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Abstract: Evolution mechanism and movement process of rock avalanche are dominated by rock mass structure. The geometric
information on rock discontinuities in Jiweishan landslide area was collected using terrestrial laser scanner (TLS). In addition,
discrete element method (DEM) , which takes into account the rock mass structure, was employed to investigate the evolution
process and deposit areas of Jiweishan landslide. Results show that: (1) the features of rock mass structure were determined by
rock discontinuities whose orientation was obtained by geometric calculations and cluster analysis on point cloud in a short time,
and the identification and clustering of rock discontinuities were completed based on the distribution of orientation; (2) DEM
and features of rock mass structure were combined to assess the deposit areas of rock avalanche, and simulation results have a
good agreement with the actual situations.

Key words: rock avalanche; feature of rock mass structure; numerical simulation; cluster analysis; terrestrial laser scanner;

discrete element method; deposit area.

BEH B AATTIE 25 8 K ME PE 3 3 (catastrophic land-
slide) (BETRAS 55, 2007 ; 5K B 45, 2010) . 5y 2 3 7% T

R RV B TR R e kR, B B AR B ks 7 BR L BRI A R
ME LA BB . 25 5 9 B B O 0 2 g et e b KR AT AR — B O KA T A A

0 7l

i

ES&TH:FRARRAIES TSI HE (No.41230637) ; H E A+ 5341 H (No.2015M570671) 3 H g i £ F AR b 55 2% 4 100 9% 45 ¢ B 101 ©
(No.CUGL150822) ; %5 + £l 418 5 Bl 4 80 ¥ TR 5% 0 I U WF 55 5 4 950 H (No.201502).

YEBR N B =0 1985—) 5, PRI, P, 3220\ 3 17 3800 o 0 I A WL L L A 5 A T HELRS 5 D7 L Ml R TR 5 e TR R L S T O
E-mail: cug_gyf@foxmail.com

x BIEE  FEMEM , E-mail : tanghm @ cug. edu.cn

SRR B =g, I 25, 55 20163 T 25 U 45 44 R E 14 755 1o o0 2 0 0 B0V BRI AR L BR B 27 . 41(9) 1 1583 — 1592,



1584 HERBLY:  http://www.earth-science.net

A1 %

1963 4F, B K Vajont ¥ 8 & A 2 000 42 AFE T
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2P R (XU 2002) 52009 4F L 7 DAY B2 1 9k 3
w74 NIBHE, 8 AN M PR, 2009) 52010 4F, 5t
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%5,2015) . Dynamic Analysis (DAN) ( Alpanda and
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2013) A5 L 1 HCEAS AP Ty vk X ey UL 7R 9 S Y s
B RS HEBURRAE L7 ARONE L ASTR KON | 5 e S
T UL 25 7 T T 8 T 5T 5 e IS T AR 2 AT
FEIR ARAAEAE DL AN JE 22 Ak A5 W RS i %
TS AR 1T 43 AT 1 0 20 W8 T VR 25 R X 2 O e
T W AL 8 A L3R 5 52 9 A s e s HLOR
R T g R T e bt 5 R AR —
(9 R TP AR SCHEL R FH = 4 B BT R JF (3 Dimen-
sion Distinct Element Code, faj #& 3DEC) JT J&& £
L3k 5 BF 3¢ (Itasca Consulting Group Inc.,
2007). B # JC I (Discrete Element Method, & FR
DEM) H 46 Cundall(1971)#2 H , I £ 223 Lemos
et al.(1985) ,Cundall(1988) Fll Hart et al.(1988) Y
%0 N AR R R B BT L B A R A
AN FE S A T 1 A S e b B R 45 A T BT 4
J s S5 R TEVE Sy B ) /30 AR R R B R AR R
ST R E e 32 3l o T LA L S b A5 4005 A R Y IR
L MR AR I 9 BE R AR 3X SRR 2 A B A BT R
T ¥ S BB A ADL ) T 52 0K

AL PRI XY R 1L ey s AR T 3 O ], 2%
R S ESOE S T BOR P AR A 1 45 4 T L
faf {5 2, HAH L5 B 5 A 3SDEC B BT/ %
JEE R 5 v PR TR ASE UL S LI Y 08 B AR 4R OR
I I T A AL ) B HG A2 R TR 2 R B[R] 2R A
Jo i 3 2 R EL AT — s ) AR .

1 Wi

20094F 6 A5 HTFA4 3 AL i TEERTR
W BT S 20 5 b % Al e Al R AR el AR O B
(& D HEBUAT 700 X 10" m®, HEFLK BE 2 150 m,
S HERURLEE 30 m, KOME T3 74 NHE.8 N2,
o5 2 b i B RN B W A TR R O TR O AR K
AT — R R MEE A 22 BRI E T R
(Xu et al.s2010;Yin et al.,2010; 5 = W5 ,2014).
T 3 DX Sl v IR ) B ik — bl AR, X9 R L
L ik NESS AR o o4 35 78 =5 Jb AR 41K, 2 T
LA L HBTE B FR R 20° ~40°, SR FB L BR BE R R 7T
{5 50~150 m. B 5% X Sl i = ¥ 4K 1 652 m, o7 T8 )2
Ly L T 5 B IR 4R Ry 748 m, 457 T 8K IF 14 18 JES , A T
HZE 00 mIF XM EENE -SSR . S RAE
B R M), 5 )2 )2 7 3 7R 2 345° .30°, B i



9

B 2 W A5 R TS A R R 14 v I P i B Y R PR ANY 1585

N
F FF &

0 10 km VAEZ
L —

BT e 2 L ey 37 AR b B A R R
Fig.1 Location of Jiweishan rock avalanche in Wulong
County, Chongqing City, China
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Fig.2 The field set up of 3-D laser scanning to measure

geometric information of rock discontinuities
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Table 1 The information about the scanning
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Fig.3 Schematic diagram of points cloud and reconstruction of rock discontinuities
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Fig.4 The definition of joint orientation and geodetic co-

ordinate system
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Fig.5 Clustering results of rock discontinuities points cloud
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Table 2 Summary of 3 types of discontinuities orientation,
spacing and trace length statistics
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Fig.6 Fracture sets on an upper hemispherical equal area polar

plot for the orientation data based on geological survey

(A0 K7 RGBS A DIPS V. 5.1 8 ik —
Oy b B, Je 85 R 2 77 R R 3437/
28° W HE— R 177° 259°, W — O 110° 2877 (A
6) RS R LK 2 s,

3 3DEC Zu{H# I

AR SCHEE AL TAE 2 TR0 2 1l
FEU BB AL AL 5 BRI L AE XYZ23DEC 34
FUR T B o T LA 1B] P 8 1 S B PRs PEAr H 9.
3.1 EBIES

1E 1R BOHE 5 5T o A EE Al B, R MAT-

LAB %5 1Y) XYZ23DEC 2 5Pk 8 57 F 5% X 38 iy
3DEC B Ht i AL, A bR JL 55 (0,0, 0) o7 T 152 7Y
PURE AL BRSO A 1650 mX 2 900 m, 4 &
7 B R AN TR B R R R 2 R T A
AFTHEFLHUHPm) 5 " BRAFHEMEN K&
(Pyg*) N, 2448 TO,T1,T2 ALK 3h v 4 59 4 i T
TR B RS 5 A T 3DEC ASH] A
BOEPETT L, 8 T AIE To, T1, T2 4577 B (5%,
FHRE 77 A T W 2% 52 BR A AE £ 19 58 #0019 3 (fictitious
joints) CHE UL 7 v ki 28 T 7 ) o DA TTT 3 28] A5 76 431) st
H 9.3 28 k2 0195 B Y 7= A B AR TG vkt e L (R AR S
SLRYIE AT VRS R T DL G T — 5 1 12 S
5% T AU B 2 He R B S g R e e — B
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Fig.7 The numerical model for Jiweishan landslide and location of sliding plane, crack T0, crack T1, and crack T2
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Fig.8 The characteristics of fractures distribution and rock mass structure applied on numerical simulation
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Fig.9 Deformation and failure evolution of Jiweishan landslide under different time steps
a i 25 =1 0005 b 25 =10 000 . I 25 =20 000; d. I 25 = 30 000 ; e. I} 25 = 40 000 L1 25 = 50 0005 g. i 25 = 60 0005 h. [ 25 = 70 0005 i. i 25 =
80 0001, B 2 =90 000 ; k. I 2 =100 0003 LB 45 = 200 000 5 m. B 25 = 300 0003 . B 2 = 400 0003 0. B 2 =500 000

712 B fiF (Priest and Hudson, 1981; Kulatilake and
Wu, 1984) ABEFEH 7 25 1 = 20 AR S5 A8 T, AR 58
SCHRAS o B T AT 53 D B0 AR ] R/ A [l AR R
AEPER e, Gl 8b . i3k 2 B BUE AU b AR
GETHRAE 7 25 1A A S b T P AR AEAR R AR B2 |, AT LA
YA S W AR 45 A T 7 bR ) 2 B 70 A R S il >R A
RIREAE 2% JECA IR 45 F R AE.

32 HERMERSH

T L TR R RE Al - T R R X P 1L iy 3 7
S AR T B R T A o e MR ADUBE 5 PR
SR BTG [ R A [R) I AT B B (A 40 285 2R kA7
JE7s (1 9a~90) . 1] LUE Hh« WK T 2 5 8 ek
AL BBEIR U 1) 2R T B BRI A R R SR R B TS S
VR B R 28 20 i igf R o MR K 1) R I 9 5 1) 96 3l 3



oM

B WA F T A R G5 R R E 1 re T R T O 0 R VT 1589

B

IR

BL10 39 2 1L e e A 0 BB R AU 5 52 B 35 3 X LY
Fig.10 Comparison of influence scope between aerial photo and simulation result
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