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Numerical simulation of effect of size on crushing strength
of rockfill grains using particle flow code

LI Yang, SHE Cheng-xue
(State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan, Hubei 430072, China)

Abstract: Effect of size on crushing strength of rockfill grains is studied using the particle flow code. Firstly, a discrete model of
rockfill grains is developed using secondary development method with FISH language, in which particle shape and breakage behavior
of rockfill grains are replicated reasonably. Then an equivalent simulation method is proposed to investigate the effect of size on
crushing strength of rockfill grains in various particle sizes. A negative power formula is presented to describe the relationship be-
tween crushing strength of rockfill grains and its particle sizes. The meso bond strengths of contacts inside an aggregate model of
rockfill grain are dependent on the size of the aggregate itself. Then, one dimensional compression tests of rockfill grains in lab are
replicated based on the proposed numerical method to verify its accuracy and validity. At the end, influence of shape of rockfill grains
on distribution of crushing strength is studied. Several basic conclusions are obtained: 1) Size effect on crushing strength of rockfill
grains due to microcracks can be simulated equivalently by the way that meso strength of contact in the numerical model of rockfill
grains decreases while the size of rockfill grains increases; 2) Crushing mechanical of rockfill grains is influenced by the particle
shape, and square grains are usually crushed in compression-shear mode, while irregular and round grains fail in tension-shear or
splitting mode. As a result, crushing strength of square grain is usually much higher than that of irregular and round grain; 3) When
fail in tension-shear or splitting mode, dispersion of crushing strength of rockfill grains is dependent on shape of rockfill grains. The
regular particle shape presents higher Weibull modulus, indicating smaller divergence for the crushing strengths. The breakage be-
havior of rockfill grains with different sizes under load provides a reasonable method to predict the evolution of particle size distribu-
tion of rockfill assembly.
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of rockfill grains
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Table 3 Weibull parameters of crushing strength distribu-
tion of discrete model of rockfill grains

iR B Weibull B m(#}5) FEAENE /) oy / MPa
/ mm = PR BB EWIRE BB
5~10 2.10 2.86 51.05 48.14
10~20 2.74 3.26 23.33 20.33
20~40 2.57 2.93 1243 11.92
40~60 2.93 3.31 5.50 6.63
60
50 £ o R AL
& o ENIRK:
s 40
=30t
= o
)_H
5 20 o
i
10 e
B8
0 \ \ )
5~10 10~20 20~40 40~60
ARG/ mm

B9 BRI B RS B BURGREE
Fig.9 Crushing strength of rockfill grains
with different particle sizes
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Fig.10 Weibull distribution of crushing strength
of rockfill grains with excess size(600—800 mm)
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Fig.11 Prediction results of crushing strength
of rockfill grains with excess size

6 UKL IR X HE AL BURE 5 (1 52
M 53 7

N E— S5 HIE FUHE AR IR K I B 5 ) R
M, ASCHFRE T — 4R, BISFHRRAE . A
[F] JEEIRREAE (I HE A RS R T 2 SR e 4850, WAL
ok R o A A . WHERAREG R, MEAORMR AL
KiA235749 50 mm, AN EE A BRL AR A 1.00~
1.60 mm, PRIZEE R 2 400 kg/m?, kLAl FE A 1)
ST UL R i S Ry A AR 2 st (15) JEAT
WE, BRI B R BT 0.55, S A RS
R EE R 30,

X RARIG LG 4 PR FTR A RS,
HEERTRFHE R IR WL 4 Fs .

R4 NRRREHHELRHER TR RHE
Table 4 Particle shape characteristic of discrete model
of rockfill grains in controlled trials
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Fig.12 Weibull distribution of crushing strength of rockfill
grains with different particle shapes
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Table S Weibull parameters of crushing strength distribu-
tion of discrete model of rockfill grains in controlled trials
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