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Triaxial Mechanical Properties of Coral Seawater Sea Sand Concrete
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Abstract: To analyze the triaxial mechanical properties of coral seawater sea sand concrete, the effects of aggregate and lateral
confining pressure on the failure mode, stress-strain curve, yield stress, yield strain, and damage evolution of specimens were
investigated via conventional triaxial tests. The results show that the coral coarse aggregate specimen is more susceptible to the
influence of confining pressure value. The cracks form transformation and plastic flow appear on the surface of the specimen at a
confining pressure value of 9 MPa. The stress-strain curve appears a stress platform section' at a confining pressure value of 12 MPa,
while the gravel coarse aggregate specimen appears the above changes at confining pressure values of 15 MPa and 24 MPa,
respectively. After a confining pressure value reaches 15 MPa, the stress-strain curve of the coral coarse aggregate specimen shows a
bilinear shape with a second linear branch. The dissipation energy of the specimens gradually increases and the damage development
gradually delays with the increase of confining pressure, yield stress and yield strain. In addition, the yield stress calculation formula
of coral seawater sea sand concrete was aslo proposed, thus providing a reference for the relevant theoretical analysis and engineering
application.
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Fig. 1 Apparent characteristics of coral aggregate before

crushing
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(a) Coarse aggregate

(b) Fine aggregate
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Fig.2 Aggregate grading curves
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Table 1 Main chemical constituents of seawater g/L

NaCl Na,SO4 MgCl, CaCl, KCl1

24.282 4.014 5.035 1.151 0.586
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Table 2 Physical performance index of coarse aggregate

Coarse Stacking density/ Apparent Water absorption ) Tube compressive Chloride ion
3 ) 3 Crush index/%
aggregate (kg'm™) density/(kg-m™) (by mass) strength/MPa content/%
Gravel 1412.0 2703.9 0.31% 19.89
Coral 879.9 1667.0 11.81% 4.86 4.11 0.02
*x3 RELREE
Table 3 Mix proportions of concrete
Material consumption/(kg'm ) Cube crushing
Concrete Slump/mm
Coral Gravel Seasand  Riversand  Cement  Water  Super-plasticizer ~ Water strength/MPa
Coral sea sand
655.75 760.08 535 214.0 1.40 75.08 156 32.09
concrete
Coral river
655.75 760.08 535 214.0 3.00 75.08 155 30.16
sand concrete
Gravel sea
1208.54 542.94 535 217.7 1.48 0 185 41.11

sand concrete
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Fig.3 Typical failure modes of specimens
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(c) Triaxial compression (6,=30 MPa)
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Fig. 4 SEM images of the interface between cement matrix and coral coarse aggregate
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Fig. 5 Stress—strain whole process curves and curve diagram of the specimen
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Table 4 Characteristic point parameters of specimen

Specimen No. o,/MPa £,x10° Specimen No. o,/MPa £x10° Specimen No. a,/MPa £x10°
CSSC-0 13.20 5.58 CRSC-0 21.76 7.75 GSSC-0 19.68 6.05
CSSC-3 36.48 9.19 CRSC-3 37.88 9.71 GSSC-3 48.04 11.04
CSSC-6 46.53 11.03 CRSC-6 45.58 11.18 GSSC-6 60.14 11.99
CSSC-9 49.35 10.77 CRSC-9 55.30 11.31 GSSC-9 66.21 12.60

CSSC-12 53.22 10.70 CRSC-12 54.45 10.41 GSSC-12 77.00 1437
CSSC-15 57.64 11.27 CRSC-15 56.91 11.35 GSSC-15 80.66 14.15
CSSC-18 58.56 11.50 CRSC-18 60.43 12.50 GSSC-18 82.57 14.76
CsScC-21 58.92 11.92 CRSC-21 61.21 11.49 GSSC-21 85.93 14.35
CSSC-24 59.65 11.79 CRSC-24 63.71 10.65 GSSC-24 89.95 14.79
CSSC-27 66.04 11.48 CRSC-27 65.57 11.43 GSSC-27 89.50 13.98
CSSC-30 69.01 13.66 CRSC-30 66.43 14.39 GSSC-30 98.58 19.19

Note: Taking CSSC-3 as an example, CSSC represents the coral sea sand specimen, and 3 represents the lateral confining pressure value of 3 MPa. In addition,

CRSC represents coral river sand specimens, and GSSC represents gravel sea sand specimens.

oy is yield stress. &y is yield stress.

3.2 e Rl o B AR R 1 O 2

] 7a Sy 0 i FEL s 5 Je RS A )95 2% o JETEAT T
IR AR IR, 3 Rl A S IR S g B4
e A A 233 a5 IR i 0 MPa I
F+2£ 30 MPa i}, CSSC. CRSC HI GSSC i iR B

15 IS T 423%.205%F1 401%.CRSC 1 GSSC
TE B 52 R A A A IR B e AR R g (8 A 2=
2.08 MPa), {H P RE N, P 1 RS ) 2
HIZETY K, 4 RN 30.00 MPa i, & RN 77
ZAH15%) 32.15 MPa.



. 2820 - QeI )

J Chin Ceram Soc, 2023, 51(11): 2814-2823

2023 4F

3K e e B SR A A A 0 A S T
AL AR S K SRR I R 4G, A mA R RE
TIFENFE 7 K%, DL RS 77 4R R R R

(a) Relationship between lateral confining pressure and yield stress

HRHRSREL . 2 FLBRIRAE BI85 130 R 20 AR iy
REIVHESRACR, BRI 7l AR /T A, TRk
o IR R I AEIR B e A JE i K AR 2%

(b) Comparison between theoretical value and experimental value

B 7 e B 5 e RS2 D ) 2% 2 B it B SRR L

Fig. 7 Relationship between lateral confining pressure and yield stress and comparison of calculation results
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(b) Influence of aggregate combination on yield strain
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Fig. 9 Influence of aggregate combination on yield stress and yield strain

(a) Energy dissipation Wy calculation diagram

(b) Relationship between dissipation energy and lateral confining pressure
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Fig. 10 Calculation diagram and the relationship between dissipated energy and lateral confining pressure
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Fig. 11 Relationship curves between strain and damage (D)
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