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Studies on Percolation with the Capillary Zone

Kenzo Hosovamapa
(Laboratory of Land Melioration)

Summary

The author studied the problems of percolation with free surface accompanying the
capillary zone, that is “unconfined percolation”.

Up to this time, various formulas on “unconfined percolation” have been presented,
but the investigations on the effects of the capillary zone have been incomplete, and
there have been only a few formulas on it.

As a matter of fact, percolation phenomena with free surface accompanies more or
less the capillary zone and the mistakes in the various formulas heretofore in use
become clear by means of the model test. In the prototype, a percentage of the capil-
lary zone is smaller than in the model, so we can disregard the capillary zone, but in
the model we are in great error if we disregard the capillary zone.

This paper deals with the method of analysis and the formulas considering the capil-
lary effect.

Chapter (I) is a preface which gives a motive for this study, a comment of a past
paper and a brief explanation of Chapters (ID~(VII).

In chapter (II), the author deals with the distribution of soil moisture content in the
case where level ground-water was given to the air-dried soil.

In the first, he induced the differential eqation (II-8) after consideration of surface
tention, gravity force and flow resistance as follows:
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Next, on the assumption that the coefficient of registance “R” was constant or the
function of degree of saturation “6”, formulas (II-10), (II-11), (II-14) (II-15) were
gained.
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In case of steady state, the solutions were compared with the author’s experimental
values. When “R” was the function of degree of saturation, the solutions were gained
by an electronic digital computer.

In chapter (II), the laws of analogy of percoration were induced from the dimen-
sional analysis or fundamental equation of percolation after Nakamura’s theory. Theore-
tical formulas in case of disregard of the capillary zone is shown in formula (III-1) or
(III-14) that is:

E2=L cccciiinnn. (1I-1), Ly=Tyeieiiiniii. (1II-14)

In case of consideration of saturated capillary zone, if formula (III-1) is adopted, a
special process, that is “cut off” or the formula (III-17) is necessary with the author’s
original method that is:

k’Z, = hcr = Lr ........................... (III-17)

In case of consideration of unsaturated capillary zone, formulas (III-20), (II[-21) is
necessary that is:

keye /by =1......... (II1-20), P,/orgr/Hyr=1........ (III-21)

In chapter (IV), as one of the series of studies on procolation through the rectangular
or sloping dike with free surface, free surface, seepage surface, stream line, velocity
distribution, discharge and capillary potentional were investigated.

Special features of these devices are:

(i) tensiometers are put in the capillary zone,

(ii) a mercury thermal regulator, a relay and a heater are connected in order to

keep constant water temperature in percolation.

Special features of the experimental procedures are:

(i) a probe potentiometer was used in order to pursue the free surface,

(ii) free surfaces were sought at the three stages “not cut off”, “half cut off” and
“cut off” after banking several centimeters up to the upper limit of the capillary
zone.

The author compared the results with the equation (IV-2) by Dupuit and Casagrande

and the equation (IV-4) when A; is obtained from the experimental results. Equations
(IV-2), (IV-4) are shown as follows:

y5—(n+hs)°

2 __ a2
ve= 220 x4 (ve2), Y= L

- X+(n+ho)t - (IV-4)

He found that the equation (IV-2) did not come true when a capillary zone existed
and the equation (IV-4) coincided nearly with the experimental results in the down-
stream 1/4 of the dike when A, was the experimental value, and the equation (IV-2)
came true in the upstream 8/4 part when “cut off”.

In the case “cut off”, the experimental and theoretical values of the stream lines and
velocity distribution, when the seepage surface h; was taken into consideration were
shown in Figs. (IV-18), (IV-21) and (IV-31).

As for the percolation discharge, Fig. (IV-86) shows the author’s experimental values



MUARE : BEFEFTI2EBCEATIHE 45

plotted on the diagram of T.G. Chapman.

As for the capillary potential, a tensiometer of porous unglazed pottery connected to
the manometer was put in the capillary zone under percolation, and the capillary
potential (pF values) was measured, as shown in Fig. (IV-87).

In chapter (V), the author applied the Iteration Method to the steady seepage flow
with free surface and obtained the satisfactory results compared with the experimental
results.

He found that:

(i) when it was assumed that the boundary at which colouring matter flowed and
was retarded was a domain in which the phenomena of steady seepage flow with
free surface participated, the highest inductive capillary surface at the upper
stream was equal to saturated capillary height at the free surface in case of a
rectangular dike:

(ii) when Iteration procedure was carried on for all networks after a rectangular
or sloping form dike had been netted along the highest inductive capillary sur-
face and the potentials at the upper and lower stream surface had been given,
potential distribution of the steady seepage flow with capillary zone was obtained:

(iii) in order to obtaine a potential distribution of this experimental dike, the Itera-
tion Method might be pushed according to known potentials of the internal points
on the free surface surveyed:

(iv) it was verified that equation (V-2) could be applied when the highest inductive
capillary surface was not obtained in case of application of an actual dike, but
future investigation was necessary to obtain H, for a slope form dike:

(v) when the potential distribution was obtained, seepage flux was gained by equa-
tion (V-3) owing to the flow nets without a great difference in the experimental
values.

In chapter (VI), the seepage surface (H), discharge (Q.) with Cauchy’s integral
theorem applied to the rectangular or sloping dike (1:2) with capillary zone and the
method by other investigators were covered. Presumptive boundary conditions of the
rectangular dike (1:2) are in Tables (VI-1)~(VI-4) for Figs. (VI-7)~(VI-10), with the
additions of ¢r=gr. to Fig. (VI-7), and ¢c=¢¢- and gpr=¢p. to Figs. (VI-8)~(VI-9).

Judging from the results of the applications under the assumptions that the “highest
inductive capillary surface” (a tentative name) is linear or quadratic of Y in the rec-
tangular dike, Table (VI-1) for Fig. (VI-1) and Table (VI-4) for Fig. (VI-4) (when it is
quadratic) seem to be correct assumptions. Table (VI-8) for Fig. (VI-3) is also correct,
when the width of the dike L is relatively small and the “highest inductive capillary
surface” is quadratic of Y.

In the sloping dike (1:2), Table (VI-1) for Fig. (VI-7) with the addition of ¢r=@s.,
is correct, when the “highest inductive capillary surface” is linear of Y,

In chapter (VII), the steady or unsteady state percolation through the dike of
mounded stone and earth with a gentle grade on Nagasaki enclosing dike was experi-
mentally investigated (model scale 1/25).

Formula (I1I-1) was used for the laws of analogy of this model test, that is, &k, =%,/5.

The author emphasized that “cut off the capillary zone” was a necessary manage-
ment in steady state percolation test in this case.
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Free surface, stream lines, velocity and discharge were gained at outer water level
+3.79™ or +2.02" and inner water level —9.00",

In case of the unsteady state percolation test, time lag of the inner water of the dike
was very small and form of free surface was quadratic as the steady state. The author
considered that larger size soil particles and more viscous fluid than in the case of the
model should be used to realize more fully the unsteady state percolation model test.

Laboratory of Land Melioration
Faculty of Agriculture
Saga University
Saga, Japan
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Apparatus for the measurement of moisture content
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Result of mechanical analysis
d K k H VA woter temp-
@ | Cs 1 | (g/em?®) |(cm/S+20°C)| (em) | (cm) w ¢ °C
5 0. 358 0.910
0.0204 | 2.64 0.51 10.8 | 2.75%x107% | 31.5 10 0.299 0.761 22°C+1
15 0.215 0. 547
20 0.170 0.432

Table (II-1)
Result of experiment on § distribution
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Representation of capillary heights
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Bty

B =y

PamMEERTHAERIEES, W

MMABESICHHELT, BrDLIC 20 TOERWMENS MY, AR LOEHRET TIKEE

2 T,
EI- |

ChoDHEXNTHALEEELEOEAHEE LB LT, Table (II.2) iZR7.

Formulas
\ (I 16) I1.18) I1.19) (11 - 20) Ir-21) exp.
7. 2cm 15. lecm 25. 0cm
{ Capillary Heighty  21.0cm 1 l ! 21. 0cm 31. 5cm
9. 3cm 17.4cm 33. 3cm
note un-saturated saturated un-saturated | un-saturated | un-saturated | un-saturated

Table (11.2)
Comparison of various theories and experiment for capillary height

Table (I1-2) 2 5 HWihid, (11-20) XA SKF ZEBERBEITENCLS TH S, BAED
AE REEL1EBR) »oEAo5N 3L, EFRRIBMBEFRZILALRL, RRTERN
HEHSNBLECHD, FHREDOD, WGTRMFETH 5.

BEAE EROBEEDOEEFE I DFH

|18 R I7%bb k% 0DEHELIEVES

ZOBER, pEMSFER (MLIDR) WEREHEEZI AL L > TREEB B,

() HEMmELHTAIERESH, BREXREZELT, BEFAOCLHSES (1K) Ofaf
EBEZ ohi g4 (Fig 11-5).
SAFIEE DRI TH B LEE 2=0 &EZ,

BR&H {z= 0—>60=86,
i=H—>-0 _p
z

LT dI-1) &L,
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Z(+)‘r\ 26
Z=H ——)—e—z—z h-06

ILIN AN 2

{ ZEZZ -9 = 93

H

n
»

Z=0 —0

Fig. (IL:5)
Representation in case of (1)

o
B _p), 8L —o epuiz

dz K
L. L p—0 sy p=exp(—az+G)
[24] dz
0= — L-exp Cl-exp(-— alz) + C:
a
_ expclz_A, C2=B &?delf
(241

0= A-exp(—a;z)+ B

% = — ;- A-exp(— a1z)
BEREHLY
[: gz :|z=H = eadexp(= D) =Lhd e
Go=A+ B

AL
—ayrA-exp(— ayH) = h-A-exp(— a H) + Bh
=h-A-exp(— a H)+ h(0; — A)

e hety
—a1°exp(— a1H) - h‘exp(— a:lH) +h

B= —alﬁl-exp(—— alH) — h-@loexp(—— CZ1H)
—ayexp(—ar1H) —hexp(— a1 H)+h
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—h-01-exp(— ayz) + (& +h)-01-exp(— a H)

o= (@t Byexp(— B —h

... (11-23)

CCTEH P BEBRNICKDBCERTE, T (.23) Kb T z=2—>0=0, (&
W) 8365 —20FHBLORDBCEBTES,

(2) HEMEOLHTREEESH, FTHMEER LIESBETIGEYLY, BERFROHSIERX
(2 4) ofamERSL ShicEs (Fig 11.6)

4 Z(+)
roun
g surfacéﬁ top of unsaturated

capillary zone

| ZwZs —— 6 =9,

, Z:0 —— 8 =0

Fig. (11-6)
Representation in case of (2)

1

DLW F <=5 (dust mulch)® OIEF TERAERTIZEEZ T,
z2=0—0= 01
ﬁﬁ%#{ LT
Z = 2o —> 6= 02

(I-11) RE &<
aLn)ﬁo—&@ung=m&$Hﬁ0=Awm—md+BT£5#6,%%%#&0

01=A + B

{ BBWA

0y = A-exp(—12z3) + B

A= 61—62 B= 02—01'exp(—a1-zg)
1—exp(— ai-zz)’ 1—exp(—ai-22)

(01 — 02)-exp(—di-z) + 02 — O1-exp(—ai-z3)
1—exp(—ay-22)

6= .. (I1-24)

i &
EIMEIHTONEZOERE, AEE 1HQOOEAIKHEYT 20T, (1124 REAHL
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TEFE LT, Table (II.3) & Fig. (II.7) #1850 3.
DR, BERFMR

{z =0 (#F/KMEL 5cm)— §=0,=0.910
z2=2z,=15cm (H#TF7kE_E 20cm) — 0 =6,=0.432

0-gd _ 1x0.51

;= = = 0.0472

! K 10.8

Z (cm) o
No. -5 0 5 10 15 20 25 30
@ 6,—8, 0.478 ” ” ” ” ” ” ”
®- —ayz 0.236 0 —0.236 | —0.472 | —0.708 | —0.944 | —1.180 | —1.416
® exp(—a;z) 1. 260 1.00 0.790 0.624 0.490 0.389 0. 307 0.243
@ Qqeexp(—a,z3) 0. 446 ” ” ” ” ” ” ”
® OX® 0.602 0.478 0. 348 0.298 0.234 0. 186 0. 147 0.116
® |l—exp(—a;zy)| 0.510 ” ” ” ” ” ” ”
® ®+0,—-® 0.588 0.464 0. 364 0.284 0.220 0.172 0.133 0.102
®/® 1.153 0.910 0.714 0. 557 0.431 0. 337 0. 261 0. 200

Table (II.3)
Result of formula (I1-24) in case of the example
(3) FMoFHE

EH0H4E (IL1DR) LHEBE, FMEIT R I8dbb kL 420 oK EEZLI LT (1I-25) K
A0, T K REICEEEAICHETIHRMELTEYD, HZ0BE4D K Li3HEMNT &
5% AR KIKOoOFDOISURTEHFEREEZ TS,

2 o Mo a
K = const % g‘ < Tpe)

o2 22
ot RS T : RHEEH
G:% i3 a:0~0.2
e GADKER

EEN e XE2HD di (FHWBES+OKRER) LLTHEBELTAHBE, 20°CT

a=0 D4 K = const x 0.156

a=2 DL K =const X 75

ZDFETII const DEBHLHSBLOTHETER L, T TEENE.D K OEEH L
T O %FELb 0hs Table (II-4)~11-9), Fig. (II-8) TH 5.

¥, (I-11) KXo K £ 1/2#L7T, BREH

{z:O — 0=

1
o H g_p TR E (1-25) ReBELD.

*FHORD K 3EEO K 1A 5THHEEINS,
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ground surface
35 F
top of unsaturated
A / capillary zone
30 + N
\

=3 \

e \

0';' \ —% % by measurement

=3 \

: 25 1 N T by calculation

o

°

d

o

B 20 r

o

£

=

f

2

i; i5

o

H

P

3

© 10 r

[y

14
0 .2
0 = 0.5 1.0
degree of saturation ———
5}
Fig. (II-7)
Comparison of measurement and calculation for height above
ground-water level and degree of saturation
THbb
Oz 4 . oH
_ K K
0= —— — = e (11-25)
1—exp (M)
K
Z (cm)

No. \ 0 5 10 15 20 25 30
® exp(— p+g+z/10) 1.00 0.607 0. 368 0.223 0.135 0.0821 0.0498
@ |exp(—p-gx31.5/10)| 0.0428 ” ” ” ” ” ”
® - 0.957 0. 564 0.325 0. 180 0.0925 0. 0393 0.007
O] 1-® 0.957 ” ” ” ” ” ”
® ®/® 1.00 0. 589 0.340 0.188 0. 0966 0.0410 0.0073

Result of formula (II.25) in case of K=10

Table (II-4)
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Z (cm)
No. \ 0 5 10 15 20 25 30
©) exp(—p-g+z/20) 1.00 0.779 0.607 0.472 0.368 0.287 0.223
® jexp(—p-gx31.5/20) 0.207 ” ” ” ” ” ”
® O-@ 0.793 0.572 0. 400 0.265 0. 161 0.080 0.016
® 1 -® 0.793 ” ” ” ” ” ”
® ®/® 1.00 0.721 0. 504 0.335 0. 203 0. 100 0.0203
Table (1I-5)
Result of formula (I1.25) in case of K=20
Z (cm)
No. \ 0 5 10 15 2 25 30
©) exp(— p+g+2/30) 1.00 0. 847 0.716 0.607 0.514 0.435 0. 368
®  |exp(—p-gx31.5/30) 0.350 ” ” ” ” ” ”
® O-®@ 0. 650 0.497 0. 366 0.257 0. 164 0.085 0.018
@ 1-® 0.650 ” ” ” ” ” ”
® ®/® 1.00 0.765 0.563 0.395 0.252 0.131 | 0.0275
Table (11-6)
Result of formula (II.25) in case of K=30
B ' Z (cm) - 1 —
No. \\\, 0 5 10 15 20 25 30
\ o
@ exp(—p+g+z/100) | 1.00 0.951 0.905 0.861 0.819 0.779 0.741
® e)?ip-gx 31.5/100) 0,730 ” ” ” ” ” ”
® - 0.270 0.221 0.175 0.131 0.089 0.049 0.0I11
® 1-® 0.270 ” ” ” ” ” ”
® ®/® 1.00 0.819 0.648 0.485 0.330 0. 181 0.0407
Table (II-7)
Result of formule (II:25) in case of K=100
Z (cm)
Mo | T 0 5 10 15 20 25 30
® exp(—p-g-2/200) | 1.00 0.975 0.951 0.927 0.905 0.882 0.861
® e}zp—p-g % 31.5/200) 0.854 ” ” ” ” ” ”
® O-® 0. 146 0.121 0.097 0.073 0.051 0.028 0.007
® 1 —-® 0. 146 ” ” ” ” ” ”
® ®/® 1.00 0.829 0. 664 0. 500 0.349 0.192 0.0479

Result of formula (I1-25) in case of K=200

Table (11-8)
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Z (cm)
No. \\\ 0 5 10 15 20 25 30
@ exp(— p+g-z/1000) | 1.00 0.995 0.990 0.985 0. 980 0.975 0.970
&
exp

® (= p+g % 31.5/1000) 0.962 ” ” ” ” ” ”
® — 0.038 0.033 0.028 0.023 0.018 0.013 0.008
®@ 1 -® 0.038 ” ” ” ” ” ”
® ®/® 1.00 0.868 0.737 0. 605 0.474 0.342 0.211

Table (II-9)
Result of formula (I11-25) in case of K=1, 000

ground
/ surface
3571
top of unsaturated
z / capillary zone
5 30
¥y
g
g 251
S 5
4
o
(]
3
s 20 T
a measured value
1
5
s
w 1571
'—l
[]
4
[
=
10 ¢
5 -
0 v ) )
0 = 0.5 1.0

degree of saturation —— >

6

Fig. (II-8)

Comparison of measurement and calculations in case of K=10, 20, 30, 100, 200

and 1,000 for height above ground-water level and degree of saturation
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Fig. 11-8) » &, K df#ix1,000 (CGS B diF&) TERMEITHIRVDES T bbb 3,
FOBEILLs T K DEAED LD ITEDHIE LI TEITL,

E9IE R bbb k%0 OEESELEES
(11-15) REMLICH 12> T, BFHEBEHOLEERELRA B C it L,
BIME 1 HOERELYD, K=108 1=051 >, a=01 &3hiF, JI-15) R

2
0 4 91.18-(0—0.1)-%0

di
(20—0.1)-—~ e

+21.18-(—§%)2 =0... (II-26)

z

9, =y &BLT (I-26) AEWRTLT B,

1 do 1 d% 1/ do N _
(20— 0.0)—p —g - +2L18-(0—0.1) -7 5 +21.18 TIZ—(.d—ﬂ =0
6= 0m+1+0m—1 d@ — 0m+1_0m—1
2 > dy 2A7

d% Oms1—20m+0m-1 c .
=" 2 =0.01(0.315°"

ELT, BWEHFBKXEMES L,
1.590(0ms1 + O0m—1 — 0.1)(Oms1 — Om-1)

+106.7 Bms1 + Om-1—0.2) Omrr — 26m -+ Om1) + 55.88 Oprs — O—1)? =0
I 5K
1.642-62,; + (1.016+6,,_, — 2.184-6,, — 0.215)+6,,.,
+ 0.427-0,, + 1.610-62_, — 2.184+0,,-0,,_; — 0.2120,,_, = 0

2.134-0,, — 1.016-0,,_, 4 0.215
3.284

Opi1=

4 V=9.542-62 3 0.680-0,-0,5-, +0.955-0,,, + 455465 — 1.887-0,,+0.0462
3.284

BRME On-1=100, 0»=0.986, 252 T, HHR Onn =KD B FHEE BTFHEH (OKITAC.
5090H) icdrid B7zdic, 2E¥D L E ALGOL Itk 37w "5 3 v 5471 o 7z,

Program

begin real T1, T2, T3; integer N, I; switch SW: =81, S2, S3;
CRLF(1); SPACE(2); PRINT(‘N’); SPACE(5); PRINT(‘THETA”); N:=0;1:=1;
REPEAT: N:=N-+1; go to SW[I];
S1: T3:=1.0;1:=2; goto PR;
S2: T2:=T3;T3:=0.986;1:=3; go to PR;
S3: T1:=T2; T2:=T3; T3;=(3.134 *« T2 —1.016 = T1+ 0.215 + SQRT
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(—9.542xT112 4 9.68xT1xT2 + 0.9552*T1 + 4.554xT2 12 —1.887xT2
+ 0.04623))/3.284;
PR: CRLF(1); PRINT(2, N); PRINT(4, T3); if N<{101 then go to REPEAT;
end

22 ® Program ic k 0 58 U #55%, Table (II-10), Fig. (I-9) %187z,

BHRE p=0- 0m-1 =1.00) BT KETH 2P 5HICEZ 5N BH, »=001->0- OfEIZE~
DEEEAZT, MhOESELTH 2hERELLETHEE SN, KEBOEHER 0-=0.986
PEMLHETH 5.

ULH L, BEREBUT 15cm BEXTROED—HT I b 3d, ThUTHTKE
EHEETTR-BLEL., ZREROMUEHR, FTLRIMFCI3L MR IHREET 2HER
b H Tl 358 (11-26) RO BIEFTE* 1T & 3 8aF1E0. A E TERMEIGEN T 5#R TS, LicM
LB ZEMILH D, SHBEREABERTZOENEDP A, SSIKEF[LOBHETILZLER
5. b OBRBERDLTHFEOEHIC L ZHEOELE LD LI ILEDS KODBEEET 5.

N [ N 4 N ¢ N [
1 1. 0000 27 0.6979 53 0.4942 79 0. 3534
2 0. 9860 28 0.6885 54 0.4878 80 0. 3489
3 0.9722 29 0.6792 55 0.4815 81 0. 3444
4 0. 9586 30 0.6701 56 ‘0.4753 82 0. 3400
5 0. 9453 31 0.6612 57 0. 4691 83 0. 3356
6 0.9321 32 0.6523 58 0. 4631 84 0.3313
7 0.9192 33 0. 6436 59 0.4572 85 0. 3270
8 0. 9064 34 0.6351 60 0.4513 86 0. 3228
9 0.8938 35 0. 6266 61 0. 4455 87 0. 3186
10 0.8815 36 0.6183 62 0.4398 88 0.3145
11 0. 8693 37 0.6101 63 0.4341 89 0. 3104
12 0.8573 38 0. 6020 64 0. 4286 90 0. 3063
- 13 0.8455 39 0, 5941 65 0.4231 91 0.3023
14 0.8339 40 0. 5862 66 0.4177 92 0. 2983
15 0.8224 41 0.5785 67 0.4123 93 0. 2944
16 0.8111 42 0.5709 68 0.4071 94 0. 2905
17 0.8000 43 0. 5634 69 0.4019 95 0. 2867
18 0. 7891 44 0. 5560 70 0.3967 96 0.2828
19 0.7783 45 0. 5487 71 0. 3917 97 0.2790
20 0.7677 46 0.5416 72 0. 3867 98 0. 2753
21 0.7573 47 0. 5345 73 0.3817 99 0.2761
22 0.7470 48 0.5275 74 0.3769 0 0. 2679
23 0.7369 49 0.5207 75 0.3721 0. 2642
24 0.7269 50 0.5139 76 0.3673 2 0. 2606
25 0.7171 51 0.5072 77 0.3626
26 0.7074 52 0. 5007 78 0. 3580

Table (11.10)
¢ distribution in case of 6,=0. 986

* (11-26) X% b & IC U BT, $4 8% 2H Q) OFEMAS 2 LIRA O IKOSFROTEICEK
LEHES,
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/ ground surface
z 33 top of unsaturated
capillary zone
- x ,é: o
1
- \
5 30 \ \ A& —8 : 4henGn=0.990
Y A % A----4 :yhengw=0,986
-4 v \ A—- —A : whenon=0,980
A
§ 2571 2 *
3 \ \
5 7
m \\ .
3 20t '
g measured value
n
2
&
§ Pk
> calculated value
o \‘\ (by electronic degital computer)
) ‘\
o '~
a1or \A\
5 -
0 s ,
0 = 0.5 1.0
degree of saturation —
2]
Fig. (I1-9)

Comparison of measurament and calculations in case of 8, = 0.990, 0.986 and
0.980 for height above ground-water level and degree of saturation

BOH FEEEDEERD 0 DAR/ICDNT

F1E R Ixbbk%00BRBELENES

COBEE (1-10) REMWLEH, BEREHD b & ICHFIE L,
FF, (110) R To o =ay - =a LHDH,

prg 2R
90 _ % 96
o = T o q (11-28)

BREM 2=0 —§=1.00

Z:Z]_'—)ﬁz(?z
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(I1-28) KEZhZThoFLH0 b &K I,

Y, 6=0(2)+¢(zt) LB,

(I1-29), (1-30) REZHZFNDEHAED b L ITHFIZ LWL,

&3
(2%

._d¢

2 =0... (1129

l:z=0——>(p=1.00
z———zl——)qozﬁz

0

0t

— L2

02

z2=0——>¢=0
z=z1—>¢ =0

t=0  ¢=0—¢(x)=¥(2)

(I1-29) XEM CERBAEBLEH Q) OHEITHLT 205

_ ‘__ &3 _ '__ 3 .
(1—6,) exp( % z ) + 0, exp( @ z1>
= 7S WE—— (11-31)
1-— exp ( — s Zl>
TI XU

S¥iT, (1-30) ROBE ¢z, O=T@)X(x) EBL &, - =ny

Wwiie, X'=—4%X

2=0—9¢=0TH3»5, X=sind-z

=g =0 TH BN, A= ill i

Ly

A

m
2

Tere

—H T"=—ap 42T »5, m ZEOEKELT,

T=-exp(—ay4%) = exp{—ag(

WZITRD AL LT,

2
T
)
Z1

P 2
o= A,,,-exp{—a2< mr > t}-sin LN
m=1 21 21
t=0—¢=¥(z) &b,
@hoo= S dpesin "0z =¥ () &n0,
m= 1
Chd7—) 2 EERBOBRRICLD
Am:%S:lW(Z)'SﬂI MIZ 1 EXxE 5B,
1

V()=0—9¢(2) THBEHPS

1 —02)-exp(—%z-z> +02—exp<— g—z-m)l

2 Szl(

A 61—
Z1 0 l

1 —exp(—

mnz
dz
Z)

) -sin

(24
3 ‘21)
[24)

=EH=—aA® L1235,
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24
3 ‘21>
4%

(1_02)3XP(— %3 -z>+0z—exp<—
&

— s

1 exp( o

o

6=

mn >2 } . mmw ]
¢ p+sin oz

21 Z1

An DREES S RED S E,

2 0 A4 meme-z 23
Ap=———"2"| —cos
2z m-mw

&3
0:—ex (— .
2 D ~

* -

71 1—exp<— 23
2

— __ %3
ER) (1 02)exp< P Z)

__2 S <
£ 70 1—exp<— z3 ‘Zl> z1
2

—asinbx —bcosb
Sexp(*ax)-sinbxdx = exp(_ax)' aSlna2x+ szOS x
D &,
Amzi. 01‘21 ( cosm + 1)
21
9 exp(— ‘Z1>
’ 32 «(—cosmm + 1)

m l—exp(—

« )
.Zl
2
. Imrz  mr MAZ ~%1
'Sln ‘l

2 (1 _02) (02 zl z z
— . p exp<——__.z> ——
z1 1—exp<—_321> B
(243

21 ~0
=2 . Orxn «(—cosmm + 1)
Z1 msm
Oz—exp(— s 'z1>
o «(—cosmz + 1)
m7T —exp(— °21>
o) 2 o
2(1—6,) exP( osm l
- 2 2
el g )
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i, FEH2HICO~NBTEL, (1-28) Rz BEFERKLBS LT, EFSHERTZRLZEK
R EBRL2HEDDS.

B2 R bbb k%o DBRBELIER

COBER REOHEEAK R=—Tp s s LTHALL (1-14) REMA 3.

EIHELIETONLELZDOEAMESE ¢=01 oz AN T, (I-14) RXEERITLILTHIL,
06 \?

0 _ S oy % (29— 01300 (22
2 = oo {L027-(0—0.1) 5 152820005+ 1.027:( 5

. t
22U, =0 =1

oo =1 KRB LSS BEELT,

60 _ 0m,n+1—'6m,n aa _ 6m+1,n"‘0m—1,n

oy 2A7

- b

ot At

626 _ 0m+1,n_20m,n+67n—1,n 6= 0m+l,n+0m—l,n

on? (An)? . ’ 2

dp=01 3.15cm & &%), 4:=0.01 (157.5sec E3A) & LTHEHEBRNEES L,

O 1 = Omynt0.513 Oy 1,0+ Ot n— 0.2)" (B 1,1 — 20,5+ O 1,1)
+0.07640ms1,n+ Om-1,s—0.1)Bms1,0—O0m-1,1)
+0.257Omsr,n—Ome1, )

T1=0m-1,3, T2=0nn, T3=0ni1,n

Si=Ts+ T1—0.2, Sy=Ts— Ty, S;=S;—2T»+0.2

Si=58,4+0.1

EBUE,
Omns1= T2+ 0.513- S+ S5+ 0.0764+ Spo Sy + 0.257-SF ... (11-31)

(I1-31) KRPEFEEREZAMTHLITL > THZRS.

FOE REFROMLE

|1E E ]

EEEMERICE TS, —ROEWER/N U TR ZIICHELSBEE/ESDTH 54, B
ST 2B 2R > CTH BSR4 ABICRES 51>, BEKICMT 3 HBHERICELTHE
2RI DE D I W EHHMUESER I3 ITH 3.

L AT IATIE RS ZE L HUEE LT,
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k? = Lr ...................................................... (III.I)

model
Prototype

BEHGSH, RO media HEHO media LV/NELHLBZD0T, BEEENHEZERLSSDA,
WMRLUCBECTREEHO LD 2HEMIEEICHKRT B &g 5520

EETREERO—BERRNZ O, HURORILEN, KBABRRNDIS 0N, To#RE
BA~O#A, BEEHEROCHAME, ISKTHMBEFLEIZERLAMMURL EIDLTOX
A& B,

BEROEEHFERIIRENR Navier-Stokes DEE HRR & Darcy Okl #4 L TEERD
BHFERNERDZERZPY FTROO N TE /S, micro LM + HERE & T iiks M
W THFENZERIT X D macro WIEEHE U THRE » 2R RERZ 855,

BMABEHLEZRE LAY NERCEATEFHHFER, #EEHIERXO —BERIKRRA TR
3h 3,

WK HLIC Darcy oAREHFERATHIEE

1 Do ( _>__ﬂ_. v o M e .
T De grad| g-z + 0 K + 20 riv ... (I11-2)
AivVO =0 o (I11-3)
-k
e 22 Kl/__ IL‘
222 L Y
REERO TR L, uge, 030 w i GRANT R,
1 Ou __ 1 0p  u u_}_,u.az
A o o 0x o-K" Ao 0x?
1 60 _ 1 0p oy u 0% ’
A ot o 0y oK' ?F 20 0 y? S (IL-2)
1w 1 0% n #_ 0w
e € 0 e ok YT 20 0

K”=% (k : BAREE)

(I0-2) X LU (J-2) ROALREOHIZ RESEEEROET, #koRicit Ebhih
S HTH B, HLOKEL S 2 FHOHIRBIKLOET, PHERD2 (2RBE A macro
ICHRS T, R AR LU TEDNRY micro REEROERARBKITE L, macro
ISR OREATIC & B EEHIE RB RN E L THEEZRIN LT 5,

* EMEEREER LIS AREIHE ZRTONS,
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B2 RERO—RIBIER
E1E X T B A

BENES S macro iITE L1354, EEEREE [ (HERESR), o (BE), P (EH), v GEED),
g (EHMEE), ¢ GEHERE), ¢ REEHS), F (FEHZES) &3hid, Buckingham o
r EMIcXY

f(l: 0, P, v, & U, ¢,F)=O
dimension BEiz L M, T, TH3H5
(ﬂ(ﬂl) 7f2, 7-[3; 7[4, 71'5) = O

WETAEBRTIEREELLT, Lv,p, O3HEELSY, ChEMOEABDE 2L T OHF
EEDHDBE

o-v? 9

METP e Tl
_ Z'U'p _ p-vz _ p.vz
W= a > T g BT EF

.12
M7 5% 2B, BUICBOTR—TH5EThE, o RENsHREOWEY 5 — Kl

THEARLTEBY, HBEOENICBOTREICRILT 5. 72 IK DWW T A+, 45 Froude $
%R L, n3 iX Reynolds 8iT&H 0, ny KD THA FEFE/KEMEE S) &9, HEHK

d
ﬁﬁ¢(=»7£)ﬁs
(1) Darcy BEAT ¢=Kpo (K REFERER & Thig

o-v? p-v? _ kw

=S il T WK Bl

(290 Darcy HIBS T ¢ =Kpv* (il n=2, K, QEFHENFEE &LThid

o> _ o P
20 BLKpv: | K,

Ty = Siz =

Siy, Siz 2 ZhZh# 1 ZEKHELEE, %2 REKHURKLE WE 3520,
75 BAERE (BAMBEN) 2ZBE LGS E2H5 27 KHL5,
B2IE —ROGERABRXDSDOFHE
EfHAEX, ERrEXo—fE A.2), Ul-3) Ri<T, EYWITHF p, BBIKm 220
hid,

1 Dv,
A, Dty

—_ . fl>_£i_ﬂL bs_pa .
gradp<gp @t Op 0 K’ + Ap°0p 7wy - (4)
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1 Dv, _ P, Un On
A Din —_grad’”<g""z’”+ Om )_ om K'n
e 2 4 e 1I-
g, (u-6)
AiDm By =0 «eeeeeerereeeeeee e (111-7)
z ¢ Ly/v L v
m _Lr, m = m, m — r s m e ’
Zp ip Lp/‘vp Uy Uy v
P, OV 2 8m v2
= = 0,7y, =
PP vaﬁ e 4 Lr
grady, _ 1 4 —pi= 1
grad, L’ 4 L2
L Giv=—— EBUE (M6 Rz

1 v? Dv,

XA, L, Di,

_ 1 2, ... vi-P, >
I, gradp('v, & Zp+ 5

T

— HrVr | LUy MYy Ao p2ay i I11-8
pr'KZ pp'Kz xr.pr'Lg lﬂ'nﬁ bre ( )

¥ A R3EY, BET—ELLTO2¥OXILERTES,

1 Dy, _ ( . ﬁ)
%, D, grady| g»*zp + o
trl, vy o M L2 PR (I11-9)

- 0,v,K; pp'KZ 0,°L,v, lt"pﬁ
dir-7 xR AiVp0p =0 cvereeireriaieeeei (I11-10)

(Il-4) K& (I.9) K, (III-5 K& (II1-10) XD SEHEN L HUTH BdiciE, =1
ELT

,ar'Lr
o e A III-11
pr'vr'Kz ( )
B 1yl (II1-12)

0rL,-v, Re
Re : Reynoids ¥

(III-11) R hEBEKELERL Gir) EME EiThiE?, gr=1TdY, Darcy #
BAICBOLTIE '

Si= ke L _,

= =
0, v, K] kv,
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L, =i, k2

(ir BEEEY OHIKARLL)
ir=1Thsps (I.1) XBBESH 3.
(IT1-12) R (I1-9) ROLARBOHL VELNIRHMATH > T, —RICBEHROEET S
Rid/NE L, macro 12 FHROEEC I EIC X 2R (RET TR OBIZE W RER
BEBZLoT (-12) XEEKThiE, (I.1) KA Darcy RBRATOMEBERM L 5.

v

2
Darcy 4 € A 1 BIREE (RBIEGNE oo ) £95) WL =127,

=0 THEHS, (-1 Ri

UL, — UrL,ea, v, — L,a,
pr'valr/ 0,V U, Or

=1 &4b

bUpr=1THAE L= - (113 E133,
(1), (-13) R’ =1, gr=1, pr=1 &5 L7 Dacry %#p, Darcy Smsh (i
FH) OHMEHTSH 3.
S FICEKREERICT 382 0 zone BHEET ZHAIIE, EY, HEOKRIE L zone ©
BKBHOK kir, ko DS VL THOhIZ X, 2ELIB—EEELS.
FROBAEELESNBEE, AHOBSRIESRRLIELSARLOTI OBRIIZLS
FLLBER SN, AROBS & LHTORSOBREEHRT v v VEEATHELLLE
ZZoh5,

F3m BEURBAOER

BI1E RULCHHTEEFOREINNEOES

B2HE2HTONKEY, EEHZERAL, M5 R I3 —5E, Darcy EEAN THNIE, macro
RER ORI TEMICHL IS BERMELN AR 1) R&i3,

EBEEEE UTHEBERL L 22T (II-1) XWBWILT 3 £k 2K, EPO bk BEL
SNTHEED kn 2P L TEEMBZRET S LEFRWETR TR LI, TTTH
Wk LDBDINEBDNINNBROMEOD b & kn L UTHERAL, kb 25k0, Ly T4ibB
WRHEAERE U TBREELC L —FETH S, R LERBRHEOBRLE L BhrEHO
HIREINZ O HMBOMEMEEZHE L CHANOE L SHEEMRELRELT L 2RET
35 ghidki.

ETAMULDX S BEHTHEBIEKHEEREZTNL > TH 3L, HETHEY LD /MIROH
BERCRCERBIDTEY TCREEHOREINILODOTHHRETIEEFOXENER
CKELSE, BEBRBLEOLIBEBEEREITLPR OO TEFRIVELFHFRL TS, TOX
REXTZLOTEROLBROD TEERETH-> T, ELZRIOEDOEIIKER LIz, TO—20D
Rk FEE LTEEDES, I, 1V, V, VI, Z2OHRTHONTHL A LS, BE®A cut off
TEFELRE L, FEREEER0, 2EEOXS5EHET cut off T312IKDLTEWEDS
A BH, ERKBOLTEYEEFOES (HHKALAMEERORZ) 2RIOMRIIC
HWMRUKLEIET cut off THIIEEREUL IO TR E»S D, #cZ—ED cut off TWEHET
Lo HEKEORMEE#E DR L DD, trial & error OFEET cur off LTWhiRdhid
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BHRY»., bLAARME2HTONZ L) BEEHEZB LALLEEERThITI0DY
THBH, KEROBU~DERAPEELEETH S, ULoFkIEEofac#EAZhsd
DTHY, FRFRMBEHFOAYURELTE ST, ThO KDL TRASME2H, FIHTO
NBEZ LT E, BEFOHBEEATELEL S MRLTSE 1) NZEH, FEFZHD
THEMINSFETH B, EFCR>TEZBZLEDEDOLIRLELSL T &LiCk > TEY, HAE
KH—HEE A3l EB8TES. 25 ThdEEFORRR -1) Re2%40HEXD
Bixs 5. bbb (-8 RNk TMEEOH, RETHERRKOHEEHKLT =12
U, 4, BEHlontzR—LIhid,

MrUr UrVr*0r° 87 _ Y _ .
p,-K;’ pr'ﬂr'kr kr 1 2 EZM?%
D& E=1Toh20> L=T, (II14) L1235, L,z;w%%ctsfﬁ‘é%%%‘%@%%ﬁ
PRI T, HEICH LU TRAUEIOEEHR THZOHD3H4RAEL, TEHORER

(HI-1) RIKHE~SERIN TS, BRI EHZICBOLELOT, 230 cut off DOF %
HAns~NETH5,

F2IE RMIBOTEEFTORENAEOES

DB RFEYHBD TNHBRDP S BBET, D¥OIIKEEHEBMEEL Bh, T
FETEZIDICFT SN S,
(A) fafBEHEERUIEE

AEHEE (BMEEN 2E5RUEA0 (I1.2) RicHMT 5885803

1 Dv _ _F u v
Ty = ered(a o) g
+ _é‘p_.yzv .......................................... (111-15)
7272 U Darcy ARERA L THY, F IHMEEFEEL LG40 CROERENICER

FEEEAT, F=C0 OB THEDINE. i T WKOEERS, d KLOFHMS +

&, CREETH 3.
FE2HE2HTIT U o e L AKDOFETC OB OMESHEKRD B &, Sir Rer dFlic

a2
Oy (I11-16)

ZHELELT S, (UI-16) REDE Capr EFBOTREREHACRBEL L PR LITT BM,
CHhRBHE2HE 1 HORTEN TORDSNLBTH S, & 5ICHE &K Darcy FIRA T

R2-i2
Caprz—pfl{z: tr =1
ir=1, grle ThHhdho Sir 03%#&17)‘?),
Rr=tr o h L, (111-17)
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K, BRERIEDIICY > TROPEFDLS>IKERLS, TEH F 3HBNEES k. T TEE
%232L7T, F=pgh:TH5,

media & fluid BZEALThiT be BET 205, H5F LS fluid BAIKERE LWL THE
ORKELHDE#EZ, media bHBEHNRKBEEOSDOEMA LB LIIKT S, HEATHERLYsD
T—RLLOBBEREEL CRBEYLELRETIHED bk OfEERD, £hoI5i53 k ofE%
A9 % media & fluid AR EB L EKD, BMEBEGH Vo5 1085 0% pick up Fhid
L, UL LZOFIETERELKXDSZ LB L2 LD T, #FiESEFHEINS fluid &
media 2Tk OHEELBRMEER he 2Kk, (I-17) ROZBLZHE L., ERTHELHER
BThhiZEhnitd - THEHER, #E0 media, fluid E3hidkl>. TOHETOHTHH>D
LEEZ#ED B LT B, Kozeny OEKFBEORK

3 Nk
k:%- (1’11)2 d2 T ——-—(lc_*;)z =4 LB
k=tedk sus
Z Tz & A3,
ERAEEEIOHREE Yoy 0L
%
%
%
HEIAIES & 20BKREEEEDD W ETdhidiesd, dL L oRo 4 oEinmho
Y%
12
”ﬁ_

FIDHTHESROLEFEEL, BRENERLZEYLTERLOLTIIE, WHERE e RZEDO
fluid ® ;5 BEOSDTHY, HEMN 25 Fodbox AohiZk, Uh U EELBEEN2HE

3 9
2 4
2 2

UEDbDERANRBLEETERLOT, HBOMEEKRES LT, BKEHOLGLEESD
GM%EHizd fluid 2 RIS C OB BERENRS 529,

(B] FafIEEHZTERLIGE

—EQEREFHED S E KSR ES LU THREMESTHRNER K> T, EEFEH
S AN EREMICEL T3 BEE0KSRZEREMCER LT ETHE, KGRI
HIELTHEEOTBMBKFBROET D, ChBEMIELLI.,

TEFBEREEE ko TR, SEORRBIZPIIY Darcy BANKHEES LEXZ 5N 3,
Tibb,

0= — k@ 8rad@ ooeeeeieee (111-18)

(ome 2
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LDOES5WRINBZEOE, F IEHTELLTHLHRBREERF vy » VBIEIZERL, Hg@EEx
RICEZ BT LBTE B,

. equi-potential line

., (difference:af)

AQ
R

ane¢

\ stream=line

—_—

/ o /
/ -
v

Fig. (II-1)
Typical figure of flow net for explanation

L Fig. (II-1) O X5 IKHEX A,

AQ = k(g)' ﬁ—f'An;
Al,’ . A(p . _ k(g)
Ani = —AQ k(g) = _C_ .............................. (HI ]_9)

2 TC=4Q/dp T, WHMAOME L CRAFRIThI > T—ETH5. (II-19) KNI

FRICBOTREEDE 5, I alkiZ—ETHEL, THUBKERICLBEC L 42EKkT 5,
ITHAER AI.18) XTRINBY, b U Qoc Lk (L 3ROREE, k 3BMBEKER &

REThiE, B (HFEm TRY) &EY (FFE p TRT) OLERFEr L LT,

Qrer'kr
£y, BMEKBELTERT vy vy ViREFEREEZ TN THE 2 KA SO &Thid,

— ~ 4O _ . S
(Agp)r—Lr, Cl'— (AgD)r —kr T%%i) b,

(II-10) K& D

Al; ko
ir == == R I RN ) '2
A % 1 (I11-20)

(II1-20) KA OBEAD HMULHEETE, T O-DITREE, EHIKBOLTEESHENED
AEMPHLAESBMETE LA BTNIIESH, o 3B EFAfMESE LREE H & 3Thid,

Hypy =L, o (111-21)
FRMAPHUTHEILEBEFOM ISR TENIC DT
Pr/prgr _ Pr/prgr =1

I Fom T (111-22)

(I11-20), (II-22) ABFRAMBEFEZE LICHBERSTBHAUENETH S,
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£ L3 Fig. JlI-2) ok x 77 708y, BERATBOT—HLEThIERSRLHITT,

P k
g?'& Z)@%%%%%aﬁﬂm%m%mwmwmﬂMdf%M%mﬁac¢ﬁ@moa

2 Uk,

P/p.g 4

Hu

1.0 ¢
\\
0 1.0 key/k

Fig. (111-2)
Relation between P/p-g/H, and keg)/k

BIVE BHHRHKEAZBEITIRBLHEITIIEEHFORE
B8 #® B

HEHKAZETI2EEOHICE, o LBKEER (OO IBHEER) 2HT 200ER
TH5. BEFRHEMEL D ABMEBICHTL, 31T Figs. (IV.7, 10, 13) 0 1 REESH
#fl, H2REBEEFHTHAMCHLETZ (WBTrREYRLI SN B), F-EEHIH H/AE,
BHE, HE R RE KTV MO MCEEEEITHS. COT ERBRBEERIT
BT, HHKEL2~3cm TEEHZ cut off LTHNIZHETH 3.

AEDHIIZ

1. EFERE, SEEFRNOBEKEOR, BREEHOES, i, HESH, HEBEEERT

K, HEMEELBERHT L.
2. FEHE cutoff LB A0RBIKE, BERR KE HESHGOLELERDSC L,
3. HHAKELOFBEEFOKORBEMETESLHELT, BERF v+ (PF fHic
BE) RENETIC L.

B2m R BR F &

Fig. IV-:1) wWRd CEKELHE, ZABRDE 0.6mXx1.6mXx0.15m 733 FHE A 5 A5k
BhcgEEL, BEIhAHKEESER S CRBHBER KT vy ax—2 (BILHEEES
T ) A~ A RBEELTHLE) AL, BERT VY vy VERAET S, KEOEILIBER
RICHIDICHET 20T, KRFBERME, BER c—22EBERLT, XBREBR—EREL
BDOXILI > T3, BLoFks UTIRAEREBICBT 2EREED 2T, BETHEH
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SEALT, BAEKOHBEZR I,

1SS U DU T L T N L DO A
[ i E.‘K‘(_F T T, \‘"’*""' (R
{ 1 Ve AR 31
(i ol 5 Nk Sl il St et | ol it el
1 _| _: _l_l_..:' \ \ ‘IA Bal ! \ :
[t D S T N R % S
fa 1 L o DL
M i I i i
J- 4 ! Sl 1oL 4

Fig. (IV-1)
Water-tank used for the experiment. A, B, C, D, E, F. G: points
measured the capillary potential

T HEKERF O DICIMBEMRT 2Rk, LBBREOE SRS LR cm %
T4 L, not cut off, half cut off, cut off ® IBKICONT, BERE, KELEB<r v

BAh ) AEWEEALCGENT S, ERBICRE, BHAUKREMEDT S, ERoMEHUI Table
AVl ok Cases1~10 TtH 3.

w| 1 [ 213141 s5]6]7 8] 9 /10]
Form ) L
grain) 03 1703 [703 [703 [03 [03 | 03 | 08 | 084 i 084

d(fize oo™ oo™ o™ o2™| oo™ o2™ | 02| o040™| o4d™| o04d"
t off cyt | cu cut cut
[t ot ot | hatt | SUE |G| not | hatf | SHE | not | hatf | S

Table (IV. 1)
Kinds of experiments

FIam Bdk@E, RHEA

BIETONIEL, HHKRELERBEDBICBOTREAELELVENEETAETH»
T, BiIcii TS 20 E3EBEEZEL L, BEELBXFEEBVRITRECS L TAERS
KREKBEHMTAETHY, TOLRIKRKELELLEEZOh, HE/KEO THEE TH
KEEOHEMEHE TS 3.

HiAkEERTRE LT Dupuit & 51>{%, Casagrande EoHHARIH 2. Chick3EE

HiogE, Fig. AV:2) KR e, B THL D BlKE2EDT HYROEE G &
TOMMEE 2 &ThiT
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Y
Avd
Ve
hv.d
= W
Fig. (IV+2)
Representative figure for formula (IV-2)
_ oyl yi— ot )
m=—2 T — (Iv-1)

0 556 kWM X 72 28O BH/KEOR i

2 2 2 2 2 2 2
2 YT Y1 Y2~ Y1 yi-L yz—y1>
Yi=—"7 ( 7y A g iL
== L yl .......................................
BENO, THbE x,=0 034, (V1) R
ytL  _ yi—yt
y5— i 4-L

ZhED yi=y OO bEHOH%E LS &
Yo = \/y% + LZ e s (IV.3)

¥7o—H, y1=0 OBE, x1=—y}/4L &3y, BEKITHE O »o BB LRABH
EEEBREMRS > T, (V:3) RIEHLELOI T3, FRIBHEICEET S LZNIK
BEREEL XSl 2HmsH B, Casagrande Zic k 3 LBHEOFE XL 0.75y, WS ITLES
LS. THEKE v BABAOBRHEOR I 2R ZRIIRY ST,

BREH OB &1CIE L=d—0.7-(yscotda+y,°cotla) & LT, BEFEOHEED (IV-], 2, 3)
RICHEATHIE X, 2T dRBBHEIE, 0602 LikH, THEORMEMATSS. O
B E LARKES A SEES50T, ABRZERAENTEXSC Licigs (Fig. AV-3)
L),

L LIS ORBARBHTEEZB L THELDOITH B,
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Free surface~R s . -

B\‘\\_:
\\.\
L G

Fig. IV.3)
Representation of the seepage surface of sloping dike

% 72 T.G. Chapman iHEHR & LTAV-H)RER L, 2 hiid Hamel, G, and E. Giinther

OFFECEOCHELEET ZHMTHEY, 53113 R D. Wyckoff and D. W. Reed o electric
analogy ®F539), % 31> F. S. Shaw and R. V. Southwell @ Relaxation ® 5#3, % 3
it C. E. Jaeger @ finite difference method3? Eh S5 E U-bDEHE LT LbBSH

72HDT,

2 __ 2
yi=_22 (9£+hs) X4 (ndh)? i (IV-4)*

chiz (AV:2) XD y1 OEIC hs SMb > e TH S, (Fig. (IV-4) 2E),

Y
yz b4 /75
3 = |
X g 16
[ X

Fig. (IV+4)
Representative figure for formula (IV-4)

hs $HbbBEHEORDFICDT, T.G. Chapman 32, Muskat O F7'5 7ic X 318
W) 2FIB LT L, 2, y1 OBASE LT hs 235k, Fig. IV-5) %18/:. coFkiRfiEo C.
E. Jaeger?? o finite differnce method # @ critical depth theory L IFIF—HT 26D TH
3. UL Fig. AV.5) TRkHoh 3 hs 3FHFEEHBILALFLELETOEATH-T, &
ZOERDO I EFEHEBEFBRELELL LERES X5 TH5 (Fig. IV-5 2R),

* T.G. chapman QE3® T3 Y @B LFHET, X OFEOFABTHRE@TH S,
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/
1,01

/7%2
0.8

g’asel
<55=0.5

}C/ases 2,4
<5=05
041 2 CaseT
Casel0 {%//,_ ~0.6
02 =05 g
% 1 2 3 4 5 6 T

Fig. (IV-5)

Relation between &,/y, and L/y, due to y,/y, [after T.G. Chapman],
and the author’s experimental values

T. G. Chapman® i &k 3 &, FEBEHMEEL, THRIWKE y1 4 0 04, Fig. IV-6)
DCELBY, he/y,=0.3 FTiZ AIV-4) KPHATEBLBNTHB (he : FHEESFDS

LIZITRNERE TTH ).

EEDOEBICBF B y1/y2 L/y, 2B LT Fig. (IV-5) 95 hs ZRDTHB &,

Case 4, Case 10 034

n o _ 9.1
Y2

19.0
Case 7 04

10.1
18.5

n o_
Y2

UL LEZDEETIE Table IV-2) 0L S5 BHEEMNTTC S,

HEEDINODOERERENS FHEEEL cut off 5 ¢EFEROEE Table IV-2) ©
Cased, Case 10 D Z & L BHE hs DEIROTH/NE L BEMDIH 35, BEIAHROH 4 (Case
7 1% hs DRI BRDB ORI o Iz,

Dupuit, Casagrande 0B (IV-2KX) 0T & BHE hs BEELTH T &R,

T. G. Chapman it &k % Fig. AV+5) »okRH OSN3 bs BERERO LS IT L, y1 HKEL,
y2 NS ES NBHEIRIRHONT, FTh—RICGENLEEZEL2L5THS (Fig. (IV-5)

ey b LIcEREREBR),

L 60 h

b, —=—=32—>—2==0
Y2 19.0 Yo
L 124.4 h

.6, = =6.7T—>—-=0
¥z 18.5 Y2

—J, Fig. (IV+6) ic Cases 1, 5, 8 D&% 7 v v b UTHK., D4 Parameter & L
T y1ly: OO he/y; THRU, BEHFOREEZRL TS,
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/%/2
1.0

L)

0.8

0.6

{)/1 =]10.1¢m
i
oot 75 =0.81
X
0 : ‘>

Fig. (IV-6)
Effect of capillary rise on the height of seepage surface [after T.G. Chapman],
and the author’s experimental values

Case
1 2 4 5 6 7 8 9 10

ks (cm) 1.25 0.90 0.85 1.22% 1.22% 1.22% 0.75 0.75 0.70

Table (IV:2)
The author’s experimental values of
* These are the results of calculation (see AB of Fig. (IV-3)), and coincide with the experimental values

Cases 1 ~4 & Cases 8 ~10 3IREMBIME > T T (BREFEOHFBBKREHKIIATHB), #%
HDFW hs ODEMBOTHICNZ L, Fig. (IV:5) ok oh b hs WZREMBHCK 5235&
BEOLRLTHRLECOFEEINRTNERSHERES,

ITEBhOKDONI hs 2 (IV-4) RKicfhiy, ¥z (AV-2) Rick EtE+ %L, Table
(IV:3) o EHHKFORXNNES Tk,

(IV.2) K& (IV-4) RepokdohzsD%s 7wy + LT Figs. IV-7~15) %87, &
BRAEEEEBLTHEE, bBAATHRATIE V-4 KoFBE L —HHT 3, LEMNTE
(IV-2), qV+4) K dIc—FH LR, EFERETREMBSII OGS, BFUHEEENELET S
EEREMOBH/KED EMERINEOETLTEY (Figs. AV.7, 8)), FHEEHZ cut off
TRIKORTEELT, IV-4) RiESHTL 5, FHAKESLHRUTET L T38RI
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Case equation (IV-2) equation (IV+4)
1 Y?=4.64X+82.8 Y2=4.23X+107
2 Y?=4.64X182.8 Y?2=4.35X+100
4 Y2=4.64X482.8 Y?=4.37X498.9
5,6,7 Y?2=1.94X+102 nearly equal to eq. (IV-2)
8,9 Y?=4.64X182.8 Y2=4.40X+97
10 Y2=4.64X182.8 Y2=4.42X+96

Table (IV-3)
Application of &, to the formula (IV+4)

DTIIHRISSEERTFLITBLTOLREZIN T 3H3, KSEBROEEEH, EBEFKOLD
Dex7Y)YREK, ZoOMh, O AP -3 LENELBERTEEOLGEBE » 2
TeHEHEEING, COERBEORLEOEMITHLBEN TS LT, ZOFEREBIEDFEN
SHEBREINGThIELE ST,

0 5 10¢m

Ist cq Ulary Pise

equation(Iv-4)
equation (TV-2)

______________ iment
----------- & X_pemme(not cut off)

.,,/q

Fig. (IV+7) Case 1

equation (IV-4 )
equation(Tv-2)
gxperiment (half

cut off)

S v A

Fig. (IV-8) Case 2
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equation(Tv-4)
J A .
= [ cut line
experiment
(Cu’[_; off)
equation(rv-2)
Fig. (IV+9) Case 4
Fig. (IV+10) Case 5
cut line
~experiment(halfcu
z ey uation(TV-2)

Fig. (IV-11) Case 6

cut line

N N\ experiment(cut_oft =
equation (Iv-2) -

Fig. (IV-12) Case 7




MIUER=Z : REREET I RBCET SR

83

a2 s b o

0 5 10¢m

Ist ¢q i“m“y rise

_— equation(IV-4)

lllﬂ

experiment
(not cut off

w

equation(Tv-2)

..+

Fig. (IV.13) Case 8

Cut line

experiment (half cut 0
_____________ equation{TV-4)

e\quaﬁon(rv. 2)

b~

-+

Fig. (IV-14) Case 9

cut line equation(TV-4)
experiment

(cut off)

equation

(IV-2)

Fig. (IV.15) Case 10

Figs. (IV+5) ~ (IV+15) denote the forms of free surface by equation (IV-4)
and results of experiments (not cut off, half cut off and cut off).
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FHa4H RERR RE RE EERTVS N

B1E BERE BE

MEBRARICEROBOESRHE E VDT EMBCTB Y F VB S ) BREEALT, H
BELBIT S LTk > TRBRRERD., 72105~ (Figs. IV-16~18), ((IV-19
~21)), 204REMFE (Figs. IV-22~24)) ORZEOBHE 7oy b LTHEZERD:., 0%
LB H VBN ) ERETKRORBECE LLBETHY, NEHOBREOKBAE &b ICHk
TEDOT, FHRTHERTIRICNKS &5D0 70 TEMEA LUTENE L. 2KEES (1KE
EHE2REBESON) RFBAEEHLEL 505, Figs. (IV-16, 19, 22) 0T & Tt
T ORER, HEIFRMEICZOFHAREOE E CARBMEEAT I LREETH 255,
BEORBE &b ICBENLEL, b&OPMMRBICERLTHSEBH L, Z0—, Ok
RS WEFT R, FHRMEORERBMSICHSEUETT 3,

0 5 10 15¢m
(Case —10"interval

Fig. (IV-16)

(Case 2) cut line

Fig. (IV-17)
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(Case 4)
_

Fig. (IV-18)

0 5 10 1bim
(Case 8) — 10 interval

Znd

Ist captllary rise

Fig. (IV+20)
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(Case10)

Fig. (IV-21)

g 10 20 30¢m
(Case h)

—20" interval
free surface

Fig. (IV-22)

(Case 6) cut line

"]

Fig. (IV-23)

(Case 1)

Fig. (IV-24)

Figs. (IV:16) ~ (IV-24) denote the plotting points of the flow of
colouring matter and stream lines
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EHEEpmE: Figs. AVe16, 17, 19, 20, 22, 23) it XD T E L, BEHOBREF/KERMG
TA-HEBKEEEAFRESD D, TRTRIETS BivKEE2KY > TTHREICHEL LTl
B8, BEHOHEARETHREMEZBROLTCERKEICFETIREZ2BMESS. COXIUEE
BORhBEIBII N HECE BEFUTO UL BEFTICOIN ZP LICMILTKBETH 2
(Figs. IV16, 17, 19, 20, 22, 23), ®&E#H% cutoff T3 L HEHKMEICETE LI L3 LA
kiciiciz > T3 (Figs. V.18, 21)), ChidEHah35TH-T, HHKAEET 28
BHLEE OERICE L TEES52E%IC cut off THITHUMHOEDENSL LI L5
BRLTWA, IHEEENEELTLERELTLS Dupuit 0 HB/KEOROEETIERL,
BE/kE (COBERERBEEZLS) 2 h NARHHE LEA2 B2 L LIBA&ERAUESER
T 3MEEE Figs. (IV-18, 21) Rl (ER). ChiCkB3 EEREREINLY BIZ-> T
3, ChildEANOFREBELFBEMTE LLETLTHR DT, EiEfiled 5 I2iE LROKRO
BRI T 2 LM 3N 5, B ORYR THBKES EICMIT - T 3 EFI AR
INBY, REREROL D ICHRMEIL SNEPROBEDOBERBRIZ LM T LITME 2]
KETFTLTAZ EBTATREING, £EHEZ cutoff LIZBEAD2BORBROLTORE
W#id Fig. (IV.25) o0& Thbh, BEHELZE U BERMERTR, HEOKEINE
BERBRICKESBELEZ D0, BEHFEBEELLLT L (BEHE cutoff L24) B
BEBRTRRBOR/NMNCEZHROERIZI/NIOEEL,—HTELERLEL (BEBORED
EiLick 3 ELBbh3), BREEHZ cutoff 2L EMEELITLLED, EBORER
HERTRMROR/NBRERBICKELSFETECLRBUABTH S,

J 5 10 15Cm

—— Case 4(0.3~0.21"%m)
= s -—--Case 10(0.84~04"4)

Fig. (IV.25)
Stream-lines according to the size of soil particles

BEFHEIC DT Figs. (IV.16, ~24) O#FRH» 5 Figs. (IV.26~34) & FE WD HE
DOREZLTMERMTRUI, BEW () OMESTFTHENOKREITH->T, 1REEH
(fEMBEH) ETREHIRIB L5020, BEFAORERE (v) OHEFHNIREH HIK
HEHELTRICBLTBME A #22, X=0BLT ¥Y=y11Th, X=LiLBT Y=y,
i85

(y1+hs)*-L _ }’%—(9’14”%)2)
¥§—(n+h)? 4-L

X1 =— —

ZHERET IRk E RERREL, TEBERTHEBLLT w=@+i¢P=X—x1+1-Y
B AERBEED S EIN B, TRbLERERED X HRORS T
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p= V= (nth) | N2t XP+ Y2+ (—mt+ X)
2.42-L (—x1+ X)2+ Y2

k:BBEE
DRSO EOEEEE L THET Figs. AV-28), AV-31) TR L. KEHFAORSTH
AEBEERBRFTAIKEB LU TOLPRERL > AT LT 55, HEIR—HK LT3,
Q_5 10 15Cm

(Case D — 20" interval

~ Ist capillary
rise

~
e - -
- T T oe——— T8¢ s
-~ T |~ AN
N
Fig. (IV-26)
..
(Case 2) — 20 mtervot.
Nhne
—— . — —_ :
= \_2_ - —
“P*-Tl,_?
- - T = TTIE-ll
- = = =T
Fig. (IV-27)
(Case 4) ----by calculation
= = — by measurement
= -zzz = —
~ =
= —— e,
==

Fig. (IV-28)
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0 5 10 15¢m
et

(Case 8) ——10"interval
\_Z”ﬂd\
- z. Ist capillary
N
'Z.— —-“"f/'-— - —— \
- € surfqee™ === =-—_
e ce\ - _\\\:\ .
T
Fig. (IV-29)
(Case 9) —— 10" interval
\\&Ltm
TT—
/’
—— T/ \
_—
= oo _\___-:’ ~—
T
- o T ] — -
e - —_ \ =
Fig. (IV-30)
(Case 10)

—--» by calculation
__________ ~— by measurement

g
——— . s o]
—lr . L*—___
R pamm—
—_——— —
——Z ——ca > -
. ————
——cn ————c
——c ——p

Fig. (IV-31)
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0 10 20 30cm

—20"interval

Fig. (IV+32)

Fig. (IV-33)

Fig. (IV-34)

Figs. (IV-26) ~ (IV-34) denote the stream velocity distributions

B2l R &8 R B
EEHBHFELSVCEEORFHRVOREREDRDITI

9p =k-(y2— yﬁ'ij-:—gll—

» 5 formfactor 21

Gty 2RDTHET B 582 53Uz Dupnit 2305 Lk Lo—&ok
T —g% % Darcy ARICER LTKDI-FEENH S, T1bDb
_ . Y=}
9p=k T

2% 2, T.G.Chapman ZFME S T3 EREBRHOEZRD 2AMBPRERERDEADE
Rgtkic#m LT (V-5 RERD T3, HKidFEskic Fig. (IV-35) 0L EEBEHEEE
KARTBASICER LT 39,



MmUmRZ : BEREETH5RBICHT ML )

Y=h+p
= F D (/75
Jz (B 2
| & v
< L >A
Fig. (IV+35)

Representative figure for formula (IV+6)

bbb,

_ .. yi—ot
ge=k—571

keh, (Ye—Yp) —

TI

%(Sip,dy_}_gzp.dY) ...... (V-6)

FEFICK BHEEOHEMII,

keh,

qc——gDZ T

(Ye—Yp)— %(g:P-dY-I— SZP-dY)

CD, EF \cB9 3FENH O & —whe OFE% linear ltﬁbé ERETHIE,
D F
[ Ldy=—GheTo=Yo) | Lwa¥=— Loho(¥r—¥p)

cw
&3y, EF,CD opEizhzh M, N 5hid

kb,
2-L

k-h,

qc—qD: 7

(Ye+Ypr—Yc—Yp)= “(Yu—Yn)

%7 T.G. Chpman? i1 Y1=0 04, hV; % Parameter & LT L/, oZ{kicd 3

9./9p OiEi%EkD T3 (Fig. (IV-36)), MBIk 3 &, L/Y, skicizhif 9./9p iZBHS 2

KiCim B, BBRRETE EMICGESE, COBAEMIICE g0 =1+16-2 sy

CEERLTWS, Fi he/Ye DEBRELH BT DO TEZEDERRERZ Fig. (IV-36) 7
vy P LTHBE, RYLMBILT oy F3NBLITHS.

HIE EERTFVIPI

EEHOREBKOBBEMEFELLPD LT, BESHLEHKAGEBSILEREE~ ) A~
Ric#EE L7 tensiometer 225 A LT (Fig. IV-1), EEBEPOEEEF Vv +» EH
E U7 Fig. qIV3D)). BERFv v+ Vi3 PFicinE L, HHABLOSE:2 Z 2L, C
NHIFAMBEICHRE L, BEEEFTREL, BLEEFOBEGRBEERT v ¥y vIUKE
LOBICHAT 2R TTHE»E, THEEABRTR L., EXEERZADOPF L LTHEEL
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e _

g/ 18} Case]d 7z 090
/g” 1l o {y:=9.10m
’:6 ' (/Case8{%=o' 65
15k e yi=49.1cm
e
14 7, =008
1.3
——————— 0.154
1.2
————— 0.077

Fig. (IV-36)
Relation between ¢c/9p and L/y; due to k./y, [after T. G. Chapman],
and the author’s experimental values

PF
1.4 4
® (Casel : o/
X Case? 1.2t )
4 Cose3
a Cased 1.0 /é/
o Cased
o Cased 08 /
@ COSGS 06+ / .
¥ Cased ’
® Casel0 04 /
/
X 02t /
_ 04 0|/ a L
—06 o -02710 02 04 06 08 1.0 12 14 log Z
oY a /_0 2
4 °—04

Fig. (IV-37)
Relations between PF and log 2z, z: height above the free surface
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Ebll. BLEEHFOHERT~& PFHELEEREOCSEGO PF 2L Ed 5 &, HHKMH,
BHEEEZR LHILEEEFORARTANE PFEEZR LTS L) TH2H, HBEU/KE B
HEEHE TR LATFTHRINIBETRECEEEZR LTS, DT &3 HHKELEOEME
HERLTHL3 EBbh 3,

BYE EBEFEZERULCESHREAOD
Iteration Method O EH

|18 £ X » Z

BIVECBOTHHKE LOBEHBOHOW 2 HH/KE (KAELELWLE), BIHE &
B, HiE, HESKEELBIEL, HEROEHNALBELIEREEZ B LEDOPHLTDN,
e Ui BRKEERB TR L, BEREESRY > TR RBBEEL, HEKEE LHLY
5RiMEE (BEES) LRIXULTEZ S, Lichio THBIKEZ#Y 3 i#id Dupuit, Forch-
heimer £ 5X T2 HRKEORLBRLY, REEOFHKE BEK RREFTRI
RESLTL, SBELORAANICINZ LB oY, EHIHHKGLOEEHFORT v+
NGFTEZBZICANT, PRI L LA HNEHTRY % Iteration Method Ic X » T, £E
HebEDBERELELTHI®,

2% Iteration Method

Iteration Method®”:38) & Uk 5 72 5#:iC Relaxation Method®40) 5% 2, FEEIZ4L LA
UTd 5 H, Iteration Method i3 Relaxation Method 2 X 5 it E L Uicd DT, Relaxa-
tion Method iz 1) 3 Relaxation Pattern &2, fhsmiER T -3 D OEHEREL FOBEAI,
Irregular star #rg 245 ME XK T 50T, #ITD~s 5 Iteration Pattern i€ X » THEIC
TED, BpkETF Vv v ZKBEOBET

o= P n (P:7J<E, p:7k03%%}f§2>
o0-g ‘ y BB EOME
EThid
w=—"FK O¢ v=—k- %

0x ° oy

(w,v BEhEh x, y HADHE, kIZBEKER

FoCHEREOERY (HEOHEBEL L %, ZOBERERLTHEBENIKHEN kRO BM
RERKOTH2) 2b-THELTIHEBEHBICSY, £HBIC Y 0lERFIcEL, LT
DEMEMET S L5 KEREB LT DY THS. ROKEL IEHBEMIGEE EEHED
FREPITOL, #OLE-BREMETOOTRRE DL EBAETH S,

EULWEDOHRI &M >E0Ld i LTRDSh B, Fig. (V-1) ol& s A Zhp
Lz#8EH» 5, E30% L AB, AC, AD, AE 8CCTi» 3,

EHOEE 2HESBEMED, o L TEINIRIERHE fghi &L, A B,CDE, 0f
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g r-1--

hl_..-.-:

Fig. (V1)
Representative figure for formula (V.1)

KBF v v NBENEN Pa, ¥, P, Y0, P £ T 5. 4 gh BT fghi MiTiith Tk
ORIIHALIEIC k- {(¥p — @) [AD}-gh, fOBMTOOTHBEEREIED, HEOEESEK
HBHL

On—9a=0
1 }
O = T'(¢B + @c+ ¢p+ ¢r)

BEMBICERT 256, BREGESDEO LS5 IKHANT 3,
BIEOEREY
ROZBEEEC E932E, BERETY BEZSATHEEE
%2 OB REM
B0 1 DU DRURE 09/0m 1K LT, o =0 #IRIT B U
Z O
BHKEAET2REMAETE, BONKELETH-720, E2ETH- VT I2REER
B TH 3. BHEOESETHIL, FHBicd - &b XEMTIMEZHAT, WONDOHHS
DODOKOBAIZIE L EEZL, BRMEMEOHE K LTI > E¥ D & & Iteration Pattern %
BEATHWEDORT Y ¥+ VEFBELT, (V-1) ROZHBETOMEIZIZRILDE THRET.
7e& 23 Fig. (V-2) o4, MBRRE2HOBREGZDEREL, HEHE, ©, O, ®,
®, @, OEEREIBOBREMOEREE LTELONTEY, “ERL D TORSD LA
RRcEE5T 2 REELNE, m%wﬁﬁf&FGfiIJLhINO(QRS'T“fof
F Y e vERD B I-HO lteration Pattern XD kSt 3.
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F__ K P._U

-
\

® |l o v

%
J o T (

Fig. (V+2)
Representative figure for Iteration patterns of rectangular dike

B :
© H M| R %w
@ I N § @ =
®

(i) #8 A F,QW it2out (Fig. (V-3) 1

n
1
Pn= T'(¢1 + ¢2)
2
Fig. (V+3)
(i) #MB G, RitowT (Fig. (V-4) B
1 1
Pn= —3—‘(% + @2) + T'((ﬂs + @4)
1 n 3
2
Fig. (V+4)
(ii) #8 H, I, M,N, S icoixt (Fig. (V-5)) u
On= %‘((01 + @2+ @3+ @u)
1 n 3
2

Fig. (V+5)
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(iv) #H C, Dot (Fig. (V-6))* N

On= %-(401 + @3+ ¢4)

1 3
n
Fig. (V-6)
(v) #®BLIJO0 Ticowt (Fig. (V-7) 1 n 3
Pn= %@2 + %‘((01 + ¢2)
2
Fig. (V-7)

Figs. V+3) ~ (V.7) denote the Iteration patterns of rectangular dike

EKPUVEZRAKIKEELZWBEEEEZ 3, /- Fig. (V-8) k5454, BRRICH
54 3HBEERNBEELINE, £#HO Iteration Pattern > XD XS5, x, v %
BHEOELFEDO—~B%E1 L ULIZBEGORETH 5.

——_———T

AR AR R
S S o N B
B 7 N i e~

\-t
o
ot

e N =

e e

A

h L4
g 1 J k 1
Fig. (V.8)
Representative figure for Iteration patterns of sloping dike

(vi) #8H a, b itoW>T (Fig. (V+9)) 1 n 3
1 1 =
SRR 2 X 2 sl ~
onm 2ex 1 2 2 3 <
" 1 1
2x Tt

2
Fig. (V-9)

*CDREATHADLLEBELTELILLYE, FxvsDERTHLAIEETHS.
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(vil) #8H ¢, f iko>T (Fig. (V-10) L
1 1

1t gt gt s | y:l n

= Y 1 3
Pn 1 1 N X‘/

— T 1+1+ B3

2

Fig. (V+10)

(vii) #88 g, L itoW»T (Fig. (V-11))

4
1 1 1 '
e g+ —— y
- g "1 o3 y 2 1 J 3
" 1,1 1
2ty n
Fig. (V-11)

Figs (V.9) ~ (V-11) denote the Iternation patterns of sloping dike

HH d, e itow>Tid (), A b i, j, kKo TR (v) 0B&EERT 3. 20H, B4
ko T4 Pattern 0B L FTE3C&8H2056, Z20DLkvhidLie. Fig (V-3
DEERPESHOBEOATH B, HZEMEE L T2 5B (finer network)
T Iteration %5415 C LR FMBLH 205, HFE (Coarse network) THRICE -7
HB %24 A T Iteration 271>, #MHLLBEOYVMELEL 2X5icThid, SR RTT
5, CoBE, BREKZ o 712{dEBOHAF AL T U HLBEEOEAHTIK—FH LEL
THd, HOBBOMMEEEZ AL LE3AMT I LICKk > TRKEDORY SO, FMES
BHEIC (BEHIGED) BEdhISERIZE, T35 TORBBENI T, MPHESEE
i Iteration Zf77t>, (V1) ROEHADH (BRELHLD) BL1~2BERCLEETHET
DUTHS. COBEERWCICTHEIRS ¢ 2OFORMEOUNHEE UTHAELTH X
VW, ERCOFEOMER N LABRFCEHELZEI EBA T, REOESE B> THLIITH
eI ETH S,

HwIW R B A &

BIVEE2HOERFELIFZEIRUTHSE, HHLUHBONE, $RAHE, Kz @
PROavEEELTER L.

378 B, Photos. (V-1, 2) iWnd & ARBUKBBEHRME, MEHR cv—2E2EREL
T, BEKBAEBRP—FICED, A& 1.2~0.6mm, 0.6~0.3mm 2 BOFIc TEAEE (I§
60cm. 29cm, FHIREEBIKEWI LB LK), HEHE 1:2) % 0.50mXx1.60mx0. 155m 7
ZREN 7 ARk RiCRY, Bivkm, BHEERLE, MK REBLAE L. EROBEER
%F%icg 5 & Table (V-1) o8hTH 3.

HEKEEAIBENFCTUEL, BHEERLBEIBETREASERT I LR L LTKD,
FREESICEALBREZBHL THRD 2.
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\Kind | Runt| Run2| Run3 | Run 4|Run5 [Run6 |Run7 {Run8 |[Run9 |Run 10

i mimlim gty iey 1SN PN

Grain | 12 | 12 | 12 | f2 | 06 | 06 | 06 | 2 | 12 0.6
Size-lo's | o6 | o6 | o6 | 03 | o3 | o3| o6 | ob 0.3
Heac. | 394 | 367 | 4LT | 260 | 260 | 327 | 386 | 212 | 236 | 212

cm) 16.0 16.0 18.0 16.0 16.0 16.0 16.0 13.3 13.3 13.3

Method Compacted

‘| the air-dried soij | Compacted Soil with water

Ve leroc| o+ | o+ |285%| + | - |e80C|287% |277%| 26.0°C
Fig. | | 7 |we-1r| | 7 [visee] S |vaa| | Vs
Table (V-1)

Kinds of experiments

BAE FEOBRERREBR

WEDFL - EROBHDOS B LD, Run3, Run6, Run8, Run 10 ico\>T Iteration
Method Z# A LT, X7 v v v, BHE/KE, KREZKD, EREREIEBRLTH.

BIE ZRTYY + I, BRKE
(i) Run 3 iz2oW>T (Photo. (V-3))

LoRE, THEZE 1BOEREMHLEFTHEREL, ERICTRD oh - FHBER LGS
AEBEREE2HORREZEE2ETHERE LT, 12 UBHIK coarse network i€ T Iteration
17755 & Fig. (V-12) &3, ZhosokEFE4EHLT, finer network (Fig. (V-13))it T
Itenation 2775 t>, RF ¥+ G HERD, CHEVERTF VY + M BERD . BHKE
BRAKEEZELOENEETAETH S 00, TOHEOET V¥ ¥ MIMLEORT > ¥+ v (fL
) EFEiEY, HANBOREKFILOIEIL, ThICHSTI3ERT Yy VREDERIZH
HAkE (— - BTRT. UTHEE) Th3. Dupuit Rk L 2HBKE (---- BTRT.
UTR), MBFENEEAOCTHERIIZEHKE (—— —®TRT. UTRE HULE3&FE
B# LT, Fig. (V-13) iKiRd.

Figs. (V-14, 15) 3fr8vgEmes TR Shc B HKE D coarse network % 713 finer net-
work K TRLAINMWOZLHORTF Y v v+ A BEZ5NB0DT, ChTHEHL T Iteation %47
Bol¥ERThHS., E2HBOERICOWLTIR Figs. (V:12, 13) LR UTH 5. YRoT &I
Mo, CTROSRT VY v VB SRDIZABKEIZEME L KT 5.

Fig. (V-16) ¢ z THW T % media (1.2~0.6mm) @ _LiBic B 2 BHEEE (31F
BMEEBCE LLEBLN3) & H=21cm (£A) &L, BHEEZRLEE (V-2) R?
LARE L THK, Figs. (V-14, 15) OB LRABICLTRUIERTH 5.

*OLAAEHE, FLEOEREEA TS, UTOXTHAMK
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(}’2+Hc)2—(j’1+Ho)2

2 __
Yi= L

X4+ (it H) i (V-2)

Y : THTFHXD B X B3EROEHESS
L5t & &
Y1 TR EE
¥z o _EFRAIKE

Fig. (V-17) REFEDOHICB T 5 media 25872 - T (0.6mm~0.3mm), EFH#icEY 3%
HEES (TFHRMEEFCELYL) £ He=4.7cm (Efll) LT, FHBEEREREE (V-2)
RERBICREBDERELTRD, FNICE - 1B ZHMA T Iteration TRDIZHEF > v+
WA, HERF VY R, BHHKEEIBOLEOTHS. ZhoOEELSHETHIE, B
BHRACEET 3 HEDEBE (V-2) RIKZE o BB L LT lteration 1345 ->THRF V&
v VA, HBKREIK RERELEWLA S (Fig. (V-13) & Fig. (V.16) 2HE&LTAH B2 ED
MmB). 7 Figs. (V-16, 17) £ Hd 5 &, media BEL A EEAHKEO BHLBL 5B
D, BF v+ vGHH, ERT VY MRICEELHRB-Z20DH5bNT3L5TH 5.

(ii) Run 6 {T2>T (Photo. (V.4))

RAGEE/DE L, KAEEKRE L & o FE&DHERIC Iteration Method #iE U 7o kR 4R
3. media i3 0.6~0.3mm T, Fig. (V-18) g &, () LRAKERTRkDSNHED
FEERE LBICE - BB IC X » T Iteration %1575 t>, Fig. (V.19) It L T finer network I

T Iteration 2475, HEXRF v v g, Thdh oK FAHBKE (—- —#Tx7), Dupuit
ROBEBKE ((---8TrRT), MBEMBREAGZERICES BHEKERE (——— —®BTH

) XMk ,

Figs. (V-20, 21) & Figs. (V-14, 15) &84 D, ERIKEZ2HHAKELSAEO 1EORT
vy B2 Tteration 277 - R TH 5.

Fig. (V-22) i1 Fig. (V-16) L H#, LENOFHEERLNE Ho=4.7cm (EH) &L T
(Ve2) NTkw, ERTF vy » i, ThprokE 5 HmkE, Dupuit Ko HhkmE, EEE
MR ERHOKERICIZERHKBEEZA N 2D THS. ZhoDEELSHMTHIE, Run 3
D4 LK Iteration itk 3 BH/KEIIZ Dupuit REMBEMBEBOIERITK S EHHk
BHOHMTELEEOTREMS I D, 35k Fig. (V-19) & Fig. (V-22) #H#&dThiE, &
FYV P BB SO ZERS SN B, HE/KEO Ziigs&#Ncis 3, Fig.
(V:20, 21) 0TS NEBD 1 HORT v ¥ v vAEEZ T lteration 274218, A SMED
BR/KEIREREE TS, BLATRENBHKAUTIETL, ERitEbEL. WA
KD 1 EDOEF > v » vAEEZ T Iteration #7755 2 EidFE L L, Fig. (V.15 @
CEAABOEAEZ RS ITHMKELEBICDI > TEAROLEROERBE SR,

FHEER LG BERARCHETIHEHE) & (V-2) KTk, Thikz-sk@{BItoLT
Tteration 24775 > THKERB LWL E WX B (Figs. (V.19, 22) 2K LT).

(iii) Run 8 {t2i>T (Photo. (V+5))

Figs. (V-23, 24) | media 1.2mm~0.6mm, &R (1:2) 20T @), (i) EHE#E
D%MT Iteration %4557 6D Th 5. Iteration OFFE L VKD - HEKE, MBEMES
AoTEMUZZBHKE, Dupuit KOBHKE3ZEESIEFLAERUERTHEM, EAlick
3 Hi/kiE, Dupuit KO BHKEIKDWLTE, HIVEOER LML T, BiENHEEICLS
NSO HFHOERE-H LT3,
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405 398
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Fig. (V-12)

Result of Iteration (coarse network) on Run 3 when measured inductive
capillary height is given as a boundary condition
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@ 397 38 s aqr 327 20931 23lo b6 242 /88 Y74 (760
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Fig. (V-13)
Result of Iteration (finer network) on Run 3 when measured inductive
capillary height is given as a boundary condition
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Fig. (V-14)
Result of Iteration (coarse network) on Run 3 when measured potential
values are given in addition to Fig. (V-12)
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Fig. (V-15)

Result of Iteration (finer network) on Run 3 when measured potential
values are given in addition to Fig. (V-13)
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Fig. (V-16)

Result of Iteration (finer network) on Run 3 when calculated inductive

capillary height (formula V-2) is given as a boundary condition
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Fig. (V-17)
Result of Iteration (finer network) on Run 3 (in this case, particle size is
0.6 ~0.3mm) when calculated inductive capillary height (formula V.2) is
given as a boundary condition
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3 298
_‘_7_%1 30f5 24 215
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T 24(8 P 24l 248 s 3 v?
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Result of Iteration (coarse network) on Run 6 when measured inductive

Fig. (V-18)

capillary height is given as a boundary condition

2 30 3
—
M 318 6 217 29b
w 18 | 305 236
v @
= @ 3 L affe 2qs 274
@ %\ 2 29¢ 298 7257
@ 3t 287 ~275~ 2 4] 234
' N < 287
G318 2 e 3 ~
@ 2 27} Yy 25
@ 3 38 2451 2 2ic 2;?
329 32 20g 245|272 af9 247
Gz aps adslog 2By »
Gafj— 243 207 2851 b 289 ads
@ 3 2 2 240 24)
@ 3, o a8l |2 28] 249
n 34 3o 235 |2 248 290
) 4] a4 289 1&1\ 25
Y, B 290 217 245} 283
@ 3 3 240 g 246 | 2
£ 3451 393 291 g 247 12!
alfsﬁzwziz 215 2 2231 2Mo 7

27

Result of Iteration (finer network) on Run 6 when measured inductive

Fig. (V-19)

capillary height is given as a boundary condition
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Fig. (V+20)

Result of Iteration (coarse network) on Run 6 when a measured potential

value is given in addition to Fig. (V-18)
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T
) 3 | TRy aeh fos 248 20f 139
€ A N
314 3 2819 <277~ 8B 26l 2 2411, 223 2%
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2do 251027 23
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2817 2 7 227

38 2 28151 272

@ 313 5 1 2
@ 33} 3do 2 21
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) 34| ydy 2
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Fig. (V-21)

Result of Iteration (finer network) on Run 6 when a measured potential
value is given in addition to Fig. (V-19)
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Fig. (V-22)
Result of Iteration (finer network) on Run 6 when calculated inductive
capillary height (formula V-2) is given as a boundary condition

2FEIL (V-2 RIKT, BEHEERLEZRDB L, THRETHAG—HEHLILEDTT, ¢h
KZ-> THEEZMEATDH, ERTRDONEHEERLBICEZ > THEHZHEAL D LS —
9 5. £XALU media TH He BEFHE, BRRTRELY, COSMEERLTVLS. C
T (Ve2) RZ2EHAT 55H4, BEHETRD,

L=d—0.7-{(yz + H,)-cotd + (y1+H,)-cotf,}

d AR g
6d' : EyEAMER A
0a * T HRMGIRA

192, 182 175 169 w3 .,

i

Gl
€]

j D 206 191 i 18] 7Y 7]
@ —[
@y 2 207 202 [k 5G] 134 178 1”3
Fig. (V+23)

Result of Iteration (coarse network) on Run 8 when measured inductive
capillary height is given as a boundary condition




106 EBRRFRERR H23%

as a8 I7s 192 AT g6k 183 jdo M5k e
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= p 29 g = 1736743 740 7 146
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Fig. (V.24)
Result of Iteration (finer network) on Run 8 when measured inductive
capillary height is given as a boundary condition

(iv) Run 10 ic>»>T (Photo. (V+6))

Fig. (V+25) & media 0.6mm ~ 0. 3mm, HEHHE (1:2) ic2» T Figs. (V-23, 24) LA
7544 Iteration % 3720y, T BB ELE L4t Figs. (V-23, 24) @Ak H.=12. 0cm
(ER) & LTHEZHATS, EBRCIIFHEER LMICE > THEE AR D LS —
9 5. HHKES Iteration, SEHl, Dupuit X EHIFLAERUERTHS.

W N

63
5 s
22 5 /] 7 7 7 HE| 143 jgo 52
2 /) 2 M2 e 6 sfo ol '"q
= AL = [ 46
Y 7 B s 053 s /1 49,
[ 2 THY T8I TRS 747 JAF 7IF I T T Q
o l DN =
@ EL ; ™ T T AT A% [ AF 7 AT 78T JH5 734 783 N AT @F
i 29 o I: g
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Fig. (V-25)
Result of Iteration (finer network) on Run 10 when measured inductive
capillary height is given as a boundary condition

F2H B & K B

Iteration Method It % » TERF > v+ AVEMELN, ZTHICEARKZEDLIHBEERDIIE
KDEHSICLTHREDGKE 5.

equipotential=~line

Fig. (V-26)
Representation of flow net
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Fig. (V-26) BT, "y Fr 2Lz 4 BOBEZEAEZDL. COBZOHRBITHSA

BEarT5E, COBKAOKEISRTR (=2 TH5.

h o ETHKALZE
Ne:ERF v v VBRI IEN 72RO
Ny fkBicE e shi koK
b EBRopKICEASNOWRE
E3hid,

Ah _ kM

v=ki==F . o N

BAEIDORITEILOVLT, HHRMAMICIE IEN 5o 2 BAERICHEN S KE 49 3

I I
Age=bv=k a Ny
AEEEEMLES D ORERSE g 13
— NiAg. = bbb Ny V.
ge = NgAg, = k-hy " RIS (V-3)

EERMEELT, 6, b 3EZE L - TREBIDTLEZROEHEELBE~ETH 5. Runs3, 6,
8, 10 iTH>T, #hFho#aic (3) RAEMHE L THicrRd & Table (Ve2) &5,
k, g 33 ~T20°C it L 7z,

h kaooc 9c20°C Geex.20°C
case cnll) b a Ny Ny (cm/s) (ccc/i?cm) (ccce/xs-cgn)
(

Rum 3 (Fig. V-13)| 25.1 0.44 1.52 20.6 12.6 | 1.70x 101 2.02 1.91
Rum 3 (Fig. V:15)| 25.1 0.44 1.53 20.6 12.6 | 1.70%x 10! 2.01 1.91
Rum 3 (Fig. V-16) | 25.1 0.49 1.49 20.6 12.6 | 1.70x 10! 2.30 1.91
Rum 6 (Fig. V-19)| 16.7 1.75 3.66 16. 4 8.40 | 8.43x10-2 1.32 1.33
1
1

Rum 6 (Fig. V-21)| 16.7 1.75 3.82 16.4 8.40 | 8.43x 102 1.26 .33
Rum 6 (Fig. V.22) | 16.7 1.88 3.66 16. 4 8.40 | 8.43x10°? 1.42 .33
Rum 8 (Fig. V-24)| 7.90 0.53 6.93 42.4 15.8 | 8.10x 10t 1.31 1.35
Rum 10 (Fig. V+-25) | 7.90 0.73 6.85 42.4 15.8 | 1.73x10~1 | 3.91%x 1071 | 4.89x 10!

Table (V-2)
Comparison of formula (V+3) and experiments for discharge

Table (V-2) &5, EBRIE cer. 200c EETFAE Do 30oc BIEE—HTZC 205003,
AP S BEREERD B8B4G, FEOC L, HHKE LOBEN £ THERE L /- Iteration
Method Lk DB SN KT & v VGHiD S HMBER C LBBLETHB.
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Photo. (V:1)
Apparatus for experiment (Run 1 ~Run 10)

Photo. (V-2)
State of virgin percolation

Photo. (V:3)
State of percolation on Run 3




MIHE= : BEHEHT5RECHET 5K 109

Photo. (V-4)
State of percolation on Run 6

Photo. (V+5)
State of percolation on Run 8

“Photo. (V+6)
State of percolation on Run 10
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BVISE EEHEERUEESHRKAO Canchy O
RATEOLH

g1®m x Z » =

HIV, VERCBHT, BHKEEZETIREREER S HAIIIARKALIC AFEEET S
EEBNELELT, BEABRO—BIIEAKEEMY S C &, &R Dupuit, Casagrande %
ORTRINBIHELY KXW ERERDLTONK, EIEVECBOTEEHEERE
AN EEEBEHRO—D DML U T Iteration method £ A>T, BEMHHH R A
I3 LD BHENHAVETH D, TORKENSHBERAEZHEOL TREZ R, RBREIGELUT S
CEaED. BIV,VELCBIZIEL ARICB TS, MMEFTLRERARKEET S
EREL FHEERLEEEHRT ), BHFER, PRI >LTEAThE>DEE (Figs.
(VI-~4), Figs. (VI-7~10)) ic Cauchy o#seBi#A L TV, @HE H, BERE Q-
R, ERME LB L TERMBERERHZENT C LBEEDOHNTHS.

B;2m BBERAD Cauchy OBAEBOFAHIC DT

#ek, Cauchy OBAEHMAEBBFRICISAUALPIKE LT, KEY, EHEGE)2SY, i1
124499 DHOMHD. LHALIOSREBEHEZER L OTEL, TABEROLR (Th
SOMALTIRENMKE) 2T ~THEHMELEEZ TS, MHERTOLMELIK, BEOL
WIBEEHRLT, BRMMEHTI LRZAMKETRAL, FHEREMLTHEL, EE53W
BOFEHEER LHO LHEMAZIZIEZHLEEETCHE LWL EBERNITZLLDONIDT, &
BEER L% Dupuit FOPHKEOR LA 2 KRR EEZZ B ELARBREFOCTE S TKRA
EEZ 141 Figs. (VI-1~4, 7~10) ozhZhoER%&u% 52, Cauchy ofisEH%E
WAL TA .

BHE Hs M3 RBBCIIEBEEDHELELETHA I TR, BEMREEE
BI2BACARMPERLIDTHI ENI RIS, BEBHO IRE RA LY ZThThingE
HKERD, BEOREI Y H, (BEAEOERX), Q- (RE) ERoi.

BT, W=0+i¥=fR)=f(X+iY) LEHIND 2RTHEELK 2=X+iY OEED
A f(2) M2RITS 77 2 FBREHBREL, —7F Darcy Hifkiad» SREWPET v+
NRTHBEERTHIE, O,V 3EhFhET v » VBB, HRMEBERITEICESE. B
HXE LOEEE2ET 3FHEEH (BUEEHFE T TEEA L) bENKE T OEER & Ailk
BHEDTIEL, FBOCEL RF Yy v+ AR THBEELLNDE. THbDL, u, v 22T
h —X, =Y FARS oBEHhE L Thid,

L_00 _ov 90 __ o
90X oY’ oY 0X

—7, Cauchy OBESEEICINiL [ (2) KB U CERMZBR T 5 HBEANITB LT
%cf(z) de=0 i (VI'1)  pspars 5.

FIBCERISI 21350, WENIKEZSZ L0, VRIEREOEDETHHERTIMTHS0 0,
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ZHhSDHETRB/NEEOHTHESLC LItk Cauchy OBSEEEA LI EBFEINS.
(VI-1) K&

%cw-dz — %c(m FiW)d(X+iY)

- %C(D-dX-l- iV d X+ i-0-dY —T-dY =0

real part (R), imaginary part (I) 2KRILERTHIE (FEE 3 HEE).
R= %;C(o-dx —pedy=0

IE(S)C¢°y+ $d-x=0

B35 RAWMEADEH

B/1IE HEEFGOBKREN

BARRICOLT, EH0ERISZL LB 3 KERIE Fig. (VI-]), »E¥itEZoh?
ot Fig. (VI-2), T.G.Chapman® »#iiL Ti»3 Fig. (VI-3), REROZEZHFD LLT
Fig. (VI-4) % 3. BER4&MHE AB,CD B%ExFr v+, BCORFr vy 5mmiE X
FRICERELE L, TREHEERLEORT VY » o453 Y FRCESREILTS &L T,
zhzh Tables (VI-1, 2, 3, 4) O¥REMHEEL 5.

FFFRTEDED L D IWERITTILT 5.

X _ Y _ Y_ . Y_  H _,
I > T =% T ¥z T =M, 7 e
H _, o0 _ ¥ _. 0, _

L ~he 3 =% % =% 3~

k : media OBEKEE,
Qc: BLATIEY b ks

(i) Fig.(V-1), Table (V-1) o4&
FHBER LHERRITERT, 2KK
V={(thlP—(n+hBx+(nt+h)? ERELT, RREYD I EFHET B L

0 —n— 1
= y(")fz N hs)+h.(hs+ 1) S B
R= Sl et y2— 31— s dx+ 0{(yz yx+ ntdx

Yo +h Y +h 0
(e qoy dv— S 1+, dv— S qcy d
Syz y2+hc 4 J’z“‘hcqc Yyt+hs y1+hs 4

— * q"y d =0
So yot+h, '

Zhid
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N N
v~ »~—free surface-.
~ o \

(highest induc
k" ‘capillary surface

bive

=~ \
T~ o \
Y2 T~ —J%E
D Hs 1
X 0
« L >
Fig. (VI-1)
Representative figure for boundary conditions (Table VI.1)
Segments @ ¢
Y
AB c*
72 ? X2 + hc
BC 2=y x+y: 0
L
CD 1 9e 71 +hs
Y
DE ez
y qc Dﬁ +hs
EF }’(}’z—}’r‘hs)-l'hc(}’rl'hs) ge
yz -"_‘)’1 + hc_hs
.Y
FA Ye 9ec y2+ hc

Table (VI-1)
Boundary conditions in Fig. (VI-1)
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' highest inductilve
~_L G - f/‘capillary surface
—
o He A ~ -
~
— N free surface
~
~ ~ - \\F
- - —
— - - B L]
Y- Hs He
p|gsie
Yo -
< B c i
XX 0
Fig. (VI.2)
Representative figure for boundary conditions (Table VI.2)
Segments o &
Y
AB .
& ge y2+h,_.
BC (Yo—y)x+y: 0
Y
CDh .
n % X1 +hc
Y
DE .
4 2 Y1 +hc
EF By 4
7 - 2 A + hc
FG (hc_y) (yl+hs—y2)+y2hs g
Yo~
Y
A .
G e qc o ke

Table (VI-2)
Boundary conditions in Fig. (VI-2)



114

ERRERFRE B35

ol

Y.

highest inductiv
G _ »/ capillary surfac

~
~
-~

A _ »—free surfice _

W

—~ =~
~— ~
-~
~
~
~ c

l Y
€ B c ¥
X 0
L 7
Fig. (VI-3)
Representative figure for boundary conditions (Table VI.3)
Segments © &
Y
AB Y2 9c Yath,
BC (Y2—yDx+y2 0
. Y
D 7 9e }’1+hs+hc
DE y ger—
< }' 1 + hs + hc
EF h S S
1 +h 9e Y1 + hs + hc
FG Y _hc* 9c
Y
A SR A—
¢ ¥s &

Table (VI-3)
Boundery conditions in Fig. (VI-3)

* FG is equi-negative pressure line after T. G. Chapman
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{T_T—'ﬁ

AY

- Mree surface

o~ de 4
Y:
a D Hs v
X L 0
Fig. (VI.4)
Representative figure for boundary conditions (Table V1.4)
Segments 1 &
AB . o
¥ q 72
BC (Ye—yD x4+ o
LY
C[) yl qc yf+h5
Y
DE y qf y14'hs
EA ¥ 9e
Table (VI-4)
Boundary conditions in Fig. (VI- 4)
_ 4 e k(TR = (A 2o (h+ 32)
7e 3 (yet+he—yi—h)*(yathe+ y1+hs) (y2+he— y1—hs)?
¥+ 0
.......................................... VIi-2
yetho— y1—hs ( )

Rl I RED ge 25ET 2L

I

)

y1+hc y(yz——yl—hs) +h:c(hs+ yl) d
het yo— y1—hs 4

2+hc
ﬁdy+g
2

Yot+h,
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y
+Sl ydy-i—g 1dy+S yzdy—l-gchx=0

_Yl+hs

Zh&b,
go =t YD (ge= 70— ke (b= ) oo (VI-3)

FRFHEER LR ERKTERT, 1 KRK
y=y1+hs+(yz+hc—y1—hs)-x EIRELT
RXky

— h .
9. = Py e (VI-4)

IRXv&kp-bolz (VI-3) Kic& L.,
(ii) Fig. (VI-2), Table (VI-2) o4
(i) YA LA, FHTERLEREJ/RILERT, 2IRK

Y={(y2+ b — (1 +h)} 2+ (y1+ h)
ERELT, RRED

=4, Yo— y1—hs . 1 ] Y .
i 3 (_’)’2+h 2— (y1+hc)2 (}’2_)’1)2 {(_’}’2-|- ¢) (_')’1+ N}

N 2hc-(y1+hs—yz)2+2'y2'hs _ ety (VI-5)
(ye— 1) Ye—n

IX&D

—h)+ 5(y3—3 5D

hs
gc = hc-(yz—yl—hs)— 2

FFEWMEERLBEEBRTERT, 1 KRR
y=y1+he+(y2—y)x EKELT
RRRxb

o= —T (VI-7)
Ye—n

IREDFBD-EDIE (VI-6) Rick Lo,
(iii) Fig. (VI.3), Table (VI-3) 04
D), (i) oB& AR, AHKE2BRITERT, 2 KR

3’2 = {(y2+hc)2_ (}’1+hs+h0)2}'x+ (_')’1+hs+hc)2
ERELT, RRXY
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=i. (_')’2+hc)3_(_'y1+hc)3
L S (YA 3Ly Gy ¥ gy

_ y2+ _yl+hc
y2— y1—hs

IXxy

qc = —;—'(9’24' s (2= ) Fhe(y2—1—hs) -

EBEHBER LG EBERILERT
1 &k K
y= y1+hs+hc+(y2— yl—hs)-x

ERELT, RRLY

............................................. (VI-8)

gom—M i, (VI-10)

ye— y1—hs

IREYKpboiz (VI-9) R L.
(iv)y Fig. (VI-4), Table (VI-4) o4&
@), (iD), (i) o4 & Fkk, HHKEEBRITERT, 2 KK

y2 ={(}’%—(}’1+hs)2}'x+(}’1+h2)2
ELIRELT, RRLD qc 2EET B &
y%—(y1+hs)3 Yo+ 1

=4
qc 3

- )

_ (et y)(y2— 1)
qc = 2

FHHAKEZERITERT, 1 K&K
y=y1+hks+(y2— y1— h)x EIRE L TH*
RRLD

qem—P e, (VI-13)

Ye— }’1—hs

[chid (il) ofsgo (VI-10) RIcHE UL, FARBES R IR eRicHE L. ]

ITRXYKDIcbDid (VI-12) RicFE L.

* ZORid Dupuit ZFOMBRITH L, ERBEES I RIORDKIZE L,

* RKBROFESNIDREILL 5.

(yra— 1=k (2 + y1+hs) ya— yi—hs

coo (VI-11)

(VI-12)*
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H218 FHEMEREBER

0.5mx1.6mx0.15m 732 R # 7 REAEicT, BEERLI 27715 12,
FEk T & 1.2~0.6m/m, L=60cm, ¥Y;=16.0cm Y,=41.1lcm, Hc= (E§#l{f)=2. lcm]
P28 1T [hr#% 0.6~0.3m/m, L=29cm, X, =16.0cm Y,=232.7cm, H.(EHE)=5.7cm)
FERFHELLT, L TREAZESHECTEIHDETTL, KERZKGEEMRTGSR, HEHE,
— A EEHELUT—ER Lz, BLtoFkE LT, ER I oB4RERNFED, £ I 054,
kEEY OkFtblick ) KT, BETE, SEALT, BAOZKOMH LG 72, RikOH—
LHELO) ELOBREO ML, Ho 2Rkt > T, EEWEHEICARERTEHS L
RTBENFILALEBREICEY, ZOLFENTOKED SOFES He 3BMEERICTIES
Lod s, TOEEREEHEERLE (RFF) LEXS5h 5,
S TEH LI it2wT Figs (VI5, 6) itRd T & &, BT A, EIC gc 22D, 77 7%
Ri*
O oFE—VE 2) K& (VI- K, (VI 49)K& (VI- I K
(i) oFLA—VIE. 5 HE VI- 6 R, (VI. DR & (VI 6) K
(iii) oHFAE—VI 8) K& (VI- 9) K, (VI10) K& (VI- 9) K
iv) o4 —VI1) K& (VI12) K, (VI13) K& (VI-12) &
2hZhowfiizIXNe REXZWRETEMTH 00, ZhZhOLEDENPS g hs 23K
W, Qo Hs itd &L TRHRMERET S LHTES (Table (VI-5) 218*),
T.G. Chapman REEHENELELILOEE, Y/ Y2 295 2 —2 & L THtEhic Hs/ Yo, ¥l
WL/ Y, 2k > TRILL TR 3D, kb Hs 23k, #39 T.G. Chapman BEEHEE
BLkcgaoRY

(YVpg— YN) e, (VI-14)

Qc : BEWEER L BEOHE
Op  BEEFLEELROEAOHE
37245 Dupuit Rz Lo,
Yu: LHENEEH 12 ETOEI
Yv: THRUBEHLITOEI
ICTEFE L € Table (V+5) it5R77.
F7- Dupuit EpEHLTE S HbRATHER
E(Y}— Y2
Q= ( ;L 1)
W TEHE LT Table (VI:5) iTiR L7z,
Table (VI-5) %26 HilFshiE, R4&E L WkBEikE L THEKREL 4L, Fig
(VI-4), Table (VI-4), Fig. (VI.1), Table (VI-1) cHEA/KEH AR FHEERLEEZ Y 02
WA EEZ 12 (VI R & (VI12) Ko m, (VI2) K& (VII) ROZED hs, Qc WERHIC

* Figs. (VI.5, 6), Table (VI5) i equation OFEi3 VI ZEW L7z, &2, eq. (VI6) % eq. (6)
EEbLI.
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Qe Bxperiment I

0.25

eq.{7)

-0,0
0.01 0.01 0,02 0.03 0.04 0.05 0.06 0,07 0.08 0,09 hs

Fig. (VI.5)
Relation between g, or ¢ and %, on Experiment (I)

Experiment II

eq'““”"%&!(z)

0.60 \/94-(9)

055 1

0.50

0.45

0.%0

0.35 \

9439 g7 6.05 o.10 0.20 0.30 0.40 |

Fig. (VI-6)
Relation between g, or g and k&, on Experiment (II)
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Method eq. |eq.(2)]|eq.(4)|eq.(5)|eq.(7) |eq.(8) eq.ggg eq.(11){eq.(13) eq].)(}}4) experi- | He(cm)
by T.G mental | (measu-

Case Dupuit| eq.(3) | eq.(3) | eq.(6) [ €q.(6) | €q.(9) | €q.(9) | eq.(12) | eq.(12) dhap. value | red)
H(cm) 0 20| 4.7 35| 6.6|-0.8} 4.4 1.6 4.2 2.5 1.5
Exp. 2.1

ey
12.0k|12. 3+k|12. 3:k (15. 4-k{13. 2-k|13. 0- |12, 6k | 12. 0-k | 12.0-k| 12.8:k| 12,3k

(cc /c secrm)

H(cm) 0 7.2 7.6 6.7| 7.1 | 40| 6.0| 48| 55 3.3 3.5
Exp. 5.7

an
14. 0-k]15. 0k |14. 9+k|13. Ok |12. 2% 16. 5:% |16. 2-k | 14. 0-k | 14.0-k| 16. 6-k| 15.8-k

(cc /c secm)|

Table (VI.5)
Comparison of various methods on Experiments (I) ~ (II) for H; and Q .
Water temp. : 20°C
k : coef. of permeability (cm/s at 20°C)

B2, EroBgiE L s#a/h 30413 Fig. (VI-3), Table (VI-3) THEHEER L%
Y 02k T HAEMEEZL I (VI8 K& (VI RORED Hs, Qc HEBREIIZITEM
T3,

ChoDiERMS, BABROEEKE L BREOEEENIWLEST, SHOFEExZhE
hEBROTELATRAFT L EEDN S,

Ham fAREE (1:2) ~OBEA

EAROGA LR, # 7 ARAkMIcTER I (J#& 0.6 ~0.3mm, JEIE 163cm, Y=
13.3cm, Y,=21.2cm, Hc=12cm (&£H), Kkéw) 1707 BARROBE LA,
Figs. (VI-7~10) o & #RERIC R KX, I XREHA L T Hs, Qc Z3KDTH 5.

R
highest inductivp
l capillary surfage
E‘Ifc o /:F IR L
— TRl ~
1 /\/ et
Yz free %urface _:_Fs_
l 8 : « &
X B ol c(o)
Fig. (VI.7)
r Y
l (highest inductife
~ capillary surfate
E%c = ——-ea :‘ ) F | l
= VS T T b |
Ya free! surface ) -z ﬂ?—-’%}-ﬁ—
! [ : : I X,
F
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@

ighest inductiye
J, capillary surfage
H N RS free surface !
c v F\
L e e S
- -',_1\_ f

Fig. (VI-9)

bl

w
QF""°~7
- H
Q

(=]

< Mfreehﬁﬁ
T /‘ ----------- : -
Y. I = #
J Q : « L

!
X B Iy E/ c(o)
Fig. (VI-10)

Figs. (VI-7) ~ (VI-10) denote the representative figures for boundary
conditions (Table VI-1 ~ VI-4)

R UHEEROBAR FHEERLREL YO 2 kA EKELTHET 3 & stERNERICHE
Hiciss0T, T YODOIRRELTHELTH.

& T boundary conditions % Figs. (VI-7, 8, 9, 10) o4 #h£h Tables (VI-1, 2, 3, 4)
ZHEALT, iv ORAROBEAOCELFTET S E, HREDHEEIRESLBMNL. T
REBVHARFHEERLBORT vy » I HE2REFHROBALBRICEZ 12HT, E50
Iteration Method It X AAHBEHEZEE U BEHRAOBE R Vv v VA HOFTEICL S
& Fig. (VI.7) © ¢r = ¢, Fig. (VI-8) T ¢¢=9¢¢ ¢r = @r Fig. (VI:9) Tit ¢c =96, $r=
PP THBC EMBLpHSNIDT, EEHROY A, boundary conditions 2 h & DHE TR
EEREDOCELEBLT, ZHEERLEE YO 1I1RRERELT, RA, I RoLEEKD S
&, Fig. VI.7) o723 ReHEicEL L, Figs. (VI-8, 9) 04 REM LI, -z, (Fig.
(VI-10) DA Pa=94a &T52ERTERY). $4bb Fig. (VIL7) 054,

(y1+hg)eota | ¥yicotx

¢re-dx + g @ep-dx

(y1+hg)cora

Sl—('yz +he)eot3

par-dx +S

1-ygcot3 1—(yg+h)cotB

1—y,cotB

0 1
+g ¢pc-dx +So¢ca'dx +S

Yjeotx

Yathe
¢BA'dx "S S[JAF'dy
1 : 2

Yi+hy 71 0 Iz
" rrdy =" teprdy— docdy—{9srdy=0
Yy+hy 1 0

Zhikb

(¥3— y%h.— y1° 3 — y1° Yorb ) cot? B+ + b )-(y:— 31y, + h,) cotacot

&= yethe— y1—hs
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_ Qhstheoho)-coth+ (e yot yorhs— yDrcota—hs - ypy5)
y2t+he— y1—hs

R I R&Y

— (y%_y%_yz'hc_‘_ yl'hc+hs°hc)'(y2+hc)
1 (y1+ho)(y2+he)-cota+(y2+ he)?-cotB—(2h.+ y2)

" oy yithe yi—yi— vyl ya— y1°¥orhs +2- 710 30k
(y1+hs)(yatho)-cota+(ya+h)-cotp

+ yZ’hc°hs— y%'hc_ 9’%"15— yl'hs'hc)'(yz_i_hc)'COtB L (VI'].G)
_(th+ yZ)

—7F, KEKiZ Fig. (VI-10) TBWT, ¢4 =9a(=¥3), $'c=¢p(=¢c), Y4 1 ¢D
5 P4 WEBMWICEILL, Par & PE(y1+hs) 5 pa WEHBHIKELLTZEHEELT, R K
9

_ _heQ—ywcota—ypcots) (VI-17)
y2— y1—hs

Iy

go= b s SO (VI-18)
© " 2— yycota— (y1+hs)cotB :

UL (VI17) &K, (VI-18) HARD 1 RKEIIMAMMB/NE LB I > TH/BRITKSB T &
BEZDFTIS - 72 Iteration Method 1€ & » THIBAL TU> 3.

BARROEGA& L, BT hs, Ml g 2 &0, (VI-15) & (VI-16) K, (VI-17) K
& (VI-18) R#E#< & Fig. (VIID* 40, 2hThORaNBshiz. BAHECHEEIC
KEBHEET BHE*0#EKXLLT

(a) Casagrande « HU2) @ fkic kD

Qc=119%, Hi=0.7cm
(b) Pavlovsky?? OREHHEICLD
Qc = 1.15'k, H;=0.55¢cm

IS DR EEGMHEFELL T, Table (VI-6)* iTxRT.

EBELE (VI-15) K, (VI-16) R, OomEL KD Qe iz K —FL, Hs it20TREBD
DEZHB0, BOHFERLDKDERLD bIld 5. Casagrande - HAT, Pavlovsky o
REORDIHERIEL, FHONBEEAZBEL TRV EEHFTIRLTS, HTHIRLNIT
EBLO9TH5B.

* Fig. (VI-11), Table (VI-6) 1D eq. DF S VI 2HHE L1z,
B BREEIORENEET 2R 40REBBI LI THS.
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9 1  Experiment III
or

WGQ-(]J) ’
(eq.R by 0j1)

eq,{18)

0,01 (eq.I by 0ji)
) o.;ms o..o1 . 0.015 h,
Fig. (VI:11)
Relation between g, or g and %, on Experiment (III)
S~__ Method] (15 eq.(17) (élsa?an gl ® experimental | He(cm)
-~ by
Case \ eq.(16) eq.(18) Ta?::gchi Pavlovsky value (measured)
Hs(cm) 0.95 0.10 0.7 0.55 1.5
Exp.
a1 o 4.7
(¢ /s+cm) 2.85+k 1.06-% 1.19:% 1. 15k 2.83k

Table (VI-6)
Comparison of various methods on Experiment (III) for H; and Q .
Water temp. : 20°C
k : coef. of permeability (cm/s at 20°C)

EVILE AHEBETOEERFADEERER

Bl B

AR, FHEHEAE 2 vESEEM T, BEMSAKEL, Wi, SAmcaEBeTse, ¥+
YERY PRI THF EF LT AFRBEAZIND LI - 1%, BEIBET 2HAZRX,
SHE—EHOEHER, BHROBBERARE DL LB TEEE LT, HETAERSY LHLW
SR BRMOBECH L TEIBERMIC L 3BBERSERIND. EEMBTHE - ERNA
DERIZ
1. AELELBHIPSEIEBOREFRBICEBIT 2B EHH/KE, R RKEEZ kD3 &,

BLUIEEFICBY 2 REAKMOES), BERBEOETHERDSZ T L.

2. L KABBAORBREBEDOLIIKEINT LD, THDLEBELHEAEBOEREER

TV NREBEZBLENTEENENS T &,

ARETIIE 2 HLUT TRENTHRREN & U TRETHST® CHEINEZH K2 TEDOT
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HEREER, EEFORBRUELREITE - LHERIKODHOTDXNS.
E2E TFHIZBORBERBRER

BIR ¥ X B &

AHEOLEROH AL O 10km 24> T, #7,300ha @ @ibETFHICE > TEKRL X
D ETBRIEATHAEOE 1 AR EEROMRE Ui,

19574F BT BLPE T DO 1 MM YIR I IR Fig. (VII-1~4) WWRT L5 bDT, R UDAEBS
LEIEAD OB IBANHORERRO MBKEOP LD IKE Il BETO s/ & 5 ML EHS:
REHL T, BRE Y4 TL FMOKE 6~12mm, KA oOR#E 1.5~2. 5mm % fL>T Figs.
(VII-1~4) o T & &M, E, MEEEL® (RG> T B ) KR, XBBRR30BT
53). ChDPoEYEMET L LBEHETH S, HE 6~12mm 04 » 5 1.5~2.5mm
DG~ Zhp 5 6~12mm OFHS~DKROEBE L LA B LHTE .

E 10cm 20cm 4?:»-

b
LY
Y,
7
Fig. (VII-1)
Forms of stream-lines and velocity distributions
difference between inner and outer water-level: 365mm
discharge of percolation: 276cc/sec. 20em
9
= 0 10cn20im  40cm
#ig I
1)
B
Fig. (VII-2)
Forms of stream-lines and velocity distributions
difference between inner and outer water-level: 200mm
discharge of percolation: 190cc/sec. 20em
B 0 Icm2em  40cm
=S ——— 1
by did

Fig. (VII-3)
Forms of stream-lines and velocity distributions
diflerence between inner and outer water-level: 418mm
discharge of percolation: 251cc/sec. 20em
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LR 0 5
FIITTIIT 7

Fig. (VII.4)
Forms of stream-lines and velocity distributions
difference between inner and outer-level : 253mm
discharge of percolation: 258cc/sec. z0em

19594 DET M B FETIZ 8 1 VIR OWm KL Fig. (VII-5) KR4 CE2b0T, ok
BEEDITR > EROBBEER B2=L, (Il Zp JI-1) R) ¢ LT208L0KER
@ EWHEBICEYT 5 media O # + RiT—%
® Dacy M.
® BEHEENTS. UETHo -,

Fig. (VIL.5)
Standard section of Nagasaki enclosing dam

(A) (B) ©) (D) (E) F)
about 0. 3mm~ about
proto-type >6é1lm $40cm 10~0.3cm | 1.0~0. 3cm 0.2mm | k—10-%m/s
5.5~ 1.3~ 10:2 .
model 18~1lmm | 11~5. 5mm 3. omm 0.85mm| sample #1 Masatuti  *2

1 percolation coeff. : 6. 24 % 103 cm/s
%2 a kind of imperfect weathering soil.

HH TR UATI5MEEICATIE » AUEKHERRE L cRETHENRELZRITOOTONS.

2R R BR ¥ B

(1) A7 4BLUE74 50 RIETEE
CHRERAHHORED I DILES K ESNbDT, 1 BH3MHE~FICIDRE7 L
ALZEEIE, HEAE 71BN L CHEST S,
@ &EKR B H
FEKEEKRRSE L EKEBKRBEHENZ10cm, HBOEX12cm, EXEOEEON 5
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Z ¢4 FRE 2. T4cm, 1.26cm, 0.57cm © 3 &
@ X = 5
Fig. (VII-6) iKR$ &L, KE NIRRT, EFELABTHEEEDO ERE T
DI HRME LT ERER =— %, BEHRMNE 775 Y+v— (EEH 0cm) £%EEL
7. TRBBESOBHKEZRDSZ1-HICEDL e HDBEEBAELHAL, TMBELOND
BRALE., 20olTHERAO 0.4cmx1.5mXx0.1m FE T 7 2iEKkZ 5 2 Hn Fig.
(VII-8) &1R).

BIFE M HORAE

MU k2=L, O%G4E2HRT I HELEREE, T TFEINSEYO media OFEKE
Bk, RETHESHEEO media 28F L THEKERENZEL, Fhhd L 22H5T &
WELONBEN, ZEROEGIERBEELS L=1/25 12 2H#4 5 -0 T, #E O media
DEKGBEEHUZHEP SRD T, ZOBKFEHEETIHBE O media 2RI, RBEL
BN ER S o k.

B TFHRIEELORESIERE LD, 0.21~0.3mm LY+ &5 30T, EREBKR L
MU BEKRBRHERE O YR OE KGR E kp=0.0312cm/sec. 20°¢ & L7z,

DECHBOMIMERET 2 DIC

1
25

— km 2 .
- < 0.0812 ) &V kn=0.00624cm/sec. 20°c

/20T, B2O1, H20EEMICES L TEAE, FKESEKRRETERKEEENEL,
R 0.3~0.2lmm (FEHL) &=+t LRKBREBMATHESW L TELELLO—E) 2E
B 10:2 KIRELAB DN E o &b kn=0.00624cm/sec. 20°C {THEMEATRT T EAHB L
72DT. ThiEd > TEEDHO media & L. 4% CORBE (10:2) B & I Eicd
5. ZoRBORBEMEME HIEE, ZREOSKE, FEER Fig. (VIIL-7) TR
ULETHHEBOMBITEBETE N vEFOKEIB FAVYTEFD 74 V& —5H TR
EMELUIDT, ThEFA LK Fig (VIL5) iKRd).

FA4H RBAEZLIURBER

A. EEROBE
RIGETHE 1 REGYIRE O REEMEREZITE DA, FHizEsE LT Fig. (VII-8), Table

(VII-1) o HEAEHIERETTIL> . (Photos. (VII-1~2) BRB). '
ZOMERMIAL 28I

(1) Modell KB TIZE, FTHRUVFHWOZEEDETF ¥ v+ MIFEFNFNEEIZ {, Model II
T 4~5mm, Model IIl ¢ 15mm BEDEHMH Y, Model II, Model III © v FI#iZ8HS >
KRFY Y+ VOERL X BBERBETR > TR EEI LGNS,

(2 E@Eic<¥+ (k=8.0x10"%cm/s) ZHI>TW 355, 10:2 308 (k=6.24x103cm/s) %
REWEBICHOBE TS GEARELIZ0:]) ERBETOBREHE MBI S ELIE LN
Bohs, BKBELEBISIKRESBBZLTTHEALTEXZILL.

B) BHAEEZRDZOI 1) BEF = VEESHAEEDEBICEEREICLT, </ A~ 2ICHHK
Uk Esgdr ik, () BESSWKFEICTF RED 74 VE—EFBAL, ~/ A—ZCHl
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 BERERTARBCHT MR

1L e

A
E 6@ 1,00M __
1.2
= ooTk 600—= 6.060M —
o — g | =
I a T R R TR T e =T |
' ] !l t 1 " i 0 ". d
plunger " " 1 X : ! i ““ i i .h ] o
\L%\_\ AE | i I i i i Aﬂ Q
] 1l i il g [ ]
do it I I | i I
! i i i |
I | | | i i | i "
—— W-m el ===l=====Jlil=== = =lll=c=c-=lll=—===9)jl==-==-=-x2
& Ly 118 B8] 99 [uy] ey

e e E A e e - A T T T T s R ST T T T T T T T T T T T T T I T T T === ===

S o o o w m w me__gu

1,200 —

Fig. (VII-6) Apparatus for percolation test
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(No) .. o ..
AR R R P B i D A S—
(7)) 74 105 250 420 840 2000
- H i ;
WE specific gravity 2,63 r e
o moisture content 27.0 #%
- apparent specific gravity 1,483
* i
Y
® 1 :
& HH
4 A H i T :
LI :::::":i:H ! t
L] H +
FHHH ! T
2 i H i :
o iinss {
i i TiT }
- 11T L
Y TR x oH 01 ° °
- (o)
2 4 (mm)
0.0750.11 0.25 0.4 0.85 2.0 4.87 952 19.1 25.4 38.1 50.8
aedf] ® % | ooy ® ] -~

Fig. (VII-7)
Result of mechanical analysis

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140°%
1 i H } [} 1 ) —_—

S — }

T | — T T ry U —

!
L ——+ L — L —+— \
B -I-J-+-1-4_|.-‘L.-__L_|-J_1_,.-'--|-1_l.--__

i
Lo ! _1_4___4_1__1-'__.

' | I
'_:(gravel) o

0, ‘
Fig. (VII-8)
Apparatus for fundamental experiments on percolation of compound dikes
G S width upper lower |mean Temp. q q
of water water of
Model layer layer foundation | level level water cc/st°C | ccfse20°C
mm| 10:2 o
Model 1@ 5.5~11 | sample 20. Ocm 31.8cm| 21.0cm 22.0°C 1.89 1.80
” ®@ ” ” ” 31.7 11.0 21.7 2.97 2.85
Model II @ | 3.3~5.5 0 85~nlm?: 7.0cm 36.2 25.4 19.9 51.7 51.9
” ® ” ” ” 36.4 15.9 19.1 56.3 57.8
Model III @ | 2.5~3.2 ” ” 36.4 25.6 17.2 45.1 48.4
” ® ” ” ” 36.4 15.9 16.0 39.3 43.5

Table (VII-1)
Kinds of experiments
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BU Tk g ik, D) RENRERCEEE 8550, () BBk vESKEL,

Peo TREBEZEEORT VY +» VOEFHBREOLHE/SICRIAHEALTH S, (i) BRGLOEME

D74 NME—%S3FELENEDRVROFETHBY, EEFOLACAMOBANSD,

B RNET ) A= 2 ~DKOBAEBKRELLELSFELILL, v/ 2—~2DKDY

KR Lv—F—YREAFHERAVELESE, COEOLEREL. (i) BZoE#E,LS LT

boblbl{HHKEAEZTRTLOELELNEY, EEEOBEICHITLSRELL S,

(0 Ko -BHKEKCPETLHRBETRE CEHKEEEY2FHEEHANEECH 5D

NBDOT, TOBEFEEZELREIE SO,

UED XS B FMEREDEIKLT, RETHRWEENTO KERERREZAHE 2 (3)
To~stekY v &R T Fig. (VIL-5) o##MAEfep (Photo. (VII-3) 2H), BHEHEEFE cut
off LA L, cutoff LIFEIKBT 52 DOEDERETE - 1.

() MBEMBICX B EHKE DB

() BZFEARIZIEERE, KEOERN

(iii) BERBOFEH

AEBRICA O IA LRI RETHRIEIICTRIN T 3 KEHZME OB EE AT,
F bt Tabie (VII-2) TH53.

Tide Water level Tide Water level
WM 7
R.H W.L. +3.79 L.L.W.L. —3.12
HWLOST +2.55 L.W.L.O.S. T. —2.42
M.H.W. L. +2.02 M.L. W, L. —1.43
M. W. L. +0.34 LWLONT —0.81

Table (VII.2)
Tidal water level at Miike harbor (1888~ 1945)

Fig. (VII-9) &44K4eL+3.79 (R. H. W. L), Jkfz—9.00 & LT, FHEEH% cut L
BLHAORBKE, BENRE FHEBARERT. THERISOTFHINZCETH- 1
A, Fig.(VII-9) o0&, FHEERRPBERAREERICRIFELL DT T, EYicE
UTRAFEBBEHO Vos FOFHBERHLERIKAT S X5 cut off Thif, HEREKT
BROBEGCEPLBEETH S &) Rihdp 5 cut off Lz o Fig. (VII-10) (31>
I3 Photo. (VII-4)) <& 5. Fig. (VII-11) (% 31>{3 Photo. (VII-5)) ix4tskhr+2. 024 (M.
H.W.L), Akfr—9.00¥ it 5 HilizkE L 4cm T cut off L#BE&TH 5.

Figs. (VII-12, 13) @& hZhBBEKkiRE LTEF (©) zone & EHMAKLORETREI
o 7o 8RENTE & LT (VII-1) E#EL TEMEGIRRABICEB) LHKLbDTH 3.

o 3=yl ( yi—o} .
¥y = T < i —|—x> ........................... (VII 1)

2t LSRR
1t TRk

L : BEKBOES

x:TﬁMTﬁ;03§j¥—y?ﬂ 2O FHE () XD R

L
y :BEEE x SOBHKES
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/A free Sl(xrface ter)

ZS e ey by nrobe-potensiometer
(a) \

(B) OmN y Ix D)
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Fig. (VII-9)
Free surface, stream lines and velocity (not out off)
sea water level: +3.79m (R. H. W.L.)

rototype . . .
P YP€ | water level in retarding basin: —9.00m
LIS IINT
- —_—————l - . 3
. ,:,.:’_’_’_’_’,_:__\:\~\ cut line

_——free surface(before cutting)

free surface .
(by probe-potensiometer)

Py -~

(F)

. Fig. (VII-10)
Free surface, stream-line and velocity (cut off the inductive capillary zone)
sea water level: +3.79m (R. H. W, L.)

tot
Prototype | aterlevel in retarding basin: —9.00m

- ent line

free surface(by probe-potensio
meter)
-2 LFMNIIFTTTIITISITLIIONT
(B) (C) =ir ===
AD)(¢)
) i_\g\\k\ 3
(F)

Fig. (VIL-11)
Free surface, Stream-line and Velocity (cut off the inductive capillary zone)
sea water level: +2.02m (M. H. W. L.)

PrototyPe | . ater level in retarding basin: —9.00m
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cut line

urface(by calculation)
free surface(by probe potensio-

(B)

L3*20,0

(F)

Fig. (VII-12)
Comparison of measurement and calculation (formula VII-1) for free surface on Fig. (VII-10)

cut line
free surface(by caluculatiom)
free surface(by probe potensiometer)

cm (E)

L=18.8"
: B

()

Fig. (VII-13)
Comparison of measurement and calculation (formula VII-1) for free surface on Fig. (VII-11)

BEREOFEIME, FhmEfis Table (VII-3) KRd. COHE

0, =1L 25 3,125

Qr=0mx 3125272 LIE 2.5m 40 TH B 5IF Im 240 ix 1,250 £55hig koo,

sea water inner water | mean temp. discharge
o drc G 20°C in proto-type note
level level water (T°C) at 20°C
M
(Rj‘f’i e Ly| —9-00% 7.3°C 1.3lcc/sscm|  1.84cc/srcm| 0.00230M%/s.ap | mot cut off
” ” 10.0 1.42 1.85 0. 00231 ”
” ” 8.6 1.34 1.81 0.00226 cut off
+2.02M
(M.H. W.L) ” 9.5 1.02 1.34 0.00168 ”
” ” 9.1 1.00 1.33 0.00166 ”

Table (VII-3)
Result of discharge
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LMkt R.H W.L, M. H W.L. 084120 TO BBRES EMITXLD KD
(Tabie (VII-3)), ZODEDF = v 7 Diwic Fig. (VII-9), Fig. (VII-10) &b 2 #iEiCDw
THI 2B 3 REOHEOTHERD, MFFR, HEHEEEL CRERRERH L.
DR, BIEENEANKEERIKELL, 2EF0kiiTiEs .

R.H. W.L. @34 1.81cc/s. cm itxt L 1. 8lcc/s. cm

M. H. W.L. ®#4 1. 34cc/s. cm izt L 1. 33cc/s. cm

EDRERMS N7 AHOBBRICB LI THEBEIIVEANLTH LIV IIKEADNS.

P EBBTREHERNEOEFREMMEROBREENT LI,

(1) ZJBEEE% cut off T 357 & cut off %D HHKEIZ, HEOHB—MKICE L. cutoff L

W EBKE, R HREOHEBEIKRD L.

@ Figs. (VII.9, 10, 11) Do ¥#o £h3 3 L ABb» 50, o2 EHIZREEROKE

RAORBEBEZETHELIATHB.

(3) WMMSATENIE & LTI - 75t 5, Figs. (VIL-12, 13) %4, (VII-1) ROEHEE

Liphb T EBTE.

) BMERXOHLTRFT 7 ANEOREDOHKE, OB LS 0 L EMRMERIZRENI.

B. EEEROBE

WM EROMERIIE Il BTO~NTL 5 &SI, Darcy BN, Ms +R—E, BE

HEBOREANT, —RICEROBELAR E=L=T TELohB3D 5, MR s D
BT EL=3% 020 bETHEN, 5K Ir=%ThdhERsTLrs, T0O
e 1B 12 15 25 5 O & F 3BT 24290 THobINB L LiLind. Lich-TH
BhkE LT 1Bl% 2 R4 & L, MEOKE SICHIET 2RIFEES>TT 7V v —
RHB S, BEHNOET - vRBIEOKLED D —EHL T EWHE L. TR
WK OEBRBL, ChiICHEBLTL 3BEKEIFT, ZOMNLIKEEZNRTNORHT
CWHEA VI F—VICEDRIEL. BIEARRE L MER Fig. (VII-14) KR$ELBDTH
3. WBkEBomkhit Fig. (VIIL15) i3 HW.L.O.S.T.—L. W.L.O.S.T. £t H. W.
LONT.—L.W.L.O.N.T. D#&ITOHTERLEDOT, UTZ0D 2B DHEDOERER
BLUZORERITOLTONS,

T2 hTho 2l EokiE{Ls Fig. (VII.16) iTFET. < O%&o#f#id Table 2,

+8.00

Scale 1/250

4

+2,55ME,W.L.0.5.T,
+1,37% HoW,L.ON.T,
£0.00

fzone\iN 5 No,1 l x
71

No.2

left from this point N0.6 No.7

e——35cm T No.8 No.

=al | ] T >
0 1

- 12.00 & 80 I 100 .J 120- 135—*{—155-I_‘215_7X

Fig. (VII-14)
Position of porous pipe

No.3
there is No.0 at 25cm [ No.k4 No.5
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Scale 1/250

41&.0/

H.W.L.0.S.T. +2.55 —
§ °F CBW.L.0.N.T. +1.37 7\ /\ —
T N N
2.18  L.97 V\AM.N.T.-O-& / \ / _—
LI - g dML.0.\r ek

4.0

/

-10.30 —
. ~12.00

Fig. (VII-15)
Tidal water level in case of spring-tide
unit: meter, ( ):tidal range on model

Fig. (VII-15) it~ k) KKAHZEORFIC L 305,

{Spring tide @354 H(m)=0.065 + 2.485-cos (§ — x)

Neap tide 04 H(n)=0.280 + 1.09.cos (@ — =)
THEREIND, TAKLEBEROES, PRVHIBECEHBENSHZ LBbN3 M, ZOEK
B3/ EEL, —BE—9.00M & L. Fig. (VII-14) dzone B ith 3£ 1% No. 0 ic>
WTHTESHEE - W, MR EZEALERIUTH -7z, 2D Lid zone CITDTHEL
5. Figs. (VII-16, 17) O TRLADD (BHLEOF v "~ Ly V22207 b D) 35H
BREKOBBEMD I DRHRLIZEDT, A EERTTTICONK XS K EEMEORT
BHEPOLOTEEKESAEL, TUNEBRICSRKOFEEEXITL, HBKEOMEERA
I¥BENELS TS, TiHbb k=L, 3 EMHEZZ0 % $#H L BEERIEEEO
BETHLREEHOHESKEL, AERTOZNEFhOIKIICET 3 BEH 48241 cut off
LzbdTH5. LA LEEEOESBEHAKTOELIS SO TREKMLOEE D H H/KE L
YT cut off UTHBRBAMDOBERIEEENEEICKEIDOT) WL ITHS. &
EROIHIWZNZTNONKLITBY 3 EEHEELI cut off L2IEEERBEEHRTD, £E
LEBOERIHYITKEL, cutoff LEBEEDOIBEEMICKERFEL > T3, ThZOD
FRZHHOLEREL, FHOLENILIS, BEKOEENZOHEHE HKE O ESHE
WEF TR, OWBEIAREL LT3 &nbh 5. Figs. (VII-16, 17) » 64K H
TEADLCEE, BUDITTFHELEDOLRBED, BELALKEOBL MR ETHS. Th
RBARGHESCEITOEBOTHRONHLENLY, T—RAFADXIILERELT LT
ZOERBLOENPEULEITLFOEAIBAD AT 7DRBEOKRE b D ICITER
DEFLHELTIOHLWIREROEIRHEMNENLL, L2 THRMOAKMLESKNOT, Lk
FHUICHEIHEN BRI L, Bk vESRTHI3CLCERL TR 0EBbN3. &5
i Fig. (VII-16) ho4BEEBB & IcE L DT M, S H7-0bs Fig. (VII-18) TH 3.
Zhicit Neap tide 0354 (Fig. (VII-17)) ZEB L T2 8E8MIIECHALUTHS. Thd
5AHTHELIBLHIC, FHBEIEBBICLHONTLS LicMBOERMBRICEETESY, &
LA LRCBEORYSEROMEERLTH A, Lkrd ERMAd HW.L.O.S.T.,, HW.L.O.N.
T. XKookt EDR UL EEROBEEELAE-HLTLEI LRI LVEETHS.
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+3!’

+2.55 H.W.L.O 3 «Te

+2}

+1F

=21

2,42 LW, L,0.5.T,

M No.6 N"\"

T /&'{\Nz.

-6 I __»“"Nq.7l

- ~

-7k
-8}
-9 L

Fig. (VII.16)
Hydrograph at each porous pipe in case of spring-tide

———=cutoff = ------------ not cut off
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+2

+1

-8

+1.37 K.W.L.O.N.T,

i

—0.81 L.w,L.0O oNoTc

No.lt

No.5

No.6

W

No.8

No,.9

Fig. (VII-17)
Hydrograph at each porous pipe in case of neap-tide
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Scale 1/250

+2,55 H.W,L.0,S.T.

Fig. (VII-18)
Hydrograph at each time in case of spring-tide
stage D time 0, ® 2/8 7, ® 4/87, ®6/8 7, B =

—@®—: water level in case of steady flow

DECHRTS B, WO~k ICFHME—EAlLE L, h Sl T BEEK
B2 RN U MR A SRR T LICllE L, ChERIR U702 Figs. (VIF25,26) Th 3.
2R L ORRBHOMETS Y, KH~OREZENROBAELARCTREIL,

xlO3 cm3
10
-
5 —
A y A 1 1 1 1
0 T 2%

Time (O)

Fig. (VII-19)
Discharge mass curve in case of spring-tide (at 15.5°C)
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::103cm3

10r

-

T 27T
Fig. (VII-20)
Discharge-mass curve in case of neap-tide (at 18.5°C)

CmB/sec

loe
1.3

T

1.2—

101 ~

1.0

0.9

0'7 i [l 1 . 1 1 t 1 |
0 8 27
Time (©)

Fig. (VIL.21)
Time-discharge curve in case of spring-tide (at 15.5-C)
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ThoZHTEDLPELIKE, PROKESHMICEUTHRMELVCEALELZS > TW5T L
PHEEIN S, Fio Figs. (VII-19, 20) BHEMBTH 505, HABELVORETEHLDL
AW O & OBREFRE L KD TRME LU d @8 Figs. (VII-21, 22) TH 5.

cm3/sec

Time (O)

Fig. (VII-22)
Time-discharge curve in case of neap-tide (at 18:5°C)
+ calculated value by discharge mass curve
(® obtained value by actual measurement

Uk, EETHRYEENEOIEEREERI RO N HTNE,

(1) REAOKEMBRREBTHREOEE LEIZTD, BHOB(ARBIEEALEL, Ok
REPHRRERL, BHEREBOTHSNEBDEELAE-HLTLELELNS.

@ WAL, COBEEFMOERENTLI> CEITL> T, FKULEKEORBER, mMELHND
PHBEC LTSS,

() EKIIFEEFEDOHE, X OBBEBHBEMERE 1T/25 Dicid BEHEPRE R0 KEEO
media 2, fluid 2ZZ 25, »30II3FEEO media 283 HikBSEL SN 5.

Photo. (VII-1)
Fundamental experiment
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Photo. (VII-2)
Fundamental experiment

Photo. (VII-3)
Standard section of enclosing dam —model scale 1/25—

Photo. (VII.4)
Free surface (cut off the inductive capillary zone)
sea water level: + 3.79M (R. H, W. L)
water level in retarding basin: —9.00M

Prototype |:
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Photo. (VII.5)
Free surface, stream lines and velocity (cut off the inductive capillary zone)
sea water level: +2.02M (M. H. W. L)
water level in retarding basin: —9.00M

Prototype

BVILE # &

EIHAEZNICHE L BEWHEHTIRE-0DWAIRERBE T OO TOWEAEITE - 1.

PR, FEBBICOOLTREA DHBERBBHEN TSN, BEHEZE LEED07F0HE
WOLTIREMETH Y, BROLTHOICHRINZICTEL .

ez, hhdiarh, HHKTGEAT2EBHRICEIBEHBEE LT, EROENENE
U EIIERIER TR - THBLHD & D TH S, FEHOBEIKE, EEFO D HE
BEMEBROBAWL SNNEL B THOEDT, H3MENTEEFERLTRTL &MnT
ﬁu’C&S 50, TOERERMPIFTICL TR, BETEEIKENBAD LTS ZOLILER
o, CORLOPTREEHOREE MMk LB E OB TE, BRI DL THRETFE -2
F%wow1®«1m5 g Il EwTR, RELSIORBEZOROBTREELZE5LEEDES
NI E B LB FHICDBTONT., FF, KEOKFED Knd»> TEEESH, FEhH, KB
BRAZZERLTHSFERNELES, IOKERBEEERE LG EBNEONKEEL L
BEDENTNIDOT, MIPI%L, BEREMOS LIT, EF, EEHKOBMEDORES A K
HBEREFEILCDOTDNT.

% I BT, BEFHKOACERAE PHIEHEL2Y Kik-T, RITHEN, HI3VLEERBHEOE
BAFRXPOFELT, BEEMEOYE, BEHEZEA LLLEAOHRK, ZolbomERn
FHhE R EOBERIEROEHEOIE P S DI

% IV #&7Tid, T.G.Chapman OBFEY £b Lic, EEOEHE, BEThZhOEBIE
MO EB/KEOIE, BHHE, g HESM, mE BERTFT vy iy, MRMEEHEKL
fo. ERBEEBRRIFCTEERE cutoff 923 LEBEHORENFIT EHEBED K.

BV ETRE, K, BEROMBEICH LT Iteration Method3? %, X 5K ELEET
BHLEBRIGEAT 2 HELDLTON, EEOERERELOBHAOERERKLT, £0
FHEoH AMHEAEERE Lk,

% VI zETid, Cauchy @F*ﬁ)@ﬂz‘»&n_mi BUHARDIENEHETH AT LICEHR
LT, BEROBRIEY 2YBLT, BEEEEH-BEOBAEL 4 >ORELEDS LT,
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FhEhEHFER, BERECERL, EEOERMELBELT, o oA FEERHL
7z,

FVIIETE, BEOAR - BLhoRs BEATHRYOES, FEFEHERERLEILT,
BEBARTHEZMFICLUT, HUEZHETIRBEEREZITEOHAOERFELLT, EXKO%
EEEHE cutoff THCLONEMREZDERER, HEEOHEOHRITOLTHRLL.
BRULTONIZEZDCNETOMROBEANTIE, EEFHEICHE L TIEARE UTREART
5B, EERBEICHEHLTRE VETD~7 Iteration Method BEEF LG D/ BBEMESE
B Do LHMRUFETHY, ERHFOREHICHEESND - 1o, BFHEREMNATSC
EiCk-T, CORBMBLT—BREHNSHEILE 5.

* % £ =
a | BUZETIEEEHK (m?). BVIETR | H | SALTOIEHESS
THEORM A, B | smEoEs,
@ | =LFE he | WRILTORHBEES, B VIHETEE
. DEWRTEETR. .
a og IR hy | BHEOER. % VI ETRZOEKRILE
| =
% 1 TR HY | $afiEEEs (cm).
ERE ORI EAA. H' | FRHASRESEES (m).
B—REEEZIIBAOMT 1 T0FEE | 0 | HBREE OMNER).
B(m), TCTlRd, icELLELT. 0, T OB Ee

do | FHHRE (cm).
d, | B—HREEZBEOBFE 1 20FY

0, | LiEORHEE A

|

I imaginary part A7R9.
=623
3 _/‘— 14 5171(3 ‘7@3.
=d-\/ —— (cm). .
1-4 K | kaicsi3koEmRICET 385K
d, | Zunker OB L-EHER. THHLLHE =—~—6;1T 'Vm(gr/cmz).
ot LA—~ONERERT 5 HERE A
FORE (cm), k BIKEE (cm/sec),
d’ HREHEDIR. K BEICB Y 5B miiRH.
e KILOAEX (cm), K, BEICBI 5 ELRE AR
F BHESSICE Y 2 EHERS (%%‘CZ’( k(9) FAFIPE 0 [CB ) BEKREEL (cm/sec),
DEHENCERYS 2E2EN) L | &% #% K
g | BEADMEE (cm/sec?) ! BEEOEX,
G, | tosErE 4 5 +8 (NEER).
H | z=0 Sk 0#EEE COBEME B | model 7Y
N KOWHERS (7 %),
1 a0 no | BUNERHE diedyeds AOFHERE d 155
=9 " oz thrFo#. Fiid Darcy {HIBA TOWHR




142 FERFRPES %235
EDIEH. BEFED~7 T VEIR.
P E A 0 RF v v VA,
%P? Prototype %757, ® BERF V& p v
o | kowm (r/om). —r—
Q | BERE. B VI BETRET ¥ ¥+ VEAROERTE
Q | BEHEEELIBEORBER. .
0> | BEBEERLELBEORENRE. w | EKE MR,
g | BEHEER L BEORERR. HVI | T | TREKE
ETRZOJ/ERILET. Y, | EHEfIaE.
9 | BEREERLTOBEORENRE. Yy | EHMBREHELETORS.
Geer. | BEWPHET 2HEORERBOERM. | Yy | THUBEZLI TOES.
R | £EREICE T ZIEHHER (sec/cm), ¥ | THHKE. & VIETRZOERITET.
| R Resl part £ e | ESOVKIE. % VI ETREDRATER.
¥ #0) L <)r. T
F | B O AT . —
T | ZSWICHT BKORERS (er/om). o | 5 I moREEC S BRBED.
v | FHKFFERS ORENE. % VI ETRERBEHORKRITER.
v +Hr oKD LFHEE (cm/sec), BVIET
SR T R & RS DRENE.
g & X #®
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