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Characterization of particle breakage with grading entropy on shell sand

TIAN Hai', KONG Ling-wei', ZHAO Chong®

(1. State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of

Sciences, Wuhan 430071, China; 2. Tianjin Municipal Engineering Design & Research Institute, Tianjin 300051, China)
Abstract: Laboratory triaxial shear tests on shell sand taken from Meizhou Bay of Putian, Fujian are presented under different
confining pressures, relative densities and sample sizes. A grading entropy model is proposed to measure the particle breakage
degree after triaxial compression based on the statistical entropy concept with dataset of particle size distributions. This
methodology is also compared with Hardin particle breakage model. It is shown that the quantity of particle breakage of shell
sand is affected by the confining pressure, relative density and the sample size. With the increase of the confining pressure and
sample size, the quantity of particle breakage of shell sand increases under the same experimental conditions. When the relative
density is low, the quantity of particle breakage tends to increase. While the relative density reaches a higher value, the particle
breakage is weakened. The particle size distributions of shell sand before and after triaxial compression can be characterized by
the grading entropy parameters, in which the relative base entropy parameter (NB) reflects the degree of particle breakage. The
higher degree of particle breakage, the lower value of NB. There is a significant linear relationship between NB and Hardin's
index. The behavior of particle crushing of shell sand can be greatly described by the grading entropy parameters, which may be
a useful index for the quantitative analysis of the particle breakage of geotechnical materials.
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Table 1 Triaxial compression test programs of shell sand

/(mm>mm) D, /kPa
39.1x80 025 0.50 0.75 50 100 200
50.0x100 025 0.50 0.75 50 100 200
61.8x120 0.25 0.50 0.75 50 100 200
101.0x200 0.25 0.50 0.75 50 100 200

4 0.25 0.5 mm
9.7% 3 mm
44% 0.5 1mm 4.9%
0.75

125
—a— D,;=0.25

—e— D,=0.50
el ‘_\4\’\,\<1),=0.75

1.05+

® L\’\’\‘\‘\‘
095
0851 "'\-\.\'\.

0.75 | J
1 2 3
Ig (P /kPa)

4 e—lgp
Fig. 4 e—lgp curves of shell sand under uniaxial compression
5
100 kPa

100 kPa

0.14
o D;=0.25
o D;=0.50
0.10 |- o D,=0.75

0.12

0.08

B,

0.04

0.02 - \
0 | 1 1 1 |

0.46 0.48 0.50 0.52 0.54 0.56
NB

(a) @=39.1 mm

0.16 —

0.14 0 D;=0.25

o D;=0.50
o D,=0.75

0.12
0.10 |-
= 0.08 |-
0.06

0.04
0.02 -

0 | | | 1
0.44 0.46 0.48 0.50 0.52 0.54 0.5
NB

(b) =50 mm

0.18

0.16 -
0.14

o D;=0.25
o Dy=0.50
012 o D.=0.75
0.10 |-
0.08

0.06
0.04

0.02

0 ! ! ! ! !
0.44 0.46 0.48 0.50 0.52 0.54 0.56

NB
(¢) @=61.8mm
0.24

o D,=0.25
o D;=0.50
o D;=0.75

0.20 -
0.16 |-
& 012 -
0.08 |-

0.04 -

0 1 | | | | | |
0.42 0.44 0.46 0.48 0.50 0.52 0.54 0.56

NB
(d) =101 mm
5 NB  Hardin

B,
Fig. 5 Relationship between relative base entropy and Hardin's

breakage index of shell sand



1156 2014
B, 0.074 mm
BP
B, B, B, B
BP
3.1 Hardin
Hardin!”’
2
2
2
Table 2 Particle size distribution results of shell sand before and after triaxial tests
1%
10~ I~ 05~0 025~
(mmxmm) /kPa O an n31 fnfl r2n~nll 0.5 25 0.075 <?I'l(r)135 B, NB NI
mm mm mm mm
0 73 213 139 97 232 162 78 06 0 0.55207  1.30748
50 57 179 100 104 263 247 30 20 0.05404  0.51843  1.26060
39.1x80 100 54 187 107 112 241  26.0 28 1.1 0.04125  0.52433  1.24769
200 46 173 9.3 82 271 285 30 20 0.08498  0.49937  1.22534
50 62 17.1 103 111 255 263 26 09 0.04441  0.52351  1.24156
50x100 100 47 158 115 97 252 272 38 2.1 0.08204  0.50076  1.26071
200 56 156 113 93 249 189 134 1.0 0.10485  0.49872  1.31470
0.25 50 50 186 100 94 275 263 22 1.0 0.04921  0.51913  1.21515
611;3; 100 58 149 110 94 267 192 126 04 0.09972  0.50139  1.29488
200 48 125 55 92 258 336 38 48 0.16748  0.45693  1.22852
50 56 177 110 97 266 168 119 07 0.07576  0.51438 130223
101x200 100 43 136 7.9 77 251 352 39 23 0.14219 046771  1.20189
200 38 109 7.7 77 244 369 54 32 0.18422  0.44510  1.20756
50 59 195 108 115 253 233 25 12 0.02329  0.53512  1.25387
39.1x80 100 59 199 105 107 234  23.0 37 29 0.04433  0.52444  1.29502
200 44 155 97 104 269 2738 42 11 0.08844  0.49884  1.23490
50 56 164 105 106 264 268 26 1.1 0.05691  0.51569  1.23595
50x100 100 6.6 189 96 112 243 236 3.1 27 0.04375  0.52573  1.28641
0.50 200 43 136 95 117 277 270 41 21 0.10409  0.49089  1.25055
50 43 152 103 122 286  25.0 29 15 0.07248  0.50733  1.23680
611;?; 100 40 160 99 115 279 254 36 1.7 0.08037  0.50319  1.24384
200 33 127 9.1 104 262 311 51 2.1 0.13912 047036 123163
50 23 117 96 86 277 240 154 07 0.18768 045173  1.24514
101x200 100 29 122 9.4 86 264 235 161 09 0.18504  0.45451  1.26335
200 27 114 8.8 77 250 222 207 15 022539 043623  1.26694
50 55 180 105 105 261 250 32 12 0.04804  0.52128  1.25011
39.1x80 100 5.0 183 102 111 263 254 25 12 0.04705  0.52111  1.23638
200 3.6 140 8.8 85 274 310 39 28 0.13308  0.47267  1.22299
50 39 137 93 104 268 309 36 14 0.11205  0.48452  1.21437
50x100 100 43 168 101 103 256 271 38 20 0.08294 050117  1.25285
0.75 200 32 123 86 98 261 333 44 23 0.14912  0.46389  1.21238
61.8x 50 52 148 97 101 259 283 40 2.0 0.09421  0.49603  1.25470
150 100 37 132 8.8 9.5 257 315 49 27 0.14101  0.46935  1.23851
200 26 103 9.1 96 271 353 48 12 0.16306  0.45516  1.17412
50 3.1 123 109 102 268 327 34 06 0.11743  0.47897  1.18218
101x200 100 43 107 9.3 94 265  33.8 46 14 0.14279  0.46788  1.20549
200 40 112 8.3 87 257 343 47 3.1 0.16408  0.45632  1.22146
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Table 3 Fitting parameters of curves between NB and B, c+k-(p/p,)
B.=aNB+b NBy Da
R k ¢
d/mm D, a b 4
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39.1 0.50 -1.6827  0.9268 0.9964
4 NBO—NB  p/p,
0.75 -1.6876  0.9292 0.9980
Table 4 Fitting parameters of curves between NBO-NB and p/p,
0.25 -1.8132  0.9984 0.9660
50 0.50 -1.6900 09319 0.9970 D /mm k ¢ R
0.75 -1.6836 0.9285 0.9994 39.1 14.99 11.15 0.88
0.25 -1.7956 0.9902 0.9883 0.25 50.0 13.55 8.49 0.97
61.8 0.50 -1.6974 0.9357 0.9989 . 61.8 2.67 15.64 0.99
0.75 -1.6906 0.9333 0.9999 101.0 4.88 8.33 0.98
0.25 -1.6791 0.9314 0.9949 39.1 3.33 30.73 0.99
101 0.50 -1.9152 1.0566 0.9989 0.50 50.0 10.11 14.82 0.83
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