-Tur (1,1) 1 /6
A 2 = ( T ClP ( T , 1 ) - T () P ( 1- J. , 1 ) ) 16
A3=Al+/\2
H ( I ) = ( IJ ( I ) - /\ l *H ( r + \. I - A 2 *'H ( 1 - J. ) , / ( 2 *1\ 3 )
AJ =(Tnp(NC,l )-TOP(L,J) )/6
H(NC)=(Q(~C)/Al-H(L»)/2
ENO C/\LCLJLATION H.
ITERATION OF PUSITrON OF FREE SURF~CE.
II=NC-l
KU.,=KLM+l
IF(KLMGGT.l) GnTO 406
DO 6.05 I=J.,~IC
POS!I )=TOP(I,2)
TF(KLM.fQ.NIFS) GOTD 408
DO 407 1=2, II
T0 IJ ( .I ,2 )= PO S (I)+T S*H (I )I (2 *B ETA) .
TOP(l,2)=(POS(11+PL)/2·
GOTD ~10
CONT I~IUE
DO 409 1=2,1 I
TOP(I,2)=POS(I)+TS*H(I)/RETA
TOP(l,Z)=PL
KU'1=0
CONTINUE
DOlt J. J I =, , NC
Tor (1,1) =B/\ S ( I, 1) + (TOP (1,2) -RAS (1,2) I *SLOPE ( I I
END TTERATTON POSITrON FREE SURFACE.

404

403
c
c

405
406

407

408

409

410

411
C

c

601

602
61 I)
603

r·l/\ TN DATE = 7).345

D',J=(TflP(7.,l)-TOPtl,1) lI2
H(ll=Q(ll/OW
L~NC-l

IF(KLM.GT.OI GOTD 41
OUTPUT FREE SU~FACE.
IF(ITS.GT.O) GOrD AlO
WRITE(ó,601 )
FOR~1A.T(lH~.,' FINITE ELEME"lT METHOD')
\,.J,RI T E ( 6 , 60? )
FDRMAT(lH ,t PPOGRAM LM6')
WRITE(6,603) TIME
FORMAT(lHl,' TU"E =',F12.6)

.... _.'

.l:
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022~
O??_3
uZ 2't
O?25
(1226 .
0227

o 22~1
0229
0230
0231
0232
02::\3

\.J Q, TT r: ( 6 , ~,(\4· )
604 FllR~AT(111 l' rn~TTTnr~ OF rP[E SUP.FACE' )

o (l I: 0 C) I = 1 ,iIC
1;/HIT L ( (-,, (~O6 I T rJr t : , 1 I , TOP ( I , 2 )

60 6 r- [l~~·1!\T ( J H t 2F J 7. • 6 )
60 5 en I'lT I NU[

C om nUTPUT •
C T I ~1l~ S T r r •
C T:~ TH I S P R ] C,R t.. ~Î TiIF. ...!!\TER L [ VEL tiT THEL E rT S 1DES L0 P E
C OF THE O~ 1, WHTCH IS UENOTE~ RY Pl, DECREftSFS RY HH/20
C IN [ACH TIME STEP. FOR OTH~Q TYPES or FLUCTUATTONS THIS
C Pf\fH OF THr PP.OGRM1 ~~,UST111: ,l\DJUSTEf).

PL=PL-HH/20
T T ~1f:::: T T ~, r:+T S
I T S= TT S+'.
IFtITS.LT.NTSI GOTG 41
STor
END

• 'I •• I" I .; .....

,. ...... <"

. - "r .'
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1..

fl'Ji 1'1: l:IJMFrH In Tlfnfl Hl PLM,'!; (~HnIJlJf.HIAr[P. FU1H
P":ïI..JR/!.'-1 (" A. vr:r~R1JIJT, OClFT, HOLLI\NO, AUGUST 1971
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FORI'RAN IV G U.VlL J..Cj

c
c
C
C
c
c
gl
c
c
c
·C

DATE ~ 13122

( F ~ ~ Hl~: I t t-! r. t" , 1J'. XI '"=~~f.(+r IC ).
,-JI~· lr, ~IH1~li:r, :lF r rnr ST::;P:;
;''4 Lr,;, IS ~i'.n13;:F. f!F rTt.R!\TUHIS Hl rt,LCULATTO;\1 OF ~IC:W
i>J~!l'l:J\j 'lF rr\;":f: SlJfJrl\CC (FnR It~~ï~qCf NrF~.=?)-:
I<LI..!\X IS f)Vr::r.-~[LA)C'lTION FACTOR (FilP. I~'~lll,\IC:: P.F.lAX-l1).
1 ~ 1S TI 1>.1:: STt: p,
c l S I!: l>LLCtHAfH.t VALUE OF THE OIFFJ:RENCr: AErWEEN THF. VALUE:
PS 1 /I, NO Pil I
10 E'JS'W~' SThBILTTY 1'S r'WST 0[: St.1ALL [klOtJGI-1· A P'JSSJBlE ...
JP)..;" nOU"1D t~ ClrA*{{"l.:::LTAX**2)/(2~Pi:RM*HH), WHE~E ._ .__ .. _
ücLlAX IS Tilt: SMAlLtSr'ELEMENT SrZE NFAR THE FREF: "

(,....11 [3

':'019
[.).:: Cl r 11'L = !:. C'
l·i.J21 P1=.:h14J.~j')2ó54 .
uC>22 /.\L=~L*pr /18f) .'.
.....~,2 ~ A ~ = ~ t~>}o, r T 1'1. 80 _ _._
~.,-.L't ulJ = ij 1 UIC- U '. . .
(,( 25 lh) :J J = 1 ,1~C " r: _.. '"." _ _; _ ~ " .. " _~

i.;('L6 [3/.\5{1,J.}={I-l)*OW-.". , .
\.IU 2 7 , ,.., , UI-\S ( I ,2 j .=:(1,. 0.. . _..:_,. -r ..__ _ ~ .•__ .__.., , '" _~'._ :-

C~. 28 '... ;.~ ,':.:.. .' b ( 1 ) =1 .: .L. '....." .r ,.•. ,... '.•' • : ,.. .. .' i... .. ..
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