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Abstract: Loess collapse-type lateral pressure have a landslide-promoting effect in loess slope areas, which is a
basic scientific problem in the study of loess landslides induced by irrigation. A study on collapse tests and slope
stability simulations of loess were conducted. The variability of loess collapse-type lateral pressure in the

Heifangtai area and its sliding mechanism has been analyzed. The results indicate that Heifangtai loess is self-
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weighted collapsible loess; soil of the irrigated area at depths of 0-15 m are slightly collapsible; soil at depths of
20-25 m are moderately collapsible loess, and the loess in the unirrigated area is highly collapsible. As the water
content of the slope increases from 4% to 20%, the total slope displacement is predominantly horizontal, increas-
ing from 12 mm to 140 mm, the lateral pressure coefficient also gradually increases. In saturated state, the maxi-
mum lateral pressure reaches 123 kPa when collapsible deformation occurs, the collapse-type lateral pressure co-
efficient increases of up to 1.4 times, and horizontal deformation is also correspondingly large. Collapse action
leads to tensile stresses in the upper part of the slope, making it prone to collapse-type crack formation in the soil
below the back edge of the landslide at depths of up to 5 m, resulting in dominant channels of surface water in-
filtration and forming landslide scarps. What’s more, lateral pressure pointing to the critical surface is generated
inside of the slope due to the stress concentration, which expands to the interior of the slope along the collapse-
type crack of the slope shoulder, and shear damage occurs along the curved weak zone until instability occurs.
Considering that the promotion of landslides by lateral pressure is more consistent with the actual situation and
can better characterize the influencing factors of irrigated loess landslides. The results of this research help to

improve loess landslide-induced disaster theory, and provide reference for the precise early warning of loess
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landslide disasters.
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Fig. 1 Typical landslides and the distribution of study site
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Fig. 3 Finite element model for slope computation
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Fig. 4 Differences in loess collapsibility between the irrigated

area and the unirrigated area

O THE X [ EIRE R AL

K A B 1 B b X SRR ) (GB50025-
2004), HARTEMR A A B IRk i B R G R
$76.,20.015, LA S SEM FH H W RE R T 7 em 47 H
GE, BT e IXE R o g ERETEE L, JEX S,
10, 15 m WREE B H Y0 R A SR A 1, #EIX 20,
25 m VRBE A B HIR A TR 4 AR X A B RN
TREE¥ s Z0 A FIR A P 1, X S5 ET AR 45
— % (Thomas et al., 2018; Shahrokhabadi et al., 2019) .
2,12 B E AR

T B 2 R ) i AR AR DL S B/ 6., T LLE
Hh AN T B 7K SRR B 1 1 285 s 406 RN 7K 28 I 3t
e, Y A A R T 0 AR Ak R AL, TT 4 4 B
Bz (OA-AB-BC-CD) (14l 52): 25 I B B (OA), itk
B P T A N ) R O 3 R v A e g, A ) A
PRI 5 3R B0 5 — AN . QRIS R B (AB),
W B A A 5 48 7 20 81, 0 7 9/, fa T R A A
I . OIRFEAE LI BE(BC) , 127K 4 AR SB P 07 72 P
K, R D) G B R, R B AR AN . IR AR
SE BB (CD), B 1 R AR A 58 1, HIRAETE B T
E, O ) AR Tl s, A 1) R ) TR (R ERTLAE,
2018; Yang et al., 2022),

LS Sy A )00 i 5 7K 8 - R A7 TRl — TR BE 1 O e
JIEACAE DL o YT 0 R T QR AS I, 7 [ 45 F2
W Be, Bt & & K 035 m, M E ) 23 5 80 31 kPa,
36 kPa. 38 kPa Fil 50 kPa 1938 1§ #a #4, I T B AR T AL
SARF K T SR E 2 5, AN KR TS
A WRRE S IR BT G A, R RRES
T2 SN R, SRR AR AR iy TR [ 9 T B AR
A

Pl 6 22 WIAEAH [F] % 7K 387 A 6] T BE 4R % )
AR PR 0 o Bl 5 TR A 386 o, P B s 44 T 45 3 )



5 2 T FE R A I RV A TR A %k 8 A R B 0 A AL o 115
60 90
85+
~ 80 i ~
g 75¢ g
R 70¢ = 90
; B 65| —— RRE gl —— RRA
= e 10% = —— 10% = —— 10%
10 | e 20% 60 - a- %0% ‘ 70 - - a- 2()%\7<
ol AR 551 — AR 60| [{ — MRRES
e SOl 50 T
0 100 200 300 400 500 600 700 0 100200 300400 500 600 700 800 900 1 000 0 100 200 300 400 500 600 700
HsfA] (min) A A] (min) HFA] (min)
(a)5m (b) 15m (c)25m

E5 R—XRELARSKETMEAEL

Fig. 5 Variability of lateral pressure at the same soil depth with water content
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Fig. 6 Variability of lateral pressure at the same water content with soil depth
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Fig. 8 Horizontal slope displacement under different water content conditions
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Fig. 13 Slope local safety coefficient under variable operating conditions



%24

T SR A 7 R 2 o B 3 %o R 14 S A B 119

JE 7, TS A0 2 7, S B0 1) A2 T e IEA0E 4
JA W B AL 58 1) B AR N IRk, VR SR R 4 A 4
il TET B Hh 1 22 (] R 9IO% 3R 5541 & 2B BT DI IR B 2 2R A
(K 14), X5 Z i iR 85 - —2 (Lu et al., 2012; %
HivT %, 2018; Gu et al., 2019; Xu et al., 2019) ,

Y (m)4 | A
l— MR FESE WX —

o | MR !
I =0 W |
s HHIX :
Pl :

30 | '

el

E14 MEDRBREERXE

Fig. 14 Landslide-promoting mode of lateral pressure

H T e RFL &5 R R 2 Y B T A T R
FEAE TRl — R & K R UK B A B AR, 5 T
JE BER 23 - 38 O 2L, (HER 237K 0 i AR B AR
B R FE FOTR BRI AR B R, S EUR R L
PR BATTAT RN 3G, e AT R (R ERITAE, 2018;
Shao et al., 2018; Gu et al., 2021; Xu et al., 2021; Yao et
al., 2021; Z=[A] s 45, 2022) . I FHR HE A EES
INTI A 52 42 181 45, Iz B LR EE R, R R I - A
TRAS A = A AN I 2 AR Ak, DA R SR AE BT S R R
P s A R R A

LR AT AE 2 N K 735 1 M5 JE 95 4k, fe i
A TP 4 2 B39 R B BE AT I B R PR AR |
Je HUAHO 8 e A B s ) S B A 1 45, = KR I S L
AR5 BT e, (07 38 o e A v 5% T A 1) g 4, =
SR [ia) 22 A 4 5 A Sl 06O, DT 5 B0 B ) A AR
(RETLAE, 2018; 22 [F] 5% 4%, 2022) .

4 4hig

(DB EHENAEREES L, #EX 0~15m
TR R A TE R £, 20~25 m IR0 T R G R 1,
AR HE DX - 34 R B R M O L T A B R ) A
[ 2% 1R 45 AR B AR T2 b A v, e Rl g o, SR [
T RRE, AR A IGEE KOl T RRUE . TERAIRETR,
R B AR TR I 1 B K R 7 38 31 123 kPa, T A AU
JE S R BOEINTTIR 1465, 76— E R E L T K
25 RS 1

(2) 24 35 1A 5 7K RN 4% 38 2] 20% 1), 3 14 L

fE RSN 12 mm 340 E] 140 mm, 5 36 7 3 44 (14 K5
IF o AERRFE A i B o, B KA RS A AR A T IS T
1/3 4k, EBERIRBE LUK 3T DR R 00 3=, VTR
WIRTE A . B ARR S BF MR ZE LR 3
TN T3 KRGy, R ) A B 2 O, T
HAE K o ORI . Bl A2 4 R BOE 7 7k %
OB D) NI WA N 87 N P T8 T A N E R v 4
TE “HUIRER " AT, WA I th 288 NIUE,
9y ) 548 2 W 1) S R R 2

(3) 342 B B s 3375 D 8 4 T 3 O AL B AT LA U 45
Oy s b A DR R A R B R A T A
BT, o 5| R MR Ba R4k, T i 3Rk B AR L3l i,
RZIY YR B, EE A AR UR % T OHUEAE 5 m
PATR B9 AR5 68 T A P 388, 4 4 1 3 R A
S TISEE A T R0 T, e I8 8 H T 7 A A 1 s s T )
o] J5 3, S BOR 1) A8 T 458, 08 % SR A 2 4% 1)
A RS, T A T - Al i BT Y 1 22 ]
A SIIE B 532ty 6 A BT DD R B R AR

[ Frf i ZEFE R A, B B AETHE IEMT TP 2
W P9 388 o D00 T T DR 0 B R e A B AR AL,
B SCrP BB AR AR 4 T DIESC T3 B B I8 )
S5 ) A AF 8 IR, R Rk s R AT B X PRI 5 TR It
T I 00 s g o8 B B0 R R Il AT T E— 2B IR
[Ehe

S Z 3wk (References) :

ZE[F] SR, ARFES, BOPHIE, 4 XK B0 1 BRI IR AR X R e
P23 A D00 B 825 (). v ot BT K 5 B TR 2 R, 2022,
33(2):25-32.

LI Tonglu, LI Yingzhe, ZHAO Dangqji, et al. Thoughts on modes of
loess slope failure triggered by water infiltration and the prin-
cipals for stability analysis[J]. The Chinese Journal of Geolo-
gical Hazard and Control, 2022, 33(2): 25-32.

IV, 3 R, FLo L, 46 A R B e BEL 3R R 35 7K 5 i) G 3R
WEGHFFT (7], PEILH R, 2020, 53(4): 216-222.

SUN Bin, GU Tianfeng, KONG Jiaxu, et al. Experimental research
on relationship between resistivity and moisture content of un-
saturated loess[J]. Northwestern Geology, 2020, 53(4): 216~
222.

H e, SRS, 157, A5 JE T 2R MR 1N B 1 B O i E
R3], PGAE L, 2019, 52(2): 172-180.

TIAN Zhongying, ZHANG Maosheng, FENG Li, et al. Preferential

Passage Detection of Loess Landslide Based on Integrated Geo-



120 o4t o# R

NORTHWESTERN GEOLOGY

2025 4F

physical Exploration[J]. Northwestern Geology, 2019, 52(2):
172-180.

FREGUL, 5 B, WEHAK, S5 RN 13 O R i s ) VR ——
VIH A B & 6 (], 45 £ TR 44, 2018, 40(S1): 135-
140.

WU Weijiang, SU Xing, YE Weilin, et al. Lateral pressure in forma-

tion of saturated loess landslide Case study of Heifangtai
Gansu Province[J]. Chinese Journal of Geotechnical Engineer-
ing, 2018, 40(S1): 135-140.

RATEME, VIR, kAe Rk, B BOr AIRIE LB SRR il
5 0], TR 7412, 2018, 26(2): 459-466.

ZHAO Kuanyao, XU Qiang, ZHANG Xianlin, et al. Infiltration char-
acteristics of topsoil at Heifangtai in Gansu province [J]. Journ-
al of Engineering Geology, 2018, 26(2): 459—466.

X, WO, P4, 55 LR -l Rk A A R AR
g2 0], A+ J1%, 2021, 42(9): 2611-2621.

ZHAO Zhigiang, DAI Fuchu, MIN Hong, et al. Research on infiltra-
tion process in undisturbed loess-paleosol sequence[J]. Rock
and Soil Mechanics, 2021, 42(9): 2611-2621.

S . B Ay AR e P G R ] TR, 1995, 3:
6-12.

ZHANG Wei. Some problems in the mechanical properties test of
loess[J]. Geotechnical Investigation & Surveying, 1995, 3:
6-12.

JETC, VPSR, OT B, S IS A O PR B A v LR AR 5T ().
1y 32 4%, 2020, 38(1): 73-82.

ZHOU Fei, XU Qiang, QI Xing, et al. The mechanism study of the ir-
rigation-induced sudden loess landslides[J]. Mountain Research,
2020, 38(1): 73-82.

SRALWE. BT 6 R R R R 5 40 8l g S 4 i D] Pk
Jit, 2019, 52(3): 217-222.

ZHU Lifeng. Analysis of control factors and external force for the
landslides in heifangtai area[J]. Northwestern Geology, 2019,
52(3):217-222.

Gu T, Wang J, Lin H, et al. The Spatiotemporal Relationship between
Landslides and Mechanisms at the Heifangtai Terrace, Northw-
est China[J]. Water, 2021, 13(22): 3275.

Gu T, Zhang M, Wang J, et al. The effect of irrigation on slope stabil-
ity in the Heifangtai Platform, Gansu Province, China[J]. En-
gineering Geology, 2019, 248: 346—356.

Hinds E, Lu N, Mirus B, et al. Effects of infiltration characteristics on
spatial-temporal evolution of stability of an interstate highway
embankment [J]. Journal of Geotechnical and Geoenvironment-
al Engineering, 2019, 145(9): 05019008.

Juang C H, Dijkstra T, Wasowski J, et al. Loess geohazards research
in China: advances and challenges for mega engineering projects

[J]. Engineering geology, 2019, 251: 1-10.

Lu N, Sener K B, Wayllace A, et al. Analysis of rainfall-induced
slope instability using a field of local factor of safety [J]. Water
Resources Research, 2012, 48(9): W09524.

Peng D, Xu Q, Liu F, et al. Distribution and failure modes of the
landslides in Heitai terrace, China[J]. Engineering Geology,
2018, 236: 97—-110.

Shahrokhabadi S, Vahedifard F, Ghazanfari E, et al. Earth pressure
profiles in unsaturated soils under transient flow[J]. Engineer-
ing Geology, 2019, 260: 105218.

Shao W, Yang Z, Ni J, et al. Comparison of single-and dual-permeab-
ility models in simulating the unsaturated hydro-mechanical be-
havior in a rainfall-triggered landslide[J]. Landslides, 2018,
15(12): 2449-2464.

Thomas M A, Mirus B B, Collins B D, et al. Variability in soil-water
retention properties and implications for physics-based simula-
tion of landslide early warning criteria[J]. Landslides, 2018,
15(7): 1265-1277.

Wang L Q, Shao S J, She F T. A new method for evaluating loess
collapsibility and its application[J]. Engineering Geology, 2020,
264:105376.

Wayllace A, Lu N, Thunder B. Hydrological Behavior of an Infiltra-
tion Induced Landslide in Colorado, USA[C]//Geo-Congress
2019: Embankments, Dams, and Slopes. Reston, VA: American
Society of Civil Engineers, 2019, 213-222.

Xu L, Dai F, Gong Q, et al. Irrigation-induced loess flow failure in
Heifangtai Platform, North-West China[J]. Environmental
Earth Sciences, 2011, 66: 1707—-1713.

Xu L, Yan D. The groundwater responses to loess flowslides in the
Heifangtai platform[J]. Bulletin of Engineering Geology and
the Environment, 2019, 78(7): 4931-4944.

Xu Q, Zhao K, Liu F, et al. Effects of land use on groundwater re-
charge of a loess terrace under long-term irrigation[J]. Science
of the Total Environment, 2021, 751: 142340.

Yang H, Xie W L, Liu Q Q, et al. Three-stage collapsibility evolu-
tion of Malan loess in the Loess Plateau[J]. Catena, 2022, 217:
106482.

Yang K H, Nguyen T S, Rahardjo H,et al. Deformation characterist-
ics of unstable shallow slopes triggered by rainfall infiltration
[J]. Bulletin of Engineering Geology and the Environment,
2021, 80: 317-344.

Yao Y G, Zhang Y C, Gao X L, et al. Study on permeability and col-
lapsibility characteristics of sandy loess in northern Loess Plat-
eau, China[J]. Journal of Hydrology, 2021, 603: 126883.

Zhang F 'Y, Wang G H, Peng J B. Initiation and mobility of recurring
loess flowslides on the Heifangtai irrigated terrace in China: In-
sights from hydrogeological conditions and liquefaction criter-

ia[J]. Engineering Geology, 2022, 302: 106619.


https://doi.org/10.11779/CJGE2018S1022
https://doi.org/10.11779/CJGE2018S1022
https://doi.org/10.11779/CJGE2018S1022
https://doi.org/10.11779/CJGE2018S1022

	1 岩土试验
	2 数值模拟
	2.1 黄土湿陷对侧压力的影响
	2.1.1 黄土湿陷特性
	2.1.2 湿陷侧压力特征
	2.1.3 侧压力系数变化特征

	2.2 湿陷侧压力与斜坡稳定性
	2.2.1 斜坡位移场变化特征
	2.2.2 斜坡应力场变化特征
	2.2.3 斜坡侧压力系数变化规律


	3 讨论
	3.1 考虑侧压力影响的斜坡稳定性
	3.2 侧压力的促滑机制

	4 结论
	参考文献

