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Abstract - Rubberized High-Performance Concrete (RHPC) is a type of concrete that is made by incorporating rubber particles
into the mix. The use of rubber particles in concrete has been shown to improve its mechanical properties, such as its toughness,
ductility, and energy absorption capacity, as well as its durability in aggressive environments. This research explores the
potential of Rubberized High-Performance Concrete (RHPC) as a novel solution to enhance structural resilience and durability
in aggressive environments. The study investigates the incorporation of recycled rubber particles into high-performance
concrete matrices to impart unique mechanical and environmental properties. The research methodology involves a
comprehensive analysis of the mechanical, rheological, and durability characteristics of RHPC compared to traditional high-
performance concrete. Special attention is given to the impact resistance, flexural strength, and tensile properties of RHPC,
aiming to evaluate its performance under dynamic loading conditions. Additionally, the study assesses the material's response
to aggressive environmental factors, such as freeze-thaw cycles, chemical exposure, and abrasion, to determine its suitability
for real-world applications. The findings of this research contribute valuable insights into the potential of rubberized high-
performance concrete as a sustainable construction material capable of enhancing structural resilience in aggressive
environments. The integration of recycled rubber not only offers a solution for waste management but also introduces a viable
strategy to mitigate the environmental impact of construction materials. The outcomes of this study provide a foundation for
further exploration and adoption of rubberized high-performance concrete in the construction industry, promoting sustainable
and resilient infrastructure development.

Keywords - High-Performance Concrete, Waste rubber tyres, Durability Properties, Aggressive environments, Structural
resilience.

the principal factor for ecological contamination. Moreover,
because of the fast consumption of unloading destinations'

1. Introduction
Car businesses are expanding consistently because of

quick expansion in the utilization of vehicles around the
world. Many waste tyres are delivered step by step, which
causes an impressive expansion in natural contamination and
ends up being an extraordinary strain on the current strong
waste administration framework. Thus, the removal of waste
elastic is generally important to worldwide limit and diminish
the related issues. The removal rate is different in various
nations; the USA dispose of around 1.1 million tyres for each
individual each year, while Australia discards 48 million tyres
consistently. Around 37 million tyres are created in Britain,
while 200,000 tons of scrap elastic are disposed of in Malaysia
each year. There is no dependable information accessible in
Pakistan in regard to the creation and removal pace of
squanderer rubber [1, 2]. Because of the non-decomposable
and undissolvable nature of the waste elastic, there could be
no legitimate way for its removal and subsequently viewed as
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accessibility, fire potential, and well-being perils, landfilling
tyres are not satisfactory to the nearby specialists and the
public authority [3-5].

Rubberized High-Performance Concrete (RHPC) is a
promising material with potential applications in aggressive
environments due to its enhanced durability and structural
resilience [6, 7]. This study aims to investigate the durability
of RHPC in aggressive environments and explore methods to
enhance its structural resilience. The findings of this research
will contribute to a better understanding of the performance of
RHPC and provide valuable insights for engineering practice.

Rubberized concrete and high-performance concrete have
been extensively studied individually in the past. However,
limited research has been conducted on the combination of

e 1 his is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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rubberized concrete with high-performance concrete to
achieve a material that exhibits both enhanced durability and
structural resilience. This study builds upon previous research
on rubberized concrete and high-performance concrete. It
aims to fill the knowledge gap by investigating the
performance of rubberized high-performance concrete in
aggressive environments [2, 8].

The main objective of this research is to study the
durability of rubberized high-performance concrete in
aggressive environments and enhance its structural resilience.
Specific research objectives include evaluating the freeze-
thaw resistance, chloride ion penetration resistance,
carbonation resistance, and sulfate attack resistance of RHPC.
Additionally, the research aims to assess the load-bearing
capacity, flexural strength, and crack resistance of RHPC to
evaluate its structural resilience. The findings will contribute
to advancing the understanding and application of RHPC in
engineering practice.

This study focuses on investigating the durability of
rubberized high-performance concrete in aggressive
environments with an emphasis on its performance in freeze-
thaw, chloride ion penetration, carbonation, and sulfate attack
conditions. The research also evaluates the structural
resilience of RHPC by examining its load-bearing capacity,
flexural strength, and crack resistance. The experimental
methodology includes material selection, concrete mix design,
sample preparation, and testing procedures. The study will
provide a comprehensive assessment of the performance of
RHPC and its potential for use in various engineering
applications.

2. Literature Review

The development materials business is intensely
dependent on various environmental difficulties, for example,
the fast consumption of normal totals in view of squashed rock
and waterway sand and the abuse of standard Portland
concrete (OPC), which delivers additional carbon dioxide.
Besides, the issues encompassing the age and removal of junk
are associated with the deficiency of landfill space and the
development materials business [9]. In structural designing,
utilizing Waste Elastic Tyre Pieces (WRTCs) instead of
normal totals has emerged as one method for tending to natural
worries. The discoveries of involving WRTCs in different
kinds of cement showed that the elastic items impacted the
substantial's versatile moduli and Compressive Strength (CS)
[10].

Extra parametric exploration uncovered that those elastic
particles could make around 20% of the total's general piece
before the strength of the substantial altogether decreased
[11]. Turatsinze et al. found that the hydrophobic trait of
elastic surfaces brought about a feeble association being laid
out with concret glue. Subsequently, various scientists

recommended that adding extra cementitious materials
(SCMs) or treating the elastic totals with a NaOH arrangement
could both fortify the association between concrete glues and
the particles of WRTCs [12, 13]. Turki et al. research
additionally showed that adding mineral fillers like siliceous
or limestone to rubber-treated cement could upgrade their
mechanical qualities. It is ordinarily perceived that changed
stacking rates brought about various mechanical qualities for
concrete. The powerful mechanical attributes of cement were
changed, and its interior construction was incredibly affected
by the inclusion of elastic particles [14].

At the point when Pham et al. analyzed the unique
qualities of rubber-treated concrete at high stocking rates, they
found that adding more elastic to the substantial diminishes
fragile harm. That, under the influence of stacking, the rubber-
treated cement's compressive strength increased with strain
rate. The noticed way of behaving is steady with the strain rate
impact on materials that look like cement [15].

As per a concentrate by Li et al., rubber-treated
substantial's ability to ingest energy further developed all the
more discernibly as elastic substance and elastic molecule size
rose. The later examination likewise saw that as a result of the
unfortunate holding effectiveness among elastic and concrete,
disappointment areas were generally close to the elastic
concrete connection point [16].

Pham et al. inspected the powerful properties of
lightweight Rubber-treated Geopolymer Concrete (RUGPC) in
an alternate examination. They viewed that, at high strain
rates, RUGPC's energy retention was more prominent than
plain geopolymer substantial when standardized against
compressive strength. As was recently referenced, there have
been a couple of concentrates on the unique way of behaving
of rubber-treated concrete; in any case, no exploration has yet
been finished on the powerful qualities of steel fibre-built-up
rubber-treated concrete at high stocking rates. Significant
fibre support is extensively used to work on the material's
static and dynamic qualities [17].

For instance, Bindiganavile et al. concentrated on the very
first class show concrete's (UHPC) impact response uncovered
that, when presented to influence stacking, UHPC was twice
significant solid areas for as disseminated three to four-
overlap how much energy as standard developed concrete
[18]. The static and dynamic compressive characteristics of
UHPC with hybrid steel fibre, including both short and long
steel fibres, were investigated by Wu et al. They said that the
use of crossbreed steel strands essentially worked on the
compressive and flexural displays under semi-static weights,
as well as the remarkable compressive approach to the acting
of UHPC [19]. It is feasible to sum up the fortifying
advantages of half-and-half steel strands by saying that the
short filaments would forestall microcracks from framing.
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Long strands would bear the load while microcracks
extended and spread, and little filaments began to isolate from
the framework [20]. Wu et al. investigated the effects of steel
fibre support's structure and content on UHPC's mechanical
qualities in a particular examination. They showed that as the
fibre content expanded, the static compressive and flexural
qualities altogether improved; the most grounded
improvement in strength was displayed in the snared-end steel
filaments when contrasted with the straight and creased
strands [21].

The exhibition of cement built up with engineered strands
and steel within sight of synthetic disintegration was thought
about by Kim et al. They saw that concrete supported with
steel fibre played out the best, trailed by concrete built up with
PVA and cement supported with Polypropylene (PP) fibre
[22]. Wang et al.'s recent review analyzed the mechanical and
long-haul attributes of rubber-treated concrete supported with
PVA fibre.

PVA fibre (0.5%) added to customary cement diminished
its compressive strength to some degree, rather than steel
fibre. The compressive strength was additionally diminished,
as anticipated when elastic particles were utilized instead of
sand [23]. The mechanical and solidness conduct of steel
fibre-built-up concrete containing elastic waste was assessed
by Karimipour et al. They found that elastic waste expanded
the examples' break energy, particularly when both elastic and
steel strands were available [24].

3. Experimental Methodology

The primary objective of this study is to investigate the
durability of Rubberized High-Performance Concrete (RHPC)
in aggressive environments, focusing on its resistance to
factors such as chloride exposure and sulfate attack.
Additionally, the study aims to assess the impact of rubberized
content on the structural resilience of RHPC in comparison to
conventional concrete.

3.1. Concrete Mix Design

Specify the mix proportions of RHPC, incorporating
varying percentages of rubberized material. Utilize high-
performance concrete constituents such as Portland cement,
silica fume, fly ash, aggregates, and chemical admixtures.
Clearly outline the properties of the rubberized material,
including size, type, and source.

3.2. Specimen Preparation
3.2.1. Standard Specimens

Prepare control specimens using conventional high-
performance concrete. Cast standard test specimens, including
cubes (100x100x100 mm), cylinders (150x300 mm), and
prisms (100x100x500 mm), for both RHPC and conventional
concrete.

3.2.2. Curing

Implement a standardized curing regimen for all
specimens to ensure uniform conditions. Maintain curing
temperature and humidity in accordance with relevant
standards.

3.3. Aggressive Environment Simulation
3.3.1. Chloride Exposure Test

Subject RHPC specimens to chloride exposure by
immersion in a 3.5% NacCl solution. Monitor chloride ion
penetration using electrical conductivity measurements.
Conduct tests at regular intervals (e.g., 28, 56, 90 days) to
assess the progression of chloride penetration.

3.3.2. Sulfate Attack Test

Expose RHPC specimens to sulfate attack by immersing
them in a sulfate-rich solution. Monitor mass loss, visual
deterioration, and changes in compressive strength over time.

3.4. Mechanical Properties Evaluation
3.4.1. Compressive Strength

Conduct compressive strength tests on RHPC and
conventional concrete specimens using a compression testing
machine. Evaluate the compressive strength at predefined
curing intervals.

3.4.2. Flexural Strength

Perform flexural strength tests on prismatic RHPC and
conventional concrete specimens. Assess the impact of
rubberized content on flexural behavior.

3.4.3. Safety Measures

Adhere to relevant safety protocols during specimen
preparation and testing. Provide appropriate personal
protective equipment for all researchers involved.

3.4.4. Environmental Conditions

Monitor and control environmental conditions throughout
the experimental period. Document temperature, humidity,
and other relevant factors influencing the tests.

This experimental methodology provides a systematic
approach to evaluating the durability and structural resilience
of Rubberized High-Performance Concrete in aggressive
environments.

4. Experimental Investigations
4.1. Workability

To assess the functionality of cement in consistence with
the ASTMC143-78 norm, a rut test was directed. Substantial
rut esteem was resolved to utilize a conelike steel form. The
proportion of the substantial constituents, concrete, sand, and
total, was 1:1.7:2.5, and the proportion of water to solidify was
determined to be 0.47.
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4.2. Mechanical Strength
4.2.1. Compressive Strength Test

Widespread testing hardware was utilized to assess the
compressive strength of four substantial examples for each
blend organization. Following 28 days of restoring, the
compressive strength of four cast tests was estimated. The test
for compressive strength was done consistence with
ASTMC109.

4.2.2. Flexural Strength Test

Better protection from breaks is suggested by higher
flexural strength, which is straightforwardly associated with
the crack beginning. Trials of flexural strength were
performed on ASTM C78-agreeable substantial crystals.
Following 28 days of relieving, four crystals were projected
and assessed for every blend.

4.3. Durability Issues and Outside Assaults
4.3.1. Rapid Chloride Permeability Test (RCPT)

The limit of cement to allow in water and different
synthetic compounds is known as porousness, or the
interconnectivity of its pores. Ductile burdens are delivered in
concrete by various responses and developments welcomed on
by the section of water and outside synthetics or particles.
Poor rigidity can cause substantial breaks. Thus, breaks
advance further debasement by allowing more particle
interruption. In this manner, the key to very strong concrete
and a more drawn-out life length is lower penetrability and
more prominent elasticity. In a destructive climate, porousness
is vital for solidness.

A magnificent porousness pointer is the RCPT test. A
voltage differential of 60 V between two walls of a substantial
chamber (50 mm x 100 mm) powers chloride particles from
the NaCl answer to move through it and into the NaOH
arrangement. The substantial porousness of chloride particles
is shown by the amount of charge that passes in six hours. In
this analysis, the complete charge passed in coulombs was
determined and looked at for squander elastic changed
examples. The RCPT test was acted as per ASTMC 1202.

4.3.2. Alkali-Silica Reactivity Test

This test strategy offers a method for distinguishing
soluble base silica cooperations that can deliver inward
development that may be hurtful. While setting up the bar
tests, receptive silica was squashed to cause what is happening
for soluble base silica responses. The bars were submerged in
a soluble base arrangement at a temperature of 80°C for a
length of 14 days.

The soluble base silica response was advanced quickly by
the high temperature. The test was completed as per C490 and
ASTMC1260 principles. Sand and concrete were estimated at
the extent of 1:2.25 for the parts of mortar, and the proportion
of water to solidify was estimated as 0.47 as per guidelines.

4.3.3. Drying Shrinkage Test

The pace of dissipation, temperature, and relative
moistness all affect drying shrinkage. Utilizing this test
system, the length lessening or shrinkage of mortar bars that
are demolded following 24 hours is estimated. The bars are
then put away for a further 48 hours in a lime water shower,
dried, and air-put away.

The test was done in hot, dry circumstances with a general
moistness of 57% and a temperature of 33°C (91.4°F). After
7, 14, 21, and 28 days of assembling, the lengths of the mortar
bars were estimated to perceive how they changed. The testing
was finished as per ASTM C596. Sand and concrete were
estimated in the extent 1:2.25 for the mortar's constituents and
0.47 for the water/concrete proportion, which agreed with the
guidelines was estimated.

4.3.4. Sulfate Resistivity Test

This test procedure estimates the length of development
of mortar bars because of sulfate attacks. The mortar 3D
shapes from similar clusters were relieved until the mortar
bars arrived at a compressive strength of 20.0 MPa (3000 psi).

From that point forward, the bars were lowered in sulfate
arrangement, and for a very long time, the stretching of the
bars was observed consistently. The test was done as per
ASTM C490 and C1012. Sand and concrete were estimated in
the mortar's part proportions of 1:2.75 and 0.485, separately,
as per guidelines.

5. Results and Discussions
The experimental results are shown in the section below.

5.1. Workability of Concrete
The slump value of concrete increased with the increase
in rubber percentage, as shown in Table 1 and Figure 1.
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Fig. 1 Concrete slump values
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Table 1. Concrete slump values

Concrete Mix Slump (mm)
Normal Mix 30.48
S1 38.1
S2 43.18
S3 48.26
S4 58.33

Contrasted with the control test, the changed substantial
example with 10% waste elastic had a 90% more prominent
rut. In view of the polymer microstructure's capability to
support consistency and abatement blend drying, squander
elastic further develops functionality. The polymer's
surfactants might work as plasticizers to raise the downturn
esteem and consequently bring down the water prerequisite.
The polymer chains of waste elastic, which help in the general
versatility of concrete and different particles, may likewise be
connected to an improvement in usefulness. One more
variable that makes the waste elastic powder round particles
more functional is their ability to help balls.

5.2. Mechanical Properties
5.2.1. Compressive Strength

The compressive strength of concrete samples containing
0 percent, 3 percent, 5 percent, 7 percent, and 10 percent waste
rubber modification rose steadily as the proportion of waste
rubber increased. The compressive strengths of concrete rose
as the amount of waste rubber increased, as seen in Figure 2
and Table 2.

Table 2. Compressive strength of concrete samples

Concrete Mix Compressive Strength (MPa)
Normal Mix 28.14
S1 29.99
S2 32
S3 33.17
S4 34.52
40
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Fig. 2 Compressive strength of concrete samples
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As found in Figure 2, the biggest rate gain in compressive
strength was 23%. As a result of the void-filling impact, the
waste tyre decreases porosity and pore size. Squander tyres
likewise have a tacky property. When joined with water, it

might work as a glue and discourage the pores. Subsequently,
the compressive strength may be upgraded. Albeit the
compressive strength kept on rising, it arrived at its top at five
to 10% use.

5.2.2. Flexural Strength

As found in Figure 3, the upsides of flexural qualities rose
as the waste tyre rate expanded. For tyres that were 10%
waste, the most extreme rate gain for flexural strength, 9.4%,
was achieved. Conceivable waste tyres improved the inside
construction of the substantial. A more prominent
SBR/concrete proportion is said to show superior flexural
strength. Furthermore, the change zone might have worked
because of the waste tyre powder's adherence, showing
worked on elastic and flexural strength as well as the prevalent
malleable way of behaving. An innate property of rubbers is
their higher flexural strength. The innate properties of
elasticity in nature and further developed holding may be the
reason for this improvement in flexural strength. The flexural
strength of concrete samples is shown in Table. 3.

Table 3. Flexural strength of concrete samples

Concrete Mix Flexural Strength (MPa)
Normal Mix 6.9
S1 7.25
S2 7.385
S3 7.425
S4 7.55
§ 7.6
s 7.4
= 7.2
=2 7
S 6.8 -
2 P
5 64 - ‘
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Fig. 3 Flexural strength of concrete samples

5.2.3. Rapid Chloride Permeability Test (RCPT)

Figure 4 depicts the comparison of average charges
passed through samples. The comparison of average charges
passed through samples is shown in Table 4.

Table 4. Comparison of average charges passed through samples

Concrete Mix Charge Passed (C)
Normal Mix 3300
S1 2800
S2 2100
S3 1600
S4 1100




Rajiv Gandhi. R &, Saritha. B / IJCE, 11(5), 1-10, 2024

3500

g 3000 -

- 2500 -

A

éch 2000 -

o 1500 -

S 1000 -

© 500 - E

0 - ;
Normal S1 S2 S3 S4
Mix
m Samples

Fig. 4 Comparison of average charges passed through samples

Substantial examples with additional waste tyres had less
charge coursing through them, yet concrete changed with 10%
waste tyres had surprisingly less charge moving through it.
Since the interconnectivity of the substantial pores is
diminished, the diminished section of chloride particles shows
lower penetrability and further developed solidness in
concrete. Chloride particle interruption is diminished because
the polymer fills openings, and huge porousness decreases.
Thus, the substantial examples treated with SBR go through
with a lower charge. Diminished chloride penetrability
recommends a diminished probability of erosion, especially
from chloride particle invasion near the shore. The quick
chloride penetrability was 67% lower at 10% substitution.

5.2.4. Permeability and Durability

Concrete extends and breaks because of both sulfate
attacks and salt-silica cooperation. Then again, drying
shrinkage welcomed on by narrow water misfortune brings
about shrinkage-related breaks. Thus, standard test
conventions are utilized. The review analyzes the
development and shrinkage of mortar bars in extreme settings.
The length of the mortar bar changed because of shrinkage
from drying at room temperature, soluble base silica
responses, and developments from sulfate attacks. The length
shift addresses assaults related to volume shakiness. The better
mortar or cement acts in grating settings, the less the
adjustment of length. The length shift addresses assaults
related to volume shakiness. The better the mortar or cement
acts in grating settings, the less the diminishing long.

5.2.5. Alkali Silica Reactivity Test (ASR)

Totals that normally contain receptive silica and NaOH
salt arrangement give the most helpful climate to ASR
responses. Subsequently, even a little decline in the
development of the mortar bar because of ASR shows that the
admixture offers further developed protection from salt silica-
reactivity. A soluble base silica gel is made when a total
containing responsive silica and salt from the encompassing
material, like concrete, comes into contact. Consequently,

development happens. Concrete has a lower rigidity;
consequently, this development brings about breaking. The
development inside the constraint range, that is to say, under
0.2 percentage extension at 28 days, was exhibited by the
mortar bars with concrete substitution rates of five percentage
and higher with squander tyres (as recommended by ASTM
standard).

At 28 days, 5% of waste tyres diminished the generally
speaking ASR development by 32%. Developments of antacid
silica gel were significantly diminished when scrap tyres were
added. Tests containing a more noteworthy extent of waste
tyres expanded somewhere in the range of 14 and 28 days in
the wake of projecting, growing by 0.10 and 0.2 percentage
separately. Subsequent to adding waste elastic, the soluble
base silica reactivity (extension) of mortar bars was
continuously brought down to an OK reach and well affects
the sturdiness of cement.

The improved microstructure and decreased porousness
of waste elastic altered cement might be the reason for the
directed antacid silica associations. This demonstrates that
waste elastic alteration limits how much receptive total silica
connects with free antacids in concrete. The change in length
due to the Alkali-silica reactivity test in % is shown in Figure
5. The change in length due to the Alkali-silica reactivity test
in % is shown in Table 5.

Table 5. Change in length due to Alkali-silica reactivity test in %

Concrete Mix Chapge in Length Due to_ Alkali-
Silica Reactivity Test in %
Normal Mix 0.28
S1 0.26
S2 0.19
S3 0.16
S4 0.12
0.3

025 |

=
S \
$ 02
= \
© 0.15
5 o~
5 01

0.05

0

Normal Sl S2 S3 S4
Mix Samples

—— Alkali-silica reactivity

Fig. 5 Change in length due to Alkali-silica reactivity test in %
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Squander elastic keeps nearby antacids from coming into
contact with the receptive total during hydration. Squander
elastic may likewise keep dampness from entering the
Interfacial Progress Zone (1TZ), where the development of gel
and its extension need the presence of water. At 10% Waste
elastic modification, the bar's ASR extension is 57% less. To
manage ASR, moderately exorbitant lithium salts are
regularly used. Then again, ultrafine squander elastic offers
more conservative and harmless ecosystem protection against
ASR-caused extension and breaking.

5.2.6. Drying Shrinkage

The contracting of the mortar blend or solidified concrete
because of evaporative narrow water misfortune is known as
drying shrinkage. In hot and dry circumstances, it is a
significant issue. Shrinkages were similarly more noteworthy
than at 20°C (68°F) since the test was done at around 33 °C
(91.4°F) and 57 percentage relative mugginess. The drying
shrinkage discoveries are shown in Table 6 and Figure 6. In
drying shrinkage test tests, a sizably expanded dry restoring
length is expected for concrete hydration to continue. Tests of
mortar bars break because of constriction and shrinkage
welcomed on by water dissipation. Raising the Waste elastic
% brings down the drying shrinkage. Concrete with squander
elastic has a recognizable decrease in shrinkage and break
count.

Table 6. Change in length due to drying Shrinkage in %

. Change in Length Due to
Concrete Mix Drying Shrinkage in %
Normal Mix 0.218
S1 0.213
S2 0.147
S3 0.125
S4 0.103
" 0.25
= 02 —
(@]
= 01
[<5]
g 005
S o0 ‘

Normal S1 S2 S3 S4
Mix
Samples
—— Drying Shrinkage

Fig. 6 Change in length due to Drying Shrinkage in %

Squander elastic brings down the water's porousness and
resulting  dissipation  misfortune.  Squander elastic's
remarkable water maintenance characteristics originate from
its polymer synthesis and its capacity to frame squander elastic
agglomerates, which discourage vessels and dials back the

vanishing system. Accordingly, less vanishing adds to less bar
contracting. At the point when waste elastic replaces 5% and
10% of the concrete, drying shrinkage is diminished by
roughly 33% and 53%, individually. More elasticity, which is
digressively connected to improved flexural strength, may
likewise bring about less drying shrinkage breaking, as well as
less and more modest breaks.

Expressed unexpectedly, squandered elastic changed bars
might be stronger to tractable burdens and have prevalent
water-maintenance characteristics. At the same time, control
tests experience an expansion in ductile anxieties because of
shrinkage, which can bring about inside wrapping, outside
avoidance, and breaking.

5.2.7. Sulfate Resistivity

The development upsides of the examples because of
sulfate attacks are shown in Table 7 and Figure 7. Ettringite
advancement in solidified substantial makes sulfate
penetration cause breaking in the substantial. Ettringite hard
needles are delivered when outer sulfate particles are
available, along with mono-sulfates and tricalcium aluminate.

Table 7. Change in length due to Sulphate Attacks in %

. Change in Length Due to Sulphate
Concrete Mix Attacks in %
Normal Mix 0.05
S1 0.042
S2 0.036
S3 0.025
S4 0.018
0.06
S 0.05
g” 0.04 \
5 0
£ 003 T
% . e
o 0.01
0 ‘
Normal S1 S2 S3 S4
Mix Samples
—— Sulphate attacks

Fig. 7 Change in length due to Sulphate Attacks in %

Ettringite needle development is past the limit of the
solidified cement, which is the reason it is cracked. Squander
elastic fundamentally brings down sulfate attacks by shutting
the pores and diminishing penetrability (which additionally
brings down sulfate particle ingression in concrete).
Subsequently, there is less ettringite creation in relieved
concrete because of outer sulfate penetration. The
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development brought about by sulfate activity is diminished
by 33 and 73 per cent when five and a modest amount of the
concrete is subbed with squandered elastic powder.

XRD, SEM, and granulometric analyses are important
tools for assessing rubberized high-performance concrete.
Rubber crumb, which ranges in size from 0.6 to 2.36 mm and
is used as a partial substitute for fine aggregate in concrete,
has its particle size distribution determined by granulometric
analysis. The microstructure of rubberized concrete is
examined using SEM analysis, which demonstrates that
surface treatment improves the adhesion between rubber
particles and cement paste, particularly when sulfuric acid is
applied.

According to ASTM, all concrete mixes undergo an XRD
examination 28 days after the fine powder is made. The XRD
analysis shows the mineralogical properties. The definite and
uniform geometry of all the mixes makes them crystalline. The
predominant crystalline silicon oxide form in all of the normal
and RuC mixes is hexagonal. RuC benefits from crystalline
quartz's far lower reactivity, which only reacts at extremely
high temperatures and will not react under typical
circumstances. Because quartz is an anhydrite of an acid,
acids, in general, would not attack it. The two chemical
substances that can damage the RuC are gypsum and ettringite
because they cause internal stress and cause the interior
components to expand.

The two chemical substances that can damage the RuC
are gypsum and ettringite, which increase the interior
components of the concrete and cause internal stress. The
interaction between sulfuric acid and calcium hydroxide
produces these chemicals. Because of this, rubber undergoes
multiple rounds of tap water washing during the treatment
process in order to counteract the effects of sulfuric acid.
Moreover, the characteristics of RuC will not be harmed by
the rubber crumb treatment method. After 28 days of curing,
rubber particles are surface-treated with H,SO,, and RuC is
subjected to an SEM study both before and after. Figure 8
displays an SEM picture of RuC before and after rubber
particles are treated with H,SO.a.

SEl 15KV WD13mm S$S40

Fig. 8 SEM image of RuC before and after treatment of rubber particles
with H2SO4

The SEM investigation indicates that, in contrast to the
rubber particles treated with H.SOa, the rubber particles
without surface treatment exhibit a large gap between the
rubber particle and the concrete. The huge interfacial
transition zone that exists between the concrete and the
untreated rubber particles contributes to the weak concrete.

The SEM image with the NaOH surface treatment
indicates a weak adhesion between the rubber and concrete
phases. Comparable findings were obtained in earlier research
on the spaces between rubber fragments and cement in tyre
rubber waste concrete. The gaps are the result of insufficient
compaction of the cement paste surrounding the rubber
particles due to their hydrophobic properties. In this
investigation, the rubber crumbs' surface treatment with a
sulfuric acid solution reduced the gaps between the rubber and
the cement in comparison to the rubber particles' untreated
state. This technique improves RuC's bonding characteristics.
Two things that help with the treatment process include
etching the tyre crumb surface and removing hydrophobic
admixtures from the tyre crumbs.

Enhancing the hydrophilic properties can aid in
strengthening the binding between cement paste and rubber
crumbs. The rubber crumbs should be treated with a 15%
sulfuric acid solution prior to preparing the RuC. While the
spaces between rubber particles and concrete are reduced
when RuC is added to rubber that has been treated with
sulfuric acid, the gaps remain. Therefore, a more
contemporary method must be used for the surface treatment
of rubber particles. Rubber crumbs undergo XRD examination
to determine their compatibility prior to being added to
concrete, guaranteeing that they are appropriate for improving
the mix's qualities. Understanding the mechanical,
microstructural, and bonding characteristics of rubberized
high-performance concrete is made possible by the combined
efforts of these investigations.

6. Conclusion

This study evaluates how substantial issues and goes after
in extreme areas might be relieved by utilizing ultrafine
squander elastic as a halfway substitution material. The
discoveries support the possibility that adding waste elastic
incredibly works on the attributes of cementitious materials,
both new and solidified. As the level of extra elastic in
substantial ascents, so does its functionality. Droop esteem
was raised by 90% utilizing waste elastic (10%). As the level
of extra elastic in the substantial develops, so does its
compressive strength. Compressive strength improved by
23% with 10% waste elastic. Moreover, the flexural qualities
of cement treated with squander elastic show a humble ascent
in extent as the small part of waste elastic increments.
Squander elastic safeguards against consumption welcomed
on by chloride attack and bring down the porousness of
chlorides.



Rajiv Gandhi. R &, Saritha. B / IJCE, 11(5), 1-10, 2024

In contrast with the control test, squander elastic (10%)
diminished the charge passed and, subsequently, the chloride
porousness by 33%. By giving excellent protection from
biting the dust shrinkage and developments welcomed on by
soluble base silica responses and sulfate attacks, squander
elastic offers outstanding volume steadiness. 10% waste
elastic diminished shrinkage coming about because of ASR by
52% and extended mortar bars less attributable to sulfate
attacks and ASR by 73% and 57 percentage, individually.
Critical improvement is seen in the sturdiness hardships when
waste elasticity is expanded from 5% to 10 percentage. The
relationship is intended to address worries about porousness

In this way, it very well may be reasoned that supplanting
waste elastic tyres with new ones decreases substantial
strength hardships fundamentally by 5 to 10%. (particularly at
10%).

It produces substantial that is all the more harmless to the
ecosystem, performs better, and is particularly appropriate for
hard areas.
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