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Fractal behavior of particle-size distribution during particle crushing of
quartz sand and gravel

ZHANG Ji-ru, HU Yong, ZHANG Bi-wen, LIU Yuan-zhi
(School of Civil Engineering and Architecture, Wuhan University of Technology, Wuhan 430070, China)

Abstract: The particle breakage of granular soil under loading alters the particle-size distribution (PSD) and further affects its
mechanical properties. The experimental evidence shows that any initial distribution of soil particles will tend to be fractal with
the development of particle breakage. In order to reveal the transformation mechanism of fractal PSD of soil, a series of
confined compression tests on a quartz sand and gravel are conducted to investigate the evolution of PSD and the behavior of
particle breakage under even larger compressive stress. The fractal behavior of PSD is studied during particle crushing based on
a fractal model and the measured PSD data. It is found that a fractal distribution of granular soil is caused by the growth of
particle breakage, which is related to the amount of particle breakage and characterized by the increase of the values of fractal
dimension. Despite the different initial distributions and particle sizes of the quartz sand and gravel, the measured PSD data that
the values of fractal dimension exceed to 2.2 are shown to be strictly self-similar. Therefore the value of 2.2 can be considered
as the lower limit of the fractal dimension of a fractal distribution. The Hardin’s relative breakage is larger than the Einav’s
relative breakage in the same breakage state, but the rule of two indexes in response to the stress and volumetric strain is
consistent. Once the PSD becomes fractal during particle crushing, the ratio of volumetric strain to relative breakage remains
constant and is not much affected by either the uniformity of the initial distribution or the initial particle size. This constant ratio
is a useful index for the identification of a fractal distribution, and implies that the relative breakage may be estimated from the
measured volumetric strain in a test if the PSD is fractal, without having to terminate the test to analyze the particle size.
Key words: particle breakage; particle-size distribution; fractal; quartz sand and gravel; relative breakage
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Fig. 8 Influence of stress level on relative breakage
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Fig. 9 Influence of volumetric strain on relative breakage

T2 2 A 10 A I A A e 5 B B e i e £
AACKHAHE, B 10 25 H TR NS AR AR AR A (Y EE A
&, /B HINACHFRIRER, B T BB WORLALRE 1 A
&, PSD e e, e, /B b o, 33N LF-Ok
FrtEsE, M HAREE e, /B FTEAE AR R, Wtk
e, 5 B, MG, H e, /B ZRRAHILE 7 A FURLAT
KANBEEIAR S o B 10 PRI EL TR, W RNT
Hardin $5¥5 ) &, /B AHAEZI4 1.47, X% T Einav 745
(1) &, /BABAHZI A 1.05,

3.0 - Hardinf&¥5
= s1
° 52
25 e A 3
° Einavi&#s
- o S1
20 | o
o x ¢ A S3
g . A
S1S5 ks & _____ o
3 PR 3 - 14
g2 a 2 a
10 A0 B o g e §--- 105
05
0 50 100 150 200 250
/MPa

10 KRR 2 SRR R SR By LB R Sk R ik
Fig. 10 Evolution of & /B, with stress level
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