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Reliability-based analysis on the bearing capacity of cement-treated ground considering the
spatial variability of shear strength

by
Kiyonobu KASAMA*and Kouki ZEN*

Cement-mixing method is gaining popularity as a method for stabilizing soft soils in applications ranging from the
improvement of foundation properties to mitigation of liquefaction. However, spatial variability in the shear strength of the
cement-treated ground introduces uncertainties in estimating the bearing capacity for design. This paper presents a reliability
assessment for the bearing capacity of cement-treated ground based on the results of a probabilistic study in which the shear
strength of the cement-treated ground is represented as a random field in Monte Carlo simulations of undrained stability for a
surface foundation using numerical limit analyses. A statistical interpretation of the bearing capacity is based on Monte-Carlo
simulations using the Random Field Numerical Limit Analyses. The results show how the bearing capacity is related to the
coefficient of variation and correlation length scale in the shear strength of cement-treated ground. Based on the result, an

overdesign factor and percent defective for the bearing capacity are proposed to obtain a target probability of failure.
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Fig. 1. Strength ratio, overdesign factor and percent defective
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Fig. 2 Typical mesh and strength distribution (® = 1.0,
COV,.=0.2)
Table 1 Input parameter for current calculation
Parameter Value
Inclined angle of load 0°
Undrained shear strength i, 100kPa

Coefficient of variation COV, 0.2,04,0.6,0.8,1.0

Ratio of horizontal and vertical

. 1.0 (Isotropic)
correlation lengths

Normalized correlation length Random, 0.25, 0.5,
©=0/B 1.0,2.0,4.0

Monte carlo iterations 100
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Fig. 3 Failure mechanism against vertical loading (® =
1.0, COV,=0.2)

MOFERZROEBOWREMIT, 6= 1.0 BL R COV, =02 D
L XOMBEORRESMO—HITH D, FEEB L L, K&
HEOWHNC 2.5B, TREE JF1A11Z 2B OFEHTREIR 2 3% E L7z,

ARERIIEZAFER L L, EROFMIOE ST
H/hE< U8B ICFRE L, HCOHMHBEEEIN/ NS WGEED
WEDABLEMENR D ESRETED L OIC L. AEID
T I, TRFIREIT R 2 HARTRE OX5E 1 DIX S
DX DWEINT EFMT 57201, OB AEER
E—ELREL, BAAEEROZEMWRIES Xk
BEEOECITEE L TRV, R & MR o8 AR
I, WAR O ABTERIEIC L - TEPT 5 SRE L.

Table 112, fi#dTSeft 279, MARSRIE O L BRI Z, 0.2
~10 & L7, F7-, EHLB CHBEEREL, 0.25~4.0
L L, BOHBEEMES ERMEEEL Y b/ SWEEES

BL, BEOWEE T U F NIRE LIS LEE L.

4 TREOREEMEEZR LSRR

S 22 R RO R B & AT 3 2 MU oD SR T A B LS
AT — N& B9 57201, Fig. 3P A~ v
=2(®=10, COV,=0.2) & L7=5A D FREAEMIRANT &
DFOLNTENMARY MV EERT RV F—BLOE
R O—F 2R3, TREIC MR ENE A9 5 Hik
T, EANHROT0 RSN T, L 3°
DERNEC DR L o7z, £, ERETIC AT
KDL SUREIATE AR S 11, HAEN OB AWHERE O/ &
WEFTAZERET 2 X 9 TR0 EBSER I Nz, Ao
RN — AR T, HAEN DT 0 SRS EIEIELL -
OB <-DIZETRFE L o722 b, HWEE
TEOFLF O ZNTIE, FEREE & FIRERE £ TOHEH
ENENTHD L ERET 5.
#%mﬁhﬁﬁf’ﬂﬁwxwgﬁ%ﬁﬁé%%@
ERTE W BRI 2 R 2 T 57201, BT

40

©=1.0
351 | UNLA 1 COV=0.4
uNC=4.08 ¢
301 | cov =0.168 —
Nc
250
) LNLA _
(5] —
S b e
[ —
£ 15| | cov,=0151 |
100
-
5L
0 L = ﬁ

0 05 1 15 2 25 3 35 4 45 5 55
Bearing capacity factor N,

a)®=1.0, Cov =04

30
0=1.0 UNLA
25/ COV=1.0 T w, =261
T COV_=0.367
Nc
201
> ~N Y| LNLA
5 1) | meza
g cov, =0.318
5 -
10—
5L
t N

0
0 05 1 15 2 25 3 35 4 45 5 55
Bearing capacity factor N,

b)®=1.0,COV =1.0

Fig. 4. Histograms of bearing capacity factor N,

FrvvIalb—yariBEHOFITICL DGO
FEIMRE NG Z LA F oA TR L7z

N =in/ﬂc (1)
I, BT AraYIalb—a vl CORE
ISR AR e & AR 7Eone & L T O TRFR L 72,

1 n
ay, ==Y N, ©)
n i=1
o, =J—1 D (NG -y’ ©)
n-1 =

Fig. 41, ©=1.0, COV, = 0.4 & 1.0cBIT XN
BEOEANTTATHD. R FTREMEMIBMENT C
Bohice A N7 T LAOBIRIE, ERENEHEATIC
E— 7 BFEEL, WROGHRIRE R Uiz, T RE s
FRAEHT DA,  EIRBUERRBRAET OFS R L 0 b+
R DIRTGRE R LIS, ST oA EREQ? B
E)VN D, TREICIE D DX 2 HT 5 HMEO SR IR
EROA & SHEER A 12 5% DA BKAETIHEA Lz,
SRR DO ARYENMEITEIN U 72 3R O ARCE A % R
D712, Fig. 5%, HEZITFE X E R & 7 7
v M UIZ K DB Nepee( = [2+7m]) CIEFMB(AT, XFF
JHEIRER & ML) L7l & U, Bl iR e LK
THhD. Fig.5a)& 5h)ic, TNZh R & T REMmR



Reduced bearing capacity ratio (%)

| | | |
0O 0.2 0.4 0.6 0.8 1
Coefficient of variation ofcu, COVC
a) UBNLA
1008 - -

—_ = Mean bearing capacity factor
S
g 80
o
2
'S
< 60~
Qo
- R
2 ---Or--- Random ol
5 07 .- A--025 :
& --[O--05
2 — — 10
S 20 -V— 20
§ —h— 40

0 | | | |

0 0.2 0.4 0.6 0.8 1

Coefficient of variation ofcu, COVC

b) LBNLA
Fig. 5. Reduced bearing capacity ratio (uyc)
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