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Crushing and fractal behaviors of quartz sand-gravel particles under
confined compression

ZHANG lJi-ru, ZHU Jie, HUANG Wen-jing
(School of Civil Engineering and Architecture, Wuhan University of Technology, Wuhan 430070, China)

Abstract: A confined compression test was used to investigate the crushing behaviors of coarse quartz sand and fine gravel
particles under high compressive stress, and their fractal crushing was studied based on the fractal concept and the measured
data of particle-size distribution. It was shown that the quantity of particle breakage increased with the increase of compressive
stress and was related to the particle size. With the increase of quantity of particle breakage, the angles of friction increased for
coarse sand, increased at first and then decreased for fine gravel. Both had the tendency finally to an unvaried value when the
quantity of particle breakage was large enough. It was shown that the particle-size distribution after particle breakage exhibited
a statistical fractal feature. The magnitude of fractal crushing dimension reflected the variation of quantity of particle breakage.
Large fractal crushing dimension corresponded to large quantity of particle breakage. There was a close relationship between
fractal crushing dimension and Hardin index of particle breakage. The relationship between fractal crushing dimension or
Hardin's index and compressive stress could be expressed by hyperbolic curves or semilogarithmic linear curves. As a result,
the fractal crushing dimension and Hardin index could be evaluated as long as compressive stress and parameters of soil
particles were obtained. The fractal crushing dimension might be useful indicator for quantitative analysis of the particle
breakage of granular materials.
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Table 2 Some properties of samples Ffir: g/150 g
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LIS 6.4 — — 58.39 81.66 8.76 0.92 0.27 0903 09788 1.07 0.01 19.90  0.020 304
L 12.8 — — 56.39 7648 11.34 4.31 1.48 1.505 0.9875 1.13 0.02 3426 0.050 31.7
il 25.6 — — 31.21 74.01 25.28 16.94 256  1.724 09835 218 0.23 8956 0.183 32.4
fib 51.2 - — 29.68 73.52 2543 18.25 312 1.789 09843 226 0.24 93.60 0.195 325
102.4 — — 2896 4136 32.66 37.19 9.83 2.172 09680 500 040 15936 0333 32.6
204.8 — — 18.91 38.21 30.03 52.08 10.77  2.212 09427 6.12 0.53 185.76 0417 32.5
0~1.6 90 60 — — — — — — — — — — — 33.2

3.2 8247 62.14 343 1.05  0.67 0.13 0.11 1.254 09549 1.01 0 15.06 0.015  33.6
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L 128 6522 4924 10.11 8.06  9.60 6.04 1.73 2,005 09891 1.15 045 71.08 0.122 352
g1 256 4495 4550 29.79 740 946 11.54 1.36 1.959 09791 197 090 119.10 0.182 352
BF 512 3792 2532 3348 2478 1195 13.95 2,60  2.073 09820 3.69 1.50 17352 0257 347
102.4  18.09 10.69 3538 24381 27.02 3099 3.02 2,150 09202 562 245 24244 0416  33.7
204.8 17.97 11.00 27.09 2233 26.96 36.72 7.93 2355 09325 621 270 24206 0462  33.5

0~1.6 — — 60 90 — — — — — — — — — 28.6
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o 64 — — 54.96 92.01 222 0.69 0.12  0.653 0.9712 1.17 0.02 10.08 0.012 298
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il 256 — — 2326 8550 2493 1291 340 1.786 09874 466 026 8248 0.185 304
o512 — — 2249 6134 3194 31.60 263 1.768 09525 647 034 13234 0276 305
1024 — — 1770 52.68 2936 37.64 12,62 2232 09718 13.71 042 15924 0366  31.2
2048  — — 1524 48.14 2938 43.54 1370 2.266 0.9639 17.92 047 173.24 0402  31.0
0~1.6 90 60 — — — — — — — — — — — 32.8
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L 12.8 59.48 41.37 1633 1691 8.82 5.64 1.45 1931 0.9959 3.64 060 6553 0.146 353
41 256 34.14 25.89 4025 22.13 1459 1177 1.23 1905 0.9708 6.00 1.50 119.96 0.250  35.0
BF 512 3147 3122 3380 21.59 16.58 14.14 1.20 1.921 0.9597 7.06 1.60 116.41 0264 349
1024 2696 2195 3045 1824 1747 2828 6.65 2315 09621 1455 195 11679 0366  32.5
204.8 19.17 26.82 18.85 2132 21.54 21.10 21.19 2,539 09928 30.00 230 138.67 0435 32.5
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