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Abstract. Effect of different curing methods on the compressive strength of concrete was investigated. A
total of 69 concrete cubes of size 150 mm was cast and cured under five different conditions (immersion in
water, sprinkling with water, moist sand covering, polythene covering and air curing) for 3, 7, 14 and 28
days. At the expiration of curing ages, compressive strength was determined and regression analysis was
conducted. The concrete cured with these techniques was equally subjected to water penetration test. The
results showed that Polythene covering method produced concrete specimen with the highest compressive
strength of 23.41 Nmm-2 followed by Immersion in water (22.86 Nmm-2). Regression models formulated for
each condition indicated that the strength development was dependent on methods of curing. From the
results, it was concluded that the compressive strength of concrete depends on the medium in which they
were cured and there exist a positive correlation between the compressive strength of concrete and curing
age.
.

1 Introduction
Moisture is essential to the performance of cement-based
products. When water is added to a mixture containing
cement, hydration reaction begins. The extent to which
this reaction continues has great influence on both
mechanical and durability of concrete. Though, freshly
mixed concrete contains more water than required for
hydration reaction but due to the fear of loss of water
through evaporation, which could inhibit further
hydration reaction. Thus, there is need to keep the
conrete matrix saturated or near saturated as much as
possible to facilitate anhydrous portion of cement to take
up water through curing.
Curing usually has immediate effect on the surface
zone, the depth of which varies depending on the type of
curing techniques adopted and ambient environmental
conditions. It is estimated that the depth at which the
curing directly affect concrete is about 20 mm in
temprate climate region and up to 50 mm in extreme arid
conditions [1]. Unfortunately, those regions beyond
these depths are not significantly affected by normal
curing technique (wetting). For this reason, effectiveness
of curing technique on the strength properties could
partly be linked with the size of concrete element.
Slender elements would be more affected than bulk ones.
According to [2], cement needs about 23% of water
of its weight for hydration to proceed and 15% for filling
the space or voids of gel, while [3] reported that 0.22
grams of water is required to fully achieve hydrated
cement of about 1 g. If the required amount of moisture
*

is not available for complete hydration, there would be
region of anhydrous substance that could be a window
for attack. It is equally identified that improper curing
entails insufficient moisture and this has been found to
produce cracks, compromise strength, and reduce longterm durability [4]. On the other hand, proper curing of
concrete is essential to obtain maximum durability of
concrete [5].
A number of curing techniques have been identified
such as water ponding, spraying of water, or covering
with wet burlap and plastic sheet [5]. However, there is
still dearth of information as to which curing condition
could be considered as the best. Meanwhile,
effectiveness of any curing technique is a function of
extent of time it can maintain moist condition and also
temperature [7]. The rise in temperature speeds up the
hydration reaction while water facilitates the reaction.
Reference [8] studied the effect of immersing
concrete in water for curing on compressive strength of
concrete. They found that the strength of specimens
cured by immersion in water was about 30 percent
higher than that cured in air. Many other researchers
reported similar findings [9-10]. The work reported by
[11] suggested that moist sand curing method produced
specimens with the highest compressive strength when
compared with sprinkling methods. However, [10]
opines that sand curing method could cause patchy
discoloration especially, if the sand contains calcium
chloride, which could negatively affect performance.
Reference [12] reported that wrapping curing is more
efficient than air curing as it results in greater
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gradation parameters of the aggregates were determined
in accordance with [17].

compressive strength. Membrane-forming curing
compounds, self curing agents as well as accelerated
curing are some other techniques that are found effective
[13-15].
A careful perusal of the literature pointed that quite a
number of curing techniques have been studied with
comparison of three or four methods. Subsequently,
there appears to be dearth of information on comparison
for wider range of techniques. The thrust of this present
work, therefore, is to compare more techniques with a
view to rating the performance of each technique on the
compressive strength of concrete. In addition, the paper
also formulates a regression model that could be used to
predict the compressive strength of concrete for different
curing techniques.

2.4 Determination of compressive strength
Compressive strengths of the concrete cubes cured using
the techniques identified were determined at the
expiration of 3, 7, 14 and 28 days; and after 6, 9 and 12
hours for accelerated curing. The procedure highlighted
in [16] was adopted in determining the compressive
strengths. Average of three values was determined for
each specimen. The 28-day strength of the accelerated
curing was obtained using the model proposed by
Regressions Models for Predicting Compressive
Strength under different curing techniques. Regression
analysis was conducted on the compressive strength
values obtained. Using MS Excel software, equation that
represents the line of best fit was established. Pearson’s
correlation coefficient was determined for each model.

2 Materials and method
2.1 Materials
Ordinary Portland cement of grade 32.5 was used as
binder. Fine and Coarse aggregate used was river sand
and crushed granite of maximum nominal size of 3.48
mm and 12.5 mm respectively. Potable water was used
for mixing the concrete. Concrete of mix ratio 1:2:4 was
batched by weight. A water cement ratio of 0.56 was
used to keep the slump in the range of 65±15 to maintain
relatively constant consistency [16]. Thereafter, 69
concrete cubes of size 150 mm were cast.

(a) Immersion in water

(b) Sprinkling with water

(c) Polythene covering

d) Moist Sand Curing

2.2 Curing of specimen
Six curing techniques were considered in this study. The
choice of the selected techniques was deliberate. Apart
from accelerated curing, others techniques are
commonly found in construction sites especially in most
developing countries like Nigeria.
• Immersion in water: The concrete cube specimens
were submerged in water for the required number of
days until testing (Figure 1a).
• Sprinkling with water: Water was sprinkled on the
concrete cube specimens daily (Figure 1b).
• Polythene covering: The specimens were
wrapped/covered with polythene membrane (nylon)
for the required age of curing (Figure 1c).
• Air Curing: No active form of curing was carried
out. The specimens were left exposed in the
Laboratory (Figure 1d).
• Moist Sand: The entire concrete cube specimens
were buried in sand which was kept moist by wetting
with water on a daily basis. Sand cover of
approximately 150mm was provided (Figure 1e).

(e) Air Curing
Fig. 1. Curing of concrete under different conditions

2.5 Determination
techniques

of

efficiency

of

curing

In order to determine effectiveness of each of the curing
techniques, curing efficiency was determined for each
using equation (1) as proposed by [17]

2.3 Determination of material properties
The chemical composition of the cement used in this
study was determined using XRF technique, while the
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is presented in Table 1. Also shown in the table are the
mineral contents obtained, using Bogue’s equations. The
values indicated that the oxides contents were within the
stipulated limits given by [18]. Thus, the cement could
be categorized as CEM I (general purpose cement). Fig.
3 shows the particle size distribution of the aggregates
used in the study. The pattern is in accordance of
materials accepted for concrete works [19].

(1)
where:
E = Efficiency (%)
k1 = the compressive strength of concrete cured in air
(N/mm2)
k2 = compressive strength of concrete cured in the
medium being evaluated (N/mm2)
k3 = compressive strength of concrete cured in water
(N/mm2)

Table 1. Chemical and mineral composition of the cement in
comparison with bs en 196

2.6 Water absorption capacity of concrete
cured under different techniques
Effect of the curing techniques considered in this study
was evaluated by determining water absorption and
depth of water penetration in concrete cured by the
techniques. Concrete cubes were cured using different
techniques for 28 days. Thereafter, they were dried in
oven for 24 hours at temperature of 60oC.
The temperature chosen was to minimize damage to
microstructure of the hardened concrete. For penetration
test, about 5 mm of the surface of the concrete cube was
held in contact with water (Figure 2) and rise in water by
capillary was monitored. This was noticeable by change
in colour of the layer of the concrete soaked with water.
The depth of water rise in the concrete was recorded at
every 30 minutes until no physical rise in water was
noticed. In water absorption test, the dried concrete
cubes were weighed before they were soaked in water
for 24 hours, after which their weights were measured.
Water absorption capacity was determined using
Equation (2).

Oxides
SiO2
Al2O3

Cement
20.48
5.02

BS EN 196-2 [18]
18 – 24
2.6 – 8.0

Fe2O3

3.15

1.5 – 7.0

CaO
MgO
Na2O
K2O

62.45
1.92
0.61
0.72

61.0 – 69
0.5 -4.0
0.2 – 1.0

SO3

0.18

0.2 – 4.0
-

LOI

4.76

Minerals
C2 S
C3 S
C3 A

59.74
13.36
7.98

C4AF

9.59

Fig. 2: Penetration depth set-up
Fig. 3. Particle distribution curves of the aggregates

where:
WAC = water absorption capacity (%)
Wd = weight of dried concrete (kg)
Ww = weight of concrete after soaked in water for 24
hours (kg)

3.2 Effect of curing methods on compressive
strength
In all the curing methods, the compressive strength of
the concrete increased with increasing ages of curing
(Figure 4). The increase in strength might be associated
with production of various silicate hydrates as hydration
reaction progressed. It is a known fact that silicate
hydrates contribute to increase in strength by filling the
voids in concrete matrix. As long as these voids are
sufficiently filled with hydration products, the quality of
concrete will be maintained at a satisfactory level [19].

3 Results and discussion
3.1 Material characterization
The chemical composition of the ordinary Portland
cement (OPC) used, as determined from XRF technique,
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be responsible. Similarly, results from this study
indicated that strength of concrete cured by immersion in
water was about 60% higher than that of air curing as
against 30% obtained by [8]. Though concrete cured by
layer of moist sand gave relative higher strength (Figure
3), the method lead to patchy coloration of concrete
element, and could have exposed to acidic attack
especially, if the soil contains deleterious substances.





Compressive strength obtained varied as the curing
methods varied, indicating that curing condition
influences compressive strength (Figure 1). For example,
at age 28 days, the compressive strength of concrete
cured by polythene covering was highest (23.41 Nmm-2),
while air curing gave lowest strength of 13.94 Nmm-2
(60% of polythene covering). Strengths obtained from
immersion in water and burying in sand were about 2%
and 10% respectively lower than that of the polythene
covering, while that of sprinkling with water was about
20% lower. These results are comparable to those
reported by [14].
The relative low strength obtained from air curing
could be partly attributed to loss of moisture from the
concrete through evaporation, subsequently slowing
down or retarding hydration of cement; hence low
strength [20]. Though, air curing may likely produce
higher strength if the relative humidity is maintained at a
value greater than 80% [21] as against 70% in this case.
Another possibility of low strength in air curing is
carbonation, which would interfere with hydration
process. Conversely, better perform was given by
Polythene covering, where moisture in the concrete
matrix was not allowed to escape into the atmosphere
and was fully utilized during hydration process.

3.3 Regression models for compressive
strength under different curing methods
Relationship between compressive strength (fc) and
curing ages in days (t) was established using regression
analysis, and (1) to (5) were obtained for the different
curing techniques considered. These equations further
affirmed that there was strong correlation between the
compressive strength and curing ages as the Spearman’s
correlation coefficients were close to 1 for all the
equations (0.87 - 0.98). These coefficients, as they
approached unity, suggested that the models could be
used to predict compressive strength for each of the
curing techniques at any given age, all other factors
being equal. Nevertheless, the rate of strength
development as indicated by the gradients of the
equations varied from one technique to the other. The
Polythene covering, for instance, had rate of 4.54 (2)
followed by immersion in water (1), while air curing had
the least (4). The relative low rate of strength
development seen in (3) for sprinkling with water could
be partly attributed to partial exposure of the concrete to
the atmosphere, leading to evaporation of moisture;
hence slow hydration process.

Immersion in water
Polythene covering
Sprinkling with water
Moist sand
Air curing




(R = 0.93)
(R = 0.94)
(R = 0.87)
(R = 0.98)
(R = 0.95)



(1)
(2)
(3)
(4)
(5)


3.4 Efficiency of curing techniques method



Efficiency of a curing technique is a measure of its
effectiveness in influencing concrete properties. The
results of efficiency computated suggested that
sprinkling of water technique was not as efficient in
improving compressive strength of the concrete when
compared with immersion in water because its efficiency
was less that 100% (74.4%). Moist sand was equally less
efficient than water with efficiency of 80.1%. It is
interesting to note that polythene covering had about
106.1% efficiency, indicating that it was more effective
than water curing. The reason for this performance has
could be attributed to preserving mixing water from
evaporation. As for curing in air, the efficiency is 0%
while that of immersion in water was 100%. If the
provision of [23], which stipulated minimum efficiency
of 85%, then only polythene covering and immersion in
water methods of curing med the requirement, while











 !
Fig. 4. Compressive strength of concrete under different curing
conditions

For total immersion, the strength obtained was in
contrary to what [9] obtained in their study, where it was
reported that immersion in water gave the best strength.
The reason may not be readily known but experimental
handling, type of water used, difference in ambient
environmental conditions and material constituents could
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increase volume and hence filling the internal voids.
This makes the concrete more compact and resist
permeability of water to some extent. These results
further confirmed that air curing technique shoud be
avoided in practice, especially where strength matter
most. On the contrary, polythene covering appeared to
perform excellently.

buried in moist sand was close to the requirement
(80.1%).
3.5 Effect of curing techniques on water
absorption and penetration
Water penetration depth was found to be the highest in
concrete cured in air, while polythene covering had the
lowest penetration depth (Fig. 5). The results seem to
suggest that the concrete sample cured in air was more
porous than other, which made water to travel through it.
This assertion is supported by the water absorption
capacity of the concrete sample cured in air (Fig. 6).

4 Conclusions
Effect of curing methods on compressive strength was
studied experimentally and regression models were
established for each of the methods. The following
conclusions were drawn from the study:
i. Curing of concrete is essential in attaining the desired
strength of concrete.
ii. Variations in compressive strengths were influenced
by the curing techniques depending on their ability to
prevent moisture movement from the concrete.
iii. Polythene covering was found to be the most
efficient method of curing as compared to the other
methods employed.
iv. Regression models established could be used to
predict compressive strengths of concrete for
different curing techniques considered.
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