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Summary

In order to determine the critical head values of boiling and piping. several exper-
iments were performed for 3 cases of model dykes on 7kinds of pervious foundations .

The results obtained are as follows :

L. It appears that the coarser and the denser the foundation material. the higher
the critical heads of boiling and piping. and that the lower the permeability of
the foundation, the higher the critical heads of boiling and piping .

2. A difference in head between the moments of boiling and piping is greater in the
case 2 or case 3 than in the case ! because of the additional hydraulic resistance .
And it is found that the coarser the foundation material, the greater the head
difference.

The critical heads of boiling and piping is directly prortional to the seepage length.
The piezometric heads close to the singular point are of the same magnitude.
provided that the geometry of the model dyke and foundation material are the

same .
5. Variations of the weight of model dyke can not affect the critical head.

According to the conclusions shown above. the critical head of piping can be more
practically predicted for protetype using the results from laboratory tests on scale

model .
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Table 1. Physical properties of foundation materials

Items 55-1 55-2 58-3 SS-4 55-5 55-6 55-7
D{wn) 1 19-2. 38 ¢ 84-1 19 0. 59-0, 84 0. 42-0. 59 0. 297-0. 42 0. 105-0. 297 0. 105-2. 38
Gs 2 628 2. 639 2. 650 2. 659 2 662 2. 678 2.654

e {(Tw=22"C) 0. 646 0. 659 0. 674 0. 691 0 727 0. 758 0. 672
rd (g/ ci) 1, 593 1 587 1. 580 1. 569 L 538 1 520 1. 584
Tsub(ged) Tw=22°C 0 987 0. 986 0. 983 0. 979 0. 960 0. 952 0. 987
k (cm/s€C) 5 712%10™ 4. 703x10°2 3 888 x107¢ 2 723 x107% 2 192 %1072 L 411x1072 3 569x1072
[ ) 46, 5 44, 7 43. 5 41 2 38. 5 35 0 43. 9
D : Scope of partical size T'sub ; Submerged density
Ga ; Specific gravity k ; Coefficient of permeability
e ; Void ratio ¢ Angle of the internal friction
yd ; Oven dry density
Table 2. Physical properties of model dyke material
Ltems|S$S-1t 55-2] 558-3] 55-4] §5-5/55-685-7 - -
10 V127 10.58 lo.61 lo.a4 1o D(mm) 0.0013(-a)-2 00 Yd(g/cd 1, 286
3110.1610.18 Gs 2 785 Tt g/ed 1799
pe0 11,61 (1.02%0.71 [0.51 (0.35]|0.2500.66 e(Tw=22°C) 1 161 LL(%) 62 50
Ce |1.27f1.16|t.15(1.16]1.13[1.56|3.67 wi{%) 39, 92 PL(%) 2935
§8-7 k{cm/sec) 9 356x107° PI1(%) 3315
S5-6 iﬁs_ii'ss_ﬁSSﬁFs_li S5-1 Soil classification ‘CH?
100 y i w;Water content LL ; Liquid limit
Tt ;Wet density PL : Plastic limit
50~ P1 ; Plastic index
- or 3 Aelch. (photo 1 BY8)
[l
7 70
-
r
~ 60
=
1]
TS50
=
£ 40~
=
7 30
¥
20~
10
G & o & b d
- o S A i ™
& o S O o oooo

Diameter of particle{mm)

Fig. 2. Particla size distribution curve of foundation
materials.

Fig, 33 e
3.5 &
1) HBRZE
Fig. 4+ EREEY BEE FiEd SR ER

Photo 1. View of experiment.

B AR B Acryl RE @A 170 em X 20
emX 50em 27\ BUfESlR kil JREEl @R Angle
4 @yrsl A #igRelgl ok kel ERA el T B
145 mm 2] %8 Vinyl Hose S #kiEol ks
A BADE BHSEE, L kiRl il KIS RE



100~ N —t +
+
90 bt
B0
70
[ele) o
50 ~
wlh D10 = 0.001
+ By sieve D30 = 0.0042
30 - D60 = 0,0071
© By hydrometer Cu = 7.10
20 Cg = 2.48
10,
o 1 L1 v 30041 L |||‘1):|[[ ] |11||$°1‘| )
— o4 bt} =3 M~ QO — [ (i) ~ P O — ™ g U O —
g g 3 2883%s S 8 & 53858 & & & dddan
. . 3 0 (=) (=] QO O cCooo
o (=) (=) =R s Nelela =]
Diameter of particle(mm)
Fig. 3. Particle size distribution curve of modei dyke material .

Sheet zinc
Wire screen.

-

a Section A-A

Scalel

Longitudinal section
{S=1/20,unit;m)

Fig. 4. Experimental set up with case 1.

A717) 217 SHRAL ER 120mm 2 EI o},
K THM A bl KL S 0" Potential =
A7) 9131 B/ 115 = ®) B0 Vinyl Hose
= WA MIBAS Pkl o0, T B
ol Byt # KA 2% MeEmo 2 B 4 gle 3
GE 145z o) HAREE BB ol Ao %5 ol
t BHE Bl o] BREY Sem PIREO R 5]
# 50w Vinyl &S #ikbs) Al piczometer 2 Blar 4%
RE S Piezometric Head & MEY < oA sig e,
A %2 ETRAES 3K, Fomim 7h= 8
W2 AR o] S B A Eke iR B

= HEREAI7] T AR EROR Bo] Ko R dEA By
e},

RARIBHE S B Acryl 8-S HHAMA 20 emx 10 em
X 30em Z7l2 BFSE LEM kirE L RA" 4
SAES Rollerell @gislziom, 1 bl - sk
HEs 842 + d=% B& 100 =9 Vinyl Ho-
se T ##ehe, 2 FEels HE 100 m) Vinyl Ho-
se & JKiHAlel] MAIZY, SKSEY Sl &

AEaE 0 rEe] Bemmal fhere| WA Wl 4
CEGIEE KB BN KrE L 4 oo
a3k,

2) ERA®

Fig. 28} 302 789 HHE HHT BAt LR
el Bl Hilel RPMML Fig 55 o] vhe 3
7h MREE Sl 4 W#S BfTelelc)

BB 1 THE A MR kol REAES] 1R
Bel f7#eskxl e Bl (CxE 22

BUB 20 TN BAM MR kol AEkel L
el freestsl, 2 Rsel #kS) WBR o2 BAR
°of W= gl BH. (—kE 52)

BB 3 FWM BN R ol TEAMS L8
ol 31, 2 Bivel 57 FolRos Bkl

47



5

Eislel e BB (S%T £8) BEFHE AR Hg do] AWE 625% MEES) Witk
WS w4 gl SMREe] BREH A A 2
E . | e w9 4 olw ol misahd webd M BleS o
Al A pEemme] SESE MBS Fig. 5shael 4
fo 2 BEAA FEde e FAe o ER
o) ] B WES B4 2T BEBolA 10m=
sl R 20 e S Sem BB 39 T B
&e gem= Stglel, ( Photo 3 2&)

Pretotype Model

Flg. 5. Geometry of prototype and model.

gl NS BN HEe ARt 2md 2
H Ao By FwES Z2EE S BE Wen S
BMEAH Pl 2 & Evket emXx BemXx 60em 2
BAS EREMA B 2m Foldi4 ol PE FA
ohe PRI B FAA bl g WS Bl B
g % WHolA: T EEES MRk RSl 2
Ao wel _EWN BADE @A £2 K 0
7hA] 1 AAZ]L Bl Al AR ole BEREEE
gl KAENe] 25 Hikslgle 24 Soplebal L, B
disl sl HARmS AR WG fel L
mel FA2 gels A ohAl # Evbgl sl o (Photo
2 21)

Photo 2. Foundation set in place Inside the ‘seapage
tank’. Photo 3. Model dyke constructed on pervious foundation.

48



ERS RKEES A LR
2 fEEdlE e Bk g w2
Bl BTl

RAKES ®RES BABES FMNA Egmes
KEEE Zo|= 4 Boilling® Piping o] 4% Kerg &
WM fekEEEN %ol HES =2 S
24 o) %4715,

TR BB 19 B AL KE THMA KRS
o} kbl ERESS Sle WEnE B A BEkEE
& Mass Gylinder o who} s, $### 2 39 &
Bl A @b Teidel B Smel Viny B3 4ol
dol 7 &% &) fiMisl+ £& Mass Cylinderel] 7+
oF mEsigich

BRAKE MR A Hufgol RE HRES Piezom-
etric Head 7} JE¥ 91£ Piping o} #4751 148kl
A¢] Piezometric Head & Mty Sal4 THE #
KBS Piping o) BRATNA lem el WEHL
o} Piezometer 4 FEE Bxd] SN A Piezo-
Kl AEE EESD T3 Y
7] ﬁuoﬂ Piezometer %2 KELiRo) A wluiel TEEZ 7]

| KEZE ‘0’2
23 BE @BFAKZ

ol o o
e 17—

meter Vinyl %%

+ob 8 BB Bl KEE mEske e
HR Y ER

1. Piping o/ #4787

RS T2 A7 % LR RS Wi
22 FEAAEA EESE Bgse gy gl &
| 4 ook

1) BHAY Hggel B2 faf=laA T ol
B4 227 ffEgeh o] BES BRENA Mot B
Zsl dehde,

2) Kfre} kRl =iel 28 BREY Mg Lo
REEH O 2 fis] A2 Fojo] Yehdr} o] AL =%
e melkFob @ MEEe 2 ghe o gloke A
£ BRIk

3) 128 ERE) ko) Fomo £FY 4
£ el FEol BEAG K o chrt b4l 7lel
v AT HEo| dhd4 Boilinge] Yolwdrh o] Boi-

49

ling BeBE7HA = BTS2 AFBEe] A9 gloh Boi-
ling B¥RES] 1Bk A1 ) AKfrE —E Il #EEER o) B
&2 BB B sletee '

1) KfrE B 2 vﬁ Folnd z%zz&ﬁjaom% i
el A RTFEe) &) EEsH dol = A Boiling
ol A Piping 032 gigdlch HTFES ATBH EE
Sl A RETRA SRE AL REEES g
PRl 7 3, RERHS) EGBel wel RS Witmow
LR R BEsle] B BHtHr BHEEA EF
WS s shgike] Pipe 7} R k. ( Pho-
to 4 BME) ol Piping Bhel A= Boiling Brfel-=
2l 18R KB 2dlE A AS Ppng e #
@Ak o] BAKE Llbo® KIS Fold BES

og wlE EER gAEch

Photo 4. Plplng to be in progress in the model of
case 1.

2. HpERAIRIC| el B ERERN W3 RAKEEL
i '

7752 HAEHRE (SS-1~SS-7)oll Hete] 125 6,
g BB BEY 10cmo) 4 2e 10em BIFRC R 60 em7}tA]
LA A, BB 1,2 30 Y BBRET BT
Fig.6,7, 8¢ &% B 1,2 30| #3l Boiling ¥
Piping & FERKE &R vhepd Aeolcl & HEME
ErEEs 8 1 2 3004 £4 +£0lam~t L0en
+ 0] em~d Llem | + 0.3 em~ck 2.0 em® BFEMC] M
& HEs] ﬁi*ﬂ—"r e vehyie, o] BEERxT
2o ime) BT Bl A |R TR T B
gl wENcHE S5 MES Bkl 4 ZA o



.,
o
T

.
h
- I
€ o
S
9
EFT AN -
- -
3 ss-2(g)-
= o
— "
2 sobk ’
pid -
b 7T
T
=
40 P
1k
wr
— (p); For piping
S5-7(k) --- (b); For boiling
16+ $5-5(p)
§5-&(2)
Q i 1 L 1 L " L 1

30 &0
Seepage length, 1(cm)

60

Fig. 6. Relationship between seepage length (1) and
critical heads (Hc: Hb, Hp) for case 1.

byt
(1) B Htge] WRrel MAAES Wk

Fig.6, 7, 8olAs} zho} A—% BERE < 1
AR fiffel 74el =2l Boiling W Pipinge} B#
KPR EE 1,23 RS —f@mmo® A Jelyo
™, 55-1~85-6-% AL ke WAL WA SS -
7ol A2 RAEABEE SS-330 SS-44j0lel] 4 e}y
o,

iR RAKES £HFY KPEEY BEEDe W
ol F% Beiling ¥ Piping 2] WAKE £ A
o2 vepbdd o F glef

(2) wEEE BRAEY R

Fig. 6,7,8 2] @%EE3 Boiling % Pipings] BRE
KEhote| MARERC A EH-Z  Piping, #5482 Piping o
Hit mEE &S fRdteh 2yl e o) HIBBE
€ E HBES vebded o mBEse evle K

50

10~

Variable| [ 47 3ca wide

—— (p)i For piping
—-- {b}; For builing

-

ss-7(p) -7
-

47
/

Critical heed, Helcm)

o
’,/ 55-2(b)

20

L
) ) 0 &4
Scepage lenglh, lca)

Fig. 7. Relationship between seepage length (1) and
Critical heads (Hc¢ : Hb, Hp) for case 2.

o) 7 Mol S 2A| Welykel,

BEEE BRI Y kmE R
A2} HIEEEC: Table 33 zol pIREEY ®AES
FHkiE Higgel Wl Boilng st Piping?| /MR F AR
E 33 gl

BRI BRKIAS HE A Table 33} 3o
ezt BIol L3, WE TS &)
A debket TE gl ALl 1] Flatge
e kEMige] Y B Bk AR LR
o] Ha&ll #EERS B7hnad BE $SEEEY K
fEel) #at Pipmgel BRKEE 2o HHEMOL BR
o S Aok

(3) 1&# 1, 2,39 My

Fig.6, 7, § & WAk RS vebd Aok

Al —3F el BER Rl Bt il 16] 4 B
FokmES gtol 7hab wbond, 5@ 2, HE 39 B
2 A dpebdel ol A2 B THH AL FoK i He



8

1o @ EAKIE ek 5 o] AREAMEe] Bo-

[ iling 3} Piping ¢] AT @B vt AL B
shabeh, =3 @8 29 3dol4 Boiling 3} Piping 4}
olo] MAKIES Zv Fkit AR Bke] 24

l=¥ariahle Gcmin diam.

B O = ZA vebules] EH 1,23 © Boiling BEge}l Pi-
8o T (M Ter bttt ping BYRES] [RAABRS] T heérsld o ol
Toll 4y} 5 2, 30ll4 A Wby} olzbe i
B 2,30 A% Wb Folol A Boiling o] ol # #k
sof R Zal BfEol Boiling 794 tha) 924 Bo-
iling ¥ Pipingoll |3 @l Aol Bk s
wr HAoke AL &Rt
ul 3. WL [BRXIEC) BB
SS-3~85-7 2 Mpritdebi el Bl ¥ g T
sl Sem, 10em, 15em2 =huls) 4] vfzl # Bclxlslus

A MRS RS 372 B As, 7 &4
o Bl REBRES S0em= a4 1B 12 KEgslo
24 iifEe] ®igel Piping 9 BAAES) WEHEES B
shgl el o] 225 chyme] B [Ep o) i
ft7h gkl viebykon] sRe] sy 2 SS-1, SS-
2 ol K WY B sMbs) AY gl

Fig. 8. Relationship between sespage length (1) and

critical heads (Hc: Hb, Hp) for case 3. Wt BAAESY] WMEB: Fig 9ok go} o)

20

Seepage leagth, 1{cm)

Table 3. Regression equation(Hb. Hp) and correlation coefficient (r) in Fig- 6, 7, 8.

Sample no,
55-1 55-2 §5-3 §5-4 $8-5 $5-6 58-7
Case

Hb 1 111+55 30 0. 831+26. 85 0. 551+19, 21 0.321+ 14, 75 0.381+14.05 030141277 0, 441+15. 44

Case | _r 0. 999 0. 999 L 000 0. 998 0, 998 0. 395 0. 994
Hp 1 281463 12 0. 911+33 05 0. 601+22 44 0.451+17.05 0. 43141537 0. 291+15.13 0. 481+16. 95

1. 000 i. 000 1. 000 0. 998 0. 998 0. 991 0, 995
- —-E 0. 901+43 68 0. 701+21 110 491+13 34 0.42147.70 O 391+6. 57 0.351+5.91 0. 481+8. 18

Case 2 _r 0. 999 0. 999 0. 997 0. 997 0. 997 0. 997 0. 997
P LO6I+50 50 O 771426, 94 0. 551+15. 95 0.461+9 71 0. 471+7 32 0. 38146 50 0 311+10. 09

r L 600 1. 000 0. 997 0. 998 0. 997 0. 994 0. 996
‘Hb 0. 721432 41 0. 641+11 67 0. 42149 31 0, 3814552 0, 361+4. 05 0, 3214329 0 37148.65

Case 3 _r L. 000 0. 999 0. 999 0. 998 0. 997 0. 999 0. 996
P 0911439 94 0 741+18 38 0. 501+12 81 0, 441+8 07 0.43146, 24 03614513 0. 451+10. 44

r 0. 999 0. 999 0. 996 0. 996 0. 999 0. 996 0. 998

Hb ; Critical head when boiling Hp ; Critical head when piping
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