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Abstract: The strength and deformation characteristics of coarse-grained soil directly affect the deformation law of rockfill
dams. In order to study the deformation mechanism of coarse-grained soil from the microscopic level, the discrete element
method is widely used as an effective means to simulate the mechanical properties of coarse-grained soil. The particle strength
and elastic mechanics are very important for the establishment of the discrete element method model. How to obtain the
distribution law of these parameters is a very necessary work at present. The uniaxial compression tests are carried out on a
series of Dalian limestone particles with different sizes, and the distribution law of mechanical parameters including the
strength and elastic modulus is determined by characterizing the force-displacement experimental curves. The statistical results
show that compared with the Weibull distribution and Logistic distribution, the Lognormal distribution has the best statistical
effect on particle strength and elastic modulus, and the mean values of both two parameters decrease with the increase of
particle size. Then, based on the size correlation of parameters, empirical models for size effect suitable for limestone are
established. Finally, the stiffness of limestone particles is discussed preliminarily. The experimental results show that the
stiffness of limestone particles has obvious nonlinear characteristics. These results may provide a reference and support for the
calibration of microscopic parameters in the numerical simulation of the discrete element method for coarse-grained soil.
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Table 1 Basic physical parameters of limestone particles

P HRiZH e A% Rz i

5 /mm da/mm Sp/% mlg

@ 20~24 82 22.13x1.97 74.07+7.53 11.24+£2.90

©@ 24~28 78 25.83+2.03  76.54+7.49 18.10+£3.72

® 28~32 76 30.17+2.25  74.34+6.99 26.50+5.99

@ 32~36 77 33.81x2.43  75.70+7.49 37.26+7.89

® 36~40 76 37.32+2.88 75.99+7.13 48.5749.81

® 60 35 53.89+4.48  77.98+6.68 183.52+31.40
@ 120 38 120.99+8.31 77.30+6.25 2532.56+2928.13
240 20 22535+16.42 78.80+£5.07 13357.50+1884.72
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Fig. 2 Photos of a particle before and after breakage
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Fig. 3 Force-displacement curve of limestone particles
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Fig.4 Diagram of compression on an irregular particle
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Table 2 Values of Ku( Ki) for various values of § (excerpts) 2*)

o(°) 50 55 60 .. 8 85 90
cos @ 0.6428 0.5736 0.5000 0.1736 0.0872 0.0
Ku(Ky) 1.198 1235 1267 .. 1342 1349 1351
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Fig. 5 Statistical histograms and optimal probability density
functions of parameters for limestone particles
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Table 3 K-S test results of distribution types for strength and elastic modulus of limestone particles
i b LS FVER R
/mm  BEMPa A K-SHHE K oA BEMPa pAiE K-SAE KA Hli oA
Weibull ~ 0.085  Jii /e Weibull 0.097
@  20~24 13.108 Lognormal  0.055 %2 Lognormal 1005.193  Lognormal  0.073 j#& Lognormal
Logistic 0.068 i Logistic 0.103 i
Weibull ~ 0.092  Jii /& Weibull 0.095 i
@  24~28 12.389 Lognormal  0.062 %&£ Lognormal 1113.994  Lognormal  0.089 j#& Lognormal
Logistic 0.096 i Logistic 0.092 i
Weibull ~ 0.078  Jii /& Weibull 0.073 L
® 28~32 11.977 Lognormal  0.056 /& Lognormal 928.598  Lognormal  0.072 j#/& Lognormal
Logistic 0.089 i Logistic 0.085 i
Weibull ~ 0.128  Jii /g Weibull 0.100 i
@ 32~36 11.673 Lognormal  0.112  j#/& Lognormal 839.674  Lognormal  0.067 /& Lognormal
Logistic 0.126 i Logistic 0.084 i
Weibull ~ 0.084  Jii /& Weibull 0.102  Jf
®  36~40 10.438 Lognormal  0.040 & Lognormal 801.380 Lognormal  0.084 /£ Lognormal
Logistic 0.077 L Logistic 0.126 i/
Weibull — 0.113 /& Weibull 0.135 il
® 60 6.442 Lognormal  0.079 %2 Lognormal 544306  Lognormal  0.096 j#/& Lognormal
Logistic 0.089 i Logistic 0.138  Jifi /&
Weibull ~ 0.103 i/ Weibull 0.169 i/
@ 120 5.242 Lognormal  0.048 /£ Lognormal 422451 Lognormal  0.107 3£ Lognormal
Logistic 0.076 Wi Logistic 0.143 &
Weibull — 0.117 /& Weibull 0.125 i
240 3.394 Lognormal  0.084 %&£ Lognormal 281.528  Lognormal  0.119 j#& Lognormal
Logistic 0.126 i Logistic 0.121 i
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Table 4 Models for size effect of parameters
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Fig. 6 Curves of size effect of parameters for limestone particles
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Fig. 7 Comparison between linear fitting and nonlinear fitting

results of load-displacement curves for limestone particles
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