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Effect of Different Coral Aggregates on Mechanical Properties of Coral Concrete
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Abstract: Effects of scoured staghorn coral, light coral reef and heavy coral reef as coarse aggregates on the mechanical properties of
coral concrete were investigated. The results show that staghorn aggregates have the most significant effect on the compressive
strength of coral concrete cubes and prisms rather than heavy coral reef and lightweight coral reef aggregates. The compressive
strength of coral concrete at 90 d is positively correlated to that at 28 d. The compressive strength of prisms increases linearly with the
compressive strength of the cube, regardless of the aggregate type. The peak strain of coral concrete prisms increases logarithmically
with the increase of peak stress, and the stress-strain curve equation and the compressive failure morphology of the prisms are not
affected by coral aggregate type.
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Table 1 Basic mechanical properties of three aggregates

Apparent Bulk . Cylinder

Coral . . Porosity/ 1 h water

density/  density/ pressure .
stone s S % absorption/%

(kgm™) (kgm™) strength/MPa

YZ 2190 1070 51 6.8 7.6

PS 2040 910 55 4.7 10.9

PS1 2180 1050 52 5.6 5.3

Note: YZ stands for staghorn coral aggregate; PS stands for light coral reef
aggregate; PS1 stands for heavy coral reef aggregate.
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Fig. 2 Gradation curves of coral coarse aggregate and coral sand
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Table 2 Physical and mechanical properties of P  II 52.5 Portland cement
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Specific surface area/(m>kg-") Loss of ignition/%

Standard consistency/%

Setting time/min

Compressive strength/MPa

Flexural strength/MPa

Initial

Final

3d 28d 3d 28d
367 2.64 27.5 120 173 36.8 59.1 6.5 9.1
®3 FERBEMRILERS
Table 3 Chemical composition of main gelling materials w/%
Raw material SiO, Al O3 CaO MgO SO3 Fe O3 1L K,0
P-II 21.53 4.6 64.09 0.96 2.09 3.37 1.84 0.62
FA 54.88 26.89 4.77 1.31 1.16 6.49 3.10
SG 33.48 12.21 36.35 10.59 0.66 1.40 0.36

w is mass fraction.
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Table 4 Mix proportion and slump of coral concrete
Mix proportion/(kgm™) W/B ratio/% Slump/

Sample No.

C SG FA Coral Coralsand Total water consumption Water reducing agent Pure Total mm
C30YZ 275 150 75 582 873 296 8.35 0.30 0.59 130
C30PS 275 150 75 582 873 296 8.35 0.30 0.59 125
C30PS1 275 150 75 582 873 296 8.35 0.30 0.59 125
C55YZ 780 150 70 300 700 250 20 0.20 0.25 90
C55PS 780 150 70 300 700 250 20 0.20 0.25 90
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Fig. 3 Additional data acquisition device for test equipment
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Table S  Strength, peak strain, elastic modulus and
Poisson’s ratio of coral concrete
Types of Jo/MPa fuMPa gy EJGPa u
aggregate 28d 90d

C30YZ1 48.0 51.6 42.0 0.0015 27.65 0.24
C30YZ2 50.3 55.7 44.1  0.0020 26.92 0.20
C30YZ3 53.7 59.2 48.1 0.0020 253 0.22
Average 50.7 55.5 447 0.0018 26.62 0.22
C30PS1 40.4 40.6 448 0.0023 2585 0.25
C30PS2 42.0 49.6 45.6 0.0020 2536 0.26
C30PS3 43.2 51.9 49.0 0.0023 25.83 0.26
Average 41.9 49.6 46.5 0.0022 25.68 0.26
C30PS11 40.5 45.7 43.1 0.0018 24.04 0.23
C30PS12 41.8 47.0 440 0.0020 2541 0.24
C30PS13 46.5 50.0 449 0.0023 24.15 0.23
Average 42.4 47.6 440 0.0020 24.53 0.23
C55YZ1 60.0 87.9 772 0.0024 26.64 0.26
C55Y72 75.0 94.9 81.5 0.0023 27.18 0.24
C55YZ3 79.6 95.5 81.7 0.0027 28.15 0.26
Average 75.0 92.8 80.1 0.0025 2732 0.25
C55PS1 57.0 67.7 52.6 0.0023 27.59 0.25
C55PS2 57.7 75.8 633 0.0025 24.14 0.19
C55PS3 70.3 86.5 65.6 0.0026 24.78 0.20
Average 57.7 76.7 633 0.0025 2550 0.21

Note: feu is 100 mmx100 mmx100 mm cube compressive strength, f, is
100 mm=100 mmx>300 mm prismatic axis compressive strength; &, is
prism peak strain; E, is elastic modulus; x is Poisson’s ratio. Among
them, the coarse aggregates of C30 strength grade coral concrete are
YZ, PS and PS1, and the coarse aggregates of C55 strength grade
coral concrete are YZ and PS. Three specimens are made for each

coral concrete to test its mechanical properties.
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Fig. 11  Stress—strain normalization curves of different coral aggregate concrete
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Table 6 Stress-strain curve’s fitting parameters

Concrete 90 d fo,/MPa 90 d f../MPa a R, b R,
C30YZ 420 51.6 0.757 0996 0.120 0.927
44.1 55.7 0.775 0994 0220 0.982
48.1 59.2 0.770  0.996 0.155 0.943
C30PS 448 40.6 0.675 0997 0.145 0.941
456 496 0.650 0.997 0.098 0.995
49.0 51.9 0.675 0997 0.120 0.966
C30PS1 43.1 457 0.625 0997 0.155 0.956
44.0 47.0 0.675 0.997 0.097 0.997
449 50.0 0.755  0.996 0.097 0.959
C55YZ 772 87.9 0.68 0998 0245 0.968
81.5 94.9 0535 0999 0200 0.965
81.7 95.5 0535 0999 0.185 0.974
C55PS 52.6 67.7 0.645 0997 0225 0.903
63.3 75.8 0.678 0998 0.195 0.977
65.6 86.5 0.558 0.998 0.185 0.983
cczol 33.8 38.1 0.654 0996 0.094 0.992
ccsot 58.1 63.7 0.714 0996 0.125 0.988
ccrot 71.5 77.9 0.559  0.998 0.130  0.996
c3o" 31.7 38.3 1.8 6.7
c40" 412 49.0 2.1 7.6
cs50" 44.0 58.2 1.8 12.0
css5t 472 60.4 1.7 15.0

Note: R, and R, are the correlation coefficients of @ and b respectively.
Among them, the rising and falling sections of C30YZ-CC70!'4!
adopt formulas (6) and (7) respectively, and the rising and falling
sections of C30"-C55" are y=ax+(3-2a)x*+(a-2)x* (0<x<1)!""!
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Fig. 12 Relationship between the parameters (a, b) of the
stress-strain curve equation and the strength of coral
concrete (for, feu)
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