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ABSTRACT

The tendency of demolition has increased to improve economic gains, functional and structural performance,
and unloading expenses due to the inaccessibility of an appropriate site in a nearby area. As a result, effective
utilisation of construction and demolition waste materials in the form of Recycled Coarse Aggregate of 20 mm
& 10 mm is possible while conserving non-renewable natural resources. Even though recycled coarse aggre-
gate (RCA) is a cost-effective material that provides solutions to solid waste management, it is also viewed as
second-rate in terms of its basic properties compared to natural coarse aggregate (NCA). This study attempted
to design two mix proportions for natural aggregate concrete (NAC) and recycled aggregate concrete (RAC).
RAC was supplemented with Hooked Steel Fibres at a rate of 0%, 0.25%, 0.5%, and 0.75% per cubic metre.
Compressive strength was considered a benefit parameter, whereas the state schedule of rates (SSR), 2020-21,
was used to estimate cost. The experimental results discovered that RAC with 0.25% steel fibres (SF) per cubic
metre achieved 7.27% lesser compressive strength results than NAC in Mix-1 of M25 grade, whereas it is 11.64%
lesser compared to NAC of Mix-2 of M40 grade at 28 days, respectively. This related decrease in compressive
strength compared to NAC is within the acceptable limit of Indian Standards. At the same time, the cost analysis
of RAC with 0.25% steel fibres per cubic metre showed 1.26% and 2.16% higher cost than NAC of M25 & M40.
It revealed that 0.25% SF per cubic metre in RAC provides an economically viable solution in terms of cost and
benefits compared to NAC of a similar mixture.

Keywords: natural aggregate concretes, recycled aggregate concretes, steel fibres, compressive strength, state
schedule of rates.

INTRODUCTION

After World War II, when Europe was faced
with urgent rebuilding needs, recycling waste ma-
terials, especially building rubble, into new concrete
construction with good results was conducted on a
large scale. Concrete creation and demolition wast-
age generation are the primary factors contributing
to constant CO, emission into the atmosphere [1].
Under the pressure of environmental protection
agencies, the construction industries are turning
towards demolished concrete as an aggregate for
new concrete production, referred to as RAC [2].
The general development and destruction of waste

generation in 40 nations reached more than 3.0 bil-
lion tons yearly until 2018, and this pattern is ex-
panding continually. Discarded or demolished rein-
forced concrete structures, concrete pavements, pre-
cast concrete units etc., are the primary sources of
RCA. With construction and demolition (C&D) of
building materials, a new aggregate is produced and
utilised for green concrete production [3]. After the
destruction of concrete elements, they are screened,
i.e., foreign matters such as steel, wood hardware,
plastics, lumber, dirt etc., are separated from the
rubble. The rubble is then crushed and screened to
obtain the required size of RCA. Even though re-
used aggregate instead of normal aggregate has
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now received extensive consideration as a reason-
able strategy, its uses are restricted. A few specialists
have rejected reused aggregate for structural devel-
opment because of the absence of examination and
the negative business perspectives [4].

Further investigation is expected to control re-
used aggregate to guarantee medium-strength basic
of the reused aggregate concrete created [5]. Then
again, a past examination has indicated that by add-
ing SF in concrete, the properties of reused aggre-
gate improved. Nonetheless, adding SF will bring
about the additional cost that ought to be balanced
by the benefits accomplished. One needs to find the
balance between the accomplished structural prop-
erties and the extra expense. In order to overcome
this issue, this examination was aimed at dissecting
the cost adequacy of reused aggregate concrete and
SF in its ideal mix to acquire the desired outcomes.

Thinking about the compressive strength at 7
and 28 days for the natural and reused aggregate
concretes, it was found that the strength improve-
ment with age for the two sorts of concrete is com-
parable. A portion of the reused aggregate concretes
demonstrated an imperceptibly higher pace of
strength improvement with age than natural con-
cretes [6]. Recycled aggregate concrete has a lower
compressive strength in the range of 5 to 10% than
conventional concrete at the same water /cement ra-
tio and equal workability. When the concrete fails,
it was also observed that the adherent mortar on the
recycled aggregate appeared to be the weakest link.
The compressive strength of reused aggregate con-
crete is lower than that of parent concrete [7]. Reus-
ing aggregate concrete requires a moderately lower
water/concrete ratio compared to new concrete [8].
It was observed that at a high level of reused coarse
aggregates (50%, 100%), the addition in compres-
sive strength of reused aggregate concrete ranged
from 12 to 16% when the normal concrete strength
expanded by 42% over the most recent 21 days of
28 days restoring period [9]. The mean compres-
sive strength following 28 days was diminished 85
to 90% with 100% reused aggregates as a substi-
tute for the coarse aggregate [10]. The compressive
strength of RAC with SF, about 1% volume frac-
tion, was lower than that of original concrete [11].
There was a reducing strength with increasing sub-
stitutions of reused aggregates in normal aggregates
[12]. It was noticed that the compressive strengths
of steel fibrous concrete in all the cases were slight-
ly higher than no fibrous concrete. The outcomes
demonstrated that the expansion of SF improved
28 days compressive strength, increasing 10 to 30%
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scopes with different water/concrete ratio, reused
aggregate, fly ash, and SF volume part of 1.5% m’
concrete [13]. The compressive strength of reused
aggregate can be 15% to 25% lower than that of the
concrete made with virgin aggregates with reused
SF aggregates to supplant the normal aggregate by
0%, 25%, 50% and 100% [14]. An inherent weak-
ness in High Strength Concrete can be avoided by
reinforcing the concrete with randomly oriented fi-
bres [15]. A combination of RA and SF for beam
was identified by several preliminary studies [16,
17]. In order to confirm this, more experiments and
structural tests are necessary. In addition, despite
the prediction of several environmental benefits
with the use of RCA, the economic viability of this
mixture with the addition of SF is unknown.

OBJECTIVE OF RESEARCH

The present work deals with RCA with SF to
produce RAC concrete of M25 and M30 grade. It
was compared with conventional NAC of similar
grade from a strength and economic profitability
point of view. The following objectives were dis-
cussed in the current study:

e To investigate the appropriate dose of SF to
be used in RAC to provide a viable solution as
an alternative to conventional NAC from the
compressive strength point of view.

e To identify the benefits and drawbacks of the
integrated use of RCA and SF for concrete
compressive strength, which used for rein-
forced concrete work.

e To assess the cost of RCA by conducting in-
terviews of six major crushing plants in and
around the Nanded district from various stages
of aggregate production from stones or rocks.

e To work out a cost per cubic metre for the pro-
duction of RCA with SF in the mixes of RAC
concerning SSR, 2020-21 [18].

e Economic profitability analysis from strength
and cost parameter for the use of RCA as cent
percent replacement of NCA.

RESEARCH METHOD

The present study aimed at two main stages. The
first stage aimed to conduct experiments by cast-
ing concrete cubes of M25 and M30 grade using
NAC and replacing it with RCA cent percent with
SF to evaluate compressive strength in a research
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laboratory climate using quantitative investigation.
For the most part, three examination approaches
found as quantitative, subjective and blended tech-
niques were adopted to conduct a cost-benefit anal-
ysis (CBA) [19]. Since the present study expected
to test concrete combinations and economic profit-
ability, a quantitative methodology was used. The
subsequent stage required acquiring cost informa-
tion for the Cost Benefit Analysis (CBA). The sec-
ond stage involved estimating the cost of RCA by
interviewing six major crushing plants in and around
the Nanded district from various stages of aggregate
production from stones or rocks. Cost per cubic me-
tre for the production of RCA with SF in the mixes
of RAC concerning SSR, 2020-21 was considered as
a parameter for assessment. CBA was carried out to
provide statistical values of cost per cubic metre for
production of RAC. It gives the customer or contrac-
tor a choice to opt for RAC with SF to replace NAC.

Table 1. Physical characteristics of sand

Test Results
Specific gravity 2.621
Fineness modulus 2.66
Water absorption 1.2%
Silt content 1.2%

Table 2. Chemical properties of OPC 43 grade cement

Stage 1: Experiments

Due to non-availability of mix design method-
ology using RCA, a mix design suggested by [20,
21] was first used to prepare NAC mixes i.e. NA &
NB having mix proportions [1:1.77:2.65:0.53] and
[1:1.58:2.36:0.48], respectively. Afterwards, NA &
NB was 100% replaced by RCA to prepare plain
mixes of RA & RB with the same mix proportions
confirming M25 & M30 grade. The RA & RB mixes
were then supplemented by 0%,0.25%,0.5% and
0.75% SF per m® of concrete. At this stage, a two mix
design with various mixture proportions was tried for
compressive strength to decide the ideal combination
equal to NAC. The NCA and RCA were utilised and
introduced as Figure 1 is inside adequate particle size
distribution scopes [22]. The water absorption rates
of RCA are 4.5% and 3.6% for 10 mm and 20 mm,
individually, while the rates for NCA are 2.075% and
2.40% for 10 mm and 20 mm, separately.

In the present work, fine aggregate used was
locally available sand confirming BIS grading
curve-1II and presented in Table 1.

Ordinary Portland Cement (OPC) of 43 grade
utilised in the entire study, which confirmed to [23].
The factors that are important in selecting a type of
cement are compressive strength at various ages,

Chemicals available Results Max. Permissible Limits [20]
Eg.aa(s)iozo +'718.’£2|203 +65Fe,0,) 0.90 0.66 to 1.02
ALO, / Fe,0, (% by mass) 1.34 0.66 Min.
Insoluble Residue (% by mass) 1.68 3.0 Max.
Magnesia (% by mass) 3.02 6.0 Max.
Sulphuric Anhydride (% by mass) 1.67 3.0 Max.
Total Loss on Ignition (% by mass) 1.74 5.0 Max.
Total Chloride (% by mass) 0.01 0.10 Max.

)

-

RS

Fig. 1. Coarse Aggregate; a) Natural Aggregate; b) Recycled Aggregate
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Table 3. Physical properties of OPC 43 grade cement

Type of property Results Max. Permissible Limits [20]
Fineness (M?/Kg) 277.30 228 Min.
Initial Setting Time 215 Min 30 Min. Min.
Final Setting Time 310 Min 600 Min. Max.
Avg. Compressive strength
7 days 47.9 MPa 33 MPa. Min.
28 days 57.8 MPa 43 MPa. Min.
Sf::ﬁ;ﬁﬁs(;enffhate“ar 1.00 10.0 Max.
Specific gravity 3.14 3.15

Table 4. Chemical properties of water
Parameter Results Max. Permissible Limits [18]

pH 6.42 6.5-8.5
Chlorides 35 mg/l 2000 mg/I
Alkanity 5mil 25 ml
Sulphates 128 mgl/l 400 mgl/l
Fluorides 0.03 mg/l 1.5 mg/l
Organic Solids 42 mgl/l 200 mgl/I
Inorganic Solids 118 mg/I 3000 mg/l

fineness, the heat of hydration, alkali content, the
C,A content. Test results of the physical properties
of OPC are given in Table 2 and 3, respectively.

Potable tap water was tested in Environmental
Engineering laboratory of the the Institute, used for
casting specimens, and confirms to BIS:456-2000
[21]. Laboratory tests result presented in Table 4.

Crimped SF was made up of stainless steel
thin wire in the form of hooked steel fibres con-
firming to A820, 2013 [24], and its characteristic
are presented in Table 5.

The SF volume changed between 0.25%,
0.5% and 0.75% per cubic metre while RCA re-
placement adopted is 100% with 20 mm as 60

Table S. Physical properties of hooked SF

Test Results
Tensile strength 1594.94 N/mm?
Length 30 mm
Diameter 0.6 mm
Aspect ratio (length /diameter ratio) 50
Density 7800 kg/m?®

% and 10 mm as 10%, as displayed in Table 6.
In a concrete mixer, the quantity of aggregates
poured and pre-soaking water was added first, be-
fore pouring SF and revolving it for 10 minutes
so that RCA could absorb a sufficient quantity of

Table 6. Mix compositions with compressive strength results

Vix OPC | Water | FA | NCA RCA Comp.Strength (MPa)
20 10 | SF (%) 7 | 14 28

ID (kg/m®) o (Days)

NA 361.5 191.6 640 958 0 0 0 21.78 23.85 36.35

RA 361.5 191.6 640 575 | 383 0 16.98 18.36 27.26
RAF-1 361.5 191.6 640 575 | 383 | 0.25 18.29 20.74 33.80
RAF-2 361.5 191.6 640 575 | 383 05 19.38 22.18 34.90
RAF-3 361.5 191.6 640 0 575 | 383 | 0.75 18.73 21.47 34.35

NB 399.1 191.6 630 942 0 0 0 23.41 29.48 39.00

RB 399.1 191.6 630 0 565 | 377 0 18.26 22.11 28.08
RBF-1 399.1 191.6 630 0 565 | 377 | 0.25 19.43 25.35 34.71
RBF-2 399.1 191.6 630 0 565 | 377 05 20.36 26.53 36.27
RBF-3 399.1 191.6 630 0 565 | 377 | 0.75 19.89 25.94 35.49
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water. After that, sand, cement, and the required
quantity of water and SF were thoroughly mixed
in a container, and put in the concrete mixer and
revolved for 4-5 minutes. SF of required quantity
was added afterwards. Thoroughly mixed con-
crete was filled in cube mould in three equal lay-
ers & kept over vibration table for uniformity. A
total of 60 cubes (150 x 150 x 150) mm of M25
& M30 concrete grade cubes were tested under
the compression testing machine of 100 tonnes
capacity for compressive strength measurement,
as presented in Figure 2.

Figure 3 represents the relationship of com-
pressive strength & concrete age for various con-
cretes of mix-1. Compressive strength of RAF-1,
RAF-2 and RAF-3 at 7 days is 17.42%, 11.66% &
15.06% less than NA. This diminishing strength
at 7 days demonstrates deficient air restoring of
concrete at an early age with SF. RA exhibits
24.77%, 26.01% and 28.58% lesser compressive
strength than NA of mix-1 at 7, 14 and 28 days,
respectively. The reduction in strength is seen be-
cause of a poor bond between RCA and other con-
stituents of concrete. The results show that there

is a reduction in compressive strength of RAF-1,
RAF-2 and RAF-3 when contrasted with NA by
13.94%, 7.25% & 10.50% and 7.27%, 4.07% &
5.66% at 14 and 28 days separately. The compres-
sive strength of RA with different volume frac-
tion of SF at an early age is relatively increasing
due to the high absorption capacity of old mortar
adhered to the rough texture of RCA and RCA.
It provides improved bonding and interlocking
characteristics between the mortar, RCA, and
SF in agreement with the observations [25, 26].
It was observed that the compressive strength at
28 days of RA for mix-1 increased along with
the percentage of SF up to 0.5% per cubic metre.
Beyond SF, 0.5% per cubic metre, a trend of in-
crease in compressive strength declined.

Figure 4 shows a connection between com-
pressive strength and concrete age for various
concretes for mix-2. At 7 days, the compressive
strengths of RBF-1, RBF-2 and RBF-3 were
18.58%, 13.94% & 16.25% lesser, respectively,
as compared to NB. This decrease in strength at
7 days demonstrates inadequate air relieving of
RCA at an early age in SF. RB exhibits 24.71%,

Fig. 2. Testing of cube specimens
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Fig. 3. Comp. strength results of mix-1
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28.57% & 32.55% lesser strength as compared to
NB at 7 ,14 & 28 days, respectively, for mix-2.
The results show that there is a reduction in the
compressive strength of RBF-1, RBF-2 and RBF-
3 when contrasted with NB by 15.06%, 10.54%
& 12.77% and 11.64%, 7.25% & 9.42% at 14 and
28 days, respectively. A similar trend of results
was observed for mix-2. The experimental results
of mix-1 & mix-2 observed that the difference in
compressive strength of RAF-2, RBF-2 with NA
& NB is 4.04% and 7.25%, respectively. Thus,
it is viable to prepare RAC mixes with SF 0.5%
per m?. Other researchers’ tests have also shown
a decrease in the compressive strength values of
recycled concretes. Sagoe-Crentsil et al. demon-
strated that the resistance values of concrete with
a 23 percent additive of recycled aggregate were
5% lower than those of natural aggregate con-
crete [27]. Gomez-Soberon, on the other hand,
assumed an 11% decrease in the compressive
strength between the samples made of 100% re-
cycled aggregate and concretes made of natural
aggregate. However, when the natural aggregate
exchange reached 30% the compressive strength
decreased by 5% [28]. The optimum combination
found through experiment was 100% recycled
aggregate replacement with the addition of 0.5%
steel fibre in RAC, similar to Senaratne et al. [29].

Stage 2: Direct cost comparison
and cost benefit analysis

Firstly, to determine the costs and benefits
of delivering C&D waste to the sites for waste
disposal or recycling, the amount of C&D waste
could settle in Nanded, Maharashtra, India (lati-
tude 19.1114 North, longitude 77.2945 East) for
each year must be analysed. The first question
was: “Does the crushing plant accept C&D de-
bris if the Local Municipal Authority charges a
dumping fee?” “Yes, they will accept C&D waste
if they have no dumping charge.” All the crush-
ing plants surveyed have replied. Five of the six
crushing plants have also found that the delivered
C&D waste is always sorted out and free from
containments. Another advantage is savings of
INR 1290/- per cubic metre of concrete, leading
to a total of INR 4,70,850/- annually. Other envi-
ronmental advantages found included reducing air
pollution, gas emission, energy consumption and
noise pollution by saving landfill space. The oper-
ating costs for a plant, equipment and work were
included in the Cost-Benefit Analysis (CBA). The
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next question asked was: “What costs does the
plant have, and are other RCA costs involved?”
The following question asked. The second part of
the question was formulated so that all costs in-
cluded as the recycling facilities could differ. The
fuel used for installations and machinery is an es-
sential factor in RCA production, accounting for
8% of total operating costs. For all facilities, the
average fuel consumption was INR 1,79,371/- per
annum per cubic metre of concrete.

CBA is a technique that contrasts various
thoughts or alternatives and a financial worth uti-
lizing both direct/backhanded expenses and ben-
efits. The cost benefit investigation contrasts the
task costs and a INR sum for the entirety of the
undertakings benefits [30]. On the other hand, it
clarified that elective techniques, such as cost vi-
ability examination, generally dissect every re-
sult in common units, instead of appointing ev-
erything a financial worth. The CBA method is
dependent upon suspicions and carefulness while
putting financial figures on intangible things. In
any case, it is pivotal that these things are in-
corporated to increase a genuine sign of the full
benefits that were tried [31]. Along these lines,
this investigation assessed the theoretical and
indirect benefits to decide if joining RA with
SF is financially feasible. In order to carry out
an accurate analysis, the weight proportions of
concrete, which were utilised in experimental
work, have to be converted into volume propor-
tions presented in Tables 6 and 7 [32]. Tables
7 & 8 demonstrated conversion of weight mix
proportions of M25 & M-30 grade concrete to
volume mix proportions as [1:2.68:2.20:0.53] &
[1:2.42:1.93:0.48] respectively. This calculated
volume mix proportion was used in the calcula-
tion of the cost of various concrete of NAC &
RAC. The cost of each concrete was evaluated
using the State Schedule of Rates, 2020-21 [18]
for concrete production per cubic metre.

Before deciding the cost of RCA, it is advis-
able to know the various processes involved in
the crushing process of coarse aggregate. It was
presented in the form of Figure 5 [29]. The data
collection method was adopted by interviewing
managers of major crushing plants around Nand-
ed, Maharashtra, India (latitude 19.1114 North,
longitude 77.2945 East) producing NCA. The
data collected from Crushing Plant designated as
[CP1-CP6] regarding various heads of expenses
incurred for NCA production from stone or rock
obtained from a quarry. It was listed in Table 9.
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Table 7. Corrections required for the nominal mix of M25

Cement FA (Sand) CA(20 mm) TA.
Item
(OPC) [a] [b] [a+b]
M25 mix 1 1.77 2.65 4.42
Original volume calculations 50 kg 351it.(1) 1.77 x 35 =61.95 lit. 2.65 x 35 =92.75 lit.
61.95 x 100/82 92.75 lit.
Gravel in FA correction (18%) 50 kg 351it.(1) 4.80
=75.54 (2.15) (2.65)
_ ; 75.54 x1.20 92.75 lit.
le.(l)llo(/ age of damp FA correction 50 kg 35 lit.(1) 5.04
(20%) = 90.65(2.59) damp (2.65)
F.M. correction a) If FA is too . 90.65+ 5 = 95.65 92.75-5
50 k 35 lit.(1 5.24
coarse: + 5 FA & - 5CA g M (2.73) Damp = 87.75(2.51)
b) If still no cohesion: 95.65 + 5 = 100.65 87.75-5
+5FA&-5CA 50 kg 351it.(1) (2.88) Damp = 82.75(2.36) 524
T ; ; 100.65 x 0.98 82.75x0.98
SlLt/m FA correction Penalty is 50 kg 35 lit.(1) 5.14
(2%) = 98.63 (2.82) =81.10 (2.32)
Flaky CA correction 98.63 x 0.95 81.10x0.95 =
50 kg 35 lit.(1) 4.88
(5% Penalty) =93.69 (2.68) 77.04 (2.20)
Final mix 1) (2.68) (2.20) 4.88
Table 8. Corrections required for the nominal mix of M30
Cement FA (Sand) CA(20 mm) TA.
ltem
(OPC) [a] [b] [a+h]
M30 mix 1 1.58 2.36 3.94
Original volume calculations 50 kg 35 lit.(1) 1.58 x 35 = 55.3 lit. 2.36 x 35 = 82.6 lit.
55.3 x100/82 82.6 lit.
Gravel in FA correction (18%) 50 kg 351it.(1) 4.29
=67.44 (1.93) (2.36)
. ; 67.44 x1.20 82.6 lit.
B2L(l)||:/ age of damp FA correction 50 kg 35 lit.(1) 467
(20%) =80.93 (2.31) damp (2.36)
F.M. correction a) If FAis too . 80.93+ 5 = 85.93 826-5=776
coarse : + 5 FA& - 5CA 50 kg 35it.(1) (2.46) Damp (2.22) 4.68
b) If still no cohesion: 85.93 + 5 = 90.93 776-5=72.6
i i i 90.93 x 0.98 72.6x0.98
S2|Iot/|n FA correction Penalty is 50 kg 35 lit.(1) 458
(2%) = 89.11(2.55) =71.15(2.03)
Flaky CA correction 89.11x0.95 71.15x0.95
50 kg 35 lit.(1) 4.35
(5% Penalty) =84.65 (2.42) =67.59(1.93)
Final mix (1) (2.42) (1.93) 435

Table 9. Interview Sample for collection of heads of expenses per cubic metre for production of NCA with a lead
of 0.5 km for various crushing plants

. . Transportation of stone to Crushing cost including Transportation cost of
Crushing Basic cost of stone hi lant includi lectri | h h : )
Plant from quarry (%) crushing plant including electric and labour charges | stone to the required site

royalty charges (%) (%) (%)
CP-1 24 29 25 22
CP-2 26 31 22 21
CP-3 21 34 29 16
CP-4 19 32 25 24
CP-5 26 33 20 21
CP-6 20 34 24 22
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In Table 9, CP-1, CP-2, CP-3 belonging to
Sharda Construction & Private Limited, Nanded
indicated an essential cost of stone used to pro-
duce NCA as 24%, 26% and 21% with a lead of
0.5 km. The said variation occurred due to the
geographical location of every site. CP-4 is locat-
ed in the close vicinity of rock used for the pro-
duction of NCA, compared to other plants. The
above information found that the essential cost of
metal or stone from a quarry is 19 to 26% of the
total price of NCA per cubic metre. In terms of the
availability of rock for NCA production, CP-5 is
located away from the feedstock, in comparison
with CP-6. CP-3 and CP-6 accepted only clean
concrete washout material. Even when waste was
dumped into landfills, it was sorted, and there was
a greater tipping fee than in other crushing plants.
Consumption of electricity for the operation of
crushing plants, periodic repair of equipment,

vehicle expenses to load and unload stone mate-
rial into the hopper or jaw crusher were consid-
ered as a parameter for evaluation expenses head
for production of NCA. Fuel, loading, and unload
crushed aggregate and tipping fees were decided
as the costs incurred to transport aggregate for a
lead of 0.5 km. Overhead has been determined as
the last factor in maintenance costs. Fixed over-
head corresponds to fixed prices with no change
in daily activities, including insurance, rent, ex-
penses for office, depreciation, etc. The average
cost was INR 300/- per cubic metre of concrete
for all facilities. The operating capital added to
the INR 1,09,500/- amount using 5% of the total
cost per cubic metre.

It was concluded that the average cost of
RCA is about 24.5% lesser than that of NCA per
cubic metre as it obtained from free refused or
discarded concrete debris. Considering this fact,

Table 10. Cost of one cubic metre of NAC, RAC and RAC with SF (excluding GST)

Mix OPC Water Sand NCA RCA (Rs.) SF Total cost per cubic
ID (Rs.) (Rs.) (Rs.) (Rs) | 20mm | 10mm (Rs.) metre (Rs.)
1:2.68:2.20:0.53
NA 275 3 4221 1980 0 0 0 6479
RA 275 3 4221 0 896 598 0 5993
RAF-1 275 3 4221 0 896 598 548 6541
RAF-2 275 3 4221 0 896 598 1097 7090
RAF-3 275 3 4221 0 896 598 1646 7639
1:2.42:1.93:0.48
NB 275 2.75 3811 1737 0 0 0 5825.75
RB 275 2.75 3811 0 787 525 0 5400.75
RBF-1 275 2.75 3811 0 787 525 552 5952.75
RBF-2 275 2.75 3811 0 787 525 1104 6504.75
RBF-3 275 2.75 3811 0 787 525 1656 7056.75
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it was decided to take cost of RCA 24.5% less
for evaluation of cost per cubic metre of NAC
& RAC Concrete. Table 10 represents the cost
of producing one cubic metre concrete quanti-
ty of NAC, RAC and RAC with SF (excluding
Goods & Services Tax of Government of India)
of M25 & M30 grade using SSR,2020-21[18].
The above results showed that the cost difference
between NA and RA for M25 grade concrete is
7.79%, whereas it is 7.58% for concrete NB &
RB of M30 grade. Table 6 and 10 indicated that
the compressive strength of RA & RB is on the
lower side when contrasted with NA & NB, re-
spectively. However, RAF-1 & RBF-1 indicated
comparable compressive strength for M25 &
M30 concrete grade and at the same time cost dif-
ference between NA & NB with RAF-1 & RBF-1
is 0.9523% and 2.14%. The cost difference be-
tween RAF-2 and RBF-2 with NA & NB was
9% and 11%, respectively. At the same time, the
cost difference between RAF-3 and RBF-3 with
NA & NB was 16.43% and 19.09%, respectively.
Recycling facilities rely heavily on contracts to
produce RAC for concrete production. Awareness
and promotion of RA at the policy level would
solve the issue in full conformity with Senaratne
et al. [29]. Quantifying these benefits was chal-
lenging, and the percentages used based on an ex-
tensive survey for a similar study in Queensland
were close in conformity for calculation of cost in
the present study [33]. The second part of CBA
evaluated all plant and equipment needed to pro-
duce RAC, similar to the findings [34].

CONCLUSIONS

The obtained results pertaining to the compres-
sive strength outcomes indicate that RAC with SF
0.25% per m® gives a monetarily feasible solution
from cost and benefit. The investigation uncovered
in the paper is scientifically significant on account
of introducing another fundamental construction
material, which has noteworthy reasonable and
cost benefits. The main benefits came from the fact
that waste material was brought to the recycling
facilities instead of being dumped into a landfill,
as it usually would be. It is not only an economi-
cally viable material but also a sustainable material
by reducing substantial landfill waste. This assess-
ment offers recommendations for all social affairs
stressed in reused aggregate concrete, for instance,
producers, clients and originators, to propel this

new material. The exploration revealed in the
paper is scientifically significant because of the
presentation of another primary construction ma-
terial, which has impressive manageable and cost
benefits. This examination offers a brainstorming
thought to all manufacturers, customers and origi-
nators to advance this new material.
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