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Advances in study of engineering geological characteristics of coral reef limestone
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Abstract: The research on engineering geological characteristics of coral reef limestone has become a significant and urgent need in the region
of “One Belt and One Road” and the “maritime silk road”. By comparing the physical and mechanical characteristics of coral reef limestone
from the South China Sea, the Red Sea, the Caribbean Sea, Southeast Asia, the Indian Ocean and the Gulf of Aden, the characteristics and
properties of marine biogenetic coral reef limestone are studied in this paper. It is found that Compared with normal carbonate rocks, such as
dolomite and limestone, the coral reef limestone is characterized by large discreteness. Its porosity is larger and intensity lower, due to its
complicated texture. As the results, the engineering and mechanic properties of the coral reef limestone is obviously controlled by the texture of
the rock, we called it the “texture effect” in this paper. In vertical sequence, coral-reef always shows alternation of hard and soft beds due to
differentiation of pore development, as the results of “alternating evolution of diagenesis”.

Key words: coral reef limestone; engineering geology; complex structure; loose and porous; alternation of hard and soft beds
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Table 1 Permeability coefficient measured by pumping test!'"'*!
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Table 2 Softening coefficient of uniaxial compression test!" 2!
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Table 3 Tensile strength of Brazil split test!
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Table 4 Shear strength index converted from uniaxial test(*2"
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Table 7 Stratigraphic division of a coral reef®®”!
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126.5~147.8 15.13 wig= 21.3
147.8~176.3 31.44 IR = 28.5
176.3~200.0 7.41 W52 23.7
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Table 8 Bearing capacity of coral reef limestone foundation in

Sudan region*
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o AL E At A 3.41~9.71 500~1 400

x99 B XA th B R L

Table 9 Bearing capacity of coral reef limestone foundation in

Bahamas areal'”

I st 2 AR I RAE A kPa
AR S AR 170
TR AT A )2 700
MRS A B 1600

R 10 DRAKHXE R E &S X
Table 10 Comparison of foundation bearing capacity before

andafter grouting in Maldives region™™

RAERAS ] EEBE F3/kN Uit BEL /KN IR BR A JI/KN
JEZR T 63 023 4216 67239
R G 63 735 6504 70 239

25 3, M) FH AR R B A T T g R R 2R 0T 4 28
JE I DX IR A e M R R 3 T, Ak 8 s
J 5 U2 R A I DA A M 2 ) 2 L3l R A A
W b il DI AR K e R 3T, Ik 9 By
MR 2 T—9 ENLHB I UE T IR AR A P L B R
[CREWERSE - R IS K R RS NS 24 & 2 SR U B
IR TSR RIE T R RS ROR
7 U380 A M JZ Ak R TR PR R, A 10 s
TAE R R W, IR m 04 33l I )2 B g SR
PREFAAZ, S BE ) AR BROR BN A T B #5271

5 ZhigHREYE

(1) FE g £00 . s L . ZARBg . B
T LA B TV b DX S B A 2 T b, 5 R A 0
BELXT LU A3 AT, B0 B0 K 2 2 300 s 65 B b 19
B 25 SRR B B OR YA 5 o LR IR 3 R v
AT G5 RN | B A FH 2 B 58 5 e A A
I DA R AR AR FH SO 38 LAY o

(2)TE I, m U S5V LA, DA S
HIRARK LU R AR 5 7 U 25 DA A 31 0% 1 L BR
R UM f R, (R 9Dk 1 AR A X R /s SE AL
BN F, ViV 5 HRA R LB AH T, BD 2 7
AR /DN T R R AR AR RN R N BIR
R 5% b [X > B %% BT 1]l [X > Vb b X5 78 Bl R
S RE 5T, R VR 43 A R B T AR O A T, A
V3349 I 300 A O 5 B BY R S bR R AR RN G
F R BRI I A e > W R A K A > A
PRIV R 5 e b 3 7R AR T, D A R it
2 > U IR KA 7 > I E AP R )2, X
AR IS B A > i XA B A o > 4 XU Ak R
TEICE

() H5AMKE . =2 SRR A AR L, I i
JRAE A YT 25 R B B R R, R LB R
A TR, 5 A BT R /DN, 33X 55 ) A D AR AR
BRIRAN 2 AL . G5 K 4 DA RCIE 24 5 1 A [ A R i A
/R

(4 ) R85 8 A% P9 350 8 B o s I 5 ) A 22 58
BRI, 3O 2 B A KA AL R B RN —
SR 85 R AN — L % 45 R ) 3 T P T R AR 2 WA
B P, B o A L P R R I B A
Xof S RO A R A 1 2 0 G, DA Ay b By TR
ML 22 A ] HE TR TR

(5) 35 IR B0 it 4 4 00 22 38 IKUIR S5 1 Bl ) 1
JH 0 Ve P i D s ) 5 2, DR, E— 2B T R S
Tl R 25 Bl 2 R R =l 0 g 7 2 e A T 4
5 SO I REE AR A 0“2 A P ) R B B R S

£ & 3k (References)

(1] oo, Bxgee. S B Tt B 25— B R SRt 00, K S0
Ji T AEHL T, 1998 (1) 1-4. [SUN Zongxun, ZHAO Huanting. Coral
reef engineering geology advancing of a new discipline [J].
Hydrogeology and Engineering Geology, 1998 (1): 1-4.]

(2] EEsak, $HEE, MR B IM] SO ARRHE AR,
2016. [LIAO Baolin, HU Fei, XIAO Baohua. Return to Coral



48

T M S5 5 1 20 M S

2020 4F 2 H

(3]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Reefs[M]. Guangzhou: Guangdong Science and Technology Press,
2016.]

- TR v, R B AR, SEAN RO aE (M. 3k LI, ¥ b i
Bl HEOR SCHER AL, 2011, [Walker P, Wood E. The Coral
Reef[M]. ZHANG Fanshan, trans. Shanghai: Shanghai Science and
Technology Literature Publishing House, 2011.]

e, R ESIEIEEATE (I]. AR R S KR, 1998,
20(4): 98-105. [ZHAO Huanting. Research of coral reef in modern
China [J]. World Sci-tech R & D, 1998, 20 (4) : 98-105.]

RGE, ER, RIS, rE eI RS R 5 1], R,
2014,36(9): 112-120. [ZHAO Huanting, WANG Lirong, SONG
Chaojing. Geomorphological model of coral reefs in the South China
Sea [J]. Acta Oceanologica Sinica, 2014, 36 (9) : 112-120.]

RGRE, ERRSR.  FE i SR A LS il e (0], A,
2017, 37(5): 681-693. [ZHAO Huanting, WANG Lirong.
Construction of artificial islands on coral reef in the South China Sea
Islands [J]. Tropical Geography, 2017, 37 (5) : 681-693.]
FEE. X R M. dest VAR,
[WANG Guozhong. Sedimentology of Coral Reefs in the South China
Sea[M]. Beijing: Ocean Press, 2001.]

RMRRE, SREs, I, S5 HIEEAE DR BT —E (K 7T s
W TRE R (], TR ), 1996, 4 (1) 2 86-90. [ZHAO

2001.

Huanting, SONG Chaojing, LU Bo, et al. A preliminary exposition of
coral reef engineering geology A new research field: coral reef
engineering geology [J]. Journal of Engineering Geology, 1996, 4 (1) :
86-90.]

B, BARAE, XX, % OICE SRR M — e (1],
B R A BT, 2008, 29(5) @ 657-661. [DUAN Kaibo, DUAN
Dongsheng, WANG Hao, et al. Study Progress in limestone
classification with perfection [J]. Xinjiang Petroleum Geology, 2008,
29(5): 657-661.]

RAH, TAM, BIREE, & BV KBS DU TR B 1
ML er A% & (1], Bl iEsE, 1994, 13(2) : 1-8. [ZHU
Yuanzhi, WANG Yougiang, ZHAO Huanting, et al. The relationship
between diagenesis of Quaternary coral reef of Yongshu Reef in
Nansha Islands and Sea level changes [J]. Tropic Oceanology, 1994,
13(2):1-8.]

FBEZ, AgE. ReEEicE B LRRED]. TR, 2015,
43(6): 6-10. [TANG Guoyi, ZHENG Jianguo. Engineering
properties of reef calcareous rock in Southeast Asia [J]. Geotechnical
Investigation & Surveying, 2015, 43 (6) : 6-10.]

FEL R, ORI TR R St FE AR (7], GRUEER
$5 T, 2008, 22(S1) : 47-49. [YAN Yuping, KE Youging. On
engineering geological characteristics and foundation treatment of
coral reefs [J]. Resources Environment & Engineering, 2008, 22 (S1) :
47-49.]

R, BRORAR, daPRil, 5. S I R 4 s e e T Bl A
22 5 (3] T VEAEA, 2017, 36 (2)  33-39. [JIN Yuxin, CHEN
Tianran, MENG Qingshan, et al. Difference of coral skeletal structure
revealed by compressive strength measurements [J]. Journal of
Tropical Oceanography, 2017, 36(2) : 33-39.]

PR, L RO A SRR BT S (], AR

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

J R, 1999, 7(2) : 175-180. [SUN Zongxun, LU Bo. Elastic wave
properties of coral reef rock in Nansha Islands [J]. Journal of

Engineering Geology, 1999, 7(2) : 175-180.]

BRI S TSR, 2008, 27 (11) : 2221-2226. [WANG Xinzhi,
WANG Ren, MENG Qingshan, et al. Research on characteristics of
coral reef calcareous rock in Nansha Islands [J]. Chinese Journal of
Rock Mechanics and Engineering, 2008, 27 (11) : 2221-2226.]

Wk, T2, AR, A TGV BRI A CE BT SRR
BBt L], TR AR BRI, 2016, 15(5): 78-83.
[YANG Yongkang, DING Xuewu, FENG Chunyan, et al.
Experimental research on physics mechanics characteristics of coral
reefs calcareous rock in Xisha islands [J]. Journal of Guangzhou
University: Natural Science Edition, 2016, 15(5): 78-83.]

YU, MR ACH BN J A RIS DT A (D], )R A
f7i& 3, 2018. [FAN Chao. Experimental study on dynamic
mechanical properties of coral reef limestone [D]. Master Dissertation
of Guangxi University, 2018.]

I, BIE, T BRAREACE AR T g (1], sUD B
¥it, 2017(6) : 54-57. [LI Sha, MAO Mao, XU Sheng. Study on
physical and mechanical properties of reef limestone in Maldives [J].
Wuhan Investigation & Design, 2017 (6) : 54-57.]

G, 2, BI0T. SRR A TR KR 7E (7). TREHDSE,
2012,40(9): 17-21. [LIU Zhiwei, LI Can, HU Xin. Experimental
study on engineering properties of coral reef calcareous rock [J].
Geotechnical Investigation & Surveying, 2012, 40(9): 17-21.]

XG0, R, FRIL, 4. fEACE A BEBALRR ()], H L0
%,2018,39(5): 1581-1588. [LIU Haifeng, ZHU Changqi, MENG
Qingshan, et al. Model test on rock-socketed pile in reef limestone [J].
Rock and Soil Mechanics, 2018, 39 (5) : 1581-1588.]

I B, sko, 28, DR AR kA - CARRE AT 7S (1), BRiE
%8, 2018, 44(2) : 69-73. [XIAO Xiangyang, ZHANG Rong, PENG
Dengfeng. Experimental study on geotechnical properties of coral reef
in Maldives [J]. Railway Investigation and Surveying, 2018, 44 (2)
69-73.]

AR, R SCIR, ol SRR 2 B A B R (O],
K TR 2R HARIEIR, 2016, 17(2): 81-85. [REN
Shifeng, XI Wenxi, CAO Zhongying. The physical and mechanical
properties analysis and engineering application to coral-reef [J].
Journal of Changchun Institute of Technology: Natural Science
Edition, 2016, 17 (2): 81-85.]

JIAENE, SR 5T, S84 I A TR IR AR sS4 R LA
(1. #H171%,2018,39(2) . 467-473, 482. [WAN Zhihui, DAI
Guoliang, GONG Weiming. Enhanced mechanism of post-grouting
pile in coral-reef limestone formations [J]. Rock and Soil Mechanics,
2018, 39(2): 467-473, 482.]

FESCR. S3 IR A 1 X M 5T B 5 5 [0 /K8 TR, 2009 (7) -
151-153, 164. [LIANG Wencheng. Geotechnical investigation of
coral-reef limestone area in Sudan [J]. Port & Waterway Engineering,
2009 (7): 151-153, 164.]

EARR, M RGP T KRR S Bt 0],
R EIKIZ, 2012, 12(6) : 18-20. [WANG Jicheng, YE Jian. On harbor


http://dx.doi.org/10.3969/j.issn.1004-9665.1999.02.012
http://dx.doi.org/10.3969/j.issn.1004-9665.1999.02.012
http://dx.doi.org/10.3969/j.issn.1004-9665.1999.02.012
http://dx.doi.org/10.3969/j.issn.1004-9665.1999.02.012
http://dx.doi.org/10.3321/j.issn:1000-6915.2008.11.007
http://dx.doi.org/10.3321/j.issn:1000-6915.2008.11.007
http://dx.doi.org/10.3321/j.issn:1000-6915.2008.11.007
http://dx.doi.org/10.3969/j.issn.1002-4972.2009.07.034
http://dx.doi.org/10.3969/j.issn.1002-4972.2009.07.034
http://dx.doi.org/10.3969/j.issn.1004-9665.1999.02.012
http://dx.doi.org/10.3969/j.issn.1004-9665.1999.02.012
http://dx.doi.org/10.3969/j.issn.1004-9665.1999.02.012
http://dx.doi.org/10.3969/j.issn.1004-9665.1999.02.012
http://dx.doi.org/10.3321/j.issn:1000-6915.2008.11.007
http://dx.doi.org/10.3321/j.issn:1000-6915.2008.11.007
http://dx.doi.org/10.3321/j.issn:1000-6915.2008.11.007
http://dx.doi.org/10.3969/j.issn.1002-4972.2009.07.034
http://dx.doi.org/10.3969/j.issn.1002-4972.2009.07.034

405 1

Ko, 45 JUPRIIAEE B R R M BE R 49

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

planning and design under coral reef geological conditions in
Sudan [J]. China Water Transport, 2012, 12(6) : 18-20.]

Zhu C Q, Liu H F, Wang X, et al. Engineering geotechnical
investigation for coral reef site of the cross-sea bridge between Malé
and Airport Island [J]. Ocean Engineering, 2017, 146: 298-310.

Wang J C, Wang C Y, Han Z Q. Analysis of coral reef rock mass
integrity based on RMDI method [J]. Applied Mechanics and
Materials, 2014, 580-583: 641-650.

. I ACE LR IR RS E T A (D], T RS
2EALIE L, 2019. [ZHENG Kun. Study on engineering geology and
acoustic emission characteristics of coral reef limestone [D]. Master
Dissertation of Guangxi University, 2019.]

Clark A R, Walker B F. A proposed scheme for the classification and
nomemclature for use in the engineering description of Middle Eastern
sedimentary rocks [J]. Géotechnique, 1977, 27 (1) : 93-99.

FRIEAE, IRARVE. BRI A PTG R R [T]. KiE
THE,2017(8): 57-61. [ZHANG Gengsheng, XU Jitao. Key factors
affecting the shear strength of dredged coral reef [J]. Port & Waterway
Engineering, 2017 (8): 57-61.]

rhE RL 2 B VD R RSN R VDI Bk TR 2R DO A0 R b
B IM]. Jb5t: e H Bk, 1992, [Nansha Comprehensive Scientific
Investigation Team, Chinese Academy of Sciences. Quaternary Coral
Reef Geology of yongshu reef, Nansha Islands [M]. Beijing: Ocean
Press, 1992.]

i, Rvelk, EHOE, S MEEERSCE R [T]. BB AR,
2017,32(3): 221-233. [WANG Rui, YU Kefu, WANG Yinghui, et
al. Diagenesis of coral reefs [J]. Advances in Earth Science, 2017,
32(3):221-233.]

R FHAJESTREIMI. 26 dbst: Bl HRGE, 2013, [CAI
Meifeng. Rock Mechanics and Engineering[M]. 2nd ed. Beijing:
Science Press, 2013.]

BRI, $EREDS, XIBME. B AYE S M. G P EEERAR RS M
K#t, 2009. [CHEN Yong, HUANG Tingfang, LIU Enru. Rock
Physics[M]. Hefei: China University of Science and Technology
Press, 2009.]

EHE. FEVDRE SIS LA R P R R AR R VAT AT PR A
[D]. o [E R 22 B 72 2 e (R0 4 0 201 52 7)) 1 - 22 618 3L,
2008. [WANG Xinzhi. Study on engineering geological properties of
coral reefs and feasibility of large project construction on Nansha

Island[D]. Doctor Dissertation of Institute of Rock and Soil

(36]

(371

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Mechanics, Chinese Academy of Sciences, 2008.]

75 5, E AR I X TR RS AE (7], TARHNEE,2016,2(S1) :
255-259. [LI Zhiyong, WANG Weili. Engineering geological
characteristics of coral reef region [J]. Engineering Survey, 2016,
2(S1):255-259.]

e N ISEAN R 55 F3 £ 8. GB/T 50218-2014 LRES 4
ZbrttE [S]. dbnt: d E I H AL, 2015, [Ministry of Housing and
Urban Rural Development of the People's Republic of China. GB/T
50218-2014 Standard for engineering classification of rock mass[S].
Beijing: China Planning Press, 2015.]

PLE o, 5 HAR A A 15 IMDL 28R 480 o B K 5% H A, 2018.
[JIA Xirong, GONG Peilin. Rock mechanics[M]. 2nd ed. Xuzhou:
China University of Mining Press, 2018.]

HH, P, ERE, 55 ARSI ACE SR Ak R BT T
(3. #4712, 2019, 40(8) : 3081-3089. [ZHENG Kun, MENG
Qingshan, WANG Ren, et al. Elastic wave properties of coral reef
limestone with different structural types [J]. Rock and Soil Mechanics,
2019, 40(8) : 3081-3089.]

XL, BEMW, FRAR2E, &5 IDRFRLEL I 2x600 MW AV L ul R 1k
HudE AR S Sk (J]. 2 THEA, 2017, 31(5): 588-590, 598.
[LIU Zhiwei, YANG Shengbin, CHENG Dongxing, et al.
Geotechnical investigation of a 2 x 660 MW power plant on coral reef
sands in Saudi Arabia [J]. Soil Engineering and Foundation, 2017,
31(5): 588-590, 598.]

Wi 2. B8 A0 GVE SR B AL RE AL AR I A P i R (0], R VR
5 TR, 2013,27(6) : 769-772. [CHEN Jiwei. Application of cast-
in-site bored pile in coral rock [J]. Resources Environment &
Engineering, 2013, 27(6) : 769-772.]

B SSFHLM RIS BRSO R (1], W IEOR,
2010, 47(3): 52-53. [LIANG Wencheng. Discuss on bearing capacity
of subgrade of coral stratum along the coast of Red Sea in Sudan [J].
Port Engineering Technology, 2010, 47 (3) : 52-53.]

Bk, wRFHEX TRFHMELT]. KE TR, 20043): 49-
50, 75. [LUO Xinhua. On engineering geological features of Sudan
port area [J]. Port & Waterway Engineering, 2004 (3) : 49-50, 75.]
EFR, MG, S, I ACE AR E AL R IR A
(0], LHA, 2018, 47(19) : 82-84, 92. [WANG Aixi, LIN
Zhiping, FENG Guanghua. Test and analysis on dynamic and static
bearing capacity of steel pipe pile in coral reef limestone [J].

Construction Technology, 2018, 47 (19) : 82-84, 92.]


http://dx.doi.org/10.1016/j.oceaneng.2017.09.039
http://dx.doi.org/10.4028/www.scientific.net/AMM.580-583.641
http://dx.doi.org/10.4028/www.scientific.net/AMM.580-583.641
http://dx.doi.org/10.1680/geot.1977.27.1.93
http://dx.doi.org/10.3969/j.issn.1002-4972.2017.08.014
http://dx.doi.org/10.3969/j.issn.1002-4972.2017.08.014
http://dx.doi.org/10.3969/j.issn.1002-4972.2017.08.014
http://dx.doi.org/10.3969/j.issn.1002-4972.2017.08.014
http://dx.doi.org/10.11867/j.issn.1001-8166.2017.03.0221
http://dx.doi.org/10.11867/j.issn.1001-8166.2017.03.0221
http://dx.doi.org/10.3969/j.issn.1004-9592.2010.03.015
http://dx.doi.org/10.3969/j.issn.1004-9592.2010.03.015
http://dx.doi.org/10.3969/j.issn.1002-4972.2004.03.015
http://dx.doi.org/10.3969/j.issn.1002-4972.2004.03.015
http://dx.doi.org/10.1016/j.oceaneng.2017.09.039
http://dx.doi.org/10.4028/www.scientific.net/AMM.580-583.641
http://dx.doi.org/10.4028/www.scientific.net/AMM.580-583.641
http://dx.doi.org/10.1680/geot.1977.27.1.93
http://dx.doi.org/10.3969/j.issn.1002-4972.2017.08.014
http://dx.doi.org/10.3969/j.issn.1002-4972.2017.08.014
http://dx.doi.org/10.3969/j.issn.1002-4972.2017.08.014
http://dx.doi.org/10.3969/j.issn.1002-4972.2017.08.014
http://dx.doi.org/10.11867/j.issn.1001-8166.2017.03.0221
http://dx.doi.org/10.11867/j.issn.1001-8166.2017.03.0221
http://dx.doi.org/10.3969/j.issn.1004-9592.2010.03.015
http://dx.doi.org/10.3969/j.issn.1004-9592.2010.03.015
http://dx.doi.org/10.3969/j.issn.1002-4972.2004.03.015
http://dx.doi.org/10.3969/j.issn.1002-4972.2004.03.015
http://dx.doi.org/10.1016/j.oceaneng.2017.09.039
http://dx.doi.org/10.4028/www.scientific.net/AMM.580-583.641
http://dx.doi.org/10.4028/www.scientific.net/AMM.580-583.641
http://dx.doi.org/10.1680/geot.1977.27.1.93
http://dx.doi.org/10.3969/j.issn.1002-4972.2017.08.014
http://dx.doi.org/10.3969/j.issn.1002-4972.2017.08.014
http://dx.doi.org/10.3969/j.issn.1002-4972.2017.08.014
http://dx.doi.org/10.3969/j.issn.1002-4972.2017.08.014
http://dx.doi.org/10.11867/j.issn.1001-8166.2017.03.0221
http://dx.doi.org/10.11867/j.issn.1001-8166.2017.03.0221
http://dx.doi.org/10.3969/j.issn.1004-9592.2010.03.015
http://dx.doi.org/10.3969/j.issn.1004-9592.2010.03.015
http://dx.doi.org/10.3969/j.issn.1002-4972.2004.03.015
http://dx.doi.org/10.3969/j.issn.1002-4972.2004.03.015

