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S{CALIRINER D=

THE ZHFRM

Amount | Curing Sampl
R Tk Depth (m) Cement Type | Cement | Period (Ov/v ) a #p © (liqu:l) cov,
(kg/m’) | (day) ’
-8.0~-19.0 NP 140 28 | 95~135 | 176 | 2140 | 0.358
-9.0~-22.0 NP 150 28,49 | 110~150 | 222 | 3920 | 0.353
TEBIR A IE | -12.5~-36.0 SP 14 28 55~110 | 182 | 3760 | 0.440
(=) -9.0~-39.0 NP 135 60 | 100~130| 26 | 3370 | 0.331
-1.0~-8.0 SP 150 | 28~52 | 90~100 | 29 | 3770 | 0.485
— Cement milk 15 - — 30 790 | 0.290
2.0~-8.0 NP 74 28 | 110~140| 54 230 | 0.480
EERAMER | 0.0~-7.0 — 150 28 — 47 | 2360 | 0.420
(B 1) 0.0~-10.0 | Special cement | 250 28 | 100~200| 493 | 3660 | 0.140
0.0~-4.0 NP - - — 36 | 2820 | 0.423
— SP 7.5% 91 6.59 32 661 | 0.470
HRTR A LEE — SP 3% 28 9.4%) 13 360 | 0.990
— SP 4% 28 11.89 25 120 | 0.750
a9 —k-Hl#EE O NI M FE D cor ol
BHAMEBOLTE R COVE, 0.2~04
BB BED LS DEDKESIEIYKEL
)
H S tHEIE ]
BIR:BEDOKE-SRREARICHITHHEE M
K-BoMZELR DEBDEMNFLL
BRI AR KO, =50-200m, $AEO,~2-4m
Reference - R
Type of Ground Strength cov K0, (m) | ERIES, (m) Reference
PR — i EMERER | 0.21-0.36 (clay) ,
N YELAN L _ _
TR R A LB 0 0.32-0.40 (sand) 0.4-4.0 Honjo (1982)
A MRE
o CPT 0.114-0.194 2.0 0.5 Tang et al., (2001)
Jirie S = AN
B ':P/rb = @fi
U7+ CPT - - 0.22-0.74 | Porbaha et al., (1999)
VRS IR R AR 0.34-0.74 12.0 (wet mix) Navin & Filz (2005)
q, <3.0 (dry mix)
Lime-Cement = 0,<0.15
Columns FEE AR <0.6 0,<0.35 Larsson et al., (2005)
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S{cEBMEDREE (BCHBERRE) 7

Effect of spatial variability on short- and long-term behavior of axially-loaded cement-admixed
marine clay column, Pan et al., Computers and Geotechnics, Volume 94, 2018, Pages 150-168.

Table 4

Statistical characteristics of cement-admixed soils.. Source: Liu et al. [33]

B oAERERE

References Test (Result) Mean Value COV Scale of fluctuation® (m) Skewness  Kurtosis Marginal
FIE  EHEH  verical Horioma Disibution
Honjo [23] Unconfined Compressive 0.6-8.0MPa 021-036(clay) 0.8-8.0 - 1.19 to 2.7-44 Mormal
Test (LCS) 0.32-0.4({sandy 255
soils)
Babasaki et al. [5] Unconfined Compressive - 0.22-0.27 - - - -
Test (UCS)
Hedman and Kuokkanen Hand-operated - - 038-1.12  0.07-0.33°
122] penetrometer test (o)
Navin and Filz [37] Unconfined Compressive  1.0-4.7 MPa 034-0.79 - Approximate 24.0 - Lognormal
Test (LICS)
Larsson et al. [28], Lars- Hand-operated - <0.60 - Radial:<0.13 Orthogonal: - -
son et al. [29] © penetrometer test (c,) <0.32°
Larsson and Milsson [30] Cone penetration test (Tip 020-0.60 18-36
resistance)
Chen et al. (MFBC) Unconfined Compressive 2.0-27 MFa 029-046 0.48-134
[9] Test (UCS)
(NCHS) Unconfined Compressive 32-45MPa 029 - - 1.4 to - -
Test (LCS) 0.7
Al-Nagshabandy et al. Cone penetration test (Tip - 022-067 0.2-0.7 2.0-3.0 -
3] resistance)
MNamikawa and Koseki Unconfined compressive 1.7 MPa 0.2-0.4 - - - Mormal
[38] test (UICS)
Bruce et al. [6] Unconfined Compressive  0.7-2.1 MPa  0.34-0.79 - - - -
Test (UCS)
Chen et al. [10] Binder concentration 29% 0.19 - - - Normal
Liu et al. (MFBC) Unconfined Compressive 1.7 MPa 042 - - 1.10 4.67 RBeta-
[34]® Test (LICS) distribution
(Marina Unconfined Compressive 2.1 MPa 044 - - 131 478 Beta-
One) Test (LICS) distribution

* The concept “auto-correlation distance” used in some studies (e.g. |38]) is converted to “scale of fluctuation” [50].
Y Liu et al. [34] normalized the strength to 28-day equivalent strength to eliminate the effect of curing period.
© SOF within the column cross-section.

S{CNEBMEDREE (BCHBRERRE) &

Effect of in situ water content variation on the spatial variation of strength of deep
cement-mixed clay, Y. Liu, L. Q. He, Y. J. Jiang, M. M. Sun, E. J. Chen, and F.-H. Lee
Géotechnique 2019 69:5, 391-405

Table 1. Summary of scales of fluctuation

EFSRIE|TES

Parameter Reference Soil type or mixing method Scale of fluctuation: m
Vertical Horizontal
In situ water content Diaz-Padilla (1974) Soft organic silty clay 24-37 —
Alonso & Krizek (1975) Chicago drift soil <07 —
. J(J:t London clay <25 —
E 7 Mexico City clay <1-6
Soft silty loam <50
Western & Grayson (1998) Tarrawarra catchment soil in — 70-100 (wet winter period)
south-eastern Australia 100-120 (dry summer period)
Phoon & Kulhawy (1999) Clay, loam 1-6-12-7 170 on average (for clay)
Akbas & Kulhawy (2010) Ankara clay 2:5-55

Binder mass fraction

EEAs

Strength of cement- (or lime-)
admixed soils

GEHES

Grote et al. (2010)

Current study based on centrifuge
modcl tests

Honjo (1982)
Larsson et al. (2005)

Navin (2005)

Larsson & Nilsson (2009)
Al-Nagshabandy er al. (2012)
Bergman et al. (2013)

Current study based on two projects

Current study based on two projects

Sandy loam and clay loam
Singapore marine clay
Kaolin clay

Dry method (lime—cement columns)

Wet method
Dry method (lime—cement columns)
Dry method (lime—cement columns)
Dry method (lime-cement columns)
Wet method

(average: 2-18)

6
Between 1-0 and 3-33 m;

60-100

100-200

Radial direction: between 0-12 and 0-28D:;
(average: 0-17D)

Circumferential direction: between 67 and
1337 (average: 897)

0-8-8-0 —
— Radial direction: <<0-22D
Circumferential direction: <<0-32 m (angular
SoF ~ 59°)
24-0-37-0
— 1-8-3:6
0207 2:0-3-0
0-08-0-77 <35
33 25

Note: D=diamcter of column, which is 2-4 m (prototype) in centrifuge model in this study.
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©Kiyonobu Kasama, Andrew J. Whittle, Masaki Kitazume, Effect of spatial variability
of block-type cement-treated ground on the bearing capacity of foundation under
inclined load (ERHEFEZZ (1457 0y X ELLEMBO X FNFEICEZLIELDE
D24, Soils and Foundations, 59, 6, 2125-2143, 2019.

O &, RIU Esk, BO B2, £ &F, BH BA, &F 2, & U, 4R
EICEDGRBEEL L E AR D X H5HE, T AFRH/XECHE TS, Vol. 78, No.
1, pp.45-59, March. 2022., https://doi.org/10.2208/jscejge.78.1_45, 2022.

SR R, RIUES, AR EE, B8 5 BF BA &F 82, & UE, MEdE
[CEDCGREEENEMBOMEERLTREE, TRERXHXECHBEIS), Vol. 78,
No. 3, pp.235-250, Sep. 2022., https://doi.org/10.2208/jscejge.78.3 235, 2022.

SR8 e, BE F, m)I EKER, A EE R A, AL EF, BEEHOFY—
MzEELZZBECNE MR O ERE AN, TRFERR/RIXEBICRFERFFE), Vol
78, No. 2, pp.l_901-1_906, Oct. 2022., https://doi.org/10.2208/jscejoe.78.2_1 901,
2022.
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(b) Example of cement-treated ground with spatial variability (SR = 8, COV. = 0.4 and .. = 1.0)
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