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Abstract: Accurately predicting the particle breakage rate and the corresponding gradation changes of rockfills in shearing
process is beneficial to revealing their characteristics such as strength, penetration and deformation under complex stress
conditions. Based on the fractal gradation equation, a model for realizing the conversion of "stress strain-breakage
index-gradation distribution (SBG)" is established. The breakage index Bk is used to measure the particle breakage rate. The
fractal gradation equation is deformed and integrated, and the mathematical conversion of particle breakage rate Bg and fractal
dimension D is derived, that is, the conversion of "breakage index-gradation distribution". The existing triaxial shear test data
are analyzed, and a mathematical model that can quantitatively express the change of particle breakage rate with shear strain
and average normal stress is proposed. The model has three parameters a, b and c. The parameter b is related to the critical state
of soils and can be directly determined according to the critical shear strain. Two sets of different test data are fitted, and it is
found that the predicted values by the model has a high degree of agreement with the test ones, and the conversion of "stress
strain-breakage index" is realized. Combining the above two conversions, the gradation changes of rockfills under different

shear strains and average normal stresses are successfully predicted.
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SBG model for particle breakage of rockfills based on fractal gradation equation
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Fig. 1 Fitting results of different rockfills
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Table 1 Fitting parameters of different rockfills

R it dmax/mm D R?
KR 800 2.46 0.99
5 HEARL 700 2.59 0.99
ISV Ey 600 2.60 0.99

RIS ARE 300 2.67 0.98
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0.01 0.1 1 10 100 0 0 0 2.2742 0
dmm 500 1.87 1242 22777 0.34
5 RECERREE 500 4.56 1422 23070 3.34
, , , 500 8.44 1494 23416 721
Fig. 5 Diagram ot;gradatlon area 500 12.49 1469 53378 6.77
P BC HIZR7E P - 1gd ALFR R A TAR - 500 16.01 1420 23418 7.4
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Fllk/kPa  BIRIAE ov% P IEN ) p/kPa Be/%
0 0 0 0
200 4.41 570 10.6
200 9.95 580 14.4
200 13.40 560 15.6
500 3.37 1140 11.6
500 7.53 1300 18.7
500 14.30 1320 23.1
1000 2.60 1800 12.2
1000 8.56 2370 26.0
1000 15.20 2480 32.1
1500 1.63 2160 13.2
1500 5.34 3010 30.2
1500 16.30 3570 41.4
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