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Study on particle structure and crushing behaviors of coral sand
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Abstract: The physical and mechanical properties of coral sand particles determine the macro mechanical behaviors of coral sand,
which is closely related to several geotechnical engineering problems, especially those related to particle breakage. The apparent and
internal structure characteristics of coral sand particles were studied by SEM and X-CT tests. It was found that the coral sand particles
were porous. The porosity of coral sand particles with biological skeleton components was as high as 41%, while the porosity of coral
sand particles formed by weathering and depositing was less than 20%. Most of the pores on the surface of the particles can be
connected with the interior so that the gas can flow through the particles. The failure type of coral sand particles was closely related to
the porosity. The coral sand particles with low porosity were broken into fragmentations step by step, similar to silica sand particles.
The coral sand particles with high porosity were gradually compressed with the failure of skeleton. The failure of the skeleton was
accompanied by the formation of fine detritus which did not detach from the skeleton until the particles were compressed into powder.
The elastic modulus, yielding strength and crushing strength of circular, branched and flaky coral sand particles were determined by
compression tests and statistical analysis. The correlations between particle strength and particle size was clarified, which provided
parameter basis for studying the mechanical properties of coral sand. Furthermore, the stress-strain curves of yielding and crushing
were exponentially distributed, which laid a foundation for further exploration of particle crushing characteristics in the future.
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Fig.1 Superficial characteristics of coral sand particles



354 = +

Foo 2021 4

T IRZE MRS TR AR, SR =
Yk X BHL B MRS RS X-CT LR A, xF 3
BIRD = 4 B REATIE AL, SR U5 62 =)
JUREAR, AIERTAEER N & o PR mig, e
RN 0.5 wm, FrAEEIUE N 16 L1 KFE, 1024
BFE=1024 B F. ETZRUMARS, X4 DNECRI
HIRPRER (RS 1P~4") BTV 4, 4 MR
iR R R Z 50N 4200 4.68. 6.85. 6.78 um, %
AMRFEUS B B E LR Z0 1 000 Sk IEME, Wil 2 B
No RIS FLIR Z Sk AR H R, FLE#TI AR
BRI, BAREKFEEMILE. L
TR R P A7 AR R I S, 2SI AR AT
FLEAR 2, X R RGADE B IREIEA .

(d) FE 47
2 MBS X-CT H#ET A

Fig.2 Scanning section of coral sand particles by X-CT
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Table 1 Summary of the specific gravity of coral sand
and silica sands

FURLALE IS 1 RS 2 i
/ mm

0.15~0.30 2.822 2.790 2.671

0.30~0.60 2.812 2.786 2.668
0.60~1.18 2.811 2.807 2.664
1.18~2.36 2.810 2.811 2662

2.36~4.74 2.822 2.807 2.664
4.75~9.50 — 2.825 —
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Fig.4 Results of XRD measurements on particles
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Table 2 Summary of mineralogy compositions

for coral sand

itz EVISCH BEDTRA VEE HAth

/ mm / % /% / % /%
>2.000 55.52 24.57 17.86 2.05
1.450~2.000 53.35 9.26 19.47 17.95
1.000~1.450 57.12 13.23 16.26 13.39
0.710~1.000 59.14 11.32 14.95 14.59
0.500~0.710 66.63 21.59 5.72 6.06
0.355~0.500 63.91 19.22 14.29 2.57
0.250~0.355 67.69 22.79 6.38 3.14
0.160~0.250 68.26 20.39 5.28 6.08
0.075~0.160 68.70 21.14 3.84 6.32
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Fig.S Particle morphology of coral sand and silica sands
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Fig.6 Compression curves of sand particles
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Fig.8 Variation of yielding strength and crushing strength with particle size of coral sand and silica sand
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Fig.9 Distributions of the stress-strain curves of yielding and crushing of coral sand and silica sand
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