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Analysis of Two Dimensional Nonlinear
Seepage through Embankment Dam

YoshitakaYOSHITAKE and Tadashi WATANABE

(Laboratory of Construction Engineering)

Analysis of nonlinear seepage through porous media with a free surface is one of
the very complicated problems, because the basic equation as to head of water is a
nonlinear form. Therefore, a rigourous solution of this problem has not yet been
obtained.

In this paper, we propose a numerical method for this problem, using the finite
element method which belongs to the iterative method applied to a nonlinear stress
analysis of soil mechanics and the like.

Then, we adopt the Forchheimer’ s law as a nonlinear resistance law and apply
this proposed method to the analysis of seepage through an embankment dam and
do research on the problems of numerical calculation.

Further, we investigate the seepage characteristic affected by the parameters of the
Forchheimer’ s law and a matter of design of an embankment by comparing result
of the linear analysis with that of the nonlinear analysis.

mj

s
Darcy i BB HEENOHNIBHRERC SO TR L, BBEE» SEMERCZ2 &
BRI U772 Y, C O4EETIE Forchheimer b 3 W ZfERFEOERABEKIT 2 & 0 b
NTn3, LO&3BIHEFEEBRINEDOHZHEKBICE T 2BKHFFADERE, vys 7
f VELADEE, HAVEEBCBTABBSECBNT AL S, ¥z, RHEKEHEED
bENKEEBRABBEES BT T AR £V B bR TN 3,
EBEBROTRNBREEELHEREBI s 5 L IEERERAIVERILS 2 E0vbh, sdikn v
77 3 VADEBBRBIFCHNON TV S, THITKL T, Forchheimer FfiZRIE IS
¥ UTEBBERI S 5 ISEH RO S A CEA S 1TV 3. ARSI 351 T i Forchhe-
imerBIICEE 5 BAD 7 4 V4 A DBBRIRITIC DN TS,

EREFELCIDEFOREE
Forchheimer A% —MANC <2 FVRRT 2 ERAE L3,
—gradh= (a+b|V]) V @

LT, hIEKE, V EBBERE ¢ bREHTHY oV 3BT & BEKOKEREE
X a#H e, b VIV BEBKOEBEHICESLEREZ2EDT, AW 7 ~FOEEDRTK
FEAS—EDEI I T OB AINY h V2SS ET 2L,



82 FEREFE B B

—"Vddh~~;"ﬂl— S v T @)

Thb, u v2zx, ZBF’WJ{%@J‘“E& FegaE, L
a 104,/8s.1. kB
oy L (e o
25 b 10h/8s1 / )
104,/3s 1 L 0h/0z
U = —"'+//IC"_> % _} <} o~ j> (4)
. b 10k ]

du dv |94/ 8s 1] =04 0x
- <+ 22y
dx 9z 3x : b NNV YCEN

0 . z 104/70s —dh/ Bz
.+—-—{———+/( + - ]}( 4 )| =o0
8; ‘ b 104,851

PRI 2B OFRELRTNICR LY, COFERZIGALTERKEZHY % M HE
LR C EHSTIER L 2 5. BHUKERIRETH 5 b BKEE 2 EH a OUFT & b A
HKTE EOBRRIE R HET 5 ¥ CHREHE 2, HEKEHOS 1 ELERD 3. L0
W X b Ry 1o/kKEES TS Forchheimer BI2FE L TWWRODT, &7 OF K &
HEK 2, K 2ROTHERELUTHEL, T ELE BRKTH 3,

. A ( )2 18h,/9s ] } 1
Kf=K4t= L — .
{ 25 b 104,/85 | ®

% 595 §E7K@t®%ﬁfﬂ¢6i?ﬁﬂgz”L“CLAZM\. Zh0A, EREKE % nodal line it

BoTHRELUTESER2RET 5.

UroBfERaEE LT,

(1) AW OBKEED S & T, EEE7J<E@%§?~%¢F@?% 35T THHRKEDOEE B
E21T5

(i) E HAEDBREENEE shvivif, < OKEESTDS Forchheimer Q%2R U T
ApEHRTEND, HELUTONETNTORASEE, HgE O 54, Forchheimer A% 7
BUTO 3D THIERE -7 L1123, _

(i) 27 v 7 (ii) T Forchheimer IHSHE S h T2 T H» T OBKER 2 Hi:
étizv)'t AF v (1) (ii) % Forchheimer IS EEFHERX DWW THEINS “C,f@;é b
Pl '

U FOBEOESE 2T~ 72DIC Volker® BESBER L VIBATH R E KK T 3 &
Fig. 10k 35253, CRIDHEREEAS~BUTWBEARTLENTE S, B,
I 5ER I SOR R Gy, Z OIURHER X "B H/KE, Forchheimer AIDIERHITE i
Wa—s Yy R/VEERNWE, 325, HEEEHGRIDNWT m gGRELCHEE (m+1) &%
FLUE S A, B D L3 3.0 SORED VKL ' ‘

| n{h@+”—hﬁo}ﬂ~

®

IA




T 4V L ORI B TR 83
I {hr—z5}I
I{zr}u

Thh, BEAEOMEEHESEE S »ER» datum plane ICH 3 ERREX 3,
12170, by, 27 WX BHKE EOSE f O/KIERE & SREEEBETH 5. F7z, Forchheimer

8

IA

DINFEHERFRRATDH 3,
0 { s —ui } |
_ {ws —us } I — ©
IRETRA
W { vs—w:’ } Ul
E, = {os v’ <e, a0
I { v } Il

L, u, v BB EREBTER 3), () OBBREBRLS TH Y, 4, vid—
Ki8h/0x, —K{Dh/dz Th s, ZUT, IERHERE LTI E1=6=63=E4=10"3 2L

1z,

FEM [0=4.62s/ft ‘)
—— «—= Volker \ 5==76. 58s¥{t?

+
I
'

1.65ft

/'

+d

! 0.23f¢

i

r
¢
H
t
H
H
L

f

t

i

t

1

3

t

1

[
. ]

¥

)

'

1 !

t 1

N i

! !

1. 0.75ft  0.5ft

{
|
5ft . 25ft 1.0ft

Fig, 1 Comparison with Volker/s solution
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Table 1 Convergency of the Forchheimer’s law. and No. of iteration

of SOR method
* SOR : No, of iteration of SOR method

Ex Ez
SOR* (x107%) (x10-3)
Linear seepage ‘ 77 l\\’\

1 32 33,72 44,03 '
2 3 3.99 4.62
3 2 2.67 2,70
4 2 2,18 2.14
5 2 1.78 1.87

%‘ 6 2 1.66 1.69

- 7 2 1.44 1.59

% 8 2 1.36 1.53

8 9 2 1.26 1.49

g 10 2 1.17 1.46

& 11 2 1.08 1,42

g 12 1 1.74 1.59

Z‘é 13 2 1.30 1.70

< 14 1 1.34 1.30

= 15 2 1.38 1.68

g 16 1 1.19 1.17

= 17 2 1.35 1.62

8 18 1 1.21 1.21

= 19 1 1.06 1.05

° 20 2 1.26 1,44

= 21 1 1.18 1.82
22 1 1.08 1,06
23 2 1.25 1.32
24 1 1.13 1.21
25 1 1,02 0.96
26 1 0.91 0.97
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Fig. 4 Calculated results of water head(m)
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Fig. 6(2) Distribution of the vertical gradient i,
(a=10sec/m, b=3000sec?/m2)

Nonlinear

~=---Linear
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Fig. 7(2) Distribution of the vertical velocity v (x10—2m/sec)
(@=10sec/m, b=3000sec?/m2)

Nonlinear
----- Linear

Fig. 7(3) Distribution of the seepage velocity V(x10—2m/sec)
(a=10sec/m,b=3000sec2/m?)
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