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Abstract

Utilizing waste plastic and rubber in civil engineering is one of the most environmentally friendly and economically
advantageous options. In this work, the aim was to study the relationship between porosity, ultrasonic pulse
velocity, and water absorption using waste plastic and rubber in ordinary concrete and analyze the results with a
program called JMP, where cement was replaced with rubber as a mass substitute in proportions of 2% and 4%
and sand was replaced with plastic as a mass substitute in proportions of 2%, 4%, and 6%. The tests used were
ultrasonic speed at 28 days, porosity, water absorption by total immersion, and sorptivity. The findings reveal that
as the amount of rubber and plastic increases, the speed of ultrasonic decreases. Additionally, higher amounts of
rubber and plastic lead to increased porosity, water absorption by total immersion, and sorptivity. The speed of
ultrasonic pulses varies between 4065.04 m/s and 3838.90 m/s, porosity levels range from 11.63% to 13.44%,
water absorption by total immersion falls between 5.40% and 6.16%, and sorptivity ranges from 9.93 g/m?to 13.99
g/m?2. Furthermore, the addition of rubber and plastic waste causes large voids and cracks to form inside the
concrete structure. These voids and cracks can increase the porosity of the concrete, which raises the rate of water
absorption and lowers the ultrasonic pulse velocity, according to scanning electron microscopy (SEM) data. After
assessing the data, it was determined that the numerical simulations for various factors such as ultrasonic pulse
velocity, porosity, water absorption by total immersion, and water absorption by capillary exhibited strong
correlation, with calculated coefficients R? near 1.
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1 Introduction

Plastic and rubber waste are major problems in today's world, with many negative effects on the
environment [1]. The accumulation of rubber tires is on the rise [2] , as the number of tires used in the
world each year has reached more than 13.5 million tons [3,4]. While the amount of plastic waste in the
world is estimated at 300 million tons annually [5]. This waste takes a long time to decompose, causing
damage to the environment and human health [6]. However, there are new opportunities to exploit this
waste; particularly in the concrete sector. One strategy to enhance sustainability and minimise the use
of natural resources is to include waste plastic and rubber in concrete [7, 8, 9, 10, 11, 12, 13]. This waste
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can be processed into fine particles or granules and mixed with cement, granules, and water to form the
concrete mix. Adding these wastes can improve the flexibility and thermal insulation capacity of
concrete. Using concrete with plastic and rubber waste, also reduces the amount of waste sent to landfills
or combustion, helping to preserve the environment. Senhadji et al. [14] used plastic PVC in concrete to
replace the sand with rations of 30, 50, and 70% by volume, which led to a decrease in the ultrasonic
pulse velocity at ages 28 and 90 with increasing the level of plastic PVC. Also, Akgadzoglu et al. [15]
used three types of plastic (PE, PP, and PVC) in proportions of 25%, 50%, and 75%. The results
indicated that each time the percentage of this waste increased, the ultrasonic speed decreased.
According to the authors, Saikia and Brito [16], the higher permeability of concrete with plastic
aggregate is attributed to the expansion of porosity resulting from the loose connection between the
cement paste and the plastic aggregate. Concrete with PET aggregate showed higher percolated porosity
compared to concrete with PC aggregate at increased replacement levels (10%, 20%, and 50%). As well,
it was also observed that water absorption rose as the plastic content increased. Concrete with 50%
recycled plastic aggregates exhibited a significant increase in water absorption, approximately 117%
higher than conventional concrete. The introduction of plastic aggregates heightened porosity in the
concrete, resulting in a substantial shift in water absorption behavior. Colangelo et al. [17], found that
the porosity of concrete rose by approximately 19.5%, 31.2%, and 40.1% when the substitution ratio
increased to 10%, 20%, and 30%, respectively. Similarly, the water absorption also surged from 9.0%
to 15.2% accordingly. This was attributed to the greater presence of trapped air stemming from the
higher plastic aggregate content, leading to the formation of larger pores within the concrete structure.
Coppola et al. [18] and Albano et al. [19] found that the higher water absorption for concrete contains
waste plastic compared to control concrete. Kou et al. [20] used plastic PVVC granules as a substitute
for sand, finding that water absorption rose as the amount of plastic PVC increased. Senthil et al.
[21] conducted a study in which varying proportions (0%, 10%, 20%, 30%, 40%, and 50%) of waste E-
plastic electronic parts were used to substitute natural coarse aggregates by volume in concrete. The
findings revealed that as the amount of E-plastic in the concrete increased, there was a corresponding
increase in capillary water absorption compared to the control concrete. Chidiac and Mihaljevic [22]
found that the capillary water absorption rate rose as the proportion of HDPE (high-density
polyethylene) and LDPE (low-density polyethylene) plastics increased. On the other hand, Kumar and
Dev [23] used rubber as a powder in proportions (0, 10, 15, 20, 25, and 30%) for the substitution of fine
aggregates. They found that the ultrasonic velocity decreased as the percentage of rubber increased.
Djebien et al. [24] observed that when the amount of tire rubber increased from 1% to 4%, the ultrasonic
pulse velocity decreased by 1.10% and 10.11%, respectively. Si et al. [25] found the ultrasonic velocity
with rubber waste ranges from 4006 m/s to 4037 m/s, which is lower than the 4308 m/s for ordinary
concrete. The incorporation of rubber into concrete created voids in the concrete structure, causing
increased diffusion time, which led to a decrease in ultrasonic velocity. This is also explained by the
decrease in adhesion between the rubber tire rubber (RTR) and the cement paste, which leads to the
occurrence of micro-cracks in the concrete, which in turn leads to raising its porosity and slow down the
pulse velocity. Ramdani et al. [26] observed that the higher the rubber content in the concrete, the lower
the pulse velocity. Khan and Khitab [27] findings indicate that higher rubber content leads to an increase
in porosity. It was found that the crumb rubber acted as an air-entraining agent, boosting the porosity of
the concrete. According to Turatsinze and Garros [28], the replacement of the natural aggregates with
25% rubber led to an increase in porosity of 30% compared to the control concrete. This increase is due
to the increase in the percentage of air in the concrete. Gupta et al. [29] observed that the water absorption
of concrete containing rubber increased with an increase in the percentage of rubber ash. The water
absorption increased from 1.08% to 1.26% for concrete containing 0% and 20% of rubber ash,
respectively, with the same w/c ratio at 28 days. Yilmaz and Degirmenci [30], and Ganjian et al. [31]
observed an increase in the water absorption for all concrete containing waste rubber powder.
According to Thomas et al. [32], rubberized concrete absorbs more water than ordinary concrete.
Blessen et al. [33] conducted a study where they incorporated rubber powder in varying ratios (0 to 20%)
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to replace fine aggregates in a mix. Their findings revealed that the sorptivity of the mix increased
compared to the control mix, reaching a peak value of 0.7 mm with a 20% substitution.

Design of experiments JMP is a statistical tool used to design and assess experiments to test
scientific theories. It also assists users in understanding the results and making well-informed
decisions [34,35,36].

The aim of this study was to use waste plastic and rubber in concrete to study the relationship
between porosity, ultrasonic pulse velocity, and water absorption. The results were analyzed
using the JMP program, where sand was substituted for plastic in amounts of 2%, 4%, and 6%,
and cement was substituted for rubber in amounts of 2% and 4%. Various findings from this
study suggest that adding rubber and plastic to concrete increases its porosity, which raises
water absorption and lowers ultrasonic velocity.

‘ Methodology ‘

‘ Preparation of Materials ‘

Rubber (2%, 4%)  ¥—- Factors |—> [ plastic (2%, 4%, 6%) |

| Tests |

\ 4
Ultrasonic velocity, Porosity, Water absorption, and Water absorption by Capillary

Input

\ 4

.. . . |
Statistical modeling analysis |

v

Output data

Figure 1: Flowchart illustrating the main stages of the research
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2 Materials and methods

2.1 Materials

For this study, CRS CEMI-42.5 cement, brought from the Ain-Kebira (Setif) region of eastern
Algeria, was employed. Its chemical and physical components are listed in Tables 1 and 2.

Table 1: Chemical composition of the cement

Designation CaO A|203 Fe,O3 SiOz MgO Na,O | KO Cl SOs CsS C.S CsA

C.AF

Content (%) | 62.04 | 4.59 5.08 2341 | 174 017 |034 |0.05 |146 |36.50 |39.90 | 3.50

15.40

Table 2: Physical composition of the cement

Designation Value
Apparent density (g/cmq) 3.10
Absolute density (g/cm®) 1.05
BSS (cm?q) 2800.20
Initial setting time (min 90
Final setting time (min) 260

Two different types of gravel were used: 3/8 and 8/15, and sand 0/3 was employed. The rubber
waste utilized was in powder with a size of less than 0.08 mm, and it was treated for 20 minutes
with 10% sodium hydroxide (NaOH). After that, it was given a water wash and dried in open
air [23], as illustrated in Figure 2. In this study, plastic was also employed as fine aggregates,
as depicted in Figure 2, with a diameter of 1 mm. Table 3 displays sand, gravel, rubber, and
plastic physical and chemical characteristics.

Table 3: Characteristics of sand (0/3), gravel (3/8), gravel (8/15), and rubber

Characteristics Sand Gravel Gravel Rubber Plastic
(0/3) (3/8) (8/15)

Absolute 2.55 2.66 2.66 0.94 1.67
density (g /cmq)

Apparent 1.62 1.36 1.42 0.34 0.33
density (g/cm?)

Fineness 1.97 - - - -

modulus (%)
Sand equivalent 81.61 - - - -
(%)

Absorption (%) 2.5 0.99 0.99 - -
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Cutting machine ——» Grinding machine ———»  Plastic +

Concrete = Water + Gravel + Plastic + Rubber
substituted in sand substituted in cement

Figure 2: Flowchart showing the main stages of concrete manufacturing

Figure 3, shows the particle size curves for plastic, sand, gravel (3/8), and gravel (8/15). The particle
size curves were created using the NF EN 933-1 standard.
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Figure 3: The particle size curve of the plastic, sand 0/3, gravel 3/8 and gravel 8/15
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2.2 Experimental program

In this research, the Dreux-Gorisse method was utilized with a fixed water-to-cement ratio of
0.5. Cement was replaced with rubber at rates of 2% and 4%, while sand was replaced with
plastic at ratios of 2%, 4%, and 6%. The preparation procedure began by sequentially adding
gravel 8/15, gravel 3/8, sand, plastic aggregates, and rubber powder into the mixer. To ensure
even distribution of rubber and plastic aggregates in the concrete elements, a dry mixing process
was carried out for three minutes. Following this, cement was added to the mixture and further
mixed for an additional minute. Water was then incorporated, and the components were mixed
until homogeneous for two minutes. The specific compositions of the various mixtures being
studied are outlined in Table 4. Subsequent to mixing, test samples were placed in molds at a
temperature of 20 °C for 24 hours. After mixing, the specimens were taken out of the molds
and stored in water until testing.

Table 4. The quantities of gravel, sand, cement, water, and rubber in one cubic meter

Mixes Gravel Gravel Sand (0/3) Cement | Water Rubber Plastic
(8/15) (3/8) (kg/m3) (kg/m3) (I/m3) (kg/m3) | (kg/md)
(kg/md) (kg/m?3)
BO 689 219 741 400 209 0 0
Bl 689 219 726.18 392 209 8 14.82
B2 689 219 711.36 392 209 8 29.64
B3 689 219 696.54 392 209 8 44.46
B4 689 219 726.18 384 209 16 14.82
B5 689 219 711.36 384 209 16 29.64
B6 689 219 696.54 384 209 16 44.46
Where:

BO: Ordinary concrete.

B1: Concrete containing 2% rubber and 2% plastic.
B2: Concrete containing 2% rubber and 4% plastic.
B3: Concrete containing 2% rubber and 6% plastic.
B4: Concrete containing 4% rubber and 2% plastic.
B5: Concrete containing 4% rubber and 4% plastic.
B6: Concrete containing 4% rubber and 6% plastic.

The dimensions of the molds used were 10 x 10 x 10 cm? for the test ultrasonic pulse velocity,
porosity, and water absorption by total immersion, and 7 x 7 x 28 cm? for the test water
absorption by capillary, as shown in Figure 4.
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Figure 4: Tests used in this study: (a) ultrasonic pulse velocity; (b) porosity; (c) water absorption by
total immersion; (d) water absorption by capillary

Table 5: The tests used with standards

Tests

Standards

Ultrasonic pulse velocity

NF EN 12504-4

Porosity

NF EN 18-459

Water absorption by total immersion

NBN B 15-215:1989

Capillary water absorption

NF P 18-404

2.3 Mixture proportions

The current study aims to comprehend the distinct effects of plastic content and rubber on the
characteristics of concrete. The relationship that the sum of factors produces is as follows:

Y=Ao+A1A+A;B+A1,AB (1)
The expected response is denoted by (Y), while the model coefficients are represented by (Ao,
Ay, and Ar).

3 Results and discussion

In this section, the relationship between porosity, ultrasonic pulse velocity, and water
absorption using waste plastic and rubber in concrete is studied, and the results are analyzed
using JMP software.

3.1 Relationship between porosity and ultrasonic pulse velocity at 28 days

After 28 days of curing, the relationship between the porosity and ultrasonic pulse velocity of
concrete was determined by a linear regression equation created by analyzing test results using
the software "Origin."

The relationship between pulse velocity and porosity is depicted in Figure 5.This response's
equation is fc = -0.0089x +47.50. Porosity and ultrasonic pulse velocity have a strong
association, with an R? = 0.90 correlation coefficient.

o
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Y=-0.0089x +47.50
R?=0.90
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Figure 5: Intersection between porosity and pulse velocity

This suggests that porosity and ultrasonic pulse velocity are directly and linearly influenced by
rubber and plastic powder. Additionally, expanding the pores raises the porosity, which lowers
the ultrasonic pulse velocity. Consequently, the purpose of this connection is only to confirm
that the experimental results obtained before modeling are correct.

3.2 Relationship between porosity and water absorption

Figure 6, shows the intersection between porosity and water absorption. The equation for this
response is: fc = 1.41 x + 4.61.

Y=1.41x +4.61 o
R?=0.67
13 1
[ )
g ([
z ¢
12+
o
- (4
111
—O&- T T T T j T
45 50 55 6,0
Water absorption (%)

Figure 6: Intersection between porosity and water absorption
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It shows an intermediate relationship between the results, with a correlation coefficient of R?
equal to 0.67. Accordingly, 67% of the change in porosity is influenced by water absorption.
The regression is positive, which indicates that increasing porosity causes an increase in water
absorption. As the plastic and rubber aggregate content increases, the size of voids increases,
resulting in a higher water absorption ratio.

3.3 Modeling of the mechanical response (UPV-PR-WA-WAC)

This section included the analysis of variance, summary of adjustments, and experimental
results for ultrasonic pulse velocity, porosity, water absorption by total immersion, and water
absorption by capillary.

3.3.1 Correlation: (UPV, PR, WA, and WAC)

There are six experiments total, with two levels for rubber and three for plastic presented in
Table 6, and the summary of adjustments is presented in Table 7.

From Table 7, and Figure 7, the correlation coefficients (R? > 0.9) for ultrasonic pulse velocity,
porosity, water absorption by total immersion, and water absorption by capillary. This
demonstrates a strong correlation between the model records and the experimentally obtained
responses.

Table 6: Experimental results

Mixes | Rubber (%) | Plastic (%) | UPV (m/s) PR (%) WA (%) | WAC (g/m?)
at (24h)
Bl 2 2 4065.04 11.63 5.40 9.93
B2 2 4 3992.03 11.70 5.44 10.11
B3 2 6 3944.79 12.24 5.10 10.29
B4 4 2 3937.01 12.47 5.10 11.59
B5 4 4 3876.20 12.57 541 11.77
B6 4 6 3838.90 13.44 6.16 13.99
Table 7: Summary of adjustment
Tests UPV (m/s) PR (%) WA (%) WAC (g/m?)
R? 0,993 0,938 0.925 0.941
Adjusted R? 0.984 0.846 0.812 0.853
Root of mean square error 10.069 0.260 0.167 0.588
Mean of response 3942.328 12.341 5.435 11.280
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Figure 7: Evolution of correlation between observed and expected values

3.3.2 Ultrasonic pulse velocity (UPV)

Figure 8, displays the various plot types produced by examining the ultrasonic pulse velocity
results while taking the rubber and plastic content into account. From Figure 8, it has been
observed that the ultrasonic pulse velocity decreases from 4000 (m/s) to 3875 (m/s) due to the
change in the level of rubber from 2% to 4% and the level of plastic from 2% to 6%.
Specifically, the lowest ultrasonic pulse velocity was observed when the rubber content was
less than 3.6% and the plastic content was less than 5.5%. This decrease in velocity can be
attributed to the increased air content in the concrete mixture. Higher air content in the mixture
leads to a reduction in ultrasonic velocity, as the presence of air pockets can interfere with the
propagation of the ultrasonic waves, causing a decrease in velocity. These results are in
agreement with those obtained by some authors [24, 37, 38]. EqQ. 2 represents the ultrasonic
pulse velocity mathematical model.

UPV (m/s) = 3942.32-58.29 (Rubber-3) — 54.59 (Plafc“*) + (Rubber-3) (@)(-5.53) 2)

Rubber's and plastic's coefficients are (-58.29) and (-54.59), respectively, making it abundantly
evident that these factors have a negative impact on this response.

10
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Figure 8: (a) Isoresponse curves and (b) Main effect plots of ultrasonic pulse velocity
3.3.3 Porosity (PR)

Figure 9, shows the iso-response curve and main plots of the porosity. The porosity increases
from 11.75% to 13.5% when increasing the level of rubber from 2% to 4% and plastic from 2%
to 6%. It also recorded high porosity levels when the rubber content ranged from 3.2% to 4%
and the plastic content ranged from 4% to 6%. This indicates that specific ranges of rubber and
plastic content in the mixture can result in even greater porosity levels. The introduction of
rubber and plastic into the concrete mixture contributed to the increase in porosity by creating
small voids or bubbles within the concrete. These voids or bubbles act as spaces within the
concrete that increase its overall porosity, allowing for higher levels of air to pass through the
concrete. These results are in agreement with those obtained by some authors [17, 39]. Eq. 3
represents the porosity mathematical model.

Plastic—4

) + (Rubber-3) (—-—)(0.09) (3)

Plastic—4.

PR (%) =12.34+0.48 (Rubber-3) +0.39 ( >

The coefficients of rubber and plastic are (0.48) and (0.39), respectively, which shows that the
effect of rubber and plastic is positive on the response.

PR (%)
60 1329 13:5 T
1307 13 i
wn | g 123467
- :?[11,8842, 125 -

e | & 12,7991]

1198 ’]1,5 .
T T T TTI [ [ [ [
11,76 N B m 1 SN M < O 0
) )
20 3 11,55 3 4
20 22 24 26 28 30 32 34 36 38 40 0 -
Rubber (%) Rubber (%) Plastic (%)
(@) (b)

Figure 9: (a) Isoresponse curves and (b) Main effect plots of porosity
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3.3.4 Water absorption by total immersion (WA)

Figure 10, shows the iso-response curve and main effect of water absorption by total immersion.
Water absorption increases with increasing levels of rubber and plastic. The water absorption
increases, reaching a maximum of 13.44% in concrete containing 4% rubber and 6% plastic.
Rubber and plastic in the concrete mix can create interfaces with the cement matrix, potentially
leading to the formation of holes or voids within the concrete. These voids can act as channels
for water to seep into the concrete, ultimately increasing the water absorption in the concrete.
These results are in agreement with those obtained by some authors [17, 30, 31, 40]. Eq. 4
represents the porosity mathematical model.

Plastic—4

) + (Rubber-3) (———) (0.34) 4)

Plastic—4

WA (%) = 5.43+0.12 (Rubber-3) +0.19 (——

The coefficients of rubber and plastic are (0.12) and (0.19), respectively, which shows that the
effect of rubber and plastic is positive on the response.

WA (%)
i 5,950 6 2
5828

5,705

Q54 58
o (M 56
- 5,460 ; 5,7298] 5r4

5338
52
- 5215

5093
4970
3 T T T
20 22 24 26 28 30 32 34 36 38 40

Rubber (%) Rubber (%) Plastic (%)

(@) (b)

Figure 10: (a) Isoresponse curves and (b) Main effect plots of the total immersion water absorption

Plastic (%)

3.3.5 Water absorption by capillary (WAC)

Figure 11 (a) and (b), show the iso-response and main effect plots of water absorption by
capillary. It was seen that as the level of rubber and plastic increased, the water absorption by
capillary increased. The mixture of 4% rubber and 6% plastic registered a high water absorption
by capillary of 49% as compared to ordinary concrete. It was observed that the rubber and
plastic had a positive effect on water absorption by capillaries. This increase can be attributed
to the fact that plastic and rubber do not bond with concrete components, so plastic and rubber
create voids in the concrete mix. These additional voids allow water to penetrate the concrete
more easily, so water absorption by capillary action increases. These results are in agreement

12
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with those obtained by some authors [22—-33].The mathematical model of water absorption by
capillaries is written in Eq.5.

Plastic—4 Plastic—4

WAC (g/m?) =11.28+1.17 (Rubber-3) +0.69 (— ) * (Rubber-3) (——)(0.51) (5)

The coefficients of the rubber and the plastic, are (1.17), and (0.69), respectively. As well the
effect of rubber is tow times greater than effect of plastic on the water absorption by capillary.

WAC (g/m?)
1365
13,19
1272 x 14
g w| 2ans B
g4 7o gg [10,2456, 12
- wa| T 12314
<
30 10,86 ; 10
10,40
25
9,930
20 T T T
20 22 24 26 28 30 32 34 36 38 40
Rubber (%) Rubber (%) Plastic (%)
_ (a) _ (O _
Figure 11: (a) Isoresponse curves and (b) Main effect plots of the total immersion water absorption by
capillary

3.3.6 Coefficient Estimates

From Tables 8, 9, 10, and 11 estimating the response coefficients, it is quite clear that the rubber
effect is the most influential on the ultrasonic pulse velocity, porosity, and capillary water
absorption; they have the lowest value of (prob.>|t|). Except for water absorption by complete
immersion, the interaction between rubber and plastic is the factor that most affects it.

Table 8: Coefficient Estimates of UPV

Term Estimate Standard tratio Prob. > [t|
Error

Rubber (%) (2,4) -58.29167  4.110983  -14.18 | el 0.0049*

Plastic (%)(2,6) 5459  5.034905 -10.84 | [ | 0.0084*

Rubber (%) *Plastic (%) 5535  5.034905 120 | 8 b ibE mitE 0.3863

13
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Term

Rubber (%) (2,4)
Plastic (%)(2,6)
Rubber(%)*Plastic (%)

Term

Rubber (%) *Plastic (%)
Plastic (%)(2,6)
Rubber (%) (2,4)

Term

Rubber (%) (2,4)
Plastic (%)(2,6)
Rubber (%) *Plastic (%)

Table 9: Coefficient Estimates of PR

Estimate  Standard
Error

0.485 0.106315
0.395 0.130208
0.09 0.130208

Table 10: Coefficient Estimates of WA

Estimate Standard t ratio

Error

0.34 0.083915
0.19 0.083915
0.1216667 0.068516

Table 11: Coefficient Estimates of WAC

Estimate Standard
Error

1.17 0.240416

0.69 0.294449
0.51 0.294449

3.4 Microstructural analysis

303 i

|
|
mio

e
-

|
—
CRE

Prob. >
It
0.0448*
0.0936
0.5609

Prob. > |t|

0.0559
0.1518
0.2178

Prob. > [t|

0.0397*
0.1438
0.2254

According to the SEM images in Figures 12 and 13, ordinary concrete contains fewer air
bubbles, while the rubber and plastic particles in the concrete lead to the formation of larger air
bubbles inside the concrete structure. These results are in agreement with those obtained by
some authors [41]. When rubber and plastic are mixed with concrete, they do not bond properly
with the cement paste, leading to the formation of voids and cracks as the concrete cures, as
shown in Figure 14. These voids and cracks can increase the porosity of the concrete, which
increases the rate of water absorption, as shown in Figures 9, and 10.

14
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3.5. Image J analysis

In this study, SEM images of conventional concrete and concrete blended with residual rubber
and plastic materials are examined using Image J software.

The area occupied by the pores for concrete samples can be found by analysis using image J
[42], a public domain Java image processing program.

The results for the concrete samples are shown in Figures 15, and 16 and the results for the
pores area of the various specimens are obtained in Table 12.

These findings showed that the percentage of pores in ordinary concrete was lower than that of
concrete with plastic and rubber in it. In ordinary concrete (BO), the percentage of pores is
2.862%, and in concrete with 4% rubber and 6% plastic (B6), the percentage of pores is 6.502%.
Because plastic and rubber are non-adherent, they can create cavities in concrete. These
substances might not properly bind with the surrounding cementitious material when added to
fresh concrete, which would increase the percentage of porosity in the concrete.

Figure 15: SEM images showing the BO after Image J analysis (GM: granular material, sand/gravel; P:
pore; C: cement)

Figure 16: SEM images showing the B6 after Image J analysis (GM: granular material, sand/gravel; P:
pore; C: cement; R: rubber; WP: plastic)
Table 12: % Pores area of BO and B6 from image J analysis

16
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Specimen % pores area
BO 2.862
B6 6.502

4 Conclusion

The experimental results and numerical modeling of the use of waste rubber and plastic in
concrete allowed us to draw the full conclusions:

The ultrasonic pulse velocity and porosity had a strong association relationship with a
coefficient of R?= 0.90.

Porosity and water absorption have a correlation coefficient of R?=0.67, and porosity
increases lead to higher water absorption.

The increase in the level of rubber and plastic causes a decrease in the ultrasonic pulse
velocity of the concrete. The mixture of 4% rubber and 6% plastic registers a low
ultrasonic pulse velocity of 6.33% as compared to ordinary concrete.

Concrete with waste plastic and rubber shows increases in porosity, water absorption
by total immersion, and water absorption by capillary; a mixture of 4% rubber and 6%
plastic recorded high values for these parameters, registering 26.43%, 38.73%, and
49.30%, respectively, compared to ordinary concrete.

Statistical parameters show good correlation coefficients (R?>= 0.99; 0.93; 0.92; and
0.94) for ultrasonic pulse velocity, porosity, water absorption by total immersion, and
water absorption by capillary, respectively.

From estimating the coefficients of the response, it was observed that the influence of
rubber has the most effect on these responses.

Adding rubber and plastic aggregates to concrete leads to the formation of larger air
bubbles within the structure compared to regular concrete, as revealed by SEM and
Image J analysis. This difference is because plastic and rubber aggregates do not
adhere to the concrete components, resulting in increased air bubble size.

This study provides valuable information about the reuse of this waste in the field of civil
engineering. By incorporating these waste materials into concrete production, we can not only
reduce waste but also create lightweight, soundproof concrete solutions. This has the potential
to have a positive impact on the environment and improve sustainability in building practices.
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