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A study of the process of particle column collapsing
into water under 2D condition
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Abstract ; Impulsive wave and its secondary disasters, which are caused by the collapse of risky tower rocks,
occur frequently in southwest China. Characteristics of the impulsive wave are closely related to the initial
shape and failure mode of the disturbance source, the failure mode of collapse of risky tower rock mass from
bottom to top and disintegrate in the air is similar to that of the collapse of granular column. Different from the
rigid body materials and the motion distance to obtain the initial dynamic state used in the past wave test, this
paper designs and carries out the physical model experiments of different heights and widths of particle column
collapse at different water depths by using the PIV technology to analyze the movement characteristics of
particle and water body. According to the interaction between particles and water, the whole process is roughly

divided into three stages, and the influence of initial shape of particles on the test results is examined. The
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results show that the residual volume after the collapse of the granular column is greatly influenced by the
initial shape of the granular body, while the water depth has little influence on it. There is a good
corresponding relationship between the position of the first wave and the position of particle movement in the
early stage of impulsive wave, and the distance between them began to increase. The higher the particle
column is, the greater the difference between the position of the maximum wave height of the first wave and the
position of the front end of the collapse particle group is, which may be caused by the fact that the velocity of
the water body in the later stage of the fluid solid interaction is greater than that of the particle flow. Most of
the generated waves have complete waveforms, which is related to the inhomogeneity of the effect on the water
body caused by the covering accumulation characteristics of the columnar particle collapse and the

dispersibility of columnar particles. The experimental results reveal the characteristics of the mechanism of the

impulsive wave caused by the risky columnar rocks and may provide the basic data for the prevention and

control of the surge disasters.
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Fig.1 Schematic diagram of the experimental

deviceand and photo of the test particles
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Table 1 Orthogonal table and group number of the

experimental design

W, ,Hy/cm H, =10 cm H, =30 cm H, =50 cm
20,40 NO.1 NO.2 NO.3
20,60 NO. 4 NO.5 NO.6
20,80 NO.7 NO.8 NO.9
20,100 NO. 10 NO. 11 NO. 12
20,120 NO.13 NO. 14 NO. 15
30,60 NO. 16 NO. 17 NO. 18
30,90 NO. 19 NO. 20 NO.21
30,120 NO.22 NO.23 NO.24
40,40 NO.25 NO.26 NO.27
40,80 NO.28 NO.29 NO.30
40,120 NO.31 NO. 32 NO.33
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Fig.3 Particle velocity component diagram
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Fig.5 Scatter diagram showing the particle column residue

ratio of each group
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Fig.6 Comparison between the particle accumulation

distance and the position of the first wave
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Fig.7 Position difference between the second largest

initial wave and the particle accumulation of each group
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Fig.9 Trajectory of the suspended particles

4 ZREEN

(1) WK ZAF T URLAE 1A 7 353 1 1) B R AR A5 K
R AR BUIN 5 ORI A 59 1 98 U R LE

(2) AR R ™ AR 0 30, B IR AL B 5 0K 12 2
ZEAELAL/IN , WA 0 R A% 1 P 2 25 (EN R o B R
TR A 7 YR AL T O I 4 0K 3 20 (7 ' 22 (S AR AR
JERAE SRR TR B 2 I

(3) FERAORE 1A 17 B 1) 7 2 Ml BRRR AIE £ 45 X 7K
PR AE S BN 3 23 1 T IR A 4 0 2 R K A B 46 T
TE L7 1) b A7 R A8 P 84 T IS AR K AR A Z 7 1)
L FZ ]

HEUOT I =48 54 T A B RS, o —
FLAE AT BORLAR KK Az 3 9 2

2 % 3Lk ( References) :

LW

N

[ 1] B8, BEBRF 4k, 2. K I - A fE
o RRAE M RS e P A b [T v [ T K E S B
W24, 2015,26 (1) .16 - 22. [HE K, YIN Y P,
FENG Z,

et al. Analysis of characteristics and

H, DU C L, YU S, et al. Stability analysis and
design of control works on Jianchuandong dangerous
rockmass in Wuxia Gorge, the Three Gorges Reservoir
[J]. The Chinese Journal of Geological Hazard and
Prevention and Control, 2008,29 (2): 48 - 54. (in
Chinese) ]

X7 PR, EA B A =k 2R X R fE s
PRIMIR BB AL BT [T 4 TR 27 B B 4 , 2013,

30(10):37 -41. [ LIU G N,HUANG B L, WANG S
C, et al. Numerical simulation on waves generated by
the instability of Jianchuandong perilous rock in Three
Gorges reservoir area[ J]. Journal of Yangtze River
Scientific Research Institute,2013,30(10) :37 - 41.
(in Chinese) |

UL, BRBRE, A, A B AR RS UK 38 12 S R AR
SR L], DR M 24 4% ,2015,23(1) :86 —92. [ HE
K, YIN Y P, LI B

et al. Analysis of the

characteristics of the collapse movement of the pylon
rock mass[ J]. Journal of Engineering Geology,2015,
23(1) :86 =92. (in Chinese) ]

POISEL R, EPPENSTEINER W. A contribution to
the systematics of rock mass movements[ C]//5th Int.
Symposium on Landslides,1988:1353 - 1357.

Bl BAARA R MRS R (D] TR . KEKR
#2,2015. [ HE K. Study on the collapse mechanism of
tower columnar rock mass[ D]. Xi’ an; Chang’ an
University,2015. (in Chinese) ]

LUBE G, HUPPERT H E, SPARKS R S J, et al.
Collapses of two dimensional granular columns [ J].
Physical Review E, 2005, 72(4) . 041301.
NGUYEN C T, BUI H H, FUKAGAWA R. Failure
mechanism of true 2D granular flows [ J]. Journal of
Chemical Engineering of Japan, 2015, 48(6) : 395 -
402.

WA, B A, A, AR JRRIBURLAE (A 3 - AR

REAFgT [J]. AKFIK B $ AR, 2019,50 (11) :110 —
117. [ HUANG B L, ZHANG Q, WANG I, et al.

Study on collapse-deposit process of layered granular
Water
2019, 50 (11): 110 - 117. (in

column [ JJ. Resources and Hydropower

Engineering,



.96 -

T LA TR SRR OB R B A K S R AR

[10]

[11]

[12]

[13]

(15]

Chinese) ]

SLINGERLAND R, VOIGHT B. Evaluating hazard of
landslide-induced water waves [ J]. Journal of the
Waterway Port Coastal and Ocean Division, 1982,
108(4): 504 -512.

W AP PTE R E SB[ M]. b
Hook RO MR A, 1980: 133 - 151. [ PAN J Z.
Analysis of anti-sliding stability and landslide of
buildings [ M ]. Beijing: water conservancy press,
1980:133 - 151. (in Chinese) ]
sy L3 KA. PR IR M =4k SPH Jr ik
B e TR R [T th E B2 W B2 Ty 2 R
32%,2015,45(10) .57 —=65. [SHI C Q, AN Y,
YANG J X. A SPH based numerical method of
landslide induced impulse wave and its application on
Huangtian landslide event [ J ]. Scientia Sinica
( Physica, Mechanica & Astronomica ), 2015, 45
(10) : 57 = 65. (in Chinese) |

AR 7% [H PRJe k. 5T FLUENT fy Z 48 3 ¢
T TR BB R[] 7K SO BT I M 3, 2009, 36
(3):90 -94. [ SONG X Y, XING A G, CHEN L Z.
Numerical simulation of two-dimensional water waves
due to landslide based on FLUENT[ J]. Hydrogeology
& Engineering Geology, 2009,36 (3): 90 —94. (in
Chinese) ]

B, B/ BRSO OB R R Ty
HEORFE )] DA MBS 4 ,2012,20(6) 1909 - 915.
[HUANG B L, CHEN X T, YIN Y P, et al
Computing system for impulse wave in reservoir
generated by landslide & rockfall [ J]. Journal of
Engineering Geology, 2012,20 (6): 909 - 915. (in
Chinese) ]

R TEE, B e, 45 =0k A8 XA 1 B3 3 45
PRI IR A 2 B S0 [T ] s DU LR A 4,
2010,32(19) ;71 —=74. [DAT Y X, WANG Y, YIN K

[16]

[17]

[19]

L, et al. Surge survey and calculation analysis of a
landslide in Wushan County in the Three Gorges
reservoir [ J ]. Journal of Wuhan University of
Technology, 2010,32(19) .71 - 74. (in Chinese) ]

V0 W B, 5408 o 3Ok T RS 2 (PIV) £ R 9 & R
[J] AU ERC L /7 ,2003,10(6) :1 -=3. [FENG W
C, ZHENG S Q. Development of particle image
velocimetry ( PIV ) technology [ J ]. Electronics
Instrumentation Customer, 2003,10(6):1 - 3. (in
Chinese) ]

BRI, X5 TR, AR K PR R R T TR R
Py PR [T ] Hu Bk B+ ,2012,37(5) : 1067 -
1074. [ YIN K L,LIU Y L,WANG Y, et al. Physical
model experiments of landslide-induced surge in Three
Gorges Reservoir [ J |. Earth Science,2012,37 (5):
1067 —1074. (in Chinese) |

ROBBE SAULE M, MORIZE C, BERTHO Y, et al.
Experimental study of wave generation by a granular
collapse [ J ]. EPJ] Web of Conferences, 2017,
140:14007.

VEER. — 4R PR A KIS [T ] KA 2
R ,1985,16(11) :54 -59. [ PANG C J. Experimental
study on the surge of two dimensional oblique
landslide [ J ].
1985,16(11) : 54 —=59. (in Chinese) |
PNACHR , BEDAR B KD 3 T TR 6 A T IS T
WIRATSE [T ]. 7K 3C3b BT T 72 M 57, 2018,45 (1) :
116 -122. [SUN Y F, HUANG B L., ZHAO Y B. A

Journal of Hydraulic Engineering,

study of the submarine landslide-induced impulse wave
based on physical experiments[J]. Hydrogeology &
Engineering Geology, 2008,45 (1):116 — 122. (in
Chinese) ]

YREE R EH

2020 4



