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Table 2-1. Correspondences of seepage flow and electric current

Seepage flow ‘ Electric current

h (Head) |V (Electric potential difference)
v (Seepage velocity) i (Current density)

k (Permeability) o (Specific conductivity)

Q (Seepage flux) I (Quantity of electricity)

== f ydA o ( ids
ta s

=h/R ; =V/R

R’ (Fluid resistance) ' R (Electric resistance)
1L 1
= : =

L (Length of flux) i ! (Length of flux)

A (Sectional arca of flux) S (Sectional area of flux)
Streamline Electric line of force
Equipotential line Equipotential line
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Fig. 2.2 Electrical circuits for model experiments
(i) Model without a free surface (ii) Model with gravity systems
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Fig. 2-4 Electrical circuits for measurement of resistance R by means
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Fig. 3-4 Relation between seepage factor q/4¢ and T/h
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Table 3-1. Equation of seepage factor q/4¢ under a dam
by Dachler and Forchheimer

; Dachler | Forchheimer
o a1 cosh(zT/8h)—1
T/h<1 +  073log 2.54(T/h) g, o 3cosh(xT/8h)—1
T/h>1 1 ; N
0.884-T/h 1 0.86 -T7/h

IHDDOFITFH L TH B & Table 3-2 O L 510 =HHETERL 220 CETIE F0 Eh bbb
B,
Table 3-2. Seepage factor q/4¢ under a dam by Muskat, Dachler and Forchheimer equations

T/h 025 0.5 1 2 3 5 7 10
Muskat ’ 0960 0744 0533 0347 0258 0170 0128 0094
Dachler | 0961 0743 0532 0347 0258 0170 0127 0092
Forchheimer | 0961 0743 0538 0350 025 0171 0127 0092

DER X b LI B-14) Ot % (3:24) WANRIL DA (3:26) rH L2 L L

AL [ - k*2tan’K,
V—k* 22 V(14 tan2k, 2)
i) op K™ -tan®K, . .o
tanh?K, = 1 tan?K,y =k*2cos?K;-+sin?K;

=1—k*?cos2K,
Ki=tanh™')/1—£k*"2cos’K;

x _ 2 1/  coszy/2h )
p T ow E he R T 4 (3-33)

T T/h BE E0UE y/h IS5 x/h 23b robins.

RgogaE e LT Y//z~0 DL E, FIbBIFOIGHEI I\ TiE cos? zy/2h=1 X e B0 x/h
:2 tanh~!(tanh nT/4h):~ (T/h) 2 y/h=1 DL F x/h=c0 L]z 5.

Lf%k@tﬁﬁ@#?mf%&P@35@ivua WFROKIEL FEATHORES b O
ﬁkbf@ﬂm%%hfu%#%%MMAf DHREC, F— %@?ﬁ%g@f“C@@ibﬁE
AT OIS & b5,

FIRSHIERT (3:33) O cos’wy/2h DL LT, s —E Dl % X g T/h O Fke LT
X[h DEE BB THEND,  ChOOME y/h OB E L T2 L Fig. 3.6 2325
na.

COMERTH2 5 L5 T/h 23 LI RiCie s & x/h & T/h it sEfRic e 3. (R
SO L Fig 35 O3B EOBMBOEAE AL TH Y, »/h OFOF Lk BET i
FHUE ¥ 5 DT T/h O 0 MNCh b bFFXTH LS 2% R LT B, (ot L
T/h>3) Ljumoz”nh,3®&%N~@<33@ PROESED (3:3) 2N MHTLS
b ERIC 5.

X

h ;( ;)AI_C’ T/h=3, C=f(y/h) (3-34)
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Fig. 3-5 Position x on a ground surface of the strecamline that passes through
a depth y under the center of dam
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Fig. 3-8-1 Flux of water seepaged from a range of ground surface into free water
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cosh? zT/4h— cos®
T/h=2.0 ® ) ¥ tanh zT/4h=0.987
T/h=3.0 @ }» ¥ tanh zT/4h=0.999

0<y/h<1
1>cos? zy/2h=0
sinh?=T/4h

yj2h="

anh zT/4h

(3-36)

b b EHROMEL vk OIS G E HIICESE, £ y/h OENRAEF T T/h>
3 i, B A Y LB HLAE | DEMCE b ThE.

B4 BIMALUEC L DR

1. FEEHME & HBREO R



26 meoRtomoof o Im

09— T T . .
! [ ! | .
? [ RN | \ .
) ' f ; l i é i i :
0.8 pr— ! '
: Y -1 N ARNE -
y Bl | ! '
P 1o, S .
s ] | 1 |
r l> R X | !
] t
0.7 p— - n -4 — '
v i | f
1 ! - !
ST 77 TITTP7I7TITITTTYT / 'l : :98""0
{ ' '
0.6 EERE A AR G ‘J B - o TR 4 ! T
* i 1 90 : |
.
]
80| | | [
i
0.5 SR S SR N 8 ! ]
. J ; - . :
Q/A(]ﬁ \| |‘ o ; // :
| 1
1
) j 60 4Rl l
0.4 | ! . I
Ve ' v ! . !
A 150 | / ! ! .
' P | i i
/ Lo e A ' ! \
0.3 SN IS A N I :
' b\/ ! [ ! LT i
\ ‘l / ! //1 | !
\ | | o
\s 30 ; ! | / X / |
0 | 9L Batl !
@ /:/ L~ i )
\ \ 1 ! ! !
///\20 Pl Lol ' i
PR A T
\ // \ /\/l // : //'/ : ) IR B
0.1 o = S B e M DT ol
B > N = g BT I B i T i———
10 L—T ey Y = |t
. | ///r ’://r,./rj;’o—\. )_oi,,,.rﬂw g ’+ , ,
- 1 B ara O By e T [FE
] AT i !
:"-’—%’ ——— i 'T J ] j
0 F= j
0.01 0.02°0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0
x-T/2/h

Fig. 3.8-2 Flux of water seepaged from a range of ground surface into free surface
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DEDLSTHB. %4 Fig. 3-4 P44 250 Fig. 3.10 o & 5Tk 5.
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Fig. 3.9 Seepage valocity V, at the position x on a ground surface
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Fig. 3.13 Representation in the case of a single type of Nagasaki KANTAKU (unit meter)

5., TDr X
T GRAEHE) =149.0m, L (RBRBEE)=10,710m
AH (ki) =2.80—(—12.00) =14.8 m
k GEXRBED =10""cm/sec=10"° m/sec
L5,
D h=15m DHPL
T/h=993=10 Fig. 3-4 L b q/d46=0.093
BfIEY b ORER 9 2 3-11) XD
q=(q/49)k 4dH=0.093 x 109 x 14.8==1.38 < 10~? m®/sec
=138 % 10-3 cm®/sec=119 cm?/day
2RER 0=138x10"x1.071x10*
=1.43 <1075 m?/sec=14.3 cm®/sec=1.24 m®|day

ZDHH 20m OHEKF = FTIRET 5 KEX Fig. 3-8-2 @ T/h=10 I &\~ T x—{—/h:
20/15=133 O r = A& HIUE

g2/ 49 =0.087

20/q—0.087/0.093=0.935

FTlebb2RERD 935 % DHDONRTTIRIHLTVEZ LIT/cb.

EAHTHI 204+50=T0m 0¥ &% TR, ARCLT x— & [h=T0/15=467 D& & 5% 2
UL BB AT TICA—_N—LTBZENLNEN, &Dd Fig. 3.6 T x/h=144.5/15=9.63
AL ¥y/h=099 3T TIA——LTW3. Tibbd 9% RKNHERHLTLEDTWELART
L, OBk 2HYINRERRET S LINTEAL WM Ih 3.

i) h=30m 0L
R X35 T Fig. 3-4 kb T/h=496=5 D}y = A% ZiuL q/49=0.170, Pz i<
B Y D 0% R 9
= (q/ 4¢)k AH=0.170 % 10~°x 14.8 =2.52 < 10~ m3/ sec
=2.52%x10"3 cm?/sec=217.0 cm®/day
# - Fig. 382 I b x-—g-/h=20/30=0.666

g0/ 44 =0.131
g0/9=0.131/0.170=0.770
DX T0m Dr =A% Tt Fig. 3.6 L b x/h=144.5/30=4.82, y/h=0985 T/}t 98.5% »3
FTTIEHLTLEDTWBNE h=15m OBE L DSB8 5 3 & B a2, =201 b s
W EZT L. K LIRERT 217/119=1.83 fHIcix T 5.
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Fig. 3.15 Flow net in 7/h=1.0, 4h/T—=0.4 and 4h=1.0

F/c T/h=10, 4h/T=04 % JL0¥ dh=1.0  Lic. L3> TREAN, S TOREREY Th %
N da., Gp & FTAULE UG 7CETEE TR

4..=0.193 k4dh--. ... CASAGRANDE V12 L 5
qg.=0.533 kdh-----Table 3-2 \= ;. %
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SRS LB X B TR o X0 bt
¢=0.75 k 4h
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1. EREFESH D DIRFF R A FOMEEOEE ¥y FTOVER LOL ORI W RIT 2 H ((3-12),
(3-14), (3-15), (3.22), Figs. 3.2, 3.3, 3.4, Tables 3-1, 3.2 &)
() T/h %93 DL R/ 2 LIREF FOIRBIIEES ¥y O@WfiThidb b3 —Riithic/c .
(i) SRR RE T OEE ORI IS 5k
v nd¢(iw1r]:+tan2ny/2h’ >w2
77 4K \tan® zy/2h-+tanh® zT/4h,

(3-22)

Thbbihb
(iii) T/he Ly g/ do L OERITHIED RS X )35 &K C Table 3-1 ¢ DACHLER, FORCHHEIMER
DHH FANEHFNEHTE 5.
2. EEFRRETOEEOERI ¥ & & B AUROMEHIC KT 5 figx ((3-33), (3-34) Figs. 3
5, 3.6, 3.7 £H)
(i) MUSKAT DWW ONDBBRNSLOED L 5 e—oD B2 L b X5 L.

, cosz
x :~2ftank‘1<l— B (3-33)
h = cosh? ©T
4h
(ii) T/h %93 % 2% x/h L y/h OERIT-OXD L 57 T/h ¥4 3 HMNNCEETE 3.
x 1, T Yy .
3D o

et Tih 393 % 23L& y/h OEDOE L WAL RINIC R W CORT i T/h Dok
filze &L THELL.

3. HEAEOEROWIIC 2AD 2 X T 285K O ikt s LOH ((3-24), (3-25), (3-
26), (3-32) Figs. 3-8, 3.9 %)

1) HERECKT 2REKOMEULI2>EORNTLLLINS.

1 —tanh®- nx
v, _ 4 <M,,, 2k )“2 (3:32)
4K \panhe- X tanh2 =T
2h 4h

Teds T D DRERA TR XARLIEC Lo TERILEL, $FhbDEE~DWEHBME R L. &
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<y ZTDOFDFEITEDT %m&ﬁﬁx'frﬂﬁ T 5D TR 2 EHFEIRIED L 5 BTV, LichiD

TINEZBHANCE S LR RTR TR VCAEICEHM /b D L i 2D TR, & ZicH
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Fig. 4-1 Representation of seepage flow under a single dam on multiple permeable
bed of finite thickness which consists of two different layers

qlky or a dh=f(ky/ka-H [h-T/h) 4-1

LI 0TI O F58t & LT kulka, H[h, T/h isT 2EBOZ LA 2L LTCERTS. T/

bbEANMLEOESFC L Y MEAHET 2. MBS 2L UMK E/Es 2 itk h &

DREHIL S ORTRT S, TR EEN IR & il USRE T ndo 2 S5 A2\ T

benBZret5. ok Fig 41 B2 kuka 35 \0% ku<llky 2 X2T, WAUL L Big
Dich DT 5 O TARBEETIRATE % Type A, %5% Type B & LT CHx bz Lic L.

Bl BBREOETE
1. T/h=20 OBE

W |h=h, ki|ke=k, ki>ks ¥ L h=033 L8 050 D&%, ke OFixD DD T
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Fig. 4.2 (i) Seepage factor represented with ko, where T/hA=2.0 and h,=0.33
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Fig. 4-3 Seepage factor represented with k;, where T/h=2.0 and A,=0.5, 0.33
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Co'=q/kidh=C(k)™" |
Co=fi(T/h), b=folhy) .
LB TEDLEINS. 2k (D) 02D THSE. 2T C it k=1 F7bbiEkEn
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Representations of Z-plane, ¢-plane and W-plane on seepage flow under double dams

ZZT dpy=¢1—¢s, dps=ds— s

¢ Lde E fde

Spe= | = Spp= [ =2 _

SRRV ORI N SR
, ¢ d¢ £ Je

Sse= | Zeyr Soe= f»?(c’)' |
KO=v/Conb/ Comy/ 5 1,/C=1

G-DC G BHATEZHITH B, ZOFFE SR MRBC LTI e 212 L\

MESIELT (5-2), (5-3), (5:4), (5-7) 1=k b Type 1 DG EC DT E 2 1045, [
L X 5L T Type 2~7 DHECONTH TR EFREDOE - DNRTE 2 ThH 3. L7zA3D
T,:nB@&@%ﬁKMM%®%ﬁ&%Ea¢5.::K%%%ﬁ%@ﬁ@%&%.kxuiwﬁ
AT Fig. 5.1 © Ti=Ty, OBFE/4 ORS00 » Ie 5D THMIC/ D, Type 1~4 %22 h
I Z &iZies. F7edb Type 5~7 i3 Type 1~3 1= 3\ ba> o> by LEZ FULE USRS
Ish. *Fi- {-plane W\ T m=] LEZ T Iy,

B3I EIMELLEC & 258



R B’Jﬂif KiC 3 5 BRI 47

L. SRRk "

AAAAAAAAAA

ZDYE, Fig. 5-1 LA bh X5 EED A, C liAiKod
i Biaidh 2 DCHEBR O HE L Fig. 2.2 () odobSNc B
BUCHS T 2 A N2 TP 308N 5. Zodiio SEOmR
i BIKO KRNI X ¥ 5317 Th 5. Fig. 5.3 o4
N

D 1y, ry DZODIPLD I DT e DEINE F 20T
BBEM, ZOEOED L) I ICERE L bisw. 3k
b er~ey, ex~ey HOWPIKPIHEOET TN ER Ry, Ry &

oy N e 1 B 2 L R 42 THETE N i Fig. 5-3 Electrical circuit for a
5&, TOEGECHEE Y BET AN r/re OEETITED fHIC model experiment on

EDOTEWTHEMERE 52 L1 DT Ry, R DA ry, re D seepage flow under
e B8 3 LIF L n/r ONREH>TL 50ThB. b double dams

B ory, Ry 23X TN R IR B AR, er~er [HIOHII ”& Lile B LIERDT n=
AL ERISHARIED 1 22 SLENSD. O 0T, RO £ > Tk 3 b0

&%#,vireﬂMRxm¢5arw—£f; =0.0001 Ry +7cdob r oL 1 BOEL 7t 25
B r/Ri=10"2 L TEHERDTHS. r IOV THYUREC Z 2802 5.

2. EBOKFHEL LD

Fig. 5-3 OREIC L OTHME LT O HEIE (1), (D) OFEHTOWTO LR
1801z, TeR ZDGE, WEFOFEIMHIC T edicliE L §FLL Ti=T=T & Li:.

KB A B Ikt T/h=1, 3, 5, 10 O F-nFRICDOWT t/h=1, 3,5, 10, ¥-FD%Fh
FhicounT Hi/H>=50/50, 70/30%, 90/10 D&% %2 1.

3. HEBRRORE

NS AR LRS- ”;;” s
423 Fig.540k 5T //\_m }wa

. e \7490 FU
g)%. b‘fhi) I{l/Hz‘—‘— ! : 1 |

50/50 DHETFi b A
HXAFRRCTH 200, [Hh — N — Hy/Ho= 66,33
Bt e Lic, £ 9; }r/%/ U,éﬂi{{é\g\ ]ZO(,X// i
DX H b Fig, 5-1 O [ | !

IS X BEMEE AR E B

L Table 51 k5T i H]/m 0,20

Hx/Hz -90/10

e N - FTN 4 A LTA
9 N Vs s
o 95 o D Gat Rt S
", 7 80 [70%601E5 140 43020 - “_ F \\

Fig. 5-4-1 (i) Flow nets in T/h=1 and t/h=1

* T/h=1, t/h=1 D& & 5313, s 66/33, 80/20 D5t te.



T/h=1, t/h=3 H,/H;=50/50

- \
X7 Nss
/ \ 55 \

Voo
\ )

H,/H;=70/30

\
)
'
2

) , 80/70160

H;/H,=90/10
<o AUm008
T0.5°.0.370.1

503700

T/h=1, t/h:=5 Hi/H2=50/50

~
~

\\\‘
~ N
Sast N 5008
' |
\ \ \. )
, ' : "\/ v 50.16
. ’ v souas

H;/H;=70/30

H;/H=90/10

~ ST ~~I~_0.05

. N Sl
o N N0 0a
Jo \
Fig. 5-4-1 (iii) Flow nets in T/h=1 and t/h=5
T/h=1, t/h- 10 H,/H,  50/50
T % 50.025 “5\0‘?1/
/// ~ ‘/‘\ \‘\‘
1/ - ‘l '

PP TR CA R RY & AN T < P .
Xi%%{“{fﬂ% 5 5 T gos 302 /,/;:0‘05 ,30.07/30/ ,,2'9829.0,\
4 / =0 4 + 35 . VUL L 130, 7 y 8-

, S 7777_5_(%&{/ ; K2R e : ; %“H : P

\

- Ta9. 97 Spn QLPALS = L1057 1053 7 N L L
/99 ™ g5~ L 0TH 3 L1107 " /-{10325,'\lq'if'lo.zub.ulox2;g/
- P - 7 9.8/
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Fig. 5-4—3 (1) (ii) (iii) (iv) 45k ¢ Fig. 5-4—4 (i) (ii) (i) (iv) &>

WTEREIGASKRE IO THEL .
Table 5-1-1 Results of experimental analyses obtained from flow nets on Fig. 5.4-1
T/h=1
/h ‘HI/H2lQI/A(/‘]tq2/A¢ a/t ‘ HO/t ;‘ACI/AVS‘AII/m‘AQ/Q% 491 /91 4’42’/‘/2 /11’//1 ke /h | 1 xl/h ‘ xz/h
1 |50/50] 0.275] 0.275! 0.50 | 0.50 | 0.155 0564 0.564] 0436 | 0436 | 0405 0405} 070 | 070
66/33| 0.370 | 0.200: 0.68 | 0.32 | 0.149 0.403! 0.745| 0.597 | 0.255 | 0.570 0.250| 0.88 | 0.58
80/20| 0.410| 0.140 . 0.85 015 0]20‘ 0.293 0.857| 0.707 0.143 | 0.660| 0.125; 1.01 | 0.53
90/10| 0.513 0080’ —_— 0080 0.156  1.000 0.844} 0 0800, O ’ 1.35} 0.50
3 50/50| 0.260| 0.260| 0.50 | 0.50 0.040 0154‘ 0.154| 0846 1 0.846  0.850| 0.850, 1.54 | 1.54
70/30| 0.330| 0.150 | 0.62 | 0.38 | 0.038 0.115: 0.253| 0.885 = 0.747 | 0.870| 0.750; 1.64 | 1.21
90/10| 0.4451 0.056 | 0.73 | 0.27 | 0.026 0.059 0.464 0.941 . 0.536 | 0.910! 0.500| 1.88 | 0.79
5 :50/50| 0.251: 0.251 } 0.50 | 0.50 . 0.015 0.058 0.058| 0.942 0942 | 0.945, 0.945; 2.18 | 2.18
170/301 0,350 0.150! 0.57 | 043 0.010 0028\ 0.067: 0972 0933 | 0950| 0930, 225 | 204
90/10| 0.450: 0.054; 0.65 | 0.35 . 0.005 0.011 0094; 0.989 0.906 « 0.960' 0.870 240 | 1.64
! \ | I
10 50/50 0.270 0270 0.50 | 0.50 : ‘ i : |
70/30| 0.350| 0.140 | 0.53 | 047 . | , ; i
90/10’ 0460 0046 0.58 | 042 ; «10.010‘ =0.990 |
P k(Hy}*H‘_’), 4q-=Ag1— qu
Table 5-1-2  Results of experimental analyses obtained {rom flow nets on Fig. 5.4-2
T/h=3
| | ] \ [i ]
t/h ; Hi/Hs | qi/40 | g2/ 4 ' ai/t ' a; I 49/4¢ | dq/a, J 49/9> 1Aq1,q1 ‘ qu’/qﬂ xl/k x’/h
1 50/5 0125 0125 | 050 | 050 | 0065 052 | 0520 | 04s0 ' 0480 | 170 | 170
70/30 0.167 0.083 0.75 0.25 0.061 @ 0.362 0.730 | 0.638 0270 | 1.90 1.56
90/10 0.216 0.036 — — 0.036 | 0.169 1.000 - 0.831 0 I 2.36 1.50
31 50/50 0120 | 0120 | 050 | 030 | 0018 = 0150 | 0.150 0850 = 0850 242 | 242
70/30 0.162 0.077 0.64 0.36 0.016 : 0.100 0.210 0900 | 0790 . 2.70 2.21
90/10 0.210 0.026 0.78 0.22 0013 0.063 0.502 | 0.937 ' 0498 ’ 2.92 1.72
5 50/50 0.121 0.121 0.50 0.50 0.006 | 0.050 0.050 0.950 0.950 I 314 3.14
70/30 0.167 0.072 @ 0.58 042 0.005 . 0.030 0070 | 0970 | 0930 | 344 290
90/10 0.222 0.026 0.66 0.34 0.003 0.015 0.130 1 0.985 ‘ 0.870 | 3.85 2.51
10 | 50/50 0.122 @ 0.122 0.50 0.50 | 7 ‘ |
70/30 0.172 | 0.070 0.55 0.45 | 1 : |
90/10 0.222 0.024 0.59 041 ‘ [70.010 | {_,,:»0990 ‘ 1
| |
dp= k(Hi-+Hz),  Aq=Aq\==A4q,
Table 5-1-3 Results of experimental analyses obtained from flow nets on Fig. 5-4-3
T/h=5
t/h [HI/HQQ a/46 | Ca/dp | @t | ai Aq/Aqs J da/ar | da/a: | da0/ay | datfas | x/h | xo/h
150750 | 0083 | 0083 | 050 | 050 | 0057 | 0.680 | 0680 | 0320 | 0320 | 259 | 259
70/30 0.112 0.055 0.80 | 0.20 0.049 0.438 0.900 | 0562 ’ 0.100 2.78 2.51
90/10 0.143 0.023 - : —_— 0.023 0.162 1.000 " 0.838 | 0 3.34 2.50
31 50/50 0.082 0082 ' 050 | 0.50 0.012 0.150 0.150 | 0.850 ‘ 0.850 344 344
i 70/30 0.111 0.054 | 065 | 035 0.011 0.099 0.205 1 0.901 0.795 3.70 324
£ 90/10 0.148 0.017 | 0.78 ‘ 0.22 0.009 0058 | 0.510 ’ 0942 | 0490 4.05 2.70
5 | 50/50 1’ 0.082 0.082 ‘ 050 ¢ 0.50 ! 0.004 0.050 ‘ 0.050 ‘ 0.950 I 0950 4.12 4.12
70/30 0.114 0051 | 058 | 042 0.004 0.036 | 0.080 | 0.964 - 0.920 4.33 3.84
90/10 0.152 0.017 , 0.65 0.35 0.002 0.013 | 0.120 l 0987 | 0.880 4.84 3.56
10 | 50/50 | 0.086 0.086 0.50 0.50 \ i
70/30 0.113 0.053 0.54 0.46 ‘
90/10 0.152 0.016 | 0.59 041 ‘ i<;10.010 | =>0.990
dp= k(Hi{-Hy)  Aq=4q,=-4q;
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Table 5-1-4. Results of experimental analyses obtained from flow nets on Fig. 5.4-4
T/h=10

t/h | Hl/Hz] q1/4% | g2/ 44 ‘ a/t | ax/t i 4q/4% [ 4q/9, ’ 4q/q: iAQI//‘Il 442’/1121 x1/h x2/h
1| 50/50 | 0048 | 0.048 | 050 | 050 | 0029 | 0600 A 0600 ' 0400 | 0400 | 513 | 5.13
70/30 | 0068 | 0027 | 084 & 0.6 | 0021 | 0308 | 0780 | 0692 | 0220 | 550 | 505
90/10 | 0081 | 0010 = — — | 0010 | 0.125 | 1.000 A 0.875 0 605 | 500

3 50/50 | 0.047 | 0047 © 050 | 050 | 0008 | 0.170 ! 0.170 | 0.830 | 0.830 | 5.85 3.85
70/30 | 0.068 | 0.025 | 065 | 035 | 0007 | 0103 ;, 0280 | 0.897 | 0720 | 6.18 | 5.55
90/10 | 0.082 | 0009 | 078 | 022 | 0.004 | 0.053 | 0.500 | 0947 | 0.500 | 6.55 5.21

S| 50/50 | 0.049 | 0049 | 050 | 0.50 | 0.002 | 0.050 | 0050 @ 0.950 | 0950 | 6.60 | 6.60
70/30 | 0.066 | 0027 : 0.57 | 043 | 0.002 | 0028 0070 0972 | 0930 | 7.00 | 640
90/10 | 0.082 | 0.009 | 0.78 | 022 | 0.001 0013 | 0.120 | 0987 | 0880 | 7.40 | 6.08

10 | 50/50 { 0047 | 0.047 | 050 | 0.50
70/30 | 0.068 | 0.026 ‘ 054 | 046
90/10 | 0.085 ; 0.011 | 058 | 042 <20.010 i —0.990

Ap= k(H;+Hy),  Aq=Aq,=4g;
FA4E RREROEER
MFBECO T TCEREETT0 5.
1. IRBF FORZER

Table 5-1 O q:/4¢, g2/ 4 DD FfEs = ORIED HANCHEY 2. =D Hi/Hz H 30/70,
10/90 = 7c2tc &k Hi/H: @ 70/30, 90/10 O¥ D FE L AL EHE2 TL Wb He % Hi I
g % @ L TCELE Hi/Hi+H; © 09, 0.7, 05, 03, 01 @2\ TDOHDH g1 IZ2WTx
bhz. chbkr T/h > TXpRd5& Fig. 55 %5 3.

0.5¢

¥ t/h H,/H,+H;
04

® 1 @ 09
o 3 ® 0.7
© 5 ® 0.5
qi/49 O & 10 ® 03
® 0.1
—-— Dachler’s eq.
0.2F in case of
Hi/H+Hy=1,
d¢=k(H1-Hz)
0.1f

T/h
Fig. 5-5 Relation between q;/4¢ and T/h on seepage flow under double dams

= O ORI IR 1T B q/49 & T/h OEFR%E 53> DACHLER AR O DOFHHE
fEi*2 ZEFELLDTHS. COFPLRThHN5 X5 CHBEIERDOEHELEL X 5 o %iE

*1  Table 3-1 *2 Table 3.2



BRI X 2R BFH OB 51

0 © Ve
t/h
® 1
4¢
qi/ ®
© 5
@ 10

0 0.2 0.4 0.6 0.8 1.0
H,/H+H;
Fig. 5-6 Relation between qi/4¢ and H,;/H,-+H; on seepage flow under double dams

T LZEAKBOEX h LICBBRL BEOWE t i, 3L AXBERNREVEVWLZBZLITEHSE. 2D
Lt Fig. 3-9 24 Thh 3 L 5 ICREMOMHIRE OEFHIC KIETHEF LT VB Z L0 b YR T
55, ¥ qi/dé & Hy/Hi+H; OFRICEL>THRITL Fig. 56 5 3. D% ZTih
5L SR BIEE oo/ dd X Hi/H\+Hy, Y ERBERICS 5. 2L C Hi/Hi+H:=1 O L X0 {HiTH
RO L&D q/dp & T/h OBF L AL S, LIichi > TEIIEEFO & 2 OfEIL

. Hi —k(
g1/ dé=Cs o H, A¢=k(H,+ H,)

i) a1/ kH;=C, \
Ci—=f(T/h) : BB=RIREH O & & Oyt
ELTEDLINDG. VOB IUEERDFFLERRICEL TIL VI EERLTWS. 2D kit t/h
PEMBRTHAZLEVIETEIEDTHEA, B2 Dz 2 t/h BB FRAEHE T2 3 2
LT, th<l CigDTL 3L, ZOBXHNIED I/ 3ENE 5 LHEFEINB. f[#is
t/h—0 /3 2, T/h—2T/h (“ic 2T 306 ThH 5.
2. 4dgi/q1 Dff
Fig. 5-1 Iw&bh 3 L 51 A h BIEICALFICERE CHICIHT20ME 4 OEME ¢ 1
*$3 B I D\WT Fig. 5.4 DXL bk & 5L Table 5-1 X5 Th3. ZoHE, HEEOR
L b dg=4dq: ThH B0 Table 5-1 Tty 49 L LTEbLL. ZOKEXXCT 3L,
Fig. 57 DL 5Th 5. DL X3 Hi/H, 7% 30/70, 10/90 1 /co7-341x Hy/Hy © 70/30, 90
/10 DHED He % Hy 1T g2 % g1 2 LTEZRIT I
CDXE R Thn 5 X 51T da1/qr &KL OBIRIIHEBEREREFHRTRL Db /Wa, t/hic
DTRE—FEDREFEE D DOTED T/h [T L A LR E V2 5.
3. ai/t ¥ Hi/H,+H; ¥ DER
Fiedb dgr O L¥O BIETORME s OMNELXTHBEX L ViEAL b, Zhiay BHEOWE 1 &

(5-8)

¥ (3:10) H 21 2 Table 3-1 ic L DTA 5N B IWAGTH.
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Fig. 5-7 Relation between 4q;/q, and H;/H;-+H; on Fig. 5-1
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DX 5 I E DR O U T E 7o 0 1o D CHERA R Bk B IR F Wi O B v A
Bz oldi e L.

ZD Fig. 58 #HThn3 2 2, aft vk T/h 12 L2 TEBDETE 328 AT s CEELL
DR MRS B i,

AR LTk ) Hi/Hi+Hy LRGBS F5Th 5.

Ly —EORicE 2 TH S E Fig. 5.9 25 5.

10

08

0.6
a/t

04

0.2

" 1

0.8 1.0

04 06
Hy/H+H;

Fig. 5.8 (i) Relation between a;/t and
HI/Hl—]—Hg in T/h:l

0.2

* Fig. 5:2 B2 PA.

10

08 I

06
a/t

04

0.2

Fig. 5-8 (ii)

Nl (¥

10

04 06 08
H\/H\+H>

Relation between a;/f and

H;/H+H; in T/h=3

02




HEANPIRC L 212 B o 53

10 10 r
08 | 08
06 06
a/t ay/t
04 F 04
02 F - 02 F
L 1 1 N N 4 Il 1 | J
0 0.2 04 06 08 1.0 0 02 04 0.6 08 10
H/H-|-H: Hi/H+H;
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Chnb, @/t X HHi+Hy OB T/h C X 2TESOEE S S 2, 1/h & E>T F DA
DELBEMAFRTEDLLTEI L2022 Bbh 3. Thbb
a/t=a+[3(Hy/Hy+ H>) 59
- a=fi(t/h), B=f(t/h)
TRHEATES. 20 «, § Offikd L5, Fig 510 0L 5ThH 3.
73 DB T/h 1@ X2 THDDEND B & D1, £O—fi% Fig 511 IKRLTH <.
4. xo/h ¥ Hy/H,+H, + O¥{F
dgi=4g: O LD CHTOWMBA p ORELMMEH L VHEAL D, Zh & BKEOEL A
LDHTELEIE Table5-1 O X 512/ 3. ZOHES Ho/Hi+H>0.5 O iz onWTid, Hi %
Hy i LTHLIUE %1 55 % £ LTRBESRB D BIEN L. D FCCNERFT3h I ThS
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Fig. 7-14 (i) Relation between seepage factor q/k4h and d/h, when the sheet pile or
the block has laid down on a toe of dam, where 7/h=2.0
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S» : experimental value for a sheet pile
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Fig. 7-14 (ii) Relation between seepage factor g/k4h and Iy/h, when the sheet pile
or the block has laid down on a toe of dam, where T/h-=2.0
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Fig. 8-1 Representation of seepage flow on a pressure-reducing work for a
ground water pressure on a concrete lining of open channel
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Fig. 8.7 (ii) Comparison of equipotential line, where m=0 and 2, in r/h=2.5,
h/D=04 and ro/h=0.1

r/h=35 m=0  h/D=04 r/h=01

S
<
._,//
-
s
'
L

Y 310
\ 20
\ 30
\ 40

r/h=35  m-

il

2. h/D-04 ri/h-01

|
60 s0] 10\ ®oeo

Fig. 8.7 (iii) Comparison of equipotential line where m=0 and 2, in r/h=3-5,
h/D=04 and ry/h=0.1

EHIREL LB L35,
E4E & =

ST NEBENT S L

Bk i 0 i T AERE TS B 35Bc2on T, ERERLEEC X b EREGTHTL 3 2 ig27c.
1. BEmEr>onwT

Manhﬁ~%®a%®nndh@%%Kﬁf%ﬁﬁ%&@@&%a&,ovﬁhﬂhwhwﬁ
MﬁﬁﬁﬁﬁmxiH?%@&%@~%Kovf&ﬁbt.@mSG,&&Sdﬁﬁ)it%%@



BRI X 2R BROHLE 83

r-—:r

Fig. 8-8 Comparison of uplift pressure distribution, where m=0 and 2,
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Fig. 8.9 Comparison of uplift pressure distribution, where r/A=10, 2.5 and 3.5,
in m=0 and 2
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Résumé

The author studied experimentally on the problems of seepage flow by means of electrical
analogue method. This paper consists of nine chapters.

In chapter I, a position which the electrical analogue method holds on studies of the
seepage flow and its historical process are expressed. In chapter II, theories and practices of
electrical analogue method are explained with the author’s original method.

And the principle of experiments based upon the similarity between Darcy’s law on the
seepage flow and Ohm’s law on the electric current, and, advantages and disadvantages of this
experiment are explained. And thus applicability of this method is examined.

Among these studies, it will enhance more the value of this method that an application of
the resistance method for a measurement of the seepage flux was considered extensively on the
multiple permeable layer with several different, but uniform permeabilities.

The analytical results by this experimental method and partial theoretical results are descri-
bed and discussed between chapters III and VIIIL

The results obtained may be summarized respectively as follows.

1. The seepage flow under a single dam on a uniform permeable bed of finite thickness.

On the basis of Muskat’s theory, that is, * The seepage flux under dams without sheet piling
setting on permeable bed of finite thickness ”’, the author developed his theory and put equations
to practical use. And the results of its numerical calculation are represented in diagrams so as
to be readily available.

The results obtained are summarized as follows:

(1) The seepage factor summed from the dam base to a depth y under the center of dam
and the seepage velocity at the depth y (cf. Figs. 3-2, 3-3 and 3-4, Tables 3-1 and 3.2, Egs.
(3-12), (3-14), (3-15) and (3-22)).

1) As T/h approaches above 3, a seepage flow under dams becomes uniform independently
of a depth y.

2) The seepage velocity at a depth y under the center of dam is given by the following

equation : 2 TY
. yy 1+tan o4 12 32
"“AK'(’zay‘f‘}ﬁnT> (3-22)
tan’ ’2h'+ anh® 7

3) As to the equation of relation between T/h and total seepage factor g/ 44, Forchheimer’s
and Dachler’s equations (cf. Table 1) were convenient for easy calculation.

(2) The position x on the ground surface of streamline that passes through the depth y
under the center of dam (cf. Figs. 3-5, 3-6 and 3.7, Egs. (3-33) and (3-34)).

1) On the basis of Muskat’s equations, the relation between x/k and y/h can be introduced
by the following equation :

cosz 52
2 20\
x/h=2 tanh-1(1-—— 744) (3-33)

2) As T/h goes above 3, the relation between x// and y/h can be represented by the linear
equation in relation to 7/A as follows :

x/ = (T/h)+f (¥/0) (3-34)
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And when T/# is not less than 3, positions x on the ground surface of streamlines with an
equal value of y/h are identical all, independent of the value T/A.

(3) The flux and velocity of the seepage water from a range of ground surface into free
water (cf. Figs. 3-8 and 3.9, Egs. (3-24), (3-25), (3-26) and (3-32)).

1) The seepage velocity from the ground surface is given by the following equation :

—tanh? **.
Y, :_,’FA@( o )”2 (3-32)
’ 4K\ tanhe ™ _tanhe °7
2h 4h

Moreover, these theoretical results were compared with experiments by means of electrical
analogue method and an example of application in practice was given. These results were che-
cked too for the case where the dam and foundation were both permeable. :

2. The seepage flow under a single dam on a multiple permeable bed of finite thickness which
consists of two different, but uniform permeable layers.

In the case where the permeable bed consists of two different, but uniform layers, experi-
ments by means of electrical analogue method were carried out and the following facts were
detected, where Types A and B were the case of k,>k, and k.>>k,, respectively (cf. Fig. 4-1).

(1) The seepage flux depended on k-, h. and T/A

Experiments were carried out mainly in the case of 7/A=2.0 and results were obtained as
follows (cf. Figs. 4.2, 4.3, 4.5 and 4.6, Eqs. (4-2) and (4.3)). Moreover, the seepage flux in
the case of 7/A=1.0 and 5.0 were measured too, and results of Shima’s numerical calculation
were shown for reference (cf. Figs. 4-7 and 4-8).

1) On Type A

The secpage flow concentrates on an upper layer, as there is larger k; layer at an upper
side. Therefore, the seepage factor expressed with a larger permeability k;, becomes the constant
value independently of k,, as k, comes larger to some extent.

2) On Type B

The seepage factor in this case is shown by a kind of hyperbola depended on T/A, A, and
k. (cf. Egs. (4-2) and (4:3)).

(2) The state of flow in the case of Types A, B and a homogeneous layer (cf. Figs. 4-9,
4.10 and 4-11).

Flow nets in the case of 7T/A=2.0 and h,=0.5 were drawn and compared with that of a
homogeneous layer.

(3) The uplift pressure distribution at the base of dam (cf. Fig. 4-12).

Uplift pressure curves in three cases were drawn from the flow nets mentioned above and
were made mutually a comparative study. As the result, the order showed Type B, Homo. and
Type A in the magnitude of the total uplift moment with respect to a heel of dam. And the
magnitude of total uplift pressure was equal in every case, and could be represented by the
common triangle area of pressure.

(4) The seepage flux in the case of the dam and foundation are both premeable (cf. Figs.
4.13, 4-14 and 4-15).

The seepage flux was measured in the case of Types A and B. Where Type A was the case
which a permeability of dam was larger than that of foundation, while Type B was the opposite
case.

As the result, it was ascertained that the approximate calculation will be able to be used
where the seepage flux was calculated separately in both cases and then added up.

3. The seepage flow under the double dams on a uniform permeable bed of finite thickness.
Experiments by means of electrical analogue method and partial theories were studied on
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the seepage flow under double dams as shown in Fig. 5-1. From the results thus obtained, the
following facts will be possible.

(1) The total seepage flux ¢; and ¢g» under a dam can be considered similarly to that of
a single dam. And #/h is not considered. But, as to #/h<C1, the seepage factor will become
smaller (cf. Figs. 5-5 and 5-6, Eq. (5-8)).

(2) Problems on the ratio of seepage flux 4gi/q, 4q,’ /g, and the position a; of point s were
satisfactory on the consideration only of #/h and Hi/H:--H;, because these were independent
of T/h (cf. Figs. 5-7 and 5-9, Eq. (5:9)). But, as #/h comes smaller than 1, these will have an
influence upon T'/A.

(3) Discussions on position x;/# of which p is outflow point of upper extreme side of 4g
at the range C, were sufficient for the consideration only of ¢/h and H:/H;+H. (cf. Figs. 5.12
and 5-13).

(4) For t/h >1, relations between h'/h and x;/h or hy'/h and x;/h were justified in apply-
ing the relation between y/h and x/h as it is to a single dam (cf. Fig. 3-5, Eq. (3-33)).

4. The seepage flux in the closed conduit on a uniform permeable river bed of finite thickness.
By applying influences of impervious bed to common theories in the case where a permeable
bed was infinite, the author introduced the following experimental formulas, from experimental

results by means of electrical analogue method.
(1) For one closed coduit

a/kdh——2T2 _—a(a/D)P (6-6)
log d
where a=fi({d/a), B=f.(d]a) Fig. 6-6
(2) For two closed conduits
at a/l'<0.35
glkdh=—_ 2 _c(a/D)P (6-10)
ol (14 )]
d Iz
at a/l'’>>0.35
q/kdh=ca'+ B'log(l'/ D) (6-11)
where loga’=loga,— Ao(a/D) (6-13)
ao=fi'(d/a), Bo=f'(d/a) Fig. 6-13
#'=0.375+1.58(d/a) (6-15)

5. The seepage flow underneath coffer dams.

On the seepage flow under the boundary condition as shown in the following, theoretical
analyses by the conformal representation and some experimental analyses by means of electrical
analogue method were given.

i) The permeable layer was infinite or finite.

ii) The ground surface on the downstream side was unexcavated or excavated.

(1) Theories.

1) For the permeable layer was infinite.

As the ground surface on the downstream side was unexcavated (cf. Fig. 7-1), it was
readily found that

Z=dy *—1 (7-1)
W= —i‘f log(¢+1/%—1) +¢s. (7-2)
As the ground surface on the downstream side was excavated (cf. Fig. 7-2), it was given

vV v (=l
Vi V-1

that

_dr 2 s
Z= ”[ =/ =D —log Fidy (7-3)
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mfd le_,{{:.i_ -1 /71 4

2<~ I 1) 5] tan~Y [—1 (7-4)
_4¢ ‘(‘CJ ;‘{.C —1 .

; ]og/,,ﬂ ]/._.,l+qb2. (7-5)

2) For the permeable layer was finite.
As the ground surface on the downstream side was unexcavated (cf. Fig. 7-3), it was found

that d; Z
¢=14cot? z;h‘vtanhtghw (7-8)
d;
m=cosec-—%h1~ ' (1-7
1 . md
for = =sinyy- (7-10)
(=" (7-11)
_do (f_ 4
W= | aTm a—wm (7-12)
g/ 46=K'|2K=C;. (7-13)
As the ground surface on the downstream side was excavated (cf. Fig. 7-4), it was given
that (1_ N\ -
=(1= % )/m (7-15)
wd _panoa/m=1__L o m=l
“ah tan =1 I/mtan }/m(l—l) (7-16)
h VE—1+V{—m__ 1 vVm(l—1D)+v{—m
Z= e 1 T e T = ”L—‘—*"“f:l I T = e, omimmmr .
7 <°g/c—1—/c—m m °g/m(c—1)—/c~m) (7-17)
vV'm—1
x YV T 7-1
vm+1 (7-18)
—1
C—»—i:L—I—I/m (7-19)
_ d¢ ¢ dt i
W=— e | 7amma (7-20)
q/4¢=K'|2K=C;. (7-21)

(2) Experiments

1) In the case where the permeable layer was finite and the ground surface on the down-
stream side was unexcavated, the seepage factor was obtained from the experiment by means of
electrical analogue method and was compared with theoretical values (cf. Fig. 7-6). And the
state of displacement of equipotential lines by excavation of the ground surface on the down-
stream side was shown in diagrams (cf. Fig. 7-7).

2) The seepage factor were measured, as the excavated width of the ground surface on
the downstream side was finite (cf. Fig. 7-8). And then, as the ratio of these values in the
case of the excavated width was infinite, it was represented that:

Guj2__ W/ 2h
“q —atB(w2h) (7-23)

3) In the case where the sheet pile or the block has laid down on a toe of dam, the
seepage flux was shown and compared with one another in diagrams at a chosen set depth and
a path of percolation as an axis respectively (cf. Fig. 7-14).

4) The seepage flux, in the case of the cut-off wall with a gradient m, was measured and
shown by diagrams depending on the ratio of permeable layer thickness on the up and down
stream side (cf. Figs. 7-16 and 7-17). And the pressure distribution at the cut-off wall were
shown in diagrams and compared with one another (cf. Fig. 7-18).
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6. The seepage flow on the pressure-reducing work for a ground water pressure on the concrete
lining of the open channel (cf. Fig. 8-1).

The author carried out experiments by means of electrical analogue method on the seepage
flow mentioned above. It can be summarized :

(1) The seepage flux

As h/D and r/h are constant, the seepage factor according to various m and r/h was ob-
tained. And the influences of various h/D and ro/h on the seepage factor was partially examined
(cf. Figs. 8-3, 8-4 and 8.5). Moreover, the quantity of decreased seepage flux, when limited
to the finite boundary L in the experiment, was checked too (cf. Fig. 8-6).

(2) The uplift pressure distribution

The equipotential line was drawn on the case of three different base widths, each channel
having a vertical wall or a gradient wall, and the state of pressure distribution were compared
with one another (cf. Figs. 8-7, 8-8 and 8-9).

On each chapter above, the variable as T/h, x/h and q/ 44 etc. are all of non-dimension,
except some theoretical analyses, so it seems that the range of adaptation is wide.



Appendices
of

Experimental Values by Resistance Method

Symbols are a same symbol as that of Egs. (2-28),
(2-29) and respective chapter.
“Exp.” is an abridgment of * Experimental .
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App. 2-1 Exp. values for Fig. 2-1
No. Number of spraying R/ o’
1 9 1700 2 0.0059 ¢
2 135 132.0 0.0758
3 180 3151 0.3174
4 270 9270 1.0787
5 450 3.898 2.5654
6 720 3.336 2.9976
Note: b/1=1/10
T/h=5.0 App. 3-1 Exp. values for Fig. 3.12
L'/k Ry b/l Ry R 2q/k 4h 49/q
4.0 0.4884 1.76/16.40 0.05250 0.1542 0.3410 0
3.0 0.4886 " 0.05250 0.1544 0.3400 0.29
2.0 0.4886 ” 005250 0.1548 0.3395 0.47
10 0.4888 ” 0.05251 0.1574 0.3334 223
08 0.4894 ” 005253 0.1585 03311 2.93
0.6 0.4895 ” 005255 0.1627 0.3232 522
04 0.4895 " 0.05255 0.1690 0.3109 8.85
0.2 0.4895 ” 0.05255 0.1849 0.2845 16,57
01 0.4894 ” 0.05255 0.2290 0.2293 3273
T/h=10
L'/h Ry b/l R R | 2q/kdh 4q/q
40 2361 248/1595 | 03675 0.3443 1.066 0
30 2.360 ” 0.3670 0.3444 1.064 0.19
2.0 2357 ” ’ 0.3660 0.3456 1,060 0.56
10 2.357 " 0.3660 0.3579 1.022 413
038 2.359 " | 0.3663 0.3703 0.989 723
06 2.359 " | 0.3663 0.3937 0.923 13.40
0.4 2358 ” 0.3661 0.4415 0.830 2218
0.2 2358 ” 03661 0.5928 0,618 42.10
0.1 2358 ” | 03661 0.8449 0.434 59.30
Note: Ry, Ry and R in k& 49/9=(qrr/n=40—q1s}n=i)/qLin=40 in %
App. 4-1 Exp. values for Figs. 4.2 (i) and 4.3
T/h=20 type A  h=033
k Ry b/l R R | k& | 24/ a/ 46
Cokel ko ko N R —
ky 3,693 0.962/8.960 0.382 1.149 62.90 0.332 0.166
ks 2360 0.915/9.010 24.00 p ” 20.90 10.45
ki 36.66 0.921/9.050 3.750 14.47 (%-468 0.259 0.130
ke 820.0 0.921/9.000 83.90 ” 22,40 5.800 2.900
ke 545.0 0.790/4 485 96.00 ” 25.60 6.640 3320
ki 2.77 0.813/8.035 2.310 9.935 22,95 0.232 0.116
ks 526.0 0.910/9.035 53.00 ” - 5340 2,670
ki 36.65 0.920/9.045 3,749 14.45 (;ggg 0.258 0.129
ke 819.5 0.790,/4.490 55.65 P 14.86 3.858 1.929
ks 544.5 0.921/9.005 144.3 " 38.50 9.980 4.990
K 2.885 0.509/5.980 0.246 0.719 39.80 0.342 0.171
ke 48.43 0.797/3.955 9.780 ” p 13.60 6.800
ki 2.294 0.624,/5.980 0.239 0711 }}183 0.337 0.168
ks 266.0 0.806/8.025 26.75 " 1118 | 3760 18.80
ks 101.0 0.794/8.000 10,01 ” 4180 | 1410 7.050
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App. 4-2 Exp. values for Figs. 4.2 (i) and 4.3
T/h=2.0 type B h=0.33 '
k Ry b/l Ry R | k| 24/ q/4
k2 k9 k2| i
ki 2.818 0.698/7.000 0.281 5746 171.0 0.049 0.024
ki 2337 0.607/6.045 0.235 ” 2042 0.041 0.021
171.0
ks 480.0 0.805/8.050 48.00 " (3052 8.360 4.180
ki 20.02 0.740,/7.030 2.110 17.97 44.45 0.117 0.059
ks 930.0 0.910/9.020 93.80 ” ” 5220 2610
ki 2.393 0.827/7.980 0.248 57120 117.0 0.043 0.022
ke 287.0 0.810/8.000 29.01 " ” 5.080 2.540
ki 51.49 0.912,/9.000 5210 17.55 5.370 0.297 0.149
ke 275.0 0.920,/9.040 28.00 ” " 1.595 0.797
App. 4-3 Exp. values for Figs. 4-2 (ii) and 4.3
T/h=2.0 type A h,=0.5
k Ry b/l 1% R ke | 2a/49 q/4¢
- k2 k9| ke
ki 22.80 0.813/8.035 2311 7.060 23.08 0327 0.164
ks 529.0 0.910/9.035 53.40 " ” 7550 3775
ki 36.32 0.921/9.050 3.698 10.73 (;‘é?‘s’ 0344 0172
ke 537.0 0.921/9.000 55.00 ” 14.90 5.125 2562
ks 800.0 0.790,/4.485 141.0 " 38.15 13.13 6.565
k1 2.867 0.509/5.980 0.244 0.505 (g?,-gg 0.483 0.242
ks 47.57 0.797/3.955 9.590 ” 39.30 19.00 9.500
ks 119.7 0.505/4.280 14.12 ” 57.90 27.95 13.98
ki 4.768 0.710,/8.960 0378 0.806 63.80 0.469 0234
ks 2370 | 0.915/9.010 24.10 ” ” 29.90 14.95
ki 3430 | 0.735/8.955 0282 0.697 210.1 0.404 0.202
ke 7100 | 0.750/8.995 59.20 " ” 85.00 42.50
App. 4.5 Exp. values for Fig. 4.4
T/h=20 type B
he |k Ry b/l | R R kr 2q/4 q/4¢
k2 k2 k& .
050 | ki 3800 | 0.735/8955 | 0312 10.66 230.0 0.029 0.015
ks 8600 | 0.750/8.995 |  71.75 ” ” 6.740 3.370
067 | ki 3769 | 0.735/8955 | 0310 1145 226.1 0.027 0.014
ks 840.0 | 0.750/8.995 |  70.00 ” ” 6.110 3.055
077 | Kk 3746 | 0.735/8995 |  0.308 14.51 225.0 0.021 0.011
ke 8300 | 0.750/8.995 69.15 ” ” 4770 2.380
091 | Ky 3745 | 0.735/8.955 0.308 24.03 225.0 0013 0.006
ks 8300 | 0.750/8.995 69.15 ” ” 2.879 1439
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App. 4-4 Exp. values for Figs. 4.2 (ii) and 4.3
T/h=2.0 type B h,—0.5

k Ry b/l Ry R kr 2Q/d¢ q/4¢
ke 17 k@
ks 2.539 0.929/8.995 0.262 6745 253.0 0.039 0.019
ks 640.0 0.932 / 9.010 66.20 ” ” 9.840 4.920
2 2679 0.915/9.000 2.721 10.67 8.810 0.256 0.129
ke 236.0 0.915/9.005 24.00 p ” 2250 1125
ki 2979 0.698,/7.000 0.297 6.897 169.1 0.043 0.021
Ky 2421 0.607/6.045 0244 ” 2053 0,035 0.018
ko 502.0 0.805/8.050 50.20 ” (3528 7290 3645
ket 3231 0.622/6.780 0.296 6373 94.60 0.047 0.023
ki 2350 0.827/7.980 0.244 ” 1150 0038 0.019
ks 2770 0.810/8.000 28.02 ” (3450 4.400 2.200
ke 60.90 0.505/7.300 4215 26.06 23.95 0.162 0.081
ks 20.69 0.740/7.030 2180 ” 46.30 0.084 0.042
ki 26.00 0.806/5.000 4.190 ” 24.06 0.161 0.081
2395
ke 1000 0.910/9.020 1009 |« (4630 3.870 1.935
24.06
ki 19.49 0.703/5.725 2392 20.56 11.29 0.116 0.058
3 49.42 0.912/9.000 5010 ” 5.390 0244 0.122
ks 265.0 0.920/9.040 27.00 ” (355 1313 0.657
ki 3.800 0.735/8.955 0312 10.66 230.0 0.029 0.015
ke 860.0 0.750/8.995 7175 ” p 6.740 3370

App. 4-6 Exp. values for Fig. 4.7 (i)
T/h=10 type A h,=0.33

k R/ b/l Ry R k, 2q/4¢ q/4¢
ke k9 k2 1081
ks 2235 0.624/5.980 0.233 0.395 (o8t 0.590 0.295
ks 251.0 0.806,/8.025 2520 " 108.1 63.80 31.90
ks 9520 0.794/8.000 9.450 " 40.60 23.90 11.95
ki 35.52 0.921/9.050 3.615 1.061 ig?g 0.515 0.258
ks 5250 0.921/9.000 5370 ” 14.88 7.600 3.800
ks 1800 0.790,/8.020 177.3 ” 49.10 25.10 12.55
ki 3.803 0.926/8.960 0.394 0.658 63.00 0.598 0.299
ks 244.0 0.915/9.010 24.80 " ,, 37.70 18.90
ki - 24.16 0.813/8.035 2.444 6.523 23.10 0375 0.188
ks 560.0 0.910/9.035 56.50 p P 8.650 4.325
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App. 4.7 Exp. values for Fig. 4.7 (i)

T/h=10 type B h=0.33

k Ry b/l Ry R kr 2q/ 44 q/4¢
ko ko k@ -
ks 2.499 0.827/7.980 0.259 5227 | 1200 0.050 0.025
ko 307.0 0.810/8.000 31.10 g P 5.950 2.975
ky 2.956 0.698/7.000 0.294 5.113 167.0 0.058 0.029
ki 2.427 0.607/6.045 0.244 " 202.0 0.048 0.024
ke 492.0 0.805,/8.050 49.20 ” (;8;:8 9.620 4.810
ks 52,07 0.912/9.000 5.280 16.06 5.500 0.329 0.165
ke 285.0 0.920,/9.040 29.00 ., ,, 1.809 0.905
ks 43.70 0.806/8.000 4.410 1797 21.99 0.246 0.123
k 21.51 0.740,7.030 2.263 ” §2'§8 0.126 0.063
1.
ke 960.0 0.910/9.020 96.90 " ( iy 5390 2,695
ki 23.88 0.806/5.000 3.855 16.13 24.36 0.239 0.120
ky 19.41 0.740/7.030 2.042 ” 45.90 0.127 0.064
ke 930.0 0.910/9.020 93.90 " (32132 5810 2.905
App. 4-8 Exp. values for Fig. 4.7 (ii)

T/h=1.0 type A h-=0.5

k Ry b/l R | R kr 2q/4¢ a/ 4%
k@ ko ko

ki 3.321 0.622/6.780 0.305 0.762 98.25 0.400 0.200
ks 296.0 0.810/8.000 30.00 P ” 39.30 19.65
ki 20.09 0.703,/5.725 2464 4632 12.50 0.532 0.266
Ky 54.01 0.912/9.000 5.480 e 5.640 1.183 0.591
ks 303.0 0.920/9.040 30.82 " (%26'28 6.660 3.330
ki 2.871 0.509/5.980 0.244 0.286 (ggﬁg 0.855 0.428
ks 47.80 0.797/3.955 9.640 ” 39.45 33.70 16.85
ks 120.0 0.505/4.280 14.18 ” 58.00 49.58 24.79
ks 4.801 0.710/8.960 0.381 0437 63.10 0.870 0.435
ks 236.0 0.915/9.010 24.00 ” p 54.80 27.40
ki 36.34 0.921,/9.050 3.700 5.776 (;g-gg 0.640 0.320
ke 540.0 0.921,/9.000 55.30 ” 14.95 9.570 4.785
ks 810.0 0.790/4.485 1427 ” 38.50 24.70 12.35
ki 23.65 0.813/8.035 2.398 4226 23.45 0.567 0.283
ks 558.0 0.910/9.035 56.30 ,, p 13.32 6.660
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App. 4.9 Exp. values for Fig. 4.7 (ii)
T/h=10 type B h=05 )
k RY b/l Ry R { ky 2q/4¢ a/4é
k2 k2 ke
ki 3.007 0.698,/7.000 0.300 8.400 169.0 0.036 0.018
ke 506.0 0.805/8.050 50.60 ” . 6.030 3015
ky 2711 0.929/8.995 0.280 6.674 255.0 0.042 0.021
ke 690.0 0.932/9.010 71.40 ” p 10.70 5.350
ky 29.69 0.915/9.000 3017 8.792 8.660 0.343 0.172
ks 257.0 0.915/9.005 26.10 p ” 2,970 1485
ky 61.00 0.505/7.300 4.220 22.70 24.40 0.186 0.093
ki 2072 0.740,7.030 2.181 ” 4720 0.096 0,048
k1 25.86 0.806,/5.000 4170 ” 2470 0.184 0.092
2440
ke 1020 0.910/9.020 10.30 ” (47.20 4.540 2.720
2470
ki 3799 0.735/8.955 0312 8.320 230.0 0.037 0019
ks 860.0 0.750/8.995 7165 ” ” 8.615 4.308
App. 4-10 Exp. values for Fig. 4.7 (iii)
T/h=50 type A  h—=0.5
k R/ | i Ry R |k \ 2q/4¢ ‘) q/4¢
ke ] k@ |
ky 4.840 0.710,/8.960 0.384 1754 63.50 0.219 0.109
ks 240.0 0.915/9.010 24.39 " p 13.89 6.945
ki 2.863 0.509,/5.980 0.244 1.081 (g?ﬁg 0.226 0.113
ks 47.60 0.797/3.955 9.600 " 3940 8.890 4.445
ke 119.0 0.505/4.280 14.05 " 57.60 13.00 6.500
ki 2792 0.509/5.980 0.237 1.052 (3ad0 0.225 0.112
ke 46.45 0.797/3.955 9.360 " 3955 8.900 4.450
ke 1172 0.505,/4.280 13.83 ” 58.40 13.13 6.565
Ky 36.53 0.921/9.050 3738 23.57 (%‘g:?,(l) 0.159 0.079
ks 540.0 0.921/9.000 55.40 p 14.81 2,346 1.173
ks 820.0 0.790/4.485 1445 p 3870 6.140 3.070
ki 22.94 0.813/8.035 2.321 15.66 23.01 0.148 0.074
ke 530.0 0.910/9.035 53.45 p " 3.419 1709
App. 4-11 Exp. values for Fig. 4.7 (iii)
T/h=50 type B h=05
k RY b/l Ry R | k| 20 a/ 44
ke o k2 ke
ky 3.005 0.698,/7.000 0.299 9.780 169.1 0.031 0015
k1 2.443 0.607/6.045 0.246 " 206.0 0.025 0.012
ks 506.0 0.805/8.050 50.60 ” (21 5.180 2,590
ki 3227 0.622/6.780 0.296 9.650 94.70 0.031 0015
ki 2.348 0.827/7.980 0.244 ” 1152 0.025 0.013
ke 277.0 0.810,/8.000 28.02 " (?‘]‘gg 2.905 1.452
ki 19.54 0.703/5.725 2,400 39.42 11.32 0.061 0.030
ks 49.62 0.912/9.000 5.040 p 5.400 0.128 0.064
ko 267.0 0.920/9.040 21.20 ” (3533 0.690 0.345




96

H Al

X BB

App. 4-12 Exp.

values for Fig. 4-13

T/h=10 type A ka>kg
k RY b/l Ry R L kr /4%
k2 ke k2 e is0
ka 41.95 1.50/15.015 4.190 17.84 (5309 0.235
kq 3435 1.50,/15.030 34.29 " 8.180 1.920
kq 4120 1.10/11.020 41.10 " 9.810 2.300
ka 3.270 1.52/15.005 0331 1.691 (S50 0.196
kq 231.0 1.40/14.050 23.00 " 69.50 13.60
k, 3157 1.12/11.000 3210 ” 97.00 18.98
App. 4-13 Exp. values for Fig. 4-13
T/h=1.0 type B ky>kq
k Ry b/l Ry R ! Ky a/4¢
ko ke ke
kq 42,00 1.00/10.045 4180 7211 5.760 0.580
Ky 36.26 1.40/13.980 3.630 ” 6.670 0.504
ka 241.0 1.60,/16.000 24.10 " (g:g.?g 3.345
kq 3.202 1.21/12.010 0.322 0.762 126.5 0422
kq 4293 1.52/15.020 0.434 p 93.80 0.570
ke 404.5 1.51/15.005 40.70 ” (3% 53.40
App. 4-14 Exp. values for Fig. 4.14
T/h=2.0 type A kqi>ky
k R | b/l Ry R r 2/ 49
ke k2 ke 829 R
ka 41.48 1.50/15.02 4.141 19.97 (553 0.208
kg 344.0 1.50/15.03 3432 " 8.29 1.720
ky 413.0 110/11.02 41.20 " 9.95 2065
ka 3.266 1.52/15.01 0331 1.680 (S34 0.197
Ky 227.0 1.40/14.05 2261 ” 68.4 1347
k, 310.0 1.12/11.00 31.54 " 95.4 1878
App. 4-15 Exp. values for Fig. 4-14
T/h=20 type B  k,>ky
k Ry b/l | R R k| a/as
k2 %@ ke R —
kq 41.08 1.00/10.05 4.085 10.25 5.90 0.398
ky 35.51 1.40/13.98 3.558 p 6.78 0.347
ka 241.0 1.61/16.10 24.10 ” ( e 2.350
k, 3.071 1.21/12.01 0.308 1.026 129.2 0.300
kq 4117 1.52/15.02 0.416 p 95.7 0.406
ka 396.0 1.51/15.01 39.82 ” ( 13‘«;-; 38.85
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App. 6-1 Exp. values for Figs. 6-2, 6-3, 6.4 and 6.5
d=1.55cm, a=2.0cm, L=240cm (d/a=0.775)

D | a/D Ry b/l Ry R q/2k 4k ] q/k4h { a*/k 4k ] qa/kdh
cm kQ k2 ko
119 0.168 1.611 2.00/22.60 0.1428 0.07766 1.84 3.68 3.77 0.06
9.0 0222 1.611 ” 0.1428 0.07824 1.83 3.65 3.74 0.09
72 0.278 1.613 | ” 0.1430 0.07910 1.81 3.62 3.70 0.13
59 0.339 1.611 | ” 0.1428 0.08014 1.78 3.56 3.65 0.18
50 | 0.400 1.610 ” 01427 0.08180 1.75 | 349 3.57 0.26
44 | 0455 1.610 7 0.1426 0.08358 1.71 342 3.50 0.33
3.9 0.513 1.609 ” 0.1426 0.08600 1.66 | 3.32 3.40 043
3.6 0.555 1.609 ” 0.1425 0.08783 1.62 325 3.32 0.51
33 0.606 1.607 ” i 0.1423 0.08998 1.58 | 316 324 0.59
3.0 0.666 1.608 ” 0.1424 0.09318 1.53 | 3.06 3.13 0.70
2.8 0.715 1.609 ” 0.1425 0.09620 148 2.96 3.03 0.80
24 0.834 1.612 ” 0.1428 0.10240 1.39 2.80 2.86 0.97
Note: g*/kdh is seepage factor corrected by coefficient of correcticn. gq/k4h is value
decreased for influence of finite D. coefficient of correction=1.024
App. 6.2 Exp. values for Figs. 6:2, 63, 6-4 and 6.5
d=l1cm, a=2.0cm, L=240cm (d/a=0.55)
D a/D Ry b/l Ry R | q/2k 4h q/k 4h q*/k4ah | qa/kah
cm k@ kR k2
12.0 0.167 1.175 2.00/26.00 0.09048 | 0.05622 1.61 3.22 3.13 0.04
8.7 0.230 1.168 ” 0.08990 | 0.05625 1.60 3.20 3.10 0.07
6.7 0.298 1.139 ” 0.08773 | 0.05568 1.58 3.15 3.06 0.11
54 0.370 1.138 ” 0.08763 | 0.05661 1.55 3.10 3.01 0.16
4.5 0444 1.136 ” 0.08750 | 0.05775 1.52 3.03 2.94 0.23
39 0.513 1.135 ” 0.08740 | 0.05906 148 2.96 2.87 0.30
34 0.589 1.135 ” 0.08737 | 0.06080 1.44 2.88 2.79 0.38
3.0 0.666 1.133 ” 0.08726 | 0.06331 1.38 2.76 2.68 0.49
2.7 0.741 1.133 ” 0.08724 | 0.06620 1.32 2.64 2.56 0.61
2.6 0.785 1.133 ” 0.08725 | 0.06787 1.29 2.58 2.50 0.67
Note: q*/kdh ig seepage factor corrected by coefficient of correction. gq/k4h is value
decreased for influence of finite D. coefficient of correction=0.971
App. 6:5 Exp. values for Fig. 6.7
d=0.6cm, a=2.0cm, D=63cm (d/a=0.30, a/D=0.317)
i |
L L/D Ry b/l § Ry R q/2k ah 4q/q
cm k&2 ke k&
12.5 1.985 0.7942 1.39/15.92 0.06925 0.05925 1.169 0
0.7940 ” 0.06924 0.05925 1.169 0
9.5 1.508 0.7960 ” 0.06941 0.06020 1.153 1.03
0.8141 ” 0.07099 0.06195 1.146 1.63
7.0 1.110 0.8144 ” 0.07102 0.06487 1.095 6.01
0.8144 ” 0.07102 0.06500 1.093 6.09
5.7 0.905 0.8127 ” 0.07087 0.06574 1.078 747
0.8126 ” 0.07086 0.06575 1.078 7.51
44 0.699 0.8112 ” 0.07074 0.06856 1.032 1142
0.8116 ” 0.07077 0.06864 1.031 11.50
3.1 0.492 0.8101 ” 0.07064 0.07358 0.960 17.60
0.8103 ” 0.07066 0.07359 0960 | 17.60
2.0 0.318 0.8110 ” 0.07072 0.08475 0.834 | 28.37
0.8111 ” | 0.07072 0.08476 0.834 28.37

Note: 4q/q=(qz/p=1935—4r/p=i) /9r/p=1.985 in %
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App. 6-3 Exp. values for Figs. 6-2, 63, 6-4 and 6-5
d=0.6 cm, a=2.0cm, L=19.25¢cm (d/a=0.30)

p | a/p | R | b/ Ry R | a/2kah | afkan | q¥/kdh | qufksh
cm k@ kg kQ
105 | 0190 | 1865 | 1.50/1946 | 01438 | 01150 | 1250 | 2500 | 2397 | 0029
1.869 p 01440 | 01153 | 1249 | 2495 | 2392 | 0034
80 | 025 | 13869 ” 0.1441 | 01162 | 1240 | 2479 | 2377 | 0049
1.871 ” 0.1442 | 01164 | 1239 | 2477 | 2375 | 0051
65| 0308 | 1865 ” 0.1437 | 01174 1224 | 2448 | 2348 | 0078
1.909 ” 01471 | 01207 | 1219 | 2438 | 2338 | 0088
57| 0351 | 1908 ” 0.1470 | 01218 | 1207 | 2413 | 2314 | 0112
1908 ” 01471 | 01219 1206 | 2412 | 2313 | 0113
50 0400 | 1.907 ” 0.1460 | 01238 | 1187 | 2374 | 2276 | 0150
1.908 f 01470 | 01230 | 118 | 2372 | 2275 | 0151
43 | 0465 | 1908 ” 0.1471 | 01267 | 1161 | 2321 | 2226 | 0200
1909 g 01471 | 01267 | 1161 | 232 | 2226 | 0200
38 | 0526 | 1910 ” 01472 | 01298 | 1134 | 2268 | 2175 | 0251
1.910 " 01472 | 01298 | 1134 | 2268 | 2174 | 0252
34| 0588 | 1910 ” 0.1472 | 01336 | 1102 | 2204 | 2113 | 0313
1.910 ” 01472 | 01339 | 1099 | 2199 | 2108 | 0318
30 | 0666 | 1915 ” 0.1476 | 0.1405 | 1051 | 2101 | 2015 | 041l
1.916 p 0.1477 | 01406 | 1050 | 2100 | 2013 | 0413
27| o740 | 1913 ” 0.1475 | 01473 | 1001 | 2002 | 1919 | 0507
1913 ” 0.1475 | 01474 = 1000 | 2001 | 1918 | 0508
25| 0800 | 1914 ” 0.1476 | 01562 | 0945 | 1889 | 1811 | 06I5
1914 " 0.1475 | 01562 | 0944 | 1887 | 1810 | 0616
23| 0870 | 1914 ” 0.1475 | 01669 | 0884 | 1767 | 1695 | 0731
1916 » 0.1477 | 01675 | 0882 | 1763 | 1691 | 0735

Note: g*/k4h is seepage factor corrected by coefficient of correction. gqa/k4h is value
decreased for influence of finite D. coefficient of correction—=0.9589

App. 6-4 Exp. values for Figs. 6:2, 6-3, 6:4 and 6-5
d=0.3¢m, a=20cm, L=1930cm (d/a=0.15)

D a/D } Ry \ b/l Ry [ R 1 a/2k 4h \ q/k4h \ q* /k 4k l qa/k 4k
cm k@ k@ kQ
103 | 0.194 1971 | 15171945 | 01530 | 01702 | 0899 1.80 1.90 0.01
1.980 " 01537 | 01711 | 0898 1.80 1.90 0.01
77 | 0260 1975 " 0.1533 | 01720 | 0891 178 1.88 0.03
1.978 " 01536 | 01724 | 0891 178 1.88 0.03
62 | 0322 1979 " 01536 | 01741 | 0882 176 1.86 0.05
1.987 " 01543 | 01749 | 0.882 176 1.86 0.05
52| 0385 1.988 ” 01543 | 01754 | 0880 176 1.86 0.05
1.988 " 01543 | 01757 | 0878 176 1.85 0.06
43 | 0465 1.987 ” 01542 | 01787 | 03863 173 1,82 0.09
1.987 ” 01542 | 01789 | 03862 1.72 1.82 0.09
37| 0540 1986 ” 01542 | 01827 | 0344 169 178 0.13
1.989 ” 0.1544 | 01834 | 0.842 168 178 0.14
33 | 0606 1.986 ” 01542 | 01873 | 0823 165 174 0.18
1.987 ” 01543 | 01876 | 0822 164 174 0.18
30 | 0.666 1,986 ” 01542 | 01936 | 079 1.59 1.68 023
1,985 ” 01541 | 01940 | 0.794 159 1.68 0.24
28 | 0715 1.985 " 01541 | 01991 | 0774 155 1.63 0.28
1.986 ” 01541 | 01995 | 0772 154 1.63 0.28
26 | 0770 1.985 " 01541 | 02080 | 0741 148 1.56 035
1.985 Y 01541 | 02083 | 0740 1.48 156 035
24 | 0834 1,983 ., 01540 | 02216 | 0695 139 147 045
1.983 ” 01540 | 02218 | 0,694 1.39 147 0.45
22 | 0910 1,984 " 01540 | 02528 | 0.609 122 1.29 0.63
1.984 ” 0.1540 | 02529 | 0,609 122 129 0.63

Note: g*/k4h is seepage factor corrected by coefficient of correction. gq/k4h is value
decreased for influence of finite D. coefficient of correction—=1.055
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App. 6-6-1 Exp. values for Figs. 6.9, 6-10 (i) and 6-11 (i)
(d/a=0.775) d=1.55cm, a=2.0cm
a/D=0.168 D=11.90 cm, L=23.60 cmn
r/2 e | r/D Ry bI | R R q/k 4h q* /kdh
cm k2 k2 k2 T
5.0 0.200 0.840 1.617 2.00/23.75 0.1361 0.03578 3.804 3.621
1.619 " 0.1363 0.03590 3.797 3.614
29 0.345 0.487 1.618 v 0.1363 0.03836 3.552 3.381
1.619 ” 0.1363 0.03840 3.550 3.379
2.0 0.500 0.336 1.622 ” 0.1366 0.04129 3.308 3.149
1.623 ” 0.1366 0.04136 3.303 3144
1.5 0.667 0.252 1.627 7 0.1370 0.04428 3.094 2.945
1.649 ” 0.1389 0.04505 3.080 2.932
1.2 0.833 0.202 1.626 ” 0.1369 0.04685 3.922 2.782
1.623 / 0.1367 0.04693 2912 2772
1.0 1.000 0.168 1610 ” 0.1355 0.04827 2.807 2.672
1.612 ” 0.1357 . 0.04838 2.805 2.670
Note: g*/k4h is seepage factor corrected by coefficient of correction 0.952.
a/D=0318 D=6.30cm, L=17.8cm
/2 1 a/l | r/p z Y R | R a7k 4h a*/k dh
cm T k@ k2 hQ ]
5.0 0.200 1.589 1.585 2.00/23.75 0.1335 0.03644 3.664 3.503
1.585 ” 0.1335 0.03649 3.659 3.498
29 0.345 0.922 1.582 ” 0.1332 0.03911 3.406 3.256
1.582 ” 0.1332 0.03917 3.401 3.251
2.0 0.500 0.636 1.581 ” 0.1331 0.04197 3.171 3.031
1.582 2 0.1332 0.04202 3.170 3.031
1.5 0.667 0477 1.577 ” 0.1328 0.04462 2.975 2.844
1.578 ” 0.1328 0.04474 2.968 2.838
12 0.833 0.381 1.576 7 0.1327 0.04721 2.810 2.686
1.576 ” 0.1327 0.04724 2.809 2.685
1.0 1.000 0.318 1.578 p 0.1329 0.04941 2.685 2.567
[ 1.578 ” 0.1329 0.04948 l 2.686 2.568
Note: g*/k4h is seepage factor corrected by coefficient of correction 0.956.
App. 6-6-2 Exp. values for Figs. 6-9, 6-10 (i) and 6-11 (i)
(d/a=0.715) d=1.55cm, a=2.0cm
a/D=0.476 D—=4.20cm, L=17.35cm
v2 | ar | b | Ry o1 | R R a/kah | qe/kan
h cm k2 k2 k&
5.0 0.200 2.380 2.520 0.95/16.85 0.1421 0.04175 3.403 3.294
2.9 0.345 1.380 2.505 ” 0.1413 0.04444 3.179 3.077
2.0 0.500 0.952 2.503 ” 0.1412 0.04822 2.928 2.834
1.5 0.666 0.714 2.498 ” | 0.1409 0.05179 2,722 2.635
1.2 0.833 0.571 2.498 ” ‘ 0.1409 0.05485 2.568 2.486
1.0 1.000 0.476 2.484 ” | 0.1401 0.05738 2.441 2.363
Note: g*/k4h is seepage factor corrected by ccefficient of correction 0.968.
a/D=0.625 D=3.20cm, L=23.95cm
/2 f ayl | //D ‘ Ry ’ byl ! R." 1 R \ a/k dh qa* /kdh
cm o k2 [ kgl ka2 T
5.0 0.200 3.125 J 0.9195 2.75/23.90 0.1057 0.03338 3.166 3.071
2.9 0.345 1.812 0.9180 ” 0.1056 0.03553 2972 2.883
20 0.500 1.250 f 0.9216 ’ 0.1060 0.03852 2.751 2.668
1.5 0.667 0.938 0.9203 ” 0.1058 0.04138 2.556 2479
12 0.833 0.750 0.9178 7 0.1055 0.04388 2.404 2.332
10 1.000 0.625 0.9193 7 0.1057 0.04615 2.290 2221

Note: g*/k4h is seepage factor corrected by coefficient of correction 0.970.
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App. 6-7 Exp. values for Figs. 6-9, 6-10 (ii) and 6-11 (ii)

(d/a=0.55) d=11cm, a=20cm
a/D=0.160 D=125cm, L=243cm

/2 \ a/l l I'/D Ry b/l Ry R { a/k4h q*/k4h
E— k@ k2 )
so 0200 | 0800 | 2079 | 180/2380 | 0.1572 0.05367 2.929 3.014
50 | 0345 | 0464 | 2080 ” 0.1573 0.05670 2774 2.854
50 | 0500 | 0320 | 2155 ,, 0.1630 0.06240 2,612 7,638
15 | 0666 | 0240 | 2149 , 0.1625 0.06604 2461 2,532
12 | 0833 | 0192 | 2145 /, 0.1622 0.06962 2.330 2,398
10 1000 | 0160 | 2143 p 01620 | 007296 2220 2284
06 1 1.665 009 | 2141 ” 0.1619 | 008150 1.987 2.045

Note : g*/k4h is seepage factor corrected by coefficient of correction 1.029.

a/D=0625 D=32cm, L=253cm

va | ar | wp | R e | R R a/ksh | q*/kah
T em 02 kﬂ‘ k@
s 0200 | 3122 | 2139 | 200/2450 | 01745 | 006789 \ 2,570 2,619
29 | 0345 | 1812 | 2133 ” 01740 | 0.07190 2.420 2466
50 | 0300 | 1250 | 2133 p 0.1740 | 007730 2250 2293
15 | 0666 . 0937 | 2129 " 1 01737 | 008358 2,078 2117
12 | 0833 | 0750 | 2125 » | 01734 | 00885 | 1960 1.997
10 | 1000 | 0625 | 2122 ;| OITL 009296 | 1362 1,867
06 | 1665 | 0375 | 2119 ” \ 01729 | 010460 | 1653 1683

Note: g*/k4h is seepage factor corrected by coefficient of correction 1.019.

App. 6-8 Exp. values for Figs. 69, 6:10 (i) and 6-11 (i)

(d/a=0.30) d=0.6cm, a=2.0cm
a/D=0.160 D=125cm, L=256cm

|
e | aw /D { Ry \ oI | R R q/k 4k g+ /k 4k
cm k& ) k&2 kQ
5o 0200 | 0800 | 2742 | 199/2550 | 02142 0.09304 2,302 2337
29 | 0345 0.464 2702 | ” 02110 0.09569 2205 2238
50 | 0500 | 0320 | 2684 " 0.2096 0.10016 2,093 2124
15 | 0666 | 0240 | 2673 " 0.2088 0.10451 1.998 2,028
12 | 0833 0192 | 2663 " 0.2079 0.10845 1917 1.946
10 1000 | 0160 | 266 " 1 0.2074 011235 1.846 1.874

Note ; g*/k4h is seepage factor corrected by coefficient of correction 1.01S5.

a/D=0.318 D=6.3cm, L=203cm

|
v | aw | o1/p | R | b | R R a/kah | q*/kah
cm| k2 k2 k82
so™™ om0 | 15w | 2618 | 19172550 l 01961 | 008782 2232 2261
29 | 035 | 092 | 2613 ” 01957 | 009239 2118 2146
20 | 0500 | 0636 | 2611 » | 0195 | 009758 2005 2031
{5 | 0666 | 0477 | 2610 » | 01955 | 0.10285 1.901 1926
2 | 0833 | 0381 2607 » | 01953 | 010763 1815 1.839
10 | 1000 | 0318 | 2607 ” 01953 | 011180 |  1.747 1770
05 | 2000 | 0159 & 2604 ” 0950 | 012910 1510 15530

Note : g*/kdh is seepage factor corrected by coefficient of correction 1.013.
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a/D=0478 D—=42cm, L=198cm
v2 | ey |y R | b/l R’ | R a/kah | q*/kah
cm kg k2 k2
50 0.200 2.398 2.841 1.34/19.80 0.1921 0.09231 2.081 2.129
29 0.345 1.387 2.882 ” 0.1948 0.09800 1.988 2.034
2.0 0.500 0.956 2.885 ” 0.1950 0.10492 1859 1.902
1.5 0.666 0.717 2.886 ” 0.1951 0.11145 1751 | 1.791
1.2 0.833 0.574 2.888 ” 0.1952 0.11732 1.664 | 1.702
1.0 1.000 0.478 2.891 ” 01954 0.12185 1.604 | 1.641
0.5 2.000 0.240 3.003 ” 0.2030 0.14265 1.425 ‘ 1.460
Note: g*/k4h is seepage factor corrected by coefficient of correction 1.023.
a/D=0.625 D=32cm, L=150cm
v2 | ar | D | R b/l Re | R | a/kan | a*/kah
cm! k@ k82 k2
5.0 0.200 3.125 0.9920 2.95/14.90 0.1964 0.09819 i 2.000 1.986
29 0.345 1.812 0.9838 ” 0.1948 0.10160 | 1.917 1.904
1.5 0.666 0.938 0.9755 ” 0.1931 0.11548 \ 1.672 1.660
1.2 0.833 0.750 0.9731 / 0.1927 0.12134 1.588 1.577
1.0 | 1.000 0.625 0.9674 ” 0.1915 0.12705 1.507 1.496
0.5 \ 2.000 0.312 1.0025 ” 0.1988 0.15335 1.295 1.285
Note: g*/k4h is seepage factor corrected by coefficient of correction 0.993.
App. 6-9 Exp. values for Figs. 6-9, 6:10 (ii) and 6-11 (ii)
(d/a=0.15) d=03cm, a=20cm
a/D=0.160 D= 12.5cm, L=25.4cm
2 N a/l’ /D Ry b/l Ry R q/k4h a*/kdh
cm k@ k2| k2
50 | 0.200 0.800 2.096 2.00/24.95 0.1680 0.09272 1.812 1.861
29 \ 0.345 0.464 2.090 " 0.1675 0.09650 1.735 1.782
20 | 0500 0.320 2.085 ” 0.1672 0.10155 1.646 1.690
1.5 0.666 0.240 2.083 ” 0.1670 0.10605 1.575 1.618
1.2 ‘ 0.833 0.192 2.080 ” 0.1667 0.10955 1.522 1.563
1.0 | 1.000 0.160 2.079 ” 0.1667 0.11405 1.462 1.501
05 | 2000 0.080 2.078 ” 0.1666 0.13242 1.258 1.292
Note: g*/k4h is seepage factor corrected by coefficient of correction 1.027.
a/D=0.625 D=32cm, L=250cm
v | an v/D Ry b/l Ry R | a/kah | q*/ksh
cm ke k2 k2
50 0.200 3.122 2.085 2.00/24.95 0.1671 | 0.1033 1.618 l 1.676
2.9 0.345 1.812 2.089 ” 0.1674 0.1076 I 1.556 1.612
2.0 0.500 1.250 2.092 ” 0.1677 0.1123 | 1.493 1.547
1.5 0.666 0.938 2.092 ” 0.1677 0.1197 | 1.401 1451
1.2 0.833 0.750 2.091 ” 0.1676 0.1267 \ 1.323 1.371
1.0 1.000 0.625 2.085 # 0.1671 0.1316 | 1.270 \ 1316
0.5 2.000 0.312 2.086 ” 0.1672 0.1531 | 1.092 ‘ 1.131

Note : g*/k4h is seepage factor corrected by coefficient of correction 1.036.
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App. 7-1 Exp. values for Fig. 7-6

d; di/h R/2 ‘ R dR Cs
cm 2 Q2
45 0.9 2,385 4.770 4,738 0.211
4.0 0.8 1,782 3.564 3.540 0.282
3.5 0.7 1,424 2.848 2.829 0.353
3.0 0.6 1,213 2.464 2410 0415
2.5 0.5 1,031 2.062 2.048 0.488
2.0 04 971 1,942 1.929 0.518
1.5 0.3 820 1,640 1.629 0.614
1.0 0.2 614 1,228 1.220 0.820
0.5 0.1 555 1,110 1.103 0.907
0 0 435 870 0.864 1.157
Where h—5.0 cm, ¢=0.00099 &
i di/h R2 | R R Cs
cm 2 2
49 0.98 124,737 249,474 186.968 0.005
4.75 0.95 8,462 16,924 12.684 0.079
45 0.90 2,991 5,982 4.483 0.223
4.0 0.80 2,083 4,166 3.122 0.320
3.5 0.70 1,707 3,414 2.559 0.391
3.0 0.60 1,463 2,926 2.193 0.456
2.5 0.50 1,261 2,522 1.890 0.529
2.0 0.40 1,098 2,196 1.646 0.607
1.5 0.30 971 1,942 1.455 0.687
1.0 0.20 857 1,714 1.285 0.778
0.5 0.10 711 1,422 1.066 0.938
0 0 579 1,158 0.868 1.152
Where h=5 em, 0=0.000749 &
d; dl/h R/2 R oR Cs
cm 2 2
4.9 0.98 24,286 48,572 31.572 0.032
4.5 0.90 3,287 6,574 4.273 0.234
4.0 0.80 2,529 5,058 3.288 0.304
35 - 0.70 2,144 4,228 2.748 0.364
3.0 0.60 1,779 3,558 2.313 0.432
2.5 0.50 1,601 3,202 2.081 0.481
20 0.40 1,361 2,722 1.769 0.565
1.5 0.30 1,195 2,390 1.554 0.644
1.0 0.20 1,034 2,068 1.344 0.744
0.5 0.10 857 1,714 1.114 0.898
0 0 | 637 1,274 0.828 1.208

Where h=5 cm, ¢=0.00065 &

App. 7:2-1 Exp. values for Figs. 7.9, 7-10, 7-11 and 7-12
(d1/h=0.9, d>/d\=0.5) h=4.0cm, di=3.6 cm, do—1.8 cm, L=10.0 cm

1) ’ 1 (i1) N
w2 |8 R, 1| R R ! a/2k 4h e ! (1)/(ii)
cm k@ ko k2
100 | 25 1.608 | 200/15.90 0.2023 0.7796 0.2594 0 —
80 | 20 1.612 " 0.2028 0.7860 0.2580 0.9946 2.010
6.0 15 1.620 w 0.2037 0.7935 0.2567 0.9896 1.517
40 10 1.621 ” 0.2039 0.7998 0.2549 0.9827 1.018
28 | 07 1.624 ” 0.2042 0.8098 0.2522 0.9722 0.720
20 | 05 1.625 " 0.2044 0.8285 0.2467 0.9510 0.525
12 | 03 1.626 " 0.2045 0.9625 0.2125 0.8192 0.367
08 | 02 1.632 ” 0.2053 1.0540 0.1943 0.7510 0.266
04 | o1 1.634 " 0.2055 1.5450 0.1330 0.5127 0.195
02 | 005 1.634 ” 0.2056 27640 0.0744 0.2867 0.175

Note: qu/2/q=quw/2r=i/quw/2n=25
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(di/h=0.6, d3/d,=0.5) h=4.0cm, di=2.4cm, d;=12cm, L=9.6 cm
Q) / " D) o
w2 |5 ’ R ' b/l R R aszkah | O, (/(ii)
cm ] kQ ke k2
9.6 24 1.348 2.00/14.83 0.1819 0.3830 0.4749 0 —
8.0 20 | 1361 ” 0.1837 0.3896 04715 0.9928 2.015
6.0 1.5 \‘ 1.369 ” 0.1847 0.3927 0.4703 0.9903 1.514
4.0 1.0 1.374 ” 0.1854 0.3979 0.4659 0.9810 1.020
2.8 0.7 1.386 ” 0.1870 0.4111 0.4549 0.9579 0.731
2.0 0.5 1.391 ” 0.1876 0.4354 0.4309 0.9073 0.551
1.2 0.3 1.408 ” 0.1899 0.5169 0.3674 0.7736 0.388
0.4 0.1 1412 ” 0.1905 1.0270 0.1855 0.3906 0.256
0.2 0.05 1414 ” 0.1907 1.9960 0.0955 0.2012 0.249
qw Qw
Note: —2 2+
q 9w _o4
2n
App. 7-2-2 Exp. values for Figs. 7-9, 7-10, 7-11 and 7-12
(dy/h=0.3, dz/d1=0.5) h=—4.0cm, di=12cm, d;=0.6cm, L=120cm
§) 1 §i) —
w2 | S R | b/l Ry R | a/2kah e /(D
cm ke k2 k2
12.0 30 1.828 1.90/25.50 0.1362 0.1804 0.7549 0 —
8.0 20 1.819 ” 0.1355 0.1800 0.7527 0.9971 2.007
6.0 1.5 1.819 ” 0.1355 0.1809 0.7490 0.9921 1.511
4.0 1.0 1.819 ” 0.1355 0.1844 0.7348 0.9734 1.028
32 0.8 1.802 ” 0.1342 0.1863 0.7203 0.9542 0.839
24 0.6 1.793 ” 0.1335 0.1935 0.6901 0.9142 0.657
1.6 0.4 1.789 ” 0.1332 0.2099 0.6346 0.8406 0.476
0.8 0.2 1.782 ” 0.1328 0.2700 0.4919 0.6516 0.307
04 0.1 1.781 ” 0.1327 0.3966 0.3346 0.4432 0.226
0.2 0.05 1.780 | ” 0.1326 0.7099 0.1868 0.2474 0.202
qw 9w
. 2 22
| Note: 4 T aw
2n
(di/h=01, ds/d;=0.5) h=5.0cm, di=0.5cm, d;=0.25 cm, L=12.0cm
¢)) ;o | " an o
w/2 w/2h Ry | b/l | Ry R q/2k4h Gus2/a 1)/(i)
cm k& ke k&
12.0 24 2.091 h 1.90/24.83 0.1600 0.1442 1.110 0 —
10.0 2.0 2093 ” 0.1601 0.1445 1.108 0.9982 2.005
1.5 1.5 2.098 ” 0.1605 0.1455 1.103 0.9937 1.510
5.0 1.0 2.101 ‘ ” 0.1607 0.1481 1.085 0.9775 1.023
3.5 0.7 2103 | ” 0.1608 0.1542 1.043 0.9396 0.745
2.5 0.5 2.101 | ” 0.1607 0.1629 0.980 0.8887 0.563
1.5 0.3 2.102 ” 0.1608 0.1846 0.871 0.7848 0.383
0.5 01 | 2101 ” 0.1608 0.2744 0.586 0.5279 0.190
0.3 0.06 ‘ 2.103 ” 0.1608 0.3583 0.449 0.4043 0.148
qw 9w,
. 2 2h
Note : a T aw_,,
2h
T/h=2.0 App. 7-3 Exp. values for Fig. 7-14 (i), (ii)
Sheet pile (S»r)
d/h Is/h RY b/l Ry R a/k 4h
k2 k2 k2
0 0 0.5500 1.77/17.92 0.5440 0.1561 0.348
0.05 0.10 0.5503 ” 0.5445 0.1590 0.342
0.15 0.30 0.5503 ” 0.5445 0.1657 0.328
0.25 0.50 0.5504 ” 0.5445 0.1727 0.315
0.35 0.70 0.5504 ” 0.5445 0.1821 0.299
0.50 1.00 0.5507 ” 0.5448 0.2015 0.270
0.70 1.40 0.5508 ” 0.5449 0.2442 0.223
0.85 1.70 0.5510 ” 0.5450 0.3090 0.176
0.95 1.90 0.5509 ” 0.5450 0.5627 0.097
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Block (B)) w/h=0.11

d/h Is/h Ry b/l R R a/k4h
k& kQ k8
0 0 2.653 2.00/19.41 03120 0.8968 0.3480
0.055 0.222 2783 " 0.3280 1.0034 0.3268
0.166 0.444 2787 ” 0.3281 1.0583 03105
0.278 0.666 2790 " 0.3282 1.1025 02979
0.389 0.888 2793 ” 0.3284 1.1635 0.2822
0.444 1.000 2.808 " 0.3305 1.2327 0.2680
0.555 1222 2.820 " 03320 1.3255 0.2520
0.777 1.666 2.817 " 0.3318 1.7470 0.1898
0.945 1.888 2.822 " 0.3321 3.1900 0.1040
Block (Bz) w/h=0.20
d/h Is/h RY b/l R R q/k4h
k% k8 k2
0 0 0.6987 2.00/20.38 0.0685 0.1970 0.348
0.05 0.3 0.7042 ” 0.0691 0.2214 0312
0.15 0.5 0.7036 " 0.0690 02321 0297
0.30 0.8 0.7023 ” 0.0690 0.2506 0275
0.50 12 0.7014 " 0.0689 0.2887 0.238
0.70 1.6 0.7004 ” 0.0688 0.3584 0.192
0.85 19 0.6988 ” 0.0686 0.4968 0.139
0.90 20 0.6987 " 0.0686 0.5980 0.115
App. 7-4 Exp. values for Figs. 7-16 and 7-17
d=0.5D
m RY b/l i Ry ; R a/k 4k
k2 ke kel
0 0.9578 1.810/19.18 0.09040 0.1260 0.717
0.5 0.9445 ” 0.08910 0.1424 0.625
1 0.9370 ” 0.08850 0.1547 0.571
2 0.9316 " 0.08790 0.2161 0.407
3 0.9289 " 008760 | 02720 0.322
5 0.9255 ” 008740 |  0.3809 0.230
|
d=03 D
m Ry ’ b/l Ry R q/k 4k
] k2 k2
0 09098 | 18.22/19.45 0.08515 0.1410 0.604
0.5 0.9105 e 0.08530 0.1910 0.447
1 0.9098 " 0.08515 0.2213 0.385
2 09095 | " 0.08520 0.3147 0275
3 0.9104 " 0.08530 0.4132 0.206
5 0.9107 ” 0.08540 0.6182 0.138
d=0.1D
m Ry | b/l R R | a/kan
o N g
0 1.3540 1.310/19.50 ’ 0.09100 03270 | 0278
0.5 1.3550 ” 0.09100 0.3804 0.239
1 1.3565 ” | 0.09100 0.4568 0.199
2 1.3530 ” | 0.09095 0.6558 0.139
3 14140 " 0.09500 0.9204 0.103
5 1.4070 ” 0.09440 1.3680 0.069




