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Abstract—Concrete is the predominant construction material in
Bangladesh. In large projects, stringent quality control procedures are
usually followed under the supervision of experienced engineers and
skilled labors. However, in the case of small projects and particularly
at distant locations from major cities, proper quality control is often
an issue. It has been found from experience that such quality related
issues mainly arise from inappropriate proportioning of concrete
mixes and improper curing conditions. In most cases external curing
method is followed which requires supply of adequate quantity of
water along with proper protection against evaporation. Often these
conditions are found missing in the general construction sites and
eventually lead to production of weaker concrete both in terms of
strength and durability. In this study, an attempt has been made to
investigate the performance of general concreting works of the
country when subjected to several adverse curing conditions that are
quite common in various small to medium construction sites. A total
of six different types of adverse curing conditions were simulated in
the laboratory and samples were kept under those conditions for
several days. A set of samples was also submerged in normal curing
condition having proper supply of curing water. Performance of
concrete was evaluated in terms of compressive strength, tensile
strength, chloride permeability and drying shrinkage. About 37% and
25% reduction in 28-day compressive and tensile strength were
observed respectively, for samples subjected to most adverse curing
condition as compared to the samples under normal curing
conditions. Normal curing concrete exhibited moderate permeability
(close to low permeability) whereas concrete under adverse curing
conditions showed very high permeability values. Similar results
were also obtained for shrinkage tests. This study, thus, will assist
concerned engineers and supervisors to understand the importance of
quality assurance during the curing period of concrete.
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1. INTRODUCTION

HE construction sector of Bangladesh is in blooming

phase due to enormous economic growth of the country.
As a result, a large number of infrastructural development
works has been proliferating around the country. The types of
construction ranges from huge multi-span bridges to small
single-story structures. Most of these structures are made up of
reinforced concrete (RC). The overall performance of any RC
structure largely depends on proper proportioning of materials
and strict quality control (QC). The mechanical properties of
concrete are not its’ intrinsic characteristics. Certain
conditions need to be maintained during preparation of
concrete to ensure adequate strength and durability. Therefore,
appropriate QC protocol during construction is extremely
important for any concrete work. Although a significant
number of research has been conducted around the globe to
produce advanced high performance cementitous composites

using different types of nano and micro fibers [1]-[7], the
construction practices in Bangladesh are still quite
rudimentary in a number of instances [8].

In the case of large projects in the country, it has been
observed that proper quality control procedures are usually
followed under the supervision of experienced engineers and
skilled labors. However, small projects, particularly at distant
locations from major cities, often suffer from poor QC issues.
From experience, it can be said that such quality related
problems mainly arise from inappropriate proportioning of
concrete mixes and improper curing conditions [8], [9]. The
primary reason behind curing related problems is the lack of
awareness and knowledge among the unskilled and semi-
skilled construction supervisors and workers of the country
[10], [11].

Typical external curing method is mainly followed in small
to medium constructions works. Such curing process requires
supply of sufficient amount of water from external sources as
well as proper protection against evaporation. It is beyond
doubt that stringent supervision is necessary to ensure these
two conditions. Unfortunately, due to absence of proper
supervision which arises from unaware construction
supervisors, general concreting works frequently experience
durability issues. Also, in some cases scarcity of supply of
water poses an issue where retention of curing water is
essential. It is widely known that improper curing results in
weaker concrete both in terms of strength and permeability.
However, quantification of deterioration due to curing related
problems is extremely important to compel construction
workers and supervisors to be responsive to this issue. An
intensive literature review reveals that very limited number of
significant study is available on effect of adverse curing
conditions, that are quite common in various small to medium
construction sites of Bangladesh, on concrete properties. Few
recent studies are available on durability characteristics of
some commonly used concrete mix proportions of the country
under normal curing conditions [12], [13].

Therefore, an attempt has been made in this study to
investigate the performance of general concreting works of
Bangladesh when subjected to several prevailing harsh curing
conditions. Locally manufactured cement and locally available
stone chips and sand were used as coarse and fine aggregates
respectively. A total of six different types of adverse curing
conditions were simulated in the laboratory and samples were
kept under those conditions for several days. All simulated
curing conditions had no or insufficient supply of external
curing water. In addition, three of the six simulated curing
conditions had no protective covering. A set of samples was
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also submerged in normal curing condition with adequate
supply of curing water. Performance of concrete under
different curing conditions was evaluated in terms of
compressive strength, tensile strength, chloride permeability
and drying shrinkage. Chloride permeability was measured
through rapid chloride permeability test (RCPT). It has been
found that curing condition has significant impact on overall
performance of concrete. Concrete without adequate supply of
external curing water and proper covering showed
considerable reduction in strengths and augmentation of
permeability and shrinkage values. The author believes that
findings of this study will be helpful for general site engineers
and supervisors to understand the importance of quality
assurance during the curing period of concrete.

[I. EXPERIMENTAL PROGRAM AND MATERIALS USED

Locally produced Ordinary Portland Cement (OPC) was
used in this study along with locally available stone chips as
coarse aggregate and sand as fine aggregate. All required
properties of cement, sand and stone chips were determined in
the laboratory following relevant ASTM standards. Gradation
of coarse aggregate (stone chips) was measured according to
ASTM C136 method [14] and is shown in Fig. 1. Bulk
specific gravity and absorption capacity of both fine and
course aggregates were obtained following ASTM C128 [15].
Bulk specific gravity of stone chips was found to be 2.601 and
2.629 on Oven Dry (OD) and SSD basis, respectively. Bulk
specific gravity of sands on OD basis and SSD basis was
obtained as 2.606 and 2.634, respectively. Absorption capacity
of stone chips and sand was found as 1.1% and 0.95%
respectively. Unit weight of stone chips and sand were
obtained as 1545kg/m® and 1610kg/m?, respectively as per
ASTM C29 [16]. The normal consistency of the cement was
measured as per ASTM C187 [17] and found to be 25.5%. The
7 and 28 days compressive strength of cement mortar were
determined according to ASTM C109 [18] and obtained as
12.7 MPa and 29.3 MPa, respectively. All samples were
prepared using one of the most commonly used mix ratios of
1: 1.5: 3 on volume basis with a water cement ratio of 0.40.
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Fig. 1 Gradation curve of - stone chips (SC) used as coarse aggregate

A total of six curing conditions were considered in this
study to simulate adverse curing conditions of different

degree. In one curing condition, samples were kept in exposed
condition just after casting both with and without polythene
sheet covering, termed as Cl and C2 curing condition,
respectively. In cases of C3 and C4 curing conditions, samples
were kept submerged under water for 3 days and then kept
under exposed condition with and without polythene cover,
respectively. For C5 and C6 conditions, the samples were
submerged under water for 7 days and then placed outside,
with and without cover, respectively. Samples were also kept
under normal external curing condition (termed as NCC) for
comparison.

Performance of concrete under different simulated adverse
curing conditions was evaluated in terms of compressive
strength, split tensile strength, chloride permeability and
drying shrinkage. The compressive and tensile strength tests
were performed according to ASTM C39 [19] and ASTM
C496/C496M [20], respectively. Permeability of concrete
specimen was measured through rapid chloride permeability
tests (RCPT) following ASTM C1202 [21]. A test setup has
been built to perform the test as shown in Fig. 2 [22]. Drying
shrinkage test was conducted according to ASTM
C157/C157M [23] procedures. Changes in length of concrete
bars at different days were measured to evaluate linear
shrinkage of the samples as shown in Fig. 3.

Fig. 3 Shrinkage measurement

III. RESULTS AND ANALYSIS

Effect of different curing conditions on compressive
strength of concrete at 7, 29 and 90 days is shown in Fig. 4.
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Concrete under proper normal curing condition (NCC) showed
the highest compressive strength at all ages. Concrete under
NCC achieved compressive strength of about 17.5, 28 and
33.7 MPa at 7, 28 and 90 days, respectively. Samples under
C2 condition exhibited the minimum strength. In this
condition, samples were exposed to ambient condition just
after casting without any covering. C2 samples produced
around 25.5%, 37% and 38% reduced strength as compared to
samples under NCC conditions at 7, 28 and 90 days,
respectively.

It is also evident from Fig. 4 that samples without covering
experienced considerable reduced strength as compared to
covered samples under similar curing condition particularly at
later ages. For example, samples under C2 showed about 26%
lower strength than that of Cl-samples at 28 days. Similarly,
C4-samples achieved about 16% lesser strength than C3-
samples at 28-days. Samples under exposed condition with
covering after 7 days of submergence (C5) showed relatively
superior performance as compared to samples subjected to
other harsh curing conditions. It has been observed that C5
samples showed about 6.5% and 7% lesser strength than that
of NCC-samples at 28 and 90 days, respectively. As compared
to C2-samples, C5-samples showed about 33% higher strength
both at 28 and 90 days.
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Fig. 4 Compressive strength of samples under different curing
conditions

Split tensile strengths of concrete samples at 28 days under
different curing conditions are shown in Fig. 5. C2-samples
experienced the lowest split tensile strength (about 25% less
than NCC-samples) as compared to all other samples
considered in the study. Samples under adverse curing
conditions with covering (C1, C3 and C5) exhibited almost
equal tensile strength values with tensile strength of C5-
samples being the highest. C5-samples showed about 6.5%
lesser strength than that of NCC-samples. As compared to C2-
samples, C5-samples showed about 20% higher tensile
strength at 28 days. Cl-samples produced about 15% higher
tensile strength than C2- samples.

Fig. 6 shows the RCPT test results. As per ASTM C1202
[21], if less than 4000 coulomb charge passes through

concrete samples, then it can be termed as "moderate chloride
permeable". On the other hand, if a concrete sample allows
more than 4000 coulomb to pass through, then it can be
termed as "high chloride permeable”. It is evident from Fig. 6
that samples under NCC condition showed moderate chloride
permeability having the lowest amount of coulomb passed
through it. Samples with polythene covering (C1, C3 and C5)
also exhibited moderate permeability values. However, C1, C3
and CS5 samples experienced about 85%, 84% and 81% higher
coulomb charge passing through them as compared to NCC-
samples, respectively. Similar to the previous two cases, C2-
samples exhibited the highest permeability among all samples
tested in the study. It is also obvious from Fig. 6 that all
samples under adverse curing conditions without covering
(C2, C4, and C6) showed significantly high chloride
permeability.
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Fig. 5 Split tensile strength of samples under different curing
conditions

Shrinkage values of concrete samples under different curing
conditions are shown in Fig. 7. For shrinkage test, samples
having dimension of 10” by 10” by 2” were made and
submerged under lime saturated water for 30 minutes just after
removal from the sample preparation molds. After 30 minutes
of submergence under lime water, initial readings (length of
samples) were taken. After initial readings, samples were kept
under six different simulated adverse curing conditions. NCC-
samples were kept under water for 28-days and then kept in
contact with air. Shrinkage readings were taken up to 56 days
(84 days from the initial reading) at an interval as per ASTM
C157/C157M [23]. All samples, except NCC, showed
shrinkage strain from day one. In case of NCC-samples, initial
swelling effect was observed since these samples were kept
submerged under water for first 28 days that protected the
samples from evaporation. C2-samples experienced the
maximum shrinkage strain at all ages. Like previous cases, all
samples under polythene sheet covering experienced relatively
lesser strain than that of covered sampled for the same curing
conditions. For example, Cl-samples showed about 31%
lesser strain as compared to C2-samples at 56 days from the
initial reading. Similarly, at 56 days, C5-samples exhibited
about 30% reduced strain as compared the C6-samples.
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Fig. 6 RCPT results of samples under different curing conditions

0,00015

Drying shrinkage

100

——C1 —8—C2 —=—1C3 > ca 4— C5 CB —+—— NCC|

Fig. 7 Shrinkage results of samples under different curing conditions

It is, therefore, obvious from the above discussion that
absence of proper curing has significant adverse effect on
concrete properties. Compressive strength of concrete could
be as low as one third of the required/design strength due to
improper curing conditions. Permeability and shrinkage of
concrete can also be severely affected by inappropriate curing
conditions. A concrete mix, proportioned as moderately
permeable concrete, could become highly permeable concrete
if required curing conditions cannot be maintained. It is also
evident that covering of concrete improves concrete properties
even under adverse curing conditions. Covering of samples
prevented water loss through evaporation and eventually
resulted in concrete with relatively better performance. Such
polythene covering is a simple process to execute and also
inexpensive. However, this requires proper attention from
workers and supervisors.

IV. CONCLUSION

In this study, the effect of adverse external curing
conditions that are quite common in Bangladesh on concrete
properties is discussed with a view to make construction
workers and supervisors more aware about this issue. Six
adverse curing conditions were simulated in the laboratory

without supply of any external water. It has been found that
external curing conditions with insufficient supply of water
has significant detrimental effect on concrete properties.
Compressive strength of concrete could be reduced by 35% or
more as compared to the desired value if left without supply of
any external water and covering. If proper normal curing
conditions cannot be maintained, the permeability of concrete
could increase by more than 3 times. Similar phenomena were
also observed for drying shrinkage of concrete. It is, thus,
evident that deficient curing conditions severely affect the
design life of a concrete structure. However, it has been
observed that polythene sheet covering can significantly
improve the strength and permeability of concrete even
without supply of additional water for curing. It is also evident
that proper external curing for 7 days can result in relatively
better performance concrete if polythene sheet covering is
provided for up to 28 days. Finally, an attempt has been made
in this study to provide a clear quantitative depiction of
importance of proper curing on concrete strength and
durability characteristics. A good quality control protocol and
awareness among workers and engineers can ensure the
fulfillment of necessary conditions required for concrete
curing and eventually can produce robust concrete. Findings
of this article, therefore, will assist concerned engineers and
supervisors to understand the importance of quality assurance
during the curing period of concrete.
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