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Concrete (RAC) could enhance its performance. In this paper, M20 grade
RAC has been developed using ‘RA’ without and with coating of different
pozzolanic materials viz., Fly Ash (FA), Ground Granulated Blast Furnace
Slag (GGBS), Microsilica (MS), Ultrafine Slag (US) and other ingredients viz.,
cement, crushed sand, water and chemical admixture. Results of the
experimentation show that the average workability (slump) and strengths

of RAC produced using ‘RA’ coated with different pozzolanic materials

distributed under the terms of the increased by 102% and 17.27% respectively when compared to the RAC
Creative Commons Attribution produced using RA without coatings. The RAC with RA coated using GGBS
License, which permits unrestricted has shown higher strength (31.80 MPa) amongst the others. Further, the
use, distribution, and reproduction in workability and strengths of normal concrete are found to be more by
any medium, provided the original 108% and 19.38% respectively when compared to normal concrete. The
author and source are credited. study concludes that, RA coated with pozzolanic materials can be

considered as an alternative to NA for producing the concretes as they
satisfy the required workability and strength properties.
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INTRODUCTION

The RA are the aggregates which are produced from the recycling of clean concrete waste in which very low content
of other building waste exists. In India, every year the ‘Construction and Demolition (C&D)’ waste gets produced to
the tune of 700 million tonnes. Further, natural disasters like earthquakes, hurricanes, and other similar natural
disasters may also continue to contribute to the generation of excessive amounts of concrete waste. Additionally,
the increased urbanization growth rate has resulted in the development of huge quantities of ‘C&D’ waste.
However, to protect the environment and make use of available natural resources effectively it becomes essential
to recycle and reuse the generated ‘C&D’ waste for producing Recycled Aggregates (RA). The studies have indicated
that using ‘C&D’ waste for producing new concrete would have significant environmental and economic impacts.
Also, the replacement of Natural Aggregates (NA) by RA would result in reducing CO2 emission by about 15-20% and

thus it would be possible to conserve the world’s major share of the limestone resources. The present situation in

the construction industry is such that it has to face the basic challenges of fulfilling the housing and
infrastructural needs. Further, there are concerns about the high requirements of energy and th
greenhouse gases due to the manufacturing of cement and similar products.

The process of recycling aggregates from concrete waste is comparatively simple and inv

mortar to the exterior surface of RA significantly'@

absorption. RA generally has a lower densi

treatment and (e) thermal mechanical treatment. The most commonly used techniques for treating the RA
categorized under mortar retention approach include: (a) Polymer treatment, (b) calcium carbonate bio deposition,
(c) carbonation, (d) activation using sodium silicate solutions, and (e) usage of Pozzolanic materials. The mortar
retention techniques. The mortar removal techniques adopted for treating the RA are reported to be costlier and
inconvenient while mortar retention and strengthening techniques are considered to be time consuming but are
more convenient for application.

Literature review

The researches carried out by several investigators to experimentally study the characteristics of ‘RA and RAC’ are

published in many journals and are briefly discussed in the following section.
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Katrina and Thomos (2013) have reviewed the literature with regard to RA, properties of RA that affects the
properties of RAC and also large-scale effect on structural members. From the review study, the authors have
arrived at some findings with respect properties of RAC that include: (i) Replacing of NA in concrete with RA
contributes in reducing the compressive strength, however, gives comparable split tensile strength; (ii) modulus of
rupture of ‘RAC’ is slightly lesser than the conventional concrete, likely to be caused due to the weakening of ITZ
from residual mortar; and (iii) the modulus of elasticity reduces than expected because of the more ductile
aggregates. Based on the review study, authors conclude that use of RAC produced using RA is likely a feasible
option for structural purposes 1.

Hongru have carried out experimental work of providing treatment to ‘RA’ on the surface using the slurries
containing nanomaterials and compared the characteristics of ‘RA’ before and after the surface treatment is

applied. Also, the investigators have examined the effects of applying the surface treatment using nanomaterials

‘porosity’ and increase in the ‘strength’ of ‘RA’135

Tianyu have rigorously carried out a literature rev

nde ga e viour of ‘RAC’. The authors have also presented the
t ofaggregate, moisture state of aggregate, and mixing of concrete on the

chanical properties of RAC produced using

etration of chloride ion. Study proposes optimisation methods for ‘RA and RAC’ based on the improved
properties of ‘RA and RAC’ by use of carbonation and slurry wrapping treatment [6-8],

Natt have carried out a review study related to the treatment techniques that are chemical-dependent investigated
by different researchers. From the study, authors have presented the analysed sources of literature which
addresses about the use of techniques that would improve the quality and the also the effects of this such
techniques on the characteristics of ITZ and ‘RAC’.

Wimal and Lim performed experimental study to investigate the influence of higher temperatures (25°C-800°C)
on the properties of ‘RAC’ viz., microstructure performances, physical and residual mechanical. The study was
carried out on ‘RAC’ by strengthening through the coupling effect of basalt fibers and ‘RA’ treated using pozzolana
slurry. The results of study indicated that, a significant improvement occurs in residual properties of strengthened

(modified) RAC produced by using combination of utilization of BF and pozzolanic slurry treated ‘RA’ [9-10],
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Mamatha performed optimization study on carbonated ‘RA’ for preparing pavement quality concrete for roads. The
optimization parameters considered for the study included different types of material (cement, fly ash, and silica
fume) using the concentrations varying between 20%—-60%, exposure durations ranging between 4-12 h, and
different sized ‘RA’ (10 mm and 20 mm) while the properties viz., dry density, absorption, porosity and toughness
were considered for optimization process. Results of the study indicates that, soaking the ‘RA’ using the slurry of
any cementitious material having concentration of 40% and exposure time of six (6) hours contributes in improving
performance of both ‘RA’ and PQC produced using treated ‘RA’11-13],

Soheil have carried out an experimental work to reinforce the ITZ and matrix of ‘RA’ using a mixture of pulverized
coal bottom ash and poly carboxylate-water solution. The results of the study recommend that, the bottom ash
slurry when adequately dispersed contributes in enhancement of the performance of ‘RAC’. The coating of well
dispersed bottom ash slurry strengthens both the ITZ bulk matrix. Further, the slurry causes the decrease in the

porosity and unhydrated clinker content with an increase in the indicate that Calcium-Silicate-Hydrate (C-S-H

ITZ. Researchers concluded that, use of well dispersed mixture of coal bottom ash slurry with poly car
solution for coating the ‘RA’ causes significant increment in tensile, compressive stren d
toughness (~12%).

MATERIALS AND METHODS

Experimental program
The experimental work carried out for providing treatment to the duce ‘RAC, using the treated ‘RA’ is
presented in the following sections.

Materials: The various materials used for producing ‘RAC’ lowing section. Now we explain
these two laws in a generalized way in terms of vee

Cement: A 53-grade ordinary Portland_cem , [ ur’) having 3.15 specific gravity, conforming
t0 1S:269-2015 has been used a .

Figure 1. Cement bag (O

Figure 2. Fine aggregate (CS).
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Fine aggregate: The Crushed Sand (CS) procured from local manufacturing plant (Vijay Stone Crusher, Islampur)
conforming to 1S:383-2016. The sand belongs to zone | and its other properties are given in Table 1.

Coarse aggregates: The coarse aggregates of two types viz., NA and ‘RA’ are used for making the concretes.

Natural Aggregates (NA): The NA (crushed stone aggregates) of 10 mm and 20 mm size obtained from local stone
crushing plant are used as shown in Figure 3.

Figure 3. Natural aggregates.

sorting of aggregates (sieve analysis). Figures 4a-4d shows

Figure 4. Operations in obtaining recycled a

aggregate (sieving). (c): Size wise aggregate. (d):

(b) Separation of (c) Size wise (d) Recycled
aggregate aggregate aggregate
(sleving)

The aggregate properties as determined by following the guidelines given in 1S:2386(Part-3)-1963 are tabulated in
as shown in Table 1.

Table 1. Fine and coarse aggregate properties.

Fine aggregate Coarse aggregate
Type of property
Cs NA RA
Specific gravity 2.8 2.9 2.68
Water absorption (%) 2.5 1.2 4.86
Moisture content (%) 0.4 0.2 0.4
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Pozzolanic materials: The pozzolanic materials viz., Fly Ash (FA), Ground Granulated Blast furnace Slag (GGBS),
Microsilica (MS) and Ultrafine Slag (US) procured from different suppliers have been used for making their slurries
to provide coatings to the RA. The specific gravity of FA, GGBS, MS and US are found to be 2.17, 2.9, 2.2 and 2.9
respectively.

Chemical admixture: A Poly Carboxylate Ether (PCE) type chemical admixture (Fosroc Auramix 300) with specific
gravity of 1.10 has been used for improving workability of concrete mixes (1S:9103-1999).

Water: Use of portable water has been done for preparing all the concrete mixes [14-16],

Treatment (coating) to Recycled Aggregate (RA)

The RA obtained after processing provied with coatings of different Pozzolanic materials viz., FA, GGBS, MS and US
by immersing them into the slurry prepared by using water and individual Pozzolanic material. For making slurry, a
40% quantity of each Pozzolanic material by weight of RA was mixed with a quantity of water taken twice the weight
of RA. The mixture of Pozzolanic material and water was stirred continuously for a duration of 2 minutes by Using
mixing rod. The slurry making procedure is as shown in Figure 5.

Figure 5. Stages in the preparation of slurry.
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a) Water b} Addition of
Pozzplanic makrials

Pozzolanic materials for soaking

nic material. The soaking process lasted

o = L

2) Slurry of particulsr  b) Addiion of RA o) Soakinz of RAwith  dRemoval of RA =) RA ready touse
pozzolanic material and mixing intermadiatz mixing from slurry and
drying

Properties of coated Recycled Aggregates (RA): RA obtained by coating with each pozzolanic material as per the
process explained in earlier section were tested for determining various properties viz., specific gravity, water
absorption, and moisture content following the guidelines given in 1S:2386-1963. The properties of coated RA
obtained by following standard procedure are given in Table 2.

Table 2. Properties of coated recycled aggregates.

. Cement coated Micro-silica Fly ash coated Ultrafine slag
Properties RA coated RA RA GGBFS coated RA coated RA
Specific 2.72 2.7 2.7 2.71 2.7
gravity
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Water
absorption 2.72 3.02 3.13 3.16 3.08
(%)

Moisture
content 0.5 0.56 0.42 0.53 0.45
(%)

Mix design of M20 grade concrete and preparation of trial mixes: The mix design of a M20 grade concrete is
performed considering the properties of NA, RA, and RA coated with different pozzolanic materials following the
guidelines of 1S:10262-2019. The concrete mixes are designed by maintaining same water to cement ratio (W/C),
and superplasticizer content (€0.8% by weight of cement). The quantities of concrete ingredients obtained through
mix design process (for 1 m3 concrete volume) are finalized after incorporating the changes required for the field

adjustment. The finalized quantities of concrete ingredients required for preparing concrete mixes using NA, RA,

and RA coated with different pozzolanic materials are given in Table 3.

Table 3. Quantities of concrete ingredients and mix proportion.

Aggregate type used for | Cement, kg Water, kg Fine aggregate,
mix kg

i) NA 316 187.87

i) RA without coating 316 227.52

iii) RA coated with C 316 201.62

iv) RA coated with FA 316 207.22

v) RA coated with MS 316

vi) RA coated with US 316

vii) RA coated with
GGBS

mins so as to achieve dry mixing of the materials. The water addition was done in two steps. In the first step, 75%

water of the total water quantity was added to the mix and the mixing was carried out for a duration of 2 min. The
remaining quantity of water (25%) was then mixed with 0.8% (by weight of cement) superplasticizer. The water with
superplasticizer was mixed thoroughly by stirrer and then added to wet concrete mix in the drum of mixer for get
fluidizing effect to the concrete mix and then the drum was rotated for a period of 2 mins to get homogeneous
concrete mix. The wet concrete mix was then removed from the drum mixer and collected in the metal tray.

Workability (slump) measurement of fresh concrete: The workability of fresh or wet concrete was measured by
‘slump cone test’ as per the guidelines provided in 1S:1199-2018. The slump cone and the base plate of the test
apparatus was cleaned and the inner side was coated with oil to avoid the sticking of concrete. The slump cone

mould was firmly fixed with the base plate by fixing clamps and then the concrete was poured in the mould in three
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equal layers. Each layer was tamped 25 times by 16 mm diameter rod. The top layer was finished using trowel and
mould (slump cone) was slowly lifted vertically up by holding handles of the mould after releasing clamps. The
concrete allowed to subside under its own weight and after allowing the concrete to subside, its depth (slump) was
recorded using steel scale to an accuracy of 0.5 mm. The slump tests performed on the concrete mixes produced
using NA, RA and RA coated with different materials are shown in Figure 7.

Figure 7. Slump tests on concrete mixes prepared using different coarse aggregates. (A): Slump tests on concrete
mixes produced using NA, RA and RA coated with cement. (B): Slump tests on concrete mixes produced using RA

coated with materials.

(A)

Slump, 72mm Slump, 68mm
Mix of RA Mix of RA .
coated with FA coated with coated with US
GGBS

Stump, 135mm Slump. 32mm Slump. 46mm
Mix of NA Mix of RA Mix of RA coated by C

Casting of cube specimens: The casting of the cube specimen was performed by following the standard procedure
given in 1S:516-1959. The concrete cube moulds of 150 mm size were initially cleaned with a cloth and the inside
surfaces coated with oil. The pouring of concrete in the mould was done using the ‘scoop’. The mould was filled in
three equal layers with each layer tamped for 35 times using 16 mm diameter rod. After the last layer was tamped,
it was levelled by trowel (Figure 8). The concrete filled cube moulds were then stored under the shed for 24 hours

and covered with wet gunny bags. After 24 hours, the concrete cubes were demolded and provided with
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designations or nomenclatures as per the contents of aggregate types and pozzolanic material used. After providing
the nomenclatures, the concrete cube specimens were taken for curing process as shown in Figure 8.

Figure 8. Casted concrete cube specimens.

Curing of cube specimens: The concrete cube specimens were immersed in a water tank consisting clean water
and kept there for 28 days period for gaining strength as shown in Figure 9.
Figure 9. Curing of specimens.
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Testing: After curing all the concrete cubes for 28 days curing period they ater tank and

ach concrete

place. The maximum failure load was

as calculated by dividing the maximum

gregates (I.e. NA, ‘RA’ and coated ‘RA’) has been measured by slump cone test method and the variations in the

slump values of RAC produced are graphically represented in the Figure 10 as shown below.

From Figure 10 it is seen that the slump of RAC produced using uncoated RA as well as RA coated with cement is
the lowest (avg. slump 39 mm) and it does not satisfy the design requirement. However, the RAC produced using
RA coated with all the pozzolanic materials (i.e. excluding RA with cement coating) satisfies the design requirement
of workability (i.e. slump, 50 mm) and is found to be more by an average value of 102% (i.e. more than twice) when
compared with the RA without coating. Further, it is observed that slump values of RAC produced using NA are more
by 108% when compared with the slump values of RAC produced using RA coated with all the pozzolanic materials

Figure 10. Variation in slump of RAC for different types of coarse aggregates.
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CONCLUSIONS

From the experimental work of determining properties of RAC produced using NA, RA and RA coated with different
Pozzolanic materials, the following conclusions are drawn.

1. A RAC of M20 grade produced by using RA coated with different Pozzolanic materials viz., FA, GGBS, MS

and US have shown satisfactory results for the workability (slump, 50 mm) and compressive strength (26.6

MPa) requirements. The RAC produced using cement coated RA did not achieve the required workability

and strength properties as per the design requirements. However, the RAC produced using RA coated with

all the Pozzolanic materials under consideration have satisfied the workability (slump) requirements.
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Further, the compressive strength of RAC produced using RA coated using GGBS is found to be more by

16.74% when compared over RAC produced using RA coated with other pozzolanic materials.

2. The average workability (slump) and compressive strength values obtained for RAC produced using RA

coated with different Pozzolanic materials are found to be more by 102% and 17.27% respectively when

compared over the corresponding values obtained for RAC produced using uncoated RA. Further, the

average workability and strength values of concrete produced using NA are found to be more by 108% and

19.38% respectively when compared over the corresponding workability and strength values of RAC

produced using RA coated with different pozzolanic materials under consideration.

3. The RA can be considered as an alternative to the NA for producing the concretes, however, it becomes

essential to provide prior surface treatment in the form of coating so as to improve their properties and

hence the properties of RAC.

ACKNOWLEDGEMENT
The authors are thankful to the Hon’ble Director, Rajarambapu Institute of Technology (RIT), Rajaram and t
Head, Department of Civil Engineering for their continuous inspiration and making availa he ili
carrying out the research study. :
REFERENCES

10.

11.

12.

13.

as A for
ater. Civ. Eng. 2022;35:

Ahmed W, et al. Effective utilization of chopped basa

Methods of
d Bulking. Bureau of Indian standards, New Delhi, India. 1963; IS 2386.

t for Aggregates for Concrete: Part 3-Specific Gravity, Density, Voids, Absorption

ortland Cement-Specification. Bureau of Indian standards, New Delhi, India.2015; IS

Coarse and Fine Aggregate for Concrete-Specification. Bureau of Indian standards, New Delhi,
India. 2016; IS 383.

Methods of Test for Strength of Concrete. Bureau of Indian standards, New Delhi, India. 1959; IS
516.

Concrete Admixtures-Specification. Bureau of Indian standards, New Delhi, India. 1999; IS 9103
Kosuri M, et al. Optimization of slurry impregnation technique for upcycling carbonated recycled
concrete aggregates for paving concrete applications. J. Mater. Civ. Eng. 2023;35:04023053.
Makul N. A review on methods to improve the quality of recycled concrete aggregates. J. Sustain.
Cem.-Based Mater. 2020;10: 65-91.

Martirenaa F, et al. Improving quality of coarse recycled aggregates through cement coating. J.
Sustain. Cem.-Based Mater.2016; 6: 69-84.

McNeil K. Recycled concrete aggregates: a review. Int. J. Concr. Struct. Mater. 2013; 7: 61-69.

JOMS| Volume 12 | Issue 2 |March, 2024

11


https://ascelibrary.org/doi/abs/10.1061/(ASCE)MT.1943-5533.0004613
https://ascelibrary.org/doi/abs/10.1061/(ASCE)MT.1943-5533.0004613
https://ascelibrary.org/doi/abs/10.1061/%28ASCE%29MT.1943-5533.0001748
https://ascelibrary.org/doi/abs/10.1061/%28ASCE%29MT.1943-5533.0001748
https://ascelibrary.org/doi/abs/10.1061/%28ASCE%29MT.1943-5533.0004712
https://ascelibrary.org/doi/abs/10.1061/%28ASCE%29MT.1943-5533.0004712
https://www.tandfonline.com/doi/full/10.1080/21650373.2020.1748742
https://www.tandfonline.com/doi/full/10.1080/21650373.2016.1234983
https://ijcsm.springeropen.com/articles/10.1007/s40069-013-0032-5

Journal of Material Sciences

14. Oruji S, et al. Enhancing recycled aggregate concrete using a three-stage mixed coal bottom ash
slurry coating. J. Mater. Civ. Eng. 2023; 35: 04023061.

15. Upshaw M, et al. Critical review of recycled aggregate concrete properties, improvements, and
numerical models. J. Mater. Civ. Eng. 2022;32:03120005.

16. Wang J, et al. Comparison of recycled aggregate treatment methods on the performance for
recycled concrete. Constr Build Mater. 2020; 234: 117366.

17. Xie T, et al. Toward the development of sustainable concretes with recycled concrete aggregates:
comprehensive review of studies on mechanical properties. J. Mater. Civ. Eng.2018; 30:
04018211.

18. Zhang H, et al. Surface treatment on recycled coarse aggregates with nanomaterials. J. Mater. Civ.

Eng.2015; 28:04015094.

JOMS| Volume 12 | Issue 2 |March, 2024

12


https://ascelibrary.org/doi/abs/10.1061/%28ASCE%29MT.1943-5533.0004723
https://ascelibrary.org/doi/abs/10.1061/%28ASCE%29MT.1943-5533.0004723
https://ascelibrary.org/doi/abs/10.1061/%28ASCE%29MT.1943-5533.0003394
https://ascelibrary.org/doi/abs/10.1061/%28ASCE%29MT.1943-5533.0003394
https://www.sciencedirect.com/science/article/abs/pii/S0950061819328181
https://www.sciencedirect.com/science/article/abs/pii/S0950061819328181
https://ascelibrary.org/doi/10.1061/%28ASCE%29MT.1943-5533.0002304
https://ascelibrary.org/doi/10.1061/%28ASCE%29MT.1943-5533.0002304
https://ascelibrary.org/doi/10.1061/%28ASCE%29MT.1943-5533.0001368

