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Abstract 
 

This study investigates the possibility of making concrete with seawater and recycled brick aggregate, used as 

alternative materials for freshwater and natural coarse aggregate, respectively. A total of six cases were 

investigated; in each case, nine cylindrical concrete specimens (100 mm by 200 mm) were prepared with 100% 

recycled brick aggregates, 100% river sand, cement content of 340 kg/m³, water-to-binder ratio (W/B) of 0.45, 

and sand-to-aggregate volume ratio (s/a) of 0.44. Additionally, ground granulated blast furnace slag (GGBFS) 

was used as cementitious material, which was replaced by 30% and 70% by volume of CEM TYPE I. Concrete 

specimens made with river sand and freshwater were used as the control case. Fresh properties were evaluated 

through slump tests, results ranging from 80 mm to 120 mm. Hardened properties, including compressive 

strength and ultrasonic pulse velocity (UPV), were assessed at 7 and 28 days, with split tensile strength measured 

at 28 days. Compressive strength results show that concrete containing seawater, along with 30% slag, achieved 

an 11.65% increase in strength relative to control mix at 28 days. UPV measurements confirmed satisfactory 

internal concrete quality across all mixes. 28-day split tensile strengths ranged from 4 MPa to 7 MPa. The 

depletion of natural resources, including freshwater and aggregates, has led to material scarcity in coastal areas. 

This study demonstrates the viability of alternative materials for producing sustainable concrete, supporting 

environmentally resilient construction practices. 
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1 Introduction 
 

Concrete is the most widely used construction material across the globe, with an estimated per capita 

consumption of approximately three tonnes annually (Monteiro & Miller, 2017). However, its conventional 

production relies heavily on freshwater and natural aggregates; this poses significant environmental concerns, 

including high resource consumption and substantial industrial water withdrawal. In 2012 alone, concrete 

production accounted for nearly 9% of the world’s industrial freshwater usage (Miller et al., 2016). As 

construction activities continue to grow, this demand is expected to rise further, especially in regions already 

struggling with water scarcity. By 2040, 33 countries are expected to experience extreme water scarcity, and by 

2050, these regions are predicted to account for 75% of the total global water demand related to concrete 

production (Mekonnen & Hoekstra, 2016; World Resources Institute, 2014). 

 

In response to these growing environmental challenges, there has been a significant shift towards the 

development of sustainable, “green” concrete through the incorporation of alternative materials. Among these, 

seawater and recycled coarse aggregate (RCA) have gained considerable attention as suitable substitutes for 

traditional mixing components (Alnahhal & Aljidda, 2018; Rahal, 2007; Tam et al., 2018). Utilizing RCA not 

only offers an effective method for reducing construction and demolition waste but also provides an alternative 

aggregate source that reduces pressure on natural reserves. Simultaneously, the use of seawater in concrete 

presents a promising solution to reduce the dependency on freshwater in coastal and arid regions. 

 

However, integrating these alternative materials into concrete mixtures is not without challenges. A primary 

concern is the potential for steel reinforcement corrosion due to the presence of chloride ions in seawater, which 

limits its application in reinforced concrete structures. However, the inclusion of supplementary cementitious 

materials (SCMs) such as ground granulated blast-furnace slag (GGBFS) has been shown to improve the 

durability of concrete by binding free chlorides and enhancing the corrosion resistance of embedded steel (Li et 

al., 2017). 

 

With the increasing availability of waste brick materials and declining freshwater sources, combining seawater 

and recycled brick aggregates offers a sustainable solution for construction. This approach reduces 
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environmental impact while maintaining structural integrity, especially in coastal and marine engineering. This 

study aims to explore the mechanical performance of concrete made with seawater and recycled brick coarse 

aggregate and to contribute theoretical insights for the practical application of such sustainable materials in 

coastal and marine infrastructure. 
 

 

2 Methodology 
 

2.1 Materials and Mix Proportions 

CEM TYPE I cement was used as binder material in this study with cement content of 340 kg/m3. Ground 

granulated blast-furnace slag (GGBFS) was used as alternative cementitious material that replaced CEM TYPE I 

by 30% and 70%, respectively. 100% river sand and 100% recycled brick aggregates were used as fine aggregate 

and coarse aggregates, respectively. The nominal size of the coarse aggregate was 20 mm. The gradation was 

controlled according to ASTM C33. Specific gravities of cement, slag, fine aggregate and coarse aggregate were 

3.10, 2.71, 2.54, and 2.10, respectively. Normal potable freshwater alongside seawater was used for concrete 

casting. 
 

2.2 Test Specimens 

A total of six cases were investigated, presented in Table 1. In each case, nine cylindrical concrete specimens 

(100 mm by 200 mm) were prepared with 100% recycled brick aggregate, 100% river sand as fine aggregate, 

binder content of 340 kg/m³, water-to-binder ratio (W/B) of 0.45, and sand-to-aggregate volume ratio (s/a) of 

0.44. Among the six mixes, cases one to three contained 100% freshwater and case four to six contained 100% 

seawater. Concrete specimens made with freshwater with 100% CEM TYPE I was used as control case (Mix 1: 

F340-0). 

 

Table 1. Mix designs. 

 

Sl. Mix 
CEM TYPE I 

Slag Fine 

Aggregate 

Coarse 

Aggregate 
Water 

(kg/m3) (kg/m3) (%) (kg/m3) (kg/m3) (kg/m3) 

1 F-340-0 340 0 (0) 

802 

 

844 

 

153 

 

2 F-340-30 238 95 (30) 

3 F-340-70 102 219 (70) 

4 Sw-340-0 340 0 (0) 

5 Sw-340-30 238 95 (30) 

6 Sw-340-70 102 219 (70) 

 Note: F= Freshwater, Sw= Seawater, 340 = Binder Content in kg/m3, 0, 30 and 70 are the volume replacement 

percentage of CEM TYPE I with slag powder 

 

 

2.3 Methods of Evaluation 

 

2.3.1 Workability Test 

The slump test was done according to ASTM C143 which is used to determine the flow of fresh concrete. The 

method involves filling a slump cone with concrete, then removing the cone and measuring the slump (the 

difference in height between the top of the cone and the highest point of the concrete). A higher slump indicates 

more workability, whereas a lower slump suggests less workability. 
 

2.3.2 Ultrasonic Pulse Velocity  

Ultrasonic pulse velocity (UPV) is a non-destructive test used to assess concrete’s homogeneity, quality, and 

internal defects, following ASTM C597. In this test, a pair of transducers (one emitting and one receiving the 

ultrasonic pulse) are placed on opposite surfaces of the concrete specimen. The time taken for the pulse to travel 

through the concrete is measured, and from this, the pulse velocity is calculated. Concrete quality is categorized 

based on UPV values as shown in Table 2. 
 

 

 

 

Table 2. Concrete quality with respect to pulse velocity (BIS 13311-92-Part-I) 
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UPV Concrete Quality 

>4500 m/s Excellent 

3500-4500 m/s Good 

3000-3500 m/s Fair 

<3000 m/s Poor 

 

2.3.3 Compressive Strength 

The compressive strength of concrete was evaluated at different curing intervals specifically at 7 and 28 days 

following the procedures outlined in ASTM C39. Three concrete specimens were tested each day. 

 

2.3.4 Split Tensile Strength 

The split tensile strength test measures the tensile strength of concrete under a direct tension load according to 

ASTM C496. After 28 days of curing, three concrete specimens were tested. Since concrete is generally weak in 

tension, this test helps determine its ability to withstand tensile stresses, which is vital for assessing concrete’s 

cracking resistance and durability in structures subjected to tensile forces.  
 

 

3 Results and Discussions 

 

3.1 Workability Test 

Figure 1 shows the slump values of fresh concrete. Seawater combinations show higher slump values than those 

of freshwater combinations. Additionally, slump value increases with the increase of slag percentage in the 

concrete mix. Seawater acts as an accelerator due to the presence of chloride ions. Thus, it influences workability 

(slump) in a noticeable way. The presence of sulfate ions in seawater may contribute to a slight increase in 

slump. Moreover, higher slag content increases slump by improving flowability and reducing water demand. As 

a result, seawater combinations with 70% slag content shows the highest slump value of 120 mm (Younis, A., & 

Ebead, U., 2020). 

 

 
 

Figure 1. Slump values 

 

3.2 Ultrasonic Pulse Velocity 

Figure 2 illustrates the UPV values of hardened concrete. Recycled coarse aggregates (RCA) in concrete 

generally exhibit lower ultrasonic pulse velocity (UPV) compared to concrete made with natural aggregates. This 

is primarily due to the inherent characteristics of RCA, such as higher porosity, the presence of pores and cracks, 

and weaker interfacial zones between the RCA and the cement paste (Ammar, B., & Alhumoud Jasem, M. 2019). 
By adding slag in the mix, void percentage can be reduced that results in denser concrete matrix (Sanjaya, F. A., 

Wasono, S. B., & Wulandari, D., 2021). According to Table 2, UPV values are typically categorized as: excellent 

(above 4.5 km/s), good (3.5-4.5 km/s), fair (3.0-3.5 km/s), and poor (below 3.0 km/s). According to concrete 

quality limits based on pulse velocity, maximum specimens ranged within medium to good quality on 28 curing 

days. UPV measurements confirmed satisfactory internal concrete quality across all mixes.  
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Figure 2. UPV values 

 

3.3 Compressive Strength Test 

Figures 3 shows the compressive strength of mixes at 7 days and 28 days, respectively. After 7 days, the 

compressive strengths of freshwater combinations with 0%, 30%, and 70% slag replacement are 9.26 MPa, 19.52 

MPa, and 7.25 MPa, respectively. The compressive strengths of seawater combinations with 0%, 30%, and 70% 

slag replacement are 13.76 MPa, 17.96 MPa, and 11.73 MPa, respectively. For 28 days, the compressive 

strengths of river sand and freshwater combinations with 0%, 30%, and 70% slag replacement are 21.41 MPa, 

24.01 MPa, and 14.05 MPa, respectively. Compressive strength of river sand and seawater combinations for 0%, 

30%, and 70% slag replacement are 18.44 MPa, 23.90 MPa, and 14.87 MPa, respectively. Both combinations 

show maximum strength for 30% slag replacement and minimum strength for 70% slag replacement. As slag 

percentage increases, compressive strength also increases to an extent due to additional formation of CSH gel 

and void reduction, leading to a denser and more compact concrete matrix (Jose, T. et al 2019). But at high 

percentage, such as at 70% replacement, cement content is significantly reduced which leads to less calcium 

hydroxide and slower hydration. As a result, compressive strength of later ages gets compromised.  

 

                                             (a)                                                                                        (b) 

 

Figure 3. Compressive Strength (a) 7 days, (b) 28 days 

 

Figure 4 shows 7 days and 28 days compressive strength comparison with the control case where no slag 

replacement and no seawater were used. After 7 days, compressive strength of mix 2 increased by 110.80% due 

to additional formation of CSH gel and void reduction at 30% slag (Mohammed, T. U. et al 2004). Compressive 

strength of mix 5 increased by 93.95% due to the accelerating effect of chlorides on early hydration. After 28-

days of curing, compressive strength of mix 2 and mix 5 raised by 12.14% and 11.65% for 30% slag 

replacement. So, it can be summarized that whether using freshwater or seawater, along with 100% recycled 

brick aggregates, the optimum value of slag replacement is 30%. Furthermore, using seawater in combination 

with recycled brick aggregates appears to be a viable option, as it produces compressive strength levels 

comparable to those of mixes made with freshwater. 
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Figure 4. % Change of 7 days and 28 days compressive strength with respect to control case. 

 

3.4 Split Tensile Strength 

Figure 5 depicts the split tensile strength of concrete at 28 days. Freshwater concrete consistently exhibits higher 

tensile strength than seawater concrete across all slag replacement levels. However, at 70% slag replacement, 

seawater concrete slightly surpasses freshwater concrete in tensile strength with the trend observed in 

compressive strength at the same slag level. This could be due to the prolonged hydration process enhanced by 

the reaction between slag and the chlorides in seawater. 

 

 
Figure 5. Split Tensile Strength 

 

 

4 Conclusions 
 

The main purpose of this study is to focus on alternative resources that could replace the conventional natural 

resources of concrete production and reduce further resource consumption. On that note, this research attempted 

to study the feasibility of using alternative local resources by completely replacing natural coarse aggregate with 

recycled brick aggregate and by replacing freshwater with seawater as well. Moreover, ground granulated blast-

furnace slag (GGBFS) was used as alternative cementitious material that replaced CEM TYPE I by 30% and 

70%, respectively. The concluded test results are as follows: 

 

• Fresh properties were evaluated through slump tests, results ranging from 80 mm to 120 mm. Slump 

value increases with increasing slag percentage in the concrete mix by improving flowability and 

reducing water demand. As a result, seawater with 70% slag content shows the highest slump value of 

120 mm.  
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• In UPV test most of the specimens were within medium to good quality that confirmed satisfactory 

internal concrete quality across all mixes. Slag refines the pore structure of the mixes, reducing total 

porosity and improving overall durability of concrete made with recycled brick aggregates. 

• Concrete made with fully CEM TYPE I and seawater demonstrates greater early-age (7-day) strength 

compared to freshwater concrete, which can be attributed to the accelerating influence of chloride ions 

on initial cement hydration. 

• Compressive strength peaks at 30% slag for both freshwater and seawater mixes, and compressive 

strength declines at 70% slag for both freshwater and seawater mixes.  

• Mixes of freshwater produced higher tensile strength than seawater concrete across all slag replacement 

levels. 
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