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Study on dynamics of high-speed and long run-out landslide hazards based on
block discrete element method
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Abstract: The fracture and disaster-causing mechanism of high-speed and long run-out landslides is one difficulty
of landslide disasters. In order to deeply study the dynamic process of landslides from continuum to
discontinuum, a cohesive fracture model is proposed based on block discrete element method. High-performance
parallel computing based on graphics processor unit(GPU) is achieved, and a coupling simulation platform called
couping discrete element method platform(CoDEM) is developed. Taking Yigong landslide as an example, the
whole process of higher body collapsing, old landslide body resurrecting, debris flowing at a high speed and dam
forming is studied systematically. Comparison between the numerical results and in-situ survey data is
performed.It is shown that the numerical results including accumulation boundary and material components are in
good agreement with the actual situation of the landslide. According to the dynamics characteristics during the
landslide at different stages, the landslide area can be divided into four parts such as the initiation zone, the buffer
zone, the circulation zone and the braking zone.

Key words: slope engineering; high-speed and long run-out landslide; cohesive fracture model; block discrete
element method; graphics processing unit(GPU); coupling DEM(CoDEM)

WiERHA: 2019 - 03 - 07; #EEIRMA: 2019 - 05 - 19

EEWA: EHXARRSIES I H (51679123, 51879142); Hh[E M5 i 25 /5 5 H (DD20160280)

Supported by the National Natural Science Foundation of China(Grant Nos. 51679123 and 51879142) and China Geological Project(Grant No. DD20160280)
TEER: (1995 - ), 55, 2017 FENLT L AR KSR T N s (0 ok, WO LR A, 32 AN O 07 MR AR, E-mail:
liuguangyusdu@outlook.com. JEIRfEH: #RXA(1978 -), 5, WL, BUTEIEIZ. E-mail: wenjiexu@tsinghua.edu.cn

DOI: 10.13722/j.cnki.jrme.2019.0158



* 1558 B S TR 2019 4F
A T B R A R A, SR AR RIS AN B 3
1 5] B S LA R LB B AR R L

R R R A ISR, @K,
FETJERIR . MR RSN, —HEAENIN T
b5 R 5 9 T AU FT I B S R 2 — . e
PRSI, WY N R R, I
ARSI, TERC B - - BEK
Sl rapck, FREFERTHIX RE L KSR
W R EFW, AT E R TR RIE R T
WK fE 3. LA 2008 4F 5.12 337 1| H17E (Ms8.0) Jy i,
HWEFIEK T 2l EEEtEg g, W WS AE
YEYOZBENE Bk 3.2 km, i 50 NiEAER, )14
W g KIA 2.4 km, FEH T 4 NAE,
i % 780 N AE; 2009 H E TR B 1L 4
500 /5 m® kR A B REOR, TEEUE 30 m. K&
2200 m [IHERLIX, A 74 NGEAER 2010 4E 58
PR TN 51 RSN ORI, BI5FE 1.5 km, R
#9174.9 73 m®, il 99 JGEEM, X — R i
TR R T, AP RIR KB ARFBRH — P K
RS TV K.

ITEEAESR, [H N, AR EE T AR Y s
FINLEI R TT R T — R R 5. il
DA E AT, K. SassaRI RS RIE LR
WHZ LIZghit, 258K B — 2 U A 1
WRIZE, FFre BB fLBRAKE 71, MAERE S g
T YA RN S g9s)s, PEEERE JE FEAIC, 77 A mndis
s R i B T A O T R
IR TS T HEAR YD URL I TSR, 3t T 4
SRR AP IR IR SIbun e T S A S Ea e = =
F R SRAE R S T2 S B s e B 5 w7, A
R FE AW - R R IR R s TR A
TORIGTT T, ARSI RN, 2 T
ERORE NS TE S apeemiliERat) Al P e o
Bt TIRALIRIREG S B, W7 T e B A
e RS RR T, F 9RO &8k
TN HuTH & B FLAR B A8 MR I 45 2 Fh R
B, ZABHTH BN e R R A, IR
HOO P R L X R M AL i T Rk A T HEE A )
Baxs k. SR T Ssum FE v W R M . Bl
(ER =BT U ccla ol (1 R Y ey B LT Tl 6] N (3
M i N ST vl 1 R Y e 5 R S D VA T TR
OKEGE B R)FAER MM EAER ; BRI A
CRSFRON.”, M DASZEIL ST 2 30 5 At s I3

bEAE LR R R R, BUERI AL
Tt U S 20 R A dE B ML 55 07 T R 4% T
YEM. C.Y. Kuo ZEMh@ ik s A i Sy 20705, &
ST BT I e = AR, B T B GEE S
R WL Xu RIS IR Tk,
F USRI EE R, $EH T R R ) s
BENERE S PR 3. H. Wu F C. H. Chenl™iE
o KARTEANE B2 43 Hr i (DDA BIF 5038 B iz 3l v
HAHURNEE; Bk Al B BTk (DEM),
I PFC®P Bt B DX J 1L v ok R s O 2
Fad i FERE AT, B8 ol Sy 1 B g Bl
TR VU TR RAR, T IEACIRES, T HA B EL
TCIER A 3DEC A FE 1 XS ) 1L sz R R
fISZMAR 2. C. H. Lin Al M. L. Lin®™| & #oe
% BRI BB S R S S A R AT T,
Tff e B ECR G A S 4, a3 B e ks X kAT
RAUL, TR 3 9 35 AT R R AR AL B R s Y
G. Scaringi 293 5 e FH 5L TR B2 5 ) 207 1510
At MassMov2D A1 Massflow LA 3 T AR S/ i
J1% T AT PFC A MatDEM FE8L T 357 BE A
P fe, BRI, XTI JE AN
JURITEAR, T8I 22 AU 7 VR R B A R A5 2
(2 SR LA — 5, AER BN SR I B0 4 SR AE 2
IZ BRI J7 TR 1BL

HESR A R 170, R TG Ak 715)
e DABEAUL I 35 4k G S PR B AR Sk it 72, ik
BB A 1A, S EOUeE, KRB E
SRR WIS ) TEARL AR E S I T B A 3
PRI L HER R B IRGE . B HOTTFAR Y Bk 28 mf
PLAr R 2 25, BRIRESHUTMBUR S BT, X T BRkik
B#0C, D. O. Potyondy 1 P. A. Cundall™@ 2t T %6
SERRIE AL (BPM), I THLAE AR, HErd
SAFBF R IZIN], 7 e R ik g vk
sl NEm AV MFE Ty, 2 A BB R AL B
“FE—RE, TERBIEE: NPTk BPM O BLRY R
H, fHEH FEtEA 4, S. Luc Al D. Frederic-
victor™IB| N T AR LS4, R ORLIA B HAYK
NEo 2 BRAA B HIOTAERBIUAE AR, BRBURLIE )
R AAAE— B, S B s A AR
7, B S BURE A A S A A7 — E iR
7, PR AE 25 0 3 (1 R A4 7 T AP AE— € 1
JRIBR s i A B B o] DA IRX — 585 2L, AL



F38H FEe

XTHEEE: T BB T U R K E B ) T

* 1559 «

T M A R 2 T RER 248, P. A. Cundall®®!
TE2 AT 5N TR0, Refd Seal A A ik
2, ATUMERCA R ELME R, R T AL
VTR [ (B 2R AR (ol A i, s T e, TR
M mEE). BHanizA ik os kK E NG 3DEC,
ATLLT V2 80 FE 30 5 MR 2R i 4 ) i A
WPV, ek B BoT T, BT BN 2,
SEOFEREBL, MR B .
A BT SR AL N. Govender 451252
R FH T R e 3 (1 JE 2 b 38 2% (GPU) AT 1= 1
REIFAT T, (ER AR 57 3 B2 B 7E Tk 40
BRCREFE0RE LR EE),  HRAARTA] 122 firh A< Ky A
RUMDG AT o, DU T H AR R R i . [
I, KRS mS A SRR BT, KR
Z KRBT BB F A, XT3 o FE AL
K iEG o EENE L. N TSR E T
FEWE S M 78, RN T LBl 7 2 ML R R
T, ASCEETIUAEBUTE, 17— MR
WA A, IR FH I b B2 2% (GPU) 47 Iin s s B
TR ERETHE AT, AT ARG A T S Ak AR i
FEHE SR B ARG Sk K R R W AL 7. 1
PLEEAE I, B AT 2000 4 5 51 O R v K E
WAL o N X T ST

2 BHTAHE

BB CIE(DEM)H P A, Cundall #1 0. D. L.
Strack®I7E 1979 4EHEH, 40 FHRAZITIECZES 2
FITEBURA R, 5 AR R o e S5 4 27, g
BUR TCIEAE RARELE A B B — M7, FE
TEEN TR T71E, EAE s TR
i s T BA BE IS EEHUnEt,
AFEE N, B BURLAR 75 B AT A I, T
Fefh S RN A 0, TR ORI AN . Bl
W5y 2 8, B TSI, 15 2% B0
BB BRI AORL , L AT AR A I, T S5 AS 2092 A
FfyE e A A RANGREE, TN — P pyEh 7 A
e R . BT, o N R ANk R SR
A, FETAREE o AT, SRR Y
AL E .

2.1 FEEFIER

TR F PR B BOT B SR (B F2 A 22, B
K (P Ai A KA Ko W R4 PR U | 52 1 540
Mres®. Hur oA A t-Ed, A7 R

L, A BRI T R R A Y, — L
AU HE U3 fik TR B AR AR TR, AT e i DA
AREAUL 2 fich 0 PR HE B RFAE

N T R ] 12 fich b 22 (0 T BE BB R AIE . A
TR HOTER I 7 MRS R,
TR (A ) ) R TR, B {E AR
BRI N — ARSI - AP, BUE I -
i (AR SR BAR Z (B AF FERE 25 7 HEITT, T (AT -
TR o — R L - % fid, Wl 1 pos.
R RMEN SIS 51 - migiefib, Rk 1A 5 )
[ 4 Ak B BOE SRR, R - R VA LTS
[E BE VI R AW TR R - %A
Xt ST E O 4 A ORI (8 1
RAY, T R R R S (B 1 TPy, T
A (B L M) BLE T (8 1 AR C)e FEAS
BRI, PR 8] (R A5 T, BUE PRB A
TRETT IR 2 AN VAL DT A )T

T BUAA
TR A

..'Pz ::> I

DI ZEREE @—~WwW—=—@

Bl 1 BBRT I 20 4 I A Y
Fig.1 Cohesive fracture model(CFM) before fracturing
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Fig.2 Meso mechanical response of point-point contact in
bond interactions®
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characteristics of each section landslide

. BIMZDOnE M, #EEREMR, BA “Z%h”
(R R

(3) WX o 1% DX I AR s g AR R T
GEpPIXER, 7E 15 s B S8R — XM IniE, 15~50's
PR B, B 9() /b el s, Hepk
e S FERIE MR EOR, SRRk,
T A FERCR R b e ik NZ X3, SECTY)
R B R A LN . Ji T v 3R 5 B I A
FATE 40~70 s YU IS, RIS AZ X - 23 B A0 R 26
T, R TYRE ECRRI & 2 T R F R
RENRE, S EAE I TR S X s, B
RIXF| 70 mis. ZIXiEshEEK, 70 s JETEEEEE A
THEREGE . MR TRIZEX, ZXEEEHERE ., [F
T EAG PR (A1, PR3 P VR o I o

(4) MIZEIDX o 1% DX B A 1 kot A FH o5 A 2
. 1E 100 s IABNEAE 5, 1% Xl FEIRE SR 2 A
JE 5 mis, FEVEA AU (LR B PR T, A
DX I 25 3 BE R T PG

5 & #
T PV — L TR i 2 AT 9T A

AIME LR Z o O T R AR UL S R o A2 i A
TR B SRR R, ARSI TR TR A

BOGIE B AT DA FH T DL fk ) 7 3 e R FE R B 45
Wi, R HSZI T GPU MR AT I it
B, PR T R TR AR MO S B AR S A
R4 FR R CoDEM. FETiZ#:, L5
TURBONG], BT ms R I R B .
BRI

(1) MRIEHAETHH LIRS R, S5
TR, AR MR A R B DL R LAY B
Fie: R B DR A B, 2T AR 2 DX AR A
CARK s R i i A, S ECEIRIARIRE,
T SRR T8 I8 DA 1 (1 38 58 o e L LA, 7% RR L
RRIBHRS o e BEEAE R, TR RUIE e A% 2E S
DTUATIL .

(2) WHHERX BRI AT LA 3 N,
AHERRIX . U i HERR DRI R S HERR X o AL
RN HERGEEL MRS 5 bR xT b, PR A
P R S — B, BRAIE T A Ak W 2R mT DA S
R ARV Y AR B E B TR R AT AR,
REAE AT R ASLADL T8 3 58 2 AR 1) AR T i

(3) ARAEA RO HIZ B B, I bk E
Wl [X 738 4 ANER Ay JEBNIX . b IX . i X AR
X, B, WK S, mALERX A
KEMBERTIE R s G2k X B 3 X RS,
g, BRI g7 FER IE X
T UGN, TR Xk N T AR TR A R B AL R Bl e
e E s RIZEX, BRIk, S35
WA i 2 0 mis.

B 3k (References):

[1] #EAK. 20 20 LR E 1 RBOE SRR ENIRID]. E A 1%
5T, 2007, 26(3): 433 - 454.(HUANG Rungiu. Large-scale
landslides and their sliding mechanisms in China since the 20"
century[J]. Chinese Journal of Rock Mechanics and Engineering,
2007, 26(3): 433 - 454.(in Chinese))

[21 & Yr, A, R, 5w EOa PE SR Tt UR =482
FIEEAHTA. 715, 2014, 35(10): 2 909 - 2 926.(ZHU Yin, CHENG
Qiangong, WANG VYufeng, et al. Three-dimensional modelling and
dynamic analysis of the airblast generated by rock avalanche[J]. Rock
and Soil Mechanics, 2014, 35(10): 2909 - 2 926.(in Chinese))

[81 ¥ 9, BEAK, BRERF, 5. 2009 4 6 « 5 HARECRENS B L T
9 T BE ARRFAE 5 R AL AT 25 B FE [3]. T REHb T 244k, 2009,
17(4): 433 - 444.(XU Qiang, HUANG Rungiu, YIN Yueping, etal.
The Jiweishan landslide of June 5, 2009 in Wulong, Chongging:
Characteristics and failure mechanism[J]. Journal of Engineering
Geology, 2009, 17(4): 433 - 444.(in Chinese))

[4] BORF, Rk, BTG, STMIRIR R e U AR I - B S
FE[]. LREHF 244, 2010, 18(4): 445 - 454.(YIN Yueping, ZHU
Jiliang, YANG Shengyuan. Investigation of a high speed and long



* 1566 «

HA1E S TR

2019 4

[5]

6]

[7]

(8l

[9]

[10]

[11]

[12]

[13]

[14]

[15]

run-out rockslide-debris flow at Dazhai in Guanling of Guizhou
Province[J]. Journal of Engineering Geology, 2010, 18(4): 445 -
454.(in Chinese))

SASSA K. Geotechnical model for the motion of landslides[C]//
Proceedings of the 5th International Symposium on Landslides. [S.
I.]: [s.n.], 1988: 37 -55.

BOERK, A, BTOR. T HFE A KO L B 3 IR AR
B % AL 43 A [ T FE Hb BT 2% 4, 2008, 16(6): 730 -
741.(HUANG Rungiu, PEI Xiangjun, LI Tianbin. Basic characteristic
and formation mechanism of the largest scale landslide at Daguangbao
occurred during the Wenchuan Earthquake[J]. Journal of Engineering
Geology, 2008, 16(6): 730 - 741.(in Chinese))

FRERSF, WEAESE, XI5, A8 OB LR S Sk E S [M].
Jb5t: HUFE HARAE, 2009: 1 - 10.(YIN Yueping, PAN Guitang, LIU
Yuping, et al. Introduction to Wenchuan earthquake geology and
landslide disaster[M]. Beijing: Geological Publishing Press, 2009:
1 - 10.(in Chinese))

HUIHE, VOB, B &, S5 T - BB IR B RRE KE S
HLEIHRIT ). &+ 1%, 2014, 350 1): 127 - 132.(HAO Minghui,
XU Qiang, YANG Lei, et al. Physical modeling and movement
landslide-debris avalanches[J]. Rock and Soil
Mechanics, 2014, 35(Supp.l): 127 - 132.(in Chinese))

EEWE, RS, iR, & R RS R
W[N] &%, 2014, 35(10): 2775 - 2 786.(WANG Yufeng,
CHENG Qiangong, ZHANG Kehong, et al. Study of fluidized
characteristics of rock avalanches under effect of entrapped air[J].
Rock and Soil Mechanics, 2014, 35(10): 2 775 - 2 786.(in Chinese))
VFOW, BONSK, EAE, & U)INKESRER BB SIE S
NI, A0 1S TREAR, 2017, 36(11): 2 612 -
2 628.(XU Qiang, LI Weile, DONG Xiujun, et al. The Xinmocun
landslide on June 24, 2017 in Maoxian, Sichuan: Characteristics and

mechanism of

failure mechanism[J]. Chinese Journal of Rock Mechanics and
Engineering, 2017, 36(11): 2612 -2 628.(in Chinese))

KUO C Y, TAlI'Y C, BOUCHUT F, et al. Simulation of Tsaoling
landslide, Taiwan, based on Saint Venant equations over general
topography[J]. Engineering Geology, 2009, 104(3/4): 181 - 189.
XU W, XUQ, WANG Y J. The mechanism of high-speed motion
and damming of the Tangjiashan landslide[J]. Engineering Geology,
2013, 157: 8-20.

WU JH, CHEN C H. Application of DDA to simulate characteristics
of the Tsaoling landslide[J]. Computers and Geotechnics, 2011, 38(5):
741 - 750.

K, BN, REARAT, ARG R L b R i Bl fE PFC3D
B[] &0 %5 TSR, 2012, 31(4% 1): 2 601 -2 611.
(ZHANG Long, TANG Huiming, XIONG Chengren, et al. Movement
process simulation of high-speed long-distance Jiweishan landslide
with PFC3D[J]. Chinese Journal of Rock Mechanics and Engineering,
2012, 31(Supp.1): 2601 - 2 611.(in Chinese))

HRE, BN, REARAT, 45 NI S HO R E M
WA —LARE RIS B LSO B[], & A 35 TRk,
2014, 33(3 2): 3 873 - 3 884.(GE Yunfeng, TANG Huiming, XIONG
Chengren, et al. Effect of sliding plane mechanical parameters on
landslide stability—A case study of Jiweishan rockslide in Wulong,
Chongging[J]. Chinese Journal of Rock Mechanics and Engineering,
2014, 33(Supp.2): 3873 - 3884.(in Chinese))

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

LIN C H, LIN M L. Evolution of the large landslide induced by
Typhoon Morakot: a case study in the Butangbunasi River, Southern
Taiwan using the discrete element method[J]. Engineering Geology,
2015, 197: 172 -187.

SCARINGI G, FAN X, XU Q, et al. Some considerations on the use
of numerical methods to simulate past landslides and possible new
failures: the case of the recent Xinmo landslide(Sichuan, China)[J].
Landslides, 2018, 15(7): 1359 -1 375.

POTYONDY D O, CUNDALL P A. A bonded-particle model for
rock[J].
Sciences, 2004, 41(8): 1329 -1 364.

LUC S, FREDERIC-VICTOR D. A DEM model for soft and hard

International Journal of Rock Mechanics and Mining

rocks: Role of grain interlocking on strength[J]. Journal of the
Mechanics and Physics of Solids, 2013, 61(2): 352 - 369.
CUNDALL P A. Formulation of a three-dimensional distinct element
model—Part I. A scheme to detect and represent contacts in a system
composed of many polyhedral blocks[J]. International Journal of Rock
Mechanics and Mining Sciences and Geomechanics Abstracts, 1988,
25(3): 107 - 116.

ITASCA. 3DEC(Three-dimensional distinct element code)[M]. USA:
Itasca Consulting Group Inc., 2013: 1 -55.

BRIDEAU M A, STURZENEGGER M, STEAD D, et al. Stability
analysis of the 2007 Chehalis lake landslide based on long-range
terrestrial photogrammetry and airborne LiDAR data[J]. Landslides,
2012, 9(1): 75-91.

GOVENDER N, RAJAMANIR K, KOK'S,
simulation of mill charge in 3D using the BLAZE-DEM GPU
framework[J]. Minerals Engineering, 2015, 79: 152 - 168.
GOVENDER N, WILKE DN, PIZETTE P, et al. A study of shape

non-uniformity and poly-dispersity in hopper discharge of spherical

et al. Discrete element

and polyhedral particle systems using the Blaze-DEM GPU code[J].
Applied Mathematics and Computation, 2017, 319: 318 - 336.
GOVENDER N, WILKE D N, WU C Y, et al. Hopper flow of
irregularly shaped particles(non-convex polyhedra): GPU-based DEM
simulation and experimental validation[J]. Chemical Engineering
Science, 2018, 188: 34 - 51.

CUNDALL P A, STRACK O D L. A discrete numerical model for
granular assemblies[J]. Geotechnique, 1979, 29(1): 47 - 65.
EUkE, TR, BRRITE RS L2 S [M]. TR
RALK AL, 1991: 1 - 8.(WANG Yongjia, XING Jibo. Discrete
element method and its application in geotechnical mechanics[M].
Shenyang: Northeastern University Press, 1991: 1 - 8.(in Chinese))
XIS, XYW, Tk E%. GPU il A tF 548 x0FE 2 b TR o i 2
). A 17i%, 2010, 31(9): 3 019 - 3 024.(LIU Minggui, LIU
Shaobo, ZHANG Guohua. Application of general-purpose computation on
GPUs to geotechnical engineering[J]. Rock and Soil Mechanism,
2010, 31(9): 3019 - 3 024.(in Chinese))

XUQ, SHANGY, ASCHTYV, etal. Observations from the large,
rapid Yigong rock slide-debris avalanche, southeast Tibet[J]. Canadian
Geotechnical Journal, 2012, 49(5): 589 - 606.

JEOERF. TG R B DL el BT T SR ALE B R R A [9]. K SCHE
R LFEHJE, 2000, 27(4): 8 - 11.(YIN Yueping. Rapid huge landslide
and hazard reduction of Yigong River in the Bomi, Tibet[J]. Hydrogeology
and Engineering Geology, 2000, 27(4): 8 - 11.(in Chinese))



