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Abstract

For the improvement of soft ground, stabilization methods using cement and cement-type
solidifying agents have shown some promise. Soil improvement measures are particularly
important in Japan, where there are many areas of soft ground. Soil improvement methods are used
in construction work including earthquake-resistance measures, the reuse of soil generated from
construction, and the remediation of polluted soil. The addition of cement and cement-type
solidifying agents can improve the strength and other physical characteristics of soil, ensuring a
cement hydration reaction in the short term and a pozzolanic reaction in the long term. An
advantage of such methods is that the target strength can be increased quickly.

In the present study, a laboratory mix test was conducted to determine the design reference
strength of cement-stabilized soil. An unconfined compression test was performed on specimens
cured for 7 days or 28 days under atmospheric pressure. The quantity of the cement was set using
the "on-site/laboratory strength ratio," which quantifies the difference between the laboratory mix
test result and the result obtained in construction on-site, based on the unconfined compressive
strength in the laboratory mix test. It is thought that undrained shear strength increases with the
depth because the confining pressure (which corresponds to the overburden pressure) acts on the
soil element of cement-stabilized ground at a field site after construction. However, the design
reference strength of cement-stabilized soil is decided by the unconfined compressive strength of
the specimen cured at atmospheric pressure, and it is a problem that the strength increase in the
depth direction of the undrained shear strength has not been considered for stabilized ground; the
influence of the confining pressure on-site has also not been considered. The establishment of the
strength and deformation characteristics of cement-stabilized soil cured under a confining pressure
is important.

Here, unconfined compression testing was conducted for three types of cement-stabilized



problematic soil: loam, peat, and dredging soil, cured under confining pressure. The unconfined
compressive strength characteristics of the cement-stabilized soil samples cured under confining
pressure were identified. The results showed that the unconfined compressive strength of
cement-stabilized soil increases linearly with the increase in confining pressure during curing, as
was observed in a previous study (Yamamoto et al.2002). There are some correlations between the
physical index and the strength increase of cement-stabilized soils. This study used a defined
physical index expressing the strength-increase property, named parameters a and P, which
decreases with the increase in the liquid limit, the plasticity index and the fine content. It is thus
possible to estimate the unconfined compressive strength of cement-stabilized soil cured under
confining stress by knowing the physical properties of soil and unconfined compressive strength in
the laboratory test.

A series of unconfined compression tests was conducted on one-dimensionally consolidated
cement-stabilized soil samples, and a series of consolidated undrained triaxial tests was performed
on isotropically consolidated cement-stabilized soil samples. The following points were then
examined based on the test results: (1) the influence of the differences in consolidation conditions
during the curing process on the consolidation and undrained shear characteristics of
cement-stabilized soil during cementation, (2) the consolidation and undrained shear behaviors of
cement-stabilized soil when the application of isotropic consolidation stress was delayed in the
triaxial test, and (3) the effect of consolidation stress during the curing process on the residual
shear strength of the cement-stabilized soil. The results revealed that the volumetric change of
cement-stabilized soil during consolidation depends on the stress condition of the specimen. The
ultimate volumetric strain in isotropic consolidation was approximately 1.5 times that in
one-dimensional consolidation. An identical trend was recognized in the undrained shear strength.
Thus, when the loading of the confining pressure is delayed, the undrained shear strength may be

underestimated, depending on the time interval between the cement treatment and the specimen’s



consolidation. The shear strength in the residual state continues to be influenced by the
consolidation pressure during curing.

Next, I investigated the mechanism underlying the strength development of cement-stabilized
soil in light of changes of the void ratio. I propose a model of the structure of cement-stabilized
soil considering the process of cement hydration and each component of soil, cement, water and air.
I evaluated whether the strength increase of cement-stabilized soil is attributable to the decrease in
void ratio and the development of cementation, based on the relationship between the void ratio at

the end of curing and the undrained shear strength.
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Figure 1.1.2.

Measurement of unconfined compressive strength of cement-stabilized
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Table 1.2.1. Previous studies on characteristics of cement stabilized soil cured under confining

stress
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F2F WHEETCEEL-BAODEAY FRENELTD
— Bh AR A1

2.1 K&

ATE TR HIC, —RIEEBRHFTTEAELZE A ML ELA + O —ihE
R B R E IS BT S BFSR L, AR Y, RS Y, IR VICXYVERESATEY, £
DR L L TEAERFORFE (EHE) OAIC LD ¥ A b0+ o — ol E
MEILF LS ZT 22BN R TS, 2O XD RIERITHE D BN
CER L2 ENE L OMERMBE 2%, LAL Y, gakS 2P, HA X, [JEHE
R EEREL, THICAETTEERTICOWVWTH Y ORBREMFICIVHRFILT

WOHLNLTORBBEOREBEIZOWTIIHLNITISN TR,

Z T, AETE, EREOM L CMBELRLINERtICsEShIr—A4, RELBID
BRERRELT, TNV NREBEHEEE VZ2HNTC - REEESFETTHEALE
il % D 22 7 AL B = D — il A TR REPE I O W T RS RIS OV TR R BT, 2ivh
OREAER EBEEOMIE (HE Y, HKS V) ORBERE b L ICRAR Lo EY
EHRIEIC L D MEEINEEOMHBAMEZH O NIT 52 L TRHRIEDORELZZE L
T BB o W EAERE A HEE T D HEIZOWTHE Lem R ek <%
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2.2 REBAE
2.2.1 tEHEBELUVREM
AR CTHWE BT, TERTHERRIAWZTERr —4, fFMEERTRIRS
7o ] e e 1, kvl TEREL S Lo LA VE IR Td S . Table 2.2, 112 Ll
MUEH %, Figure 2. 2. L IR MM AR %, Figure 2. 2. 2 (CHMEM 2R 7. 723,
INENORFEPICIE, LEOZOICHAO Y ARBRICHH L7z 2R (L0 BT
RINHELBSIOWE L, MURTERSAZIAY ), BRL VARERIC
ALt BoTr—2 (LR RTHEBs AN Er M) st LTWnd. 20
OH, Rk bICHBEIND TER — L&, Wi &RE L, 0 E TR (308 BIR &M L,
BN1T.2 %~39.1 % THY, ARV ZZREIIEATHDLZLRBETHS.
LEMITHBEBRL FT 2 R X MBI, “OPC” & 2)B L0 —fikikgs + 4
Bt (DL, “BEet” &3 2) %2 Wi, Bk OPC & ik L T S0, 8% <,
HIIOENDZNWI ERRHMTHD.

Table 2.2.1. Physical properties of soils used

Particle Initial ~ Fine  Maximum Mean Liquid Plasticity  Ignission Soil
Name of soil Sit density water content grain size Grain Size limit index loss classification
sample ¢ content by
o (glem’) Wo(%) Fe(%) Duw(mm) Dso(mm) wi(%) 1,() Li (%) IGS
Yamaguchi Clay Yamaguchi pref. 2.687 45.0 61.0 2.00 0.0262 454 253 - CL
Yamaguchi Sand Yamaguchi pref. 2.693 20.7 18.9 4.75 0.935 36.6 14.2 - SF-G
Kaolin Okayama pref. 2.618 70.0 98.0 0.20 0.00695 62.0 21.8 - MH
Kawakami Silt Yamaguchi pref. 2.638 22.2 52.9 4.75 0.050 43.5 18.4 - ML
Chiba Loam Chiba pref. 2.718 113.1 92.9 0.425 0.0128 173.8 80.2 29.8 VH,
Shizuoka Dredged soil Shizuoka pref. 2.675 108.1 91.2 0.85 0.00610  144.1 82.3 17.2 OH
Hokkaido Peat Hokkaido 1.987 296.3 84.4 0.85 0.00178  304.9 163.2 39.1 Pt

(24 )



Percentage finer by mass (%)

—@— Yamaguchi Clay
—&— Yamaguchi Sand

—&— Kawakami Silt

—%+— Chiba Loam

—— Shizuoka Dredged soil
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100 &
B> ”
LD
30 /./ —&— Kaolin
k4
60 Bp
/
v o A
40 hd
S AT
20 A AA AR
0
0.001 0.01 0.1 1 10
Grain size (mm)
Figure 2.2.1. Grain size distribution curves of soil samples used
200
—_
x
Q
k= Z
- 100 "
2 E ® Yamaguchi Clay
2 2 Vo A Yamaguchi Sand
= ~ B Kaolin
A B/ (CH) ¢ Kawakami Silt
¢ Chiba Loam
V  Shizuoka Dredged soil
4 B (MH) I>  Hokkaido Peat
0 I I
0 M) 100 200 300
Liquid limit, w, (%)
Figure 2.2.2. Plasticity chart of soil samples used
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2.2.2 HEBREE

Figure 2.2.3 |12, RBRICHEM L7 — 0 FRUESHEAERE VoM LR,
AALE L, ZELE MO E T2 IS IREBEZELNICHRT 2720,
EDEWEDOIFEM T CLELR LA2EBET LI LEHAMNE LTS, AKERE TIT,
JEERME L TCHEOHSKMO — 2%V £ — /L F(EE 50 mm, &S 100 mm) & H
NWTWLDT, T/ FERMTLIEROMAERICGE L0 ENSLSTLHZ N
T&5. WmAlfEe Ff/E o , 149,98 B X N 14T kPa D 338V TH VY, FKITo
Fl4TkPa Z i L TV O T THD. AEBEBICBTLZE—NLVRFBILUOI T —HD
PR (MW S 130 mm) (30 i HE K e (BEKEEBE 65 mm) @ WROTE#IRTE T
Y, EELTERFIMF RO TONTZTATALT VI THEIND.
AAEEIT B W TLEL LRI, freoWim, EiR - ERAErhicisn T R
JEFT®RAELLE, T/ F2oBB I, BEHIC &R o MR Ik
Bahd.

Dead Weight

\

Guide axis for loading
Loading plate \
Clip—

Collar

Dial gauge for
vertical displacement

L Tube for drainage

Porous stone

Mould

Specimen
Porous stone

Base plate — Tube for drainage

Figure 2.2.3. Mold type consolidation apparatus"
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2.2.3 HBFIESLUVERRT—X

TAEE L ZEM O G FIE T A Ty T2ELB L o/E D %2 Lt
SRR AE LT 75 (J6S0821-2009) | VICH#ELT TR Y, BEMIZAZ U —IRMLTN5D.
ARRFIRZLTFICEHREICEST. OV 7 —2WMO Tz — 2 FARIZYY a7
U—RAZBM L7 4V bzl L, TIEEORERE L2RHT L. 2oL x
T RERITBRLCRAARET D, @F— /L K& REERRICHEE Lk,
fE IR - S GREE 20 C, HIMBE 95% OREFICBHTDH. @Ak v /35—,
EAXNT—, Wk, HEONEICE Y hT25. ORBHIHERLZ 52720 E D
W EREA AL, LT RERAFNEGT L. OFESMEAER, T Kok
HEZBMT 2. @OBREDOE S % 100 mm (2 1, - Foims + o010 Emib L
Totk, BB — M EAE R (O 2 0 1.0 %/min) 2 ERT 5. ek, BA Y
NEEQABE ISR TS HEMRBRB L O S MERRBR T, A OSIC ks F
Yy B ORBEENMERH SN TWVS 9 KRR TIE, XEMEEREHCHEMNL
7et%, E#EZESLHICEHMT L7720, KO ERETITAZI9ICLDF ¥
Yy B ZIEThT, BEFAT7EHWTLETFTREEKRE L FSICET L2 &IICL
7.

Table 2.2.2 ICRBR 7 — R EFREREZRZT. REMBINE Q OREBLRFIT 57
DIz, EREHEE — A, ZEMIL OPC A MV, Q.=50, 100 ¥ KT 200 kg/m* D 3
WY CTESETND. £, REMOHMBEOEELZRHNT D70, Lk
n—A, BELBXORKEHY, OPC & E(LMZZN 24 100 kg/m* iK1 L T
L. 2B, FHEZFEFHSEL2Z L TCLELRLICEREORENBEFIZENLD O
EBAEVBTHD Vb, TRTORRSTyY— R W TEARRM T.=7 days
L, EEKTRB LI BICRLIEEABYOFRMZRL TS,
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Table 2.2.2. Test cases and results
Content of | Consolidation | Curing | Ultimate | Water content | Wet density | Unconfined
Name of Type of | cementing |  pressure Time | volumetric after after compressive
soil sample cement agent strain consolidation | consolidation | strength
Q. (kg/m’) | o kPa) |Tc(day)| & (%) we (%) pe (gfom’) | qu (kPa)
0 - 110.0 1.43 24
50 49 3.90 105.3 1.42 48
98 5.64 102.3 1.45 61
147 7.01 100.0 1.43 76
0 - 101.3 1.46 37
OPC 100 49 2.89 98.6 1.45 56
98 4.36 95.5 1.46 71
Chiba Loam 147 7 5.50 94.0 1.47 87
0 - 90.1 1.49 78
200 49 1.15 89.3 1.49 100
98 2.02 87.6 1.50 122
147 2.48 86.7 1.50 142
0 - 102.8 1.43 62
.. 49 2.50 100.0 1.45 83
100
Stabiizer 98 426 97.2 1.46 103
147 5.26 95.3 1.46 122
0 - 100.3 1.45 20
OPC 49 12.36 83.1 1.49 53
98 16.83 64.3 1.53 93
Shizuoka Dredged soil 100 147 7 1862 68.9 1.5 140
0 - 101.6 1.42 37
.. 49 15.71 81.2 1.50 95
iliz
Stabllizer 98 17.44 76.3 151 179
147 17.75 71.0 1.54 234
0 - 215.7 1.24 13
OPC 49 17.57 173.7 1.25 43
98 23.61 152.2 1.27 84
. 147 26.07 143.0 1.29 110
Hokkaido Peat 100 7
orraido Ted 0 - 272 121 2
Stabilizer 49 15.55 179.1 1.24 63
98 24.09 158.2 1.27 103
147 27.92 143.5 1.29 170
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2.3 HBRHERLEE

231 REREBLEFHRIOEEZEALTENS XU —HEHEEE
Figure 2. 3. LICE—/L REER B AL E ICB T H2EHBL TOT A ¢, &Rl H
t ORfRERT. ¢ FEBEALEE CHE LEERL T &AL & K o 9 &
SH CHRLTESERERLEZLOTHY, tido, OWMEOKBIECTH L. T
AT —ATHY, REMILOPCQ=100 kg/m®) TH 5. K OFEE & LR E
HEo, DEICE > TRALRS. Wiko-wIlcHA YoREREE LAY +LB LW
LWOWE ) oF—% b @i+ 2. 2 —20EEA, o ,=147 kPa OJFE B TR t.*
1% 780 min THDH DI L, kit X ORE D t.51% 85, 86 min THDH Z &
Mo, BT LWl b EBOETIIENEWR S, e, ML
BLOWE LTIEZEMORRRGRE TH S t=100 min FRE 7T, AN —EfH &
BRLDOEZXLT, =L Tldo WXEXOETEEZFIHYD t=7 days E THM LK
JTTWa., ZoZ b, SEOMERESAET GFE 0 50X 130 mm, HEKEEHE - 65
mm) |2 BV TIEL, OPC % 100 kg/m* I L7246, EfUEIC X D EEH LT %2 5 1
THIHIT 5 Z L IETERY. =7 days ICBIFDREMRIEEILTOT e bl
HEtOZN LV KREW., ZE TR OPHREICET2EKIEOENCTLS b
DThDH. iz, o, DBEMIZHEY, ¢ ITRELIZ->TND.

Figure 2.3.2 {2 25l & < — @ EMHBRIZIH T D2 EMIS T o L EMOT 4
e DBREZRT. o, OWIMITHEY, o~ WM EHICMET LR, da/Jo =
0.34 L7200, MiMEEB X OWE £ 4.57, 3.91 &l U C L#IEIC X 290 21X
RELR2WEHI>THS.

Figure 2.3.3 122D & & O —MJEMEIRE q, & o, ODBEREZRT. qld o, % L

EARAICENT 2 Emich s, ZOFBERELY EEDAE o A9,/ do )
LU R BIHEBIC L DMEMMEZ R THEECLTOREKTE “EEEEDRE

B> LRI THY, WAL "RREELEZLOTHD. m—20HA, «=0.35,
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B=37.2 kPa & 72V, Ktk LDFEITH T D a=4.77, B=1242.9 kPa, WEH t DY
BB D a=4.23, §=3702.1kPa LT 5L a, B L BIT/IHSS<R-oTND.
BRETLBEIOCRKICONWTHRBEOZ EDRNWZ DTG, A ULEMBINET
b LOMBEIZL s TIEBICE2MEHMOESVTERDL VWD, £, Kk
TR M/IZIVEEBEE LT, AEHAOVZRE OB R L, 23 17.2~39. 1% FH
W EELTODZENLAEYNREA L FAKMERELEZZD TH D EHERT
%8,
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OPC, Q=100kg/m’

| | Chiba Loam

A—A-AM AT=T =Omin, T =7days
—0— o ~49kPa
—4— 0 =98kPa

KO%OQ —0— o =147kPa
ro—o-00at

Yamaguchi Clay
—8— o =147kPa
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Figure 2.3.1. Relationships between settlement strain and loading time
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AT=T“=0min, Tc=7days
—>— o =0kPa
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Figure 2.3.2. Stress-strain curves in unconfined compression tests
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Figure 2.3.3. Relationships between compressive strength and overburden pressure
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2.3.2 REMAMEDOZE

AR TIXLZEMIRME Q 2N REE - BRI RIET B OV TR S Figure
2.3.4 QN8R HAD e, &t OB ERT. HREBHT v — A, LEM T OPC,
0,147 kPa TH 5. Z I T, B L7=X 912 Q=100 kg/m* DA, WITID o,
WZBWTY t=7 days £ Te BEIN LT DMEMABAHNT2, Q=200 kg/m* O
Ba,t=100minfREC—EMERD. N LV, v —A12x L TOPC% Q=200 kg/m?
LERMTHE, EEICKDEBLETZEMB TINK ST ERAETH .
Figure2.3. 512 ¢ & o , OFRETRT. WTFND o BV TH, Q. BEWITE,

e FII/AhEW. £, WTRO QICBWTH o, DEEIMICHT D ¢ *OBMOES

IIEF L THD. Figure 2.3.6 ICZNICH &< o & e OEFEEZRT. QD
HWIZEY, o~ e HiIfIX EFICME L TH Y, 100kg/m’ 2> 5 200kg/m® BT H5
T MEEMREFICHALND Y.

Figure 2.3.7(a), (b)IZ a (Q.)/a (50), B (Q)/B (50) & Q. O ZERT. Z 2
T, a (Q)/a (60), B(Q)/B (B0)LiE, £QICBTDaWQ), BWQ)% Q.=50keg/m’
DEHED a (50), BGBOTEAZLZNEHILLIZLDOTHLL. Z 2 TIHHEBEDOLD

WHME LB IORE Lo 7T —2 8L T0ns. e— 2B XUMETLOESAE, Q,
DOHEMIZ L Ta (Q)/a (60)XIFEAELEET, E ETITIHEMERICH .
F, WTho EREHZB W TH Q. OBy, B Q) /B (BO) MBI L TV 5D
W, THIREBICIDEEEMED S, DLAQOMMIIEI AT —v a
DEIMERT 2 EEZE2605.
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Consolidation settlement strain;‘ (%)
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OPC, 6 =147kPa |
AT=T“#)min, Tc=7days
6 |H —0—Q=50kg/m’
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Figure 2.3.4. Relationships between settlement strain and loading time
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Figure 2.3.5. Relationships ultimate volumetric strain and overburden pressure
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Figure 2.3.6. Stress-strain curves in unconfined compression tests
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—&— Yamaguchi Sand
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Figure 2.3.7(a). Relationships « (Q.)/ a (Qso) and content of cement agent
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Figure 2.3.7(b). Relationships 3 (Q.)/ B (Qso) and content of cement agent
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2.3.3 REMODEBEOCEE

RETITLEMORBNRE - BRRFEICKETRECONTIERD. Figure
2.3.8 12 OPC & [HIb#f & 100 kg/m* WM L 72 A D ¢ f& o , OBGRERT. L3R
Fo—2a, BRELBEIOCRKRTH L. RELBICRROES, o ,=49kPa O 7 —
ZINWZEEMOBEICE DL THREOERNLZLND D, B — 2D AITIETHS o,
BOWTIEEAELER TRV, Figure 2.3.9(a) ~ (e) ICLREM OFEIE % b S ¥ 7=
BAEDOERED q, L o, OB ERT. WTROREIZEWTH, ZEMOREIC
EoT, al%0.06~0.56, Bi%5.3~25.3D#=TEILLTW5S. Figure 2.3.8 |
ARLTeEOE, =2 0RGICEERICLLIBEEMMIZEMORBEIZLSTH
CRETAELTWDOT, ZOMERMITRZEM DS OEW KD KFAERY O
FEOENIERTL2bD0LEEZZHN, ZOZLEBOAEREHLLTND Z &0
bhHEfMTons. —F, RELBICRROGAIZIIZEMOEBIZLDZILT
FMOZERPZONL, 2R aDELICERLEZEE X S.
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Figure 2.3.8. Relationships ultimate volumetric strain and overburden pressure
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Figure 2.3.9.
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2.4 THHOYEMNHREICLSI LAV N RELEBELTO—BMERBREDHET
s

ARBFIETIE, AR L7z X 512 BT F A L LB +ic x5t U<l Efi il & 52
ML, ¥k EoOEBEHRBEDRICOVTRI L. REITIE, Zib ORBR R & BEEO
Fe(HI Y, ARS V) ORBMERE S LI EREOYENEENEEBEDREE «, B
ICHZLBIIOWTHEATL L L BICEERENREBE LAy NEERE LO—
il A TR OHEE FIEIZ DN TR R D

Figure 2.4.1~Figure 2.4.3 |2, EHEELEDRIEE o & LB OWMER w, B
MRS 1, MR E AR F, OBBREZRT. LR OWBEBHE O > BIRMERR
w B LOMEER I ICERT S, v BLO T, 0BINICH LT a 2883 5 m A
Kb, TIT, a/2 IFMEHME c/p LM LATA =2 TH2D0, ZOMEMIX
Skempton YA 12 %h U Cor L 72 90 B G N 3R 0 4 22 K (¢, /p=0. 11+0. 0037 - 1) 'Y D
WE & TR T 26D ThD. 7ok, ABFZE TITARLIOIRAE O L300 4 31
BEHWTZELB T OREHMELZELD TVDLIRICEEDILETHL. £,
TR OB S EARFICERTLSE, T2 0500 F, OHINICx L Ta
BHAD T HEMBHLND. ZDLOEMMNEL, EAY NEELRE FOJELET DL
AR O BEEINCE NI 2 EEM (EEEZ AR TMA+ L0 Lo R
KR&EwEfirans.

Figure 2.4.4~Figure 2.4.6 |Z, [JEFMBE A LG B LRMERN w, MR I,
RIS & A F F, OBRM 2R3 . LalB OWRMERA w3 KO T ICER T2
L BIO I, OMIZKLTERBAT2EmMAALND. £, FIZHOWTIE,
o2& 2600 F, OHMIIKLTRBRBAT MmN ALNLD. BIXBATO
ENESRBRICBIT 5 KRKEFEARO HIEMBE q, THYT5EETHL Z
EMB, TIEMITE D BB IS KREE T 2 AR O — il MR B T - k0 &8
FLEDO TN RKRENEBICH Y, ZOMAEITHEMN Y720 OREMEIN&ESF U E&ET
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OABD :Conventional unconfined compression test

OACD’ :Conventional triaxial compression test on specimen cured
under stress (e.g., Kobayashi & Tatsuoka?) D’

OCBD :Unconfined compression test on specimen cured under
stress (Yamamoto et al.9-7)

OCD’ :Triaxial compression test on specimen cured under stress
(Consoli et al.9, this study) At failure
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Figure 3.2.1. Changes in stress state of cement-treated soil cured in laboratory testing®
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Table 3.3.1.

Test cases and results in triaxial compression test

Process of isotropic consolidation

Process of shearing

Content of Initial Curing  Delayed Isotropic Confining Ultimate Peak Axial strain ~ Residual Water
Test cementing water time loading consolidation pressure volumetric strength (at peak strength content
No agent content time pressure strain strength) after
’ shearing
Q: Wo T AT o S et Qmax er Gres W,
(kg/m?) (%) (day) (min) (kPa) (kPa) (%) (kPa) (%) (kPa) (%)
1-1 49 49 0.87 840 4.86 749 20.1
1-2 1 0 98 98 1.29 1013 3.61 832 18.6
1-3 147 147 1.88 1106 6.41 1079 18.3
1-4 49 49 0.88 1059 221 983 20.0
1-5 0 98 98 1.32 1324 2.53 1146 18.6
1-6 147 147 1.85 1662 2.74 1429 18.8
50 20.7 3
1-7 60 1.29 1401 2.82 1208 19.2
1-8 120 147 147 0.85 1280 2.89 1011 19.3
1-9 240 0.25 1221 3.18 1057 20.1
1-10 49 49 0.82 1318 0.81 1027 19.9
1-11 7 0 98 98 1.38 1584 1.12 1239 19.0
1-12 147 147 1.87 2111 1.02 1777 18.8
Table 3.3.2. Test cases and results in unconfined compression test
Process of one-dimensuinal consolidation Process of shearing
Content of Initial Curing  Delayed  Overburden Ultimate Water content ~ Wet density after  Unconfined Axial strain at
Test cementing water Time loading Pressure volumetric after consolidation compressive failure
No. agent content time strain consolidation Strength
Q. Wo T AT oy ew’ We Pic Q &
(kg/m*) (%) (day)  (min) (kPa) (%) (%) (g/em’) (kPa) (%)
2-1 49 0.50 18.7 2.04 484 1.4
2-2 1 0 98 1.00 18.3 2.07 553 1.1
2-3 147 1.34 17.9 2.06 643 0.9
2-4 0 - 19.0 2.03 810 1.0
2-5 49 0.47 19.1 2.03 802 0.8
0
2-6 98 1.00 18.5 2.05 965 0.8
2-7 50 20.7 3 147 1.30 18.1 2.06 1050 1.0
2-8 60 0.44 18.7 2.03 812 1.1
2-9 120 147 0.28 18.9 2.04 815 1.3
2-10 240 0.24 19.4 2.03 795 1.0
2-11 49 0.52 18.8 2.06 971 0.8
2-12 7 0 98 1.00 18.2 2.10 1197 1.0
2-13 147 1.26 18.1 2.07 1337 1.0
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Figure 3.4.1. Typical relationships between volumetric strain and consolidation time in process
of one-dimensional and isotropic consolidations or cement-treated soil

2.5 ; : : : :

— r 1| T=3days, AT=0min
5 Yamaguchi sand
220 OPC, Q =50kg/m’
w” by —l
Y e I 7| Isotropic consolidation pressure
‘;1 —8— G ~49kPa

B = A —A— 5 —98kPa

@ | ﬂ:—{;:_u || —m— 5 =147kPa

2 ¢

St

g 1.0 —\ /\ AN Overburdfn pressure
= o—O0—— | —O— 5 =4%Pa

e N o 4| —f— o ~98kPa

2 —0— 6 =147kPa

£ 05+—0O— —0

= I 1

00 1 1 1 1 1
0 2 4 6 8 10
Curing time, T_ (days)
Figure 3.4.2. Relationships between ultimate volumetric strain and curing time for

one-dimensionally and isotropically consolidated cement-treated soil
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Figure 3.4.3. Unconfined and triaxial compression behaviours of cement-treated soil cured under

different curing time
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Figure 3.4.4. Mohr’s total stress circles at the time of failure in the triaxial compression test and
unconfined compression tests
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Figure 3.4.5. Change in increase rate of undrained shear strength due to consolidation with the
lapse of curing time
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Figure 3.4.6. Comparison between undrained shear strengths obtained from triaxial and
unconfined compression tests
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Figure 3.4.7.

Comparison between ultimate volumetric strains resulting from isotropic and
one-dimensional consolidations
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Figure 3.4.8. Change of ultimate volumetric strain with the lapse of delayed loading time under
isotropic and one-dimensional consolidations
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Figure 3.4.9(a). Unconfined and triaxial compression behaviors of cement-treated soil under
different delayed loading time
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Figure 3.4.9(b). Relationships between peak strength and delayed loading time
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Figure 3.4.10. Relationships between residual strength and isotropic consolidation pressure in
the case of different curing times
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(1 HEMELIUVREM

AR CTHWEREHI A A Y > TH Y, £ OB L ORI #IES 2 &
2.2.1 TRBMLEZBDLERTH S, £7o, LEMIT MRS EHE LM 2 Hviz. FE1k

OB IE S102 : 15~25 %, A1203 : 3.5 %L L, Ca0: 40~70%, S03:4. 0% ETHD.

(2) #HEAOERS L UHMHEEETEHER

—WRITIEE SR T CEAE LI ZE LB L OB SRR 2 TR 2 72012, 0~147 kPa @
FPH O ERUE T CEA LB LICK LT v 7 ARETERB U & ONC SR B S5l 2 5
L, =y 7 ABEPRBRIC LS 2 MARKMPORES X ORBWRERRIC L5 ' 2 v
N KT O BFEN 2 = FENE L7z, Table 4.2.1 (2, RBRICE T 5 Bl oIS
AKEE wo, WIWRRIEE o o, F/ERFR T, ELM AR Q, G Lo BAL R o B L
Hi), E#Eo, BILOMERKER EORBEREZRT. £/, Table 4. 2.2 (T RH
BROMER & L CMBR R L, 2R

(1)



Table 4.2.1. Test case for evaluation of microstructure

overburden pressure during curing process

of cement stabilized soil affected by

. Initial water Initial wet Curing Content of Consolidation
Name of soil . . .
Type of test i content density time cementing agent pressure
sample 5
b wo(%) | pu(gem) | Tedays) | Qc(ke/m’) 5., (kPa)
0
X ray . 49
. . Kaolin 70 1.544 28 150
diffraction test 98
147
4
50 0
14 49
Ignition loss test Kaolin 70 1.544 50 08
28 100
147
150
Table 4.2.2. Test results of ignition loss test
. Initial water Curing Content of Consolidation Ignition
Name of soil K .
content time cementing agent pressure loss
sample 5
W o (%) T. (days) Q. (kg/m”) o v (kPa) Li (%)
0 0.483
49 0.456
7 50
98 0.485
147 0.435
0 0.762
49 0.766
14 50
98 0.787
147 0.610
0 0.904
. 49 0.889
Kaolin 70 50
98 0.810
147 0.930
0 2.003
49 2.100
28 100
98 2.261
147 2.223
0 2.873
49 2.908
150
98 2.839
147 2.813
(72 )




a) MEBTHHAEDIER
Table 4.2.1 (2337 w \ZHHE L= ERBHIZEM Z I L, 5 45 M 2 3 — CTHEMR
U7 AP L3R 2 B BRI O - DIc v ) a7 ) — R B8 LT E RS (H

HX

3em, @S 8 emIZHRAL, KIBERET HDICES TR E G2 72%, =AU

H

BARAEEICRE L. s, EHIC ERIEARA L, K10 BB THECMIZR S X
I L. T o 130, 49, 98, 147 kPa D 4@V & L, HEAAOPASMFIZET
SR D MEHEKR TH L. EEICHEI W TERITZ A T A7 =2 M CTHIE Lz,
AR T AL 7, 14, 28 days @ 30 & L, MHESHFT GRE 20 C) THRAEL, Fid

R ] D #6% ate 1 |2 8L 2% R RlORE & (IR IR b i s DR L 72

b) T RBEFRRBRIZLSEAY FKNBDOREE

28 H A D AERFRH] 2 # L 7R TOLE Ltk ot A MKz RET 5 7
D2, =y 7 ZREPTRBRICHW 2B O ' A > MK E ORI TEIESES
VEPRDD. iz, BRIV T DKRGRLT VI I T DKFEOE A R
KRFIE TIOCH RIS X - T, fEEAKRDITE A EMBERL L, FEASH 72 4 S i 1 23 ik i
ENb. 22T, ARBOMFERIZTE M BLOT AE L—F —& 0 bk O 25
AL 9, A EREEZZEBINTTE M AIZRL, ZORETT AL —X—%
MWTEZERSI L., Z20%, 7 hMoZBREL, SHITAEL—=Z =&MWV T 12
P22 nl Lz, RIS, ZO X5 IHER L -l bt 2 F sk Tk L, =y 2
AMAT VLT — MY, By X —F A T ORNTREZ LI EF, =27 Z#0E
kB lct y b L. EBEOMEHSIEAF v A —F 4° /nin, ZAF ¥ 2 2T

v 7°0.02° , EXE20/0, EEH#HFE3I~70° TH5H.

c) BWEHEBRRICE Dt AL MKNYOTEEFM

Y A NEZELPL L O KT A Rk O E B Tl o s B &R B (JIS A 1226)°

( 13)



WEBSNDr—2ANH 5. FWHAKS DX 750°CICH T 2 BN E L, 2 A st h o
@ v w DK B L OUKEE (L v o U KO ERCRIEZ RRET L, )72 5 ik T
BOKGERET VX LLITEA T — v a VORZEOREZRTIRIEL 2D LR T
WD, KRFZETIE, B AV MAKRIAEREOBRE LTCL ZHY B, Ak L2 T
A U7 B RS I R U CIRBE R B & T2 L 7. SEBRTIE, FFANIC 110°CHE i
M U 72alkk 2 750°C T 1 RERINBA L 728, T3 — 2 —INTHIRICR D ETHREL, &
BrOBE&EZUE L. ZOEEN —EILRDHLET, ZOTEREBYVIKL. £z, R
L ORBE AR b R TR L, #IROBEIRICE W TARA T 5 G WAE KR
EOMBIEZER Lz, ek, MEUNERBANICREZ 110CH%ET 5 &, B
RLFERT Y A Ml ERHERE L TKRMWERENB/NEIMESN2BERHD. 2
DREMFET D720, T —2—NTHIY F U LfafEi G 1% 12X %
At A 4 7 AR FENE L Y, 110°CHA e U 72 308k & SRR 4 bk L 7245 4L, 110°C
AR U 72 SR O SR AL U U A FIEIRIC K v i LB o 2 L b —
AR 0.5 MRS bl A R L. ZHhED, WMAFECED2PEMDOENH LNk -
DT, AENTHAEBR DR Y 2 110CH LI L 23kt o s Gk z M L.
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4.2.2 AU T—2 a3 ORECREITHREORE

(1) HARETCTHRET DI EAT— 3 OEMEM

RUPR ATk T 2D = 7 ARG RIS W T, & X 2 MK D BRI RIE T 5
AR EHE OB EKRT Lz, Figure. 4.2. 112, ZEMIFME Q. N R 254528 T D H
AV Oz s AREHTK A . LB+ (Q.=50, 100, 150 kg/m®) D= v 7 AFREIHF /< F —
IEARAEE T Q0 kg/m) DFEN AT EFIMEL TS, = NI HA NOHHESE
R 20=15.7° IFICEBWTT v 7 ABEHTRE D ' — 27 BRHRIC A SN, Q RNEWNITE
E—27 b @< 5. Figure. 4.2.2 12, EffiJE o, WRRDGEDOT v 7 ZHEHTH % 777
Ty 7 ABEPT RS — 1T 0 AT K DIEWVITHRIC A S, Eiz, 20=15.7° EHEO
Ty 7 ABETFRE DO — 27128 o S K DHEWIZHIRRICED Bt/ u.

LLEDRER NG, B A MR DO AERITE LR o, ORBIZ T T RNEDLEZZXD

ns.

!

:‘-ﬁ\ Kaolin

S 150 T =0 kP T
3 Ettringite o,

L l T =28 days

Z ——Q-0kg/m’

c

15 —— Q=50 kg/m’

R ¢ 5

= 100 —— Q=100 kg/m” |7
§ —— Q=150 kg/m’

=

o)

>

£

>~

SOWM 7 W

15.0 15.5 16.0 16.5 17.0
Diffraction angle, 2 6 (deg)

Figure.4.2.1 X-ray diffraction diagram under different content of cementing agent
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!
é Kaolin
=) _ 3 L
S 150 Ettringite Q.7150kg/m
= l T =28 days
é - o =0 kPa
Q
E /A\ 5 =49 kPa
s 100 o =98kPa |
‘é o,=147 kPa
&=
gS
%\
< SOFRYR VYT
15.0 15.5 16.0 16.5 17.0

Diffraction angle, 2 8 (deg)

Figure.4.2.2 X-ray diffraction diagram under consolidation pressure

(2) HERETTHRET D EADT— a3 OEEFE

TREH BRI OFERITE SN T, A MKW AR RIS KIETEAR FHEOREL
BEt L7z, Figure. 4.2.3(@) B LM ICZNZNQBLOT. BRRLIGEDL, & o, D
fRaERT. Rk, HR L7 X9 IR LR R O KRB LR 5 A oW AE K
72 OB E LR L TV DL R (@) X0, WO Q Iz \WTH o, OHEINITK LT
LIZIEE—ETHDH. F/, QBKEIWVIE, L ofEIZKREL oTWS. FHXE D) LY,
WD TAZEB W T o, OHIMNCK LT LIXIZE—ETHD. Fiz, T.AKEZWIELE,
L DEIERESR>TVD. QBIO T, OHMICEST L BEIMLTWDZ &b, L
TE AT = a VORETRODLRKIMWAEREOHME KM LD L BT ZENT
5.

PLEDOFERNG, SRIOEBREMHICIRIE, & X2 MK O AERIEFE AR BT R
TS LITEBARTHDS.

L7235 T, Bl L= v 7 AR #E R I L OSREUEERBREE L0 b A v M EEL
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B2 RE T CRAE LZEE O A > MKW AR I HIREO R 2 52 0 20 Ll
SNDID, ‘DA MRS ZER LIct A > MNZELE LT TV TIEE N

RN LM b e B A T —2 g U OFRZEITER U2 MB 2 (b2 o5 Bl L TRl

LTLETD.
4.0 :
Kaolin
|| T =28 days
—0—Q= 50kg/m’
3'0[]/D\[] —A—Q = 100kg/m’
—_ e B < 3
é | —0—Q=150kg/m
_ /A\A
4 20— L
2
=
.2
E‘) 1.0
N C o—— O
0.0 : : :
0 50 100 150

Consolidation pressure, o _(kPa)

(a) In the case of different of content of cementing agent

2.0 I
Kaolin
Q=50kg/m’
—e—T= T7days| |
- —0—T_= 14 days
X =
S —0—T_=28 days
e
4 1.0
2 0
=
.2
=
=0
0.0 . . .
0 50 100 150

Consolidation pressure, 5 _(kPa)

(b) In the case of different of curing time

Figure4.2.3 Rerationship ignition loss and consolidation pressure
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4.3 KMRGZEZEELLZEAY M RELVEBLIETILORE
4.3.1 KMREEZEELIz-EA Y P REREBLETIL

WHE T CHRAE Lz A 2 MEELE O ME - 2R 2 5H6 7 2 BRI R I
HLEMEIZZNETIZHA LD (B 21X, STk 9 ~12)), A Y MRS EE
JEAE L 7= B b O B iR I T L B S S AL T W20,

AIATIE, Figure 4.3.1(a) ~ ()T RT L O, —KICEHESFIMETTEAEL
To A N2 E LB L D — il R AR R R 00 B R T oD 45 BB (R Al O AR AL BE 1, LB - oD 1)
HIIRRE, R TR, FAK TR IR T 2REBEZ LR, K, 22K, LTEHMD 4 I
FVETMEL, BAV MKAIIRICEZRB LML EZEH L. ok, IPOFKMED
FETEBORGEZRLLELOTIERNWI L2 ZICERT S, £, TR /ST

A—HDHEAMNLE L TESICen, BEICgHEHWTWA.

(1) EEFMORLETOKREE

Figure 4. 3. 1(a) IZ/ R T IEBATOARMBL 1%, /7 ¥ AL V2 L0 B L% ke Lz B
Wb bRZEMZRMT DR O LR ZET b LZb D Th D, LB o
MEBEEBLOGKLEEZZNEN o, w2 T5&, T—/RF{EE d, @& Hy, F:
Vo) ZHWWT o ZRE LTBERE CE & m) IZB W T EREHIE E 5 TR B XL OKOE

BEn,BLOn Iz FNRkOXUA.3.2)BLOU.3.3)DLr»ickshb.

wy = 20100 = 20 "M g (4.3.1)
mso msO
m, = (4.3.2)
; W,
1+
100
m,, =my—mg, (4.3.3)
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TR TFHEEBIOKOBEMNAKBEERELZZNZELo BEL Do, 2B E, LRT, KB
FOERDEFE Vo, Voo BL OV ZZNENKRDON(4.3.4)~4.3.6) DL HITEKRINS.

Vig=—" (4.3.4)
Oy

V,y = (4.3.5)
0,

Ve =Vo =V +V.00) (4.3.6)

I, bEEIofFIE S, (0%, TR FOIERSIOMBILE ZNEN G, e & T
HERORAI.DDOEIITREND.

:Gs.wozps'WOZfOs'WO'I/sO (437)

S.=100 %04, TiEHIEARTIREE (V,=0) TH Y, HREHI R+ & kD G

S

05,

(2) nELXOMHREDKEE

Figure 4.3. 1 (b) IZ/R TALBE O IR B 1L, TRkl & ZEeit;, £ —/ REJE#E &
AREICHRE L, EEEHBT 2EAMOKSAEZET VI LELDTHL. Figure
4.3. 1@ 2R LI B BHI L o . L EM % Q. (kg/m*) IINT 258, HERLEM D

BEn,BIOEEV L ROKXA3.)FBLVMU3.IYDLICERENS.

m,, = Q 'SVO (4.3.8)
10

l@oz'n” (4.3.9)
o,

OB T D RENIE LT D PR, REM (A ), K, ZEKOEKE

Vo, Vo, Vo, Vo, EFOEE n,, m,, m, FXROKA.3.100~@.3.16) DL HIcESH
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”
Vy=—"—7V, (4.3.10)
VotV
my =p,-V, (4.3.11)
V.
V,=—>2—V, (4.3.12)
Vo +Ve0
my=p,-V, (4.3.13)
V
Vy=—"—"V, (4.3.14)
VO + VCO
m,=p0,"V, (4.3.15)
V.
V,=—"—V, (4.3.16)
Vo +V.,

U723 o C ZEME - OE & my, (KFEV,, Bk w38 X OB e 1T (4. 3. 17)

~4.3.200D L HIcREND.

my=m,+m,+m, (4.3.17)
I/vl = I/sl + Vcl + le + Val (4 3. 18)
m
w, = —21—.100 (4.3.19)
m, +m
V.,+V V
= 4= (4. 3. 20)

I/vsl + Vcl - Vvl + Vcl

Z DPHABERE s S JEBIZ L A PEK (HER) & ZEM OKFIBIS B RFREI T 5 Z Ll &
0, BENLELOFKIIREEICENECD EEZD. KETATIERIR L X ik A

YRR AR BT HRIEO R E L Z TN L AR L2 0D, IREBA LA
R IZDITERIC LD RBEE A E Lok, KMBUSIC X 2 REEOZ(L 2 FES
T5.
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Q) EELRTHORKEES

Figure 4. 3. 1 (c) [Z/RTEEK TIFIL, T—/b RREEFRAEE 2 AW CLELE + %
JE# L7 & &, Figure 4.3.2 ICRT XL TOT e, BREER AR ORI X LT —
EME 25 REEZET AL LEZLDTHD. Figure 4. 3. 1(b) (278 L= WIHLIRAE D LPE +
ZEFET L2 & TR AZMRT 5K E2ERPPEE S, WEZEAV, BELD. Z0A
VATIEEFICHEIE L7k F&E% AH(L/100mm) &35 L, ROKA.3.2D0D LI IcE€RSH
5.

AV, =(d—2°)2 42”% (4.3.21)

&Y, ZORROBBROERTEV ZkON(5.2.22) DX HIZREND.

Vo=V, —AV, (4.3.22)

T, Vo ICEEND K EEBROEFI (V,,/V,,) DSV BEE O RFE L (V,,/V,) %L
WERET D L, V, ICE N DK EZELQDEEL Vo, V., X OVE & m, (ZRORA (4. 3. 23)

~A.3.21YD L HITREND.

V V

a4 =2 = const (4.3.23)
le w2
Vi _ Vo =Vio (4.3.24)
le VwZ

g FRE (4.3.25)

le + Val

m.=p V., (4. 3. 26)
V.-V, -V, (4.3.27)

L7eo T, EBKTRFOZELE OB & ny, KBV, BKHE w, MR e, Tk

DO (4.3.28) ~(4.3.31) D L HIzEINS.
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Figure 4.3.2. Definition of the end of consolidation (Schematic diagram)

my,=my+m,+m, (4.3.28)
Vy=Va+Va+V,+V, (4.3.29)
m
w, =—2—.100 (4. 3. 30)
msl + mcl

_ VwZ + VaZ _ Vv2
Vxl + Vcl I/sl + Vcl

€, (4.3.31)

B, TORSIZBT A w ERRIEFTTEA LAY VEELHE DO EROE K

w, DI A MAKFOGS X D KT AR EIZH Y 3 5.

(4) BERLRTROKEE

Figure 4.3.1(d) (2789 28K T MEIXFT & 0 3% A4 e 23 6l L 7= B 0 22 T AL FE + %
TFMELELOTHS. Bk Lz L 1S, BREMOKFKISIC X > TLELIE D%
W RIZEMMNEL S, Figure4. 3. 1()IZAR L7 K 51T, #FIHREBICK T 2 2@ LB 1
OHEE LRI, ZEM (AL M), K, ZR0 4 HMETH L0, BEKTREORE

MEKDKRBIAZFEYY, Figure 4.3. 1(d) 2R L 5 2Bk, A2 FAKRFIEK(E A
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YREREAAK), K, ERIZENTDEBEZXD. ZO' A MKFEFRORERIK EITKF
S IZ K o TREM EREA LTeKEBWT 5. Figure 4.3.3(CCHk 13) & 0 k) iR+
E NS IREN A 5 5F FTARRIRISIC Ko THEAR/L b T > KA K (0PC) & #ES
TLOKDOEREL r,OKOERE/ A FOE®E) PR OBEIC EWENT 5 2 & 2RE
SINTWVD. ZORIRZBERL T, KRBoEARE 20 Clok T 2% AR T, (days)
Er, DBREHET S EROXU.3.32) DL Y IcRKEIND.

r. =—1.4010gT.> +6.475logT. +7.539 (4. 3.32)

L7=M > T, AWM T.=3, 7, 14, 28, 56, 91 days IZBF 5 r,IZFNZH 0. 10,
0.12, 0.13, 0.14, 0.15, 0.15 & 72V, FHEKOHIEHEREZ 0,,E0,) T DL,

MEAKOE R, BX KRV, 1ZROX(4.3.33) BL A 3.30) DL HIcREND.

m,, =r, -m, (4.3.33)
m m
Viy = —2 = —v (4. 3. 34)
phw pw
20 . ——rr

m
—_
W
T
\
\

—
(=]

Ratio of water chemically
combined with cement, r (%)

wn

0 N P P | N N PR S S Y
1 3 7 28 91

Curing time, T  (days)

Figure 4.3.3. Relationship between ratio of water mass chemically combined with cement mass
and curing time'" '
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Fo, BAV PAKFEDOE Em, ARV, 3R OX(4.3.35) BLONU.3.36) DX H I

KINbd.
mhc = mcl + mhw (4 3 35)
Vie =Va + Vi, (4. 3. 36)

7, REMLESETICHBEICKFETOIKOER n, BXCEE V, 13RO

(4.3.3)BLVU.3.38) D L HIlIcEEINS.

m, =m,,—m,, (4.3.37)

w.

Vw3 = Vw2 - Vhw (4
L7 oT, BAEKTRHICE T 2L ELE T OE & n, KFEV,, KK w,,

KO (4.3.39)~(4.3.42) D X HIcRKEIND.

my,=mg,+m, +m,, (4
I/3 = Vsl + th + Vw3 + Va2 (4
m

Wy =—*2 100 (4
msl + mhc
Vi+V

33 — w3 a? (4
I/sl + th

.3.38)

IR LE e,

.3.39)

. 3.40)

.3.41)

.3.42)

WEIZEBWT, ZOMEE e, 2 W TEZELE T DOIERIC L 2 MERBIC OV TELE

T5.
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4.3.2 —REEEFES I UVEHKEANHEHE

ARECIX, AEOZELIETET VN EA LB OB AN, ZELHE Lo
WICIEE FrtEds KX OFRHEKRE AW 2 Bt 5 2

Figure 4.3.4 |2, RFERILTOTH ¢, LA BFROREEEM ¢ OFAFZRT. &«
EAEHIC FE o 2 AT HZETe , BNEL, HD—EORER (KR THAY K
LTI L EM OEERBIERR TH 5 t=100 min F2fE D TIFIE—EM@E A2 5. PO
[EIBR L e IXEFRE T R IS IE e =) D e, ITI L, BB KRNBOS & B8 L7z
FTAEKTHOMBILL e, ~E BT 5. ZD e, & o, DFERAMEIZK LT, fitdhz e, [ZHE
X ERD o W L7ZBfE % Figure 4.3.5 12777, ZOR T, BEMOKRMKIEZE
ER LT ey WD Z & TR &AKFIES D ME 2 X 5 D2k % [F—X
HCERTLHIENARRTHD. Fio, BEPERAIC XK DEHERR YICBT 2MBL e &
JEF R T) p DBIR (e~Togp BAMR) & I1X 20, FIMLREBOLEQR TIC R D o, & H—
AL TEY, 5 (e, 0 JITERRDICHERZZ T TWRWRICEELZET L. 22T,
M 2 R e LTS 72w, RRETEAE (0 ,=0kPa) DFERE 7y 952 &R
TEXRW. 22T, fufn L7 Z e L o fIERIK (8 & :Hp=10 cm, fE%E: o = 2. 0g/cm?,
K EALEREE S © v’ =1.0 kg/cm®) O REBIT/EMN T 272G o 1T DX (4. 3. 43)
DEoTERIND.

o'=(p,—0) % =0.5=1kPa (4. 3.43)

Thbb, RKETEAEFOER E#HEIXo =1 kPa THHEEXD. ZOMNDL,
o, DHEIZED e; DDAV T D Z ENbND. 22T, o0,749~147 kPa DRICALILD
0, & loge; DIEMEBAFR DO AR Z K DOK (4. 3. 44) D X 5 7 IEMEFESk ¢, L EFR LT, Fl—
DL EMEIMNES 5V ILFBAERMIC I T 5 E3UE O EI 10 5 B o 240 (5
) EERTHEEL LTHWS.
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' €31~ €3

. (4.3. 44)
log(o, /o)

=L, BELR IR EMBMENELT 5 2 & TIEEMMENEILT 5 Bl 20X, %
EMEFIMEOHEIMNE & HICEBERIG TINS5 19) 2 g, LZEAE+OEHE
BARETHICITLVRFHZRHEK Co , 22 LS EDLERD D .

v

W

Kaolin

Stabilizer, Q=50kgf/m’
AT=T =Omin, T =7days
—0— =4%Pa
—— 6,=98kPa
—O—0 =147kPa

CH 11—
12 sl L o Lo P P

0.1 1 10 100 1000 10000
Time, t (min) [Log scale]

Ne)
I

Consolidation settlement straing_(%)
o

Figure 4.3.4. Typical consolidation behaviors of cement stabilized soil

2.0
under atmosphere
918
g
S
b T
E ™\
g 16 L
Q
E ]
k5 C
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<
= 1.4
§ Kaolin
Stabilizer, Q—50kgf/m’
AT=T =0Omin, T =7days
0.1 1 10 100 1000 10000

Consolidation stress, o (kPa) [log scale]

Figure 4.3.5. Relationship between e; and log o,

( 87 )



—J5, B—/V RRUEHBALEE CIITEOHIM A /LR, o, 2 HRW T2 2 & Tt
ARSI LIRS LT 2 RN HD. D2 L 2RaFT 572012, o, ZERAT L
T2 IRE 3203 B O 22 TE AL BR T BRI O 05 B 4 I E L 725 R % Figure 4. 3.6 (2”9, Lotk
Wk L, ZEM I OPC TH Y, Q550 kg/m®, o ,=147 kPa, T,=50 min, AT=0min, T.=T =7
days TH 2. ZOMMND o, DERHFIC K 2 HEREOIEZRITRD ST, — Bl EHER B
ORI ORI e 1T /EKR THFOMBE e, E S LNV EWVWZD.

Figure 4.3.7 12 Figure 4.3.4 (25| &\ TiT o 7o —HEMERBR L 0 S o7ty -
OFTAHMBEZRT. 2N E TR D1Z, o, OB il EAE 58 DS HE N5 5
ZEWbinG. ZIT, —HhEME B ORIBRIIL ey LFELWRIZER L, ey &K
HAWRE s, (=q,/2) DR % Figure 4. 3.8 IZ/RT. Z DT e, ICB T DIEHEATA
W2 E2 52 L CEBLEA LT =Y a VAHRICK DMERI AR — X THE9
LZENHRETHD. 2LV, ey WD s ITINT 5. 22T, ey & s, ICHAR
B & 5 EAUET L, ZOELPEROAER As,/ Ae TROA(4.3.45) D L H TR E
L, MRETCTEELELERH LOEELEEA LT —va VOIROWMGIZ > TAEL
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