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ABSTRACT

Sustainable construction represents a pivotal aspect of contemporary engineering endeavors, which are directed
towards the minimization of the detrimental impact of the construction sector on the environment. This is achieved
through the efficient utilization of resources and the reduction of waste generation. The study presented an analysis
of the mechanical properties of ad hoc reinforced concrete beams made of concrete with recycled and natural ag-
gregate. The objective of this study was to assess the potential of recycled aggregates as a substitute for natural ag-
gregates in reinforced concrete structures, with the aim of contributing to the sustainable development of construc-
tion. The experiments compared the behavior of reinforced concrete beams with the same degree of reinforcement
but differing in the type of aggregate. The results demonstrated that recycled aggregate beams exhibited lower
stiffness and higher deformation under load compared to natural aggregate beams, particularly at loads close to the
breaking force. Nevertheless, similar failure modes and cracking patterns were observed in both types of beams,
indicating that concrete with recycled aggregate could be employed effectively in specific structural applications.

Keywords: reinforced concrete beams, recycled aggregate, natural aggregate, mechanical properties, sustainable

construction

INTRODUCTION

Modern structural engineering is confronted
with the dual challenges of ensuring the sustain-
ability of its structures and demonstrating environ-
mental responsibility. The utilization of emerging
technologies and materials, such as the incorpora-
tion of recycled aggregates, represents a pivotal
area of research with the objective of reducing the
environmental impact of construction. The utiliza-
tion of recycled materials not only reduces the ne-
cessity for natural raw materials, but also minimiz-
es the quantity of waste that is landfilled. The an-
nual production of concrete worldwide is estimated
to reach 25 billion tons, resulting in the generation
of considerable quantities of construction waste

that represents a significant obstacle to sustainable
development. In the context of global demand for
building materials, it is projected that primary ag-
gregate production will increase to approximately
60 billion tons by 2030 (1). Consequently, there
will be an increase in the utilization of aggre-
gates derived from natural sources. Conversely,
the issue of the demolition of old buildings and
the subsequent development of cities must also be
considered. The process of demolition results in a
significant amount of construction and demolition
debris worldwide, leading to a gradual detrimen-
tal effect on the ecosystem. Globally, construc-
tion and demolition waste is the most substantial
waste category, accounting for approximately
30 to 40% of the overall solid waste. In Europe,
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demolition waste accounts for 36% of the total
solid waste production, amounting to 800 Mt/
year. France and Germany are the countries with
the highest levels of production, with 227 and
207 Mt/year, respectively (2). Consequently, the
recycling of construction and demolition waste is
becoming a pivotal strategy in the field of sus-
tainable resource management. Concrete derived
from recycled aggregate, sourced through the rec-
lamation of concrete structures, serves as a viable
substitute for conventional concrete, consequent-
ly diminishing the utilization of natural resources
and influencing environmental preservation. The
creation of an optimal concrete mixture neces-
sitates considering a multitude of technological,
financial and ecological variables (3, 4).

In order to meet the construction require-
ments, it is necessary that the durability of con-
cretes created using recycled materials be equiva-
lent to that of traditional concretes (5). Studies
show that recycled concrete exhibits diminished
compressive, bending, and tensile strength com-
pared to natural aggregate (6, 7). Sagheer et al.
(2023), demonstrated that natural aggregate
beams exhibit enhanced torsional capacity and
greater ductility in response to torsional loading
than recycled concrete beams. Nevertheless, the
overall failure modes and cracking patterns ob-
served in both cases are comparable, indicating
that recycled aggregate concrete may offer a vi-
able alternative to natural aggregate in structural
applications (8). Khan et al. (2023) demonstrated
that the shear strength of recycled concrete beams
composed of 50% coarse recycled aggregate is
diminished compared to beams constructed with
pristine aggregate at specific shear span-to-depth
ratios, yet is equivalent at alternative ratios (9).
Consequently, it is imperative to meticulously
plan concrete mixes, duly considering the vari-
ables pertaining to their intrinsic properties and
intended applications (10, 11).

It is important to note that a significant chal-
lenge in the production of concrete from recycled
materials is the financial aspect. In order for re-
cycled materials to be cost-effective, they must be
cheaper than natural materials. This is exempli-
fied by the production of concrete with the addi-
tion of fly ash (12). One of the primary factors in-
fluencing the heightened expenses of alternative
concretes is the potential requirement to enlarge
the dimensions of certain structural elements,
leading to a subsequent rise in the overall expen-
diture on the materials utilized (13, 14).
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The utilization of conventional materials,
such as recycled aggregates in concrete, is ben-
eficial to the environment only if their intended
use addresses environmental concerns. Other-
wise, they may compromise the longevity and
final quality of the concrete. It is of paramount
importance to optimize concrete mixes with re-
cycled ingredients in order to enhance their prop-
erties and extend their lifespan (15). The idea of
article is simple and not new, but gives the useful
information concerning performance of that type
of beams. This study provides valuable insights
into the use of recycled aggregates in reinforced
concrete structures, contributing to the field of
sustainable construction. It highlights the impor-
tance of exploring alternative materials to mini-
mize environmental impact while maintaining
structural integrity.

In addition to the ecological benefits, it is also
important to understand the impact of concretes
with recycled materials on the mechanical prop-
erties and durability of concrete. These materi-
als may exhibit differences in structural proper-
ties when compared to their natural counterparts,
which is the subject of intense scientific research.
The predominant body of academic literature
has directed its attention towards examining the
distinct influence of various characteristics of
recycled concrete. Nevertheless, a deficiency in
scholarly inquiry exists regarding the overall con-
sequences arising from the utilization of recycled
aggregates in the production of recycled concrete
(16). Despite certain limitations, these solutions
present new avenues for the construction indus-
try, offering the potential to produce high-quality
structural concrete as a viable alternative to tradi-
tional methods.

The aim of this study was to assess the impact
of utilizing different types of aggregates on the
mechanical characteristics and longevity of rein-
forced concrete beams. A comparison was made
between the mechanical properties and durability
of beams constructed with concrete incorporat-
ing recycled aggregate from demolished concrete
structures and those made with natural aggregate.
Additionally, the objective of the study was to
recognize any potential technical and practical
obstacles linked to the use of recycled aggregate
in producing reinforced concrete. The results of
this study may contribute to the progress of more
environmentally friendly construction techniques
and improve the understanding and application of
recycled materials in construction.
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MATERIALS AND METHODS

Experimental program

The sample preparation process entailed a
series of specific activities. In the initial phase of
the process, secondary aggregate was procured.
Subsequently, samples were produced from re-
cycled concrete using the aforementioned ag-
gregate. A schematic representation of the pro-
duction of the mixtures is presented in Figure 1.
The subsequent stage involved the fabrication of
reinforced concrete beams with a T-section.

Material properties

Cement

The concrete samples were manufactured
using CEMEX CEM 1 42.5 portland cement.
The characteristics of this cement are shown in
Table 1 (17).

Aggregate

The aggregate used for testing the concrete
mix is:

e Fine aggregate: natural sand with a particle
size 0-2 mm,

e Coarse aggregate: recycled aggregate with a
particle size of 2—8 mm.

The properties of these aggregates are detailed
in Table 2. Recycled aggregates conform to the
standards PN-EN 13242 and PN-EN 12620, meet-
ing specific quality requirements that permit their
use in certain construction applications (18, 19).
Furthermore, fine fractions of recycled aggregate
that meet the criteria of the PN-EN 12620 standard
are suitable for use in the production of structural
concrete. Recycled aggregate was obtained from
a prefabrication plant. Sieve analysis was not per-
formed. The aggregate meets the requirements for
concrete aggregates. Table 3 shows the quantities
of ingredients used for concrete with natural ag-
gregate and recycled aggregate. These aggregates
are also applicable in other areas where material
quality is crucial to ensure the durability and reli-
ability of the final product (19).

Water

The water used in the process was derived
from the Bialystok water supply system and

Mix for 30” K Mix for 30”
Coarse Fine aggregates Cement
aggregates
Mix for 60” Mix for 30”

Water

Fresh concrete

Table 1. The properties of CEM 142.5 R cement

Figure 1. Scheme for the production of concrete mixtures

Feature Value Requirements
Beginning of binding (min) 167 260
End of binding (min) 213
Water demand (%) 274
Volume constancy (mm) 1.2 <10
Specific surface area (cm?/g) 3659
Compressive strength (MPa):
After 2 days 26.1 220
After 28 days 55 242.5 and <£62.5
Chemical analysis (%):
SO, 2.97 <4
Cl 0.068 <0.10
Insoluble residue (%) 1.63 <5
Loss on ignition 29 <5
Specific density (g/cm?®) 3.12
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Table 2. The properties of the aggregates used in the concrete mix

Properties of recycled Values Properties of sand Values
aggregate
Sand grain content FI5 Grain size G. 85
Resistance to shredding (LA%) LA30 Dust content f,
Bulk density (Mg/m?) 2.50+0.1 Bulk density (Mg/m?) 2.65+0.1
Water absorption (%) <4 Water absorption (%) <0.8
Frost resistance F4

met the quality standards, as defined in PN-EN
1008:2004 (20).

Mix design

A series of trials were conducted with the ob-
jective of identifying the optimal proportions of
the mix design, based on the outcomes of experi-
mental investigations and the material properties.
The mix design proportions are shown in Table 3.

Subsequently, the concrete mixture was com-
pacted using a vibrating table in order to achieve
the optimal consistency. The concrete surface
was meticulously trowelled in order to ensure
uniformity and smoothness. A significant factor
influencing the quality of the final product was
the condition of the concrete molds. The molds
were meticulously cleaned and coated with a thin
layer of release agent, which prevented the mix-
ture from adhering to the molds.

Proper concrete curing was performed ac-
cording to the guidelines of the PN-EN 12390-2
[2/2001] standard. This involved storing the con-
crete in water at a temperature of 20+2 °C after
removal from the molds (21).

Beam test

Two series of reinforced concrete beams
(comprising three elements in each series) were

Table 3. The properties of the concrete mix

subjected to examination, each series exhibiting

the same degree of reinforcement but differing

characteristics of the concretes. The beam load

scheme on the test bench is depicted in Figure 2.
The beams are marked with the following

symbols:

e TI1-REC - reinforced concrete T-beam made
on recycled aggregates series 1,

e T2-REC reinforced concrete T-beam made on
recycled aggregates series 2,

e T3-REC reinforced concrete T-beam made on
recycled aggregates series 3,

e TI1-N reinforced concrete T-beam made on
natural aggregates series 1,

e T2-N reinforced concrete T-beam made on
natural aggregates series 2,

e T3-N reinforced concrete T-beam made on
natural aggregates series 3.

The objective of tests carried out on beams is
to assess their mechanical properties in terms of
deflection, deformation and strength.

Preparation of reinforced concrete T-beams

The primary focus of this study was a rein-
forced concrete T-beam with a length of 110 cm.
Figure 3 depicts a diagram of a reinforced concrete
beam reinforced by two bars with a diameter of @8
at the top and bottom, and smooth steel bars with
a diameter of @3 were used as stirrups. The main

Components Mix with recycled aggregate (kg/m?®) | Mixture with natural aggregate (kg/m®)

Cement CEM142,5R 350 350

Fine aggregate — sand (0—-2.0 mm) 637 637

Coarse aggregate (2.0-4.0 mm) - 354.9

Coarse aggregate (4.0-8.0 mm) - 828.1

Coarse recycled aggregate (2.0-4.0 mm) 354.9 -

Coarse recycled aggregate (4.0-8.0 mm) 828.1 -

Water 178 178

Water cement indicator 0.51 0.51

Bulk density 2348 2348
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Figure 2. Diagram of a beam on a test bench under temporary load with a cross-section (T-section)

reinforcement consists of BSt 500S steel, with a
yield strength of Re = 500 MPa, as per the Techni-
cal Approval ITB AT-15-4648/2006. In addition,
the stirrups were fastened using knotted wire tied
to the reinforcing bars at four corners. In order to
ensure a distance of one centimeter between the
bottom reinforcement cover and the mold, poly-
styrene spacers were placed on the mold (21).

Ad hoc tests of reinforced concrete T-beams

After the beam was placed on the test bench
and the deflection sensors were installed, the dis-
tances between the upper and lower beams were
measured. The load was then gradually increased
to 5 kN and decreased to 0 kN, with the distances
between the specimens recorded over three cycles.
The aforementioned values were employed as in-
put data for the purpose of reading deformations,
deformations, and crack checks during the load
force change every 5 kN. Furthermore, the tensile
strength has been validated. Although concrete is

2 98
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not typically designed to carry pure tension, it is
important to be aware of its strength in order to
assess the load at which cracks will appear.

During the ad hoc tests, the values of concrete
deformations for the beams were recorded at
three points, as illustrated in Figure 4. The defor-
mation values were recorded at regular intervals,
commencing with an increase of the loading force
by 5 kN in accordance with the planned schedule
of loading the beams. In order to measure the de-
formations, an instrument designated the “Demec
Meter” was employed, the diagram of which is
depicted in Figure 4.

Deflection measurement

Deflections were measured using displace-
ment sensors placed at three specific locations, as
shown in Figure 5:

e L —above the left support
e P —above the right support
e S —at the centre of the beam span
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Figure 3. Scheme of T-section beams with reinforcement
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Figure 4. Beam diagram with bases for measuring concrete deformations at cross-section height
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Figure 5. Beam diagram with deflection measurement points: L — left support, S — middle support,
P — right support

Before starting the measurements, the sensors
were calibrated to zero at a 5 kN load. Measure-
ments were then taken with each 5 kN increment
until the beam failed. The observations were made
in parallel with the deflection measurements.

RESULTS

Relative strain measurement is a fundamen-
tal parameter that enables the understanding and
prediction of the behavior of materials under load,
which is essential for the creation of durable and
safe structures. Tables 4—6 present the results of the
relative deformation analysis of the tested beams.

For all beams, both on recycled and natural
aggregates, it can be observed that the relative
deformation increases along with force (Table
4). Nevertheless, the beams constructed with re-
cycled aggregate generally exhibit higher defor-
mation values than their counterparts constructed
with natural aggregate at the same forces, which
suggests that the recycled aggregate beams have
lower stiffness. As the forces applied approached
the destructive force (35 kN), the beams with re-
cycled aggregate exhibited significantly higher
deformations (0.84—0.88%o) than the beams with
natural aggregate (0.42—0.50%o0). At low forces
(5-10 kN), the deformation values of beams with

470

recycled and natural aggregate are similar, which
may indicate similar initial mechanical properties.
The deformation of beams with recycled aggre-
gate increases significantly at destructive forces,
reaching values of 1.38%o to 1.89%o. These values
are significantly higher than for the beams with
natural aggregate (0.39-0.40%o).

The largest differences in deformations are
observed when measuring the values for the bot-
tom indexes (Table 6). It can be observed that
recycled aggregate beams exhibit significantly
higher deformation values (e.g. 9.56—10.78%o at
35 kN) in comparison to natural aggregate beams
(0.86—1.28%o at the same force). This indicates a
significantly reduced structural resistance under
higher loads.

The analysis of variance (ANOVA) compar-
ing the deformations of concrete beams made
with recycled and natural aggregates revealed
a p-value of less than 0.05. This indicates that
there are statistically significant differences in the
maximum deformations between the two types of
aggregate.

The results indicate that beams made from
recycled aggregates exhibit lower stiffness and
a greater tendency to deform compared to those
made from natural aggregates. This may indicate
that the recycled aggregate used in the construc-
tion of the beams is of a lower quality or that the
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Table 4. Concrete deformation values (approx. 1 cm from the top edge of the shelf) for beams on recycled aggregate

Relative strain € (%o)

One-way ANOVA.
Factor analyzed: coarse

Strength (kN) content
T1-REC T2-REC T3-REC T1-N T2-N T3-N
0 0 0 0 0 0 0
5 0.08 0.06 0.06 0.07 0.06 0.06
10 0.18 0.14 0.16 0.16 0.15 0.15
15 0.26 0.20 0.24 0.19 0.21 0.22 F=5734
20 0.34 0.28 0.34 0.24 0.25 0.28 p=0.029
25 0.41 0.36 0.41 0.30 0.32 0.35
30 0.46 0.41 0.49 0.35 0.38 0.41
35* 0.84 0.88 0.87 0.42 0.47 0.50
40 0.58 0.60 0.54

Note: *close to destructive power.

Table 5. Experimental deformation values of concrete (approx. 1 cm from the bottom edge of the shelf) on recycled

aggregate

Relative strain € (%o)

One-way ANOVA.
Factor analyzed: coarse

Strength (kN) content
T1-REC T2-REC T3-REC T1-N T2-N T3-N
0 0 0 0 0 0 0
5 0.07 0.03 0.05 0.04 0.05 0.04
10 0.12 0.05 0.09 0.09 0.10 0.09
15 0.18 0.12 0.15 0.14 0.17 0.15 F=4625
20 0.27 0.18 0.17 0.21 0.22 0.20 p=0.030
25 0.36 0.24 0.24 0.28 0.29 0.25
30 0.46 0.37 0.37 0.32 0.34 0.32
35* 1.38 1.89 1.66 0.40 0.39 0.39
40 0.59 0.55 0.60
Note: *close to destructive power.
Table 6. Experimental values of concrete deformation for bottom repairers on recycled aggregate
One-way ANOVA.
Force Relative strain € (%o) Factor analyzed: coarse
(kN) content
T1-REC T2-REC T3-REC T1-N T2-N T3-N
0 0 0 0 0 0 0
5 0.1 0.18 0.10 0.07 0.06 0.07
10 0.42 0.45 0.47 0.12 0.13 0.14
15 0.64 0.69 0.69 0.19 0.21 0.21 F=5713
20 1.19 1.19 117 0.23 0.26 0.27 p=0.019
25 1.55 1.59 1.58 0.40 0.59 0.62
30 2.67 2.88 217 0.55 0.61 0.67
35* 9.56 10.78 8.12 0.86 1.28 1.1
40 1.14 1.65 1.67

Note: *close to destructive power.

471



Advances in Science and Technology Research Journal 2024, 18(6), 465—475

beams have a lower load-carrying capacity. The
beams constructed from recycled aggregates are
more susceptible to elevated loads, particularly
when the loads approach the destructive force.
This is evidenced by the significantly greater de-
formations observed in these beams compared to
those constructed from natural aggregates.

The results suggest that recycled material may
behave differently under high loads, which could
significantly impact the design and use of recycled
aggregate in concrete structures. Despite their in-
creased susceptibility to deformation, recycled ag-
gregates can still be advantageous in structures with
reduced stress. Table 7 shows the deflection values
of reinforced concrete beams made with recycled
and natural aggregates under the load force F.

In the initial loading phase (up to 20 kN), the
beams made of recycled aggregates and natural
aggregates exhibit relatively low deflection val-
ues, which increase as the load increases. The de-
flections exhibited by beams made from recycled
aggregates are slightly higher than those exhib-
ited by the beams made from natural aggregates.
This may indicate that the recycled material has a
lower stiffness.

At loads of 25 kN and 30 kN, the discrepan-
cies in deflections between recycled and natural
aggregates become more pronounced. The de-
flections of the beams on recycled aggregates are
found to be significantly higher, reaching values
that are up to 100% higher than those on natural
aggregates. This may be indicative of a dimin-
ished strength of recycled composites in compari-
son to natural composites.

The deflection of beams on recycled aggre-
gate exhibits a marked increase at a load of 35 kN,
which is considered to be close to the destructive

force. For instance, a T2-REC beam exhibits a de-
flection of 14.75 mm, which is considerably high-
er than any beam deflection on natural aggregate
for the same force. This implies that the structural
integrity of the beams on recycled aggregate may
be less robust in the vicinity of destructive forces.

The results of the experiments demonstrate
that the reinforced concrete beams manufactured
using recycled aggregates exhibit reduced stiff-
ness and diminished resistance to elevated loads
in comparison to the beams produced using natu-
ral aggregates.

The ANOVA test results on deflection data for
beams with recycled and natural aggregates show
a p-value of less than 0.05. This indicates a sta-
tistically significant difference in the average de-
flections between beams made with recycled ag-
gregates and those made with natural aggregates.

Cracking in reinforced concrete structures
is a complex phenomenon influenced by numer-
ous factors. Observing cracks is crucial, as their
presence can signal a reduction in the structure’s
load-bearing capacity, potentially leading to con-
crete failure. The measurement of crack width and
nature is of paramount importance in the assess-
ment of the safety of structures. Initially, cracks
appeared at a force of approximately 30% of the
critical load, with the beam on recycled aggregate
exhibiting a force of 10 kN and the beam on natu-
ral aggregate exhibiting a force of 15 kN. The ini-
tial vertical cracks appeared in the central region of
the beams, where a constant bending moment was
present. As the load increased, the cracks exhibited
both an increase in length and width. In addition,
the number of cracks increased, and oblique cracks
also appeared, originating in the zones between the
points of application of forces and supports.

Table 7. Experimental values of beam deflections on recycled aggregate in the middle of the span

One-way ANOVA.
Force Deflection (mm) Factor analyzed:
(kN) coarse content
T1-REC T2-REC T3-REC T1-N T2-N T3-N
0 0 0 0 0 0 0
5 0.19 0.21 0.25 0.17 0.22 0.19
10 0.87 0.93 0.96 0.37 0.43 0.40
15 1.87 1.61 1.70 0.67 0.81 0.74 F=6.63
20 276 2.54 243 1.07 1.12 1.09 p=0.0133
25 3.59 3.64 3.76 1.85 1.98 1.91
30 5.45 4.95 4.95 2.15 2.30 2.22
35* 12.13 14.75 10.27 2.71 3.22 2.96
40 3.16 4.1 4.02
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Figure 6. Destructive force of the beams under test

The average breaking force for beams on re-
cycled aggregate is found to be lower than for the
beams on natural aggregate (Figure 6). This indi-
cates that recycled aggregate may exhibit reduced
strength in terms of destructive power compared
to natural aggregate.

DISCUSSION

The results offer several key insights into
the mechanical properties of concrete beams
made with recycled aggregate compared to those
made with natural aggregate. Firstly, significantly
higher deformation values are observed in the re-
cycled aggregate beams, especially at loads ap-
proaching the ultimate load. Higher deformation
values in beams with recycled aggregate, espe-
cially at loads close to the ultimate load, have also
been demonstrated in the work of other research-
ers (22-24). Choi et al. (2013) demonstrated that
incorporating recycled aggregates increases the
deflection of reinforced concrete beams in both
short-term and long-term behavior (25).

The research demonstrated that beams made
from recycled aggregates exhibited twice the de-
flection values at a force of 10 kN compared to
beams made from natural aggregates. These high-
er deflection values indicate lower stiffness in the
recycled material (6). Wardah et al. (2023) found
that beams with a higher percentage of recycled
aggregate show greater deflection, especially un-
der near-failure loads (26). The results indicate a
lower quality of the structural material or a lower
load-bearing capacity, which is crucial for the de-
sign of concrete structures.

Despite the differences in beam properties,
the overall behavior of recycled aggregate beams
is similar to that of natural aggregate beams in
terms of failure modes and cracking patterns.
This suggests that recycled aggregate beams can
be used as a partial replacement for natural ag-
gregate in structural concrete (7).

The findings indicated a necessity for further
investigation into the optimization of recycled
aggregate concrete compositions with the objec-
tive of enhancing their mechanical properties and
expanding their applicability in more challenging
applications. In particular, this research should fo-
cus on analyzing the impact of different recycling
aggregate treatment processes on the structural
properties and on identifying potential avenues
for improvement. Furthermore, it is essential to
ascertain the extent to which variations in chemi-
cal composition between natural and recycled ag-
gregates influence the outcomes of deformation
and deflection. This can facilitate a more compre-
hensive comprehension and utilization of these
materials in engineering applications.

Recycled cement research indicates the dif-
ferences in the chemical composition of natural
and recycled aggregates could significantly af-
fect the results of the study. Recycled aggregates
often contain remnants of old cement paste from
the previous concrete structure. This can alter
the aggregate’s properties, such as increasing its
porosity and water absorption, which can affect
the overall mix design and concrete performance.
Higher water absorption in recycled aggregates
can lead to a weaker aggregate-cement bond and
thus lower strength and durability (27). Zhang et
al. demonstrated a less robust interfacial region
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existing between fresh cement mortars and reused
aggregates (28). Omary et al. noted significant
micro-cracks in the cement paste adhering to the
aged coarse-recycled aggregates (29). The schol-
ars highlighted that this occurrence was primarily
linked to the crushing procedure, greatly influenc-
ing the characteristics of the produced concretes.

Recycled aggregates might contain impuri-
ties or contaminants that are not present in natural
aggregates. These can include materials like gyp-
sum, plaster, wood, or metal fragments, which can
adversely affect the hydration process and the me-
chanical properties of the concrete. The chemical
composition of recycled aggregates can be more
variable than that of natural aggregates due to the
diverse sources of the recycled material (30). This
variability can lead to inconsistencies in the con-
crete’s performance, making it challenging to pre-
dict its behavior under load. Recycled aggregates
might have different levels of reactive silica or other
components that can contribute to alkali-aggregate
reactions. These reactions can cause expansion and
cracking in the concrete over time, affecting its long-
term durability. The variability in the composition of
recycled cements highlights the need for more re-
search to produce cements of very high quality.

It can be postulated that in response to the
growing social demand for environmental re-
sponsibility, recycled aggregate will increasingly
be used as an integral component of structural
concrete. Ongoing technological advancements
in the construction industry are expected to re-
duce waste and increase the proportion of recy-
cled materials used in concrete production.

CONCLUSIONS

Despite exhibiting lower stiffness and great-
er deformations compared to natural aggregate,
particularly at loads approaching the destructive
force, concrete with recycled aggregate can be ef-
fectively utilized in reinforced concrete structures.
The results indicate that it can be used under spe-
cific structural conditions, which could contribute
to the promotion of more sustainable construction.

The occurrence of similar failure modes and
cracking patterns in beams made with both types
of aggregates suggests that recycled aggregate
concrete can be a viable alternative to virgin aggre-
gate, provided it is properly designed and applied.

Although recycled aggregate has the effect
of reducing some of the mechanical properties of
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concrete, appropriate treatment and selection of
components can minimize these differences, thus
enabling a wide application of this material in
construction practice.

Using recycled aggregate in concrete is not
only environmentally beneficial, as it reduces
the necessity for natural raw materials and mini-
mizes waste, but also represents an essential step
towards more sustainable construction. In re-
sponse to the growing public demand for green
solutions, recycled aggregate can be a valuable
component of structural concrete, thereby sup-
porting the development of sustainable construc-
tion technologies.
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