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Abstract - Concrete is the most important construction material around the world, which is characterized by its strength,
durability, and ability to withstand live and dead loads. Concrete consists of three essential components: cement, sand, and
gravel, which are mixed with water using different mixing percentages, with the addition of additives to get the required type of
concrete. Concrete can be classified into many types according to the required strength demand. In addition, concrete is exposed
to dynamic loads, which are the loads that would change the positions and quantities of the concrete structures. The dynamic
or kinetic loads often occur in areas exposed to earthquakes and disasters, as well as traffic on highways. The objective of the
study is to investigate the effect of curing by tap water and river water on the properties of the concrete. In this study, three types
of concrete, which are Normal Concrete (NC), Self-Compacting Concrete (SCC), and Fly Ash Concrete (FAC), were used to
form six slabs by using a mold with dimensions of (450*450*100) mm, in addition to their control specimens. Each slab with its
control specimens was cured by tap water and river water for 28 days. The slabs were examined for the dynamic load using a
drop ball impact device. The results showed that samples cured in river water gave approximately 25% fewer strokes and 16%
less crack width than those of samples cured in tap water. The compressive strength of samples cured with tap water was slightly
higher than that of samples cured with river water; the average increase was 3%, 5%, and 4.5% for NC, SCC, and FAC,
respectively. Also, the results exhibit similar crack patterns with punching failure for all specimens. Using river water for
concrete curing is a good option after ensuring that the water is free of pollutants and chemicals that may affect the workability
and durability of concrete.
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1. Introduction

Concrete is a mixture of binder materials (cement) with
aggregates mixed together in the presence of water, and
sometimes additives are added to the mixture to get some
desired properties. When the solid mixture acts with water, the
concrete matrix gives off heat, and hence increases the
reaction rate due to the increase in temperature. This will
result in a strong and homogeneous mass. After that, the
curing process of the mixture begins. Curing is a process in
which water is applied to the surface of the concrete to lead to
moisture in the concrete matrix for producing a strong and stiff
structure and preventing cracking [1]. The curing of cement in
concrete is accomplished through four stages. First, the
surface reactions on the cement particles are produced in
conjunction with the release of heat, which continues for 30
minutes. Second, the curing reactions slow down as a result of
the formation of the gel layer on the surface of the cement
particles, which slows and invalidates the moisturizing for a
few hours because the water diffuses in an inhibited manner
within the cement particles. Third, the moisturizing process
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becomes stronger, which continues for approximately 20
hours and is accompanied by hardening of the concrete.
Finally, moisturizing continues for many years. For
moisturizing continuity, curing of concrete must be done as
illustrated in Figure 1. Failure to adequately provide water for
concrete curing results not only in low compressive strength
but also increases the shrinkage and porosity of the concrete.
Concrete may be damaged when exposed alternately to
moisture and drying stages [2]. Curing immediately begins in
freshly cast concrete, to keep the moisture and control the
temperature inside the concrete after the casting stage [3, 4].

Guide to Concrete Construction [4] and Tumpu [5] state
that curing affects the main properties of concrete, such as
strength after hardening. Hence, drying concrete that is not
correctly cured may have only 40% of the strength of the
concrete that is properly cured. In addition, the durability of
concrete is affected by several factors, such as concrete
porosity and absorption. However, pores and capillaries in
concrete are directly connected to the water/cement ratios and
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indirectly to the curing of concrete. For example, when the
duration of curing is longer, the concrete porosity is smaller.
Curing of concrete offers several advantages: to prevent the
concrete from losing the water of cement paste through setting
time and through evaporation in the initial days, to minimize
the temperature difference inside and outside the concrete, to
achieve maximum concrete strength, and to prevent concrete
cracking and shrinkage [6].
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Fig. 1 Schematic representation of hydration reactions of cement and
water [4]

There are several ways to cure the concrete, including:
water curing, wet covering, formwork curing, continuous
spraying, sheet curing, curing by absorbing heat, steam curing,
and more [7]. Previous studies indicated that the best one and
most effective method is water curing. This type of curing is
classified as the most well-known form of concrete curing,
especially for small-scale works and for laboratory specimens.
It stayed immersed in the whole concrete, in bowls filled with
water, for 28 days in most cases. The temperature of water is
not exceeded 11 °C, which is colder than the concrete internal
temperature to avoid the thermal stresses that lead to shrinkage
and cracks of concrete [8]. In recent years, the need for
impact-resistant concrete has increased with the increase in
damage from accidents and dynamic loading. Concrete is
exposed to dynamic loading such as dropping heavy objects
onto concrete floors, vibrations from earthquakes, or from
heavy traffic on towers, tall buildings, highways, and bridges.
These loads can cause deformation and cracks, which are
different from those of static loads. Concrete curing process
plays an important role in the concrete's ability to withstand
dynamic loads, as the chemical reaction of cement compounds
contributes to increasing the concrete’s resistance to dynamic
loads, where poorly cured concrete is prone to failure [9].
Several studies regarding the structural design of concrete to
withstand the kinetic loads in areas exposed to earthquakes
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and explosions have been done. Stresses are high in kinetic
loads and exceed the operating properties. Thus, elastic
deformations are exhausted more quickly, leading to a
transition to plastic deformations [10]. The high strength must
be considered in the concrete design to avoid damage and get
high durability [11, 12]. There are limited studies available on
the concept of dynamic loads’ effect on the behavior of
concrete. Therefore, this study focuses on filling the gap in the
existing literature on this subject [13]. There are several
methods to determine the stability of concrete against dynamic
loads, and one of these methods is the drop ball impact test. A
drop ball test is a standardized method to evaluate the impact
resistance and energy absorption properties of different
materials. It consists of dropping a ball of specified weight and
diameter from a determined height onto the test specimen.
Concrete slab failure is affected by the type of its components
in the mix and the drop height [14]. Traditionally, water is
used in the concrete during both mixing and curing stages, and
a shortage of the required quantity of water during these stages
might early stop the hydration process and consequently
reduce the compressive strength and increase shrinkages and
cracks [15]. Since water demand worldwide is increasing due
to the rapid growth in the domestic, commercial, and industrial
sectors, and some studies estimate that the construction sector
consumes a high percentage of fresh water, it becomes
important to consider using alternative water sources for
construction purposes. The resistance of concrete in the long
term against dynamic loads is affected by inappropriate
curing, especially in areas where potable water is in short
supply [16]. However, water resource management is
considered a challenge, especially where water scarcity is a
problem. Consequently, there is a need to seek alternative
clean water sources for concrete mixing and curing. Moreover,
using treated water for construction purposes is more
expensive than using raw water. However, it is necessary to
ensure that the quality of water used meets the required
standards and does not have a high concentration of chemicals
or organics that could negatively affect the concrete properties
[17]. The studies show that potable water is used in concrete
mixing and curing, and that there are a limited number of
studies exploring alternatives to potable water for mixing and
curing concrete.

Since concrete curing requires large volumes of water, the
use of river water for concrete curing is considered a good
option by decreasing the pressure on the potable water supply,
lowering overall construction and operational costs, reducing
the environmental impact from water treatment processes,
long-term preserving the water resources, and enhancing the
sustainability concept of the projects, specifically in water-
scarce regions. Generally, concrete factories do not aim to
reduce water use; rather, they try to find alternatives to potable
water, such as river water, groundwater, or even treated
wastewater. [18]. The aims of this study are to investigate the
effects of concrete curing (by two types of water resources, tap
and river water) on the behavior and strength of three types of
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concrete slabs, which are Normal Concrete (NC), Self-
Compacting Concrete (SCC), and Fly Ash Concrete (FAC). In
addition, the examination involves the influence of dynamic
loads on these concrete slabs. Finally, studying the failure
patterns and measuring the crack width of the tested samples
(slabs and control specimens) is included in the study.

2. Materials and Methods

The materials selected for this experimental work are
illustrated in Table 1, including cement, sand, and gravel to
produce traditional Normal Concrete (NC) with 30 MPa of
compressive strength (f'c). Silica fume and fly ash were used
to produce Self-Compacting Concrete (SCC) with 60 MPa and
Fly Ash Concrete (FAC) with 45 MPa, respectively. All the
mixtures were mixed with tap water using the percentages
shown in Table 1. Glenium 51 was added as a superplasticizer
for SCC only to enhance mixture workability for reaching the
required compaction. Thus, that process will expel and remove
the voids in the mixture, which contributes to improving the
strength [19]. The reinforcement of each slab is in the
deformed steel bars of diameter 6 mm with a spacing of 85
mm in each direction for the concrete slab mold. The
experimental procedure included mixing three types of
concrete: NC, SCC, and FAC with mixing percentages of
1:2:3, 1:1.5:2, and 1:2:3, respectively. Fly ash and silica fume
were added with a 10% replacement by weight of powder
content. Three cubes of 150 mm, three cylinders of 150 x 300
mm, and two prisms of 100 x 100 x 500 mm were cast and
tested under a compression device to determine compressive,
splitting tensile, and flexural strength, respectively. Two slabs
with dimensions of 450 x 450 x 50 mm for NC, SCC, and FAC
were cast. The arrangement of steel reinforcement inside the
mold and the casted samples are shown in Figure 2. Before
testing, tap water was used to cure one of the two slabs of each
concrete type with its control specimens for 28 days; however,
the second cube was cured in river water. The curing process
was performed using the immersion-in-water method.

After the curing stage, the slabs were tested using a drop
ball impact test machine, as shown in Figure 3. The drop ball
impact device consists of a frame, an arm, and a ball, which
were made from iron. The weight of the ball is 1 kg with a
fixed drop height of 1 m. The number of strokes for each slab
was recorded until the slab sample failed. In addition, the
crack width of the failed samples was measured by using the
tool illustrated in Figure 4. This type of test is very important
for buildings exposed to earthquakes and damage, and
highways exposed to moving vehicle loads [10].
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Table 1. Mixing details

Compressive |Water/powder | Max. size . .
strength Percentage of Cement | Sand | Gravel | Water ;IK ?:Jlrlris Glegllum
4 3 3 3 3
Mpg c) (vx//op) agg ;]i%ate Kg/m® | Kg/m® | Kg/m I/m Kg/m?® | Kg/m /e
NC 30 0.45 20 350 700 1050 160 - - -
SCC 60 0.35 10 360 600 800 140 - 40 15
FAC 45 0.4 10 337 750 1125 150 38 - -

Fig. 4 Crack width scale
3. Results and Discussion
3.1. Water Analysis
It is important to know the quality and quantity of the
water used in the concrete works. In terms of quality, cement
hydration and setting time of the concrete may be affected by

the water quality. In addition, impurities in the water, such as
sulfate and chloride ions, may significantly affect the strength
and durability of the concrete and lead to reinforcement
corrosion. However, large quantities of water are required for
producing and curing the concrete as well as for equipment
cleaning. Therefore, knowing the adequate water quantity is
essential [20]. For these reasons, seeking different sources of
water for construction purposes is crucial. In this study, three
of the slabs and their control specimens were cured with tap
water, and the other three slabs and their control specimens
were cured with river water. River water samples were taken
from the Tigris River in Baghdad, Iraq. However, tap water
samples were collected from the tap source at the construction
laboratory/College of Engineering/Mustansiriyah University,
Baghdad, Irag. River and tap water samples were analyzed at
the Research & Technology Center of Environmental, Water
& Renewable Energy, Baghdad, Iraq, and the analyzed data
are revealed in Table 2.

Table 2. The specification of tap and river water

No Parameters River Iraqi River water Standards Tap water Iragi Tap Water
' water [21, 22] Standards [21, 22]
1 pH 7.15 6.5-8.5 7.4 6.5-8.5
2 TOta'%sss‘zmg‘fLs)o"ds' 304 1500 (max) 506 1000 (max)
3 Chloride, CI* (mg/L) 105 250 (max) 98 250 (max)
4 Calcium, Ca*? (mg/L) 86 40-100 77 20-200
5 Manganese, Mn** (mg/L) BDL 0.1(max) BDL 0.1(max)
6 Ferrous, Fe*® (mg/L) 0.036 0.3(max) BDL 0.3(max)
7 Sulfate, SO4 (mg/L) 290.36 250 (max) 224.4 500 (max)
8 Magnesium, Mg*? (mg/L) 51 50 (max) 42 40 (max)

From Table 2, the pH level were 7.4 for tap water and
7.15 for river water, which were within the standard values. In
addition, the percentage differences between tap and river
water for the TDS, Cl, SO4, Ca, and Mn concentrations were
60%, 7%, 23%, 10.5%, and 18%, respectively. Also, the
results indicated that the sulfate content of the river water was
higher than the Iraqi Standards by 16%. In addition, the
concentration of magnesium in tap and river water exceeded
the Iragqi Standards by 5% and 2%, respectively. The high
concentrations of Cl, SO4, and Mg indicate that the form of
magnesium sulfate (MgSO.) and magnesium chloride
(MgCl,) were present in the water. The decomposition of
MgSOs negatively influences the concrete strength and
durability. Moreover, increasing MgCl, content in the curing

water reduces the compression and tensile strengths of the
ordinary Portland cement concrete. The effects of these
compounds lead to the expansion and erosion of concrete. The
high concentration of these compounds may first damage the
concrete by causing corrosion and surface cracks, retarding
the initial setting time, and then the cracks continue through
the entire depth of the concrete, resulting in final failure [23,
24]. The water analyses, however, indicated that the
concentration of TDS of tap water was higher than that of river
water. This is attributed to the processes of conventional water
treatment, which include adding chemicals for purification,
and it does not consider removing TDS from the treated water
by adding a reverse osmosis membrane process, since it is
below the standard limit. To conclude, using river water for
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concrete curing due to its availability, economic
consideration, and sometimes its source close to the
construction sites makes it more valuable. However, the river
water quality must be free from pollutants and materials that
could damage the concrete.

3.2. Materials Properties
3.2.1. Cement

The ordinary Portland cement, which was produced by
the Mass company, Bazyan, Al-Sulaimaniya, Irag, was used
in this study. Tables 3 and 4 show the chemical composition
and the physical properties, respectively, of the used cement.

Table 3. Chemical analysis of the used cement

Constituents % by weight 1QS/1984 part 5 [25]
Silicon dioxide (SiO2) 19.45 -
Calcium oxide (CaO) 60.35 -

Magnesium oxide (MgO) 3.21 <5.0
Ferric oxide (Fe;Os3) 3.75 -
Aluminum oxide (Al;Os) 4.75 -
Sulfur trioxide (SO3) 1.30 <2.8
Loss on ignition (LOI) 1.37 <3.8
Insoluble residue 1.05 <2
Time saturation factor 0.78 0.66 — 1.02
Main compounds (Bogue’s Compounds) % of cement weight
Tricalcium Silicate 48.5 -
Dicalcium Silicate 32.35 -
Tricalcium Aluminate 4.8 -
Tetracalcium Aluminoferrite 10.2 -

Table 4. Physical characteristics of the used cement

Physical Characteristics Experimental value 1QS/1984 part 5 [25]
Compressive strength of cube (70 x 70 x
70) mm cement grout, (MPa)
three days 17 >15
seven days 24.45 > 23
Fineness (cm?/g) / Blaine Method 2629 > 2300
Setting time (Vicat’s Experiment)
Initial time (min.) 156 > 44 min
Final time (min.) 250 <11 hrs
Soundness/ (Auto Clave), (%) 0.3 <0.8

Table 5. Sieve analysis of sand

. 1QS/1984 part | Percentage of
Max. size 45 (Zonep2) passin%
(mm) [27]
9.5 100 100
4.75 100 90-100
2.36 90.3 75-100
1.18 78.3 55-90
0.6 55.2 35-59
0.3 21.5 8-30
0.15 6 0-10
Pan 0 -

3.2.2. Aggregates

Aggregates from 60% to 80% of the volume of concrete
have the main effects on concrete properties. The aggregates
should be clean, hard, durable, and free of impurities such as
chemical materials and clay [26]. Sand which was used in this
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research was taken from the AL-Ukhaider area, Karbalaa,
Iraq, with a fineness modulus (F.M) of 2.6. Table 5 shows the
sieve analysis of the used sand.

In addition, gravel that was used in this research was
taken from AL-Niba'ee Area, AL-Anbar, lIraq, with a
maximum size of 20 mm for NC and 10 mm for both SCC and
FAC. Table 6 shows the sieve analysis of the used gravel.

Table 6. Sieve analysis of gravel

Max. size Percentage of | 1QS/1984 part
(mm) passing 45 [27]
20 100 100
14 100 90-100
10 65.21 50-85
5 4.33 0-10
2.36 0.17 -
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3.3. Control Specimens

As mentioned in the materials and methods section,
different control specimens of three types of concrete (NC,
SCC, and FAC) were cast and cured for 28 days in tap and
river water. After that, the compressive, flexural, and splitting
tensile strengths of the concrete samples were examined, and
the results are shown in Figures 5, 6, and 7.
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The compressive, flexural, and splitting tensile strengths
of control specimens were increased by adding silica fume and
fly ash to the concrete mixture. For example, the compressive
strength of NC did not exceed 30.5 MPa, whereas it reached
60.4 MPa and 44.8 MPa in SCC and FAC, respectively, as
shown in Figure 5. Additionally, it was noted that the
compressive strength of the concrete samples cured by tap
water was higher than that of the other specimens cured in
river water by 3%, 5%, and 4.5% for NC, SCC, and FAC,
respectively. The results of the higher percentages of
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compressive strength of the samples cured in tap water are
probably attributed to the lower levels of sulfate and
magnesium content present in tap water than in the river water,
which may weaken the strength of concrete [28, 29].
Moreover, the results indicated that the average splitting
tensile strength of the samples cured in tap water was higher
than that of the samples cured in river water by 19%, 9.5%,
and 17% for NC, SCC, and FAC, respectively. This is likely
related to the higher presence of chloride content in river
water, which leads to the corrosion of concrete structures and
consequently reduces the structural integrity of steel
reinforcement to resist the tensile strength [30].

Furthermore, compared to using river water, flexural
strength of concrete prisms tests indicated that using tap water
for concrete curing increased by 25%, 6%, and 17% for NC,
SCC, and FAC, respectively. The higher values of flexural
strength are also due to the lower concentrations of sulfate and
chloride content in tap water [31]. Previous studies [16, 18]
reported that using river water to cure the sample of the
concrete elevated its compressive strength from 15% to 29%
for 28 days, compared with tap water. However, the results of
this study showed a different trend in the properties of the
concrete samples. This discrepancy may be related to the
different quality of the river water samples used in this study,
which have high levels of sulfate, chloride, and organic
materials.

3.4. Slabs Tests
3.4.1. Drop Ball Impact

Generally, concrete is a fragile material with high
stiffness under compression, which makes it widely used in
different applications of construction works, including shock
absorbance, railway buffers, bridges, and foundation pads of
machinery, and other related applications [32]. The drop ball
impact test is an important test that is used to measure the
ability of the concrete to absorb energy and evaluate ductility
and brittleness by calculating the number of strokes that
concrete can withstand before failure. In the experimental test,
the number of strokes that cause failure was calculated for
each type of concrete slab. Figure 8 shows the number of
strokes for all slab specimens. The percentage of increment in
the number of strokes of samples cured with tap water to reach
failure was approximately 2.5% for all types of concrete slabs.
This is probably attributed to the increase in the concentration
of sulfate, chloride, and other chemical materials in the river
water. High levels of salts and chemicals in river water
weaken the overall structure of the concrete, including
accelerating rebar corrosion in concrete structures and
reducing the durability and strength of concrete [32].
Furthermore, the results displayed that the number of strokes
to cause the failure of the samples of SCC and FAC was higher
than that required for NC. Adding silica fume and fly ash to
the concrete mixture is most likely to enhance its compressive
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strength and durability, and hence increase the number of
strokes [33].
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Fig. 10 Modes of failure of (a) NC, (b) SCC, and (c) FAC.

3.5. Crack Patterns and Modes of Failure

The crack width and modes of failure are presented in
Figure 9. All the concrete slabs with different mix proportions
and curing types showed a punching failure type, as shown in
Figure 10. The results exhibited almost identical crack
patterns, and the crack widths of the samples cured with tap
and river water were very close to each other. However, using
river water instead of tap water increased the crack width by
9%, 18%, and 21% for NC, SCC, and FAC, respectively.
These increments are most likely due to the impurities present
in the river water, which weaken the bonds among the
concrete components and, as a result, adversely affect the
resistance of the slabs to the imposed load. In addition, the
results showed that crack widths of SCC and FAC were
smaller than those of NC, and they did not exceed 2 mm. The
smaller crack widths observed are probably due to the
influence of adding silica fume and fly ash to the mixture,
which fills the voids existing in the concrete and thus enhances
the resistance to the imposed loads [33].

Overall, the results demonstrated that adding silica fume
and fly ash to the concrete mixture significantly enhanced its
properties, such as reducing crack width and increasing
strength and number of strokes until failure occurred. In
addition, using river water instead of tap water to cure the
concrete slabs noticeably increased the crack widths, caused
more branching cracks, and resulted in a quicker failure of the
concrete slabs. The development of branching cracks in
concrete is most likely a consequence of impurities in river
water, such as sulfate and magnesium ions, organic matter,
and clay. These impurities lead to the expansion and erosion
of concrete and, consequently, reduce its strength and
durability [34].

4. Conclusion

The study investigated the influence of concrete curing on
the behavior and strength of three types of concrete slabs, NC,
SCC, and FAC, as well as the influence of dynamic loads on
the concrete slabs. Two different types of water (tap and river)
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were used to cure the specimens. The results elucidated that
SCC achieved higher compression strength by about 50% and
26%, compared to NC and FAC, respectively. The higher
compression strength of SCC is related to the addition of
formed steel fibers, silica fume, and Glenium 51, which
enhance the cohesion of the concrete components to each
other and increase its strength and durability. Additionally, the
compressive, tensile, and flexural strengths of the control
specimen cured with tap water displayed higher values than
those of river water. This is probably attributed to the high
levels of certain constituents in river water, which negatively
affect the properties of reinforced concrete. These impurities
included high levels of chlorides and sulfates. Moreover, the
physical properties of the concrete slabs were enhanced by
adding silica fume and fly ash. This was indicated by the
higher number of strokes to cause the failure of the samples of
SCC and FAC compared to those required for NC.
Furthermore, all the concrete slabs with different mix
proportions and curing types showed almost the same crack
patterns with punching failure. However, water quality
analysis for both river water and tap water was conducted to
determine the levels of the contaminated substances that may
negatively impact the concrete properties. In addition, water
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Authors’ Contribution Statement

LM and SM conceived and designed the research. LM
conducted experiments. DE contributed new reagents or
analytical tools. LM and DE analyzed data. SM and DE wrote
the manuscript. All authors read and approved the manuscript.

Acknowledgments

The authors would like to thank Mustansiriyah
University, College of Engineering, Research & Technology
Center of Environmental, Water & Renewable Energy, for
their support.

(1]

(2]
(3]

(4]

(5]

(6]
(7]
(8]
(9]

M. Naderi, R. Sheibani, and M.A. Shayanfar, “Comparison of Different Curing Effects on Concrete Strength,” 3" International
Conference on Concrete & Development, vol. 28, pp. 1-10, 2009. [Google Scholar]

McCall W. Calvin, “Energy Consumption for Curing Precast Prestressed Concrete,” Concrete International, 1982. [Google Scholar]
ASTM C156-17, “Standard Test Method for Water Loss [from a Mortar Specimen] through Liquid Membrane-Forming Curing
Compounds for Concrete,” ASTM International, 2020. [CrossRef] [Publisher Link]

Guide to Concrete Construction - Part VV-Concreting Site Practices, Section 15-Curing, Cement Concrete and Aggregates, Australia,
version 1, 2020. [Online]. Available:

https://ccaa.com.au/common/Uploaded%20filessf CCAA/Publications/Technical%20Publications/Complete_Guide_to_Concrete_Constru
ction_2020_Edition.pdf

M. Tumpu, Irianto, and H. Parung, “The Effect of Curing Methods on Compressive Strength of Concrete,” IOP Conference Series: Earth
and Environmental Science, The 3™ International Conference on Global Issue for Infrastructure, Environment, and Socio-Economic
Development, Makassar, South Sulawesi Province, Indonesia, vol. 921, no. 1, pp. 1-11, 2021. [CrossRef] [Google Scholar] [Publisher
Link]

Muhammad Auwal Ibrahim et al., “A Review on the Curing of Concrete using Different Methods,” International Journal of Mechanical
and Civil Engineering, vol. 7, no. 2, pp. 15-25, 2024. [CrossRef] [Google Scholar] [Publisher Link]
Amandeep Singh Sidhu, and Rafat Siddique, “Review on Effect of Curing Methods
Construction and Building Materials, vol. 438, 2024. [CrossRef] [Google Scholar] [Publisher Link]
H.D. Mac-Eteli, and S. Sopakirite, “An Analytical Review on External and Internal Concrete Curing Mechanisms,” International Research
Journal of Engineering and Technology, vol. 8, no. 12, pp. 1045-1054, 2021. [Google Scholar] [Publisher Link]

Yi Xu et al., “Influence of Curing System on Static and Dynamic Mechanical Properties of Fly Ash Concrete,” Construction and Building
Materials, vol. 371, 2023. [CrossRef] [Google Scholar] [Publisher Link]

on High Strength Concrete,”

[10] M. Zineddin, and T. Krauthammer “Dynamic Response and Behavior of Reinforced Concrete Slabs under Impact Loading,” International

Journal of Impact Engineering, vol. 34, no. 9, pp. 1517-1534, 2007. [CrossRef] [Google Scholar] [Publisher Link]

[11] Ji Wei Deng, Chang Wu Liu, and Jian Feng Liu, “Effect of Dynamic Loading on Mechanical Properties of Concrete,” Advanced Materials

Research, vol. 568, pp. 147-153, 2012. [CrossRef] [Google Scholar] [Publisher Link]

[12] O.G. Kumpyak, Z.R. Galyautdinov, and D.N. Kokorin, “Strength of Concrete Structures under Dynamic Loading,” AIP Conference

Proceedings-Advanced Materials in Technology and Construction (AMTC-2015): Proceedings of the 1l All-Russian Scientific Conference
of Young Scientists, Tomsk, Russia, vol. 1698, no. 1, pp. 1-7, 2016. [CrossRef] [Google Scholar] [Publisher Link]

[13] Aamer H. Jawdhari, “Investigation of the Effects of Dynamic Loads on Reinforced Concrete Flat-Plate Buildings under Collapse

Scenarios,” Dissertations & Theses, University of Missouri-Columbia, 2018. [Google Scholar] [Publisher Link]

55


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Comparison+of+Different+Curing+Effects+on+Concrete+Strength&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Energy+Consumption+for+Curing+Precast+Prestressed+Concrete&btnG=
https://doi.org/10.1520/C0156-17
https://store.astm.org/c0156-17.html
https://doi.org/10.1088/1755-1315/921/1/012007
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Effect+of+Curing+Methods+on+Compressive+Strength+of+Concrete&btnG=
https://iopscience.iop.org/article/10.1088/1755-1315/921/1/012007
https://iopscience.iop.org/article/10.1088/1755-1315/921/1/012007
https://www.doi.org/10.52589/IJMCE-4ENVMZOX
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+Review+on+the+curing+of+concrete+using+different+methods&btnG=
https://abjournals.org/ijmce/papers/volume-7/issue-2/a-review-on-the-curing-of-concrete-using-different-methods/
https://www.sciencedirect.com/journal/construction-and-building-materials/vol/438/suppl/C
https://doi.org/10.1016/j.conbuildmat.2024.136858
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Review+on+effect+of+curing+methods+on+high+strength+concrete&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0950061824020002?via%3Dihub
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=An+Analytical+review+on+external+and+internal+concrete+curing+mechanisms&btnG=
https://www.irjet.net/volume8-issue12
https://www.sciencedirect.com/journal/construction-and-building-materials/vol/371/suppl/C
https://doi.org/10.1016/j.conbuildmat.2023.130714
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Influence+of+curing+system+on+static+and+dynamic+mechanical+properties+of+fly+ash+concrete&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0950061823004257?via%3Dihub
https://www.sciencedirect.com/author/7006733015/theodor-i-krauthammer
https://www.sciencedirect.com/author/7006733015/theodor-i-krauthammer
https://www.sciencedirect.com/journal/international-journal-of-impact-engineering/vol/34/issue/9
https://doi.org/10.1016/j.ijimpeng.2006.10.012
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dynamic+response+and+behavior+of+reinforced+concrete+slabs+under+impact+loading&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0734743X06002740?via%3Dihub
https://doi.org/10.4028/www.scientific.net/AMR.568.147
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+dynamic+loading+on+mechanical+properties+of+concrete&btnG=
https://www.scientific.net/AMR.568.147
https://doi.org/10.1063/1.4937876
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Strength+of+Concrete+Structures+under+Dynamic+Loading&btnG=
https://pubs.aip.org/aip/acp/article/1698/1/070006/828687/Strength-of-concrete-structures-under-dynamic
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Investigation+of+The+Effects+of+Dynamic+Loads+on+Reinforced+Concrete+Flat-Plate+Buildings+Under+Collapse+Scenarios&btnG=
https://www.proquest.com/openview/f2e1077427b8d0c74fd72d1749d80adf/1?pq-origsite=gscholar&cbl=18750&diss=y

Lubna Mohammed Abd et al. / 1JCE, 13(2), 47-56, 2026

[14] Raid A. Daud et al., “Behaviour of Slabs under Impact Loading: A Review,” Al-Nahrain Journal for Engineering Sciences, vol. 28, no.
1, pp. 129-137, 2025. [CrossRef] [Google Scholar] [Publisher Link]

[15] P. Kumar Mehta, and Paulo J.M. Monteiro, Concrete: Microstructure, Properties, and Materials, 4" ed., McGraw-Hill, 2014. [Google
Scholar] [Publisher Link]

[16] Shamaa H. Humood et al., “Effect of Different Types of Water on Workability and Compressive Strength of Concrete,” Mathematical
Modelling of Engineering Problems, vol. 12, no. 3, pp. 909-916, 2025. [CrossRef] [Google Scholar] [Publisher Link]

[17] Md. Mahmudul Hasan et al., “Properties of Concrete using Water from the Padma River and the Shitalakshya River, Bangladesh,” Smart
Construction and Sustainable Cities, vol. 2, no. 1, pp. 1-16, 2024. [CrossRef] [Google Scholar] [Publisher Link]

[18] Ogah Obam, “Effect of Curing Methods on the Compressive Strength of Concrete,” International Journal of Engineering and Computer
Science, vol. 5, no. 7, pp. 1-12, 2016. [Google Scholar] [Publisher Link]

[19] Steffen Grunewald, and Joost C. Walraven, “Transporting Fibers as Reinforcement in Self-Compacting Concrete,” Heron, vol. 54, no.
2/3, pp. 101-126, 2009. [Google Scholar] [Publisher Link]

[20] ASTM C1602/C1602M-22, “Standard Specification for Mixing Water Used in the Production of Hydraulic Cement Concrete,” ASTM
International, 2022. [CrossRef] [Google Scholar] [Publisher Link]

[21] Profile on Environmental and Social Considerations in Irag, Japan International Cooperation Agency (JICA), 2011. [Online]. Available:
https://openjicareport.jica.go.jp/pdf/12040143.pdf

[22] Hassan J. Al-Mousawey, and Basim Sh. Abed, “Water Quality Assessment of Al-Najaf City Potable Water Network,” Journal of
Engineering, vol. 29, no. 4, pp. 1-16, 2023. [CrossRef] [Google Scholar] [Publisher Link]

[23] Xiu Juan Li, “Study on the Mechanism of Magnesium Sulfate to Cement and C-S-H Gel,” Advanced Materials Research, vol. 243-249,
pp. 4687-4690, 2011. [CrossRef] [Google Scholar] [Publisher Link]

[24] V. Venkateswara Reddy et al., “Effect of Magnesium Chloride (MgCl2) on Ordinary Portland Cement Concrete,” Indian Journal of
Science and Technology, vol. 4, no. 6, pp. 643-645, 2011. [CrossRef] [Google Scholar] [Publisher Link]

[25] Iraqgi Standard Specification No. 5 (1QS 5/1984) for Portland Cement, Central Organization for Standardization and Quality Control, 1984.
[Online]. Available: https://www.scribd.com/document/699710984/1QS-5-84-16

[26] Laurent Daudeville, and Yann Malécot, “Concrete Structures under Impact,” European Journal of Environmental and Civil Engineering,
vol. 15, no. supl: Hazard Prevention and Protection: Some Issues on Seismic and Gravitational Risks, pp. 101-140, 2011. [CrossRef]
[Google Scholar] [Publisher Link]

[27] Iraqi Standard Specification (1QS 45/1984) Aggregate from Natural Sources for Concrete and Building, Central Organization for
Standardization and Quality Control, 1984. [Online]. Available: https://www.scribd.com/document/395467049/Iraqi-Standard-Materials-
Specification-Construction-Works

[28] Aiad Hassan et al., “Effect of Magnesium Sulphate on Self-Compacting Concrete Containing Supplementary Cementitious Materials,”
Advances in Materials Science and Enginerring, vol. 2013, pp. 1-8, 2013. [CrossRef] [Google Scholar] [Publisher Link]

[29] Arpit Goyal et al., “A Review of Corrosion and Protection of Steel in Concrete,” Arabian Journal for Science and Engineering, vol. 43,
no. 10, pp. 5035-5055, 2018. [CrossRef] [Google Scholar] [Publisher Link]

[30] M.D.A. Thomas, and K.J. Folliard, 7 - Concrete Aggregates and the Durability of Concrete, Durability of Concrete and Cement
Composites: Woodhead Publishing Series in Civil and Structural Engineering, pp. 247-281, 2007. [CrossRef] [Google Scholar] [Publisher
Link]

[31] Muhammad Umar Khan, Shamsad Ahmad, and Husain Jubran Al-Gahtani, “Chloride-Induced Corrosion of Steel in Concrete: An
Overview on Chloride Diffusion and Prediction of Corrosion Initiation Time,” International Journal of Corrosion, vol. 2017, pp. 1-9,
2017. [CrossRef] [Google Scholar] [Publisher Link]

[32] Mand Kamal Askar et al., “Cracks in Concrete Structures Causes and Treatments: A Review,” Journal of University of Duhok, vol. 26,
no. 2, pp. 148-165, 2023. [Google Scholar] [Publisher Link]

[33] ACI Committee 308, “308R-01: Guide to Curing Concrete,” American Concrete Institute, 2008. [Publisher Link]

[34] Haider A. Altimimi, and Ali Abd Sultan, “Impact of Curing on Structural Performance of Reinforced Concrete Members: A
Comprehensive Review,” Al-Rafidain Journal of Engineering Sciences, vol. 3, no. 1, pp. 661-673, 2025. [Google Scholar] [Publisher
Link]

[35] S. Bardhan, Assessment of Water Resource Consumption in Building Construction in India, WIT Transactions on Ecology and the
Environment, WIT Press, vol. 144, pp. 93-101, 2011. [CrossRef] [Google Scholar] [Publisher Link]

56


https://doi.org/10.29194/NJES.28010129
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Behaviourof+Slabs+Under+Impact+Loading%3A+A+Review&btnG=
https://nahje.com/index.php/main/article/view/1166
tel:2014
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Concrete%3A+Microstructure%2C+Properties%2C+and+Materials&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Concrete%3A+Microstructure%2C+Properties%2C+and+Materials&btnG=
https://www.mheducation.com/highered/mhp/product/concrete-microstructure-properties-materials.html?viewOption=student
https://doi.org/10.18280/mmep.120317
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+Different+Types+of+Water+on+Workability+and+Compressive+Strength+of+Concrete&btnG=
https://iieta.org/journals/mmep/paper/10.18280/mmep.120317
https://doi.org/10.1007/s44268-024-00032-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Properties+of+concrete+using+water+from+the+Padma+River+and+the+Shitalakshya+River%2C+Bangladesh&btnG=
https://link.springer.com/article/10.1007/s44268-024-00032-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+Curing+Methods+on+the+Compressive+Strength+of+Concrete&btnG=
https://www.ijecs.in/index.php/ijecs/article/view/1430
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Transporting+Fibers+as+Reinforcement+in+Self-Compacting+Concrete&btnG=
https://heronjournal.nl/54-23/2.html
https://doi.org/10.1520/C1602_C1602M-22
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Standard+Specification+for+Mixing+Water+Used+in+the+Production+of+Hydraulic+Cement+Concrete&btnG=
https://store.astm.org/c1602_c1602m-22.html
https://doi.org/10.31026/j.eng.2023.04.02
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Water+Quality+Assessment+of+Al-Najaf+City+Potable+Water+Network&btnG=
https://www.joe.uobaghdad.edu.iq/index.php/main/article/view/1663
https://doi.org/10.4028/www.scientific.net/AMR.243-249.4687
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Study+on+the+Mechanism+of+Magnesium+Sulfate+to+Cement+and+C-S-H+Gel&btnG=
https://www.scientific.net/AMR.243-249.4687
https://dx.doi.org/10.17485/ijst/2011/v4i6.2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+magnesium+chloride+%28MgCl2%29+on+ordinary+Portland+cement+concrete&btnG=
https://indjst.org/articles/effect-of-magnesium-chloride-mgcl2-on-ordinary-portland-cement-concrete
https://doi.org/10.1080/19648189.2011.9695306
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Concrete+structures+under+impact&btnG=
https://www.tandfonline.com/doi/abs/10.1080/19648189.2011.9695306
https://doi.org/10.1155/2013/232371
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+Magnesium+Sulphate+on+Self-Compacting+Concrete+Containing+Supplementary+Cementitious+Materials&btnG=
https://onlinelibrary.wiley.com/doi/10.1155/2013/232371
https://doi.org/10.1007/s13369-018-3303-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+Review+of+Corrosion+and+Protection+of+Steel+in+Concrete&btnG=
https://link.springer.com/article/10.1007/s13369-018-3303-2
https://doi.org/10.1533/9781845693398.247
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=7+-+Concrete+aggregates+and+the+durability+of+concrete&btnG=
https://www.sciencedirect.com/science/chapter/edited-volume/abs/pii/B9781855739406500073?via%3Dihub
https://www.sciencedirect.com/science/chapter/edited-volume/abs/pii/B9781855739406500073?via%3Dihub
https://doi.org/10.1155/2017/5819202
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chloride-Induced+Corrosion+of+Steel+in+Concrete%3A+An+Overview+on+Chloride+Diffusion+and+Prediction+of+Corrosion+Initiation+Time&btnG=
https://onlinelibrary.wiley.com/doi/10.1155/2017/5819202
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cracks+in+concrete+structures+causes+and+treatments%3A+a+review&btnG=
https://journal.uod.ac/index.php/uodjournal/article/view/3294
https://www.concrete.org/publications/internationalconcreteabstractsportal/m/details/id/11307
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Impact+of+Curing+on+Structural+Performance+of+Reinforced+Concrete+members%3A+A+Comprehensive+Review&btnG=
https://rjes.iq/index.php/rjes/article/view/188
https://rjes.iq/index.php/rjes/article/view/188
https://doi.org/10.2495/ECO110081
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Assessment+of+water+resource+consumption+in+building+construction+in+India&btnG=
https://www.witpress.com/elibrary/wit-transactions-on-ecology-and-the-environment/144/21933

