EBBIUORERACEIIRERDOEMICONT

FHEXRY OB H K b
sEBAE Il X g B

§ 1. ¥ B
BEROFBAIEBEERACHOSBRLARBECAZ, L2ALARDL , BEROMETCRBAGTE DB
GLERY , ki, REABORBERO LI HHAKEAEET 2B AL, A KE OB A
BOURMGTHIND , BREB®YE 2 TladlaceD FBERAEXBL 22 bTER V. ¥4, BABEKD
R 27 BHEBHOBECS . raV BEERFERC R B,

z(:jc'pi  FREBREL LT, REHEDOBT AL, 3 b, EHKE*H T H2RFBANOBEHD
B oWTHBT S,

BEROKEE (=Dp/ W+ y¥avr—-2-DEI )0HHR2RTE(z, yEBE)EERET

BRADL I LA B,

By M 3 A
w (K ) o+ gy (K

X 89X yay)+q=0 (1)

SR, ko, K zhzEh, x ,y PAOEKRRE , g RHEMCKHEH, BMERIEDDKRKDEL

BTH5
FBRERETR, ZABEXROIHA (L, J ,n)Ex s kKEEX {(H)® 23232, (1)R
DEFRE . EAFRBRAVC, 4ERE BV TRAVDEETHR LIRS,
[PI1tu) + (F)® = o0 (2)

ERT, (P R3X3DFFTHY , EOEHLSRROIICEZLBN B,

Pig =l Cyymyy ) Cypmyy ) * kg (xp-xy ) (xy =% ) 3/ 4a
ORSE 1, J, noBEEF R 5.

F1=FJ=Fm=_qA/3 A=A OoEE
§2 HEAEAETIREHRE
M-1DL7%, xy BECE VT, x MAML e OFEr A THERE D, AANBLEX,
AB=4hONEABBTAIRBRARTEADN .

5H
Q=- (k 5 cos® +ky-g—y}isine)-l; (3)

A Q
) Fh o, Bkm® oH/Ax , My BRRXXDBRE B,
Yy =y o I~ Y5 5 V1 =y 1
B o1
X = A 3

@
=4}
j=o]

Qs
=
==

3 H S
37 m T X F e Xy Xy v
-1
H-20fd i, HHATEKBLEDTWAHE 515 - 584 S 2N HE%R



£xb. WE 5§, ¢#HOLIHBE, LEADEE f X 5B
ARREES>CROLER @ ETHMOEE ] x5 B kAR
EEOTROEHE @ L3 BCE—KLAVA, 28 @ TR E R
AUPBRINTL 00, BROCERASRIT 5.,

n
U _ d
L - Lod (5)

M-30kd5k, kKE*BTHbK, BB K@ T3 0mnD ¥y s

DE(EB8On )L ELHEABRLBL2 mODFEBAE>T LB EDOHE

BB LEHERE R T,

B - 2
E- | w B B fr '/ /hour
Wom | ERA s Q| TR zQ‘ii ] EE— —
3- I
T T 0.50 6 0.506 0.50 6 "
3
T T, 0.4 46 0.55 3 0.500 [ 2:2m
T3 Ts 0.4 16 0.585 050 1 5{-
40 m
T¢ Ta 027 8 0.59 4 0.4 36

H—-3 HUBLEETD Fv 2

\3Y 300 00 3030

L loa:6- 6 295 %93 2g \7@

[—f-27
29790 89 yg:n:s 265 80— 75— 21

289 288 286 284 28,0 P77 273
287 287 38E 263 280 T8 ZTE
28 183 T8 A1
-4 KEAE | B4 a%50%AN

BS10m , BEXA400mDBEEBRY, BAKELTIREATEE=30 , BBALTIEE=02¢1T
BAK2 7 4D =ARERC AR L CHEL AR A AT 2E - 4 8L 0E —4' 0L5TH 5o
BRKFRBk=001em/sec LT, H-4kI0E—-4" CHITHWEHTIT, 72T, , Ts Ts ,
T ODKOBOKBET ARBO LHMERL TRAMEL L ALH AL AR RS E -1 R T
HHAARALL O NS VWBEKE , BANERTHRNE L AE<h b, KABETHR = ABEZA
THAARE—~FEELTVWENG, —gi, 1@ < 28] rnz, EEassc @< TR,

1 sid] ERBEAS. HBEHETICE , BASEOEAAAEVEH G L 0, Bk 4R
- LEBETF Y 75 558, BENLLSADED S,

-27—



§ 3 BHARAKEx*FTI2RGBEORE
HHKEAXFETLIHARR , BREFERLABURATHL S, EHAKETORERLHE M,/ on =0,

Hs=y

(p, =0 )%kHREE®ALDEIE, BHKEOME (H, M =0)%RELT, K

S s

EHMERD , tONBETOKES Hy =y, RADSEFT, KV BELHA L TCEHKEOLE:Y R
%)Q

-5
H—-5D0RFEEXFACLT, BHEOFHECODOWTHRRD, LHEMoO kML cEARLBYD , EHD ERXF
BKkEELT B,
F1BRE, TEINPBRBERIDVOTHREBAKEBCBARXREL  RBEHRABCDEAR=ZAR
ERCAHNT 5. WRAALLT, Hy Uy ODAKBEES 2 5. CORBID KEATERD 52,
amm@cBALOﬁﬁ(%m,%n)femﬁﬂmu,—&m,Hm>ymaubm6,(xm,
Hy ) %58 EHB LD 7my P LT, c3ALDOTMADIDHT, TDOKE Hy 28, B, BHE
DTHBEFLIIES ADIIAMARERD , The B yBMECFERNAEKLE , BELOXEAE R
LT %
H2oBME,MOoBALTR, NARHEIANLERCHMALXRY , LHA L THRAUOHABER WT ,
A ABMO=ZARERIC, AROINX 2@O=ZARERCSLH T 2. BEFERABCDEARLHFLL
FRAFI CB AR MAAKEERT, Ch, AR B HKEL LT, ERFHH, HAE 5 2 CKkES
HeRD, B1EBLAKCLT, HLLVWAHRKEIS , A% ED b
HIRME, @RAFLCBARXSE 2 BB LARCH L SELASLT,, ERAEMR By, Uy ©FH
L HAsDKBEEEX T, KESG2RD 5B,
BABRWHDB (FEnBE) , IBBOERL4RCF L LI EHpg 25 2T, Fo 2 An A -HAR R
5EC,F3BMERUBRAEXSCIEST, TAUBRER LA XBERELC, BEKELrERBWT, K
Ll vy, EHERROHs LOEN-BEUTRADZETLDELIRET 2,
HME, ~EDOHARIBROCEET H2HEAABCDIDE ANDEZARERD T -2 &, RUOBREE
b F-—z2xinput T 50T, LBEOABIFEBATTIRTORELIS DT, BRI LEH

BRBLOKESANE DR D \

M—6ith, THE O RE1 : 1.5 0XFSEMBORAEORBEH %L Casagrande D HE &

—-28—



BLAbLDTH Ho WMH S1F Casagrande D HHE LV &5 B b, LhBsoBEREE, —KE,

Casagrande D HEIDHD HBEL b,
@—7uiﬁﬁﬁﬂ(1%=u1§ )ORBE BT HIEEBAEARLTWL S,

\ ———=— Casagrande

'~
-
——

HM-6 HFEHEAMHORACKTI2BEEBELI=ZABEELS

—_— ky=kx

ky = 0.1 kX

B—~7 BIUHBORGBEITIBBERL=ZABERSH

OB HERBIWCEETAHEBAKECB AOKBR I PT, K D ELEHCHEHEMZ K&
EBT 2. LaLarsb, BFEME, THEMBR2SLBEAR , BREK, KELHR2HET 20K,
OBHAECREELAILAS VWS , FREEE2FEATILE , AR VDERTCEITTE 5,

§ 4 LTV

BEoXdir, KEBBROALDOHEHIALLOHKBHERX , BEL v 2 VEXSFTIKEORVE &
HHEOHEMOBMREMIORKEATZZLEbLIN S,
RACA72ELBEOBRBERIBEHRLAEREEXETHITECTD %,

EE A
(1) Olgierd Zienkiewlicz and others, " Solution of Anisotropic Seepage by Finite Elements " Journal of

Engineering Mechanics Division, ASCE, Vol. 92, No. EM 1, Proc. Paper 4676, Feb. 1966
( 2 ) Finn,W.D.Liam, " Finite Element Analysis of Seepage through Dam " Journal of Soil Mechanics Division,

ASCE, Vol. 93, No. SM 6, Proc. Paper 5552, Nov. 1967



On the Analysis of Seepage in Foundation and Embankment

Hiroya Komada
Toshikazu Kawamoto
Depart. of Civil Engrg.

Nagoya University

Seepage problems have been solved by sketching flow nets or relaxation method. These methods
are gcarcely . practical when the boundary of the region of seepage is not clearly defined or the soil
media are non-homogeneous and nonuniformly anisotropic.

In this paper, the aubhors describe the application of the finite element method to such problems.

At the first, a technique for determining the quantity of seepage water from the potential dis-
tribution is presented for the steady state of seepage, the quantities of seepage water in a ground
with drain ditches being calculated for an example.

The authors present a computing procedure of finite element analysis estimating the seepage flow
in the embankment in which the free top flow surface is unknown. This procedure may be applied for
any shape of embankment and non-homogeneous or anisotropic media. In this analysis, the position of

the top flow surface in the embankment is succesively calculated until the following boundary conditions

s aHs/ dn = 0
are satisfied on its surface.

It is enough here to use only input data for the region of seepage which is primarily divided
into an arbitrary system of triangular elements, since the successive steps of calculation are auto-
matically performed in the computer. For an example, the expression of result of calculation is
illustrated by the top flow line for the embankment with side slopesof 1 on 1—%— with homogeneous
medium.

It has been found that the exit point obtained by the finite element method is about 5 % higher
than that drawn in the manner suggested by Casagrande at the upstream part within the embankment.

In this snalysis, the position of the top flow surface has large influence on the number of times

of iteration and computing time.





