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Abstract

In recent years, many reports have been made of damage to reservoir embankments due to frequent
heavy rains and earthquakes. “Internal erosion” is the phenomenon in which soil particles move
through the pore spaces of embankments and flow out of them because of long-term seepage in the
soil structures of reservoirs and river embankments. Internal erosion is classified according to the
scale and form of the erosion. “Suffusion” is the phenomenon in which only the fine-grained soil
particles move through the pore spaces formed by the coarse-grained soil particles. Suffusion is
known to cause an increase in hydraulic conductivity and a decrease in soil bearing capacity. However,
the mechanisms and causes of the occurrence and progression of this phenomenon, as well as its effect
on soil structures, have not been fully elucidated. Therefore, the purpose of this study was to clarify
the effect of suffusion on the strength properties of reservoir embankments as well as the mechanism
of the progression of suffusion, focusing on the particle size of the eroded soil particles.

In Chapter 1, the background of the study and the classification of internal erosion were provided.

In Chapter 2, the mechanism of suffusion and its effect on geomaterials, which have been clarified in
previous studies, were described.

In Chapter 3, the effect of suffusion on the strength properties was firstly investigated by means of
soil samples used for the reservoir embankments which were determined to be at risk of suffusion
based on an internal stability evaluation. A triaxial compression testing system was established to
simulate the suffusion inside each specimen. In the testing system’s apparatus, only the fine particles
were able to be discharged from the specimen through a sieve by supplying water. The results showed
that changes in the peak and residual strength occurred independent of changes in the void ratio due
to suffusion, and that the strength properties differed depending on the presence or absence of
suffusion, even when the void ratio was the same as that before shearing. However, since the amount
of erosion was small (less than 0.7% of the total), it is considered that the change in strength was
influenced by the fine soil particles that moved through the specimen but remained in the specimen
without finally flowing out of it.

In Chapter 4, in order to define the mechanism of small-scale internal erosion, a method was devised

to examine the temporal changes in the size of the discharged soil particles, focusing on the




relationship between the concentration and the turbidity of the drainage. The above method was also
applied to the drainage obtained by seepage with suffusion in Chapter 3. As a result, the erosion rates
were found to correlate with the particle size of the discharged particles.

In Chapter 5, a one-dimensional water-passing experiment with suffusion was conducted to
investigate in detail the relationship among the flow rate, soil particle discharge, and turbidity of the
drainage. The particle size composition of the discharged soil, which varied with the progress of
suffusion, was examined using the method described in Chapter 4. The results showed that, under all
conditions, the soil particles with smaller diameters were selected from among those that were able
to pass through the wire mesh at the outlet boundary and then discharged. It was also found that the
particle size composition of the discharged soil changed with time as the suffusion progressed, and
that this trend varied greatly depending on the saturation degree of each specimen before the start of
permeation. After the completion of the experiment, the particle size composition of the soil samples
showed that not only the distribution of the erodible component in the height direction, but also the
particle size composition of the erodible component itself became heterogeneous, suggesting that soil
particles with smaller particle sizes moved longer distances through the pores.

Furthermore, the effect of overburden pressure on the behavior of suffusion under constant hydraulic
gradient conditions was explored, and it was revealed that higher overburden pressure resulted in less
frequent suffusion when the hydraulic gradient was large. The particle size composition of the
discharged soil was examined, and no difference was found among the various levels of overburden
pressure.

In addition, the progression of suffusion was investigated under a fluctuating hydraulic gradient. The
suffusion continued even after 30 cycles of hydraulic gradient variation. The particle size composition
of the discharged soil particles showed that the small soil particles, that flow easily, had already been
discharged when the specimen was first subjected to permeation force, and that the soil particles
discharged by the change in hydraulic gradient were relatively large in diameter.

The particle size of the soil particles discharged by suffusion were seen to depend on the conditions
surrounding the occurrence of suffusion and the time of the progression. In studies on suffusion, the
particle size composition of the soil discharged by suffusion is a significant factor that changes over

time and can be used to evaluate the degree of the progression of suffusion.




BB L EE IR eveoeeseeesseeeseesseessss st es s s sttt 1
Ll B ettt 1
1.2 T2 oo 2
1.3 PIEBMR D IFIE TETR oottt 3
14 EHERR/NBBENIRE — 7 223 v e, 6
1.5 ARBFFEDALE ST & B it 9
1.6 ARFRSEDPIIR EFEAL oo 10
17 BB ST oot 11

B2EE BEE DI oo 13
21 BT a3 UDOFEEH oo 13
22 HT7a2—TarOEERATZRIIZEI L T 14
23 B 72— a VDB RIET BT DU T 20
24 BB TTR oot 24

FI3E Y T7a2—Ua BRI O TFEREDZA s 29
Bl BB 29
32 A LT ORI oo 29
33 EBREEIE et 34
34 FEBRTTIE oo 36
3.5 FETRDTETL oo 37

351 REBBILANRZEFRDITETR oo 37
352 TBEAKIZRIBELDTETR oo 37

306 BB ettt 38




3.7 BEIBRIEIR oo 40
370 RE T DOHEHRIL oo 40
372 HERKTEAUBIZETE e 42
373 B AUMTHTEIBREL & ASFEIREL D BILR oo 44
374 FAVUAF TR e 48
375 RAEREEREECIRDBIR oo 50

Bu8 A Herresrrerensessesseetesee sttt ettt ettt s sttt 52

3.9 BB TUHR oo 53

FA4E Y T7a2—Ta VREHURICE T DM ORI s 55

B AR ettt 55

42 EAREHCEIT DL DT oo, 55

43 FEFEFHIIOMET oo 56

44 EPEPUNTE O TTHE oo 58

45 B 72— a3 UEBRAOBEEDTEH .o 59
451  FEVEBUBFOBEETITE oo 59
452 (A PREEHEEE L D TEFR oot 63

4.6  F3EICEIT D ZHHERBRBE DI Wi 65

AT FE L WD ettt ettt ettt 66

4.8 BB TLMR oo 67

BS5TE HKOBRE—EEMRICER LY 72—V a VT AT =X A 69

51 ERT e 69

52 =K1 IR E BRI SR RENY T a— T a VEENCE XD 69




R = . v OSSR 71

523 BB TME oo 72
524 JUWETH ETUETTIE oot 74
52,5 FEERIEI oo 75
526 BEITRFORRBICERB LY 72— a VOMBITAT =K A, 93
527 B ettt 95

53 = k2 EBAKMEETIZBWTC EHERY 72—V g VEENIE X AR

&
i
O
3

5301 BRI e 97
532 FEBREREL oo 99
533 FEBRTME oo 101
534 BRI e 102
535 D e 106
54 = PR3 BKARDOENY T 2 — g VEINIEZ D . 107
541 FEBRTME oo 107
542 BB R e 108
55 e 113
5.6 BB SR oo 114
B 6 B B et 115







EI1E F#

L1 HRER

ITAED SR RHBO AL, BER DM (LT, 72oih) ICBT 2 8E %
<HESINTWD, FRL 30 4F 7 HZEMITIEL, W HEARZFUMIHERBRAKRERIEL, kD
B S S T2 DML FRE AL TRV VNS e 7o Ot A BT 32 (EETANREE T 2P E A R A
L7z, &1 TIGIFEOSERKF &N a5 TOITEROI Az Rmd, Wk 30 4F 7 A%
RIS & 2R 2 52 TR R E RO RIE L & FEEN I S, BIKEATZD
L DENIAER D 11,399 T2 KIEIC ED 63,722 @ & 7r o722, £z, T2OMOEBRA
floibz BRZ, St 7 A EZEMNT- O OE H R ORBIZET H1EE] AT
S, HENFIRIZ K D7 OMIZBET DIFHROT — & X=X, FrAHE B L OEHEE A
IR 72 72 DO WS EDNHED HI TV S 3, TooriBiskiL, 4%, BiKERT-OmE T
D& LTo RBZRRS - SER O FEHE & B S OMER: &\ B3RO 5T LiRESN D,

T1.1 TFEOSERKEE ERITEHORY A (LA, 2019 (20%E) Y

FH B

H23.3 RHAARE S

H25-27 ZE DT D th—FF AR

H27.5 T R ERREHER [To oM R OdoE

H29.7 JUNAEERZE RN

H30.7 Rk 30 4F 7 HSER

H30.7 ERK 30 4F 7 A SR A S E 2 7 72 O SRR R T — L SRR

H30.7 4[] 72 00 M B R 0D St

H30.11 [R5 S E R Tz 6O DT 7= 708 e B 2 SR

H30.12 (B9 « sk, EEmEULDT7=00 3 HEBREXHICONWT) MR E
R .7 REM - OO B PR ORI 2/ 23T

R2.12 TRHSE TR, [ELIREUb D 7= D 5 MEIE LSRRk e




8
gl
EN

1.2 F=&Hthd%H

B9 Dacd DTz okl CRBRIFARBRRILTT) & Ehh, ZEERHIT 600 4 FiH%
EEnTWa, R1LTITRT XL DIE, FUEROPLIMITUACHIEEIC L DREDTZ0,
W BSRIEZAR Y IR L TWD Z & BRERERLIIGHRHEN S50 > TnD 9, WETHNS
NI I 2N TVEE R R 72 > TS 708, TR EHIED X D127 5T 5 9,

1.1 Rliwolimk G5H S, 2017 LY 51H) ©
T2 DK 7 FENFEHURNIEE SN TV D, 72DMORFHIBET Hatikid 1949 £
[HHELR ) DRA)ICTH D & S, ToOMOKER/3ITHIR Z & ORI EINIC K - THuE
SINTWD D, HEETE 72T E<IZHY, FEBETROVED 0T W8 E I, Bl
BN Gy 72 B O T2 AJOREE D M T T SRR & 9, YIRBIED fil T AL e
AT LTV A b0, &I, —RINCIE, #EBE OBUK & BEOPHEIZ T 72
JPKRODT28, E BRI A 72 NI EIC & THEMER CRARE S EHT 5
EVORHEERTS (B1.2),
HAIXIZKE

ANEHS AR
N (P 18)

1.2 BRI D 12 OMARN ORI RMOKER, 2015 255 1T1ER) 2

2



£

Bl1E P

oy

ZOXOIZ, THMITLTO X S Z2ERRREEA L TR0, HEREHRISHLOEEZ
O MERD D,

o THNZEIKTHD

® FLERFOFEE DRI A TH %
& LEIZ L HEROMEHEN R 6N D
® EJEIORE KB 22T TV D

1.3 RERBEONEEESR

72 O ASCHFNEEBE D X 5 ISk & B L Uiz HEEY ClE, BEREE D D> 72K
PRI 283 5 10, ZHUE, SRR Z it 2 K OREIEM A2 %00 C, TR 03824t
~RTHLTOWBRETH D, BHKEENARLTWD [T~ =27/1 1] (T
BWCH, WKOEY IXEERT =y 7HAILR->TEY, R ULLEEFITELICHE
EHARERA~HET 2 L O IMRE LTV D, SENIZ S ROFLBR (1 B ) D354 L,
NSRRI E CTET D &, BESKROREO—RNIZhE (BE 1.1~FE 1.3),

BEE 1.1 A EUIRERINT-T-Omo25R
(P R BRI E 7= 8O i)




8
1l
EN

: AV B i i
BH 1.3 #EEO 0 EICHEVEAD LRSS S, BV L
(HLI T R F B AR | 72 i)




£

Bl1E P

oy

NA LT DI, BTHEMOWNERZ AL D K ORSE &5 F Toft e, RT3 IR
TARICI D IAE A, FRZBE), S 53RN T 53R 2 NEMR £ (Internal erosion)
EV, RJIERRGRC T OMIER (KT & DRTKZ B & LT T AEEY O K ER OO L ST
bbH, NWEMZEIT, FOHBCRAEERE, BAERTICE > T HBEINTERY, 20
A= AL oM HENER SN TN D, SRR CTHEEDOEEN R 2D 2 L03b 5
7281, KBFJETIE, ICOLD (2017) PO E WD Z L & Lie, WEMREIE, BLITFO
ANZ =2 DA = AL L >TRIBL, FEELTHS (B1.3),

® Concentrated leaks
i 8D AR RNE KD ARFEIL TR0, MO 72 812 K- TRRICHUIR IR S h
7= 2B & N D IRE AT DR A ERTHELTH D, BRIZL-T,
77 JWRBIER L, A B TIN5 RN & 5,

® Backward erosion
2B KDRHEFT D RO ENBA L, EEROTN &1t om
FIRENIER L TV EHALE V9, Backward erosion XX 52 2 DIlT4
HMah, RENAA TRICHERT 255 % Backward erosion piping, 28
DR B E IR L, M3 3843 5556 % Global backward erosion &
WO, HAGETIE, MRIBRRE] LARENDZLRHD Y,

® C(Contact erosion
B2 TEOREEMNCTHRATHINBIRET, LV EINMREEZZT
HBRTH D,

® Suffusion

AR N & A D1 BRI K o C, HDRLZR TR 3 TR 2 1B 22 ) 4

BRI PR -2 E) - T 2BIR Th D, AAGETIE, TR SRS
oz LB,




&
—
gl
Fr
2

Concentrated leaks Backward erosion

7’

/ P ad
////'
- "
—

Suffusion

1.3 WEMREA =X L0588 (Fell and Fry, 2007 %= & & I2/ERK) 4

1.4 BEMGDNRERBERE —HJ71—TY3ar—

ARG TIX, NEHMREO/SFAIZIT 5 Suffusion (275 H L7z, ERE/OFAIZE T 5 Suffusion
, HOBEPNER 2 WAL 211G & o T, MRLZR RIS R S D MR 22 ] 2 AL 72 R 1
NEHE) - T 285 Th 5, Suffusion [THAFET TRV LRESNLD Z En%n
3, TZTCO THERISY) 13 0.075mm LA RO hiF (Mg TRl L5 XK5y) OERTIEZR
<, HET, LREKROREHPHOPT THMKR TR F2RBLL TS Z EICHEIN
o AMIZETIE, Suffusion Z [HERIZHEH] LRSS T, BE B TFRETH 72—V a
KHTHZEE LT
1.4 IR BOFI AN I EB L= 7 o — 2 a VONEMIT 2 RT, BT 58
ZOHBEERA L~IL, BERLL, FEML SV ERNT DY T 2 —Va 3k L
LD /IR NERETH 5,




8
gl
EN

4

Particle level Element level Structure level

. . . Scale of
Suffusion Backward erosion Piping  internal erosion

Concentrated leaks Sink hole

Contact erosion

1.4 PNEMREORIE &3

Foster and Fell'9%, WEHRENNTNDA D =X LA THB L%, B1L.5IRT XD
7, TInitiation (Bf#A) —Continuation (Hkft) —Progression (J&/) —Breach/Failure (FE5/k
#) OWMRETHEITL, NHEEIZH DFEET L LU TERS IR ISR LT 5 2
LHIBRTND, 72—V a NIEICINE DY TEBY, #lE LT, Kk
DEIREEEEZHEIND D),

® RFANDEMIC L > TRIBMRES/SA BV 72T D,
® [IOZEIRIZL > T, MEORIGHPILTT 5,
® [HIBUKEDHNSCHARIN /) DK FIZ LT, TV BERLFHERET L,

L7zidoT, EfR2 250591, ¥ 7a—TarPNlEmRezy, L0BHEARKE VNG
RE A B0l ICEET DL IR, NERETHEY, NEMRRE S L TR
ICRND T B RRET TR, B 72— a UNBTIENICHET L, HBH ) 2K T 34,

RN OREEET— R (T0, kb L) THIREICEEL T 5270225
LMEND D,




1.5 HNEMEAEOEIT7 2+ 2 (Foster and Fell, 1999 XL v 5| /H) '©




8
1l
EN

1.5 ABEDOHEDIHEB

Y7 2= aORETONTE, H<MBHERINTNDHDD, TDOAN=ALL
HRAAEHT 5- 2 D3B30 I STV, AFZEIE, B 7 2 — 3 3 U ABLATE,
BERNCIEIT L, D OEN EEMNTICER ST &), BEDDY T Y
FTafEL, ANZALRLOBORAEZAIET O TH L, BARNRBEIER Z LT

R,

1. EF, ¥ 72— a3 R EORBE L OGREREIZ G X D8 AT 572012, =il
AR C R T OFEE 21 2 12E T 2 5 2 7o RIS 2 & A WakBR A3 ki X
nNTnn, 20%<1E, ATHICTE SN v v 7 0H 5 HITkHT 28R IE E A
ETHY, AL TEESNIZETIEE A LR, AT, oM AtE L
THWHI, 2D, WEHlZEROTHIZ L > T 72— a v OREVRIBH D L
HESNTZEREZBAWT, 72— g UNREREICE 2 DR R,

2. Foster and FelllO2VRTNEMREDOEIT 7 vt R, BRIG—HfE—I R—IEEARE D 5
LNEMRED “Blss” B X0 “RIGMEEE SgICBd 20158038 <, “Hkfe - JER” 11
BUZBE$ DB D e E WX b, ZED O D, BT a—Ta LV BEITS
TRIA ORIBEDRFHINC E D L 9 I L TV D ONEFNTZWFZEIL RV, £ 2T,
WNRBACEARZ D T2 DITBE LA NT, 72— 9 LS K Dl TR R %
P, WATAD =X LB BRI,




8
1l
EN

1.6 AWXDAREERK

A S E Tz & O TR 6 HNDIR SN TV D, BFEOERLZLLTIZRET,

D

Pavanl

B1E  Frim
ARFGEDY 7 L B ERN, SHCONE LR E R LT,

2w PO

V7 2—=2arDAH=ALELIOHIRICE 2 2B 2B E O e 2 5 LTz,

3w T a—Ya %I ol

WNESCTH 7 22— a v Z LT & 280k Bk 2 A<, BRF235iH L7z sk
PRI 2K E AMERBR A JEffi L7, 7235, 7o R+ & LTV, 23D, WE
LEMOTMZ L > TH 72—V a VORAEY R7 Wb D &HE Sz L3k v,

FATE YT a—Ta CEERRICET SEEOFH
Y7 a—Ta N o TS 5 TR+ ORIBRE(LZ R X D722, BWEZFIA L,
ZF DIk LI OV T RIS 21T > 72,

5 POKORE—EERRIER LY 72—V a VT AT = X 4
T DAGIE Ze AT —RotE/K BRI I E 2 e ) AT, Bl 2 Aok 1 oD &S0kE
BORBINELZTD & &b, HREOBMELHR S GAR, FRESOZEL R
LT,
56 fm
FETHONMRAEZE LD, MERE Lk,

10



8
1l
EN

1.7

1)

2)

3)

4)

5)

6)

7)

8)

9)
10)

1)

12)

13)

14)

SEH

IARHECR « TRZE 72 O B R ORI B3 D) OE—REM oMo

WIEZ2ERAZ B L T—, RAFHEFEES, Vol38, No3, pp.320-323, 2019.

EMOKPES « (72D https://www.maff.go.jp/j/nousin/bousai/bousai_saigai/b_tameike/
(BI%EA 2022410 H 15 A).

JRMOKEER RATIRELR « REER T2 O MOEE R OCREIZB S 2 A4 K7 A 2, 2019

6 ARIE (2020 4 10 H —HBUE) .

PH—Z, HillFFe, dEABE PRI OB S & HeRE T OPERR — Rk A 5 o—ad

Tr—, TRSBFZE, 55157, pp.469-474, 1995.

BTN, HERE, ARTESL, PEEER SIS L - RO ERRDNEE D ST

(ZDOWT, TOREISE, 5515 5, pp. 485-490, 1995.

B TS, VOGRS, teth R AL 3R LI O SUE & & OHATZIE, BB T, Vol.69,

No.8, pp.54-59, 2017.

BHIZRAE : 72O HIER - ZEWIC & 2 9L FHICF S H I O FHRICTONT, A

NIRMEFRA S = TEEmR] SErr, 2019.

FERIA, PIARE= : G5B - LA E T K D BoREAE OMFFE, LRSI,

%16 5, pp.627-636, 1996.

JRHERA T2 - Bt B H3ERREHEERT T720Mi¥E R 1, 2015,

I H B8, J AR, : 72O lod /S A B 2 7 LRI S, f 36 R 5258, Vol.ge,

No.2, pp.125-128, 2018.

SEMOKPER A IR BUR BRI KGR - 72t~ =271, p.5, 2015.

Riha, J., Alhasan, Z., Petrula, L., Popielski, P., Dagbska, A., Fry, JJ., Solski, S.V,,

Perevoshchikova, N.A., Landstorfer, F.: Harmonisation of Terminology and Definitions on

Soil Deformation Due to Seepage, Internal Erosion in Earthdams, Internal Erosion in Earth

dams, Dikes and Levees, Vol.17, pp.347-366, 2019.

ICOLD: Internal Erosion of Existing Dams, Levees and Dikes, and their Foundations,

Bulletin 164, 2017.

Fell, R., Fry, J. J.: Internal erosion of Dams and their Fions, Taylor & Francis, p.245, 2007.

11



15)

16)

OASHEENE N MR T2 R0 30 SR SRR LR 2 Pk 30 42 7 AZEM a2 £ 2
72 SENTHIAR SEE (97 2 Ml 220 RUE — MUl 127275 O 5 —, 2019,
Foster, M., Fell, R.: A framework for estimating the probability of failure of embankment

dams by internal erosion and piping using event tree methods. University of New South

Wales, Kensington, 1999.

12



H 25 BHEOHYE

F2E BREOHE
2.1 Y 2Ja2—o3 DiEE
Slangen I T B2 5 D TR T 5 2 &1 K DB ERRAMPIETEE LAY, BKER
BOEALAKIZ - T, 72— 3 UiEE 5T “Suffusion (72— 32)” & “Suffosion
(77— al)” It T 22 L 2EZ LTS, (B2.1), ZOnFEIE, EEEZED

HMEDINE ZBEZT H7-2012, MO TEETH S Z L% SlangenV|IER L TV 5,

Before erosion After erosion

—T' —————

Suffusion

Suffosion

2.1 Suffusion & Suffosion &V (Slangen, 2018 % & & (Z/ER) P

13



525 BEHEOHYE

22 HI72—Tar OREAHN=ZXLIZEALT

K21V 72— a VT DBEREDOHIFEOMFIIEE % Foster and FelPOH#T7 1 &
A Z TR L7z,

£, BA” SESICET ARICB O TIE, 72—V a VEADNIMRROIA S K
BT 2EKE LT, B2.21Tr-T K57, HHE #lg REOCKEFXMENER SN, V7
2= a UINEAET S, 00X, BELSSTWSRESHE A TWS, RZRELTOTE
SR - TS, HIRNE L COKBANEMEPMHEICEE LD S, 72, XHET
LBG bRk THY, BIKIZEIT DKRAHLOILKRIZNT T, HERE RO O Lk
T P HAE D WD D Ry 0 D DZHRHER 28 EBIGIZ IS U R b e D, BIfEET
2, 2B MEc OFERNED LS ICHNEMREICHELZ 52 TWD D0, ka2 i3 EH
SINTETWD,
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Material conditions

(Grain-size distribution, grain,
shape, void size distribution, void
ratio, fines content, etc.)

Ease to
initiate
internal
erosion

Hydraulic conditions

(Hydraulic gradient,
seepage velocity,
seepage direction, etc.)

Susceptible
to internal
erosion
Internal
erosion

Mechanical conditions

(Stress states,
compaction methods,
etc.)

Trigger

X 2.2 WEREICEELY 5 2 55K (Bonelli, 2012 % & 2/EK)

TANELDT 4 Z—NESDLENEZHET L72 Kenney B 3 (1985) DHFEIE, PIEHMR
BMEOE S E 2> T RERBEEDOE TH 5, RLRM BT 2 IR O < OARIC
ERAL, 74 NE—NEOBEWH L OF L ¥ E T 25 H-F Shape Curve 222 L 72 (K 2.3),

X 2.3

Kenney © ™ H-F Shape Curve D& x 7 (ZH: 5, 2016 & & LIZ/ER) 10
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RIS HIAR D & DRI D D 4 fEORIEL 4D £ TO R 23T 5 R < O D

WKARND &5 Z L ZHLNC LT BT, IR FORHERNFE I TEBY, b HRE
D ¥ COEBEETNEE F (%), D25 4D FTOEEHDEE H (%) & LI-EE,
THF=1.0) 1 ZNEZE, THF<1.0) IINEALEL LIcbDThH5H, £, Batd o
PHITHIEARIU 23 3 LA b CRIBR DN E WA F<R0% D&, YISREkU, 2% 3 LT Thifk
IE2NPRNG G F<30%DHIH & 2> T o, B 2.3 OFITIE, 0B A XL E, 0k
B 1IN ZE L HIE S D, T OHEFRIEORIEIZE L Tidtk~ Zeiim, EIENRS N
TX727%, Ronnqvist! (2014) NZDffEEZE LHTND (K 2.4),

30 %

| Boundary according to
the Loebotsjkov curve
(Kenney and Lau, 1985)

20%

NG limit F

/ WG limit F

| borderline stable "Ys.s"
| (Kenney and Lau, 1984)
L

»” H=0.9F

-

INTERNALLY _ 2 Boundary according
STABLE < ) (| to the Fuller curve
\ {Kenney and Lau,
1986)

-
-
o
-
=
@
@
=
3}
=
)
-]
]
L
-

Boundary which

i envelops all stable
INTERNALLY . (e |
UNSTABLE test data (Kenney |
and Lau, 1986) |

B J

T L
10 20 30 40
Mass passing, F (%)

2.4 Kenney b DL EFRIEDORBIEDZE (Ronnqvist &, 2014 KLV 5H) 9

W22 EFRRE X Kenney 5 LZMI H W OEE S TH Y, Changand Zhang X241 5
DT —H Z FEEE - HBLELTWD, D 10X Kenney b DL EFRIRIZ BRI HR A E
AL LWEEEARZE L TV 5, BIH D N, RIS IR R 3 2 IR, ko
WGEE, K- KL ONHIBRZE M O PN BE DS NEMR BIC G- 2 D588 %, TR Oii s
AIREZR — IR T K R & = RIT R B FRIEMAT 2 IO TR TV S, EBR T ED %)
STCRIEEARIZ L, REVHIMEZED, ZOEN0 ARV HEMESEZ AL T
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LT LEMBNI LT, ETe, KBGO L ERECR T O R 2 29 R
REWIEERTRELZZITIZSWZ EEZWBNI LT, b DONRIE, iR
b RA- ORI OWT, EICBETRERMBEZEMOAEICL > TEm SNz b DO TH D,
—FT, thFoEEHUCELTE, MR THICIIT S Terzaghi ORAEI/KAES
Justin®) D [RAFEIH, KELAIZIB T % RIUFTCIREB R E DB 2 T a i & LER L
T& T, BHL O, RASKARIITHOEE L RGOSV EWVNLRDDLHEDTH
v, TRAND LT OUHT DEITHDOMEEA = X L EFHHTL20FEHLVWE LT, 2
BHERIIR AR TR 2 Z &AM TH D Lk ~Tnd (R2.5),

X 2.5 BRAGE K45, 2018 Lo3lH) @

ZOMIC G, TOWMERERLROEAREE 0, FHE 912, WRHERSE (X v v
= F8, LR) WEICER LIERFE e Sh, WIlMRRBFAT D, £701L, BELLTVS
Hhokatn% < ST b,

WANT, “HkE - JEIR SRS A MRSV TIE, 72— 3 v OEITR L UkLT-
DORIFRH OB 2 T = X LSk - kR SR 5T D, 7223 Th, Luoetal ik
HENIZIR BN D EMIER LI2G6, thiroB#si—HiEE v BV oML L—
THRIFOFBENEANREY R LEITT 2 Z LA EHLT0D, £20ZE06, 7=
—Va NI EIIRET IO TIE RS, BRAICETLTWKERTHD L LT, BiER

18



525 BEHEOHYE

TEDRERIFNC B LT 2RI A B L e ERPFER S, 72—V a VOEITICEZ D5
HERRRHTWD,

BRI, “HREME” SIS BT 2RISRV T, 72— 3 USRI TS
PN H 2 ZRBNRFI SN, V72— a LB BEEE D B 0BRSS F45;
P, B EZERS T BTG 3N, Fe, h7a—Vaidiqes s
UG & o T KRR NEMR B ORDEBIZR L LTBINSN D 7 —A N5 2 L0
), KKy D HEFEE VIZ Ko TR EOPARMEREDME T L728G, T30 1x3 28\t
Ko T LW o BT R SO0 s ST g,

Vb, 72— a il 2BHEONRAZBBIT 5 &, BACREIEB XX DI
L0, 7 a—Varo “Bn” BIU BEMEE SISICBET o0E % <, ke - 58
B S BT AR SRIR D rn En 2 B,

ZO7RIT, AWFETIY L 2BEHEE 0 5 b, BB R R ORI 2L OIS,

“Hkfe - FER” FEIROETA N = A LICEET DO TH Y, LD TIHIZLE A LW
LM ENTVARYY, ZHUTHOWT, AIFZETITRE L WERRICES < H i faiE a2l
ALT, ZOffHEIT-T,
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2.3 HI72—TalhRIFTEEICDONT

Chang and Zhang?”, Chang % ¥, Ke and Takahashi*®, Ke % ¥, Ouyang and Takahashi®®,
Sato and Kuwano®®, Prasomsri and Takahashi??)7g &' 13 = SliF BN TH 7 = —V 9 V2 HHL
L, TO%ROMEEKIIK L THAMRBRAIT) 2L T, ¥ 72—V aroEgBszidi-t
DIREE « BIGFHEZ TR TN D

Chang and Zhang®", Chang & 31X, ¥ v v 7' O ®H DRIE AR D 1 (Gap-graded soils)
AL, BTSN TOY 72— a VR AR~ LT, 72— a UingkE Ak
HFENZEZ DEBERICND, V72— a VOB ZIT CORWEERRIL, SART
IR 2R O LG, 72—V a KD EBEMET L2k, 0oz
asl, E—7mEbR T Lz,

Ke and Takahashi3)| % Z#lEBREEAN TV 7 2 — V0 2 U 2 0E 5 3@/K AT H BRI, HEAHERE
T5 2 & THBRPICROVEFIEZ RO Z LN TEDLERI AT LAER LT,

Ke & NIRFEDER S 2 MEOEM ARG L B2 L, EHE THRICTImE
RiEAE Gz, V72— a s ERAESEIE, PR ANRERZ E Lo, #KIZE-
T, MR PRT T Z & THRIBREZ M S E20 6 %, eI BIRDHE T 2 Z8) 281
L7, B2 6 2G0T AT ARd, MR 23 H L 7235E OMliZES 1 TR Sy
DR L TWRWGE K0 VN0 A8 (1%FRRELUT) TR&E R, TOT Hak
(1%~15%) IZBNWT/NESL D EVIHIFERPOT IO —ATHA LN,

Ouyang & 3% Ke & & [FERO TR AL L, Y7 22— 9 U IEAKRE AWrEE)c
H.2 5B ERITCND, ZORE, ©—7iE, FREWE S HITEML, BCYoM
W DERENDIRNEEZDENRE VR E R o7z, v A 7 B 23— TOMBREL
(230 FK LT, AR DSHLORLFIIZES E > TOWDER MBI STl Y, il
OB RN B L B2 T2 LR T\ 5,

Sato and Kuwano®| 3 EERICHRAM B & L THMEH SN DL 26 L, —filsli
NTY 72—V a VOBBREIOKEANRZERL, V7 2—Ta Ik e—7 M
DMK T T 28ERESG, £, V72—V a VAl MO OTHE0 KL 2% L,
BOY > ZHEMETTHZEEHLMNIL TS,

Prasomsri & *)(% Suffusion & Suffosion DEVY, T72bh, NHRAE L & HIZ HEKNE
BT BN E-T, MEICHEX DEENELRLZ L2 LNILTWS (B2.7),
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2.7 Suffusion 33 J O Suffosion |2 & 5 B — 7 58, FREHREOE

(Prasomsri and Takahashi, 2020 XV 5|f) 37

INHOWMRLY, MRS AIRET 52 LIk -T, MRAHRL, BEMITT5HZ
EMBREDIRTITRHERDNTND Z LRI TND R, TNET TR, REEER
TR EEDOFBK N TER LD DEEIETNDL L b —REBZZ N TND,

B 2.8(2, EFOSCHER OGS S e LaUEE O RRINEE AR A2 =T, Bk & 2R SeR R S 78
ENTETUINDHOD, RRORLD 2O LRI ZIRE LicX v v 7O b HRIESA
TER DR (Gap-graded soils) A M L72ER1 2 <, £z, B0 TRl A L7255
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F3®E HIJa1—YalERr-IoAFERHMEOZIE
3.1 #ER

TeoitE Rt & LTRSS AFEE S R LT, PR FE2iHsE2 2 &R TED
Frok e kB 2 IO ek AR Z i L, V7 22— a U IFERRIC S5 2
AT, PR OFH 2 B L MBI 2 O TRER BB L2 1T, 15t~
DB RE LT,

3.2 (ERAL-TOYERHE

AR E3EHE, R RFHTcRRLZE S L Th D, HAARTHE, ikt
WCESTAMH LoD fFET 2 D2, & 31 BLOR 3112, AFETHEHLI L
B OB, RIS RN A2 Z N E R T, AR TIE, MR EEEN 52%Th D
WHOFEE S+ (MS) ITA, MR EA R 10%I272 % K D ISFH £ & Lok fEiiE
L7z a0k (M10) B LT E S LMKy 2 0 A ) ATE #2721k (MKS) %
TEBRLL, HRLoY G AT SRRy D MIME DM MT K B FE R~ B BA T~ T2,

MI10 1%, FERE S 205 ABRE 75 um D55 W & AW THIH L 72 HRI4y % 185 OF i %
S TITINZ T, AL Y A 3 10%I1072 5 X O ICFE L=, MKS X, @O
FILEZHAX 75 um D550 O LTV L%, BAREEIE 75um UL Eo F &
TN AV % 52% BT RO TER L7, HESETIE, 3FEHE MR ELTY
BB TN S D, B 3.2 1T L 90T, HRIARDS IR Y BRdiu 7ok B Sy A IR
(Gap-graded soil &\ piv5) 0 FIMORIEE 344K (Upwardly concave < Soil with flat
tail in finer &V D) 1T KANCH 72—V a UABAELST WV EENDS Y, & 3.2 12K
EOMTE LV IRESNIWNEHZERE Y 5 0 2 VT, KEFREIONIREDIHAE LR
T EEFHE L7 AE R 2R, RARIE S EWRIE SR O LISEA TE 5 3 SOEED 5 b,
Kenney OPNEZEHIE CAFEBERIINEIARLE & HIE Sz, Kenney O PNEZEHRIE
WZOWTIE, B2E2.2 THLLHH LTS, B 3.3124EWEMH L7z 2 FfEO Lalklo
H-F #ifg %759, B 3.1 QRN T 0 vy hERTWAEE2BExEE L, Zh
FNORIEED & LTH, FAake, B 3.3(Z7—¥%71 > L7z, M5, M10, MKI10

T
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F3E Y T7a—Ta a2 hoFEREOENL

WIS BERIU DY 3 BL B2 DT, MREtdiHIL F<20% & 72 %, 2 FEFHO TREHZ B\ T,
ZNENDs (=75um), Dy, (=106um) LA TFOFF (X OMHRFAA) CHEARZLE &)
Wrsihio7ow, MRy BEITE D2MIRZERZ AT HOREN MM Th D EWVr D, £z, it
OB L LT RT VKR O HIZER L TWA 2 b H 0 7, AEIEHT 2 150N
WEMZ B FEAE LT WKL T 5 &Il L7,

x&3.1 AL oWk

Experimental Soils

Soil name Decomposed granite soil (Ube Masado)
Soil code M5 M10 (Adjustment of F;)
Fines content F. (%) 5.2 10.0
Specific gravity G 2.625 2.610
Plasticity index Ip NP NP
Uniformity coefficient U, 19.4 32.9
Maximum dry density
1.929 1.950

Pamax (g/cm’)

Material Soils

Decomposed granite soil

Soil name Kaolin

(<75 pum)
Fines content F. (%) 100 100
Specific gravity Gg 2.646 2.675
Liquid limit w;, (%) 443 59.9
Plastic limit wp (%) 26.9 35.6
Plasticity index Ip 17.4 24.3
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M5

M10

M5 (Fine)
—o— Kaolin

=
=
°
=)
(O]
2
>
o]
(@]
<
w
(2]
@®
[oX
Q
(@)
[
Io
C
(O]
[$]
e
(O]
o

0.01 0.1
Particle size (mm)

3.1 R L7z LRCBl R h i

X 3.2 WNEARLEITR Y S Ri 454 O] (Foster and Fell, 1999 X v 5 f) ¥
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—H/F=1.0
M5
M10

Internal stability

/

// (H/F)min

. N O‘123456789101'HZ13M15
Internal instability

11

10+~
9
8
7
6
5
4
3
2
1
0

20 25
F (%)

X 3.3 AL ko H-F ghis
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3.3 EEBREE

B 3.4 (ZARTFERTHZNENR & BRI OB E X A R, RFEBRAEE
%, BEfFo =B 2, NEMREPBI TELIIICHRLIELDOTH D,

B 3.5 ([ZAEBR THW-NEHR &M =l EiEBmgo 5> 6, NEREE2FEI o5k
K D5y Ze ok U T A s -, HEUASTEIR, BAE Sem, & & 10em ORI TH 2,
ERIE B B2 o 7, BRI TIEBIS T2 7 2B L, KEAZEIC Lo THEURICTT
MEDORBMEGZDHZENTED, ~T AL VIR OIERZER T L L L b, it
AIAO T ER L B B E 250 pm 72X HBX 425 um OBROT A ¥ —RX v =,
6 mm EDOFL%E 21 A 727 7 U MRDNAIZ AT 2 2 VICHKE Lz, T & OREIR%

2, BEINEERFIIVAY—A vy a, 77 UAEIMRE @R, KEEDIZTFEH
SZUVICEEDLHMA LI oTND, ZOFHAMETHUONTAZ NV TRE LEZED
% J5{E1%, Marot et al.¥=<°> Ke and Takahashi O D FEBRIEE 25512 L, £72, ALEE I
NI E A EH S B2 &, KIFEICL 2EAKDBFEETH VD, K & & OB fn
ZAERIT AL N TED, ZOHELEMN S EIRETHEAKZIT O HikE, Ke and
Takahashi.” D EFRILE 2 B Z2 LTz, REBREZITDRWEGAE, @ O =ihalik & Ak

, PERRRIGIEIC AR —F AR b= b AMERE LT, ek SALICKT 5 T~ v
7 DYKHE NS B 7 KB DKL FZZAH 2 HE T 5 2 & C, ALE O E K AR 2 ik
RIFICE 272, 22°C, KORFEIEST, EEZ 7 OKRMME T 2720, FEHEK
ARLITIRBEFIRE R D KT, £ 0% IR T T 5 Z LICEE SN, TEZ 7 D
RRAFEIL 785 mL Th D,
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B 3.4 PEMRAEN —ihalBREE R OBl X

Acrylic Mesh
Hlate 250pum - 420pm
pratc e el Hydraulic

gradient
~Ah
‘T AL

100

Pedestal with funnel-

shaped depression Ah

Back =

pressure

Dramage in the

lower tank Loading system

3.5 WiMRREZIEAE S DN
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3.4 EEAGE

TEEHIEGE FKIC 72 D K9 Ik, IREG L7214, HEEDORIBRIL & 702 K 91T OFHH
LIEEEESDERFIEDE SIZRDEHICE—/ PN TEEEO THIE LIZ, ZO/EE
X5 EIZAEIL TIT o e,

= VSRR A R E L7t RO TN D R E @K ES —EI R D
TR Z 8K LTz, 15 100kPa Z 1B S8 C, MBRERE BIEA 095 L ETHDH &
RERE L7214, Ao, =30kPa THHEHE Uiz, 0%, BREBEIELHEIL,
WM E K AELS 5 122D KIS Bl v 7 O ZREL, Ty v 7 DK
ZE (785ml) 23 MR D F THIE R &K AT o728, EHICOT ZEEE 0.2%/min
THOT A 15%ICE D E CTHAREAM (T o7z, RERTIE, SkARIM/NEWE
KA EET, WIRETEDERE TLRFREEEL 2 LD, PHERICEY, +
B Ot 2 M40 2 & N TE I PEEPKAEL 5 OFRMTlKZ FE i Lz, BT
%, HKE, htE, KOBELZZNENINE LTz, BAREITORVGEIIERKE T
BEHICHKREAN LTZ, 72, O —2TiE, #hOFH 15%ICESH T TEAR L
%, FOREEO =8ISR A MR LT F £, R oMEURICK LT, ¥ EYEKE
Bl S TR 7 OF BN/ D F THEKREZFEML, RERWEZT 7,

L7=io T, RFERRIE, B3.61277 3 3% = OFIETEREI N, £, NE (No
Erosion), EBS (Erosion before shearing), EAS (Erosion after shearing) & 32— K& 4

L7z,

Preparing
specimen
2

Shearing NE

. Permeation
Saturation » ) '
a uri| r (Erosion) =) Shearing EBS

Consolidation Shearing = Permeation EAS

(Erosion)

3.6 AEROFIHL B — F
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3.5 MROEHE

3.5.1 BEERBLIUEVEERDESR
V72—V a VORELZEEMICKRT L7010, FES 19 08EHZLEZR 3.1) TF
SNAHIREBERRENTA =KL LTHEHAL,

Msq

R, =
Mo

x 100 (3.1)

DIC, Mg TR TR T ORRELR, mo ORI R 5.,
Efo, REBCIE, MHAEHESRE S LREE AN TS 2 L%, HRIREED A
Y2l ko CHRINTHER BRI FOREEHIBL TS 2 2 hb, Ay an AR
LT OFEH TR AT B R AT RE ABR AR Y UTER L, AHRARER (.2)
T

N

m
R, =—2x 100 (3.2)
s0

T T, mildEREBFOMERICE TN TN D A v v 2O HBEBRUL T O k1 O
HETbD,

3.5.2 BKEMIRLLDES

THRIFDOWMENZ KD TR DO Epld—E L L, WREEp, DL ZH[E L CdhKE
DOREFR DML AR Uz, BB E(LT 5 ZRE LT, BAKkEITO> & TEL S
B O HPHERR IR DR SZEIT B D, Lo L, RERY — A TIIdKH O
ERRKTH 0.063mm &R I NTH o772, BFRE~OFEBIIhNENWEE %, &
WRIoZ Ll L, LIedoT, BARBOUIRRIREE Epyasld, TR FOREELZRE
LT (33) THEM L,

Mgy — Msq

Pdas = Vo (3.3)

T T, mgol THERATI IR B, mo (TR TRICTEZ v 7 S IE L= HEH
TR DUIRE R, V IEEEOGERIAEECTH 5,
L7=mo T, BAEOREBR e, 1328 (3.4) THEHET D,
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egs = —— — 1 (34)

ZIT, psli bR OEETH D,

3.6 HRERFEH

RIJIWEARFEROFER — A L#EREE LD D, RIFFRTIL, WA EOETER L
To AR B SET 2 #iPH DR 2 7085 B TR 2 /ERL U 72, AiNd L72 L 91T, @K ol
BN EAR,, ITHRATH 0.063 mm TH Y, REICIDEFEITIZ LA ELET TR,
L= o T, REBROZ/EEIL “Suffosion” 19 LV ErL A “Suffusion” THDH &

2%,
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3.3 FERRr— R LiER

Pa Ahwp R, R,
Test-ID ey €qc €hsh €ash
(g/em’) (mm) (%) (%)
NE-M5-1 1.766 0.487 0.469 0.469 - - - -
NE-M5-2 1.790 0.467 0.453 0.453 - - - -
NE-M5-3 1.671 0.571 0.550 0.550 - - - -
NE-M5-4 1.634 0.607 0.587 0.587 - - - -
NE-M5-5 1.660 0.581 0.564 0.564 - - - -
EBS-M5-m250-1 1.764 0.488 0.476 0.482 - 0.014 0.39 3.25
EBS-M5-m250-2 1.718 0.528 0.506 0.512 - 0.063 0.37 3.09
EBS-M5-m250-3 1.645 0.596 0.575 0.577 - 0.042 0.11 0.94
EBS-M5-m425-1 1.766 0.478 0.465 0.468 - 0.010 0.20 0.95
EBS-M5-m425-2 1.774 0.480 0.461 0.466 - 0.063 0.33 1.61
EBS-M5-m425-3 1.677 0.565 0.549 0.560 - 0.000 0.68 3.31
NE-M10-1 1.797 0.452 0.438 0.438 - - - -
NE-M10-2 1.762 0.482 0.464 0.464 - - - -
NE-M10-3 1.575 0.666 0.644 0.644 - - - -
NE-M10-4 1.642 0.590 0.567 0.567 - - - -
NE-M10-5 1.696 0.539 0.528 0.528 - - - -
EBS-M10-m250-1 1.756 0.486 0.461 0.465 - 0.012 0.23 1.33
EBS-M10-m250-2 1.754 0.488 0.470 0.473 - 0.000 0.24 1.39
EBS-M10-m250-3 1.608 0.623 0.598 0.603 - 0.000 0.37 2.16
EBS-M10-m425-1 1.763 0.480 0.471 0.475 - 0.016 0.24 1.03
EBS-M10-m425-2 1.562 0.671 0.645 0.650 - 0.000 0.29 1.21
EBS-M10-m425-3 1.651 0.581 0.544 0.547 - 0.006 0.20 0.81
EAS-M5-m250-1 1.791 0.466 0.450 0.450 0.512 0.006 0.33 2.73
EAS-M5-m250-2 1.699 0.545 0.526 0.526 0.565 0.002 0.31 2.58
EAS-M5-m425-1 1.653 0.588 0.564 0.564 0.446 0.016 0.07 0.34
EAS-M5-m425-2 1.694 0.549 0.519 0.519 0.511 0.006 0.24 1.19
NE-MKS5-1 1.716 0.530 0.505 0.505 - - - -
NE-MK5-2 1.751 0.499 0.492 0.492 - - - -
NE-MKS5-3 1.633 0.608 0.616 0.616 - - - -
NE-MK5-4 1.782 0.473 0.461 0.461 - - - -
NE-MK5-5 1.640 0.601 0.595 0.595 - - - -
NE-MKS5-6 1.615 0.615 0.606 0.606 - - - -
NE-MK5-7 1.682 0.560 0.545 0.545 - - - -
EBS-MK5-m425-1 1.614 0.626 0.592 0.594 - 0.070 0.15 0.71
EBS-MK5-m425-2 1.752 0.498 0.490 0.492 - 0.063 0.15 0.75
EBS-MK5-m425-3 1.705 0.539 0.531 0.536 - 0.032 0.33 1.63
EBS-MK5-m425-4 1.633 0.608 0.579 0.589 - 0.063 0.60 2.94

Note: Test-ID: {Experimental code — Soil name - (Sieve size of mesh) - Number}
pq: Initial dry density of specimen, eg: Initial void ratio, e,.: Void ratio after consolidation, ejgp:
Void ratio before shearing, e,s,: Void ratio after shearing, Ah,,: Vertical displacement during

permeation process, R,: Erosion rate, R}: Effective erosion rate.
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3.7 HE#HEFR

3.7.1 HIFDHEHAKR

®3.7 K382, TNEIMS BLUMKS DIREH Y D —A (EBS, EAS) D&k
ATEIRR L L R BB L OE DR EROEFRZ R, RAEFRITH LT 0.7%U F &K<,
Koy A=, Ay 3 afg, JEER (FBKET MR & SR BRITITHEAR A BN )ho T,
F72, EBS & EAS ODEWVWHFHIA BN 0T,

o
®

o
~

EBS-M5-m250-1
EBS-M5-m250-2
EBS-M5-m250-3
EBS-M5-m425-1
EBS-M5-m425-2
EBS-M5-m425-3
EAS-M5-m250-1
EAS-M5-m250-2
EAS-M5-m425-1
EAS-M5-m425-2
EBS-MK5-m425-1
EBS-MK5-m425-2
EBS-MK5-m425-3
EBS-MK5-m425-4

o
(@]

o
&)

o
w

9
[l
\'g
i)
© 0.4
c
o
1]
(o]
o
L

o
[N}

o
N

o
o

0.50 0.55 0.60
Void ratio before permeation e,

3.7 ZAKHIHEKL & REROME (M5, MKS)

M5, MK5
EBS-M5-m250-1
EBS-M5-m250-2
EBS-M5-m250-3
EBS-M5-m425-1
EBS-M5-m425-2
EBS-M5-m425-3
EAS-M5-m250-1
EAS-M5-m250-2
EAS-M5-m425-1
EAS-M5-m425-2
EBS-MK5-m425-1
EBS-MK5-m425-2
EBS-MK5-m425-3
EBS-MK5-m425-4

Effective erosion rate R, (%)

0.50 0.55 0.60
Void ratio before permeation e,

3.8 ZFKHIHERL & ARREROBEK (M5, MKS)
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3.9, ®3.10 &z Zh, MI0 DIRREH Y O —A (EBS, EAS) OFE/KHIHFRL &=
BEBLIOANREEORGRERT, BRAEITR L T 4% T LIRS o T, EHE (&
JKED BB AR VT E, RER, AR ERL BICKE L ROETFOMEANRH LT,
M5, MKS5 EIRERIC, MR SRR, A vy af®, EE# (EKRD HRE S S REERIC
IFAHBEAD B IR Do T,

EBS-M10-m250-1
EBS-M10-m250-2
EBS-M10-m250-3
EBS-M10-m425-1
EBS-M10-M425-2
EBS-M10-M425-3

0.50 0.55 0.60
Void ratio before permeation e

3.9 FkuifEptt LR EFROREEK (M10)

EBS-M10-m250-1
EBS-M10-m250-2
EBS-M10-m250-3
EBS-M10-m425-1
EBS-M10-M425-2
EBS-M10-M425-3

Effective erosion rate R, (%)

0.50 0.55 0.60
Void ratio before permeation e,

X 3.10 Z/KHIFERL & AR ERORELE (M10)
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3.7.2 KB AMEE

® 3.11~R 3.13 (Z#hzE5 ) & T A ORMRE X OO 2 E RO A0 BEfR &
AT, RERTIE, #EUEORRIEZZ bS5 HEA & LT, BRI A2 EEE L T
F ORI & B HREOVIBREE DL D D20, TAMRTOMBR AR Z 5 2 & 1%
FEFIZHEE L <, I5T) - OFTHBRICB W CEKROH I K 5 A W28 OE & B2t
g 22 LixTE Dol £ 2T, EAMRIOMMLIL & BEDOBMRZO L DIZER LT,
V72—V a VEEEITHEKOGENBE~RITTEELRGF T2 L Lz,

.
'
s n" X A
L7
oS ‘-”tv.u, > A -
« a * ~y s

e £ v ooe

24 ripe b,
'VVWVV'VV'VV

*, <, ‘& |
LARAL) SEREPAS L a0y yov ok x v‘”v*"?‘},’»’,‘}

NE-M5-1 (e,
NE-MS5-2 (e,
NE-M5-3 (e
NE-M5-4 (e
NE-M5-5 (e,
EBS-M5-m250-1 (e,.,=
EBS-M5-m250-2 (e,.,=
EBS-M5-m250-3
EBS-M5-m425-1
R EBS-M5-m425-2

Deviator stress g (kPa)

Volume strain ¢, (%)

9
Axial strain ¢, (%)

3. 11 JSHOTAERE L OO A—REHOT 2% (M5)
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L)
e,
Yt e n\.\
oo %000, 0 T P L’.\,

.0.000, c
*%0 0000 YRS e T I T 2341%

*%e0,
’00000000.0 se00
v . 0’0 Y
A AR A2 AR A AR AR 20004 ]

Ty
AAAAaddAdLtaLl

Aaaaadaans

Deviator stress g (kPa)

NE-M10-1 (e,,=0.438)
NE-M10-2 (e,,=0.464)
NE-M10-3 (e,,=0.644)
NE-M10-4 ( 567)
NE-M10-5 (e, ,=0.528)
EBS-M10-m250-1 (e,,=
Y EBS-M10-m250-2 (e
y 1 EBS-M10-m250-3 (e,
EBS-M10-m425-1 (e, =
EBS-M10-m425-2 (e, =
EBS-M10-m425-3 (e

sesecce®

Volume strain ¢, (%)

Axial strain ¢, (%)

X 3.12 JEHOTHERE L OO A— RO 2B6%  (M10)

Deviator stress g (kPa)

NE-MK5-1 (e
NE-MKS5-2 (e

NE-MK5-3 (e,

NE-MK5-5
NE-MK5-6
NE-MK5-7 (e,.,
EBS-MK5-m425-1 (e 4)
EBS-MK5-md25-2 ( )
EBS-MK5-m425-3 (e, ,=0.536)
( )

(

(
NE-MK5-4 (e

(

(

N R R R el S Lt ""4‘“’-']

Volume strain ¢, (%)

EBS-MK5-m425-4 (e,,=0.589

6 9
Axial strain ¢, (%)

X 3. 13 JSHOT HERE X OEOT A— KO3 Z2B4% (MKS)
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3.7.3 HAMHIRKKL & R EERE DR R

E3.14, B3. 15 12RER LD —A (NE) OFAMEIMEEL & v — 27 A F LU
FREDRRE ZNZEIVRT, ZIT, Qe THIOT 72 15%IFOMIZEIS ) & LTz, BFIZR
FTEBILNE OFEREIZ ST 20U TH 5, T OEPRIT IO TITE AWRTOFFR A
NS 72D (BT D) IZ91C, Quax & Gres PITENPRE 12D Lo T MROFER & 72
D, M5 & MI0 ZHid % &, MBREAFE T THIIL, M5 DA E—7FRENE,
EIRREE AR U Ch, M10 O A KRB E pamax SR E <, FRPEE L LT3ha Nz
EMBENMENERTHD B2 LD,

. (kPa)

Peak strength q,,.,

0.44 0.48 0.52 0.56
Void ratio before shrearing e,

©
o
X

Residual strength g,

0.44 0.48 0.52 0.56 0.60 0.64
Void ratio before shrearing e,

B3.15 W AMWrATRHIERI & AR5 E DOBIFR (NE)
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& 3. 16~ 3.21 |2 HAMWrAT (NE, EAS OBAITEHE%, EBS OEAITEKE) DM
[RE epsn & B T Gaxd6 L OB IR qros DRI E LR T L IZENZIRT, ZH
LI, NE OIFERIMEIZ RS DT EIRR A SR IER L FES 2 L1232 0%, @KkdD D DA,
B RLHERR ) DAL LB IS T — 2 7 ey hENTEY, TAWER ORI T
THBEKIZE > CE— I RESCEEMENR R D 2 LN yholz, 20O Z &% Ke and
Takahashi'D=X> Sato et al. D735 L7- 2 L 2F AN TRV, MIFREOZ(LLSIMT b iEE %
FALSELERDNHD EZEZBND,
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Peak strength q,,,,, (kPa)

o

o

0.48 0.52 0.56 0.60 0.64
Void ratio before shrearing e,

0.48 0.52 0.56 0.60 0.64
Void ratio before shrearing e,

NE

EBS-MK5-m425-1
EBS-MK5-m425-2
EBS-MK5-m425-3
EBS-MK5-m425-4

s}
R
{

0.48 0.52 0.56 0.60 0.64
Void ratio before shrearing e,

X 3.18 FAMWRTEME & v — 27 MEORIE (MK5)
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NE (Including EAS)
EBS-M5-m250-1
EBS-M5-m250-2
EBS-M5-m250-3
EBS-M5-m425-1
EBS-M5-m425-2
EBS-M5-m425-3

©
o
x
o
°
£S
o
C
0]
o
=
w
©
S
o
0]
0]
o

0.44 0.48 0.52 0.56 0.60 0.64
Void ratio before shearing e,

X 3.19 HAMWrAGHEIERL & 7R 5RE ORISR (M5)

NE

EBS-M10-m250-1
EBS-M10-m250-2
EBS-M10-m250-3
EBS-M10-m425-1
EBS-M10-M425-2
EBS-M10-m425-3

Residual strength g, (kPa)

0.40 0.44 0.48 0.52 0.56 0.60 0.64
Void ratio before shrearing e,

X 3.20 HAWrATHIFRIE &R RE OBR (M10)

N[=

EBS-MK5-m425-1
EBS-MK5-m425-2
EBS-MK5-m425-3
EBS-MK5-m425-4

Residual strength g, (kPa)

0.44 0.48 0.52 0.56 0.60 0.64
Void ratio before shearing e,

B3.21 HAMTETRHIRLL & 7R R ORISR (MKS)
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3.7.4 HALA2UL—4H

B 3.22, B 3.23 (& AWHIHIBREL EBHER DX A LA 2 v o —RBOBERE R, Z
ZT, MEERO XA LA Z R R, B ST BN O NI O Frd e (6
DWINMEREOT Zrde, DT H 0, O H—EETOT HBRICIR T 2B OME TH 5,
RE, FEOENEDEA VA2 —2RKTXOICIEFAZPIZL TS,

TAWHIHBR AR & WS (BEAMRVIGE) 13, 7 22— 3 12 Ko T
WL L TWD Z oD, —J7, AW N S WGE EEREWES) 1,
DPULIELOENH LD, NE LV & EBS DD, ERFOX A LA X o — RN KRE
, ¥ 72—VaildioT, XVBEERERENICEL TWD ZENDN5, AN
AL DEVC L > T, ¥ 72—V a VDX A LA Z o o —Z8 O BB 23 572
Lo LIEMHST, 72—V aBOFA LA X —RBOENN, 72—V 3 (2
ED =7 BEOCHMEKTEZREMNTTNEHEDEEZ HILD,
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0.44 0.48 0.52 0.56 0.60 0.64
Void ratio before shearing e, ¢,

3.22 W AMWTHIAIRRE &R D & 1 LA X v —175% (M5)

M10-NE
M10-EBS

0.44 0.48 0.52 0.56 0.60 0.64
Void ratio before shearing e,

X 3.23 W AMTEIRHIERLL & BEERF O & A LA 2 2 o —f2%0 (M10)
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B 3.24 \Z~9 L DI, B#ARADOT —ZITEBWTHAMRIRKIBR A R 56 0 & 5i 3
HERR O & R & DR ETREA LR E L TRI L, 3,25, K 3.26 (Z4TREZL
b EBREOBFRERT, £ O — A TEBELFTAOMHEL LY, ThOHT
IZ X DB AL, IR DMK T Lz, — 7, s o ok o — o7 — 2 ¢k
FERERCENIEDE E 72D, BRI K > THEEELL RICHRESBIN LR S 25
7z, EBS-M5-m250-2, EBS-M5-m425-2 Tlif, b — 7 EOBELELRBEDETH D
R, PR TRE OMEZARITADMEE 72 0 BEROT AN A BN, £/, B —27 5k
J, BRETREO LD L OMELRCE G ERFELIIABEN A LNIRh o T, FAIZ LV HEH
LIz BRI RBED 0.7%LLF L D7 <, TR EDEWTHRE L7z BRLF-72100 T <,
HRENT THEI L= b 00, FHICE B2y 7o BRI HIEAL L2 B i iiE o 24k
WEE L TWb EE 2 BD,

Strength estimatedin
case of no suffusion g,

SQL

Actual strength q .+

Void ratio before shearing e,

3.24 FIBELALROER
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AL, K5 BRICESNCBENF RSN, JIE LEBKITBRERICE S 12, 3l
OREENZHNT, FEORIEZ 4 EITo7-, £z, MRIOERBLAR & #& T RO
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4.5 HT721—T3 EBRAOHEDEA

4.5.1 BEAMOBEAE

RLEERFMED SN O 1308 (LT, JERUERUR L IES) %% &IC/ER L 2 IRIBiR 2 AV,
TR ORI S IR L VR DBIRIC G 2 D 8B i~ T, 7272 L, W IRNEY S DR
REPE D MUTRL T TR R O R A 521 T 5 7280 0, JEUEGURH It iR 9~ 2 a7k F2BR ¢
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60 5 FHEORAEREZ O CRRIBIROIREC L IE Y VIS RIOREN R D
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C (4.1)

ZIT, mu BT OEE (mg), Vi ldKkORRE (L) Th D,
BRI DCIE 100, 200, 600, 1000, 2000 *5 5083000 mg/L @ 6 @V IZEZT=, 72721,

AV WSS, 3000 mg/L ORREIRITEBEFORIERFEZE 2 72720, 2600
mg/L & L7z, £7z, WKFERTIIERA RBEMOBEK 2 5 Z L1220 7280, Bk
IRFDRFEDE M L D KB E ARG O TEIRFE DRI Wh AR 5729012, H
EE BT RIOBRBIROARZ 0.05, 025, 050 BXO25L © 4@ IcEz7- (K
4.3), VNSRS RUK 26 Uiz, LA L, 1 120 FEEE O BB 6 U CEBEEHIE 2 45 4 [
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Maximum

particle size Dsy (um)

Dinax (um)
C75 75 16
C106 106 18
C250 250 69
C425 420 110
Kaolin 75 4.2
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MEICRDLT, BBIEZR> TORWT & 2R L,
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2T, KL T O SRR O B RERLA ZRTIRIT & 2 MK EREUALE )& M X 2 B E
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a
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Estimated pre-dilution data ,’l ,
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N— k2 BN TFIZBW T EHERY 7 2 — U a V5@ G 2 b2
2= R 3 BIKAROEENY 72— g BN R SR

@

T, N LIZIEESRZBGUR, ERGIEFENRERLIZ0, £ 61250 TEZED
HER~Z L LT 5,

5.2 N—H1:BANMELMHNIEFTRENY T2 —Da VEHICEZDE

5.2.1 REREE

B 5. 1 ITARSERR TR L7 Bl /KEE D Z SsKEEE O 2 -7, HakiRlx, B
10cm, & 20em OMERTH S, EkNE, MERO LHEURICKT LT, EEDRE )
EHZ, M LR8N S, 72— 3 COREZFHMIT 2078035582 < 1Thi
TW5, 7277 Ch, Bendahmane etal." <> Ke and Takahashi?(%, {HRERMAEEHSIZAH MR (VA
Y—Ayia) LREPROSIERZHITDH I & THE FHEORERICE > TRE L
TEREDDLTRPBRENTEY, AERIEEIIZN O OEEZSZ|TEEL -, HEUAT
ERICIRELES Smm DAL 108 fHBH =7 27 ULV AL & 425pum 2D A v o = ik iE L (K]
5.2), /K& & HITHEH FIRER/y D AN B TE 5, MFE A T L EEOIFAEICAK L,
WA K > TEKRMEZR LR S, HRAIRICEIE & —EDRERE 525 2 &3 Al6E
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Th o, FBRETHRIZIZ, VT L2275FNTT 5 LT, HRAUEIZE A DBAELN 2
< LT, o F2RRTE 5L 2L,

Water supply

Porus stone

5.1  LEEBRT/KALT T LKA E

5.2 HHLIEIAY—RA v atT 7 UM
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5.2.2 EEHH

N— R 1BV T a—Ya U aE)lKERICIE, § 3 EOBWENECHW- L
B L A U E & L ORIEEFHRE Sy 2 L7z, FEBRMT VO 097 0 Gap-graded soil (272 5
EOITHEZFIRE L, PERDIRE—BEREROEARIZEE 2P LT,

FE I, SHDH0SFICLY, 2mm Bl E, 425pm~2mm, 106pm~425um, 106pm
LTk L, FTEDEIG CIRE A DO CRMER L7, B 5. 3 IS L 7R dhift 4
AT, AR THE, MHEREICT A Y — A v 2 23R E L, T 2 R ORI
[RENFTWD, 2T, VA ¥ —RA v a0 HBERED RERRIRO BRIT-% B
%537, VA —A vy aOHBEEL VNSRRI BRI %2 “RiTaeRksy”, TR+
BROEREIXT DT H FTRER S DB EDOEIG % TR ATRER D& A R ~ LIRSz L &
T 5, Lieho T, AREBRSMTIE, RN 425um L ED R 728 “Bi&ks”, 106um
LAF O R7-28 “FiHFTRERR Y & 705, £72, RFEBREFMICRIT DFHTRER L, 5
SETHAMERE L L THWE C106 LR U HilkETh 5, AREHIZILZEI RMS5, RM10
(RM (I Reconstituted Masado DEASCF) & iy L, RE OBFILi T REAL S & 45 (%)
EHRLTND,

RMS5

RM10

Movable component
(C106)

Skeletal component
Y ' ' v

—_
o
X
<
et
<
Re)
o
2
>
o
(o))
=
0
%)
]
Q
(]
(o)
0]
3
c
Q
O
—
[}
o

T S T—

0.01 01
Particle size (mm)

B5.3 fEH L7 ook hnfs s
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Chang and Zhang®(ZWNERR BB T 2 B O L EFFIEOBEH 24TV, AREO L 95 72
& % X ORI ELY BRIV TR 7347 &2 FF >+ (gap-graded soil) C, ML/ & A EF, <
10%% 7= 3 & &, gapratio (G,) &WOEETOFMAE L TWDH LB TEY, G.IX
gap-graded soils ORIBMNFERIARIZ I T, 3448 T DRI D LRI DTFE LR WX O /)y
B % dpin, AR EdpcE L, X (5.1) CREHIND,

G, = % (5.1)
G, < 3IINERLIE, G, = 3ITNEALIE & Hll S D AFEF O NEVR £ D% E M A Chang
and Zhangd DFEFEZ AV TRl L7, ZOfER, S EHEA L7 E3EHIW TN B, < 10%
Zi- L, G, =4.01 (dyip, = 106 pm, dyay = 425um) THDH Z NS, WERELTE & H
Wr 4L, PEBREAE Z 0 T WhIES A2 A LTV 5,

5.2.3 EBRFIR

BK A R LI R IR O 3k A 5 B D L IC X E O TR A ERI L 72, &8
WXL CHEEDBEEIZ /2D X912 O LRI LB &5 O LB FTE O & S 1272
X0 T = HNTEE[E DT, FERANC B L7 R0 TS ik SE5R R
OWFUR L) ICBiEk S v 7 R L, b L0 B S8 5 2 L TR AR K S E T,
ZDOEHZ, R=F A b—=MOENS LA EITEAKTHZET, Ay 2MOmE»s
TR DR L2V K S ISR Lic, iSRS v 7 OKEO @ SOMEERE R os s &
R U225 £ T, K1 REMNT TRARKR Y > 7 & B ST, 2 OB OMERIK D fafn i
ZRVIBIFIEES, o & Uiz, WIS Xk O X 9 1CE T 2 BKEIE ICHEURICTRA LT

IROE R m,,,, ZFHHIL, EABEOEKREwW 2 (52) THEHTS.
Wy = wp + 2 100 (5.2)
1 0 mg

2T, m iR T OREE B, wyllEKEIOMRIKOE KL TH D, LR T,
wARB OfFES, 13X (5.3) THEHTS,

S, = (5.3)

ZIT, Gt oLE, e XML TH D, ERLDOHIETIIS oI X720 72080 70~
80% T o7-, I T, fafEL LiIFAH7-0IC, BAKIC X DRKENZ CO, H A 2tk
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TEOLHEGT D L, Sl NULLEL o7, 728, COy T ADHAEDOAEIZ L~ TLL
D FEBRRERPRKE S B o722 L0, BH L, ®iEzZ RS, #&5% [Hafm
Sl ELTOIN—T50% L, BREEHT S,

SUFDFERE T, Rz momE IR Lz, BPKMMEZ BEIcEY £, MfEs o
LITHER L, BRI K> TR A —EIlko 7o, NEOHEKR IV T ZBT 5 &dK D BRE
ENDd, HKER 100mL FTOEUNAEZE TEAK L, HEKOWEE & RE OBIR A BRI
B 21203, TEORETAET OERMIICERKT D Z LEE LW, EINAR 2RO
FIZ—FNZiE R, LB T LT, EOPCERORIMEN TE D L HIT LT,

B5 41" F L5, ~HOFERTIE, EARMEKE, SLRLEBEBEAETLLIIC
Fa /KT 2 ful - am/K 2 FEh U 7o, ERALIE/KFEERE T2, B HICHEA B ~DKD
fiefs 2 1k oo, SEIRDIEE 2> H K L, KRALZART SE72 (T2 KNAR TR & eSS,
Z D%, MR EEICERE U7 500mL D7k % 30 43 HkE T 9 B L, Z OAREHE
KEEUR LIz, Zo& &, HEE EEio KA E RN BKREO KN 2B Z 7K 51,
T=F DS ZER Y AT 72307 OB A BA T KIS 23845 L, 500mL D 7K 2347 40 £5C
KT D &SI Ui, BERRIRICHESE L7 0 b RKRUERIE CHoK LK ZRIES T 5 )
I, MR ZERSEI KRR E IS K > TIER L TSR T2 BB LGRS YO £ E 5
EiZ L,

Constant Dropped
water-passing water level
Water supply ~ Water supply 500mL
T R

Repeating water-passing

exceed
2.5cm

100mL X 14 times 500mL

5.4 AKFEEROEKTE
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5.2.4 AIEIER LAIEAE

KRR [EILR SR T & OBKEER I A by Y o v FCRRAI L7z, FEBRKE TR [EIY
RinZ L OPKE, PEH OB ER X OWKOEE 2 HIE Uiz, JEKROBEIIE IELF
BRDFGETHE Uiz, PR EOE &Y, REAOED L FEWEE (SS) OMIEE I
WU CHIE Lz, AIBERET A L—2 2 L72R5| Ailags, A3 L um OF
7 AfGHEARREAER L, ®maeEE K (R/hE&7R 0.0001 g) 2 HWTEHIL 72,
—HOERTIE, EBKETRIS, RGeS NI 6 aEI Lz, B 5.5 ITRT XD
12, BT LT 106pm D550 D ETKIENL, 525 WERESEIEREE L%, EREE
EL, MERERDEARFERB L, S512, S50y bhifidke & bicd
ATEULL, BBHRIC LI, TOWEZRAET S 2 LT, HERIRIZERE Uit nThE
FROTICRT T DR & FH Uiz, BEEOHIZEDO WL O3 TlE, 72— 2 VERIK TH Ot
RIEEDEIL, KL L7 EORERER (525 W00, RSP %25 L T\5
00, LinLein, LEETEHT 2 KMo OREIXIZE A EEL LW, b2k
DORIZIMBERERNTH, 72— a2 K DFOBL L FARD Z E R TE 2R,
ARFEBRTIE, FORHANIIMA, WHIFTEER Y E L BIRORIEZ\bZ I 2 D728, R AZFIH
L7oo ZOJEIE, 75 LTl aTRERL 0 D3 72 WG AR IR & Ml < 9 EI L 72854 C
b, TOREMBEDOEAERRDZENTEDL LWV STRIRNH S,

Portion remaining on
sieve with aperture
width of 106 um

’» Measurement of
R dry soil weight

Measurement of
drainage turbidity and

dry soil weight

Water and

Portion v

passing Calculation of

sieve with for each layers
aperture

width of

art
P 106 um

5.5 SERBRMEAAD ST ORR TR
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5.2.5 EEBRHER

2) EEHS—R

& 5.1 (TR FENE L 72 R — A &R~

-

0 — —

ZT, EBRS—240% (A L BRlEA

_BaRn - REFNSAE ID] AR LT\ 5, RITIE, FEERSME, ERGIRB LT Thoflt
AR LC3EE L2 EBBRIEA 2R LT %, 22T, sE&ILTRIE, U7 LskEIEER
R IR O T EZE LETH D,

5.1 EBR7r—=
[u—

5 5 |2 E = |3 & |% F 7

° = g 5 =) A = A g ) e

= c S g | 5|5 |2 5|2

@ ) o = Q5 2. m

o s & L= 5 2 g < @ B

=4 o, =} c ~ ) = < = s ) e}

= S 8 8 2 5B0®

8 o < & o ® o e 9 =

2 - 18 5| B 5

o) o s n H n l-? eb
RM5_unsat_1 71.5 2.05 O
RM5_unsat_2 72.4 2.35 O

RM5_unsat_3 74.4 2.45 O O

RM5_unsat_4 78.6 4.50 O O O
RM5_sat_1 92.6 3.15 O
RM5_sat_2 96.7 3.15 O

RM5_sat_3 0.85 93.1 3.35 O O

RM5 _sat 4 97.2 4.10 O O O
RM5_sat_4 97.5 3.90 O
RM10 _unsat_1 71.5 2.25 O

RM10_unsat_2 72.5 3.45 O O
RM10 sat_1 98.8 2.60 O
RM10_sat_2 94.8 3.25 O O

Note : unsat (Unsaturated)= R EZFI5E, sat (Saturated) = fafn51F,
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b) THRFOHEHIRR

B 5.6 ICFERTHONTHKOEEDO 2y, TOXIIT, BAREPHEZ DI EE
DIIVNSLK D2 el TE 5, B5.7, 5.8 zEnth, thiTofktEl LUk
KO DAV Z 7~ 4 PRI T K S L OFEIMNIZEINARR No.Zr LT\ o, +
ki OPeHE L PKOEEY, KR 100mL Z & IZEIU Lk LA LN TR TH
%, (a) ORISR IT D R PR, @/KE 100mL F£72(% 200mL R R TE—
7 L7, ZO%RERAIIED L, HAKED 600mL 22 5 LIZFERrIZRo72, 5, (b)
DOEIFGAMCIE, W/KE 300mL F721% 400mL K € BRI O &N B — 27 2l % 7=,
Z D%, RMS T3k 800mL 2, RMI10 TiXiE/K&E 700mL F2EZH#E 2 5 & R0
HREANRIEE T e o Te, fAREEO LN, AfaffktELv b, thiroditigor—2s
DA, HEHAMEIL T 5 FCE Y ZL< DKEEZE LT, £72, fafn - REafngfth s b1,
PAROEEOEAIE, TR OPEHEOZ(MIAEE L Tl RfEDOFE L 72 o7, 72
B, ZOWEIZE, PEKEMRUZGEIZ (4.2) THEE LK OARATOWET,, & &
ATEY, ZHLEDORFRS MK TH L,

5.9 | B & TR - ORHEH B OBIR A R, P OERIL, BB 5
HECROITERCH D, SIFIEICL 53, RMS O RMI0 L0 & Hhi 7ot &R %
molz, iz, [ LB ORERA ik 2 &, PIIFENE <, FEIRENZNIZ L,
hi T ORBEHEN S0 572, E 512, RMS O3 RMI0 LY & PR OBz %3
DY EOBMENR LV, L2235 T, RMI0 XV & RMS IZHW\T, ROk &I
KHAEIRIEE (SRR 9 2 R EOEVCHB TH Y, J7hbb, Ao fafiE e~
ZFRLTVENR D,
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Unsaturated condition
RM5 _unsat_1
RM5_unsat_2
RM5 unsat_3
RMS_unsat_4
RM10_unsat_1
RM10_unsat_2

ge}
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200 400 600 800 1000 1200 1400
(2) 4) () @ (10  (12) (14

Amount of drained water (mL)
(Containers No.)

5.7 bhiFOPHES S OPKEE DL (RiafiZih)

saturated condition
fs-5 sat 1
fs-5 sat 2
fs-5_sat 3
fs-5 sat 4
fs-5_sat 5
fs-10_sat_1
fs-10_sat 2

Amount of discharged

‘©
o
()]
(O]
()]
1210000
>
kS
£
5
I.__.

200 400 600 800 1000 1200 1400
(2) 4) (6 @  (10)  (12) (14)

Amount of drained water (mL)
(Containers No.)

5.8 thiFoPEEl JUHKREE DRl (Bafngft)
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RM5_unsat
RM5_sat
RM10_unsat
RM10_sat

N
o

-
&)

-
o

v

Saturated condition
Unsaturated

5 condition

o
D
(0]
Q
©
|
[
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15 20 25 30 35
Average of flow rate (cm®/s)

5.9 PR & ARRERO R
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B HKORE—EAEEGROZREL

B 5.10 (252824 — 2 RM5 unsat 4 & RMS5_sat 4 O ERALEABFECIS 1T D HEK O
CEBEOMRE R L, AREBRTHE LM 2228 2 BT 5, HKOMRE L EEIT L
HIT, BKBFELOEML, B =2 22 72%, H5L ZATRDITEET, FAlZmo
TUCR LTV B L o Te, £, BENINTLBEOBE LY b, BENEDT S
WROBENE RV, ZOZEEIFE UREE 25 720> 72,

B 5 11 IZARERTH O TR COEKBAGEFR 1T D YR DOPLLEE & B OB
g, Fio, B 512, B 513 (TiX, ANEIRSRSE & BRI ORE R Z 5 TRT,
RMS unsat 3 OFERIZEBNT, BEICHT2EENH S0IMERWT —2 03 253, FHIIR
AFEDNAHIRT T —Cd 2 TR @, FAFEDEVNS Ko C, HKORE L BED
BbRS 70 H2EB 2R Uiz, B TRERR Y & A SRAN 572 5 RMS5, RMI0 & b1, SfifED
B, REEOAEUCBI, SRRSO, fafgtE L v bREO AN K E L 2o
Too ZAUE, fAFNSRIEL Y S AEIRNRIFIZIBNT, RN S R IR RL KPR L TE
Ll FEWT 5, £, AR BAROBENT, RELEEOE—7 28N, i
HATRERL Y & A 33 5% Td D RMS DA, B ATRER I &A% 10% Td % RM10 KLV
V= B Roln, ZOE—7 OEWI TR A OPHEDENE KR L2 b D TH D,
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RM5_unsat_4
RM5 sat 4

Start of water
flow process

m
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=
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o

10000 20000 30000 40000 50000 60000
Concentration before dilution C (mg/L)

(510 HekORE & ORI I 1T 5 MU R 2EH)

Unsaturated
RM5_unsat_1
RMS5_unsat_2
RMS5_unsat_3
RMS5_unsat_4
RM10_unsat_1
RM10_unsat_2

Saturated
RMS5_sat 1
RM5 sat 2
RM5_sat 3
RM5_sat_4
RM5_sat 5
RM10_sat_1
RM10_sat 2

Converted turbidity T, (Degree)

10000 20000 30000 40000 50000 60000

Concentration before dilution C (mg/L)

5. 11 HEKORE LEEDOREMER (27 —X)
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Unsaturated
RM5 unsat_1
RM5_unsat_2
RM5_unsat_3
RM5_unsat_4
RM10_unsat_1
RM10_unsat_2
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10000 20000 30000 40000 50000 60000
Concentration before dilution C (mg/L)

X512 HEKORE C®EOBR (RMafndih)

saturated

RM5_sat_1
RM5_sat_2
RM5_sat_3
RM5_sat_4
RM5_sat 5
RM10_sat 1
RM10_sat_2

Converted turbidity T, (Degree)

10000 20000 30000 40000 50000 60000
Concentration before dilution C (mg/L)

B5.13 kDR L BEORLE (Bafnseft)
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B F—RESELROEL

RMS_sat 5 OFERT —AZBWT,  L—FEFTEELARLE A E R E 2 AT, PEH
T ORI H T, Ry & DR AT ~T= A L7225 13 HORIBA 4 LA-920 TH %,
5. 14 |2 RM5_sat 5 (ZB1F D8 Tk 748554, B 5. 15 12 RMS5_sat_5 [Z81) 5 EKNAL
HAGEREDOR, DA X O — PR EEL AR AR HELEE TRO TR ESMIZBIT 5
50% R Dsg, 90%RIEEDgy DZAY AR, Ry DBEHITAHE ] L 7 FEAERR X 325k o0 i HH FT
Gy LRl D 1T D C106 DIAEERAEIR Uiz, 72721, B4.4 X0, C106 DIIERIZ
BT, HEKOREED 200mg/L LA T OARIR LR Cld, FEUERR LIZSERIED 5 > Tuigin
STeDT, WM 200mg/L % FEIDEEKDORIZFR L TR, FEILAESZS No.1 2°5 Nod
T T, RIFBOAADIIDOE—2 BEIZY T D LERLREL Lo TEY, RfEIVNE
IRARIF ORI TND Z &N D, BIUEER No.5 725 No.6 (2T T, Ky
MDD =7 AT 7 b LR E/NEL 720, £, IS No.7~9 IZB W\ T,
100um~200um Tl 7272 B — 27 N RAE LTz, 70 h, RIS 72 1R 7 OBy A3
H7el 720, MRIENCRENRE L TR PRI EE 2 oD, JEKOR, & DOREZE AL
% &, Nodl 225 Nod (2T TRIREM/ NS 7o R OB 038 2 HIKF, RJAFHEAIIL, No.5
B No9 lZHMT T, RN/ NS Te BRI DEL 030 70 72 B, RATIBAD LT\ 5, [REk
(2, YR a5 A E 2B TR D TR 4 (2 351F D Dsg, Do bR, DEH) &
EHE L TEY, R LR EDOZL A RN Z TV D LT 2,

22T, B5.16 IZR, HEH L ORLE DO BIR AR T, Bilkod X5 ITHERIER OB
ATRER ST IE C106 L[ U Th 5720, RITHERKRD R ATaER /> & 7] URL AR CHE S
N7 blE, Re=18725%, Z 2T, it DT DIZ, PEHATRER 7T O H T & Hhlgiy
INSTp R E TREEARYS Sy ), KREZRBRi1% [Lv MAYSy) ERBIT 5L, RITH T
R4S &L MY S DR A KT %, R, < 10D & 1%, /v MY AR PTRER S
OHHIOLFEL Y b2 CRE A TR ATRER S OFIH O L ) H 40720 JRRET
HY, W, Ry > 1D L XX, vV MBS FTRER OO EEE I 0§40 700 Ok
LA 3 D3 FTRER T DA DL R LD H 20 RIETH D LHEMITE 5, 72k, AF
L, HPKE SR T & D EBREE AT 2 Z L 2R e L, Ji rTRERRS DR
FE &S O BRI EAC A D3l LIz LT TE 5, pds, P NBEE o & rTEE
7RI D EIRIZEE LoD, FFPLL E O 1R 7 DSREIR P I AAET 25 B 13 IRE & W)
ELRBAMRIC 72 572 & 5 ERNCHER L TR < MER H D,
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B 5. 1712 R TOER—AZBT 2 EKRAMIEAKEFRDOR, DAV Z 7”7, i#/K & 100mL
RE R DRAE, AREIFNSEMT 2.0~2.5 F2E, fIfIS&MC LI~I8REThoTz, EHL LY
BHR >1THDID, Kt AY R ATRER T O DR L b L <Hr Sz &
SR 5. Fz, BRSO T N, AEMEE LY b2 OREIIK)» -7, ZOHBE LT,
BRI DTN, WENZ <, MRENZ RIS KDOFEENH > 725y, v MEY 3 OU
2L, RIS poleleb B X Hb,

TERALIEAGETRE CHEH 2 i DO R~ 2 @K B: s QK BRAGE > & K &
400mL~600mL £T) ZAH5 &, HIFN - REFISME & ISR BT DA H 72, L
K058 & BAdh L7, 2 v MES D BIAIC BRFHRICHIIE S D E B DI, Thx
(Z3V MBSO RSP 72 < 702 2 &G, HEH LH O RE H4E 25> D FLERAFE NI 2
<720, RPEFRLIZEHERISND, £72, #H/KE 100mL FER7210 T2<, ZO@EAKMIH
BeREARARIZIBWNT S, SISO BAREFGIE LY bRAVINE L, YL MY L
PEHHEIN TS EEBX bIvD, TLIRE, fafStE i, £OFEERDHEINT HEMICH
ST, REIFGEMETIE, RBIRAIZHEA L, TV MEYMOB LUK EEIZ 2 > 7,

o
>~
>
o
c
o
3
o
o
=
L

0.01
Diameter (mm)

X5 14 L —VEHrEELACKIE D AAHIE R E S & B AU S Z & OB E0 i

(RMS5 _sat 5)

84



HBHE PEKOBRE—BERERICER LY 72— a ViEIT AT =K A

Saturated
RM5_sat_5

©
-—

(ww) azis ajoiued

g
c
L
=
®©
i
=
C ~
o
o
c
o}
o
Qo
£
©
w
®©
>
=
°
e}
—_
S
=
el
o
el
=
@©
o

: : 0.01
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Amount of drained water (mL)

(4515 [Al iR EEE L i O L — oL =0k B2 20 A I E 241 Tk eb 72

Dsg, Dgo@gjé’ﬂﬁ (RMS_sat_S)

ay equivalent fraction
Silt equivalent fraction

Same composition of clay and silt equivalent fraction

Skeletal
component

Coarse

Movable Suspended soi
component — =

Composition of
specimen before the experiment

(516 [ —REBLELDOE T
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I

Unsaturated
RMS5_unsat_1
RMS5_unsat_2
RMS5_unsat_3
RM5_unsat_4
RM10_unsat_1
RM10_unsat_2

Saturated
RM5_sat 1
RMS5_sat_2
RM5_sat_3
RM5_sat_4
RM5_sat_5
RM10_sat_1
RM10_sat_2
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Amount of drained water (mL)
(Containers No.)
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B  AHOKER LaEk

B 5. 18 (ZARPl K MaIR Lok & 92k L 72 S8R 7 — R 2B 1T 2 ki BBk & 2 7~ 7,
FadE AR D IR LisKEE ORI TNT NS, EARMNODEKR ISR 2R T SE 5720, fafn
EMETL, RATNRETH L LB BND, TXTOr—AZBNT, TRFOPRHIT
TEARALEAGERE TIEF IR E 572723, ROAK IR TR 23D L, fadkifioxr
LB FE Tk T OPEH 2N ER L, 20k, HhiFodeidtkc ITESeHITR -7,
FIf 5 Do EA& ORGSR TICBIT AT 7 22— 3 VEBRIZB W T HREBEIS, BIXRA
PAUC Ko TR OHEHAFER L, TR OB R R 2 BT 5 Z L 3rino T
Do FaEKT DT, Luo b DN ERT L2HFEEY OMULH LR AEL, thFOBE—
HEEVHBEE VO L Lo thiFORBEINEY RSN EEZ NS,

B 5. 19 [Pk Mo UiBZKIBFE O Tk F O By 27737, & 2 Co LR odkt&E
BAOE, AKACR TR £ TO R TR B & 2 LI OB IRE 7T O BN k7R &
& DFEERF LTV D, RMS5, RMI0 & HIT, SISO LIRS0 & R o8k
HEN Lo To, EANGRAER TGO T BB TR % 2 <P L TV 52§ B
H 5T, AP Lisk T DR PR RN Z 0 o 7o, PR ORHERIRREIL & HIZFE T
ThbHIZ Enb, EKRMEAKRHZEF L CTWMES RO 703, REFCh > 7otk L v
b Fa/KIFOBEEAIR D EAFNEE D 5 <, Z A THRLF DIt A S W72 v REMED H D, 72,
TEAKALE AT & [FARIZ, RMS OJ528 RM10 XV bR HEARERR Ui o 1k ot iR DS
Lo,
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RMS5_unsat_4
RM5_sat_4
RM10_unsat_2
RM10_sat_2

Repeating water-passing process

I
Dropped water Ievel:

Constant |
water-passing process !
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Cumulative amount of discharged soil (g)
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Total amount of drained water (mL)
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N
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Repeating water-passing process

-
o

Dropped
8 Fwater level

(0}

N

RM5_unsat_4
RM5 sat 4
RM10_unsat_2
RM10_sat_2

after water level drop process (g)

N

Incremental amount of discharged soil

3000 4000 5000 6000

Total amount of drained water (mL)
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5. 20 IZAHEAKMRIR LB AKIBFRIZ I 1T DHK OIREE & B DO RtR A <7, 1 [B1H DGk
KIZET DIRE LWL DOBMRN E— 27 & 7220, FaHK OB A RIS, FAIZ) -
TEDWTW ZE#) & Ap o7z, TEKRNLEKEE & [RERIC, SRR TS K OWR H ATRBAL Y & A
DEWNZE 2T, HKORE L EBEOBIRIT R 558 2~ L7z, RMS5, RMI10 & b1Z,
ERNEKIHE AR BRI I S T2 BT, BUSE Th - 72358 L0 SRR O AR & <
o,

B 5. 21 [Z/AKALAER FiafRds L OFGHE KRR Lisik 2B IC 1T DR, DAL A~ d, AKAK
TR TR Y 1 T2 72 0, FaPEKuR LiBK D3 aE D LRI ER Lo, Z D% DfaHEK
MR LK TS, R > 1&MEF L7z, 2D Z &5, #EHE KM LK T b i ATERR Sy
DHBRETFES AR SN TWD 525, £72, RMS5, RMI0 & biZ, &
IKOLEKIHIZBURNSGAE TE S T2 B O3, REMSRHETH - 286 L0 B RIRIIZR, 5K
V0, BRI OPHENR S OEIRIEMEO TN, RafftEL 0 b, b MESS R Z L HE
HLTWD Z ERghotz,
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Repeating water-passing process
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Ratio of turbidity at same concentration R,
N
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B EKERZROHEKDIKE

X 5.22, E5.231Z RMS & W= &l /K FEER1Z I FH ~ T AR S F I O F. 36 L UM
RICFRER LI B FTRERG ISR D R DA & d . EAKALEAK S ORIk T, fafn -
REGFISM: & B2, BRI OPERHIZ Lo TRBIZh 72> TEFRPIHIMED 5%0 B Lz,
Bz, SRS CIE, BB TRIZONT CERE K IR D040 L 7e o 7o, ERALEKE Ot
AIRICIBIT D RAE, RS TIE, 2EThTNz1 2 TEpy, ERICEE L2
HATBERK 73 DXL TAE Y 53 D LLE DWW EE ) I LT D, IR T, BN T
JEZT TR MR A IZREL D& e olz, FRETIIR, <1, I FETIIR, > 1&72
HZlinh, FENS FBICHT TR EB LT L LRSS,
FadEHaR Uil K% O BRI CLE, ffn - REDFISerE & HIC B s FEIZH T CTFRE
TR HEMIIR AN/, BIFIGED S HY, REGFIGE L 0 bF3E L < LTz, £z,
ffn - ARG L LIS TR TIIFBAOIEMED 5% L 0 bE< e, Ao FECHES
DRFEL TN R OND, PR Lilk g OMGUEOR S % 2D &, 2RI
RAZ1ZTFEDLY, EENS FEIZOT TRELSRD DI E R >T0, FadEAK#RE LisaK%
1L, EANGEAE LD b, MY OBEINEB L TRY, FORE—LE & big, il
AIRERLSY B AR ORLEE R AL b AR S IS ARE 2722 TN D Z LW hoTz,
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5.2.6 BEBLHFOMEICEBLIE-Y 72— avnETAHZXA

N=h 1 BELNTE, BEIRFORRIZET DRRZ U TICEHY 5,

a) PR EORI SRR L TN D,

b) REEKENZRDITE, PV MEEGOHEERR DR, K TS 57200
PEH L TL %,

o [ LR FBENRREIZIW T, AR O P THR LB LY FEN D
TREIZBIL T\ 5D,

INHOHMZ, MEZLEOMIEINCT SICL o TELLIBEFEHMOEIZLDS DT
b5 EMEET D, KICHIAENT TR EBR A WIR T 2 72 DI, Hr R & 72 1hE
TR T DRI < O ¥ L0 LB EN DR ORRD/ NS WMERH 5, PR < O
KV b REZRIRAL, FRZEECETICEOSETHRiESND, THES NI =Rt
BEFET X DB 2 T, KR TRERR S ALTRRIR IR NIS, =E I K- TUIVL
B SEIGEOBEIOIMZBIZE L T D, ZORE, KhiORZENR USE,
INRIF DRIEDI NS WVE EBEEIE SR D 2 2R LTS, B 5. 24 (ZHEAIITR
FTEOE, v MEESEEBUCHIR ST <, BBITER Lo, R HAE Y o
BRa < SOHKITT <, FRICEE) Lo Wi, KR & - TR BB Rk 2=
NELDHZET, Eiae) DX o723 v MEES ERTMHU T DESEDLEVDERDAZGN
TeEEBEZBND, FRZ, HBPKER LEKO L D 2RO RRAE ST 2546, Bhitix
g O o TR & HAE AR T 720, KRR Sy & SV MR O EYERREED 72 D L)
LRI, WRHATRER ) B IRORLEEFA R O R —(LR B IC I o T2 B2 B D,
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_—Flotation and separation
of finer particles

/ / Silt equivalent
./L fraction

Clay equivalent fraction

Difference in migration distance caused by ease
of trapping due to differences in particle size

52 %72 —T g OHITA T =KX A
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521 F&H

V72— a ) R TS @KERZEM L, e, BRFoditEs Lok
IKDERED =3 DOFIR T ~T=, PRKORE LB ORRN D, HPEH ORI 2 HEE
THRTA=L L LTR-REBELRZEAL, TLEFHLT, b 72—Ya ol
118 & bR T D PR ORI AR 2 T~ T,

TRL D-TICEIFNEE & i RTRE /0 A 283 5 70 2 HAERIRI T3 2 e R AL K KR )
LR DAV, TEC 8)- 1 EAKNLIEAKFEER 2 DFaHEKMEIR U IEKEERD 45 5 i fs
RETRT,

D R odkt R LUK OB E IT@KBIGE R IC— L, ©—27 2z /1%,
el L, 1 FEEallRoT,

2)  THERIROBIFIEE A 92% LA EOSKMETIE, SIfER TN TOSEMGD & & L0 b
N L, TRIFOPEHENRS D -7, £z, SREIZE 5T, AR D& HE 5%
DFH, 10% &0 b LRFOHEHERZ o7,

3) YV 7a—Ta OEITICES T, HEKORE LB ORGRNEE LTz, £DOMRIE,
RELBEN L BICEA L2, HDHLETATHDICED, JFAIZm2 > TIER LT
W == REEE L e o7, ET, RN LRI & T DRI U
s, ERBIR TR o T,

4) oM, IREI XOWIE BT T RIORTED F 72 D BB DIRE & W OBR %
T RER, ORI, EREFERZ RO T, FRE @5 EMRERE R0, R
INSTR PRI TS B ENDIBBIHOMERITE, ZOEINREL o7,

5) EKFEBRTHEH T 2 ook LA AT B ATRER Sy & [ CRLEEHER T o 72 & &,
ZDOENEENDHKRDORAT 1 E72 50, FEMRKRDOEL IR, > 172072, ZDZ
ElE, VEHATRER Y D H 0 DRIV NS IR PR SHEH L TETWVWAD 2 & Ak
ERAR

6) AU CIT MR A m L C, AR CILEKYHIBRIZ BT, WARENHE R
HIZLTZDo T, R ERTAHHMICH 5Tz, V72—V a U R#ITT 512 Lz0 -
T, HEH L ORISR L LTV D 2 E RN ho 1o, RN R E 7o ROk
MR RZITD 72 <20, RPN N EWTRFOEENRE L otz LHEN E NS,

il
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7)

8)

9)

10)

11)

BIFISRIED TS, REBREM L 0 b HRTFOHHENR L, 204y, REBRKEVE
RiF-OPEHN SN T & D537,

TEANLEAGE R T L U 7z b - OB A AHEAGEAKIZ K> TR L, Zhaib ik
g R fele wt VA S 7 RV T Y o

RN BAGETE TR L TR DD, REfICTh 725 L0 b Thi o8k
BRE D olc, Fio, EARNEAGERRE & RS, WA & AR 5% D73, 10%
£V b R OPHENR ST,

EFL 9) TLRIT O EN SN ST RHFIEE, PEKORRE &8 O BRI O A
TR LTV, LER->T, LRFOPHENS W E ST, KRR E WV RF23
Z<HHHLCT0D Z e ynotz,

TR TR B R %D RS HRRIR 2 B L, JREE L 72t Y Wi RBRR 43 & 40T L 72
& A, KeHEKEAKIC & o THIKLy OB BNk T 5 &, (iR B co 72—
g EER T TORREE Y BB, Zh e &b, @SN FTEER
Gy DTG T2 <, YR ATRERR Y O RLEERRR & R¥) 72> TV 2 &M ahoiz,

96



o PKOWRE—BERRICERN LY 72—V a Vil T AT =X L4

5.3 N—F2: EKMNEFHETIZCEWTEREEN Y 72— 3 UEFIZEZ 558

5.3.1 REREE

B 5.25, B 5.26 (CAFERTHEM L BREMAER Y 7 2l AKEE ORI LOEE
oy, HEARITES 10em, &S 20cm OHEE TH 2, HEERER OHIEE, EEITK
BT T DEKEE LR T TH D,

AR BRI e BB E AR B2 A5 2 L TIEED EHELZ 5 & 5, MfET 7 A
By vy R L, BN OB K AZ® Y, HEURICEIK AR E 52D Z LR TE
%, HEEE EEICH—ICRE N &G 2 57280, SRR ITE — kiR a2 o 7 A
— ATz L, R—=FARAZNVTEET DML Lic, BRZ - 71%, BRI X > TEK
PAERDZENTED, o, MUVBHETH 7O ZAHICHIEITE, EEOX A
YUTC, BKAREZMSEL I ENTED, B, HEIZLDN T LER~OANZE
LT, BT L%2575ENTT HHEITIELTHRN,
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@ ] |
Air pressure ‘ Water supply A
e <

Pt | Pulley

Containers _

5.25 EHUE5HT T Sk EEE ORI

Mesh with
a diameter
of 425 um

Acrylic
plate with
108 holes

each

having a
Containers lined up on a board for diameter of
smooth replacement ofits. ‘ A 5 mm.

H5.26 EHUEMSHD T NEKEE
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5.3.2 RERFHH

#£5.2, 527 1ceh2h, AEIERICHH Lk 138 X O E O W s X U
BONFHIAR 29, QKS 1, ZHE TEBRTHEM L CE T E & Lok
% XS, RO ZIRA LT2R A MERNC O AV v & 5%IRA Lic HikEH b 5, GG10
IZEERD 4 B2 A v % 10%IRE L7 150k C, Gap-graded soil Téh %, B 5.28 IZ QK5
@ H-F fifg ¥4 7779, QKS I, Ds = 75um LA F O BRIFIARLE & fE Slz, GGL0 D
W22 EME % Chang and Zhang® DFEEE & FV N CRTAM L 7258 5,
3.33>3 (dpip = 75 um, dpax = 250 um) TH D Z E0 D, WEARZE & Hr &, WE
RBEPEZ VST WRESMEZA LTV 5,

F, < 10%%is7- L, G, =

&5.2 ARERTHEM LIz LOWBEE

Experimental Soils

Soil code QK5 GG10
Fines content F, (%) 5.0 10.0
Specific gravity Gg 2.651 2.649
Uniformity coefficient U, 6.4 12.0
(H/F)min 0.21 ;
Gap ratio G, - 3.33
Material Soils
Soil name Host quartz sand Quartz sand No.4 Kaolin
Fines content F, (%) 0.0 0.0 100
Specific gravity Gg 2.646 2.646 2.675
Liquid limit w;, (%) - - 59.9
Plastic limit wp (%) - - 35.6
Plasticity index Ip - - 243
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Internal stability

5.28 QK5 @ H-F i ®
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5.3.3 EEFIE

GKZ R LI IRIR B 0 3lkk & 5 g T L ICZe & [E THERIR A ER L 7=, &8I
XL CHEOMBIIZZR D L9 I2h b UDEM L& O BN ETEDOR S22 5
T r~—HAVTEXED, 5. 3ICAERTHRE LML 2774, gt
RO TE O bR FEZ K 1 Rl S, fRUANE 0K a B L%, TXoks
YIIEERREL, LT RHSED 2 E TR IRK ST, BAUKZ 7 DKIE D E
SPIEEE Eom S R CICR D E T, £ 1 KT TRRUK S 7 & B SE 7, fit
RIEDOYIEIFIES, o 2 (5.2), X (53) KVHEGEL, 92%LL EofafifE % el L=,
FHIZZERIBALRWE S IZHE LN S B 7 LR B2 Bee LTz, BakiR b
HOKOHAY 758 HZRFET, MER B OZERIZFTEDENNET 5 E T, Rallft
H U7z, FREDEINTE LT4%, 30 mRRERE L7z, B#ES v 7 DKM ZEEO R S IZH
L, HEURTEO LT %< LBAKBBIE S D, PKOENUHTERL ST LT
—h1ERILCTHSD,

5.3 MR OAIHIRE KL

Soil name QK5 GG10

Density condition Loose Dense -

Initial void ratio e, 0.65 0.58 0.66
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5.3.4 RBRiER

B LtHELHEVEREXEOBEEF

B 5.29 |2 L#E & AR EROMBGAE T, QKS TiE, HEKDHEEICEFRZRL, B)
KA 1.0 DFEBRFFCENT, ERESREWIZEAHEREINNE 72 D B804
bz, —75, BKAED 0.5 O —ATiE, FHFEICL D AEBRELROLEITA LT,
FAT BRI TITIEKETH -T2, £72, Gap-gradedsoil TdH 5 GG10 Tik, Bh/KAJAEL 1.0 DS
FZIBWT S, EREICE D ARREROLIIIA DN >T, T 5. 4 ITBIEDHIZEIC
B D ERESLHREDNNEMR RIS 2 5B AR Uz, RIIE, #ifr7is, oM,
REOHERIEAOEELTH L VWD, REOEEBIZEL QX FERECHAEN
REZIHIT 2556 % “Positive”, MEHET 255G % “Negative” & L7z, 7z, REOHEN K
EWVIEEFEIC LB A TN D, NEMREOTZEE L L TN Suffusion (23T, L
JE, FAEMREZIHIT D LWV D, AERONIR ZZHEIT Suffosion TH Y, Biks)
At 1.0 Ofi§ RS DR IR & RIRR OB 2R LTz,

QK-1.0-Dense
QK-0.5-Dense
QK-1.0-Loose
QK-0.5-Loose
GG10-1.0
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50 100 150
Overburden load (kPa)

5.29 L#UE L ADMREROBER
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x5.4 WHENNIIREICEZD

EZ YRR
o

(DWW TOREEDHIFE

Particle size

Effect of

Literatures Loading way o Erosion scale .
distribution confining pressure
Tomlinson and Top load cell, Two layers (Filter o )
. piping Negative
Vaid, 20001 Overburden load and core)
Triaxial cell, . .
. Upwardly concave Suffusion Positive
Bendahmane et Isotropic
al., 2008V Triaxial cell, . )
. Upwardly concave Backward erosion Negative
Isotropic
Moffat and Top load cell, . . .
. Widely graded Suffusion Positive
Fannin, 2011V Overburden load
: Triaxial cell, . ..
Luo et al., 20137 . Gap-graded Suffusion Positive
Isotropic
Triaxial cell, .
. Gap-graded Suffusion
Chang and Zhang, Isotropic .
Positive
2013% Triaxial cell, .
. Gap-graded Suffosion
Isotropic
) Triaxial cell, . ..
Ke et al., 2016 Gap-graded Suffosion Positive

Isotropic
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b) HKDIRE L HEDOREER

B 2.30~[( 2. 34 (ZHAKDOFE &L L ORLRZRd, FERTor LIz A YERIE, B rTRE
AN KD FEHERTH 2, EORER I H FTRER Y DIEHER 2 K & < LRIDAL#EIZT — X~
W7y bET, S6IT, MPIRTHEIT A Y L OEERTH D, MROZL TN
AU OEMERO LIS vy b ETz, S— 1 ORERE RIS, T ATRERSy DA
b S HITRIBEN/ NS DRI F AR L TE T D EHEI SN D, L L2 D, E#ED
RE ST L D IWE—E LB OBE N IR TS 2o T,
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QK-0kPa-1.0-Dense

QK-20kPa-1.0-Dense

QK-50kPa-1.0-Dense

QK-80kPa-1.0-Dense

QK-100kPa-1.0-Dense

QK-200kPa-1.0-Dense
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X 5.30 HEKDIREE L EEDORME (QKS, #h/KARL 1.0, Dense)
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T

QK-0kPa-0.5-Dense
QK-20kPa-0.5-Dense

QK-50kPa-0.5-Dense

QK-80kPa-0.5-Dense

QK-100kPa-0.5-Dense

QK-200kPa-0.5-Dense
Reference line

Kaolin

QK (<425um)

Converted turbidity 7, (Degree

4000 8000 12000 16000 20000 24000
Concentration before dilution C (mg/L)

X 5. 31 BEAKOPRREE E@WAEDORFR (QKS, #Ei/KAE 0.5, Dense)
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QK-20kPa-0.5-Loose
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Reference line
Kaolin
QK (<425um)
GG10-20kPa-1.0-Dc90
GG10-50kPa-1.0-Dc90
GG10-100kPa-1.0-Dc90
GG10-150kPa-1.0-Dc90
GG10-200kPa-1.0-Dc90

40‘00 8000 12000 16000 20000 24000
Concentration before dilution C (mg/L)

B5.34 PkoORELEEORE (GG10, B/KAHE1.0)

5.3.5 F&oH
FHEZE5TE L0 T MEKEEZANT, —kot Mm@k zEm L, i, kL
FOPEH R LOYKOBED =F ORREZ R~ TRICHDN R EZT T,

1) BKABL 1.0 & 0.5 D2 13F = DRMET, KGR EZEN L7-RR, BiKAR 1.0 D
AT, EfENPRKREIWIZLE, BEOEWVICEILT, AYRERPMETTLZ
WMotz TO[MIE, BHEOFER L FEKOHMTH 5,

2) AHREFOKTNRALNTZE/KAE 1.0 OREICEIT 5, ERIEIC X 2H0KO5E
—BEBMROEN T A LN eh o7z, LI, METE Mo, Led>T, |k
HEOHD W EORRICH X DB NS WEEZBRD,
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5.4 N—F 3 BKARDEMNY T2—Da VEFITEZLHIEE

5.4.1 EEFIE

FEERIEEL, 5. 3.1 O_ LA R 7 AlKEE 2R Uiz, 72, £ikHE5.3.2 0
QK5 & GG10 26/ L7z, Btk Eil) o fafiife £ T3 5. 3.3 OERFIRLF L Th
%, R & SRR L A B S 5 7201 BRE 10kPa 252 72, B2 L7 DEmSE
Tz DL THKARZFAEL, HRIFIC TR EDREREY 5272, &5 5 ITRERDHE
R EZ RS, BIKARO A TRE 6 6 LI 7 B IR L7z, BKAREZED I
DEAN, BOKEmREZHL, HoKITT_XTEIN L7, PIREROMR, Bkall—Eo
FAFCIE 1500ml FRELEKT 5 &, BRI OHEHNZIFF I L2729, 1500ml K325
ICEK AR BB SEo, £z, 57— & bEKAROEEEIL 0.5 THY, EH TR
(3K 30 B THT - 7o, METE B I3k, BRI, SokAssfmoditthiroHEL
HKOWETH D, BKE LHKRFHITET R THEEHIL, YR T OB 83K
A FVTEHI L 7=,

#55 B —X
Casel Case2 Case3 Case4 Case5
Soil name QK5 QK5 QK5 GG10 GG10
Void ratio e 0.58 0.58 0.58 0.66 0.66
Initial hydraulic
1.0 1.0 0.5 1.0 1.0
gradient i,
Variation pattern
of hydraulic 1.01.5 1.00.5 0.51.0 1.01.5 1.01.5
gradient
Number of
6 7 6 6 30
fluctuations

107



HBHE PEKOBRE—BERERICER LY 72— a ViEIT AT =K A

5.4.2 RBRHER

a) BYAINLICEITHREDEL

5.35~[ 5. 39 (23R — A T L OEpK AR & Pk I L O EOR R Z (L 2R,
MEITEKARZ R FZETRISERZTHE, RICEH S TG0 5 EFTE TOXEZ
SR Uiz, Bk ABLOEE) LEE LT, WELEHT 52, BKARZ R LA S
H 52O T, [ CEKARL T B ED 72D BN/ S < Moo, RERBELTIZARWA,
TRLFOFEINC L » TEAMDMEL oo 7o EEZ BILD,

Hydraulic gradient

Flow rate

— N W A oo~

(s/7w) 81es mo|

Amount of discharged water
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Time (s)

X 5.35 HEARDHEHRIL (Casel)
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5.39 HEKOHEHIRIL (Cases)

B BYAMINLICETHEHFHHEDOEL

B 5. 40 |ZEK AR O TR PR B A 77§, Case 5 122V T, HRH TR 7 & o3 HAlE
fTo TRV, 25 L LTS 41 1T/ YA 7 VTR DK OWE 277, #ikakd
DEB 52D THHIE, TR OPRHRIL 0.5g LT LN TH D03, Bk ain L5-
T &, TRFOPEHERINL, ZOWRMAHEEE L7z, Case S DEEEIZOWT HRERD
Er 2R Lz, W/KBIARIE R OPEH TR F 82t 3 5 &, Bk ABL RSB ia1 OHEH +
P BIZ T <ENTH DN, BIKABOEENC L DHBEEEICZIT T D,

—_
o

Amount of discharged soil (g)

4
Order to collecting water No.

X 5.40 YA 7B 5RO E
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Order to collecting water No.

5. 41 HW A 7 NCBIT HMWEDE (Case5)

B  EYAUNLISETEHKORE L BERZ

X 5. 42 (ZHEK DPLFE EWEDBIRZ 7=, KL, VAV >k LT QK Dt AIBER Sy
(425um PLF O Ki7-) % AW CTERL U 7- i OJRFE & B ORR A2 OR LTV 5,
BKARL % 5 2 GO T2 RO I71%, BEROMRIAR 7> T B A4V O E—E MR &
Db EFZT—2NTmy hENTWD I END, MRS O THREN/NE 22 R 1A
BB LT L7 EHERI T X 5, — 0, BKRABOZEE) & 5 2 5hD T B, QK Ot Al
RERR Sy DIRE—EBERIRICE DS KT =N T vy h&Niz, 2O &b, K
(2D TEYKR AL A 5- 2 T BT, RV & <o W R38BTl Y, 8)
KABDEE THRA T 5 R FIE, HBIEORE R R+ ThdEEZX LD,

[ 5. 43 |T Casel~Case3 |Z35\T 5 [Fl —REEBAE L DA b2 ~d, HAERRIT QK Dt Al
HERK Y (425pum LU F O k1) OHEMERA -, 134 7 VELREE, SkAE8 &
DT —ZDHa R L TND, 3 F—AL bIRAICR—REBELIED L TRY, K
ABLOEENZ L VYT 22— 2 UPEITT 51200 T, B/ ISR bR Dldsr 534 72 <
o TNWHEMESND, £, FIMEIKAR 0.5, 2 %A 7 /VH THE/AKRA/ 1.0 (2 L7
W7z Case3 DfEREHDH &, 2 A 7 /VHOR—REEBEN 3.8 L EWVEEZHER L T D,
Case3 [FIRAEKA/L LV /NS VEPKARLZ 2T 2%, BRAE/KAE LV HRE 228K

111



o PIKORE—BERRICERN LY 72— a VifT A =X 2

ARLZEZ T TERY, 2 A 7 VBIZELZHH L TOZROHERAIE A NS 22 R 25k L
TEl eSS,

—a— Case 1
Case 2
Cace 3
Case 4

Reference lines
Kaolin

- - - QK(<425um)

(o]
(@]
o

Start of seepage process

o~
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o
> 600
O
Ne)
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SN
o
o

1000 1500 2000
Concentration (mg/L)

5.42 KA 7 NVITHBIT D HEKOPRE L EERE (QKS)

Turbidity ratio at same concentration R,

2 3 4
Order to collecting water No.

5.43 £V A 7 BT AREEEELOESE) (Casel ~3)
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56 F&EH

HKPICE K AL 2 LB S 5 —Roul/kERZ EM L, e, thFodiERSLD
PKOEED =FH OB AR, TR DICRRERT,

1) SEKARZ R LEBSE 51250 T, [FCEKABEL T BENRD BHEN /NS <72
ol TRIFOFBINS Ko TEAEMELS ol B2 HND,

2) —[EIHOEAKLIE, TR OPFHREITRIEICIR T 523, BKARS LRSS L, =
KA DOPEH RN LTz, £ ORIUTEK AR Z 30 [AIZ88) S8 TH 2 dsilkive L 7=,

3) HEKDOIREE L WEORGRN S, HERIZHD TEYK AR Z 5 2 T2 BRE T, RIEA/NE
AT WKL FIFBECHRT TR Y, ByKAROZEE) THIH T 2 ki3, i
BORERIRFTHDZ LB HEI ST,

4) WEICZTTHRARL LD bREVEKARLEZZT725EE, EEMH LTV RNk
WHIEEDS/ N S 72 R 3P LTS 2 TRENED B D
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4) %L DI —AT, E—7 8RR LOEHRE I AWEIRRE ) SHEE S D%
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