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h i g h l i g h t s

� Basalt macro-fibers increased the ultimate flexural capacity of RC beams.
� The use of RCA has no remarkable effect on the flexural capacity of RC beams.
� Ductility of basalt FRC beams was greater than that of RC beams with no fibers.
� ACI 318 and ACI 544 reasonably predict the ultimate moment capacity.
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a b s t r a c t

This study investigates the effect of using recycled concrete aggregates (RCA) from construction and
demolition (C&D) waste combined with basalt macro-fibers (BMF) on the flexural behavior and ultimate
capacity of reinforced concrete (RC) beams experimentally and analytically. A total of 16 RC beam spec-
imens were flexural tested to failure. The investigated parameters include the RCA replacement ratio and
the volume fraction of the BMF. Furthermore, the experimental results were also compared against the
existing analytical models and code-based equations for conventional concrete. The test results show that
the flexural capacity of beams with the addition of BMF was improved. On the other hand, the use of RCA
has no remarkable impact on the flexural strength of the tested beams.

� 2018 Elsevier Ltd. All rights reserved.

1. Introduction and background

Concrete is the most widely used construction material in Qatar
and in most countries of the world. However, the shortage of the
natural resources needed to produce concrete in Qatar is a chal-
lenge to the construction industry. It is well known that 60% to
75% of the concrete volume is made of aggregates. Most of the
aggregates used in producing concrete in Qatar are imported from
other countries, where transportation cost significantly increases
the total cost of the aggregates. Given the fact that about 75% of
the annual solid waste generated in Qatar comes from construction
and demolition waste (C&D) [1], it is imperative to investigate the
feasibility of reusing C&D as an alternative source of aggregates to
the imported natural coarse aggregates (NCA). Recycling C&D
waste will have a significant positive-environmental impact due
to the demand reduction of the virgin aggregates. Moreover, using
waste materials would partially solve a significant environmental

concern associated with landfilling the large quantities of C&D
waste produced every year.

There has been always a general belief about the undesirable
impact of using RCA in concrete production. This is because of
the presence of two interfacial transition zones (ITZ) in the RCA
concrete (ITZ between NCA and residual mortar in RCA and ITZ
between the residual mortar and the fresh mortar) compared with
only one ITZ in the NCA concrete. However, a number of publica-
tions have contradicted this idea [2–4]. A number of researchers
have examined the performance of RCA in structural concrete
[5–8]. It was reported that RCA has inferior water absorption and
porosity characteristics in comparison to NCA [1]. Therefore, a
proper concrete mixture design is necessary to obtain the required
quality of concrete that is made with RCA [9]. In general, the qual-
ity of RCA is governed by the quality of the original recycled con-
crete. Silva et al. [10] showed that RCA classification based on its
quality can be used to produce concrete with a predictable perfor-
mance. McNeil and Kang [11] reported that using RCA has resulted
in reducing the compressive strength, the modulus of rupture and
the modulus of elasticity of RCA concrete when compared to the
conventional concrete. In addition, a number of publications
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reported the effect of different RCA’s surface pretreatment meth-
ods on fresh and hardened properties of concrete mixtures made
with surface-treated RCA [12–14]. Yehia et al. [15] studied the
properties of concrete with 100% content of RCA in terms of
strength and durability. According to the authors, the strength
and quality of RCA depend on the condition of exposure and load-
ing condition of demolished structures.

A limited number of studies investigated experimentally the
flexural properties of reinforced concrete (RC) beams made with
RCA. Choi and Yun [16] studied the flexural behavior and long-
term deflection of beams made with RCA under sustained loads
for a period of 380 days. According to their study, the maximum
flexural strength of the beamsmade with NCA was 20% higher than
that of the beams with RCA. Moreover, Arezoumandi et al. [17]
reported that the deflection corresponding to the ultimate flexural
strength of RCA beam is about 13% higher than the comparable
NCA beam. Knaack and Kurama [18] tested beams with 50% and
100% RCA replacement level. They reported an increase in the
deflections as the amount of RCA is increased. Similar results were
reported by Song et al. [19]. They also reported that the addition of
RCA into concrete has little effect on the ultimate moment capacity
and the flexural crack width of the tested beams.

Table 1
Testing Matrix for Beam Specimens.

Beam # A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 A14 A15 A16

RCA (%) 0 25 50 100 0 25 50 100 0 25 50 100 0 25 50 100
BMF (%) 0 0 0 0 0.5 0.5 0.5 0.5 1 1 1 1 1.5 1.5 1.5 1.5

(a) NCA (Gabbro) (b) RCA 

Fig. 1. Sieve Analysis for NCA (Gabbro) and RCA.

Table 2
Specific Gravity, Absorption Ratio and Abrasion Resistance of NCA and RCA.

Aggregates Type Bulk Specific Gravity (Dry) Bulk Specific Gravity (SSD*) Bulk Specific Gravity (APP**) Absorption (%) Abrasion Resistance (Loss%)

NCA (Gabbro) 2.88 2.89 2.93 0.65 8.9
RCA 1.96 2.04 2.13 4.06 17.6

* (SSD = Saturated Surface Dry).
** (APP = Apparent).

Table 3
Properties of Steel Reinforcement.

Bar Dia. (mm) Area (mm2) Yield Strain Yield Stress (N/mm2) Ultimate Stress (N/mm2) Modulus of Elasticity (GPa)

8 50 0.00268 512 551 191
16 201 0.00266 525 560 197

Fig. 2. Basalt Macro-Fibers.
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