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Abstract: The present study has evaluated the effects of varying water-cement ratio on workability and
compressive strength of locally generated aggregates for high strength concrete. Development of mix
design method plays a key role that involves the process of determining experimentally the most suitable
concrete mixes in order to achieve maximum strength. Tested samples include 60 while w/c was varied at
0.55, 0.6, 0.65 and 0.7. Workability of fresh concrete was evaluated through slump test. Hardened
concrete cubes were subjected to compression tests respectively, after 7, 14, 21 and 28 days curing
periods. The compressive strength at 28 day for 0.55 produced 22.6N/mm2, 0.6 produced 23.2 N/ mm2,
0.65 produced 23.8 N/mm2 and 0.7 produced 18.4 N/mm2 respectively. The study observed that 0.65 has
the highest strength of 23.8N/mm2 at 28 days for mix ratio 1:2:4. It was concluded that the strength of
concrete of a given water-cement ratio, depend on the size and texture of aggregates, method of
compaction, differences in types and sources of cementing materials, entrained-air content, and the
length of curing time..
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INTRODUCTION
Concrete an engineering material consisting of cementing substance, aggregates, water and
controlled amount of entrained air. It is initially a plastic, workable mixture which can be
moulded into a wide variety of shapes when wet. The strength is developed from the hydration
due to the reaction between cement and water. Concrete has very good compressive strength and
resistance to fire (Ede and Aina, 2015), but the tensile strength is just about 10% of the
compressive strength and have been responsible for many recent researches aimed at improving
the general strengths of concrete (Zongjin, 2011; Ede and Aina, 2015). As there has not been a
better alternative over the years modern structures in developed and developing nations are
mostly built in concrete (Gideon et al., 2015).Concrete is considerably stronger in compression
than in tension, for structures required to carry only compressive loads such as massive gravity
dams and heavy foundations, reinforcement is not required and the concrete is consequently
called plain concrete. When the structure is to be subjected to tensile stresses, steel bars are
embedded in the concrete (Nyiutsa and Aondowase, 2013). There are many types of concrete
available, created by varying the proportions of the main ingredients. By varying the proportions
of materials, or by substitution for the cemetitious and aggregate phases, the finished product can
be tailored to its application with varying strength, density, or chemical and thermal resistance
properties. The mix design depends on the type of structure being built, how the concrete will be
mixed and delivered, and how it will be placed to form this structure (Olugbenga, 2014).
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Currently there are no special tests developed to determine the suitability of mixing water except
comparative tests. Generally, comparative tests require that, if the quality of water is not known,
the strength of the concrete made with water in question should be compared with the strength of
concrete made with water of known suitability. Both concretes should be made with cement
proposed to be used in the construction works. In concrete mix design, the ratio of the amount of
water to the amount of cement used (both by weight) is called the water to cement ratio (w/c).
Water-cement ratio is usually depends on properties of mixture of sands, gravels and cements.
Concrete becomes stronger with time as long as there is moisture and a favorable temperature
available. Therefore, the strength at any particular age is both a function of the original water
cementitious material ratio and the degree to which the cementitious materials have hydrated.
The importance of prompt and thorough curing is easily recognized. Concrete with a higher w/c
ratio is also more susceptible to cracking and shrinkage. Shrinkage leads to micro-cracks, which
are zones of weakness. Once the fresh concrete is placed, excess water is squeezed out of the
paste by the weight of the aggregate and the cement paste itself. When there is a large excess of
water, that water bleeds out onto the surface. The micro channels and passages that were created
inside the concrete to allow that water to flow become weak zones and micro-cracks.
Since most buildings in Nigeria are owned by common individuals who cannot afford to engage
the qualified professionals for the construction of their buildings, most building (conservatively
about 70%) in Nigeria are constructed by the roadside craftsmen. These roadside
craftsmenconstruct building ranging from one to three/four storeys. These incompetent roadside
craftsmen do not carry out any concrete mix design tests for construction work . The concrete
production, placement and other activities involved in concreting used for the construction of
most buildings in Nigeria are done by the roadside bricklayers/masons without the supervision
by the qualified professionals. This explains why the incessant collapse of buildings is more
common in building construction works owned by individuals that are constructed by the
roadside craftsmen(Adewole et al., 2015). The water to cement ratio largely determines the
strength and durability of the concrete when it is cured properly. The simplest way to think about
the w/c ratio is to think that the greater the amount of water in a concrete mix, the more dilute the
cement paste will be. This not only affects the compressive strength, it also affects the tensile and
flexural strengths, the porosity, the shrinkage and the color (Jo, B.W et al, 2007). The objective
of research was to develop high strength concrete by varying the w/c ratio using local material
under local environment of Maiduguri.
MATERIALS AND METHODS
The materials used are ordinary Portland cement, sharp sand, natural coarse aggregate and water.
The mix proportions were prepared according to BS 1881. The concrete were mixed thoroughly
to obtain a homogeneous mix. Slump test was carried out to assess the workability of fresh
reference concrete according to BS 1881. For each mix of concrete, a sample of freshly mixed
concrete is placed and compacted by rod in a frustum of cone mold. For concrete to be workable
it is expected that the slump value should be equal to vertical distance between the original and
displaced position of the center of the top surface of the concrete after raising a mold (Fig. 1). If
this is not obtain the concrete is said to have shared, indicating that concrete workability is not
appropriate (Fig. 2). Concrete cubes were produced using concrete mold size of (150mm
x150mm x 150mm) from a mix proportion of 1:2:4 (cement-sand-gravel) and water-cement ratio
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of 0.55, 0.6, 0.65 and 0.7 fifteen sample each of concrete cubes were produced (Fig. 3).The
samples were cured for 7,14,21and 28days before crushing.

Fig. 1: Slump test showing true slump at 0.55 w/c ratio

Fig. 2: Slump test showing slump share at 0.70 w/c ratio

Fig 3 : Concrete cubes in curing tank
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RESULT AND DISCUSSIONS
Table 1: average density of concrete with their corresponding water-cement ratio
Mix ratio
1: 2: 4
1: 2: 4
1: 2: 4
1: 2: 4

Average density (Kg/m3)
5065
5066
5244
4815

W/C Ratio
0.55
0.60
0.65
0.70

Table 2: Slump value at vary water-cement ratio
Mix Ratio
1: 2: 4
1: 2: 4
1: 2: 4
1: 2: 4

Water-cement ratio
0.55
0.60
0.65
0.70

Slump (mm)
30
40
60
Share

Slump (%)
10
13
20
_

Table 1 showed an increase in water-cement ratio increased the density of concrete. This shows
that water is an essential property for increasing density of concrete. Slump was obtained at 0.55
water-cement ratio (Table 2) and as the w/c ratio increased the concrete was observed to produce
share slump (Fig. 2). This is because the particles become too saturated with water and slump
cannot be obtained, indicating concrete workability cannot be achieved above 0.70 w/c ratio.
Table 3: Average compressive strength of concrete at various water-cement ratio
Mix Ratio
1:2:4
1:2:4
1:2:4
1:2:4

Water-cement
Ratio
0.55
0.60
0.65
0.70

7 days
10.6
10.8
11.7
10.7

Average compressive strength (N/mm 2)
14 days
21 days
28 days
10.6
11.15
11.6
11.8
11.9
13.05
18.4
18.4
20
9.8
10.1
11.3

Table 3 illustrates the average 28-day density of concrete specimens for all concrete mix.
The results indicate that the density of concrete increase as the water-cement ratio and days of
curing increase the strength of density of concrete increase. Thus, it was observed that at watercement ratio of 0.65 yielded the maximum strength. The present study differs from (Hosseini et
al, 2011, Yaqub and Bukhari, 2006) work that established 0.55 of water-cement ratio having the
maximum strength of concrete. The difference observed could either be as a result of aggregate
material used, types of cement or variation and changes in weather conditions. Decreased was
observed as the water-cement ratio exceeded 0.65. This could be as a result of concrete
becoming too saturated. The result also shows that the strength increase as the days of curing
increased. Therefore the maximum strength was achieved at water-cement ratio of 0.65
corresponding to 28 days of curing (Fig. 1).
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Fig. 2: Compressive strength of concrete at vary water –cement ratio

CONCLUSION
Evaluation of suitable water-cement ratio for concrete design mix was carried out in the
laboratory. It was observed that low and high water-cement ratio affect both density and strength
of concrete. At mix ratio of 0.70 the concrete is not workable. The highest compressive strength
of 20 KN/ mm2 was obtained at 0.65 water-cement ratio. Therefore the water-cement ratio of
0.65 could be more suitable for concrete mix in Maiduguri.
RECOMMENDATIONS
The following recommendations are:
1. It is very important to adhere to water-cement ratio in concrete mix design.
2. Water-cement ratio of 0.65 could be suitable for concrete mix in Maiduguri for suitable
and good strength of concrete.
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