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Abstract: The Zaoshuwa landslide in Yunxi County, Hubei Province is a typical rainfall-induced accumula-
tion landslide, which exhibits a "step-like" dynamic evolution of displacement and deformation under the ac-
tion of rainfall, and its deformation damage seriously affects the local traffic and safety of residents' lives and
properties. To achieve early warning of landslides, this paper initially discusses the deformation curve charac-
teristics of "rainfall step-like " landslides, selects the effective rainfall criterion to establish the early warning
line of landslides, and then explores the principle of progressive landslide warning. By analysing the response
of landslide activity to rainfall and combining the law of landslide deformation development, a comprehen-
sive progressive warning model for landslides has been established. The results show that: (D the deformation

of the Zaoshuwa landslide has good consistency with the seasonal rainfall, and is currently in the state of in-
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termittent creep, with the overall step-like deformation characteristics; ) the early stage rainfall period of the

landslide is 8 d, and the thresholds of the effective rainfall in the early stage and current stage are 38 mm and

29 mm respectively; 3 Setting the Il yellow warning centerline at when effective rainfall in the early stage

and current stage reaches the threshold, combined with the effective rainfall threshold and the process of ear-

ly warning criteria, a hierarchical progressive integrated early warning model of the Zaoshuwa landslide

could be constructed.

Key words: rainfall landslide; effective rainfall; threshold; Early Warning Model; monitoring and early warning
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step-like" landslide

o T EHUGTBRIX IR e e8], 2 0 K9
I ZRUIRE AR (1, s,) AHHER I RS RIARIR &, -

_SiTSi

ki_ti_ti—l (1)

SR -1 =1, 115

k.=s,—s._, (2)

M L TSRO 4 A a Feikal

a,=arctan(s, —s,_,) (3)

IRPE VIR A (P58 25 2009 ) B4 B2 fiin i B8 (17
9 FIRE A, 2009) 25 AR T 8 AL B Be ) 0 0 B 1L, D

IS R X 0 T B 0 L R 4.
2 TR IR I 1 4 T i P

2.1 LR iEE L FIHE
T R AR TE B B T e A T 1Y
HIHE o R A LA — R T DARIE I 451
X IR ARTARES , Rk =L T
; (4)

s e, WO HRLIL, V, WOABHEA, V
SEHUEIE B B A v, 5 R A I AT
— I 2R AL R A RER I L s 7V SR8 7E T
AT B B RIZ PE R I AR BOE

YllNV

E =



398 H 3

DU ST AT R 1) B BRI ™ 3 o e A R

495

B S5 B By B I IX 1] 22 1 AR A
IS NHIECET R

_—l 7
V_n;v,. (5)

s v, R S R AR TR B BEAS TR B BRAS TE
DX JE] PR AR T 5 n Ry WU B

AR B 3 38 LU B S W LA Sy 2 10
TR, X 3 45 WM 23 PR AR AR A A 70 Kl 4y
(F rH%,2014), 022 1 s

F1 BEABERETRRESHERER
Table 1 Landslide displacement rate over deformation

state classification table

I FH R A Ly 1 B OR b AH 56 R BN - R Ha Xt
(L, % BR A2 2, W HD G T 3 22 ) A A DGR 2 b Ak LA
H Ay st [ A BT RS 284 H R RN B ) 4, 315
t =0, 1, -, n) RJ5 B HBE R IR F 50 FH A%
N [] J7 470 2 ] (R A DG R B 22 || < 0.2 B, T
AN B 2 (B A AR 55, SEARAS A 56 ([ id 2
1994) , FEFA RCOREGE A 05 [r] > 0.2 HBEAGE
PRI RN (1A 3K

R2 BRBEXRBRBEXEESRE
Table 2 Pearson’s correlation coefficient and degree of

correlation reference table

AT B B [hxzsrE 14 HSCRBUE 1| LIPS S
WA TE i B / (0.8,1] IR 5AR G
TR B 0<e<2 (0.6~0.8] SERAHSG
Tk B kB 2<e<6 (0.4~0.6] HREAH
AT e I B 6<e<8 [0.2,0.4] LRV iEPS
BB B ) £>8 (0.0,02) LSS E TR IIPS
22 BREMEFE 23 BHR S RINERE

— R TRAFAE Z R BRI, e MR AR AN
FE R Z G RT3 43R R, B
R TR o %ML & Crozier (1986) 32 MY, HOKF A F 1t
TR 53y Wi SR W+ 2 SR W A, T A
AR AT

R.=R,+0oR +@’R,+a&’R,+--+0d'R, (6)

H R BTN e (mm) s Ro oA 224 H R
(mm) ; RMAT H AR R (mm) ;0o R 2l R E B
0.8t i, 2004) st A RTHARE R AT BORE(d) o

AR SR Bz IR 380 A S 43 BT 0 % e gk 7
S H R 5 H RS =2 (] A DG PR A T
3T A TSRS R R A RO

B RN AR A3 BT e — Rl EE S AR 5 (o Al
¥ ) Z R R MK AHSE R BUE SCH PN E
RPN 22 B8R A2 A bR EZE TR, PR

S 2[()6[ —x)(», _y)]
== (7)

=55 > 3
O Jz<x,- ~x) Jzui )
o AR RS, NS & x, y Z (8]
HIEN 5 255 5, WS EE x IIbRIEZE ; J, WAERY HIAR
\{E%O

ARSI I S A o M A SRR S e
SE TG SR T ST Ak T A A A L,
T ICE A e U 2

ARG — M T Pk 22, R 2 — 1 24
S R RIS 2R T o), U vy, ) 5 2
PRI SR R T R -

_Ja
y=0x (8)

e RO 3 e W A (R B AR AR L A (3, 0)
1 T S 250 W B A A A, 132 (0, 30
RN I E R ) T (P rp 2, W7
FEH

y=y —&x
¢ X

(9)

o, 7518 (8) 55 (9) By 28 s A AR BEE M (s
ya) » RIS PR, B AT 1558 s R

YeXaXy YeVaXp

BTy, T Y vy, (10)

FR A A b 22 P9 TR [) P B s =, mT A5 38 )
2 Gy y) BN AR BRI S AR 2 1R

1= +y? (11)



496

oo BT

2023 4F

)2, 52 5 (e, ya) BN AR AR R AU BE B LA -

/.= /x§+yf (12)
BN Jr R (11) 5 (12) , B A] 75 31 W5 2 14 Ee 41
ﬁ ’%:éiiﬂ‘j:

(13)
Fle B 280, BT PO 2 A A PS50

3 AR T SO A 15 5

3.1 LR

TR 1 Y i b A8 SR VY Bt £ LR
FEPULH AT, BT & BLARHE 529 5.4 km, W3
OABFR: 32°50745" N, 110°17'4.5"E W58 IX K 2 43
A3 K T Y PR B AN 2 IR .

K CRER s Y = I E I k< R T B ]
TEARKEE, hfse, mim g%, At sk,
5 SRR Y 707 m, BTk = FEZY 576 m, A R 22
131 m, SR L 210, FI LA LR ITLRIE
P E W71 207°, K 340 m, G5 45 ~ 81 m, LA
S H4 B 24 12 m, T AL 2.26 % 10 m?, R LY

109° ISO' 3 110°I0' R

20.34x10'm’, J& FP AU T3

R A5 b TR I 22 B LA 5 (1] 3) , Ay T
Sy TR (18 SR 2V S o R R DR A DY R HE AR
Yy, R T BB A L, R R
TR, EOR VR T USSR T RO HL R
BEILTBA (Z.d) B s A g i MR R R .
32 BN RS TIE

R G AR A T I 1 SR R R,
W A ARG W IR R S AR A
2 2 N g i L T N T T - e
GNSS Wil &5, 55— 4k GNSS Wil &5 A7 5 T e
GAT I T2 B H A7 8, TIC DA M Ah il Y GNISS ik
e ST R, TR A shAZR G W M 2% . 5 2020
45 J1 30 H -t R A E o Wil 32 48 HARA B Ol
TEDLIE 4, 32302 45 WS i HLARSS B0L 42 3.
33MMERSI

R AR DX A S, BRI W I e SRR
PLRE-FE R RE-I T OC R M2 (141 5)

FH 1] 5 AT, AR 3 T i T MY ) R 5
RUHERZ Y, W I 1) kS A A it 5 2 PR
SR AR OCE TR AR B I A S R R

110° 30

33%.0%1k:
h

P&l
* R
— K&
&4 (m)
- i oc 1819
- o106 0

N

T
33° 04k

T T
109° 30" % 110° 0" %

T
110° 30° &

P2 BT ELK R A3 K S B 5
Fig. 2 Utopia County Water System Distribution and Landslide Location Map
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Table 3 Date Pits Landslide Monitoring Site

Information Sheet

Gl 297.49 0.34
G2 2020/5/30- 319.15 0.36
G3 2022/10/31 261.96 0.30
G4 151.99 0.17
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Table 4 Table of information on the different step-like intervals at monitoring site G2

F5 LRI (AE/ A /H) g5 (A A/H ) AKP AR & (mm) B ERIX 5] (d) {7 F% 3 F (mm/d )
2020/7/21 2020/7/31 68.62 (53,63) 6.24
2020/8/21 2020/8/29 17.05 (144,152) 1.89
2020/10/5 2020/10/19 20.41 (189,203) 136
2021/4/23 2021/4/29 8.23 (388,394) 1.18
2021/8/12 2021/8/31 120.20 (499,519) 6.01
2021/10/6 2021/10/20 31.94 (555,570) 213
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Fig. 6 4-stage displacement rate ratio - time distribution curve at landslide G2 monitoring site
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Table 5 Table of correlation coefficients between daily

rainfall and daily displacement at monitoring point G2

WA HDERE B AR
(d) (i) (d) (1)
0 0.323 6 0.295
1 0.382 7 0.251
2 0.523 8 0.225
3 0.464 9 0.197
4 0.409 10 0.181
5 0.347
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Table 6 Statistical table of rainfall information
corresponding to the deformation step interval of

Zaoshuwa landslide

BRI 1] VR MARER L AT R R

(d) (mm) (mm)
2020/7/21 75 23.5

[53,62] 2020/7/22 29.5 78.6
2020/7/23 75 84.2

2020/8/21 16 37.7

[144,152] 2020/8/23 22.8 354
2020/8/24 7 46.5

2020/10/5 5.5 25.1

[189,203] 2020/10/6 45 245
2020/10/14 9.0 123

3883941 2021/4/23 69.5 12.4
2021/4/24 25 65.5

2021/8/12 83 334

2021/8/13 43 93.1

2021/8/16 13 68.7

[499,519] 2021/8/20 15 36.1
2021/8/23 40 26.0

2021/8/26 18 315

2021/8/29 81.8 255

2021/10/6 14 10.8

2021/10/7 13.5 16.64

[555,569] 2021/10/8 125 24.1
2021/10/14 272 19.1

2021/10/15 22 352
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Table 7 Progressive warning model based on effective rainfall thresholds and deformation processes
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