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Resumen

Actualmente, la bisqueda de alternativas amigables con el medio ambiente en la
industria de la construccién es evidente, especialmente en el uso de agua para las
mezclas de hormigén. En esta investigacion se fabricaron y caracterizaron cubos de
mortero hidrdulico, utilizando agua subterranea (ASUB), agua de lluvia (AL-GL
y AL-BG) y agua de grifo de diferentes ciudades (AG-BG y AG-GL). Previamente
analizadas mediante ensayos fisicos y quimicos. Asimismo, se evalud la resistencia
mecanica de los morteros mediante ensayos de compresién y se compararon con
cubos de mortero de control preparados con agua potable (AG-BQ). Los resultados
indicaron que el agua subterranea es apta para la fabricacién de morteros ya que la
resistencia media de los cubos de mortero elaborados con este tipo de agua fue del
96,5% de resistencia a los 7 dias respecto a la muestra patrén, encontrandose asi
dentro de los limites admisibles segin ASTM C1602-18. La caracterizacién fisicoqui-
mica del agua del grifo (AG-BG, AG-GL), del agua de lluvia (AL-GL, AL-BG) y del
agua subterrdanea (ASUB) mostro6 valores similares en la mayoria de los parametros
fisicoquimicos medidos, excepto en el oxigeno disuelto y la dureza.

Palabras clave: Agua subterrdanea; agua del grifo; agua de lluvia; construcciones;
resistencia a la compresién; sostenibilidad

Abstract

Currently, the search for environmentally friendly alternatives in the construction industry
is evident, especially in the use of water for concrete mixes. In this research, hydraulic
mortar cubes were manufactured and characterized, using groundwater (ASUB), rainwater
(AL-GL and AL-BG), and tap water from different cities (AG-BG and AG-GL). Previously
analysed by physical and chemical tests. Likewise, the mechanical resistance of the mortars
was evaluated using compression tests and they were compared against control mortar cubes
prepared with drinking water (AG-BQ). The results indicated that the groundwater is suit-
able for the manufacture of mortars because the average resistance of the mortar cubes made
with this type of water was 96.5% resistance at 7 days with respect to the sample. standard,
thus being within the permissible limits according to ASTM C1602-18. The physical and
chemical characterization of tap water (AG-BG, AG-GL), rainwater (AL-GL, AL-BG), and
groundwater (ASUB) showed similar values in most of the physicochemical parameters
measured, except for dissolved oxygen and hardness.

Keywords: Constructions; compressive strength; groundwater; rainwater; sustainability;
tap water
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INTRODUCTION

The lack of water on the planet is an obvious
problem, which represents one of the greatest
risks of global impact. It affects approximately
4 billion people around the world, who experi-
ence difficulties in accessing water for at least
one month in a calendar year and affects ap-
proximately half of the global population living
in areas vulnerable to this phenomenon during
the same period, a figure that could increase
from 4.8 to 5.7 billion by 2050 (Blanco et al.,
2021; Burek et al., 2016; Mekonnen & Hoeks-
tra, 2016). The problems of water scarcity and
mismatches between water supply and demand
have become increasingly prominent. Globally,
the continental regions affected by the scarcity
have doubled between 1970 and 2000 and by
2050 it 1s stipulated that five times as many
territories could be affected. Nearly 1.8 billion
people in seventeen countries appear to be head-
ing for a water crisis because, although water is
known to cover most of the planet, less than 3%
is usable freshwater.

Among the different types of water are rain-
water, groundwater, and tap water. Groundwa-
ter is water found beneath the earth’s surface or
within rock structures; as well as 1n deserts and
deep humid areas. It is used mainly for human
consumption and other industrial processes and
1s used by more than 50 % of the world’s popu-
lation for water supply purposes. Most of the
main aquifers of the planet are under increas-
ing stress, with a percentage of 30% depletion
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of the largest groundwater reservoirs, where one
of the main causes for such depletion worldwide
1s the use of water for irrigation (Burek et al.,
2016).

On the other hand, drinking water is one whose
conditions guarantee the absence of external sub-
stances or components of biological, chemical, in-
organic, organic, or radioactive nature in certain
concentrations, such that it has negative health
effects.

Conventionally, drinking water is the most
used in the construction industry, responsible
for 9% of global withdrawals of this type of wa-
ter, with an estimated 75% to 2050 of water
demand for production, coming from regions that
are likely to experience water stress. However,
it 1s possible to find within it elements such as
salts, organic materials, acids, and others that,
if not physically and/ or chemically treated, can
be harmful to concrete or the reinforcement of
hydraulic mortars, impairing their quality and
resistance (Sanchez, 2021). This happens due
to the presence of organic substances in certain
quantities in the water that can alter the harden-
ing time of the mixture and considerably affect
the final strength of the concrete (American So-
ciety for Testing and Material [ASTM], 2012). In
turn, the lack of access to this resource in some
areas results in the use of water of unknown
quality and without previous studies for its use in
the manufacture of mortars, and in the increase
of costs in the development of construction works
or for own use in areas not supplied with this
resource (Sanchez, 2021).
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In this circumstance, groundwater repre-
sents a resource associated with growth oppor-
tunities for society in addition to contributing
as a source of human consumption in areas
lacking drinking water and as raw material for
projects in large-scale economic sectors such as
agriculture and the energy sector. It represents
more than 97% of the available fresh water on
the planet and among the uses, it can have 1s
the satisfaction of domestic, industrial, and
irrigation needs. Worldwide, its use in these
activities 1s intense, with 50% for human con-
sumption, 20% for irrigation, and 40% for the
industry. Based on the knowledge of the compo-
sition of water and the substances found in 1it,
the possibility of using it in specific situations
1s defined.

In this field of construction this can be used
in an innovative way for the construction of con-
crete, to reduce associated costs due to its rapid
consumption, since in the Colombian context and
specifically in the Atlantico, the excessive costs
for the use of cubic meters of water represent
difficulties for the development of this type of
projects or civil works. Rainwater is water pro-
duced from the precipitation of vaporized water
from the atmosphere and the soil and condensed
in the hydrological cycle that can be deposited
on the plant surface, on the land surface, and
infiltrate through the soil. The rainwater rep-
resents an alternative for use in construction
projects because its use reuses a resource pro-
vided by nature, which reduces the excessive
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use of tap water in civil works, costs, and eco-
system degradation without compromising the
strength, quality, durability, manageability and
other characteristics of structures.

Analyzed the effectiveness of these different
types of water on the mechanical strength of con-
crete compression, obtaining that with the use of
drinking water, groundwater and wash water the
concretes at one week of manufacture were found
to exceed the minimum percentage (90%) and
that therefore the totality of the samples cover
the requirements of the ASTM (C94 standard
(ASTM, 2003) for mixing waters, highlighting
that although they can be used in concrete mix-
tures, their effects on hydration mechanisms,
durability and other properties in cement still
need further in-depth investigation. However,
concrete mortars prepared with groundwater
showed a high concentration of sodium sulfite,
and compression procedures showed representa-
tive differences between the water samples, the
first achieved by the design strength.

Additionally, with the use of groundwater as
the main resource to manufacture units for con-
tinuous rock bonding in regions of northern Co-
lombia, it has been exhibited that groundwater
negatively affects the strength of the blocks, re-
ducing it in an interval of 11% to 16% compared
to standard samples. This is probably associ-
ated with the presence of sulfates and chlorides,
as well as the type of cement and sand used,
whose combination showed a slight 5% increase
in strength.
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Successively, cylinders manufactured with
rainwater exhibited higher resistances com-
pared to those manufactured with drinking
water (7.62 y 7.24, respectively) highlighting
that this alternative generates exponential re-
ductions in the use of water in construction,
as well as costs; 1t would also contribute to the
care of the environment. It was also pointed out
that its effect should be tested on the resistance
of mortars, bearing in mind the physicochemi-
cal characteristics of the rainwater used. The
latter can modify its resistance. Regarding tur-
bidity and other physical parameters, such as
solids content, these do not represent significant
changes in the resistance, but affect the aesthet-
ic and organoleptic properties of water quality,
especially if it is intended for consumption. On
the contrary, in the chemical parameters, the
variation of pH values can influence this behav-
10r, generating delays in the expected resistance
at 7, 14, and 28 days of setting when it presents
values below 6.5 and an increase in this for basic
pH values.

The world situation of water scarcity is un-
questionable, and with time, the requirement
for this resource presents continuous growth.
Its root lies in the rapid increase in the world
population rate, which causes the overexploi-
tation of water resources, and it 1s estimated
that this demographic expansion will continue
to advance. Likewise, the poor management of
the resource in the different communities has
an impact on this result. By 2017, 2100 mil-
lion people lacked access to drinking water and
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4500 million people lacked quality sanitation.
The above, represents a problem, especially in
vulnerable areas and territories, where the re-
quirement of drinking water does not match the
supply capacity of this, affecting the welfare of
the community, which i1s limited to supplying
themselves from external sources in an unsafe
and rationed manner; that demonstrates the
need for solutions that address a good manage-
ment of the resource or propose different alter-
natives for the industry.

This research article is carried out to seek
alternatives to the use of different types of water
1in the construction and infrastructure sector,
in response to the crisis of climate change and
scarcity of drinking water in the world. There-
fore, this research determines the influence of
groundwater, drinking water rainwater from
different regions of Colombia in the manufac-
ture of mortars and their relationship with dif-
ferent physicochemical parameters.

MATERIALS AND METHODS
Water samples collection

Figure 1 shows the collection points of AG,
ASUB. and AL water specimens, respectively,
in different sites in Colombia. The ASUB used
in this research was collected from the munici-
pality of Sabanalarga, Atlantico in an artisanal
well located in the village of Palo Seco, which
1s surrounded by natural spaces for crops and
Livestock.
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Ficure 1. Sampling locations.

A
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Source: Authors.

The AL was collected in the municipality of
Galapa (AL-GL) and Bogota city (AL-BG). The
water samples were collected between August
and September, due to the high rainfall that
occurs at that time. These were collected for
approximately 1 hour, by preliminarily pour-
ing a container of water through the estab-
lished channels, seeking to capture water with
the least presence of external contaminating
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Barranquilla (BQ)
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Gala.pa (GL)

@
Sabanalarga (ASUB)

agents. The AG was collected in the territo-
ries of Galapa (AG-GL), Bogota (AG-BG), and
the Barranquilla District (AG-BQ). The latter
was taken as control water, since the entire
manufacturing process ensures quality, in ad-
dition to fully complying with the stipulated in
Colombian environmental regulations through
resolution 2115 of 2007 for the control and sur-
veillance of the quality of the AG.
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(ASTM, 2018). Table 1 shows the list of analyses
performed according to the current standard
and the permissible values.

Physicochemical characterization of water

The types of water used in the present research
were characterized under current regulations

TABLE 1. Analysis for water characterization.

. WHO
Test Regulation ) U.S. .
Parameters International . EU Regulations
standard 2115 of 2007 Regulations
Standard

Conductivity 2500 uS em™
(uS/em) ISO 7888 1000 puS/cm 2 20 °C
Sulfates BS 3148 <250 mg/L 250 mg/L 250 mg/l
Total solids BS 3148 500 mg/L

Standard Acceptable t
Color Methods: 15 UPC 15 UVC 15 color units ceeptable to

9120 Color consumers

1. ASTM Acceptable to

Turbidity D7315.17 2 UNIT 4 UNT CONSUMErs
Nitrite BS 3148 <0.1 mg/LL 3 mg/l 1.0 mg/L 0.50 mg/L

Standard

.. Methods:

Alkalinity 9390 200 mg/L

Alkalinity

Standard
Hardness gg‘jé“’ds‘ 300 mg/L 100 mg/L - 300 mg/L,

Hardness

Standard

Methods:
pH 4500-H+ pH 6.5-9.0 6.5-8.0 6.5-8.5 >6.5y <9.5

Value

Standard
Iron Methods: 0.3 mg/LL < 0.3 mg/L 0.3 mg/LL 0.2 mg/l

3500 Iron

Source: Authors.
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Manufacture of mortar cubes

According to ASTM-C270, the mortars used
in the construction of reinforced and unrein-
forced unitary masonry specimens can be clas-
sified into 4 mortar types, for two alternative
specifications, proportioning specifications and
property specifications (ASTM, 2019).

The mortars were manufactured under
ASTM C109/C109M-21 (ASTM, 2020). 48 mor-
tar cubes were produced for each type of water.
Table 2 shows the dosages used for the prepa-
ration of the mortars for the different types of
water.

TABLE 2. Mortar dosage.

Normalized ratio  Dosage for 48 cubes

Material (in mass) (27 x 27 x 27)
Cemento 1 4.000 g
Arena 2.75 11000 g
Agua 0.484 1936 ml

Source: Adapted from ASTM (2020).

Cement and sand are components widely used
In construction projects as hydraulic mortars
since their mixture guarantees the imperme-
ability of the area where they will be placed.
Portland cement, used for the manufacture
of mortars, has hardening properties when it
comes into contact with water by hydration; it
is mainly composed of dicalcium and tricalcium
silicates, and its relationship with water influ-
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ences the consistency of the mixture, since the
greater the amount of water, the more fluid it
will be and the easier i1t will be to work with, so
this relationship ends up affecting the proper-
ties of the concrete.

On the other hand, the ratio of cement and
aggregate 1s also important, because too much
aggregate ends up hiding the amount of cement
and preventing its admixture. For this reason,
granulometry influences the properties of con-
crete, since it affects to a greater or lesser extent
its volumetric stability and strength.

Mechanical characterization of Mortars

To analyze the mechanical properties of the
manufactured mortars, a compression test based
on ASTM C109/C109M-21 was applied (ASTM,
2020). The compressive strength was calculated
based on equation (1):

(1)

_ P

Where is the compressive strength, is the max-
1mum compressive load tolerated by the mortar,
is the cross—sectional area of the cube.

A statistical analysis was performed on the
results to analyze the reliability of the results.
Reliability analysis is widely used to measure
the probability of a system meeting design speci-
fications for a specific period without failure
(Gramsch, 2018).
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REsuLTs AND DiscussioN
Physicochemical characterization of water

Figure 2 shows the results of the physical char-
acterization of the water. It is observed in item
a, that the conductivity of the AG-BQ presented
the highest value (182.1 uS/cm), followed by the
AL-BG (143.53 us) and lastly the ASUB (6.41
uS/cm). These variations can affect to a lesser
extent the mechanical strength of concrete mate-
rials, in a way that if the conductivity increases,
there will be a decrease in it, demonstrating that
this parameter is viable for prediction (Chung et
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F1GURE 2. Physico-chemical parameters of water types (1st part).

Source: Authors.
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al., 2021). Nevertheless, none of the waters ana-
lyzed showed values higher than the established
limits in Colombian Resolution 2115, nor in the
international framework (Ministerio de la Pro-
teccion Social & Ministerio de Medio Ambiente
Vivienda y Desarrollo Territorial, 2007; Consejo
de la Unién Europea, 1998). Based on the results
obtained, it is inferred that the ASUB presents
the most ideal conductivity conditions since it
presented a lower conductivity than the rest of
the waters. Regarding color, as shown in Figure
2b, AL - GL obtained the highest value (PCU),
exceeding the maximum permissible by Colom-
bian regulations (15 PCU).
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Turbidity
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Which implies that it may not be suitable
for application in concrete manufacturing pro-
cesses, since it may negatively influence the
quality of the concrete, and it is recommended
to desist from its use unless there is evidence
that it has been previously implemented for
concrete manufacturing (Ministerio de la Pro-
teccion Social & Ministerio de Medio Ambiente
Vivienda y Desarrollo Territorial, 2007; Institu-
to Colombiano de Normas Técnicas y Certifica-
cion [Icontec], 2001). On the other hand, AG-GL
had the highest turbidity value (3.52 NTU), and

I T I T l T I T I T I
A-SUB AG-BQ AG-GL AG-BG AL-GL AL-BG

12 4

Type of water

(d)

AL-BG had the lowest (1.16 NTU). High values
of turbidity also affect the strength of the ma-
terials; this can be compared with the research
of Aldabagh et al. (2022), where the analysis of
this parameter as well as others, in wastewater,
well water, tap water, and river water, gave val-
ues of 117 NTU, 0.092 NTU, 0.55 NTU and 8.4
NTU, respectively, and resulted in the lowest
compressive strength for wastewater sources
specifically with results of between 36 MPa and
40 MPa at 28 days, being the lowest strengths
within the entire study sample.

\ ‘ \ ‘ f ‘ T ‘ \ ‘ \
A-SUB AG-BQ AG-GL AG-BG AL-GL AL-BG
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From the above, it can be inferred that, al-
though the highest turbidity result was 3.52
NTU, it 1s expected that the mortars made
with the AG-GL will present a compressive
strength not so high (Aldabagh et al., 2022)
(Figure 2c).

For the pH values obtained, AG-GL achieved
the smallest value (5.85), placing it as slightly
acidic on the pH scale, while the vast major-
ity of the remaining waters presented neutral
values (pH: 7), with the exceptions of AL-BQ,
which obtained a value of 8.25. Values lower
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FiGUrk 3. Physico-chemical parameters of water types (2nd part).

Source: Authors.

0,20
0,18 Nitrite
0,16
014
012 ]

0,16

0,08 -
0,06 -

0,04

0,02

0,00 ‘ T ‘ \ ‘ \ ‘
A-SUB AGBQ AGGL
(b) Type of water

than 7 are considered acidic on the pH scale,
and depending on their position on the scale it
can influence the deterioration of concrete ma-
terials by accelerating possible sulfate attacks,
causing damage and affecting the integrity of
the structures (Bellmann et al., 2012). It is
possible to observe this behavior in AG-GL,
since, as previously announced, low pH values
are assoclated with the presence of sulfates,
and this type of water showed the highest
concentration for this parameter, as presented
in Figure 3a.
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The results reveal in turn that the existence
of sulfates AG-GL (9.00 mg/l) obtained the high-
est value, in contrast to AG-BG (2.67 mg/l) and
AL-GL (2.67 mg/l). Previous research reports
that the dynamics of hydration products with
sulfate ions can generate fractures, cracks, and
fissures in concrete, increase its weight, den-
sity, and elasticity and intensify its compression
by filling the interior of the structures so that
the mortar’s resistance varies according to the
sulfate’s concentration in the different types of
water (Sheikh et al., 2020).
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Considering the results of the compression
tests (Figure 6), it is confirmed that the capacity
of opposition to compressive forces of the AG-
GL was lower compared to the various types of
water studied, this conduct may be due to the
concentration of sulfates found in this sample,
which reduced its resistance in the investiga-
tion of Sheikh et al.,(2020), a similar dynamic
was evidenced, in which after combined cycles
of sulfate attack, freezing and thawing for a
drinking water sample and wastewater sample,
the latter had a higher sulfate concentration and

AL-BG
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subsequently a 31.1% decrease in its compressive
strength, while the drinking water had a value
of 22.3% (Sheikh et al., 2020).

For the nitrite analysis of the samples (AG-
GL, AG-BG, AL-BQ, AL-BG) the drinking wa-
ter specimens did not present concentrations,
however, values of 0.01 mg/l y 0.03 mg/l were
observed for AL-BQ and AL-BG, respectively.
These values, nonetheless, should not represent
significant effects on the resistance of the mor-
tars, according to Table 1.

In the alkalinity analysis, the highest val-
ues obtained for this parameter were found in
ASUB and AGBQ with results of 253.33 mg/1
and 240.00 mg/1 respectively, while AG-BG (0.31
mg/l) obtained the lowest value. The latter, to-
gether with the smallest values obtained in the
rest of the waters (1.23 mg/l for AL-GL, 0.73
mg/1 for AG-GL, and 0.63 mg/l for AL-BG) are
observed in Figure 3d. Likewise, in the analy-
sis, a maximum of 410.00 mg/l was obtained for
ASUB and a minimum of 16.00 mg/l for AL-
BG. Saba et al., (2019) results of the analysis
of alkalinity and hardness show that when the
alkalinity and hardness values are stabilized,
the possible deterioration processes of the mate-
rial decrease so that if high values are obtained
In these parameters, the material will not be
considered as corrosive, characterized in turn
by pH values in the transition state, corrobo-
rating the above (Saba et al., 2019). From this,
it can be inferred that these parameters of the
ASUB water do not induce corrosive processes
and that these two variables would not repre-
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Ficure 4. Compressive strength of rainwater vs. Control sample.

22
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T
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--m-- Control Sample

—o— AL-GL
AL-BG

Source: Authors.

sent potential damage to the material, even so,
these values do exceed the limits established by
resolution 211, as well as the parameters estab-
lished by the WHO, presented in Table 1, which
1s why they differ from the ideal characteristics
presented in the control water. Finally, the iron
measurements show the presence of iron for the
ASUB of 0.78 mg/l, lower in comparison with
those obtained in the control water AG-BQ (0.8
mg/l) for the same parameter; however, it does
exceed the permissible limits proposed by both
Colombian and international regulations, so
that, in terms of water quality, it differs consid-
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Ficure 5. Compressive strength of groundwater vs. Control sample.
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Source: Authors.

erably from the qualities present in the control
water and drinking water in general.

Compressive strength

The mechanical strength test was performed
on 96 mortars, for the 6 types of water used (AL-
GL, AL-BG, AG-GL, AG-BG, ASUB, AG-BQ).
The results of this test are presented below.

Rainwater behavior

Figure 4 shows that, compared to the 28-day
strength of the control sample, the strengths of

the AL-GL and AL-BG at the same number of
days are considerably lower, showing a percent-
age difference of approximately 55 to 60% for
the AL-BG, and a slightly greater difference
(between 60 and 65%) for the AL-GL. This in-
dicates that, although both samples had lower
compressive strengths than the control sample,
the AL-BG proved to be the more suitable of the
two.

Groundwater Behavior

For the ASUB behavior, Figure 5 shows that,
unlike the AL types of water, this has higher
compressive strength at 28 days of curing, so
it has a percentage difference, when compared
to the control sample, of approximately 25 to
30% and 1s, therefore, the most suitable for the
manufacture of hydraulic mortars.

Likewise, it is observed that the average
compressive strength of the mortar cubes
manufactured with ASUB, at 7 days of cur-
ing, is approximately 96% of the average value
of the specimens manufactured with the con-
trol water, under the stipulations of section
2.2.2.2 of ASTMC1602/C1602M-12 (ASTM,
2022), which indicates that the ASUB 1mple-
mented 1s acceptable as water for concrete.
At the same time, it 1s observed that despite
having achieved the maximum values in the
analysis of hardness and alkalinity of the wa-
ter, these did not represent negative effects on
the compressive strength of this type of water,
on the contrary, they could have influenced in
the increase of this one.
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Behavior of drinking water

As can be seen in Figure 6, both types of water
presented notoriously lower strengths compared
to AG-BQ, however, between the two types of
water AG-BG presented the highest compressive
strength at 28 days, approaching, a percent-
age difference of approximately 50-55% to the
compressive strength of AG-BQ than compared
to AG-GL whose percentage difference was ap-
proximately 55%-60%.

Reliability analysis of
compressive strength results

Table 3 presents a simple statistical study of
the evidence, based on the value of the stan-
dard deviation, classifying it according to the
criteria of ACI 214 (Chung et al., 2020). As:
Excellent and very good, which establishes an
adequate experimental procedure. It is empha-
sized that the resistance was managed at 28
days since the models contained in the ACI 214
report are valid only for this period or time.

Influence of water chemistry
on compressive strength

Figure 7 shows the results of the physico-
chemical parameters of the waters and their
influence on compressive strength. Among the
values obtained for conductivity, a wide dis-
persion was evidenced, where no trend or spe-
cific pattern was presented among the analyzed
waters, except for two peaks presented in the
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Ficure 6. Compressive strength of drinking water vs control sample.
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TaBLE 3. Statistical analysis of compressive strength.

30

Water Type Mean f'c. (Mpa)  Standard Deviation (Mpa)  ACI 214 — Classification
AL-GL 11.17 0.087 Excellent
AL-BG 11.97 0.095 Excellent
AG-GL 12.25 0.158 Excellent
AG-BG 13.28 0.098 Excellent
ASUB 18.87 0.336 Excellent
AG-BQ 21.40 1.566 Very Good

(Control Sample)

Source: Authors.
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graph, highlighting that the electrical conductiv-
ity 1s largely implemented to visualize the evolu-
tion of porosity in cement fragments and concretes
through experimental analysis of 28 days (Chung
et al., 2020). Consequently, with large increases
in conductivity values, the porosity of materials
such as concretes and cement will also increase
exponentially, causing vulnerabilities in the struc-
tures.

Considering the above, except for AG-BAQ
(182.1 us/cm), AL-BG (143.53 us/cm) presented
the lowest resistance because it is associated with
the second-highest conductivity value and, there-
fore, with porosity, thus decreasing the compres-
sive strength of the mortars in which the sample
was applied. On the other hand, ASUB presented
the lowest conductivity (6.41 us/cm), so it is to be
expected that its resistance would be higher. In
the research of Quilla & Quiroz (2021), the resis-
tance of concrete manufactured with groundwater
and drinking water was compared where a con-
ductivity of 657 ps/cm was obtained for the first
type of water mentioned, so a lower resistance was
evidenced compared to that obtained in drinking
water (Quilla & Quiroz, 2021).

Otherwise, a non-uniform behavior was ob-
served, with great dispersion of the results for
the color analysis (Figure 7b) where the two maxi-
mum values presented in the graph consequently
correspond to the resistance value of the ASUB
and the control water. No significant literature
was found on this parameter that demonstrates
its influence on the compression of the mortars,
so it is inferred that it is not relevant for this
characteristic.
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FiGUrE 7. Influence of physical-chemical parameters on compressive strength (Ist part).

Source: Authors.
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In the case of turbidity, in Figure 7c shows
a mostly uniform behavior in comparison with
compressive strength, the dispersion of this is
not wide in contrast with the previous param-
eters, however; elevated values can considerably
decrease this characteristic, as demonstrated
in Aldabagh et al. (2022), and in the results of
the present research in section 3.2, generating
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possible structural failures in the mortars Alda-
bagh et al. (2022).

Following this, Figure 7 (subsection d) ex-
hibits a high dispersion of the pH results, with
high values in resistance associated with pH
figures ranging between 6.5 and 7.5, indicating
that neutral pH results have a positive influ-
ence on the increase of compressive strength.
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Simultaneously, it is noticed that, when pre-
senting very alkaline values or tendencies, the
compressive strength tends to diminish (Cagua
& Nates, 2017). Even so, they displayed by test-
ing the compression of concrete manufactured
with mixing water at different pH, that as the
hydrogen potential of the water improves, a rise
in the compressive strength is caused, providing

numbers between 23.14 MPa and 24.51 MPa
for pH values between 6 and 8 (Cagua & Nates,
2017).

Concerning sulfates and nitrites, it is evi-
denced that, although there are increases in
their concentrations, these variables do not
have a significant influence on the compres-
sive strength, as shown in Figure 8. Even so,
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F1GURE 8. Influence of physical-chemical parameters on compressive strength (2nd part).

Source: Authors.
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when observing the detailed results of each
sample, it was found the AG-GL obtained the
highest amount of sulfates and subsequently
a reduction in its strength compared to other
samples. On this, Granados (2017) studied the
effect that the degree of presence of sulfate has
on the compressive strength of various con-
crete blocks, and when comparing the results
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between those with the presence of sulfate
and those without, general reductions were
obtained in the strength at 28 days, so it was
concluded that both have an inversely propor-
tional relationship and the less its presence the
better the material will be for its use Granados
(2017).
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For nitrites, it has been shown that the pres-
ence of nitrite-based accelerators tends to in-
crease the compressive strength of mortars
in their initial phases, however, this behavior
tends to decrease with time (Kim et al., 2019).
In this case, based on the results of the tests, it
cannot be inferred that the presence of nitrite
significantly affected the compressive strength
of the mortars.

o 100 200 300

@ Alkalinity (mg/l)

In contrast, the results of hardness and
alkalinity in Figure 8c and Figure 8d pre-
sented similar tendencies between them. In
one 1nstance, little dispersion was evidenced
for some of the values that negatively influ-
enced the resistance, on the other, two peaks
of maximum resistance and high alkalinity
were exhibited, for each of the graphs. When
analyzing the results of alkalinity and hard-
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ness, it was confirmed that these are related to
the resistance achieved for ASUB and AG-BQ,
as well as for color. Regarding alkalinity, Fer-
nandez-Jiménez & Palomo (2009) affirm that
alkaline concretes and cement are appropriate
and present higher strengths at early ages,
observing values of 45 MPa in the first day
of setting, compared to concretes made with
conventional cement. This resistance continues
to increase gradually with time (Fernandez-
Jiménez & Palomo, 2009).

Finally, the hardness of the ASUB sample
showed a higher result compared to other spec-
1mens. This 1s because groundwater usually
contains minerals and salts from soils and sub-
soils. Likewise, Sanchez (2001) indicates that
some salts, such as magnesium and calcium
salts, are rarely found in excessive concentra-
tions that can alter the mechanical strength of
the concrete

Considering the previous analyses and re-
sults of the final mechanical tests obtained for
each water studied, alkalinity and hardness
stand out as parameters that significantly in-
fluenced the increase in the strength of the
mortars manufactured with ASUB water,
which evidenced the highest strength of the set
of samples; therefore, it 1s inferred that these
two parameters have the greatest impact and
influence on the compressive strength of the
material. The influence of pH on the change
of mechanical strength and the negative effect
that the existence of sulphur compounds in a
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water sample can have, generating reductions

in the compressive strength of mortars, are
also highlighted.

CONCLUSIONS

Based on the development of the experimental
procedures and the results obtained from them,
1t was possible to determine that of all the mor-
tars evaluated and the different types of water
used, the resistance of the mortars manufac-
tured with ASUB, analyzed at 7 days of curing,
1s close to 75% of the resistance of the control
sample, complying with the established accord-
ing to the ASTM C1602/C1602M-12 standard
(ASTM, 2022), cataloging it as an optimum re-
source for the manufacture of concrete and hy-
draulic mortars. In this study, a decrease in the
resistance of the mortars was observed as time
progressed; however, the resulting resistance at
28 days complies with the minimum values for
type M mortars, denoted by title D of ASTM-
C270 (ASTM, 2019), and at the same time it
showed no effect on the setting time, similar to
drinking water.

Concerning the resistances evidenced in the
rainwater, it exhibited characteristics that were
not suitable for the resistance at 28 days of cur-
ing, presenting a percentage of approximately
40% of the resistance of the control sample, so it
does not meet the ideal conditions for the manu-
facture of hydraulic mortars. Likewise, it 1s im-
portant to note that, among the two AL samples,



Modul. Arquit. CUC 32, 25-48, 2024

the AL-BG had the best compressive strength.
Furthermore, the mortars elaborated with AG
showed a behavior similar to the resistances
observed for the mortars elaborated with AL.
associated with a resistance of approximately
50% to AG-BQ; however, this one had a better
performance compared to AL.

Ultimately, through the methodologies imple-
mented, it was specified that, for this research,
parameters such as conductivity, pH, hardness,
and alkalinity had the greatest impact on the
variation of the compressive strength of the
mortars, where the increase in conductivity
1s related to the high porosity of the cement
fragments and subsequent degradation of their
stability, the increase in hydrogen potential,
related to alkalinity and hardness through the
presence of minerals and compounds that mod-
ify the properties of the mortars, with increases
in mechanical resistance and therefore its ac-
ceptability for application in the construction
industry.
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