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Given the vast consumption of concrete today, recycling demolition waste and its reuse is
considered a key strategy for improving environmental sustainability. The present study
evaluates the impact of parent concrete quality on the mechanical properties and impact
performance of steel fiber-reinforced recycled aggregate concrete (RAC). For this purpose,
coarse aggregates were sourced from two types of parent concrete with different strengths
(Series A and B) and used to replace natural aggregates at levels of 0%, 50%, and 100%.
Additionally, steel fibers were added at a volume fraction of 1% to enhance ductility.
Experimental results for compressive strength, tensile strength, and drop-weight impact
(according to ACI 544) indicated that Series B recycled aggregates led to a 9%
improvement in 91-day compressive strength, attributed to stronger mechanical interlocking
in the new Interfacial Transition Zone (ITZ). Furthermore, steel fibers compensated for the
inherent tensile weakness of recycled concrete through the stitching effect mechanism,
shifting the failure mode from brittle to ductile. The results revealed that fibers significantly
increased the interval between the first crack ($N_1$) and final failure (§N_2§$) blows, an
effect that was more pronounced in recycled concrete. Ultimately, the findings suggest that
a 50% replacement level of recycled aggregate combined with steel fiber reinforcement
serves as an optimal replacement level to achieve performance competitive with

conventional concrete.

Cite this article: Bayat, Arash. (2026). Influence of Parent Concrete Quality on the Mechanical Properties and Impact
Performance of Steel Fiber-Reinforced Recycled Aggregate Concrete. Advanced Modeling in Civil Engineering,

3(1),19-35.

DOI:10.22126/amcen.2026.13421.1067

© The Author(s). Publisher: Razi University
BY NG DOI:10.22126/amcen.2026.13421.1067



mailto:abayat@razi.ac.ir
https://orcid.org/0000-0000-0000-0000

Advanced Modeling in Civil Engineering, Volume 3, Issue 1, 2026 20

Introduction

The ecological perspective on concrete is gaining increasing importance today due to its
significant global consumption volume in the construction industry. The recycling of
demolition concrete and its application as aggregate in new concrete, alongside the use of
various fibers to control cracking, are among the methods employed by researchers to both
increase concrete service life and improve environmental conditions.

The substantial volume of concrete production in industrialized and developing countries for
essential infrastructure has led to the depletion of natural resources required for aggregate
production. The approach of using recycled concrete aggregate (RCA) in new concrete helps
preserve these natural reserves, preventing the massive waste of God-given resources.
Furthermore, the use of RCA helps prevent environmental degradation. The lack of space
for disposing of demolition waste presents another critical problem that directly harms the
environment. The transportation cost of these waste materials is also a significant drawback
associated with the disposal of demolition concrete.

RCA Characteristics and Performance

Recycled aggregates are a composite material consisting of natural aggregates and adhered
mortar. After the recycling process of demolition concrete, a certain amount of hardened
cement paste remains attached to the recycled aggregates, known as adhered mortar. The
properties of the parent concrete (the concrete demolished to obtain the aggregate) and the
crushing method significantly influence the mechanical characteristics of the resulting
recycled concrete. The properties of the parent concrete are often unknown.

Substituting recycled aggregates typically leads to a reduction in concrete strength. This
negative impact is attributed to the inherent weakness of the recycled aggregates themselves
and the presence of a weak interfacial transition zone (ITZ) in the recycled concrete.
Nevertheless, most literature indicates that adding up to 25% of recycled aggregates (both
coarse and fine) does not significantly affect the mechanical properties of the concrete [1, 2].
Researchers have striven to improve the mechanical properties of RAC using various
methods, such as reducing the water-to-cement ratio, increasing the cement content, adding
mineral admixtures, and incorporating fibers, all of which have proven effective.

Compressive and Tensile Strength Review

Various studies indicate that the compressive strength of recycled concrete at 28 days is
typically lower than that of conventional concrete. Results show that increasing the
substitution percentage of RCA decreases the compressive strength. Etxeberria et al.'s
studies [3] showed that RAC achieved approximately 12—15% compressive strength gain
between 21 and 28 days, compared to approximately 20% gain in conventional concrete.
They concluded that RAC with 50% and 100% RCA substitution requires a 4% to 10%
reduction in the water-to-cement ratio and a 5% to 10% increase in cement content to
achieve the same 28-day compressive strength as conventional concrete.

Numerous studies have been conducted on the tensile strength of recycled concrete. Results
consistently show that increasing the percentage of RCA substitution decreases the tensile
strength. This observation is evident from the studies by Liu et al. [4] and Xiao and Lan [5]
on the direct tensile strength of RAC. For RCA substitution up to 20%, the reduction in
tensile strength is considered negligible. Visual observations of tensile-split failure surfaces
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indicate that failure in conventional concrete occurs at the boundary between the adhered
mortar and the aggregate. This suggests that the Interfacial Transition Zone (ITZ) is the
weakest link in conventional concrete during failure. However, in RAC with high RCA
content, the failure path has been observed to pass not only through the new ITZ but also
through the old ITZ present within the recycled aggregates [3, 6].

Tavakoli and Soroushian [7] used two types of parent concrete with different strengths
obtained from the demolition of concrete structures in Michigan in their research. Their
results suggest that a higher compressive strength of the parent concrete compared to the
control concrete can lead to increased strength in the resulting RAC relative to the control
concrete.

Fiber Reinforcement and Impact Resistance
Conventional concrete incorporating fibers is known as Fiber-Reinforced Concrete (FRC).

Fibers are used in various shapes, sizes, and materials, although steel fibers are employed
more frequently than other types. Researchers have identified significant improvements in
the post-cracking behavior of FRCs. In other words, although compressive strength may not
increase significantly, the strain at failure is enhanced. Consequently, FRCs exhibit greater
toughness and higher impact resistance compared to plain concrete. Furthermore, some
drawbacks of recycled concrete, such as lower tensile strength, flexural strength, and
modulus of elasticity, are improved by fiber addition [8].

The standard ACI Committee 544 impact test [9] is performed by repeatedly dropping a 44.7
N weight from a height of 457 mm onto a 63.5 mm diameter steel sphere placed on a
cylindrical concrete specimen (150 mm diameter and 63.5 mm height). The number of
blows to achieve the first visible crack and the final failure crack is the determinant factor
for impact resistance, where an increase in the number of blows indicates an increase in
impact resistance.

Nili and Afrough Tabat [10] showed that conventional concrete with 1% steel fiber content
and w/c ratios of 0.46 and 0.36 increased the number of blows for the first crack by 883%
and 532%, respectively, and the number of blows for final failure by 111% and 615%,
respectively. Erdem et al. [11] studied the impact resistance of fiber-reinforced recycled
concrete. The substituted recycled aggregates were reclaimed materials from municipal
incinerator bottom ash, which is a heterogeneous mixture of brick, stone, glass, ferrous and
non-ferrous metals, and unburned organic matter. The results indicated that RAC has low
impact resistance, a characteristic that is effectively improved by the addition of fibers.

Materials and Mixing Procedure
In this research, the cement used was Portland Cement Type [-425. The water employed for

preparing the mix specimens was potable city water (tap water), with a measured pH value
of approximately 7.5.
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The superplasticizer (SP) utilized to adjust the workability and ensure proper homogeneity
of the mix was a third-generation, polycarboxylate-based type, commercially known as
GLENIUM 110P, supplied by BASF.

The Natural Coarse Aggregates (NCA) were of the crushed type. The maximum nominal
aggregate sizes were 19 mm for the coarse gravel and 9.5 mm for the medium gravel.

The Recycled Coarse Aggregates (RCA) were obtained by crushing parent concrete
specimens cast with two different water-to-cement (w/c) ratios: 0.6 and 0.4. The RCA
derived from the w/c ratio of 0.6 was designated as Code A, and the RCA from the w/c ratio
of 0.4 was designated as Code B. The maximum nominal size of the recycled aggregates
was 19 mm.

The fibers utilized in this research were steel fibers supplied by Zanjan Wire Industries
Company.

Mixing Procedure
For the preparation of the specimens, the aggregates were used in a Saturated Surface Dry

(SSD) condition. The mixing procedure was strictly followed:
Preparation: Before introducing the materials, the interior drum of the mixer was slightly
moistened using a damp cloth.
Dry Mixing: Sand and cement were simultaneously poured into the mixer and dry-mixed
for 1 minute.
Initial Wet Mixing: Approximately half of the total mixing water was added to the dry
materials, and mixing continued for 2 minutes.
Admixture Solution: The superplasticizer (SP) was added to the remaining half of the water
to ensure better dispersion of the ingredients and achieve a homogeneous mixture.
Aggregate Addition: The coarse aggregates were added to the mixer. Subsequently, the
remaining water containing the superplasticizer was slowly poured into the mix.
Final Mixing (Plain Concrete): The mixing process was continued for another 3 minutes
until a concrete mixture with suitable quality and workability was obtained.
Fiber Addition (FRC): For the production of Fiber-Reinforced Concrete (FRC), the fibers
specified in the mix designs were slowly and carefully added over the top of the mixer at the
completion of all the above steps. Mixing was then extended for an additional 5 minutes to
ensure adequate workability and uniform dispersion of the fibers within the concrete matrix.

Results
Effect of Recycled Aggregates on Compressive Strength

The results regarding the recycled aggregates' effect on the compressive strength gain
process in plain concrete specimens (without steel fibers) show that the 50% to 100%
substitution of Series A recycled aggregates resulted in a limited decrease in the specimens'
compressive strength. This strength reduction was approximately 4% at 91 days.
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Conversely, 100% substitution of Series B recycled aggregates led to an increase in
compressive strength by 9% at 91 days.

The distinct effects of the two series of recycled aggregates on the strength development
process can be attributed to the strength of the parent concrete from which the aggregates
were produced. Since the compressive strength of the parent concrete for Series B
aggregates was approximately 1.5 times that of Series A aggregates, the utilization of
aggregates derived from high-strength parent concrete had a significantly positive influence
on the final compressive strength of the test specimens.

Effect of Fibers on Recycled Aggregate Concrete
The results also demonstrate that the extent of improvement from adding steel fibers to the

specimens prepared with recycled aggregates is influenced by the type of recycled
aggregate. Specifically, the incorporation of steel fibers into specimens made with Series B
recycled aggregates achieved a higher strength gain compared to those made with Series A.

Effect of Fibers on Cracking Behavior
In Fiber-Reinforced Concrete (FRC) specimens, the difference (gap) between the first

visible crack and ultimate failure significantly increases, whereas in plain concrete (without
fibers), the gap between the initial crack and ultimate failure is only 1 blow (or negligible).
This phenomenon is attributed to the fiber's ability to enhance the ductility of the concrete,
which allows the concrete to transition from a brittle state to a more plastic state, thereby
requiring more energy absorption for crack propagation and final fracture.

Mechanism of Fibers and Impact Resistance of RAC
The hooked ends of the steel fibers contribute to increased energy absorption because,

during fiber pull-out, a greater number of impact blows is required for the hooked ends to
straighten out before the fiber begins to slide within the concrete matrix.

The overall effect of steel fibers was beneficial across all mixtures. Steel fibers demonstrated
a significantly greater improving effect on Recycled Aggregate Concrete (RAC),
particularly concerning ultimate failure.

In the fiber-reinforced concrete mixtures, the impact resistance of the RC50-A design
showed an increase of 8% and 15% for the initial crack and ultimate failure, respectively,
compared to the plain conventional concrete. The impact resistance of the fiber-reinforced
RC50-B mixture was close to that of the fiber-reinforced control concrete.

Steel fibers partially mitigated the negative effect of recycled aggregate substitution on
impact resistance. However, increasing the substitution percentage of recycled aggregates
generally led to a decrease in impact resistance.

In the combined state, the inclusion of steel fibers in the RC-B mixture resulted in a sharp
reduction in impact resistance at 50% RCA substitution. Conversely, at 100% RCA
substitution, the impact resistance showed a slight improvement compared to the 50%
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substitution level. Among all Recycled Aggregate Concrete (RAC) mixtures, the RC-A
design exhibited the highest resistance to impact loading.

Conclusions
Based on the results obtained from this research, the following conclusions can be drawn:

The utilization of aggregates derived from high-strength parent concrete had a positive
effect on the compressive strength of the specimens. Specifically, 100% substitution of
Series A and B recycled aggregates resulted in a compressive strength reduction of
approximately 4% and an increase of approximately 9% at 91 days, respectively.

The effect of adding steel fibers to specimens prepared with recycled aggregates is also
influenced by the type of recycled aggregate used. Specimens prepared with Series B
recycled aggregates achieved a higher compressive strength gain compared to Series A
when steel fibers were incorporated. Furthermore, the positive influence of steel fibers on
the increase in compressive strength was more pronounced in the recycled aggregate
samples than in the reference sample.

The substitution of Series A recycled aggregates led to a reduction in tensile strength.
Results indicate that the presence of steel fibers significantly increased the tensile
strength. The substitution of Series B recycled aggregates had a negligible effect on the
tensile strength. The findings suggest that the use of recycled aggregates in concrete
mixes should be limited to a maximum of 50%, and that steel fibers can be utilized to
effectively improve the tensile strength of recycled concrete.

The gap between the first visible crack and ultimate failure significantly increases in both
Natural Aggregate Concrete (NAC) and Recycled Aggregate Concrete (RAC) reinforced
with steel fibers. In contrast, this gap is limited to only 1 blow in plain concrete
specimens (without fibers). Steel fibers drastically enhanced the impact resistance of both
NAC and RAC. The effect of steel fibers on the impact resistance of RAC was slightly
greater than that observed in NAC. Steel fibers also partially mitigated the negative
impact of recycled aggregate substitution on impact resistance.

Impact resistance exhibited a considerable reduction when 100% of the natural aggregate
was replaced with RCA. However, a 50% substitution of recycled aggregates did not
have a significant effect on the concrete's impact resistance.
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