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Introduction

The use of recycled materials in the production of concrete is an issue that
has generated interest among many researchers for the purpose of improving the
environment (Najaf & Abbasi, 2022a).

The subject under study has been of interest to other authors, and engineering
studies have been carried out internationally in Pakistan, the researchers focused
on the problem of granite powder (GP) produced in the granite processing industry,
which is fatal to humans and not disposable due to limited disposal sites (Zhang, Ji,
He & He, 2019). Researchers propose that GP could be valuably incorporated as
a partial replacement for sand in concrete so as not to harm the environment, health,
and thus avoid shortages to meet the sand demand (Zafar, Javed, Khushnood,
Nawaz & Zafar, 2020; Ghouchani, Abbasi & Najaf, 2022). Adding Iran to this,
(Amani, Babazadeh, Sabohanian & Khalilianpoor, 2019), incorporating the GP
at 10% as a partial replacement for sand increases its compressive strength by
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up to 11% compared to its standard design of 210 kg-cm™ (Prokopski, Marchuk
& Huts, 2020). Similarly, in another study, GP was incorporated at 28.4% and
45% as a partial replacement for the sand for a design of 210 kg-cm™ where
the resistance was increased by 19% and 25% compared to the standard design,
demonstrating an effect positive in both early strength and quality of concrete, as
well as strength after 90 and 180 days of hardening (Ghorbani et al., 2019; Najaf
& Abbasi, 2022b). Respect for the environment and the profitability of residual
GP make it an acceptable and sustainable alternative construction material, indi-
cating an enormous potential for GP as a replacement for natural fine aggregate
(Singh, Khan, Khandelwal, Chugh & Nagar, 2016; Najaf & Abbasi, 2022a).

In Brazil, the GP produces a great environmental impact, due to the high demand
for extraction of ornamental rocks, especially granite; the production of ornamen-
tal stones is at a very high level, reaching 9.3 M t in 2013; of this total, 4.6 M t
are only granite; the final disposal of this waste has caused serious environmental
problems; for this reason, the researchers are looking for ways to put this waste to
use (Almeida, Soares & Matos, 2020). They carried out temperature tests incorpo-
rating the GP at 17% in a design of 210 kg-cm ™2, consequently, the fresh concrete
is not affected by the incorporation of the GP, keeping it in the ambient tempera-
ture range. They also carried out high temperature tests illustrating a behavior of
a higher the temperature and the faster the cooling process, resisting up to 600°C
without affecting the concrete (dos Santos & Rodrigues, 2016). The workability
was also analyzed with 30% and 50% GP in a 210 kg-cm™ concrete, evidenc-
ing a reduction in water absorption; consequently, its workability was affected to
the highest percentage, showing a dry consistency and a slump of 1" at 50% GP
(Cordeiro, de Alvarenga & Rocha, 2016).

In India the GP is proposed as a good alternative to using natural sand in
the preparation of concrete, obtaining up to a 10% increase in flexural strength
for 210 kg-cm ™2 concrete containing 50% GP (Singh, Nagar & Agrawal, 2016).
Researchers recommend that concrete incorporated with the GP by natural fine
aggregate up to 30% for use in all structural applications, added GP at 10%, 20%,
30%, 40% and 50% by weight of sand in the concrete 210 kg-cm™2, obtaining an
optimal result at 30% GP, because it improves the mechanical properties of the
concrete by up to 20% in the compressive strength, and even the results obtained
for the GP at 50% are also acceptable, but they observe a reduction in other proper-
ties, mainly in its resistance to bending and workability (Jain & Sancheti, 2022).
In Thailand, researchers incorporated the GP at 20%, 30% and 50% as a partial
replacement for sand for a 254 kg-cm™2 concrete, obtaining losses of 8%, 12% and
20%, respectively, in its flexural strength, evidencing that increasing the percent-
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age of GP decreases the resistance to bending (Tangaramvong, Nuaklong, Khine
& Jongvivatsakul, 2021). In another study, the tests for the incorporation of granite
powder at 4%, 10% and 15% GP also achieved this tendency to decrease its resis-
tance by up to 8% with respect to its standard design of 210 kg-cm™ (Shwetha,
Kumar, Dalawai, Anadinni & Sowjanya, 2022). Regarding its workability, the GP
was incorporated at 20% and 40% in a 210 kg-cm ™2 concrete, the results of slump
reduced from 3" to 1", therefore they indicate that the workability of the con-
crete was also proportionally affected when incorporating higher amount of the GP
(Gupta & Vyas, 2018; Taji et al., 2019). Consequently, finding the percentage of
optimal substitution of sand by the GP can open new paths in sustainable construc-
tion techniques and reduce the detrimental effect on the environment due to waste
disposal (Ozcan & Kog, 2018; Najaf, Orouji & Ghouchani, 2022).

This study aims to analyze the impact of the incorporation of the granite powder
(GP) as a partial replacement of the sand in the concrete in the following percentages
10%, 15%, 20% and 30% to carry out a mixed design of 210 kg-cm™ and density
of 2.4 kg-m™ since it is the design mostly used in conventional constructions, seek-
ing to find an optimal proportion to increase its mechanical properties where the
geotechnical characteristics of the aggregates were identified, beams and concrete
specimens were elaborated; the results of bending and compression tests were com-
pared at 7, 14 and 28 days of setting between the standard concrete and the concrete
incorporated with GP. It is concluded that the optimal result was at 20% GP, where
the compressive strength increases by 13%, while its flexural property and work-
ability are in an optimal range according to the stipulated parameters, allowing an
important use regarding this waste in the construction industry, thus contributing to
recycling, environmental quality and the development of using new materials.

Material and methods

For this research, the study population covered the set of concrete design speci-
mens according to the established construction standard £, =210 kg-cm™. The
sample consisted of 45 specimens and 45 concrete beams, with 9 samples per
design. Standard concrete specimens and beams /. = 210 kg-cm 2, concrete incor-
porated with GP at 10%, 15%, 20% and 30%. The fine GP was obtained from the
granite cutting factories, Lima, the 1/2 stone and sand for the design of test tubes
was obtained from the Cantera la Cria in Lambayeque (Peru) and the cement used
in the present investigation is the cement portland type MS (Peru). Figure 1 shows
the flowchart of processes carried out in research.
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FIGURE 1

. Process flow diagram

Source: own work.

Tests

Fine, coarse and GP aggregates geotechnical characteristics

To determine the geotechnical characteristics of the aggregates to be used in
the mixed design (ASTM International [ASTM], 2015c¢), the following tests were
carried out in the laboratory.

The fine aggregate is produced in a natural or artificial manner, it is the rocky
material that passes through the standard 3/8-inch mesh and is retained in No 200;
while the coarse aggregate is the rock material that does not pass through the No 4
mesh, this aggregate is produced by the natural or mechanical crushing of the

stones; these have to comply with all the specifications mentioned in the current
regulations (ASTM, 2015e). The aggregates for this study were obtained from

natural quarries in Peru. Table 1 shows the results of the tests carried out to find the

physical properties of the fine aggregates, coarse aggregates and GP.
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TABLE 1. Aggregate geotechnical characteristics

Parameter Coarse aggregate Fine aggregate Granite powder
Nominal maximum size 1” 1/4" 1/4"
Fineness module - - 0.53
Moisture content 0.0087 0.039 0.0032
Dry loose unit weight [g-cm™] 1419 - -
Compacted unit weight [g-cm ] 1504 - -
Percent wear [%] 0.211 - -
Salt content [%] 0.0004 - -
Chloride content 0.000106 — —
Sulfate content 0.000068 - -
PE bulk (dry basis) 2678 2574 2798
PE bulk (base saturated) 2 705 2 609 2 808
Pe apparent (dry basis) 2752 2 667 2 828
Percentage of absorption [%] 0.0101 0.0135 0.0037
Sand equivalent - 0.364 -
Salt content [%] - 0.0007 —
Chloride content - 0.000134 -
Sulfate content - 0.000087 -
Fineness module - 2.78 -

Source: own work.

The GP used in this study was obtained from the granite ornamental stone cut-
ting factories, Figure 2 shows the GP with 0.53 fineness modulus used for the

study before being incorporated into the mix.

FIGURE 2. Granite powder

Source: own work.
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Specimens and beams preparation for a standard mix design

After the analysis of the aggregates, the mixture design was carried out for the
resistance of 210 kg-cm™ of the standard concrete, the data of which are shown
in Table 2, which illustrates the content of materials to be used according to the

weight proportion.

TABLE 2. Proportion in weight standard design

Resistance Cement Fine agoregate Coarse aggregate w/c
[kg-em™] [bag] s o
210 1 22 2.4 0.53

Source: own work.

Concrete mixture preparation with GP addition

Taking the standard design, 10%, 15%, 20% and 30% fine granitic aggregate is
incorporated as a partial replacement for the sand in the concrete. Table 3 shows

the mix designs in weight proportion incorporating the fine granite.

TABLE 3. Weight ratio of granite as a partial replacement for fine aggregate

. . Resistance Cement Fine Coarse Aggregate
Mix design 5 w/c N
[kg-em ] [bag] aggregate aggregate granite
Design + 10% GP 210 1 1.98 2.4 0.53 0.22
Design + 15% GP 210 1 1.87 2.4 0.53 0.33
Design + 20% GP 210 1 1.76 2.4 0.53 0.44
Design + 30% GP 210 1 1.54 2.4 0.53 0.66

Source: own work.

Tests on fresh concrete

Abrams cone — slump test

The Abrams cone is an instrument that is applied to fresh concrete in order to

obtain its fluidity or plasticity, the test consists of filling a cone-shaped metal mold
with standardized dimensions, the process consists of forming three layers that will
later be rammed with rods giving 25 blows, so that later the mold can be removed
and the settlement of the fresh concrete can be measured (ASTM, 2015a).
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Temperature

It consists of determining the temperature in the fresh concrete, it is influenced
by the mixing energy, the environment and the heat released due to the reaction
of the cement. The temperature must be between 10° and 32°C, an increase in the
temperature will make the mixture mature faster, so it is one of the most important
parameters (ASTM, 2015f; ASTM 2015g).

Tests on concrete in hardened state

Compression strength test

It is carried out to verify if the prepared mixture meets the f'. requirements for
which it was designed, where a vertical force is applied until the concrete speci-
men fails. It is performed after 7, 14 and 28 days (ASTM, 2015b). For this study,
the compression test was carried out on cylindrical concrete specimens, with stan-
dard measurements of 150 x 300 mm. Figure 3 shows the compressive strength
test using the hydraulic press.

FIGURE 3. Compressive strength concrete test

Source: own work.

Flexural strength test

The test consists of testing concrete beams, but without reinforcement where
a vertical load is applied in the center in order to find the rupture modulus of the
concrete, this is determined according to the type of failure that originates in the
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sample and generally ranges between 10% and 20% of the compressive strength
(ASTM, 2016). For this study, concrete joists measuring 545 x 120 x 120 mm were
made. Figure 4 shows the flexural strength test applied to the concrete joists.

FIGURE 4. Flexural strength concrete test

Source: own work.

Results and discussion

Comparison of the physical properties of standard concrete
and concrete incorporating GP as a partial replacement for sand

The test results on the standard concrete of 210 kg-cm 2 and the designs incor-
porating the GP at 10%, 15%, 20% and 30% in its fresh and hardened state were
compared.

In its fresh state, the slump test was carried out in order to analyze the work-
ability of the concrete (ASTM, 2015f). Figure 5 shows the average results of each
design, the settlement is reduced to a higher percentage of the GP making it less
workable, up to 20% has the optimal workability necessary for molding and its use
in various structures, while at 30% it has a very low workability and dry consis-
tency. Table 4 shows the consistency classification according to its workability.

The results obtained are in line with Sharma, Kumar, Kumar, Thomas and Gupta
(2017) who incorporated the GP at 20% and 40% for a design of 210 kg-cm™, their
slump results reduced from 3” to 1”, the decreasing trend in the slump was also
noted by Cordeiro et al. (2016). The workability was analyzed with 30% and 50%



Mufoz Pérez, S. P., Atoche Zamora, J. Jr. (2023). Effects of incorporating granite powder
in the mechanical properties of concrete. Sci. Rev. Eng. Env. Sci., 32 (1), 18-33. DOI 10.22630/
26 srees.4479

Slump test [in]

Standard Design + Design +

Design

10% PG 15% PG

Concrete mix designs

Design + Design +
20% PG 30% PG

FIGURE 5. Slump test to determine workability

Source: own work.

TABLE 4. Consistency rating

Consistency Slump Workability
Dry 0" to 2" little workable
Plastic 3" to 4" workable
Fluid > 5" very workable

Source: ASTM (2015a).

Design +30% PG
Design +20% PG
Design +15% PG
Design +10% PG
Standard design

— 22.7

— 22.7
I—— 22.6
I 22.5

I— 22.4

Temperature [°C]

FIGURE 6. Temperature test

Source: own work.

GP in a 210 kg-cm™ concrete,
demonstrating a reduction in
water absorption, getting a dry
consistency and a slump of 1”
at 50% GP.

The temperature test was
performed in its fresh state with
adigital thermometer at the time
of pouring the concrete (ASTM,
2015f%). Figure 6 shows the tem-
perature of different designs,
demonstrating that there is no
negative effect when incorpo-
rating granite powder.

The maximum temperature
reached by this study was
observed for the concrete incor-
porated with the GP and is linked
to the time of pouring and
ambient temperature, and ac-
cording to the ACI it mentions
that in order to make a mixture
design we have to have an ade-
quate temperature that is not too
high, in which the temperature
used did not reach 25°C, which
is within an acceptable range
(ASTM, 2015d). The same

behavior is obtained by Calmeiro and Rodrigues (2016), who carried out tempera-
ture tests incorporating the GP at 17% in a design of 210 kg-cm 2. As a consequence,
fresh concrete is not affected by the incorporation of the GP, maintaining the ambi-
ent temperature range. What is more, they also carried out high temperature tests
showing a behavior where the higher the temperature, the faster the cooling process,
resisting up to 600°C without affecting the concrete.

In its hardened state, the compressive strength test was applied, where 9 con-
crete specimens were made for each design, where its average strength was deter-
mined in kg-cm™ afer 7, 14 and 28 days from setting; all the designs with the
GP obtained a higher resistance with respect to the standard concrete, reaching
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275.4 kg-em ™2 after 28 days as the highest average compressive strength in the
design incorporated with 30% GP as partial replacement of the sand, subsequent
20% GP with 268.6 kg-cm™2, Figure 7 shows the means of compressive strength
versus time, where it can be seen that the higher the percentage of granite, the
higher the compressive strength.

300.00 -~
< 250.00 4 -
g -
& . 200.00 4 M Standard concrete
@ =
¢ E 150.00 - Design + 10% GP
= C
§ £ 100.00 ~ m Design + 15% GP
Q.
§ 50.00 H Design + 20% GP
i 0,
0.00 - M Design + 30% GP
7 14 28
Days

FIGURE 7. Variability of compressive strength at 28 days according to 7, 14, 28 days

Source: own work.

The results obtained are in line with Ghorbani et al. (2019) who achieved an
improvement in their compressive strength by incorporating the GP at 10%, increas-
ing up to 11% with respect to their standard design, as well as Prokopski et al.
(2020) incorporated the GP at 28.4% and 45% as a partial replacement for sand
for a 210 kg-cm > design, increasing resistance by 19% and 25% compared to the
standard design; confirming the trend, Jain and Sancheti (2022), added the GP at
10%, 20%, 30%, 40% and 50% by weight of sand in the concrete 210 kg'cm_z,
obtaining an optimal result at 30% GP because it improves the mechanical proper-
ties of the concrete up to 20% of its resistance to compression and even the results
obtained for the GP at 50% are acceptable, but a reduction in other properties can
be observed, the results reaffirm an improvement directly proportional to a higher
percentage of GP.

The flexural strength test was applied, where 9 concrete joists measuring
15 x 15 cm were made for each design, determining their rupture modulus in
kg-cm ™2 after 7, 14 and 28 days from setting, the results showed that a higher per-
centage of the GP incorporated in the design reduces the bending, complying with
the parameters of minimum bending in the concrete up to the design of 20% GP,
while the 30% design does not meet the parameters because the minimum rupture
modulus must be between 10 and 15% of the compressive strength of the concrete
(ASTM, 2016; National Ready Mixed Concrete Association [NRMCA], 2021).
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Figure 8 shows the rupture modulus averages after 28 days of curing with
respect to each design carried out, where a tendency to decrease with a higher per-
centage of the GP can be seen, with the lowest result being 26 kg-cm ™2 belonging
to the 30% GP design.

45.0 42.0
39.3
~ 40.0 390
5
a0 35.0
=
) 35.0
>
2
S 30.0
3 26.0
>
3
s 25.0
20.0
Standard Design + Design + Design + Design +
Design 10% PG 15% PG 20% PG 30% PG

FIGURE 8. Flexural strength standard concrete vs concrete incorporated with GP after 28 days
from setting

Source: own work.

The trend is also manifested in the results of Tangaramvong et al. (2021) who
incorporated 20%, 30% and 50% of the GP as a partial replacement of the sand
for a 254 kg-cm ™2 concrete, obtaining losses of 8%, 12% and 20%, respectively,
in its resistance to bending, thus evidencing that increasing the percentage of the
GP decreases the resistance to bending. Shwetha et al. (2022) carried out tests of
GP incorporation at 4%, 10% and 15% GP in a 210 kg-cm™ concrete and also
achieved this tendency of decreasing its resistance by up to 8% with respect to
its standard design. All results contradict the reports made by Singh et al. (2016),
who demonstrated a 10% increase in flexural strength for 210 kg-cm™2
containing 50% GP.

concrete

Optimal dosage for the incorporation of GP as a partial replacement
for sand

After evaluating the properties of the concrete of the different designs made, the
proposed tests and results were obtained using standards such as ACI and ASTM.
Concrete incorporating fine granite powder at 20% as a partial replacement for
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sand in concrete has been proposed as the optimal design, due to its results being
within the ranges established by different regulations, the proportions of the mate-
rials are shown in Table 5. After 28 days, the 20% GP design obtained a compres-
sive strength of 268.6 kg-cm™ growing by 13% with respect to the standard con-
crete, a 3" slump entering the workable mix range with a plastic consistency and
a flexural strength within the ranges recommended by the ASTM C293 standard
(ASTM, 2016), the modulus of rupture being 13.04% of its compressive strength.

TABLE 5. Design optimal 20% GP

. Fine Coarse Aggregate
Mix design Resistance Cement aggregate aggregate ranite ‘Water content
£ [kg~cm’2] content E8reg B8re8 g
content content content
Design + 20% GP 210 1 1.76 2.4 0.44 19.9

Source: own work.

However, the 30% GP design obtained a higher compressive strength, reach-
ing 275.4 kg-cm ™2 after 28 days from setting, increasing the compressive strength
by 18.2% with respect to the standard concrete, but this result is overshadowed
by its other properties, such as the 2” slump, which is not very practical, having
a dry consistency, and a modulus of rupture of 26 kg-cm ™2, being a result smaller
than the minimum recommended flexural strength, by the ASTM C293 standard,
which recommends that it should be between 10% and 15% of the compressive
strength (ASTM, 2016; Sharma et al., 2017). For this reason, the 20% GP design
has been proposed as the optimal dosage since it meets all the parameters stipu-
lated in this study.

Conclusions

When evaluating the properties of the 210 kg-cm™ standard concrete and the
designs incorporating GP as a partial replacement of the sand in the following
percentages: 10%, 15%, 20% and 30% in its fresh state, a reduction in slump with
a greater amount of GP was indicated, resulting in slumps of 3.5" to 2” compared
to the 4" obtained with the standard concrete; the temperature has not been affected
since it was maintained according to the time of pouring, reaching a maximum
temperature of 24°C.

The tests carried out in its hardened state show an increase in the compres-
sive strength with a higher percentage of GP, where an increase of up to 17% was
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obtained in the 30% GP design with an average strength of 272.5 kg-cm™ and an
average of 262.33 kg-cm 2 at 20% compared to the 233 kg-cm 2 standard concrete
increasing up to 13%; in its flexural strength the standard concrete obtained an
average rupture modulus of 40 kg-cm ™2 while the concrete with granite powder up
to the 20% GP design complies with the recommended ranges of flexural strength
of 35 kg-cm™2, illustrating that the higher the percentage of granite powder, the
lower the flexural strength.

It is proposed as a 20% optimal GP design with a water-cement ratio of 0.53,
since it managed to improve the compressive strength up to 13%, with respect to
the flexural strength an average rupture modulus of rupture of 35 kg-cm ™ was evi-
denced complying with the parameters of the minimum flexural strength in struc-
tures where it is recommended that the bending should be between 10-15% of the
compressive strength. What is more, good results in its workability were indicated,
and according to its temperature characteristics, this design can be applied in the
development of structural elements without having an adverse effect on them.
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Summary

Effects of incorporating granite powder in the mechanical properties of concrete.
This study analyzes the effects of the incorporation of the granite powder (GP) as a partial
replacement of the sand in the concrete in percentages of 10%, 15%, 20% and 30% to
carry out a mix design of 210 kg-cm ™. Seeking to find an optimal proportion to increase
its mechanical properties where the geotechnical characteristics of the aggregates were
identified, workability, temperature, beams and concrete specimens were elaborated. The
results of bending and compression tests were compared after 7, 14 and 28 days from
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setting between the standard concrete and the concrete incorporated with the GP. It is con-
cluded that the optimal result was at 20% GP with 268.6 kg-cm 2, where the compressive
strength increases by 13%, while its flexural property rupture modulus of 35 kg-cm™ and
workability are in an optimal range according to the stipulated parameters, thus allowing
an important application for this waste in the construction industry, therefore contributing
to recycling, environmental quality and the development of the usage of new materials.



