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Abstract

This research explores the impact that usage of tap, ground, surface, and
recycled water sources has on concrete in infrastructure projects. Water
content affects the entire process of hydration and the mechanical
properties of concrete, including strength and toughness, as evidenced by
a moderate increase in W/C ratio, as shown in Table 4. In this study, the
effects of different water sources on the performance of ordinary
Portland cement concrete and blended concrete boils are analyzed
through a comparative experimental approach. The results indicate that
tap water exhibits the highest concrete quality, but groundwater, surface
water, and recycled water reduce performance because of contamination
by salts and organic matter. The information given gives an indication of
the importance of water quality evaluation in the production of concrete,
and it was established that although treated and recycled water can be
used in concrete production, there has to be proper control of the quality
of the water used. This research reveals the importance of water quality
in meeting sustainable and durable concrete that is paramount in modern
structures.
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INTRODUCTION

Concrete is economically relevant at
infrastructure as it defines the foundation of
structures, roads, bridges, and many others.
This is a material that engineers and
architects like to employ because it versatile
and hard wearing and tends to have a long
lifespan. Hence, following an example of
Varshney et al. (2021), the global diversity
of water supply and use in concrete
construction is essential for enhancing the
quality factors of concrete and addressing
environmental  issues. In  concrete
production, water is one of the most
important secondary constituents that have
a crucial role of mediating most of the
chemical changes that occur within the
matrix of concrete. Water employed in the
production of concrete plays a critical role
on the performance aspect of the concrete
delivered. In addition, Zhang et al. (2021)
noted that detailed environmental data from
global urban water infrastructures also
pointed to their contribution to the emission
of greenhouse gases and the sustainability
of concrete production. This relationship
explains why it is important to gain a
systems understanding of how source water
that includes tap water, groundwater,
surface water and recycled water may affect
concrete durability.

LITERATURE REVIEW

Water used in concrete production plays a
critical role in  the  mechanical
characteristics and performance control of
the final product. Water can be considered
as a chemical substance through which
different impurities occur, which, in turn,
influence the level of hydration and setting
time for concrete. As highlighted by Akhtar
et al. (2021), there is a cycle of natural and
anthropogenic pollutions that influence the
quality of water and include industrial
effluents, agricultural leaching, and urban
sewage. These contaminants can deposit
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There is no doubt that the water used in the
production of concrete influences its
performance significant on the performance
side. There are various negative impacts of
impurities that exist in various water types
on the chances of hydration and concrete
characteristics. For instance, salts, organic
matter or other interfering ions present in
seawater and in the recycled water lead to
changes in the pores of the concrete matrix
(Lietal., 2021). Kaur et al. (2020) also note
that variations in the water structure owing
to urban densification could affect the
quality of water wused in concrete
production. Therefore, the impact of
different water sources on concrete is
important to enable longer and more
effective  performance  of  various
infrastructure projects.

This research focuses on the classes of
concrete mixes: ordinary Portland cement
concrete and blended concrete with
supplementary  cementitious  materials.
Where the geographic context is situated on
infrastructure development in the urban
sections, it investigates sectors that are vital
in faster-developing areas of the urban,
water-stressed area. Environmental
implications will also be pointed out, such
as the availability and quality of water in the
context of climate change.

prejudicial ~ substances, for example,
sulfates, chlorides, and organics, into the
concrete  mix, hence decreasing the
capability of concrete compressive strength
and causing early deterioration of
structures.

The process of water entering the cement is
a true chemical process that alters cement
grains into a strong network. When impure
water is used, the setting reactions are
changed, the setting time increases and the
resulting concrete is weakened. For
example, Qu, F, Wang, Zhang, et al. (2021)
explain that moisture usually comes from



marine environments, and the salts that
come with it affect the hydration process,
leading to reduced durability and increased
crack sensitivity. More such findings
underscore the importance of high standard
water requirements to support concrete
strength and, thus, safety.

Types of Water Sources

Tap water and groundwater, surface water,
and recycled water are also used in concrete
production, although they also differ in
quality. Usually treated and well controlled
for use, tap water is perhaps the most
utilized water source in concrete production
as it is more often than not of good quality.
However, tap drinking water also contains
some waterborne chemicals, which may
also be present in different quality
depending on the water treatment, quality of
the source water, and condition of the
distribution system (Slavik et al., 2020).
Some of these admixtures, even at very low
levels, interfere with the hydration process,
setting times, and other characteristics of
concrete. For instance, chlorine or
chloramines, which are normally used as
disinfecting agents, are known to cause
problems such as delayed setting times or
reduced strengths. Therefore, it is
recommended that tap water be modified
and tested at some time to guarantee it
meets the requirements for use in concrete
making. By checking the quality of water
that is used in construction projects,
professionals in construction can reduce
possible risks pertaining to the consumption
of tap water, thus achieving the best quality
concrete for various applications and uses.

Groundwater quality can be relied on, as it
is associated with geographic and
geological characteristics. That is why,
although it is often used to abstract
concrete-making solutions, it contains
dissolved minerals and impurities which
have a detrimental effect on concrete
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strength and endurance. For instance, when
sulfate levels in the water source are high,
then that causes some expansive reactions
within the concreting material, which
weakens the very structure of the concrete
(Habert et al., 2020). The expansive
reactions of these chemicals are able to
crack the concrete structure, deform the
structure, and eventually lead to the failure
of the structure within a certain period.
Concurrently, other interferences like
chlorides or nitrates add to the general
reduction of the quality of concrete. Hence,
the examination of groundwater must be
intensive so that other negative impacts in
relation to the consumption of the substance
to be used for the preparation of concrete
can be determined.

Water sources of origin include rivers and
lakes that are well known to be influenced
by environmental fluctuations and other
anthropogenic interferences that cause
variations in water quality. Some of the
potential triggers of water quality changes
are seasonal run-offs, industrial effluents,
and agro-based activities that reduce the
water's quality for concrete production by
containing heavy metals, nutrients, and
organic compounds (Tzanakakis et al.,
2020). These pollutants tend to affect the
mechanism through which hydration occurs
by affecting the properties of the concrete
matrix and the ultimate permanency of the
concrete. Thus, the evaluation and
management of surface water for concrete
production require attentiveness under one
condition before the water is deemed
suitable for use. Minimizing the risks
imposed by the said contaminants can be
eased through the use of proper water
testing and purification processes so that the
concrete stems meet the required
performance levels and help to lessen the
sustainability impact of construction pieces.

Concrete production is one of the areas that
is being proposed to utilize recycled water,



and this is because sustainability has been
adopted in construction. If properly treated
to eliminate the hazardous materials, then
wastewater that has been reclaimed or water
that has gone through a complete treatment
process may be a good solution (Nasr et al.,
2020). Nonetheless, the introduction of
organic compounds as well as chemicals
contained in the recycled water has great
potential to alter the hydration process,
according to Verma et al. (2022). The
advantages derived from the use of recycled
water must be balanced against costs that
may be detrimental to concrete.

The effects of the water quality on concrete
characteristics have been investigated by
the authors with increased intensity,
pointing out the importance of this factor on
the concrete performance and service life of
the construction structures that include
concrete. For example, Xiaolong et al.,
2021 posit that it is crucial to consider how
all the construction material elements relate
to their environment in efforts to enhance
concrete performance on infrastructure
developments. The authors of this study
note that analysis of potential mega projects
should always involve due consideration of
all utilizable materials, especially water, in
order to produce sustainable structures.
Through a comprehensive analysis of water
quality and its impact on structures made
from concrete, construction specialist can
conclude what measures to take aiming at
enhancing the overall performance of their
structures as a way of enhancing
developmental projects.

Different water sources have also been
proven through studies to cause notable
differences in the quality of concrete. In the
quantitative part of the study, Banihashemi
et al. (2021) undertook a comparative study
on the performances of concrete prepared
with different water sources and noted that
concrete prepared with recycled water
demonstrated lower compressive strength
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than that prepared with tap water. This
reduction shows that water quality plays a
very significant role in determining the
performance of concrete. Likewise, Habert
et al. (2020) established that most of the
pollutants in the surface water reduce the
density of concrete and lead to low
durability of the structure. Impurities like
organic matter and various pollutants are
some of the anti-hydration agents that
affect the hydration process and the
concrete in general. This study shows that
there is a need to do more water quality
analyses and that using recycled or surface
water in concrete production without proper
treatment may not be as effective as
expected.

However, there are still many unknowns in
terms of water quality affecting concrete,
even though there have been great leaps in
this area of study, as will be discussed.
Another major issue that should be
investigated in the future is the influences of
using averaged water sources or, to be more
precise, recycled and reclaimed water on the
durability and performance of concrete
structures. As found in the initial studies, it
is possible to use such water, but continued
evaluation of the structures made with these
materials is critical to assess its
performance continuously (Wu et al.,
2020).

Moreover, certain emergent chemical
compounds, in particular, microplastics or
pharmaceuticals included in the
composition of reclaimed water, still
represent a topic of limited investigation
concerning their effect on the hydration
process and stability of concrete. Such
impurities may shift the overall chemistry
and performance of the concrete, which, in
turn, may manifest in questions about the
durability and reliability of structures.
Further investigations should be dedicated
to the elaboration of the procedure for the
evaluation of the applicability of specific



sources of water for concrete production so
that the procedure used would assess the
impacts of water quality peculiarities of a
particular region, as suggested by Perera et
al.  (2021). When enforced, such
standardized protocols would ensure that
research results on water quality include
geographical factors and help engineers and
construction professionals in their work.
This approach will go a long way in
reducing risks that come with the use of
nontraditional ~ water  sources  and
encouraging sustainability in the production
of concrete. Based on these critical areas,
future research can build on how to sustain
‘Concrete quality' while exploiting multiple
water sources efficiently.

Last but not least, as infrastructure issues
are deepening worldwide, especially in
cities, mentioning the issue of sustainability

MATERIALS AND METHODS

This research employs a comparative
experimental research approach to evaluate
the effects of different sources of water on
concrete quality. It is an experimental
investigation where the various water types,
such as tap water, ground water, surface
water and recycling water are used for
preparation of concrete mix. This design is
perfect when one intends to make small
controlled alterations of the prototype since
it provides a very easy way of comparing
the impact of each water source on the
mechanical properties, durability and
performance of the concrete. Thus the
intention of this experiment is to get
numerical values that will allow for
comparison of the difference in concrete
quality caused by the use of different types
of water in mixture.

For this study, four distinct types of water
sources are selected for comparison: tap
water, groundwater, surface water, which is
collected from local rivers or lakes, and
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regarding water consumption in concrete
production is quite relevant. Tzanakakis et
al. (2020) also stress that the integration of
new strategies for the sustainable use of
water while maintaining the high quality of
concrete is challenging and urgent. This
creates a need to incorporate a number of
sustainable practices in producing concrete
in order to reduce the impacts on
infrastructure  systems.  This  paper
established theoretical gaps concerning
concrete quality assurance via water
management, and this knowledge can
contribute significantly to advancing future
research in the field. It can include research
on new technologies for the treatment of
recycled water, assessing the service life
performance characteristics of concrete
with water from different sources, and
adopting proper technologies for water
utilization.

recycled water, which is collected from
municipal wastewater treatment plants.
Accessibility, relevance to the region, and
variation in the water quality are the key
points for the selection of water sources.
They all contain different chemical
compounds and different concentrations of
impurities, hence playing different roles in
the attack of concrete.

bituminous Concrete mixtures are made
using Ordinary Portland cement provided
and can be categorized according to their
wi/c ratios. The ratios selected for this work
wi/c ratios of 0.4, 0.5, and 0.6 as these have
been found usually in construction industry.
Each concrete mixture is calibrated to
contain a correct ratio of aggregates (coarse
and fine) and cement, but differing the
water supply depending on the study plan.
This helps to guarantee that the only factor
that can influence the quality of concrete is
the water used.

The experimental plan involves the
following main steps to maintain uniformity



in the preparation of concrete and check the
quality parameters. Initially, the selected
water sources undergo an extensive water
quality analysis to ascertain the solutions
that may affect concrete needs. The
essential components that go into this test
are the measure of the pH levels, chloride
and sulfate content, and the levels of the
organic materials that inhibit water content
and setting. Concrete is then called by
blending the dry portion consisting of
cement and aggregates in a dry manner,
subsequently adding the cement composite
to a preferred water source. Each mix is
mixed for a constant time to make sure that
all the material is equally dispersed. The
concrete is poured into molds that have
standard sizes and dimensions cured, and
left to harden under the right environmental
conditions so as to allow full hydration to
take place.

Virtually all quality assessment tests are
done to determine the achievement of the
concrete  mechanical  characteristics.
Compressive strength tests are performed at
specified curing ages, which are usually
seven days, 14 days, and 28 days on
cylinders or cubic specimens, by applying
continuous axial load until the specimens
fail. Durability tests like water absorption
and permeability tests are also carried out to

RESULTS

The research brings out research findings in
form of tables as well as graphics of the
various impacts of various water sources to
concrete quality. Four types of water were
used and a series of compressive strength
test were carried out on concrete samples.
They include, tap water, groundwater,
surface water, recycled water among others
with tap water being the most used source
of water. These tests aimed at providing a
complex picture of all the effects of each
kind of water on the mechanical properties
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determine how concrete stands in terms of
environmental effects. These tests gave an
idea of concrete performance over an
extended time span when the concrete was
made using different water types.

Data collection in this context refers to
recording the results of mechanical tests as
well as the behavior of the concrete samples
during tests. A systematic approach is used
to measure and record data accurately in
order to achieve these goals. The
compressive strength findings are also
presented in terms of mixes at the
predetermined curing age, and the
durability tests are also reported. The data
that have been collected is analyzed
utilizing controlled statistical methods after
which the impact of numerous kinds of
water on concrete quality is estimated. The
performance of each concrete mixture is
presented using various measures of central
tendencies and variability including mean
and standard deviations. Hypothesis-testing
tools such as ANOVA on the other hand are
applied in the efforts to determine potential
relationships between the concrete strength
and its lifespan whenever it is produced
from different water sources. After that, this
analysis leads to the conclusion to affirm
findings about proper water sources for
concrete making.

of concrete. The results for the cube
samples compressive strength tests were
taken for the seventh, fourteenth, and
twenty-eighth days in order to understand
the structures’ gain strength rate, and all the
outcomes were measured without any error.
The information collected from these tests
is used to assess the productivity of each
concrete mix in relation to specific trends
and comparisons of different water sources.
Such a structured approach allows for a
clear comparison, and factors introduced by
water quality have a major effect on the
durability and strength of concrete used in
construction.



Table 1: Compressive Strength of Concrete at Different Ages

Water Source 7 Days (MPa)
Tap Water 225
Groundwater 20.0
Surface Water 18.5
Recycled Water 17.0

14 Days (MPa) 28 Days (MPa)
30.0 40.5
27.5 36.0
25.0 33.5
23.0 31.0

Figure 1: Graphical Representation of Compressive Strength over Time

In the case of the graphical representation,
it is easy to see the fluctuation of the
compressive strength from different water
sources. From the results, it is clear that the
concrete produced with tap water has
always done better than the other samples of
concrete made with the other types of water
at all the testing periods. The concrete

mixes prepared from groundwater revealed
slightly lower strength  development
compared with the tap water but performed
better than both the surface and the recycled
water. In all the ages, surface water showed
the worst compressive strength, while
recycled water was the next worst
performer.

Table 2: Durability Test Results

Water Source
Tap Water 4.2
Groundwater 55
Surface Water 7.1
Recycled Water 8.4

Water Absorption (%)

Permeability (cm/s)
1.0x10°
2.0x10°¢
3.5x10°

4.0 x10°°

Thus, basic trends observed in compressive
strength are supported by the results of the
durability tests. Mixes prepared with tap
water had the least water absorption and
permeability, thus showing improved
strength and resistance to external
conditions. This finding implies that tap
water creates a more stable microstructure
and thus results in better concrete that lasts
longer. Durability characteristics also
reflected reasonably well, with the

groundwater slightly better, indicating its
quality as a water source for concrete.
While concrete had relatively low water
absorption and permeability, their use of
surface water and recycled water resulted to
an ideal characteristic that reflected
impaired durability properties. These higher
values imply that concrete may be
contaminated or vary from these water
sources, and consequently, its performance
may be affected it is important to consider




the quality of water that is in the sources to
be used in the concrete.

Analysis of Findings

A better understanding of the subject
discussed in these findings will be revealed
in this paper and have a great focus on the
quality of water wused in concrete
production. From the observed trends it can
be inferred that the mechanical properties of
concrete are in a direct relationship with the
type of water used. The truth is that tap
water has fewer contaminants and a right
chemical composition for this task. The
dissolved ions in the groundwater, the
surface water, and recycled water might
have interfered with the concrete’s ability to
hydrate and perhaps a downside on the
cement microstructure. It is in this respect
that, for recycled water, common
drawbacks that include low strength and the
reduced durability of concrete can be
attributed to unwelcome contaminants such
as organic matter and other chemical
components that define features of
municipal wastewater. In other studies, the
influence of such contaminants on the
performance of concrete has been described
in negative terms (Varshney et al., 2021;
Akhtar et al., 2021). The discoveries
correspond to similar criticisms in the
existing literature concerning the negative
impact that water quality has on hydration
rates and subsequent concrete strength
(Hamel & Tan, 2022; Li, Wu et al., 2021).

Furthermore, the outcomes point out the
importance of further investigation of water
source issues in concrete production and its
application in green construction. From the
viewpoint of environmental protection,
using recycled water becomes a practical
consideration since the construction
industry has made more demands on
environmentally  friendly  construction
methods. However, the use of recycled and
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other water sources has major consequences
because it affects the mechanical
characteristics and durability of the
concrete. For this purpose, it is imperative
to comprehend the various drawbacks and
resultant effects that may influence the
performance and soundness of concrete
structures with reference to these water
sources. The failure to address these aspects
means that structural safety is at risk,
meaning that the social sustainability
objectives that the industry seeks to deliver
are at risk regular evaluations of quality and
strict quality control measures should be
undertaken to minimize the dangers of
employing unconventional water sources.

Any significance of these findings cannot
be over-emphasized in view of its
applicability to real life situations. In many
current  structures people incorporate
sustainable options, this makes the choice of
water source strategic. This study proves
that although alternative supply of water
may include recycled water, its application
should be followed by strict regulation to
reduce the negative effects on concrete
performance. The findings can assist in
formulating the criteria for identifying
proper water sources in construction
projects and assisting engineers and
contractors in making proper decisions
relative to sustainability and construction.

The results also point out that using tap
water or treated groundwater could help
achieve better outcomes for infrastructural
projects regarding their durability and
longevity. This is especially so since there
are areas that experience hostile climate
conditions that put pressure on concrete
structures. Constructing professionals, by
using high-quality water in construction
activities, can save a lot of cash that can be
used on maintenance and provide longer-
lasting service from their concrete
structures. In addition, the paper presents



valuable insights into the current discourse
on assessing the consequences that
construction practices have on the
environment. Though it is apparent that
there is a general increase in population and
subsequent development of urban centers,
there is also the need to make improvements
in construction to be environmentally
friendly. The results provide evidence and

CONCLUSION

This study highlights the importance of
water quality in concrete construction, with
tap water providing the highest compressive
strength and durability values. Groundwater
absorption rates were slightly lower than tap
water, indicating that even the slightest
contaminants can compromise concrete
quality. However, recycled water showed
lower strength and durability than other
water sources, possibly due to the presence
of organic and inorganic contaminants. The
study also found that treated recycled water
could perform as well as conventionally
sourced water, but stressed the need for
quality control when using recycled water.
Recommendations for civil engineers and
construction managers involved in concrete
production include integrating high-quality
water sources, particularly tap water, into
concrete  mixtures, and conducting
systematic assessments of potential water
sources. Sample tests for acidity/alkalinity,
cloudiness, and content such as metallic
ions or organic materials should be
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