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Abstract: In the United States, approximately 10 billion gallons of mixing water is required annually 8 

to produce close to 400 million cubic yards of concrete. In response to the declining supply of fresh- 9 

water in some locations and with the goal of decreasing the environmental footprint of the concrete 10 

industry, there is current interest in either full or partial replacement of fresh water with seawater 11 

in concrete mixtures. Research indicates that the early-age strength of seawater concrete is typically 12 

higher than that of normal concrete, but that the long-term strength is affected less. This study in- 13 

vestigates the early-age properties of seawater concrete by measuring its ultrasonic pulse velocity. 14 

This nondestructive test method is commonly used to assess the quality of concrete, and its value 15 

correlates well with the compressive strength. Neat cement paste specimens were prepared at sev- 16 

eral water–cement ratios using either fresh water or salt water at various salinities (36, 24, and 17 

12g/L). The highest salinity of 36g/L was chosen because it is the approximate salinity of the ocean, 18 

while 24 and 12g/L represent either brackish water or seawater that has been mixed with freshwater. 19 

The ultrasonic pulse velocity of the specimens was measured at various points in time until 28 days. 20 

Additionally, the compressive strength was measured at both 7 and 28 days. By comparing the evo- 21 

lution of the ultrasonic pulse velocity and the compressive strength between the various mixtures, 22 

the effect of seawater on the early-age properties of seawater concrete can be better understood. 23 
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 25 

1. Introduction 26 

Due to the decreasing availability and increasing demand for freshwater, it is attrac- 27 

tive to consider the full or partial replacement of mixing water with either seawater or 28 

brackish water. Typically, only potable water is incorporated into concrete mixes with 29 

durability being the primary concern associated with the use of seawater. The chloride 30 

and sulfate ions in the seawater can lead to corrosion of the steel reinforcement and sulfate 31 

attack [1], respectively. While other research in the literature has investigated ways to 32 

minimize these drawbacks [2], the focus of this study is to investigate the increase in early- 33 

age properties of seawater concrete.  34 

Research has indicated that the 7-day and 28-day compressive strengths of cement 35 

paste can be increased by as much as 50% by using seawater as the mixing water [3]. 36 

However, some researchers have reported smaller increases in the compressive strength 37 

of cement paste [4] and even decreases in the compressive strength for cement mortar 38 

prepared with seawater [5]. The reason for these differences can be attributed to the vari- 39 

ation in the exact chemical composition of the seawater and the Portland cement. In order 40 

to more fully understand the impact of seawater on the properties of concrete, an investi- 41 

gation was conducted to understand the effects of water-cement ratio and seawater salin- 42 

ity on the 7-day and 28-day compressive strength of cement paste. Additionally, the ul- 43 

trasonic pulse velocity (UPV) was measured at various points in time to explore if the 44 

compressive strength and UPV are affected in the same way.  45 
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2. Materials and Methods 1 

Seawater-cement paste specimens were prepared using a Type I/II Portland cement 2 

and seawater that was prepared using an artificial sea salt. (6) - 50mm cube specimens 3 

were prepared for each mix design. Water-cement ratios of 0.35, 0.40, 0.45, and 0.50 and 4 

salinities of 0g/L, 12g/L, 24g/L, and 36/L were chosen. Table 1 contains information about 5 

the 12 different mix designs that were studied and Table 2 contains the typical chemical 6 

composition of seawater. 7 

The cement cubes were prepared according to ASTM C109 [6]. After 24 hours, the 8 

specimens were demolded and were subjected to curing in saturated lime water at a tem- 9 

perature of 23oC. The ultrasonic pulse velocity (UPV) was measured with 150kHz probes 10 

at a gain of 100V. The UPV was calculated by dividing the travel time of the pulse by the 11 

edge length of the cube. The UPV for each cube was recorded as the average value of the 12 

UPV calculated in two perpendicular directions, the probes being placed on the faces of 13 

the cubes that were vertical during casting. The UPV was measured at 1, 2, 3, 7, 10, 16, 22, 14 

and 28 days after mixing and the compressive strength was measured at 7 and 28 days. 15 

From 1 to 7 days, the UPV was recorded as the average value from 6 identical cubes, after 16 

which, it was recorded as the average value from 3 identical cubes. The values of the com- 17 

pressive strength were recorded as the average value from 3 identical cubes. The com- 18 

pressive strength tests were conducted according to ASTM C109, with the load applied to 19 

specimen faces that were in contact with the true plane surfaces of the mold at a loading 20 

rate of 300 lb/sec.  21 

Table 1. Cement cube mix designs. 22 
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Water-Cement Ratio Salinity (g/L) 

1 0.35 0 

2 0.40 0 

3 0.45 0 

4 0.50 0 

5 0.45 12 

6 0.50 12 

7 0.45 24 

8 0.50 24 

9 0.35 36 

10 0.40 36 

11 0.45 36 

12 0.50 36 

 23 

Table 2. Typical composition of seawater according to ASTM D1141 [7] 24 

Ion Concentration (g/L) 

Cl- 19.8 

Na+ 11.0 
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SO42- 2.8 

Mg2+ 1.3 

Ca2+ 0.42 

K+ 0.40 

3. Results and Discussion 1 

3.1. Ultrasonic Pulse Velocity 2 

Table 3 contains the results for the UPV of the seawater-cement paste specimens. As 3 

seen in Figure 1, the UPV initially increases rapildly for approximately 3 days and then 4 

continues to increase at a lower rate. For all salinities studied, the UPV decreased with an 5 

increase in the water-cement ratio. At a given water-cement ratio, an incease in the salinity 6 

generally causes an increase in 1-day UPV. This effect of salinity on the 1-day UPV is more 7 

pronounced as the water-cement ratio increases. Fort a water-cement ratio of 0.35, the re- 8 

placement of freshwater with seawater (36 g/L) causes a 1% increase in the 1-day UPV, 9 

while for a water-cement ratio of 0.50, there is 11% increase. The 28-day UPV is less ef- 10 

fected by mixing water salinity than the 1-day UPV.  11 

Table 3. Ultrasonic pulse velocity of seawater cement paste specimens. 12 

. Ultrasonic Pulse Velocity (km/s) 

Time 

(days) 

w/c = 0.35 w/c = 0.40 w/c = 0.45 w/c = 0.50 

0 g/L 36 g/L 0 g/L 36 g/L 0 g/L 12 g/L 24 g/L 36 g/L 0 g/L 12 g/L 24 g/L 36 g/L 

1 3.52 3.57 3.27 3.50 3.05 3.29 3.33 3.32 2.87 3.10 3.18 3.20 

2 3.65 3.69 3.49 3.61 3.24 3.51 3.53 3.49 3.07 3.32 3.38 3.37 

3 3.75 3.74 3.59 3.66 3.37 3.55 3.59 3.55 3.16 3.39 3.47 3.44 

7 3.85 3.81 3.72 3.75 3.56 3.65 3.66 3.64 3.38 3.53 3.58 3.53 

10 3.88 3.86 3.74 3.78 3.61 3.68 3.70 3.68 3.43 3.56 3.60 3.56 

16 3.93 3.93 3.80 3.81 3.67 3.73 3.74 3.71 3.52 3.61 3.64 3.62 

22 3.97 3.97 3.85 3.85 3.70 3.75 3.77 3.73 3.57 3.65 3.67 3.63 

28 3.99 4.01 3.87 3.88 3.74 3.78 3.80 3.74 3.60 3.65 3.70 3.65 

 13 
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 1 

Figure 1. Ultrasonic pulse velocity of seawater-cement paste specimens with mixing water salinities 2 
of: (a) 0 g/L; (b) 12 g/L; (c) 24 g/L; (d) 36 g/L. 3 

3.2. Compressive Strength 4 

Table 4 contains the results of the 7 and 28 day compressive strength tests. The num- 5 

bers in parenthesis indicate the percent change in the compressive strength with respect 6 

to the mixes prepared using fresh water. For each water-cement ratio investigated, the 7- 7 

day compressive strength increased as the salinity of the mix water increased, with the 8 

exception of a water-cement ratio of 0.50, where there was a drop in the compressive 9 

strength between a salinity of 24 g/L and 36 g/L. The percent increase in the 7-day com- 10 

pressive caused by replacing fresh water (0 g/L) with seawater (36 g/L) grew as the water- 11 

cement increased. At water-cement ratios of 0.35, 0.40, 0.45, and 0.50, the percent increase 12 

in the 7-day compressive strength was 15%, 21%, 35%, and 37%, respectively. This demon- 13 

strates that the replacement of fresh water with seawater does cause an increase in the 7- 14 

day compressive strength and that this effect is highly dependant on the water-cement 15 

ratio of the mix.  16 

For the 28-day compressive strength results, the effect of seawater is less pronounced 17 

and changing the salinity produces a lower variability in the strength. For the lower water- 18 

cement ratios (0.35 and 0.40), there was a slight increase in the 28-day compressive 19 

strength between fresh water (0 g/L) and seawater (36 g/L). While for the higher water- 20 

cement ratios (0.45 and 0.50), there was a slight decrease in the 28-day compressive 21 

strength between fresh water and seawater.      22 

Table 4. Compressive strength of seawater-cement paste specimens. 23 

T

a

b

l

e 

. 

Compressive Strength (MPa) 

w/c = 0.35 w/c = 0.40 w/c = 0.45 w/c = 0.50 

0 g/L 36 g/L 0 g/L 36 g/L 0 g/L 12 g/L 24 g/L 36 g/L 0 g/L 12 g/L 24 g/L 36 g/L 

7 
73.6 

 

84.7 

(+15%) 

61.0 

 

73.6 

(+21%) 

46.9 

 

55.5 

(18%) 

58.8 

(25%) 

63.2 

(35%) 

34.2 

 

43.8 

(28%) 

49.1 

(44%) 

46.7 

(37%) 
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28 
99.3 

 

101.9 

(+3%) 

86.2 

 

87.3 

(+1%) 

73.0 

 

71.8 

(-2%) 

69.5 

(-5%) 

70.2 

(-4%) 

59.9 

 

54.1 

(-10%) 

54.5 

(-9%) 

57.1 

(-5%) 

4. Conclusions 1 

The results indicate that replacement of fresh mixing water with either seawater or 2 

brackish water has an effect on both the UPV and compressive strength of cement paste. 3 

The seawater and brackish water act as accelerators, causing the early-age properties to 4 

increase, but have a lesser effect on the properties at 28 days. There appears to be a corre- 5 

lation between 1-day UPV and the 7-day compressive strength and a correlation between 6 

then the 28-day UPV and 28-day compressive strength as described below:  7 

The use of seawater or brackish water causes both a notable increase in the 1-day 8 

UPV and 7-day compressive strength relative to using freshwater. The largest percent in- 9 

crease in 1-day UPV was 11% and the largest increase in 7-day compressive strength was 10 

37%, both with w/c = 0.50 and 36 g/L. 11 

As the water-cement ratio is increased, the effect of mixing water salinity on the both 12 

the 1-day UPV and 7-day compressive strength is more pronounced. When using a water- 13 

cement ratio of 0.50, there is a larger percent increase in both properties relative to fresh- 14 

water than when using a water-cement ratio of 0.35.  15 

For low values of the water-cement ratio (0.35 and 0.40), the use of seawater causes a 16 

slight increase in both the 28-day UPV and 28-day compressive strength relative to using 17 

freshwater. The largest increase in strength was 3% (w/c = 0.35 and 36 g/L). 18 

The effect of the mixing water’s salinity on the 1-day UPV and 7-day compressive 19 

strength is more pronounced than both properties at 28 days. Overall, seawater and brack- 20 

ish water cause an increase in both the 1-day UPV and 7-day compressive strength, while 21 

there is almost no change or a small increase in the both the 28-day UPV and 28-day com- 22 

pressive strength. 23 

These correlations indicate that UPV measurements of seawater concrete can be used 24 

to predict the effect of the seawater on the compressive strength. 25 
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