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Effect of the size and strain rate on the particle strength of rockfill materials
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Abstract: To investigate the coupling mechanisms of fracture strength, size effect, and strain rate effect in rockfill
particles under seismic loading, single-particle strength crushing tests were conducted on Dalian limestone using a
self-developed TPWS - 800 medium-strain-rate loading apparatus. The particle sizes ranged from 60 to 300 mm,
with displacement loading rates of 0.01, 0.1, 1 and 10 mm/s. The experimental results revealed that the characteristic
strength of larger particles increased more significantly than that of smaller particles, indicating enhanced strength
rate effects in larger particles. Conversely, higher strain rates resulted in a weakening of the size effect. Based on the
generalized weakest-link Weibull model, a power function was employed to characterize the sparsity of spatial
microcrack distributions within the particles. The fitting of particle strengths under different loading rates
demonstrated significantly better performance compared to models assuming uniform crack distributions.
Furthermore, the crack distribution exponent decreased with increasing loading rates, indicating that higher loading
rates caused “effective cracks” to become progressively sparser. This phenomenon corresponds to the strain rate
dependence of particle strength.
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Fig.1 TPWS - 800 test system for medium strain rate loading
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Table 1 Test programs for particle crushing

WRIEFEL In#E R/ (mm + s ) L%/ mm
0.01 60, 90, 120, 150, 240, 300
0.1 60, 90, 120, 150, 240
KEAKE
1 60, 90, 120, 150, 240
10 60, 90, 120, 150, 240
500
400 EL
E 300 k=i m#E
]
00t
100
0 1 1 1 1 1 I
0 1 2 3 4 5 6
{7 F/mm
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Fig.2 Typical force-displacement curve
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Table 2 Particle sphericity for each experimental group

BRORLAR/ BRI ;1%
mm 0.01 mm/s 0.1 mm/s 1 mm/s 10 mm/s
6 81.19 79.87 78.91 79.38
+5.48 +4.35 +4.87 +6.02
% 83.66 85.03 84.24 80.09
+4.57 +5.56 +5.27 +5.90
120 81.78 83.31 83.74 84.59
+5.91 +£5.93 .71 +4.81
150 82.68 84.10 84.94 82.12
+4.90 +4.93 +5.23 +4.75
81.12 80.78 82.08 81.51
240
+6.02 +3.59 +5.49 +5.61
79.79
300 - - -
+5.81
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Fig.3 Crushing strengths of each particle size under 0.01,
0.1, 1, 10 mm/s loading
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Table 3 Weibull parameters for particle experiments at

different loading rates

InEGER, KR/ oo/

(mm-s )  mm MPa " R mE

60 6.11 2.80 0.937
90 5.65 2.95 0.926
120 5.10 2.63 0.928

0.01 2.62
150 443 2.81 0.986
240 4.09 2.15 0.990
300 3.66 2.35 0.959
60 6.93 2.54 0.939
90 6.28 2.64 0.967

0.1 120 6.15 3.04 0.969 2.53
150 531 2.35 0.970
240 5.05 2.08 0.969
60 7.94 2.36 0.921
90 7.53 2.90 0.974

1 120 6.99 2.43 0.961 2.62
150 6.47 3.03 0.909
240 6.29 2.40 0.948
60 8.79 2.53 0.984
90 8.37 2.56 0.964

10 120 8.17 2.48 0.984 243
150 7.55 2.46 0.989
240 7.11 2.10 0.991
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Table 4 Fitting parameters for strength size effect at different

loading rates

J#EER/(mm + s ) 2 n ny R?
0.01 21.08 0.843 2.62 0.951
0.1 16.52 0.581 2.53 0.907
1 15.40 0.458 2.62 0.927
10 15.28 0.353 243 0.899
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Table 5 Fitting parameters of composite parametric at

different loading rates

INFRGE R/ (mm + s 1) B oo, /MPa my, R?
0.01 0.22 3.08 227 0.956
0.1 0.18 3.21 2.28 0.978
1 0.14 3.38 2.26 0.970
10 0.09 3.52 2.33 0.967
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Table 6 Composite parametric model mean intensity

predictions vs. actual values

INEGEF/(mm + 571 RiAR/mm FGRE/MPa 5258 /MPa 1R7/%

0.01 60 5.38 5.44 12
90 4.71 5.03 6.3

120 4.40 451 24

150 4.16 3.96 —5.0

240 3.63 3.60 —0.7

300 3.40 3.22 —55

0.1 60 6.17 6.13 —0.7
90 5.52 5.59 12

120 5.14 5.50 6.6

150 4.94 4.68 —5.6

240 4.42 4.44 0.5

1 60 7.12 7.02 —14
90 6.59 6.76 2.5

120 6.33 6.18 —24

150 6.11 5.77 —6.0

240 5.57 5.62 0.9

60 7.67 7.80 1.60

90 731 741 1.30

10 120 7.10 7.15 0.80
150 6.95 6.68 —4.00

240 6.55 6.25 —4.90
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