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Improving concrete pavement structure is a primary objective utilized to improve road pavement performance.

The effect of crumb rubber and steel fiber is to protect and strengthen the strength of reinforced pavement
concrete. In this study, experimental work was conducted utilizing a concrete model to examine reaction and
resistance to the effect of carloads. The experimental laboratory program was divided into four groups: standard
concrete and concrete with crumb rubber, SFRC, and combined crumb rubber and SFRC. the results observed
that the addition of 10 to 20% crumb rubber and 40% SFRC to concrete with an fc of 30 MPa significantly
improves the concrete’s behavior under the same conditions. Additionally, the crumb rubber and SFRC shear

strength enhanced in comparison to concrete characteristics.
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1. Introduction

A large quantity of solid trash has been produced as a
result of worldwide industrialization and technological
progress. As a result, 1.5 billion tires are thrown away ev-
ery year, a practice that exacerbates environmental damage.
It is the responsibility of scientists, engineers, researchers,
and governments to create low- or no-cost, high-efficiency
methods of waste management, such as plastic waste recy-
cling. These strategies should also include the recycling of
waste products for applications like road building, which
would have positive effects on the environment. Because
of this, several researchers are looking for ways to im-
prove the recycling of flexible garbage. There are many
positive outcomes associated with well-managed trash
reuse [1]. In fact, many types of plastic debris, including
polyethylene terephthalate (PET), low-thickness polyethy-
lene (LDPE), high-density polyethylene, and polyethylene,
are employed as pavement preservation agents. The dis-

posal of these assets has become a severe concern due to
the rising global consumption of plastic containers and bot-
tles every year from the wealthiest to the poorest countries
[2]. Government-funded highway construction projects in
the United States and France have mandated the usage of
rubber in crumb states [3, 4]. Research into the impact of
tires on concrete’s resistance with freeze and thaw consid-
eration has been conducted by Benazzouk and Queneudec
[5], Paine, Dhir [6], Savas, Ahmad [7]. In the end, they
determined that rubber could be useful as an agent in con-
crete considering freeze-thaw, as it improved the durability
of the mixture compared to untreated concrete. Crumb
tire rubber used for HSC for structural purposes has been
shown to increase the material’s resilience to fire and de-
crease spalling damage caused by flames by Hernandez-
Olivares and Barluenga [8]. Other elements of structures,
including culverts, walkways, running tracks, crash barri-
ers, sound absorbers, etc., can all benefit from the usage
of rubberized concrete, according to the writing of Yang,
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Kjartanson [9]. More recently, research on the Tunisian tire
market conducted by a former senior customs official be-
lieves that the informal sector today controls 73% of the
market in Fig. 1.
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Legal importation
® Informal trade

Fig. 1. Distribution of Demand for Tires [10].

Given the lack of tire data and accurate statistics on
the fleet of vehicles on the road, such an estimate raises
issues. However, the number of vehicles on the highway
is multiplied by the coefficient of annual consumption for
each kind of vehicle used to identify the country’s tire
demand [11]. The shredded rubber was separated into
two sizes, ranging from 5 to 10 millimetres and 10 to 20
millimetres in diameter, depending on the size of the chips.
Rubber grains of both sizes were dispersed uniformly. The
rubber particles can vary in size from 1 millimeter to 5
millimeters [12].

The product would be better characterized as aggregate
rubber because the dry process does not suit the tradi-
tional description of asphalt-rubber binders [Anderson et
al., 2000]. Another researcher Sebaaly, Gopal [13] demon-
strates that adding rubber to binders with asphalt improves
their viscous-elastic characteristics. De-vulcanization pro-
cedures, including thermo-mechanical (including those
aided by supercritical CO, and devulcanizing chemicals),
chemical, ultrasonic, microwave, and biological, represent
a significant advancement in the recycling of rubber from
ELT [14-16]. The degree of de-vulcanization and the selec-
tivity (i.e., the ratio between cross-links breakdown and
chain scission) achieved through thermo-mechanical ap-
proaches are sensitive to various factors and processing
parameters. Dierkes, Dijkhuis [17], Macsiniuc, Rochette
[18], Saiwari, Van Hoek [19] considered the rubber matrix
playing a pivotal role in determining the optimal conditions
for both. Due to their complex composition, which includes
natural rubber (NR), styrene-butadiene rubber (SBR), bu-
tadiene rubber (BR), and halobutyl rubber, fillers (silica
modified with silane and/or carbon black), oils, and other
ingredients sourced from various areas of the tire (such as
the tread, inner liner, and sidewall), the quality of devulcan-
ized products derived from ELT is limited [19]. In recent
years, it’s been shown that other types of fiber are suited

for concrete structural components and perform similarly
[20]. To create fiber-reinforced concrete, strands of fiber are
mixed into the concrete mix. The strength and crack pat-
tern of concrete are both enhanced by the addition of fibers.
Instead of just one or two large cracks, fiber-reinforced
concrete tends to show off a slew of smaller ones [21]. The
global average annual consumption of plastic has increased
from roughly 5 million to 100 million tons throughout the
last half-century. So, plastic has emerged as one of the
last several decades” most notable solid waste products
[22]. Polymers, sometimes known as sludge asphalt mix-
tures, can be used in a wide range of civil engineering and
building projects [23].

Concrete reinforcement with the use of fibers is com-
monplace and is governed by the fib Model Code 2010.
The main benefits include optimizing execution times by
eliminating prestressed reinforcement in part or in whole
and increasing the post-cracking energy of the concrete,
which results in better-cracking patterns that prolong the
life of the building [24, 25]. Fibre-reinforced concrete (FRC)
is commonly used for tunnel lining rings and sewage pipes
[26, 27], and it has been demonstrated that using FRC
in place of standard passive reinforcing fibers improves
sustainability in both contexts in measurable ways. Self-
compacting concrete not only speeds up production but
also decreases the likelihood of voids and other finishing
problems that can produce aesthetic faults or even impair
the durability of the construction, among other benefits.
All of these extras help make the final product more long-
lasting.

A good pavement will be thick enough to safely transfer
wheel weight loads to the sub-grade soil and have a solid
structural foundation [28]. The base courses of a flexible
pavement should be solid and durable. In spite of the
intense stresses exerted by the road surface, these high-
quality materials will hold up well [29].

There are three unique uses for fiber reinforcement in
concrete structures. A one-dimensional random distribu-
tion increases the fibre’s shear resistance and crack con-
trol. Table 1 displays the distribution of SFRC percentages
among normal-weight individuals [30]. In 1913, Talbot pre-
sented a foundational model for the punching behavior
of reinforced concrete [31] based on the results of the first
experimental inquiry into the problem. The research aimed
to determine the causes of footing cracks and deflection
in concrete. The failure loads of each footing were also
determined [32]. Steel fibers can be purchased in several
different configurations, including round, rectangular (0.3
to 0.5 mm thick), and deformed bundles. There are two
types of fibers utilized in this process: shorter fibers are
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used to prevent cracking, while longer fibers are used to
create a strong bond between the fibers and the concrete.
The blend can be designed to suit a specific application
[33].

Table 1. Explanation of the experimental protocol.

Specimen Concrete Type

ALI1P Concrete (control)
ALI2R10 10% Crumb Rubber with Concrete
ALI3R20 20% Crumb Rubber with Concrete

ALI4S 60% SFRC with Concrete

60% SFRC,

ALI5RS 10% Crumb Rubber with Concrete

ALI6 RS 60% SFRC,

20% Crumb Rubber with Concrete

2. The aim of this study

The aim of this study is to strengthening concrete pavement
by adding crumb rubber combine with SFRC. The main
steps to achieve the targets are:

i. To investigate the mechanical properties of the con-
crete with crumb rubber of tires.

ii. To evaluate the mechanical properties of the concrete
with crumb rubber of tires and different amount of
SFRC component.

3. Materials and methods

The detailed FEM model for the panels was created uti-
lizing the ANSYS Finite Element program’s routines and
nonlinear elements to simulate the related forces. This
model provides the foundation for the numerical analysis
of the panels. The finite element method (FEM) is com-
monly used in civil engineering and other technical disci-
plines. This chapter describes how the study evaluated the
behavior of concrete containing different percentages of
Crumb Rubber and how laboratory data was incorporated
into an ANSYS tool to analyze panel behavior at various
temperatures. This chapter explains the techniques used
to replicate the behavior of the panel. The panel will be
subjected to a variety of loads dependent on its form, size,
and applied reinforcing kinds. The model will be evalu-
ated with a technique that discretizes partial differential
equations into small control volumes known as meshes and
cells. Kubaisa cement was employed in this investigation,
which was procured from western Iraq. Because the work-
ability of the intended combination is too low owing to the
high percentage of fine aggregate, a high water reducer is
utilized in a consistent percentage for all mixtures. Sika’s
conventional superplasticizer is employed, and it complies

with ASTM C 494 Types A and B [34]. Fine aggregate is
graded river sand sourced locally.

i) aggregate particles sizes ranging from 0.075 mm to
4.75 mm were utilized.

ii) the diameter of SFRC is ranging from 0.25 mm to 0.75
mm.

iii) the rubber particle size is ranging from 1 mm to 3 mm.

To get a homogenous mixture, the components were
blended. The used rubber crumbs has been illustrated
in Fig. 2. The water is progressively added to the mixture,
followed by the superplasticizer, and finally, the RUBBER.
The mixture is ready for casting shortly after adding the
rubber. As illustrated in (Fig. 3), the mold was carefully
greased to prevent the concrete from adhering to it and to
make it easier to retrieve the sample.

Fig. 2. The Used Rubber Crumbs.

Fig. 3. The cubic of the present study samples.

Then the concrete is poured into the mold using a vi-
brator, exterior vibration for the samples, and cubic. The
sample was placed in a water tank with a heater to begin
the curing process at a temperature of 25 degrees Celsius,
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where it remained for 28 days. Table 1 shows the specimen
title and concrete type.

Since the volume percentage of crumb rubber fiber rein-
forcement is a crucial variable, both unreinforced and rein-
forced concrete samples were subjected to testing. Twelve
distinct simulation tests may be conducted. After the mate-
rial had cured for 28 days, a basic compressive resistance
was utilized to calculate stresses. The modulus of elasticity
was determined by correlation using this set of stresses
(MPa). Typically, the f’c values at 28 days for concrete used
in rigid pavement are 30 MPa.

4. Results and findings

4.1. Lab Experiment Results

Cubic’s testing took place on the same day as the samples
test. Fig. 4 depicts the test machine for all cubic tests. De-
scribes the process for estimating concrete cubic compres-
sive strength. A compressive axial load must be applied to
the sample once it has been prepared and placed in the crest
of the machine until failure occurs. The experimental ap-
proach is detailed in detail below. Cement begins to harden
immediately upon contact with water. This hardening is
the consequence of a process referred to as crystallization.
The formation of crystals and their subsequent interlocking
occurs following the expiration of an initial period. Before
the cement has a chance to set, concrete is completely fluid,
and it gradually hardens afterward.

e
-}
}

b (fresh concrete C30) ¢ (hardened sample C30)

a (concrete sample)

Fig. 4. The laboratory tests.

Due to the significance of the volume proportion of fiber
reinforcement in the overall composition, experiments were
conducted on both "control" and "fiber reinforcement” con-
crete. Because the volume percentage of crumb rubber fiber
reinforcement is a crucial variable, testing was conducted
on both "control" and "crumb rubber fiber reinforcement”
concrete. Stresses were computed after a 28-day recupera-
tion period, and fundamental compressive resistance was
a significant factor. After the curing process was complete,
this durability was considered. Using these pressure mea-
surements and a matching technique, we were able to esti-
mate the modulus of elasticity of the material (MPa). After

28 days, f’c values of 30 MPa are more the rule than the
exception for rigid pavement concrete.

The given data (Table 2) presents the compressive
strength of six different specimens of concrete, all tested
after 28 days of curing. The first specimen, ALI 1 P, is
the control group, with no additives or modifications, and
has a compressive strength of 31.45 MPa. The second and
third specimens, ALI 2 R10 and ALI 3 R20 respectively,
have rubber added to the concrete mixture in the amounts
of 10% and 20%. Both of these specimens exhibit lower
compressive strengths than the control group, with ALI 2
R10 having a compressive strength of 25.52 MPa and ALI
3 R20 having a compressive strength of 23.52 MPa. The
fourth specimen, ALI 4 S, has 60Kg/ m?3 of steel fiber rein-
forced concrete (SFRC), resulting in a compressive strength
of 33.67 MPa, which is higher than the control group. The
final two specimens, ALI 5 RS and ALI 6 RS, are also SFRC,
but with the addition of rubber in the amounts of 10% and
20%, respectively. These two specimens have compressive
strengths of 30.9 MPa and 28.36 MPa, both of which are
lower than the SFRC-only specimen but higher than the
rubber-only specimens.

Typically, the f’c values at 28 days for concrete used in
rigid pavement are 30 MPa. This study examines various
resistances in that range, as well as thicknesses up to 200
millimeters thick. Table 3 shows the variation in strength
using various percentages of rubber crumbs in the mix.

The data that is represented in Table 3 is the edge stress
of five different specimens of concrete subjected to different
load levels. The specimens are all C30 grade, and they have
varying percentages of rubber and steel fiber reinforced con-
crete (SFRC) added to them. The first two specimens, C30
with 10% rubber and C30 with 20% rubber, have compres-
sive strengths of 1.91 MPa and 2.26908 MPa respectively
under a load of 100 KN. The addition of rubber results
in a slight increase in edge stress compared to the control
group. However, as the load level increases, the edge stress
of the rubber-added specimens surpasses that of the control
group. The third and fourth specimens, C30 with 60 kg/m3
SFRC and C30 with 60 kg/ m3 SFRC with 10% rubber, have
compressive strengths of 1.729696 MPa and 1.94056 MPa
respectively under a load of 100 KN. The addition of SFRC
results in a reduction in edge stress compared to the control
group. However, as the load level increases, the edge stress
of these specimens surpasses that of the control group. The
fifth specimen, C30 with 60 kg/ m3 SFRC with 20% rubber,
has a compressive strength of 2.2156 MPa under a load of
100 KN, which is higher than the SFRC-only specimen but
lower than the rubber-only specimens.
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Table 2. The compressive test results.

Specimen Compressive Strength of Concrete (28 days) f’c (MPa)
ALI1P compressive strength of concrete 31.45
ALI2R10 compressive strength of concrete with 10% rubber 25.52
ALI 3 R20 compressive strength of concrete with 20% rubber 23.52
ALI4S compressive strength of concrete with 60 Kg/m? SFRC 33.67
ALI5RS  compressive strength of concrete with 60 Kg/m3 SFRC with 10% rubber 30.9
ALI6RS  compressive strength of concrete with 60Kg/m3 SFRC with 20% rubber 28.36
Table 3. Compressive strength with the load variation.
Load (KN) Edge Stress C30 with 10% C30 with 20% C30 with 60 C30 with 60 C30 with 60
(MPa) Rubber Rubber kg/m3SFRC  kg/m® SFRC kg/m® SFRC
with 10% Rub-  with ~ 120%
ber Rubber
100 191 2.26908 2.5021 1.729696 1.94056 2.2156
150 2.734 3.247992 3.58154 2.47591 2.777744 3.17144
200 3.318 3.941784 4.34658 3.004781 3.371088 3.84888
250 3.9 4.6332 5.109 3.53184 3.9624 4.524

4.2. Model Validation

Before evaluating the concrete pavement model, it is nec-
essary to characterize the characteristics of the concrete
and any other components. It is an essential component
of the modeling process that ensures that the results are
accurate representations of the model’s behavior. The main
geometry was with length equal to 3.75 m, width equal to
3.75 m and thickness 0.2 m as shown in the Fig. 5.

E=3

Mgt View [Pt Previee

Fig. 5. The main pavement geometry.

The validation and verification of the research are de-
scribed in this part. The models in this work are evaluated
using the collected experimental data. A suitable model
with the proper model configuration and mesh technique
that can be built and applied to the pertinent boundary
condition is selected. This study demonstrates how to con-
struct an accurate model and comprehend the behavior of
concrete based on slab models. The validation technique
compares the findings of the simulation model to those of
a specified model to ensure that the structural simulation
model is developed with the correct settings and will be

solved in a manner that is a decent approximation of reality.

~

30008 frun)

Fig. 6. The ANSYS result based on the study boundary
conditions.

The researcher utilized Gherbi’s et laboratory experi-
ment findings in 2018 as a model for validation (Fig. 7). In
order to measure the slab’s center deflection, numerous
loads were applied to the center of a two-way slab to ac-
quire the experimental data. The numerical outcomes are
contrasted with those determined by Gherbi et al. at room
temperature. The results of the simulation demonstrate
the similarities and differences between the results of AN-
SYS tests conducted with the same configuration and those
obtained from independent numerical laboratories. The
increasing displacement numbers show that the model is
correct in every case.

Examining what role crumb rubber plays is an impor-
tant part of this research. Important because it will be used
to evaluate various crumb rubbers’ effectiveness. This step
cannot be skipped. It was determined that running the
ANSYS solver on a three-dimensional concrete slab was
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validation step

20
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7
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<
S
5
0
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deflection (mm)
present study Gherbi et al, 2018
Fig. 7. The validation results.
Displacement Results
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Fig. 8. The displacement results of the sample.

the best independent scenario for accomplishing this goal.
We used the slab’s geometric midpoint to determine the
load-deflection curves. Geometric changes, like deflection
and failure, are measured by employing the ANSYS system.
These quantities can be linked to information about forces
and motions, permitting the establishment of a causal re-
lationship between the two sets of quantities. The force-
displacement responses of all investigated slab models are
compared across various ANSYS diagrams. The primary
purpose of this research was to analyze and propose a novel
model for punching shear of concrete slabs reinforced with
steel or carbon fiber-reinforced (crumb rubber and SFRC)
bars. Here, we provide a formula for determining the shear
value of concrete, which can be used to model the expected
stress at failure. Several loading quantities were used for
the case of room temperature. The figure shows the results
of the crumb rubber, SFRC, and concrete slab models. The
images display the outcomes of a three-dimensional finite
element analysis of the effects of a wheel loader on a jointed
plain concrete pavement. The figures present four distinct
permutations of pavement material features. One way to
examine vertical surface deflection is to plot the change
in the top surface of the concrete slab against the distance

from the centerline of the circular loaded region along the
longitudinal direction of the pavement. Fig. 8 shows the
displacement results of the samples. In both the linear elas-
tic analysis and the nonlinear finite element analysis, the
maximum vertical surface deflection of the concrete slab
at the center of the circular wheel load is 2.899 millimeters.
As one approaches the edge of the pavement in the same
direction as the concrete, its number drops.First, a volume
for the concrete body must be constructed after entering
the concrete body’s dimensions to simulate a concrete pave-
ment. Steel supports and reinforcements may be modeled
simply for the FE analysis since their geometries are mir-
ror images of one other. This is because their geometry is
perfectly complementary to one another. The typical tire
load and the displacing properties of concrete pavement
are also depicted here. The forces of gravity, hydrostatic
pressure when the reservoir is at full capacity, and tire
pressure all put the model through its paces. Hydrostatic
force is applied uniformly along the entire height of the
concrete pavement once the model has been self-weighted.
This is done as the virtual treads of the tires continue to
move across the virtual ground. The load-displacement
curves for all tested concrete pavements exhibit the same
behavior. The Figures demonstrate the variations seen in
the FE Model study between a regular concrete pavement
and an SFRC and Rubber reinforced concrete pavement
(Figs. 9 and 10). The evaluated concrete pavement’s load-
displacement curves all follow the same pattern. Every
single one of the FE numerical models has a large discrep-
ancy between the final step and the experimental results.

L
=
| -

| o e

1mra
s
e

Fig. 9. The displacement results of the sample.

The ANSYS models differ slightly from the model, de-
spite both employing the same numerical technique (FEM).
However, the discrepancies are much smaller. A mathemat-
ical link between the two factors was employed to lessen
the disparity between them, as the resistance in the founda-
tion soil is not always given by the same parameter (in one
example, the modulus of elasticity, E, is utilized, and in the
other case the response module, k). The resistance in the
foundation soil is not determined by the same parameter,
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Fig. 10. The displacement results of the sample.

Stresses of the rubberized concrete pavement

300
250
§ 200 edge stress
% 150 Mpa (control)
g ———(C30 with 10%
» 100 rubber
50 C30 with 20%
rubber
0
0 2 4 6

displacement mm)

Fig. 11. The displacement results of the sample.

Comparison between the stresses of the
rubberized and SFRC concrete pavement

300
edge stress
250 Mpa (control)
& 200
=
@ 150 C30 with
S 60K g/m3
2 100 SFRC
50
0 C30 with
0 ) 4 6 60Kg/m3'
- SFRC with
diisplacement (mm) 10% rubber

Fig. 12. The displacement results of the sample.

and they experience different physical phenomena, there-
fore, these variations are to be expected. The recommended
model for the investigation may be accepted since there
is little to no difference between the stresses in the two
models.

In the Figs. 11 and 12, you can see how the two mod-

els” results for stress vary from one another. The rubber
concrete model shows higher stresses than the control slab
model at slab lengths below 4.5 meters, whereas the SFRC
concrete model shows lower stresses. The load transfer
mechanism, which helps to reduce stresses brought on by
the central slab by redistributing some of them to the ad-
jacent slabs, is responsible for this variation. The results
graph makes it evident that the stress is the same for all
lengths equal to or more than 4.5 meters (Fig. 12).

5. Conclusion

The supplied models can capture the load-displacement
behavior of fracture mechanics models, and the numerical
results of tire load analysis show that the first model can
mimic the behavior of other models. The purpose of this
study is to analyze the effects of load and subgrade modu-
lus on the behavior of concrete pavement. The following
issues can be inferred from the present work:

1. Research proves that both models can accurately fore-
cast the shear stress and displacement histories of a
concrete pavement subject to tire contact. It gives a
rough idea of where the crack first started, capturing
the magnitude of the resulting force’s history. Due
to the restricted crack routes, it is unable to predict
fracture propagation.

2. An examination of the differences between concrete
pavement, CR-reinforced concrete pavement, SFRC
concrete, and CR-SFRC concrete is the main contribu-
tion of this paper.

3. The model of combining SFRC with rubber as an ad-
ditives to the concrete shows more promise as it more
precisely represents the aging quantity of concrete
pavement and the structural reaction to displacements.
There are a lot of benefits from a practical standpoint.
The convergence of the FE analysis is improved, on
the one hand, by the availability of the explicit form
of the constitutive law and the tangent matrix. The
ability to see different failure modes is made possible,
however, by the direct manipulation of different types
of fracture stresses. Faulty components need not be
fixed in advance. This section discusses the method’s
successes and current efforts to fill knowledge gaps.
This article provides a detailed breakdown of the pro-
cedures and parameters necessary to run an ANSYS
analysis on a reinforced concrete pavement case study.

4. According to the FE analytical experiments conducted
on the six investigated cases, the displacement re-
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sponse and tire behavior in concrete pavements are in
extremely good agreement.

The optimal enchainment was reached when crumb
rubber fiber (10%) SFRC (60%) was introduced to con-
crete pavement concrete with a high load impact. In-
creasing the number of steel fibers per cubic meter
of concrete increases the interlocking process that the
fibers will overlap. As the amount of fiber increased,
the generated stresses in the concrete were effectively
controlled by this group of overlapping fiber. There is
exceptional contact between the fiber and the adjacent
concrete, which significantly facilitates the process of
tension.

List of Abbreviations.

Abbreviation Full Form

SFRC Steel Fibre Reinforced Concrete
PET Polyethylene Terephthalate
LDPE Low-Thickness Polyethylene
HSC High Strength Concrete
FRC Fibre-Reinforced Concrete
FEM Finite Element Method

American Society for
ASTM Testing and Materials
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