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THLNCT 5. KRiT, EHIC, BEHD 3 COWT—RIBBHEERETY, Wik, BkaE R OREOMH
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KT, R>1DLE, B—WTORAREERD BT, QRICBI S C, DEERDZBENH B, ¢, ERR
FORDBMDOIT, Rubey KL DBRTOURENENX (0)T)EANB L, R, C, RESTIERT DR
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2.10 THRIFEELRAFEDOE R :
THRTFREIBAREOEBZOVWTEZ S, 2 1~2. 9 HITHRARKE L SRR Tablel Fig.2 DYERIGAH:
kv, OBfRERT & Fig2 D&D I3, Fig2 BZSEERTHW-EEND IRTOREG | 2.668
3 (83 ESRICOWTHERERL TS, Table 1 KFHETHW-MENER A , * ’ 0.484
ERY, £, ENOMEE g &L T 980 cm/s?, 15CRED K DERSERE v, & EREER g, ¢ | 0357

- LT 0.01139 cm¥/s 2 Wz, E/z, Koslova DR T d/D =1.0 DFEERL =, v Dy =S0% BB ME

I —RRLFRERICK D HBORBWIRRER

31 REEKE
EREE ORI Z Fig3 ITRY, Fig3 IRT LD IKRBRERIIRD 3 DOEAD5H> T3,
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™)

—O— JustingDX,

! ~[— Stokesdzt,

[ — A Rubeyozt,
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Fig.3 —JILRBRIRIEEE B OB

(1) FBAKME

(2) TEKELLE

(3) MIBRKERIEZE

LIF, lEZE-> THHTS,
(1) ZAKAR BEKEEICIEAE 150.6mm OF 7 UNMAEGZH W, BARBCKEEDRE2HUAALTH
COBREREERL, KEEENPTEIERE>TTFRS EAKERTZENTES, HEADTEEBELRE FEIzHk
NTEAKIZBAMR LB T S NHA NV TE2BLTHENANRLEEN S, O/ T TFR
BAKEA—RCRIzN D, i, BAAHOREICIIMBKEEZNET 50O XA—F—1 (KR 3mm)7}
40mm FRICRITISNTNS, ELVA—F—AOAOIKBBRTFORLE 2 <=0 M (74 L mDITE D DT 5
nTns,
(2) EKEEE EABEEBE2DO0T7 7 UNBAGENSR>TWS, —EDOKEERE S 4k % Bk
SHHBAAE (PE 150mm, £F 300mm)&KE2LE S ZKEREME (WE 150mm, ££ 1000mm)TH
%, BFEE LRSS RS L0k > TRISMICKERE NI 5 2 TS, KEREMEN 5LE LE—ED
KERTZEANTES,
@) FBUKENEEE FERAESERARERCRTSNEELY A~ AN - F1—T (HE
Smm)ZRHEUHORME T/ A—F—~LEZ 515, ELYRXA=F—LLTRTZUINEHONA T (NE 8mm,
2E 1500mm) % Wiz, ‘

WS NI=FBRAKED 3 & 4ERE T & LEOBBAKE (KERR)DEEED, TOEEHEL A—F —F,
ORI THRLZDDERLEOEKAEE L.

3.2 ZEAE 7 ‘Table 2 EEMID 3 OMEKIEE
AN IIEBEW 3, MN2EADDOERT 2 VY —IZiTHE 500~ HEG, 2.668
710 pm AR L 20 2 Wz, BB OMERMEE 2 Table 2 10, BRI HEHR U, 1.404

HA#R % Figd ITRY. Table 2 U\ Figd 15, BEMR 3 13—l E Wi PRI Dy, (mm) | 0.283
B, BEIE L TR, fid> THERARBENE LR ZKICBL, KEEHRD BARER e, 1.115
FR<7zi2#) 1 BFBEB L THKLEbOERWE, £k, BRIV — BB e 0.761
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KOWTHRKCBELEbDEHVE, 100

BEEITRO LS IR L, BAMEEE & go |
KERD, THRECEAROSEE 3 & (b gﬁ ol
M5 74, 420, 850 um ) BBz, KicHhE @ L
BADEDDOERT 4 NI —EEEK 8~ ﬁ 40 |
9em ANz, THUSHBNOKOFNZ K @® o |
KT BREDTHD. MOBRMBETERT+ B -
NI = ERBBIRETEOEN D, 7 0 —*

0.01 01 1 : 10

ANV —DLTEABHOERE 1 K
(840 um )2 B E, T O LICRE E AP THS B D (mm)
KHRET 2L DA LT OIRURAAL. RE L DD s
AT TAR, &8 2 & ICHEE Tmm, Fig4 FEEMD 3 OREMRILR
£ 400mm, EE 100g D7 IV 2 HEZEK 10cm
OFEEHSANBEIIECTHECEEK 1~50 ENEWE TS HTTOEDMHMNEREICZRD XD KERD,

ZOXI I TERINAMREC, EAEEEZHVTERNICKEZZMITOEIBERBERETD.
KEZED LT HELTIZ A 2EEBITBT2E/KEAEEOMFET 3 L&, BT Ai=0.1~02 OB, BIFRTIE
(i 20.85i, ) TIIRABIKADE i, ® 1%BE (4i=0.008~0.015)DHME Lz, BRIEOKEZEITBNT, RE, 8
KR, #EAORS, KEZHE L. ZITIE, 4 5~45s BECHENH2BBKOES %2 1~3 BRI, TOR
BKE TORBIREZ KD, 15CHOEEFHHE, KRELE. 2L TELV A5 —OFHRLD 5 RN OBK
BEB’ON DB &, TV —Rh S HEREOBKEENGEIN S, HEREORSI, BAMNRO 4 EHRTHDZ
DEHGEE LTz, ERINHREE, Mo TETOERERZHN->THHOT, hBEEFHETZIEICKDHE
BREEARD 515, ; ‘

ZZ T, Table 3 1R KD BHRNEE D, 2247 11 ¥ —AD—HRER D O—RIT—BRME DR EWIRE
BEfTol. :

Table3 PEUAKIEE 1 FIMAERIEEE D, KU AP KR

EREE | HAKEZ [ (om) | FHIEAMEE D, g%)J EERBBFKR (O
S0575 ' 11.84 56.9 12,75
S0576 11.99 70.3 9.55
S0577 1179 39,6 6.95
S0578 15.98 50.4 9.90
S0579 15.83 852 8.70
S0580 16.00 89.8 7.90
S0581 12.02 992 6.95
$0582 1191 340 475
S0583 11.89 252 5.70
S0584 16.15 244 6.45
S0585 15.83 262 335

Table 3 IZBLEAMAR S 1, MM D, R (NEBRBIMBEKIR 2R, Table 3 IRT X 51, RIIBREES
(EUSHE)A 12em & 16cm DB DIZDWTIT o 72, ZHUZ, HEREOE I ED - TYH, BBEAFR U THNIE, B
REKARS S I BN N LRI D B TH 5, |

HBRITIIAEAZ VRS, BRIBARKACKBORENTFRINS TR0 VT2 S HEWRICT -
o EBRBE S0584 KON S0585 13, A UHIREHL OMRAKIC DN T OMOERICH N TREBNRE/ NS R EE S
7zo ZOEEDKERIL Table 3 KRT XD XHRDED S . KOBRMEAREE, KBICX>TRESERL, T
DIEZABRAYES 2 BIFENE L BOANTNIZ <TeB, TOT &N, RREIEE OB OKBAYE K
HADRENE WSS, BEREERTICARENITBO TKRROMNEL, KROENWKDOHENDMNE 13K
BWEAMI U THE ER D, KEORWERS (BB ZEEFRICKBEN O TRABZWAEEAS NS, T4
bhb, KEEI LD RHRORENE USRS D EEZ 515, ITFTIS, £ S0584 KU\ 80585 D#EE
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BEEMNSHBWE, £, THAEREE D, O/ IR EESD ORR S TR <, MERATAER S/ N YR
%"EG& D, =20%BETH -7z,

33 ERERIER

—RITBREOBBHBIE RN 1 v 75> RERIENS, RO —KT A2 EHEREIIBRIREE
TOREZNRAEDEH OB SN SHERINICERTES Y, RABAIE, KL TR, ARITRTLIIT,
BOHREG, LRte FFicLs,

P /s
l+e . )

LUt s, EEEIZIE, 710y 79> REWOHMNEE D, ®, THFOMAEDEOHR, RESKZE
KHBINBEEZLNE D, —KTRBWBEREE —ERE Table 4 IRT. Table 4 IKBWT, D, ld#HH
SEHE, o AR, o XERF OB, | 1ZEBRIC X SERBALIR, v, RERICEDRAE, i,
RERRABADETHS, CCTR, ET, Wiy, , BAGR RO e BT, v, - B, e-i
BAR, e-v Eﬁﬁ’:l:_ﬁblf%ﬁéﬁb), e—i, Bk, e, -k B3R, KO, RAMEIIDOWTERZIT D,

Table 4 —RUTERBHIBRBHER -EX

SRS IR E PoE: ] 5] KE??H%&O) BEREROFA |RABIKAE | BARE | B RSk ; ' i
B D (%)| e, [BRRL e| BRI k(cm/is)| FEB) i, |Visem(emss) i, =(G, -D/U+e) | ™

$575 56.9 0913 | 0.909 0.0716 0.863 0.0619 0.874 0.987
$576 70.3 0.866 | 0.864 0.0603 0.899 0.0547 0.895 1.005
8577 39.6 0975 | 0.959 0.0725 0.848 0.0735 0.852 0.995
8578 50.4 0937 .| 0930 0.0748 0.854 0.0633 0.864 | 0.988
8579 85.2 0813 | 0814 0.0463 0.935 0.0438 0.920 1.017
S580. 89.8 0797 | 0797 0.0437 0.957 ° 0.0427 0.928 1.031
$581 99.2 0.763 | 0.763 0.0409 - 0.968 0.0397 0.946 1.023
$582 34.0 0.995 | 0.980 0.0879 0.833 0.0735 0.843 0.988
$583 252 1.025 1.022 0.0943 0.824 0.0846 . 0825 |0.999
S584 24.4 1.029 1.015 0.0772 0.8275 0.0742 0.828 0.999
S585 26.2 1.022 | 1016 0.0274 0.805 0.0352 0.828 0.973

(1) v, -iBAfR SREFH Y, BKAE OBIRERT & Figs OL31Tk5. Figh 05, v, -i DBHRI, i
DIRREKARICERET 22T, /bbb RT3 X TRIZFEKRERICH D, BERIIY I > —RITH
STWE ZEMbh 3, EHERICBTZESREMBICLVRE>TWS, HEE, HNBENRKEVIETER
KRD, AEVWEEDDPNCRD, ZOEXRSIV—RICBTDEKEK L Ok TEASNZDT, M
WEENKE WTEBAREIINE <83 2 E0tbh s, ERERIR UL 25 & E0B/KARIEREIK
RETH DD, TOMESHABERKENVEREL 25,

BEBBOy, & OBREADE, EOERBEDS—DOHRICOS ZEMbhs, JNIBEORECE(LL
R D 5. BKAEADETFOEED L TORROBASIKARLERA S &, BT, R TIE—Dh
FLLTHEEN, BETENEOERICBNTORAUREICREEDTHD EEZ SN, BIEENOWR
FIZoWTHZE, RTICEATS TKEIKEB LHMEOREN] & TEAICESTHEOEE] 1G5 o7%
REIZESTVWEEDTHEEELZSND, ’

(2) e—iB8{% MBI e &BIKAE OBEEZTRT E Figs DX IS, Fige 5, FHIMHNEE D,
D,, > 50% DHEITIT, B e IXBHERNCIZIT E A SR <, BHIZEFREICEY 2 ETRFRD [WED
BEAERI SR, LML, D, <50% O&EIIE, BB e ZRERICHh > ZABAD LENT 5, ZhiZoNn
T, BRI UEOBET 5. ChBIkERE EFTO< 251, Aick 0 HEFHERSIEND DT
HDEEIOND, DENEBLH &, COEBBERIIDONWTS, e-i RIE—DOMBRICDLE ZENDND,
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Interaction between Soil Particles and Flow of Water in

Seepage Failure Phenomena

Tsutomu Tanaka
Takashi Okimura
Kohji Ikeda

Abstract

In seepage failure of soil in an axisymmetric condition, after the onset of deformation, sand particles in
circular wall are in the floating state in upward seepage flow. In this paper, first, theory of particles floating in
upward seepage flow or theory of equilibrium of fluid resistant force and weight of soil particles is investigated,
and critical velocity required to move soil particles is discussed. Second, seepage failure tests of soil were
conducted in one-dimensional condition with Lake-Biwa Sand 3. Relations between each of discharge velocity at
15 degrees v, hydraulic gradient i and void ratio e were illustrated for test results, and equations relating these
values v, -i -e are discussed. It is then proved that, for an axisymmetric condition, the flow within a circular wall
is in one-dimensional state. The following results were then obtained:

1. Seepage failure of soil in one dimension

(1) Some relationships between grain size 4 and critical velocity v, required to move soil particles were
investigated systematically. ,

(2) Relations between v;-i, e-i and e-v,; were illustrated for test results.

(3) It was proved that, after collapse of soil layer, an individual soil particle is in an equilibrium state between
upward seepage force and downward gravity force, and a unique relationship among v, i and e is applied.

(4) The felationship between 4 and v, by experiments is in good accordance with the formula by Ohno et al.
The Shirai’s formula and Sugii’s formula are also applied.

2. Seepage failure of soil in an axisymmetric condition

(5) For an axisymmetric condition, the soil within the circular wall is in an equilibrium state between an upward
seepage force and a downward gravity force. The state is similar to that of the one-dimensional seepage failure test
soil in the case of uniform flow condition.
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