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Abstract: In order to analyze unsaturated seepage characteristics of slope under rainfall infiltration, a rainfall simulation system and
real-time monitoring system were employed for conducting model tests to simulate the rainfall-induced unsaturated soil slope failure
process in this study. The real-time response of infiltration rate and wetting front of soil slope with different slope angles, different
compaction degrees and different locations under different rainfall conditions were recorded and analyzed. Results show that steep slope
and high compaction degree soil are not conducive to rainfall infiltration, while gentle slope and low compaction degree soil have a quick
change of infiltration rate; the concept of test wetting front is proposed due to the real-time law of actual soil suction and water content
under rainfall conditions are not synchronized, and the water content (suction) wetting front point can be determined by a linear inter-
section of water content (suction) real-time curve transition zone and residual water content (suction) after rainfall; considering water
content and soil suction have the only corresponding relationship under unidirectional wetting and drying path, the time needed for wet-
ting front formation can be seen as the absolute value of time differences between water content and suction wetting front point. Based
on the Lumb formula of wetting front depth, the nonlinear correction expression is proposed subsequently by comparing the scatter dis-
tribution of wetting front measured and semi-empirical values.
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Fig.1 Test equipment and schematic diagram of slope model
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Table 1 Residual soil size distribution testing results
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Fig.3 Schematic diagram of slope monitoring embedding
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Table 3 Model slope types and calculation parameters
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Fig.4 Soil suction and water content real-time data of model slope under different rainfall conditions
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Fig.7 Water content change section of pond water infiltration
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Fig.8 Diagram of test wetting front definition
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Table 4 Calculation of test wetting front point-in-time
. A %] (min) I i %1 (min)
. W PP, P . e HEO 5 T 5 — e T
e i3 0 (m) B — K B R jEicy 8 (m) B — K I B K KR
FORFES W BOKEE W FOKAE WO EAKRE W
1 0.20 240 216 108 132 3 0.20 276 240 132 156
1 0.30 312 300 144 168 3 0.32 360 420 180 192
1 0.40 420 390 192 228 4 0.20 252 228 120 144
1 0.70 660 600 240 288 4 0.32 336 312 156 180
2 0.30 300 276 144 132 5 0.20 204 228 96 —
2 0.50 420 480 192 216 5 0.32 312 276 132 108
2 0.70 540 600 288 276
] K IF 1] A T S — i 4 25 05 8 B K /N 20
SV T 0G0 3 A R R K 2 0 i O ///
JEE I B0 U/ AR 4 B T 90 G R ] B (‘)Z o 200 2 ST E 035 T i ,,,a"’,
AP P28 32 (5) 5 45 R 780 300 4 300 3 W ) 2 228 5 {1 iy @ N
= 0.6 \ ”
B9 AR I S AR SR 2 o
XU KA B Pl 26 5 S 45 450280 10 33 0 3 0 5 Rl o I
—— 5 — K [E
H5F2mAE. —o— FK & A
S s = L —A— I )y R
223 REEHEEENT Ko ML LW, 02f S
AR 0 320 4 R O B B A  03  4b ’ e
Y5 7K S 5 R ) 500 S A 930 00 S (5 2 2 0.1 S R T 2
(R0 A T 9 K R Ark 7 8 0 9 0 0 50 £ 5 2 . W )
28 I (1 FH 2 0 K. I T 00 300 B o L b 1 X 801 () e
A DL A8 5 R R TS L R P ol o
I V) A5 S M 3 RV A - T K A8 G 645
N § 2.0 F —_a .
HAB . BAFEKFEAB. L. Lumb (1962) 2 z e D o
: ] ) ) Rod P Fe 2 06 A T IR e
SR ANRITE A FHSN. L EFEEASL; 2 10p T
FLUC LB A R K IR B w2 R F oot [ o
AL 50 0 S AR ) 7 160 98 4 5 R o PR A BEADLA 98 e
b b . . et B — e TR
R T RUA PR 3 R R 5 G T R A K 02f o T oa B G
S 2 VRS I ] PR 53 AL, 3 B MR O L B e s
o A B BEL R T 51 3R 2% TR Ut 9 1k ! P e 20

PN PRt P A A B AR ) D 17 98 WL 9 A7 A 24 2 3 I
B LR 2E L TS BB G 25

AN TR) F 52 88 0 39 388 10 e S 0 A 5~ 22 3 {22 S
W G 3. 4) AT 552 88 i 39 1)~ 22 6 i v T L
UAEL S 1 552 B2 R 84 /0 55 2R 300 333 ) 2 28 6 {1 A 552 301
{EMZEARXT B, EIR LG R IIR AT Lumb 225 2%
R A 110 8 ) e 3 v 5 R s RO A B B T A 4R
A BB BT T 20 5h S A 2 R AN K
LRI A 7 AR K B AR ARSI B B R L
A ANE B REBUMR 2. 5 RS I O L IR
552 B8 00 3 A A R 0 1 3 2R MO R AT o AR T
S AR i e~ 2 0 5 S ML 1) 1Y R 2.

O AN [T B 220 A0 i 0 S DU A 5 2 2 B A 6 R
Fig.9 Relationship between the measured and semi-empirical

values of soil wetting front under different time
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Table 5 Outcome table of the measured and semi-empirical values of model slope soil wetting {ront

2B H b (m) 2 BAE h (m)
I S d(m) — = — RS T d(m) — — A
’ W EowEm WK KR
1 0.2 0.238 0.278 3 0.2 0.280 0.386
1 0.3 0.319 0.361 3 0.32 0.424 0.532
1 0.4 0.423 0.486 4 0.2 0.566 1.238
1 0.7 0.658 0.611 4 0.32 0.764 1.650
2 0.3 0.316 0.303 5 0.2 0.365 1.048
2 0.5 0.494 0.448 5 0.32 0.497 1.348
2 0.7 0.626 0.619
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Fig. 10 Relationship between the measured and semi-

empirical values of soil wetting front
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