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Development of Hydraulic Cutoff Material by Geotechnical Application of “AQUASOIL-F”

— Basic Physical Properties of Hydraulic Cutoff Material —
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Abstract

It is very important to ensure the low permeability of the joint section of steel pipe sheet pile for sea area
waste disposal. As usual, asphalt and clay are used as filling material for the joint, but they have several
problems concerning construction, long-term durability, settlement and so on. The new inorganic sandy soil
material “AQUASOIL-F” had been developed, which excels in filling performance, low permeability,
deformation flexibility, salt resistance, bacteria resistance, UV light resistance and economical efficiency. This
is a mixture of large amount of sand and salt-tolerant bentonite with seawater. The lower permeability of the
whole joint was observed by applying small load on the filling material, since the material adhered tightly to
the inner surface of the joint.

£ =

W 2381 2 B EREN A5 2 JEak T D BRIC,  $R1EE = O S8 FAGHE T O MK 2 e fh 35 2 & 13
THETHD, ZOMFMIHNDEKAFTEM & LT, TA7 7L RRMEZNH D0, TR ENEIRNE
T, BHImAME, KERL TR EOREELIMZ TND, TOREE 22 5 FEM - BN - BIRIBREME - K
P THAEPE - THERIMRIE - BRI ML SICEN T R OB R MKM (77 7Y A V—F | B3 LT,
TITIAN—FIL, WEBHZEOWERY M A NEEAKBEYV T LD THD, 777 VA V—Fid, it
PEDOENRY A FEHWDZ EICL T, BENKEL, DOMBIMEICEAFTBEMEICEN, &KL
RO TMEREAET D, £z, SERMETTICA SNIE L REKM T, b0 EWEEZ NI 2

LIT & > TAGWEER & OBAEVENRAFCZRY, BERmo@EKEZMmE L, MFHaiks L Colkigesm -

T5HZ L aMER LT,

1. [XLC&IC

BEFEW RIS 508, SEHIGPT b, PBESEST M & i
HSTHUZ 3 FE SN D, MEmNL AL 5 IC B8V T, PEE
B SIS Ko THEBIEENC A1 o LRI & oA 2 X
0 o, BENFER QAT O T D, ERRI 4R I3 T
PR FESE PRSI R - W - B~ =2 T L] MRE
RT3,

MEE LSy 51T, B SRHERDRL L i & i oMK g & L
T, S ICRE S 2 MK T & OB bEIC L -
THEHFH SN D, MIEEAK L LTIE, SERKEFRIHE Lz
ELHEK T28 — AT, $% BIII A& K TH D720, HE

HETFEBOBEARPEREDS IR 72 5, METFHEOAEA 201G 13,

Fig. 1 \Trd &k, “HEEE L THEP-THEFI & ©

Dy 7T v TR & U CIERES i OP-CHE T 6 72
Do ZOMEETIE, P HEHICTE S DM BB
REDS, WAL 2R OBKMEREIC K & < BT 5,

B AR, EIRSOWINI A B 2 Sl KD R, &
TEZ L 20T, FMICTIE SN DN T AT B R
OFREb TSRS D, Fiz, WKIZSHEINDT2D, it
KPEBEEL 2D,

T, {EROFEIEARMBIOT 27 7 b b HLOM ©
FZNRBH LM, TNOLOMBEREWEL, WELSS TEE
L7k PEZH L, HERROEFICHBRETE 5, il
KEOWE L R B R (72 T VANV —F ] %
BigE Lz, € OMELORHME L FLARFHI BT 2 R L,
E DR DT AN, BHIZENE e & OB b 7p 3
AYPEZHSWTELFIZART,



RMFLLATITZEFTHR  No.70  EIIRNBH A O HEREAM 7277 YA v —F | OB%

2. 7HO7I4I—F ] O#EEME

2.1 HEEHH
TITIAN—FIX, Fig. 2 ®Xk iz Mo & T_y
Mo by, Tk TEREND,

TIT VA N—F QRO —DIX, W& R K &I

AL, UTOX > WboMEZIER LK TH 5,
< BRI T & U CIRFERICIRE CTRFBEAKRIET, Lrb
B AbFRICRERNAEOH 2 FE M TH 2,

R TAREORIRIE, N> b A B EROR—2 R TH
BB, UL, 27U — MIBWTHEM O E
O TCHERCHEAKEZH > TWEE A FEALZLDOE
FNZLLTN D, b A 1, 500keg/mFRERL S L= 355, WokL 1
OMEEAL, BEL TR EZIEL TEEDOKRE
WRBM A TE 5,

NI LAMTH D720, WRNEFEERTI~5EE2 HDDHT 7
T YA N—FIERFRICERTH .

R BIRITRE K TH D DT, WAMEREZR F A
FOWEICEBSND, T T A N—FIiL, #KICK
LEMICh > CEKMERPHERFTEX 52X A b
AT 5,

L Rk FTOFIAN—F (%) B

9 o b7
=N = N S

Fig. 2 MEMEROEEEX

Structure Image of Sandysoil

®

i = D

2.2 Ry b4 +OHRERE

ALY b A MERETable 1 1R, SHFHD
R M A MZOWTEBSHRE LTz,

Ry A FA LT, Be-A L AR ) I, HEARIER Y B

FANTHD, REINNS L, ho2fEIC X TERS

EREC)NKE VN, FTo, EAEKRES AR (TOC) 25

1%ETe 2 ENETH D, TOCER Y ~—¢EZ N,

Wik 72 & O OFBE VI THEMNTERMENT

W2,
¢ XU b FA BB Be-B) i, — RS R T A bR

ThEEEEDO LD TH B,

+ XU hFA FCBeO) X EARTLESRIHELNS KD —

W7y A R TH D,

WO R A b b pHIF9I~10T ki 5 132, 6g
/e’ TH D, EREFHAE, WISy M A R,
Si0,A360~70%, Al,0,7314~19%, 1T, Fe,0,, Ca0, MgO,
Na, 072 EA G LTS, WTHDNY M A R R
M, AAT XA N THD, AAT XA NIV A
FOERGTHY, ZOEHEEROENGRAMDOENE 2D,
Z DM, BeA, Be-BIZIZ 7 U A M S VEREREKS 854
BREDOON, ARSLEARELDVPEEEN TS, BeC
TAELZLEBO LN, RTTFaAHae {474 bR
Be-COBRITEHEENTWVD,

Fig. 3iIcZNEFh D2 b A hDiEKE L OWEKIC
kparvyxrry—2 LT - MURRORREZRT,
WK TORMERIUZ, R b F A MEIZ & - TR
FEN B Do FEITBe-AMTHRIERIF900% & VN O mIVVETH - 72,
HEARBRD TIX, WOy b b b IEERR R 100~

BFREREOH
et

FRMERH
— AERAME)

FEAER |

Fig. 1 &R

S LK Wi

Standard Section of Sea Area Waste Disposal



RAFLEATRTFERTH No.70 B FRNEI L35 O HEREARM (7277 VA v —F | OBi%

Table 1 2 hF A FDMER 1000 \
Properties of Bentonite .  JPETR SR
Ny N FA M Be—A Be—B Be—C E 800 [ © MIMERR A
1 AR | R — %
G %) 12.0 1.1 10.5 = 600 |
_— 20042 25042 25042 425 i
80%LA L | 90%LA _Limif | 90%LA L it 2 400 /////
Ho(1:50 9.77 9.33 10. 08 4
%’i{;%i) § 200 1 _ b Be;A
BC (S /m. 1:50) 63.1 31.9 24.3 g Be’C .
Aok 755 (g/cn’) 2.6 2.6 2.6 0 —Be=C.B. A
[ } ‘ 0 200 400 600 800 1000
/26, TA) 2530 | 2Lk 165 KT - SBPERRR (%)
T0C (%) 0.96 0.01 - .. . e
2006DFEIZH Y, TOEII/NE, DT LIF, HAkH e %A:/y}t;z/gfﬁj%ﬁég@*GLOté
OO EEZ DD, WIERIUL, KL D AT Consistency Comparison of Bentonite
DIEDIT S B3, RX/hSL EHD oz, using Tap Water and Seawater
2.3 B -#K ——
WO U S OB i 2 g, MTRT. BRI, e
LECHEAE D 227 U — NI E AV, 2 2Tl %ﬂm”‘“
TR FERERRRD % AV, B9SEIRARUC=D,, /D,y 29 3 TRIEE 5345 % e
PE, FRICIE, 5% Tt <o b9 o _
KIS b DR L 72, % 60
RS OHEK P TONY h A hDOERTIZATHEAK <
%, EARBF OIS 35 L OBARBRCIE, AR KRG 2 10
KEZNENLH N, Wb pHiI8, EC 3.3~3.55/m, &3
HEL 02g/cm®TH o7, 20
3. RUMFA FOBKETOEE 0
0. 001 0.01 0.1 1 10
3.1 HERAE 55V HOBH X (mm)
ARG E A Fig. 5 1R, RHZK1000mL (/KR Fig. 4 i L7= M ORIESAR
0~100%) 12~ FF A F30g% FREF Y = —H — I F4F Grain Size Distribution of the Used Main Material
—T3OMMIRA L, X A MRAEEST, DT 7
URIVHEEE, WENKE, REEEARIE L, 77 X
RS IE500nL D 7 7 2 S L E— k7B DY IR A B ILEHEM S 4 —
T25HDTHD, WEBAREIL, 50mLOIEKZ0. 066MPa {97k 1000mL
THRMIE LTz & X OBIKRETH D, RBEERIE, ek A~ kA h30g |
500mL% — B #E S 72 & X OWBREETH B,
1RE30%)
3.2 FhtE - BRAKME - ;’Mﬁ"l‘i ‘ N A MK |
F_U R A MK DMEKIRE DR EZ 7 7 LRk ——
_ . . o - 7 7 ¥ RV E (FV)
ECHE LR, WIhoXy A b THHKIRED o BT Bk B (WL)
BRI E - TIETF L7, Be-AIZIEAK#d 0 Tl 24550y Vil - TEBEARTE (SV)
R L, KD CHAMDIEKBE D & RIS D228) At Tk
FrEh, o2 I A MTHRTE W LUV ORI 7 Fig. 5 MEARBO X2 R F A NEKD
272, anv A FEBRTE

Test Methods on the Colloidal Behavior of

Be—B & Be-CIdfE/K100% TlL, M20fITIK T Lz, 2D i :
Bentonite Slurry mixed by Seawater

ZEE, N2 A MR OB O EEE D ERIC XK -
<, - EH Sz L EbnD, BerAD T 7



RAFLEATRTFERTH No.70 B FRNEI L35 O HEREARM (7277 VA v —F | OBi%

VRIVKEERONRY R A R XD b REVDE, HEKD
HLAY IR DN LR L, WFNEL BT 5720 T, &
DEORY v —FRNCL20RICLD BN,

HRY b A MIEKOWEAKIREE & LR K & o Btk %
Fig. 6 1287, JHABEYD OFE, WIho~xr kg b
THREDK R0, 5~4nL TH->72, LA L, Be-BEB I
Be—CITME/KIR E DRI - TIRARDEERIRAEIC 22 0 R
BIRBE LA TE T, AR E L KT LBLKEDN
REL D, WEBKED/NSWIZE, BARFO~N M
A4 MILLHEL, AR RIS KO JENE FEa Lk
EN B, Be-AlZ#EAK100% TH BIFARTERETER L, #K
BEREZ /3 ICHEFF T % %, Be-A & Be-BI L UBe-CD K X 72
L, KU =—DFRMOEETSH 5,

KR A MEKOWEKIRE L R ORE R &
Photo 2 127”7, Be-BI K UBe—Cld, HEAKILEDHIKN & &
BACTLREARIA D LR IRREIC 72 o 7o, FFITBe—CIT, T
KIEFE10% T HUEHE L, 40~100%CIXse I ERIETH
o7z, Be-BiX, Be-CX V IZILBEMAEFEA K E <, Be-CL v #E
BT BIPUEDR H B, Be-MTHEKEBE N AL TH 4
BOREE A HER L T\ 2, 2D Z &S, HEARSEIET THK
MWD ITITBe-AD B & Hr S h 5,

4. BKEYEKMDES & 1ERE

4.1 HEHE
WEEREAMEE LT, @) &L (v b
A b)) BRI TR L, N F A M, BRRo
STEEAEHH L7, BRIIELS & FEMEIR A Table 2 1277,
Ry R FA FO3FEIZOWT, IBAEET0~300kg/m* & L
7o = OELE OWAMEIOTRENE, 7V —T 4 VT E, &
Kb, B, BAREBRE A G LT,

TREMEIZ DD T, K CTOFEIEMEZ B D D 12 DICRE
ERELTLEHMT, MKEZHIZJHV Y V¥ —T 10—
(®8Xh8cm) T, Y IBEELDOFRIME TL0. 5~12. 5em
(R FERLEOREAE - 10~16cm) THRELT-,

TR AELE, 4 (BHTOPENNL TOKEEFE) ~30 (£
IRNEBE AR ERREY ) CTHEARBREIT - 72,

Photo 1

EIEENC,

Vacuum Dehydration Test

al
o

—m— Be-A
—A—Be-B
——Be-C

r/////w

B
o

w
o
T

—_
o
T

BERRKE
(mL/5%3-0.066MPa)
o
o

o o —M
0 20 40 60 80 100

Fig.6 &~y b A MEKOHAKHRE &
WE K B D BIFR
Relation between Density of Seawater and
Amount of Dehydration of Bentonite Slurry

o

4.2 RERAOEKHHOZESERK

BRI SHOHNER 2 Table 2 10FRT, 7V —F 4 7
X, Be-ATIE, 1Z&A LR TE 22V, BeB, BeCig,
TRIMENRT0kg/m* T3k 2§ 2 & 9 2~ 3% 4yt L C
<%, 230kg/m*E M2 DL, Z7U—T 4 v 7KbBIFEAE
70D, 277 L, XU R A FEEHESCT & Ui
ERDDICKEZBOKRELEL L, BEFBOTETRY,
T ENEL 72D,

Photo 2 /KIREEIC L DK~ A MRKDIH - BEEREE (1AR)

Dispersion and Aggregation Behavior of Bentonite Slurries under Different Concentration



RAFLEATRTFERTH No.70 B FRNEI L35 O HEREARM (7277 VA v —F | OBi%

Gk - BB AL, Be-A OBA, RLBENEGLE
R EE30%, VB L2, OFR B G EiE - WKMEZ 15 2 il
Bl &b, Be-BTIX, X b A FOFMEEHET
CLETEEN2.0DLLEICETTEND, BeCTIE, BE
ZBe-BL I LI LT bR BB A 72 S 7220,

4.3 BKFER

HBAKE B A Table 2 &Fig. 7T~1010RY, L#EAINZ
7eUNREE (P=0kN/m*) D3E, N2 M A h70kg/m* DELE
TR NEDBe-AD B A FEHEE D1 X 10 em/sec Ll T2
&= L3~5X10"cm/sec & 72> 7=, Be-B&Be-ClE, 2%
JETOHEY H UICEI7Z B G X 2R O REEIAREY 23,
Photo 3 IZ/RT & 5 ITMHEE & OB R EFE K & R AE X
H, BAERT CABICHEEAMERE 2 b,

ZFEFIC KD RN A Tz Wkt 24858 LT
KHFTO. 5mEX DO LV [EEARE L, 5kN/m* D _E#E % »
F 5 &, Be-BiX150kg/miZ L7z & & HMEM AWM =3, &b
Bt 72 AR DRV Be-CTIE, B % 150kg/mPL L, L#E
Z2{FD10kN/mAZ LT H MM AR LR,

Fig. 7 1%, TNENOX M A F CTholEZRRNE &
LC, Be-A, Be-B, Be-C% Z1LE170, 150, 150kg/m’ & L,
FK AR 30 CHAK L7z, HORMBRO50%IFH Y3 556
SINHEAKE LTHEKIZEET 5 EHE L, KA E A
o ZHEBE U7, KBRS DR 2 TEKMEMET L, 0.5
~1. 0[] DOHEK DAHET, BRI D B D (Be-B,
Be-C) &, &9 TRWHD Be-A)IZmiT-,

Rk oK E RSB b TZBe-BIZ DWW T, X b A
FEZECT I E T, REEKEIETE 2008 5 03§~
7oo Fig. 8 b, WRINEIZEAMRAR 1T & A L0, 5RIFEE D
WK DAZHACHEAMER BRI D Z L3 oiz,

Table 2

W 2R R RLEOKE DBLA & REMEIR

Be-BIZ/KHTO L0 Z48E L T, 0,5, 10, 15kN/m*D |-
WMEZHE CHMCHEIN 2 EKAET~4TEKL
TR RAFig. AR, 5kN/m*D B E CRA AR,
FNLULEO EHIFIC L DEITAZT bRV, TOXEL
77l (3X 10 7em/sec) 23Be-BOE.DfE & b 5,

F72, BeBoO E#JE GkN/m®) Z—ElZL, v hFA

~ DFANE %70, 120, 150, 180, 230, 300kg/m*IZ 28 {k & 4,
BK AR T~4TRER L2/ R, IINE120ke/m* CHEHE
(10%cm/sec) Fifk L 72o7-, BIHITIE, LEEHE LT
150kg/m* &AL OUSMASE Y & Bbh b, ThLl Eousie
X DEFIFEAERD LN,

Fig. 10i%, Be-A® L#TEME L ORI T 5B KRR
FERTH D, T0~85kg/m DIRMTHI®D T BAF CTLE LIz
WEARNME 279~ 2 & ANHEIBH U 7=, BUR O RS e i CREHT L 72
FER, 5X 10 Tem/secDFEAKMREL T, MK LB AL

Photo 3 FtiiEACRIL

Boundary Water Route

Photo 4 _b#JEFHEKiER
Permeability Test
under Loading

Characteristics of Sandysoil added Bentonite under Loading

HEABEE L m 2720 OfdS A B DMK G AR B AT IS )
g | BEEIED| Rk WEE |7 )7 1| s s e | OVIUIBK | 16301355 7k
WE L | P | W g || B BT

(kN/m") & (kg) (cm) %) ’ (g/cm’) (cm/sec) | (cm/sec)

Be-A-70 0] 1436 70 440 11.6 o]  29.2 1.95 | 2x10°'] 3x10"
Be-A-85 0| 1380 85 455 12.4 0o 311 1.92 | 2x107| 5x10"
Be—B-70 0 1517 70 410 10.5 2.3 25. 8 2.00 | 6x10° 6x10°
Be-B-70 5/ 1517 70 410 10.5 2.3 25.8 2.00 | 5%x10° 6x10°
Be-B-120 0| 1355 120 450 11.9 0.8/ 30.5 1.93 | 4x10° 1x10°
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Be-B-150 10 1269 150 470 12.2 1.3 33.1 1.89 | 3x107 2x10”
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Be—C-150 10/ 1431 150 410 10. 7 2.6/ 25.9 1.99 | 4x10° 4x10°"
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