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Seismic active earth pressure on a retaining wall in unsaturated soils with cracks
for changing water table
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(1. School of Civil Engineering, Chang’an University, Xi’an, Shaanxi 710061, China;
2. Stake Key Laboratory of Geohazard Prevention and Geoenvironment Protection, Chengdu University of Technology, Chengdu, Sichuan 610059, China)

Abstract: Seismic active earth pressure is the primary load for retaining wall design in high earthquake-intensity areas. Based on the
relative position relationship among water table, crack depth and wall heel, this study firstly presented three mechanical models of
seismic active earth pressure on retaining walls in unsaturated soils with cracks, which corresponded separately to high/medium/low
water tables. The pseudo-dynamic method was then employed to calculate the seismic effect of sliding soils behind a retaining wall.
The solution of seismic active earth pressure on inclined retaining walls for changing water table was derived by adopting mechanical
principles of unsaturated soils and the limit equilibrium method. The iterative steps to be easily conducted were provided, and the
proposed solution was compared with the results of theoretical analysis and the shaking table test available in the literature. Finally,
the influences of water table, crack depth and unsaturated soil characteristics on the seismic active earth pressure coefficient were
discussed. The results show that the proposed solution well considers the effects of water table, crack depth and unsaturated soil
characteristics, which can be degraded to the classical earth pressure equation. Additionally, it agrees well with the existing theoretical
solution and measured data of the shaking table test. Consequently, the proposed solution has an important theoretical significance
and good application prospect. The influences of water table, crack depth, matric suction, suction distribution and suction angle on the
seismic active earth pressure are all apparent. In order to optimize the seismic design of a retaining wall, engineering measures should
be taken to maintain stable existence of matric suction, suction distribution, low water table and small crack depth.

Keywords: seismic active earth pressure; unsaturated soils; pseudo-dynamics method; water table behind a retaining wall; soil crack
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# 1 Fredlund 327572 T X LB ARE
Table 1 Comparisons of proposed solution with a
theoretical solution—Fredlund’s strength equation
AN (=) kPa BB () Ko
0 20 40 60 80 100
SCHR[8] 0365 0358 0.355 0352 0349 0.347

% ik

Wt :
A 0358 0352 0349 0346 0344 0.341
Bt CHA[8] 0365 0325 0291 0269 0258 0.254
A3 0358 0321 0291 0271 0261 0.257
. SCER[8] 0365 0352 0.353 0353 0354 0.353

“i -+ .
AL 0358 0346 0347 0348 0347 0.347
. CHA[8] 0365 0323 0280 0240 0201 0.163

4kt

AL 0358 0320 0282 0.245 0209 0.173

2 Vilar BEFETX HEREE
Table 2 Comparisons of proposed solution with a
theoretical solution—Vilar’s strength equation
A (g kPa HUEE 1) Ko
0 20 40 60 80 100
SCHR[8] 0365 0360 0360 0.360 0360 0.360

% ik

W+t .
A 0358 0354 0354 0354 0354 0354
Bt SCHA[S] 0365 0340 0330 0325 0322 0319
A 0358 0336 0327 0322 0319 0317
. WHR[8] 0365 0356 0354 0354 0354 0353

“i -+ :
AL 0358 0349 0348 0348 0348  0.348
. CHA[8] 0365 0328 0299 0276 0258 0.242

Heamki L

0358 0324 0298 0277 0.260 0.246

PR5h G SMIGAE: Nakajima ZPITfE T AEMLAN
TEESRE LR IR 1g RSG5, B
Kox B x = ]S A 2.06 mx0.60 mx1.40 m, Inagi 1-ff)
AR Go=2.672, “FIIKifE Dso= 021 mm, 4
K& Fe= 92%, NSRHCo= 290, ESLREE
De=80%, EIKZFE w=12%, KIREE y=15.6 KN/m’;
a=0°, H=0.6m, &=0, &=1, ¢=0kN/m’; ¢=
2.2kPa, ¢/ =32.6°, §=30°; kn=04, ky=0.2, A=
30m, 7=1874, T=02s, fi=1.
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Fig.11 Comparisons of proposed solution with measured
data of shaking table tests

5 SUWAER

XKLL & A A E R 385, IS
IKAL BT AR AR P R B+ R
MR, AONPAE LR R AR . BRAK
PLRE G BEIRFREL & UAAL, BB H A S 2
4.1 75 o HEJTR 3RS AL B S FLRRK R g, B
(Ua—ttw) = JH(Ea—E) TR T I (ua—ttw)o = FI(Ew—
&) (MDD HisE .

51 JKAHL

KBRS B A A R, WENER 3 BN
I) [ 5% 5 AT A ) 2R B A S A SR (27D
(28). & 12 NEERRE &= 0. 02 MR E5)+
FE 71 2 H Koo BEE KL REL & ARG, REFR4E
IREBELFE I AT TR LR T 6



TRHDESE: KA S RS AT R A R 3 £ R B AT 1583

E
07
0.6 :\\ - lﬁ?ﬁu)}(ﬁ
ex - -
0.5 R
. 04} T Tl
52 \'\. - S~o
03 N -
02 \'~-~,\'
0.1 £ KL AR AL
0.0 1 1 1 1 J
00 02 04 06 08 10 12
&
(@) &=0
“7r Sy
- = AN
0.6 >~ - - - b
St — it
05 | ‘-1‘.~__~~
. 04f Sl Tl
% ~.
03 -
02
0.1 LEKe sk g Tk Az
OO 1 L 1 J
00 02 04 06 08 10 12
&
(b) &=0.2

12 JKALREL & 3T Kae FIFZTH
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Fig.13 Influences of crack depth coefficient & on K
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