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Abstract— Compressive strength is a crucial factor that influ-
ences the longevity and structural integrity of concrete, which is a
material that is used extensively in building. The purpose of this
study is to contribute several kinds of curing techniques for im-
proved compressive strength. This paper describes how to pro-
duce concrete with a higher compressive strength by substituting
some cementitious elements, such as fly ash, quartz powder, nano
silica, and silica fume, for Portland cement. This concrete mixture
had recron fibers measuring 12 mm in length, standard fine ag-
gregate sized 300 um, and crushed coarse material measuring 4.75
mm. W/b ratio in this mixture is 0.34. The final concrete was al-
lowed to cure for three days at 90°C in hot water, and after 28
days, its compressive strength was measured using a hand mix.
With 2.2% of 12 mm length fibers in the hand mix, the experi-
mental concrete including recron fibers had the highest average
compressive strengths, reaching 45.89 N/mmz2. The results offer
significant perspectives on optimizing concrete blends and curing
procedures to attain exceptional compressive strength. This re-
search contributes to the ongoing effort in sustainable construc-
tion by identifying ways to enhance the mechanical properties of
concrete while minimizing resource consumption.

Keywords— binding contents, mixing casting and curing condi-
tion, tests procedure.

. INTRODUCTION

The crucial factor affecting the structural integrity and
durability of buildings and infrastructure is the compressive
strength of concrete. To enhance the performance of structures
made with concrete, it is essential to explore and comprehend
the factors impacting compressive strength. Blends of concrete
offer superior workability, durability, and ultimate strength.
Cement, a vital element in construction, plays a significant role.
The construction sector utilizes about 75% of natural resources
for construction activities, leading to the depletion of these
resources [1]. The depletion of natural minerals and the increase
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in environmental problems related to climate change are
attributed to the manufacturing of cement [2]. Portland cement,
a widely utilized construction material worldwide, consists pre-
dominantly of 3-7% gypsum and anhydride, along with a finely
interground blend of clinker [3]. Cement production accounts
for up to 18% of total industrial CO2 emissions [4]. Fifty percent
of the CO, emissions produced during the cement manufactur-
ing process come from burning limestone, according to refer-
ence [5]. Furthermore, 2.54 billion tons of the 36.2 billion tons
of human greenhouse gasses produced globally annually, or
around 5-7% of all greenhouse gas emissions, are produced dur-
ing the making of Portland cement [6,7]. Cement also serves as
a binding agent, bringing cohesion to the many materials used
in construction and infrastructure projects, and is well-known
for its versatility and ability to achieve concrete compressive
strength. It has been shown that employing cement alone as a
binder for other standard concrete components yields a compres-
sive strength of approximately 50 MPa. The interfacial transition
zone's weakness would also prevent strength improvement in the
presence of coarse aggregate [8]. Concrete production is limited
because the Ca(OH), produced by cement hydration occupies
some space in the concrete microstructure. For this reason, low
w/c and high compressive strength are insufficient. To create
fine C-S-H compounds that reduce porosity, boost strength, and
promote durability, additional components must be able to react
with Ca(OH); [9]. Concrete's proportions, ingredients, and pro-
duction techniques are purposefully chosen to meet specific per-
formance and uniformity requirements that cannot always be
met by using standard materials such as cement, aggregates, wa-
ter, and chemical admixtures, or by adhering to standard mixing,
placing, and curing procedures. For severe service circum-
stances, performance criteria may include combinations of high
early strength, high strength, low permeability, high workability,
and high durability. As a result, the negative effects of cement
manufacture have motivated increased investigation into locally



available, recycled, and waste materials that could be used as
cement alternatives. For this reason, concrete is mostly made us-
ing a lot of cement to make up for the absence of coarse aggre-
gate, and we should use some additional cementitious elements
with ultrafine particle sizes and a little elevated SiO; content to
react with the Ca(OH); that is created during cement hydration
and help to reduce porosity, enhance strength, and also develop
the durability of concrete by reacting with Ca(OH), and produc-
ing C-H-S gel formation such as silica fume. Using cementitious
materials is the only option to mitigate the negative conse-
quences of the cement production business. Due to growing en-
vironmental concerns about the unsustainable use of cement, ce-
mentitious materials have recently been widely used as cement
additives or partial substitutes for Portland cement [10,11]. Ce-
mentitious materials are inorganic elements that, by pozzolanic
or hydraulic activity, contribute to the properties of a cementi-
tious combination (such as paste, mortar, concrete, or grout)
[12]. Another reason for their approval is that cementitious ma-
terials have been found to greatly improve the durability of ce-
ment mortars and concretes [13]. Conversely, lowering the
wi/cm ratio makes fresh concrete less workable; to address this
issue, heavy doses of heavy Range Water Reducing Admixtures
(HRWRAS) are used. Another downside of concrete is its quick
brittle collapse. To mitigate this disadvantage, fine, high-
strength fibres can be added to a concrete mixture [9].

The current study, which uses fly ash, quartz powder, nano
SiO,, and silica fume as binder compositions, tries to examine
how hand mixing techniques and curing temperatures affect the
compressive strength of concrete. Recron fibre was also added
to increase compressive strength and corrosion resistance. The
strength was greatly boosted by using the procedure of hot water
curing for 72 hours at 90°C and 60°C, followed by the ordinary
water curing method for 7 and 14 days, and then the open air
curing method for 28 days. Next, use a high-content superplas-
ticizer to improve workability at low w/b ratios, and mix with
ordinary water.

Il. EXPERIMENTAL WORK

A. Binding Contents

Suyog Elements PVT LTD, situated in Baruch, Gujarat, India,
offers Class F fly ash that meets IS 3812-2003 [14] specifica-
tions with a specific gravity of 2.00 and a lower calcium con-
centration. With a specific gravity of 2.64, Astra Chemicals in
Chennai, Tamil Nadu, India, provides the silica fume. The spe-
cific gravity of the nano silica, which is 2.4, is provided by Fi-
berzone India, located in Ahmedabad, Gujarat, India. The spe-
cific gravity of the quartz powder, which is provided by Mum-
bai, India-based A.J. Corporation, is 2.4. 3.15 specific gravity
ordinary portland 53 grade cement from nearby Vadodara, Gu-
jarat was utilized. Table 1 displays the chemical makeup of the
binding contents utilized in the investigation.

TABLE 1. The chemical makeup (W%) of cement, fly ash, quartz powder,
nano silica, and silica fume

Property Cement Fly ash Quartz Nano Silica Silica

Powder Fume

SiO; 18 62.2 99.14 99 99.96
Al;O3 3 19 0.17 - 0.032
CaO 67 - 0.14 - -
MgO 2.4 13 8.76 - -
Fe;03 0.01 31.56 0.13 - 0.013
Na;O;3 - 0.46 8.5 - 0.003
CL 0.01 0.0296 - - -
SO; 2.2 0.63 0.024 - -
LOI 33 0.97 0.46 <1.0 0.001

Sand from the adjacent Vadodara, Gujarat, river was used as
the fine aggregate (FA). Upon laboratory testing, it was found to
meet the requirements for zone |1, as stated in IS 383-2016 [15].
Its maximum size was 300 pm, its specific gravity and fineness
modulus values were 2.45 and 3.4, and its water absorption was
1.48. Consistent with the coarse aggregates sourced from the
nearby Gujarati River in Vadodara, laboratory testing confirms
that each percentage that makes it through a sieve has been
successfully processed, in accordance with IS 383-2016 [15].
The maximum size of the coarse aggregate (CA) is 4.75 mm,
with a specific gravity of 2.54 and a water absorption of 3.11,
respectively.

Recron fiber, a special form of fiber with a length of 12 mm
and a straight shape provided by Reliance Industries Limited
from Mumbai, India which is employed in this experimental
work. It confirms the standards of IS 516: 1959 and IS 516: 1979
[16, 17]. Table 2 shows this type of fiber.

Table 2. Key characteristics of recron fibers

Properties Gain over normal mix
Compressive Strength 14 %
Flexural Strength 10 %
Split Tensile Strength 7%
Water Absorption 214 %
Damping 25%
Alkali Resistance 90 %

Super plasticizer, also known as Polycarboxylate Ether pro-
vided by Kunthunath Enterprise from Vadodara, India, is a very
high water-reducing additive that was used in this study and
satisfies HS Code: 38244010 [18]. Concrete has several appli-
cations. It's a deep brown liquid with a water reduction rate of
more than 25% that dissolves in water instantly. Specification
is shown in Table 3.



Table 3. Specifications of the Polycarboxylate Ether

Specific gravity 1.110 t0 0.02
pH at normal temperature 55+05
Chloride content Below 0.02

B. Mixing, Casting and Curing condition

This particular experiment involves a rather straightforward
mixing procedure. When mixing cement with different ce-
mentitious materials, like M1 and M2 start by selecting the per-
centage of mix proportions. After all trials were finished, the
w/b ratio stayed at 0.34. To combine, use ordinary water. To
provide a consistent partial replacement, a certain amount of fly
ash, quartz powder, nano silica, and silica fume are mixed with
cement to create the concrete combinations. First, give the 4.75
mm coarse aggregates a thorough wash and drying. Then, by
hand mixing for two minutes, completely blend the 300 um fine
aggregates and the 4.75 mm coarse aggregates. Next, include
0.75% of the entire water content into this blend and thoroughly
stir with a hand mixer for five minutes to achieve a saturated
surface dry (SSD) state. The liquid was then thoroughly stirred
by hand for 10 minutes after the addition of the silica fume
binder. The mixture was then given a thorough hand mix for 10
minutes with the addition of the nano silica binder. Subse-
quently, stir the mixture well by hand for 10 minutes after add-
ing the quartz powder binder. After that, the mixture was thor-
oughly mixed by hand for 10 minutes with the addition of the
fly ash binder. Lastly, the mixture of fly ash, quartz powder,
silica fume, nano silica (SiOy), and aggregates was mixed with
the cement binder material. For 10 minutes, the material was
thoroughly stirred by hand. Then, combine the water and the
Polycarboxylate Ether super plasticizer solution, blending it
into the dry mixture in three steps. Lastly, add the recron fibers
to the mixture and stir everything well by hand for a maximum
of 10 minutes. In the end, this concrete combination's self-con-
solidation property will become apparent. After this complete
blending, the workability of the new concrete was assessed us-
ing a slump test. The freshly mixed concrete was then cast into
cube specimens measuring 150 x 150 x 150 mm to test the con-
crete's compressive strength, respectively. Every cast specimen
in the mold was given a 72-hour rest time. After being taken out
of the mold, the specimens were placed in a hot water curing
machine and allowed to cure for 72 hours, or three days, at 90
degrees Celsius. Subsequently, three cubes were allowed to
cure in regular water for 14 days, and the final three cubes were
allowed to cure for an additional 28 days outside.

The details of the mix proportion of binders are compiled in
Table 4. Each of the four distinct specimens in the mix propor-
tions M1, and M2 has 9 cubes that have been kept. For this ex-
periment, which is seen in figure 1(a), (b), (c), are total of 18 cu-
bes were manually mixed and poured. 9 samples were cast for
each mix proportion, and as figure 2 illustrates, they were cured
at 90 degrees Celsius for 72 hours (3 days). After three days,
the samples were taken out of the hot water curing equipment.

Three cubes were then cured for 14 days at room temperature
(27 £ 2 °C), and the final three cubes were left to cure for an
additional 28 days at room temperature before testing.

TABLE 4. The mix proportion criteria for the development of compression

strength.
(%) of Materials
Parameters
Ce- Fly | Quartz | Nano | Silica Re- Su-
ment | Ash Pow- Silica | Fume | cron per
(%) (%) der (%) (%) Fi- plas-
(%) bers ti-
(%) cizer
M1 (mix) 50 | 15.8 20 2.0 10 2.2 17
%
M2 (mix) 453 | 20 20 2.2 10 25 2.0
%
Fine Aggre- 16 Kg
gates
Coarse Ag- 23 Kg
gregates
No. of cubes 18 (each parameters 9)
Water/Binder 0.34
Ratio
Curing condi- 90°C of hot water, Normal water, open air
tion

TABLE 5. The quantity of mix proportions for concrete mixing

S.No Materials Weight in (Kg/m?®)
1. Cement 318.53
2. Fly Ash 269.18
3. Quartz Powder 179.45
4. Nano Silica 17.94
5. Silica Fume 89.72
6. Recron Fibers 22.43
7. Fine Aggregates 470.99
8. Coarse Aggregates 663.18
9. Super Plasticizer 17.95
10. Water 190.79
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Fig.1. Concrete cube casting

Fig.2. Specimen Cubes Subjected to Curing at 90 °C in hot water machine.

C. Test procedure

The cement, fine, and coarse aggregates were tested sepa-
rately to make sure they were suitable for concrete before mix-
ing the concrete. Slump testing was used in accordance with IS
1199-1959 to determine if experimental concrete was worka-
ble, as seen in figure 3(a) [19]. Concrete's cubes were put
through a strength test in compliance with IS 516-1959 [16].
Next, the treated cubic samples were placed in the compression
testing apparatus seen in figure 3(b), in compliance with the co-
dal requirements. Of the 9 cubes used in the hand mixing ex-
periment, three are assessed after three days of curing in hot
water at 90°C, three more are tested after fourteen days of cur-
ing in normal water at 27 + 20°C, and the final three are exam-
ined after twenty-eight days of curing outside.

Fig.3. Slump test of concrete and cube test in CTM machine

I11. RESULTS AND DISCUSSION

It was noted that freshly mixed concrete had a high degree
of cohesion and viscosity along with a medium to high slump.
When mixing concrete by hand, the workability of the material
decreases as a result of concrete grade. The main reason for this
is that adding more water causes the water to binder ratio which
is supposed to be roughly 0.21 according to the mix design to
decline, resulting in a workable water/binder ratio of 0.34. An
increase in the water to binder ratio enhances the slump value
for all classes of concrete because more water is supplied to the
mixture during the hand mixing process. However, if we hadn't
added superplasticizer, the water to binder ratio wouldn't have
been sufficient; as a result, the workability at 0.34 w/b ratio was
greatly increased. More water is needed since adding recron fi-
bers also reduces the flow of the concrete. Thus, it may be said
that using concrete results in a more difficult to mix mixture
when mixing concrete by hand. Even after tamping thoroughly,
this rigidity increases the chance of voids in the concrete during
cube casting, which prevents the necessary packing density
from being achieved and also lowers workability, which ulti-
mately gives lowers strength.

The study's goal was to investigate the effects of varying the
binder content concrete's compressive strength. Specifically,
the study examined the following ranges for all hand-mixed
mixes: 40% to 50% for cement, 10% to 25% for fly ash, 20%
for quartz powder, 2.0% to 2.2% for nano silica, 10% for silica
fume, and 2.2% to 2.5% for recron fibers. Moreover, the study
included 1.7% to 2.0% of super plasticizer. focusing on 90°C
hot water curing for a full 3 days, then ordinary water curing
for 14 days, and lastly, open-air curing for manual mixing. The
study considered two distinct mix proportions for two distinct
mix proportions for hand mixing.

The results demonstrated that the M1 mix in the hand mix-
ing case, which is cured at open air for 28 days, had the maxi-
mum strength among the various mix proportions, reaching ap-

proximately 45.89 N/mm2. The matching numbers and table 6



findings for the various hand-mixed mix proportions are dis-
played below. The compressive strength test results for the con-
crete that was cured for three, fourteen, and twenty-eight days
under parameters M1 and M2 are displayed in Figure 4.

TABLE 6. Cube testing results mixed by hand

Pa- Total | No. of Cur- Strength in N/mm?
rame- | cube cube Days ing 3 14 28
ters cast test types days days days
3 At3 90°C | 36.34 - -
M1 9 days hot
water
3 At 14 Nor- - 43.39 -
days mal
water
3 At28 | Open - - 45.89
days air
3 At3 90°C | 36.15 - -
M2 9 days hot
water
3 At 14 Nor- - 39 -
days mal
water
3 At28 | Open - - 42.31
days air
70
60
50 43.39 45.89
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Fig. 4. Compressive Strength of Concrete at 3, 14, 28 Days for Mixes M1
and, M2

After a 28-day curing period, the M1 blend ratios at the hand
mixing settings produced an optimal compressive strength of
45.89 N/mm2. Conversely, with a compressive strength of
42.31 N/mmz2, the M2 mix yielded the lowest result and was
below the values corresponding to each of the two parameters.

IV. CONCLUSIONS

This study tested the compressive strength of concrete under a
range of mixing conditions and curing temperatures. As a re-
sult, the findings are briefly summarized as follows:

e This study examined the possibility of lowering the water-
binder ratio in order to increase the compressive strength
of concrete. Therefore, in this instance, a super plasticizer
percentage of more than 2.0% is required to guarantee the
flowability and flexibility of the combination.

e Concrete's compressive strength rises after 28 days of am-
bient curing after placing in the temperature of the hot wa-
ter curing process. where the strongest proportions and de-
sign mix are at their best.

e It was demonstrated that the hand-mixed concrete's com-
pressive strength gaining very slowly and strength does not
increase after a while. It is therefore suggested to utilize a
mixing machine for the mix to provide a better result.

e  Further investigation into the mechanical characteristics
of concrete's durability is advised. More research is needed
on the use of GGBS in place of fly ash, especially because
fly ash reduces the initial strength of concrete. More re-
search is needed to fully replacement of recron fibers with
the steel fibers, because steel fiber will gives better strength
as compare to recron fibers.

e The compressive strength of concrete is greatly affected
by changing in mixing proportion and curing condition.
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