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Fig.1 Macro—micro morphology of coral aggregate and CP
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Tab.1 Basic parameters of cement, SF, and CP

25 FEFE/ (kg m ™) R/ (m? kg ™) Bedin /% 7
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cpP 900.31 550.77 41.27 A
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Fig.2 Particle size distribution of cement, SF, and CP
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CGO 800 200 0 1000 160 2.5 0.16 0
CG5H 760 200 40 1000 160 2.5 0.16 5
CG10 720 200 80 1 000 160 2.5 0.16 10
CG15 680 200 120 1000 160 2.5 0.16 15
CG20 640 200 160 1 000 160 2.5 0.16 20
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Fig.3 Specimen preparation process
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Fig.4 Experimental loading system
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Fig.5 Effect of CP replacement rate on the compressive properties of HSM
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Tab. 3 Statistical mechanical parameters of HSM specimens under uniaxial compression

ENEE TR il PUESRE/MPa  fH/MPa  #pifE2E WEEHUENE/% H1E/ % i 22

A 117.76 0.85

CGO 113.53 5.98 0.86 0.01
B 109.30 0.87
A 125.94 0.87

CG5 123.30 3.73 0.88 0.01
B 120.65 0.89
A 120.45 0.85

CG10 118.36 2.96 0.86 0.01
B 116.27 0.87
A 117.06 0.85

CG15 113.75 4.69 0.85 0.01
B 110.43 0.84
A 109.73 0.82

CG20 111.19 2.06 0.83 0.01
B 112.64 0.84
A 107.65 0.77

CG25 104.61 4.30 0.78 0.01
B 101.56 0.79
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Fig. 6 Stress—strain curves and DIC evolution process under compressive load
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Tab. 4 Statistical mechanical parameters of HSM specimens under Brazilian splitting

ENEE TR 5 BYRUPURREE/MPa J9(E/MPa FRifE2E WR(EDURINAE /%  BIfE/%  AeifEE

A 26.73 2.42

CGO 28.22 2.10 2.51 0.12
B 29.71 2.59
A 28.23 2.74

CG5 29.98 2.47 2.87 0.21
B 31.72 3.00
A 28.46 2.71

CG10 29.23 1.08 2.66 0.07
B 29.99 2.60
A 27.03 2.50

CG15 28.04 1.42 2.60 0.14
B 29.04 2.70
A 25.55 2.41

CG20 27.15 2.26 2.57 0.23
B 28.75 2.73
A 25.18 2.20

CG25 26.82 2.32 2.35 0.20
B 28.46 2.49
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Fig. 8 Stress—strain curves and DIC evolution process under tensile load
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Crack Evolution and Strength Threshold of Coral Powder

High—Strength Mortar Based on Digital Image Correlation

LI Pengrin', CHEN Haolin®, ZHOU Haifeng’, XIONG Xiao®,
LIU Yongliang', ZHENG Chao’, WANG Gang”

(1. China Gezhouba Group No.1 Engineering Co., Ltd., Yichang 443002, China;
2. School of Civil Engineering, Shaoxing University, Shaoxing 312000, China;
3. Sichuan Dadu River Shuangjiangkou Hydropower Development Co., Ltd., Maerkang 624000, China)

Abstract; This study aims to develop a low-carbon and cost-effective high-strength mortar (HSM) suitable for island reef
construction by partially replacing cement with coral powder (CP) at substitution rates of 0%, 5%, 10%, 15%, 20%, and 25%
by mass. The mechanical properties of HSM were systematically investigated through uniaxial compression and Brazilian
splitting tests, complemented by the digital image correlation (DIC) method. The results indicate that the strength of HSM
follows a three-phase evolution pattern of “enhancement, inflection, and deterioration” , as the CP content increases. The
inflection point occurs at a 5% replacement rate, where the compressive and splitting tensile strengths are recorded at 123.30
and 29.98 MPa, respectively, reflecting increases of 8.6% and 6.2% compared to the control group without CP. When the
replacement rate reaches 15% or more, a significant decrease in strength is observed; at a 20% replacement rate, the strength
falls below that of the control group. The failure mode transitions from a single brittle fracture (characterized by straight cracks
and concentrated strain bands) at lower replacement rates to a combined tension-shear failure (characterized by bifurcation of
primary cracks and a dense formation of secondary cracks, with DIC indicating significant localization) at higher replacement
rates. To ensure structural safety, toughness, and optimal material efficiency, it is recommended that the CP replacement rate
for HSM in island reef construction be maintained between 5% and 10%.

Keywords: coral powder; high-strength mortar; uniaxial compression; Brazilian splitting; digital image correlation
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