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ABSTRACT

Reclaimed asphalt pavement (RAP) is often advised
for use in lower layers of concrete pavements or in
combinations used to generate affordable paving
due to its reputation as a poorer grade aggregate
when compared to natural aggregates. Reclaimed
asphalt pavement (RAP) is often only employed in
the base layers of concrete pavements or in low-
end paving mixes due to its inferior quality
compared to natural aggregates. This is due to the
fact that natural aggregates are of a better grade
than recycled asphalt. It is possible to show
conformity with sustainability standards by using a
combination recycled. This dissertation provides an
in-depth  laboratory  analysis of  RAP's
environmental benefits in RCCP applications. The
study was conducted within the confines of the
dissertation. The MDD's weakening impact causes
the concrete's strength to diminish as the
proportion of RAP utilized in the mixture increases.
Compared to soft-RAP mixes, stiff-RAP mixtures
were shown to have more strength. The holes in the
finer portion of soft-RAP, however, might be filled
by natural fines, making it more compatible with
RCCP mixes. Under these conditions, fine RAP
mixes may even outperform coarse RAP mixes. In
contrast, when comparing abrasion resistance, the
combined RAP mixes do worse than either the
coarse RAP or the fine RAP mixes alone.
Keywords: Reclaimed asphalt pavement (RAP),
aggregate, RCCP applications, stiff-RAP mixtures,
RAP mixes.

INTRODUCTION

According to the American Concrete
Institute  (ACI), "Roller Compacted
Concrete" is a proprietary word. As
defined by the American Concrete
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Institute, roller compacted concrete (RCC)
is “"concrete compacted by roller
compaction that, in its unhardened state,
will support a roller while it is being
compacted.” Roller compacted concrete
(RCC) is defined as such. Roller
compaction, as defined by the American
Concrete Institute (ACI), is "the process of
compacting concrete using a roller, often a
vibrating roller.* RCC has the same
mechanical qualities as normal concrete
once it has been allowed to cure for the
required period. Although the terms "roll
Crete” and "rolled concrete” are not they
once were, term “roller compacted
concrete” process in which using rollers
that are comparable to those used in
asphalt pavement. Even though the
composition of the concrete is different,
the mechanical qualities achieved with this
method are substantially equivalent to
those achieved with more conventional
techniques for laying concrete. The slump
of the concrete must be negative in order
for rollers and other heavy equipment to be
able to operate with it. Due to the fact that
it is incompatible with asphalt, concrete,
after it has been set down by a paving
machine, has to be compacted using a big
dual-drum steel wheel roller. In addition to
its cheap cost and short installation time,
another advantage of roller compacted
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concrete is that it does not call for the need
of molds or formwork, and it is almost
ready for traffic the following day.
Roller-compacted concrete, often known
as RCC, is being used in the building of
dams in almost every region of the globe.
The possibility that RCC may be used as a
paving material has garnered a lot of fresh
and increasing interest as of late. Vibrating
rollers are used in the compacting process,
which combination, cementitious
ingredients. Roller-compacted concrete is
often used to pave roads and highways.
LITERATURE REVIEW

Chiwon Song (2023) The large size
concrete structures are continuously placed
with time delay due to practical reasons.
The bond strength between old concrete
and new concrete is related with a
performance of concrete structures. In
order to investigate bond strength of slant
shear  specimens, the  specimens
(100 x 100 x 300 mm) were fabricated and
tested. Two fractions of setting retarder
(0% and 1%), surface roughness (none,
brushed, and chipping), and curing hours
(8, 16, 24, and 72 hours) were considered
as variables. Failure modes, compressive
strength, and displacement were measured
to evaluate the bond strength of specimens.
As a result, chipping treatment, which is
commonly applied to increase the bond
strength between old and new concrete,
did not show significant increase of bond
strength. The addition of retarder shows
that the increased bond strength compared
with the chipping treatment. Qingguo
Zhou (2022) Roller Compacted Concrete
(RCC) has gained favorable recognition in
hydropower and water resource dam
construction.  With  optimization in
construction technology and materials used
for RCC Dams, cost is no longer a major
disadvantage as compared to

environmental impact, that is, wildlife
habitat disruption. In as much as it has
become optimal for investment in
hydropower dam construction, the scourge
for dam failure is still eminent, which is as
a result of  excessive  seepage
compromising the integrity of the
mechanical properties of the dam. The aim
of the paper is to highlight successful
application methods in joint bonding to
avoid excessive seepage and reduce the
autogenous healing to a few years of
operation. In view of optimization, this
paper presents a comprehensive study on
the influences of interlayer joints bonding
quality from RCC mix performances and
how it consolidates the RCC layers to
withstand the shear strength along the
interface, especially on the high dams.
Vahab Toufigh (2021) The bond strength
and the permeability of the interlayer
affect the performance of the dam structure
and its safety. In this study, the mechanical
characteristics and the permeability of the
interface layer of RCC were investigated
by considering three key parameters,
including water-to-cementitious materials
ratio (w/cm) of concrete, water-to-
cementitious (w/c) ratio of bedding mortar,
and time interval between pouring each
layer. More than 300 RCC specimens were
prepared. The bond strength of the
interlayer was measured using the direct
shear test and the direct tensile test. The
permeability of the interlayer was
evaluated by conducting the water
permeability and the sorption tests.
Scanning electron microscopy (SEM) was
utilized to investigate the microstructure of
interlayers.

Ismail Kilic (2021) RCC, which can be
produced with low water/cement ratio, is
one of the rigid road pavement types and
shows similarity to flexible road
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pavements with the production technique.
Different types of fibers such as steel and
polypropylene (PP) are used in concrete
roads with the aim of preventing cracks,
reducing the pavement thickness and
increasing the permissible joint gap. In this
study, flexural strength, compressive
strength, unit weight, water absorption,
ultrasonic pulse velocity, modulus of
elasticity and freeze-thaw resistance were
determined in roller compacted concretes
produced by wusing two different
polypropylene-based fibers. In  RCC
design, fiber addition was insufficient to
improve concrete properties in terms of
strength and durability.

Omkar Thombare (2020) The issue of
concrete  carbonation  has  gained
importance in recent years due to the
increase use in supplementary cementing
materials (SCMs) in concrete mixtures.
While there is general agreement that
concrete  carbonation  progresses  at
maximum at a relative humidity of about
60%, the rate may differ in the case of
cements blended with SCMs, especially
with high-volume fly ash replacements.
The specimens were allowed 1 and 7 days
of moist curing and monitored for their
carbonation rate and depth through
phenolphthalein measurements up to 105
days of exposure. The accelerated
carbonation test results indicated that
increasing the addition of fly ash also led
to increasing the depth of carbonation.

RCC origin and applications

The building process through which RCC
is set using a paver and compacted with
rollers is what gives rise to the material’s
name. Only in the sense that its primary
components are aggregate, water, and
cement can we call it concrete. It can't be
used in the same ways or for the same

purposes as regular concrete. It may be
built without the need of any formwork,
dowel bars, or reinforcing material.
Although RCC behaves in service
similarly to rigid concrete pavement, it is
built in a manner analogous to paved
Cement Bound Granular  Mixtures
(CBGM). Applications of RCC may be
dated back to the 1930s and 1940s,
although with considerable variation.
RCC, in a form that may be recognized
today, first appeared in the 1970s in the
Canadian forestry sector. An industry-
friendly, frost-resistant, and wear-resistant
material was required. RCC provided a
sturdy and cost-effective answer to this
problem.

Roller-compacted concrete is used in
contexts

Pavements for streets and highways
made of roller-compacted concrete:

A zero-deceleration concrete mixture, can
be utilized to build strong, long-lasting
pavement structures for highways and
streets. There are no practical alternatives
to RCC, therefore it is constructed without
the need of a form, finishing, dowels, or
reinforcing steel.

Logging Facilities, Composting Areas,
and Storage Yards

For these things, ground needs to be strong
enough to hold a lot of weight. Coarse
pebbles can be used because they don't
have to look good or have a very smooth
surface.  Roller-compacted concrete is
usually put in place with the help of road
rollers and dozers.

Heavy Industrial Facilities,
Intermediate Facilities, and Ports

Large, open expanses, such as those found
at ports and major industrial complexes,
with few barriers that may slow down
growth are ideal for roller-compacted
concrete.
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Load loads of 13 tons or more are common
for the machinery used to move cargo
containers. The average speed of traffic is
less than 30 miles per hour. Warehouses
and car factories are examples of light
industrial facilities that, like their more
heavily industrial counterparts, include
vast stretches of continuous space, making
them ideal locations for this kind of
concrete.

Advances in technology

In the 1980s, when Corp was at forefront
of the endeavor, research and development
on the RCC got under way in a serious
way. In the 1990s, numerous initiatives
were undertaken to advance RCC research
in preparation for its possible application
in harbors and container distribution
centers an upsurge RCC a variety of
situations, some of which include heavy
vehicle parking, hard standing areas, and
highway hard shoulders. This approach has
lately seen a surge in popularity in parts of
the world other than North America. Both
New Zealand and Australia have
developed guidelines and standards for the
use of RCC in industrial and highway
pavements respectively. In the 1990s, the
government of Spain began experimenting
with putting it into place on some of the
country's highways. The foundation was
constructed out of RCC, and asphalt was
used to cover the surface. It was possible
to lessen the risk of reflected cracking in
the asphalt surface by using a variety of
crack control methods and performing
many rounds of crack spacing.
RESEARCH METHODOLOGY

A rundown of the approach that was used
to this inquired. In this part of the paper,
I'll discuss the criteria that | utilized to
analyze the research that were relevant to

my thesis. Next, we will have a look at the
requirements for testing, which include the
minimum sample size, minimum number
of duplicate samples, and minimum
amount of time spent curing the samples.
In addition, particulars on the micro-
structural investigation will be presented in
this chapter. In addition, this part will
provide an explanation of the processes
that are involved in the creation of the
RCCP mix design. Because both the
aggregate's physical and mechanical
properties are presumed to have an indirect
effect on the final strength of the concrete,
it is essential to have a solid understanding
of both sets of characteristics. Specific
gravity, water absorption, density, and
vacancy percentages are a few of the other
physical variables taken into consideration
in this paper. The parameters set by
1S:1201 (BIS 2007) were used in an
experiment in which the specific gravity of
the recovered phal binder was analyzed.
The penetration value of the asphalt binder
that we separated was measured using a
penetro-meter, and the results were found
to be in accordance with ASTM D5
(ASTM 2020a).

RESULTS
We studied the possibility of producing
RCCP combinations using

environmentally friendly RAP that was
normally covered in a thin layer of soft
asphalt. The removal of pavement layers,
which is accomplished by a controlled
milling process, is an essential step in the
manufacture of RAP aggregates but also
an expensive one. On the other hand, in
less developed countries such as India,
RAP is often gathered by full-depth and
uncontrolled milling, generally with a
back-hooray bull-dozer. This method of
collection might result in the aggregates of
RAP being contaminated with external
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contaminants that come from the layers
below. Dust particles in RCCP mixes may
have a detrimental influence on their fresh
and hardened qualities, but they may also
lead to well-graded coarse and fine RAP
aggregates.
Materials and Mix design
In this investigation, we utilized stiff-RAP
that had been salvaged from a section of
National Highway 334 in India that had
been significantly damaged after just 20
years of usage. The section in question had
been in use for only 20 years. Following
the RAP's collection via full-depth
reclamation (unsupervised milling), it was
exposed to the elements for close to a year
in the open air.
Table 1: Mixture sizes of careful RCCP
combinations

Mi [Ce [NC [NF |RC |RF |Wa

X me |A |A (ka/ | (kg/ | ter

ID |nt | (kg/ | (kg/ | m® | m®) | (kg/
(kg/ | m°) | m®) m?®)
m°)

Co | 350 | 962 | 787 | - - [ 130

ntro 5 5

|

50 | 350 | 481 | 787 | 481 | - | 126

RC 35| 3

100 | 350 | - [ 787|961 | - | 124

RC 5| 5

50 | 350 | 962 [ 393 | - [ 393 140

RF 5| .8 8

100 | 350 | 962 | - - | 787 | 138

RF 5 5

50 | 350 | 481 | 393 | 481 | 393 | 142

AP 3| .8 8

100 | 350 | - - | 952 | 787 | 145

AP 51 5

Split Tensile Strength

The inclusions of SF particles were also
noted 50RAP mix by about 2-6%,
whereas, the utilization of FA and BGA

particles resulted in a split tensile strength
reduction of about 32-39% (Table 4). This
again indicates that SF is a good SCM that
can provide some improvement mixes. In
addition, FA up to 15% could also be used
to produce a sustainable.

Table 2: Split tensile strength (Standard
deviation in parentheses)

Mix ID 7-day 28-day
Control 3.2(0.39) 4.2(0.31)
50RAP 2(0.29)  2.8(0.25)
5SF 1.8(0.190) = 2.9(0.27)
10SF 1.9(0.12)  3.0(0.04)
15FA 1.7(0.33)  2.8(0.02)
30FA 1.5(0.001)  1.7(0.01)
5BGA 1.6(0.06)  1.7(0.08)
10BGA 1.3(0.00)  1.9(0.01)
15FA+10BGA  1.3(0.21)  1.7(0.21)

15FA+15 BGA  1.2(0.01) = 1.5(0.02)

As can be seen in Table 3, the findings of
the water absorption values and the total
porosity values provide results that are
compatible with one another. Because of
the pores in the 50RAP combination, its
water absorption ratings and overall
porosity should have been lower than they
really were. On the other hand, it was
discovered that the addition of SCM
improved the 50RAP mixture's capacity to
retain water. After 28 days, the mixtures
that included 15 FA, 30 FA, 10 BGA, and
15 BGA were able to absorb 8, 17, and 29
percent more water than the combination
that contained 50 RAP.
Table 3: Water absorption (Standard
deviation in parentheses)
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Mix ID 28-day 91-day
Control 4.2(0.30)  3.5(0.25)
50RAP 3.3(0.27)  2,8(0.12)
5SF 3.1(0.22)  2.7(0.26)
10SF 2.5(0.13)  2.3(0.52)
15FA 3.5(0.38)  2.9(0.70)
30FA 3.8(0.02)  3.4(0.46)
5BGA 3.6(0.87)  3.2(0.13)
10BGA 4.2(0.71)  3.7(0.20)
15FA+10BGA  4.4(0.25)  3.8(0.24)

15FA+15 BGA  4.6(0.35)  4.0(0.20)
A synthetic pozzolana rich in SiO2,
Al203, and Cao was used in this case to
improve the performance of Portland
cement. Synthetic pozzolan was used in
concentrations between 2 and 10 percent.
At the outset of the study, a number of
natural aggregates were combined with
some manufactured pozzolana. In the
study's second phase, researchers
combined synthetic pozzolana with a
mixture that had soft-RAP aggregates at a
ratio of 50%. The 50RAP mix was the
name given to this particular blend. All-
natural aggregate combinations are
referred to as the K-series, while those
including recycled asphalt pavement
(RAP) are classified as S-series. Table 4
shows a blend that adheres to the IRC's
SP-68 criteria for proportioning.
Table 4: Mix proportions used in the
present investigation

M Po C Po Na Na W O M
iX zz e zz tur tur at M D
I ola m ola al al er C D
D n en n co F (k ( (
( t (k ars ne g % g
% (k g9/ e ag m ) ¢
) o m ag gr 7 c)
m ) gr eg
%) eg ate
ate (k
(k o
g m
m® )
)
C 0 3% 0 9% 78 12 7. 2
on 0 25 75 8 3 3
tr 4
ol 3
K 2 3% 7 9% 78 11 6. 2
-2 0 25 75 9 8 3
8
4
K 4 3 14 9 78 11 6. 2
-4 0 25 75 5 5 3
9
1
K 6 3 21 9% 78 11 6. 2
-6 0 25 75 2 3 4
2
0
K 8 3 28 9% 78 11 6. 2
-8 0 25 75 0 2 4
2
2
K 10 35 35 96 78 10 6. 2
- 0 25 75 7 0 4
10 5
3

When artificial pozzolana was added to
mixtures that had previously been
comprised  completely of  natural
aggregates, discernible. This finding was
shown by a graph. When K-series mixes
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exhibited an increase in compressive
strength that ranged from 4 to 21% higher
than the control mix.

CONCLUSION

The results for each sustainability criteria
for RAP-RCCP combinations that were
investigated for this thesis each have their
own unique set, and those findings have
been described in concluding sections
chapters that came before them. In this
paper, we make an effort to bring together
all of whether or not it is feasible to use
RAP in RCCP mixes and present it in a
coherent manner. This part article provides

further  information  on  research's
recommendations for additional
investigation as well as the knowledge
gaps that it identifies. Extensive

experimental research was carried out by
scientists in order to find RAP integration
procedures that were suitable both
ecologically and socially. In the course of
our research, we made use of RAP
spanning a variety of different eras. As a
result oxidized asphalt covering that
developed on top of the RAP after it had
been kept for a significant amount of time,
the RAP became brittle and acquired the
nick name "stiff-RAP." When compared to
asphalt layer in "hard-RAP,"” which had
been oxidized, the asphalt layer in "soft-
RAP" was significantly more recent. After
RAP was added to the RCCP mixes,
mixtures were analyzed to determine how
it affected properties such as resilience,
freshness, mechanical strength, and
microstructure. The following are some
possible inferences that might be drawn
from this idea.
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