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Association rules of monitoring and early warning by using landslides
FRPFP model—Case study of Jiangjin-Fengjie reach in Three
Gorges Reservoir area
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Abstract: When the traditional association rules are applied to the monitoring and early warning of geotechnical engineering,
the machine learning has poor real-time performance and high redundancy of association rules. Aiming at the real-time and
logic requirements of the association rules in the case of massive monitoring data of landslides, a fore-part and rear-part parallel
FP-growth (FRPFP) algorithm is proposed. Through the statistical classification of landslide disaster factors from Fengjie to
Jiangjin of Three Gorges reservoir, 7 basic factors and 4 induced factors are set as the front set, and the displacement
parameters at the monitoring points at front, middle and rear edges of the landslide are set as the rear set. In addition, the
monitoring data of 25 landslides in the study area for 11 years are collected. Based on the FRPFP algorithm, a large data system
of intelligent landslide monitoring and warning based on the association rules is established. The three functions, hazard
criterion mining of regional landslides, hazard criterion mining of typical landslides and occurrence analysis, and mining of
landslides, are designed, and implemented under the large data-distributed processing platform Spark. The engineering
verification shows that the proposed model has good real-time performance and logical rules. It is used to predict and analyze
the stability of the landslide on the bank, which provides a new way of thinking for identifying the failure mechanism of the
bank landslides and improving the forecast level.
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Table 11 Classification of reservoir water levels
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Table 15 Association rules of a landslide in Fengdu

G5 AT I IORE I 25 S JE I BEA  BEE
= HEREAMENE=76.1mm CK), HPMWE=242.92 mm o

1 L3,M3,N1,01 o \ U3,83,Q3,V4 A S 100%
(R, K HE=-11.41m (/N), FEKAi=144.31(1%)
=HEKENE=76.1mm (K), AMENE=110.37 mm

2 L3,M2,N1,02 . \ R3,83,V4 th 100%
(), KATBEE=-11.41 m (/N), FE7KA7=156.88 m (1)
= HEREAEWNE=76.1mm (X), HFFENE=242.92mm i

3 L3,M3,N1,01 o \ $3,Q3,v4 Al 100%
(KD, KEEPEHE="11.41 m (/N), FE/Kfr=144.31 (i)
= HEAKFERE=76.1 mm CK), JJFERE=242.92 mm o

4 L3,M3,N1,01 L ) U3,Q3,V4 G 100%
(KD, KAEFEHE="11.41 m (/N), FE/Kfr=144.31 (i)
= HE AR E=33.49 mm (1), HERE=35.578 mm

5 L2,M1,N3,03 o \ o U3,S3,V4 g 100%
N, KOIF#E=9.69 m (KD, FE/K(7=170.92m (&)
= HEKENE=33.49 mm (), HEFE=35.58 mm

6 M1,N3,L2 o U3,83,V4 e 100%

N, IR F#i#=9.69 m (L)

H B E=110.37 mm (F1), KABEE=11.41m (1),

7 M2,N1,03 \ N R3,S3,V4 i 100%

FE7KA1=170.92m (&)

= HE KPR E=33.49 mm (), AR E=110.37 mm

8 L2,M2,N1,03 . \ . R3,S3,v4 th 100%
(), IKATBEE=-11.41 m (/N), FE7KA7=170.92 m (&)
= HERKPEMNE=11.12 mm (/), HPFF#=110.37 mm N

9 L1,M2,N2,03 o \ N R3, P3,V4 i 100%
(), IKAIPEHE=-0.09 m (F1), FEKA=170.92m (&)
= HEKRENE=33.49 mm (), HEFE=35.58 mm

10 L2,M1,N3,03 L \ . U3,83,V4 e 100%
N, KALF%#E=9.69 m (KD, FE/K(7=170.92m (&)
= HE AR E=33.49 mm, HERE=35.58 mm, /K

11 MI,N3,L2 - U3,S3,v4 tE 100%

57 %38 =-0.09 m

H B E=11037 mm /)N, KAIBEE=11.41m /M),

12 M2,N1,03 \ N R3,S83,V4 H 66.67%

FE7kA1=170.92 m (&)

= HE KPR E=33.49 mm (), AR E=110.37 mm

13 L2,M2,N1,03 R3,S3,V4 e 66.67%

(F), KA BEE=11.41 m(/N), FE7KA=170.92 m (&)
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7, 8 9, 11, 12, 13 R TEKE, 4T FE
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WIKAL, BKBY BV LAREIE NI A, (153 4
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TSR, WA AR RIS . (H A T
I PR P W (M S B A B, R ORI
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e IRZ -

TR AEARIE T R B 2y i, ARYE AR
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By, JREEGBE N (RNAKE T, EAE
(/N SCRFEE AR /N EAG I, AT DAAS HE AT 5 R s )
JER 7 AR o

4 &% B

AR FRPEP BT =i [X 245 20T e
VI WS SR EAT T SIS, A T 45

(1) BIT%EASRH T RS 8L w, 5450
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