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ABSTRACT

The effect of recycled materials as a recycled aggregate (crushed red brick and crushed ceramic)
on the fresh and hardened properties of Recycled Self-Compacting Concrete (RSCC) was
investigated. Recycled materials were used to replace coarse aggregate at different ratios of 25%,
50%, 75% and 100% to produce RSCC mixes. Twenty one concrete mixes were cast and test 1o
fulfill the aim of this paper. This paper aimed at studying the properties of RSCC mixes and
evaluating the behavior of RSCC beams under flexural loads. Nine tested loading simply
supported concrete beams were tested in flexure. The fresh properties of RSCC were evaluated
using slump flow, J-ring and V-funnel tests. Compressive strength, splitting tensile strength and
flexural strength were performed in order to investigate mechanical properties. The density for
different mixes was evaluated. The behavior of the tested beams was investigated with special
attention to the deflection under different stages of loadings, initial cracking, cracking pattern, and
ultimate load. The average of the compressive strength decreased by 34% and 26% for the mixes
with crushed red break and ceramics, respectively compared to that of control mix was observed.
In addition, the density for the mixes with crushed red brick decreased by 14 % compared to that
of control mix. The obtained results presented the properties of this concrete were expected from a
structure point of view, and that the recycled coarse aggregates can successfully be used for
making of SCC.
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1. INTRODUCTION

Recently, there is an increased interest in using self-
compacting concrete (SCC). The frequency of using
SCC is making it a common type of concrete in
many countries such as Sweden and Japan, where
SCC was originally developed. The classification
and requirements of concrete mixes as SCC were
present [1-4]. Numerous research papers studied the
fresh properties of SCC depend on the type and the
amount of additives which are used [5-7]. Felekoglu
et al [8] reported that using of SCC with its
improving production technigues is increasing
every day in concrete production. However, mix
design methods and testing procedures are still
developing the application of self compacted

concrete which was investigated by Domone [9].
He carried out an analysis of sixty eight case
studies. He reported that 31.2% by volume of
concrete was coarse aggregate; 34.8% was paste
content; 500 kg/m’ was the powder content; 0.34 by
weight was water/powder ratio and the 47.5% by
volume was fine aggregate/mortar. Both fresh and
hardened properties of self-compacted concrete
(SCC) due to the effect of using different types of
mineral admixtures were studied by Uysal and
Yilma [7]. They noticed that the fresh properties of
SCC were enhanced especially when used marble
powder. On the other hand, Khaleel =t al [10]
illustrated that maximum nominal size, texture ané
type of coarse aggregate have a direct effect om
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improving SCC. They found that; decreasing in the
flow-ability of SCC increasing in the maximum
nominal size of coarse aggregate. Also the
flowabiltiy of SCC decreases as using crushed
aggregate. Zhu and Bartos [11] studied the
permeation properties, which include permeability,
absorption, diffusivity etc.. These parameters have
been widely wused to quantify durability
characteristics of SCC. The results indicated that
the SCC mixes had significantly lower oxygen
permeability and captivity than that of vibrated
normal reference concretes of the same strength
grades. The SCC mixes containing no additional
powder but using a viscosity agent were found to
have considerably higher diffusivity than the
reference mixes and the other SCC. Grdic et al [12]
reported environmental advantages of SCC in
comparison to the normal concrete. For producing
SCC; coarse recycled aggregate obtained from
crushed concrete was researched. In this research,
three types of concrete mixtures were made. The
percentages of recycled aggregated were 0%, 50%
and 100% as a replacement of coarse aggregate.
The results indicated that recycled aggregate can be
used for making SCC. The potential for usage of
coarse recycled aggregate obtained from crushed
concrete for making of SCC was researched by
Grdic et al [12]. The development of SCC was
investigated by Hossain and Lachemi [13]. The
used a high volume of cementing materials and
viscosity modifying agent .A comparative study
was conducted to determine the bond strength
between deformed reinforcing steel bar SCC mixes
and normal concrete (NC). A reduction in bond
strength was less in SCC compared to NC, this is
due to bleeding and inhomogeneous nature.
Although the variation in bond strengths at different
casting elevations was observed in SCC, the extent
was less significant than that of NC. SCC also
exhibited a less significant top-bar effect compared
to NC. Tam et al [14] have pointed the importance
rolls of the environmental problems in the
construction. The methods of construction waste
recycling were reviewed. Several recycled materials
are studied, including: asphalt, brick, concrete,
ferrous metal, glass, masonry, non-ferrous metal,
paper and cardboard, plastic and timber. Tam [15]
reported the environmental problems resulting from
the construction industry. He reported that about
81% of the volume of demolitions in Australia for
concrete. So the best method to minimize the
demolitions of concrete is used in construction
activities. Recycling concrete waste with 100%
recycling that are used for new structural
applications was in Japan. On the other hand, Tam
[16] reported that recycling of construction material
helps saving the limited landfill space. He presented
that the recycling concrete as aggregate for new

@6 @ 10cm

concrete production can provide a cost-effective
method for the construction industry and help
saving the environment. The properties of concrete
made with crushed bricks were evaluated by
Cachim [17]. 15% and 30 % of crushed brick was
used as replacement ratios of natural aggregates.
Water/cement ratios of 0.45 and 0.5 were used.
Results indicated that there is no effect for 15%
replacement of crushed ceramic on the compressive
strength of concrete, while reductions were
observed up to 20% for 30% replacement. This is
due to the type and the manufacturing process of
bricks. Rao et al [18] studied the possibility of
treating and reusing waste as aggregate in new
concrete, especially in lower level applications. The
effect of using recycled aggregate on the properties
of fresh and hardened concrete was summarized.
Regarding that the use of recycled aggregate to
make a self-compacted concrete has stiil been
inadequately investigated.

2. Experimental Program

To achieve the aim of the research, two stages
program were conducted. In the first stage, eight
mixes were prepared to specify the optiinum mix,
which achieves the requirements of the technical
specification for SCC utilizing dolomite as a coarse
aggregate [4]. In the second stage, eight mixes were
prepared using recycled materials (crushed red
brick and ceramic) as a coarse aggregate. Different
percentages of 25, 50, 75 and 100 % of recycled
aggregates were used to replace the dolomite coarse
aggregate, Nine beamns were designed to evaluate
the behavior of recycled self-compacted concrete
beams under flexure loadings. Simply supported
beams (100 x 150 x 1000 mm) were cast and tested
until failure. The beams under investigation were
reinforced with two lower and two upper rebars of
10-mm and 8-mm diameter respectively. The
geometrical and reinforcement details of the tested

beams are shown in Fig. (1)
P D

v

|
S0mm

—
100mm

_',|
|

r " 1000mm

Figure (1) Geometrical and reinforcement details of the
tested beams

2.1 Materials

Well graded siliceous sand was used with a specific
gravity of 2.60, absorption of 0.78 %, and a
fineness modulus of 2.61. Coarse aggregate of
crushed dolomite with maximum nominal size of 10
mm was used, with a specific gravity 2.65 and
absorption of 2%. Crushed red brick and ceramic
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were used as a coarse aggregate. Crushed red brick
with a maximum nominal size of 10 mm was used,
with specific gravity 1.64 and absorption of 4%.
Crushed ceramic with maximum nominal size of 10
mm was used, with specific gravity 2.64 and
absorption of 1.9%. Figure (2) shows the recycled
aggregate used. Locally produced Portland cement
(CEM 1 42.5 N) conforming to the requirements
Egyptian Standard Specifications (373/2005) was
used. Imported class (F) fly ash meeting the
requirements of ASTM C618 [19] with a specific
gravity of 2.1 was used. The cement content was
400 kg;’m3 and the water cement ratio {w/c) ranged
from (0.5-0.55). Tap water was used for mixing the
concrete. A high range water reducer (HRWR) was
used as superplasticizer meeting the requirements of
ASTM C494 (type A and F) [20]. The admixture is
a brown liquid having a density of 1.18 kg/cm’ at
room temperature. The amount of HRWR ranged
from (1.5-2.5%) of the powder weight was used.
High tensile deformed steel rebras (nominal
diameters 10 mm) were used as tension
reinforcement. The rebars had a proof stress of 500
MPa. Mild steel rebar were used for stirrups and
stirrups' hangers with yield strength of 240 MPa.

2.2 Casting and mixing procedures

Coarse aggregate, fine aggregate, and the cement
were mixed for at least 1 minute in the dry state
before water, and the admixtures were added. The
mixing time after slurry (water, fly ash, and
HRWR) was added for (3-4) minutes to ensure full
mixing of the SCC. The properties of fresh SCC
were determined by different methods, which
included the normal slump test, V-funnel test and J-
ring test. The concrete specimens were cast and
kept at the steel moulds for 24 hours. After 24
hours, they were removed from the molds and
submerged in water at 20°C until. 2000 kN capacity
compressive strength testing machine was used
during the determination of the compressive
strength and splitting tensile strength. Flexural
strength testing machine with 100 kN capacity was
used during the determination of the flexural
strength of the prism. The flexural strength was
determined by the four points loading. Test
specimens were designed by letter C for ceramic
aggregate or R for red brick aggregated followed by
the percentage of recycle for examples C25%
means that mixes with 25% crushed ceramic as a
coarse aggregate.

3. Test Results
3.1 First stage
In this stage, eight mixes were prepared to specify
the optimum mix proportions as shown in Table [1],
which achieve the requirements of technical
specification for SCC [4]. In this stage dolomite as

a coarse aggregate with a maximum nominal size of
10 mm was used to achieve the requirements for
SCC. Table [2] presents the properties of fresh SCC
that were determined by different methods.

3.1.1 Workability for trial self-compacted
concrete mixes.

Table [2] illustrates a summary of the fresh SCC
properties. Figures (3) and (4) show the flow
diameter and flow time at 50cm (Tsgen) for the trial
SCC mixes. From these figures, clearly the basic
requirements of flow ability as specified by
technical specification for SCC are satisfied for
mixes L and I. For mix (L) the flow diameter and
T50cm were 705 mm and 2.0 sec, respectively. For
Mix (I), 650 mm and 2. 5 sec obtained for flow
diameter and T50cm, respectively was recorded.
The flowability of mixes I and L are shown in

Figure (5).
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Figure (3) Relationship between the Flow Diameter and
Mix No.
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Figure (4) Relationship between the Flow Time
(T50cm) and Mix No.

Figure (5) Flow diameter for trial mixes.

Figure (6) illustrates the V-funnel time obtained
from V-funnel test. The flow time was 7.86 sec and
6.5 sec for mix L. and mix L, respectively. Also the
H,-H, for J-ring test was evaluated as shown m
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Figure (7). The values of H,-H, were 5 mm and 10
mm for mix L and mix I, respectively. Theses
results indicate that the requirements for self-
compacted concrete were achieved for these mixes.
Also the flowability of mix L was higher than that it
for mix I.
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Figure (6) Relationship between the Time of V-Funnel
Test and Mix No.
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Figure (7) Relationship between the (H2- H1) and Mix
No.

3.1.2 Mechanical properties of trial self-
compacted concrete mixes

SCC mixes were prepared using 10-mm crushed
dolomite as coarse aggregate. Figures (8) to (10)
show the mechanical properties for the different
trail SCC mixes under investigation. The
compressive sirength ranged between 28 and 36
MPa at 28 days. The mix L had a compressive
strength of 36 MPa at 28 day. Also, the flexural and
tensile strength were higher for mix L compared to
the other trial mixes.
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Figure (8) Compressive Strength for Trial Seli-

Compacted Concrete Mixes.
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Figure (9) Splitting Tensile Strength for Trial Self-
Compacted Concrete Mixes.
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Figure (10) Flexural Strength for Trial Self~Compacted
Concrete Mixes.
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Figure (11) Density of Trial Self-Compacted Concrete
Mixes.

3.2 Second Stage

This stage included SCC mixes made by using
recycled aggregates (crushed red brick and ceramic)
replacing dolomite. Recycled aggregate with a
maximum nominal size of 10 mm were used to
produce RSCC. Mix L was chosen from the first
stage as a control mix to study the influence of
replacement percentage of recycled aggregate on
the fresh and mechanical properties. Table (3)
shows the mix proportions of RSCC and control
mix (mix L).

3.2.1 Workability for recycled self-compacted
concrete mixes

The fresh properties of RSCC mixes are referred to
as workability. The results of slump, V-funnel and
J-ring tests were shown in Table (4). Figures (12)
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and (13) show the effect of the different percentages
of recycled aggregate replacement on the flow
diameter and Tsy,. Figure (12) shows that an
increase in flow diameter as the percentage of
recycled aggregate (crushed red brick and crushed
ceramic) increased. All mixtures using crushed
ceramic or red brick as a recycled aggregate showed
a slump flow diameter between 705-1020 mm and
achieved the requirements of SCC. This shows that
all mixtures have enough deformability under their
own weight. Figure (13) illustrated that an increase
of Tsym as percentage of crushed red brick and
ceramic increases. When using ceramic as a
recycled aggregate T50cm ranged from 2 —3 sec.
While in mixes with crushed red brick T50cm
ranged from 2.5 -3.6 sec. This shows that all
mixtures achieved the requirements of SCC and had
enough viscosity to flowabilty. Figures (14) and
(15) demonstrated the flowabilty of C25% and
R25% mixes.
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Figure (12) Effect of Percentage of Recycled as a Coarse
Aggregate on the Flow Diameter.
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Fiazare (13) Effect of Percentage of Recycled as a Coarse
Aggregate on the Flow Time.

Fgees 08 Slowsiilry of Mix with 25% Crushed
Cemammnc (C25%).

Figure (15) Flowabilty of Mix with 25% Crushed Red
Brick (R25%).

Figure (16) illustrates the relation between the flow
diameter and Tsg., for RSCC. It can be shown that
as the flow diameter decrease as flow time
increases. The J-ring flow diameter provides
information on restricted flowability of SCC due to
the blocking effect of reinforcing bars. Table (4)
shows that an increase in the percentage of recycled
aggregate decreased the slump flow diameter of the
Jring test for the mixes with crushed red brick.
While the opposite was noticed for crushed
ceramic; which is similar to the slump flow test.
Figure (17) shows that (Hy-H;) decreased with
increasing the percentage of recycle aggregate in
both crushed ceramic and red brick. Moreover, the
concrete mixtures with the crushed red brick
yielded higher (H,-H,) in comparison to the
concrete mixtures with the crushed ceramic for the
same percentage of recycled aggregate results. This
proved that the red brick have higher internal
resistance to flow than the ceramic. Also the type
and the manufacturing process of recycled materials
seem to influence the properties of the resulting
SCC. 4 -
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Figure (16) Relationship between Tsop and Flow
Diameter for Slump Test.
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Figure (17) Relation between the Percentage of Recycle
and H,-H,.

The V-Funnel Time (T) represents the fillingability
of the concrete mixtures and measures the viscosity.
Table (4) shows the fillingability as per Egyptian
standard specification for SCC [14]. Figures (18)
and (19) show that an increase in the percentage of
recycled aggregate decreases V-funnel time for the
concrete mixes with crushed ceramic and increases
V-funnel time for the concrete mixes with crushed
red brick. Moreover, the same trend was noticed in
Figure (19); where V-funnel time after 5 min. The
concrete mixes with crushed ceramic were higher
than that of the concrete mixes with red brick for
the same percentage of recycled aggregate. This
may be because of the high possibility of the effect
for the shape and surface of ceramic over the red
brick narrow opening at the bottom of the V-funnel.
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Figure (18) Effect of Percentage of Recycled on V-
Funnel Time.
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Figure(19) Effect of Percentage of Recyeled on V-
Funnel Time after 5 min.

3.2.2 Mechanical properties of recycled self-
compacted concrete mixes

Figures (20) and (21) show the effect of percentage
of recycled aggregate on the compressive strength
of the RSCC. At 28 days, there is decrease in the
compressive strength with the increases in the
percentage of the recycle aggregate can be
observed. This is supported by a previous study
conducted by Cachim, (2009) and Grdic et al.
(2010). This is due to the type, the manufacturing
process and properties of the recycled aggregate

used in the concrete mix. Figure (20) shows higher
compressive strength for the concrete mixtures with
crushed ceramic than for the concrete mixtures with
crushed red brick for the same percentage
replacement. At 7 days; the results indicated that
reduction in the compressive strength for the
concrete mixture with crushed red brick was (11%,
32% and 31%) compared to the control mix (L).
The reduction in the compressive strength for the
concrete mixture with crushed ceramic was (10%,
15% and 28%) compared to the control mix (L).
These observations are also confirmed by the swudy
conducted by Cachim, (2009). Moreover, the
reduction in the compressive strength for mixes
with ceramic was lower that that concrete with red
brick. For example at 28 days; using 50% recycled
aggregate, about 32% and 37% reduction in the
compressive strength for concrete mixtures with
crushed ceramic and red brick, respectively. The
maximum compressive strength was (19.7 and 28.3
MPa) obtained for concrete mixture with 25%
crushed ceramic at 7 and 28 days, respectively. The
maximum compressive strength was (19.5 and 29
MPa) was obtained for concrete mixture with 25%
crushed red brick at 7 and 28 days, respectively. A
maximum reduction in compressive strength about
31% for concrete mixtures with crushed ceramic
has been observed, whereas for crushed red brick
was 45 % at 100% percentage of recycled

aggregate.
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Figure (20) Compressive Strength for Recycled Self-
Compacted Concrete.
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Figure (21) Reduction in Compressive Strength of
Recycled Self-Compacted Concrete.
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Figures (22) and (24) represent the 28-day tensile
strength and flexural strength of all RSCC concrete
mixtures. Figure (22) indicated that the tensile
strength for concrete mixtures with crushed ceramic
falls between (9.5 and 14 MPa). The tensile strength
with concrete mixtures with crushed red brick falls
between (6 and 9.5 MPa). A maximum reduction
increase in tensile strength of about 47% for
concrete mixtures with crushed ceramic has been
observed, whereas for crushed red brick was 60% at
100% percentage of recycled aggregate. Moreover,
the percentage of reduction in concrete with
crushed ceramic was lower than of crushed red
brick by about 28%. Figure (23) shows that the
fracture modulus for concrete mixtures with
crushed ceramic falls between (4.66 and 5.5MPa),
whereas for crushed red brick, ranged (3.38 and
4.65 MPa). Also maximum reduction in fracture
modulus was about 32% for concrete mixtures with
crushed ceramic have been observed, whereas for
red brick was 50% at 100% percentage of recycled
aggregate. The density of concrete varied from 2.2
to 2.19 ton /m’ for crushed ceramic and 2.12 to 1.9
ton/m’ for crushed red brick as illustrated in figure
(24).

16
14
12
10

:(Ft, MPa)

Splitting tensile
o N & O o

I T I

5 B T & & B ¢

§ 8¢ 888 8k ¢
Mix NO.

Figure (22) Splitting Tensile Strength for RSCC.
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Figure (23) Fracture modules of RSCC.
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Figure (24) Density of RSCC.

3. Analysis and Discussion of Test Results
3.1 Cracking and modes of failure

Figure (25) shows the cracking patterns for the
tested beams at failure. The cracking behavior and
modes of failure described ductile fracture based on
the experimental program. All beams were cracked
in the early stages of loading in the maximum
moment region within the middle third of the beam.
These flexure cracks propagated upwards with
loading and were followed by shear cracks near the
supports in the shear zone. Failure took place due to
shear in all beams as planned. As the load was
applied, a vertical crack initiated in the maximum
moment region, while other flexural-shear cracks
formed in the shear region .The vertical cracks in
the maximum moment region started propagating
upward as the load was gradually increased. Failure
finally occurred because concrete reached its
ultimate compressive strength and crushed. Table
[4] shows the cracking and ultimate load for each
beam. The values for the ductility index (Auw/Ay) as
a measure of ductility were computed. The ductility
ratio for the test beams ranged from 1.08 tol.89.
The increase of the yield load and its corresponding
deflection resulted in this reduction of the ductility
ratio, as defined in this investigation, in comparison
to the control beam. The number of cracks at failure
as shown in Table (5). It can be seen that the
number of flexure cracks increased in the beam
with RSCC compared to the control beams. The
increased number of cracks reflects enhanced steel-
concrete bond characteristics. The number of cracks
in beams with different percentage of crushed
ceramic (C50%, C75% and C100%) compared to
their control were observed. Comparing the
performance in terms of stiffness, ultimate loads,
ductility and cracking patterns were investigated.
Figure (28) shows that the load-deflection curves
consisted of only two parts: a linear relation up
yield and a yield plateau. A significant reduction =
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stiffness can be observed in beams with 75 and
100% recycled materials compared to the stiffness
of control beams.
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Figure (25) Cracking Patterns for all Tested Beams.

3.2 Load — deflection curve

The mid-span deflection curves throughout the
loading course for the tested beams are illustrated in
Figure (26). Load-deflection curves of tested beams
were slightly curved after cracking. All curves
showed a change of the slope of the first flexure
cracking load decreasing by using the recycled
materials as a coarse aggregate. The tested beams
cast with ceramic as coarse aggregate presented
better stiffness than other with red brick as coarse
aggregate. It can be seen that, the maximum
deflection for beam control beam was 3.52 mm at
45.3 kN. By increasing the percentage of ceramic as
a recycled material the reduction in the initial and
the ultimate loads were 27% and 1% respectively.
About 50% and 17.8% reduction in initial and
ultimate load were observed for the beams cast with
red brick as a coarse aggregate at different
percentage of recycled materials. At the same load,
the deflection for beams cast with ceramic less than
the beams with red brick. The initial cracking loads
for the beams cast with ceramic were higher than
the beams with red brick. The beams cast with
recycled materials demonstrated better behavior and

yielding of reinforcement, while the initial stiffness
was as low as the stiffness of the controi beams. For
beams C25%and C50%, the ultimate load was
higher than the control beams by 9.3% and 7.5%
respectively. This figure shows a good behavior and
stiffness for the beams cast with recycled materials.
Figure (27) shows the load -stain curve for the
tested beams.
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Figure (26.d)
Figure (26) Load -Deflection for Test Beams.
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Figure (27) Relation between Load and Strain for the
Tested Beams.

4. Conclusions:-

Based on the available test results, the following

conclusions can be drawn:

1. Using crushed ceramic as a recycled aggregate
improved the flowability of the recycled self-
compacted concrete mixtures comipared to use red
brick as a recycled aggregate.

2.The compressive strength for the dolomite mix
was 36 Mpa at 28 days.

3. At 28 days, the compressive strength was reduced
by 19.4, 37.5, 33.33 and 45 percent when the
coarse aggregate was replaced by crushed red
brick at 25, 50, 75 and 100%, respectively
compared to counterpart control mixes. The
corresponding ratios when crushed ceramic was
used were 21.4, 31.4, 27.8 and 24.2 percent.

4.The strength loss refers to either intrinsic
weakness of the coarse aggregate in case of
crushed red brick and partial reduction in the
bonding strength between the coarse aggregate or
the matrix in case of the crushed ceramic.

5.Compared to the counterpart control mixes, the
fracture modules was reduced by an average of
43 and 27 percent when red brick and crushed
ceramic was used as coarse aggregate.

6. Compared to the counterpart control mixes, the
splitting tensile was reduced by an average of 52
and 32 percent when red brick and crushed
ceramic was used as coarse aggregate.

7.The reduction in splitting tensile and fracture
modules for mixes with crushed ceramic was
lower than of the mixes with crushed red brick by
28% and 32% respectively.

8. Increase of the percentage of rccycled aggregate
decreases the density of RSCC. Replace 100% of
crushed red brick decreased the density by 14%.

9. Using ceramic as a coarse aggregate; the ultimate
load for the tested beams with 25 and 50%
recycled materials increased by 9.3 % and 7.5 %
and decreased by 2.4 % and 19.4 % at 75 and
100% recycled materials compared to the control
beams.

10. Using red brick as a coarse aggregate; the
ultimate load for the tested beams with 25, 20, 75
and 100% recycled materials decreased by 4.6%,
11.7%, 26% and 27.6% compared to the control
beams.

11. The post cracking stiffness of the tested beams
cast with RSCC mixes was significantly less than
control beam. Exception case of using 25 and 50
% crushed ceramic as a coarse aggregate was
effective in increasing the post-cracking stiffness,
increased to 9 and 7.5% respectively.
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Table [1] concrete mix proportions for trial self-compacted concrete mixes (kg/m’).

Mix code Cement Water Sand Dolomite Fly ash BVF1
E 1011 674 6.6
F . 1008 672 40 8.8
G 1008 672 8.8
[ 980 653 40 6.6
L 400 974 663 11
I = 962 641 9.2
K 20 959 639 o 11.5
H 944 629 80 12
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Table 2] Rheological properties of trial self- compacted concrete mixes.

Mix Slump test V-funnel test J-ring test
No Dav Tﬁﬂcm Tf T Timin Ve!ocity T ‘D,V Hz"H;
) (mm) (sec) | (sec) (sec) (sec) (m/sec) (sec) (mm) (mm)
E 440 1.5
F 390 None 1.2 None
G 410 | = 1.25
H 690 | £| L5 13 2 |, L3551, 0.32 2 540 5 1.
I 6505 o b2 ST TN eS| DL6N gl 600 0L B
J 580 5_99 1.3 |2 5.1 506 | ©| 821 .: 0.12 3 520 g
K__| 630 1 1962 | 319 |5 [ 49% |= 6 545 =
e e e sl S A oF TR R 2
L s B3 L e e T lels T oa 590
D, : The average of the flow diameter for the slump test and the } ring test (mm).
Tsoem: Time at diameter of concrete equal 50 cm (sec).
T;: The time which the concrete stop spreading in the slump test (sec)
* Requirements of technical specification of self-compacted concrete [4]
Table [3] Proportions of recycled self-compacted concrete mixes (kg/m’).
Mix code Cement Water Sand Dolomite Recycled Fly ash BVF1
aggregale
Control mix (L) 663 0
C25% 534 134
C50% 440 220
C75% 380 285
C100% 400 220 974 0 668 40 1
R25% 465 L16
R50% 364 182
R75% 294 221
R100% 0 250
Table [4] Rheological properties of recycled self-compacted concrete mixes.
Slump test V-funnel test J-ring test
Mix No. Dnv. TSOcm Tf T (SGC) TSmin VBIOCity T Dav. Hz-H|
(mm (sec) (sec) (sec) (m/sec) (sec) | (mm) (mm
Control mix (L) | 705 2 7 7.86 9.85 0.1 6 390 5
C25% 710 2 4 6.8 8.7 0.09 4.36 625 10
C50% 815 |, 23 |, |39 51 |e| 69 | 0.12 5.5 665 B s
C75% 1000 |E | 26 |5 6 4.8 8 665 | 8 0.13 5.8 660 5 IE
C100% 1020 | E 3 :"’i 6.7 43 || 633 : 0.15 52 660 3 E
R25% 705 % 25 |ea| 6 6.07 | T 707 |3 0.1 5.2 640 8 |3
R50% 740 | T 28 548 | 625 |~ 717 |~ 0.1 S 620 7 1™
R75% 745 3.25 691 | 6.89 5.25 0.09 6.5 575 5 |
R100% 800 3.6 548 | 7.26 5.42 0.09 7 565 5 |
Table (5) Experimental Test Results for Beam Specimens.
Beam Initial Cracking Ultimate load Deflection (mm) Ductility Number of i
code load (kN) (kN) Ay A index cracks
control 12.0 (1.00)" 45.3 (1.00)" 2.62 352 1.34 33 |
C25% 8.0 (0.67) 49.5 (1.09) 3.18 6.0 1.89 44
C50% 9.7 (0.81) 48.7 (1.08 ) 3.04 4.49 1.48 25
C75% 8.6(0.72) 44.3 (0.98) 3.17 4.85 1.53 24
C100% 8.6 (0.72) 36.5 (0.81) 2.74 2.96 1.08 I 32
R25% 7.0 (0.58) 43.2 (0.95) 3.46 5.6 162 | 47
R50% 4.6 (0.38) 41.0 (0.91) 2.82 328 | 116 | 39
R75% 5.9 (0.49) 33.7 (0.74) 4.03 4.77 | 1.18 { 37
R100% 6.5 (0.54) 32.8 (0.72) 2.25 2.64 1.17 ! 45
" (): load as a fraction of that of the control beam.
" Ay, Au: mid-span deflection at yield and ultimate load, respectively
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Abstract
The production of cement as a binding component of concrete is costly, consumes high energy,
depletes natural resources and emits huge amounts of greenhouse gases (one ton of cement
production emits about one ton of CO,). Consequently, environmental degradation, serious
pollution and health hazards associated with cement and concrete industries, have come under
intense scrutiny from environmentalists and the governments. Developed and some developing
countries, are already using industrial and agricultural wastes in concrete. These wastes also pose
several environmental problems. Partial inclusion of waste instead of 100% cement has been found
to be environmentally safe, stable, durable as well as economical. Rice husk ash (RHA), rich in
silica content, can be produced from rice husk using appropriate combustion technique for use in
concrete as a supplementary cementitious material. The present study used rice-husk ash (RHA) as
a partial replacement of cement in concrete. X-ray diffraction analysis, scanning electron
microscopic examination, compressive strength (without and with superplasticizers), flexural
strength, resistance to aggressive chemicals and cost analysis were carried out. Concrete and
mortars containing 25% RHA as a replacement of cement, exhibited same or beiter results
compared to conventional concrete. Moreover, it leads to substantial cost savings not to mention
benefits to the environment.
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1. Introduction

With growing environmental consciousness
at all levels of society, the pollution and health
hazards especially associated with the concrete,
cement and clay-bricks industries, are coming under
intense scrutiny from environmentalists and the
governments. The developed countries are farther
ahead in tackling the problem by using industrial and
agricultural wastes in their industries. These
industrial and agricultural wastes are mostly the by-
products of oil and coal burning such as slag, rice
husk ash, bagasse, fly ash, cement dust, stone crusher
dust, marble dust, brick dust, sewer sludge, glass,
tires, etc. Million tons of these waste materials are
abundantly available and discarded every year in the
world [1,2].

Increasing concern for environmental
protection, energy conservation with minimal impact
on economy have been motivating researchers to
look for other alternatives of cement in the concrete
industry.  Studies have shown that waste materials
can be successfully used in all kinds of existing and
future concrete structures, by replacing cement
sometimes up to 70%. They provide environmentally
safe, stable, and more durable and low cost
construction materials [3-5]. It is well known that
production of cement (key binding component of
concrete) is costly, consumes high energy, depletes
natural resources and emits large amounts of
greenhouse gases (GHGs mostly CO,). It has been
reported that the production of 1 ton of cement
consumes about 4GJ of energy and requires about 1.7
tons of raw materials (limestone and shale) which
leads to environmental degradation and pollution
problems [6-8]. Therefore concrete technology has
focused on other alternatives which can be used as
cement replacement materials in concrete.

Rice husk is an agricultural residue obtained
from the outer covering of rice grains during milling
process. It constitutes 20% of the 500 million tons of
paddy produced in the world [9]. Initially rice husk
was converted into ash by open heap village burning
method at a temperature, ranging from 300 °C to
450°C . When the husk was converted to ash by
uncontrolled burning below 500 °C, the ignition was
not completed and considerable amount of unburnt
carbon was found in the resulting ash . Carbon
content in excess of 30% was expected to have an
adverse effect upon the pozzolanic activity of RHA.
The ash produced by controlled burning of the rice
husk between 550 °C and 700 °C incinerating
temperature for 1 h transforms the silica content of
the ash into amorphous phase [10,11].

Researchers have been searching all the time
for cheap and easily available cement replacement
materials, like industrial and agricultural wastes
which are pozzolanic in nature. Rice-husk ash
(RHA), is one of the agricultural wastes and

pozzolanic. It can be us as a partial replacement of
cement in concrete. On the other hand, concrete
consumes more than 8 billion tons of aggregates
(mostly limestone) every year, which also depletes
the natural resources, such as forests, hills, and
mountains, thus creating additional problems to the
environment, to humans and wild habitats, and
climate change[12].

The annual global paddy production
estimates for the year 2011 are 678 million foms
which implies 149.16 million tons of rice husk
production that year from which 37 millions of toms
of RHA can be obtained [13]. In the absence of s
utilization, this huge quantity of RHA goes waste and
becomes a great threat to the environment causing
damage to the land and the surrounding areas in
which it is dumped. 1If most of the RHA were to be
used in concrete, it would not only get rid of
dumping RHA but would also have decreased the
CO, emissions to atmosphere by bringing down the
cement production. The annual global production of
RHA, being very small in comparison to the
enormous quantity of cements produced worldwide
(2.65 billion metric tons in year 2009), cannot wipe
out cement completely [14]. However, by replacing
cement partially with RHA, it will bring a substantial
reduction in the amount of CO, emitted every year in
the atmosphere.

The chemical composition of rice husk &=
found to vary from sample to another due to the
differences in the type of paddy, crop year, climsse
and geographical conditions. Burning the husk undes
controlled temperature below 800 °C can produce ash
with silica mainly in amorphous form [15,16]. It &=
estimated that 90% of rice is produced and consumed
in Africa, Eastern and Western Asia. The anmusl
paddy production all over the world has been 30
million tons for the year 2009 meaning a substantizl
amount of RHA production of about 600 millios
tones [17]. If used wholly in the construction indussry
as pozzolanic material it would bring about a marked
reduction of CO, emission associated with e
manufacturing of cement. It would not only decresse
the level of pollution in the atmosphere but will 2isa
eradicate a major land pollutant as RHA is dumped
as waste in quarries. Therefore, using it in concress as
a cement replacement material will make = wasse
material into one of value. Moreover, it may 5 2
viable alternative to its disposal as waste which 5as 2
damaging effect on the environmeni. Pakistan & =
developing country with 85% of its populatios
comprising in the middle and lower income growps.
About six hundred thousand dwellings are reguesd
per annum to cope with present population growss
rate of 3%. Keeping in view the main problem of
shelter, low cost housing is the right solution. In low
cost construction, the major component that afecs
the economy is ordinary Portland cement (OPC) As
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mentioned earlier, its production depletes natural
resources, requires high energy use and emits a large
amount of CO, and causing environmental problems.
The present work used rice-husk ash (RHA)
as a partial replacement of cement in concrete at
different levels {0,25,30,40%). Physical and chemical
analysis by X-ray diffraction and scanning electron
microscopic were carried out. The mechanical
properties of concrete (without and with
superplasticizers) were studied in terms of
compressive strength, flexural strength. Also the
resistance to aggressive chemicals and cost analysis
were carried out.
2. Experimental program
2.1. Materials
2.1.1. Cement
Locally available OPC conforming to the
ASTM CI150 was used. Table 1 summarizes its
chemical composition.

Table 1 Physical and chemical properties of OPC and RHA.

2.1.2. Rice-husk ash

Rice-husk was wused to evaluate its
suitability as an ash for OPC replacement in concrete.
Rice-husk was burnt in a controlled atmosphere at
800 °C in the laboratory. The ash thus produced was
cooled rapidly as well as slowly. Rapid cooling was
carried out by spreading the ash in trays at the
laboratory ambient temperatures of 21 £ 1 °C after
achieving the required temperature of 800 °C. Slow
cooling, on the other hand, was carried out by leaving
the ash, as is, in the incinerator, after achieving the
required burning temperature. Only 22% of the ash
was obtained after burning the rice husk. It was
ground through rod mill and sieved through 200 or
325 um mesh. Its specific gravity was 2.1. Table 1
presents the chemical analysis of both the rapid
cooled as well as slow cooled RHA.
From Table 1 it can be seen thatt:
— The amount of chemical constituents significantly
differ in the rapid and slow cooled RHA samples.

Materials Specific gravity Chemical analysis (%)

Si0;  FeOs  AIR203  Ca0  MgO SO, LOI
OPC 3.12 19.80 3.85 69 62.45 235 2.95 =
Rapid cooled RHA 2.1 8400 201 139 060 085 = 5.85
Slow cooled RHA 2.1 89.50  2.86 040 030 025 - 4.0

— Silica content in both the rapid cooled and slow
cooled RHA is high. In rapid cooled RHA, the silica
is about 5% less than that of slow cooled RHA. The
reason for this difference not clear up to now.

— Similarly, the loss on ignition in both the rapid
cooled and slow cooled RHA is high. The high loss
on ignition could be due to the volatile organics as
well as the moisture content in the ash [18].

2.1.3. Aggregates

The fine aggregate used was natural silica river sand
with a fineness modulus 2.3. The coarse aggregate
used was dolomite. It had a maximum aggregate size
of 14 mm and a bulk specific gravity of 2.65.

2.1.4. Superplasticizer

Superplasticizer (SP) was used to control the water to
cement or water to binder (OPC + RHA) ratio (W/B)
in order to achieve the desired workability of the
concrete mixture. Since the addition of RHA
increased W/B, obviously the strength of finished
product was decreased due to its high surface area. It
was; therefore, appropriate to study the behavior of
rice-husk ash cement (RHAC) concrete by keeping
the W/B constant by using the SP.

2.1.5. Tests

Tests carried out on RHA and RHAC concrete were:
reactivity with sodium hydroxide (NaOH), X-ray
diffraction analysis (XRD), scanning electron
microscopic analysis (SEM), compressive strength
(with and without SP), flexural strength and chemical
resistance, etc.

3. Results and discussion
3.1. Reactivity of RHA

One gram of RHA was dispersed in 200 ml
of 0.5 M sodium hydroxide (NaOH) solution and was
allowed to stay for 48 h with constant stirring. It was
then filtered and the filtrate was titrated against 0.5 -
M HCI solution. The amount of NaOH neutralized by
the dispersed ash (reactivity) was estimated from the
difference in the concentration of NaOH solution
before and after this treatment.

It was observed that the reactivity value of
slow cooled ash sample was 2.34 m mol/g, whereas it
was 2.90 m mol/g for rapid cooled ash. These values
indicated number of moles of NaOH reacted by one
gram of RHA. Greater value for rapid cooled sample
proved it to be more reactive, perhaps due to its high
porosity. In fact, reactivity of NaOH with RHA have
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been carried out by others [19-21] to separate silica
or silica gel from RHA.

3.2, X-ray diffraction analysis

X-ray diffraction analysis (XRD) of the
rapid cooled powdered RHA was performed using
XRD Diffractometer, Siemens D500, with K
radiations. This
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Fig. 1. XRD pattern of rapid cooled RHA.
analysis was carried out to ascertain the microscopic analysis (SEM, system JEOL, Jam-

mineralogical phases (amorphous or crystalline) of
the RHA. Fig. 1 displayed the XRD pattern of rapid
cooled RHA sample. It showed a hump, representing
it as amorphous, as well as peaks of SiO,, showing
that it is crystalline also. It indicated that the RHA
was both in amorphous and crystalline form. The
major reflection or peak of crystalline SIO, occurs at
2-theta angle of 26.64. It has been reported [15,22—
24] that burning rice husks results in ash with high
silica content. When the burning process is carried
out properly, in a controlled atmosphere, the silica in
RHA is amorphous, making it a proper cement-
replacement material due to its high pozzolanic
activity.

3.3. Scanning electron microscopic analysis
Figs. 2 (a, b) the morphological features of
the powdered RHA particles using Scanning electron

6300, combined with a Noran Voyager X-ray
microanalysis). Inspection of these figures reveals
that the RHA sample consisted of irregular shaped
particles with micro pores. These irregular shaped
particles could significantly affect the properties of
the finished products. The porous morphology seen
in Fig. 3 could be attributed to the burning out of the
organic component of in the RHA [25].

3.4. Compressive strength

Concrete Cylinders, 150 mm x 300 mm in
size (cement: sand:-coarse aggregates ratic = 1:2:4)
were prepared using a W/B of 0.70 to achieve a
workable concrete with a slump of 65 mm. When the
OPC was partially replaced by RHA, the water
demand increased for the same slump of 65 mm.
Therefore, two types of

Engineering Research Journal, Minoufiya University, Vol. 36, No. 3, July 2013

332



Turki Mesfer Al-Aboud” Reduction in environmental pollution using rice-husk ash in concrete”

Fig. 2(b). Scanning electron micrograph of RHA (magnified 3-times of above Fig. 2).

concrete mixtures were prepared for a constant slump
of 65 mm as shown in Table 2: one without SP at
different W/B and the other with SP at a constant
W/B. Cement for concrete cylinder specimens
without SP, was replaced by rapid cooled RHA at
proportions of 25%, 40% and 50%, by weight. These
cylinders were tested at ages of 3, 7, 14 and 28 days.

The concrete specimens containing SP on the other
hand, was prepared incorporating 25% and 40% of
RHA as a replacement of OPC. These cylinders were
tested at ages of 7, 14 and 28 days. All the concrete
specimens were kept in potable water to cure a
ambient laboratory temperature of 21 = 1 °C and
relative humidity of 100%, until the time of testing.
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3.4.1. Concrete without SP

The average compressive strength of RHAC
concrete specimens, whereas the percent strength loss
at 3, 7, 14 and 28 day are presented in Table 3. It was
observed that:
— The OPC concrete specimens and those
incorporating RHA, cured under same environment,
showed an increase in strength with the curing age.
— The rate of strength gain with age of RHAC
concrete specimens was slow in the beginning as
compared to OPC concrete. This indicated that the
strength development rate was slow in RHAC

Table 2: Fresh concrete results( slump).

concrete. This is in agreement with results [26] which
showed

that the early age strength development is slow for
concrete containing pozzolanic materials.

— The water demand increased when the RHA
proportion in concrete was increased to achieve the
required slump of 65 mm.

Approximately 8% increase in water quantity was
recorded for each 10% rise in RHA as a replacement
of OPC in concrete as shown in Table 2. The
increasing demand of the water for RHAC concrete
is due to its fine particle size, or large surface area of
the RHA and its irregular shaped particles.

Mixture proportion(%) W/B Slump (mm)
OPC RHA

100 0 0.70 65

75 25 0.77 65

60 40 0.87 65

50 50 0.95 65

— Afier a short time of preparation of RHAC concrete
mixture, it started releasing the bleeding water which
increased the workability slightly. This may be
attributed to its low heat of hydration and slow rate
of reaction.[27]

— The strength values decreased with the increase in
RHA proportion. A replacement of OPC with 25%

Table 3: Compressive strength of RHAC concrete without SP.

RHA has caused 28% drop in 28-days strength.
Looking at next values in the Table 3, it is evident
that almost 1% drop in strength for each 1% increase
in RHA is noticed. This could be due to the use of
high quantities of water as well as crystalline and
inactive nature of the RHA.

Compressive strength (MPa)

3 day 7 day 14 day
8.90 13.40 16.08
5.97 8.31 10.86
4.28 6.57 8.52
3.06 4.68 6.72

3.4.2. Concrete with SP

The effect of using Superplasticizer (SP)
on the behavior of RHAC concrete was taken ito
consideration. Its (SP) dosage was 10 mL/kg of the
RHA addition in the binder. Table 4 presents the
compressive strengths of RHAC concrete containing
0%, 25% and 40% RHA as a partial replacement of
OPC. Table 4 shows the percent strength loss at 7, 14
and 28 days of concrete cylinders. W/B was kept

constant at 0.7 by using SP for the same slump of 65
mm. The test data revealed that:

— The concrete mixture containing 25% RHA as a
replacement of OPC, showed almost the same
strength as the control concrete mixture containing
100% OPC at 7, 14 and 28 days. This is due to the
use of SP and low W/B in RHAC concrete mixtures.
It also shows that this concrete could be used in the
field which will reduce 25% of CO2 emission caused
by using 25% less cement. Similar results have also
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