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Basal anti-heave stability of foundation pits in unsaturated soils
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Protection, Chengdu University of Technology, Chengdu 610059, China)

Abstract: It is known that the soils surrounding a foundation pit are commonly in an unsaturated condition and the
displacement of a retaining wall routinely rotates around wall bottom (i.e., RB displacement mode). The bearing capacity of
strip foundations at wall bottom with a single-sided sliding surface and the vertical anti-sliding force of wall-soil system under
RB displacement mode with an overall down-sliding are first derived in the framework of the two-stress state variable theory
for unsaturated soils. For uniform and linear suction profiles, the limit equilibrium method is then adopted to provide a solving
process on the safety factor against basal heave of foundation pits in unsaturated soils, respectively. Finally, based on the
verifications of the theoretical solutions reported in the literatures with an engineering case of foundation pits, the influences of
different wall displacement modes are explored. The results show that the proposed safety factor against basal heave of
foundation pits accounts for unsaturated characteristics of soils and RB displacement mode of a retaining wall. The proposed
safety factor compares reasonably well with the available theoretical solutions of both the foundation bearing capacity model
and the limit upper bound approach, and it can be naturally degraded to that of saturated soils. The vertical anti-sliding force
and the safety factor against basal heave of foundation pits under RB displacement mode of retaining walls are smaller than
those under an in-situ state. The safety factor against basal heave of foundation pits is conservative for simplified calculation of

unsaturated soils taken as saturated soils ignoring unsaturated strength characteristics.

Key words: basal anti-heave of foundation pits; unsaturated soil; vertical anti-sliding force; matric suction
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Fig. 1 Mechanical model for basal anti-heave stability of
foundation pits
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Fig. 3 Active earth pressures on retaining walls
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Table 1 Soil parameters of a foundation pit
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100 1.25 1.42 1.52 1.46
150 1.25 1.42 1.57 1.49
200 1.25 1.42 1.62 1.51
250 1.25 1.42 1.68 1.54
300 1.25 1.42 1.73 1.56

6 —

—e— &3¢
5tk —e— 3CHR3] ¢'=20°

0 1I0 2I0 3IO 4I0 5I0
c'IkPa
7 HEIE ARSI
Fig. 7 Influences of displacement mode for retaining walls

3.2 RPR EPRAFE

Zhang 50z FHMRRR b BRER 16 by it 3 i B S vF
A EY, hREEESR AR S AR R AR
M FGTPiE 2 4 KRB HES S . Bl 8 NAEmMm
RS TACE R[9Sk e 224 BB L, &
BSEN: h=5m, =0m, g=0kPa, Dw=8 m; y=18
KN/m?, ¢=3 kPa, ¢=20° , ¢°=15° ; H5--[ZE
71 ew=cd2, ANEEHES 6=2¢"/3.

30
—— %X

25 —=— JCHR[9]
= 20F

1.5

1.0 L 1 1 1 J

0 10 20 30 40 50
(ttg—tt)/kPa
(a) HHRI]

3.0
—e— A
25 —e— 3CHRI9]
-
20F
15
1_0 1 1 1 ]
0 20 40 60 80
(ua—ttw)o/kPa
(b) &t

8 XTELAR PR _EPRARE
Fig. 8 Comparisons with limit upper bound solution
H1 &l 8 AT DA e A SCHiFE AL 2 4 SRS STHR[9]
PR PR B R AR AR A R A [R],  (HAR ST 45 g /N T30
BRI, = PIIMHZEAEAWM I T N 2.14%. FELME
W IINHN 3.43%, XFFEHRR _ERME B SL iR B IR
IFE, WIIE T A SCE IR A k.

4 & i

COARSCHE T M AR A2 T A, 77
FILEEE ) F JEMR L3 GO e 2 4 R ¥HE S 2Rk
AR, AFRERE T RN RB A RSB S LRI A
BRI, BSRIATHEE R, B R IR
7 SURI BT I TR A 5

(2) GE & 3G TR, 550k LR 30t
) 2 R AR AT 5 B — SO AN A M L, R T
B 22 4 RO SR TARE IV DL R B 7R 2 5%
Vo @I SO BR BRI (BT b e 2 4 R
FIRARAS, B T F et 2 4 REIA A 546
B, PRRUHE AL TR R AT R O /2 e
Pl R R R, ARSI R e R 2 4 R
T FAR=F o

SE -

[1] R A W, WA, 5 R bR hTRs
Bt fa e 30 5 O iE D). BOR TRE 243, 2021, 54(10):
97-105. (SONG Erxiang, FU Hao, LI Xianjie, et al. Checking
method for basal heave stability of deep excavation in
saturated cohesive soil[J]. China Civil Engineering Journal,
2021, 54(10): 97-105. (in Chinese))

[2] EN%, EUIE. R SRR A ) RN R ]
[7]. AETFEZER, 1983, 5(3): 103-114. (WANG Bingjian,
XIA Mingyao. Embedment depth and internal force of
diaphragm wall[J]. Chinese Journal of Geotechnical
Engineering, 1983, 5(3): 103-114. (in Chinese))

(#1790 D)



1790 =

+ T B % ik

2024 4E

assemblies of glass beads wusing bender-extender
elements[C]// 17th ASCE Engineering Mechanics Conference.
Newark, 2004.

[15] PATEL A, BARTAKE P P, SINGH D N. An empirical
relationship for determining shear wave velocity in granular
materials accounting for grain morphology[J]. Geotechnical
Testing Journal, 2008, 32(1): 1-10.

[16] ALSHIBLI, KHALID A, et al. Quantifying morphology of
sands using 3D imaging. Journal of Materials in Civil
Engineering[J]. Journal of Materials in Civil Engineering,

2015, 27(10): 04014275.

[17] ALTUHAFI F, O’SULLIVAN C, CAVARRETTA I. Analysis
of an image-based method to quantify the size and shape of
sand  particles[J]. Journal of Geotechnical and
Geoenvironmental Engineering, 2013, 139(8): 1290-1307.

[18] GU X Q, YANG J, HUANG M 8. Laboratory measurements
of small strain properties of dry sands by bender element[J].
Soils and Foundations, 2013, 53(5): 735-745.

[19] GOUDARZY M, KONIG D, SCHANZ T. Interpretation of
small and intermediate strain characteristics of Hostun sand
for various stress states[J]. Soils and Foundations, 2018,

58(6): 1526-1537.

(#1767 5O

31 Erte, BB, Ph WS, BRbudBE R R E BTG 5T
FEL). B L T2, 2006, 28(3): 295-300. (WANG
Chenghua, LU Qun, SUN Peng. Critical width method for
analyzing stability of foundation pits against basal heave
failure[J]. Chinese Journal of Geotechnical Engineering, 2006,
28(3): 295-300. (in Chinese))

[4] FREDLUND D C, MORGENSTEM N R, WIDGER R A. The
shear strength of unsaturated soils[J]. Canadian Geotechnical
Journal, 1978, 15(3): 313-321.

[5] ZHANG C G, CHEN X D, FAN W. Overturning stability of a
rigid retaining wall for foundation pits in unsaturated soils[J].
International Journal of Geomechanics, 2016, 16(4):
06015013.

[6] OH W T, VANAPALLI S K. Modeling the stress versus
settlement behavior of shallow foundations in unsaturated
cohesive soils extending the modified total stress approach[J].
Soils and Foundations, 2018, 58(2): 382-397.

(71 He, = F, A 3 S SRR AR
IR R A4 %5 TRER, 2018, 37(5):
1237-1251. (ZHANG Changguang, YAN Qing, ZHOU Fei, et

al. Formulas of ultimate bearing capacity for strip foundation
on unsaturated soils[J]. Chinese Journal of Rock Mechanics
and Engineering, 2018, 37(5): 1237-1251. (in Chinese))

(8] X8, MiUPHE, EARE, 5. WIPEREE SRR oA
KXEEHLE BB B L%, 2022, 4309):
2371-2382. (DENG Bo, YANG Minghui, WANG Dongxing,
et al. Failure mode and active earth pressure calculation of
unsaturated soil behind rigid retaining wall[J]. Rock and Soil
Mechanics, 2022, 43(9): 2371-2382. (in Chinese))

[91 ZHANG J H, LING T, RAO Y Q, et al. Limit analysis of basal
heave stability in unsaturated soils based on the unified
strength theory[J]. Geotechnical and Geological Engineering,
2020, 39(1): 593-602.

[10] &%, PREW, Wik, &2 @SRy i TR s
LoyfrM]. B RIS RS HRA, 1996. (ZHAO Xihong,
CHEN Zhiming, HU Zhongxiong. Practice and Analysis of
Deep Foundation Pit Support Engineering of High-Rise
Building[M]. Shanghai: Tongji University Press, 1996. (in
Chinese))





