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Abstract: Mechanical properties of calcareous rock become one of the new research issues in geotechnical
engineering while embarking upon ocean resources exploitation and marine works construction. Physico-
mechanical properties of calcareous rock samples, which are taken from Yongshu and Zhubi coral reefs in Nansha
Islands in South China Sea, are tested. The tests include ultrasonic wave test, uniaxial tensile strength test, uniaxial
compression strength test, and triaxial compression strength test. The results show that the porosity of calcareous
rock is much larger than that of other rocks; and the longitudinal elastic wave velocity is linearly decreased with the
increase of porosity. Longitudinal elastic wave velocity is between 2 700 m/s and 3 700 m/s. The difference of dry
and saturated tensile strengths is not evident; and the results show that the strength of calcareous rock does not
decrease when it is saturated by water. Calcareous rock is brittle but it is different from granite. Multi-fracture
planes emerge along the growth line of coral when breakdown occurs and it keeps considerably high residual
strength. It is found that the damage pattern is determined by lithologic frame of calcareous rock.

Key words: rock mechanics; Nansha Islands; coral reefs; calcareous rock; triaxial compression test; wave test;
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Fig.1 Photos of calcareous rock samples
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Fig.2 XTRO1 computer servo-controlled test machine
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Table 1 Physical parameters and acoustic wave test results
of calcareous rocks
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C9 1.26 1.63 2981 3102
C22 1.25 1.68 2847 3014
C13 1.67 1.79 3209 3364
C14 1.69 1.80 3001 3156
C32 1.66 2.04 3556 3607
C33 1.62 2.01 3604 3630
C34 1.60 2.00 3426 3497
C37 1.69 2.07 3632 3606
C16 1.20 1.16 3060 2867
C17 1.28 1.14 2780 2764
C19 1.40 1.24 2947 2 845
C15 111 1.09 3274 3124
Cc28 1.63 1.57 3679 3547
C29 171 1.63 3682 3458
C30 1.61 1.48 3529 3504
C31 1.59 1.42 3693 3589

P 1.50 1.34 1.88 3306 3212 3372
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Table 2 Porosities and dry velocities of calcareous rocks

AR CRERME BCTPRRE AT JLEEE RO PR
45 Blem® Ig Ig 1% (mes™h
C13 19625  261.93 350.33  45.04 3209
Cl4 19291  254.58 346.60  47.70 3001
Cl6 18348  212.72 306.37  51.04 3060
C17 18493  210.11 31232 55.27 2780
Cl8 18768  214.35 305.15  48.38 3041
Cl9 186.01  231.02 327.93 5210 2947
C22 18478  209.92 31077 5457 2847
C23 18236  203.12 300.63  53.47 2013
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Fig.3 Relationship between longitudinal wave velocity and
porosity of calcareous rock
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Table 3 Results of densities and tensile strengths of calcareous

rocks
N SR 11 S S
R T T A A Bt B
g~ cm ) /(m-s™ aIMPa
D8 1.26 2819 1.45
D9 115 2584 1.28
HaFn
D10 113 2552 0.04
D21 1.56 2678 0.88
D1 1.35 2565 142
D2 1.35 2 604 0.94
} D3 131 2959 1.06
T
D5 1.35 2836 114
D7 1.38 2771 1.76
D16 1.5 2682 0.95
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Fig.4 Photos of fractured calcareous rocks
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Table 4 Results of uniaxial compression test of calcareous
rocks

TR ERE PURRRE R PR
ol o MEY/NA
RE  Hw5 o/MPa o/MPa /GPa
c9 7.21 367 051 9.70 0.23
c13 6.35 3.85 0.61 12.90 0.25
R
Cl4 5.04 2.43 0.48 11.70 0.24
c22 7.70 3.03 0.39 7.90 0.27
C15 7.95 3.35 0.42 9.61 0.24
. c16 10.78 1.99 0.18 22.4 0.25
Tl
c17 0.87 2.02 0.20 20.0 0.26
c19 8.06 3.06 0.38 10.8 0.26
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Fig.5 Axial stress vs. axial strain curve of uniaxial
compression test of rock sample C19
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Fig.6  Growth line of calcareous rock
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Fig.7 Axial compression stress vs. axial strain curve of
triaxial compression test of sample C28
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Table 5 Results of triaxial compression test of calcareous rocks

TR CHEFE BIE WAL SRR SRR FERiE

. ) AL
KA W5 /MPa  /MPa IMPa  UE{H58EE  /GPa

C30 5 274 15.410 0.56 24470  0.27
C28 10 43.6 33.740 0.77 26.610 0.25
T C10 15 65.7 43.760 0.66 23.670  0.24
C29 20 91.6 66.050 0.50 21.140  0.29
C31 30 126.4 80.900 0.64 24960  0.25

C6 5 234 16.000 0.68 18570  0.26
C32 10 41.7 17.510 0.42 21336  0.24
HiFn C34 15 53.3 34.428 0.65 13579  0.26
C37 20 68.8 42.660 0.62 11915 0.28
C33 30 98.3 66.840 0.68 20129  0.24
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Fig.8 Photo of broken calcareous rock
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