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Particle sequence distribution and the effect of particle size on the
impact effect in a fluidized landslide-debris flow
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Abstract: The severity of a landslide-debris flow is determined by such factors as the speed, deposition
morphology and impact force of the sliding body. Differences in the lithological characteristics and structural
distribution of the sliding source area lead to differences in the particle order distribution and particle size of the
sliding body. During the movement, the collision, friction, and jumping between the particles affect the degree of
hazard of the landslide-debris flow. Based on the physical model test, the dimensional discrete element software
PFC™ is used to explore the influence of the particle order distribution and particle size on the speed, stacking
morphology and impact force. The results show that the average velocity of particles in the debris flow is affected
by both the particle size and the initial particle order in the slip source region, and the initial particle order has a

greater effect on the average velocity of particles. The particle size has a greater effect on the particle order
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arrangement in the thickness direction, while the particle order distribution in the slip source area has a greater

effect on the deposition morphology. Under the effect of particle-size segregation, the particle size becomes the

main factor controlling the peak impact force and the slip source. The particle sequence distribution in the slip

source area determines the accumulation morphology, which controls the impact force of the debris flow in the

quasi-static accumulation stage.

Keywords: landslide-debris flow; particle order distribution; particle-size; impact force; prC’”
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Table 1 Gradation composition of the samples in the
numerical simulation
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Fig. 3 Grain order distribution of the primary deposits under
different working conditions

MIX

1.2 BHrE
A% 3R PRC™ #5441 1Y) Hertz-Mindlin 780 %6 ¥
S 06 R AT BUEAR 48, 78 Hertz-Mindlin A5 %1 i A4 ) 1Y

SEARRNES B B B AL B IR R Lt IR R
B, R ) U e R PERRE L

BHOTREL R AR L B DR B R (S
FE) M B ARIES B, RN R R A B IE T, 5
ANFESAETC S, BRAR W AR IR A2 AN 25 52 i 4 R I
PR, AT B4 T EUE B, SO AR 5 K R S
A, BE SRR 2) o PRI R BUR 48 W3R 1m0 ] Y 58
P 1 A A e — T B Y TR B h 2 O, AN R
BB AT G, BTS2 50 v LSS AORL AR FLIUE AR 5
B BRIE AN A AL 25 5, (1530 ok S92 30 T A5 1) B 4
FECRNAE B T BUE B, R T 2 O R
BRSOl ) JBE B R K, ARSI 25 SR 5 A A 6 25
W), i BELJE AH 2 78 ORI 1) b B 0 9 3, )
] L VSN BELJE 4 , A 2 B o e O lf 4 L EE g e |
A RE AT . AR PRI TS 2 A 2k 1) B BEL R
9 0.16, VI IA BEPERRJE M 0.07. H1 TSR g £ )
BRI, 305 S bR 0k AR LR FE A 2D, BE R RFE N AL,
A3 3 3T 2 4 R 8 BELJE (1% X8 K R 3 P 1
FERE, b DL 3E 2 22 YR IR R O X HARE AR 3 56 & SR o Tk
] BELJE A 0.60, ¥l 151 BHJE A 0.07,

x2 BHISH
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Table 3 Gradation compositions of the samples in the model test
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Table S Time of the average maximum speed
under different working conditions /s

MIX LMS LSM MLS MSL SLM SML

Large 0.91 0.90 0.90 0.92 0.97 0.92 1.15
Mid 0.94 0.98 1.26 0.97 0.96 1.27 1.13
Small 1.01 1.19 1.08 1.25 1.11 1.01 0.99

MIX LMS LSM MLS MSL SLM SML

Large 2.12 2.40 2.37 2.14 2.11 2.13 1.88
Mid 2.04 2.04 1.60 2.33 2.42 1.71 1.85
Small 1.86 1.57 1.70 1.64 1.93 1.96 1.94
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Fig. 10 Curve of the average speed vs time of three kinds of
particles under different working conditions
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Table 6 Side deposit shape after the impact on the parapet by the fluidized landslide-debris flow (side view)
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Fig. 11 Deposit shape of the sample under the (a) MLS and
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Fig. 12 Deposit shape of the three groups of different particles
under different working conditions when the single particles
close to (a) the surface and (b) the bottom of the initial
accumulation body
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Table 7 Average deposit length of three kinds of particles /m

MIX LMS LSM MLS MSL SLM SML

Large 0214  0.180 0.167 0210 0219 0205 0.231
Mid 0.193  0.184 0266 0.150 0.160 0253  0.202
Small  0.195 0258 0206 0238 0.198  0.166  0.159
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Table 8 Average deposit height of three kind of particles /m

MIX LMS LSM MLS MSL SLM SML
Large  0.148  0.147  0.135 0.144  0.146  0.147  0.142
Mid 0.101 0.087  0.081 0.098  0.118  0.080  0.103
Small ~ 0.043  0.037  0.041 0.037  0.040 0.048  0.053
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Fig. 13 Time-history curves of the impact force under various
working conditions during the impact retaining wall
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Fig. 14 Schematic diagram of the impact force at different stages
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Table 9 The maximum impact force of each kind
of particles /N

MIX LMS LSM MLS MSL SLM SML

K 276 216 425 161 370 383 229
Large 256 189 424 117 326 357 168
Mid 98 118 60 87 81 75 22
Small 84 55 75 32 65 121 107
R 10 BFHRIEEEE DS ERRZ
Table 10 Time of the maximum impact force of

each kind of particles /s
MIX LMS LSM MLS MSL SLM SML
2HB 0.8 0.97 0.88 1.02 0.93 0.92 0.91
Large 0.876 0.94 0.88 0.89 0.93 0.92 0.98
Mid 0.937 1.10 0.97 1.41 1.62 0.96 0.92
Small 1.69 0.92 1.31 1.21 1.61 0.96 1.89
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Fig. 15 Time-history curves of the impact force of three kinds of
particles under different working conditions
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Table 11 The maximum impact force of three
kinds of particles as a percentage of the maximum
impact force of the sliding body /%

MIX LMS LSM MLS MSL SLM SML

Large 92.7 63.8  99.76 5335 8835 93.21 73.29
Mid 4.75 27.0 0.00 31.86 2.56 1.24 9.11
Small 2.50 9.2 0.24 14.78 9.09 5.55 17.60
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Table 12 Quasi-static impact force of three kinds
of particles /N

MIX LMS LSM MLS MSL SLM SML

Large 2.3 14.9 32.8 10.3 4.8 13.3 24
Mid 41.0 63.2 14.3 73.8 59.1 8.8 18.7
Small 75.9 28.7 56.7 222 55.0 92.2 95.7
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