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Analysis on association rules of multi-field information of
Baishuihe landslide based on the data mining

CHEN Rui', FAN Xiaoguang®, WU Yiping'
(1. Faculty of Engineering, China University of Geosciences, Wuhan, Hubei 430074, China;
2. Henan Electric Power Survey & Design Institute, Zhengzhou, Henan 450007, China)

Abstract: In order to explore the association criteria of landslide multi-field monitoring data, we have adopted the two-step
clustering method and Apriori algorithm, which belong to the classical data mining method, and we have also proposed the
process of landslide monitoring data mining. Based on the Baishuihe landslide in the Three Gorges Reservoir Area, we analyzed
the monitoring data of ZG93 from June 2003 to June 2016. The main inducing factors of the landslide displacement were
selected, and the two-step clustering method was used to pre-cluster and cluster the different influence factors. We used Apriori
algorithm to deal with the classified variables to generate frequent item sets that satisfy the minimum support degree. The
association rules between the precipitating factors and the landslide deformation are established under the multi-field coupling
mode of Baishuihe landslide. The results show that the correlation criterion is of great significance to the deformation analysis
of landslide hazards and the data mining technology can be applied to the displacement prediction of geological hazards in the
Three Gorges Reservoir Area.
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Fig. 1 Engineering geological plan of Baishuihe Landslide

2.2 FKIIE SRR AR S b

TR K T e W . 2G93 Bl AT ST, o
X AT A [ T 54 B R S AR ASE A B A A0 43 A, 34 K
TAT P 3 WA SR it 2 1 3, K 1 KT 3 A6 RS AR TP AR
IR =AM

(1) 55— Bt: 2003 4F 6 H—2006 4F 8 H, JE/K AL



MR 8L, 55 SET BRI IR EOR 09 BRI 2 505 B 0GR E I 73 M ©3-

2021 4¢
300 INE 152 500
400 |’ X » 400
« GBI
E300 : 300 g
7 .. ZG118
00 B . 175 m 200 4
FRuEEoy
100 | TEE 100
KJZ AT
SR
0 100 200 300 400 500 600 700 800

1 25 /m
B2 B\kiEiEs TR R mEE

Fig.2 Engineering geological section of Baishuihe Landslide
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Fig.3 Monitoring data curve of Baishuihe landslide
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Fig. 4 Data mining flow chart of multi-dimensional landslide
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Fig.5 Schematic diagram of two-step clustering method
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Table 1 Qualitative results of monthly accumulated
rainfall of Baishuihe landslide

A RHFERTRE Y g™ /mm LI
(183.5,517.6) Heavy Rainfall
(69.9,179.8) Moderate_Rainfall
(3.1,66.1) Light Rainfall

I 2 H T i A R WA RERAE A Al . H

i B R R IR B M AT 53 734 55.9 ~ 160.7 mm,

26.5~ 552 mm, 1.3 ~ 25.6 mm % %] 43 >~ Heavy Rain

Shower, Medium_Rain_Shower, Light Rain_Shower —#%.
x2 BKAREHEWEAERAXEEELAR

Table 2 Qualitative results of monthly maximum
rainfall of Baishuihe landslide

F W A B A et g™, /mm SEREALA

(55.9,160.7) Heavy Rain_Shower
(26.5,55.2) Medium_Rain_Shower
(1.3,25.6) Light Rain_Shower

HH e 3 T R KA ) BESF- BB P A0 R R A5 A mT A R
JKAE A BESE- S {E 9% K] 4> & High Water Level, Medium
Water Level, Low Water Level =#%, 737l &/~ H Bit
FEFHEN 160.14 ~ 174.74 m. 144.21 ~ 158.47 m, 135.13 ~
138.95 m,

%3 EATRBEK AT AR

Table 3 Qualitative results of monthly average water
level of Baishuihe landslide reservoir

VKA A BEP e /m
(160.14, 174.74)
(14421, 158.47)
(135.13,138.95)

SETEA(E
High Water Level
Medium_Water Level
Low_ Water Level

HH 3R 4 H PEZKALIE B0 B P A0 IR B Z5 v A
TR A% B3 i IR (13.26, 17.35) . (7.23,11.36) ., (1.57,
5.89). (-1.56,1.31), (=7.09, =3.41) ., (—13.02, —8.59) #
I 4+ & Sharply Rise., Medium Rise, Slowly Rise,
Smooth Fluctuation,

Vavan

A% o

Medium_Drop. Sharply Drop 75

F4 BRI A BRI B EEE AR
Table 4 Qualitative results of water level fluctuation
rate of Baishuihe landslide monthly reservoir

H BEARAL D% Bl BE AR /m EMEAH
(13.26,17.35) Sharply Rise
(7.23,11.36) Medium_Rise

(1.57,5.89) Slowly Rise
(-1.56,1.31) Smooth Fluctuation
(-7.09,-3.41) Medium_Drop
(-13.02,-8.59) Sharply Drop

IR 5 v B B A 8 S T o T A0 SR 2R 2
AR B R R A% 2R [ T R R 43 b High
Effective Rainfall, Medium_ Effective Rainfall, Low
Effective Rainfall =, 734 8. 7 fie KA 50ZE 2L N
4 110.5 ~ 239.4 mm, 36.6 ~ 109.8 mm, 1.5 ~ 36.1 mm,
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Table 5 Qualitative results of maximum effective continuous
rainfall in a single month of Baishuihe landslide

P BTGB kg e | /mm
(110.5,239.4)
(36.6,109.8)

(1.5,36.1)

FEHEAL(E
High_Effective Rainfall
Medium_Effective Rainfall
Low_Effective Rainfall

2 6 B oKL H P2 Sl R AR SR IELE R n] Jl: 5
VKA H T2 8l K AEH% (1,66, 3.223) | (0.744, 1.513) |
(0.063,0.63). (-0.414,0). (—1.697,-0.49)X1153"# Sharply
Rise Water., Medium_Rise Water, Slowly Rise Water,
Slowly Drop Water, Medium Drop Water F.5% .

* 6 HBKABHEAEKELBFEHREKEEELRR

Table 6 Qualitative results of the maximum daily fluctuation
of the water level in a single month of Baishuihe landslide

AL H S AN /m ALY

(1.66,3.223) Sharply_Rise_Water
(0.744,1.513) Medium_Rise Water
(0.063,0.63) Slowly Rise Water
(-0.414,0) Slowly Drop Water
(=1.697,-0.49) Medium_Drop Water
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Table 7 Qualitative results of monthly displacement
rate of Baishuihe landslide

AR #E v/(mm mon™) FEMAGIE
(1.042, 10.669) m
(0.092, 0.939) Il
(—0.195,0.078) I

FTH: AT ARG B B (1) 3 1A I 55 LA—0.195 ~
0.078 mm/mon M AL, HAES & TAHEA I 42.3%;
ARTEARE B Be (1) FRom 3 i Wil A5 2L 0.092 ~ 0.939 mm/
mon [ AT, IWEES 5 A £ 419 40.5%; 2 T2
B B () 2 7 3 1 05 0 A5 LA 1.042 ~ 10.669 mm/
mon HEAIE, IWEA ARG 17.2%.
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Table 8 Multi field information association criterion of Baishuihe landslide

m;]glIJ Ho) S'Z/?;r:fﬁ ?/{ifﬁ st
1 h=High_Water Level & qu‘sﬁ:‘u’im =Low_Effective Rainfall= I 2577 8571 2.02
2 h=High_Water_Leve &, ¢™"M=Light Rainfall & g, =Light_Rain_Shower= | 2515 8537 2.02
3 h=High_Water Level & ¢-% =Light_Rain_Shower=s | 28.22 86.96 2.05
4 qigﬁﬁﬁz‘zuf Low_Effective Rainfall &A1 = Slowly Rise Water & h= Low Water Level = I 8.42 100.00 4.13
3 qifﬁﬁﬁﬁiuf Low_Effective Rainfall &, q™*""= Moderate Rainfall & Ah=Slowly Rise & A9 =Slowly Rise Water= Il 7.56  100.00 4.58
6 qggsﬁt‘:‘ﬁus = Medium_EffectiveRainfall& h=_Low_ Water Level &Ah=Slowly Rise=s Il 7.56 100.00 4.58
7 qggﬁggﬂius: High_Effective Rainfall & h= Medium_Water Level= Ill 6.13  90.00 524
8 gefective = High Effective Rainfall & 3, q™™"= Heavy_Rainfall & h= Medium_Water Level=s Il 552 88.89 5.17

9 effective  — Hjoh Effective Rainfall & qu‘gx =Heavy Rain Shower & Y q™*""= Heavy Rainfall & h= Medium_Water Level= Il 552 8889 5.17

9continuous

10 q?fgxz Heavy Rain_Shower & Y, q™""= Heavy Rainfall & h= Medium_Water Level= Ill 6.13 80.00 4.66
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MR 8L, 55 SET BRI IR EOR 09 BRI 2 505 B 0GR E I 73 M e

R BN 1 A G T3 T I S A TSI A A
o Bt H AL R /KA A SEH{E (High Water Leve) 1Y ¢ Bk
HED o AT 52 Ry 2 KA H ¥ Ak T s KA B
(160.14 m< h <174.74 m) , 3k 7 5 0 455 E A S IE A2 B
. BN 2 ~ 3 S G T3 i e I s 4 T AR I R f i B
A G E i B HORERN & S R A QTR AT At
DAy 2 Y DX H R T R R R A s (LI (Light
Rain_Shower), 3 [ Wil 2 iF A5 B R B B .

TR 4 ~ 6 by 34z iy Has I oAb T A8 A B B 1 DGR
TED] A0 A A K ST B - 32 A IR Y B KA AL
% &5 % T & (Medium_Effective Rainfall, Low_Effective
Rainfall) & FP 0 25 3 B2 14 22 K 437 28 Ak i 72 (Slowly Rise,
Smooth Fluctuation) . FH JCHEZE S AT, b fIGFR BE ) e
AT R0 52 o T B v TR B 198 P 7K A7 8 e el 38 T )
MRS TE A 2338 UK K52 .

FRIU] 7 ~ 10 Ay 3 1o 1000 i 4 T2 TR o B B 7 O
IC Y D o 0L D0 v, 9 2K SO A TR 32 R R
(Heavy_Rainfall) i1 = 56 & 19 i KA 2508 252 9% RN (High_
Effective Rainfall) 20 A FH JCIBE 45 5 AT A0, 58 5 RN T 5
5ER B AT I 52 % W 2 5 | A T W) ) 3 AR T
M FEHE

3 A IR I A2 H A5 B A 4598 5 KRl 3 52 PR
PR ASIE S PR - 25 A 700 LUAR AT, B2 i A 1S
B A JCHRAE I BRS84S % A 0 41

5 #Eip

A 2o X 58 B R R 2 R S SR ME N 5 i T
o, F R EE A SCR S E5HE T

(1) X F KR 3 2G93 Mg I 5 B4l 147 o3 A WF
58, 1 6 ~ 9 ARG Z I, FK I R A S 2252
IR AR T RO SE M o TR KA T 307 A% ) 52 ey 3 R B
2007 4F 6 A8 —IR & K51 B BRI SOK FEIT IR
K, SR AL R, I A R 5 FEE A A, T M A 37 7%
EYALIE PN TH DN

(2) 73 SR ST PR 1 2E 47 P2 SRS FHAT 20 i
P A R A R R 4 (X g 2 VAR Al
R H WA B ERE (g) EPE R L A Rk

max

AROESE T (glne ) ETEHBR | PEAK LA -1
1 ) s AR LR« PR K A 0 008 ( A 5 A A
AL A FEKAL B PR Bl A (o) E PEAR IR

) EEBBARAZ I RL, 57 T FUK I 2 4
AR RIS B 52 080 PR35 90 3 7 A8 FE S 1k o DU 41
B o FELE R KT 3 22 3 15 S8 DGR HE N 87 33, e H

FErp IR BE 5 19 10 28 LI REAT 23 Br, IR Vi JU) A 2
71N ¢ 90 V2% TR e 6 B2 e KA 2800 6 o I A 5 | - T 0
ML AR EEN R

(4) LLE K1 3 0 91, i BB A2 i iR e 1R 2 2
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