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ABSTRACT

This study discussed the effect of the curing condition on the capillary water absorption of concrete incorporating
the locally available materials. The compressive strength and ultrasonic pulse velocity (UPV) as part of mechani-
cal and durability properties of concrete were also investigated. The engineering properties were conducted on
concrete under three different curing conditions at different curing ages of 2 days, 7 days and 28 days. The three
different curing conditions were water curing, dry curing and gunny-covered curing. According to the results
obtained, the concrete under water curing condition demonstrated a lower capillary water absorption (CWA) at 2
and 7 days ages and the concrete under gunny-covered condition demonstrated lower CWA at 28 days of age, com-
pared with the other curing conditions. It is interesting to see that the compressive strength (38 MPa) of concrete

was almost the same at 28 days age under the gunny-covered and water curing conditions.
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INTRODUCTION

Concrete as the most popular artificial mate-
rial on Earth has been used to build civilizations
thousands of years ago. Concrete, as a compos-
ite material, is one of the most used and known
material in the world and nowadays thousands of
tons of concrete are being used at different parts
around the globe. It has lots of advantages; how-
ever, like any other material, it also has some dis-
advantages and limitations (Neville 2011). Cur-
ing is the name given to the procedures used for
promoting the hydration process of cement, and
consists of a control of temperature and the mois-
ture movement from and into the concrete (Nev-
ille 2011). Curing may take place after the fresh
concrete is being placed in the site, because the
hydration of concrete takes time, it usually takes
days, so curing must be done for a reasonable pe-
riod of time in order for concrete to achieve its ini-
tial strength and durability. However, many fac-
tors — other than the curing process — also affect

the development of the mechanical and durability
properties of concrete. These factors include the
quality and quantity of cement used in the mix,
grading of aggregates, maximum nominal size,
shape and surface texture of aggregate, as well as
water/cement ratios, degree of compaction, and
the presence or otherwise of clayey particles and
organic materials in the mix (Ogah 2016). In the
study conducted by James, et al., (2011) it was
reported that for the concretes that are subjected
to extreme ambient, the most important factor for
the concrete in order to gain the design strength
and the ultimate strength is a proper curing after
placing and at the early stage of hardening, mean-
ing that the curing process is managed by the rate
of hydration and the level of moist loose in the
concrete.

There are various types of curing and of course,
the adoption of the particular condition depends on
the environment and on the nature of work. There
are six different types of curing which are gener-
ally adopted around the globe, including shading
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of concrete network, covering concrete with gunny
bags, sprinkling of water, ponding method, mem-
brane curing and steam curing. In the study con-
ducted by James et al. (2011) a summary of the
effect of the curing method on the compressive
strength with curing age for all the curing meth-
ods of ponding, wet covering, sprinkling, plastic
sheeting, and uncured type in the open air and the
cubes left uncured for two days prior to curing
were shown. It was noticed that there was a signifi-
cant increase in the concrete strength with the cur-
ing age depending on the curing method adopted.
It was clearly shown the ponding curing gave the
highest compressive strength compared with other
curing methods at the same curing age, because it
is working on the improving the pore system of
the concrete and lowering the permeability of the
concrete which obviously results in a greater de-
gree of cement hydration and lowering in the rate
of moisture lose from the concrete cubes. In turn,
the specimens with totally uncured method gave
the lowest compressive strength. Because the con-
crete was not cured, the hydration process was not
completely done therefore, the concrete specimens
did not achieve their maximum strength. Since the
specimen left totally uncured gave the lowest re-
sult, this suggests that curing is very important and
necessary for all concrete structures especially in
hot environments, for example in very hot weather
during summer and in very cold weather during the
winter conditions in Kurdistan Region-Iraq.

In an experimental study conducted by Gayarre
(2013) the ordinary concretes density value of two
samples each, under different curing condition,
was reported. It showed that the sample which has
been cured under the open air conditions gives a
lower value than the one which is cured under the
controlled conditions. It also reported the effect of
both types of curing on the compressive strength
of concrete although the compressive strength
value of both samples were nearly the same in the
first 7-days but at the age of 28-days, the speci-
men which was cured in a controlled environment

Table 1. Characteristics of Portland cement

showed a higher compressive strength in the same
period of curing than the one which was cured out-
doors. Similar results were reported by Safiuddin
(2007) and Ibrahim (2013).

In a recently published study conducted
by Maslehuddin (2013) the effect of the curing
methods on the shrinkage and corrosion resis-
tance of concrete was reported. The concrete
samples were put under different curing condi-
tions and were cured either by water ponding,
covering with wet burlap, or by the application
of the curing compound. It was noticed that the
maximum plastic shrinkage strain was noticed
in those samples which were cured by covering
them with a plastic sheet.

The effect of temperature on the capillary wa-
ter absorption in different building materials at
three different levels of temperature at (20, 25 and
30 °C) was investigated by Karagiannis (2016).
The study showed that there is a linear relation
between the capillary water rise and temperature
for all building materials such as (brick, stones
and hydraulic mortars). Although there was a dif-
ference in the linearity slope for each material but
they observed that rate of capillary water absorp-
tion increases along with the temperature .

EXPERIMENTAL METHODOLOGY

Materials

This study experimentally investigated the ef-
fect of different curing methods and ages on the
capillary water absorption (CWA) of the concrete
incorporating the locally available materials pro-
duced in the Kurdistan region of Iraq. Ordinary
Portland cement: CEM I/ 42.5 R (According to
EN 197-1:2011) manufactured by Urmia cement
company imported from Iran. This cement was
used in the study for both batches. The character-
istics of the ordinary Portland cement are shown
in Table 1. For this investigation, the locally

Constitute OPC (wt. %) Constitute OPC (wt. %)

Lime (CaO) 64.64 (C3S) 52.82

Silica (SiO,) 21.28 (C28) 21.45

Alumina (AL,0,) 5.6 (C3A) 9.16

Iron Oxide (Fe,O,) 3.36 (C4AF) 10.2

Magnesia (MgO) 2.06 Loss on ignition 0.64

Sulphur Trioxide (SO,) 2.14 Lime saturation factor 0.92
Nitrous Oxide (N,O) 0.0
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Table 2. Particle size distribution of fine aggregate

Sieve size Weight re_tained on | Weight r(_etained on each Cumulative sieve (%) Cumulative_ sieve weight
(mm) each sieve (g) sieve (%) passing (%)
4.75 143 14.3 14.3 85.7
2 302 30.2 445 55.5
1 166 16.6 61.1 38.9
500 mic 292 29.2 90.3 9.7
250 mic 86 8.6 98.9 1.1
Pan 11 11 100 0

available river sand in Soran town, Erbil, Kurd-
istan, Iraq was used. The grading size distribution
is shown in the Table 2.

Natural coarse aggregate with max size of
12.5 mm was also used in the concrete mixes. The
physical property of the coarse aggregate were
tested in a laboratory including specific grav-
ity and water absorption according to the ASTM
standard, the results are shown in Table 3. The
grading size distribution is shown in the Table 4.

For this experiment, ordinary water was used
for mixing and curing of the cubes. The water
used was drinkable and pure. It was free from
any impurities which may have a negative effect
on the hydration of cement and other mechanical
properties of concrete.

Mix proportion

The mix proportion used for the present ex-
perimental study was (1: 2.5: 3.5) more specifically
(1) cement, (2.5) fine aggregate and (3.5) coarse
aggregate. The mix was prepared according to the
absolute volume mix design method. The required
amount of each material to prepare the concrete

Table 3. Physical properties of natural coarse
aggregate

Property NCA
Bulk Specific Gravity(OD) 2.61
Water Absorption % 0.53
Particle Shape/Texture Sub angular/Partially rough
Types Crushed
color Grey

mix was calculated based on the standards. The
amount of required materials is shown in the be-
low; 10% of the total weight of the mix was added
to work as a backup for the materials that are be-
ing loosened during the mixing process. The water
to cement ratio (W/C) used for was 0.5 and kept
constant for all mixes. For ease of demoulding, be-
fore filling the cubes with concrete, the interior side
of all moulds were oiled. The casting of the cubes
were put in three layers; each layer was compacted
25 times by using a rod and the outer side of the
cube was hammered by a plastic hummer to free the
cube from air bubbles. In total, 27 cubes were pre-
pared and 9 of them were divided in half by using
a metal sheet to be used for CWA test. The cubes
were covered by plastic sheets and kept at a room
temperature for 24 h, after the period of 24 h the
cubes were ready to be demoulded. The cubes were
demoulded using a water pump pressure as shown
in Figure 1. Afterwards, the cubes were dived into
three groups based on their curing method, group
one was placed in the water tank, group two was
covered with a gunny bag and the last group was
placed in outside environment till the day of the test
at different curing times of 2, 7, 28 ages.

TESTING METHODS

Slump test

The slump test assesses the consistency of
fresh concrete. It is used in order to check wheth-
er the used amount of water which was added to
the mix is correct or not. It is used to determine

Table 4. Particle size distribution of natural coarse aggregate

Weight retained on

Sieve size, mm ;
each sieve (g)

Weight retained on
each sieve (%)

Cumulative sieve

Cumulative sieve (%) weight passing (%)

12,5 675 67.50 67.50 32.50
9.5 238 23.80 91.30 8.7
Pan 87 100 0
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Fig. 1. Water pressure pump

the workability of fresh concrete and it is being
measured right after the concrete is being mixed.
This test was carried out according to the BS EN
12350-2, Testing fresh concrete.

Compressive Strength

For this test, a set of six concrete cube of
150%150%150 mm were tested for curing ages of
2, 7 and 28 days; two cubes were used for each
curing method, i.e. water curing, dry curing and
gunny-covered curing. Each cube was put in its
curing condition till the day of the test, and the
test was performed according to the standards.
The test was carried out in a standard compres-
sion machine with the capacity of 2000KN, the
load was applied at a rate of 0.5 MPa/s (Fig. 2).

Ultrasonic Pulse Velocity

Ultrasonic measurements are used in struc-
tural engineering to determine the material prop-
erties, detect defects and assess deterioration (Ya-
man, 2001). Ultrasonic pulse velocity (UPV) is
a long-established, non-destructive test method
which determines the velocity of longitudinal
(compressional) waves (Neville, 2011). A UPV
test in concrete is performed in order to deter-
mine the uniformity of concrete, cavities, cracks
and defects, as well as the presence of voids,

Fig. 3. UPV Instrument

134

Fig. 2. Compression Machine

honeycomb and discontinuities. This test was
carried out at different ages of concrete curing
according to BS EN 12504-4:2004. While per-
forming this test, the direct transmission method
was used to measure the velocity, using a portable
ultrasonic non-destructive digital indicating tester
on 150x150x150 mm cube specimens as shown
in Figure 3. The equipment consisted of two me-
tallic transducers: one for transmitting the veloc-
ity and the other one for receiving the pulse.

Capillary Water Absorption

After the mix was prepared, the moulds of
150%150%150 mm size were used and divided in
half by using a piece of steel sheet, as shown in
Figure 4. The mix was cast and the cubes were de-
moulded after 24h of casting; then, for each cur-
ing age 2 days, 7 days and 28 days six cubes were
prepared — two for each curing condition. The
specimens of 150x150x75 mm size were used
for the CWA test. These specimens were cured
under different conditions until testing. Saturated
Surface Dry (SSD) specimens were kept in a hot
air oven at 100°C, until a constant weight was at-
tained. For the CWA test, the absorption of wa-
ter by the concrete specimens was determined by
measuring the increase in the mass resulting from
water absorption as a function of time when only
one surface of the specimen is exposed to water
on a support device (Herki et al., 2013). The sche-
matic diagram of the CWA (moisture migration)
test setup used is shown in Figure 4. During the
test period, the weight gain was monitored at in-
tervals of 1, 3, 5, 7, 10, 20, 30, 45, 60, 120, 180,
1440 and 2880 minutes. The water level was kept
constant throughout the test. The CWA values are
the average of two test samples. The weight (g)
of water absorbed per unit area (mm?) was plot-
ted against the square root of time (minute). The
units are in g/mm?* min’.. Water curing involved
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placing the cubes in the water tank, dry curing
consisted in placing the cubes in the open space
where it is in contact with the outdoor weather
and away from the rain or from any water curing,
the gunny bag curing involved covering the cubes
with gunny bag and curing the cubes by spraying
water on the covered gunny 3 times daily. After
each curing period, the cubes were placed in the
oven for 48 hours, as shown in fig at a temperature
of 105+-5 °C until it reached the condition were
the weight loss percentage is less than 0.01 per-
centage. The cubes which were in the oven were
weighted 4 times daily. When the drying process
was over, each sample was covered with a plastic
bag so there was no more moisture loss and they
were prepared for the capillary water absorption
test. A metallic tray was filled with water and a
support was placed in the tray so the cubes could
rest on it, the level of water was just in touch
with a surface of the cube after the samples were
rested on the support weighting process starts, ac-
cording to the time table specified, it starts from
1 min and ends after 48 hours for each specified
time weight of cubes were recorded. This process
was repeated after 7 days of curing and after 28
days of curing. After the test was started, water
was added to the tray to ensure that the surface
of the cubes was in touch with the water. The
rise of water from the capillaries of concrete was
obvious and clearly seen as it is being shown in
Figures 4 and 5.

RESULTS AND DISCUSSION

Compressive Strength

The compressive strength of the concrete
samples at the age of 2, 7, 28 days for different
curing conditions is shown in Figure 6. The re-
sults mentioned in the table below showed that
after taking the average of two concrete samples
for each curing condition. The compressive
strength of the sample after 2 days of curing is
relatively the same for all curing conditions and
the value ranged between 12.50 and 12.73MPa.
The reasons why the results are the same, is due
to the incompleteness of the hydration process
and it is clear that the cubes are at the first stage
of the hydration process. However, the develop-
ment of the compressive strength of the cubes
after 7 days of curing indicates —a slight differ-
ence between the concrete samples for different
curing conditions. Because the hydration process
has developed more compared with the hydra-
tion process after 2 days of curing, the compres-
sive strength ranged from 20.92 to 22.39 MPa.
Finally, the investigated samples reached the
maximum compressive strength after 28 days,
ranging from 30.71 to 37.86 MPa. The reason of
this clear difference between the different types
of curing stems from the fact that the hydration
process reached its final stages and there is a little
or no cement remaining to be hydrated by wa-
ter. As a result of this study, it was found that

Fig. 4. CWA test setup

Fig. 5. Specimen water uptake
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Fig. 6. Compressive strength of concrete under different curing conditions and times
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by increasing the curing age, the compressive
strength increases as well, which means they are
directly proportional to curing time. The same
results were reported by James et al. (2011).
The most effective curing condition mentioned
above is covering the cube by using the gunny
bag cause it has given the highest compressive
strength, unlike the result that was obtained by
Safiuddin et al. (2007) who found that wet cur-
ing was the best curing condition when it comes
to gaining strength, our fault might be due to the
improper drying process of cubes because the
oven size was very small and the drying period
was not the same for every cube. Wet curing is
also a good way for obtaining a satisfactory re-
sult because there is a very slight difference be-
tween the strength developed in the cubes that
have been cured with gunny bag and wet curing
condition; however, the dry curing is not very de-
sirable when it comes to the development of the
compressive strength in the concrete samples, as
Ibrahim et al. (2013) mentioned in their research.

Ultrasonic Pulse Velocity

The time taken by the wave to travel from one
side of concrete to the opposite side of the sample
is being indicated by the porosity of the concrete;

hence, ultrasonic pulse velocity (UPV) depends
largely on the pore system and the density of con-
crete. The Figure 7 shows the result of the UPV
test at different curing ages for three different cur-
ing conditions. As in the previous test, the results
were taken as an average of the test on two cubes.
It is clear that as the age of curing increases for
different curing conditions the hydration process
develops more, which means that the cavities and
pores in the concrete decreases. Hence, the re-
sults of UPV test increase along with the curing
age. This study shows that wet curing is the best
between the three conditions mentioned above
when it comes to the UPV test. Similar results
were reported by Ghosh (2018), Pierre (2016),
Mohammed Rahman (2016), Aziz Hasan (2016)
and Safiuddin et al. (2007).

Figure 8 shows the correlation between com-
pressive strength and UPV of concrete under
different curing conditions and different curing
times similar to what Aziz Hasan, et al., (2016)
reported, the correlation is described by a func-
tion as shown below.

Y=55.587X-187.15 R*=0.9105 (D

This equation shows a strong correlation
(R?2=0.9105) where X representing UPV (km/s)
and Y is the compressive strength (MPa).

4,1
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Fig. 7. UPV of concrete under different curing conditions
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Fig. 8. Correlation between strength and UPV
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Capillary Water Absorption

The capillary water absorption (CWA) of
the concrete under different curing times and
three different curing conditions is being shown
in the Figures 9-11. CWA is defined as the rate
of water absorption per unit area and expresses
the tendency of the concrete to transmit the wa-
ter through capillarity. The results are the aver-
age of two cubes for each age and each curing
condition.

CWA-2Days

After two days of curing, the cubes were
cured under dry conditions as it is shown in the
Figure 9. At the early stage of the test, there is

a very sharp increase in the water absorption
from the 1% min until 24 hours and from the
24 hours of the test till 48 hours there is a very
slight increase in the absorption of water. The
total weight of water which was absorbed by the
cubes from the beginning of the test till the end
of it was (229.5g), CWA for wet and gunny bag
curing of cubes from beginning of the test till 24
hours the water absorption of the cubes is very
fast and noticeable; after that period, the ab-
sorption rate decreases automatically and there
is a slight increase in the water absorption. As
shown in the figure below, the total weight of
water absorbed by the cubes for wet curing was
(189.5g) and for the cubes which were covered
in gunny bag (205g) (Yazicioglu, 2010).
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Fig. 9. CWA of concrete under different curing conditions — 2 days of age
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CWA-7Days

After 7 days of curing again, a CWA test was
run on the cubes by following the same process
of 2 days after curing. For the 7 days old dry con-
ditioned cubes, as it is shown in Figure 10, there
is a sharp increase in the absorbed water from the
start point of the test to the 5™ hours and it can be
seen clearly that afterwards the increasing rate is
very low till the 48 hours of the test period; the
total weight gained by the dry cubes was (206g).
For the gunny bag and wet cured cubes the water
absorption is increasing with a moderate rate till
the 5" hour of the test, as shown in figure below.
Afterwards, there is an increase in the absorption
rate till the end of the test, the water absorbed
by the wet and gunny bag cured cubes reached
(170.5g) and (191g), respectively. Similar results
were reported by N. Karagiannis (2016), Basheer
(2001) and Javier Castro (2011).

CWA-28Days

For the samples following 28 days of cur-
ing, the CWA test was performed, the capillary
absorption for 28 days dry cured cubes, as shown
in the Figure 11 below, from the start of the test
to the 5" hour there is a rapid rise of the water
absorbed by the cubes. Then, from the 5" hour
to the 48™ hour of the test the rate of absorption
slows down sharply and there is slight increase in
the total water absorbed by the cube (193.5g). For
both the gunny bag and wet cured condition, as
it is shown in the Figure 11, there is a very slow
increase in the rate of water absorption till the 5
hour of the test, and after that the rate of water ab-
sorption increases significantly till the end of the
test. The water absorbed by cubes for both cured
condition is as follows: (157g) was absorbed by
the wet cured cubes and (118.5g) was absorbed
by the gunny bag cured cubes.

By analysing the taken data from the CWA
test it is clear that for all curing ages, the dry
cured cubes have the highest absorption com-
pared to other conditions and it can be concluded
that as the curing age increases for all cubes and
for every curing conditions, the CWA of the con-
crete decreases. The reason is that as the curing
ages increases, the hydration process develops
more and leads to minimizing in the pore system
as well as reduction in the capillary pore size.
Thus, the amount of water absorbed through cap-
illarity deceases when the curing age increases,
also when the relative humidity increases the
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sorptivity of the cubes decreases, similarly to the
results obtained by Castro et al. (2011). It was
also determined that the CWA of the concrete
increases along with the temperature increases,.
Similar results were reported by N. Karagiannis
et al. (2016).

CONCLUSION

The capillary water absorption (CWA), as
indicated by the rate of water absorbed per unit
area decreases when the curing time increases, as
expected; this is accompanied by an increase in
the compressive strength and UPV. It is interest-
ing to see that the concrete under the wet curing
condition demonstrated a lower CWA at 2 and 7
days ages and the concrete under gunny covered
condition demonstrated lower CWA at 28 days
age compared with the other curing conditions.
Due to the incompleteness of the hydration pro-
cess, the concrete engineering properties under
different curing conditions at early ages were
almost the same. It is interesting to see that the
compressive strength of concrete was almost the
same at 28 days age under wet and gunny covered
curing conditions. The dry curing condition dem-
onstrated a lower compressive strength and UPV,
as well as higher CWA than the other two curing
conditions, as expected. However, the UPV val-
ues were higher under the wet curing conditions
than under the other two.
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