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Application of seepage analyses based on Fredlund & Xing model
in red beds terrace landslides in eastern Sichuan

LIAO Yong, LE Jian, HU Li, GU Weiwei, XU Jinxing
(Sichuan Xingshu Engineering Survey and Design Group Co. Ltd. (Sichuan Natural Resources Investment Group
Co. Ltd.), Chengdu, Sichuan 610072, China)

Abstract: The Shuitoushang landslide in Ershe in Qijiagou Village of Xinchang Town in Tongjiang County is a
typical red-bed terrace landslide in eastern Sichuan. There are few studies on the seepage analyses of such
landslides in this area, but similar slopes are widely distributed in the area. In this paper, on the basis of a large
number of field investigations, surveys and data collection of disaster sites, the satellite remote sensing, UAV
aerial photography, airborne LiDAR, indoor tests and other technical means are comprehensively used to analysis
the landslide. Based on the mathematical model of Fredlund & Xing soil-water characteristic curve, the SEEP/W
module in Geo-Studio is used to conduct the seepage analysis, and the analysis results at different time stages are

coupled with the SLOPE/W module. Then the dynamic relationship between the stability coefficient, rainfall and
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time is obtained, revealing the deformation process and formation mechanism of the landslide. The results show

that: (1) the continuous rainfall causes the groundwater level to rise and the slope stability to decrease, eventually

leading to the overall instability and failure of the Shuitoushang landslide. (2) The deformation process of the

landslide and the characteristics of groundwater exposure are basically consistent with the results calculated by

Geo-Studio, indicating that the results based on Fredlund & Xing model can provide more accurate simulation

results in similar areas. (3) Reclamation of terraced fields (paddy fields) will reduce slope stability. The results can

provide theoretical support for hidden danger investigation and active prevention of similar landslide disasters in

mountainous areas of Sichuan, and provide a reference for disaster prevention and mitigation.

Keywords: Fredlund & Xing; seepage; numerical simulation; coupling; eastern Sichuan red beds; terrace;

landslides
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September, 2021

- N
A )f> =5k,
J /[ =P

B s B P RE SR AL -Wi’;ié*

B R g%l CHUESTSET ) HEFR
Lo |5 B ] s20124 %

B2 #HREMRE
Fig.2 Geological map of the study area
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Fig. 8 Secondary scarp of the landslide
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Table 1 Values of physical and mechanical parameters of
geotechnical materials in the calculation model
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Fig. 10 Analysis and comparison of groundwater seepage before and after landslide
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Fig. 11 Hydrological monitoring results in the landslide soil (monitor point A2)

Wi, BE R Z 3 KZE 1.5 m/d, WK 11(b) it
IR AL—A4 WIS FLBR K FE 7 W0 45 AR U, B
P[] — 48 AN [, FLFL B K R B AR A A 3 AR —
2, BB RET A B FLBUK R K. Wi )E, BiE
T KB AN A BTN F N T AR HET B R K
0T R, FLBRAK T BEAR . s B M 45 A A LU,
PR A SRR 5, 5 O K R I e,
XFTF R AE R — 3 BRI ARZ A i
A FH 32 23 1o 348 0 i 3 AR A FL B R g, A W AR AR
W GRSy Ak, BEIE & B R X AR R
FLBRAK R g sh 2 e 07 3 7 5 03 3 IX 2840, 37 ks e BT B
AP

4.4 BEARFSE M RO Mk AR 4t

¢ SEEP/W A5 g — If [R] A0 T 5045 21 64938 i 20 A
2t LA 4 %) SLOPE/W #& B ') ] F§ Morgenstern-Price
D7t B R e M R BUE ML . SLOPE/W A
PR KA MR SR 1 BUE. Wk
e (E 9) . i 12(a) Ui, Ja sh X B fs e Y R
BIME N 1.198, Fa i M R EE B IS 1A BB 3
159 A v T A2 i, Ao v R B 2= 1.008, 3
Bl X IR T 284k T 5 8 o B 7E 27 H BERN S, Foe P
FERER 097, B X RREsh. W XEEREY
Hh 1.205, T e RECEH SR IX—2, (HIE 27 H
KR 5, o R 1.026, AbF % sh 7 B Be o 38 3



<112 - 7K SC L T 53

PSR BoR, 8 3 XCRSER TR T, R BT
J5 A b e 1A Bl BT B BT RS DX, R T B
B J5 T, BLBNAE 5T 1B T R U AR, X 5 i SO
S R E R W 4l R AR — B

125 ¢
1.20
= LISE
oA
# 10t
o
105}
1.00 b
0.95 1 1 1 1
IO 0O mmDIomomOIommomm m
—mw S o - Nt g gR N
P N L N
(o) e NN« e NN NN Mo NN N
H 11
(a) FEMERE
L2sp e HHIK
1.20 s IR IX
= LIS |
oA
# 110t
o
105}
1.00 F
0‘95 1 1 1 1 1 1
IO O0DI@ODmDOomOmDIoOomOmmmmm
R R R B e~ B Rl
P e
[o NN« Ne Mo e NN NN e e N
H 1

(b) HIFHATRE R

B12 REERHTN
Fig. 12 Variation of stability coefficient with time

T e — AR TSR T K ) 3 35 A RS E 1 1) 5%
W), 4 i A 52 L 95 U 3 A 4 2R 5 A 52 U SLOPE/
W BB AT A, B PETHIAE R AT 12() R, 7
Bl X fe /N e Pk R AL 1,001, W RS X fe /R e Mk R K
1.043. 52505 R E Pk RBOH R 45 R 1 L BRSO,
Yl AR 1230 DORHEOT BB T OK I, B80% T SR AR
BRI, fE—E R L RRAR T BT E 1

5 Fit5#W

CO AR ZL)Z 6 T K Sk b 30 00 4 7% U 3, i
S o T 5 O Al T AR 3% 20 T, R T A
6, 300 2 5 P o R R4 30T % R 5 B0 B R A

(2) 4 T A A 3K R AT BRI AR B 0 20 B,
SR S5REE RS A 5 2 U SRR E V2> B b
RXF L 7 32 M DXARE A T (R D) 6 35 (ARG R 1k AT
MBI o AEAS AR AR E P 23 B b R AT A7 1

HA—Z R

(3) 1 BB i o3 B R AR e M43 B 45 R 5 AR )
g2 A EMW OIS Ie EAY) G, UL E T Fredlund
& Xing B (147 B TC 18 it 40 B 76 )1 7R 200 J2 4 i B
Ha A AR 5 B3 I o

FEm A B Rk R kA EH, RN
Ll N 53 Hh T R A (4L B8 ik, 18 R 8 K . InSAR 4§
BB ERAE LA TR, 3 2 thE A . fE e, B
AR AT LK BLTR JUAS T AL B 08 K T4 : fif
ArcGIS § AAEEE KT 1110 000 () DEM, %5 & M 377
ESPDOF R T vt e 3L AN A LN LY =Py e e Y
PEAT O e BN, AT 2 S o 0 FE B 1, B X A S
T KA AR, i A Bk A g T CHR K B, K R
TRBE$ m S Bt HE H 5 X6 T 0 7E G R, i VU
N T HEA

Ty A, A A OIS, K Bk AT B T
T HE K, XT3 R B2 A R, H A 75 2 0 5 X 7 IET )
FATIE .

AR SCZHE RSN A | AR5 2 B A ) 45 [ & 52
Wi, JF A % B SR IEK . SR E AR AR T
PRI ML ARAL . KA 7K 28 R 55 R R A8 Ui 43 BT F
e R 4 BT 1 R, AT BE S T 43 AT 0 25 S E R, TS
S T AR I b e 2 B B 53 07 T T 9 0 i

£ E T #k ( References ) :

[1] SRER, #de, IREX. WA SRR
WFELI]. E,2007,22(1) : 82—85. [ ZHANG Yucheng,
YANG Guanghua, ZHANG Yuxing. Research on the
relationship between landslide and rainfall[J]. Journal of
Catastrophology, 2007, 22(1): 82 — 85. (in Chinese with
English abstract) ]

(2] FGrEW, 8RS, VR, 00T i DX 5] & 3 BT
G R AR K 2 Y e R S 451 43 7 (). MR B i
W, 2015, 5(1): 171 — 185. [ FANG Yujie, XIAO
Tiangui, XU Qiang. Different types of heavy rainfall
which triggered the landslide in Sichuan Bazhong area and
typical case analysis[J]. Advances in Geosciences, 2015,
5(1): 171 — 185. (in Chinese with English abstract) ]

[31 ks, I, Byd. v e b i i 9 & 5 B
T SE BT [T0. K SCHb 5 TR 4 7, 2020, 47(2): 178 —
182. [ ZHANG Yong, WEN Zhi, CHENG Yingjian. A
discussion of the relationship between landslide disaster
and rainfall types in Bazhong of Sichuan[J].
Hydrogeology & Engineering Geology, 2020, 47(2):


https://doi.org/10.3969/j.issn.1000-811X.2007.01.018
https://doi.org/10.3969/j.issn.1000-811X.2007.01.018
https://doi.org/10.3969/j.issn.1000-811X.2007.01.018
https://doi.org/10.16030/j.cnki.issn.1000-3665.201906036
https://doi.org/10.16030/j.cnki.issn.1000-3665.201906036
https://doi.org/10.3969/j.issn.1000-811X.2007.01.018
https://doi.org/10.3969/j.issn.1000-811X.2007.01.018
https://doi.org/10.3969/j.issn.1000-811X.2007.01.018
https://doi.org/10.16030/j.cnki.issn.1000-3665.201906036
https://doi.org/10.16030/j.cnki.issn.1000-3665.201906036

2023 4F

B B, % JE T Fredlund & Xing B8 135 3 3 BT 70 )1 AR 2023 B 1 3 3 o g 1 T - 113 -

[4]

[5]

Le6]

(7]

[81]

L9l

[10]

178 — 182. (in Chinese with English abstract) |

AL, R, A, 5 25 i T 28 1 () S A
TR 2 300 3 R o T 43 BT T vk (0D K SC b B T AR b B,
2018, 45(2): 131 — 135. [ LI Shaohong, ZHU Jiandong,
WANG Shaoyang, et al. Stability analysis methods for the
bedrock shallow slope considering rainfall types[J].
Hydrogeology & Engineering Geology, 2018, 45(2):
131 — 135. (in Chinese with English abstract) ]

AR, A BT M AR A AR T B A AT
TR B (1], & £ J17%, 2011, 32035 Fl1): 476 —
482. [ ZHANG Guirong, CHENG Wei. Stability
prediction for Bazimen landslide of Zigui County under
the associative action of reservoir water lever fluctuations
and rainfall infiltration[J]. Rock and Soil Mechanics,
2011, 32(Sup 1): 476 — 482. (in Chinese with English
abstract) |

M, 05, BilEe, 5. SN 5 LB ORI R AT
BB AL ST (0], T AR M %42, 2014, 22(3): 396 —
404. [ LIN Feng, WANG Qian, GE Hailong, et al.
Characteristic and mechanism of Darong landslide in
Cengong County, Guizhou Province[J]. Journal of
Engineering Geology, 2014, 22(3): 396 — 404. (in
Chinese with English abstract) ]

HREFIH, sk4kih, FEH, %. 3 T Fredlund & Xing%
HOT A [ 79 2 30 9% B A E P AT (0. =R 2z
(A % BF % M), 2017, 39(6): 46 — 51. [ YU
Shuyang, ZHANG Jixun, WANG Junlei, et al. Seepage
and slope stability analysis under different rainfall patterns
based on Fredlund & Xing parameters[J]. Journal of
China Three Gorges University (Natural Sciences), 2017,
39(6): 46 — 51. (in Chinese with English abstract) ]
EFL, BT, FMENE, 55 5 RAR AR IE 2 )5 B
1 E A B & 1) M Green-Amptf& £ [T]. 7K 3C H i
T ML, 2021, 48(6): 64 — 71. [ WANG Xuedong, LI
Shiyu, SUN Yanfeng, et al. An improved Green-Ampt
model for rainfall infiltration in the inner dumping site of
an open pit coal mine[J]. Hydrogeology & Engineering
Geology, 2021, 48(6): 64 — 71. (in Chinese with English
abstract) ]

HOU Runing, CHEN Ningsheng, HU Guisheng, et al.
Characteristics, mechanisms, and post-disaster lessons of
the delayed semi-diagenetic landslide in Hanyuan,
Sichuan, China[J]. Landslides, 2022, 19(2): 437 — 449.
Sy, TR, WO, S, = R DR BE N B R K
BT A, TR PR, 2014, 2200 T 1): 70 -
76. [ YI Wu, DONG Zhihong, HUANG Haifeng, et al.

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

The analysis of groundwater seepage field in Shuping
landslide in The Three Gorges Reservoir[J]. Journal of
Engineering  Geology, 2014, 22(Supl): 70 - 76.(in
Chinese with English abstract) ]

SRS, whlRl &, TLLLR, S TR A B A
13 Fe e MR T L] DU R4 (TR R D,
2014, 46(34T1): 79—85. [ ZHANG Jie, HAN Tongchun,
DOU Honggiang, et al. Research on slope stability of
terrace based on crop irrigation infiltration[J]. Journal of
Sichuan University (Engineering Science Edition), 2014,
46(Sup 1): 79 — 85. (in Chinese with English abstract) ]
SR, BB AR, BIRTE, AF. IR AT )2 h B W 5 K
BB AR BESE U]. & 0 1% 5 TR, 2014,
33(14 Fi)2): 3783 — 3790. [ ZHANG Ming, HU Ruilin,
YIN Yueping, et al. Study of mechanism of landslide
induced by rainfall in gently inclined red stratum in east
Sichuan Basin[J]. Chinese Journal of Rock Mechanics
and Engineering, 2014, 33(Sup 2): 3783 — 3790. (in
Chinese with English abstract) ]

T, THER, £IRE. AR LRG0 12 B BER
SR T L RO S R v e (0] b T AR,
2012, 26(4): 94 — 97. [ LI Rui, YU Xiaomin, WANG
Zhentao. Influence of slipped soil on the stability of
landslides in eastern Sichuan Province[J]. Soil
Engineering and Foundation, 2012, 26(4): 94 — 97. (in
Chinese with English abstract) |

Mo, ZRRAL, RALF. BRI T AR 402 L X 7%
JZ 5T B RS E P O o B L] K &, 2017,
43(5): 37 —42. [ YANG Jie, LI Shaohong, WU Lizhou.
Numerical analysis on the stability of rainfall-induced
shallow landslide in red-bed area of east Sichuan[J].
Water Power, 2017, 43(5): 37 — 42. (in Chinese with
English abstract) ]

FREDLUND D G, XING Angqing. Equations for the soil-
water characteristic curve[J]. Canadian Geotechnical
Journal, 1994, 31(4): 521 — 532.

Geo-Slope International Ltd. Geo-Slope International
Ltd(2007a)SEEP/W user’s guide for finite element
seepage analysis[M]. Calgary, Alberta, Canada: Geo-
Slope International Ltd., 2010.

Geo-Slope International Ltd. Geo-Slope International
Ltd(2007b)SLOPE/W user’s guide for slope stability
analysis[M]. Calgary, Alberta, Canada: Geo-Slope
International Ltd., 2010.

SR, ELREEE, BRI, 5. BT O ALY SR P
A5 R E M A AT (0], 7K SC b T TR b R, 2021,


https://doi.org/10.1007/s10346-021-01751-0
https://doi.org/10.3969/j.issn.1004-3152.2012.04.028
https://doi.org/10.3969/j.issn.1004-3152.2012.04.028
https://doi.org/10.3969/j.issn.1004-3152.2012.04.028
https://doi.org/10.3969/j.issn.0559-9342.2017.05.009
https://doi.org/10.3969/j.issn.0559-9342.2017.05.009
https://doi.org/10.1139/t94-061
https://doi.org/10.1139/t94-061
https://doi.org/10.1007/s10346-021-01751-0
https://doi.org/10.3969/j.issn.1004-3152.2012.04.028
https://doi.org/10.3969/j.issn.1004-3152.2012.04.028
https://doi.org/10.3969/j.issn.1004-3152.2012.04.028
https://doi.org/10.3969/j.issn.0559-9342.2017.05.009
https://doi.org/10.3969/j.issn.0559-9342.2017.05.009
https://doi.org/10.1139/t94-061
https://doi.org/10.1139/t94-061

- 114 -

7K SCHb BT TR b S

5534

[19]

[20]

48(6): 171 — 179. [ ZHANG Huan, JU Nengpan, LU
Yuan, et al. Rapid remodeling of three-dimensional terrain
and stability analyses of landslide based on UAVI[J].
Hydrogeology & Engineering Geology, 2021, 48(6):
171 — 179. (in Chinese with English abstract) ]
VO 2% T AR I g it AR A BRA FL VL BB
BB G A Ak Sk B SR B AR A RS (R
SRS DU 1 2% B TR g% e AR AT A IR HD, 2021
[ Sichuan Xingshu Engineering Survey and Design Group
Co. Ltd. Investigation report of the Shuitoushang landslide
Chengdu:
Engineering Survey and Design Group Co. Ltd. , 2021. (in
Chinese) |
MBI, T £ 0T, 22157, 4. TKRHIE 278 T S
I ep G N2 PR (0D, 25 A 7 5 DR 4, 2009,
28(12): 2569 — 2576. [ LIN Hungchou, YU Yuzhen, LI

control  project[R]. Sichuan  Xingshu

Guangxin, et al. On application of soil-water characteristic

[21]

[22]

curves to landslide forecast[J]. Chinese Journal of Rock
Mechanics and Engineering, 2009, 28(12): 2569 — 2576.
(in Chinese with English abstract) ]
FREDLUND D G, XING Anging, HUANG Shangyan.
Predicting the permeability function for unsaturated soils
using the soil-water characteristic curve[J]. Canadian
Geotechnical Journal, 1994, 31(4): 533 — 546.
VEERTR, M 4. MR AR BT VR 2 0 A 0 b i A g
IHLEAT 5T (V). A 2R 9T “# 4z, 2008, 17(3): 117 -
124. [ XU Jiancong, SHANG Yuequan. Study on
mechanism of disintegration and failure of shallow debris
landslide under rainfall action[J]. Journal of Natural
Disasters, 2008, 17(3): 117 — 124. (in Chinese with
English abstract) ]

YmiE. = £

x| A


https://doi.org/10.3321/j.issn:1000-6915.2009.12.025
https://doi.org/10.3321/j.issn:1000-6915.2009.12.025
https://doi.org/10.3321/j.issn:1000-6915.2009.12.025
https://doi.org/10.1139/t94-062
https://doi.org/10.1139/t94-062
https://doi.org/10.3969/j.issn.1004-4574.2008.03.020
https://doi.org/10.3969/j.issn.1004-4574.2008.03.020
https://doi.org/10.3969/j.issn.1004-4574.2008.03.020
https://doi.org/10.3321/j.issn:1000-6915.2009.12.025
https://doi.org/10.3321/j.issn:1000-6915.2009.12.025
https://doi.org/10.3321/j.issn:1000-6915.2009.12.025
https://doi.org/10.1139/t94-062
https://doi.org/10.1139/t94-062
https://doi.org/10.3969/j.issn.1004-4574.2008.03.020
https://doi.org/10.3969/j.issn.1004-4574.2008.03.020
https://doi.org/10.3969/j.issn.1004-4574.2008.03.020
https://doi.org/10.3321/j.issn:1000-6915.2009.12.025
https://doi.org/10.3321/j.issn:1000-6915.2009.12.025
https://doi.org/10.3321/j.issn:1000-6915.2009.12.025
https://doi.org/10.3321/j.issn:1000-6915.2009.12.025
https://doi.org/10.1139/t94-062
https://doi.org/10.1139/t94-062
https://doi.org/10.3969/j.issn.1004-4574.2008.03.020
https://doi.org/10.3969/j.issn.1004-4574.2008.03.020
https://doi.org/10.3969/j.issn.1004-4574.2008.03.020
https://doi.org/10.3321/j.issn:1000-6915.2009.12.025
https://doi.org/10.3321/j.issn:1000-6915.2009.12.025
https://doi.org/10.1139/t94-062
https://doi.org/10.1139/t94-062
https://doi.org/10.3969/j.issn.1004-4574.2008.03.020
https://doi.org/10.3969/j.issn.1004-4574.2008.03.020
https://doi.org/10.3969/j.issn.1004-4574.2008.03.020

	1 地质环境条件
	2 数据来源
	2.1 滑前数据
	2.2 滑坡发生后数据
	2.3 调查结果

	3 滑坡特征分析
	3.1 坡体结构特征
	3.2 滑坡变形破坏特征
	3.3 滑坡形成过程分析

	4 数值分析与耦合
	4.1 Fredlund &amp; Xing模型
	4.2 数值模型的建立
	4.3 坡体渗流数值分析
	4.4 坡体稳定性及滑坡过程分析

	5 结论与建议
	参考文献

