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ANALYSIS OF LANDSLIDE INFLUENTIAL FACTORS AND COUPLING
INTENSITY BASED ON THIRD THEORY OF QUANTIFICATION

L1 Junxia', WANG Changming', WANG Gangcheng', LIU Wei®
(1. College of Construction Engineering, Jilin University, Changchun, Jilin 130026, China;

2. Geological Environmental Monitoring Station of Tibet Autonomous Region, Lhasa, Tibet 850001, China)

Abstract: Geographic information system(GIS) and the third theory of quantification are used to analyze the
influential factors of landslide development and the coupling intensity of the factors, and to discuss the geological
environment factors of landslide development in the study area of Langxian in Tibet. The results show that
rainfall, lithology, average slope and the distance from the slope forward to the river are the leading factors of
landslide development. The height of slope, outside force, human engineering activities and seismic intensity play
important roles in landslide. The land use affects the landslide slightly. Average annual rainfall, the landslide
lithology with residual slope wash and sericite phyllite, the distance within 200 m from the slope forward to the
river, the average slope of 35° - 45°, seismic intensity and the height of slope higher than 200 m can be taken as
the controlling factors which can provide reference for the assessment of landslide. The coupling intensity of
influential factors of 29 landslides in the study area can be divided into 3 levels as strong, medium and weak which
are bounded by +0.01. The higher the coupling intensity is, the higher the risk of landslide and the degree of
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landslide development are. The above-mentioned conclusions are important to the disaster prevention and

mitigation. The analytical results have been verified by site investigation which certifies the feasibility and the

adaptation of third theory of quantification and they can provide new idea for analyzing the factors of landslides.
Key words: slope engineering; landslide; third theory of quantification; influential factors

1 35l

jillfs

WOV RRIR & 52 2050k HBHE ., X
SR 2 20000 355 2 R B IR g F i i), Hoax s
K2 K2 HARENLE . SO R P Wl
Z5CH DR R S e R B R S R, T
DRI 2R R AR IR S A FH SR, S I AE S
PEVPEUT RITRAR A ST FZE I e —, ) e K PR 1
B 9 ek i AT H AR X o

A R —Fh R R T T, S R fe 5
FRBEER, WA SEAhBEt S N I A=y I ™ ok 7™ o
Ei G NS EER blis/ N B S O R ) & e )
B, AT R T T O R 5
BRI S A R 25, ST K FfER
RS PRS2 07 T VPATY, 2 H T DX S 3 3% K S5 9
MR TAT I 77 AR R & e 2 Fh R 25 4L )
VEFBIGE 5, AN [R5 58 DR 380 3 B 1R 52
W LR AR, 2% ekl sy k% K 2%
(UL BE AT T #e b, B Bh TR R s
[ ARRGAE, AHIX 7 T T I IE TR R, A7 BER
NWIFFCI 3 A 153 Wi R 38 AT A 300 e, o
HERER, 8 WM R DR SR S PR R A A
FSREE, A ST e i e vPAR A B30 Bk Al

IR B MR E A EmR R, XAk
Nz, fieettNERE SR Joe e, HfEle
HALTEFCHI G PN TAERR AT, HAEL
B0 MR A O R AR g R A B P A
B2 A AR R AR RPN, wEE S
FREE MR GIS FECE AL B 115 P
el IF AR AT SR A B | TR
FIRK FEFII ;£ Dok BN A ER S
b N B SOE S RIS . ARE T B E GBI
LRI (e e e B, Fd b BRIk
WS, 2R 2 AN e PR R e =
RO EV LGV 5, B KR,
B H RGN FHBCRAL RS 1 SEAT VSR i PR 25 T
(IAF 5T LA 2

A SO 3 X el B EL 35 A SRR It A 5
FARRNI T, A5 GIS BER T U Z= &AL, R
HORACHIE 1IN SR E 2 A R AT T
PRWETL, BE R BOR T I 42 R IF AR
T A A O T O B RS S A TSR, R s
bR A 5 ARG i TR B o SR RBEAT TR PR
UE, TR A T S A

2 BELIEL 1 EXRIE

FRAGEES 1 S Ffrn] DL ) i A
SE AT AL A T, LB AR DL M A
B R Bemlt, 2528 H B8 FE SR T0E M 1454, AE
P3N B 2 H BRRE S AR A 4, K H
353 (BFE W A5 20 ) 2 8 H (B i ) R — A B B 3
N, AT AT R I S8 H (B ) OGRS
AT H 150 BH A e B ot S SC A ) A IR R R
S, JF U ST T ) A R s i 1 4 2,

R, EEARREMITH, A
PR RS AR P “E” WEEEH . e et
AR s MEsEAlE, fAmAmH, P |
ANHA R AKHE, G =2 (1<sjsm) A KH,
WU AR ) IR S A SR B T —A n AT r+s
HI R R X

51(11 1) "'51(1, rl) "'§l(m, 1) ...51(m7 rm) ull"'uls

B 52(51‘ " 52(1 o) 52(m " 52(m ) u:21...u:2S (1)

5”(1v 1) .”5n(l, ) .”é‘n(m: 1 '“5n(m, ) unl'“uns
Hrr,

1 CYZBikEs ot E

. ~ SE PEE o 28 H i)
A =0 iR A @)
SE M EE A A 2K H )
e 5 1) (A<i<n, 1<j<m)WH | FEAE |
WHZ rpKH ERRMN, K@Q)HE s Fidu, k)
(A<k<s)stt k EEAARELE | FERTIE. st
BRI 3HT 5T r+s 4528 H I NI CATH 5y, RIATE
W)



* 1208 «

HAT D1 TR

20104F

b:{bll’ ceey blrl’ coe, bml’ cesy bmrm’ TP AR aS}T

3)
B AR TR N

j

1 u . >
Y = byo(j, k) + D au; (4)
m+5(; k=1 i ; “

XFE, BOEACRIE 1112340 3222 i) U A A SR
fift e b Ay, o b RIRH ZIIIISEER; y, WSt
i Z IR, AR SR h

Q) WHEFEARGDAY ={Yp Yy Yo} FHF

SE T KK LRRBZ AN g, = D8 k),

" T
s4
g:{gu, ot Gyt G o O s 0, ,0} ,

N 1 \
*iﬂ%f%ﬁj\Y :{YP Yo oo yn}T = mXb » N /I\*iu%
1393 RSP B A

— 1
y= T

n(m+s)
(2) KRR EE 4L, AT ZEN

2 1 - T7)2 1 T
o = 2T = ©)
Hr,

()

H=X"X —lggT
n
EEVOEIEE
n(m+s)’cZ =b™Hb

(3) G 7 r+s (XS FAERE, FERLE T ZEA

m T

ol = ! (Zbekgjk +niaf}—72 =
i=1

n(m+s)| S

1 T
n(m-fs)b Lb @)

N ’

1
n(m+s)
(4) FERhALR] s 255 BT 22 A5G EE H13K(6)
(7R3

L=G- 99’

,_Of __ b'Hb
o2 (m+s)b'Lb
(), EAH G p? de K Bl 2 4 1R
b'Lb=1, g"b=0 =Kfi# & b FRIEA N
Hb = A(m+s)Lb 9)
Kb A AR R .

(8)

OB AL N R,

MU FoRE, BOEALEES 1 R & b
MG T Al FEAR 7y A2 FE i ) XA
BT ) BB . IR B KRR AR 3R s X Nl
B HAT K o BORE FE (R SC LR I 7 1) o El
AL, YRS AN FRAR, T e 2 4k RN,
RISR Q)5 K HT A NMRFIER 4, = 4, == 1, >0
B NIRRT b, SRAF i, 028 H B AT
3K

3 BEABHMERMERSH

31 HAREXEIR

B ELA TG VA X (W R 38, b a2 By b7 Al
HBkAbAE, FEE AT e, Hhsim AR 4 200 km?,
SEIEARZHIX, BE A X AR 420 km, ERZ
i X 77 )\ 1 240 km.o  BHEL 2R 5 KK ELAHAR,
Vo5 L pg O Ay LA, M5 REE, Jbh
TARVLIE ELMEIE, HhBERAAFR A JbZh 28°41'08" ~29°
29'22", ZR#: 92°25'47"~93°31'16" . HFFTIX Ny HE
BB, (PR, 2 9 RERS.

32 BHABNMWER

WEFL X A HE D) EIR SRR, IR HPREAS,
WHRTEEZ BANKV B, RIEBER, &8s
JE R i A R, SIS AR 3 200 m
PLE, #E ERAMWIEERAR GRS &0 X
Wiz BRI =8 RIERBFA = B TRCE . T
RIS 52 i A AE T R sg ), 3R J2 A5 B,
EABONMEE, BRI R E A
TERRUR B 3L T LR 2 B AL, XA JE s
JUR T R AR X, R, HRL,
R 11.2°, FRE/KEALE 600 mm Aoy, SRR
5~9 H, ZAKW; Hiiydiss)imsl, HEiGshi
XPAES, N TREE S BURAE R EIFZKIE,
RO RS, SR T R AR P ke,
WAL A AT, RT3 e =2 1) 4185 7]
TR PR E R, SRR RSB B K
Ao KNIESEAEHE N MRS . HZA T
S SNV NS SRR APSE 3 e (B
a7/

6 H A 12 DX 45 M R 35 PRI FR b A e A v
FE TSI . A T MR SEARF R
PR AT SR e . R
AR TR, IF X S AN [ P8 20 A 1 H i i
A2 E T AR FE B R (1 e i 3, 7 F 5



F294% el

R, S ST RO AR N RO T A R A £ 1 S

*1209

H LA A R
4 BREEEREBEERBE

il GIS ARG HERACEIE 11 )7 SR REXT
TR I 0 D 3 B A T SR S A M A B, T
MAZDE I W D 3 AR b i 0 H R IA 32, i
YO R REA SRR, TR
SRPEEAT RIS, IO T AR BE S

41 BiRE#E

FESER N IR, i) 2 e AR RS H
SN, AR AR R, X R A B e
VA R 7 VR RN BERDY, B 6,() 1) =a
a A R H R SONAE §RE R I T AR,
0<a<l, RMEES(jo r;)=1. MmN R
WL GIS REGAEA TAE &, i HE R 4
NG R A AU P AR A 5 R 2R 1)
GIS 75 [H] 23R, Bl IE R 1 Jros.

F 1 WyovmR s
Table 1 Data of landslide influential factors
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’ qmm£;§$;>Mm<zJ;“f;:my g:A%mmﬁﬁﬁMWﬁ¥W%ww%
1 fpakiEdl 0 0 0 1 0 1 0 0 0.10 0.00 0.20 0.70

2 EMERTEY 0 0 0 1 0 1 0 0 0.10 0.00 0.30 0.60

3 AR 0 1 0 0 0 0 1 0 0.00 0.20 0.25 0.55

4 kb 15 0 0 0 1 0 0 1 0 0.10 0.00 0.20 0.70

5 kb 2 5 0 1 0 0 0 1 0 0 0.10 0.00 0.20 0.70

6 kil 35 0 1 0 0 0 1 0 0 0.10 0.00 0.20 0.70

7 Xl 45 0 1 0 0 0 1 0 0 0.10 0.00 0.20 0.70

8 Wkl 5 5 0 1 0 0 0 1 0 0 0.10 0.00 0.20 0.70

9 VHE A 0 0 1 0 0 0 1 0 0.15 0.00 0.25 0.60
10 EIEEY 0 0 0 1 0 0 1 0 0.15 0.00 0.20 0.65
11 HOREY 0 1 0 0 0 0 1 0 0.00 0.10 0.20 0.70
12 e ARUIEH K 1 0 0 0 1 0 0 0 0.10 0.00 0.20 0.70
13 HEFH AT B 1 0 0 0 0 0 1 0 0.15 0.00 0.25 0.60
14 IPRE 1 0 0 0 0 0 1 0 0.00 0.00 0.15 0.85
15 HFRAREH 0 0 1 0 0 0 1 0 0.00 0.00 0.10 0.90
16 VrRhEY 0 0 1 0 0 0 1 0 0.15 0.00 0.20 0.65
17 AN 1 0 0 0 1 0 0 0 0.20 0.00 0.20 0.60
18 fhAIN VA 0 1 0 0 0 0 0 1 0.15 0.00 0.30 0.55
19 JeHEWEH 0 1 0 0 0 1 0 0 0.10 0.00 0.25 0.65
20 BARTVEIE 1 0 0 0 1 0 0 0 0.00 0.00 0.15 0.85
21 AL 1 0 0 0 1 0 0 0 0.10 0.00 0.30 0.60
22 MRl 1 0 0 0 1 0 0 0 0.10 0.00 0.20 0.70
23 ERATDITHT 0 0 1 0 0 1 0 0 0.15 0.00 0.00 0.85
24 JESMETAS R 1 0 0 0 1 0 0 0 0.10 0.00 0.20 0.70
25 M 1 0 0 0 1 0 0 0 0.10 0.00 0.20 0.70
26 AW 1 0 0 0 1 0 0 0 0.15 0.00 0.35 0.50
27 SRRNEYL 0 0 1 0 1 0 0 0 0.10 0.00 0.20 0.70
28 RARAWEH 0 0 0 1 0 0 1 0 0.00 0.05 0.15 0.80
29 JebiEiEh 0 1 0 0 1 0 0 0 0.00 0.00 0.25 0.75
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v <ooom 20T A0 coom B B MM HH AGRRE FEEE HEKE O mm
400 m 600 m 1%

1 Ik I 3 0 0 1 0 000 1.00 0.0 0 0.00 1 0.0 7 600
2 BRI T 4 0 0 0 1 075 0.15 0.1 0 0.00 0 1.0 7 600
3 L A T 0 0 1 0 0.80 0.10 0.1 0 0.90 0 0.1 7 600
4 W 15 1 0 0 0 000 1.00 0.0 0 1.00 0 0.0 7 600
5 W 2 S 1 0 0 0 000 1.00 0.0 0 1.00 0 0.0 7 600
6 W 3 S 1 0 0 0 000 1.00 0.0 0 1.00 0 0.0 7 600
7 W 4 S 1 0 0 0 000 1.00 0.0 0 1.00 0 0.0 7 600
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8  WkilisEW o 1 0 0 000 090 010 00 1.0 0.0 0.0 7 600
9 VG E R 1 0 0 0 060 010 030 0.0 0.8 0.1 0.1 7 600
10 BN 0 0 1 0 020 040 000 04 05 0.0 0.5 7 600
11 HORHEE 0 0 1 0 010 010 020 06 1.0 0.0 0.0 7 600
12 JEARWEATN I 1 0 0 0 000 100 000 0.0 1.0 0.0 0.0 7 600
13 HETA R 1 0 0 0 060 020 020 00 1.0 0.0 0.0 7 600
14 PR 0 0 1 0 010 000 090 00 0.0 0.0 1.0 7 600
15 HFRREH 0 0 1 0 080 010 010 0.0 0.0 0.0 1.0 7 600
16 VPRI 0 0 0 1 070 020 010 0.0 0.0 0.0 1.0 7 600
17 RSN 0 1 0 0 020 08 000 00 0.5 0.0 0.5 7 600
18 fEAIR 0 0 0 1 020 010 070 0.0 0.0 0.0 1.0 7 600
19 ZeHEHRH 1 0 0 0 000 100 000 00 0.0 1.0 0.0 7 600
20 BN 1 0 0 0 000 060 040 00 0.0 1.0 0.0 7 600
21 EARMEH 1 0 0 0 000 100 000 0.0 0.0 1.0 0.0 7 600
22 MR 1 0 0 0 000 095 005 0.0 05 0.0 0.5 7 600
23 NI 0 0 0 1 000 000 100 00 1.0 0.0 0.0 7 600
24 FRMEEIATEVEME 1 0 0 0 000 050 050 0.0 1.0 0.0 0.0 7 600
25 1 WA 1 0 0 0 000 025 075 00 0.0 1.0 0.0 7 600
26 HEEIAE Y 1 0 0 0 000 000 000 1.0 1.0 0.0 0.0 7 600
27 REREH 0 0 1 0 015 030 055 0.0 0.0 0.0 1.0 7 600
28 AARAWH 0 0 0 1 060 025 015 0.0 0.8 0.0 0.2 7 600
29 JebiZ i 1 0 0 0 000 100 000 00 0.0 1.0 0.0 7 600
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Table 2  Categories scores of landslide influential factors

W D CRRIEML D (BRAEME  bo(RRAEAE

PN RZE A pHse AL plise Atk

iy ok 52%)  LhAy 15%) Lk 38%)

<100 m 1 0.2341 0.118 8 0.057 0

W AR 100~200 m 2 01569 —0.1754 —0.1132

B 200~300 m 3 —0.0638 —0.0005 0.003 4

>300 m 4 —0.080 —0.0019 0.002 1

<25° 5 0.1553 —0.0534  —0.0938

WA 25°~35° 6 —0.1856 0.0900 —0.2290

b 35°~45° 7 0.0128 0.2238 0.1180

>45° 8 02391 —0.1098 —0.3375

HEBETHCE 9 0.0830 0.0323 —0.0180

WS THRORBCE 10 0.218 4 0.0009 —0.2541

lé3 RS E 11 04659 —0.1180 —0.1517

SV RRBRY 12 —0.006 7 0.054 1 01221

— <200m 13 0.013 4 0.0490 —0.1653

P 200~400m 14 0.163 7 0.0491  —0.0109

W 400~600m 15 —0.2395 0.0404 —0.0416

>600 m 16 —0.1627 01500 —0.2008

M3t 17 —0.2224 —04579 —0.2409

A ‘ Hiih 18 —0.3224 —03224 —0.3224

TEAM 19 —03224 —0.3224 —0.3224

ps:i! 20 —02813 —0.2813 —0.2813

SNENE KT 21 —0.0510 —0.0510 —0.0510

ANEKTRE JFssE 22 —02009 —04851 —0.3703

3 FHZEKIE 23 —02039 —0.4828 —0.4035

i Z 7% 24 —0.0469 —0.0469 —0.0469
S A

';gé 600 mm 25 0.000 1 0.000 1 0.000 1

*3 WYL R R IH kR
Table 3 Items screening of landslide influential factors

S 2SS R n v
A 0.320 1 0.250 8 4
T AT B3 0.4246 0.3389 2
WA T 0.4725 0.460 7 1
BRI SRR R ) 0.403 2 0.3106 3
TR A 0.1000 0.006 6 6

HNE 15 N TGS 0.1529 0.0118 5

(KPP . HBRERUE DL S e T 200 m R AR o

PRS2 A AT AT H AR bt — 2 i i
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W NS A Z A0RE, ST X,
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155, EARE, SR EOER YA, H
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0504 027 b

B1 T3 m R 32 26 H 0] o A 1
Fig.1 Spatial categories distribution of landslide influential
factors
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Table 4 Spatial categories distance of landslide influential

factors
FHGYS gy k) FKHgs AP 2
1 0.234 2 B 14 0.1637 B
2 0.158 2 B 15 0.2395 B
3 0.063 8 A 16 0.1655 B
4 0.086 0 A 17 0.248 2 C
5 0.155 4 B 18 0.3387 C
6 0.186 7 B 19 0.3387 c
7 0.029 3 A 20 0.292 3 B
8 0.2419 B 21 0.051 1 A
9 0.0830 A 22 0.269 5 C
10 0.218 4 B 23 0.2820 C
11 0.466 2 C 24 0.047 0 A
12 0.009 4 A 25 0.000 1 A
13 0.0157 A
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LEHPTERAER 6~9 H, MR B K, £ 0I5
WY ERE KB M TE O 32, T3 T 2 e A %k
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DA 25 oA X N T R B R REE
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Kl 2 SR i A5 20 A

Fig.2 Scores distribution of landslide samples
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Fig.3 Platform, residual and slump at slope margin
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