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Abstract: During rainfall infiltration, soil suction decreased and volume changed significantly. Since the natural shallow soil
was under the influence of seasonal climate changes for a long time, numerical analysis of the influence of hydraulic-
mechanical coupling and dry-wet alternation on the stability of shallow residual soil slopes was carried out. The temporal and
spatial evolution law of pore water pressure, wetting front and safety factor of shallow soil slopes were analyzed deeply, then,
the failure mechanisms of soil slopes under hydraulic-mechanical coupling and alternating dry-wet conditions were further
discussed. Results show that with the increase of dry-wet cycles, the migration velocity of wetting front and pore water pressure

increased more quickly, and the slope was more unstable under hydro-mechanical coupling analysis. At the early stage of the

WKFmBEE: 2021-12-14; fEITHER: 2022-04-07 ML https://www.zgdzzhyfzxb.com/

EETIH: WERMKAA R FAERMEAA R H (XIQ202014); 5K H ARl 3L £ I0 H (41702288; 41861134011); R EEH [ AR F
3£4:(2022J01157; 2018J01635)

E—EE: FIE(1986-), 55, AR N, RIZUR, 128 W 4, RS TR PSS+ TR I SR AR,
E-mail: xxtmdd@163.com


https://doi.org/10.16031/j.cnki.issn.1003-8035.202102018
https://doi.org/10.16031/j.cnki.issn.1003-8035.202102018
https://www.zgdzzhyfzxb.com/

2022 4E

VFIBAE , 25 JR-JIREE S TIRAR RN % 1 2 5 AR L ARH A S TR 52 ) 29 -

dry-wet cycle, the infiltration of rainwater would easily cause the groundwater level to rise, and the slope might lose its stability

due to the increase of positive pore water pressure. In the later stage of dry-wet cycle, the rapid advance of wetting front

accelerated the rapid loss of matrix suction and the decrease of soil strength, the safety factor of slope was significantly reduced

and the time of failure was shorter. Therefore, the safety factor (local minimum) at the wetting front could be used as the critical

value to control the long-term stability of the slope.

Keywords: hydro-mechanical coupling; dry-wet cycle; residual soil slope; wetting front; safety factor; long-term stability
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Fig.1 Calculation diagram of infinite slope
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Table 1 Parameter value required for numerical calculation
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Table 2 Numerical calculation scheme considering hydraulic-
coupling and dry-wet cycle
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Fig. 10 Influence of the dry-wet cycle on the wet front propulsion

P11 Ry AN [ e R s 200 e 8 22 3 4 A 3 i it
SRt B 28 A 28, Linel F1 Line2 43 51 > B v Jj it
60 d 1 30 d I i 5 4 Hh 2k, Line3 Ay [/l — ¥ B2 Ak
(R : BERR B 60 d i 0 45 S Ah i) 7 ) 4 A 1 366 Jo
Tl [Fl—BFER, TIRAIE PR E T A AR B T
HA IR 8% (Linel F1 Line2); [7— @84 5
T, I 2 A T R 0 B4 3 2 AR R A0E P B B T, 3
J5T W 73T B 4 B A5 43 A B A 8 2 (Line2 F1 Line3) , 0l
MIEEE R 1.75 m, 1.95 m B, RT3 284673 5110 : 91.3
kPa—6.2 kPa, 75.1 kPa—10.2 kPa., £E FA[%I, /K A%
R 5 TR PR OB G, Bl A TR AE MU B
T T A T T TR, R e R R AU ) R M ) T R T
L RPOE PR,

ol Pa— Linel i =60 QAR INZL
P Line2y e Lined JyWRT it =30 At 2k
—4— Line3 N5 Line LA[A &,

gl2r W F 731130 U 2
A Line3
& 14r 91.3 kPal
6.2 kPa ) |
16 L . i EEN HRIEFUO
B M1, 2, 3.5
18+ . /
Linel\ 75 1 kpa_—
20 1 102 kPax i f/ 1 1 1
0 5 10 70 75 80 85 90 95
LT J1/kPa

11 FEEMEZLEREELRAMERERZTN S
Fig. 11 Change curve of suction at the wet front of the soil layer with
depth at different rainfall moments

3.3 HESM T TGN I 22 4 R E 0 52
12 AN [F) R R 2] TR A O i 3 22 4
FROE W, K EE, B TRIE R RECT , IR
Ab 1) 7 5 2 4 ZR NG A o TR A A T TR BRI, RLREE
AN, A 55 1 RERRAG IR, B AR N S I P 2 i
T B A 1) 2 A R ROy A s 4.9253.1152.24—1.96—
1.66—1.53, FEIRAKIK N 36.8%. 27.9%. 12.3%. 15.5%.
7.8% [F)— PRI 20T (BRI, Wi e Ak 1) i 3 22
4 ZRBE IR PR U HG N SRR EL T Rk, (HAE R
W9 JE 1, 30 A R AR RN, an: FEFT 15d. 90 d, T
RGP UREL N=1, 2, 3, 5 XoF I Y 11 58 Ak 119 22 4 22 85040 3l
H: 4.92—4.26—2.94—2.16, 1.53—1.28—1.12—1.02, F
WA AR YRCA s 13.4%—30.9%—26.5% . 16.3%—12.7%—>
9.0%, JLH I S W RAIEA G, L% 2 R 500 1.02
(R EHEVE AR E N 2.55 m), Ab T R4 R2IR S

5.0
asl —a— (&I =15d
1 a9 —o— [EMJI=30d
40 —A— [N =45 d
35l —v [T =60 d
. . —o— (R DI =T5 d
5307 —— WM =90 d
NG 2.5 1
<
K201
15}¢ —2
AR =1 \
05 1.02
00 1 1 1 1 1
0 1 2 3 4 5 6
THRAGA BN

B 12 FRERX GRS RBHIRT
Fig. 12 Influence of dry-wet cycle on slope safety factor
W& 60 d I, A [R] TR B8 B4 300 39k 22 4 22 BBl 3G
TR AL T LI 13, P 13 AT LR



34 - Hh [ M KCE 5 B iR A 4R

DRI 3 7K - (ER i EAT AR X A v 114 2 4 38, Bl ok T 11
RREEIEAT, 100100 558 120 U 1) i PR P9 P e i, 22 42 R A 2
TR 2 TSR BRI, T K S 5 A A A ik
PR AR TR AR, 2 0] RE IR TR AR I A R
(EARIE R 5 1 U IR A PRI, A T Ak 4 22
L REON 1.964, HEEATRZ DI IR 24 42 2R BT IR
AT B RAL, T R B T BRI, RS A Y BT
IO 3 SR, YRR K A A JE LA | R ) AR 5 2 F) L e
RS, O I A 22 4 R R0 R BT B A AR )
KA BRE 5 {EL Rt 3 SRR B I, e e R R K A2 5
AL TR A VAR % g P RO T e, S B 1) 22 4 2R
o] L B 1 HE R AR TR B R IR AEL

YA RHF,
0 1 2 3 4 5 6
0.0 : :
v ———A———e
0.5
1.0 |
£
1.5 S
5 71 1.964 W& ik =60 d
201 AE e TIMERCEN=]
i o TAREFRRHN=2
25 iA ; —a TAREHR R EIN=3
¢ S B v s N
30 vvf‘. 1629 7 TG IREN=5

B 13 EREREMERENTU L
Fig. 13 Variation curve of slope safety factor with depth

4 g

Li ZEP%E BTN A B T, R Y A A R0 B2
FA/NT B fa s, W R RE A AT B R BOR)Z
MIRFREIR . Sl 3 I F 3 ik, sh3 %)= AR A e
PR 25 I, BD: BEYE AT IR 2 W m LA, T
T R A 1 e R R AL B R T S e, TR, TR )2
e R R B0 2 A A A S 3R R R B £ (X
(2) A I PRI X 42 42 REW BTk /T 1. & 14 23K
(2) WP T3 0 2 4 RS TR BE G R £k DA M il %
IR (F=1) s A FLBRIK 71 K/, B AL 14 AT R
THET R FECHI AR AL A E R 2.4 m DLF (X3
3)o FEXXEE 3, TREE R, 3 IR i 5 ) L B g
WK, 7E Xk 2 N (R EEYE L 1.65 ~ 2.4 m), IEAYHL
BRK R J7 (M 7K 47 B TF) v 8ok R R iR . 7EIX
W1 OREEVE R 0~ 1.65 m), B T3 3 il 3R i 75 19 1E
FLBRAKE R T # KA T IFLBRK 77, X3 1
P 3 Ak TR IR

115 R T 1RGP UESOGT R RR75 &+ 3 R AR ML )

%4
GRFHE,
0.0 0 1 2 3 4 5 6 7
F=1 . [P
05+ TR
\ .

10 - hN X1
£ SR ) gy
=15+ PR I | R
= VB (F=1) o

| RREE %y - »
200 | BRI i
)5 ! \ - e
- ! \

‘ g KRR,

. N

3.0 M 1 1 1 1 1 1 1 |Eb}ﬁ3.\

;?Q /,-f) ;\,Q /\‘) /\Q 5 Q H AN %Q ,-f) N
FLBK I 1 /kPa

B 14 FEWEETHRRRHBIINE G 3 X TFRER)
Fig. 14 Failure mechanism of soil slope instability induced by rainfall
(third dry-wet cycle)

. LR IBAEIR T, HR AKALEE BT, Rt E
L R DX 3838 o) A A DX SRt O, b T R 3 N E AL
B K FE 7 B i S R (X3 2, BIV: S AR Ry 2.4 ~
2.7 m); Bl T MR8 PR A3, 313 R S R AN AL
AL PR IE AL B /K R g 38 n 5 Ak, 38 W DRI T A P 4
e AR R BT W g A i A (R DX 3), O S B X3
3VELEE WY RFES . 2. 3. SIRFIBIEN T, X
W3 BTG BRI 2.7 ~3.0m, 2.4 ~3.0m, 1.95~3.0m,
B 2 TS BRI M 1.8 ~2.7m, 1.65~2.4m, 135~
1.95 m, X3 1 A3 530 0: 0~ 1.8 m, 0~ 1.65m, 0 ~
1.35 m, DX 3 1R IX 3 2 110 3t 61 Bl P 476 21k 45 38 o
T/ )N, 2 B 20 3 A 1 IR 1 I VT 5 1) S B T 5 |
AL 114 5 0 0 3 R A AT B ik B 4 o, MR T
% 0948 4 ZRBOCA S U IX Sl 1 e i e/ IMEL. XLk, AT
DL AR g4 il 300 3 K AR P A s 51

30 RETRATRERE Kio: EIUEEN | KBG s
SRR G SRR SR R
25 R4
[] TSR TaAEs
] 2k A
2000 g 0 430K AL
g .65 sk FiBEss
1.5 135
=
1.05
1.0 0.9
0.75
0.6 0.6 0.6
0.5 H H H o
0.0 1 1 1 1 1 1 1 1 0 1 m 1 1
[X 5k 1 X452 X 453

B 15 FiREHRE TRHEWIFLTHEERIE
Fig. 15 The mechanism of soil slope instability induced by rainfall

under the effects of dry-wet cycles

25 LR, I AL R 2 X 3 I, SCrb T A
I EA T RE R AR A, IR S T B, i Y



2022 4E

VFIBAE , 25 JR-JIREE S TIRAR RN % 1 2 5 AR L ARH A S TR 52 ) 35

FAFLBRAKE S8 o PR, R BT A% A 50 T2
IR E MR SRR (VR T, SR B AT A S
Z X 3, RHRFRTH B R R . DL B i —
AR TR RN e IR PR UK 1 S SRR E A
RIS, B— 25 JEIK TR O AN 18 58
I 2o R A Al TR B R AR B, SRR AT
2 4 2R RT3 7 30 b AR T Ak S B A (i
WAL, 5y 5 H R T4 58E, AR T HIKA
&, NI, SRR AR AT (R B PATR8E) ZR A 54 AR
BT RRAEIR K I R EROE S SR At A 2
{UBURY B = s S

5 Z5iE

(D5 VR TRAGIR T, B G ab R EAT m K5
B RT3 RAT AR A 2 4 R B W R, i e 4
HEVRBE A T3 22 4 2R SO 6 TR BE B S s/, 55 8 (e
SIS B A FL K B B — 2

(2) B 1R AR PR UK A 3G 0, 38 108 e 1) AT A 3k S
2R, FLBRZK T 7 8 & 38, 7K -JI & 0 b ik
JRBRR A 5 e Ae . TR W3 n] (A IE AL
B 3 (REZK A 51 8 3 T K A7 b ) (3 i 2k
(SO0 i ey iRk I NESRITATER 2 3 DRV S U (5 A U
R MR o

(3) TIRAGER = 0, #5230 Hr 26 4F T ORI B 1T 7
AT, + W R AR BTG A IR . 3 i AR e
A2 JRAH BT AR i 5 S 4 % g MR 2 A, R I
) 8 T 5 1) 2 4 2R K0 IR 8 /I ) A DA VA i 3 4 401
e PRI FE

(4) 3P BAAEIE T R U G DR 1k
(12, BET B FS 3 R BUE AL, (HOR G B PUE
xS LA e SRR IR . R A R, AL
B LE A AR AR RT3 0 AR i K P . DA, FERR S B
H AT U I TR RE A0 I JE R AT RERE AR . A, Wt
— P IT R R -2 AR 25 (PR XT38 T ) A
B RERHL BRI O 5T, 456 ML BE e B R (A UL &5
2R, X HE oA T B A R L S R N g R
N RERLEE, BIER K ARG SRR PR SR T 2 AR L
I RAEHILH

2 % 3L ik (References) :

(1] #WR, Wz, 20, MR 55 5% B 7K -0 A 3K
B mEER [T]
54—63. [ CAI Peichen, QUE Yun, LI Xian. Numerical

simulation of water-gas two-phase displacement process in

LK SC M B TR M, 2021, 48(6):

[2]

[7]

[11]

unsaturated granite residual soil [J]. Hydrogeology &
Engineering Geology, 2021, 48(6): 54 — 63. (in Chinese with
English abstract) ]

ZENG H, TANG C S, CHENG Q, et al. Coupling effects of
interfacial friction and layer thickness on soil desiccation
cracking  behavior [ J ] .
105220.

SROEH, WA AL, IR, SF . T XS AR A KU )2 B
03 W 2 8L AR VLR = B
LI o o 5 BT iR 22 i, 2021, 32(2): 2735
[ CAI Rongkun, DAI Zihang, XU Genlian, et al. Influence of

Engineering  Geology, 2019, 260:

rainfall on sliding modes of cutting slope of weathered granite
stratum: taking Yunxiao section in the Yunping freeway in
Fujian for example [ J ] . The Chinese Journal of Geological
Hazard and Control, 2021,32(2):27 —35. (in Chinese with
English abstract) |

TANG G P, HUANG J S, SHENG D C, et al. Stability analysis of
unsaturated soil slopes under random rainfall patterns [Jl.
Engineering Geology, 2018, 245: 322 — 332.

WANG Y X, CHAI J R, CAO J, et al. Effects of seepage on a
three-layered slope and its stability analysis under rainfall
conditions [ J | . Natural Hazards, 2020, 102(3): 1269 — 1278.
Geuy, E B, AW, LT A RITHM A E XA
T Y I I LI R B AT ()] . K SCH R TR
Hb T, 2021, 48(1): 154 —162. [ RAO Hong, WANG lJinshu,
ZHAO Zhiming, et al. An analysis of rainfall infiltration of
expansive soil slope based on the finite element software custom
constitutive model [ J ] . Hydrogeology & Engineering Geology,
2021,48(1): 154 — 162. (in Chinese with English abstract) |
ZENG L, BIAN H B, SHI Z N, et al. Forming condition of
transient saturated zone and its distribution in residual slope
under rainfall conditions [J ] . Journal of Central South
University, 2017, 24(8): 1866 — 1880.

AV, B 4, Ik RSB RN H LR SRR
FEPERSE [T] . o E SR F S B, 2018, 29(6)
97 —-102. [ ZHENG Kaihuan, LUO Zhouquan, JIANG Hong.
Weather factors' influence on the stability of ecological slopes of
waste dump [J] . The Chinese Journal of Geological Hazard and
Control, 2018,29(6): 97 = 102.  (in Chinese with English
abstract) |

SONG S, BROCCA L, WANG W, et al. Testing the potential of
soil moisture observations to estimate rainfall in a soil tank
experiment [ J | . Journal of Hydrology, 2020, 581: 124368.
R, R T, AR IN, SE L BTSN B A AR X
SRR Z R [T ] . b 2 e R, 2017, 30(1): 25—
34. [ ZENG Ling, SHI Zhenning, FU Hongyuan, et al. Influence
of rainfall infiltration on distribution characteristics of slope
transient saturated zone [ J] . China Journal of Highway and
Transport, 2017,30(1): 25 -34. (in Chinese with English
abstract) |

ERHE, o ha ok, BREE, 5 BEFI AR T IS8 S X


https://doi.org/10.16030/j.cnki.issn.1000-3665.202010017
https://doi.org/10.16030/j.cnki.issn.1000-3665.202010017
https://doi.org/10.16030/j.cnki.issn.1000-3665.202010017
https://doi.org/10.1016/j.enggeo.2019.105220
https://doi.org/10.1016/j.enggeo.2018.09.013
https://doi.org/10.1007/s11069-020-03966-1
https://doi.org/10.1007/s11771-017-3594-6
https://doi.org/10.1007/s11771-017-3594-6
https://doi.org/10.1016/j.jhydrol.2019.124368
https://doi.org/10.3969/j.issn.1001-7372.2017.01.004
https://doi.org/10.3969/j.issn.1001-7372.2017.01.004
https://doi.org/10.3969/j.issn.1001-7372.2017.01.004
https://doi.org/10.16030/j.cnki.issn.1000-3665.202010017
https://doi.org/10.16030/j.cnki.issn.1000-3665.202010017
https://doi.org/10.16030/j.cnki.issn.1000-3665.202010017
https://doi.org/10.1016/j.enggeo.2019.105220
https://doi.org/10.1016/j.enggeo.2018.09.013
https://doi.org/10.1007/s11069-020-03966-1
https://doi.org/10.1007/s11771-017-3594-6
https://doi.org/10.1007/s11771-017-3594-6
https://doi.org/10.1016/j.jhydrol.2019.124368
https://doi.org/10.3969/j.issn.1001-7372.2017.01.004
https://doi.org/10.3969/j.issn.1001-7372.2017.01.004
https://doi.org/10.3969/j.issn.1001-7372.2017.01.004

rainfall infiltration [ J] .

30.

Engineering Geology, 2017, 216: 13 —

- 36 - I BT K E 5 By IR o R % 4
B R A 5 WAL AR BUE 4 0 [ 1] . JK A 2 4k, 2020, [21] HAN Z, VANAPALLI S, ZOU W L. Integrated approaches for
51(12): 1525-1535. [ QIU Xiang, JIJANG Huangbin, OU predicting soil-water characteristic curve and resilient modulus of
Jian, et al. Numerical analysis of formation conditions and compacted  fine-grained subgrade soils [J]. Canadian
evolution characteristics of transient saturation zone of a slope Geotechnical Journal, 2016, 54(5): 646 — 663.
under rainfall conditions [J] . Journal of Hydraulic [22] XUXT,SHAO L J, HUANG J B, et al. Effect of wet-dry cycles
Engineering, 2020, 51(12): 1525 —1535.  (in  Chinese with on shear strength of residual soil [J]. Soils and Foundations,
English abstract) ] 2021,61(3): 782 —797.

[12] 5k R DL, BRERAK, 3K 10057 . B8 TR 375 & W2 Ak -+ 30 35 o ik [23] XUXT,JIAN W B, WU N S, et al. Void ratio-dependent water
W5 [ 1] . A+ TR, 2019, 41(1): 70— 77. [ ZHANG retention model for a deformable residual clay [J] .
Liangyi, CHEN Tielin, ZHANG Dingli. Progressive failure of International Journal of Geomechanics, 2020, 20(8): 0402013 1.
expansive soil slopes under rainfall [ J] . Chinese Journal of [24] 228k, fLA M, R, & R W AR T IR A ERH
Geotechnical Engineering, 2019,41(1);: 70 —77. (in Chinese TR S MR [T AA ST
with English abstract) ] 2441, 2020, 39(9): 1902 — 1911. [ ANRan, KONG Lingwei,

[13] BETAK, RAEMR, MM, & W ABTRIERM+ 5 LI Chengsheng, et al. Strength attenuation and microstructure
W RmK-£-A = HBR-EEMERRIT o [T] . damage of granite residual soils under hot and rainy
A J12%, 2017, 38(1): 284 —290. [ XIONG Yonglin, ZHU weather [ J] . Chinese Journal of Rock Mechanics and
Hehua, YE Guanlin, et al. Analysis of failure of unsaturated soil Engineering, 2020, 39(9): 1902 — 1911. (in Chinese with English
slope due to rainfall based on soil-water-air seepage-deformation abstract) ]
coupling FEM [ J ] . Rock and Soil Mechanics, 2017, 38(1): 284 [25] fajdScHe, s, P HE, & TRIEHF PR SR L
—290. (in Chinese with English abstract) ] PR R W HE S [ T] . TR MR A R, 2017, 25(3):

[14] ZHAI Q, RAHARDJO H, SATYANAGA A, et al. Estimation of 592 —597. [ JIAN Wenbin, HU Hairui, LUO Yanghua, et al.
unsaturated shear strength from soil-water characteristic Experimental study on deterioration of granitic residual soil
curve [ J] . Acta Geotechnica, 2019, 14(6): 1977 — 1990. strength in wetting-drying cycles [ J ] . Journal of Engineering

(151 whOm %, sk M8 . IR AR T 2 4 0 B e AR 2 3 Geology, 2017,25(3): 592 - 597. (in Chinese with English
B[] . PEFHEEIE 2021, 16(6): 603 —609. [ YEWanjun, abstract) ]

ZHANG Yupeng. Model test study on instability of loess slopes [26] XV, BRAREE, £, & TIRIEH T HIERER LT WK
under long-term rainfall [ J ] . China Sciencepaper, 2021, 16(6): U sl 3o B oM [T] . Ej: J12#, 2021, 42(7): 1933 -
603 — 609. (in Chinese with English abstract) ] 1943. [ LIU Yue, CHEN Dongxia, WANG Hui, et al. Response

[16] INTERNATIONAL G S. SEEP/W for finite element seepage analysis of residual soil slope considering crack development
analysis, version 3 and 4 [ M/OL ] . GEO-SLOPE International under drying-wetting cycles [J] . Rock and Soil Mechanics,
Ltd;. https://www.researchgate.net/publication/37407388_seepw 2021, 42(7): 1933 — 1943. (in Chinese with English abstract) |
_for_finite element seepage analysis_version 3 and 4 [27] OH W T, VANAPALLI S K, PUPPALA A J. Semi-empirical

[17] GEOSLOPE international Ltd. Sigma/W user’s guide for stress- model for the prediction of modulus of elasticity for unsaturated
deformation analysis. Calgary, Alta: GEO-SLOPE International soils [ J ] . Canadian Geotechnical Journal, 2009, 46(8): 903 —
Ltd; 2007. 914.

[18] Vpjuae, faj SCiy, RAEAR, 5. B IF R R LR R [28] ADEM H H, VANAPALLI S K. A simple method for prediction
AN [ T] . FPEAESR, 2018, 31(2): 270 -279. [ XU of the modulus of elasticity of unsaturated expansive soils. In:
Xutang, JIAN Wenbin, WU Nengsen, et al. Model test of rainfall- Khalili N, Russell A, Khoshghalb A, editors. Proceedings of the
induced residual soil slope failure [J] . China Journal of 6th international conference on unsaturated soils, Sydney,
Highway and Transport, 2018,31(2):270 —279. (in Chinese Australia. Unsaturated soils: research & applications. CRC Press;
with English abstract) ] 2014.

[19] V)@, @ SCME . b 3% B TR A 38 110 ) o7 % G 2 A v A8 (291 REkk, 0P, G5, 4. 25 5T 1 1 w2 e R e

[M] . dest: A RAZ R AE, 2020, [ XU Xutang, JIAN MO [T] . H+71%, 2013, 34(11): 3239 - 3248. [ TANG
Wenbin. Research on the response and failing process of Dong, LI Dianging, ZHOU Chuangbing, et al. Slope stability
unsaturated soil slope under rainfall infiltration [ M | . Beijing: analysis considering antecedent rainfall process [ J ] . Rock and
China Communications Press, 2020. (in Chinese) | Soil Mechanics, 2013, 34(11): 3239 —3248. (in Chinese with

[20] YANG K H, UZUOKA R, THUO J N, et al. Coupled hydro- English abstract) ]
mechanical analysis of two unstable unsaturated slopes subject to [30] LI J L, ZHANG L. Soil-water characteristic curve and

permeability function for unsaturated cracked soil [J] .

Canadian Geotechnical Journal, 2011, 48(7): 1010 — 1031.


https://doi.org/10.13243/j.cnki.slxb.20200254
https://doi.org/10.13243/j.cnki.slxb.20200254
https://doi.org/10.13243/j.cnki.slxb.20200254
https://doi.org/10.16285/j.rsm.2017.01.036
https://doi.org/10.16285/j.rsm.2017.01.036
https://doi.org/10.1007/s11440-019-00785-y
https://doi.org/10.3969/j.issn.2095-2783.2021.06.006
https://doi.org/10.3969/j.issn.2095-2783.2021.06.006
https://doi.org/10.3969/j.issn.1001-7372.2018.02.029
https://doi.org/10.3969/j.issn.1001-7372.2018.02.029
https://doi.org/10.3969/j.issn.1001-7372.2018.02.029
https://doi.org/10.1016/j.enggeo.2016.11.006
https://doi.org/10.1139/cgj-2016-0349
https://doi.org/10.1139/cgj-2016-0349
https://doi.org/10.1016/j.sandf.2021.03.001
https://doi.org/10.1061/(ASCE)GM.1943-5622.0001773
https://doi.org/10.13722/j.cnki.jrme.2020.0073
https://doi.org/10.13722/j.cnki.jrme.2020.0073
https://doi.org/10.13722/j.cnki.jrme.2020.0073
https://doi.org/10.13722/j.cnki.jrme.2020.0073
https://doi.org/10.1139/t09-030
https://doi.org/10.1139/t11-027
https://doi.org/10.13243/j.cnki.slxb.20200254
https://doi.org/10.13243/j.cnki.slxb.20200254
https://doi.org/10.13243/j.cnki.slxb.20200254
https://doi.org/10.16285/j.rsm.2017.01.036
https://doi.org/10.16285/j.rsm.2017.01.036
https://doi.org/10.1007/s11440-019-00785-y
https://doi.org/10.3969/j.issn.2095-2783.2021.06.006
https://doi.org/10.3969/j.issn.2095-2783.2021.06.006
https://doi.org/10.3969/j.issn.1001-7372.2018.02.029
https://doi.org/10.3969/j.issn.1001-7372.2018.02.029
https://doi.org/10.3969/j.issn.1001-7372.2018.02.029
https://doi.org/10.1016/j.enggeo.2016.11.006
https://doi.org/10.13243/j.cnki.slxb.20200254
https://doi.org/10.13243/j.cnki.slxb.20200254
https://doi.org/10.13243/j.cnki.slxb.20200254
https://doi.org/10.16285/j.rsm.2017.01.036
https://doi.org/10.16285/j.rsm.2017.01.036
https://doi.org/10.1007/s11440-019-00785-y
https://doi.org/10.3969/j.issn.2095-2783.2021.06.006
https://doi.org/10.3969/j.issn.2095-2783.2021.06.006
https://doi.org/10.3969/j.issn.1001-7372.2018.02.029
https://doi.org/10.3969/j.issn.1001-7372.2018.02.029
https://doi.org/10.3969/j.issn.1001-7372.2018.02.029
https://doi.org/10.1016/j.enggeo.2016.11.006
https://doi.org/10.1139/cgj-2016-0349
https://doi.org/10.1139/cgj-2016-0349
https://doi.org/10.1016/j.sandf.2021.03.001
https://doi.org/10.1061/(ASCE)GM.1943-5622.0001773
https://doi.org/10.13722/j.cnki.jrme.2020.0073
https://doi.org/10.13722/j.cnki.jrme.2020.0073
https://doi.org/10.13722/j.cnki.jrme.2020.0073
https://doi.org/10.13722/j.cnki.jrme.2020.0073
https://doi.org/10.1139/t09-030
https://doi.org/10.1139/t11-027
https://doi.org/10.1139/cgj-2016-0349
https://doi.org/10.1139/cgj-2016-0349
https://doi.org/10.1016/j.sandf.2021.03.001
https://doi.org/10.1061/(ASCE)GM.1943-5622.0001773
https://doi.org/10.13722/j.cnki.jrme.2020.0073
https://doi.org/10.13722/j.cnki.jrme.2020.0073
https://doi.org/10.13722/j.cnki.jrme.2020.0073
https://doi.org/10.13722/j.cnki.jrme.2020.0073
https://doi.org/10.1139/t09-030
https://doi.org/10.1139/t11-027

	0 引言
	1 浅层滑坡稳定性计算方法
	2 工程概况及计算参数
	2.1 计算参数
	2.2 计算工况及边界条件

	3 数值计算结果分析
	3.1 干湿循环及耦合条件对孔隙水压力的影响
	3.2 耦合条件下干湿循环次数对湿润锋的影响
	3.3 耦合条件下干湿循环对边坡安全系数的影响

	4 讨论
	5 结语

