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Effects of post-snowmelt intermittent rainfall on water

infiltration on loess slopes of Ili Region

Zhai Gaoyang', Zhang Zizhao', Liu Tao"*, Zhang Shuqi', Liu Peizhi', Gao Min'

(1.School of Geology and Mining Engineering, Xinjiang University, Urumgqi 830047, Xinjiang, China;
2.Hydrogeology and Environmental Geology Survey Center, Xinjiang Geological Bureau, Urumgi 830091, Xinjiang, China)
Abstract: [Objective] The water infiltration characteristics on loess slopes of the Ili region, Xinjiang, under
intermittent rainfall conditions after snowmelt were analyzed in order to provide a basis for regional slope stability
assessment and the selection of landslide early warning indicators. [ Methods] Using the landslide at Alar village,
Kurdinin Town, Gongliu County, as a representative case, one-dimensional infiltration experiments were
conducted with undisturbed loess columns. Three rainfall intensities: 10, 20 and 30 mm/h, were set. Under a
constant cumulative rainfall of 120 mm, four “rainfall-pause” cycles were conducted. Sensors installed at depths of

10, 20, 30, 50, and 70 cm continuously monitored volumetric water content, matric suction, and pore water
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pressure. [Results] The snowmelt stage affected only the shallow subsurface, with volumetric water content
increasing by less than 2%, and no discernible response was observed at depths of 20 cm or greater. During the
intermittent rainfall stage, the wetting front propagated progressively downward, with shallow layers responding
earlier than deeper layers. Under the 10 mm/h treatment, the depth affected by a marked increase in water content
reached 50 cm, whereas under the treatments of 20 and 30 mm/h, the response did not reach 50 cm. At 10 cm
depth, the peak volumetric water content showed a slight decline with increasing rainfall intensity. During rainfall,
matric suction at 10 cm decreased rapidly and could fall to O kPa. During the pauses, the increase in matric suction
at the same depth tended to diminish as rainfall intensity increased. Pore water pressure responses were
concentrated mainly at 10 cm depth, where peak values rose from 18.82 to 19.69 kPa with increasing rainfall
intensity, whereas deeper sensors remained under negative pore water pressure throughout. [ Conclusion] Under
intermittent rainfall after snowmelt, infiltration in Ili loess exhibits clear stage dependence and a pronounced
hydrological memory effect, such that antecedent rainfall facilitates subsequent infiltration. Lower-intensity rainfall
is more conducive to deeper downward water migration, whereas higher-intensity rainfall more readily induces
rapid wetting and pore pressure increase near the surface while constraining effective infiltration depth.

Keywords: rainfall infiltration; intermittent rainfall; Ili loess; soil column test; volumetric water content;
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Table 1 Basic physical and mechanical properties of soil

I WEkE/  BERE L ,

E e o2 %A&i/ REARE/ ﬁm?%/ BRI /kPa  EEHESM/(C) MR/ % W/ %
(gecm °) % (mes ')

st 1.47 10.92 7.55x10°° 28.4 24.5 17.34 32.09

HLAR 5 A g0 15 B 3 2 UK P A7 a0 I 90 s
mr . AL ok & b 1 (0.075~0.005 mm)
&KL, 4R 52%~60% ; 415 (0.25~0.075 mm) 5 b
2 R 25%~35% ;5 Fh ki ( <<0.005 mm) 5 2 Rk
9%~15%

2.2 RIS

AR YK B 1 A EAB R G AL,
Gralh EAER R AR RERS . PHEEESER
120 cm, HAR K 28 cm, H FAERET A B IS #H, K5
EENE ST R Bap =2 5 e ok 2 N € Y Ry |11 ]
IR A AR RFAE | T R 1 R 4 2 IR
AN L K B AR AR B K TR )= . MG

WA R W B AE A BT 88 s S, i
Bk — R R E E IR S ACRE S KA SR
AR Ak, AR U FDIR 285 T T B AR A R AR IR
JECER 0 2O i MR BT B 0 Ok A L R R
28 Th I 9 10, 20, 30,50, 70 em Ab 3 5 A£ )88, IF
M 2T 5 Bl 4 AL IR 1 G A 2, 15 kR 3, 1%
JRER 4 MG 50 TERE TN A B 1 R v B R 7 (FL B
K 3 FRFR B K S0 A3 A AR A A oK - A o
(4% 0> 2800, vT LA 0 5 AR T 4 i DA R o e vy
T T e L AR R PR A kR 56 SR FH RE 8
I W Ty ALBR K ) RS K R 3 AL IR
B R AR B R TE A 0o AR A FE A AL R



43

L vy PH A - il =5 1) b e T 0 D B o R T K G AE B R ) 23

Bl R ER G DL AU AR : O @b B # S
B AE 3 { (DH3818) 5 @ & /K 2 5k 48 R 4 &
(CR1000) ; @ & 7K A% 2% (it & 2 0~100% , K
HEE R (0% ~50%) , £3%;50%~100%, =5% ) ;
@ FLBR K H H7 1% ks (e 2 — 0.01~5 MPa, 5 1
JE<0.120FS) ; © % 5w W J) 4% Jf g% (i & o — 100~
—10 MPa; ¥ 1 i 0.5 kPa) . B 1% 2% 55 # 3 %
B AE R PR R P9 .

R 22 48 i NLTY-10 B9 A T #8540 F& 1 &R 45, ik
VR AE B KA LA S R ML B, 1 I TR AR G A R T
T A 0~20 m® R 1 B R =5 %6, 4 I i 5 181 7 i [
J 0~100 mm/h. 3833 A T AR T 2R 40 45 4l 48 R
BILKE 7K T i 7K DA TOT 350 99k ¥ 25 8 A5 400 5 W, O )
N TS LB T 2R 56 14 4 il T A 08 4 B4 T SRR B L R
R ] 45 2 BOR AR [7] T 00 F B4 [ 1 175 40 <
23 REAR

TERRAIRE T, B HEIK S A8 R AE 32 1 55 ot b
S5 P o T R R R T ) 2 AR ) T IR A e
% T o b DR e [ A AR A L R 5 A S O e M
W R ], LK 53 A8 i B 32 28 ol I W o R R
T 3 30 T A G PR 3 B e e Y R RS AT IX
il 5 (D AR M A T AR R R B i A B ORI AR
TS ECEE AR SO T H A5, A 56

T 2024 4F 6—7 H 76 W7 5 K27 b 5T 5 7 Mk T/ 2% B
B R A S0 AT o I R A A X JUIR B
d, I L K SR B O 2 M X R AR UK 10,920,
WREESHI N 1.47 g/cm®s ARYE I kL B RLIG BE
H 36 0 L B8 L 7R R 8 T B 2024 4F 4—5 A F YRR
W N 120 mm. N BIFREW E S0 &4 L0
GEAN [] e T 5 B F A B R I e L i T 3R
B, B T 9 B 43 900 4 10, 20, 30 mm/h, X 87 A TR AR
SR 12,6,4 ho SHBLRLIEL S R, 54 5 R R
iF 44 78 £ AE TS A % 30 em RS 2. ZIRER
W E AR Ry 2 XA P B RS R 29 30 em, 25 &
TR I R FH B JLART AR ARL FE 12 5, 460 30 45 30 4 0 38 6 o
TR JEFERN Ry 6 ems 257 & 7% JE Rl S5 5 A8 b () S BR A
BRG] AT, &% — R 6 em LR R E
HEATIRES , B ok A & = A AR IR 5 ¥ AR AE
DL S R Wl K JRARAE o A AR R AR BR 4 K
B DL 24 h Ry — A HEE, PR I PRy R B[] 4 i Sy
3,1.5,1 h, [l 8K Ry 21,22.5,23 he AR5 A9 41
L EE Ry 105, AR 48 AH L e 38 3 St 1 3086 Ze ik 2
Ji7R o

SRy UL A B[R] P I 3R AR i — 2 R
A 50 2H AR DT N 5 (Rl RO 3L T R LA 24 h 1A
PEA I3,

F2 IHEANEEMKEATR

Table 2 Experimental design for soil-column infiltration simulation
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Table 3 Temporal process of intermittent rainfall events
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Fig.1 Variations in soil volumetric water content under different rainfall intensities
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Table 4 Increments in soil volumetric water content at

different burial depths during snowmelt stage

IR /em

AN TR 5T A AR kR

T,(10 mm/h)  T,(20 mm/h) T,(30 mm/h)
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30 0.03 0.02 —0.05
50 0.04 —0.06 —0.06
70 —0.03 —0.02 —0.02
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Fig.2 Water accumulation in shallow soil under different rainfall intensities
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Table 5 Increase in matric suction during rainfall intervals
at sensor 1 under different rainfall intensities

AN T 9 3 5 S R 3 4 R AEL /kPa

e W =

T,(10 mm/h) T,(20 mm/h) T,;(30 mm/h)
H— 5.50 4.71 3.91
%K 5.31 4.83 4.00
EHER/ 5.25 4.49 3.98
U 4.68 4.26 3.67

c 3% B30 mm/h
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Fig.3 Variations in matric suction under different rainfall intensities
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Table 6 Peak pore-water pressure at sensor 1 under
different rainfall intensities

K& T K [7l W 8 FL B K 7 W {8 /kPa
HE/W T,(10mm/h)  T,(20mm/h)  T,(30 mm/h)
1R 18.80 19.35 19.69
%21 18.61 19.35 19.55
93K 18.68 19.37 19.59
AW 18.82 19.36 19.58

- E 18.73 19.36 19.60
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Table 7 Initial pore-water pressure distribution at
different burial depths

7~ [6] TR 588 990 46 AL B K 1 5 /kPa

HH/cm
T,(10 mm/h)  T,(20 mm/h)  T,(30 mm/h)
10 —0.127 —0.119 —0.118
20 —0.099 —0.091 —0.086
30 —0.075 —0.071 —0.070
50 —0.048 —0.040 —0.048

70 —0.024 —0.023 —0.025

c % @ 3% B30 mm/h(T,)
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Fig.4 Variations in pore-water pressure under different rainfall intensities
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