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ABSTRACT 

 
This paper evaluates the effectiveness of curing methods on the quality of concrete. Concrete grades 20 and 30 
cube specimens were prepared and cured using five curing methods; submerged, jute sack, sprinkling, 

polythene covering and atmospheric curing for 3, 7, 14, 21 and 28 days and tested in compression. Water 

absorption test was also conducted on cubes cured for 28 days using the five curing methods. The concrete 
compressive strengths for the various curing methods were also modeled from concrete compressive strength 

for submerged curing using Minitab statistical software based on linear regression technique. Results showed 
that submerged curing is the most effective curing method, followed by jute sack, sprinkling, polythene 

covering and atmospheric curing. The compressive strength models were developed with R
2
 values of 0.981, 

0.950, 0.928 and 0.758, respectively and could be used to predict the concrete compressive strength of 
members cured using various techniques in construction sites.  

Keywords: Compressive strength models, Concrete, Curing methods, Quality. 

 

1. INTRODUCTION

  

Concrete is the most widely used building material 

due to its satisfying performance in strength 

requirements and its ability to be molded into a 

variety of shapes and sizes (Kayode and Ilesanmi, 

2015). However, molded concrete needs to be 

cured to achieve its strength and durability 

requirements. The word ‘curing’ means the 

creation of an environment immediately after 

placing of the concrete to promote cement 

hydration for a sufficient period of time. As 

reported in Neville (2003) and Raheem et al. 

(2013), curing is the name given to procedures 

used to promoting hydration of cement, and 

consists of a control of temperature and moisture 

movement from and into the concrete. Cable et al. 

(2002) noted that proper curing of concrete is vital 

to obtain design strength and maximum durability, 

especially for concrete exposed to extreme 

environmental conditions at an early age. Curing 

of concrete is a prerequisite for the hydration of 

cement content and for achieving good quality 

concrete (Gnana et al., 2014). 

Gowripalan et al. (1992) stressed that curing can 

be achieved by keeping the concrete element 

completely saturated or as much saturated as 

possible until the water-filled spaces are 

substantially reduced by hydration products. 

Studies, as reported in Neville (2003) have shown 

that curing virtually ceases when the relative 

humidity within capillaries drops below 80 %. 

Mamlouk and Zaniewski (2006) also stated that if 

the concrete is not cured and is allowed to dry in 
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air, it will gain only 50 % of the strength of 

continuously cured concrete. They also reported 

that if concrete is cured for only 3 days, it will 

reach about 60 % of the strength of continuously 

cured concrete, and if cured for 7 days, it will 

reach about 80 % of the strength of continuously 

cured concrete. Wojcik and Fitzjarrald (2001) 

observed that improper curing would entail 

insufficient moisture and this has been found to 

produce cracks, compromised strength and reduced 

long term durability. 

A number of curing methods can be employed 

depending on various factors considered and due 

to construction method. They range from 

submerged curing, jute bag, water sprinkling, to 

polythene membrane curing, etc. Studies have 

shown that submerged curing remains the most 

popular and very effective method. However, the 

submerged curing method cannot be applied for 

curing of concrete elements in construction sites, 

except for precast concrete elements and test 

specimens for quality control purposes, which may 

be different from the curing method adopted for 

curing the structural elements. It is in light of this 

background that this paper assesses the 

effectiveness of curing methods on the quality of 

concrete and also predicts the compressive strength 

of concrete cured using other curing methods from 

the compressive strength of concrete by submerged 

curing. 

 

2. MATERIALS AND METHODS 

 

2.1 Materials 

Ordinary Portland cement manufactured in Nigeria 

as Ashaka brand was used. Sand was obtained 

from River Watari, Ungogo Local Government 

Area, Kano State, Nigeria. The particle size 

distribution curve of the sand is shown in Figure 1. 

The coarse aggregate is crushed granite of nominal 

size of 20 mm. The particle size distribution curve 

is also shown in Figure 1.The physical properties 

of the materials are shown in Table 1. 

2.2 Methods 

2.2.1 Concrete Mix Design: Concrete grade 20 

was designed of slump of 10 - 30 mm, water- 

cement ratio of 0.60 with mix proportion of 

cement: fine aggregate: coarse aggregate of 1: 2.5: 

3.5 by weight of cement, in accordance with BS 

5328, Part 2 (1991). Similarly, grade 30 concrete 

was designed for slump range of  10 - 30 mm, 

water- cement ratio of 0.53 with mix proportion of 

cement: fine aggregate: coarse aggregate of 1: 2.2: 

3.1 by weight of cement. A total of ninety number 

150 mm x 150 mm x 150 mm cubes of each grade 

of concrete were cast under same ambient 

conditions of average temperature of 31
o
C and 

relative humidity of 45%. 

2.2.2 Curing Methods: The concrete specimens 

were cured using five different methods until when 

tested for compressive strength at ages of 3, 7, 14, 

21 and 28 days. The curing methods adopted are as 

follows; 

i. Submerged curing: The concrete cubes 

after demoulding, were submerged into a curing 

tank of water. The water level was maintained at 

50 mm above the cubes for the periods of curing.  

At the end of each period three cubes were 

removed, dried and subjected to crushing strength 

test, while three cubes were also subjected to water 

absorption test at 28 days. 

ii. Covering with Jute bag: After 

demoulding, the concrete cube specimens were 

completely wrapped in a jute sack and water 

applied twice daily for the curing periods. 

iii. Sprinkling: In this method, the cube 

specimens were exposed to laboratory condition 

but water was sprayed on the cubes twice daily for 

the curing periods.  

iv. Covering with polythene bags: The 

concrete cube specimens were completely wrapped 

in polythene bags to prevent lost of mixing water 

for strength developments throughout the curing 

periods. 

v. Atmospheric curing: This method 

involved no form of active curing. The cube 

specimens were exposed to free air in the 

laboratory as a curing medium. 

 

2.2.3 Compressive Strength Test on the Hardened 

Concrete: The compressive strength of the 

hardened concrete cured using different curing 
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techniques was carried out in accordance with BS 

EN 12390-3 (2009).  Samples were tested in 

triplicate using the Avery Denison Compression 

Machine of 2000 kN load capacity and at constant 

rate of 15 kN/s and the average taken.  

2.2.4 Water Absorption Test of the Concrete: 

This test was done in accordance with BS EN 

12326-2 (2002) using concrete cubes of both 

grades 20 and 30 and cured using the five curing 

techniques for 28 days. A total of fifteen (15) 

number samples per grade of concrete were tested 

in triplicate to obtain an average.  

2.2.5 Statistical Modeling of Concrete 

Compressive Strength: Statistical models were 

developed from experimental data using 

MINITAB 11 software to predict compressive 

strength of concrete elements cured using different 

curing techniques from compressive strength of 

concrete cured by submerging. The compressive 

strength prediction models were developed 

considering linear regression of natural log of the 

compressive strength of concrete cured using 

different techniques for periods of 3, 7, 14, 21 and 

28 days. The software generates model equations 

and graphs that would best fit the experimental 

data. A comparison is then made between the 

experimental data and data generated by the 

models and the error difference evaluated.  

 

3. RESULTS AND DISCUSSION 

 

3.1 Results  
3.1.1 Physical Properties of the Concrete 

Constituent Materials: The physical properties of 

the constituent materials are shown in Table 1, 

while the particle size distribution curves are 

shown in Figure 1. The grain size curve indicates 

that the sand used was classified as zone 2 based 

on British Standard classification (BS 882, 1992) 

grading limits for fine aggregates and was well 

graded. 

 

 

Table 1: Physical properties of constituent materials 
  

 

 

 

 
  

Figure 1: Particle Size Distribution of River Sand and Coarse Aggregate 

Property  Cement Sand Crushed granite 

Specific gravity  3.14 2.56 2.65 

Bulk density (kg/m
3
) - 1630.0 1560.0 
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3.1.2   Compressive Strength of the Concrete 

Cured using Different Curing Techniques: The 

compressive strength development of concrete 

cured using different curing techniques is shown in 

Figures 2 and 3. 

3.1.3  Water Absorption of the Concrete for 

Different Curing Techniques: Figure 4 shows the 

water absorption of concrete grade 20 and 30 

produced using different curing techniques.  

 

 

Figure 2: Compressive Strength Development of Concrete grade 20 using Different Curing Methods 

 

 

 

 
 

Figure 3: Compressive Strength Development of Concrete Grade 30 using Different Curing Methods 
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Figure 4: Water Absorption of concrete produced using different curing methods 

 

3.1.4 Compressive Strength Models of the 

Concrete: The equations generated for 

compressive strength of concrete models for the 

different curing methods are presented in equations 

(1) to (8): 

 

LN  = 0.20 + 0.92 LN   (1)  

 

Or as given in equation (2) 

 

 =      (2) 

 

LN  = 0.04 + 0.95 LN   (3)  

 

Or as given in equation (4)  

 

 =      (4) 

 

LN  = 0.17 + 0.89 LN                 (5)  

 

Or as given in equation (6) 

 

 =      (6) 

 

LN  = - 0.08 + 0.91   (7)  

 

Or as given in equation (8) 

  

 =      (8) 

 

Where; , , , ,  are compressive 

strength of concrete cured by submerged curing, 

compressive strength of concrete cured by jute 

sack, compressive strength of concrete cured by 

sprinkling, compressive strength of concrete cured 

by polythene covering, and compressive strength 

of concrete cured by atmospheric curing, 

respectively. 
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3.2 Discussion of Results 

3.2.1   Compressive Strength of the Concrete 

Cured using Different Curing Techniques: The 

compressive strength development of concrete 

shown in Figures 2 and 3 showed that compressive 

strength increased with curing age for all curing 

methods considered. The results also showed that 

concrete cured by submerging in water recorded 

the highest compressive strength, followed by jute 

sack, while concrete cured by atmospheric curing 

method had the least 28 days compressive strength. 

This is consistent with similar study by James et 

al. (2011) where submerged curing was considered 

as the most effective curing method due to 

improved pore structure and lower porosity 

resulting from greater degree of cement hydration. 

It should however be noted that submerged method 

of curing would not be applicable in construction 

sites for curing of structural elements, except in the 

case of precast concrete members.  

The results also showed that the 3 day compressive 

strength for submerged curing was about 62 % of 

28 days strength, while 7 day compressive strength 

was 79% of 28 days strength. This result is 

consistent with that of Mamlouk and Zaniewski 

(2006) and Raheem et al. (2013). The results for 

jute sack curing also showed that 3 days and 7 

days strength were 63 % and 79 % of 28 days 

strength, respectively. The 28 days compressive 

strength for jute sack curing was found to be about 

95% of that for submerged curing. In the case of 

sprinkling, the 3 day and 7 day strengths were 66 

% and 80 % of 28 days strength, respectively. The 

28 days compressive strength for sprinkling was 

about 87% of that for submerging. For polythene 

covering method, the 28 days compressive strength 

was about 80% of that for submerging. For 

atmospheric curing, the 3 days and 7 days strength 

were 80% and 87% of 28 days strength, 

respectively. However, the 28 days strength was 

only about 64 % of that for submerged curing. This 

low strength is attributed to incomplete hydration 

of cement after the total consumption of all mixing 

water in the concrete. All the methods of curing, 

except atmospheric curing, produced concrete 

specimens that satisfied minimum designed 

compressive strength of 20 and 30 N/mm
2
, 

respectively. It was also observed that all the 

curing methods, except atmospheric curing 

produced concrete with density within the range 
for normal concrete of 2200-2600 kg/m

3
 as 

reported in Neville (2003). 

3.2.2  Water Absorption of the Concrete for 

Different Curing Techniques: The results of water 

absorption of concrete grades 20 and 30 produced 

using different curing techniques shown in Figure 

4 revealed that concrete cured by submerging 

recorded the least water absorption, while concrete 

subjected to atmospheric curing had the highest 

water absorption. The low water absorption 

experienced in concrete that was properly cured 

was as a result of adequate development of 

hydration products with a consequent reduction of 

porosity in hydrated cement paste and increase in 

the density of microstructure in concrete, 

consistent with studies by Zain et al. (2000) and 

Safiuddin et al. (2007). On the other hand, the poor 

water absorption characteristics of concrete 

subjected to atmospheric curing which entails 

insufficient moisture has been found to exhibit 

cracks, low strength and poor durability (Wojcik 

and Fitzjarrald, 2001). The water absorption of 

concrete for all curing methods was however 

below 10 %, which is within the range experienced 

in most good concrete (Neville, 2003). The water 

absorption for grade 20 concrete was higher than 

that of grade 30 as expected. 

3.2.3 Compressive Strength Models of the 

Concrete: Considering the equations generated for 

compressive strength of concrete models for the 

different curing methods presented in equations (1) 

to (8), at 5 % level of significance, from the 

regression analysis, P-value = 0.000 for all the 

models and shows that variables are significant (P 

< 0.05) signifying that the variation in the concrete 

compressive strength obtained for curing by jute 

sack, sprinkling, polythene covering and 

atmospheric curing methods, respectively is caused 

by concrete compressive strength from submerged 

curing. The coefficient of determination, (R
2
) for 

the models in equations (1-8) are 98.1%, 95.0%, 

92.8% and 75.8%, respectively. The residual and 

normality plots (not shown) were drawn for the 

compressive strength of concrete to further 

examine how well the model fits the data used. It 

was observed that there were few large residuals 

and limited apparent outlier, consistent with 

previous works of Field (2002), Razak and Wong 

(2004), Elinwa and Abdulkadir (2011). This 

confirms that the models are adequate for 

prediction of concrete compressive strength of 

members cured using various techniques in 

construction sites from the compressive strength 
from submerged curing.  
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4. CONCLUSIONS 

 

Submerged curing was the most effective method 

of curing, while atmospheric curing the worst 

method. All the curing methods considered except 

atmospheric curing produced concrete that 

satisfied the specified minimum design strength. 

The compressive strength models with R
2
 values 

of 0.981, 0.950, 0.928 and 0.758, respectively 

could be used to predict concrete compressive 

strength of members cured using various 

techniques in construction sites from specimens 

cured by submerging. 
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