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Abstract :

Over the past few decades, the amount of facility waste has increased rapidly in order to
maintain the effective use of resources. In the industrial field, the recycling of building waste
has become an important process. So, recycled aggregate of building waste is being used in
the manufacture of new concrete. In this research, seven beams were tested to study the
flexural behavior of preloaded and repaired continuous reinforced concrete (RC) beams with
concrete mixtures containing recycled coarse aggregate (RCA) . The main parameters are the
ratio of RCA in the mixture of 50%, and 100%, also the ratio of preloading of 60%, 80%, and
100%.

Laboratory results showed that using concrete with natural aggregate gives more mechanical
properties than the concrete with 50% recycled aggregate. It is better to use 100% recycled
reinforced concrete than 50% through different loading cases to achieve homogenization. The
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enhancement in ultimate capacity was reached 10% for cases of 50% RCA replacement ratio
and 60% preloading level.

Keywords: Flexural behavior; Recycled Concrete Aggregate; preloading; Continuous RC
beam; repairing;

1. Introduction
Recycling of concrete has become an important process due to the increase rate of demolition

to preserve the environment. This process includes the creation of old concrete resulting from
the old construction works known as destruction wastes, then use an amount of RCA to
decrease the use of natural resources. To build a new structure of recycled concrete, the
concrete waste from an old building has been crushed thin cured to be utilized as RCA.

The physical properties of RCA have been discussed and compared with natural aggregate by
many researchers [1-11]. Water absorption and total voids volume increased when the
replacement ratio of RCA increased [1]. Also, water absorption decreased when maximum
nominal size of aggregate increased [2]. To achieve specific compressive strength, RCA
requires higher cement content and lower water per cement ratio compared to concrete with
natural granite aggregate [2]. More than 50% replacement of RCA has a considerably higher
shrinkage when compared with natural aggregate concrete [3].

For the mechanical properties, Padmini, A.K., Ramamurthy, K., and Mathews, M.S. [2]
reported that the variance in strength between normal concrete and RCA concrete increases
with the increase of concrete compressive strength. For RCA concrete, the flexural and tensile
split strengths are lower than in normal concrete, and a higher reduction ratio in modulus of
elasticity was observed when using smaller sized aggregates. Buraczewska, B.S., Hunek,
D.B., and Szafraniec, M. [6] evaluated the performance of RCA in high performance concrete
(HPC) compared with basalt natural aggregate. Increasing the ratio of replacement with RCA
led to a reduction in flexural strength, and an increase by 45% in long term deflection.
Performance of fine recycled aggregated (FRA) replacement also has been evaluated [12-14].
Evangelista, L., and Brito, J.D. [12] evaluated the behavior of concrete with FRA. There was
no significant effect on the compressive strength for replacement ratio up to 30%. Also the
abrasion resistance increased with the replacement of FRA. While the tensile splitting strength
and modulus of elasticity were reduced with the increase of FRA ratio.

The objective of this research is to experimentally evaluate the behavior of preloaded
continuous RC beams subjected to flexure before and after repairing with injecting epoxy
inside cracks. Ultimate load, the load-deflection, and the load-strain distribution for preloaded
beams have been recorded. The two considered variables in this study were; levels of
preloading of 60%, 80%, and 100%, also RCA replacement ratio of 0%, 50%, and 100%.
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2. Experimental program

2.1. Materials

Three trial mixes were conducted with 0%, 50%, and 100% RCA as shown in Table 1. An
additive BVF was used as a super plasticizer and high range water reducer to reach the
required workability. Two sizes of coarse aggregate were used. The first size with nominal
maximum size not less than 15 mm, and not larger than 25 mm, while the second size doesn’t
exceed 15 mm. The fine aggregate had sieve analysis with maximum aggregate size of 4.75
mm. According to the standard tensile test of steel bars, the yield strength of the longitudinal
and stirrups reinforcement were 312, and 405 N/mm? respectively, also the ultimate strength
of the longitudinal and stirrups reinforcement were 471, and 651 N/mm? respectively.
kemapoxy 165 [15] was used as filling mortar to close the crack extension from the other
sides to ensure sufficient injection using kemapoxy 103 [16] with minimum losses. The
compressive strength of concrete was measured by testing 158 x 158 x 158 mm cubes after 7
and 28 days. Table 2 shows the results of the standard crushing test for the three mixtures.

Table 1. Components of the different concrete mixes

Content 0% RCA3 50% RCA; 100% RCQ\
Weight/m Weight/m Weight/m
Cement 350 350 350
Water 200 210 210
Natural Coarse 1180 590 -
Recycled Aggregate -- 590 1180
Fine 650 650 650
BVF 3 Liter 3 Liter 3 Liter

Table 2: Average compressive strength for different concrete mixes

Average Compressive Strength
% Recycling After 7 Days After 28 Days
(N/mm?) (N/mm?)
0% 24 31
50% 21 29
100% 22 32
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2.2. Specimens Details

Seven continuous RC beams with two spans were tested. All beams had the same rectangular
cross section of 150 x 250 mm and 2060 mm length supported on three hinges as shown in
Figure 1. The reinforcement of all beams was 2®12 top reinforcement, 2012 bottom
reinforcement with cover of 25 mm, and closed stirrups ®8 with spacing of 100 mm. Two
main variables was considered in this research, the ratio of RCA, and the preloading level.
The specimens had one control beam (B1) and the remaining beams were categorized into two
groups with three beams in each. The first group include beams with 50% RCA, and the
second group had beams with 100% RCA with different levels of preloading of 60%, 80%,

and 100% of the ultimate capacity of B1 as shown in Table 3.
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Figure 1: Reinforcement details for all tested Beams
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Table 3: Dimensions and details tested Beams

Dimensions (mm) Reinforcement Parameters
Beam b h
mm mm Top Bottom | %Recycled | %Preloaded
Bl 150 250 2012 2012 -- 100%
B2 150 250 2012 2012 50% 100%
B3 150 250 2012 2012 50% 60%
B4 150 250 2012 2012 50% 80%
B5 150 250 2012 2012 100% 100%
B6 150 250 2012 2012 100% 60%
B7 150 250 2012 2012 100% 80%

2.3. Test setup

Each beam was subjected to two concentrated load at the mid spans as shown in Figure 2.
Before repairing of beams, B1, B2, and B5 were preloaded till failure and B1 was considered
as control specimen. Beams B3, and B6 were preloaded till 60% of B1 capacity. Beams B4,
and B7 were preloaded till 80% of B1 capacity. Figure 2 shows the loading setup for the
tested continuous RC beams.
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(a) Schematic Load Setup
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(b) Testing Load setup
Figure 2: Load setup for the tested specimens

2.4. Repairing of beams

After applying the assigned level of preloading for each beam, the cracks had been widened at
the surface using grinding machine to remove the disassembled parts then the fine resulting
material was removed using blower machine. kemapoxy 165 [15] was applied at other sides of
the beams to contain and allow the injection epoxy to fill the internal cracks and not to spill
out of beam. After the hardening of kemapoxy 165 [15] according to the manufacturer report,
kemapoxy 103 [16] with low viscosity was used as an injection material to fill the internal
gaps. Figure 3 shows the steps of repairing the tested beams.

B
(a) Widening surface of cracks (b) Removing of fine suspendmg

using grinder machine materials using blower machine

(c) Applying kemapoxy 165 [15] at cracks  (d) Injecting cracks with kemapoxy 103 [16]
surface to allow for injection

Figure 3: Steps of repairing using injecting epoxy
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3. Results and Discussion

3.1. Group of 50% Recycled RC Beams

After repairing of B1, B2, B3, and B4, the beams are subject to concentrated loads at the mid
of two spans till reaching the failure point. At the mid span of the four beams, the flexural
cracks began to expand as the applied load increased till reaching the compression zone. For
B1 and B3, the ultimate loads capacity were 321 kN, and 353 kN, respectively and both of
beams experienced shear failure and crushing of concrete. The ultimate load capacity for B2
was 171 kN with shear-flexural failure. Finally, B4 reached ultimate load of 300 kN and failed
due to the critical shear failure of the beam. Figure 4, and Figure 5 show the crack propagation
for 50% RCA beams before and after repairing, respectively.

(b) B2 100% preloading before repairing

(d) B4 80% preloading before repairing

Figure 4: Crack propagation for 50% RCA beams before repairing
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While testing the specimens, the relation between the load - deflection for each beam was
recorded. The maximum deflections were 1.7, 5, 3.1, 12.5 mm for B1, B2, B3, and B4,
respectively. It was recognized that the highest ultimate load was observed in B3 by 353 kN,
and the highest mid-span deflection was recorded in B4 by 12.5 mm. Figure 6 shows a
comparison between 50% RCA beams in ultimate loads and deflections. By increasing the
level of preloading, the load capacity decreased as observed in B2, B3, and B4. Figure 7
shows the load-deflection curves for 50% RCA beams in comparison with the control
specimen Bl. To evaluate the effect of preloading levels, the ultimate load of B2 before
repairing was considered as control specimen to eliminate the effect of changing RCA
replacement ratio. The ultimate capacity of B2 before repairing was 273 kN and it was
increased after repairing beams by 10%, and 29% for 80%, and 60% preloading, respectively,
while it was reduced by 37% in case of 100% preloading.

@ B1 control beam after repairing

(b) B2 after repairing

(d) B4 before repairing

Figure 5: Crack propagation for 50% RCA beams after repairing

382



400
350 321
300
250
200
150
100

=
N

353 12.54

ISIIN
=

171

Deflection (mm)

Ultimate Load (kN)
S

o N B~ O ©

Bl B3
Specimen Specimen

Figure 6: Ultimate loads and deflections for 50% RCA beams
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Figure 7: Load — Deflection relation for 50% RCA beams after repairing

3.2. Group of 100% Recycled RC Beams

The beams B5, B6 and B7 containing 100% RCA were repaired then loaded till failure. For all
beams, the crack began at the tension zone just beneath the loading point at the mid span, then
the crack extended vertically with the appearance of inclined cracks starting from the tension
zone directed to the loading point causing shear-flexural cracks with peeling of concrete.
Figure 8, and Figure 9 show the crack propagation for 100% RCA beams before and after
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repairing, respectively. The recorded ultimate loads were 321, 263, 331, and 302 kN for B1,
B5, B6, and B7, respectively.

(b) B5 100% preloading before repairing

(d) B7 80% preloading before repairing
Figure 8: Crack propagation for 100% RCA beams before repairing

The observed deflections were 1.69, 6, 2.7, and 7.8 mm for B1, B5, B6, and B7, respectively.
The highest ultimate load was for B6 by 331 kN, while the lower ultimate load was observed
in B5 by 263 kN. The highest mid-span deflection was recorded in B7 by 7.8 mm. Figure 10
shows a comparison between 100% RCA beams in ultimate loads and deflections. Figure 11
shows the load-deflection relations for 100% RCA beams compared with the control specimen
B1. To study the effect of changing the preloading levels, the ultimate load of beams has to be
compared with B5 before repairing as control specimen to exclude the effect of changing
RCA replacement ratio. The ultimate load of B5 before repairing was 325 kN and it was
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reduced after repairing beams by 19%, and 7% for 100%, and 80% preloading, respectively,
while it was increased by 2% in case of 60% preloading.

(b) B5 after repairing

(c) B6 after repairing

(d) B7 after repairing

Figure 9: Crack propagation for 100% RCA beams after repairing
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Figure 10: Ultimate loads and deflections for 100% RCA beams
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Figure 11: Load - Deflection relation for 100% RCA beams after repairing

3.2. Effect of changing RCA replacement ratio

The effect of changing RCA replacement ratio was evaluated by comparing the results of
groups 1, and 2 with B1 as control specimen. In case of 60% preloading, the enhancement in
ultimate capacity was reduced form 10% to 3% for cases 50%, and 100% RCA replacement
ratio, respectively, while in case of 100% preloading, the reduction of ultimate load was
reduced from 47% to 18% for cases 50%, and 100% RCA replacement ratio, respectively. In
case of 80% preloading, the effect of changing RCA ratio was not significant with 7%, and
6% reduction in ultimate capacity for cases 50%, and 100% RCA replacement ratio,
respectively.
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5. Conclusions

©)

this research, preloaded RCA beam with different

levels of preloading and RCA replacement ratio are In experimentally
evaluated and the main outcome conclusions are as follows: -

Repairing with curing additives improves strength, ductility, and dissipated energy of
RC continuous beams. However, it decreases the mid-span deflection at ultimate load
and affects the mode of failure of RC continuous beams.

The modes of failure of recycled concrete 50%, and 100% RCA with different
preloading levels are the same as conventional concrete, and shows shear failure, and
shear flexural failure.

Decreasing the preloading level improve the load - carrying capacity and the deflection
of the repaired beams for 100% RCA compared to 50% RCA. In case of 50% RCA,
the ultimate load was increased by 10 % in case of 60% preloading, and it was reduced
by 47% in case of 100% preloading.

The effect of changing RCA replacement ratio recorded high enhancement in reducing
the reduction in ultimate capacity in case of 100% preloading. An increase in ultimate
capacity was observed In case of 50% RCA replacement ratio up to 10% enhancement
compared to control beam B1.
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