e“NQ

;f Kobe University Repository : Kernel

4oBE =

PDF issue: 2025-05-17

fé/]lbﬁ:ﬁ BB 8BEUERENTEE 70—y b

H,
=W, #—

(Citation)
MR KRKFEFERMIRRE, 21(2) :157-169

(Issue Date)
1995-01-30

(Resource Type)
departmental bulletin paper

(Version)
Version of Record

(JaLCDOI)
https://doi.org/10. 24546/00178056

(URL)
https://hdl. handle. net/20.500. 14094/00178056

KOBE
\j].\]\'l:lihl'[ Y

7))



FRRBFH (Sci. Rept. Fac. Agr. Kobe Univ.) 21:157 - 169 , 1995

RERREICH T 3 ZEBEMITIEL 79 —3 v b ik

HeE - Rilig—
(*PHi64F 8 H 10 A 3220)

Various Numerical Calculation Methods and Flow-Net Method in Seepage Flow Problems

Tsutomu TaNakA and Toshikazu KAGEYAMA

Abstract

There are various numerical calculation methods to analyse seepage flow problems. Here
the Finite Difference Method(FDM), Finite Element Method(FEM) and Boundary Element
Method(BEM) are considered. In the finite element analyses, four types of elements: CST,
4CST, 8IS0 and 9ISO are used, which represent a Constant Strain(i.e. constant hydraulic gradient)
Triangle element, a rectangular element formed of 4 CST elements, and ISO-parametric elements
composed of 8 nodes and 9 nodes, respectively. In the boundary element analyses, two types
of elements: BEM-C and BEM-R are used, which represent constant and linear elements. Flow-

Net Method(FNM) is also considered.

Two typical problems: seepage flows in soil under a weir and around a sheet pile wall are
analysed numerically using FDM, FEM and BEM, and graphically by trial and error using

FNM. Following results are then obtained:

(1) The computer programs coded here run exactly.
(2) BEM-C and BEM-R give us relatively precise answer in spite of a small number of

elements used.

(3) Finite element analyses using 9ISO and 8ISO elements render precise results. FEM-

4CST also give us good answer.

(4) Hydraulic heads or pressures exerted on a plane are calculated exactly. On the other
hand,discharge is computed with a small error.

(5) Flow net method is simple to use but practically give us good answers. The answers
given by 5 persons have errors under 13% for discharge and under 3% for pressure,
respectively. The averages of 5 persons have errors of 6% for discharge and 1% for

pressure, respectively.
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BEROTHRVOT, TTTIRIFET A V3T A
Ny oy rEERFWVCES R E (P,=115.3tf/m,
Po=64.7tfm) SRR IIIIZE LW EE R, ThiH
#r L CEET L, BEMCIZX A b 0id, P=117.1tf/
m, P=62.9tfm &2 > TH Y, HEIIZTNTN1.6%,
-2.80% Lo THNIZIZERBELSBESLN TV LA,
o FE L IETFEASE L S, TOMOFEIL S
b DI P=113~115.6tf/m, Px=64.7~66.3tf/m D&
EroTHY, BEIIFAEN-1.4%~0.3%, 0.0~
2.5% L D IHIZEBREIBOATHLHDEERS

n5,

BEM—-C % ' BEM-R R EZEH» PR vicd »
PboT, R, EHEDREIRE L (G
XENTVBEI ENbh D,

RiZ, 70—% v MEIZIDIFHERIIOPVWTE
2B, ZZTh, FUMEIIOWTS ADFE
NI —%y MEILX > TRDEP, PRERT
ETable5 k%5, 7, QII2VTAHDLE,
3.49~4.00 X 107 nf' /s/m( 3 3.77 X 107 nt’ /s/m)
OB E > TH Y, WEIZ-128~00%(FH-
58%) & 7> T\whb, T72, P, PRIZDWT AL
&, Pi=1131~116.0tf/m(*F¥) 114.4tf/m), Px=64.0
~ 66.3tf/m( 14 65.3tfm) DEEH L 2> TH Y,
WL, ZHEN, -19~06%(FH-08%), 1.1
~25%(FE¥E09%) & o T\wh, 7T —% v b
HEICLABEAIE, HEICOWVWTIE13% AL
A, BRIV TIZ3% BELHOEE TKD
LbNTWAI EXbh b, SAOFHELL L
TEIZ6%, EHE1%EBEOBEIFRTOLNL
Labh b,

R EENM) I - THEONZ 7O — % v
k>—fF19 % Fig81Z, FEMIZ X » T bhi:
7u—%v b% Fig9 IR,
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Table 4 BHWMEMTECLIRZR (KIRME)

7% & () VRS Q, (nf/s/m) P, (tf/m) P (tf/m) 1 %
o F 5.42(1983)° FDM 418x10~"* 1140 66.0 BFEY 229
Original
B2 B1986)° FEM-CST 416x10~" 1137 66.3 NNP=229, NEL=384
Segerlind”
71195 51(1987)° BEM-C 383%10 " 1171 629 NNP=40
Brebbia?
LWE O RBAT
BEM-R 408%10"" 1146 65.4 NNP=45(f4 555 % &tr)
Brebbia?
FRTHE OB
WH  #(1988)" FEM-CST 422x10~" 1141 659 NNP=346, NEL=600
Segerlind”
£ 118 —1990)"” FEM.CST 399x10”"* 1156 64.7 NNP=871, NEL=1600
Original
Hr #(1994) FEM-4CST 405%10~" 1149 652 NNP=569, NEL=512
Original
FEM-8ISO 402x10"" 1151 649 NNP=441, NEL=128
Original
FEM-9ISO 399%10”° 115.3 64.7 NNP=569, NEL=128
Original

NNP: 518, NEL @ E¥%%, Original: + 1) ¥ F 70y 52

Table 5 7A—%v MEICLBHER (KiFMHE)

B OA E () Qnifm)  Pltfm) Pyt/m)

PHEBAE 1983 400x10 ' 1143 647

WBAAM1986)°  356x10 ' 1160 640

LR 1987)° 400X 107" 1137 663

FH #1988  349x10° ' 1149 651

Bil— 190"  380x10" 1131 663
V. &8

¥ 4 O’ E RN . FDM, FEM-CST, FEM-4CST,
FEM-8ISO, FEM-9ISO, BEM-C, BEM-R, % UF, FNM
WKDOWTHAN, 200BBIN LG . SHE THE, &£
WIS OWTHIT 21T o 72, # LT, ROEH 1B
A

1) SCTHRRL-SEEEHBT 707 5 2 3E
LB Z &atbhorz,

() BEM-CTHE 5 W7o 5 R I3 o BUBERITIE & X
THTRZ HEM%RY, BEM-C R O'BEM-RIIE%
B D72 C CHEMEME D BRI,

Q) FEM@#Tid, BmROBEZOHAT A V55 X +
Vo 7 BE, 8EIRTA VNI AN v 7 EE)EH
Wz, CSTEZEDOHA TOMDEIT S LHEHI L ¢
%%, ACSTEFZ* V- /-5H8I12, CSTEZEORA %
fiv, RFLER%*525,

@ BMERE, —#IC, EH(T2bbEiskE) I
BT L5t EBENEC, MBOFEBESRCRED
%o THUX, B SUKEED & B I 2 5K 72 ) (FDM),
BRIGER T 7 ZAORS BB 5FED S 5 S FE
ZRDLHEFEM) L EIIBENELLIDEEI LR
%o

G)7u—%y MEIHBELAFETH LA, BEL
CREFBBEB LN TED, KEFERIVSRL B
SADHEEN ERO2ODMBEICH L TRO: BRI
£5E, MBEICELTI3% UAOHE, EHCEL
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FE, EHEBICAEBHFEICRZ) T L, 220
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