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Abstract: Under the impact of hydrodynamic factors such as reservoir level fluctuations or rainfall, the
slope in the reservoir area is prone to hydrodynamic landslides, thus threatening the life and property
safety of residents in the reservoir area. Based on the geological investigations and remote sensing in-

terpretations of the existing landslides in the research region, the spatial analysis of the ArcGIS was
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combined with the three-dimensional slope stability analysis model (Scoops 3D) to perform a system-
atic three-dimensional search and identification of potential landslides in the main study reservoir from
the HD section to the DHQ section. The calculation parameters were determined based on the GIS da-
ta and laboratory tests. The regional landslide stability under natural and rainstorm conditions was
evaluated and compared. The research results indicate that: (1) the distribution of historical landslides
in the research region has a strong correlation with the geological conditions and the strength parame-
ters of the rock and soil; (2) Under natural conditions, the unstable area is mainly distributed in DHQ
section, Yichang, DH dam site, Labatie, Baota River and near Dianwei; (3) Under rainstorm condi-
tions, the distribution range of unstable areas is significantly larger than that in the natural conditions,
unstable areas are densely distributed near the DHQ dam site, Yingpan Town, Dianwei and HD dam
site; (4) The distribution of unstable areas calculated by the model under the rainstorm conditions is
basically consistent with the distribution characteristics of historical landslides. It can be seen that the
three-dimensional slope stability analysis model can accurately simulate landslide stability under differ-

ent working conditions, and the degree of susceptibility can be distinguished clearly. The calculation

results reflect the spatiotemporal distribution of stability in the research region to a certain extent.

Keywords: hydrodynamic landslide; GIS; Scoops 3D model; landslide stability

0 5

[l

JK By W P S A vk Rl B LK A AR
Bl M F AR B N KT 2 45K Bl I KR SR B R i
KA RHEE R AR E Y AR TR 4 R
TR A BB, 2021 AF 4 [ kA 4 772 56 M T K
L Hooh g B ) 5k 48.93 %, B 3 90 Y6 1Y Wk
KBy R 2 s . TV R b X L A A, H
A KBRS o X RS 2228 b K B
BN N R R AR KA A T R R L R X
K Bl Ty B BB A B AR BT R R X K B
o3 B B R M A BT X T R AR M 3 O T a1
Pk HA EEE L,

J2 DX 00 5 AR R M 4 BT IR AN W E M o BT
R LT s o T I ST O N D s o N I
P TARZS L AR R X i b R R R A R AT 22
WA FT , $k W BB X . AN SR P40 AY X 37K SC
b 5B R R A A AR B S BORRE A BT 2 SRR
S R i NI = R S LSS O 1 D= s W B T U
W 30 B B WO AR R A BT R BT F R
oM R e v WS A R N D PR . A
& A RS BT v W R A B IR o
B H A R e A R Tz

F T DX Ml 0T P 35 1) 52 4 M RRR R M i

80

5% 5 ¥ 2 JRe T DX 380 300 38 A e 1 43 A 19 1 32, D )
IRF 5 1 2 XA Ml 5 B 085 LA B K B f LI R . T
KR FA IR W S R R SRS
TR FH I A Ok A A TR S T B B R 3R 4

FEXE R SF T DRI, 30 35 R R 0 AT 1 3R T B 8 1Y
D5 1B W N AR R ) =4 GIS AR S A ) g
it B0 0 4 BT Ak BT AR 43 A DX v e R
[F] R b B R 0 R S AR B A AR 2
SR FE T 2 JECEE G X s b = A e e ke T
B OTE GIS BT BUR H, C. V. Westen %5 i L
T GIS @7 T i1 B Fo e M o B v 578 2 A 7R g
i o AT TSR M 0 2 A BB B SELL =k
JE DX Y ) HE AT R TT R K 1 SRR ] GIS
B ST KB YR e RN E R ITE . A
I SRR A3 1 3 X IR E A3 AT AN S T b B B
S A IR T A & TR 2R, o I s XA K Bl g 0 g Bk
DX 35 0 e = S R AF O LA — W R R Sl
R B B A A A 5] 4n SINMAP 55 AL
TRIGRS #5 1"F1I LAPSUS #6517 D ok R 2
SR R FZIREN BB T A B IIRCR . (AAE
N — Tl A RIRY A S R R A M T K
P K AL Bt 7K 55 DR 28 A4S R A 5 i L pl O [ M TR
R s (USGS) - & B P i B A e RS 1 — 4E
FE ALY Scoops 3D, Al LA Z A [F 8% | 12
GRS BT T . T R R )R A



P = 4k 73 0] 22 S 1 IF 0K B ) B (R KA R
R R KO HEAT AR BT R 5 2% 1 K SC AR X
Safg RO ) 3 3 R VAN T, JT A5 BN E AT Y 4
Xl % 4P F F Scoops 3D B | £ A % &K [A] (1) PR
IRASE B o8 TR 5 JBE T 00 X = e JEE IX N DX B R R
Bl R AT X8R 3 AR E M BT 5 SCZR YR TRIGRS
15 AL Scoops 3D #5 AU X} Bl 7 2% #B X HE B2 W 3t
TV BEmAER TR EMNES T IJFRET GISFE 2
PRI LS R

RIRER =Y 5 AR AR MR S O s AR
SCLAHE G S8 9 HD R DHQ JE B 32 B 5% X B
BT ArcGIS XFF5E DX 352 ) DA 7 A7 PR A o 7R
X Sl 1 0 5 0 i A 00 T, 2 T GIS Xl 56 filf b
T g MmN SR TR S8 B AreGIS =
[B) 43 BT 5 = 2 b 3% 50 M 43 B B (Scoops 3D) AH
G A IERETN KA B R K = AN KB )

BE 52 R 1, g ST PR XK Bl g 7 B I 2R A AR
E@ﬁff‘*ﬁ’_ﬂ,TKIEJI(RFE%UE?#LE@ﬂ(ZﬁJﬁ
TR 3 A B 1 DR 235 2R Ay 2R IXC O T B B A A AR
HERE 2 4 4, [ B Sy 28 (00 b DX R0 3kt i 3 e R It
T % .

1 XEBEEEMHERESAE

U3 AR T 5 BT A Y M T BR BT MDA oG . AR
i W 9 X b ot P % AR e, 36 RO TP Hb 5 SIS (R R LB
r“ Wermy ) CHLTT AR 28 (Hb 2 A e EBUZ R ) B
ZAF 25 CEAK AL 8 8l R K AR T /K A AR 4k
87K By J R g 3k 5 e DR DA S 5 DX 1) g R
iﬁ EATGEAT 0T
(1) DXl it 33 A2 2 Mk A3 B A o RUBE
R HfE 2 22 A5 A St A s R L v 3 AT KU
PR I 58 ) 4 1 2 36 1005 28 2K, 1 0 DX i AR
PEBIF 5 B 3 A 1 AR R
Gs=7.49+0.0006S — 2.0 X 10 "S*+ 2.9 X
10 °s° (1)
A, Gy 3l B BIEAS /0N 5 S Ay T i 26 v 2k B0 RS
B2 4Bk
W A SCE =L B SRS (D) b5 )
98 IXAE LY GO 9.62, 18 BB K 10 15 R pik A% 43 9t
Rk f . it ArcGIS ¥ 058 X 51 4 4 3 759 980
A~ 10 mX 10 m B A%, 44 3 8 AN 1 B 5 IRk R 7 1
)=

(2) Scoops 3D £ Y 155 i 34
Scoops 3D 5L J2& 5 [5] M it 5 A 5 7F 2015 4 {f
F Fortran 90 18 5 JF & 19 = 4 i1 Yl Fae A A
HIEFH T m R E (DEM) , B € WA g W m o —
2R R, 30 e T W R T T 24 R BOR AL
WF9E X B e RN R R R B e AT
DX B e AR AR AR S [ b 7 A B G 3 B A O A BR
O, R 5 AR A T B 1 2R BRACRD T A T 3 = AR A%
FEAR o BRI A EF e AR AR AL A 2O LAY BT AT = 4
A A A S0 T T 3 T B A
Scoops 3D % F £k P Coulomb-Terzaghi % F i
35 T R BT BT R L A0 (2) 1K
s=c+(o,—u)tang (2)
K, s HPUB R EE ;e W R FER T 50 KN
WEEE MR 5 0, R W AR T 32 I TE N 0 5w AR T 8 10D
LB AK T o
3 (2) HY .o il w fH FT R A 58 5 AR 9% B
0 TE$E 5] G A D AT Ve FH A AR R ) A RO R
P, o R A e 1Y 55 XU 3 2 AT R FH 0 {1 5 B 1)
RIS .
A R A A 1 IR W g Sk SR(EL ER T IO ) K
N, R AT U B, SR A R R A
Kt 5% 26 W N g S, AT I BL 3R s Sy A AT RN B
A PR ECNT
0— 0,
Py (3)
K, 0k EKE; 0 WS KE; 0 HERT
KA
B A SO AR S BE JR T A S R A ) A
1) A 4 L A 0 BRI M D
s=c+(o,— S.u)tan ¢ (4)
Scoops 3D TE #F 47T = 4 2 € 1k 4 A B, AT R
AN ) 7 2% 1 AL B K R g % e 3 R e M Y B e
XA A W 9T 3 T AR i O A 09 7K SO BT B ORE, R TS I
e AR [R5 2 ALK R 1 AT 3R R
= hy., (5)
AP A Kk sy, K L .
Bishop 7£ 1995 4% 5 T FL B K J& 77 5 850 #E
&L B S BT N T T i RS E A AT g
u u

re= = (6)
jy‘zdz (W/Ah)

S.=

Aob Ly R E R A Eon 2R S A, Scoops
3D MR FLBR K TR ) o 5 3 HRJE Z,, 2 [ B 56 Z2 7T

81



LR N
U= Zp1Yw (7)
K, Z, A i AR R KL T LT R 3 BR B
Scoops 3D H5 A1R T4 BRS04 R AR
Fo, A48y s B s f 57 YR ) o i LA

N

Fy= (8)
T

AR H Scoops 3D H N E Y 1 4L Bishop #
AT SRR E R BOTE KR E A A
W
N ZR,J[C,-JA,,]+(W,-J —u;; A, ;) tan gp,-,,}

S W(Rysinay, + ke Fy 8

(cosp,;Fs+ sina;;tang, ;) 9)
Ao, R, S A A IS T 21 5% 26 R0 BT AE 5% 2 il 4R
HYFRES 54,7 00 ) o WA AR AR B AT RS 5 e 00 H
YRR AR T R R T TN EE AR AR AL A A AR
4 5 A B TR AR s WO B AR AR AR T
WA A AR AR W T A AL R OK R 0 5 3, W FE T T
B 18£8 5 @, oA B 2 ) A A A S T ) A A
by R 55 T AT O MRS AR O 32 30 B 2K P 19 B B i
35 e, R B0 20 A A A A S0 A B

(3) 7K Bl 3 AL 3 £ B 1 4 K55

AR SO PR T B 0 A B 1 A AT R O fh T
M 1) 3 [RIABE S8 | B[R] ABE 3 R AR X Rz 9 3 3 A P 5
JE = H AU R 2, s (10)

H=PsX P+ XM (10)
A, H oK 3l 71 B0 G B R 55 95 PR T TR K 3
T3 B Y e A 1 S TA) E 58 5 P oAy Y TE K Bl ) B
A (R I T ABE 38 5 MR VS AE 7K Bl g 78 1 35ORE 6T 1
YEHI 38 % .

A SCE ok P DM A 2 A v R AR AR 3 S Kk
PR DRI, I AR g W AE o e A R i s AR R 1
TE T W e A 0 S 00 M 23 SRy i i 3 e A 1 K B
TR Z ) 52 BB SE  BIVAR i e T A 0 R A 1 I ) A
o VTR W AR X N A A R B2 AT Scoops 3D R
TS L A T AE T IR R R SRR F

Fs

2 HREXIEMRFEST

2.1 HIREXBEER

HD fl DHQ JFE X A F [ = 7§ 4 55 &M 2
B # IX ), HD Fl DHQ 7K H 3 45 51 by 55 55 4%
R — BT R DT R TR S K HL

82

e WURIT 5 IXC I 25 1 28 5 K 2l g 280 3 i A4 52 0 1 L
W P g K e g — 0 9 3¢ A S [) — 23 K U {H B
RS AR (iU R (R I UN S MU N /o5 g
FE X ILAT AL 23 2 25 BF 5T DX ) S 3 R 4%
o R AR 2% e A, 300 7 SCRY T 5 DX L, JHG 9
e AR L S IS A, S5 T 177 km

UL P2 9 R ) 9 R
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Table 1 Representative landslides and their parameter range in each section

S AR 5 2 M0

R flai AT/ (kKNm ) Fi R J1/kPa DB ff1 /()
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2 HERAR k=2 N N B AT 21.0~23.0 18.0~27.0 20.0~30.0
3 FLJRS A A 20.0~23.5 18.6~40.0 19.0~32.0
4 KAZe e gk iy 16.0~26.8 10.0~50.0 21.0~27.0
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Table 2 Strength parameters of deposits in each zone

S HEAUE/ FRIEUE MR
(kNem ) kPa WAE /()
1 21.5 25.0 24.0
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Table 3 Working condition settings for Scoops 3D model
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Table 4 List of searching parameters of Scoops3D model
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Table 7 Comparison of model calculation results and historical landslide characteristics under rainfall conditions
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