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METHOD OF NUMERICAL ANALYSIS FOR THREE
DIMENSIONAL UNCONFINED SEEPAGE

Seepage Problem for River Structure (3 )——

By Taro Oxka

Synopsis

A method of numerical analysis for three dimensional flow in homogeneous porous media is
investigated on the assumptions that the flow is steady and governed by Darcy’s law. Equation for
the flow is solved adopting the relaxation method for machine computer and using a practical
technique for appling boundary conditions. Solutions for two dimensional flows in some earth
structures are obtained in order to compare with results shown already by some investigators. The
solutions are in very well agreement with the results obtained by Shaw et al. and Herbert et al.
An example for three dimensional flow is also shown.
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Fig. 4. Flow chart of main program.
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Fig. 5 Comparison of results calculated by Shaw et al. and author, for Case A.
(The broken line shows the free-water surface obtained by Shaw and
Southwell.)
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Fig. 6 Comparison of results calculated by Shaw et al. and author, for Case B.
(The broken line shows the free-water surface obtained by Shaw and
Southaell.)

2 b0 D), MEEH w iz L8 AR Koy K, 12 1.0 2f, ERICEBKEONBHEEMEERY, HH
AEofE 15 MEEF 52 itk y, 27 Fig. 6 ofaid « 1201, w T L8 K, & K, T 1.0 %M
LS g kT O SRR R Y BhkE R 20 ABEETSIERLY, #ondoTdho Fig. 7
2R+ 3 B4 R 12 Herbert and Rushton $3f\»7z resistance analogue model ¢ element M k% X & /%%
BFERBEERN, ¢120.1L, w2 1.8, K, & K, T 1.0 #Hn, g ikE O AIEEMERY, A
MAEOMEY 20 ABEETE LRI VBLNLEIOTH S,

%& case LOWTCEHBEOLE® E, XU E, 24kEi% (H—H) olktEd L#do% Tablel
WZR+oe T 2 CEAEROEBKEOME (0,0) 1&, Case A [ToWTiF Finnemore and Perry 0> TR

— 7 —



174 HAP R EREBRE 14 5B (1. 46. 9)

o

320

77

(

16.0

Fig. 7 Comparison of results obtained by Herbert et al. and author, for Case C.
(The broken line shows the free-water surface obtained by Herbert and
Rushton.)
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Fig 8 Relationships between E, defined by Eq. (14) and mesh intervals.
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Fig. 11 Relationships between ER defined by Eq. (11) and interation number, N.

KEFBOMBRABIIEMLL TVDEA, TRIZKEMBIEZLALEREIN 2T 2 HBKEREEELL
T, FRFECE2ZIKBEOMMEOMRBEOT THON LB EELLNSE, 208, DL T2
EXMLON, BEHEH20TELALER, ZONATHENKEROBERLEL Lidh o, Fig. 11
i, HFEHKEOBERMO N L ER LoBEFHRINTVS, RKICHBKEEEEROEMEI
3% ER offi%, F#HBKEEED L RERTHEATRLTS 28, hidHB/KEROIGERE R
THRL R 2. T4%bL, HHKABICAKEZEFELZLESE LABICRERSAE (ERL, KEMITHEE
BEINDD, HEBOBAIHERL T 2EERSEM LR ER HK—Eailyid s, 2@ BEHK
HORNKEEERTZ EL2EHT 5 #T, 7cbzid N=23 CRAMAKEOBELSHEE Lk
W, MBS LERAEAES, M=23 ToGMmitEIr 5 ER HifBBo 0L b SR/ (Fig.
11 04 e UTF), ToBRBTHKE, KEMFLICNE L DLEL LY B,

W%, M=14 o N & ER LoBRI7ERTHE, HEBNOKESMHOIFRERIGKEEICL b RIR
DIIJEM)TCREANDIZBERERFTLZ ENTE L, B IBRER, I CHRHKONBEEINLEROH
HARMEOKBEAHFORAN T KT NITEET 2B TCARAICEHEE LR L, & 0B 2% OKEIE
THELTHABER TS5, MERBIE Z oS TERBOPCREEICEE L TvwbdosELbhN, TOIK
HELXTRTT 2L MBFRBEEEL LB ETh b,

Fig. 9 0 & HBIZoWwT N & ER ¢ofdff% w=1.518,19 |townrkwd Fig. 11 ZHRLTH %,
FTATFRINZILETHEH w=2.0 PFANLHETIE N~ER BEHHSELE LILRoFRIAbED
o270 TNHLDORERLD ZORFEBITOWTORBEMEERLIE 1.8~2.0 25 1.9 |[TEVW DL Bbh
B0 22T w=19 2, HHKROEEIRZOWTR Fig. 9 048 A UEAETHELTE - ok
8, KEAMFOPCE#EER Fig. 11 0B AL 0 &TO M ZOonWThikh KEL, 1818 w=1L9 ZonTFE
LThBNERERE LT L L, Fig. 11 0B TRINE DY 2 B HKEOPFEEITONT

— 11 —



178 RRYIKPIERERE 14 5B (. 46. 9)

HET 2L, AREOLYE LK CRIGEDMEE BVEEEd - o
0L TMERBOGWEEEEKREL L, HEBOBREI O LTWEIEETRLY 545, BEZ
DHEORHEMERE BB ETILRE > TwE N,

5. » & M &

HHKEZAT 2BEBROZRTEBFLRRE L, ZOMEO—EUREY R Lt “REZROBERL
DHEBRP T oREOAARLRL, BHEFEABRITHEHLN IV 2»0MER S W TEE XML 0
BB OB EBREREGHE#H L 2~ FACOM 230-60 *{F#fH L7, %% Fig. 5, Fig. 9
URTHESREBLICE L IEMEREMITRTE, T Fh 59,350 sec TH > Tz,

g2 ® X ™

1) Shaw,F.S.and R.V. Southwell: Relaxation Method Applied to Engineering Problems, VII; Pro-
blems Relating to the Percolation of Fluids through Porous Media, Proc. Roy. Soc. (A) 179, 1941,
pp-1-17.

2) Finnemore, E.S. and B. Perry: Seepage through an Earth Dam Computed by the Relaxation
Technique, Water Resources Research, Vol. 4, No. 5, 1968, pp. 1059-1067.

3) #lziE, Volker, R.EE.: Nonlinear Flow in Porous Media by Finite Elements, Proc. of A.S.C.E.,
Hy, 6, Vol. 97, 1969, pp. 2093-2014.

4) #1z13, Muskat, M.: The Seepage of Water through Dams with Vertical Faces, Physics, Vol. 6,
1935, pp. 402-415.

5) #i1z(3, Herbert, R. and K.R. Rushton: Ground-Water Flow Studies by Resistance Networks,
Géotechnique, Vol. 16, 1966, pp. 53-75.

6) ARBE—ES - BN M KEEC & 2 HFARMOLRIHE, tAELRLSE No. 178,
345, pp. 53-61.

7) BZE, 0 e FEO—8BTHEROLYD OMMEF B (]), K40, pp. 175-199.

8) @ x!E, Young, R.N. and B.P. Warkentin: Introduction to Soil Behavior, 1966, p. 359.

9) Plad, BFH R:BTHERILL7 77 20FRRNOBE—FINEFROHEEIT DT,
KDC-T va#—F, BH37.

—12 —



