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Coulomb analytic solution of active earth pressure for unsaturated expansive soils
HU Xiao jun, WU Y an zhi
(Department of Civil Engineering, H ef et University, H ef ei 230601, Chi na)

Abstract: The strength characteristics of unsaturated expansive soil was analyzed, based on the plane sliding surface assumption,

the analytical formula of the active earth pressure calculation for unsaturated expansive soil was proposed which considered the

relationship betw een w ater content and strength of unsaturated expansive soil and other relevant factors, using the basic princt

ple of Coulomb theory, and practical example was used to validate the formula. The example show ed that the active earth pres

sure increased with the increase of moisture, while the magnitude of the change decreased; If the influence of water content was

not considered, the result was conservative; The active earth pressure of expansive soil and the angle of filling sliding surface

with the horizontal could be obtained directly applying the method established in this study.
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Fig. 1 Retaining wall and sliding wedge
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Fig.2 Earth pressure calculation on Retaining wall
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Tab.1 Example for calculation of active earth pressure

« B 5 e o E,/ (kN nrl)

OO O TkPa (%) g SoE[13] ACaR
0 0 0 0 15 92. 30 92.30 92. 30
0 0 0 0 20 145. 40 145. 40 145. 40
0 0 0 0 25 163. 06 163. 06 163. 06
0 0 0 0 30 169. 97 169.97 169.97
0 0 0 0 35 173. 10 173.10 173.10
5 10 10 10 15 — 99.75 99.75
5 10 10 10 20 — 153.93 153.93
5 10 10 10 25 — 172. 10 172.10
5 10 10 10 30 — 179.24 179.24
5 10 10 10 35 — 182. 48 182. 48

7 I v= 18.6 KN/ m3,H= 8 m, g= 10 kN/m, m= 3.774, n= 6. 063, ¢ = 10
kPa, $= 25°, @ = 15, — KR AEH .
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N 92 30 kN/m. 99 75 kN/ m 34K 55 K8 A
25% INFF) 163. 06 kN/m+ 172. 10 kN/m, +J& JIBE &
IR AR A0 B2, AR A RO M K R OR T
25% N, = H 7 IR AR B2 S0 A AN RS )
URZ, BRI R ) B D 43 17710
kN/ m.186 64 kN/m, 45 R T ¢ . X5
s A AL, A e A S W A SR 45 35
A R SCHRL 13] P OoRS it (vl 4 SR — 3L

AILHT A I AR B, % 1S AR A
T R 57K R R 2 TR 9% 2R R ST R 5k
ORI R, i A 5251k, #4657 AR A ik
S o b/ A R MO T RS N 5
T K 0 3 i 0 R A AR T K T
KAl o FEBITMTAET, WA S R (39 0, =30 1
JIE R, AR A EE W) s S BB Rk W T
AN B A ok SR RS T SE, B
—E LR O .

( References):

[1] FEF, %8R AT, WA 4 K 1424 5600w i K s 0
SE[J]. AKFIZE 4R, 2008, 39(5): 580 587. ( WANG Niarr x iang,
ZHANG Wer min, GU Xing wen, ZENGYour jin. Lateral swelF
ing pressure of expansive soil acting on retaining wall dueto irr
undation[ J]. SHUILT XUEBAO, 2008, 39( 5),: 586 587. (in
Chinese) )

[2]  SLERAE, SV, F ik, ARURIIEZ M 1 il i p AR e P T 0]
b J1 2, 2008, 29(Supp.) 364-367. (WU Jurr hua, YUAN
Jurr ping, LU Ting hao. Stability analysis of unsaturated ex-
pansive soil slope[ J]. Rock and Soil Mechanics, 2008, 29
(Supp. ) 364-367. (in Chinese))

[3] WkZEUE, 5REA, SR, &5, B R i) e L R[], LR
R 2% ], 2004, 12 (3): 285291. ( YAO Parr feng, ZHANG
Ming, DAT Rong, et al. GenericRank ine theory for unsaturated
soils[ J]. Journal of Engineering Geology, 2004, 12( 3) : 285 291.
(in Chinese))

[4] K, SRR, B i, AR L HURY SR K I ) Gi— 1R
[J1. % £ J1 %, 2010, 31(6): 1871-1876. (ZHANG Chang
guang, ZHANG Qing-he, ZHAO Jurr hai. Unified solutions of
shear strength and earth pressure forunsaturated soils|[ J].
Rock and Soil M echanics, 2010, 31( 6): 187F1876. (in Chr
nese))

[5] Pufahl D E, Fredlund D G, Rahardjo H. Lateral earth pressures
in expansive clay soils[ J]. Canadian Geotechnical Journal,
1983, 20(2) : 228-241.

[6] M7, 2% LB ARMOR - BE B 1+ B ) AT 7). 2 L TR
H,2007, 10(7): 2F 29. (SHANG Jun. Research of earth pres
sure problems considering unsaturated soil strength theory[ J].
Geotechnical Engineering World, 2007, 10( 7): 2729. (in Chr
nese))

(7] FEWEsE, 2630, Rhip, &5, B Ry A28 R AR WA 4 B 10 5g
W] N 1R R, 2014, 31(3): 423427, (WANG Xiaclr
ang, LI Guang fan, DU Juan, et al. Influence of rainfall and e
vaporation on soil pressure of unsaturated soil[ J]. Chinese
Journal of Applied Mechanics, 2014, 31( 3): 423427. (in Chr

nese))

(TF4% 156 N)

KR TR« 149 -



F14 % EE 86 M AL E AR - 2016 £ 10 A

[10]

[11]

[12]

[13]

FE R E )] BEIE £ %, 2007, 27(3) : 13- 16. (GAN Kurr rong,
YANG Yi, LI Jiang she. Analysis on karst water inflow mecha-
nisms and determ ination of thickness of safe rock walls: case
study on a tunnel[ J]. Tunnel Construction, 2007, 27(3): 13-
16. (in Chinese))

Pesendorfer M, Loew S. Subsurface Exploration and transient
pressure testing form a deep tunnel in fractured and karstified
limestones( Lotschberg Base Tunnel, Switzerland) [ J]. Inter

national Journal of Rock Mechanics and Mining Science,
2009, 47(1): 12F 127.

AR, AR, RIS B IX B G R RK 58 ) 2 BL ]
WAL 1. % 71 2%, 2010, 31 (2): 523 528. (L1 Lt ping, LI
Shur cai, ZH ANG Qing song. Study of mechanism of water ir
rush induced by hydraulic fracturing in karst tunnels[ J]. Rock
and Soil Mechanics, 2010, 31(2) : 523 528. (in Chinese) )
DR, R, AR A WS KR B B RO AT 5L ) ]
)15, 2009, 30( 12) : 3642 3648. (LI Lt ping, LI Shir cai,
CUI Jirr sheng. Ex perim ental research on chemical grout for
treating water inrush in rock mass[ J]. Rock and Soil Mecharr
ics, 2009, 30( 12) :3642-3648. (in Chinese))

TRECPR, RUFE AR, [ 58 1l BRI 5 v ROK R AL 20 ] . 2 L R
224k, 2005, 27 (4): 421-426. (ZHANG Mirr ging, LIU Zhao

wei. The analysis of the features of karst water burst of the

[14]

[15]

[16]

[17]

Y uan lian gshan tunnel [ J]. Chinese Journal of Geotechnical
Engineering, 2005, 27( 4) : 421-426. (in Chinese))

R, AR, VFH TE. AW DX A IR I 425 B o AR T AR
BAULTT. [ 5FR 2% 2 i H AR RE 22 IR, 2004, 06: 716715.
(ZHAO Ming jie, XU Rong, XU Xt bin. Deformation m odet
ing of surrounding rock during fulkface excavation of tunnel
in karst regions|[ J]. Journal of Tongji University: National
Science, 2004, 32( 6) : 716-715. (in Chinese))

XA B, X 2 A 9% T TOUS 8 ke L2 A P 56 i F) B4 0 W
[J]. %11 %, 2003, 24(3): 445 449. (ZHAO Ming jie, LIU
Xu hua. Numerical analysis of influence of karst caves in top
of tunnel on stability of surrounding rock masses| J]. Rock
and Soil Mechanics, 2003, 24( 3) : 445-449. (in Chinese))

T, JedE, Ph AL A, JET SVM ) ¥ T A ¢ 4 5 R
RETRIAE AL 7). &+ J1%4, 2006, 27(6) : 1006 1004. (WANG
Yong, QIAO Churr sheng, SUN Cathong. Forecasting model
of safe thickness for roof of karst cave tunnel based on sup
port vector machines| J]. Rock and Soil M echanics, 2006, 27
(6): 1000 1004. (in Chinese))

FHR T H o B A e S S G F RS D) .
2z K22 K2, 2014. (WANG Qi The study on stability and corr
trol measures of tunnel surounding rock by the nearby karst cave

[D]. X{ an: chang an university, 2014. (in Chinese))

(L35 149 W)

[8]

[10]

[11]

BRERM, BRAK, 30 IR, &8 3 ) FEARE A K g R
TSR RIS I [ )] A Ji5E 5 R AR, 2008, 27(S2):
3341-3348. (CHEN Tie lin, CHEN Sheng shui, ZHANG Wer
min, et al. Application of reduced suction to earth pressure cak
culation of unsaturated soils and swell increment[ J]. Chinese
Journal of Rock Mechanics and Engineering, 2008, 27( S2):
3341-3348. (in Chinese))
P, 5k WY, SRR, &5 SRR b Dy 2 TR N T
TR Hb T 2% 4], 2005, 13 ( 3): 346352, (YAO Parr feng,
ZHANG Ming, ZHANG Zheng ang, QI Sher gwen. Mplement-
ation method of the unsaturated soil mechanics in engineering
[J]. Journal of Engineering Geology, 2005, 13(3) : 346 352. (in
Chinese))
Pk, 5k B, XIBe A&, &5, dLRUHIX RN 4 4 iR R
%[ J1. % 345 K9, 2005, 35(5): 5F59. (YAO Parr feng,
ZHANG Ming, LIU Xiac chun, et al. Research on unsaturated
soils earth pressure in Beijing[J]. Building structure , 2005,
35(5):57-59. (in Chinese))
BIgHE, RO, IO, AF AR LS AR 5 R
[J]. &t Ji%, 2013, 34(3): 609 614. ( ZHAO Jurr hai, LIANG
Werr biao, ZHANG Chang guang, et al. Unified solution of Cotr

lomb s active earth pressure for unsaturated soils. [ J]. Rock and

156 « KFIIE#HR

[12]

[13]

[14]

[15]

Soil M echanics, 2013, 34( 3) : 609 614. (in Chinese))

A, A AR K L0 33 LIRS T ] AR
@R, 2001, 18(5): 8 10. (ZHU Zht duo, LIU Song yu. A-
nalysis of active earth pressure of unsaturated expansive soil
[J].Journal of Highway and T ransportation, 2001, 18(5): &
10. (in Chinese))

BAE . BT PR B R (AR A K - =3 b R T
M EE TR, 2006(4): 73 76. (HU xiac jun. Active earth pres
sure calculation of unsaturated ex pansive soil based on Cowr
lomb theory[ J]. Subgrade engineering, 2006( 4): 7376. ( in
Chinese) )

SRR, BRAEIK, P B, ARV RN 1 SR T R R G
WA )], A LD FE 2 3], 2008, 30( 12): 1872-1876. ( HAN
Hua qiang, CHEN Sheng shui, ZHENG Cheng feng. Ex perr
mental study on strength and deformation of unsaturated ex-
pansive soils[ J]. Chinese Journal of Geotechnical Engineer
ing, 2008, 30( 12) : 1872 1876. (in Chinese))

KA, R . Sl o R B e A L TR I M) . 7
KR K% R AL, 1999: 11. (XU Yong fu, LIU Songyu.
Strength theory of unsaturated soils and its engineering applr
cation| M]. Nanjing: Southeast University Press, 1999: 11. (in
Chinese) )



