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Abstract.  The performance of concrete is greatly influenced by the proportion of its 
constituting materials. Despite concrete having rightful content of binder and mineral fillers, 
the amount of water used for its production has significant effects on its characteristics. The 
standard concrete mix design influences the characteristics performance of concrete and plays 
significant roles in the development of quality and sustainable concrete. This study evaluates 
the effect of different water - cement ratios (0.6 and 0.43) on the density, workability, and 
compressive strength of concrete. In the experiment, concrete mix of 1:2:3 with 0.6 and 0.43 
water – cement ratios were used. The workability was assessed through slump test in 
accordance with SANS5862-1:2006, while the compressive strength test was done on 100 x 
100 x100 concrete cubes in accordance with SANS5863: 2006. The densities were measured 
before the compressive strength tests were performed. The slump values obtained from the 
concrete with 0.6 and 0.43 water – cement (w/c) ratios were 80 mm and 70 mm respectively. 
The concrete with 0.6 and 0.43 w/c ratios have density range of 2310 – 2434.5 kg/m3 and 
2332.5 – 2398.5 kg/m3, respectively. The concrete’s compressive strengths with 0.43 w/c 
ratio exceeds that of 0.6 by 59.09, 30.54 and 29.66 % at 3, 7 and 28 days, accordingly. In 
conclusion, concrete with 0.43 w/c ratio gave better compressive strength and is 
recommended for the construction of high-rise buildings and infrastructures. 
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1. Introduction 

One of the major sources of concrete deformation that does not make it structurally sustainable 
is the use of high quantity of water for its production. The fact remains that, concrete produced 
with high water-cement (w/c) ratio developed several problems such as segregation, structural 
deflection, creeping of concrete structural members, shearing of the buildings’ beam members, 
cracks and formation of large pores within the concrete matrix. These defects have been affecting 
the sustainability capacity of concrete structures in the global communities. Thus, resulting in 
demolition of many multimillion dollars concrete projects without fulfilling their initial purposes 
of construction. The previous reports on concrete mix proportion show that water is one of 
concrete production materials that require accurate proportioning during mix design formulation 
(Aïtcin, P.-C., 2016; Ejiogu et al., 2018).  

According to Ejiogu et al. (2018), the use of high w/c ratio such as 0.8 and 0.9 w/c ratio in concrete 
developed into formation of lowest flexural, tensile and compressive strengths compared to 
concrete with less w/c ratio such as 0.5. In addition, Ayanlere et al. (2023) reported that concrete’s 
bond and compressive strengths decreased up to 25.4% and 30.8% by increasing the concrete’s 
w/c ratio from 0.4 to 0.6.  

Without adequate solutions on regulating the concept of w/c ratio in concrete, the negative 
impacts of high w/c ratio in concrete such as formation of low bond, high bleeding, voids, sudden 
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deformation of concrete structural members will not cease. Thus, this research worked on 
controlling the negative impacts of high w/c ratio on concrete’s strengths, most especially, 
compressive strength. The research aims at increasing the concrete strength properties using low 
w/c ratio. This aim is accomplished by characterizing concrete’s aggregates; determining 
consistency, setting times and workability of concrete using different w/c ratio; evaluating the 
influence of different w/c ratio on concrete’s hardened properties such as density and 
compressive strength, and discovering the suitable w/c ratio good for high strength concrete 
production for sustainable concrete infrastructures construction. 

2. Materials and Methods 

2.1. Materials 

The materials used for this research were Ordinary Portland Cement (OPC) of grade 52.5 N, 
crusher sand (fine aggregate), granite (coarse aggregate) of 20 mm maximum size, optima 206 
superplasticizer, and potable water. 

2.1.1 Materials Collection and Treatments 

The crusher sand and granite used in this experiment comprise of particles with less than 10 mm 
diameter for sand and maximum of 20 mm diameter for granite. The fine and coarse aggregates 
and cement were supplied by AfriSam, South Africa. Aggregates were washed with clean water to 
remove the purities such as dust and clay from the granite and sand. The washed samples were 
dried in the oven for 24 hours at 110℃. Thereafter, samples were allowed to cool and sieve to 
determine their fineness modulus (FM). The optima 206 superplasticizer was applied to the 
concrete mix (most especially water) to improve workability of 0.43 w/c ratio – concrete. Both 
the cement and superplasticizer were produced in accordance with South African Bureau of 
Standards-SANS 50197 (2013) and South African Bureau of Standards-SANS 50934 (2011), 
making them suitable for research work. 

2.1.2 Materials’ Characterization  

Fine & Coarse Aggregates (Crusher Sand & Granite) and Cement Paste 

The characterizations of sand and granite were determined through the sieve analysis of their 
aggregates (Figure 1a) using 10.00 to 0.075 mm and 26.50 mm to 1.0 mm sieve sizes respectively 
in accordance with South African Bureau of Standards-SANS 3001 (2011) standards.  

The percentage of water required to form the consistency and setting times of cement paste were 
determined to and recorded according to South African Bureau of Standards- SANS 50196 (2006). 

2.3. Concrete Mix Design 

Two mix designs were used to produce concrete with two different w/c ratios (0.6 and 0.43) as 
presented in Table 1. 
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Fig. 1. (a) steps of determining the sand and granite particles’ sizes through Sieve analysis (b) steps of 
determining the Consistency of Cement Paste 

Table 1. Concrete mix designs for 0.43 & 0.6 w/c ratio – Concrete Production 

Sample Cement 
(g) 

Sand (g) Granite 
(g) 

Water 
(g) 

Superplasticizer W / C ratio 

Concrete produced 

with 0.43 w/c ratio 

and 1:2:3 mix 

proportion 

342.90 685.70 1371.40 205.74 3.43 0.43 

Concrete produced 

with 0.6 w/c ratio 

1:2:3 mix proportion 

342.90 685.70 1371.40 205.74 - 0.6 

2.3. Research Methodology 

2.3.1. Workability, Density and Compressive Strengths 

The fresh and hardened properties of concrete with 0.6 and 0.43 w/c ratios were determined 
through the evaluation of workability, density and compressive strength. The workability of 
concrete was determined through its slump test in accordance with South African Bureau of 
Standards- SANS 5862 (2006) while the compressive strength was determined by subjecting 100 
x 100 x 100 mm concrete cubes produced with different w/c ratio (0.6 and 0.43) to compressive 
load in accordance with South African Bureau of Standards- SANS 5863 (2006). Density of each 
sample was measured prior to the compressive strength test.  

3. Results and Discussions 

3.1. Results of Materials’ Characterization 

The fineness modulus (FM) of crusher sand and granite aggregates were determined to be 3.2 and 
4.5 respectively and these values complied with Bureau of Indian Standards (1963) and ASTM 
International (1980) standards. Also, the consistency of cement paste was determined to be 
31.5% while the setting times of cement paste was determined to be 93.21 - 169.17 minutes. 
These values complied with Bureau of Indian Standards (1991) and Bureau of Indian Standards 
(1975) standards.  
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3.2. Results of Fresh and Hardened Properties of Concrete 

3.2.1 Workability and Density of Concrete 

The concrete produced with 0.6 & 0.43 w/c ratio had the slump value of 80 and 70 mm 
respectively which were referred to as true slump. Also, the density of concrete with 0.6 & 0.43 
w/c ratio ranged from 2310 – 2434.5 kg/m3 and 2332.5 – 2398.5 kg/m3, respectively (Figures 2a 
- b) indicating good potential for light – normal weight concrete production 

 

Fig. 2. (a - b) The Density of Concrete Produced with 0.6 and 0.43 w/c ratios respectively (c - d) The 
Compressive Strength of Concrete Produced with 0.6 and 0.43 w/c ratios respectively 

3.2.2. Compressive Strength of Concrete 

The compressive strength of concrete produced with 0.6 & 0.43 w/c ratios were found ranging 
from 25.43 - 53.59 MPa and 62.08 – 76.19 MPa at 3 - 28 days of curing respectively (Figures 2c – 
d). With critical consideration of results in Figures 2c-d, it was observed that concrete produced 
with 0.43 w/c ratio increased in compressive strengths by 59.09 %, 30.54 % and 29.66 % than 
that of relative concrete with 0.6 w/c ratio at 3, 7 and 28 days, respectively. These results prove 
that the use of high volume of water for concrete production contributes a negative impact on 
sustainability and durability on concrete structural performance in service. For deeper evaluation, 
the 28th day result of 0.43 w/c ratio – concrete’s compressive strength shows that concrete 
strength can be increased up to 30% with the decrease in its w/c ratio up to 28.3%. Therefore, it 
is highly essential to review the volume of water use for concrete production through their mix 
design in the global concrete industries to prevent deficiencies in concrete properties such as 
segregation, cracks, deflection, shearing, creeping and shrinkage, thus, increasing its 
sustainability. The reports of Wei (2021) and Kilani et al. (2026) support the fact that up to 30% 
of concrete compressive strength will be increased by decreasing its w/c ratio 0.43 from 0.6. 
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3.3. Novelty of Research 

Most concrete produced in the construction industries with low w/c ratio have the problem of 
workability and poor quality after hardening (UltraTech Cement; Vladimir, 2009). In this research, 
the application of Optima 206 superplasticizer into production of low w/c ratio (0.43) - concrete 
made the concrete workable, developed complex matrix bonds within the concrete’s aggregates, 
show less pores formation and yield good strength for high strength infrastructures building. This 
is the novelty of this research. 

4. Conclusions and Recommendations 

4.1. Conclusions 

Based on the experimental output, it is very evident that workable concrete with enhanced 
strength can be produced with 0.43 w/c ratio using superplasticizer. In conclusion, 0.43 w/c ratio 
is suitable to produce sustainable, durable and good strength concrete. 

4.2. Recommendations 

In accordance with experimental results obtained, 0.43 w/c ratio together with superplasticizer 
is recommended for the production of sustainable and good concrete strength in the globe. 
Likewise, low w/c (≤ 0.43) is recommended for the production of sustainable concrete in the 
current construction industries to reduce the issue of sudden structural failures and cracks. In 
order to increase the quality of concrete produce globally, it is highly essential to critically 
evaluate the ratio of w/c in usage for construction purposes. This will enhance the sustainability 
and durability of concrete structures in circulation. 
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