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Research on Rapid Diagnosis Method of Landslide’s Uniform Deformation Stage

WANG Pengwei, AN Yuke

(Gansu Province Transportation Planning, Survey & Design Institute Co., Ltd., Lanzhou 730030, Gansu, China)

Abstract: The improved tangent angle early warning model is an effective landslide early warning method, but
the mechanism of the improved tangent angle model is based on the accurate identification of the uniform defor-
mation stage and its rate. The uniform deformation rate of the landslide fluctuates with the change of the disas-
ter prone environment and the landslide evolution stage. Therefore, the tangent angles obtained by the same
model under different uniform deformation rates are quite different, which is unfavorable for landslide early
warning. Based on this, the paper proposes to use curve convex concave characteristics and filtering technology
to adaptively obtain the landslide uniform deformation stage and average rate, and establish rate reliability evalu-
ation rules, so as to achieve real-time correction of the improved tangent angle early warning model and ensure
the accuracy of landslide early warning. The research of this paper provides technical support for intelligent and
automatic real-time processing of monitoring and early warning data of landslide monitoring and early warning.
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Fig. 1 Time displacement curve of reservoir water type landslide
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Fig.2 Time displacement curve of landslide

H SR o TR D B A B A O 3
SYEATE G B 2 A -l Sy AR ] FEPEE A
Y[, DTG 52 B Bl 1 35 A T DD 26 A A Rt A7 S 4
IE, B PR TUE A HERR P

1 ROk Ay T AL R D B

U T2k A PR AR A 0 S A O A AR
W 5 14 A8 X00 57 B8 A7 N 1] 5 Ak b B, DT S B S—t
MR T 49 Tt 2k . b I i i A
AUF:

5 (D
\%

T,'=

i (2)

T;
a; = arctan

i =i

Ao S oA i 200 3 i B (mm); Th, Tl
S48 J 5 ) ) A (7] 6 49 Y AL bR AL, PR A 25—
R, an 1K1 JE A v B S o 3 A0 AR B B
B R Cmmld )5 aichy CHE (IR AR (005 1y, tin 9 A
WUERE 2], 85 H 28— Wl e 3

WA 26 f J B, T 3 i AR I8 i AR B B S 0 kA
FHOG, HEILAA/INT 45°mF, AT R i B Ad T 400 4 s
AR T AL B B MU A 55T 4508, Ab T AT AR
TR ALBY B 24 VIR M KT 45°0F, WA A T
o AR I 3 AR B B, X — By BRI 4 43 S 0
(45°~80°) | H /il 4 (80°~85°) | Jill i 4 ( > 85°) 7%
TE AL B BE, VD4R B30T 90°, Wi 3 & AR 1Y mT e b
KOS, 2008) o M LA _F J #2020 0] L, 3k s
A B B R OC B, 2 T T i R A OT
B4, 20200,

2 TR T R A B A R )

I B B

2.1 B AET R EIRE
R A5 B 1) o7 7% 1 2, 3 3 728 0 3 Ak 3 43y 3 4
ALY B (& 3) (B 30 5, 2016) . OFIIR AR TR B Bt :
TG AT R IARRT B R R, Z 5 BE & I [ HE#8 A2
e T IE 5, th R B 92, 32 30k Jal 3 A8 P Ay
Tk, % By B SORR Uk 8 AR T2 By B, 1 4k R I S 0 R
TR AR TG B B ZE W) R A8 T S 1, T 3 DL AR A
[F] A SR AR o A B A2 A AR 2R A T Fns i, DA
Ko JRy S A [ 5 R s e, BT TR W 0 Ak T AR LR,
T 4, AR TE 1 £ A) g <3 itk 3, /N AR 145 R
WEIRAR, A B A2 ) B0 P DR 3R 5 g 22 el B PR R . (H R
TR 2 W b 5 ZR AR R, TR — 8 Y /N
FE W B, RS ] — A, M AR 2 B
QNI B BL: R AR T & R B — 2 Wy B AR P
RN K, HHORA B R, J
FHARRAZZ A, BTG AUBE ST, IR S MR

e
L 4B
R
i 25N
I |
s 1]

3 BE=MERENHEZE
Fig.3 Three—stage evolution curve of landslide
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Fig. 4 Basic principle of concave—convex characteristic

(a. bV OIS 2 .

UL LI, 2 K = (M), = L),
TR 2 MK, Koli S 0, S 00 56 A8 B B 5 %
K, = Kzﬁrj‘%ﬁéﬂéﬂ, X N 2] 3 AR B B MK, < KB
ST % ST B B s ST A B
L:%ﬁmﬂlﬁﬁ@mﬁﬁ%M&Aﬂﬁ@@ﬁ
T BE, L 1 %R0 ST B B

R, LT 2 3 A 0 0 (6 L T 007 1
SRS T Ak BB L S B 5 o o 3 51
ST R 52 B, PR S—t R LA
S OIS , S IR SRR, S R R B L A
LW B 3P S) 0 BTG 50 25T I B L 3
E X R0.99<L<1.01,

EiEaN

1.30

1.20 +
1.10 +
1.00 -
0.90 1
0.80 -
0.70 +
0.60

" %
' "

! A,
AN \ .u...'. 'I.-",‘“u..,l;,...c' J ",l..,lt..l..«,m“ "

J T 3 DTN 3 B 2 B AR I R S B[R] AS /N T 5d, AUt
PL S 1B A B sh 2 PR B Rl 8 O 9 How SGE
2L 5d N L<<0.998+ 5 3 4b T Ik A2 I8 By Bt , #4% 5d
L > 10T Ay 5 3 Ak T 8058 AR TE B B (21 5 K L 4845)
(El5),

FR A5 DA b e SO ST B 70 i () 5 3 Y A R
AT W B B OB DU, B : (D) R 00 e (1) o5 g 30 14 o
AR TE By B 5 80 AR T B B (R] B B [R) B Ry ) e AR
TEB Bt . @ G SR Iosl AR T B B, 2 0 2 B B 2 if
i [] B 43 R 51 s AR TR B B . ) 1 2R I8 in 3 2 AR T
B B, IS ik o AR T B B 22 I 4D ] B 4 5 oA &) R A
TE BB @ G S I fin s A2 T el AR T By BOIR 4 4=
TR AT AR TR B B

AR LA b SCRT L Bl 25 00 H XY i T A (]
() 5] AR TG B Be, H 573 AR T8 B B Bl 2 1 3 Bsf 1) o7 %
FROE S PR E . Zad RO P-4k T AR T B Bt , i ik
I B B 22 Hif A B8] B Ay &) AR Y B B, B 412k
B SRS A) AR B B, 513 AR TR 5 E AR Y B B
A3 BBt 8] 45k 2021/5/26 H (E 6)

0.50 |
040} |
030
0.20
0.10}
[
ONG
\ N\
o v
» v

1 >
\ A\
\\6 \\‘e

5 % >
W \: o
NGENGN
,-»Q

&9
H 3

» »
5 MO ENEIERE

Fig.5 Measurement index L of concave—convex characteristic
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Fig. 6 Fitting and denoising in the uniform deformation stage
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