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Abstract: The movement process of high-position and long-runout landslides is complex and the sliding main body
is changeable. The dynamics theory of post-failure and inversion prediction technology have always been the focus
and difficult problems in the field of disaster prevention and reduction. In this paper, the dynamic process of
polymorphic transformation based on the degree of density in the movement of high-position and long-runout
landslide is revealed by survey analysis, theoretical research and numerical technology development. Based on SPH
and DEM algorithm and dynamical constitutive model transformation, a new numerical simulation method for

landslide post-failure motion(LPF>P) is presented. The results show that: (1) Through the analysis of actual landslide
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video and grains chute experiment recording, it is found steric effect which the grains motion in the process of
landslide movement mainly present the dense state, dilute state and ultra-dilute state, and the grains state changes
and transforms with each other at all times. (2) The volume fraction is used as the criterion of discrete grains number
and grains state transformation, and the numerical calculation method and critical volume fraction is proposed to
solve different states in landslide movement based on different dynamical constitutive models. (3) The macroscopic
continuum algorithm based on the theory of polymorphic transformation is used in the inversion of the debris flow
of Jiweishan landslide in Wulong, Chongqing, and the simulation results are basically consistent with the actual
landslide accumulation. (4) The LPFP simulation method achieved the transformation of grains state and the
efficient calculation of the actual number of grains in the calculation of landslide failure movement, and improves
the convergence stability of the calculation, which has great computational advantages. Based on the above research,
it is believed that in the risk investigation and dynamic process analysis of high-position and long-runout landslide
flow, the influence of the state changes of sliding body grains and the actual number of grains should be fully
considered. The LPF*P simulation method provides an efficient, quantitative and optional method for the risk
assessment and prediction of high-position and long-runout landslide.
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Fig.1 Typical examples of high-position and long run out landslide flow
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Fig.2 Distribution of different grains states in movement process
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Fig.5 The distribution of grains state during Jiweishan landslide movement
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Fig.7 Accumulation thickness map of Jiweishan landslide
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Table 2 Comparison of the critical volume fraction conditions and results of Jiweishan landslide
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Fig.8 The sensitivity analysis diagram of the volume fraction of the Jiweishan landslide

RRHATRIEL, PR AR RTHSERL, X g R
B WAL 3. 3 Mt B AR A SRS,
JURRERL . OB ZHOR S 1122 S M0 E AR . 45
RIS RIR: (1) THRERCRTTH: RSSO R
PR SETH AR s B ORI R T
B, BRHORZ SEOHTHEHFZ R RSP, 2
SHEABRLPFP) AT W& 218, iR R AT
JUHAARRET, $wm 7R, RN S REse
DU SERURL AR TS, RN 7 oh SR RISk
ARSENE - (2) HEBUVIRZS: BURLAUAR T H 5 25 18 1 il
A, JeahE B R SRR 3 B R A
JRBI VI AR (IR BEAR B =G TH 5, 2 11
PR SRR ATV EVE T, 123 B AT HER Y F AR
ZAFEA AP IR, AR e
MOIRZS, TR PRI R ARG (R VR FE 5 20, 18 3h 4
RFSLPRIE RN 3). (3) ZHEm: &
B AR B R X L, oA AT DL E A
MEVRYE, $3TF TR R REE . 2L
TR 1 B DR K S o B R RIS B 8 i K
Ry i RO, 2R FIE R SEBRI R VB D) 2 5
e, BEEEDRVEOEAL IR FHE XIS Zh e oo, BAR
SPH R (WEESHE L, Wt il duxEE
WIRREAT T RE, THHE P R E R AR R EL )

FBHREN 1SR

TR 2 A AR R SPH VA4 &, IRGT
AL T i RSz R A I i As Bl o AN HERIE A5 -
FE75 &I BOE 3N FR AR A B A 70 AR SRR 0 1
T, BEGE R A LRI OHE AR LA — B Rl
B TR AT RS ORORLR 5 R LA, St
TR = YR RE AN B8 S B FURE A v A A AL T
o RAAAR D B sh SE T MORES MR 2 -
WA - MRS KR S . WK 9 TBUE
e T UKL AR 22 25 T A B0 1 22 WL S8 A o SRV 1
LPFP ${E R, ] AR 47300 i 0 R T iz 3
SR RAMMERUEES, RN A RE s 1 RS RISk
ARGENE . (ERBI P thAr A7 — 2R L, A2 )5 1
HIEA I AE RS, Bl seBrxS R T s
IR EAT Wl e E R, HAT R, AR
JREE TAEF R — I Wt t. Fi4h, SPH KL ¥ J5
E A R AR E A A, N T AR
A UATE Mok, RS 208 B R IR TS RN o
RPRHE, 2% 5 SR AR e A2, Bt L H A
BT ROR B VI AR R 2 SR is s el iE, e 4k
TAF R SN BR TS DL 5 BT AR - IR ROk -
i B SR A4 — AR BORLAA (9 THARE, DLSEE 2 B0k
A1 ML A T RS B A T 5

®3 ORGSR EE X

Table 3 Comparison of the calculation results and data

- " g s . o e WE TR TR SERRiF S o Kizg) R HER
Hof L35 FEERE PRER/m REREIRE A% Bk H /A R B % i /min B B /m 5 % m
PFC3D 6 0.6 27 048 - 420 2700 41
DAN3P 0.22 - - 2000 - 5 2750 43
LPF3D 6 0.6 26 500 60/40/2 100 2180 60
FLSE I - 2200 55




Fat H1H KRR BB BRCR A Az R R E BT * 1635 «
bR AR FebRHER bR
MR i /m HERUR E/m

(a) PFCP B Jo A 7Y

(b) DAN?P 2538t A

(c) LPF?P Z A5 AL 7Y

B9 xSRI B0 A B B R A T S 45 2R

Fig.9 Simulated numerical results of Jiweishan landslide under different dynamics models
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