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Abstract

Different curing methods are usually adopted to evaluate the compressive strength
of concrete. This study reports the laboratory results of the effect of curing meth-
ods on the compressive strength as well as the density of concrete. A total of 72
cubes of mix ratio 1:2:4 were investigated after subjecting them to various cur-
ing conditions, with the aim of finding which of the curing method is best. The
cubes were cured in the laboratory at an average temperature of 28◦C (82.4◦F).
The results obtained showed that the average compressive strength values for 7,
14, 21 and 28 days, vary with curing methods. The results show that ponding had
the highest compressive strength and density, followed by wet covering, sprinkling,
then uncured for two days, with the totally uncured cubes having the least com-
pressive strength and density as well as highest shrinkage limit. Ponding method
of curing was recommended to be the best of all the curing methods.
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1. Introduction

To “cure” concrete is to provide concrete
with adequate moisture and temperature to
foster cement hydration for a sufficient period
of time. Proper curing of concrete is crucial to
obtain design strength and maximum durabil-
ity, especially for concrete exposed to extreme
environmental conditions at an early age [1].
Others define curing as the process of control-
ling the rate and extent of moisture loss from
concrete during cement hydration.

High curing temperature (up to 212◦F or
100◦C) generally accelerates cement hydration
and concrete strength gain at early age. Cur-
ing temperature below 50◦F (10◦C) are not
desirable for early age strength development.
When the curing temperature is below 14◦F
(-10◦C) the cement hydration process may

cease. Concrete needs to be kept for a longer
time in formwork when cast in cold weather
condition [2].

On the whole, the strength of concrete,
its durability and other physical properties
are affected by curing and application of the
various types as it relates to the prevailing
weather condition in a particular locality,
as curing is only one of many requirements
for concrete production, it is important to
study the effect of different curing method
which best adapts to each individual casting
process. This study presents the effects of
different curing methods on the compressive
strength of concrete cured for 7, 14, 21 and
28 days.
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2. Review of Related Literatures

In concrete technology, the maintenance of
the drying and setting process is referred to as
curing. The purpose of curing is to keep ad-
equate moisture content and temperature as
soon as the concrete is placed and finished.
It is one of the most important (and over-
looked) steps and can have the greatest ef-
fect on the final outcome [1]. Properly cured
concrete can have significantly superior prop-
erties compared to concrete left to set after
finishing. Improperly cured concrete can be
subjected to plastic shrinkage cracking (loss
of moisture from fresh concrete) and drying
shrinkage (loss of moisture from concrete that
has set) among other undesired side effects [3].
Concrete properties and durability are signif-
icantly influenced by curing since it greatly
affects the hydration of cement. As reported
by [4], a proper curing maintains a suitable
warm and moist environment for the devel-
opment of hydration products, and thus re-
duces the porosity in hydrated cement paste
and increases the density of microstructure in
concrete. Studies by [5] reported that the
hydration products of cement extend from
the surfaces of cement grains, and the vol-
ume of pores decreases due to proper curing
under appropriate temperature and moisture.
They went further to report that for any con-
crete, curing acts just like feeding to a new-
born baby, if a concrete is not fed with wa-
ter at the early age, it cannot gain the prop-
erties and durability for its long service life.
They therefore suggests that a suitable cur-
ing method such as water ponding, spray-
ing of water, or covering with wet burlap
and plastic sheet is essential in order to pro-
duce strong and durable concrete [2]. Re-
search has shown that curing generally accel-
erates cement hydration and concrete strength
gain at early age. Curing temperature below
50◦F (10◦C) are not desirable for early age
strength development. When curing temper-
ature is below 14◦F (-10◦C) the cement hy-
dration process may cease. Cement hydration

is an exothermic reaction, which generates a
certain amount of heat. If the heat of hydra-
tion is kept in certain amount, it will benefit
the cement hydration and concrete strength
development. As a result, insulation and seal-
ing materials are commonly used for concrete
curing.

[6] stated that as hydration progresses, the
amount of water in mortar pores reduces and
the water becomes saturated with Ca2+, Na+,
K+, OH+, and other ions are, however, really
absorbed by the formation of a thin layer of
hydration products, which form an envelope
around the unhydrated cement grains. This
envelope consists of electrical double layers of
absorbed calcium ions and counter-ions that
lead to a decrease of both the number and
mobility of ions. Consequently, the electri-
cal conductivity of the specimen starts to de-
crease after reaching maximum.

When concrete is mixed with water, the
hydration process occurs. Cement hydration
is an exothermal reaction, which depends on
both time and temperature; the strength of
concrete in the field is often evaluated by con-
cept of maturity. Maturity is expressed as a
function of the concrete temperature and time
of curing [2].

M(t) =
∑

(Ta − To)∆T (1)

Where, M(t) = maturity (degree-hours), Ta =
average concrete temperature during interval
◦F, To = datum temperature (14◦F) and ∆T
= time interval (hours).

To account for the effect of initial curing
temperature on the strength development of
concrete at different ages, a concrete factor is
suggested. The concrete strength at different
ages different curing temperature will be cal-
culated using equation 2 [7].

fc(T, t) = fc(Tr, te)[1−0.01(1−e−0.05te)(T−Tr)]
(2)

Where, fc(T, t) = the compressive strength
of concrete at age t cured at temperature T ,
fc(Tr, te) = compressive strength of the same
concrete at reference temperature Tr, te =
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Equivalent age at reference Temperature Tr

for age t at curing temperature T .

The application of liquid membrane form-
ing curing compound is the most commonly
used method of curing. These are organic ma-
terials that form a skin over surface of the con-
crete and help reduce the loss of mixing water
(typically limiting water evaporation to about
20% of that of unprotected concrete). Curing
compounds are merely temporary coatings on
the surface, and will breakdown and degrade
with exposure to sunlight and traffic [8].

According to [9], the application of any sur-
face sealer should be done only on concrete
that is clean and be allowed to dry for at least
24 hours at temperatures above 60◦F [15◦C].

3. Materials and Methodology

3.1. Constituent materials of concrete

The following are the constituent materials
used to cast the concrete cubes for this study:

1. Fine aggregate (river sand).
2. Coarse aggregate (crushed gravel) 20 mm

sizes.
3. Ordinary Portland cement (Ashaka ce-

ment).
4. Portable Water.

3.2. Preparation of test specimens

The dry constituents namely the aggregates
(sand and gravel) and cement were mixed
thoroughly, before water was added gradu-
ally to achieve a grey uniform color paste
as mixing progressed. The mixed ratio was
1:2:4 with water/cement ratio of 0.5, which
is a common mix used by most construction
industries and the batch by weight method
was used. The casting, curing and the con-
crete cube crushing were done in accordance
with the guidelines specified by [10]; [11];
and [12] respectively. A cube mould size of
(150mm×150mm×150mm) was used. The
drying Shrinkage was carried out on 28-days
cured cube in accordance to [13].

3.3. Methods of curing used

3.3.1. Ponding

The casted cubes were totally immersed in-
side water, throughout the curing period; the
curing water was maintained at an average
laboratory temperature of 28◦C (82.4◦F) to
prevent thermal stresses that could result in
cracking.

3.3.2. Sprinkling

The casted cubes were sprinkled with wa-
ter periodically. Sprinkling with water is an
excellent method of curing when the ambient
temperature is well above freezing and the hu-
midity is low.

3.3.3. Wet-covering

Hessian sac was used like a mulch to main-
tain water on the surface of the concrete
cubes; also, it is important to ensure that the
whole areas were covered. Wet covering mate-
rial was placed as soon as the concrete cubes
were hardened sufficiently to prevent surface
damage. Through the curing period the sac is
kept saturated with water.

3.3.4. Plastic sheet

Plastic sheet materials, such as polyethy-
lene film, were used to cure the concrete cubes.
Polyethylene is a lightweight, effective mois-
ture retarder and was used easily applied to
simple cubes shapes.

3.3.5. Totally uncured types (open air)

This method is the types where the cubes
were left outside in the open air without any
curing applied to it throughout the curing pe-
riod, which tend to affect the cubes strength.

3.3.6. Cubes left uncured for two days before
curing

This method is the type where the cubes
were left uncured for two days before the
cubes were subjected to curing.
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4. Results and Discussion

4.1. Particle Size Distribution

Figure 1 is the plot of sieve analysis carried
out in dividing the sample of aggregate into
fractions which was prescribed in accordance
with guidelines specified by [14]. As can be
seen from the figure, the maximum and min-
imum grain size for gravel was 20 mm and 3
mm, while for sand it was 3 mm and 0.06 mm
respectively. This corresponds to ranges for
gravel and sand.

4.2. Compressive strength

Figures 2 and 3 shows a summary of the
effect of curing method on the compressive
strength with curing age for all the curing
methods used. It could be seen that there was
a significant increase in concrete strength with
age depending on the curing method adopted.
Compressive strength when arranged in de-
scending order for all the curing methods, it
could also be seen that ponding gave the high-
est result for the curing periods. This is due
to improved pore structure and lower porosity
resulting from greater degree of cement hydra-
tion and pozolanic reaction without any loss
of moisture from the concrete cubes. Followed
by wet covering, sprinkling, plastic sheeting,
uncured for two days; the totally uncured
method gave the lowest compressive strength.
Since the concrete left total uncured gave the
lowest result, this therefore suggests that cur-
ing is very important and necessary for all con-
crete structures.

4.3. Cube density

Figures 4 and 5, shows the variation of con-
crete cube densities with curing methods and
age. From the figures it could be seen that the
pattern of increase in concrete density was ob-
served to be similar to that of the compressive
strength, with few exceptional cases: 14 days
for ponding as well as 21 days for wet cov-
ering where there was a decrease in the cube
density. Of all the curing methods, only the

totally uncured method of curing gave a con-
tinuous decrease in cube density with curing
age. This therefore suggests that increase in
both compressive strength and density of a
concrete cube is a function of curing method.

4.4. Shrinkage

Table 1 shows results of the results of
shrinkage limits for three curing methods, out
of the six curing methods adopted, only Plas-
tic sheeting, Uncured for two days and To-
tally uncured cubes indicated some level of
shrinkage, while the other three: Ponding,
Wet covering and Sprinkling did not record
any shrinkage and it was for this that shrink-
age results for only the three were shown in
table 1. The results if arranged in descend-
ing order of severity, totally uncured gave the
highest result of 0.23%, uncured for two days
gave 0.20% and plastic sheeting gave 0.18%
as the least shrinkage values. Evaluating this
results suggest that, uncured concrete cubes
shrinks faster when compared with the other
two curing methods. It also suggests that
proper curing methods when adopted will pre-
vent shrinkage in concrete.

In an attempt to evaluate the advantages
associated with the various curing methods
used in this study, that ponding method was
ranked first, because water stored for curing
can be used throughout the curing process,
although this method can best be suitable for
precast members. Wet-covering was ranked
second, because the hessian sac retained
water and this reduces the wastage of water.
Sprinkling and plastic sheet method ranked
third, because large volume of water was
wasted during curing process. Uncured cube
(Open air), although it remained the cheapest
of all the curing methods used during this
study was ranked fourth, because it gave
a continuous decrease in both compressive
strength and cube density with curing age.
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Figure 1: Particle Size Distribution for fine and coarse aggregates (sand and gravel).
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Figure 2: Variation of compressive strength with curing methods.
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Figure 3: Variation of compressive strength with curing methods.

Table 1: Variation of shrinkage with curing methods.

Curing methods Cube age (days) Cube length (mm) Shrinkage (%)
Initial Final

Plastic sheeting 28 150 149.73 0.18
Uncured for 2 days 28 150 149.67 0.20

Totally uncured 28 150 149.65 0.23
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Figure 4: Variation of cube densities with curing methods and age.

5. Conclusions and Recommendations

5.1. Conclusions

Based on the results and discussion of this
study, the following conclusions can be drawn:

1. Ponding was the most effective method of
curing. It produced the highest level in
compressive strength and cube densities.

2. Increase in both compressive strength and
cube densities is a function of curing
method.

3. Totally uncured method of curing pro-
duced the least compressive strength as
well cube densities.

4. Totally uncured concrete shrinks faster
when compared to other curing methods.

5.2. Recommendations

Based on the results and discussion of
this study, the following recommendations are
made:

1. Ponding method of curing is recommended
to be the best of all the curing methods.

2. Sprinkling methods of curing is recom-
mended to be used for areas where there is
plenty of water, since large volume of water
is needed.
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