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Characterization of particle breakage with grading entropy on shell sand
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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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Fig. 1 Statistical entropy function for two statistical cells
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Fig. 2 Typical particle shape of shell sand
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Fig. 3 Particle size distribution of shell sand
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Table 1 Triaxial compression test programs of shell sand

AR FER) 2 5 E2)EN
/(mmxmm) D, /kPa
39.1x80 0.25, 0.50, 0.75 50, 100, 200
50.0x100 0.25, 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
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Table 2 Particle size distribution results of shell sand before and after triaxial tests

- TR | TURL B /% R L A
/(mmxmm) /kPa mm mm mm : : : mm r
mm mm mm mm

¥ oAl 0 73 213 139 9.7 232 162 78 0.6 0 0.55207  1.30748
50 57 179 100 104 263 247 3.0 20  0.05404  0.51843  1.26060
39.1x80 100 54 187 107 112 241 260 2.8 1.1 0.04125  0.52433  1.24769
200 46 173 93 82 271 285 3.0 20  0.08498  0.49937  1.22534
50 62 17.1 103 111 255 263 26 0.9 004441 052351 1.24156
50x100 100 4.7 158 115 97 252 272 38 21 0.08204  0.50076  1.26071
200 56 156 11.3 93 249 189 134 1.0  0.10485  0.49872 131470
0.25 50 50 186 100 94 275 263 22 1.0 004921 051913  1.21515
611;(5; 100 58 149 11.0 94 267 192 126 04  0.09972  0.50139  1.29488
200 48 125 5.5 92 258 336 38 48  0.16748  0.45693  1.22852
50 56 177 11.0 97 266 168 119 07  0.07576  0.51438  1.30223
101x200 100 43 13.6 7.9 77 251 352 39 23 0.14219  0.46771  1.20189
200 3.8 109 7.7 77 244 369 54 32 018422 044510 1.20756
50 59 195 108 115 253 233 25 12 002329 053512 1.25387
39.1x80 100 5.9 199 105 107 234  23.0 37 29  0.04433  0.52444  1.29502
200 44 155 97 104 269 2738 42 1.1 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 052573 1.28641
0.50 200 43 136 95 1.7 277 270 41 21 0.10409  0.49089  1.25055
50 43 152 103 122 286 250 29 15 0.07248  0.50733  1.23680
611;(5; 100 40 160 99 115 279 254 3.6 1.7 0.08037  0.50319 1.24384
200 33 127 9.1 104 262 3I.1 51 21 0.13912  0.47036  1.23163
50 23 117 96 86 277 240 154 0.7  0.18768  0.45173  1.24514
101x200 100 2.9 122 94 86 264 235 161 09  0.18504 045451 1.26335
200 27 114 8.8 77 250 222 207 15 022539  0.43623  1.26694
50 55 180 105 105 261 250 32 12 0.04804 052128 1.25011
39.1x80 100 5.0 183 102 111 263 254 25 12  0.04705 052111 123638
200 3.6 140 8.8 85 274 310 39 28 013308 047267 1.22299
50 39 137 93 104 268 309 36 14 011205 048452  1.21437
50x100 100 43 168 101 103 256  27.1 38 2.0 0.08294  0.50117  1.25285
0.75 200 32 123 86 9.8 261 333 44 23 0.14912  0.46389  1.21238
61.8x 50 52 148 97 101 259 283 40 20 009421  0.49603  1.25470
150 100 3.7 132 88 95 257 315 49 27 014101  0.46935 1.23851
200 26 103 9.1 96 271 353 48 12 016306 045516 1.17412
50 3.1 123 109 102 268 327 34 06 011743 047897 1.18218
101x200 100 43 107 93 94 265 338 46 14 014279 046788  1.20549
200 40 112 8.3 87 257 343 47 3.1 0.16408  0.45632  1.22146







9% 6 B, A TR ERIRL ) U Fe W ORI R YA 1157

RN 2 ) NB 5 B BT 0, —HZ
MAEAE WA LR PE DGR, NB A BE ORI A% 1 11 1
Ky, SRWE 5, £ 3 P,

& 3NB 5 B WIS R REXRE
Table 3 Fitting parameters of curves between NB and B,

25 B.,=aNB+b

X R AR, ASCHRE S R AL I
TP IR BURLRRERL BE RS TR 5 NB 5 Bl p Z [AAFAEH
LA RHEE S

NB, -NB=—2'P) gy
c+k-(p/p,)

A, NBo J AR N DUFEHPAS FERIARS . pa bRt

iﬂgﬁ* *Hﬂjfﬁ b Wféw KAUE, B LRI, & ¢ N SHRS
0.2r5 -1.6138  0.8900  0.9976 B WA 40 TSRS, SRR Ay
39.1 0.50 -1.6827  0.9268  0.9964 O HARIATAE AL, LRI 6 Froms.
0.75 ~1.6876  0.9292  0.9980 7 4 NBO - NB 5 plp, RO & RARARXH
0.25 18132 09984 0.9660 Table 4 Fitting parameters of curves between NBO-NB and p/p,
50 0.50 -1.6900  0.9319  0.9970 RIATEI RS k w%?ﬁ
D, &/mm 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 025 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 050 50.0 10.11 14.82 0.83
0.75 -1.6943  0.9343  0.9975 61.8 8.17 9.02 0.96
EURIAH R R B, LU, ORI A AE NS A0 101.0 8.59 0.84 0.99
NB JRu] LA i D1 Se b MORI R (AR RE, e R il 39.1 0.21 24.91 0.94
T R FSE A AR DL, A BRI T — AN i 0.75 300 at 282 087
WAk 61.8 7.82 4.66 0.99
RN, R 2 R AL T A fr i B 1019 0 26 O
R FREOIAT X L AT, I 012 - 5101 mm
(1) W5 2~10 mm A FLEORL 5545 J /b 1 ow_jjjﬁf *
0.075~0.50 mm Z [AIAIRURL 2 HHE N, 0.50~1 mm 2 200 | ° 0™ x
) PRV RIORE AR AT TR I o AF0) 25 FE — g I, ROk Al e L
B FRL KT, AT NB {1 =0T : s
(2) MRS R, BEEIAREE R @ el x -
IR, ORI R LR 35K, NB {HIZh . X2 0.02 -
i T DL (B IKVE I BEAE @ (34 nim Bk, S350 ' Ty

FERPRORLRIIR . B3l R RS (0] 2 B —E R, f
LR AAAOR ] F)#2 i LA LA S N T 3K

(3) DUSEARE A ) 85 2 FURE R (14 5 Wik
k. BR L, FEADO S AL TRV, Ok
Pt AFDRT 3 BE RIS i oK. AR LR
B 0.75) I, i TN RE R, SCVEBURL A A
RO 2 TRV, N B A I AU 0L ] £ 3 3l
W, ORLABARE R JEE B ol R R 3
3.2 NEMSHSEE. WHERTERIXER

st 5% 0 S U 475 I JEAT 10 B D) I 41K 560 S
T BRI A B s ) p (IR R HHEE B - p 2

1 1 I I I 1
0 02 04 06 08 10 12 14 16 18 20

PIp,
(a) D;=0.25
0.12
x
0.10 - x x
£ 008 [ 3
L
g 0.06 <
5 o
0.04
x =101 mm
o0 $=61.8 mm
0.02 ¢ @=50 mm
0 ¢=39.1 mm
| 1 | 1 1 | | | |

|
0 02 04 06 08 10 12 14 16 18 20
p/pa
(b) ;=050



1158 =T S D R O 2014 4F
012 — 0.54
x @=101 mm o p=50kPa
010 - 0 @=61.8 mm 052 © & p=100 kPa
) ¢ @ =50 mm o P =200 kPa
© ®=39.1 mm © 050 |-
£ 008
! o
s 048 |
£ 006 - Z a
<
¢ o46f T —— T~
004 | o
o o 0.44 -
0.02 |
0.42 1 1 1 1 J
! L L L 35 50 65 80 95 110
0 02 04 06 08 10 12 14 16 18 20 @ /mm
Pl P, (c¢) D;=0.75
(¢) D=0.75

6 UL AR R AR X B A4S NB S5iRIG Bl E p BIX R
Fig. 6 Relationship between relative base entropy and pressure of

shell sand

Lade 25145 1, 7 — R0 70 AR50 1 80y
T £ A T T I K L PR 2 A g, X ORI e
U3 M2 5 JiE B IX AR PR i Ze i), SLER B SR
B, BANBURICR BB ARk, A L8 2 K
R Al i K, AT A I ) /N T g, R
BB AN RS

FR 2 WP RO DL S i ROk A R
TFRBCR A, I BERTR NB L5l R
D ZIAMFAELNEIR AR, A A 2 AR (75 0
N, ARG NB B @ {HLANEEEL W 7 Bk

054 —

<
e >—eo—
050 |- @

2048

0.46

o0 p=50kPa O
044 © P=100kPa

o =200 kPa
042 1 1 1 1 1
35 50 65 80 95 110
@ /mm
(a) ;=025
0.54

0.52 -
0.50 -

2048 -

046 |- © P =50 kPa
< p=100 kPa
044 5 p=200 kPa
042 1 1 1 1 ]
35 50 65 80 95 110
@ /mm
(b) ;=050

7 FURLAE REAR X AN NB S ER T 0 BIXFR
Fig. 7 Relationship between relative base entropy and sample size

of shell sand

4 % i

(1) DUSEHORIORL AR N AR, Ry WA k5
BYUIVEF T FE s o A 8 5 S RS 0] R (1 AR
AT R

(2) =Bl HE KB DR 115 B0 Bdis o Ak W :
BEEIRFE ELARIE R, DLSERD IR RO AR R 5 I 2 388K
YRH X B I, SR AR B I ) KT K
Wi S5 AT 228 FEE (RO N, /0N (R Ko 380 5 DX i) R ik e
HHER G, Bl AR 2 R BB (e, ORI
FEPEDHTS o

(3) UL FEHD FFORL AR 4 I (RPREAZ 20 A BE B I
SR AR, He A RO LRI 2 5 S i T R Al
PR, BRI SR, AN FERIRS (B /N s AH KT
FEAlif NB 5 Hardin B A7 A0 WA 2P R ¢
E

() HFRRIEAAE T s DUSEHD RO A AR T S Al
FIFR 0 NB 5 =l [ s 1 96 28 T LA A 2 2
ik, i HSEEA R EXRR,

SE K-

(11 5K 5. w8 I seb e U et g R I 0], 7KIE TR,
2010(4): 46 - 50. (ZHANG Yong. Application of sand with
high shell content in land formation[J]. Port & Waterway
Engineering, 2010(4): 46 - 50. (in Chinese))

[2] MARSAL R J. Mechanical properties of rockfill[M]. New
York: Wiley (John) and Sons, Incorporated, 1973: 109 - 200.

[3] LEE K L, FARHOOMAND 1. Compressibility and crushing
of granular soil in anisotropic triaxial compression[J].
Canadian Geotechnical Journal, 1967, 4(1): 68 - 86.

[4] NORIHI O M, SUKEO O H. Particle-crushing of a
decomposed granite soil under shear stresses[J]. Soils and
Foundations, 1979, 19(3): 1 - 14.

[5] HARDIN B O. Crushing of soil particles[J]. Journal of



6 M

Mo, S5 ST RIS

(¥ DL Fe P ORI R P A 1159

Geotechnical Engineering, 1985, 111(10): 1177 - 1192.

(6] sk, #t A, HOCTE. RIS N A7 Semb ik Uk A
TR O FEHR[D). A L TREAR, 2008, 30(6): 783
- 789. (ZHANG Ji-ru, ZHU Jie, HUANG Wen-jing.
Crushing and fractal behaviors of quartz sand-gravel particles
under confined compression[J]. Chinese Journal of
Geotechnical Engineering, 2008, 30(6): 783 - 789. (in
Chinese))

(71 & b, AL, £ OB DS B ) A B S T].
TRDCHE TR 24223, 2012, 34(2): 75 - 79. (ZHAO Chong,
KONG Ling-wei, WANG Min. Study on physical and
mechanical properties of sand with shell[J]. Journal of Wuhan
University of Technology, 2012, 34(2): 75 - 79. (in Chinese))

[8] CLAUSIUS R. On the second fundamental theorem of the
mechanical theory of heat[J]. Philosophical Magazine and

Journal of Science, 1867, 35(239): 405 - 419.

[91 SHANNON C E, WEAVER W. A mathematical theory of
communication [J]. The Bell System Technical Journal, 1948,
27:379 - 423, 623 - 656.

[10] JAYNES E T. Information theory and statistical mechanics
[J]. Physical Review, 1957, 106(4): 620 - 629.

[11] LORINCZ J. Grading entropy of soils [D]. Budapest:
University of Budapest, 1986.

[12] RENYI A. On measures of entropy and information[C]//
Proceedings of the Fourth Berkeley Symposium on
Mathematical Statistics and Probability, Berkeley: University
of California Press, 1961: 547 - 561.

[13] LORINCZ J, KARPATI L, TRANG P, et al. Some comments
on the grading entropy variation and crushing of various
sands[C]// Proceedings of the 15th European Conference on
Soil Mechanics and Geotechnical Engineering-Geotechnics of

Hard Soils-Weak Rocks. Athens: IOS Press, 2011: 215 - 222.

(BXIRFHkR) EITRE

CH TR QT 1979 £, 2REAFR. A,
D15 BT KL IRENESNAEE P S G E I EARNE
BEEOWT . B sOKRIRRARE e T, BASATFRIT. &
BEPE L J05E A EuEh ReAR A SE BB IR RS K
SPIMRFERE UM AR B S . EH B FHAR #iiX
A AR TORR ] o R E 5 E SRR A T H B oAt
TR H RS R o) A TR, A8 AN B AT S B 45 (1 AE
FE, IO IR SR . R B R YERE SRIR
WL R0 TRk, SRiRkE. IR AR,

AT (RSO LIITIE H B SR A %L
T, IFEEFERZOIITI RO, T R8s A TR b EFR
BRI OR ERHEAZOITD & “rhEBHGESC
551 OB PR e AT AR © b BERFE S SO
FE” s AT AR EEIR 7 Aok & E A T 2R
GV BRI W ATIHE “ TFEZS5] Ei Compendex #i(#f

JE” 1 HARRE RSN U E e TST” 48515 b i i
o ATIMEE (www.cgejournal.com) 43K ATATI T T
SCEE

AT SR R EARBH . KRS WSk 7R
G TREHL TS N TR B A T RN 5
WA T BB SRR L A4

ATIAT A4 FF, XUREHERR, 192 58, 45 H P R,
[EEN 25 76, 44 300 JC.

A [ B ARE TS ISSN 1000 - 4548, [8 45 —F 5 CN 32
- 1124/TU, ERRATRT 28 - 62, HINRITAS MO 0520.
A KA AR A [ S HE = 1T, ] FE i e CRS)
WCHB SR o Sl 1) Mtk R RO OC 34 5 (i R LREERD
YR MBgw: 210024; BEFRHLLE: 025-85829534, 85829543,
85829553, 85829556; 11+ 025-85829555; E-mail: ge@nhri.cn.

CRFI GRS



