550 55 4 BER TR Vol. 50 No. 4
202347 H Drilling Engineering Jul. 2023:94-102

W - HEBRE A5 P L B IR IF I 130
R P Br

WmFR, TFE, i om’
Q. d#E=ZRHIEEITABRAT, B R X 430074; 2. K T B0 H % %5 % A R &AL F, #40 R X 430010)

FEE : DLHIAG R T SR R I+ 3 TR T 5% R A Georstudio BUE LA , (AT 1 B TR - HE 200 & 15 F R IR 42
RS E P BB L A3 BT L BT ST T I W A T 0 e oA 98P L B /R TS 3 0 A AR A, 14858 T 63 T 45 80 s [ % 390 00 3 2

th‘Liﬁﬁ'”%%&E’J%ﬂﬁﬂﬁ,m%%&% 00 Uy 320 37 e T R 3 TR 2 A 1 T Ak T AR R RS, HR R R AR

ek I T (10 8 85000038 /0, 5 o T R AR L 8 T 280 X 32 Ak i 3 A S M S R R R . R I AR TR S8 2 B 9 K

P T B 4 T G TR R T AR DL 43 A 2 SR AR WA B A R S M A, R R AR TR R TR N AL i

THAE T4 %E@Afj‘!i%ﬂ?ﬁ?ﬂl“

SEGRAR < W e AR G VRJR L Lt s A s B AL 5 AR el 2%

hESES TUL3 Iﬁi*ﬂib\ﬂ:A X EH S :2096-9686(2023)04-0094-09

Stability analysis of deep fill slope under the influence of

rainfall-surcharge coupling
YANG Ziyue', WANG Jijun', XU Peng’
(1. China Construction Third Bureau Engineering Design Co., Ltd, Wuhan Hubei 430074, China;
2. Changliang Survey, Planning, Design and Research Co., Ltd, Wuhan Hubei 430074, China)

Abstract: This paper takes a deep fill slop in Xianning Hubei as the construction background. The numerical simulation
software—Geo-studio was adopted to analyze the influence of rainfall-surcharge coupling effect on the stability of deep
fill slope, the pore water pressure distribution inside the slope and the influence of constant rainfall and surcharge at the
top of slope on the stability coefficient were also analyzed. The results showed that the original slope was in metastable
state under the condition of rainfall and surcharge at the top of slope, the stability coefficient decreased with the rainfalls
time, compared with the constant rainfall, the surcharge load had a greater impact on the stability of fill slope. To the
end, a reinforcement scheme of a slope scouring and load reduction and waterproof surface was proposed. The
numerical simulation results confirmed the feasibility of the scheme, which meet the requirement of the construction,
meanwihile, the rationality and validity of the simulation results were verified.
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Fig.1 The crack at the top of the slope
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Table 1 Geotechnical parameters of slope stratum
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Fig.3 Numerical calculation model of the deep fill slope

AR 205 B0 8 B A i 5 s an sk 2 s o
BOE T 2 B o B2 B 98 R Geoseep/w i
HEAT B TR A i b 10 3 O B W A A BT L 15 B R R

fﬁﬁiﬂﬁiﬁﬁﬂiﬁ%l“?mrﬁ RS K A,

B Je P T A AR S R — 2 s R e M o BT i )

I 25 iz H Geoseep/w 5 Geo-slope # & 43 Hr K

T 3 R v i e R e

3 HEWESERSW
3 BT X I RS E T 1 5

T R R R /N T il B R BB 808 R K
AR RN ARSI R A TE AR T . AR i
Geo-seep/w 5 5 it 1 F1 /9F 16 A1 98 U 53 A i B, 31
ARG B S B T o AR b i e o AR K Sk TR T A A Ry
IE,anE 5 s . IS Hhal LUA B F 24 h e,
T3 N FR IR I 2 T e AR PN R A A R DY [
FHGI, H v Ik A A 2 R T S ) e K

HEAT W TN 25 1 T i M AR M A B L T AR R

. m‘3)

KE/ (m

4o ~
x 02F s @ MMt
€ —o— @, WIRRHE
0.1r
0 | | | | ]
0.01 0.1 1 10 100 1000
FEF /3 /kPa
(a) P AR B K i
1X10™"

1X10°

. 3)

1X10°8]

41X 10710
—o— O+
1X10712  —a— @ L

—o— @, WIRFR L

1X10" ‘ w ! ! |
0.01 0.1 1 10 100 1000

%Iﬁ”&ﬁ/k%
b) %1% 2
& 4 i)i:l:ﬁi EHFHE

Fig.4 The permeability mechanical characteristics
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Fig.5 Distribution characteristics of water head

pressure in slope during rainfall
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Fig.6 Characteristics of the most dangerous slip

surface of slope during rainfall
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Table 3 Balance relationship and force characteristics

between strips satisfied by different calculation methods
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Fig. 10 Characteristics of the most dangerous slip surface

of slope under rainfall-surcharge coupling
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Fig.11 Evolution law of slope stability stability coefficient

under rainfall-surcharge coupling
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Fig.12 Characteristics of the most dangerous slip surface of

slope under rainfall-surcharge coupling after slope scouring

P13 45 T 10T 30 B R e 2R BB e W7 — 34 2R
A 1E F B 1] 8 AL B BT 13 i] DL L 83T
335 R ZR 5 ) A o A RT3 52 s [0 %) 348 77 328 9477 Dk
AN TR T R E R 1.21 )50
AR R B0 R 117, R BB/ 3%, FE
W -HE RS MEH 24 )5 F80@ REOE/N & 1.159, 82
TE RBOB/ ML 1%

Pl 14 25 T D i 39k R 38 1 300 38 A R W A 2R
R VR T Fo o 2 B8 bl A R BT 0] 7 Ak R4, % L
AHL, 2 3o Rl 3 0 R B K A 3 O s B R R R Y
AT EAR R ) A I T A % A T i B AR E R
B 52 ) S 2 0B/ 2 B AR SO T ke ek 4 % B



55 50 445 4 10

W1 BR A - o T -k RS 1R T TR EE 0 i AR PR 0 B 101

LZIW

S~
b
WLH&ﬂFﬂ‘Dﬂ}ﬂ~Dﬂkﬂ~Dﬂ}{Fﬂ
g \
=113} ICTHAT M
=

109 | | | |

0 6 12 18 24
F Y I T /b

E13 RIEEMRW-HEEBSERTORBEERBELNE
Fig.13 Evolution law of slope stability coefficient under

rainfall-surcharge coupling after slope scouring

KP4 0 A AR 3 0 0 R R B, /N e
AEH e R

L2 Eigsiyy B B
Z |y = 7=
o = E
% = E
_ = =
P& F I 18] /h
(a) B THTE He %
L.2r [ =R ARt
5"
W&
o
Eo
=
=

[ 1R 1N 7] /b
(b) I T HERR
B 14 RIS EETAKIRTE R

Fig.14 Characteristics of slope stability coefficient

under slope scouring protection

4 R BIIRRCRIEMN

ARG BT 7 58, 0T 12 Ak 0 39k 39 T ¢ R 231+ Xk
TEAT I S U0k 2, 7 Ity 39 D Ak A8 SRS - B[] A X 35
DB BEAT 702 55 52, O B Ak TR 38 2 T A0 3
SE , TR U SARUK R HE K 8 i 1 5¢ WeJm 1 3

15 7 o 32038 By 4 Ak B 58 B 39 T A2 JE 15 3 A
RCPE A R R Ab TR E RS

B 15 Rl R gk K By 7k 40 3% 5 T 58 A fe il 3R
Fig.15 Photograph after slope scouring, load reduction,

waterproof and slope protection

5 #ig

AR Al o T - HE AR S VR R 00 3 A M B
L3 BT S 3 B 4 SR PE A A5 DA TR 4508

(1) 2R JFH B B 2% o33k (B 0 0 9 A 0k B BE AR
Hr 5 -3 P 307 vk DU b 5 vE A B B a0 R E R
FEAAR R, I v iy i 4% 45 3 R0 BRT A 15 015K % IR 4k Bk
] f U3 ) g, DR O 353 B A5 e 2R 500w I T B8 AR 40
HH 38 7 37 v () ) R i Bl A Sk B g S Al R D T
i, 6 25 o i A 300 3 5 I 3 e SRR AE

(2) %00 By 300 35 7 R T B 38k T M 4% R 1R T, 33
FaE RBOY<<1.0, 0¥ TR ERE, 55
SO FAHAT o B 5 T R [0 ) 388 s AR e R B
BN B 24 h)G R RECF 2 3%,
B TUHE 35 T e e RBCT B2 20% , S RER I &R
AH B, 39 TT 3 480 06F 12 Ak 30 395 e A 5 i B K

(3) MR 4l J5t s 100 39k e 1k BOIR B A8 T 2R R 3R
RRAE , B2 0T S5 4 370 95 6 A7 i 398 99 288 1 47 33 4 e [
B 7E 3 T SR HE K 98 S oK IR, BB TR A5 R R
B R O - ME SRR A 1R T BT i B R R B >
1.0, Ak F R IR A B TUHE 215 |, S MR R AL
FREL 3% FEW 24 h)a i Ra e REBCT L 1%,
3¢ FH I 3 ek 280 % 7 K 4 ok 4 it e AT ANCHR v i g A R
SEME o ORI T M3 R AT N, i B RS MR
U B AE T A SCECE TR 2 BT 0 A B A Ot .

2 % 3 ik (References) :
(1] #a D . 3 T W I X % 1 3 ¢ 3 W P b AR A ST [ D ] i e



102

iR TR

20234E7 H

(2]

(3]

(4]

[5]

(6]

[7]

(8]

I 4 5 K2, 2021

WU Yongbo. Research on landslide monitoring and early warning
technology based on internet of things [D]. Wuhan: China Uni-
versity of Geosciences, 2021.

R T WG D TG IR AR e PR R I SR T AR E B ) R 2R 43
BrlT] 85 TR CH LA TR ), 2018,45(8) : 127-131.

LI Yuanning, PAN Yong, FENG Xiaoliang, et al. Landslide
deformation characteristics in Three Gorges Reservoir area and the
corresponding influencing factor analysis [J].
neering (Rock & Soil Drilling and Tunneling) , 2018, 45(8) :
127-131.

TN B Ay ST, A5 A R R 50 38k R R A ol
A BEMLT]. TRARE 540K, 2021,53(2) : 28-37.

LEI Xiaoqin, LIU Enlong, HE Siming, et al. Modelling of coupled

Exploration Engi-

process of rainfall infiltration and internal erosion within unsaturated
deposited soil slopes[ J]. Advanced Engineering Science, 2021,53
(2):28-37.

R, EhIGE s S K T BT R e A B 1 R E R ) Y AR
(EREL S BT (7). 20 B TR, 2018,43(5) : 310-315.

WANG Zhigiang, MA Xiaoliang. Numerical simulation snalysis on
the stability of highway slope under continuous rainfall environment
[J]. Highway Engineering, 2018,43(5):310-315.

e, E A, BRI A AT RO A 58 SUAR R AR R Y B
Ik = 3 3 [ T A8 43 A7 (] K SCHB 0 TR 4 S, 2021, 48(1)
154-162.

RAO Hong, WANG Jinshu, ZHAO Zhiming, et al. An analysis
of rainfall infiltration of expansive soil slope based on the finite el-
ement software custom constitutive model [ J]. Hydrogeology &.
Engineering Geology, 2021,48(1):154-162.

REFFHE, R E,AF 5T FELA (W BEYL 7 578 % 18 R T
A BRI AZ R M M i B R T[T ] 3 5 ) 272741, 2018,
24(6):813-821.

WU Zhixuan, YANG Jun, QIU Tiangi, et al. Application of the
random field method based on FELA in the analysis of slope ex-
cavation stability considering rainfall infiltration [J]. Journal of
Geomechanics, 2018,24(6): 813-821.

SR VPIEA T FLAC™ 80 FISH 8 & 2T & A9 8 I T80
FAE TREIFIZ IS WA R S AT LT ] K R RR IR R4, 2021, 39
(10) :156-159.

CAI Jun, XU Shengcai. Seepage field analysis of channel slope
excavation under rainfall condition based on secondary development
of FLAC™ software with the FISH language[J]. Water Resources
and Power, 2021,39(10):156-159.

Pl RE/NEE W4 ST FLAC™ - & 1 i AR 1 R T A2

[9]

[10]

(11]

[12]

[13]

(14]

SEMELT] A 04,2014, 35(3) :855-861.
JIANG Zhongming, XIONG Xiaohu, ZENG Ling. Unsaturated
seepage analysis of slope under rainfall condition based on FLAC™
[J]. Rock and Soil Mechanics, 2014,35(3):855-861.
KR AR A4 Wi — 57, 55 . B I A8 0 8 1 3R P 5 MR R 5
[J]. 5 B T 72, 2018(2) : 52-56.
LIU Li, YU Shouquan, CHEN Yilao, et al. Study on influence of
rainfall infiltration on stability of soil-filled slope [J]. Subgrade
Engineering, 2018(2) :52-56.
AEUKVK, BUTE IR TRE A5 B T IR A RO AL RTINS TR
SEVESITLT] 3 TR Cr 84 TR, 2018,45(10) : 104-108.
LI Bingbing, HE Yong, ZHANG Keneng, et al. Analysis of
seepage stability of a tailings dam based on fluid solid coupling effect
[J]. Exploration Engineering (Rock &. Soil Drilling and Tunnel-
ing), 2018,45(10) :104-108.
WRILAS  BEAT o, 556t , 45 . W R AL AR 2 I A 1 2R — s AL
B R R E ML ()], TR #E,2015,47(5) :6-13.
CHEN Hongcui, HE Keqiang, ZUO Bin, et al. Study on load—
weakening coupling laws of accumulative-formation slope induced
by rainfall and its stability catastrophe mechanism[J]. Engineering
Construction, 2015,47(5):6-13.
W ST 2R A5 ST 5 R AR I
5orpr 0] TR AR, 2018, 26(5) : 1170-1177.
PAN Junyi, HOU Dayong, LI Rongjian, et al. Rainfall infiltration
test and analysis of loess slope under different rainfal intensities[ J].
Journal of Engineering Geology, 2018,26(5):1170-1177.
KR BRI THUST . e b 1 A K 30 38 i R E e [T .
A+ TR, 2019,41(1):70-77.
ZHANG Liangyi, CHEN Tielin, ZHANG Dingli. Progressive
failure of expansive soil slopes under rainfall[ J]. Chinese Journal
of Geotechnical Engineering, 2019,41(1):70-77.
RN, EHIF BROKAR 58 A8 R R T AR T M SRR
FACEMLT] R R A I CH AR R) L 2022, 53(1) £ 239-249.
JIN Fujie, WANG Yejiao, XU Yongfu, et al. Simulation of cracks
evolution in expansive soil slope under evaporation rainfall condition
[J]. Journal of Central South University (Science and Technol-
ogy), 2022,53(1): 239-249.
WRIE DL, S0ART . AR 46N 5 48 5 b ) 2 B TR R FHBIF 5 1 3 ik e
(1.4 £ 1%, 2019,40(1) : 1-54.
CHEN Zhenghan, GUO Nan. New developments of mechanics
and application for unsaturated soils and special soils[J]. Rock and

Soil Mechanics, 2019,40(1):1-54.

(m# £ )



