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Experimental Study on Inner Pore Morphology of Coral Clastic Particles
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Abstract: Coral clast is a special material in geotechnical engineering, containing massive inner pores.
In order to thoroughly determine the inner pore morphology of coral clastic particles, scanning elec-
tron microscope (SEM) and mercury injection test (MIP) were used in this paper, and distributions
of surface and internal inner pore morphologies were characterized qualitatively and quantitatively, re-
spectively. The results reveal that two types of inner pores with different sizes, geometry morpholo-
gies and distributions formed by coral polyps and symbiotic microorganism growing process exist in
coral clast particles. Inner porosities of coral clast particles range from 9% to 25% , and the equivalent
pore diameters of coral polyps growing pores are between 10 and 100 um. In comparison, the symbiot-
ic microorganism growing pores present a low surface inner porosity, with major equivalent pore diam-
eters under 4 pm, and equiaxial and unequal axis pores have been the dominant portion.

Keywords: coral clasts; inner pore; scanning electron microscope; mercury injection test; image pro-

cessing
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Fig.8 Pore diameter curves of coral clastic particles

3 &

(1) g ¥ 82 EE %) S 38 0% Je 7 A 7 b o FL B < 3L
— Ry B A Y B R A5 A, LA RS R,
HE A 8 F5 B 5 T O A W 3 AR OB R D [
FL, EARER /N A3 43 0 TC I R

(2) 2B T3 A Wy 1l i FL R T L BRI, L B
HAAZN A pm LIRS 5l 50AR 55 5l LB 5 48 K
1197 8

(3) 3 38 o g 3 1) AR AL BE S 96 ~25 7%,

501



B3] H A= AT BB LB A5 AL FLAR S 10~200 pme.

S 3k

(1] Ef, RTolk, I, 2 S a i s AR ], ek

Bl k2 2017,32(3) :221-233.

Wang R, Yu K F, Wang Y H, et al. The diagenesis of
coral reefs[ J]. Advances in Earth Science, 2017,32(3):

221-233. (in Chinese)
(2] TERE, ROCHE IR A + TR M i PR R 5 AT 5

A5 35 R A 5T 30 4R [T, TR M BT A< 4, 2019, 27

(1):202-207.

Wang R, Wu W J. Exploration and research on engi-
neering geological properties of coral reefs-engaged in

coral reef research for 30 years[J]. Journal of Engineer-

ing Geology,2019,27(1) :202-207. (in Chinese)

(3] RIZRRC, TR 45 b9 B e Bl 4R (1] 5 £ 1

2%,1998,19(1):32-37.

Liu Ch Q, Wang R. Preliminary research on physical
and mechanical properties of calcareous sand [J]. Rock
and Soil Mechanics, 1998,19(1):32-37. (in Chinese)
(4] ERD, M0 2R 2 ut gt I ik ab 0RoRL J) 2247 9 5 UKL
Dewr kB F 5 [T]. %5 & TR 7 4l , 2018, 40(5) -

802-810.

Wang G, Ye Q G, Zha J J. Experimental study on me-
chanical behavior and particle crushing of coral sand-

gravel fill[ J]. Chinese Journal of Geotechnical Engineer-

ing,2018,40(5) :802-810. (in Chinese)

(6] T el R, XN, %5 A5 T IR 3L 3 )
MRS AR RN R [T]. &+ TR %), 2019, 41

(8):1408-1417.

Ding X M, Wu Q, Liu H L., et al. Shaking table tests
on dynamic response of coral sand foundation under

buildings[J]. Chinese Journal of Geotechnical Engineer-

ing,2019,41(8):1408-1417. (in Chinese)

(6] Hhae XUDUe, M4, 5% . AR R 85 B b Ik 44
Lo UKL A P 8 F S ). Bl el A T AR 2 4R

2018,38(6):1020-1025.

MaQF, LiuH L, Xiao Y, et al. Compression and par-
ticle breakage features of calcareous sand under high

stress[J]. Journal of Disaster Prevention and Mitigation

Engineering, 2018,38(6) : 1020-1025. (in Chinese)

[7] Peng Y, Ding X M, Xiao Y, et al. Detailed amount of
particle breakage in non-uniformly graded sands under

one-dimensional compression [J]. Canadian Geotechni-

cal Journal,2019,57(8):1-8.

502

[9]

[11]

[12]

[14]

[15]

[16]

XISEAL . 5T 4+ Jy 2 e K TR [D ] .
FE A2 B R OUs + 12 WF 98T, 1999 .

Liu Ch Q. The theory of calcareous soils mechanics and
its application in engineering [D]. Wuhan: Institute of
Rock and Soil Mechanics, Chinese Academy of Scienc-
es,1999. (in Chinese)

FE I, VERS AL AT B B e r SRR B 240 0L A
W] A )15 5 TR, 2001, 20034 1) :890-892.
Lyu H B, Wang R, Kong L. W. Preliminary mesoscopic
analysis on factors of breakage in calcareous soil [J] .
Chinese Journal of Rock Mechanics and Engineering,
2001,20(Sup 1) :890-892. (in Chinese)

WA 85 BT i LB A2 LD ] s v [ )2 B
DU £ 120 T T, 2015.

Chen H Y. Study of the inner pore in calcareous sand
[D]. Wuhan: Institute of Rock and Soil Mechanics,
Chinese Academy of Sciences,2015. (in Chinese)

KA BRI VE e PR, 55 S T A TR N AL BR 11 25 4
RS T[T, 4 3%, 2014,35(7) : 1831-1836..

Zhu Ch Q, Chen H'Y, Meng Q Sh, et al. Microscop-
ic characterization of intra-pore structures of calcareous
sands[J]. Rock and Soil Mechanics, 2014,35(7) : 1831~
1836. (in Chinese)

Vg, R, Wy 4E BT SEM IR I 4 5 42 %
FLBI AT [T] A TR AR, 2017,39(H 1) : 1°5.

Jiang M J, Wu D, Cao P, et al. Connected inner pore
analysis of calcareous sands using SEM [J]. Chinese
Journal of Geotechnical Engineering, 2017, 39(Sup 1) :
1-5. (in Chinese)

Liu H,Yang C H,Pan N, et al. Denoising 3D MR imag-
es by the enhanced non-local means filter for rician noise
[J]. Magnetic Resonance Imaging, 2012,28(10) : 1485-
1495.

Manjon J, Carbonell C J, Lull J, et al. MRI denoising
using non-local means[J]. Medical Image Analysis,
2008,12(4):514-523.

JEI Bl PR, BB EE AR 0 D ABURL PN L B 4 R AR
(V] KHRZ =M (A RB 5 TR AR, 2019,52
(¥ 1):41-48.

Zhou B, Ku Q, Lyu K Zh, et al. Three-dimensional
characterization of inner pores in calcareous sand parti-
cles [J]. Journal of Tianjin University (Science and
Technology),2019,52(Sup 1) :41-48. (in Chinese)
Smith D M, Gallegos D P, Stermer D L. Mercury po-
rosimetry in random sphere packings:breakthrough pres-

sure and pore structure determination[ J]. Powder Tech-



[17]

[18]

[22]

[23]

nology,1987,53:11-22.

Dong H, Gao P, Ye G. Characterization and compari~
son of capillary pore structures of digital cement pastes
[J]. Materials and Structures,2017,50(2) :154-166.
WE T RE T MIP AT CT 56 19 55 )5 0 FL B 4 A
FRAE BT FE [J). K FI5 TR 22 4R, 2019, 17(3) -
55-59.

Cao P, Ding Zh J. Pore distribution of calcareous sand
by MIP and CT scan methods[J]. Journal of Water Re-
sources and Architectural Engineering, 2019, 17(3) : 55-
59. (in Chinese)

HEE, REAR A A M AR m S HE R
#,2007.

Tong J N, Yin H F. Paleontology[ M ]. Beijing: Higher
Education Press, 2007. (in Chinese)

Bourne D, Morrow K, Webster N. Insights into the cor-
al microbiome : underpinning the health and resilience of
reef ecosystems [J]. Annual Review of Microbiology,
2016,70:317-340.

Gutner-Hoch E, Fine M. Genotypic diversity and distri-
bution of Ostreobiumquekettii within scleractinian corals
[J]. Coral Reefs,2011,30:643-650.

X TE L TR EE BRI K R T I S U TR A A = ke
[T, B V24 42, 2019, 38(6) : 74-79.

Zhao K, Zhang T, Chen T R. Micro-bioerosion in
porites corals in the northern South China Sea[J]. Jour-
nal of Tropical Oceanography, 2019, 38(6) : 74-79. (in
Chinese)

K 4, Wk S5 A, BT, S LT A 0 R T A
WGE R 5 A R A B [T 1. P o 1 241, 2017, 36(1)
56-64.

Geng T N, Yao X M, Zhang Y, et al. Skeletal micro-
structure observations and calcification process analysis

of two species of Montipora [J]. Journal of Tropical

[24]

[25]

[26]

[27]

[28]

Oceanography,2017,36(1) : 56-64. (in Chinese)
TRHEZE T 0, MR, SF AN R I B O e SR
3 3 A R B 2 PR (T BUE B2 R, 2018, 45
(9):1916-1921.

XullJ, XieZQ, Xiao Y L, et al. Diversity of symbio-
dinium associated with favia favus at different life stages
[J]. Microbiology China, 2018, 45(9) : 1916-1921. (in
Chinese)

Zubia M, Peyrot-Clausade M. Internal bioerosion of
Acropora formosa in Réunion (Indian Ocean) : micro-
borer and macroborer activities[ J]. Oceanologica Acta,
2001,24:251-262.

ke e, P 0 . g T I PR U I R A5 4 B SEM 23
T X S A 1 s o At A B S LT ) 0 v L 5 45 45 Y 2 3
fit,2008,28(3):1-8.

Xie L H, Wei G J. SEM studies on the microstructure
of porites coral from the northern South China Sea: im-
plications for paleoclimate record reconstruction[J]. Ma-
rine Geology &. Quaternary Geology, 2008, 28(3) : 1-8.
(in Chinese)

AR B KT . R A AR TR T 3 R S R B
H I [T ], s g 2 412, 2013, 32(2) : 102-111.
Ye Ch, Huang H, Zhang Ch L. Skeletal architecture
and microstructure of calcifying coral pocillopora dami-
cornis [J]. Journal of Tropical Oceanography, 2013, 32
(2):102-111. (in Chinese)

RAFE , RPHS R B HLHRRG P L AL B 1 1 SO BT 52
(T]. 5 9 FERBL R, 1994,5(3) :37-47.

Zhu Ch R, Sokolov B H. Microscopical study of porosi-
ty of Chengdu clay[J]. Geological Hazards and Environ-
ment Preservation, 1994,5(3):37-47. (in Chinese)

503



