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Fundamental Engineering Properties of Compacted Japanese Bentonites and
Bentonite-Sand Mixtures

Yoichi YAMAMOTOQO™, Takahiro GOTO™, Yoshito KITAGAWA™
Yasutaka WATANABE™, Shingo YOKOYAMA™, Misato SHIMBASHI™

Generally, a copious amount of bentonite is expected to be used as a buffer and backfill material for
the geological disposal of radioactive waste. Owing to the widespread use of bentonite, a short supply
and changeable quality of the material is likely to be a risk factor for reliable execution of geological
disposal program. Therefore, it is imperative to ensure a sufficient quantity of bentonite that satisfies the
quality standards for the required duration of construction. This study aims to select bentonites and
design an engineered barrier that is scientifically reasonable and safe for geological disposal. In this
study, the engineering properties of domestic bentonites were measured, including the reference
bentonite, which has been frequently used in relevant research.

Six bentonites were sampled from Tsukinuno (Yamagata), Kuroishi (Aomori), Hosogoe (Niigata),
Mikawa (Niigata), Tomioka (Gumma), and Kagamiyama (Shimane), respectively. Based on the
exchangeable cation composition of montmorillonite, the first three were classified as Na-type bentonites,
and the last three were classified as Ca-type bentonites. When considering the layer charge of
montmorillonite in the bentonites differed, the montmorillonite content of the bentonites was estimated
to be approximately 36-64%.

A dynamic compaction test was performed to measure the maximum dry density and optimum water
content of each bentonite. Based on the results, the specimen was produced and used in the permeability,
swelling pressure, swelling deformation, consolidation, triaxial compression, water retention tests, and
the measurement of thermal properties. The mixture ratios of bentonite were 30%, 50%, 70%, and 100%
by mixing silica sand. Deionized water (DW) and artificial seawater (SW) were used to consider various
groundwater conditions. The swelling pressure and swelling ratio increased, and the hydraulic
conductivity decreased with increasing effective clay dry density. The remarkable change in these
properties by using SW was observed in the Na-type bentonites. The compression index correlated with
the mixture ratio of bentonite and that of the Na-type decreased by using SW. On the e-log p plane, the
unloading curve was nonlinear for Na-type; however, it became approximately more linear when SW
was used. The strength parameters related to the dry density or mixture ratio of bentonite in DW and the
shear strength did not change or was slightly increased in SW. Depending on the mixture ratio of
bentonite, the water retention curve yielded different slope angles, and they converged to different
potentials between DW and SW at higher water contents. Moreover, the thermal conductivity was
related to the water content and bentonite mixture ratio. The engineering properties of the six bentonites
measured in this study are expected to be used in designing the buffer and backfill specifications.

*1 Science and Technology Department, Nuclear Waste Management Organization of Japan (NUMO)
"2 Geology and Geotechnical Engineering Division, Sustainable System Research Laboratory, Central Research Institute of
Electric Power Industry (CRIEPI)
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1. [FC®HIZ

DRENZBWTIE, MBI 2 IRELD £ & (INC, 1999) AR, HifE L5 1256
THX M A MIWBRAMEDO R A FEREL, ZNETIZE L OBRSHPITHILT
&7z, R JIR BRI A 2T, DAEICBT DL/ BNy D T
2OV TR L7 A R 2 SRR HEr S 2 (NUMO, 2021) IZEUD £ L TAR LR, IO
WEEIZB W CHRBRICAAREED R M A b EZFEfER, DR LM, 1K T 7 OMEHZ S
ELT, ZNHORFIER L, £, OfFENEMTREZICHIR Lo Pk LA 7 7 M
BT, WG ERRY M A NORE, & UoVRGHEREEM LY & TRU SEBEHEY)
Wy DEFETHRIZ00 7 b ATk ST ERRIAE -,

XY N A NI ORI ORERER, TR OIEIZ ERA, WA OBk, 1t
ek, EES, BRI EOFEERE LTTEMICESFRENTWS, 77, ENEEORV L
FA ORI AROFILTEI SN TE Y, BRDONXY N A NORAEFERITHE 45 T R
N5 505 FURRELEbhTWD (i, 2019), Z 9 LZENERORBICEWT, Mg
TIIREOR M A FERBELTDHIEND, BT HMEIOERE N HIK S L7 RBET
IR A EN D TEOHEKIZE Y, X A FOMIRRE, SWEOEL, gD ES7pE
D, WS HFELITEL RITT VA7 & LTHET 2 2 L8Basnd, 20X A7
i 25728, FEEMCHLOR L7 EOMEE L CHEAMEEZHET 50 A B L
T, BELIEWE EMEDORY b A FERMICOEVZETEZ LR L T 2 &N
HETHD,

Z 2T, HESITEBIT DM L ERROMR A AR & LT, AT THEIOA B 7258
TECMRRRR CITE T D 2R 2 /R 3 2 & (B AL FFEIRTE 25, 2018, NUMO, 2018)
ZHIE L, R BRI A AE & BB I Fe T & B I RMFSE 2 S L7, 2 2 T,
FRAEM & 72 1THD B LA OFRFHI T 2 B 72 O ERGHIIE 5 2 & 28881, Hgl
IRFGERHAE R 2 IRHLD &£ & LK, Z< ORFTTHOWON TE IR AAED X R A b
[Nz, PEHSCHEIR D E 22 DB DEWNER Y hFA b OFMET — & 25 Lz, AREEIT,
THHDNRY A S OGRS L OUKER « 5« BAOZREREIC b BT — X B
W EEL LT 2O THD, i, AEENRT—XHEL LT, MELOHR
5PN hHA MR SIZB W CALTERA SN Z E 2P LT, BB, HEIRSE,
ARG RIC DD AT — 2 2 —BRIZE L DT,

AEETE, FEICBNT, Bdg e Lz6EOR A FERATE 7 AWD
oL LOEAYIME, N2 b A N OMRSHT & AR O FEMEHE 279, 3T T,
PRI DHT 1L & FTRER %2, XV A bSOt EEVEY B A FOGHTITHT OR
T, AT TIL, FEARRER (R oRER, FARER, TR, AR, T5RER,
—HhEAERRER, PRAPERER, BUSPERIERER) ORBRTIER X OB R A R IR0
ML PRECORT, £, FRBRICHE T DGR IR D& 2 OB T ik, AT HEKE
W2 EBR DT — X i E LR EIC oW TEER T 5, SETIE, EARERBROT — & OfF1H
PEFERR D 72 DI PO 72 ik Bk 2 i L C, ARER TR 2 iR S0k Br 7 1A I W TR
L7 Ramd, 68 ClE, AW SR a2 HE 3 5,



2. T—AMBOXRER
2.1 HERAMH
2.1.1 HBHKORY b4k

Table 2-1ZRABRRIG & L7=_> N A hDFEIL%, Figure 2-LIFEI OB 2R, 77,
Figure 2-21ZIEBATHOENANY b F A ML ERBRITHW X2 M A~ OpEHLONLE K %
AT, AL, WERAME (7 =7wWV1) , BREEAE (A8 , BnBikmeE R
EIRGE) , BRREIIFE (SRR , FEBRENE (SR , BARRSILE BIh~r
FFAR) OFENENENO R DL TREH SL6FDOX L A MERBRoxtg & L
Tzo REEETIILIEE, FhENRO~NC hFA RS, KV, SK, TG, MG, TM, IZOWEH%
WB, TRBDRY ML M Th BB, BT O B A OO 5345 & AREE 1 DiliE <,
DX M A S OFESNa & Calll THHT DI 70 D K 9 1T E Uiz, N IHh G 1 4
B2 DNaA A OFEEHRCatl A L0 b EVHET (Na/Ca>1.0) , CaliliTZz DDy
ELTWD, HPERGA A A L v, Jed3FEIINGE, %O IXCa I fE S Nz,

Table 2-1  Specifications of bentonite samples
y=FANL RERE LY/ S T S
. . . . : Kansai
Sample Kunigel V1 Tenryu Shirakami Mikawa Tomioka bentoniite
(KV) (TG) (SK) (MG) (TM) (12)
Mine Tsukinuno Hosogoe Kuroishi Mikawa Tomioka Kagamiyama
(Prefecture) (Yamagata) (Niigata) (Aomori) (Niigata) (Gunma) (Shimane)
Cation type Na Na Na Ca Ca Ca
Kunimine Kanben . . . Kasanen
Company Industries Co., Mining Co., Ngl())n E_If)lsen HOIJ_LfPDCO" HOJLLfPDCO" Industry Co.,
LTD. LTD. v ' ' ' LTD.
Commercial Commercial Commercial Sample Sample Sample Commercial
product/ Sample roduct roduct roduct roduct roduct roduct
product P P P P P P
Remarks Not activated
N (250) with Na,COs (250) (250) *2 (250) *? (200)
(Mesh size)
(250)
*1: 200 mesh: 75um, 250 mesh: 63um
*2: This sample was made from bentonite ore using the same method as commercial products.
KV TG SK MG ™ 1Z

Na type Ca type

Figure 2-1 Photos of bentonites used in this study



A /\/x//‘
‘ Bentonite mine (In operation)

KV (Na) <« « Tsukinuno

* Kuroishi - SK (Na)
MG (Ca) « * Mikawa

TG (Na) « * Hosogoe * Kawasaki

* Dobuyama
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* Annaka

o/ 4

Figure 2-2  Location map of bentonite mines in operation

AEHZIT & 7V EBNRIEL T D, KV, 1IZITHIGTH 5, TG XMl e L
THEARIRECH DAY, AFEFICL D L, BMOMREHERFO 7= RERT N Y 7 A& D3 0NMIEs
TOGAELHLHENI ZEThoTEDT, REFT NI UAZRMS I TORNT & DRI
7eay FEHAWTWS, SK TG (LEINTWDR, BEZTRL W RNnEWnS Z L Tho
T2DOTH T IR LTV D, MG 13X A F OB T TR =) HEE LA
DB L FIAZRER LI i Th D, TM X, BRFLLORETH S THRR] D
BHZHW STV A JREEA 2 Hiikeh & [F CELGEFIE T, 7272 Uil CIEREET MY 7 A%
MUTIEMH LS TV AR, ZOTERAEK LR 2 v e LTt En/= b0 % A
WTW 5,

AREHIW TN B BRI I TV DR, A v v oA XL T E TOHE L FZER 5
TOEEDZLOKVOAR S ZEIC, BT COMBEIZHE L T\ D E3& 2 Hi45200~250
Ay ¥ a2 ORIEDORE E AW, X2 A FORIEORME LTIE, 2004 v =, 2504 v
Va LBIENRRKRELSRDIZEFERTHMHOBEREN/NSL 72572, X A MIN< A2
Do —RHNTHIAWEZEE Y B A FOMEITELS 8D, Ay a0 BREICELT
1%, JIST200A v = : BB#E75um, 2504 v = : HEAZ63um & kL ST 5,



2.1.2 HAMDYE
(1) Ry b4 LYt

Table 2-2 IZARFFED XG5 6 FIEDX A b OFEARMIEEZ RS, AIFFEICBIT 5

VR N OMEE DTS L 7 ORI 3 BB T

AL~ % 23, MG A A Bl

BTM (Benzyltrimethylammonium) &% % Wi A XD RERRZ R L TW1D (343

HEZM),
Table 2-2  Physical, chemical and mineralogical properties of bentonite samples
Sample Kunigel V1  Tenryu  Shirakami  Mikawa  Tomioka Bl:r?;:) Sr?ilte
P (KV) (TG) (SK) (MG) (TM) 12)
Cation type Na Na Na Ca Ca Ca
Particle density of soil (Mg/m?) 2.768 2.675 2.605 2.574 2.576 2.442
50% Particle size Dso (um) 10.1 5.9 7.0 194 26.7 16.7
Natural water content (%) 7.9 8.0 4.7 7.0 9.1 7.6
Liquid limitw (%)  436.4 238.9 3245 93.6 87.2 107.3
ConsISeCy  py-stic limitws (%) 264 39.8 28.8 30.3 28.7 313
parameters
Plasticity index Ip 410.0 199.1 295.7 63.3 58.5 76.0
Amount of methylene blue
adsorbed  (mmol/100g) 3 102 % 73 n 45
pH 10.3 9.9 104 9.0 95 10.0
Electrical conductivity (mS/m) 30.1 13.7 115 4.3 7.6 9.5
Na* 534 57.1 37.9 7.6 04 14.7
* 0.4 2.5 3.2 2.4 3.3 1.1
Extracted
cation Ca? 9.3 15.0 20.1 215 49.7 18.2
(meq/100g)
0.8 3.4 4.6 19.8 3.1 1.8
Total 63.9 78.0 65.8 51.3 56.5 35.8
Na/ Caratio 5.74 3.81 1.89 0.35 0.01 0.81
Swelling power (mL/2g) 20.0 155 16.0 7.5 55 7.0

LIS, AWFRICHERT S 6 FEO A SO E A ek U=k 52 =T,

Figure 2-3 |ZHRMERRS &AM ) OBItR 2~ d . XU A hDa v T A7 o —FREIZB W,
RIMEBR S & B 71 & OBfRIZRY b A FOREEIC L S FIRIFHBIBERICH D Z LR bh
TS, IR LTS RIC W T H M ORICIZRAFRMBEN & 0, BEEORERRE R Ok
HPEA», 2003) & HEAHITH D Z &3 3Dr o7, Figure 2-4 | R TR 1 & A F L 27— (MB)
WA mDBIRD B, WRPIERF OGS O XL O RHEENEITEE D bvie oo, Akt 2 & oEN
o> 22 FEEE (JEIPN 15 fEkE, WSk 7 FRED) O N A FOAE S & MB WS 0 BIfR A sk e



U782 50, Nafil - NafE#ufl L Cafld — oD 7 N—FI123T 5D &, FNFEIUTHONTHE
WAL OMICIEOMBENH S Z EAVRINTWD (UARIED, 2017)

Figure 2-5 (2B A 4 2 & HR b 7= Na/Ca b & M ) O BIf% % 7~k 9, Na/Ca Fh3s @ E &
R T 0 < 72 DRSS B, FEEMEOEWZ L2350 o 7=, Figure 2-6 (2 MB W& & &
HHES A 4o & ORRZ R TH, AREID MB W & LA 4 i & OMICIZ B4

IRIEOMBEN & 5 Z LR b,

30
F—— 1 T
ONa | s, =0.0404w, +3.25
~ 25 [local (Present study) 7
) 7’
Q 4
S 20 07
w Y
4
o 4
G.J 15 O l' \
2 [ /7] $,=0.0391w, +2.60
o [ /,/ (Mizuno et al., 2003)
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Figure 2-3 Relation between liquid limit and

swelling power
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Figure 2-5 Relation between Na/Ca ratio and

swelling power
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Figure 2-4 Relation between amount of MB

adsorbed and swelling power
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adsorbed and total amount of extracted cation



(2) 71 oYHE

AR TIE, X " FA METAWOREGEBE LTz, REBRICHW 7 A W1 = Ee 5

(ZEARAE) Th o, —ERDOWMAE % Table 2-312, /7R Z Table 2-4I1ZFE 4L
L, RN R 2 Figure 2-71277 7,

Table 2-3  Physical properties of silica sand

Particle density of soil (Mg/m?) 2.659
Maximum particle size Dmax (mm) 2.0
50% Particle size Dso (mm) 0.24
Uniformity coefficient U, 2.2

Table 2-4 Chemical composition of silica sand
(Source: Mikawa keiseki, 2021)

SiO; Al;03 Fex03 K20 MgO Na.O Ca0 TiO; Ig-loss Unit
98.09 0.66 0.34 0.16 0.09 0.03 0.02 0.02 0.22 (%)

100 .

. o

60
40

. /
0 i

0.001 0.01 0.1 1 10
Particle size (mm)

Mass percentages passing (%)

Figure 2-7 Particle size accumulation curve of silica sand



2.2 HAERIEH
2.2.1 Ry bF4 FOHRDHT

ANIARYT L LTORY M A FOTFRMHEL, Sk, €8 vt A oA 4 H
REFRREICE-TET D, Fr1T, TF Y vt A NOIEMFNRMEEX, * ORERE
B EH 2, ERELTRY NS bOBAEICHEEEZ 52D EE2bND, £IT, &
K%rﬁ%@ﬁ%k#é&/%f%b®f%%%iﬁi%ﬁk%%@ 55 R 5 o hT & 52
M L7z, AR IRTE IR E RS L2 T D,

PRI, N F7L4’ F@’Wfk%/%) 2 A SOFHTIZ ST TR L7z, Table 2-5 I
HEHEE & Z2DORRERT, X A NOSGHEBIL, Sk, MB WA, fliHEGA 4
B, ORIEE, BiAKERE, HRIFOEE, Tl ut A MEARTHD, EEV BT A RO
SHTHEEE, FEEEORIS, EEMBBNLE, FHEER, R A X TH D,

Table 2-5 Analysis items

Analysis item Object
Mineral composition Bentonite
Methylene blue adsorption Bentonite
Leachable cation Bentonite
Grain size distribution Bentonite
Desiccation Bentonite
Particle density of soil Bentonite
Ratio of non-expansive layers (Illitization) Montmorillonite
Location of layer charge (Beidelization) Montmorillonite
Mean layer charge Montmorillonite
Particle size Montmorillonite
Montmorillonite content Bentonite

2.2.2 EARYFMHEAER

FREMCHLO R LM ORFHIME L DX b A FORET — 2 #INET L2 L2 HIY
& LT, FEEDRER, FEAERER, MAMEERER, BAEAERER, TERR, e, oK
PEERBR, BUSMERIERREZ1T - 72, REREETIZI NS ORBR A U CREAR MR & 5 2

129 %, Table 2-6 |ZEEARFERBRIAR O— &4 ~7,

il OFERIL, RUE - miéwﬁﬁ%imﬁ%%®1ﬁ%%@@#ébif%ﬁk?é%ﬁ
Ko KB FE 2 R 3 5 72 DI 30 U7, IME & Bk R g sy 1o it 5 <0 b
A MBS HAR) 72 MERE &5&%16@%¢«f@«/kf4ﬁ%ﬁﬁmﬁ&ko
[, —ilERERUER, PRokY ﬁ% BVRFMERIERBRIL, FEKIZE DX A R RME
OfaFmEE, FEEAEEOE, KE%E O ) FEE e E, REMCED R L e EORGHE
HROoEE e C A MRET 59 A TCEELRD, ZNOORBRIINaL & Ca iDL R o
FOHFDG 2~5FHFHDO N M A N ERICHR AT o7,

ARRSEAL, BEM OO R LM OBRFHIRASFIHTED L) 7 A WOIRGEZET D



ZLEL, MBAKE LTIE, SRRAHERE~OXSEZZE/ LT, YooK EEKDOmTTDKE
S EARE LT,
Table 2-6  Test items for fundamental engineering properties
Test Properties .Desugn Kind (.)f Notes
requirements, etc. bentonite
Compaction curve . )
. Engineering 6 Reflected in the setting of
Optimum water -1 . i
] practicality KV. TG specimen conditions
Compaction test content o > S . . .
] Restriction of SK, MG, (density / mixture ratio) for
Maximum dry swelling of buffer TM, 1z  the following tests
density
6
Permeability test Coefﬁcmfnlt of Low permeability KV, TG, Same. test apparatus as
permeability SK, MG, swelling pressure test
™, I1Z
6
ilibri Self-sealin;
Swelling pressure test Equ11'1br1um . g KV, TG, Same tes‘t gpparams as
swelling pressure Physical buffer SK, MG, permeability test
™, IZ
6 A permeability test was
Swelling deformation Maanum Self-sealing KV, TG, cond.ucted after ‘Fhe
test swelling rate SK, MG, maximum swelling rate
™, I1Z was measured.
Physical buffer
e-log p curve
Compression Restriction of D)
Consolidation test - omp swelling of buffer Step loading
index TG, MG
. Long-term
Swelling index stability
Cohesion Physical buffer
Triaxial compression Internal friction Restriction of D)
P angle swelling of buffer Undrained condition
test TG, MG
Critical state Long-term
parameter stability
Water retention 3 Vapor pressure method
curve -
Water retention test . . Lon.g.term KV. TG Psychrometer method
Potential of soil stability l\;I G ’
water Pressure plate method
Thermal 5
Thermophysical conductivity High thermal KV, TG, QTM method
property measuring test  Thermal conductivity SK, MG, Hot disk method
diffusivity ™




3. R b4 FOEKRSH
ZIZTE, 6 O A M ERERE UTCE LIRS O ST 1E & SRR A,
R R FA MOZATERV A MZEENDEEY v A MO TR,

3.1 Ry bFH4A bORHAE

3. 1.1 X#REHTAIE

XY NFA S OFRARLZ TR D T2 OICARE SNk EHE W= XBREIT (XRD) HIE %17 -
7o 22T, RNEFNGEAIBIP ORGSR T > 7 STRIERICH LTS K DI/ L
EREICH D, BRMITIE, N b A MR A USRI VL, e 2 XRD AT A
DT NI RNV —IZEED THER L7e, (B L7 REAMEUENE, U 7 B SmartLabZ VT
EEIE - BB 45kV, 30mA, ISAY >k +RS1IAU vk« RS2A Y w k1 1/12°, 20 mm,
B, AF¥F ¥ AE—F :5°%min, AF ¥ AT v 7 1 0.02°D %A THRIE LT,

3.1.2 AFLYIIL—REZEDAIE
AF L7 — (MB) WEREONETFIAIL, REOO X 9 B&EHFIEEZRWT, JSZ2451 DJ5
EEG EICEmK L, BARMICIE, TiRoFIECTHEMm LI,

O #BEOO X 9 &
PEHE 11045°CC 18~24 BRRERZIRTE, T 37— X —N TR T Thtn S 8723k 2
0.50+0.01g O x H & L 7=,

@ MB A& &DOHRIE
—T7 AT 2% Y U MU U ARKZSOmML N, Ok S E LAY A
B A VIR S B S BT, BT TENE, IS Z 2451 (ZEDE STV BT IR R
TiT-o7
FHEEND MB WS ED 80%IZAHY 4580 0.01 mol/lL MB &%, 3y k& Hun
THORBIAIIZINZ, 2 L=,
PRI, BRI E ARA N CTERELL, 172 TERICE =,
NE=RNRDOLNDHET, MBIRIE ImL %, 30 M4 L, 1HA2IERICE 1EE
AR R LT,
N =RERO BT D, &5 2 ML, AR A FTEREL, 12 ERICE VT,
BN 2 3 ERERRICIER LT AR v DAV IZ, ~a—OKERS OWEA 1.5 mm %
ZDET, FAEOBIEERY K LT,
AN Z 72 MB IR ETRINEDS,  Heh& D MB IRIKERINE: D 65~85%D#iFHIZ A > Ty
L2 EamEA L, WWINENFHHAOEL, WEEEIA LI,
[A—3EHI R L, 2 [0 MB W5 ERIEIC K 0SSN T2 FRT Y U, AINEOS L
UIFZMUEBREAL, BHMEZREJRE Lz, TOR, SHIERKEI 5 mmol DIFIC
WE->TWDHZ & &ML, FPHIDOERIL, AEEEZIEA LT,



3.1.3 HHkGMA A U EDRIE
Y NFA NOHEBEA A R, BTM (Benzyltrimethylammonium) % 2 H 7= fliH
FICEVRE L, BRI, FRRoFIETHEE LT,

100 mL AR VU RIZ~_ > F o Rl 0.5 g Z3H 0 R, TOROEERAFIEH LI, 20
B, Ok ) BEEITOTEBNREICEBWT, SKMMEHRDOX A FOO k9 &E(T
VY, 110£5°CTC 12 BEILA BRI S5 2 L IC X 0 EKEORIEZIT- 72,
B Ao 7238 U HRIZ 6 %BTM 9% % 50 mL iz 7=,

A oy s & VT 20 0 ekt o @& 1T 72,
OBt OB 1 ERREE LT,
EBEAREE 02 pm JLEEDO AT LT L H — TR LI BRI 2 TR 0.1%0
e 2 Lz,
VEIS U TCHIRE L, FHE#EG 77 A~FomnitmtricE (L%, ICP-AES & atik§
%) 12k %tk (Na, K, Ca, Mg) DT Z&1To70, IR OB W 2 EAERIE, il
HVEZEIZH W BTM ISR Z LI U TR L2 b o aff - TERL L 7=,

3.1.4 HIENH

AR N A N ORLEERIE & B o L — R0k 2R A E L& (Shimadzu SALD-2300)
ML CEM Lz, HIEE, X0 b A FEBRUKICOEINZ, BERTEEsIC T105MH
TRHEETZ LD LT 72, JIEREIE, ZEN3EITHY, ZTOFEHEEERE LT
R, BARBYZRMESAFIE, Table 3-11277d,

Table 3-1 Conditions for particle size analysis

Weight of Volume of Weight of Water Dry weight S
. Solid-liquid
Sample sample pure water suspension content of sample ratio
(9) (mL) (9) (%) (9)

KV 0.05 4 281.01 8.443 0.046 0.012
TG 0.03 4 287.73 8.785 0.028 0.007
SK 0.03 4 297.44 5.598 0.028 0.007
MG 0.05 4 286.72 7.140 0.047 0.012
™ 0.10 4 288.07 10.007 0.091 0.023
1z 0.10 4 256.15 8.715 0.092 0.023

3.1.5 Ri/K%FE

R N FA N ORKEREZ RS 5 72 DI R ZEHT (DTA : Differential Thermal Analysis)
EBEEJIFE (TG : Thermogravimetry) #1772, M L7zHIEZEE L, U F 2 #0 Thermo plus
TG8120 Th 5, F-RHEIL 10 °C/min & L, =i 22.5~24.9°C7> 6 1000°CE THAE L7z, HEUE
AEHZIT LT VI =T A ZHWe, FRBHRT A3%ER & Uiz, A L72aEHE, 6 FEO~
YRFIA N THD, BEEOREDOEEZHET D720, TG Hi#HiO 1 WML V6N
oy E\E B (DTG : Differential Thermogravimetry) Hifg % 7ERK L 7=,

10



3.1.6 THIFDOEEAE

TR OEEE, JIS A 1202 IZIREBENDHFECIVIESIND Z EHBZV, ZOHEEN
YEFA MO LD B LICEOFEFHEHT D Z LIRS TIERL, Bl E -
(1991) 1%, ©7 ) A—%—|ZFA LI LOEROWPERESCHEIOBAARESFER L LTH
HID TR OBEIZEEST H AR TND, AT, LRI Bk, v
h A b ORI DOBEEERE LT,

i U725k, 6 kO A FTHD, JIS A 1202:2009 & OFHE S E L TEILLFO
LB THD,

JIS A 1202:2009 T, iz E & 10 gL B2+ 2 2 & &L STV o208, /e #E 7 (1991)
DIRRTND LY, X b A MIWAKIZE DV IEEIEEST 2720, 10gZ2 87 ) A—%—|Z
AT HZ LT L, 2T, BHREKLEDON b A b2 3~8g DFEPHATHEEL, 7/
A= —ZHEA LTz, KL, 000l g FTCHIETELHDEHWE, BEDBASTZE Y /
A—H —% 110+£5°C T 24 BEILL bzl S8, S U D ANV ERE LT v 7 — 2 —NTHIRIZE
LT L EEEZNE Lz, TDk, ©7 ) A—X—E0REE T 4 ke AR,
AREINIE /R KIRT D ETE TR TR L, BERE2 Y TN DB 21T > 72, Rk
A A AT B S BT, WIEIEIC K O R E T o7z, 3 A A L 2K D53 BUR A
AT ) A= —% T —2—RNITREL, BZER T 2HNTT v r—2—NERE
L7c, B2ICIET 2 ENEMNRIRE ZI1gN 570, F—VETE L Z-25, -50, -75, -100 kPa
& BB CIRE L=, 7=V ETE XL Z-100 kPa & LT D, BB OLRIBNET 25
FCRIEIRIESR 3 HEREEHERF LT, B ) A — X —ZPLSUKTHli7= L, JIS A 1202:2009 (ZHEV,
TR OBEEAZRE LT, GEAICEDMRIE, WEOREZHIET L ENELL, NEY
DR E ZIENNE LT WD TR o7,

3.2 EVEYYBFA bOSWAE

3.2.1 EVEYOFA D

Ry b A MZEENDEEY A T 5720k EEZIT 72, #k0.5~1 g&
A A AZHAIKAS mLERE A kA I A, SREH A E TR Tl i S B, o HiRlx
Ty B A IO C R BE L7, 30 BERE ORI omTh D, 2 ORFD[ERE &
IRFfHIE, 1000 rpm (190 G) , 43I TH D, BEIREER O LEAHE (EIK) 28T 72iE i
(B L, FFE, 3000 rpm (1711 G) TA0/fHI[E#BEL, VLR L7 BB 2RI L7z, 2o
—HOMBZ LV, RfR0.2~2 umDRIR 7 F 7 v a v (LUF, KEEReE stk 2%) ZRI L
7oo FT2, mODEEC KD AU EBAIEEZ60°C TS 5 Z L12 kD, 0.2 pmPL FORIES
777 varERILE (S - AL, 2020) o @EAEECEHE, T — & —N TR L,
A K L0 L CRIBOSHTICER Lz, MBIRERHEICHT 52T A |k
FEHE, TOMENEETHD, LROKFICE ST, ELEY BFA RSO HXRDHI
FIZL > TARDONTZHDITHONTIE, EUEY T A FOSEEZ & D D 12D AZHNERL A A
> NalZ 2s#a U C ke & 520 L 7=,
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3.2.2 3EfiEREDOEE

KEGRE R OIEEE (T4 MNE) OFEOFEL, TOEEE2IHMET 50T L
7' a—)L (EG) WFRZ M LT & A Bt OXRDIIE AT > 720 22T, EFaE L 13T
TY atA Mg ERER A BRSO FL R 23 E I (2% L COETICHE S &) ICERL L 723K
BCh D, BARMIZIE, KBV mgFEE % A 42 R HK0AMLIZ P EE T, 274 KA
ANCEA L, RS CTER U, EGUERY, EHNAREHIEGHRIEREMZH T L, X
72> CIREETXRDIIE 24T > 72, U A7 BLORINT2500% VW TEFEIE - BB : 40 kV, 30 mA,
DSAYU vk +SSAU vk «RSAYU vk :1/2°, 1/2°, 0.3 mm, AF ¥ At— K :2°min, A
Xy AT w7 0.02°D5AETHIE Lz,

FERZE R DAFAEDH)E 2L, Watanabe (1988) D& & v =, BARAYIZIE, #0BOXRD/Y
B —INBEGHLEIC K VR L= T Y vt o001, 002, 0035 &t D26° % Gy, %
NoEHFPIZTey M52 IRV HE LT,

3.2.3 BEMABRAEDTME

AA T ZA N ORI R % KT T TEEm OFRBUNE L~ 5720 (Satoetal., 1992) ,
Greene-Kelly (GK) 7 A F &4T7-7= (Greene-Kelly, 1955) , GK7 A s Cl, £3 FaeOFIET
LiZZHAAL OB 2 R L 7,

KEEEES0 mgZz 1 mol/LdHE b U T 7 APAIK30 mLFRFE 245k S H 120 UL RS &
770

B4 O SRR % md Oy B K0 R BEL, BB A ZAEHEE Lo, EAEREHC AL
mol/LO¥EAb U T 7 AP 230 mLEEE M 2. Torik L, 12FEILL B S872, & O
Z5lEHR 0 IR LT,

5[] D LiA HAALER % DFEHE, 80%FEEE D T /b o — L % W CIl Rl 5 b A A4 3R
WO D ETHNE Lz, BdOK THEIL, B %O T V3 — VICHHRRERTA IR &
WTFL, BEIPROLNRDETELL,

Ve ik OLIZCHGRENE, VU AT 2@ A L, JAE S CTEFNGRE ZERL L=, &AL
FEHE 300°C C2ARFEIINEL U7z, BV OFREHIEPAREND 7 B U NZEE LRV XK H I
FERE L, 105°CT—BINZEL L CTXRDBIEIZME Uz, (B8 L 72 Aalehy, U A2 #o>SmartLab
ZHWCTEEE - BEI : 45 kV, 30 mA, EFHIRAY » k «ISAY > h «RS1IAY » bk + RS2
AU > k10 mm, 1/12°, 20 mm, BAft, A¥ ¥ AE— K :5°%min, A¥%xy¥ AT 7 :0.01°D
S CHlE Lz,

3.2.4 FEHEERDATE

ARG HA SO EER & WET S 72D, Laird et al. (1989), Olis et al. (1990)F L U'Sato et
al. (1996)ICHEC TT VX7 B = 0 LKL 2 i U=, BARRICIE, DL FOFIETHE
L7z,
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FKBEAEF30 mg & LB N TA A A H /K10 mLIZ 70k & H 7,

IHORIZ, KTV T 2 RN 201 mol/LiZ7e % K 9 WCiREKE Nz 7=,
65°CDTEIRARN T2 H ISL S, EHRDBEL, EBAZMIEL,

EFRFEHI B L0 mLO A A > AZHiK & 33 Z N % C, 65°COTEIRARN TLH MRS S &
770

FOE% Dk 80% D 7 /L 1 — )L C4~5[al, 100%7 /L2 —/L-C2alFed L, @z b
WA A 2 IMFAE L2\ 2 & Z EERERTA IR 2 - CTHERR L 7=,

Peldeth DB E AT A RH T A Z8A L CREL S /728 ALk 4 65°COTEIRZFN TL
~2WFFEIFRENNEN L 7=,

N D & ALEEH -V CXRDIIE 21T 72,

XRDPEDKER LV, #5k0001 e — 2 OFf-mfilE (dfif) ZFiAmy, TA3-LUZL~>T
B VBB 2 I Uiz, £/, Lairdetal. (1989) TlE, 7/V¥/LT E =0 ASSHAMLERE
BHOXRDOTHE R & B & 3T B8, 7TAXNT B =0 bA & OIS E OHEE D
RIEMTHDATREMEAEHR L TRV, Z0Z L E2MET X322 EL T\ D, AIFETIL
ZORE T fEE M 2 1E L7,

Olis et al. (1990) ¥ & B e = (d(001) — 5.52)/32.98 (X 3-1)
. ) EM =1.638 X T/LXIILT EZT LA .
Laird et al. (1989) &Ef@?bl j?“gf Sk 3> 7= ST o A 1 — 0,060 7 St (X3-2)

3.2.5 FIFY A XD

B TA FPROEEY B F A FORFEEEOR AV A X ZfHliT 572012, JRF[H 78
8 (AFM) & W8I 21T o7-, BARBICIE, 30BH0 mofefE 4100 mLFRE DA 4 o A8#ask
(B E R 2 O T E e, iR E ~& B L7 ERRIC A L TR ikE L,
AR B A IR AR o TR Lz S8, ARMBIZEOREE LT, ERMR EoT T Y
arA MRIFEBZELT, Tt A Nk A X (EEEES) 2 ELT,

3.3 EVEYASA CEFEROFHMESE

—ixlz, 'rEV A MERERE, UM A FeEUEY S A FOMBEREEE W
TEHTAHZENZN, ErEY B A FOMBWEREEZ RO HT-DIZIE, X2 h A Fb
EMEOT T vt A FEMHTOILERDH LA, TOMBEEIHLL, Mt shk
RELOME 2RI 25 2 L b RG TR, Z078, ErEJut A hOMBEREREE LT
—FM7ME (B 20E, 140 mmol/100g) Z#KE L CRtE SN D Z EMMBWA, X b A hDRE
N2, 'Y oA NOWEMEEN R DLAITIE, FEFEEEE LEHE LS,
AIFIENZ BN TIE, FEHNRR 26O A hERRELTEY, TV rFA b
DIRICENN S HZEHEEB LTI AT, ErEYurA FaAREZELHETIHETE %
CENEBELEZ-, XIT, BEO®R YA FEHETEROVREREENS L
HLAEL, UTFICEET &Y, MBEREELZ AW Wi GEIC W THREL, ErEY R
A NERAEREFAMN LT,
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R M A NOBGA A UWEREL, T oSl A NOBA A UIREREE XL TN D
RET DL, BEY RIA MEARIIUTOXCTIHMT 52 LB TE D,

RN TA NOGA F UWAERE ... (1)
FrEVRSA FOBGA T URERE ... (2)

XU MNP ROECEY RS A NERHE =

A3-3FDL)DfEE LTy M FA FOMBYAE &R A 4 v ZHiss & (CEC) , :3-3D(2)
DiELE LTEEY S A FOMENENE FHEZN 502 umPL FEZ OFUEHO MBI A &0
BB DR LA L=, R33ToRDfED—> L LTHATSEEY 1)
A4 FOMBWAEEEZRNET H7-0OI2, 32VH T/ HETHIE L7202 umPL N7 OMBW &
BOWTEITo72, MBUERRIENL, 3.128HIZFEH L= ik TEM L7z, X3-3hDQ)DfED
H)—ODEE LT, TEV T A NOBA A UREREEHE S BT, I E g ER
NHEE Lz, BEmICE, BiaEooe st ar A hosy&%370g/molé L, LLTFD
KCRFE Lz, b, BEAMESYUT-0 0T T at A FOYEEERORKDITIE, 3.2.41H
=it AN GAYN

4

mmoly  VHAIE BT [—unﬁglcfell x 10°

100g] 370 [£4]

EEYBFA NOBA F W ES S

3.4 Ry A FODHHER

3.4.1 XREHTHRIE

Ry A ROREFNREIOXRD /¥ — o % Figure 3-1~Figure 3-6/{Z7~7, £/, K2
A R O Table 3210753, &0 h A R OSMRERITEL L TB Y, fhE R
PRI EDR RO Bz, SRERD LI ERIEWEL, T rt A b, A%k, 77U R
NZA4 N, BA, VAN, 2V 7FadA4 8N, A48, EATTHA N, HEILTH
n, ZNUHOMAEDETERY M A MIER I TWD, 72720, SEHEBUIFELEIL T
HH00, FHEHOE— 7 BWEIE, KX h A R TRARSTHWDHZ LD, ZNEROFE
BRITRLD LD LR SND,
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Intensity

10 20 30 40 50 60
°20(CuKo)

Figure 3-1 XRD pattern of KV (random oriented sample)
M: montmorillonite, Cl: clinoptilolite, Q: quartz, F: feldspar, C: calcite, P: pyrite

Intensity

] |
10 20 30 40 50 60
°20(CuKa)

Figure 3-2 XRD pattern of TG (random oriented sample)
M: montmorillonite, CI: clinoptilolite, Cr: cristobalite Q: quartz, F: feldspar, C: calcite, P: pyrite
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Cr SK

Intensity

|
10 20 30 40 50 60
°20(CuKa)

Figure 3-3 XRD pattern of SK (random oriented sample)

M: montmorillonite, Cr: cristobalite Q: quartz, F: feldspar, C: calcite

Intensity

°20(CuKa)

Figure 3-4 XRD pattern of MG (random oriented sample)

M: montmorillonite, I: illite, CI: clinoptilolite, Cr: cristobalite Q: quartz, F: feldspar, C: calcite, P: pyrite
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Y ™ -

Intensity
|

]
10 20 30 40 50 60
°20(CuKa)

Figure 3-5 XRD pattern of TM (random oriented sample)
M: montmorillonite, Cl: clinoptilolite, Cr: cristobalite Q: quartz, F: feldspar, C: calcite, P: pyrite

- él — T T T " T T 1
V4
2
&
Sr —
t=
. - _
Mo lci M Q
"'A'\J cl EAOC|CIQF C C'Cl CE' . )
P Mottt T S i et st st s i
10 20 30 40 50 60
°20(CuKa)

Figure 3-6  XRD pattern of IZ (random oriented sample)
M: montmorillonite, Mo: mordenite, Cl: clinoptilolite, Cr: cristobalite Q: quartz, F: feldspar,

C: calcite, P: pyrite
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Table 3-2 Mineral composition of bentonites

KV TG MG SK ™ |V4
Sme O O O O O O
Qz O O O O O O
Crs O O O O
Fel O O O O O O
Cal O O A O O
11 O
Cpt O O O O O
Mor O
Py O O A A O

Sme: smectite or illite/smectite interstratified mineral, Qz: quartz, Crs: cristobalite, Fel: feldspar, Cal: calcite,
IIL: illite, Cpt: clinoptilolite, Mor: mordenite, Py: pyrite. /\: the peak intensity is extremely weak and cannot be
determined.

3.42 AFLUIIL—REBEEDAE

RFHD X b A FEREIOMBW A &% Il E L7 #E R & Table 3-312R7 7, &2 A R
MBI 5 % 2[a 3 SHIE L2 A5 5E, [F—#0kHCIE+2 mmol/100g D &Iz & ~ 7=, JIS Z 2451
ICREH DD EBY, O DFEMEEMEZ AL TIIMER T2 & & Lie, B2 b
A NRUBHE T H#e % &, MBS R 22 > T 1, 45~102 mmol/100g D AW M 2 7~ L 72,

Table 3-3 Amount of MB adsorbed

Sample KV TG SK MG ™ 1Z

Amount of MB N=1 72 102 96 74 72 46
adsorbed N=2 74 102 96 72 70 44
(mmol/100g) Average 73 102 96 73 71 45

3.4.3 kG A A EDRIE

KX M A R100 9472 0 s B &35 Na, Ca, K, Mg 4> D& A 4 &)
% Table 3-4{2759", Table 2-1 TNalll & 34 L 72KV TG, SKIE, Naf A icELeb DD, —E
BOCaA A b EENTWD Z ENynodz, CRLEBE LTEMGETM, 1Zi1%, Caf AU IlE
TebDOD, MGIEIMgA 4> %, I1ZIFZNaAf 4> % —EEETeZ LN oo Tz,

IZTIEZ7 V) 7Fad4 NMIRET 2 E—27 OFREIZ DR & g8 o 72
(Figure 3-6) . 7V /7 FuT4 MIBA T A MIOEINLIMFETH Y, A A4 2 2ZHhbE
AT D, 7V TTFuaTA NOBRBEEDRKMIALEE, 597 ATHD (International Zeolite
Association, 2017) ., —J7, Weitkamp and Puppe (2013) TiL, BTMA 4> DH¥A X(36.4 Ax6.9 A
EHREINTWD, ZILHDA F oA AR A T A NMEBOMALT A X)vh, BTMA 4 &
7)) FFuaT A FOZWIECE, NaAf A & DZWRISITE TN L RHEZEREN D,
BTMIZIRTIZIENaA 4 2 DNE1E L T B 72, BTMIAEH &2 W T=H G A A o fiL k64 5
BENaA o b7 U ) TF o4 FOAZHYECart o DA T L AZHD BT S 0> TILAR U,
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Table 3-4 Amount of extracted cation measured in case of using BTM solution

Bentonite Na Ca K Mg Total
(meq/100g) (meqg/100g) (meq/100g) (meqg/100g) (meq/100g)

KV 53.4 9.3 0.4 0.8 63.9
TG 57.1 15.0 2.5 3.4 78.0
SK 37.9 20.1 3.2 4.6 65.8
MG 7.6 21.5 2.4 19.8 51.3
™ 0.4 49.7 33 3.1 56.5
4 14.7 18.2 1.1 1.8 35.8

3.4.4 RIEDH

KXY A NOFExPRL R (B CAExbh & (BEE) % Figure 3-7 & Figure 3-8
(27”7, Figure 3-8% 1, %X A b & HIT8Hum &2 +umlZ B THIRPRL 7 & 23 m A &
IR ORI TN BTz, Nall_> A R THDHKV, TG, SKTIL, FumdDki £
%<, ZHUTmEMEO B WNaRE ) v MOERT S L0 EHERI SRS, 2D O%um
DOFERPRL B2 T 5 E TG L SKIXFRETH D, KVAIEIND DX D720 iERTh-
oo ZHUE, BROMBREEOM M E L L TEY, TVt A FEARIZLDET
HoEHERISND, —F, CllRy bAoA N THDHMG, TM, 1Z1F, ClEEY ) A hD
IEMEITS D Z EICRR LT, BumObL T OFEEIE MEWFER Ch o7z, FtpumDki 112
%, DEMEOLLE T nF A MINAT, ML EEn EE2 6D,

100

—KV

80 g |-
o| 7/
40 W=
.| /

0.01 0.1 1 10 100 1000
Particle diameter (um)

Percent finer (%)

Figure 3-7 Particle size accumulation curves of bentonites
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w

Figure 3-8 Relative particle mass frequencies of bentonites

3.4.5 Rkt

DTA-TG #h#ids X O DTG #hi#t % Figure 3-9 (2759, T _XTOREHIBWT, 45~60°C0)%’E
THEZLOHWENKE < 72D, 70~80°CIZHEE — 27 MBI, 110°CHHT FE TIZhiKIZ
PR BEERDNAE LT, KV & TG IZB L TiE, 32~35°CO#iH CEEZE{LD aﬁﬁbwr“jt
LD ENR ol o, TRTOREHIIBWT, 110°CUL EOFIRIEFRICI T 2 EHE
B FWHRRIC A U 72771, MG & TM IZOWTIE, 120~130°CITRE L — 7 2336 53
7o 1Z12OWTHE, HIBIZEE LAY, 120~130°CIZHOTMNITREAE — 7 OIREN R 5Nz, &
BRI T, B EZE 600~700°CIZh T CTEEZLOEENEML, FFZ KV, TG, TMIZEBWT
ZOE D CTH - 72,

Mot R 7y 7B = (AARESE, 2009) ([CLniE, Y ) A MIHOWTIE,
BEZ 100~200°CIZBWTRARISAAE L, ZOREHFE CRBRE/ANLEDNDS &SN TS
F7z, BEOECEY v A FOE, T00°CIZEN D WEAE — 7 [ IHEEK DK E ST
%o AW T BT DTA-TG HIFRIZERBW TS _EFL & RO O iz Z & nn,
L7z 6 #EtD DTA-TG #hifiji%, LEiZE T vt A FOBKEEA KRS NFERTH -T2 L
EZ D, CaTUTHBHEND 3FEHD R b A MTOWTIE, 120~130°CIIE e — 7 %
721X DIKENRED T2 Enn, Nalli_y b MBI LD 3 FE E T, 110°C

TIEFAKR SN2 WBRIAR DT MNIEZ N EEZ NS,
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Figure 3-9 DTA and TG curves of bentonites (1/2)
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Figure 3-9 DTA and TG curves of bentonites (2/2)
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3.4.6 THIFOHFEERE

By NI A DR DO % Table 3-5 123, KX A SO RFOBE A 3 A
DORIE LIZAER, +£0.001~0.007 Mg/m® OFFHICILE O, FHMEOESWRIEMEZSGL Z LT
Too TV OBIPEEMELZ AL TIIEHT 22 & & LT,

Table 3-5 Particle density of soil for bentonites used in this study

Sample KV TG SK MG ™ 1z
Particle N=1 2.771 2.674 2.605 2.573 2.576 2.442
density of N=2 2.767 2.677 2.606 2.568 2.576 2.442
soil N=3 2.766 2.673 2.605 2.581 2575 2.443
3
(Mg/m’)  Average 2.768 2.675 2.605 2.574 2.576 2.442

3.5 EVEYOFA FPOSIHER
3.5.1 EVEUBAFA LD

BIf20.2 yumPL FOM Sy, 72 B NS, AEEEE (0.2~2.0 umE[5y) OXHRET/ % — 2 % Figure
3-10127R 9, 0.2 umEL FOREFCIE, 0.2~2.0 umE4) & Lb_XTEUE Y v o NS ORGSR
MO —27 BN Lz, LavL, KVTIdbTcaEoO e —27 23, TG, SK, MG, TMTIIf
KT IVAMTA NOE—T, 1ZTIE7 V) 7Fudf hefqadk, JUAMTIAIOYE
— 7 BNERO BT, 02 umB FOFREHZ BT, KV}:TG TMTIEBEMESE D & — 7 BREE A
WM& o> TVDHDOD, KEUZ LV I & 52 RITBRET D 2 LIXTERD T,

Under 0.2 um 0.2-2.0 um
M: montmorillonite M: montmorillonite
Q: quartz Q: quartz
Cr: cristobalite ‘ Cr: cristobalite
ClI: clinoptilolite | ClI: clinoptilolite
2 > I F: feldsper
2 2| | cl
g g |l cl
= El |
M ‘ M
M M \{ ‘ Cr M g9
M M Cr ‘ | ‘ ‘ Q F ‘ ?
/\ Q cCr M M M H Q \ M M
) iz // 4

\ (\ ™
RS A

L‘“‘““/”‘dw M;‘é W‘mﬁ g

KV
T T T T T T T T T

5 10 15 20 25 30 35 40 45 50 55 60 65 5 10 15 20 25 30 35 40 45 50 55 60 65
°28 (CuKa) °26 (CuKo)
(a) Under 0.2 pm (b) 0.2-2.0 pm

Figure 3-10 XRD patterns of elutriated samples

3.5.2 ZEfEiEE DR FHE

K 7KEAEDOXRD /R % — > % Figure 3-117> S Figure 3-1612779, KVOE—27 1%, 1E0>0OE
CHRTY Yy —FThY, SKDE—27 37 a— RTholr, KRBEREOEGULIRE DXRD/S
H—% b LT, Figure 3-17NRTKVORFID K 512200 L 20,, 20:% 740D, Watanabe (1988)
DHIEXNZA200 & A20,% 7 v b L7z (Table 3-6, Figure 3-18) . Figure 3-18% ¥, SKLISLDE
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Y A MEIIXIELI00%S A X 7 X A FMETHEIILTEY, —F, SKIZOWTIZ5%FREE
NIENZEE (174 Mg) THERINTWD Z ENnholz,

KV

Intensity
——
1

it

Figure 3-11 XRD pattern of KV after EG treatment (oriented sample)

AN 1 AN . |

N
10 20 30 40
°20(CuKa)

TG

Intensity

L A AN |
10 20

30 40
“20(CuKa)

Figure 3-12 XRD pattern of TG after EG treatment (oriented sample)

SK

Intensity

1 .J"\_. | i 1

10 20 30 40
260(CuKa)

Figure 3-13  XRD pattern of SK after EG treatment (oriented sample)
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Intensity

.L YA W WU | . I

10 20 30 40
“20(CuKa)

Figure 3-14 XRD pattern of MG after EG treatment (oriented sample)

™

Intensity

20(CuKa)

Figure 3-15 XRD pattern of TM after EG treatment (oriented sample)

Intensity

e N L
20 30 40
“20(CuKa)

Figure 3-16  XRD pattern of 1Z after EG treatment (oriented sample)
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A 261= 292 - 291 i
A 28,=26,- 26,

Intensity

20, 26, .
A AN
10 20
*20(CuKa)

XRD pattern of a bentonite after EG treatment labeled for estimation of
illitization using Watanabe’s diagram (Example for KV)

Figure 3-17

Table 3-6 Parameters for Watanabe’s diagram

Figure 3-18

Bentonite 20,-20, 205-20,
KV 5.22 5.28
TG 5.20 5.32
MG 5.18 5.38
SK 5.12 5.42
™ 5.22 5.30
1z 5.22 5.30
56
. 90%
55 AN
& SK e
Z 54 A N
= ‘ g MG
P
TG~ ..
5.3 - w 100%
™ —/‘73\ 17 (SMECTITE)
KV
5.2 T T T
5 5.1 52 53 54

Smectite percentage of each sample evaluated using Watanabe’s diagram

A20 | (degree)
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3.5.3 BEWMRRUEDE

GKF A FMEDXRD/ % — > % Figure 3-19177% 3, ELE Y B )4 ho X 52\ HEIKRICEER
EHTDHHDEFI5AIL, NATTA bOXHIZNUEAERY— MIBEME DL OIF17.7 Al
— 7 %79 (MacEwan and Wilson, 1984) , GK7 A MZDXRD/ % —> LV, 6FEWT O
BFH95AICE =7 2R LI 2 &0 D, BEMBBNIEE, NEERS— MBRETHY, TEY
nrA NCThbHIENTroT,

Intensity
Intensity

3 ]ICI 15 % ]]'CI 15
2 Cuka) © 20(Cuka)
= T T = T T
| SK I | MG

Intensity
T ~——]
-L"'\--‘_ —_—
1 i 1
Intensity
e
L

5 ' 0 : 15 5 ' 0 ' 15
© 20 Cuk) *20(Cuka)

-
=
-L"'"‘--.
-
i

Intensity
—
Intensity

© 20(CuKao) © 20(CuKa)

Figure 3-19 XRD pattern of each bentonite after GK test
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3.5.4 FEHEERDAIE

TNFIIT =T ARHIEEEEL O XRD /X% — > % Figure 3-20127~"9, 7L F/LT U E=
U LA DFEFOXRD B — 7 OALELTERIE, HBOBEMARKW®R L2 D TH D, KV
ETG, MGIZEAMROE— 7 IRE/RL, ZTOMELHEHL v —7Th b Z L bLREHF D
JEE ORLEMIT DI EHERI SN D, —TF, ZDIEIORED ©— 7 RIS FERFR 72
H O, EDOWENIANT EDDEEMPAREEIHE L TODAREEN R Sz, /E—7
OAfE E W CHE M S - @ ER D, Lairdetal., (1989) TIRE I TV D X3-2THIIE L 7=
WY & A & Table 3-712~7 9, SFFADREID 2B, TMEIZOENIZND H O & bl L TRV
ETHot=,

KV . TG
wn wn
= &
g { 8 -
St =
10 15 10 15
°20(CuKa) °20(CuKa)
SK E MG;
7] 7] 1
o & )
2 2 ]
5 = ]
5 10 =15 10 15
*20(CuKa) *20(CuKa)
TM - 1Z |
wn wn
& ] &l
L L
= 1 5 ]
5 10 15 10 15
*20(CuKa) *20(CuK)

Figure 3-20 XRD pattern of each sample after alkylammonium exchange treatment (oriented sample)
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Table 3-7 Mean layer charge of each bentonite (a) calculated by the equation reported in Olis et al.

(1990), and (b) recalculated by the equation reported in Laird et al. (1989)
Mean layer charge (/half unit cell)

Bentonite @ )
KV 0.32 0.46
TG 0.31 0.45
SK 0.31 0.45
MG 0.32 0.46
™ 0.26 0.37

1Z 0.26 0.37

3.5.5 fIFH A XD
Figure 3-21IZ&FEHR OE Y ) A N OAFMEIE 2789, K EEEO A7 —/LidFE L TH
0, —A2umThH D,

Figure 3-21 AFM images of montmorillonite in each bentonite
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BEEYBTA NOR A XEHIT D E, KV OHEPZIFINOEEY vl A | &g
LTREWZ NS oT2, £72, Figure 3-22 D AFM BRI~ & 512, KV IZEHCIR ORI+
N, TORESI LI mMBEOLDONREN-T-, TDOI D, TUEY A FHOEREK
PO L BETHBL W Z ERHEE SRS, SKITHEEOEMHR Ok 7132 <, 25Dk
FNEHE L TWAIREETEIZ SNz, MTOESIE, 1nm O 098 nm OHDONRELTH
V, BEETP TR, 1 ErOEEE COREBIKETOIML Wb L Bbhd, Z0I1E00
BT, PR &R ORI T ANEE LTI S, TRENORI A X K& e
WO BIIENo T,

500.00 nm 1.00 x 1.00 pm SR
KV_CRIEPI
1.92
(b) AB  rm) \/v\jv\/vj\/
IW—\/\
0.00 v</\N\«/
0.00 367.91 [nm]
(C) 5&E [nm] &a[nm] EEQ]
-—|121.27 1.05 0.50

Figure 3-22 Measurement results of montmorillonite particle in KV by AFM
(a) AFM image of montmorillonite in KV, (b) Cross section of line A-B and (c) Thickness of

montmorillonite particle

3.6 EVEYAFA FEHEROT

R R A F100 94720 OMBWAE & (MBy) & BTMIAK 2 AV =il S A 4> ¥ & (CECy)
DR % Figure 3-2312779°, MBy & CECy (213, RWEYBEOMBEN B bz, £, CECyX
D MByDIFE 9 AR E 722 7R IS8 BT, MBAYFOBAERHZIE, JEEMICHIST 572
FOMBL TV ERINCRAET 2 2 LITMAT, BAK LSS (1987) ([ XiudsyFRNC
LEOWEWELAEL DL SN TND, DD, CECE W MBDIE) NKEREIC/R-T2 L%
AbND,
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Figure 3-23  Relation between amount of MB adsorbed on bentonite samples
and CEC measured using BTM solution

TrEY O, VEAEROFHEICHEAT TR Y 0 A FOBRA AU RAERRIE, 02 pm
LT HE OFEIFOMBYR AR (MBn) &, 354ETROIJEEMNORHE LA (LCyn) D2fE
BZ LT ORGETCIEM L7z, 0.2 pmBL FEZy OMBW A & 4 Table 3-81277, KV & SK[E140
mmol/100g, TG & MGIE154 & 152 mmol/100gTdH ~ 7=, Table 3-71/k L7z X 912, TMEIZDY-
BIEERIINEINE N TNEDo72Z &b, TMEIZOMBY A BITIEN & TRV Vi &
RLTEEBZ LD,

Table 3-8 Amount of MB adsorbed on elutriated samples

' Under 0.2
Bentonite (mmol/ 10(;[;;1
KV 140
TG 154
SK 140
MG 152
™ 134
v 132

XRD 3% — > (Figure 3-10 ()2 ) 76, HEHIBEMESEY) D & — 7 5REEN G5 > T KV & TG,
TMIZOWT, MBmé& LCnZ Table 3-9127R 9, LCnlZH_NTMBnDIE 9 SR 22l %2R L= PR
1%, Bl U7-pBRl a7 CORBLEZ OND, ZNOHOEEEVEY vl A MEFEROFM
ZERT 254, 02 pmBL FEiSyOEEY 0 A NOMEZ EEWIRT Z ENRRETH D
R, REBFELAND AR A RO XS K OBRENE L WG A L H D Z 0D,
MBnZ T 253N o2 E LTHEL TBMERD D, —F, ErEYrt A
NDOBGA FRAEREIL, FIEEMIEIVEESNLIHDOTHLZ LD, EVEYRTA
NEAROFHIZLChE AV D Z LB > T D, LavL, EBEROHEEICE N TS,
JEER OARL) PR EAN AT HEITEET DR ERH D,
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Table 3-9  Adsorbed cation of levigated samples measured by MB adsorption test (a)
and adsorbed cation of montmorillonite calculated from mean layer charge (b)
Amount of adsorbed cation (mmol/100g)

Bentonite
(@) MBn, (b) LC
KV 140 125
TG 154 121
™ 134 99

Ry hFHA MDA A WERTEE L TMB, ECECy %, BT Y A hOGA 4V WER
BE L TMBnLChnZ HWT, BB v A MEAFELZRKDTZ, Table 3-10 & Figure 3-2412%
NWENDHENGRDTZKVETG, TMOE L EY nt A NaGRE 7T, EvEY RS A NG
BHHX, CECY/MBnTROIMENHE/INE L, CECY/LCnE MBYMBmZ3 [FEIFREE D, MBy/LCh#S
KERMEER LT, 22 THBTREE, CECY/LChE MBY/MBn A ELEATVMEZ R L2 2 &
Th D, CECIIFFEXMICIE L TWDBA A &ETHY, LCntEEV B A NEFAED
FBlokoTikED, —J, MBuld, Lt LB WHEHREOREL G2 L HLChEE T
VarA FEAEROBEFRIUME L 225720, LvL, MBJ/MBnD X 9 IZ0REED T & HITY
PR AE DN B H55120E, Z b iIiafif S 4, CECY/LChE DA R LTcbDEE
25,

Table 3-10 Comparison of montmorillonite content of KV, TG and TM evaluated
by different methods
Montmorillonite content (%)

Bentonite
MBy/MB, CECu/MBn MBy/LCn CECy/LCn
KV 52 46 58 51
TG 66 51 84 64
™ 53 43 72 58

90
g 80
5
£ = MB,/MB,
2 & | = CEC/MB,,
IS MB,/LC,,
'é 50 I 1 I W CEC,/LC,,
E 40 - - - —
=

30 .

KV TG ™

Figure 3-24 Comparison of montmorillonite content of KV, TG and TM evaluated

by different methods
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Sk D LBV KBIZ I @MEOE T ol A NOfMHERATZ L OO, FRISKEMG,
IZTEfEORB 22 2 LIFTERnote, 0D, AT, ErEIBIA b
DA A AR R E L CORET X T THORI > TWALChZ VD Z & & Lz, LCnZ HW
HEEITIICECE WA Z ENEHEETH L7720, ZNHDfEEMi>TEVET Y nh A MEER
Z3R % &, Table 3-11 & Figure 3-251~ T L 912, KV, TG, SK, MG, TM, 1ZT, #h¥hn
51 %, 64 %, 55%, 41%, 58%, 36 % T o7,

Table 3-11 Montmorillonite content of each bentonite evaluated by CECy/LCy,
Montmorillonite content

Bentonite evaluated by CECy/LCn
(%)
KV 51
TG 64
SK 55
MG 41
™ 58
1z 36
70
9_\9; 60
E 50 —
[
S 40
2
5 0 = —]
S 20 [— —
E
& 10 — —
=
0

Kv TG SK MG T™M |IZ

Figure 3-25 Montmorillonite content of each bentonite evaluated by CECy/LChy
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4, ERFFMRER

TN, EARRHERER (REEDRER, BB, MR, BAEAERER, TR RER,
ZHHEAEER, CRAPERER, BUSERIERER) ORBTER L UORBEREE TR, £, FR
BRIz il 5 R 7 IECRBR KIS W T Rk T 5,

HEBSICB W TIE, XU A FaD T A OIREAGE LUK EEKROKEFREZEBE L
7oo RRERAAKIZIEA A 2K & N THEKZ V2,

MBS OR LT ELTE, XU b A FOFEEE N M A MEEEEZRO L HIZFRT
5o Bz, KV O hF A MEERD 30% ThHiE [KV030, THDH, TM O kA
MEAHED 100% THIUE [TM100] TH D, A A ZHKE AW EIZIE DW 2, AT
KZ N HA121E SW OIFRZ (15345,

4.1 HERHLBEIE
4.1.1 HMEARAE

Ry M A MEAHER DTG KEEOFTHEIZB N T, XU bAoA hETr AL KER
VR E IR R T DR H 5, 1T HIZ, 300 mmES DR LEHWT, X2k
FTA NETAWMEZEGY LTz, LT EZHWT, RUAORICSEENEE LenX 9 1g,
U Lo EF T -, RIS, BREEZHANTIIK L, Z0OR;, RaWNHEIZKBEIEE S
PN E DK ERE T, FEIRE MK ELZEIZITW RN B Lot o &KL Z & Tz,
GARIEREEDIZONTHEKL (F~) BDERSNOT L RD720, TLARTRETHE~ERT
L O ICBEMIC D IRE -, A UABEEC T AT 70 ITfHE LB 2R IAT L 9
ICHE LT,

F T2 H D LB 2T, —DITBEREKEOREAHRA L L2 b D, &5 —FHiFHf
DRI BB KD BRI TWA LD TH D, BEIZOWTE, HEMEOBLE O ELL
BWEwThbHEEZ, HRLBPOLXEZIRT L OITHVIBEEZITH) 2 & T, maKboi
SYDBFTENCTE S 720 K 91282, MV IRE 2K 2 iBHE, To—&#-> TEKLEH
EL, 70 OB OB AERA Uiz, AKOREFIRICHIYTe X 5, 2415RILL EDOFA L
L7z, FIEDEKEOTI%DHFIFAIZINE > T D Z & Z il L7 sk &2 24 BRI o, A
ZRZRBWNTIE, JISA 120218 T, 110+5°C T4ABMLL B ESE 2 2 & TEAKZHIE LT,
G K EGE D723 OIRFE & i SV, SIENCR R T 2 it 2l & 2 CIE LT,

4.1.2 HAERFAK

AWFFETI, WK EEKOM T OKERMNEZEL, A 4 HKENTHEKE Az, K
SROWEK TIE7e < N LK Z WD ERHIE, B L ICLE LI KE 2 HIET 52720 Th D,
ANT#EAKE LT, HlRORIE (= U 7 — bSF-1,/8 HREE) 2644 L2, ®homs#ICE
HEN TR E B A Table 4-112777, £72, ZOMSEEL EICHE LA LT VIBES
Table 4212773, A A VREOHAETIE, ATHKOEBEL LT, 7/ A—F—%H\TK
$H721.022 gmLE V-, 2LV, Na, Ca, K, Mg, SOs, ClA AL DEENENT &35
Mo

NTHEKOVERIGIERR S ONCEFL GRS LTI FO LB TH S, 1L U DI, =R (§23°C)
IZ T — A8 B A 05 LDA 4 L A HKIT — D DORIEN TR S T, —EROVERR % KB 5T
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DI=OITHEL, 7D #1~2 LEEDEHRZH

J&Jﬁlﬁlf%ﬁfﬁ%@bto AR CHEHT 25, AI
RE%, R CTOFMMARE FHIBRT 2 BAEEEZ RV K LT-%) [ CIXEERTROA 4 R
J (Na, Ca, K, Mg, SOs;, CI) ZHlEL7,

Table

[CZERNEE AV EFER DRV DI LIEA T,
Wi, %Ymh&b“(?ﬁﬂbﬁiﬁﬁ L7z, NTHgEKAE

4-1 Component of artificial sea water

(Transcribe from the composition table of Marine Art SF-1)

Material Amount (g/L)
NaQSO4 22.1
KCl 9.9
NaHCOs3 1.5
KBr 3.9
Na;B4O7 * 10H,O 0.61
SrCl, 0.19
NaF 0.096
LiCl 0.078
KI 0.013
MnCl; * 4H,O 0.003
CoCl; * 6H,O 0.001
AICL; * 6H,0 0.0000081
FeCl; « 6H,0 0.0000006
Na;WO, * 2H,0 0.000002
(NH4)6M07024 ¢ 4H20 0.000008

Table 4-2  Ion concentrations calculated by using composition table of the artificial sea water

lon species Concentration (mg/L) Concentration (mmol/L)
Na 9860 429
Ca 402 10
K 346 9
Mg 1165 48
Al 9x10* 3X10°
Fe 1X103 2X107
SO4 2596 27
Cl 17594 496
COs 134 2
Br 63 1
F 1.3 0.07
NH4 2X1073 9Xx107
I 6x103 5X107
B 8.7 0.81
Sr 7.1 0.08
Li 0.2 0.02
Mn 2X10* 3X10°
Co 5X10* 8X10°
W 1X1073 6X10°
Mo 1X1072 110

35



FENRBRTIL, RO L SO DT DI LKA AT 5 2 L 23%0, A THEK
EHEATOHAICOLRERETHY, MR LELOEERTLIZENFE LY, 772 L, Kok
JEIZ KD RS, A A RENEET 5 Z ENTREND, £ 2T, ROFiEABRIC LY,
DR ZRET 5 Z LIz Lz,

2 LAEORS (Bl O EEAE65 mm) (I A2 N THEK2 LOBE&EA H& L1z, 7 — Y F£-100 kPa
FREEIZ2 2 £ CTRIE L, FTEORRIARE L7-%I12, AREZHET D 7-0I08 % & AN TR
OEBEZFHRL, ZINOKEGITOTZDITREmLE I LT, Z OEEEZAES — U 73-100
KPaf & (22 L T2 51057, 304y, 604y, 3MEM, 6HFR], 248 & 722 X H IR LT,
O, EZER FEBE LT, & 5HIT, 24 OBES O N THEKITK LTIE, SHIE
BICHERIEL, BTV 7r—4—0/ NV T 2L, BZER T 21kD, ZORETAE B
& L7z, KEDWTIE, ICP-AESE A A7 u~ 7T 7%2BNWT, E%EE#E (Na, Ca, K,
Mg, SO, Cl) OA F U REZERIE LT,

57—V J-100 kPafR L2 B3z L T2 b OFKEIRHE A BUE R (min) |, JUERFR 2 & 0758 &
XA RE () , D OREEL RATRE () , REAEEZWERH TR LZEE
FRIGHE (g/h) & L CFigure 4-11Rd, JUERI60%) £ TIZIXFARFERDOEIE1Z0.2%LL T &
IINEL, BREARBEOES L LTIT05% Th o7, BHZERL P2 L WAL, JBERR
OIREAHE 2 51 EXMZAERIIRE < RY, BREAREIFFHOMKE S &Ik LE, '
ZER T HAR I U CAH OB PARE &2 L2 ClE, XA EIZ0.2% & /NS Do Tz, 7R3
FEIXRERER & & BT 2 RN Hivle, FEAR TR & EUEREH O B4R % Figure
420, UERFREI O O R 7RIREZLITFR S Do 7o, K IiRiRE O EE
I ER$20.02~0.03DFFATH Y, IXHODETD/NEWFERTH D Z Lo T-, BAERE
HFOARE LT, HELWRIAORAEITIFMNEETNE -7,

UEXY, ANTHEKOERITER R OB L OEITT 5 2%, FETHEEOLE LT
IFFEFIT/NE L, RIRFHTEBIT D BRSM Th Ui R 4ARF M OB TN THEK O EE |2 28
LW eEZ b5, BZER 7 aEIE L CAR B OBEMRE 217> 123581 b RBEIC A T
IKOEEIZEBII N EEZHND,

P EoOKatzlE 2T, AFETIE, LTFOBXFITESINTATHKRERS & &L,

—FE ORI EAEIXIRFRRILAN &2 B 24T 9,

FENRRICEB W TR Y U Z I A THKEZIFD TELGEITE, HKkE 7 NOKHE
BN TE LRV /NS D K512, WERICERARE (EZ2ER 0 7 13E ik Lk
) 7%,

i SEE D FRRRLE PACRE I, Wi« AR ICBIR T 2B RHIZ OV TUIEDHIZ <
W2 END, FAIE LT, #EHALEL D ET58KZ 7 NONTHEKD EETLHER
FEDS, N THEKRVEREZ OME & IR THEICE(L L TWRWT & 2R 5,

ARG THIE L ENTOWRWHEGAORICEZERE L, 3~41 AIZ—FEOEE TN THE
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Figure 4-1 Evaporation of artificial seawater by decompression
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Figure 4-2 Relation between ion concentration of artificial seawater and time for decompression

4.1.3 #EKEEHROERA

AMFZE TIEPEEHICFEIA D SR D EE D ST A MK LT, SHEENRER A I L T\ D,
ZITHRLNLDHMRT —F &2l 5 2 L2 MET S &, HREOERPEEII RS, T72b
b, BERRZAERS RO G KL, WRERE, N2 A MEERIZEY, ENRBRORRT
oo, HEAEERRDE 25 2 WMEIZ LT 5 2 THERED FlHRE 2 D 22 1T id 7 5720,
TORBIC L VSN OMEREITSR 0D Z LB L, Kl OERIC X VS b caiEE K
& IRRELIREE 2 25\ CBENABR M OMGARIARZIRET 2 Z L 2 RARREZ T L L, UT,
HARHNIAMFEZ I 1T 2 BRI IAR IOV TR %,

At L LT, MBI DRt « SR LA O TI7157e B ONZESRYERE (B 213K
FRBCOIREETER) 1IRFNE T 5, HI2IE, XU M A FTry 7 OEELRAERE DR L,
METHIEIEEE A O, IGEbELEELShD2bDEEZLLND, £DOL D RBURT
BT, REOIZE D LOREEORER (LI, BIRIMGED & S) (IZL D @k s ftadis
DIRFETHIUE, TAUTFHFRIRE D THER LGD DO TH D EE X, AW TIIBEUASM:
Ze EAIRTEE O FRER ORE IR K 0 IRIE LTz,
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MEOMR LY, X b A MEATZRAWEENRBRICB T, AR HBER L 2 e
ICHRBRT — # 2B 5 2 L CRORBEGEOEO LIS Z LIXTTIZmbh TS (EAF
£, 2009 ; MIFEIEAY, 2010 ; tPAFIED, 2011 ; MR T 524, 2016) , WMz D&, No b
A P EEOHENEIE SN DHIATIE, XV h A MEARIZEL LT —EDBEmNEEIND
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[l —DfFE O TR F—IZLYD, X T A FBLONY A MEE R H7IHE
DE D HAHIRAE & U Tl & /Kb & e RFLRE E 2 28 TR IR 2 IRET 5,
FEROIEEZ BB L, 7A A RE LUK OWTIIAE D% & 95, EFCLA
HaEZEL, 7 AWERERWIERARICE U TR KRS E &2,

P EDEz FIHSE, BIREEORERIC L 0 15 D7 E o FE95%I A1 2 3 5 A 20k 145
JE LR bAoA MEAEROBIEZ Figure 4-30 X 9 ([ZHEFEL, Table 4312744 hFA b -
FAREFBOMRRBRAARZRTE LTz, N> M A MEEE L LT, 30%, 50%, 70%, 100%74
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Figure4-3 Relation between mixing ratio of bentonite and effective clay dry density corresponding to 95%
of the maximum dry density (1/3)
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Figure 4-3 Relation between mixing ratio of bentonite and effective clay dry density corresponding to 95%
of the maximum dry density (3/3)
(A broken circle in the figure means the case which has not conducted in the test series of mechanical
and thermal properties.)
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Table 4-3  Basic target condition of specimens used in the laboratory tests in this study

Initial water Dry density Effective (_:Iay dry
Sample content (Mg/m?) density Notes
(%) (Mg/m?)

KV100 21.0 1.60 1.60

K\V070 15.4 1.71 1.49 KV070 has not conducted in
KV the test series of mechanical

KV050 124 1.81 1.40 and thermal properties.

KV030 11.7 1.87 1.15

TG100 342 1.31 1.31

TG 070 232 1.46 1.23 TGO070 has not conducted in
TG the test series of mechanical

TG 050 19.5 1.61 1.18 and thermal properties.

TG 030 14.5 1.69 0.95

SK100 35.2 1.29 1.29

SK 070 24.0 1.44 1.22 SK070 has not conducted in
SK the test series of mechanical

SK 050 18.7 1.60 117 and thermal properties.

SK 030 14.9 1.71 0.98

MG100 30.0 1.37 1.37

MG 070 21.0 151 1.29 MGO070 has not conducted in
MG the test series of mechanical

MG 050 16.2 1.65 1.24 and thermal properties.

MG 030 13.5 1.73 1.01

TM100 28.8 1.39 1.39

TM 070 21.0 1.51 1.29 TMO070 has not conducted in
™ the test series of mechanical

TM 050 17.7 1.64 1.23 and thermal properties.

TM 030 14.8 1.75 1.03

12100 32.0 1.31 1.31

1Z 070 225 1.45 1.24 17070 has not conducted in the

test series of mechanical and
1Z 050 18.2 1.59 1.18 thermal properties.
1Z 030 15.0 1.71 0.99

4.1.4 AOMIEZEEDESR
MR BE & A ARG 3 B O % Figure 4-41 27797, ARG LR EEI, BN H 720 ITH
ENDOANY A My ORBEEEZZNLAFORBETEH L Z LICLViEons Ny I\ﬂ%’ k

SOEETHY, A WOIRE

FEO—o LI TS (HAR%R, 2009) .

= (%) ,

Pp =

pa(100 — R)

100 = paRs/pss

AR Z T M A MR

BB ORHEZ RS 5 & & O

ARk LR IIRATEREND,
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AAFEEFTIL, BARGERLE LCIA TEE L2 HV, J5GEHRL & L CldEffective clay
dry densityz fiV 2, F£72, AT EEB LT, INURLL T2 CHERKE HEBE 2 FRT 5,

. . . Effective montmorillonite
Dry density Effective clay dry density

dry density
Air Air Air
Vv Vv
Water Water Water
vV Montmorillonite Mm Vo Montmorillonite Mm Vm Montmorillonite Mm
Accessory minerals [N Accessory minerals 8 Accessory minerals
Aggregate ms Aggregate Aggregate
My + my + mg p _ My tm, g = Mm
= —-——-— T —— m —
Pd v PT T A, v+,

Figure 4-4 Definitions of dry density and effective clay dry density

4.1.5 AIBKERVW-HBORHMABRAELESKLEG EDHIE

(1) HERBOFHHHAE

N LK 2 s BR AT & 3 2 BACRPERER T3 9 2 3B G 1RO ] 72 LIS R 5
BN G, UTO X DITHBRRRICHW O K EA Ak e 3o r—A & NTHEKE$ 57
— AT, FET DB L VT 7 (Table 4-4)

O RABEA A ZHKTROTAFEL, RERZERE, NTHKEZBEKSEL 2 EICED
R E T 57— A

© HbEz SETEEHI R LT ALK TR FEE U, eIk 2 /EEU, 6 125k 2 i (F
KEL) 55—

@ Mgz SHTFBHI R L CA TR CROFATE L, MERIRE2ERE, A TR TKEBA
FllTEAKTHZ LI K VEBRE LT D — A

FEER 70 & ORUWEN B AL G ASHE O T K OIR BB ZBET 5 L, ODFEZHRMT 2
@#%%_E_é&%z%héﬁﬁ_@%fké&wzéo —7T, BlAIE, R T
IR D IR A XK E <, MUK AT KICER S LD £ TICRIFF 225, £
7o, BRZHEDROGER (VA 7 v A =2 TR K DR MRER) o7k BaR O feRE 5 N 72 7R
PEOMER (EEHER, MESIEIC X2 0RKMEER) 12X > TXMBUK OB Z iR T2 2 &
WEELY, E7003, #EUEZ L ORT Y RNERET LIRS B bND, ZABIZEL, K
ﬁ%fi*ﬁ@ﬁ%%ﬁ%ﬁmT%&ﬁ%%%’%%ﬁ%ot:&ﬂ%,K%%&%ﬁ%%%
b%ﬂ%ﬂ@ﬁ%*# IR DR ORI ISR T 5720, MBRICK - TO, @D &

_AI@m%ﬁwTﬁﬂﬁﬁﬁéﬁ%%%ﬁbto
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Table 4-4 Sample preparation method for each test using artificial seawater

Solution
Method Sample Water flow Test
preparation process
Permeability-swelling pressure test
@ bW SW Swelling deformation test
® SW - Water retention test (Psychrometer method)

Consolidation test
©) SwW SW Triaxial compression test

Water retention test (Pressure plate method)

DW: Deionized water, SW: Artificial seawater

(2) BKHLLEFIEFEEDMHIE

N LK CRUBHATE & 713l Kk OFUEL O &K LA JE T 5 7= O IF a9 5 &, Figure 4-512
AT XA THRPOWENFERE L TEET 5, 2oz, HREREHE (JISA1203) IZE-7-
JFETHE L&KL, EfFOEENSEOERELZRWT, ARDEFTH D EFHKOE
B R - ORI E E IR D HICHIET D BN H D,

Air Air Gas phase Air Air Gas phase
Deionized . > Artificial Water Liquid ph - >
?’Ig:;e Water m,| Liquid phase m,-m, o seralvxllgt?ar Mw| Liquid phase m-m, 2
=] Salt Mgzt =
S S
Bentonite ) % Bentonite Solid phase  my-m, %
mixed soil Solid phase  m,-m; = mixed soil =
A4 A 4
(Case of deionized water) (Case of artificial seawater)
m,, : Mass of water (g)
m; : Mass of soil particles (g)
Mgy : Mass of salt (g)
m, : Mass of the sample and container ()
m, : Mass of the oven-dried sample and container (Q)
m, : Mass of container (g)
Figure 4-5 Schematic diagram of the specimen configuration
KRGMERFD T EOEKE EOEEEZET) w (%) TR TEE D,
12 mW S
w=——"—x100 (4-2a)
Mg + Mga)t
12 ma - mb N
w =———x 100 (#4-2b)
mp — M

ZZT, miIROER (9 , miTEOER (@) , MadEOEHE (@) , mdIilklé BEzD
HE (g , miTFipEeER L ORMOERE (9) , miIRHmOERE (9 Tho,
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wIZ, NLHKFOEOIFEEEGZX (%) ET5&, medman®HEFRIZ(100—X) @ XIZ72 5 D
Tl TRAD L 9 I2FeH 5,

X .
Msalt = Tog =5 < MW (#4-3)

422053 FHCE £ D OB BEmanZ BR 2 b O A IER OE KW (%) &35 &, w (%)
ERNT EOEKEW (%) NHRANTEZHNLD,

)

m wm
w =?W>< 100 = ——5— (4-4)
S 1—WW

72720, a=x/(100—x)& LT (XIATHKFOHEDOFEES (%) )
[FRRIZ RIS FE L2 DN T, KARIERF D R T ORI Epy (Mg/m®) 13D K 951272

Do

,Dd’ — mg +Vmsalt (it4-5)

HA-5D 53 FITEH EN DD E EManZ BRNTZ S O Z Al (£ DO RURE Fps (Mg/m®) &% &,
a=x/(100—x)& LTRATEX DL LENTE %,

m m \
pa=—=p4 —a— (X4-6)

AR TREA L72 N K100 g% 72838 SE OO E &13339gTh 7=, L7=n-T, K
WFZE 9 5 N LK T OB OFFEEIG1Ix=33% ¢ LT, G/Kth, HEEBEEORMIEZIT>
776
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4.2 FHEIDHFHER
4.2.1 HBT—2R

6 FRIHDR NI A P aXRIT, 22 DI K Dl R 2 Ik L 7=,

Table 4-5 D LB ThH 5,

Table 4-5 Program of compaction test

AR — A D—HI

Sample Mixture ratio of bentonite (%)
KV100 100
K\V085 85
KV070 70
KV
K\V050 50
KV030 30
KV015 15
TG100 100
TG085 85
TG070 70
TG
TG050 50
TG030 30
TG015 15
SK100 100
SK085 85
SKO070 70
SK
SK050 50
SK030 30
SKO015 15
MG100 100
MGO085 85
MGO070 70
MG
MGO050 50
MGO030 30
MGO015 15
TM100 100
TMO085 85
TMO70 70
™
TMO050 50
TMO030 30
TMO015 15
12100 100
12085 85
12070 70
1Z
12050 50
12030 30
12015 15

45



4.2.2 RERAE

BREED X R A MIxtL, Xv b A MEEEN6ED (15%, 30%, 50%, 70%, 85%,
100%) & 725 K5I A W EIRE LTabkl 2 ki OB O H L7= (Table 4-52 1) , #H[E D
AERIE, JIS A 1210:2009 TZE[E DI K D L fiE OFER) (CHEILL CHEE L7, BEHLZT
~—345kg, E—/L FOWNZEIZI00 mm, E—/L ROE S13127.3 mm, Z8[EDEHII5E, 18
W= OZEE DA 25, LTI K LIE (Ccih) &Lz, 72 ~—0% FEE,
#J30[El/min & 72 5 B B E OB EEE 2 H L7z (Figure 4-62 )

JIS A 1210:2009IZHLE S 2 HFiEClE, BEEEE LTiE, ZREOHORE LmAE'E—/1 R
D EHA SO EIZRD, 10 mMmEBIRNI L EENTWD, AR TIL, BEZHEM
ICEHET 570, UBY72 0 26£10 mmOFIFH TR XED 2TV, BT LIDREEZEH L, £
7o, XU hFA FRMENTT v~ =0T — L ROWNEBEIZATE LT W0 2w, f55 L-alphdo
HE—/V FNOREHIIRAET D Z LICHE LT,

Rammer

Figure 4-6  Automatic compaction test apparatus (Left)
and a hydraulic jack to push out the specimen (Right)

4.2.3 HERfER

K2 b A N OFE D R & Figure 4-71278 3, TGEMGIE, N> A MEAERDOKTIZ
PRV, KRR I L, ol & KR T 28 m 580 bz, KV, SK, TM, 1ZIZ
BAL T, N hFA MEAFEI0~100%DHFFATIX, TGEMGE[FREIZ, X F A MEAERD
RIS, B RIS E XN L, sEaAKHIFETF Lz, LavL, N b A MEAHR15%
TlE, N> A MEAEFE30% HONI50% L 0 /NS W KFZBIEFE L 7p o 72, FRICKVTTIEZ
DOIALREETH Y, X b A MEARI0% Tl RFLEREE1.965 Mg/m3 Tdh - 7273, o k
F A MEARIS%TIE, 1.824 Mg/m3ZIE T L7=,

Ry A MEEE & G KR D ONT i KL FE O BAFR % Figure 4-8127~7, KVAME
DSFEFHDR Y R A R EHART, X b A MEAER30~100%DOHIPHIZISW T, Heil & /K
F BIKS, RRTREE IR L E W &N Dotz Bl d K & i KRS E O RBR %
Figure 4-912777, T XTDORY b F A MTBWTRREREEN S 72 513 E e Kidh
&L, ZOMAENTRY b A FOFEIC I S FIRIER L TH - 72,
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Dry density (Mg/md)

Dry density (Mg/m3)

20 r
L —e-KV100
19 b oo\ —+KV085
-a-KV070
-0-KV050
18 P e T N ——KV030
17 | -0-KV015
A " N N\ & Optimum water content, Maximum dry density ||
—Zero air voids curve
16 " e~ |
15 S AN O
14 b NN
13 |
1.2 b N
Nt s
0 10 20 30 40 50 60
Water content (%)
(@) KV
2.0
- ‘ ‘ -e-TG100
19 Foo LN R —+TG085
E : : -8-TG070
1.8 -0-TG050
——TG030
1.7 -~TGO015
¢ Optimum water content, Maximum dry density
—Zero air voids curve
1.0

0 10 20 30 40 50 60

Water content (%)

(b) TG

Figure 4-7 Compaction curves of bentonites (1/3)
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Dry density (Mg/m?3)

Dry density (Mg/md)

2.0

1.9

1.8

1.7

1.6

15

1.4

13

1.2

11

1.0

-—-SK100
—+—SK085
-8-SK070
-0-SK050
-+—SK030
-0—SK015
<© Optimum water content, Maximum dry density

—Zero air voids curve

Water content (%)

(c) SK

C —--MG100

E N —+MG085

C -=-MGO070

A e N\ -0-MG050

L —~MG030

S AN -0-MGO015

C < Optimum water content, Maximum dry density
TR —Zero air voids curve

0 10 20 30 40 50 60

Water content (%)

(d) MG

Figure 4-7 Compaction curves of bentonites (2/3)
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Dry density (Mg/m?3)

Dry density (Mg/m?)

2.0

1.9

1.8

1.7

1.6

-e-TM100
—4-TMO085
-=-TMO070
-0-TM050
-~~TMO030
--TM015
<© Optimum water content, Maximum dry density
—Zero air voids curve

Water content (%)

() T™M

-e—12100
——|2085
-8-1Z070
-0—1Z050
-2—1Z2030
-0-1Z015

<© Optimum water content, Maximum dry density
—Zero air voids curve

30 40 50 60

Water content (%)

()1

z

Figure 4-7 Compaction curves of bentonites (3/3)
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Figure 4-8 Optimum water content and maximum dry density of bentonite-sand mixtures
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Figure 4-9 Relation between optimum water content and maximum dry density of bentonite-sand mixtures

FXY N A MEA BRI\ TR KHZIERE FE 2 RHS T % A7 2hks 1% £ % Figure 4-10(a)~(f)iC
IRY T, TRTONRY A MZBWT, X2 A MEGROHENITEE, SR I
AT DIEANC S D — 7T, B RKELEREE 69 D A 200k 58 B 1 34~ 28 2355860 &
Nz, £LTC, #ar A MEGERI0%LL EOFHIZIBWT, A0k 15 o m) X
FEoMIT72 0, 1ZZE BRRICR D Z &3y inoTe,

AL T LT M A b O & /Kb & e Kz FE % Table 4-61ZFEBL L 72,
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Figure 4-10 Relation between mixing ratio of bentonite and effective clay dry density
corresponding to maximum dry density (1/2)
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Figure 4-10 Relation between mixing ratio of bentonite and effective clay dry density
corresponding to maximum dry density (2/2)
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Table 4-6 Compaction test results

Sample Optimum E/vo/?)ter content Maxim(l:\r/ln ;jry3 density E;fgc;i:iifrl}?%dgjggzgym
g/m3) (Mg/m?)
KV100 21.0 1.603 1.60
KV085 19.0 1.707 1.60
Ky KV070 15.4 1.795 1.56
KV050 12.4 1.908 1.47
KV030 11.7 1.965 1.21
KV015 13.9 1.824 0.65
TG100 34.2 1.313 1.31
TG085 30.6 1.404 1.30
TG TG 70 232 1.532 1.30
TGO050 19.5 1.691 1.24
TGO030 14.5 1.779 1.00
TGO015 14.3 1.808 0.64
SK100 35.2 1.291 1.29
SK085 29.6 1.397 1.29
SKO070 24.0 1.516 1.28
K SKO050 18.7 1.681 1.23
SKO030 14.9 1.803 1.04
SKO015 14.6 1.790 0.63
MG100 30.0 1.373 1.37
MG085 25.0 1.481 1.38
MG MGO070 21.0 1.587 1.36
MGO050 16.2 1.740 1.30
MG030 13.5 1.823 1.06
MGO015 11.4 1.851 0.68
TM100 28.8 1.393 1.39
TMO085 26.1 1.479 1.38
™ TMO070 21.0 1.585 1.36
TMO050 17.7 1.729 1.29
TMO030 14.8 1.843 1.08
TMO15 14.1 1.819 0.66
12100 32.0 1.308 1.31
12085 27.4 1.409 1.31
12070 22.5 1.527 1.31
'z 12050 18.2 1.672 1.24
12030 15.0 1.796 1.05
12015 15.5 1.775 0.63
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4.3 FK - fEEERER
4.3.1 HBgr—=X

BoARNE & BRI RE D [E D TR b A S OIEARMSREHETH D, FZT, 6 FEOR b
FA N EXRIC, BHKRER S N ERER A S L7, B — A DO—E T Table4-7 D &
BYTHD,6 FEOXS M A MIOWTENZEIN 4 O b A MEAZ (30%, 50%,
70%, 100%) & L, #ERA/KICIZA 4ok (DW) & ATHK (SW) #Hviz,

Table 4-7 Program of permeability-swelling pressure test (1/2)

Initial condition of test specimen

Mixture ratio of

Sample bentonite (%) ~ SCMMUON Water content  Drydensity  Effective clay dry
(%) (Mg/m?®) density (Mg/m?3)
KV100 100 DW 20.8 1.602 1.60
KV070 70 DW 15.3 1.704 1.48
KV050 50 DW 12.5 1.811 1.37
KV030 30 DW 11.9 1.865 1.10
& KV100 100 SW 20.8 1.602 1.60
KV070 70 SW 15.4 1.704 1.48
KV050 50 SW 12.5 1.811 1.37
KV030 30 SW 11.6 1.866 1.10
TG100 100 DW 33.9 1.308 1.31
TG 070 70 DW 22.9 1.453 1.22
TGO050 50 DW 19.4 1.603 1.15
TGO030 30 DW 14.3 1.688 0.91
16 TG100 100 SW 349 1.314 1.31
TG 070 70 SW 23.0 1.456 1.22
TG050 50 SW 19.1 1.604 1.15
TG030 30 SW 143 1.690 0.91
SK100 100 DW 36.0 1.289 1.29
SK070 70 DW 23.8 1.439 1.20
SK050 50 DW 18.6 1.596 1.14
SK030 30 DW 14.8 1.711 0.93
K SK100 100 SW 354 1.291 1.29
SK070 70 SW 244 1.440 1.20
SK050 50 SW 18.7 1.596 1.14
SK030 30 SW 14.6 1.712 0.94
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Table 4-7 Program of permeability-swelling pressure test (2/2)

Initial condition of test specimen

Mixture ratio of

Sample bentonite (%) ~ S°UUON Watercontent  Drydensity  Effective clay dry
(%) (Mg/m?®) density (Mg/m?3)
MG100 100 DW 30.1 1.369 1.37
MGO070 70 DW 21.1 1.507 1.27
MGO050 50 DW 16.1 1.651 1.20
MGO030 30 DW 13.4 1.726 0.95
MG MG100 100 SW 30.1 1.374 1.37
MGO070 70 SW 20.5 1.509 1.27
MGO050 50 SW 16.3 1.653 1.20
MGO030 30 SW 13.8 1.731 0.95
T™100 100 DW 28.6 1.392 1.39
T™O070 70 DW 20.9 1.506 1.27
T™MO050 50 DW 17.6 1.642 1.19
T™MO030 30 DW 14.8 1.742 0.97
™ T™100 100 SW 29.3 1.393 1.39
T™O070 70 SW 21.1 1.506 1.27
TMO050 50 SW 17.8 1.642 1.19
TMO030 30 SW 14.7 1.740 0.96
12100 100 DW 31.5 1.307 1.31
12070 70 DW 22.4 1.450 1.21
12050 50 DW 17.7 1.587 1.13
12030 30 DW 15.0 1.701 0.92
i 12100 100 SW 324 1.307 1.31
12070 70 SW 22.2 1.451 1.21
12050 50 SW 18.3 1.588 1.13
12030 30 SW 14.9 1.705 0.93

4.3.2 HERAE
(1) HBREEDHEM

AIFFEDORAME & BRI DO RNE I 22K - TEAR ERUBR LS & 0O S4Bl % Figure 4-11, Figure
4-121T7F, M AKERBEAEE I, MR IAET 26y, —EEC2 Ly b, RAUK
i, ZERJERTRRE, T2 n Il XV SN D, ATHEKE#ERT 5720, Ak e
BUE AT L ARE LT, BB L OB % Figure 4131073, &tk ) > 713, P60
mm, JEX20mmé L7z, fHEAD EFEIIZALRI0 umD R —F A X X )V @ Lz, FEO
N—=T ARXAZNEBIOZOBEL, BVERICEEBESNTEST, OV 7 TlkAK LR
RECHEGTO LENICRE LT, THUCX Y, BEORUNnELR M &2 Ea THRE L, e
ROBEELZREST 22 L2 REE LT,
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R M A RRMENO X ITAKE AR D HEM BN R 5B KERER T, Mg TR L
JGS0312-2018, 72 HNT,  MEE KM E RN OTEH & YRR 12 BT~ A e R B4 )
Wt (Ml T2, 2016) (2 XAuiE, sBRT OKOZEFIZ L 0 EKREHOBPEICIES S
XM NG F TR KEH 2 B 72 59 2 E RSN TV B, RIFETIE, ATV L ARO
BEERAWD 2 & CRBEZMHIT 2132, —HEE2Ly hEHAWDZ L THRBEZIHIL,
EBIAI—DEa by hERELTAEENMIESUEZENZMIEICHND Z &icky,
MEOWEREOR EE2K -7, F72, 2 mMLAR TR/NERK00 mLOE =Ly hEHWD 2
LWL, WREORIERE 2R EId7,

Figure 4-11 Whole view of apparatus for the Figure 4-12  Apparatus for the
permeability-swelling pressure test permeability-swelling pressure test

Porous end piece

Output
O-ring \If

I il IIH

e .
” ”
I 17
? k | . ‘: Input

Specimen 7 7
; ;h\\ Load cell

Figure 4-13  Schematic image of apparatus for permeability-swelling pressure test

(2) HEBROFIE

FK - BAMERER O FIEZ Figure 4-1412773, BREBRANCIE, MU B ZEOIRIE TRl
NWEFLA S, BRIEETIIKEEZ AW TR EFORIE - RIEZ{To 7, RO /ERE L O
R L A~ORBEIZOWTILLTFO LB TH D, E/KETHE LR E Y, U8 OFH
BDIZE D, HEERY o ZNICHERIER 2 BRI ERER L7, ZAUc R, S & stk o
JNEE L ORRIENAETIZ K720, BRI RIETHIBERA O BT S D & B 2 7=,
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RO ETFIc@mo 7 a2 — (B H—R) ZREL, ABe L Z2la BT, Jtr
D M E RV BEE LTREE TR S, 7200, ZORIEMA30 kPaLIN TIXE 5
TLERMERT D LICR Y, HEMENR—TF 2 A Z L Ll LT L LT,

AR DEFNZSOWTIILL T O LBV TH D, 13 COITHERIEROMIHIN B EZER 7 %2 A
TIJE L7, BRERICIBE L, 77— Y C-100 kPafe B DR HE 2 FU3KFHHERF L 7=, =Dk, fit
A Loy 71T TR L U, MR LT-A Ao 2ok £ 7213 T K 2 A T 5
fak Uiz, F/KIERTDND O EFOE (L%, $hiEE Ll 2) ZHE Lz, £7o, RHY
720 OB 2 EHIFNCIE Uz, BRCEAMEIME L, SRR 2 B4 B ikic o\ T
X, SAELE & KB ORIV NE K 2o B, NEELL F OKEZER ST, Wk
LT, WoKEORBZEA/NE L oo Tind, MK LR o= v 7 2 KEERK LTZ, it
AR B O KD R SRR 205y & LT, @/KRBRICI T 2 R0ER & LT,

AR L DA HER ST L RV CEAREE2SEME LTHIE L, 20
WSS BT 2B KMREUE, HBlk§ 28R OMRA BN SR TH D -0 E MmO & LT,
BRIRER DB, BKGM 2 ED DB W, Ao fafk e 2 1l 2 72, A -
PEiE (1982) 12X 2 HiEEHWT, fafIEAHEE Lz, ZOHEE, MBKEZ D IZERORM
BRIA OK+722R) DEMEEZFHRDL Z L2k, RA— v L O¥EANC X v R IR o
22 A RD, LUTFORIC I 0 fEICHmET 2 L0 TH D,

1 PyAV,
" 1—H AP(V-V)

Sy (X4-7)

T, HIEA~Y U —Of%E, PlIAIHIORIBRAKE (kPa) , APoIXEIBRAKTE DS (kPa)
VIZHERADOMAFE (m®) |, VX R OEEE (md) |, AVWIERIBRIEIARDOE NG E (m®) TH D, i)
12, BEEKDS VB, BRI L, 22K 03> TV RISk L C EX AT 5 &,
ZERDVEIRZH T HIAT Sy, faFnfE N3 100% % 2 C, @ KIZFHT X415, Watanabe and Tanaka
(2016) T, BAFNEED N m E o T a3 2 Sl E <k, HE R L CRHliZ 17> T,
ARFRIZBNTIE, fFMEZBRICEHET 5 Z & 2RI 5720, HIZER L TR E2FEHT S
N DY

R\ \
Sr = m (K4-8)
Bk BAEERBR T, BER U7 FETHEE S famE 25D, ERIE) (2013) #5%
2, AFTOAERANER SN2 2L - T, HEMRofaE X FoloEm W iRBlch s 2 & %
kBRI LT

RFEI4 72 0 OWA R LR EDOI NG H Z &

BAEENEIE—EICRD 2 &

B - PEIH (1982) DA ZEC L CTHEE LB N99% LI ETH D = &
WEDOHEIMIAE D B ASRELDOHEIMAE Lo 2 & GRBRIE T RTO MRS IH)

57



AR OEG KN OEB SN EIZ OV THFRICE W ENEETH D EEX LD,
AL TR OUGERIR O BEERRE L G A 4 ERE DT D DO EWERICR R 2 E L, Fofs
DELAREEN S D720, BKENDEHSNABREICONWTIISBEE L TR 2 & & L,
VL EOTFIAIZ X 0 EIR o fafn 2 8 L%, KEE T CERIRREIZH 5 SR T % il
ELTHUGT D & L b, BARMREAERT L, BAMREOFREICIE, JGS0312-201872 H TNT
ASTM D5084(Z 5V, LATF DRZE -,

(ain X aout) 0 E x 1
(@in + GouDA(t; — 1) 9*°h, ~ 1000

ky = 2.303 (X4-9)

ZIZT, kr: T (°Q) BT HEAEE (mis) , L: R EOES (mm) , A KON
I (mm?) , tb—t : JIERE (s) , hy: BEEIGICEBT 2K022E (mm) , hy : FEZILIZEBIT 5
AKAZZE (mm) , ain: IRAMIOE = Ly SOWEfE (mm?) |, aw : MO E = Ly S OErm
 (mm?) Thod, BAREORETIE, 5ALLEORIEENRM EEIMEDO50% DO E 5
Tl ELOTERIKE LMWL, FrE s ek 2 (R T 2B KRk E Lz, BKIREIT
AIRISCCEMEICHE LT, 7238, BKARLIFAIB0EL O /hEWMEE L, @KPEOIR VIR
DOWTIE, PHZEE AR OE S £ TREMIC ER S8, BAkEIiTo7-,

BAGGRBRE THNCIE, WEZEMEMICE D, BAREERE Lz, SRS EMIC RS
AL, SRR REF LT B AREENE X b2, T 2 THE EFIZ XL 0 BN B
52 ENRTIE, R ORRREE IR ST W2 Ll L=, E£72, BAKRBROK TE
ALZIE, JEHKRZEI L, ICP-AESE FIWWCEELHE (Na, K, Mg, Ca) OREZHITET S &
& BT, BRUGDERAZNE L=, pHIZHORIBARIOpH A — % — D-51% i\, BRASHREL
ASONEHLD 1237 NELURERE AS-EC-33% U /=, ABFZE T, HiRHKDKE M EH IR
REIC/2 % CRBR AT 2 2 LIZNEETH - 7278, BB T ERTOT K DOKE 2328k LT,

ABEE OMKIIRO LBV ITo Tz, BERIE, WEY Yy v X E2HNTY I oikEH L
T2, HONZEERE ZIToT2, SIS FANZ Z0EI LT, 12~13f% AW TEKLEDOHEIE
Z, TOKRY EHAVTHEEGA 4 BOREE Lz, S/KEOHIE T, AT#KEHAWZR
BRICEB W, FEBC X0 EMTH L, ChADEMEREE L CGIESND, 2O &b,
& 57 Ui /KBRS O IR O AR EEEIEZHE L TR E, 415D FIEIZLY,
EKEEDIHIEZIT > 72,

TG A A BOREE, 3L3HEICFE LB L 0iTo7m, ATHEKE AV BRI
W, B ORENFICH D RD IR ANTHKEHRDIRY BRET D70, £io, A 455k
ZHWERBRIZOWTH TN ERIEZ A5 720, T a—L k& a21T-o7- 9 2 Tt
A A BEE L, TAa— L Ws05ETIE, w00 X5 RSB EC BT, L
IR REERERIAI S L D BN AE U D Z L AR THZ L LT,
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Calibration
i Sample preparation

Production of specimen
(Direct compaction inside of a ring)
[

Assembly of test apparatus

I— Solution preparation

pmomes Saturation of specimen |[------------ !

Decompression

Permeation
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Estimation of

saturation degree

S l_______________________'

Measurement of equilibrium
swelling pressure

Setting hydraulic gradient

Measurement of coefficient
of permeability
|

If permeability increases

Reconfirmation of
saturation by using
backpressure

Collection of effluent solution
[
Dismantling apparatus and
removing specimen

Water content Extracted cations Water quality analysis

Figure 4-14  Permeability-swelling pressure test procedure

4.3.3 HERfER

(1) EHEE

IZUOIT, A F a8k z HWTZIEERBR O R OW TR D, AR & A2+
%E@%%%H@m45_r¢ A Ak 5 FE D Nl ﬁw A < 72 DM 23R
D BT, AR BRI L TTG & SKOMEIZAMEIXIZIZFRRE TH Y, CalllcmnfE L7
MG, TM, 1IZX Y @mWMERTh o7z, KVIZOWTIE, ki%ﬁ@%i%ﬁﬂzmwﬁuT@
PHCIETG L SK & [AIRRE TH - 720, TNLL EOBEEFIHTIE, TGE SK X v RV V£ <
bolz, ARKETBEICK L TMG, TM, IZOSEERAREIC K& REITRD b otz
Wz, NTIHEKZ WA RBR OFERIZ SN Tl 5, AN THEK % AW 2356 O
T & Bk LB ORISR Z X M A N OFEH I & ICFigure 4-1612739, GO 7=DITA A
VAR B DT BREBR O D VT ISR IS oW TR T, ATHKRERWEGAICE, A
Bk L BE DHE AN AR, $@Hﬁriﬁm¢5@m@mw%mtokiﬂm%%wé &
A AU B E O TZGE X0 IS T3 A E AN Iz L A ETho7m, TMIZEEL
TIE, FNEBRSSHEO R Mo b EHAT, RBRAKOEC X 5 FHEZEE D2 X
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Figure 4-15 Relation between equilibrium swelling pressure and effective clay dry density (DW)
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Figure 4-16 Relation between equilibrium swelling pressure and effective clay dry density (DW & SW)
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Figure 4-17 Comparison of equilibrium swelling pressure in SW with that in DW

(2) FEKZRH
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Figure 4-18 Relation between coefficient of permeability and effective clay dry density (DW)
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Figure 4-19 Coefficient of permeability before and after applying backpressure (DW)
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Figure 4-20  Coefficient of permeability for each bentonite (DW & SW)
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Figure 4-22 Coefficient of permeability before and after applying backpressure (SW)

Table 4-8 Permeability-swelling pressure test results (DW)

Migture Water Dry Effective Equilib_rium Hydraulic
ratio of content at ! clay dry swelling L
Test case bentonite  compaction densn); density pressure conductivity
(%) @ MM g (kPa) (ms)

KV030-DW 30 11.9 1.865 1.10 455 6.3x10°13
KV050-DW 50 12.5 1.811 1.37 833 2.9x10712

KV KV070-DW 70 15.3 1.704 1.48 913 2.3x1013
KV100-DW 100 20.8 1.602 1.60 2090 1.1x1018
TGO030-DW 30 14.3 1.688 0.91 241 3.5x10"2

TG TGO050-DW 50 19.4 1.603 1.15 610 6.8x10°13
TG070-DW 70 22.9 1.453 1.22 867 5.5x10713
TG100-DW 100 339 1.308 1.31 1486 3.2x1018
MG030-DW 30 13.4 1.726 0.95 78 3.6x10™"
MGO050-DW 50 16.1 1.651 1.20 268 8.4x10712

MG MG070-DW 70 21.1 1.507 1.27 370 4.2x1012
MG100-DW 100 30.1 1.369 1.37 729 9.7x10°13
SK030-DW 30 14.8 1.711 0.93 201 3.2x1012

SK SK050-DW 50 18.6 1.596 1.14 505 8.2x1013
SK070-DW 70 23.8 1.439 1.20 888 7.7x10713
SK100-DW 100 36.0 1.289 1.29 1897 4.1x101
TMO030-DW 30 14.8 1.742 0.97 43 4.4x108

™ TMO050-DW 50 17.6 1.642 1.19 101 1.6x101°
TMO70-DW 70 20.9 1.506 1.27 293 1.0x10°1°
TM100-DW 100 28.6 1.392 1.39 982 5.2x10712
1Z030-DW 30 15.0 1.701 0.92 51 4.4x101
12050-DW 50 17.7 1.587 1.13 164 2.1x10M

'z 1Z070-DW 70 22.4 1.450 1.21 157 1.3x107!
1Z100-DW 100 31.5 1.307 1.31 402 3.7x10712
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Table 4-9 Permeability-swelling pressure test results (SW)

Mixture Water Effective Equilibrium

ratio of content at Dry clay dry swelling Hydraqlip
Test case . . density : conductivity
bentonite  compaction (Mg/m?) denS|t)3/ pressure (ms)
(%) (%) (Mg/m°) (kPa)

KV030-SW (1) 30 11.6 1.866 1.10 43 4.6x10”
KV030-SW (2) 30 11.8 1.867 1.10 90 1.4x10%

Ky KV050-SW (1) 50 12.5 1.811 1.37 240 1.8x1071°
KV050-SW (2) 30 12.2 1.814 1.38 4438 1.4x10M
KV070-SW 70 154 1.704 1.48 388 2.1x1012
KV100-SW 100 20.8 1.602 1.60 1000 3.6x1013
TG030-SW 30 14.3 1.690 0.91 54 3.5x107

TG TGO050-SW 50 19.1 1.604 1.15 327 3.7x10712
TG070-SW 70 23.0 1.456 1.22 553 2.3x1012
TG100-SW 100 34.9 1.314 1.31 1125 5.0x10°"
MGO030-SW 30 13.8 1.731 0.95 33 7.3x108

MG MG050-SW 50 16.3 1.653 1.20 165 4.9x1071°
MGO070-SW 70 20.5 1.509 1.27 304 2.9x10M
MG100-SW 100 30.1 1.374 1.37 432 2.6x10712
SK030-SW 30 14.6 1.712 0.94 64 1.4x10°

SK SK050-SW 50 18.7 1.596 1.14 372 1.3x10!!
SKO070-SW 70 24.4 1.440 1.20 743 1.9x10712
SK100-SW 100 354 1.291 1.29 1273 7.8x10°1
TMO030-SW 30 14.7 1.740 0.96 32 3.8x108
TMO050-SW 50 17.8 1.642 1.19 105 1.8x1010

™ TMO070-SW 70 21.1 1.506 1.27 263 9.2x101
TM100-SW 100 29.3 1.393 1.39 951 4.5x1012
1Z030-SW 30 14.9 1.705 0.93 18 3.8x10%8

iz 1Z050-SW 50 18.3 1.588 1.13 71 1.1x107
1Z070-SW 70 22.2 1.451 1.21 90 1.1x10710
12100-SW 100 324 1.307 1.31 274 2.0x10M

(3) RHEKDKES LK UVHAREHBAROMEEZEA AV E

A A A K ES KON THEK 2 W= F3REBR 2OV T, iEHAKZERKT 5 £ TomKER X
iR D 7KE % Table 4-10 & Table 4-11ICZIVEFUR T, A A MUK E W26, SREIEK
BAMMARCHRLERTRY 2a—2AakkE LT02~4.00#HATH Y, ZTHOREMEHIMHE L
TIX0.8ThH -T2, %< OEERIKTITRIBE/K AN 1 BIEHA T 25 RIS HBAKRE ORIE 2/ %, WK
DI EATH> TN =2 12D, KVETMD R hF A MEERIWIIFNFNRTRY 22—
AHTLTE40TH Y, WKENELD ST, WiEHKDpHIZT7.1~8.7, EXIAEZ]X35~634 mS/m
DOFPFHTH o7z, BRAGERICEL T, v hAa MEERMIWIZE Y, BREERIIKL
72 DB NRD Bz, TCOBERIRERIT441~634mMSIMTH Y, & b A hOFTHRD
BVWWKETH -7, MGOERILERILT74~102 mS/mE & HIKWVKETH - 7=, ALK
ERWEEAEICE, AT AR 2—AkE LTO5~26DHIATHY, THhOBEMEAMEE LT
X113 TH o7z, pHIZT.O~TIDFFHTH Y, A A4 LUK DOEE & A TRUVWMER 238D H i
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7o, EARIREFRIT1932~5200 mSIMOEFATH Y, N> N A b OFHEIC L DR, HKE

& DORFER R BIREITRRD B o7,

ARERE OPERORIHE A 4 & L O OIS % Figure 4-23 & Table 4-12127~7, #XIZH
W, FIHRREI OB A A BE T Vv a— s oRETENENE R Lz, 2, ALlE
K2 AN TA A 2 AZWIERL AT > T2 DFEE (DA%, WA~ A b EXKFELT D) 122
WTHHIHBA A BEFER LT,

KVTIX, BRI NaA A mass, filtiMg1 4> & L fhitCar A masgind %
AR bz, £ LT, TOEMITOTNICHRARISTWHGERIR TIE CHEE CTH -T2,
Ry M A MEEEMEWIEE, Bl U7 IApRic Rz, AR~ A R TiE
IHE D LTINS Ao w7 <, fitHMgA A ERRE Do, HiMgA A&
#y & LTIE, KVEVTGESKDIE D RE otz

MGIZOWTIE, X b A MEAZFRI0%D 77— A &R T, i BRE O A 4 BI 22 L

ITERD BN o Tz, X A MEAHE30%IZE L ik, fiHNar A &AL, #itCarf
AU BN LTV, ALK A FTlE, 2k & 5icHtHNaAt A mng <,
fHiCart A &b ienoT-, TMIZHOWTIE, FIHECEHZHINaA Ao B3 b 7eho7c 2 &
HY, MGX Y HLaERE OfHNaA A4 EOEIG TN L3 <, By R A MEEFE30%
THETH -7z, 1ZIZOWTH, BRI, fHNaAf 4> &k L OHIHEMgA A4 A En4
HHEMBRD B, R, HEEEO THE P THE TH -7,

MHRELD 9 B, 7o — LR OFEIC L 5 i b Figure 4-2312/8 L TR Y, Feigkidbd
TINNTREDOWAEDOZLR b7, TS, PWEEIC X0 mEtEe Enpd L2 &
NERELTEZLND,

LEX Y, gEEEE LTNaf CTH o 72ilBHZ W TIE, Nal MDA A o A #a s T2 4T
L, WEITHEATH R A N ORZHVERGA A HARIZIE 3 b B2 b b, WIHEE
ELTCITH T BHI DWW T, WIHPMREEIC K » THEENIER /R D23, TMO X 9 125k
BiA A DN EICCat A ThiulE, NasMghiCal A A AL, KM OIREIZITSL< b
DEEZLND, MGIE, #IHIDOAHNEMgA A4 2 BOSHEACTEBTOIRIE LT N2 &, ASHE
MgAf 4 &OEGE LTUIHEVED LT, NakCaDA A U RN HELrE D L& 2 %%LZ)
1Z1%, WIIEREE L CidCalilicdE L Ty, aZitENaA A o B O EE 13HE K A ok e
<, ZHIZ LY NakCaD A A a3 L [FIRFIZ, Mgd CadA ﬁ/@?ﬁ%tmﬁxé@@%@“ﬂ\
Exbhb,
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Table 4-10

Pore volume ratio and ion concentration of the effluent solution (DW)

Mixing Pore Ion concentration of effluent solution .
. volume (mmol/L) Electric
Bentonite ratio qf ratio of pH conductivity
benzonlte effluent Na Ca K M (mS/m)
(%) solution i
30 1.7 20.77 0.03 0.06 N.D. 8.6 190
KV 50 0.9 34.90 N.D. 0.08 N.D. 8.6 283
70 0.5 51.27 0.13 0.10 N.D. 8.6 311
100 0.5 51.26 0.17 0.11 0.05 8.9 431
30 0.2 56.44 0.40 0.46 0.11 8.2 441
50 0.2 83.38 0.76 0.67 0.21 8.3 589
16 70 0.2 83.08 1.08 0.65 0.25 8.2 625
100 0.5 89.28 1.08 0.72 0.28 8.2 634
30 0.6 22.58 0.13 0.33 0.06 8.3 198
50 1.0 19.49 N.D. 0.24 N.D. 8.6 142
SK 70 0.5 26.89 0.14 0.35 0.06 7.9 246
100 0.8 22.04 0.19 0.29 0.06 8.3 220
30 0.9 7.31 0.23 0.25 0.19 8.2 74
MG 50 0.3 9.86 0.28 0.30 0.28 8.6 98
70 0.2 10.08 0.37 0.32 0.31 8.7 102
100 0.8 10.70 0.33 0.27 0.25 8.4 80
30 4.0 0.84 1.23 0.09 0.15 8.2 35
™ 50 0.9 2.31 10.65 0.23 1.16 7.8 171
70 0.6 2.74 14.27 0.26 1.66 6.9 237
100 0.4 2.65 13.53 0.23 1.51 7.1 238
30 0.6 16.72 0.89 0.16 0.12 7.8 165
z 50 0.7 18.44 1.01 0.15 0.14 7.7 184
70 0.6 23.70 1.76 0.21 0.22 7.9 241
100 1.2 12.12 0.54 0.09 0.06 8.4 129

*Cases less than detection limit is listed as N.D.
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Table 4-11

Pore volume ratio and ion concentration of the effluent solution (SW)

Mi?ging Vgl?lrrie Ion concentraziri)llrln (())tl‘/if)ﬂuent solution Electric
Bentonite ratio qf ratio of pH conductivity
benzonlte effluent Na Ca K M (mS/m)
(%) solution &
30 2.6 482.22 10.50 2.19 19.32 7.6 4800
50 0.8 580.35 9.29 1.76 11.00 7.9 5210
kv 70 0.5 564.20 8.58 1.71 7.55 7.7 5010
100 0.4 547.04 9.22 2.01 6.00 7.9 4910
30 22 471.53 21.41 5.15 20.81 7.1 4440
50 0.4 434.32 18.19 4.62 9.42 7.6 4340
16 70 1.4 526.50 24.02 493 11.60 7.7 4980
100 0.3 503.33 29.34 4.80 10.45 7.6 4850
30 1.9 403.74 21.68 6.55 26.21 7.5 4490
50 0.5 428.89 31.63 7.24 22.76 7.5 4730
SK 70 0.4 383.25 22.49 5.52 14.95 7.5 4110
100 0.3 407.36 24.80 6.44 16.43 7.5 4430
30 2.0 329.36 38.44 6.09 51.58 7.5 4470
50 1.1 324.36 35.55 6.17 58.55 7.8 4470
MG 70 0.6 247.00 50.38 5.37 58.37 7.6 4060
100 04 205.30 49.54 5.02 55.81 7.5 3620
30 2.1 255.78 87.85 1.94 30.30 7.0 4260
50 0.5 138.55 121.17 1.47 28.26 7.4 3890
™ 70 0.5 136.76 141.29 1.52 29.48 7.3 3990
100 0.5 81.96 167.87 1.31 27.99 7.3 3880
30 2.1 295.69 59.58 2.19 31.29 7.1 4250
z 50 1.2 272.27 86.56 2.18 27.62 7.3 4170
70 0.6 231.22 45.42 1.92 20.34 7.5 3910
100 1.2 245.95 122.57 1.99 19.79 7.4 3950
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Figure 4-23  Extracted cations of samples before and after swelling pressure-permeability tests (2/2)
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Table 4-12 Amount of leachable cation before and after permeability-swelling pressure tests (1/3)

Test case* Mixture ratio of  Location of Leachable cation (meq/100g)
bentonite (%) specimen** Na Ca K Mg Total
Initial 100 Powder 54.3 10.0 0.5 0.6 65.4
Initial (washed) 100 Powder 48.1 9.5 0.5 0.7 58.8
Top 52.5 11.2 0.6 1.0 65.3
KV100-DW 100 Middle 52.7 11.3 0.6 1.0 65.6
Bottom 52.0 11.3 0.6 11 65.0
Top 11.2 5.9 0.4 3.0 20.5
KV030-SW 30 Middle 10.9 5.6 0.5 34 20.4
Bottom 9.9 49 0.4 3.6 18.8
Top 24.7 7.2 0.4 2.3 34.6
KV KV050-SW 50 Middle 23.9 7.9 0.5 2.7 35.0
Bottom 251 8.7 0.5 34 37.7
Top 34.2 9.6 0.4 2.1 46.3
KV070-SW 70 Middle 34.0 9.2 0.5 2.4 46.1
Bottom 33.2 9.1 0.5 2.8 45.6
Top 51.4 111 0.8 2.3 65.6
KV100-SW 100 Middle 51.1 10.8 0.8 2.4 65.1
Bottom 494 10.7 0.8 2.7 63.6
SW treated 100 Powder 26.9 11.3 3.0 25.9 67.1
Initial 100 Powder 60.4 14.9 2.6 34 81.3
Initial (washed) 100 Powder 524 135 2.3 3.8 72.0
Top 54.8 14.8 2.3 4.3 76.2
TG100-DW 100 Middle 55.4 14.9 2.3 4.4 77.0
Bottom 55.8 151 2.3 4.4 77.6
Top 121 3.8 1.0 4.5 21.4
TGO030-SW 30 Middle 12.2 35 0.9 4.7 21.3
Bottom 11.6 2.9 0.8 45 19.8
Top 25.1 7.2 15 3.8 37.6
TG TGO050-SW 50 Middle 26.0 7.5 1.6 4.3 39.4
Bottom 24.5 7.0 15 45 375
Top 36.8 10.6 2.1 55 55.0
TGO070-SW 70 Middle 355 10.1 2.1 5.7 53.4
Bottom 33.9 9.8 2.0 6.1 51.8
Top 54.8 15.3 2.6 6.3 79.0
TG100-SW 100 Middle 54.9 145 2.6 6.4 78.4
Bottom 54.7 14.3 2.6 7.1 78.7
SW treated 100 Powder 30.6 6.6 4.0 30.6 718

* “Initial (washed)” sample was the raw bentonite that fully washed using alcohol solution. “SW treated” sample
was the bentonite that the ion exchange fully proceeded using artificial seawater.
** “Powder” indicates the sample was not a part of compacted bentonite-sand mixture, but the powder bentonite
was used.
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Table 4-12 Amount of leachable cation before and after permeability-swelling pressure tests (2/3)

Test case* Mixture ratio of  Location of Leachable cation (meq/100g)
bentonite (%) specimen** Na Ca K Mg Total
Initial 100 Powder 37.0 18.0 3.1 53 63.4
Initial (washed) 100 Powder 31.9 16.1 2.7 55 56.2
Top 34.6 20.4 3.3 7.5 65.8
SK100-DW 100 Middle 35.9 20.1 3.1 7.2 66.3
Bottom 355 20.0 3.1 7.2 65.8
Top 7.8 4.8 1.2 4.8 18.6
SKO030-SW 30 Middle 7.9 4.7 1.1 4.9 18.6
Bottom 7.7 4.3 1.0 4.5 175
Top 14.0 9.0 1.8 55 30.3
K SK050-SW 50 Middle 15.0 9.4 1.8 6.0 32.2
Bottom 12.9 7.9 1.7 59 284
Top 19.8 10.5 2.1 5.7 38.1
SK070-SW 70 Middle 215 13.2 2.5 7.1 44.3
Bottom 195 9.2 2.0 5.6 36.3
Top 345 19.7 3.2 9.2 66.6
SK100-SW 100 Middle 333 17.8 3.1 8.7 62.9
Bottom 30.2 16.6 2.9 9.0 58.7
SW treated 100 Powder 20.3 7.4 3.3 22.0 53.0
Initial 100 Powder 8.3 18.2 2.1 17.2 45.8
Initial (washed) 100 Powder 7.7 17.6 2.1 16.5 439
Top 7.5 19.4 2.0 17.8 46.7
MG100-DW 100 Middle 7.6 18.8 2.0 17.4 45.8
Bottom 6.9 15.6 1.6 13.9 38.0
Top 43 3.9 0.8 5.6 14.6
MGO030-SW 30 Middle 4.7 3.4 0.8 5.5 14.4
Bottom 4.4 3.0 0.7 53 13.4
Top 6.7 8.3 1.1 9.3 254
MG MGO050-SW 50 Middle 7.0 8.4 1.3 10.1 26.8
Bottom 6.6 8.2 1.2 9.8 25.8
Top 7.7 12.5 1.6 13.8 35.6
MGO070-SW 70 Middle 7.6 11.3 1.4 12.4 32.7
Bottom 7.3 9.9 1.2 10.8 29.2
Top 8.7 19.2 1.9 19.3 49.1
MG100-SW 100 Middle 8.5 16.6 1.7 17.0 43.8
Bottom 8.2 15.1 1.4 15.7 40.4
SW treated 100 Powder 21.7 6.4 3.1 27.3 58.5

* “Initial (washed)” sample was the raw bentonite that fully washed using alcohol solution. “SW treated” sample
was the bentonite that the ion exchange fully proceeded using artificial seawater.
** “Powder” indicates the sample was not a part of compacted bentonite-sand mixture, but the powder bentonite
was used.
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Table 4-12 Amount of leachable cation before and after permeability-swelling pressure tests (3/3)

Test case* Mixture ratio of  Location of Leachable cation (meq/100g)
bentonite (%) specimen** Na Ca K Mg Total
Initial 100 Powder 1.9 52.7 3.5 2.9 61.0
Initial (washed) 100 Powder 1.3 42.1 2.6 2.8 48.8
Top 1.5 45.2 2.7 3.8 53.2
TM100-DW 100 Middle 1.6 452 2.5 4.0 53.3
Bottom 1.6 46.6 2.5 4.1 54.8
Top 5.2 15.6 0.7 2.9 24.4
TMO030-SW 30 Middle 5.6 14.1 0.7 3.1 23.5
Bottom 5.9 12.3 0.7 3.5 224
Top 43 27.0 0.9 42 36.4
™ TMO050-SW 50 Middle 4.7 272 0.9 4.5 373
Bottom 43 30.0 0.9 4.9 40.1
Top 5.0 33.6 1.4 4.9 44.9
TMO70-SW 70 Middle 54 344 1.2 5.2 46.2
Bottom 5.7 35.8 1.2 5.6 48.3
Top 6.4 48.4 2.3 6.3 63.4
TM100-SW 100 Middle 6.1 44.2 1.9 6.4 58.6
Bottom 6.6 43.2 1.7 6.2 57.7
SW treated 100 Powder 20.5 10.6 2.5 17.7 51.3
Initial 100 Powder 19.7 14.3 1.1 1.7 36.8
Initial (washed) 100 Powder 20.0 16.7 1.7 24 40.8
Top 18.2 17.3 0.7 2.7 389
1Z100-DW 100 Middle 16.9 15.8 1.1 2.4 36.2
Bottom 17.4 16.1 1.0 2.5 37.0
Top 6.3 44 0.3 1.8 12.8
12030-SW 30 Middle 6.1 2.6 0.2 1.6 10.5
Bottom 6.2 2.5 0.2 1.8 10.7
Top 9.9 8.5 0.4 3.0 21.8
'z 1Z050-SW 50 Middle 10.7 6.5 0.4 3.1 20.7
Bottom 10.5 6.7 0.4 34 21.0
Top 11.1 8.5 0.5 2.5 22.6
1Z070-SW 70 Middle 11.9 7.6 0.4 2.6 22.5
Bottom 12.1 8.1 0.4 2.8 234
Top 18.6 15.5 0.5 4.1 38.7
1Z100-SW 100 Middle 18.2 13.1 0.8 3.8 359
Bottom 18.1 14.5 0.8 42 37.6
SW treated 100 Powder 22.4 5.0 1.5 7.3 36.2

* “Initial (washed)” sample was the raw bentonite that fully washed using alcohol solution. “SW treated” sample
was the bentonite that the ion exchange fully proceeded using artificial seawater.
** “Powder” indicates the sample was not a part of compacted bentonite-sand mixture, but the powder bentonite
was used.
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Figure 4-24 Comparison of equilibrium swelling pressure between present study
and previous study of KV (DW)
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Figure 4-25 Comparison of equilibrium swelling pressure between present study
and previous study of KV (SW)
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Figure 4-26  Comparison of permeability between present study and previous study (DW)
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4.4.1 HBEr—X

REDEWD TRy M A N OBABAETI, BER ORFHIBWTH D Y —/WEEZREHT 5 9 %
THREREETHD, TZT, 6 MEOR M A M2, WEEERREZEw L7, £
7o, BB OBEEDBE KON T HIERT 5720, A% ORI L Tk
BT o1z, R —AD—E (L Table4-13 D LBV TH D, 6 FIEHDOL b A MO TER
FRAEY DN A MEAE (30%, 50%, 70%, 100%) & LU, BRFHAKICITA Ao A5
A (DW) & ATHEK (SW) & Wiz,

Table 4-13  Program of swelling deformation test (1/2)

Mixture ratio of Initial condition of test specimen

Sample bentonite Solution  \water content Dry density ngecg;/ﬁs?:ay
(%) (%) (Mg/m?) ?I(/Ig /m3)y
KV100 100 DW 21.0 1.601 1.60
KV070 70 DW 15.2 1.714 1.49
KV050 50 DW 12.3 1.814 1.38
KV030 30 DW 11.6 1.857 1.09
v KV100 100 SW 21.4 1.608 1.61
KV070 70 SW 15.1 1.708 1.48
KV050 50 SW 11.8 1.808 1.37
KV030 30 SW 11.8 1.855 1.09
TG100 100 DW 34.0 1.311 1.31
TG 070 70 DW 22.8 1.464 1.23
TGO050 50 DW 19.6 1.616 1.16
TG TG030 30 DW 14.3 1.695 0.92
TG100 100 SW 34.6 1.319 1.32
TG 070 70 SW 233 1.457 1.22
TGO050 50 SW 18.7 1.612 1.16
TGO030 30 SW 14.4 1.707 0.93
SK100 100 DW 35.6 1.284 1.28
SKO070 70 DW 24.1 1.440 1.20
SKO050 50 DW 19.2 1.593 1.14
K SK030 30 DW 15.1 1.724 0.95
SK100 100 SW 29.9 1.292 1.29
SKO070 70 SW 20.8 1.439 1.20
SKO050 50 SW 16.3 1.593 1.14
SK030 30 SW 13.6 1.728 0.95

76



Table 4-13  Program of swelling deformation test (2/2)

Initial condition of test specimen

Mixture ratio of

Sample bentonite Solution Water content Dry density Egecg;’r?;'ay
(%) %) (Mg/m?) &WW?

MG100 100 DW 30.2 1.366 1.37
MGO070 70 DW 21.2 1.508 1.27
MGO050 50 DW 15.8 1.658 1.21
MGO030 30 DW 13.5 1.727 0.95
MG MG100 100 SW 354 1.374 1.37
MGO070 70 SW 23.8 1.510 1.27
MGO050 50 SW 18.9 1.654 1.20
MGO030 30 SW 14.9 1.727 0.95
TM100 100 DW 28.7 1.384 1.38
TMO070 70 DW 21.0 1.499 1.26
TMO050 50 DW 17.8 1.660 1.21
TMO030 30 DW 14.9 1.741 0.96
™ TM100 100 SW 29.1 1.388 1.39
TMO70 70 SW 21.0 1.502 1.27
TMO050 50 SW 17.7 1.633 1.18
TMO030 30 SW 14.8 1.746 0.97
12100 100 DW 31.6 1.295 1.30
12070 70 DW 223 1.448 1.21
12050 50 DW 18.3 1.590 1.13
7 12030 30 DW 14.9 1.700 0.92
12100 100 SW 324 1.293 1.29
12070 70 SW 22.5 1.443 1.21
12050 50 SW 18.5 1.576 1.12
12030 30 SW 15.0 1.689 0.91
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Figure 4-27 Whole view of apparatus for swelling deformation ~ Figure 4-28 Swelling deformation

test equipped a measurement system of permeability test apparatus
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Figure 4-29 Schematic diagram of swelling deformation test apparatus equipped

a measurement system of permeability
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ANTHEKZEH L72RBRICHOWTIE, A AV RBNREITL WA EEZLNDT-0, TLa
—VBRIER IS A A EOWREEIT o 7o, FHEGA 4> BORIEE, 3.13HIZFHk L)
B VITo T2, 708, BARRBRO T2 DICERR Z i S AT 2 B EE T o722 L2 kY,
THKDOKEII AR TRILE 72 D728, BB OFEKRBRIZIB W T, WHKOKE S
WridiTo e o7,

Calibration

l

Production of specimen
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Assembly of test apparatus
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l
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I \\ Setting hydraulic
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Figure 4-30  Experimental procedure of swelling deformation and permeability test
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4.4.3 HBRER

XU DI, A A K E W56 ORGSR DOW TR~ %, Table 4-14( 25 RAE R D—
BarT, £, WMERRERKE THRBRICANSEN G CRl - 72 B 280 &) b RO 7o iR &
PUHIHITIENS X 0 KD 7= Fe KAZIME =R 0 b % Figure 4-31127~ ¢, Cafll_> 1 + (MG, TM,
1Z) oy b A MEEEOER DN F Ak (KV, TG, SK) O XL 912, FKIEEZEN
INESWEEFRIZ BV TS, SREANL D HR O T IFE SR &R GIT I X 0 R 7= e R ERI
FIEFELWER & 2o T, — 0, BRI E < e 23KV, Bl IEKVO~< >k
F A MREAZF50~100%D X 512, $HEEN B SRDIZAZER L 0, Wl X v ko7
BRAERDIZ D BNEWFER L o7z, ZhUT, BEEAIN T 5 RSN E A SO %
kD7D Th D, Litk, PHIBEILUC L 0 RO mRBEREHE— L AW LT 5,

Table 4-14 Swelling deformation test results (DW)

Mixture . Water Initial Initiz.al Aver.age dry Maximum Hydraglif:

. Vertical effective  density after - conductivity

Test case ratio O.f pressure content.at drY clay dry swelling swelling after swelling
bentonite compaction  density . ; rate* -

%) (kPa) %) (Mg/m®) density  deformation %) deformation**
(Mg/m3) (Mg/m3) (m/s)

KV030-DW 30 19.6 11.6 1.857 1.09 1.275 54.0 4.9x10712

KV KV050-DW 50 19.6 123 1.814 1.38 0.971 109.0 1.0x101
KV070-DW 70 19.6 15.2 1.714 1.49 0.805 141.0 6.7x10712
KV100-DW 100 19.6 21.0 1.601 1.60 0.621 202.0 1.0x101
TG030-DW 30 19.6 143 1.695 0.92 1.414 22.5 9.9x10712
TG050-DW 50 19.6 19.6 1.616 1.16 1.171 41.8 6.1x10712

TG TGO070-DW 70 19.6 22.8 1.464 1.23 0.998 50.0 5.1x10712
TG100-DW 100 19.6 34.0 1.311 1.31 0.786 73.0 4.9x10712
MGO030-DW 30 19.6 13.5 1.727 0.95 1.717 0.4 2.2x10710

MG MGO050-DW 50 19.6 15.8 1.658 1.20 1.539 8.1 3.0x10™M
MGO070-DW 70 19.6 21.2 1.508 1.27 1.339 12.5 3.2x10M
MG100-DW 100 19.6 30.2 1.366 1.37 1.176 17.1 9.8x10712
SK030-DW 30 19.6 15.1 1.724 0.95 1.510 15.9 1.8x107"

K SKO050-DW 50 19.6 19.2 1.593 1.14 1.198 35.8 8.6x10712
SKO070-DW 70 19.6 24.1 1.440 1.20 1.013 44.9 7.5x10712
SK100-DW 100 19.6 35.6 1.284 1.28 0.810 63.2 7.9x10712
TMO030-DW 30 19.6 14.9 1.741 0.96 1.741 0.0 8.9x10?

™ TMO050-DW 50 19.6 17.8 1.660 1.21 1.585 4.6 3.2x10°
TMO070-DW 70 19.6 21.0 1.499 1.26 1.365 9.1 3.4x10°
TM100-DW 100 19.6 28.7 1.384 1.38 1.201 15.8 4.4x10710
1Z030-DW 30 19.6 14.9 1.700 0.92 1.692 0.5 4.0x101

iz 1Z2050-DW 50 19.6 18.3 1.590 1.13 1.547 2.6 3.0x10M
1Z070-DW 70 19.6 223 1.448 1.21 1.353 7.2 3.7x101
1Z2100-DW 100 19.6 31.6 1.295 1.30 1.170 10.5 1.5x10M

*  Maximum swelling rate was the limit value of hyperbolic approximation of the relationship between the swelling rate and
elapsed time.

** Hydraulic conductivity after swelling deformation was measured for the specimen having the average dry density after swelling
deformation.
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Figure 4-31 Comparison of maximum swelling rate between hyperbolic approximation and

displacement measured (DW)

B KIEEER & A2k 28 % O BIR % Figure 4-3212773, A20KE T EOBINILEY, K
ERIIHEINT 2ERmNRBO o, X A oA A BIERT 5 &, Calix F A K
F VNI~ A FDIE ) D RIEERITEMERNIZ & - 72, Natilis L O'Cafil x> )1 |
DOFIFEFATIX, ARk LB EICRT 5 o RIEHRICBR 72 2 BITRD bivie o 7o, 438l
BNT, KVEERTTCRSKO AT mD Th D Z & Z2m LTehy, £ ONEFITm KIETHE
RIZBWTIEFR—TlE o7,

Figure 4-331%, A% OB KRE A 43H OBKRBROFER EHETERLELOTH D,
FTRTORY FFA MZOWT, 43FHOBHKRER & FERIC, ARk EBENINTHIZE, &
AERE T/ NS K R DA DNRD Hitz, £ LT, BEE ﬂ%}éO) FARENT, 438 DFE AR T
5 OB KRERE & A LB OBR A NIRE 72 I3AMT L7 fiBlc BB L& 7 r Yy hEi
77

250

oKV
= i . ATG
S 200 ¢ mSK
S [
® [ e MG
2 150 ° ATM
] - iz
% 100 | °
= [
: 50 o o
E “
('5 L
= ! w -

N = Y -

0.9 11 13 15 1.7
Initial effective clay dry density (Mg/m3)

Figure 4-32  Relation between maximum swelling rate and initial effective clay dry density (DW)
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Figure 4-33  Relation between coefficient of permeability and effective clay dry density in swelling

deformation and permeability test compared with permeability-swelling pressure test results (DW)
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Figure 4-34  Side parts of specimen after swelling deformation tests (DW)
B/S is the mixing ratio of bentonite. Upper values of each photo mean the swelling rate.
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Table 4-15 Water content distribution of specimen after swelling deformation (DW)

Mixture ratio Water content (%)
Test case of bentonite Solution
(%) Top Middle Bottom Average
KV030-DW 30 DW 45.2 42.8 42.1 43.3
KV KV050-DW 50 DW 66.7 65.9 65.1 65.8
KV070-DW 70 DW 83.5 86.3 91.9 87.4
KV100-DW 100 DW 118.6 123.3 137.8 125.6
TG030-DW 30 DW 36.0 324 33.8 34.0
TG TG050-DW 50 DW 51.0 47.1 49.1 49.1
TG070-DW 70 DW 65.4 63.6 61.8 63.3
TG100-DW 100 DW 86.4 87.1 90.4 88.1
MG030-DW 30 DW 23.1 214 21.7 21.9
MG MGO050-DW 50 DW 27.8 26.5 27.4 27.2
MGO070-DW 70 DW 35.7 36.0 35.9 35.9
MG100-DW 100 DW 45.9 454 46.1 45.7
SK030-DW 30 DW 47.1 29.8 305 35.3
SK SK050-DW 50 DW 56.6 46.8 441 49.2
SK070-DW 70 DW 63.1 60.9 60.3 61.4
SK100-DW 100 DW 85.1 83.9 86.6 85.1
TMO030-DW 30 DW 21.1 20.9 20.5 20.9
TMO050-DW 50 DW 25.2 25.1 28.6 26.0
™ TMO70-DW 70 DW 38.3 37.7 37.1 37.6
TM100-DW 100 DW 47.0 46.3 46.0 46.6
1Z030-DW 30 DW 21.0 19.7 214 20.7
17 1Z050-DW 50 DW 26.4 24.6 25.3 25.6
1Z070-DW 70 DW 34.6 34.0 34.0 34.3
12100-DW 100 DW 46.9 44.3 429 44.3
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Figure 4-35 Water content distribution of specimen after swelling deformation (DW)
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Table 4-16 Swelling deformation test results (SW)

Mixture . Water Initial Initi?' Aver.age dry Maximum Hydraglif;
. Vertical effective  density after . conductivity
Test case ratio O.f pressure content.at dr¥ clay dry swelling swelling after swelling
bentonite compaction  density . ; rate* .
%) (kPa) %) (Mg/m?) density  deformation %) deformation**
(Mg/m?) (Mg/m?) (m/s)
KV030-SW 30 19.6 11.8 1.855 1.09 1.808 2.8 4.8x10710
KV KV050-SW 50 19.6 11.8 1.808 1.37 1.644 10.5 4.8x10710
KV070-SW 70 19.6 15.1 1.708 1.48 1.464 17.9 6.1x101
KV100-SW 100 19.6 21.4 1.608 1.61 1.298 26.2 1.2x1011
TG030-SW 30 19.6 14.4 1.707 0.93 1.649 3.6 2.1x10?
TG TGO050-SW 50 19.6 18.7 1.612 1.16 1.461 10.7 1.8x10710
TGO070-SW 70 19.6 233 1.457 1.22 1.252 17.3 7.6x10°11
TG100-SW 100 19.6 34.6 1.319 1.32 1.083 23.0 9.0x10712
MGO030-SW 30 19.6 14.9 1.727 0.95 1.724 0.1 2.4x10%
MG MGO050-SW 50 19.6 18.9 1.654 1.20 1.552 6.5 2.2x10°
MGO070-SW 70 19.6 23.8 1.510 1.27 1.388 8.7 5.6x10710
MG100-SW 100 19.6 354 1.374 1.37 1.243 10.7 2.9x101!
SK030-SW 30 19.6 13.6 1.728 0.95 1.663 3.9 3.3x107?
SK SK050-SW 50 19.6 16.3 1.593 1.14 1.410 13.2 6.2x10710
SK070-SW 70 19.6 20.8 1.439 1.20 1.214 19.0 1.7x10710
SK100-SW 100 19.6 29.9 1.292 1.29 1.041 25.2 4.1x10™M
TMO030-SW 30 19.6 14.8 1.746 0.97 1.736 0.6 1.6x10%®
™ TMO050-SW 50 19.6 17.7 1.633 1.18 1.572 3.6 4.6x10°
TM070-SW 70 19.6 21.0 1.502 1.27 1.379 8.4 3.0x107
TM100-SW 100 19.6 29.1 1.388 1.39 1.229 12.9 1.2x10710
1Z2030-SW 30 19.6 15.0 1.689 0.91 1.686 0.1 1.8x10%®
7 1Z050-SW 50 19.6 18.5 1.576 1.12 1.545 1.9 5.2x107?
1Z070-SW 70 19.6 22.5 1.443 1.21 1.378 4.5 1.7x10%°
1Z100-SW 100 19.6 324 1.293 1.29 1.224 5.5 7.3x1071!

*  Maximum swelling rate was the limit value of hyperbolic approximation of the relationship between the swelling rate and
elapsed time.

** Hydraulic conductivity after swelling deformation was measured for the specimen having the average dry density after swelling
deformation.
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Figure 4-36  Maximum swelling rate for each bentonite (DW & SW)
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Figure 4-37 Relation between maximum swelling rate and initial effective clay density (DW & SW)
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Figure 4-39  Side parts of specimen after swelling deformation test (SW)

B/S is the mixing ratio of bentonite. Upper values of each photo mean the swelling rate.
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Table 4-17 Water content distribution of specimen after swelling deformation (SW)

Mixture ratio Water content (%)
Test case of bentonite Solution
(%) Top Middle Bottom Average
KV030-SW 30 SW 17.7 16.4 17.2 17.1
KV KV050-SW 50 SW 23.1 22.6 22.5 22.7
KV070-SW 70 SW 323 314 30.3 314
KV100-SW 100 SW 40.4 394 38.9 39.7
TG030-SW 30 SW 20.7 20.2 20.5 20.5
TG TG050-SW 50 SW 324 31.6 314 31.9
TG070-SW 70 SwW 429 41.9 42.9 42.6
TG100-SW 100 SW 54.9 54.5 54.7 54.7
MGO030-SW 30 SW 18.7 18.2 18.2 18.4
MG MGO050-SW 50 SW 25.7 25.2 25.9 25.5
MGO070-SW 70 SW 33.6 32.6 33.1 33.0
MGI100-SW 100 SW 423 41.4 41.0 41.5
SK030-SW 30 SW 21.3 20.8 21.1 21.0
SK SK050-SW 50 SW 32.1 32.0 33.0 32.3
SK070-SW 70 SW 45.7 45.5 45.8 45.7
SK100-SW 100 SW 59.3 58.5 59.7 59.2
TMO030-SW 30 SW 19.0 19.1 18.9 19.0
™ TMO050-SW 50 SW 27.0 26.5 26.2 26.6
TMO070-SW 70 SW 37.4 36.7 37.1 37.0
TM100-SW 100 SW 46.2 447 45.7 45.6
17030-SW 30 SW 20.1 19.7 19.7 19.9
7 12050-SW 50 SW 24.1 23.6 23.7 23.8
12070-SW 70 SW 33.8 32.7 32.0 32.9
12100-SW 100 SW 40.5 39.7 39.7 40.0
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Figure 4-40 Water content distribution of specimen after swelling deformation (SW)
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Figure 4-41 Extracted cations of samples before and after swelling deformation tests (1/2)
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Table 4-18 Amount of leachable cation before and after swelling deformation test (1/3)

N Mixture ratio of  Location of Leachable cation (meg/100g)
Test case “ o N
bentonite (%) specimen Na Ca K Mg Total
Initial 100 Powder 54.3 10.0 05 0.6 65.4
Initial (washed) 100 Powder 48.1 9.5 0.5 0.7 58.8
Top 48.5 104 0.8 1.4 61.1
KV100-DW 100 Middle 47.6 10.3 0.7 1.4 60.0
Bottom 479 8.9 0.8 1.3 58.9
Top 9.8 7.7 0.5 4.7 22.7
KV030-SW 30 Middle 9.9 6.5 0.4 4.6 214
Bottom 9.1 7.0 0.5 4.5 21.1
Top 17.5 8.0 0.4 6.4 32.3
KV
KV050-SW 50 Middle 17.3 7.1 0.5 6.5 314
Bottom 16.9 7.2 0.5 6.3 30.9
Top 26.9 8.3 1.0 6.1 423
KV070-SW 70 Middle 26.7 8.4 0.9 6.2 422
Bottom 26.4 7.0 0.8 5.9 40.1
Top 44.8 104 1.1 6.7 63.0
KV100-SW 100 Middle 44.6 10.6 1.0 6.5 62.7
Bottom 432 10.7 1.0 6.7 61.6
SW treated 100 Powder 26.9 11.3 3.0 25.9 67.1
Initial 100 Powder 60.4 14.9 2.6 34 81.3
Initial (washed) 100 Powder 524 135 2.3 3.8 72.0
Top 52.4 16.0 23 6.4 77.1
TG100-DW 100 Middle 53.5 16.4 2.4 6.4 78.7
Bottom 53.5 15.8 22 6.4 77.9
Top 10.4 2.5 1.1 7.1 21.1
TG030-SW 30 Middle 11.2 2.6 1.2 7.6 22.6
Bottom 9.8 24 1.1 7.2 20.5
Top 20.7 6.2 1.6 7.1 35.6
TG
TG050-SW 50 Middle 19.3 49 1.3 5.5 31.0
Bottom 18.2 4.4 1.3 5.4 29.3
Top 31.8 8.9 2.3 8.4 51.4
TG070-SW 70 Middle 30.0 8.8 2.3 8.4 49.5
Bottom 293 8.7 22 8.5 48.7
Top 50.8 14.5 2.7 10.0 78.0
TG100-SW 100 Middle 50.8 14.5 2.8 10.3 78.4
Bottom 49.0 14.2 2.6 10.5 76.3
SW treated 100 Powder 30.6 6.6 4.0 30.6 718

* “Initial (washed)” sample was the raw bentonite that fully washed using alcohol solution. “SW treated” sample
was the bentonite that the ion exchange fully proceeded using artificial seawater.
** “Powder” indicates the sample was not a part of compacted bentonite-sand mixture, but the powder bentonite
was used.
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Table 4-18  Amount of leachable cation before and after swelling deformation test (2/3)

N Mixture ratio of  Location of Leachable cation (meg/100g)
Test case “ o N
bentonite (%) specimen Na Ca K Mg Total
Initial 100 Powder 37.0 18.0 3.1 5.3 63.4
Initial (washed) 100 Powder 31.9 16.1 2.7 55 56.2
Top 324 21.1 2.9 7.8 64.2
SK100-DW 100 Middle 33.1 214 2.9 7.9 65.3
Bottom 342 21.7 3.1 7.8 66.8
Top 6.5 3.0 1.1 5.7 16.3
SK030-SW 30 Middle 7.2 34 1.3 6.8 18.7
Bottom 7.2 3.1 1.2 6.6 18.1
Top 9.9 5.2 1.5 6.0 22.6
SK
SK050-SW 50 Middle 12.2 5.9 1.6 7.0 26.7
Bottom 12.9 6.5 1.9 8.1 294
Top 18.4 9.5 2.3 8.5 38.7
SK070-SW 70 Middle 19.6 11.7 2.5 10.6 444
Bottom 19.9 11.5 24 108 44.6
Top 31.8 18.7 3.5 139 679
SK100-SW 100 Middle 30.7 18.9 3.5 14.5 67.6
Bottom 313 18.7 35 14.5 68.0
SW treated 100 Powder 20.3 7.4 3.3 22.0 53.0
Initial 100 Powder 8.3 18.2 2.1 17.2 45.8
Initial (washed) 100 Powder 7.7 17.6 2.1 16.5 43.9
Top 7.4 22.0 1.9 20.6 51.9
MG100-DW 100 Middle 7.3 22.0 1.9 20.5 51.7
Bottom 7.3 21.5 1.9 20.1 50.8
Top 6.2 2.0 0.9 6.3 154
MGO030-SW 30 Middle 5.7 1.8 0.8 5.8 14.1
Bottom 54 1.8 0.8 5.7 13.7
Top 8.8 4.5 1.1 7.6 22.0
MG
MGO050-SW 50 Middle 9.5 4.6 1.2 8.2 23.5
Bottom 9.5 4.4 1.3 8.5 23.7
Top 112 6.5 1.6 104 297
MGO070-SW 70 Middle 13.3 7.8 2.0 12.9 36.0
Bottom 12.0 6.9 1.7 11.3 31.9
Top 13.1 17.2 2.4 21.0 53.7
MG100-SW 100 Middle 13.5 17.1 2.4 20.6 53.6
Bottom 13.0 16.3 2.3 20.0 51.6
SW treated 100 Powder 21.7 6.4 3.1 27.3 58.5

* “Initial (washed)” sample was the raw bentonite that fully washed using alcohol solution. “SW treated” sample
was the bentonite that the ion exchange fully proceeded using artificial seawater.
** “Powder” indicates the sample was not a part of compacted bentonite-sand mixture, but the powder bentonite
was used.
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Table 4-18  Amount of leachable cation before and after swelling deformation test (3/3)

N Mixture ratio of  Location of Leachable cation (meg/100g)
Test case “ o N
bentonite (%) specimen Na Ca K Mg Total
Initial 100 Powder 1.9 52.7 35 2.9 61.0
Initial (washed) 100 Powder 1.3 42.1 2.6 2.8 48.8
Top 1.5 47.8 2.8 4.5 56.6
TM100-DW 100 Middle 1.4 46.6 2.7 4.4 55.1
Bottom 1.4 46.5 2.8 4.6 55.3
Top 6.5 9.5 0.5 4.8 213
TMO030-SW 30 Middle 7.3 10.9 0.7 4.9 23.8
Bottom 7.0 10.3 0.6 4.8 22.7
Top 11.3 12.0 0.8 6.1 30.2
™
TMO050-SW 50 Middle 11.9 12.8 1.1 7.3 33.1
Bottom 12.6 10.1 1.6 74 317
Top 16.6 134 1.1 8.5 39.6
TMO70-SW 70 Middle 16.0 11.6 1.0 7.8 36.4
Bottom 18.1 142 1.6 9.9 438
Top 15.1 382 1.9 9.2 64.4
TM100-SW 100 Middle 16.5 36.4 1.9 9.9 64.7
Bottom 16.5 40.0 2.1 9.9 68.5
SW treated 100 Powder 20.5 10.6 2.5 17.7 513
Initial 100 Powder 19.7 14.3 1.1 1.7 36.8
Initial (washed) 100 Powder 20.0 16.7 1.7 24 40.8
Top 16.6 12.2 0.8 1.9 31.5
1Z100-DW 100 Middle 15.6 10.9 1.0 1.8 29.3
Bottom 15.0 10.4 1.0 1.7 28.1
Top 6.9 2.2 0.2 3.2 12.5
1Z030-SW 30 Middle 6.7 1.9 0.2 3.2 12.0
Bottom 6.6 1.7 0.2 3.0 11.5
Top 9.8 3.6 0.3 3.8 17.5
1z
1Z050-SW 50 Middle 10.9 32 0.3 3.8 18.2
Bottom 9.6 2.3 0.3 3.8 16.0
Top 158 40 0.5 4.1 24.4
1Z070-SW 70 Middle 16.7 4.4 0.5 4.6 26.2
Bottom 15.7 3.7 0.5 4.2 24.1
Top 19.9 12.6 0.6 5.7 38.8
12100-SW 100 Middle 19.9 12.1 0.5 5.7 38.2
Bottom 19.6 10.9 0.5 5.9 36.9
SW treated 100 Powder 224 5.0 L5 73 36.2

* “Initial (washed)” sample was the raw bentonite that fully washed using alcohol solution. “SW treated” sample
was the bentonite that the ion exchange fully proceeded using artificial seawater.
** “Powder” indicates the sample was not a part of compacted bentonite-sand mixture, but the powder bentonite
was used.
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4.5 EFEHER

4.5.1 #HEYr—X

TR ORRFHI BV THBERRRE M E A2 RETT 5 9 A THEEFMHEITIEE CTH L, €2 T,
2 IO F A M ERRIZ, —RouEERRE i L7z, R — A D—% L Table 4-19
DERBYTHD, TG & MG D 2 FFFEDOR hFA MZOWTENLIL I WY DX h A b
BEHR (30%, 50%, 100%) & L, RBRAHKICIZA A5k (DW) & ATHEK (SW) %
F\\N7z, Table 4-19 (T3 E7KE, WS, A0k T8 B I T IEUAERIR O W HLIRBE 1T F5 17
DETHY, SW KON TIE, 4.1.5 HITHHA L2 HFIETEMEF OE &N SHEOE &4 R
THIEL7EEZ R LT D,

Table 4-19 Program of consolidation test

Mixture ratio of Initial condition of test specimen

Sample bentonite Solution Water content Dry density ch;frecg:r?s?lay
(%) %) (Mg/m?) &WW?
TG100 100 Dw 34.0 1.310 1.31
TGO050 50 Dw 19.0 1.637 1.18
TGO030 30 Dw 14.6 1.700 0.92
Te TG100 100 SW 34.2 1.325 1.33
TGO050 50 SW 19.5 1.611 1.16
TG030 30 SW 14.5 1.688 0.91
MG100 100 DwW 34.0 1.357 1.36
MGO050 50 DwW 16.7 1.661 1.21
MG MGO030 30 DwW 13.5 1.730 0.95
MG100 100 SW 29.1 1.369 1.37
MGO050 50 SW 15.1 1.650 1.20
MGO030 30 SW 12.7 1.730 0.95

4.5.2 HEBRAE

(1) HABREEDE

AMFZE i U 72 BB X Figure 4-42 (R X 912, [EB Y 7 LIRS 72 5 JE#E
Kenl, EBEAR P CHTEDRELZ RISt v Rk s, Rk kb
FIEFRIZ I TIIARIC Y O SRIEE O b 2 T BN K VR L, SiEfR 28V TR
PE D BN EDOEALZ MZNLFHT L FHIT 5, BEEURDMIEETE 2 774 L 722V PR ol 722+
BRI LT, ARBRCIHEEZ A 7 L — AR FF, #iff7 L—24 LRl Lo
v BMBEE Y v 71k L CITEOMEA(EH STz, JE# ) > 7O A X%, _v b b
A 100%ORERT — A TN 40 mm, ES 10 mm, TALSO S — A TIEAEE 60 mm,
JEE 10mm TH D, JEEAERLEEDOIME % Figure 4-43 (TR,
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Figure 4-42  Schematic diagram of oedometer

Figure 4-43  Consolidation test apparatus
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(2) HEEDFIE

JEE TR 13 A APE LRI [ L OERERIC X 2 s 51k JISA1217) 25 LTz,
YR = TH DX A FERWTRERZ1T 5 708, ko fafmEficiksnw oMz L 5
IR AE L 720 K 91, S OB 2R LIREECTETHAKL, ZORICHEET D
B2 HE L CObEifid 52 & CEERBREFER L7z, £ LT, I 2 CHlESI BT
EBEIL, BEENZPRGE LT, LTI, EERBROBRFIEZ RS,

XU OIT, Bl & KIS L7k (DW &FIEA A 2K, SW RIFHIEA TR CTE
KRR % F20E) AR ERA OF—L RIZATEERA L, 1 BOFKE O X0 HEk
% JEMERRT U=, BRI OB 2809~ 5 720, T—/L FNOMGREKZRBHAOER Y
TR LB 2%, EEom S ZRE Lz, BB oRBIOMH A <72dis, f#EED
ETFmEICT7 4 NE—%RE LT 2T, BB 7 & EEalBEdE e Uz, IR T
TBMER LK S iz#im e » REMGRK LiEIcB % S8z, ZOWRRET, BN 4AETRNWE
INCHAT 7 v REFEE L, ZAEHEFHAKE 2Ly FEFE LT, TRLENOYEEZTLE L,
I FHT X U Fa/KBIARIEZ 2 & OEBEEDOZE(L A HIE L= (Figure 4-42 ()2 18), ShEJENIZE
E—EDMIZIR L72FEZ, ZhaERIRo T S Lz, 2o Z Llamx <, ko
WK EDPEEAERIRE SIS 1T 2 RS R &2 i Bl > 72 2 & 2R L ¢, fiaiR o fafi e
DA EVIREE TH D &Il L7,

WERADTIRE LWL D IEB Y 72 KIB L, #iin v FOENEE 2L, %45
JEFEET ) & 70D X5 ICEEA#Y, EEBMEICHEF L7z (Figure 4-42 (b)Z ), EEFIL, Bl
i, kg, MEAOEREEN &2 FTE O MR TRl L7z, JEEK T ORSRHIE F ik, 3t
%, Vi, &L (Asaoka, 1978) 2 OWTENZNOHEILEOMAMEEZ MG Lz (Rt R
X 54 HiZH), ZOREHERND, 3tEEERE LTIORHIET 22 2 & L, BIORIC 1 EM %
B2 CRBIRICESEAICITEMEOEA b R E Lz,

WO L DEEDHET Lictk, EEIE &2 BRI s, FEROFZ1T 72,
AT BB DR E ) ZE L= A O I 2 252, e T 28 E0MAEbE 5
L9 2T, PEEE LRIAEAEZFEUEC L TRE L, BUELTAENE po & LI-F
D B MEHAT DJE ] DFETE % Table 4-20 (27, AR OWE 21T - 721212 3 BepE O #T,
Z D%, 5BREORE 21T > 7,

R T, AR Z TR v 7B L, AR 2 P S O &2 T
L7z, ZLTC, KR DHGURORFIE 2 5H5E L=,

FER OB I\ TIE, e-log p BIBROD IEHTEEE SIS ORI ARL A K T TEAMEHEEL Co & PR
DRI Al % =TT C &2k T-,

Table 4-20 Consolidation pressure in each loading step

State Swelling Loading Unloading
Loading 0 1 2 3 4 5 6 7 8
step
Equilibrium
Load swelling Po 2 Po 4 po 2 Po Po Po/2 po/4 po/8
pressure
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4.5.3 HEBRER

TG B L MG DL p, B e, JEMEEE C, BAMIEEL s, JERROT OB Ae D—&
% Table 4-21, Table 4-22, Table 4-23, Table 4-24 \Z7=7", BARMES - O IEHREBEHR-CIR A R D
AR AR T e-log p BIFR B CIEREIEDS R & & DT THFZE (FERIE ), 2002) 2B TR S iz,
ZITCBINGIZOWTL, FHMAT v 7OMEENLRODLGE L, JEMEEBER & AR
FECOEBKXBOEENLRD DIGE L Z K LT,

Figure 4-44, Figure 4-45 |Z e-log p B % A A4 L MK & N THEK DA & Tl L TRT,
e-log p HIFR TH D575, TG O DW FAEDBrfrife DOIFZIR FR I 3 CTHUWIESIEED FRD B
7oo ZAUT Na BIDOR U Mo MIFHERIZ2E TH 5, ZLS OB L UG Tollg
MBI REREAZ R L TWD 2 RS- T,

JEBE BRI D IHAIRAE & 72 2 SWHAEIE TH 5725, MG IZOWTIXDW &fEL 0 & SW &0
O DRKREflE R LTz, 43 8ilZR L7cdEK - BAMERER O MG O ZEIE X DW &40
IFOMREREERL T2 E DR CES LR LT > TR0V, ZOBE-D
WTIELA T O L 9 ICHEEL SN D, Figure 4-41 (R L 7= BAMZS TR 1% A OB A 4 &
[ZOWTIEIREE LT Na B/ LTz TG OFhi Na A A4 B3 0 i Mg 1 4>
BEMEINT 5 — 5T, #IEEEE LT Ca BUIZA33E L CUv2 MG 2B L Ciddili Na A A &8
HIEEICH 722 &, SW SRMEOFEIOEKFREISEK - IEERER Cld DW & /5% R 5
T SW ZHNTWND Z &0 D, SW FFEOEERBRIZHAWMHERIEDIE S 23 Na A 4o ~D i
BAHELT U C & 0 @O A AR 2 588 L 7= IREE D B 5

Figure 4-46 (ZJERFBFROHM A T~ 7' X[ 2~3 (TGO50-SW | Z#ifif AT v 7 XM 3~4) DIE
Matad Ce & b A MEGROBMRZ R T, I OHAT AT » 7 1 OJEMH#R IR % 58
IR > TORWATREMENE 2 b=, T 2 TIIR AT v LD EHE MR o ARt 2581 L
7o CAIWVTIND T —RIZONTH, N2 Mo MEAHEE OMICHEEIEER H D Z &2
RO BT, EOMEILTG O DW FEOHE R HRKE L, IRWT TG O SW &4, MG O DW
5tk SW SEDIE E 725 TV D 2Y, MG Tk DW §&ff & SW £EDEDOEWIZD T TH D,
MED CAXRETH D Z LBt

FAMFEEC DWW IR AR O IERIEME A BRE L C, BRAFRFEZ DO THRE L
7o THEEFE DT AT ~ 7K 4~6 (TG050-SW 1X# AT v 7 XM 5~7) OiFiifak%
Ca &L, XV M A NMEAHERLOMERE Figure 4-47 |2, #ifif A7 » 7IX[H 7~8 (TG050-SW
I AT XM 8~9) DIFMIEEE Co & L, XV b A MEAE L ORRE Figure 4-48
IZFENZENART, Cald Co TOMME & FBEIS, X hFAa MEAR L ORO LFIREINBIR % 58
DHZENTE, £, INOLOFRMOPTIIEENEWEE Z B D Na I o
MZHFET 5 TG O DW L FRITIE, Co lXFREOEE 7o 2 LN TE L2 LDIED, X
v b A FMRAROIEN30% TIEER 7y — 2 L DEWT L VAT o TWD Z LR,
572, Cold Figure 4-49 O Cg & DG HHI B0 72 K918, Ca LV HRELR->TEY E
MR ORI Z R 2 Z LN TE DN, TOREIL TG © DW §ED X 9 IZBAFEPED E
EEBEZOND T —ARRKEZ o7z, Ca RUTHE L7 MG ORABEFEEIIKEIC K 52034 Uk
WFERE 2o TND T &, FT2 Ca & ColXRFEE TR OB MEZ R LT,
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Table 4-21

Results of consolidation tests (TG-DW)

Consolidation Void ratio Compression index: C Compressive
Loadin pressure Swelling index: Cs strain
Test case & -
step p e (Bach step) (Section) Ae
(kPa) ) ) ) (%)
0 1067 1.042 - - -
1 2804 0.901 3.36x10°! - 7.16
2 5608 0.741 5.32x10! 4.94%10"! 8.79
3 11236 0.603 4.57x10! (2t03) 8.22
TG100-DW 4 5608 0.641 1.26x10! 234
5 2804 0.712 2.36%10°! 2.25%10° 424
: : (410 6) :
6 1402 0.806 3.12x10°! -5.33
7 701 0.918 3.72x10°! 4.63%10"! -6.01
8 350 1.085 5.54x10"! (710 8) -8.34
0 362 0.629 - - -
1 1246 0.590 7.26x102 - 247
2 2484 0.539 1.70x10"! 2.08x10"! 3.24
3 4968 0.465 2.46x107! (2t03) 491
TG050-DW 4 2484 0.476 3.65%102 -0.76
5 1246 0.501 8.35x1072 8.87x102 -1.68
: : (410 6) :
6 623 0.545 1.46x10"! -2.85
7 312 0.614 2.29x10°! 3 11x10°" -4.38
8 156 0.732 3.92x10°! (7t08) -7.08
0 210 0.567 - - -
1 623 0.520 9.96x102 - 3.00
2 1246 0.486 1.13x10"! 1.40%10°! 227
3 2493 0.436 1.66x10"! (2t03) 3.41
TG030-DW 4 1246 0.440 1.33%x102 -0.28
5 623 0.447 2.33x102 3.21x10” -0.48
: : (410 6) :
6 312 0.465 5.98x102 -1.23
7 156 0.525 1.99x10°! 2.96x10°! -3.98
8 78 0.643 3.92x10! (7 to 8) -7.50
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Table 4-22  Results of consolidation tests (TG-SW)

Consolidation Void ratio Compression index: C Compressive
Loadin pressure Swelling index: Cs strain
Test case & -
step p e (Bach step) (Section) Ae
(kPa) ) ) ) (%)
0 762 1.019 - - -
1 2804 0.890 2.28x10°! - 6.61
2 5608 0.781 3.62x10°! 375%107! 5.94
3 11236 0.664 3.88x10°! (2t03) 6.80
TG100-SW 4 5608 0.693 9.61x102 -1.71
5 2804 0.735 1.40x10! 1.44>107 -2.50
: : (410 6) :
6 1402 0.794 1.96x10! -3.34
7 701 0.861 2.23%x10°! 297x10"! -3.65
8 350 0.931 2.32x10°! (710 8) -3.66
0 193 0.655 - - -
1 623 0.625 5.88x102 - 1.86
2 1246 0.588 1.23x10"! 1.60x10"! 227
3 2483 0.529 1.97x10"! (2t03) 3.78
TG050-SW 4 1246 0.535 2.00%107 -0.37
422x102
2 _
5 623 0.547 3.99x10 4106) 0.77
6 312 0.567 6.65%x102 -1.30
7 156 0.589 7.31x107? 1.73%10"! -1.36
8 78 0.671 2.72x10°! (7t08) -5.08
0 87 0.578 - - -
1 312 0.556 3.98x102 - 1.39
2 623 0.533 7.64x102 851102 1.49
3 1238 0.505 9.40%102 (2t03) 1.85
TG030-SW 4 623 0.508 1.01x102 -0.19
1.33x102
) ~
5 312 0.512 1.33x10 106) 0.25
6 156 0.517 1.66x102 -0.38
7 78 0.525 2.66x102 7 82x102 -0.52
8 39 0.534 2.98x107 (7t08) -0.60
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Table 4-23  Results of consolidation tests (MG-DW)

Consolidation Void ratio Compression index: C Compressive
Loadin pressure Swelling index: Cs strain
Test case & -
step p e (Bach step) (Section) Ae

(kPa) ) ) ) (%)

0 735 0.896 - - -
1 2804 0.812 1.44x10°! - 4.52
2 5589 0.722 3.00x10°! 343107 5.12
3 11177 0.606 3.85%10°! (2t03) 6.98
MG100-DW 4 5589 0.636 9.97x102 -1.84

1.38%10!
-1 _

5 2804 0.680 1.47%10 (10 6) 2.66
6 1402 0.730 1.66x10! -2.97
7 701 0.779 1.63x107! 1.76x10"! -2.75
8 351 0.836 1.89x10! (710 8) -3.16

0 129 0.575 - - -
1 312 0.557 4.70x107 - 1.19
2 623 0.530 8.97x1072 1.08x10°! 1.76
3 1246 0.492 1.26x10"! (2t03) 2.50
MG050-DW 4 623 0.497 1.66x102 -0.34

2.66x102
2 _

5 312 0.504 2.33%x10 @106) 0.50
6 156 0.516 3.99x102 -0.79
7 78 0.532 5.32x107% 6.47x102 -1.03
8 39 0.555 7.63%x107 (7t08) -1.51

0 33 0.522 - - -
1 78 0.515 1.90x107 - 0.46
2 156 0.506 2.99x107 332102 0.64
3 312 0.495 3.65%102 (2t03) 0.72
MG030-DW 4 156 0.497 6.64x1073 -0.14
5 78 0.501 1.33x102 L11x10% -0.24

: : (410 6) :
6 39 0.505 1.33x102 -0.32
7 22 0.512 2.74x102 216x102 -0.46
8 11 0.517 1.66x107 (7t08) -0.30
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Table 4-24 Results of consolidation tests (MG-SW)

Consolidation Void ratio Compression index: C Compressive
Loadin pressure Swelling index: Cs strain
Test case & -
step p e (Bach step) (Section) Ae
(kPa) ) ) ) (%)
0 745 0.880 - - -
1 2804 0.764 2.01x10! - 6.40
2 5589 0.654 3.67x10°! 338107 6.40
3 11177 0.561 3.09%x10°! (2t03) 5.80
MG100-SW 4 5589 0.581 6.64x10 -127
5 2804 0.618 1.24x10! L11x10" 233
: : (410 6) :
6 1402 0.661 1.43x10! 261
7 701 0.709 1.59x107! 1.49%10"! -2.81
8 351 0.751 1.40x10°! (710 8) 2.44
0 279 0.585 - - -
1 623 0.573 3.44x102 - 0.76
2 1246 0.555 5.98x102 949102 1.13
3 2484 0.516 1.30x10"! (2t03) 2.58
MGO050-SW 4 1246 0.519 1.00x102 -0.21
2.00%102
2 _
5 623 0.525 1.99x10 @106) 0.42
6 312 0.534 2.99x107 -0.58
7 156 0.548 4.65%10? 4.65%102 -0.86
8 78 0.562 4.65x107 (7t08) -0.96
0 72 0.523 - - -
1 156 0.519 1.19x1072 - 0.20
2 312 0.514 1.66x102 2.49%10°2 0.34
3 623 0.504 3.32x102 (2t03) 0.71
MG030-SW 4 312 0.505 3.32x103 -0.06
4.43x107
-3 ~
5 156 0.506 3.32x10 @106) 0.10
6 78 0.508 6.64x1073 -0.14
7 39 0.511 9.95x103 1.26x102 -0.18
8 22 0.515 1.57x107 (7t08) -0.28
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Figure 4-44 Relationship between void ratio and consolidation pressure (TG)
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Figure 4-45 Relationship between void ratio and consolidation pressure (MG)
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Figure 4-46  Relation between compression index and mixture ratio of bentonite
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Figure 4-47 Relation between swelling index (Cs1) and mixture ratio of bentonite
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Figure 4-48 Relation between swelling index (Cs;) and mixture ratio of bentonite
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4.6 =#HEHEEAER
4.6.1 #HEEY—X

TG & MG D 2 FIED> F A b ERRIZ, EBEIEEK ZlhEfEReR 2 3206 Lz, B
— 2% Table 425 DBV Th D, 2FEDOL hF A MZOWTEFRFNR I EY DX R
A MEAZ (30%, 50%, 100%) & L, sEBRHKICIEA 422k (DW) & A TR (SW)
ZH Tz, Table 4-25 ("3 BKE, WRIREERE, A 0K 158 B TSR E IR O IR B L2 3
FHETHY, SWRHIZOWTIE, 4.1.5 T L7 FIETEBFOE &) LIEOE &2k
WTHIE L72fliZ R LTV A,

Table 4-25 Program of undrained triaxial compression test

. i Effective Initial condition of test specimen
Mixture ratio confinin -
Sample of bentonite  Solution g Water Dry density T iective clay
(%) pressure content (Mg/m?) dry density
(kPa) (%) g (Mg/m?)
100 DW 1300 34.1 1.310 1.31
TG100
100 DW 2000 34.1 1.310 1.31
50 DW 500 19.3 1.611 1.16
TG050
50 DW 2000 19.3 1.611 1.16
30 DW 200 14.7 1.691 0.91
TGO030
30 DW 2000 14.7 1.689 0.91
100 SW 1200 354 1.286 1.29
TG TG100 100 SW 1600 342 1.309 1.31
100 SW 2000 30.6 1.296 1.30
50 SW 500 20.2 1.614 1.16
TG050 50 SW 1300 19.0 1.610 1.16
50 SW 2000 20.2 1.613 1.16
30 SW 200 134 1.683 0.91
TG030 30 SW 1100 14.4 1.690 0.91
30 SW 2000 14.4 1.691 0.91
100 DW 500 293 1.371 1.37
MG100
100 DW 2000 293 1.372 1.37
50 DW 200 16.7 1.652 1.20
MGO050
50 DW 2000 16.7 1.653 1.20
30 DW 100 133 1.730 0.95
MG030
30 DW 2000 133 1.730 0.95
100 SW 500 26.4 1.359 1.36
MG  MG100 100 SW 1300 30.2 1.359 1.36
100 SW 2000 30.7 1.356 1.36
50 SW 200 16.6 1.650 1.20
MGO050 50 SW 1100 17.3 1.650 1.20
50 SW 2000 16.6 1.651 1.20
30 SW 100 12.6 1.716 0.94
MGO030 30 SW 1100 14.4 1.726 0.95
30 SW 2000 13.9 1.728 0.95
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4.6.2 HEBRAE

(1) EBOER

ARFZE TR L 72 =il EAERBRE E 1 Figure 4-50 (R X 912, Z@hESN=R, VL - HE -
AIERE S 7, MR, “RLKRBR BRSNS, EET R L O otk
ROZETIINENEE, FBEKET SR TERIZ R D R 0 Jr-D0F Tk L 72 [MBK LT, %
AT KREZ K E = Ly MTE ORI L7z, EFHI =M = O & AMNBIZZ
THRERELTHY, JEEECHENE XA EFHC LV HE L, SN EFH O ;t#%%k
L7z, Figure 4-51 \Z == EONBLZ =T, (RORREZEH S E 2581237 7 U Ao
ZHENEEE, SWVREAER S LGAITIEAT U L AR ZlhE A LT,

D O g @

@ Compressor
i 4 f @ Cell pressure tank
@ I @ (3 Air pressure
- @ Double tube burette

® ® Vacuum pump
(® Bubble tank
@ Displacement gauge
2 Triaxial pressure chamber
v 5 © Porous metal

@ Load
® é @ Specimen

@ External load cell

L/ @ Internal load cell

{ Membrane

® O-ring

Water pressure gauge
@) Vacuum pump
Deaeration tank

r CO, cylinder

N
N
N
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NWNTT

N

7
e
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©

e

N
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%

Jiikk

Figure 4-50  Schematic diagram of triaxial compression apparatus

(a) For low pressure (b) For high pressure

Figure 4-51 Pressure chamber of triaxial compression apparatus
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(2) HEEDOFIE

ZHEHEATBR L, Mg TR UE T o R IEHEK (CU ) — il EAEABR 7751 (JGS 0523-2000)
SR LUTHEM L, T, RBROFIAEZ =T,

XU DI, EKLIHE Lk (DW Sb 31 Ao 2e#iok, SW S id N THEK CTE KR
B aENE) &AWV C, ERIREEDIC XV BTE ORISR CEA 50 mm, 5 & 100 mm O LA
EERL LU, RIRO~HE (B, ) BIOEEEEZHE L%, 27 L 2RO
TIVITIUAE L, KIBBEIEIC L0 EMARICHEK LT, SaFE 2 m s i gtaliR 2 A LU, <1k (i
2, mS) BIOMEEEZNE L, MR E R OEKEZ E & o, A LT
IR 2 BN TRRE T, BRI T Ty 7 RO A T L v B T Sl E SIS E LT,
AT L ATF v v T EXTFRAZ VK2 ARKD O Y v 7 TREE L,

S A AR R E L, BRI ERE D MER L7 XK 9 I b EE AR &
X5 S, (ERF &AM R OWIIIE & Fesk L2 tk, EAETEL 0 HKZBIE LT-, Z DR,
JESE BT REB R E L, EEo D OKBPHER SNI-RERCHKREKT L, By s %
PADIz, T AZVEE LTS kPa FEEE DT /)T LIRS % BRI 38 L OMiERIARIZiR L,
60 IFRFENEER S 7o, Z OO EIIXKIIE COXIERAER N Z MR LR 1T 72, b
RFEH D, HERIRICHSKERRAK LT, ZORFDOEILS kPafeEL L, N7 a2 dp o<V
EBAK Z & CHElARK A K T2 X 912 Lz, B 2K ClitiTz L72tg, MIB/KIEHOPIH
2L, BAE L HERIANEL L DFENZEMN 20kPa (2725 £ THAEE ERH S8, BAR
IZI%, &'/VHE 20 kPa, HJE 0 kPa & L, ZODESZEEZRST-FE EHIE 600 kPa F TR HY
E L7,

YIEZ @O %X IEYEACKRIBIZ LT, FREDIEBE &5 Lo NVEEED T, [T
FEARRRIZIT WM E U CONBENEH ke = Ly FOfEETEER L, HIAIRIEIC L CEF
[ & B U, JEE IR, BEKE, MEMAROSEE &4 7 Uiz, EBE T 3
FEIZEVHE LT, [EEE T OHERICITFOIEKIRREIZ L, @RIBRATED EFR 702
EERRERL, EBEKRT L,

JEEE, BEMARORIFIIRIEZ MR T D720, MR BEEZHIE Lz, = 2T, FEHK
WRE TR EZWIE L7 BEORIBKEDOZEL ZRIES 2 Z & T BEA KD, ZOfEN 095 2L
Thn I &Tafne 2 Uiz, BFiERR%, FEHEACRBZHER Lo EF, BORAEZ BT
DERESE THEL,

JEER, FEHERSEHDOH &, 0.01 Y%/min OO Aol B CllTHE 21T - 72, SENE T 138hE
o, RBSUKIE, il 5 2 SHE UESGERIR OO 203 20%I252 L7 BIEME 2/ T Lz, JEHE
BT, HEUAOIERIR 2 TERE L, A A S Ol EEZHIE L,

FEROEIIZBW T, 207 ¢ (Zo1—03) EHHOT Z e, OBMR, T—DIGTIM, iz
551 g EEBERN LGS p (=(0"1+2673)/3) DBURICBT ARSI ZER L, T—10
ST O N ¢ 35 L ONEE ) ©, ARSI IRRIRIC 1T 2 RAVIRAERR O & 2 BRAVIRRE
RITA=H MELTEELT,

4.6.3 HAERREER
A2 1) & Bl O A D BS% & Figure 4-52, Figure 4-5312, € —/LD)& /) % Figure 4-54, Figure
4-5512, BRI % Figure 4-56, Figure 4-57127579,
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Figure 4-52  Relation between deviator stress and axial strain (TG)
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Figure 4-53 Relation between deviator stress and axial strain (MG)
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Figure 4-54 Mohr’s stress circle of TG (1/2)
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Figure 4-54 Mohr’s stress circle of TG (2/2)
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Figure 4-55 Mohr’s stress circle of MG (1/2)
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Figure 4-56  Effective stress path of TG
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Figure 4-57 Effective stress path of MG
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Figure 4-64 [Z[RFVIRFE/ N T A — & M L IR BE & DBRZ T X TORER 7 — AI1ZDN T
g U CRd, MISREREEE & & b2 2 AR Lz, EOMEIEA 40 REKDLGEIC
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Table 4-26 Undrained triaxial compression test results (TG)

Initial condition

Total stress

Effective stress

] Effective =~ Maximum  Maximum Critical
Mixture : confining  deviator  deviator _ Internal _ Internal state
Test ratio of Dry Effective pressure stress stress ratio  Cohesion friction Cohesion friction parameter
estcase  pentonite  gensity Co:ay dry angle angle
ensit

d P’o Olmex Qmax / P’0 c ¢ ¢ ¢ M

(%) (Mg/m?) (Mg/m?) (kPa) (kPa) () (kPa) (deg) (kPa) (deg) ()
1300 774 0.60

TG100-DW 100 131 131 73.1 10.8 56.1 14.6 0.63
2000 1097 0.55
500 366 0.73

TGO050-DW 50 1.61 1.16 48.2 115 29.6 17.0 0.74
2000 1112 0.56
200 277 1.38

TGO030-DW 30 1.69 0.91 58.8 13.9 0.0 28.0 111
2000 1421 0.71
1200 813 0.68

TG100-SW 100 1.30 1.30 1600 1090 0.68 41.0 134 39.5 18.8 0.78
2000 1292 0.65
500 452 0.90

TGO050-SW 50 1.61 1.16 1300 953 0.73 76.9 125 54.2 21.5 0.96
2000 1277 0.64
200 327 1.63

TGO030-SW 30 1.69 0.91 1100 886 0.81 84.8 133 14.8 32.3 1.36
2000 1402 0.70
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Table 4-27 Undrained triaxial compression test results (MG)

Initial condition

Total stress

Effective stress

] Effective =~ Maximum  Maximum Critical
Mixture Effective  COMiNINg  Deviator  Deviator _ Internal _ Internal state
Test case ratio qf Dry pressure stress stress ratio  Cohesion friction Cohesion friction parameter
bentonite density cdlay dry angle angle
ensit

d P’o Olmex Qmax / P’0 c ¢ ¢ ¢ M

(%) Mg/m’) ~ (Mg/m?) (kPa) (kPa) () (kPa) (deg) (kPa) (deg) 0)
500 442 0.88

MG100-DW 100 137 1.37 95.6 10.1 75.4 15.7 0.73
2000 1079 0.54
200 335 1.67

MG050-DW 50 1.65 1.20 87.8 12.8 39.7 25.0 112
2000 1353 0.68
100 290 2.90

MGO030-DW 30 173 0.95 92.7 131 11.6 33.6 1.40
2000 1410 0.70
500 451 0.90

MG100-SW 100 1.36 1.36 1300 976 0.75 74.7 12.8 58.8 19.8 0.89
2000 1304 0.65
200 342 171

MGO050-SW 50 1.65 1.20 1100 906 0.82 87.6 13.6 48.8 25.1 1.18
2000 1447 0.72
100 358 3.58

MG030-SW 30 1.72 0.95 1100 1105 1.00 1339 13.6 47.6 27.8 141
2000 1517 0.76
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4.7 BoKMEHER

4.7.1 #HBgr—=x

R O PRI BT 2 B0 Tl 70 &, AREH O IER 20 KEED b RN o7z 5 283l
BFEIT DO 2 TR b A NOKGIRFHFEITIEE CH D, £ 2T, 2~3 FHO A
kN EXBIT, K E EFKDORT v L E ORURTHR SN D KRR O BS A2 B &
LC, ZRREE, VA7 ar—2ik MEREICE D RAKMERERZ I Lz, 3Bk —AD—
A ARREE, A 7 a A—2 5, IEREIZ OV T Table 4-28, Table 4-29, Table 4-30 (224
FIrd, A7 A=K L TiE, WEREO R 2 EGE ORI EREE & mHISE R
EOREEEO 2 FEOEEZ AW (LUF, BEE, HESEESEIE S WS), 7K
RUEEE A 7 v 2= B L 53803 3 FEO~X A~ (TG, MG, KV), MEMKIEIZ
FoEBRIL 2 DO R A b (TG, MG) IZxfLTEMLZ, Fiz, 3D DO A
MEEAZ (30%, 50%, 100%) ##¢iE L, sBRHKICITA A4 o2k (DW) & A THEK (SW)
W, BHROEKIETHDD, SWELECHOWTIE, 4.1.5HICHH L FiECEBEFROE
ENOHEOEEEZRWCHIE L7ZfEZ2 /R LT\ %, Table 4-30 (/R TMERIEIZ L DB DS
Kb, HZERER R GRS T B IR AR E R O MR B I B 1T DT B,

Table 4-28 Program of water retention test (Vapor pressure method)

Mixture ratio Potential
Sample of bentonite Solution Sample preparation range
(%) (kPa)
TG100 100 - Bentonite powder in natural water content
-2830 to
TG TGOS0 50 - Mixing of bentonite and sand 2206000
TG030 30 - in natural water content
MG100 100 - Bentonite powder in natural water content
-2830 to
MG MGO050 50 - Mixing of bentonite and sand 2296000
MGO030 30 - in natural water content
. . -2830 to
KV KV100 100 - Bentonite powder in natural water content 2206000
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Table 4-29 Program of water retention test (Psychrometer method)

Mixture ratio

Water content (%)

Sample of bentonite Solution Thermocouple  Chilled mirror

(%) psychrometer hygrometer

TG100 100 DW 30.7 t0 46.6 11to46.1

TGO050 50 DW 13.0t0 235 0.9t024.6

. TGO030 30 DW 8.41t018.1 0.41020.5
TG100 100 SW 34.21040.6 1.3t040.1

TGO050 50 SW 19.1t023.8 1.1t023.6

TGO030 30 SW 12,610 20.5 1.1t020.4

MG100 100 DW 21.6t041.7 15t045.8

MGO050 50 DW 10.0t0 19.9 2710219

MG MGO030 30 DW 6.6 t0 16.8 0.71t018.9
MG100 100 SW 29.7t040.1 1.71039.6

MGO050 50 SW 13.4t024.4 14to24.2

MGO030 30 SW 10.0to 20.7 1.1t020.6

KV KV100 100 DW 20.310 36.9 1.1t046.0

Table 4-30 Program of water retention test (Pressure plate method)

Mixture ratio of

Initial condition of test specimen

Sample bentonite %) SOMUOM  Watercontent  Dry density  Effective clay dry
(%) (Mg/m?) density (Mg/m?®)
TG100 100 DW 33.6 1.307 1.31
TG050 50 DW 19.0 1.609 1.15
Te TGO030 30 DW 14.4 1.688 0.91
TGO030 30 SW 15.2 1.690 0.91
MG100 100 DW 29.8 1.368 1.37
MG MGO050 50 DW 16.3 1.650 1.20
MGO030 30 DwW 13.5 1.730 0.95
MGO030 30 SW 14.2 1.729 0.95
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4.7.2 RERAE

PRACMERBR T, BRI, A 7 a A=k IERED 3 FEOWEFiEE W, £
To, A7 v A—=2EIZB LTS, BVERNIE & mHISEEAENEORIEREORZR 5 2 fi
BB L AWz, 2 b OREFIELHERIEOEC LY, THKRERT 2 v L ORIERT
RERIPAN 70 5, ZBRKIEIESCT A 7 a0 A —HKIXRERT >y /v e~ N v 7R T v b
DO THDHIFERT ¥ VEARETE LD L, MERETIZY R v 7 RT3y LdD
HPMEFRETH D, —DDHFIETKFFEMBE AR Z L IXRETH L7720, D OEEL
OWETFIEEZIH Uiz, LT, ZREE, YA 7 a2 —2ik IEREIZOWTRER T IEE R
R

(1) ZEKEE

RLAEEICE D EHKRORT o v VRIERR, Mg T8 TEofAERBR 5] UGS
0151-2009) #ZHIZ Liz, ZOHIETIIFTED LHKDOKRT 3 ¥ MTFY 7 2 HOfSFIRIR
EWEREL, T3 — X —OERICHKET D, ARBRCHE A L7 OfFITATRIL Table 4-31 (277
LBV ThDH, WREZFIZERICR 72D, WRPICREBRORE D E-> TODARETHER L
Foo BEEH T ALy —LIZHK AT D X HIZLTAR, HFSLIZRIET, 7o r—2—0
HIZERE LTz, Tk, TV —2—ICEE2 LTEHL, #i8 Lz, JERIL% Figure 4-66 (1Z
T, REBRF, EIEEOREX 20 1°ClifRo 72,

Table 4-31 Saturated salt solution used in this test

Salt Relative humidity (%) Potential (kPa) pF

K2SO4 98 -2830 4.46
KNO; 95 -6940 4.85
NH4H>PO4 93.1 -9800 5.00
KCl1 85 -21900 5.35
NaCl 75 -39000 5.60
Mg(NOs)2*6H,0 54 -83400 5.93
MgCl: 6H,O 33 -148000 6.18

LiCl 11 -296000 6.48

Figure 4-66 Measurement by vapor pressure method
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RE O Z G Te®d, TV —2 —DOHB TR T A Yy —LIZEEZ LT, T
=2 —=nOWMO L, HT7ATV Y — L REROEREZHECHICHIE LTz, ZOBEEZT T A
Uy — LV REROEBN —EICRDETIRVIR L, T Ay —LE2EROEEN —EIC/R-T-
KPR CRBR 2T L, REOEKIEERIE Lz, 215 O#E{E% Table 4-31 (T & O
FOVAIR IS LT 0 3 L TR RPE R 2 SR D 7=,

(2) 4o A—5%
PA 7 m A= ZIETIE, BEEEUIE & M AIBEEE SUENE D ZH> D fiikz vz,

(i) BEXAE

BENRXOT A 7 a A —FEEIT, v~ 7 0Bk A— &k@ﬁfﬁﬁﬁéﬁzk#yfw
Fx 3— GUEHH) 5720, BVEXESICERE I L CaHEISE, B RICE 2 S
T TR E —NOFEHRE 2 1 E 3 5, A5 Ti\ﬂ&ﬁRﬁ%@%%ﬁﬂf—
4 (PSYPRO Dew Point Microvoltmeter) i L7z, HIERI % Figure 4-67 |2/, AREEEIT
YU TINF v o =% 8 ATEY, EEORBZFRFHIAET 5 Z ENARETH D,

XL OIZ, A Ak E W TEKRIFE LZRE Y T VR VA —DEEZFE LT,
IR K ELRIE OB 2 RiEe TR L T &, GAKREZHE L, /0.1 g OREE2 Y7
ARV E—IZTBAL, BTN TF v o N —Z %A LTz, BIEPICEEE 2 b ONTEEE R L OIREE
DAL 720X D12, HIRE OIREIX 20 1°CIk o 72, VA 7 a A—X I X HMEZBMB L
AREIDAK IZE LT HDREE KT U, AR CIELRI SR TE /KT LI 5 030k %
FRHCHE Lz, ZO#EEEZ, BEOEKIEDOL & THRY IR LUFE Lz, HROBHEIZBWT
1%, AKRToory VWV EHTEELOF Y T L—yar h—7 20T, BbhiHEEN
SRBIOFIKDRT v v L ERD T,

Figure 4-67 Measurement by thermocouple psychrometer

(i) AHREEAE
Z OFEFT OB MERBRTE (JGS 0151-2009) DR « FHELIAN ORBR T IEIZ /D, FDJR
BIXY A 7 a A—2OFFETICLHMHMRELZ RO L LD TH LD, BESORDY ICH %
HAWnabZlicky, IKWETHHIT2 2 LN TE DM EA LD (M TRE, 2020),
AL TIL Z ORI ELEE T Decagon Devices fEH DY 7 1 A —% (WP4C) ZfEH L7z, A2k
BORT ¥ % VHIEFRPAIZ-0.1~-300 MPa TH 5, HIEIRIL % Figure 4-68 1259,
IXUDOIT, A ARZHAKICTE D ERIRE LB 25 2 g, Vo T NHRAT—DFE S 1212
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EETEAL, YU TF ¥ o N—%UC, BEAEZRLG L, BEK TR, RIOMIKSE
~HEEB L, BAKMENE L, ZOEEEZ, HHEOEKEOL & TRYIRLUER L, 5
ROBEIZBNTE, KRT oy EHhEEEOF Y VT L —2a =T E2HNT, 15
SN NEEN RO LFAKORT v v E2RDT,

Figure 4-68 Measurement by chilled mirror hygrometer

() MEMRE

IEMGEC KB EFKORT v VB, M TRa iU T EofokiBiiE) UGS
0151-2009) ZZH&C LTc, sBREEEL, HEEREZICET 5 A7 o L ARV, 225 E#
efi, WOKENER —EE 2 Ly b, YoKENEREKVES EHKEEZIET H72D0%E
T RIEDDRERR S VD, JERDLE Figure 4-69 (2787,

DL, RTFTAZMZEY MBI I v 7T 0 A7 %3 HERERSL, E7Iv277
S AT A s e, LT, RBEROIDL 77 UEKRESE, €700 TF
A AT HBE LT, BRBALRWEIIIPHERAKOTTEEL, FH7 72 P O@KREDZE
REBRN LTz, TLARICTZ ) —REEAA LT T VIR E LT,

A T ARBKFE T2 TN TR Z O TE KGR U 7-308 2 IV, EaUfRE O IC L0 FrE
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Table 4-32  Water retention test results by vapor pressure method

Water Potent.ial Water Potent.ial Water Potent.ial
Test case content of soil Test case content of soil Test case content of soil
water water water
(%) (kPa) (%) (kPa) (%) (kPa)
4.7 296000 2.3 296000 1.3 296000
5.6 296000 2.9 296000 1.7 296000
8.0 148000 3.9 148000 24 148000
93 148000 4.7 148000 2.9 148000
10.7 83400 53 83400 3.2 83400
14.0 83400 7.1 83400 4.3 83400
17.0 39000 8.4 39000 5.1 39000
17.9 39000 8.9 39000 54 39000
TG100 20.5 21900 TG030 10.2 21900 TG030 6.1 21900
21.1 21900 10.6 21900 6.4 21900
254 9800 12.8 9800 7.7 9800
26.1 9800 13.1 9800 8.0 9800
26.1 6940 13.0 6940 7.9 6940
26.3 6940 13.2 6940 8.0 6940
29.4 2830 15.0 2830 9.2 2830
30.3 2830 15.1 2830 9.3 2830
4.5 296000 1.9 296000 1.1 296000
5.0 296000 2.7 296000 1.7 296000
73 148000 35 148000 2.1 148000
8.3 148000 44 148000 2.6 148000
9.1 83400 4.6 83400 2.7 83400
10.6 83400 5.5 83400 33 83400
12.5 39000 6.2 39000 3.6 39000
12.8 39000 6.7 39000 4.0 39000
MG100 15.4 21900 MG030 7.6 21900 MG030 44 21900
15.5 21900 7.9 21900 4.7 21900
20.3 9800 10.0 9800 5.9 9800
20.7 9800 10.4 9800 6.2 9800
20.8 6940 10.3 6940 6.1 6940
20.8 6940 10.4 6940 6.2 6940
242 2830 12.0 2830 7.1 2830
24.5 2830 12.0 2830 7.2 2830
32 296000
3.8 296000
6.1 148000
7.1 148000
8.7 83400
10.1 83400
12.0 39000
12.5 39000
KV100 13.9 21900
14.4 21900
16.2 9800
16.5 9800
16.5 6940
16.6 6940
18.8 2830
19.8 2830
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Table 4-33  Water retention test results of TG by psychrometer method (1/2)

43!

Thermocouple Chilled mirror Thermocouple Chilled mirror Thermocouple Chilled mirror
psychrometer hygrometer psychrometer hygrometer psychrometer hygrometer
o e T TS e S e T v T v
content water content water content water content water content water content water
(%) (kPa) (%) (kPa) (%) (kPa) (%) (kPa) (%) (kPa) (%) (kPa)
30.7 5860 1.1 461000 13.0 9130 0.9 438000 8.4 6740 0.4 443000
30.7 5900 1.7 376000 15.0 6400 0.9 397000 8.4 7460 23 123000
30.7 5760 3.6 237000 15.0 5930 2.8 178000 9.4 5610 39 75500
32.7 4680 3.7 220000 16.3 6460 43 112000 9.4 6310 59 41300
32.7 4740 6.6 155000 16.3 5950 5.9 85900 9.4 5020 7.0 17900
32.7 4450 7.1 141000 17.0 5470 8.1 56200 9.4 5200 9.0 7400
34.7 3690 8.4 115000 17.0 4920 9.9 33100 10.4 4250 10.1 5420
34.7 3410 10.1 98000 17.4 4270 11.9 20100 10.4 4540 11.2 3350
34.7 3600 10.1 98500 17.4 3730 12.9 11600 11.0 2830 124 1810
374 2700 13.3 71800 19.1 5630 14.1 7850 11.0 3180 12.9 1810
374 2820 14.9 60300 19.1 4860 14.4 6910 11.7 2810 14.0 1430
TG100 374 2650 18.7 39100 TGOS0 19.4 3430 16.9 4850 TGO30 11.7 3420 15.0 1020
DW 40.8 2410 252 14500 DW 19.4 2800 18.3 3230 DW 12.5 1660 16.1 950
40.8 2140 31.7 5740 19.4 2620 19.3 2580 12.5 2200 17.4 720
40.8 2070 35.6 3430 19.4 2520 20.5 1610 13.1 2140 18.4 680
40.9 2000 38.7 2270 19.8 2450 20.9 2170 13.1 2100 20.5 570
40.9 1950 46.1 1400 19.8 2280 21.8 1800 14.4 1420 - -
40.9 2060 - - 20.3 2230 22.7 1320 14.4 1710 - -
46.6 1600 - - 20.3 2120 24.6 1200 15.1 1200 - -
46.6 1520 - - 20.9 2040 - - 15.1 1600 - -
46.6 1390 - - 20.9 1880 - - 15.9 1060 - -
- - - - 21.7 2270 - - 15.9 1360 - -
- - - - 21.7 1920 - - 15.9 1540 - -
- - - - 22.1 1740 - - 15.9 1800 - -

- - - - 221 1720 - - 16.1 1070 - -




Table 4-33  Water retention test results of TG by psychrometer method (2/2)

eel

Thermocouple Chilled mirror Thermocouple Chilled mirror Thermocouple Chilled mirror
psychrometer hygrometer psychrometer hygrometer psychrometer hygrometer
o e T TS e S e T v T v
content water content water content water content water content water content water
(%) (kPa) (%) (kPa) (%) (kPa) (%) (kPa) (%) (kPa) (%) (kPa)
- - - - 23.2 1480 - - 16.1 1540 - -
- - - - 23.2 1360 - - 16.4 1100 - -
TG100 - - - - TGOS0 23.5 2300 - - TG030 16.4 1740 - -
DW - - - - DW 23.5 2040 - - DW 17.0 969 - -
- - - - - - - - 17.0 1200 - -
- - - - - - - - 18.1 986 - -
- - - - - - - - 18.1 1190 - -
342 9230 1.3 433000 19.1 8380 1.1 342000 12.6 8780 1.1 193000
342 8790 3.5 216000 19.1 8010 32 155000 12.6 8290 2.8 96000
342 7260 43 195000 19.1 7340 4.5 106000 12.6 7280 4.8 57300
40.6 8180 6.8 143000 21.7 7340 7.1 74600 14.2 7050 6.7 35100
40.6 7400 9.0 112000 21.7 6850 8.5 56600 14.2 6750 8.7 14100
40.6 7370 10.5 95000 21.7 6490 10.4 34900 14.2 6200 9.5 8550
TG100 - - 12.8 80300 TGOS0 23.8 6710 12.3 25500 TGO30 16.6 5710 12.5 6450
SW - - 15.0 69300 SW 23.8 6510 14.8 13700 SW 16.6 5620 14.2 5410
- - 16.3 59400 23.8 5680 15.5 8930 16.6 4840 16.5 4500
- - 17.9 48600 - - 18.6 7930 18.2 4950 18.1 4150
- - 20.2 38600 - - 19.0 6840 18.2 4830 20.4 3840
- - 24.5 22500 - - 21.5 5770 18.2 4780 - -
- - 29.7 12200 - - 23.6 5260 20.5 4750 - -
- - 33.8 7710 - - - - 20.5 4740 - -

- - 40.1 6260 - - - - 20.5 4460 - -




Table 4-34 Water retention test results of MG by psychrometer method (1/2)

vel

Thermocouple Chilled mirror Thermocouple Chilled mirror Thermocouple Chilled mirror
psychrometer hygrometer psychrometer hygrometer psychrometer hygrometer
o e T TS e S e T v T v
content water content water content water content water content water content water
(%) (kPa) (%) (kPa) (%) (kPa) (%) (kPa) (%) (kPa) (%) (kPa)
21.6 8990 1.5 406000 10.0 8750 2.7 207000 6.6 8070 0.7 487000
21.6 8210 33 282000 11.2 9180 4.2 104000 6.6 7050 2.0 137000
21.6 5890 39 270000 11.2 8910 6.2 51900 7.7 6060 33 47100
24.6 8600 4.9 221000 11.6 9390 7.8 30500 7.7 5790 4.8 27200
24.6 7970 52 185000 11.6 2270 9.2 20900 7.9 4920 6.6 10100
24.6 7910 55 183000 12.1 5980 11.0 10600 7.9 4610 7.6 5510
28.1 5320 6.6 138000 12.1 4680 11.2 8310 8.6 4240 8.2 3680
28.1 5110 9.2 88400 13.8 5060 133 4890 8.6 3620 10.3 1190
28.1 3830 9.9 82700 13.8 4950 14.0 2560 9.0 2080 10.5 1120
28.6 2870 10.8 69700 13.9 4530 14.6 2840 9.0 1970 11.0 1140
28.6 2630 13.1 44600 13.9 3900 14.8 1560 9.4 2110 12.7 540
MG100 28.6 2250 14.7 33400 MGO050 15.7 3170 18.1 790 MG030 9.4 1730 12.9 310
DW 29.7 2230 19.8 17100 DW 15.7 2120 19.3 530 DW 9.6 1880 14.5 280
29.7 2000 24.0 7820 15.7 1770 20.3 590 9.6 1660 16.8 170
29.7 1600 29.5 2790 15.7 1660 20.4 790 11.7 692 18.9 100
34.0 1230 343 1060 16.7 2410 21.9 390 11.7 600 - -
34.0 1220 394 552 16.7 1420 - - 11.9 886 - -
34.0 1190 45.8 230 17.1 1060 - - 11.9 880 - -
35.5 1370 - - 17.1 910 - - 12.8 559 - -
35.5 1070 - - 18.4 1100 - - 12.8 398 - -
35.5 1020 - - 18.4 600 - - 13.7 1030 - -
35.6 1190 - - 19.4 681 - - 13.7 812 - -
35.6 939 - - 19.4 600 - - 15.3 245 - -
35.6 888 - - 19.6 571 - - 153 197 - -

41.7 559 - - 19.6 473 - - 16.1 530 - -




Table 4-34 Water retention test results of MG by psychrometer method (2/2)

Thermocouple Chilled mirror Thermocouple Chilled mirror Thermocouple Chilled mirror

psychrometer hygrometer psychrometer hygrometer psychrometer hygrometer
o e T TS e S e T v T v
content water content water content water content water content water content water

(%) (kPa) (%) (kPa) (%) (kPa) (%) (kPa) (%) (kPa) (%) (kPa)

41.7 524 - - 19.9 1270 - - 16.1 327 - -

MG100- 41.7 319 - - MGO50- 19.9 1200 - - MGO030- 16.1 292 - -
DW - - - - DWwW 19.9 1110 - - DW 16.1 175 - -
- - - - 19.9 1030 - - 16.8 225 - -

29.7 8490 1.7 466000 13.4 7920 1.4 312000 10.0 8590 1.1 294000

29.7 8330 38 258000 15.8 8600 2.8 169000 10.0 8320 2.8 91800

29.7 7730 5.7 178000 18.7 6620 4.7 87900 10.0 7460 44 44200

34.6 6430 7.2 136000 20.2 4990 6.7 52700 12.6 6040 5.8 21200

—_ 34.6 5890 8.6 100000 22.0 4450 8.3 32600 12.6 5770 7.0 8270
& 34.6 5670 10.7 76300 244 3860 10.0 21100 12.6 5440 9.9 5630
40.1 5290 12.1 57400 13.4 5230 11.8 12900 13.7 4660 12.6 4200

40.1 4990 13.8 46000 13.4 7780 13.4 7260 13.7 4300 13.6 3740

MG100- 40.1 4790 15.5 35700  MGO050- 15.8 8460 15.8 5950 MGO030- 13.7 4300 16.5 3430
SW - - 17.6 28300 SW 15.8 9150 18.6 4720 SW 16.5 4200 19.1 3250
- - 19.9 21100 18.7 7020 20.0 4200 16.5 3940 20.6 3150

- - 254 9920 18.7 6610 21.8 3840 16.5 3870 - -

- - 29.4 6750 20.2 5690 242 3550 19.3 3750 - -

- - 342 4810 20.2 5310 - - 19.3 3710 - -

- - 39.6 3990 22.0 4450 - - 19.3 3350 - -

- - - - 22.0 4500 - - 20.7 3560 - -

- - - - 244 4090 - - 20.7 3510 - -

- - - - 244 4390 - - 20.7 3170 - -
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Table 4-35 Water retention test results of KV by psychrometer method

Thermocouple psychrometer

Chilled mirror hygrometer

Potential of

Potential of

Test case Water content . Water content .
soil water soil water
(%) (kPa) (%0) (kPa)
20.3 8500 1.1 368000
20.3 8420 1.4 280000
20.6 8010 3.1 168000
20.6 7680 3.8 150000
22.0 6700 53 115000
22.0 6510 5.8 101000
27.1 3030 9.4 68900
27.1 2860 9.6 70700
28.4 2930 10.3 60100
KV100-DW

28.4 2540 12.9 30200
31.4 2010 15.4 12100
31.4 1870 18.0 7240
32.8 4010 26.0 2810
32.8 3760 29.1 1650
342 1670 30.0 1500
352 1300 335 1120
36.9 1380 44.7 850
36.9 1300 46.0 780
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Table 4-36  Water retention test results by pressure plate method
Water Potential of Water Potential of Water Potential of Water Potential of
Test case content soil water Test case content soil water Test case content soil water Test case content soil water
(%) (kPa) (%) (kPa) (%) (kPa) (%) (kPa)
38.5 2 24.4 2 21.5 2 214 2
38.5 4 24.4 4 21.5 4 214 4
38.5 6 24.4 6 21.5 6 214 6
38.5 10 24.4 10 21.5 10 214 10
38.5 20 24.4 20 21.5 20 21.3 20
TG100-DW TG050-DW TG030-DW TG030-SW
38.5 40 24.4 40 21.5 40 15.6 50
38.5 80 24.4 80 17.1 80 14.0 100
38.5 200 21.5 200 - - - -
38.5 300 20.0 300 - - - -
38.5 500 19.6 400 - - - -
34.1 2 22.4 2 19.8 2 19.9 2
34.1 4 22.4 4 19.8 4 19.9 4
34.1 6 22.4 6 16.9 8 19.9 6
34.1 10 22.4 10 16.6 20 19.9 10
MG100-DW 34.1 20 MGO050-DW 22.4 20 MGO030-DW 16.2 40 MGO030-SW 19.6 20
34.1 40 20.6 40 12.5 80 13.5 50
34.1 80 20.3 80 7.4 200 12.5 100
34.1 200 19.5 200 - - - -
34.1 300 16.9 300 - - - -
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Figure 4-70  Relation between potential of soil water and water content by various methods (TG)
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Figure 4-72
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4.8 EVFRMERIERER
4.8.1 HBT—2R

5 FEHDONY NI A P aRRRIT, BVRRIERERBR 2 i L7z, AWFFECTIRIE L7z D13 EVRE
REBILHR TH D, BYRERITMIENIIB T 2BDEDO 00T S 2R L, BMEBERIIWIEN
(CBTDRADILEN DT SOEAWERTMIEETH D, 2 2T, BUniER % 1, BYLHER Z «,
WHRDFEE % p, WBE ¢ & T5 &, ZNOOYHEORRIIRAD L Y IckIN D,

a=— (X4-15)

AW TIE, BYniEs% QTM (Quick Thermal Conductivity Meter) & HD (Hot Disk) 1£(Z
i@,ﬁ#ﬁ+%HD&_i@MmLto

Table 4-37 IZEABR7 —AD—EZ~9, QTM IEIC L AHIEIX TG, MG, KV, SK, TM @ 5
FEFEDOR b A F&, HD IEICEZHIEE TG, MG @ 2 FEOR b A haEge L Lz,
ARERSATIE, XV b A R ETAWDOIRERDIED, HERIKORIFIE & i s 2 8B E L
7o BEIOEIKEFTEITITA A AHKE Wz,

Table 4-37 Program of thermophysical property measuring test (1/3)

. Target values of test specimen Measuring method
Mixture :
Sample ratio of Dry E]I‘;ecg:/ ¢ Degree of Water
bentonite density dezsity saturation content QTM HD
O gy g o) (%)
100 46.0 °
80 36.8 °
1.20 1.20 60 27.6 °
40 18.4 °
20 9.2 °
100 39.0 ° °
80 31.2 ° °
60 234 ° °
1.31 1.31 40 156 . .
20 7.8 ° °
TG TG100 100 10 39 ° .
100 34.0 °
80 27.2 °
1.40 1.40 60 20.4 °
40 13.6 °
20 6.8 °
100 25.1 °
80 20.1 °
1.60 1.60 60 15.1 °
40 10.0 °
20 5.0 °
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Table 4-37 Program of thermophysical property measuring test (2/3)

. Target values of test specimen Measuring method
Mixture i
Sample ratio of Dry Iigec(tjl:/e Degree of  Water
berz‘;)r;lte density dezsit; saturation ~ content QTM HD
0 3 0, 0,
(Mgm?) () (%)

100 24.6 . .

80 19.7 o o

TG050 50 161 116 28 194'88 . .
20 4.9 ° °

10 2.5 o o

TG 100 216 o .
80 17.3 . .

TG030 30 1.69 0.91 gg 183'70 : :
20 43 . .

10 22 . .

100 34.1 . .

80 27.3 o °

MG100 100 137 137 4618 fgg . .
20 6.8 o °

10 34 ° °

100 224 o *

80 17.9 . .

MG  MGO050 50 1.65 1.20 28 1935‘ : :
20 45 . .

10 22 . .

100 19.8 o o

80 15.9 o .

MGO030 30 1.73 0.95 28 171'99 : :
20 4.0 ° °

10 2.0 ° °

100 472 . -

80 37.8 o -

1.20 1.20 60 28.3 . -

40 18.9 . -

20 9.4 . -

100 353 . -

80 282 . -

KV KV100 100 1.40 1.40 60 212 . -
40 14.1 o -

20 7.1 o -

100 26.4 o -

80 21.1 o -

1.60 1.60 60 15.8 . -

40 10.5 . -

20 53 . -
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Table 4-37 Program of thermophysical property measuring test (3/3)

. Target values of test specimen Measuring method
Mixture i
Sample ratio of Dry Iigecg:/e Degree of  Water
bentonite  gensity dezsity saturation ~ content QTM HD
C gy Gt o) (%)

100 449 ° -

80 36.0 ° -

1.20 1.20 60 27.0 ° -

40 18.0 ° -

20 9.0 ° -

100 33.0 . -

80 26.4 ° -

SK  SK100 100 1.40 1.40 60 19.8 ° -
40 13.2 ° -

20 6.6 ° -

100 24.1 ° -

80 19.3 ° -

1.60 1.60 60 14.5 ° -

40 9.6 ° -

20 4.8 ° -

100 445 ° -

80 35.6 ° -

1.20 1.20 60 26.7 ° -

40 17.8 ° -

20 8.9 ° -

100 32.6 ° -

80 26.1 ° -

™ TM100 100 1.40 1.40 60 19.6 . -
40 13.0 ° -

20 6.5 ° -

100 23.7 ° -

80 18.9 ° -

1.60 1.60 60 14.2 ° -

40 9.5 ° -

20 4.7 ° -

4.8.2 #HE&AE

B ROMWESEL LTE, RESTEFLEEFEFIEDO “ DT bnsd, EFIEL, W
ERROWETNIKGBER SN TORWEEITITFENRWIET L L RDD, Koeah
LTWDEHEIIE, EFOREARIZE > T, WEPTOKSOHESHAELC D ATRENEDR D 5,
Z 2T, AWFETIE, FIFEFEEWHETH D QTM iEB L OIER AERIE TH D HD IEIZ LY
BMEROMEETT -T2,

(1) QTM (Quick Thermal Conductivity Meter) %

FEE FEGNET X D BMLBERME I, FEEHEWE (Transient hot wire method) & FHEIL S,
AT, ZOISHE L TOMBIEIZ X 2IFEFEREL Wz, Ziud, HIERISROLTR
Th 5 HEBRE#ET (Quick thermal conductivity meter) (2[R A T QTM ik & FRTIL D, B E)
REEEHE, H 60 COBMSERDBEEMO I, BWR & BGEX AR 1T i, —2D
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Ta—TEBE LTS, 207 —T ERIEREHII LY TTC, BRI L HIRE EF-
Nh, BMRERAZHETLHOTH D, QTM L%, BHEOWE & oS RESRIER & 7257
DREOFREER BT, £, HEOWEROM S DHELZ T LR EOMERbH D, L
ML, WCEIEWIRE Z R oG /KE OBMRERORIEFIEL LTUIEN b DO THY, N

F A FOBMBERORIEIZH AV SR TWD ERIEAY, 1992, K - 1, 1999),

W DI H BTSRRI AL A BT 2 S ICBVR AT 57, & L<IE, it
R CRENR 2 Hde HIEIZ L - TRRET 27, BlBMEE R T — 5 OBMBE L PR O Wi 2E
IZEATMEHCEE 2 TIET D2 HDOTH D,

Figure 4-77 [ZAHE THEH U7 B8 55 2~ 9, JEICE A Lok o-HElL, 7
0 —7O~HEZEE L, 150 mmx60 mmx20 mm & L7z, HFOEOTIRIEICBIT S E8fE % 0~
100% D] CHEEBURERE L, T ORFEIZ/ 5 K 1A 4 2 R BK TE KT Uik 2 i E
DRI B\ Hit b [0 TR 2 U E L 7=, QTM 2L AlllElx, Ao i 5 B, T 5
MlOF 10 BIFEM L, £ OFEEZ2 HEROBYRERDOMEE Lz,

| Degital voltmeter |_| Degital recorder
S 1 Constant current
Degital timer || ~power supply
1
i o %
_______ —F———x{>
/ L3 Comparative
| \ . substance
Hot wire
Sample
Cold junction Thermocouple
(a) Schematic diagram (b) Measuring device

Figure 4-77 Quick thermal conductivity meter

(2) HD (Hot Disk) %

FERIFED (1997) 12X > TREEM OBWMEO BRIV S 8 L (HD 15 1, 2R
VN —I A ZZHWDH Z L2k, HEERFIC—I A2 2H 50 CDOE DAL, £D
BITHERIR ORI EECEACREEEZ TR TE 5 2 &, HEEABSRBJRIEIZ T/ h &<,
£, BEEL/NIL, WERKMEZES TELHZ R EDFENRH D,

Figure 4-78 |2 HD {EEW M @2 & O 2074, ETIE, EEEFoP—I A X B L O
FRPLOBEORZEZ BT L, ZORENS, — I A X ORI XU E ORI 2L
PEHT 5, FTO%, —IRH, b—IRXOHWE (FT7 R) BILOGIRE & AT2% TIEH
T2 LB X OICEBIE R E T A —Z I LTmifiiT 21TV, A0 BYLHER A FRE T 5,

Figure 4-79 [Z1X HD A L AWEF ORI EFR v b T 4 A7 B —DJERK & & HITRT,
HD {EEWMRIE2E L, Figure 4-80 (O T L 22Ky h T o4 A7 h—% 2 fHOHGEAT
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PIIAIBTR 8T 4 A7 B o —ICEEREZ T Z LI Lo T EREFEAIE, Ky T o
AT Y —DIREEAENLBWEEZ RO D LD THD, Ky bF 4 A7 B oY —| L EHIRE
MEIC o TRy, REFEThL L LB, BESERY NF 4 A7 h—DESIEITE
b LTIRADZENTE D,

HD HEOHEREY 4 XL, Ry T4 A7y —DEEE D 158, EKERIT 3D
PLE 100 mm AR, EXZ 1D U EERESNTWD, AFEICHW A Y b T 4 A7 W
—DEAT 14 mm TH Y, HEEOTEILERE 50 mm, JES 20 mm & U7z, BEERAITAFIE
% 0~100%D M THEUTERE L, A 4 UK CTE KT U 7= 508 2 FTE 0 REISE FE 12 fi D
@O TR L 72,

Copper wire 20
Gl 1
\F o Thermistor Glass coating
i— = 2 —
- \,.__ Copper wire
- = T~ <
<
.........
10 , — Untt:mm
b e

Silicone resin

Figure 4-78 Schematic diagram of measuring device by HD method

Figure 4-79 Measuring status of thermophysical property by HD method
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Figure 4-80  Setup for hot disk sensor

4.8.3 HERER

QTM {EIZ X D EEFEORERE R D —% % Table 4-38 12, HD I X B EEHEDOR ERERD—
% % Table 4-39 | ZFNEHTRT,

QTMIETHIE L72TG, MG, KV, SK, TMOA R DEYRE K L 5 /K L D Bf% % Figure 4-81
2T, WTHORBRT — A ZOWTHE KON BYRER IR E S RDFER L 2o
7o F72, WEORNZIIBERESREIMOMEA N H 5 2 & MRFRD Lz, [Rl—OE KL TIXEzE
BENRKENGEITE, XV A MEEEN NS FABOEIENRLNGET EBMRER I
EVMEZ R LTz, [ CSRAFORIER R Th 2 BYnER A4 fafnfE & ORILR T/Rd & Figure 4-820
L2127 o7, TG, KV, SK, TMDOXY b A REUKR (R b o MEE3100%) ORBRS
ECIL, RREM CHRE SN D K O 7R o (1.2~1.6 Mg/m®) 23 LT, [FUEASR
T CEBMRERZ IS 5 Z N TE D, OGS, ffE & ORBRRICBWTIE, K& 2R
FEDIFE ) DNEMERITE L RAMEMZRODLZENTEDL LD, Gkl E OBURCTEA L
Gt 3 ERBR U - S ORI I L DB EROEIIRELS R oTe, —HT, N A
MEARIC L HBUREROE|IFHE Th -7, Figure 4-83 TIF A hHAKTOERER
CBAFNEE ORISR %, FEERERE 22 TNy N A M OFEREIC R LT L7z, TR CAR RN |kt
L C, TMOBMRE RN H K<, KVOBMRERE N i b @mUME Z KO D Z ENTEXHH DD,
N M A NOFEFITH T D EYRERO AT NI o T,

Figure 4-84{ZQTMIEIZ L 2 BMRER OERE R & HDIEIC X 5 BRSO ERE R 4 bl L
TRT, TGEMGE HIZ, MIEEIZ L2 BMRERIIEW—Z2 R L TEY, SRHEELZR
B OBYRERNZURETHDHZ EaE L TWNDH EEZ LN,

Figure 4-85(ZHDYAIZ & 0 JIE L7=2TG & MGOEMILHIR & S /KO RR 2777, BWEBERITSE
IKEEDBEIMZAEN K E < AR BN EDNTZ, TGEMGE H1Z, Z OBEEERO BEIME A X7
AWPRE L TVDIRETHETHY, X A MBI TIEE KR L THE T 2RI
IEE > T, R UEHBORERES Th 2 BPLHER 2 fafn i & OBtk T/~7 & Figure 4-860 X
Ttz A CEFNEEI 6 L CEMAHCRIITG L W MGDIE ) N TR & WEREE T, ffnfEc
KD BILECER O EAMEANIITG E MG TRIEE Th - 72,

PLEDRERING, X b A FOBEREE LT, BUREREBIIHER E T A FE
R COFASLEEIZ L 21BNTD L, TAWMBIOKGOIBARIZEIDEENLY KRENWE
EZ iz o,
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Table 4-38 Thermophysical property measuring test results by QTM method (1/2)

MI?(tLII‘E Water Degree of Dry Effective Thermal
Sample ratio O.f content saturation density clay (_1ry conductivity
bentonite (%) (%) (Mg/m®) density (w/(mK))
(%) (Mg/m?®)
44.6 96 1.19 1.19 1.27
35.7 77 1.19 1.19 1.09
26.9 57 1.19 1.19 0.86
18.1 39 1.19 1.19 0.60
8.1 17 1.19 1.19 0.38
37.9 98 1.31 1.31 1.34
29.5 76 1.31 1.31 1.13
22.9 59 1.31 1.31 0.92
15.2 39 1.31 1.31 0.68
7.6 19 1.31 1.31 0.47
TG100 100 33 8 1.31 1.31 0.40
33.0 96 1.39 1.39 1.42
26.9 77 1.39 1.39 1.23
20.2 60 1.41 1.41 0.95
13.5 38 1.38 1.38 0.72
6.6 19 1.39 1.39 0.54
TG 24.2 92 1.57 1.57 1.44
20.2 76 1.57 1.57 1.30
NG NG NG NG NG
NG NG NG NG NG
NG NG NG NG NG
241 97 1.61 1.15 2.19
18.9 76 1.60 1.15 1.86
14.0 56 1.60 1.15 1.47
G050 S0 9.3 38 1.61 1.15 1.04
43 17 1.61 1.15 0.67
2.3 9 1.60 1.15 0.57
19.9 92 1.69 0.91 2.61
15.7 72 1.69 0.91 221
12.4 57 1.69 0.91 1.86
G030 30 8.2 37 1.68 0.91 1.13
3.7 17 1.68 0.91 0.63
1.7 8 1.68 0.90 0.43
32.6 95 1.37 1.37 1.37
26.5 78 1.37 1.37 1.23
20.5 60 1.37 1.37 0.98
MG100 100 13.6 41 1.38 1.38 0.75
6.7 20 1.38 1.38 0.50
1.6 5 1.39 1.39 0.38
21.8 95 1.64 1.18 2.02
e T v R
MG0S0 50 9.2 41 1.65 1.19 1.21
5.1 23 1.65 1.20 0.76
2.0 9 1.63 1.17 0.56
19.0 96 1.73 0.95 2.63
16.1 81 1.73 0.95 2.36
MG030 30 11.7 59 1.73 0.96 2.03
7.7 40 1.74 0.96 1.44
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Table 4-38 Thermophysical property measuring test results by QTM method (2/2)

MI?(tLII‘E Water Degree of Dry Effective Thermal
Sample ratio O.f content saturation density clay (_1ry conductivity
bentonite (%) (%) (Mg/m®) density (w/(mK))
(%) (Mg/m?®)

4.5 24 1.75 0.97 0.94

MG MGO30 30 2.0 10 1.74 0.96 0.60
455 95 1.19 1.19 1.26

36.7 78 1.20 1.20 1.19

27.4 58 1.20 1.20 0.90

19.0 40 1.20 1.20 0.74

9.8 20 1.19 1.19 0.36

333 92 1.39 1.39 1.38

27.4 77 1.40 1.40 1.27

KV  KV100 100 20.6 58 1.39 1.39 1.04
13.4 37 1.38 1.39 0.70

7.5 21 1.39 1.39 0.50

244 92 1.60 1.60 1.47

20.2 75 1.59 1.59 1.40

14.6 54 1.59 1.59 1.07

10.0 38 1.60 1.60 0.87

5.3 20 1.61 1.61 0.65

41.3 91 1.19 1.19 1.23

35.7 79 1.20 1.20 1.09

27.2 59 1.19 1.19 0.83

18.1 40 1.20 1.20 0.60

8.9 19 1.17 1.17 0.32

33.2 98 1.38 1.38 1.35

27.2 79 1.37 1.37 1.16

SK  SK100 100 19.8 58 1.38 1.38 0.92
12.7 37 1.37 1.37 0.64

6.5 17 1.32 1.32 0.40

243 92 1.55 1.55 1.36

19.8 79 1.57 1.57 1.22

14.7 54 1.53 1.53 0.94

9.7 36 1.54 1.54 0.71

5.1 21 1.59 1.59 0.52

45.7 98 1.17 1.17 1.16

37.0 82 1.19 1.19 1.06

27.9 61 1.18 1.19 0.78

18.9 42 1.19 1.19 0.57

9.9 21 1.16 1.16 0.29

343 100 1.37 1.37 1.26

27.9 84 1.39 1.39 1.13

™  TM100 100 20.6 61 1.38 1.38 0.85
13.7 40 1.37 1.37 0.61

7.4 22 1.38 1.38 0.46

24.8 98 1.56 1.56 1.29

20.6 84 1.58 1.58 1.20

153 60 1.56 1.56 0.91

10.6 41 1.55 1.55 0.71

NG NG NG NG NG
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Table 4-39 Thermophysical property measuring test results by HD method

M|>_<ture Water Degree of Dry Effective Thermal Thermal
Sample ratio qf content saturation density clay (_1ry conductivity  diffusivity
bentonite (%) (%) (Mg/m®) density (w/(m-K)) (mm?/s)
(%) (Mg/m?®)

37.9 98 1.31 1.31 1.29 0.37

29.5 76 1.31 1.31 1.07 0.39

229 59 1.32 1.32 0.83 0.35

TG100 100 15.2 39 1.30 1.30 0.64 0.33
7.6 19 1.30 1.30 0.44 0.28

3.3 8 1.31 1.31 0.38 0.27

24.1 98 1.61 1.16 2.15 0.82

18.9 76 1.61 1.15 1.85 0.71

14.0 57 1.61 1.16 1.48 0.68

TGOS0 50 9.3 38 1.61 1.15 1.02 0.60
43 17 1.61 1.15 0.67 0.43

2.3 9 1.60 1.15 0.57 0.41

19.9 91 1.69 0.91 2.48 0.95

15.7 73 1.69 0.91 2.26 1.02

12.4 58 1.70 0.92 1.93 0.86

G030 30 8.2 38 1.69 0.91 1.24 0.81
3.7 17 1.69 0.91 0.75 0.46

1.7 8 1.69 0.92 0.44 0.28

32.6 96 1.37 1.37 1.38 0.49

26.5 78 1.37 1.37 1.16 0.39

20.5 60 1.37 1.37 0.93 0.38

MG100 100 13.6 40 1.38 1.38 0.71 0.36
6.7 20 1.37 1.37 0.49 0.31

2.0 6 1.37 1.37 0.38 0.32

21.8 97 1.65 1.19 NG NG

17.0 76 1.65 1.20 1.94 0.72

13.5 61 1.66 1.21 1.66 0.71

MGOS0 50 8.9 39 1.64 1.19 1.16 0.66
49 22 1.65 1.20 0.73 0.46

2.0 9 1.66 1.20 0.59 0.45

19.0 96 1.73 0.96 2.63 1.27

16.1 82 1.73 0.96 2.44 0.91

11.7 59 1.73 0.96 2.03 1.02

MG030 30 7.7 39 1.73 0.95 1.50 0.80
4.5 23 1.73 0.95 0.85 0.56

2.0 10 1.72 0.94 0.58 0.36
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Figure 4-81 Relation between thermal conductivity and water content (QTM method)
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Figure 4-82 Relation between thermal conductivity and degree of saturation (QTM method)
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Figure 4-83 Comparison of thermal conductivity for bentonite types (QTM method)
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Figure 4-84 Comparison of thermal conductivity measured by QTM method and HD method
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Figure 4-85 Relation between thermal diffusivity and water content (HD method)
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Figure 4-87 Comparison of present study and previous study on the thermal conductivity of KV

155



5. HARMHBORMBEN & & UHEBRAEICHIT 5t

ABFGETINE LT < 70 AR DU TP 1T > T, BT 53 ik
B LI, S ORBRRE, ARRCRIE LI RIS L RE T — ¥ O(F R B
TORFIEEZXDZ LG, UTICELDD,

5.1 &/KLAIE

TOEKEE, JIS A 1203 (ZRFEINDFIECLVPESIND Z ENZ, ZiuE, ik
Z 11025°CT—E-E R D ECHBESELHETH D, —EE BT/ F TOWEREIT,
—WRITIE, 18~24 BRI & SN TWD, ZZTIE, XV b A MZOWTH FEEED LIS
L OHIET D Z L oL RET5,

A L7oikHE, 6 FEDONY F A habNicErEY v A ik KP-F: 7 =7
F/ 7 =IxTHER) Tho, 2nbOalkla, HREEFEZHWD Z £12X Y 60°C, 110°C,
130°C, 150°CTMENL, EEZ(LZHE Lo, BRI, 1~7 BO®EFEE Lz, Fase L
TH T AROMERE W=, &KL, 000l g F THIETE D L& W, MEED
WA TIET Y B PNV ERE LT v r—% —HNIZBW T, BEOESY LR TiE LT,

ZITE, AT ogKEkEEUTORICEVHE L,

' my —my .
w' = X 100 (5-1)
mp—me

T2, wIEANTOEKE (%), ma T5UEHE BEROE R (2), my 1 TFRREE &R
WwOERE (2), m (IRWMOERE (g Thd, AHEHICEBWNTL, BKEOWESRGEZED D
ATORRET E WO NLEMTFIZE D, BT OEKE &ML CGaikd 5,

BARESAE TH DAL AT O F K & RFENNEREH D BAf% % Table 5-1 & Figure 5-1 [T~
7, FKIZBWT, RO 7-DIZ 110°C-24 R OMNEC X 0 5 5 7= BT o& KO T
IR Cv—F 7 LTz, 60°CIZBWNTIE, T X TORBHIBWTUENDIRESM & T
RNTOEKEIMENZ &R o72, 110°C, 130°C, 150°CIZFHIR L2 D BT D&k
tboZEEh L LT, MEEFRIZ X 6 30.1% 0PN TH Y, 24 FEELLEOMEZ X v 7o
FOE KD BFEANZIINT D = & id7e o7z, Nafil_y o Mooy ESn 5 KV, TG,
SK, 3 X OVKP-F {22V T, 110°CH S 130°CIZHiRT 5 Z & TRT DEKEIE 0.1~0.2%
DI, 110°CH>5 150°CITHIET 5 Z & T 02~04%DHEMAZED bz, —J7, Calil~
F A MIHFEEND MG, TM, IZ 12OV TE 110°CH 5 130°CIZFHIRT 5 2 & TRMNTO
KX 0.6~0.7%DHINN, 110°CH 5 150°CIZFIRT 5 Z & T 0.8~1.3%DHMNRD HiLiz,
FEXTEIZ Na Bl L ) Ca Iy b F oA B DIE D B FHRIZ L 2 BT OEKEEDOHINIRK E 225
77

110°C-24 FERAFZ IR A FEHE L LT AT O &KLD& U CHEBE L7255 5 % Table 5-2 &
Figure 5-2 |29, ZAUT LD E, BT OEKEIL 130°CicBV T, KV, TG, SK, KP-F
1% 1.01~1.05 12, MG, TM, 1Z IZOWTIE 1.07~1.11 fHZEIM L= Z £y ho Tz, £77,
150°CiZ8BW\ T, KV, TG, SK, KP-F i 1.02~1.08 fi5iZ, MG, TM, 1Z {2\ TiX 1.10~1.17
iz L7,
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Table 5-1

Apparent water content and cumulative heating time

Cumulative Apparent water content w’t (%)
Temperature L
) heating time
(days) KV TG SK MG ™ 1z KP-F
60 4.92 7.41 6.96 3.58 4.39 6.37 5.25 7.58
110 5.92 7.88 8.03 4.66 7.01 9.12 7.63 8.26
110 7.04 7.88 8.02 4.67 7.05 9.15 7.56 8.25
110 10.83 7.88 8.02 4.66 7.11 9.28 7.61 8.27
130 11.82 7.99 8.22 4.89 7.72 9.88 8.45 8.38
130 13.79 7.96 8.18 4.84 7.68 9.80 8.27 8.33
130 13.92 7.96 8.17 4.84 7.67 9.77 8.22 8.36
130 16.75 7.98 8.18 4.87 7.69 9.79 8.25 8.37
150 17.75 8.07 8.29 5.01 788 1007 894 8.40
150 19.87 8.06 8.24 5.02 786  10.03 8.5 8.38
150 23.69 8.03 8.13 5.02 7.86 9.92 8.88 8.44
11.0 160
3 110°C, 24 hours
S 100 A a F‘ S P ® KV
2 90 iAla 4 " . = . |aTG
c i
g X X t120 8 m SK
£ 8.0 Y ; ! i‘ ¢ ¢ 5 | eMmc
5 70 j0/0 . 1008 |AT™
© ] Q mZ
6.0 : o
z - 80 £ | xKP-F
g 50 'mim g" = @m® ® u . — Temperature
g . 60
g 40 [
< [ ]
3.0 ‘ ! 40
10 20

Figure 5-1

Cumulative heating time (days)

Relation between apparent water content and cumulative heating time

Table 5-2 Relative water content and cumulative heating time

Cumulative Relative water content w’t/w’110
Temperature L
O heafing time KV TG SK MG M IZ  KP-F
(days)
60 4.92 0.94 0.87 0.77 0.63 0.70 0.69 0.92
110 5.92 1.00 1.00 1.00 1.00 1.00 1.00 1.00
110 7.04 1.00 1.00 1.00 1.00 1.00 0.99 1.00
110 10.83 1.00 1.00 1.00 1.01 1.02 1.00 1.00
130 11.82 1.01 1.02 1.05 1.10 1.08 111 1.01
130 13.79 1.01 1.02 1.04 1.09 1.07 1.08 1.01
130 13.92 1.01 1.02 1.04 1.09 1.07 1.08 1.01
130 16.75 1.01 1.02 1.04 1.10 1.07 1.08 1.01
150 17.75 1.02 1.03 1.07 112 1.10 1.17 1.02
150 19.87 1.02 1.03 1.08 112 1.10 1.16 1.01
150 23.69 1.02 1.01 1.08 1.12 1.09 1.16 1.02
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Figure 5-2 Relation between relative water content and cumulative heating time

WIZ, N A FNOAF RN LY BEEECOMD R D Z EDNREINTZZ EnD,
HHEGA A Ol E VTR Z B Lz, 2 2T, M5/ 4> & (Na, K, Ca, Mg)
DO¥8FN% CEC & LT, Na/CEC & (CatMg)/CEC /37 A—X& L L1z, 110°CEHHEL LT,
130°CHE LN 150°C TRIE ST KD RFEE L B3R TR LT, Ko7 s L il 4t
FORRZ Table 5-3 & Figure 5-3 |27~ F, Na/CEC R2(Ca+Mg)/CEC & Ky 7&FE DI IEH
W22 AR BEBRIZERD B o 7228, THliA A2 DEIE @ IE E KRR EITRK 0.07%
IZEREWZ L,

Na I~ bAoA MBS D 3 FEEE (KV, TG, SK) &, Cafii_y hJ oA MMIHMEE
N5 3FE (MG, T™M, 1Z2) OZFNLHITOWT, 110°C-24 B ORI L 0 557z A
FOEKEL S, 130°CH LT 150°COHIRIC BN TH: S BT D& KOl Bk %
Table 5-4 & Figure 5-4 (27”7, W& OFHBEBMRITIRAUC TS 2 2 L8 TE D,

Na B~ o~ (KV, TG, SK)
Wi30 = 0.9755-wy10 + 0.3114  (130°COEE) (#5-2)
W150 - 094‘57 . WllO + 06054‘ (ISOOC@%/EI\) (KS'?’)

Cai~> 74 F (MG, T™, 12)
Wise = 1.0087 - wygo + 0.6099  (130°COHA) (345-4)
Wisg = 0.9681 - W110 + 1.2535 (ISOOC@%{EI\) (KS-S)

T 20T, wizo & wiso I 130°CE 721 150°CIZ BT 5 AT EKEOESE (%), wio 1Z
110°C-24 BEIC BT D AT EKEE (%) THD, FEMEORHICIE, AEH TR LIEZAEE
OB 31T 2 2EEZ e, MBI —H 2R\ T 0999 L ETH -7z, Calil
N R A RO 150°CHRAEIZHONTIE, FHRREDY 0956 & 1F0 & HERTORMED 2 7228,
BT ORS R 2B E 25 &, HAKICEDEETANTOEKLOBE/NIEDL DNz &
Ez o5,

VOB LY, ARSI TE 5 EKEHEDOES BT LU TFD L 512D,
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SRR 2 24 BEREILLEICIEIE L Ch AT O& KIS R 22 BB A 1358
DHIIRNT &G, PR ORI 24 KDL ETHIUTR Y,

130~150°CDHZIEIZ L 2 BT OE KD ZEALIZIREM 28 CTh 5 Z &, 150°CEA:
IRV TIHEAR D R B EE I RITTENRE SN2 &0 n, IIENREIL JIS A
1203 THUE S5 110+5°ClTHhit—3 % Z & TRIEDOFIENRE LD,

PLEX v, REFZEICEWTIE, 110+£5°C T 24 L B S TE LN S DIZHOWTE
KibEit#d+ o2 & & LT,

Table 5-3 Difference of evaporation mass from 110°C condition and ratios of extracted cations

Temperature Difference of evaporation mass from 110°C (%)
(°C) KV TG SK MG TM IZ KPF
130 0.08 0.08 0.07 0.13 0.14 0.14 0.17
150 0.15 0.15 0.14 0.15 0.17 0.17 0.31
» 02 0.2
g 130°C | | oKV § ~ 130 | [eKv
£ =
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23 | 20
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Figure 5-3 Relation between difference of evaporation mass from 110°C condition and ratios of

extracted cations
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Table 5-4 Apparent water content by conventional drying and higher heating methods

Temperature Average of apparent water content (%)
°O) KV TG SK MG TM IZ KPF
110 7.88 8.02  4.66 7.06 9.18 7.60 8.26
130 7.97 819 486 7.69 9.81 8.30 8.36
150 8.05 8.22 5.01 7.87 1001  8.89 8.40

S = =
o N

| y=1.0087x + 0.6099
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y =0.9755x + 0.3114
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Figure 5-4 Relation of water content by conventional drying and higher heating methods
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5.2 BWHEMRHERIZH TS LHEEDKRET

AR CIE, BRI LI > TRRD Z 200, HBEROTEALEZELCL
HWEZTEDDVEND D, AFFETIE, X b T A NRMBHIRHT 25073 efigag 55\ ik e
ERETHIEE L, BlxiX, v A FRMEIORE TRHZA U2 BRI LT, FREK
(280 ARfaFn)s HAfI~E S CIAEIC LV RM A 2818 (A —L) Thod, BEE
DORFFETIE, EIFEDOSME LTIEE~20 kPa TITHON T D (/& - 7, 2002, M« HiAT,
2005) , FZEEACHE D SREEN EZNET D720, SHEHFOENITR L TEEOME L1
WL, BEMEO—RTEREZECIEDIHLERS D, WMENNSTEDLE, 29 LIRENH
TR, R ROLECHBMEOE FICORN L Z ERNBEEND, APFETIE, T
ERETHID, EEEAEZ - TR EZEM L7, £72, BEEENICET 5 F TICEE
MAEES 22 Eonn, BEFRITEUT X 2/ KIBEROFAM 7L & SHERIZ OV TH R LT,

T ek T L 7= #ERAI1IKV070 £ KVI00TH W, SRR D E X 131.0 cm72 5 ONZ0.5em &
L7z, bF#E1X12.7 kPaZe HTNC19.6 kPak L7z, AWFIECHEH L - AL ERERIEE T, ©
AR EQOERICLY, E#EJEIX127 kPadif/IME L 72 %, REBREEE F44281 R LT B
D CThDH, REFEROEMIZBWNT, BAEROERYT —% 2 PUbfRirl L=, ZhizonT
HAA2HITR LT EB Y OHETH D,

TR OFE B & Figure 5-5127d, B#E1212.7 kPad AL, BAM=R & RGEIT o B
IRl E BB SN, —F, E#iE#196 kPak 325 Z L1k, RHHIZMH
T OEAITIR NG DDV & BRI O BRI G Bz, T b OFEROENE, B
EOMBZEIAbLDEEZOND, FHMEORVERBREITZD LY, FHEDOTFRE LT, &
e Tl E#EA19.6 kPal L7-,

Table 5-55 ¥, KVI100CTHEET 5 &, BEAARDE ST X &R, L 0 Kb 7= i KA
BRIFTHB%N DM FE HAER & Ip o T, HEMRDE 2305 cmdD 7 — ROV T, #I10 H KA
TIABEEIXIFIER T L QW & 2BET 5 L&, 108 L EORRYIT — & % F\V - COR T
Plafro ZLick v, MEKRDOE &X05~1.0 cmOE P THIVE, Fie KEZAERZ M E < 79
TE5EEZ2LND, HRAKOFESIZHOWTE, mEINEVITE, Rz EEcEs &
DT IND, —F, KR TIE, TAWERET DI s, HEEE S 0/ N SWEHTRIES
DEENECLAREME L H D, ZNDDOREEE 2, AR T, AR S131.0emé L,
MHRIT PN WS T —2 & L CII4B L EaRTH 2 & &L LTz,

REARZE TR BR O ~HEZD AT DU T L2 BEEWFZE (HHRIE72, 2002) TiX, MO 24 (K
WFEIC BT DR L [FE) LR (O OMICHERINTFEL, BEOT A & YO BRI
HBEAARE S (H) IEFELRVWERENTWDS, Tt b &SRB 2 o o gk &
THIE LTl 2 W TEHT 5 L, Figure 5-61R9 XK 912, 72 LONIIEAMER & H2OBIRIC
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Figure 5-5 Relation between swelling rate and elapsed time in preliminary swelling deformation test
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Figure 5-6 Relation between swelling rate and elapsed time normalized by specimen height

Table 5-5 Hyperbolic approximated maximum swelling rate in preliminary swelling deformation test

Specimen height Vertical pressure

Maximum swelling rate

Sample (cm) (kPa) baz(:)(; rc;r:( itrr:qea:]i)éﬁe(r;)(;lic
KVO070 1.0 12.7 No data
KVO070 1.0 19.6 140

KV100 1.0 19.6 190

KV100 0.5 19.6 210
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Figure 5-7 Double wall permeameter
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Figure 5-8 Schematic image of double wall permeameter
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Figure 5-9 Coefficient of permeability measured by using the double wall permeameter (K'V, SW)
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Figure 5-10 Example of convergence judgment by Asaoka’s method
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Figure 5-12  Example of convergence judgment by V¢ method

Table 5-6 Convergence time by each method

J "t method 3t method Asaoka's method
Loading Final disp. Convfergence Volu_me Vo_id Final disp. Conv_ergence Volu_me Vo_id Final disp. Convgrgence Volqme Vo_id
step time ratio ratio time ratio ratio time ratio ratio
(mm) (min) O O (mm) (min) O O (mm) (min) O ©

1 0.398 130 1.588 0.588 0.490 1300 1.573 0.573 0.528 11520 1.566 0.566
2 0.911 255 1.502 0.502 0.980 1550 1.490 0.490 0.990 8600 1.488 0.488
3 1.517 300 1.399 0.399 1.617 1900 1.382 0.382 1.626 2800 1.381 0.381
4 1.556 88 1.393 0.393 1.548 560 1.394 0.394 1.545 2160 1.394 0.394
5 1.441 180 1.412 0.412 1.409 2000 1.417 0.417 1.403 4320 1.418 0.418
6 1.209 1080 1.451 0.451 1.173 5600 1.457 0.457 1.170 7200 1.458 0.458
7 0.831 2680 1.515 0.515 0.768 16000 1.526 0.526 0.783 7920 1.523 0.523
8 0.178 24500 1.625 0.625 0.157 65000 1.629 0.629 0.165 46080 1.628 0.628

Total min. 29213 Total min. 93910 Total min. 90600

days 20.3 days 65.2 days 62.9
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Figure 5-13 Comparison of e-log p curves obtained by each convergence judgment method
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Figure 5-14 Swelling pressure-time history
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Figure 5-15 Comparison of e-log p curves for different sample preparation waters
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