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Particle flow code numerical simulation of particle breakage of rockfill

LIU Jun, LIU Fu-hai, KONG Xian-jing

(School of Civil and Hydraulic Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: Based on the related rockfill material tests, the particle flow code computer simulation technology was used to simulate the
particle breakage characteristics of rockfill. 2 574 particle clusters were used in the simulation. The result of numerical simulation
with the selected micro parameters was in agreement well with the result of plane strain laboratory test. So the numerical test can
capture the micro phenomenon of particle breakage properly. Compared with the laboratory tests, the numerical simulation can also
expose the regularity of evolution of particle breakage microscopically; and the location of the breakage zone. It can be used as the
parameters and theoretical basis for the further study of building a rockfill dam model; and then observing the process of particle
breakage during the expounding of the reservoir and during earthquakes. And also the displacements of the dam due to the particle
breakage and the location of the breakage zone; and the influence on the strength of the rockfill can be researched furthermore.
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Fig.1 Shape of cluster
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Fig.2 The stress-strain curves for plane strain tests
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Fig.3 The model of numerical sample
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Fig.4 Demonstration for the compression test
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Table 1 Values of micro parameters of
numerical simulation

[l ko ks b by v P
/MPa /(10°N/m) /(10°N/m) /(10°KkN) /(10°kN) 4 [m/s) /(kg/m®)
0.5 4 4 25 25 10 15 2070
1.0 6 6 4 4 1.0 15 2070
1.7 10 10 5 5 1.0 15 2070
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Fig.5 Comparison of results between numerical test and lab test with confining pressure
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Table 2 Comparison of breakage rate between numerical
tests and lab tests
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Fig.6 The curve between confining pressure and
particle stiffness
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Fig.7 The curve between confining pressure and
particle contact bond
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Table 3 Values of micro parameters for the verification

Mlioy  k ks by b v p

/MPa /(10°N/m) /(10°N/m) /(10°kN) /(10*kN) 4 [m/s) /(kg/m®)
13 7.54 7.54 458 458 10 1.5 2070
2.0 12.2 12.2 503 503 1.0 15 2070
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Fig.8 Comparison of results between numerical tests for
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Table 4 Comparison of breakage rate between numerical
tests and lab tests

[l £ o3 /MPa T 2B R WERER 1%
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Table 5 Variation of breakage rate during numerical test

REAE /% LIRSS TBRER %
1.7 11 0.03
4.2 531 1.71
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Fig.13 Distribution of contact force during breakage
5 45 ik

PLXUGT T 300 m 25 H A8 TRES &, Y
SCHR[12142 SE AR DB , ) ORL Iy V20 HE A

BHE— 5 [ N (K BURERR A1 DLEAT 1 AL
GURRW], T RS B RE S S WU 1 HE Ak
ZMRFIE, R DS AR, A
SR PR KR i LR AE R B RR R O (18
R AR, W CRURLIRE T 5 DS AR T, LA
LB (A5 FEUMRRRE o HE A e i P2 25 2 50 52 )
R T SHUAE

AP K IR 2 B e 22 i A I 1) s 521 K (1
gk, (HER SR i 22, IR IAb )
BRI G, B R 2 M AL A B AR A (1L
FE AT RERENS G IXFR DL »

2 % L W

(11 SBPCHE. SCTHURE - Hisy o B R B T 5T 0], /K
Rk, 1987, (5): 59—66

21 AR, RS HEAR AR KA AR,
1997, (3): 21 —30.

B1 XUk, ZLE, mRlE, & HEARDRDRPBORI A R
IWIT[I]. A%, 2005, 26(4): 562—566

(4]  SBERR, WM, TR HEAORIBURL DR XS BY I Xt
BYGRAE (KR I[T]. A - TR, 1997, 19(3): 83 —88.

(51 R%, Pk, Tl HEAEASHL L 5 ROk fie
FEYERFIT[I]. A 0%, 2003, 24(3): 479—483.

[6] SEBASTIAN Lobo-Guerrero, LUIS E, Vallejo. Discrete
element method evaluation of granular crushing under
direct shear test conditions[J]. Journal of Geotechnical
and Geoenvironmental Engineering, 2005, 131(10):
1 295—1 300.

[71 ROBERT W. Day. Significance of particle crushing in
granular materials-discussion[J]. Journal of Geotech-
nical and Geoenvironmental Engineering

[8] VARADARAJAN A, SHARMA K G VENKATACHALA
K, GUPTA A K. Testing and modeling two rockfill
materials[J]. Journal of Geotechnical and Geo-
environmental Engineering, 2003, 129(3): 206 —218.

[91 Sk, Ehe, KW, 55 AR AR e D).
A%, 2003, 24(3ET1)): 661—665

[10] OLIVIER Tsoungui, DENIS Vallet, JEAN-Claude
Charmet. Numerical model of crushing of grains inside
two dimensional granular materials[J]. Powder Technology,
1999, 105: 190—198.

[11] DELUZARCHE R, CAMBOU* B. Discrete numerical
modelling of rockfill dams. International journal for
numerical and analysisal methods in geomechanics[J].
International Journal for Numerical and Analytical
Methods in Geomechanics, 2006, 30: 1 075—1 096.

[12] MARSAL R J. Mechanical Properties of Rockfill[M].
(Embankment-dam Engineering) Casagrande, Hirschfeld
RC, Poulos SJ (eds). New York: Wiley, 1973: 109—200.

[13] BRAEK, BV, ZAR. “5.027 BUIHEXEER
RIRE T IO S m A S R A0 AT (0], o I RR AR
2008, 30(6): 795—801.

[14] HEAB BB D) e A H R H AR 9 [ 118 53 D).
g FBERS, 2007



