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Abstract - This study investigates M40-grade self-compacting 

concrete incorporating partial sea-sand replacement within a 

ternary binder comprising ordinary Portland cement, fly ash and 

ground granulated blast furnace slag. Six mixtures were 

examined using manufactured sand and river sand as reference 

fine aggregates, with sea sand introduced at 0%, 10% and 50% 

replacement levels. The binder was maintained at 65% cement, 

30% fly ash and 5% ground granulated blast furnace slag, with a 

total cementitious content of 590 kg/m³. Fresh-state performance 

was assessed through slump-flow spread, while hardened 

performance was evaluated using compressive strength, split 

tensile strength and flexural strength. The results show a 

progressive reduction in flow spread with increasing sea-sand 

replacement, although all mixtures retained high-flow self-

compacting characteristics. At 28 days, compressive strength 

ranged from 50.5 to 64.0 MPa, exceeding the 48 MPa target 

mean strength for all mixtures. Strength development continued 

to 90 days, with the 50% sea-sand mixtures showing particularly 

favourable later-age compressive and flexural performance. The 

findings demonstrate that partial sea-sand replacement can be 

technically feasible in the investigated ternary-binder self-

compacting concrete system when aggregate proportioning and 

fresh-state flow are appropriately controlled. 

Key Words: self-compacting concrete, sea sand, ternary binder, 

fly ash, GGBS, mechanical strength. 

 

1. INTRODUCTION 

Concrete remains a principal structural material because of 

its strength, versatility and adaptability to diverse structural 

forms. Increasing demand for construction materials, 

together with environmental concerns associated with 

intensive extraction of natural river sand, has encouraged 

investigation of alternative fine aggregates. Sea sand is 

attractive in regions where marine resources are accessible, 

but its particle characteristics, soluble salts, shell content 

and grading can alter fresh-state rheology and hardened 

performance. The response is therefore strongly dependent 

on the complete concrete system rather than on aggregate 

replacement alone. 

Self-compacting concrete (SCC) is designed to flow under 

its own weight, fill congested formwork and pass around 

reinforcement without conventional mechanical vibration. 

Its performance depends on paste volume, aggregate 

packing, water-to-binder ratio and chemical admixture 

dosage. Previous studies have reported both beneficial and 

adverse effects of sea sand on SCC flowability, 

demonstrating that the influence is system-specific [1–5], 

[27], [32], [39]. Research on seawater–sea-sand concrete 

further shows that binder composition and marine 

aggregate characteristics interact to govern mechanical and 

durability-related behaviour [3], [11], [12], [16], [18], [24], 

[26], [38]. 

Supplementary cementitious materials provide an 

additional route for improving material efficiency while 

reducing the Portland-cement fraction. Fly ash and ground 

granulated blast furnace slag (GGBS) can modify fresh 

rheology and contribute to later-age strength development. 

Studies on triple-blend and sustainable SCC support the 

use of blended binders when the proportions and aggregate 

system are controlled [4], [5], [17], [23], [33]. Structural 

investigations using sea-sand concrete with fibre-

reinforced polymer and textile reinforcement also indicate 

the potential for progression from material development 

toward structural applications, while emphasizing the need 

to evaluate bond, cracking, member capacity and durability 

separately [8], [10], [21], [28–31], [35–37]. 

The present investigation addresses the need for a 

controlled comparison of partial sea-sand replacement 

within one M40 SCC system. Six mixtures were developed 

around a constant ternary binder and two reference fine-

aggregate families. The study focuses on four directly 

relevant performance measures: slump-flow spread, 

compressive strength, split tensile strength and flexural 

strength. The objective is to establish how 10% and 50% 

sea-sand replacement influence fresh and hardened 

properties and to identify mixtures warranting further 

structural investigation. 

2. MATERIALS AND EXPERIMENTAL PROGRAM 

2.1 Materials 

The concrete incorporated 53-grade ordinary Portland 

cement (OPC), Class F fly ash, GGBS, manufactured sand, 

river sand, sea sand, 10 mm nominal maximum-size coarse 
aggregate, water and a superplasticizer. The ternary binder 

was maintained at 65% OPC, 30% fly ash and 5% GGBS 

by mass of total cementitious material. The total binder 

content was 590 kg/m³, comprising 383.5 kg/m³ OPC, 177 

kg/m³ fly ash and 29.5 kg/m³ GGBS. The selected water-

to-binder ratio for mix development was approximately 
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0.336, while the final water contents were 208.34–211.31 

L/m³ and the superplasticizer dosage was 5.06 L/m³. 

2.2 Mix Proportioning and Mixture Matrix 

The target characteristic strength was M40, with a target 

mean strength of approximately 48 MPa obtained from 40 

+ 1.65(5). Two reference aggregate systems were adopted: 

manufactured sand and river sand. Sea sand replaced the 

reference fine aggregate at 10% and 50% by mass, 

producing six mixtures: TMSM100, TMSM90, TMSM50, 

TMSR100, TMSR90 and TMSR50. The ternary binder, 

admixture dosage and principal coarse-aggregate system 

were kept constant within each aggregate family to isolate 

the effect of fine-aggregate composition. 

Table 1. Mix proportions of the six concrete mixtures (kg/m³, 

except water and superplasticizer) 

Mix 
Binder 

(kg/m³) 

C.A. 

(kg/

m³) 

Fine 

aggregate 

(kg/m³) 

Wat

er 

(L/

m³) 

S

P 

(L

/m

³) 

TMSM

100 

383.5 / 

177 / 29.5 

751.6

3 
M-sand 754.26 

211.

31 

5.

06 

TMSM

90 

383.5 / 

177 / 29.5 

751.6

3 

M-sand 678.83 

+ sea 75.43 

211.

31 

5.

06 

TMSM

50 

383.5 / 

177 / 29.5 

751.6

3 

M-sand 377.13 

+ sea 377.13 

211.

31 

5.

06 

TMSR

100 

383.5 / 

177 / 29.5 

782.6

4 

River sand 

781.86 

208.

34 

5.

06 

TMSR

90 

383.5 / 

177 / 29.5 

782.6

4 

River 703.67 + 

sea 78.19 

208.

34 

5.

06 

TMSR

50 

383.5 / 

177 / 29.5 

782.6

4 

River 390.93 + 

sea 390.93 

208.

34 

5.

06 

 

Table 2. Binder composition and trial-batch basis 

Component 
Quantit

y 
Unit Basis / role 

Total cementitious 

material 
590 kg/m³ 100% 

OPC 383.5 kg/m³ 65% 

Fly ash 177 kg/m³ 30% 

GGBS 29.5 kg/m³ 5% 

Coarse aggregate – 

M-sand series 
751.63 kg/m³ 

Common 

within series 

Coarse aggregate – 

river-sand series 
782.64 kg/m³ 

Common 

within series 

Superplasticizer 5.06 L/m³ 
All six 

mixtures 

Water 
208.34–

211.31 
L/m³ 

Final mix 

proportions 

 

2.3 Specimen Preparation and Curing 

Fresh SCC was prepared using the selected proportions and 

placed into three specimen geometries. Compressive 

strength was evaluated using 100 mm cubes, split tensile 

strength using 150 × 300 mm cylinders, and flexural 

strength using 100 × 100 × 500 mm beams. Specimens 

were demoulded after initial setting and water cured. 

Compressive strength was evaluated at 3, 7, 28, 56 and 90 

days, whereas split tensile and flexural strength were 

evaluated at 28, 56 and 90 days. 

 

 
Fig. 1. Experimental sequence for the four performance tests. 

 

 
Fig. 2. Representative specimen preparation and water-curing stages. 

2.4 Test Procedures 

Workability was measured using the slump-flow 

configuration. The cone was filled with fresh SCC, lifted 

vertically and the spread diameter was measured. The 

reported values are spread diameters rather than 

conventional subsidence-slump heights. Compressive 

strength was calculated from the maximum cube load 

divided by the loaded area, with a 100 × 100 mm loaded 

area. Split tensile strength was calculated using fₜ = 

2P/(πLD), where P is the maximum load, L is the cylinder 

length and D is the cylinder diameter. Flexural strength 

was obtained from the maximum beam load using the 

applicable loading arrangement. Failure patterns were also 

observed for the hardened tests. 

3. RESULTS AND DISCUSSION 

3.1 Workability 

Table 3. Slump-flow spread of the six SCC mixtures 

Mix Fine-aggregate composition 
Spread 

(mm) 

TMSM

100 
100% manufactured sand 740 

TMSM

90 

90% manufactured sand + 10% sea 

sand 
710 

TMSM

50 

50% manufactured sand + 50% sea 

sand 
700 

TMSR1

00 
100% river sand 690 

TMSR9

0 
90% river sand + 10% sea sand 685 

TMSR5

0 
50% river sand + 50% sea sand 680 
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Fig. 3. Workability results of the six SCC mixtures. 

TMSM100 produced the highest spread of 740 mm. 

Introducing 10% and 50% sea sand reduced the spread to 

710 and 700 mm, corresponding to reductions of about 

4.1% and 5.4%, respectively. The river-sand series showed 

lower absolute spreads, but the reduction with sea-sand 

replacement was much smaller: from 690 mm for 

TMSR100 to 685 and 680 mm for TMSR90 and TMSR50. 

This difference indicates that the workability response 

depends on the complete fine-aggregate packing system 

rather than only on the percentage of sea sand. From a 

construction perspective, the reduction in flow should be 

considered when SCC is intended for heavily reinforced 

members. 

3.2 Compressive Strength 

Table 4. Compressive strength development (MPa) 

Age 

(d) 

TMS

M100 

TMS

M90 

TMS

M50 

TMS

R100 

TMS

R90 

TMS

R50 

3 34.0 31.0 31.0 40.5 42.5 35.5 

7 42.5 40.0 37.0 46.5 49.5 42.5 

28 53.5 51.5 50.5 59.0 57.5 64.0 

56 58.5 55.0 56.5 63.5 59.0 67.0 

90 64.5 60.5 64.8 65.5 62.0 67.0 

 

 
Fig. 4. Compressive strength development with curing age. 

All six mixtures show continuous compressive-strength 

development with curing age. At 28 days, strengths ranged 

from 50.5 to 64.0 MPa, and therefore all mixtures exceeded 

the 48 MPa target mean strength. TMSR50 recorded the 

highest 28-day value of 64.0 MPa and maintained 67.0 

MPa at both 56 and 90 days. TMSM50 also showed strong 

later-age development, increasing from 50.5 MPa at 28 

days to 64.8 MPa at 90 days. The results indicate that 

partial sea-sand replacement did not produce a systematic 

reduction in compressive strength; instead, the response 

depended on the reference aggregate family and curing 

age. Continued strength development is consistent with the 

contribution of the blended binder system, particularly at 

later ages. 

3.3 Split Tensile Strength 

Table 5. Split tensile strength development (MPa) 

Age 

(d) 

TMS

M100 

TMS

M90 

TMS

M50 

TMS

R100 

TMS

R90 

TMS

R50 

28 3.14 3.15 2.99 3.11 3.12 2.83 

56 3.59 3.32 3.18 3.53 3.30 3.25 

90 3.65 3.40 3.28 3.60 3.38 3.46 

 

 
Fig. 5. Split tensile strength development with curing age. 

Split tensile strength increased with curing age for all 

mixtures. At 28 days the values ranged from 2.83 to 3.15 

MPa, while the 90-day range was 3.28–3.65 MPa. 

TMSM100 reached the highest 90-day split tensile strength 

of 3.65 MPa, followed by TMSR100 at 3.60 MPa. 

Although the 50% sea-sand mixtures showed lower tensile 

values than their corresponding controls at some ages, the 

differences remained within a relatively narrow range and 

did not indicate a general loss of indirect tensile resistance. 

The observed longitudinal splitting pattern is consistent 

with the intended failure mode of the test. 

 
Fig. 6. Representative post-test failure patterns: compression, 

split tension and flexure. 

3.4 Flexural Strength 

Table 6. Flexural strength development (MPa) 

Age 

(d) 

TMS

M100 

TMS

M90 

TMS

M50 

TMS

R100 

TMS

R90 

TMS

R50 

28 7.80 6.60 6.00 6.40 5.60 5.00 

56 8.80 8.00 8.20 8.80 7.20 9.20 

90 9.60 10.00 10.20 10.40 9.00 10.60 
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Fig. 7. Flexural strength development with curing age. 

Flexural strength increased markedly with curing age in 

every mixture. The 28-day range was 5.0–7.8 MPa, 

increasing to 9.0–10.6 MPa at 90 days. TMSR50 achieved 

the highest 90-day flexural strength of 10.60 MPa, while 

TMSM50 reached 10.20 MPa. Notably, both 50% sea-sand 

mixtures exceeded their respective control mixtures at 90 

days. The results indicate that high sea-sand replacement 

can remain compatible with favourable later-age bending-

related material performance under the investigated 

conditions. 

3.5 Integrated Performance Assessment 

Table 7. Overall comparison of the four principal performance 

measures 

Mix 
Spr

ead 

Com

p. 28 

d 

Com

p. 90 

d 

Split 

28 d 

Split 

90 d 

Flex

. 28 

d 

Flex

. 90 

d 

TMS

M10

0 

740 53.5 64.5 3.14 3.65 7.80 9.60 

TMS

M90 
710 51.5 60.5 3.15 3.40 6.60 

10.0

0 

TMS

M50 
700 50.5 64.8 2.99 3.28 6.00 

10.2

0 

TMS

R10

0 

690 59.0 65.5 3.11 3.60 6.40 
10.4

0 

TMS

R90 
685 57.5 62.0 3.12 3.38 5.60 9.00 

TMS

R50 
680 64.0 67.0 2.83 3.46 5.00 

10.6

0 

 

The combined results demonstrate that no single mixture is 

superior in every property. TMSM100 provides the highest 

fresh-state spread, whereas TMSR50 provides the highest 

28-day and 90-day compressive strengths and the highest 

90-day flexural strength. TMSM50 also performs strongly 

at later ages, particularly in compressive and flexural 

strength. The 50% sea-sand mixtures are therefore 

promising candidates for further investigation because they 

combine substantial aggregate replacement with favourable 

later-age hardened performance. Their lower spread 

relative to the controls, however, indicates that fresh-state 

behaviour must be considered during mix selection. 

The results also reinforce the importance of considering 
multiple response modes in SCC. Compressive strength 

alone does not describe tensile cracking or bending-related 

behaviour, while workability alone cannot establish 

hardened performance. The present results provide 

material-level evidence of compatibility between partial 

sea-sand replacement and the selected ternary-binder SCC 

system; reinforced-member capacity, bond, ductility, 

serviceability and long-term durability require separate 

investigation. 

4. CONCLUSIONS 

The investigation evaluated six M40-grade SCC mixtures 

containing manufactured sand or river sand with 0%, 10% 

and 50% sea-sand replacement under a constant ternary 

binder system. The principal conclusions are: 

• The ternary binder containing 65% OPC, 30% fly ash and 

5% GGBS was successfully applied across the six mixtures 

with a total cementitious content of 590 kg/m³. 

• Slump-flow spread decreased with sea-sand replacement. 

The manufactured-sand series decreased from 740 mm to 

710 mm and 700 mm, while the river-sand series decreased 

from 690 mm to 685 mm and 680 mm. 

• All six mixtures exceeded the 48 MPa target mean strength 

at 28 days, with compressive strengths of 50.5–64.0 MPa. 

At 90 days, TMSR50 reached 67.0 MPa and TMSM50 

reached 64.8 MPa. 

• Split tensile strength increased with curing age, with 90-day 

values between 3.28 and 3.65 MPa. No systematic adverse 

effect of sea-sand replacement was observed across the six 

mixtures. 

• Flexural strength increased from 5.0–7.8 MPa at 28 days to 

9.0–10.6 MPa at 90 days. TMSM50 and TMSR50 

exhibited particularly strong later-age flexural 

performance. 

• Partial sea-sand replacement is technically feasible within 

the investigated SCC system, provided that aggregate 

grading and fresh-state flow are appropriately controlled. 

TMSM50 and TMSR50 merit further structural validation, 

but a universal optimum replacement level cannot be 

established without durability, cost and reinforced-member 

data. 

5. FUTURE SCOPE 

Further work should validate the material response through 

complete laboratory records and extend the investigation to 

reinforced beams and slabs. Priority measurements include 

load–deflection response, first-crack and ultimate load, 

crack width, stiffness, ductility, bond behaviour and 

serviceability. Long-term studies under chloride, sulphate, 

carbonation, wet–dry and marine exposure would be 

necessary before broad structural durability 

recommendations are made. Optimization of sea-sand 

replacement and superplasticizer dosage, together with 

experimentally verified predictive models and life-cycle 

assessment, would further strengthen the engineering basis 

for sustainable SCC applications. 

REFERENCES 

[1] D. Pan, S. A. Yaseen, K. Chen, D. Niu, C. K. Y. Leung, 

and Z. Li, “Study of the influence of seawater and sea sand on 

the mechanical and microstructural properties of concrete,” 

Journal of Building Engineering, vol. 42, p. 103006, 2021. 

[2] N. T. Sang, T. M. Quan, M. H. Nguyen, L. S. Ho, et al., 

“Performances of eco-fine-grained concrete containing saline 

sand as partial fine aggregate replacement,” Journal of 

https://ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                       Volume: 10 Issue: 08 | Aug - 2026                            SJIF Rating: 8.659                                       ISSN: 2582-3930                                                                                                                                               

 

© 2026, IJSREM      | https://ijsrem.com                                                                                                                                   |        Page 5 
 

Applied Science and Engineering, vol. 24, no. 4, pp. 527–539, 

2021. 

[3] Y. Zhao, X. Hu, C. Shi, Z. Zhang, and D. Zhu, “A review 

on seawater sea-sand concrete: Mixture proportion, hydration, 

microstructure and properties,” Construction and Building 

Materials, vol. 295, p. 123602, 2021. 

[4] R. Divitkumar, B. Ganesh, J. Shrestha, B. P. Pandit, A. 

Chaulagain, and B. Rawat, “Rheology of sustainable self 

compacting concrete with triple blend cementitious 

materials,” in International Conference on Structural 

Engineering and Construction Management. Springer, 2021, 

pp. 905–919. 

[5] M. Orak and F. Sajedi, “Investigating the effect of using 

three pozzolans separately and in combination on the 

properties of self-compacting concrete,” Advances in Nano 

Research, vol. 11, no. 2, pp. 141–155, 2021. 

[6] S. Yang, L. Li, Z. Sun, J. Wang, Q. Guo, and Y. Yang, “A 

closed-form fracture model to predict tensile strength and 

fracture toughness of alkali-activated slag and fly ash blended 

concrete made by sea sand and recycled coarse aggregate,” 

Construction and Building Materials, vol. 300, p. 123976, 

2021. 

[7] D. Vafaei, R. Hassanli, X. Ma, J. Duan, and Y. Zhuge, 

“Sorptivity and mechanical properties of fiber-reinforced 

concrete made with seawater and dredged sea-sand,” 

Construction and Building Materials, vol. 270, p. 121436, 

2021. 

[8] D. Wang, Q. Gong, Q. Yuan, and S. Luo, “Review of the 

properties of fiber-reinforced polymer-reinforced seawater–

sea sand concrete,” Journal of Materials in Civil Engineering, 

vol. 33, no. 10, p. 04021285, 2021. 

[9] Z. Xiong, S. He, A. Kwan, L. Li, and Y. Zeng, 

“Compressive behaviour of seawater sea-sand concrete 

containing glass fibres and expansive agents,” Construction 

and Building Materials, vol. 292, p. 123309, 2021. 

[10] Z. Dong, G. Wu, H. Zhu, Y. Wei, X.-L. Zhao, and X. 

Shao, “Bond and flexural performance of basalt fiber–

reinforced polymer bar–reinforced seawater sea sand glass 

aggregate concrete beams,” Advances in Structural 

Engineering, vol. 24, no. 15, pp. 3359–3374, 2021. 

[11] V. Q. Dang, Y. Ogawa, P. T. Bui, and K. Kawai, “Effects 

of chloride ion in sea sand on properties of fresh and hardened 

concrete incorporating supplementary cementitious 

materials,” Journal of Sustainable Cement-Based Materials, 

vol. 11, no. 6, pp. 439–451, 2022. 

[12] B.-X. Yang, T.-Y. Xie, Y. Yu, Y. Zheng, and J.-J. Xu, 

“Mechanical properties and environmental performance of 

seawater sea-sand self-compacting concrete,” Advances in 

Structural Engineering, vol. 25, no. 15, pp. 3114–3136, 2022. 

[13] P. Parthasarathy, A. Hanif, and Z. Li, “Early-age 

properties of cementitious pastes made with seawater,” 

Materials Today: Proceedings, vol. 65, pp. 707–714, 2022. 

[14] N. Sakthieswaran and N. Nagendran, “Utilisation of sea 

sand as partial replacement of fines in resin bonded cement 

concrete,” Revista Ingeniería de Construcción, vol. 37, no. 3, 

2022. 

[15] H. Yu, J. Zheng, and Q. Lin, “Strength prediction of 

seawater sea sand concrete based on artificial neural network 

in Python,” Materials Research Express, vol. 9, no. 3, p. 

035201, 2022. 

[16] J. Liu, R. An, Z. Jiang, H. Jin, J. Zhu, W. Liu, Z. Huang, 

F. Xing, J. Liu, X. Fan, et al., “Effects of w/b ratio, fly ash, 

limestone calcined clay, seawater and sea-sand on 

workability, mechanical properties, drying shrinkage behavior 

and microstructural characteristics of concrete,” Construction 

and Building Materials, vol. 321, p. 126333, 2022. 

[17] V. Revilla-Cuesta, V. Ortega-López, M. Skaf, J. M. 

Manso, et al., “Deformational behavior of self-compacting 

concrete containing recycled aggregate, slag cement and green 

powders under compression and bending: Description and 

prediction adjustment,” Journal of Building Engineering, vol. 

54, p. 104611, 2022. 

[18] N. T. Sang, T. M. Quan, V. Q. Dang, L. S. Ho, R. C. 

George, et al., “Applicability of concrete containing the binary 

and ternary system of binder materials under natural marine 

environment,” Journal of Applied Science and Engineering, 

vol. 25, no. 5, pp. 881–891, 2022. 

[19] Y. Su, Z. Xiong, Z. Hu, W. Zhu, K. Zhou, J. Wang, F. 

Liu, and L. Li, “Dynamic bending study of glass fiber 

reinforced seawater and sea-sand concrete incorporated with 

expansive agents,” Construction and Building Materials, vol. 

358, p. 129415, 2022. 

[20] L. Zhou, Y. Zheng, L. Huo, Y. Ye, X. Wang, and G. 

Song, “Fracture behaviors of HVFA-SCC mixed with 

seawater and sea-sand under three-point bending,” Advances 

in Structural Engineering, vol. 25, no. 4, pp. 716–735, 2022. 

[21] Z. Xiong, L. Lin, S. Qiao, L. Li, Y. Li, S. He, Z. Li, F. 

Liu, and Y. Chen, “Axial performance of seawater sea-sand 

concrete columns reinforced with basalt fibre-reinforced 

polymer bars under concentric compressive load,” Journal of 

Building Engineering, vol. 47, p. 103828, 2022. 

[22] S. Qiao, Z. Xiong, Y. Li, Z. Ye, S. He, L. Li, and Y. 

Zeng, “Mechanical properties of seawater sea-sand concrete 

exposed to daily temperature variations,” Buildings, vol. 12, 

no. 5, p. 517, 2022. 

https://ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                       Volume: 10 Issue: 08 | Aug - 2026                            SJIF Rating: 8.659                                       ISSN: 2582-3930                                                                                                                                               

 

© 2026, IJSREM      | https://ijsrem.com                                                                                                                                   |        Page 6 
 

[23] S. K. Rahman and R. Al-Ameri, “Marine geopolymer 

concrete—a hybrid curable self-compacting sustainable 

concrete for marine applications,” Applied Sciences, vol. 12, 

no. 6, p. 3116, 2022. 

[24] J. Chen, J. Jia, and M. Zhu, “Development of admixtures 

on seawater sea sand concrete: A critical review on concrete 

hardening, chloride ion penetration and steel corrosion,” 

Construction and Building Materials, vol. 411, p. 134219, 

2024. 

[25] T. Liu, Y. Ju, H. Lyu, Q. Zhuo, H. Qian, and Y. Li, 

“Identification and analysis of seashells in sea sand using 

computer vision and machine learning,” Case Studies in 

Construction Materials, vol. 18, p. e02121, 2023. 

[26] S. Saleh, A. H. Mahmood, E. Hamed, and X.-L. Zhao, 

“The mechanical, transport and chloride binding 

characteristics of ultra-high-performance concrete utilising 

seawater, sea sand and SCMs,” Construction and Building 

Materials, vol. 372, p. 130815, 2023. 

[27] V. Kryzhanovskyi, A. Avramidou, J. Orlowsky, and P. 

Spyridis, “Self-compacting high-strength textile-reinforced 

concrete using sea sand and sea water,” Materials, vol. 16, no. 

14, p. 4934, 2023. 

[28] Y. Zou, C. Wu, Z. Zhang, J. Jiang, K. Yu, and X. Wang, 

“Investigation on flexural behavior of novel GFRP grid web-

concrete hybrid beam,” Engineering Structures, vol. 278, p. 

115489, 2023. 

[29] C. Wu, X. He, W. Wu, and K. Ji, “Low cycle fatigue 

crack propagation and damage evolution of concrete beams 

reinforced with GFRP bar,” Composite Structures, vol. 304, p. 

116312, 2023. 

[30] J. Liao, J.-J. Zeng, W.-M. Quach, and J.-K. Zhou, “Axial 

compressive behavior and model assessment of FRP-confined 

seawater sea-sand concrete-filled stainless steel tubular stub 

columns,” Composite Structures, vol. 311, p. 116782, 2023. 

[31] W. Wu, X. He, W. Yang, B. Wei, and M. S. Alam, 

“Durability and microstructure degradation mechanism of 

FRP-seawater seasand concrete structures: A review,” 

Construction and Building Materials, vol. 391, p. 131825, 

2023. 

[32] M. Lv, X. An, H. Bai, P. Li, and J. Zhang, “Influence of 

the fine aggregate particle packing effects on the paste 

rheological thresholds of self-compacting concrete,” 

Construction and Building Materials, vol. 397, p. 132379, 

2023. 

[33] E. A. Mazumder and L. Prasad M, “Performance 

enhancement of fly ash-based self compacting geopolymer 

concrete using pre-heating technique,” Iranian Journal of 

Science and Technology, Transactions of Civil Engineering, 

pp. 1–13, 2023. 

[34] Q. Yao, X. Teng, C. Lu, H. Sun, J. Mo, and Z. Chen, 

“Influence of accelerated chloride corrosion on mechanical 

properties of sea sand ECC and damage evaluation method 

based on nondestructive testing,” Journal of Building 

Engineering, vol. 63, p. 105520, 2023. 

[35] Q. N. Abdullah and A. I. Abdulla, “Flexural behavior of 

a box ferrocement beams consisting of self-compacted mortar 

reinforced by fiber glass mesh and GFRP bars after exposure 

to high temperatures,” Journal of Building Engineering, vol. 

74, p. 106917, 2023. 

[36] G. Mai, L. Li, X. Chen, Z. Xiong, J. Liang, X. Zou, Y. 

Qiu, S. Qiao, D. Liang, and F. Liu, “Fatigue performance of 

basalt fibre-reinforced polymer bar-reinforced sea sand 

concrete slabs,” Journal of Materials Research and 

Technology, vol. 22, pp. 706–727, 2023. 

[37] F. Wang, Y. Sun, X. Xue, N. Wang, J. Zhou, and J. Hua, 

“Mechanical properties of modified coral aggregate seawater 

sea-sand concrete: Experimental study and constitutive 

model,” Case Studies in Construction Materials, vol. 18, p. 

e02095, 2023. 

[38] S. Rathnarajan and P. Sikora, “Seawater-mixed concretes 

containing natural and sea sand aggregates—a review,” 

Results in Engineering, vol. 20, p. 101457, 2023. 

[39] B. Sindhurashmi, G. Nayak, N. Adesh, V. Rao, and S. P. 

Dubey, “Incorporating sea sand into self-compacting concrete: 

A systematic review,” Discover Applied Sciences, vol. 6, no. 

4, p. 194, 2024. 

[40] United Nations Department of Economic and Social 

Affairs, “Sustainable Development Goals,” available at: 

https://sdgs.un.org/goals. 

https://ijsrem.com/

