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Abstract

Concrete is highly utilized construction material around the globe and responsible for high depreciation of the raw materials.
Consumption of this material in construction industry is arching upward day by day. On the other hand, debris of
demolished concrete structures are being dumped as waste. For developing countries such waste is not a good sign and
need its proper utilization by recycling it into useful product. In this consequence, this study is an attempt to utilize
demolished waste concrete by converting into coarse aggregates. This research was conducted on recycled cement concrete
aggregates of demolished structures and Rice Husk Ash (RHA). The purpose of this experimental study is to analyze the
mechanical properties of concrete; when cement is partially replaced with RHA and natural aggregates by recycled
aggregates (RA). In this study, the cement was replaced by RHA up to 10% by weight of cement. For experimental purpose,
total 135 concrete specimens were prepared, cured and tested in Universal Testing Machine (UTM). Finally, laboratory
results were compared in terms of compressive and splitting tensile strength made with normal and recycled coarse
aggregates. All the specimens were prepared at 1:1.5:3 with 0.50 wi/c ratio and tested at 7, 14, 21, 28 and 56 days curing
ages. It is observed from experimental analysis that the workability of fresh normal concrete is 7% and 10% greater than
recycled aggregates concrete blended with 10% RHA and only recycled aggregates concrete without RHA respectively.
The compressive strength increases up to 6%, whilst splitting tensile strength increases 4% at 56 days curing, when the
cement is replaced 10% by RHA. It is, further, concluded that with more than 10% RHA replacement with cement, the
compressive strength decreases. This study would help the construction experts to use such wasted concrete into useable
production of new concrete projects.
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1. Introduction

The latest development has inflicted severe damages on the environment and had endangered its sustainability [1].
The exploitation of natural resources, in particular non-renewable resources, for construction purposes leads to millions
of tons of construction and demolition waste every year. The increasing demand of concrete in the world is a red sign
for the natural deposits. The coarse aggregate is a major part of concrete containing two third of its whole mass. The
latest research has proved that there are several mechanism to produce recycled coarse aggregates (RCA) to save
upcoming material crises threat. Recycled concrete aggregates are generally made of liberated natural coarse aggregate
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and the physical properties of these aggregates are much difference than natural coarse aggregate [2].

Several structures in the history got destructed due to many reasons and producing massive masses of waste. Mostly
these demolished materials are sent to landfill instead of being reused and recycled in new construction.

In major cities of the world there is a surge in construction and demolition waste quantities causes an adverse effect
on the environment [4]. The re-utilizing of recycled aggregate and concrete specimens is a significant idea to resolve
the issue of managing of construction and demolition waste [5]. The construction work exploits 50% raw material, 40%
of total energy, as well as generates 50% of total waste [6]. Only the USA is producing 123 million tons per year
construction waste from buildings. On the other side, due to increase in construction activities, the global demand for
aggregates exceed 26.8 billion tons per year [7]. The total amount of waste generated in the European Union in 2010
was over 2.5 billion tones, of which almost 35% (860 million tons) derived from construction and demolition activities
[8]. By looking the huge demand of aggregates and on other hand the waste generated from demolition, the experts are
extremely worried concern about recycling of waste to move towards sustainable growth. This use of waste material as
recycled aggregate in concrete can be a useful for both environmental and economic aspects in the construction work.

Huge number of studies are available on RCA with different concepts. The use of recycled concrete aggregate is an
application for making sand lime brick in Kuwait is practiced for years [9, 10]. Many researchers conducted an
experimental work on the characteristics properties of RCA; mainly focused in the relationship between the elastic
modulus and compressive strength of re-used concrete such as [11-13]. A comprehensive laboratory study on recycled
aggregates include; compressive strength, flexural strength, splitting tensile strength, elastic modulus, drying shrinkage,
workability, and water absorption was carried out by Ozbakkaloglu et al. (2018). The studies concludes that elasticity
increase with increase in size of aggregates and on the other hand splitting tensile strength and flexural strength reduces.
There was overall reduction in mechanical properties of concrete, showing slighter inferiority of recycled aggregates
[13].

According to Jianzhuang Xiaoa et al. [14], the compressive strength of recycled aggregate concrete specimens
decreases with increasing recycled aggregate. When the recycled aggregate replaced to 100% then the elastic modulus
is reduced by 45%. The compressive strength of concrete prepared with recycled aggregates is about 22%-32% less than
the normal concrete, prepared with fresh aggregates [15]. Tam et al. (2008) conducted a study on recycled aggregates
obtained from ten different sites. He found that the properties of recycled aggregates significantly vary, and compressive
strength of concrete prepared from those aggregates is generally varies from 50 to 63 MPa [16] .The effect of coarse
aggregates’ size on the concrete strength was investigated by Ma Kang and LiWeibin recently in 2018, where different
aggregates sizes effects were noted on recycled concrete. The study concludes that the size of aggregates has important
part in strength parameter, the higher compressive strength was increased with increasing size of aggregates [3]. The
effect of lightweight recycled aggregates produced from waste and adding supplementary cementitious material (fly ash
and metakaolin) was studied by Luki’c et al (2016) [5].

Mostly studies suggest that the recycled aggregates has no significant impact on compressive strength, hence, mostly
recycled aggregates used for non-structural purposes. However, an attempt to use recycled aggregates to sustain higher
loading was carried out in Australia by Xie and Ozbakkaloglu (2015) on concrete filled FRP tubes. The study found that
the increase in RCA increase the ultimate axial strain, reduces the hoop rupture but reduces the compressive strength
[11]. Also, small effect of RCA was found on strand bond strength in pre stressed concrete [27]. Beside the recycled
aggregates, several industrial and agricultural waste are becoming part of concrete such as fly ash, blast, metakaolin,
furnace slag and rice husk.

This study decided to use Rice Husk Ash as supplementary material in concrete to replace cement. Rice covers 1%
of earth’s surface and is a primary source of food for billions of people [17]. The rice husk ash obtained from rice paddy
is a mineral admixture for concrete and RHA considered as cementitious material [18]. A report published in 2014-15
claims that the utilization of rice in world is 500.5 million tonnes [19]. This ash contains 90 to 95% silica (SiOy), 1-3%
K20 and less than 5% unburned carbon. It is highly porous and lightweight material with large external surface area
[20]. RHA is produced from burning rice husk at temperature of 600°C to 700°C. It contains silica which undergoes
structural transformations depending on the temperature regime during combustion. Amorphous silica is found at 550°C
—800°C and crystalline silica is formed at greater temperature [21]. The particle size of RHA is finer than the particle
size of OPC which improves the properties of concrete [22]. RHA when combine with lime in the presence of water,
forms a stable and more amorphous hydrate (calcium silicate). This hydrate is stronger, less permeable and more resistant
to chemical attack.

Many researches are carried out on utilizing of industrial waste/agricultural waste such as fly ash, corn cob ash,
metakaolin, bagasse ash and RHA during past two decades such as [23-26]. Rice Husk is also utilised in clay to increase
the unconfined compressive strength. In this regard, Jongpradist et.al, (2018) recently did an experimental study on rice
husk as cementations material i.e. partially replacement of cement. The study founds interesting results after mixing
RHA in clay with cement. The results suggest that favourable results could be obtained by adding 35% RHA and 10%
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cement in clay [26]. The partial replacement of cement by Rice Husk was also studied by other authors such as Bhusan
R. et.al (2017). To study this effect, compressive, flexural and splitting tensile strength test were performed in laboratory
on masonry blocks. The study found that to some extend the increment in strength found by adding rice husk up to 10%
[28]. According to M. P. Kumar (2003), rice husk ash improves the workability, strength and durability of concrete [29].
It has many applications in concrete such as it is an ideal additive to reduce corrosion and to increase durability of
concrete members [30]. It is very highly reactive and possesses pozzolanic properties [31]. Various researches utilized
the RHA in the production of high-performance and high-durable concretes such as [32, 33]. The European Union
Directive No. 2008/98/CE [34] encourages the reuse and recycling of waste materials. It is expected that by 2020 new
building structures will include at least 5% of recycled materials.

In the majority of the concrete design codes and standards [e.g., ACI 318 (ACI 2011), AS 3600 (AS 2009), Eurocode
(BSI 2004)], the compressive strength is the key indicator of concrete’s mechanical properties. This is used to predict
the other mechanical properties (i.e., splitting tensile strength, modulus of elasticity and flexural strength etc.). Hence
the focus of this study is made over the compressive strength of recycled concrete. In addition to this splitting tensile
strength was also studied. Also, in Pakistan, now a day, the use of aggregate in infrastructure and construction work
development is at its peak. The construction sector has been boosted specially after inclusion of China Pakistan
Economic Corridor projects. The higher authorities in this regard looking for research studies that could trigger them to
use such recycled material to make the projects sustainable. The use of such recycled aggregate with supplementary
materials could be used in construction work for economical purpose and further it can reduce the environmental
degradation. This investigation is an attempt to replace natural coarse aggregate (NA) with recycled concrete aggregate
(RCA) in structural concrete. Rice Husk Ash used in the present experimental study was obtained from suburb of
Larkana. RCA produced by two-stage crushing of demolished concrete, and by further screening and removal of
impurities such as reinforcement, paper, wood, plastics etc. Such type of concrete which made with recycled concrete
aggregate is known as recycled aggregate concrete (RAC).

1.1. Recycled Aggregate (RA)

Recycled aggregates are obtained through a recycling process of concrete structures. The structural members like
beam, column, footing etc of structure are the primary source of RA. When the demolition concrete passes through a
screening and crushing process, these aggregates are produced. Mostly, RAs are extracted from waste concrete such as
rejected pre-cast concrete members, broken masonry, road pavement, dismantled structures, left over ready mix concrete
plant and the waste generated from concrete testing laboratories. Further, there are several other kinds of RA such as
glass aggregates, brick aggregates, bitumen and asphalt aggregates, tiles and marbles recycled from flooring, concrete
aggregates, and finishes and ceramic products aggregates. Typically, the aggregates obtained through processing of
crushing of parent concrete i.e. demolished waste concrete is called Recycled Concrete Aggregates. These aggregates
were initially obtained from unbound sub base materials like pavements. After World War 11, these were started
obtaining from building wastes in Europe [35, 36].

2. Research Methodology

Numerous experimental studies had been conducted by different researchers to analyse the different properties of
concrete prepared with recycled aggregates. However, this study is an attempt in same queue of research and in addition
to it, the rice husk ash (RHA) was included. The purpose of RHA is to add cementitious properties in concrete and to
further increase the strength. This extensive experimental study is worked out to check the compressive and tensile
strength of concrete specimens when natural aggregates concrete is replaced with recycled concrete aggregates and
cement is replaced by RHA up to 10% by weight of cement.

For this reason, debris or generated concrete waste (demolished beams, columns and lintels of buildings) were
collected from a city, Larkana, Pakistan. Following step by step procedure were adopted to obtain RA.

e The obtained debris was dismantled, segregated and broken into small pieces with the help of a hammer.
e The dismantled waste material was brought to laboratory for further processing like preliminary testing.

e The 19.5, 12.5, 9.5 and 4.75 mm sieves were used for classification of recycled aggregates and to obtain the
required grading of aggregates.

To evaluate basic properties of materials i.e. water absorption, specific gravity, setting time etc. standard testing
procedures of ASTM and BS were adopted. A concrete mix 1:1.5:3 at 0.50 water-cement ratio, with and without RCA
was prepared with 10% of RHA. For every batch of concrete, slump test was performed using slump cone apparatus to
check the flowability/workability of concrete. Moreover, for analysing the harden properties of concrete, total 135
specimens, which includes cubes of 4” x 4” x 4” and cylinders of 4” x 8” size were caste whose detail is illustrated in
Table 1. All specimens were tested in Universal Testing Machine (UTM) at 7, 14, 21, 28 and 56 days curing period.
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Table 1. Specimens detail

Specimens Curing Ages Plain Concrete RCA RCA +10% RHA

7 days 3 3 3

14 days 3 3 3

Cylinders fgr Cylindrical 21 days 3 3 3
compressive strength

28 days 3 3 3

56 days 3 3 3

Total 15 15 15

7 days 3 3 3

_ - 14 days 3 3 3

A ST 21 ; s ;

28 days 3 3 3

56 days 3 3 3

Total 15 15 15

7 days 3 3 3

14 days 3 3 3

S oo s s s

28 days 3 3 3

56 days 3 3 3

Total 15 15 15

3. Materials
3.1. Rice Husk Ash (RHA)

Rice Husk (RH) is considered as waste stuff after separation of rice grains. Either it is dumped in agriculture field
whereby it works as organic fertilizer, or it is dumped on open dumps where it takes years to decompose. For this study,
RH is collected from surrounding of Larkana city and burnt in open air till it converts into ash. This raw ash is further
sieved through sieve #30 for removing any unwanted material from it and sieved ash as shown in Figure 1 is used in
concrete manufacturing.

Figure 1. Rice husk ash before and after sieving

3.2. Cement

The ordinary Portland cement (OPC) was used as a binding material. The locally available brand name Lucky Cement
is used. The preliminary properties of cement were investigated and found as: normal consistency 33%, initial and final
setting time 30 and 120 mints respectively.

3.3. Fine, Coarse and Recycled Aggregates

Hill sand is used as fine aggregate and crushed aggregates are used as coarse aggregates. Material properties were
evaluated in laboratory for assuring the quality of materials. The physical properties are listed in Table 2 beside it, RCA
is obtained as mentioned above through manually hammering of remaining’s of demolished buildings. Large pieces of
destroyed buildings like beams, columns, slab etc. were hammered manually into small pieces as shown in Figure 2
further, fine, normal coarse and recycled concrete aggregates are sieved through standard sieves to assure the size of
aggregates, results are graphically shown in Figure 3 and 4 in addition to it different physical properties as illustrated in
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Table 3 were conducted on RCA before using in concrete.

Figure 2. Recycled concrete aggregates after processing
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Figure 3. Sieve analysis results of fine aggregates
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Figure 4. Sieve analysis results of normal (CA) and recycled concrete (RCA) aggregates

Table 2. Properties of fine and coarse aggregates

Sr. No. Properties Fine Aggregates Coarse Aggregates
01 Fineness Modulus 2.25 -
02 Specific Gravity 2.8 2.7
03 Water absorption 3% 1.5%
04 Bulk density (compacted) 119.98Ib/ft? 97.38Ib/ft?
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Table 3. Physical properties of RCA

S.No Physical Property Result
01 Size of aggregate 20 mm
02 Specific Gravity 2.49
03 Water absorption 2.33%
04 Bulk Density (compacted) 86.46 Ib/ft®

4. Results and Discussion
4.1. Slump Test

This test was conducted to measure the workability of concrete. Slump test was conducted on normal concrete and
concrete with RC aggregates and 10% of RHA. Results of slump test are tabulated in Table 4. It was observed that
concrete with of RCA reduces workability of concrete up to 7.7%, while workability plummeted to 11.5% when 10%
of RHA is replaced with cement in addition of RCA in concrete. This reduction is due to more porous of RCA and
fineness of RHA as compared to cement. Porous media of aggregates has absorbed the water and fineness of RHA
powder increased the surface area. Thus, water for imparting the workability has absorbed by aggregates and coats the
surface area of RHA which results less slum value.

Table 4. Slump test results

Type of concrete Mix design WIC ratio Slump

Plain concrete (0% RA) 1:1.5:3 0.50 3.5in

Recycled Concrete (100% RA) 1:1.5:3 0.50 3.25in
Recycled concrete (100% RA & 10% RHA) 1:1.5:3 0.50 3.14in

4.2. Compressive Strength of Concrete

Compressive strength test is conducted on cubical and cylindrical specimens. This test conducted in UTM machine
as shown in Figure 5 by following the standard code i.e. ASTM C39. At each curing age i.e. 7, 14, 21, 28 and 56 days;
3 cubes and 6 cylinders (3 for compressive and 3 for splitting tensile strength) were tested and average strength of all
specimens was noted. The test results of plain concrete specimens are compared with recycled concrete as given in
Figure 6 and 7. The cubical compressive strength of normal, RCA and RCA with 10% RHA concrete gradually increases
with curing time as shown in Figure 6. Beside it, it was found from the experimental analysis that the strength of concrete
with RCA has reduced to 23.45% and with the 10% RHA concrete increased to 2% after 7 days curing when compared
with normal concrete. Moreover, after 56 days curing time, the concrete with RCA is attained 14.83% lower strength
and RCA with 10% RHA attained 4.83% higher strength as compared to concrete with normal aggregates. However,
there is 27.6%, 42% and 31.4% enhanced in cubical compressive strength of hormal, RCA and RCA with 10% RHA
concrete respectively at 56 days curing ages when compared with 7 days curing age.

On the other hand, Figure 7 illustrates the cylindrical compressive strength of tested specimens. Exactly similar
relation as that of cubical compressive strength has been observed here. Percentage decrease in cylindrical compressive
strength of RCA is 27.8% and increment in strength of RCA with 10% RHA is 2% at 7 days. Whilst, these values at 56
days curing age are 22.2% and 6%. Moreover, at 56 days, the enhancement in cubical strength of normal, RCA and
RCA with 10% of RHA is 42.8%, 53.8% and 48.4% respectively as compare to early age strength of 7 days.

Figure 5. Experimental setup for compressive strength; (a) Cubical test, (b) Cylindrical test
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Figure 6. Cubical compressive strength test results
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Figure 7. Cylindrical compressive strength test results

4.3. Tensile Strength of Concrete

Splitting tensile strength is investigated experimentally in UTM the laboratory testing setup is shown in Figure 8.
Total three cylinders were tested at five curing ages. The Figure 9 depicts the graphical representation of variation in
tensile strength. Overall, splitting tensile strength arched up throughout course of curing time i.e. 7 to 56 days. Hence a
linear behaviour was observed in tensile strength. The strength of RCA concrete plunged at 40.9% and RCA concrete
with 10% RHA is increased at 2.3% at 7 days curing period. Likewise, at 56 days, it is lowered at 33.33% with RCA
concrete and enhanced at 4% with RCA and 10% RHA concrete, as compared to normal concrete. However, there is
63.6%, 84.6% and 66.2% increment in tensile strength of normal, RCA and RCA with 10% RHA concrete respectively
at 56 days as compare to 7 days curing age. Thus, with increasing curing ages of RCA concrete with 10% RHA, the
feasible results could be obtained in terms of tensile strength.

Figure 8. Experimental setup for tensile strength; (a) Before testing, (b) After testing
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Figure 9. Tensile strength test results

5. Conclusions

From detail examination on RCA and RCA with 10% RHA concrete of 1:1.5:3 mix ratio at 0.50 water-cement ratio,
the experimental results can be concluded as:

RCA with 10% RHA in fresh concrete can be used for construction site which require higher strength. Thus, such
type of concrete not only utilizes the waste but reduce the cost of project also.

Workability reduced up to 7.7% and 11.4% in RCA and RCA with 10% RHA concrete. Hence the special kind of
additive for e.g. plasticizers or superplasticizers should be the part of concrete made up of RCA in future to
overcome the resistant in flow of concrete

Cubical compressive strength is lower when RCA is added. This reduction is higher at 7 days and lower at 56 days
curing period. Overall, reduction in strength ranges between 14.83 to 23.45% when compared with normal
concrete.

Cubical compressive strength is higher when RCA with 10% of RHA is added. This improvement arched upward
as curing age increases and ranges in between 1.8% to 4.83% as compare to normal concrete. Hence utilization of
RCA only, should be avoided and supplementary material like RHA should be added.

Cylindrical compressive strength with RCA is plummeted more at lower curing ages than later ages. This reduction
ranges between 22.17 to 27.77% when compare to normal concrete.

Cylindrical compressive strength of concrete having RCA with 10% of RHA is increases with curing ages.
Generally, it ranges between 2% to 6% when compared with normal concrete.

Splitting tensile strength of concrete with RCA drastically lowered down at earlier age as compared with long
curing time. This decrease, as compare to normal concrete, isabout 33.33% to 40.9%. Hence it is not recommended
to use RCA for higher demand of tensile stresses in structures.

Splitting tensile strength of concrete, with RCA and 10% RHA, is soared at around 2.27% to 4% as compare to
normal concrete.

From the above conclusion the study strongly recommends the use of RCA with RHA at 10% by weight.

Furthermore, due to the extreme high reduction in tensile strength of concrete, the study recommends another exclusive
study on similar research to work out the appropriate size of aggregates, mixing percentages and other supplementary
materials to overcome the problem of tensile strength.
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