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The Influence of K-ratio and Seepage Velocity on Piping Occurrence
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Abstract

In case of judging the stability of dike or dam structures which need hydraulic interception, the first thing to do is to examine whether
a piping phenomenon occurred or not. Generally, dike or dam structures are constructed while layer compacting is executed, so permeability is
likely to be anisotropic- different from each other in hydraulic conductivity in the horizontal direction [k] and hydraulic conductivity in
the vertical direction[k,]. This study looked into exit hydraulic gradient and Seepage velocity by conducting an Seepage analysis sub-
sequent to various hydraulic conductivity ratios[k-ratio = ky / kx] and examined the influence on piping by comparing & examining crit-
ical Seepage Velocity based on critical hydraulic gradient in theoretical equation and critical Seepage Velocity in empirical equation.
As the research result, it was found that hydraulic conductivity ratio operates as a very important factor in case the stability against

piping occurrence is considered with the concept of critical hydraulic gradient, but relatively the hydraulic conductivity ratio is very low
in 1ts importance in relation to the concept of critical Seepage Velocity.
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v, = 9 Q1x}e] A< (em/sec) = 1/18u(G, — Ndg

u =20°Ce] B9 F ZHAAIF(=1.02x10~ cm?/sec)

n =&9 =g,

v, = ZF2E n due] 3HAR-<S5(cm/sec)

m = Reynold's Numberol] &J3} A3l A= =

G,=EH A vHlF

g =58 7T (cm/sec”)

Cp=A Al4=(Reynold's Number®] 3),=24/R:43/ R, +0.34

E 2 BIE(G)°0) 2.67%0 9 tisk Zzhe) E3i%)
A7l ek SARE (1S AP E 99 ATt Slof
mlALQ (1978) Justin®] 7|52 7= o] Qlo] Ao
3 24 = 2 Holep dtjal o, eyl |
A71E003 A= AAle] JFREe] AR 1/100
37t HEE AASA Aot B =X Eust |
A 71320030 A3 IFARES 1/1002 RASI &
9ol viERH o 18 100 vERY T

2 122 FE A5 HHEPAE(Dso)e] 0.2~0.5 mm] Fl
tisle] Zzhe] EgRe] 7] thet AT (v AFSH
A ooe- 310 23, 19 1000 vERd Sl

o 1x

>,

O

o wx

A

i

I 9. EZ| Xjo| Aol thEt S (cm/sec), (Justin®| H|QHA])

2 73 (mm) 0.001 0.002 0.005 0.01 002 | 005 0.1 0.2 0.5 1.0 2.0
S B 0.33 0.474 0.739 1.05 1.48 2.34 3.30 4.67 7.39 10.45 14.78
B ) BHA 92:03.30 x 1074.74 x 1077.39 x 10731.05 x 107/1.48 x 10722.34 x 10723.30 x 1024.67 x 1077.39 x 1071.05 x 107|1.48 x 107!
E 10 EBXIe| ol cst sHHISS (cmisec), (Koslova2l KQHA])

Y Z(mm) | 0.001 0.002 | 0.005 0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0

= O A
(D%ﬁcl'zl mm) 267 % 1077]1.14 x 1071.06 x 107(9.10 x 107(1.14 x 10413 x 107(6.53 x 107|104 x 10"}4.06 x 1076.50 » 107104 x 10
= O A
(D%ﬁ(])'ls'm:’ N 2.61 x 1077[1.06 x 107%7.15 x 10793.64 x 107°12.70 x 10747.15 x 107%|1.07 x 10‘111.67 x 10796.51 x 10"7]1.04 x 1071.66 x 10"
T 1. EEXt] AAof st A& (cm/sec), (Richardson2| M|QHA])
9] Z(mm)| 0.001 0.002 0.005 0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0
34 84 [1.05 x 107%14.20 x 107%2.62 x 1075[1.05 x 1074(4.20 x 10742.62 x 1073 1.37 x107[9.14 x 107%(8.01 x 10712.25 x 10™[3.53 x 10™
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10

| —e— Justin _

j —&— Koslova{D=0.2mm) : , :

1{ - | —®—Koslova(D=0.5mm) i i @i o
~—&— Richardson :

(IR SOOI SRS SN

1A (d, mm)

0.014

.........

0.001 : ¥ : ; ; ; ; , ;
1.0E-08 1.0E~08 1.08-04 1,0E-02 1.0E+00 1.0E402 1.0E+04 1.0E+06

BHA % (ve, cm/sec)

8 10 £ Kje| Aol chdt s f501.)

2123} A 4EFE HIZ(Ds)0] 267011 IHEEMm)e]
0.383%] Fofl thsle] Z}zte] ERiate] ¢JAel thet AR
(VS AF81 o & 13 232, 28 100] YeR} ot

FrAae] g2 139 RS B = £
e SABEES Sichardt(1928), Abramov(1952) & chmieder
(1966)c<l oJat] thast o] AU,

Sichardt(1928)2] A1k v, =6.6x 10"k (15)
Abramov(1952)¢] A< ¥, =32x10"Jk (16)
Schmieder(1966)2] ASHA] v, =50x107" 4/k (17)

A7, Vim= 3 S5(limit velocity, m/sec), k = 54|
I~ (m/sec)

Schmieder(1975) 52 $+E9 2= (screen of a well)
T EfAtEe] A8k AFE gt A3y dF=
FH RS (Bl vEE By ofle}t S EYR}
o HlF ¥ FAEYELE FAE TAXY Huol vl
Tha 3tson, 4 189 Zo| e

’G;y"thzﬁfoz“w} (18)
v

Ver = Cn

Entry Velocity, Vim (m/sec)

162 103 1™ 16°® 10°
Hydraulic Conductivity, K(m/sec)

18 1. $8 U2 Rel=l= R4l Hli(after Schmieder, 1966)

136

714, v, = SHAIS(critical seepage velocity, m/sec)
C, = vl
v = Ak Bl (specific weights of the grains)
v, = B2]H]F(specific weights of the water)
D;,= 58474 (effective diameter)
k= SFA(hydraulic conductivity, m/sec)

a8 1S FAR 352 238" Azl Ajd] ¢
sl AHdE SHAEo] et . Schmieders &SZ7H0]
23]z 9k QEER FFEEE v B $EEE FE A
AZ 5 URE fdEe 755 Jellis 28 19 8
22 BRI o] Al 158k 4] 16 ) AHAE FEET
o & §502 /IeHal a8 s ol ol
2 Schmiedere 2] 189 QHAE(F)E 4.002 F83)] 4
175} o] AR e AFsHAT

5 ASsHA AT St

5.1 8 S2ZA0l o3 ot
AR B3k FEEFHHIY s WA BF B4R

AAENNA 7R FA AHFEOH | kratio’} ARE<rE &
FHUBRETA L (Y QAPIEFAF K| ET 255 7+
557 AHE S A APHEAT. kratio = 4.0(k, = 1/4k,)
A W fe=0.507, kratio=1.0(k=1.0)E B i,pne=0.615,
k-ratio = 0.25(k, = 4k )8 W ipmar=0.9172A k7} & T
3l AR k-ratio = 1.0) 7F9} vIwEiA k7t ko] 1/4
A o i F 12580 A, &7V B 4l D ders
oF 1.58) HA AAFEY. SAETEAN] e G
8) k-ratio=4.04 W F,=2.0320|H, kratio=1.0 &
F,=1.6750)1, kratio=025% W F,=1.12322 AHHE}]
otk k7t k2l 149 o) FE ok 1258 Bx AA, kT k,
o 4 & v Fe o 159 A AA AFEIH. WEkA k-
ratiod]] W& TN AFHTH 9) kratio’} S5 F A7T
RETH AGFE e A3, WP QPaEL AL
2 7P o= JEkH

sjolsg FFdAge] g SEE S B 7 e
A= vle} o] HATE 20014 AABkaL AT aiAE3
SFAS(F)S A 1123004 A 2.032714] 2H=T). o
ghA] 71E Ee 3R APHATA olEFo s MFF
o 913k wo)] Y WAFsAo] H& AEIQ] ZoE ¥
gtk 28y 5SS A H AW A3 (phreatic
surface lineye FASFE A-H-H(seepage line)}(1H 4y 7
o] E4o] AW AFPRT= oF 8-9m A% oF) | =
ol tigt 173 AAR] 3| & APAY whjdA] A=
RO M=o, mEpx AL gol A 7}
S40] Y= YAXE ofd Ao=w FgET) I | A9 3}
F & APAATROME Fo|d @4 A ettt o]
AL Terzaghi® SHAIETEAF N dolA LHHA %2 EH
A9 A7, Y=8E, =5 A Asne g 9 3
2 Fo] a2ldl| 7| Rolz} AdETh JFMAEH k-ratio
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7F 1.0¢ o Dol Aol tidt oS (F )2 1.675GE §)
2 AHEo] HAgke] SEPEE(F,) 2.080kE A U
Eiort, s §2 S5 7 a4 AE we
ST & APHATRRO A sjols] abubalo At So
HAYER] ). mEls o)) e 7 58 = AEs) B
) T sl A FAAKI o3k kgL HES
BF HALHE(FL)S 1.5 AESE A= Ao] HalRo)
3, EEY Aolzl waE.

5.2 IR0l Cif$t ot

TEET A Hi)E S)T kratio?] Walol] welr] oF Fuj
AE7HA Zo7h v Lok, AFHE(1)E 6)S k-ratiod]
Risel] mEp A7k A9l gle 2oz Jehgt) ole |
Al Wl 3T 2 A] AR 23 A=) QA
HE Alole kratio7} wi$- 583 24 F9] shpl € ¢
Z Aok, AR 23 oA AE A= AUlF o
2 kratiod] %7} vf$ Be g4l= AL oujdit)
TJHEE FAFESS] Hol= kratiod] WE SAAIHT 6)
Hoe= 5] 23l WE sXaxFE 3)E 71Ze=
AFREe] 7P 2R 79t 7R 2 A% st wa
713t

AFHAH & 2 H AFERHE 3)S 4 72 34
sl AA HA FBEFEE 1 in= 1.34x10* em/sec®] T,
A Hdl AEREE v = 5.82x10~ cm/seco|t}h. A4 A
a3 A ATFERE] WAt Egale] AT A 1
#1091 YERY Qi

Efzte] 479 42 FE8E 3AGS Uisiy o™
109] Yeht Sl uke} 2] Koslovatt Richardson(1961)2]
ARl o5l A E= FHASES e SRR ARE
VR Q1o Justin(1923)2] Aol &l AAEHE=
ARSI & 2ol YR d} o]y xjo)=
Justin(1923)2] AIRFA2 oPdAQ] ©d YUxte] LFAjon,
Kosloval} Richardson(1961)%] A|okAle u}F&ol 31914
9] A8l g FAHES Yeh=d) 71915k o)

I% 10025E 1A AgE AA Hx A58
(Vomiy®t HH TS (Viman)©l S8 ERRIY] A7AL
ZYZY digin=0.017 mm, dmgx=0.025 mm$! Aoz Jehdo}
ety ERALY] 39 g2 BdEE AL Jshd
HAE A e EFRAE 2 YA (@e] 0.025mm ©]
3Rl ERAIER 5] 580 st WA g 4 =
ALE W[ a8y AAE 9 Ao 52 Al A
Tl ol e WAEA] ettt o= AR Mg
of o3t AT 38 93l AAA U 7o) Y
EQAe] dRB(@2 0.025mm ©J8l=A o= 200A9] T+
A )83z BB @] 0.075 mmETFE 2R Ao, =
ZAgd EFEE A BlE T3 o) Fopd H|E
TAETR EXE AASHA D (filteryEo] AL s
g0 ¥7) Wiiolgln #uEt). w3 BE5AGY e 1§
Y Aol s Sichardt(1928), Abramov (1952)
% Schmieder(1966) 5] 43t BWAX] glom, 1 11

of Z¥zre] Agtalol| gt HAFES YEliY. | Ale] F
FAT7E k=1.0x10°m/secd W 7P B2 Sichardte]
Aol ofgt IARES 1= 6.6x107 misecTE=E A
At AFA AT AFE JAFEFY AA Hd A5
(Vimar 2= 5.82x10%m/sec)®A 18 1194 7FF AL 34
FE(Y 6.6x10° m/secEtie EA 2R Ao F Uehgl,
Wty BpAlge] SR TEE SRSl olshd Ao
gt =25 A5 S8l gl ¢HHgE AoZE
7Hett. 3HH, Egzfe] A9 2 X RSl 2
3l Hrlel FAle] R d8E RSl 23 it
o= B2 A7t val S ¢ T Uk ojEHd Aele
WAAE 53] $13F ol&4 w789 Alole} HPAS 4
7] 9% B3AE 5 zlolo) 7IRIFH Helzl wHE =
Koslovadl] &J3led Ak #A AL ofHl 7P Fdlo] =
AR S FYIIP A7 HES A= Zor}, Justin
Richardson 5°] AAIgE EHALS] A9 T2 ETdH 3t
ArES: Stoke®] B ZASK o2 o] EHAN 74
7S sk Alotd Ao, Sichart, Abramov =
Schmieder 5°| A EFAFe] T2 THE HRE
o EgAel 2308 BN SR AU A5
wAE sk wRRS SgonA AtE Yo
ghe ZEAQLD xpolofl 7]1g Aol2kal IdE)

wa oft |

53 & A S Aelof| cist &A

AT 23 & 8 vERY e vkt Zo| molE ¥
Ab Aol g QFA-S(F ) keratio’} 1.0Y W 1.6752 2F
A Eol & 79 AMES e HATY FHE HEF)Y
2.080HE Z2H) Vel ey s /5 3R 7 =
Al AE Y 3T & AfHATE oA Tlo]s &g dhajo]
L e Fol SRR et B3 VIE F9e] Sk
S APHSFOM B g 3T A Al H A
HellA BAEe A 780 849 ARl sigshe |
HollM T Ao=E o] Tl 3t ulo]g Hilo]
gl 28AE = stk B

ol FF WA FEE =
FUEE 2 AR T oA JEA] ARl o3 AA e 7
E WA, o By oRTE 9 AT A O] B 72
ol &gt AA e FH ok A, a7 JE
AHdo] =2 S(dispersive soilsys TRl U ¢ 59l
Qow, Amel 7, YSRE, 155, YA As3e) v
o g HAY, Tle 4% 2 98 /T 5ol o
2 e} i B olsh e ole) JhA] agkEol

BgE o Aguo] Yeht Roleln dued.

6.4 &

2 Aol 9 A9 rradel g A9 FHsl]
sfated F4AG Bl (hratio =/ ook Aol Pl

oJstel WY % Y ol Aol X Bl Tl
et ATIUS S5 7EETANG AEASL

o]

¥
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sjetsls, o}&Al] ofF SIS ATl 23 A
2 VSl HlIE SHon, T 2e AES @
ot

(1) AFE3 oL Frdidol 2AE AR R shE
o ¥4E Aoz vEidth webd HA SRR AFHe
/3TN A e ESl ot ol |
ol 71908 A8 opeiar ket

2) HWFETTBAE 9 A S Z AFHATRR A A
HoW, kratio’t HETE F T FEAT R
D2 BFAT )BT S5 T2 5573 Hi)= $7F
5, JiA o= PAES Aade A= JeRdTh

(3) IFNA7 FAlS Bl (kratio = b/k Y 16008 &
7 Y FEsA e S0 Aaske A=
LRt wha H) (AR5 15% FEThe] s
Ao Yehsit

(4) A WollM FFa7F BT o) 3 F5EA S L
= HAlY] mo)3 @ A g S HET A
olle FrAlgRlzE wlg- F83F 94 Fo] sz g
SR FAE] g oz | Ao njo|g dA Ay
3 S HES Afolle AFoE Tl o]
FTLETH - B2 8% AoE 1WA

(5) ATl diste SHAETAEAL o3 S HET
85 SRS (Fo)2 1.5 AERE A8k 3lo] d43
olaL, =AY Aolg} shdHr).

(6) A7t &7EE AAY HAE 28 By T RS
TS He=dl 7hsshd Y AT AXA
Be= e} AEHEe R Mo bEA ke 38}
= A°] asitha AdE
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