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Abstract: The influences of particle breakage on the mechanical properties of soil are significant. The previous studies mainly

focus on the variation of particle size during particle breakage but neglect the change of particle shape. In order to study the

evolution of particle breakage, a series of one-dimensional compression experiments are carried out with calcareous sand and

quartz sand, and the changes of particle shape are quantified. The results show that the relative breakage index of the two sands

increases with the increase of plastic work per unit volume with an obvious hyperbolic relationship. The aspect ratio, sphericity

and roundness of the calcareous sand increase with the expanded breakage, but the variation of convexity is unobvious. For the

quartz sand, the aspect ratio and sphericity decrease first and then increase, while the convexity decreases to be stable and the

sphericity continues to increase. This trend can be well quantified by defining the overall shape value of the samples. In

addition, the overall shape value of the calcareous sand shows a hyperbola relationship with the relative breakage, and that of

the quartz sand shows a parabola relationship.
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Table 1 Physical properties and initial shapes of test sand

%?]U €min €max Gs dso /pm Cu Cc Ar Cx Sp Rn
R 0.98 1.37 2.74 903 1.32 1.02 0.675 0.949 0.794 0.214
EERY 0.61 0.88 2.67 909 1.27 1.00 0.734 0.968 0.823 0.251

TE: emins emax NI/ BORFLBREL; Gs AMIXVE L dso A RIHITEN S0%M X RIBRL EA2; Cu WA R Co NMFEREG 4n Co Sy Ra NYIIRIE

RO R A 50% RIS R AR S B R -
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Fig. 2 Loading apparatus and QICPIC composition
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Table 2 Information and number of samples
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Fig. 3 Variation in void ratio with axial stress and evolution of particle size distribution
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Fig. 5 Evolution of distribution of particle shape parameters and definition of relative breakage
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