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but also provide an alternative material in place of conventional

ingredients of concrete. However, its basic properties and properties of concrete utilizing it
must be checked to ensure serviceability of concrete without compromising on key
parameters, i.e., strength. The influence of the basic properties of the material on final
strength of the product is evident. Therefore, this article presents a comprehensive review of
the basic properties of the recycled coarse aggregates from demolishing waste determined by
several scholars around the world. It is believed that the outcome will not only enrich the
literature on the topic but also will help the future researchers of the field in comparison and

analysis of the properties.
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1. INTRODUCTION

With time development of social trends, technology, and materials led the governments and
associated institutions to adopt new aspects of development. Same is the case with
construction industry. Above aspects and growing population in developed regions have

forced the industry to meet the demand of shelter and associated facilities by adopting
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vertical expansion in place of short height structures. Vertical expansion has also become
important for almost all the countries to remain in line with socioeconomic trends of the
globe. New construction is also unavoidable as with time deterioration of existing structures
make them less usable. Both factors need demolishing of old or small height structures. It
generates the demolishing waste in large quantum. Originally it was used as filling material
in no load areas and the remaining was dumped in landfills. With time shortage of space for
such a purpose particularly in metropolitan and cosmopolitan areas have posed serious
problem of the waste. The disposal of the waste is now done by throwing it in or near by
useful agricultural lands, transported to far distances or left unattained. All the options create
additional problems of destruction of useful land, economy, and environmental problems.

Aesthetic view of the area is an additional problem if the waste is not properly disposed.

New construction and its boom on other hand require large amounts of conventional
ingredients of concrete. To meet the demand, associated industry runs for more time resulting
in emission of dangerous gases to the extent that the environmental issues become prominent.
Also, this consumption eradicates the natural deposits posing future issues of availability of
such material. The factor in turn requires finding of the indigenous / alternative materials as
substitute of conventional ingredients. Among several solutions for the issues, one of the best
options is the use of this waste on site particularly in new concrete as aggregates. The idea
require good research thus has become the active area of research among scholar around the

globe.

Several indigenous materials have been attempted in concrete as replacement of its
constituent ingredients. Demolishing waste have also been used in new concrete as
replacement of fine and coarse aggregates; partially or completely. But major focus is on use
of the waste as coarse aggregates as it consumes more quantity of the waste. The properties
of the waste as coarse aggregates and the properties of concrete using it have also been
studied by several researchers. However, the scatter in results is probably one of the major
hurdles in setting up the standards for the material. Therefore, this research work attempts to
review the basic properties of the waste as coarse aggregates from available state of art. It is
believed that the outcome of the work will not only summarize the properties but will help

the future researchers in the field with ready source for comparison and analysis.
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2. LITERATURE REVIEW

This section provides the summary of available state-of-art on the use of demolishing waste
in preparation of new concrete. The waste obtained from demolishing of the structures has
been researched by several scholars around the world for processing it in required size and
shape, problems and hurdles associated with it, its properties, properties of concrete utilizing
it in fresh and hardened state. Taboada et. al.[”! reviewed the quality of waste as aggregate
with reference to its compressive strength. The authors prepared data database of existing
work and compared with results published by several scholars in the field. The authors
observed prosperous use of the material with scatter in obtained results. Sellakkannu and
Subramani.™ also reviewed the literature for properties of the demolishing waste. Based on
the findings authors argued that the compressive strength of concrete using recycled
aggregates is much affected when it is used as coarse aggregates than when it is used as fine
aggregates. The recycled coarse aggregates also influence modulus of elasticity. They suggest
blending it with conventional aggregates, removing attached mortar at processing plant,
saturating the aggregates before use may solve the problem to some extent. Nuruzzaman and
Salauddin.™*™! reviewed the literature with reference to increase in population, demand of the
infrastructure and generation of the waste and argues that the use of the material leads
towards better sustainability of the construction industry and has several positive effects on
various aspects of construction and environment. Fonteboa et. al.l!") reviewed the state-of-art
on use of recycled aggregate properties. The authors attempted to predict the performance of
the waste in concrete based on the published results. The research attempted to develop the
numerical equations to predict the performance of recycled concrete in terms of strength,
modulus of elasticity, creep, shrinkage, and stress-strain. Xiao and Li.**! are reviewed the
literature on subject matter published during 15 years in China. The focus of the article was
on the properties of aggregate, failure mechanism of micro and meso structures, durability for
chloride diffusion and seismic performance. The findings of the article were that although
scatter in results is present yet with proper design and construction recycled aggregate can be
successfully used in structure works. Review of 163 publications over the period of 26 years
(1992 — 2018) was done by dos-Reis et. al.?”! The article not only reviewed the use of the
waste in concrete production but also its use as water decontamination agent and found the
material suitable for both aspects. However, authors argued that the physical, chemical, and
mechanical properties of the aggregates play an important role in deciding its use for proper
application. Gagan and Agam™ reviewed the literature for flexural behavior of the recycled

aggregate concrete. The study focused on the central deflection and peak load for reinforced
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recycled aggregate concrete beams and found that central deflection is higher and peak load
is lower when compared with conventional reinforced concrete beams, however both the
parameter values were higher than theoretical values of the parameters. Therefore, they
proposed use of fibers to improve the parameters.

2.1 Fineness modulus: It is index number representing the average size of the particles in
sieved lot of the aggregates. It mainly depends on the size of the aggregates for a volume of
aggregates with maximum 20mm size aggregates it ranges between 6.0 — 6.9. Different
scholars of research community have evaluated the fineness modulus of both recycled and
conventional aggregates. The results obtained by ten different scholars are compared in
Figure 1. Comparing the maximum values of the parameter it is observed that the fineness
modulus of RCA is lower compared to conventional aggregates by about 14%. Whereas the
comparison for minimum recorded values it may be noted that fineness modulus of recycled
aggregates was recorded 55% higher than the fineness modulus of conventional aggregates.
The standard deviation of quoted results for conventional aggregates is 1.57 whereas the
same for recycled aggregates is 0.65. This shows that deviation of the sizes of recycled
aggregates from its mean value is less compared to conventional aggregates. The highest
value of the parameter reported in article! is higher than allowable maximum value of the
parameter. Therefore, recycling of the aggregates should carefully be done, also, the sieving
of the aggregates should also be done in the way to ensure proper gradation of the aggregates
resulting in control of the fine ness modulus. Which in turn will ensure minimum effect on

the hardened properties of the concrete using the aggregates.

2.2 Water absorption: It is amount of water absorbed by the material when exposed to water
and is represented as percentage. The factor is highly important with respect to concrete mix
as it may violate the water quantity required for the mix. In case of recycled aggregates old
mortar attached with the aggregates absorbs more water than conventional aggregates. A
solution to it is that recycled aggregates may be used in saturated surface dry state or use of
the water reducing admixture. But in field it is not practiced therefore the water demand of
recycled aggregates must be adjusted in water-cement ratio of the mix for proper workability
of the mix. The method of recycling the waste into aggregates may influence greatly the
guantum of the mortar attached. Therefore, determination of this parameter is one of the key
parameters for proper utilization of the recycled aggregates. Lot of research studies have
performed tests to evaluate the water absorption of the aggregates. Water absorption results
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of both recycled and conventional aggregates published in 39 different articles are plotted as
bar graph in Figure 2. It may be observed that for minimum water absorption recoded for
recycled aggregates is 0.32% and the maximum value is observed equal to 9% with standard
deviation of 2.18. The same for conventional aggregates is in the range of 0.3 — 2.69. The
percentile increase in water absorption of recycled aggregates is about 335% then maximum
recorded value of the parameter for conventional aggregates. Although the deviation in the
result of parameter is evident for both conventional and recycled aggregates, but the deviation
of conventional aggregates is marginal whereas the deviation in the observed values of the
parameter for recycled aggregates is high. This requires careful consideration of the same
while designing the water-cement ratio of the concrete mix to avoid segregation and honey

combing in hardened state.

2.3 Specific gravity: It is ratio of volume of aggregates to an equal volume of water. The
parameter is important as it affects the torque and power of the mixer resulting in improper
mixing of the concrete ingredients. For aggregates used in construction it normally ranges
between 2.5 — 3.0 with average value of 2.68. Specific gravity of recycled aggregates is
normally less than the specific gravity of the conventional aggregates due to old mortar
adhered with the waste. Literature reports test results of specific gravity of recycled
aggregates and its comparison with conventional aggregates by different scholars. Test results
of specific gravity of both recycled and conventional aggregates reported by 25 scholars are
plotted in Figure 3. It may be observed that test results are as low as 1.17 and as high as 2.65,
whereas the same for conventional aggregates is reported in the range of 2.35 — 2.96. The test
results of conventional aggregates fall in the specified range whereas the maximum reported
result of specific gravity for recycled aggregates is even less than the average allowable value
(2.68) of the parameter. It is further observed from the comparison of the maximum values of
specific gravity reported that specific gravity of recycled aggregates is 10.47% less than the
maximum value of specific gravity of conventional aggregates. It is also observed that the
standard deviation of specific gravity of recycled aggregates (0.32) is almost double than the
standard deviation of the parameter of conventional aggregates (0.15). This shows that the
density of the aggregates is affected due to old mortar adhered with the aggregates.
Therefore, this factor must be given due consideration while designing the concrete mix with

recycled aggregates.
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2.4 Density: Mass or weight per unit volume is defined as density. It is quantitative measure
of mass contained per unit volume. 1450 — 2082 kg/m® is the range of the density of the
aggregates used for construction. Density of the aggregates recycled from demolishing waste
is not same as those of virgin aggregates due to age, usage during previous service life, old
mortar attached with them. It is also evident from the literature that the density of the
recycled aggregates is less compared to conventional aggregates. Test results of the
parameter from available state-of-art (22 articles) are plotted in Figure 4 along with the
density results of conventional aggregates. It may be observed that the density of recycled
aggregates is in the range of 1103 — 1403 kg/m® whereas 2660 — 2885 kg/m®. On the other
hand, while checking the standard deviation for both recycled and conventional aggregates is
same. It may also be observed that percentile decrease in the parameter value is 7.8 in
comparison to that of conventional aggregates. The observation further reveals that the

density of conventional aggregates is even higher than the maximum allowable limit of the

www.wjert.org ISO 9001 : 2015 Certified Journal 6




Bashir et al. World Journal of Engineering Research and Technology

parameter, whereas the maximum reported value of density of recycled aggregates is little
lower than the lowest allowable limit of the aggregates. The scatter in the observed results of
the parameter is also evident. Therefore, due consideration must be given to this parameter
for proper workability and strength of the concrete using it.

2.5 Unit weight: Unit weight or bulk density is another property of the aggregates to
determine its quality. It is weight in compact form of aggregates to fill unit volume. It is also
helpful in determining the voids. The parameter is a necessary measure used for mix design
by absolute volume method. 1200-1750 kg/m? is taken as the range of the aggregates used in
normal weight concrete. However, deviation in the readings of the parameter for recycled
aggregates is evident from the literature. Several scholars evaluated the parameter for
recycled aggregates and compared it with that of the conventional aggregates. Dhagane.”® in
his research programs to check the quality of recycled aggregates from Mogadishu observed
unit weight of aggregates equal to 1095 kg/m® whereas Arezoumandi et. al.“? in their
research program on evaluation of flexural strength of recycled concrete beams cast with
100% recycled aggregates observed 1440 kg/m® as the unit weight of the recycled aggregates.
The first reported value is even less than the lower value of the range of unit weight of
conventional aggregates. Whereas the second report values fall within the allowable range of
the parameter for conventional aggregates. This shows that quality of recycled aggregates
even varies from place to place and is dependent on several factors. Thus, determination of

the basic properties is essential to ensure proper performance of the material.

2.5 Abrasion: It is resistance of aggregates against crushing, degradation, and disintegration.
Also known as measure of toughness of aggregates. ASTM C131 provides the test procedure
to determine the abrasion of the aggregates along with the maximum permissible values for
different sized aggregates. The tougher the aggregates higher will be the strength of the
product using it. Thus, evaluation of this property gives the idea of the strength of the
concrete at hardened state. Figure 5 shows the bar graph of the test results abrasion resistance
of recycled aggregates of 14 scholars along with comparison with the results of conventional
aggregates. It may be observed that the degradation of the recycled aggregates was in the
range of 24% - 52% whereas the range of the degradation of the conventional aggregates was
in the range of 8% - 49%. The maximum values of both aggregates differ by +7% for
recycled aggregates. It may also be observed that standard deviation of recycled aggregates
was about 3% lower than standard deviation of the conventional aggregates. From the
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reported results it may also be observed that variation in the outcome of the test results for

conventional aggregates was more compared to the recycled aggregates.

2.6 Impact value: Resistance to suddenly applied or shock loads is known as impact value.
Sudden or impact load although are seldom but their possibility can not be neglected during
service life of concrete structures. Therefore, the concrete thus the aggregates used in it,
should be strong enough for these loads to ensure the proper serviceability of the structure.
Impact value less than 20% represent exceptionally strong aggregates, 10% - 20% is treated
as strong, 20% - 30% is considered satisfactory but should not be less than 35%. For cement
concrete value of 30% is treated as satisfactory. Impact value of recycled aggregates has been
evaluated by different scholars around the globe. The test results published by 12 researchers
are plotted in Figure 6 along with the same for conventional aggregates. The lowest result
reported is 9% whereas the maximum result reported is 35.0% for recycled aggregates. The
same for conventional aggregates was recorded in the range of 3.6% - 30%. Although the
minimum values of the parameter differed much but the maximum reported values differed
only by 17%. The standard deviation of the parameter for recycled and conventional
aggregates was observed 9% and 8% respectively. It is again clear from the test results of this
value that the age and old mortar attached result in higher disintegration. It must be
considered properly before making final decision of using the aggregates in new concrete.
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Figure 7: Crushing value. Figure 8: Soundness (Sodium Sulfate).

2.7 Crushing value: It is percentage loss of weight of aggregates under specified load. It is
also known as numerical index of strength of the aggregates. Generally, it is used in
pavement design, however it is also an important measure for hardened strength of the
concrete using the aggregates. For different conditions of the pavement the range of the
parameter is 30% — 50% with crushing value for cement-concrete equal to 30%. Although the
crushing value of recycled aggregates from demolished concrete should be less than that of
conventional aggregates due to attached mortar with it, but its knowledge is essential to have
rough estimate of the strength loss of concrete in hardened state. This parameter of recycled
aggregates has also been evaluated by several scholars while using it in road and building
construction. From the cited literature test results of the parameter by 13 investigators are
plotted in Figure 7 along with the test results of conventional aggregates. It may be observed
that crushing value of conventional aggregates is in the range of 9% - 32% whereas the range
for recycled aggregates is 13% - 37%. Comparing the maximum reported values, the
percentile increase in the value of parameter for recycled aggregates is 16%. It may also be
observed that the standard deviation of the parameter for both types of aggregates is almost
same (6.6 and 6.3). These results show that crushing value for both aggregates do not differ
much thus the performance of recycled aggregates under specified crushing load is in good

agreement with those of conventional aggregates.

2.8 Porosity: The property is defined as the weight percentage of fully water saturated voids
to dry rock. It is related to permeability and water absorption also. The voids present in the
aggregates affects bond between aggregates and bonding cement paste, chemical stability,
and specific mass of concrete. It also affects the water demand of the concrete mix resulting

in changed behavior of workability and final strength of the concrete. The porosity of

WWW.Wjert.org ISO 9001 : 2015 Certified Journal g




Bashir et al. World Journal of Engineering Research and Technology

recycled aggregate is different from the conventional aggregates. The reasons for it are same
as mentioned before. Therefore, its estimation helps in proper decisions about the water
demand and other related issues of the concrete mix. The research community have worked
on this issue and evaluated the porosity of recycled aggregates from demolishing waste.
Zheng et. al.!®! observed 11% higher results in comparison to the conventional aggregates
whereas Ramadevi et. al.®* observed 14% higher results. Although the difference between
the results of two researchers is not much but deviation from the results of conventional
aggregates is evident. Also, it is anticipated that if more evaluations are made will result in
more deviation due to different in source of aggregates, age of concrete and quantum of
mortar attached. It is therefore necessary to address this deviation of the parameter while

designing the concrete mix.

2.9 Soundness: It is durability of the aggregates to resist weathering action. In laboratory it is
performed using sodium sulfate and magnesium sulfate. The outcome by former is less than
that by later chemical. The range of soundness by sodium sulfate is 0 — 15% for conventional
aggregates. It is believed and estimated by different scholars of research community that the
soundness of the recycled aggregates is less compared to that of conventional aggregates.
From the cited research articles in this review results of soundness obtained by five scholars
are plotted in Figure 8. It may be observed that lowest results of soundness of recycled
aggregates reported is 1.9% and the maximum equal to 54% with standard deviation equal to
6.86. The same for conventional aggregates are equal to 4.1%, 13% and 3.89 and the values
of minimum, maximum soundness, and standard deviation. The results reported by Kolay and
Akentuna.®® for recycled aggregates are far higher than the results reported by other
scholars, it might be due to very poor-quality aggregates used in the research. The percentage
difference of these results is 315% higher than the soundness of conventional aggregates.
Whereas the results of other scholars are in good agreement with each other. Excluding the
results reported in reference,'®® the range of values for recycled aggregates is 1.9% - 18% and
for conventional aggregates is equal to 4.1% - 7%. The results of conventional aggregates fall
with in allowable range. The lowest values of recycled aggregates are also within allowable
range of the soundness, but the highest values reported is 20% higher than the maximum
allowable value of soundness of aggregates by sodium sulfate. Therefore, the weakness of the
aggregates is evident and require careful consideration before taking final decision of using

the same in new concrete.
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2.10 Clay content: Presence of clay in aggregates adversely affects the compressive strength
and shrinkage of concrete using the aggregates. The phenomenon is well understood for
conventional concrete. Elahi and Ali ! observed 12% reduction in compressive strength of
concrete with clay particles in addition to adverse effect on permeability and acid attack with
increase in clay content. In a similar approach Desire and Leopold®” observed 18% reduction
in compressive strength and concluded that the compressive strength is inversely proportional
to the clay contents. Therefore, for proper strength of concrete aggregates should be free from
clay particles. Same is the case for recycled aggregates, but as it is recycled from the waste
therefore presence of the clay in the aggregates in unavoidable. The solution of it is by
washing the aggregates before using in concrete but in field work it is almost impossible to
ensure washing of all the coarse aggregates therefore determination of the amount of clay in
the aggregates give rough idea of decrease in the final strength of the concrete. In research
program conducted by Al-Zahraa et. al.™! authors observed 0.53% clay content in recycled
aggregates in comparison to 2.4% clay content in conventional aggregates. Another article by

Sagoe-Crentsil et. al.l?l reported 0.6% clay content in recycled aggregates.

2.11 Loss on ignition: It is reduction in weight due to burning of organic matter present in
the aggregates. Although presence of organic matter in the aggregates but its presence is not
neglected. As recycled aggregates are obtained from demolishing waste therefore possibility
of presence of organic matter in the aggregates is more compared to conventional aggregates.
To this end Sagoe-Crentsil et. al.?!! determined the loss on ignition of recycled aggregates
and found 4.9% weight loss. The results show that if these aggregates are used in concrete
without removing organic impurities will result in 5% less quantity of the required quantum
of the aggregates in concrete. Therefore, the parameter must be checked and ensured its

removal before using it in the concrete.

3. CONCLUSION

This research article presents the review of the basic properties of recycled aggregates
obtained from the demolishing waste. The properties reviewed are fineness modulus, water
absorption, specific gravity, density, unit weight, abrasion impact value, crushing value,
porosity, soundness, clay content and loss on ignition. The reported results of the properties
are plotted and discussed. It is observed that all these properties of recycled aggregates differ
from the same of conventional aggregates. Also, within the results of the property scatter and
deviation is observed. This show that the quality of the aggregates is different for different
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sources. Also, recycling method impact a lot on the properties of the recycled aggregates.

Hence it is evident that more work is required to reach at suitable consensus. However, the

results collected in one place will help the future researchers in the field.

10.
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