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Abstract: Concrete has proven to be a suitable and crucial
material in construction and it also has been successfully
implemented in numerous projects. Demand for concrete for
construction is on the increase and at the same time, there is a
shortage of natural aggregates in many areas. Today it has
become really difficult to obtain natural aggregates for
concrete locally. Bringing aggregate from faraway places
increases the cost of concrete. Hence a real and urgent need to
consider using satisfactory alternative aggregate materials. On
the other hand, already a huge amount of industrial waste are
generated around the world such as fly ash, blast furnace slag
etc. Most of these industrial wastes are not effectively used, and
a large part of reclaimed asphalt pavements (RAP) material
are removed for reconstruction, resurfacing are disposed of in
landfills. As the demand of power and amenities increases, the
volume of these wastes would increase against this background,
RAP concrete has begun to gain significant consideration from
the research scholar and construction practitioners, because of
its advantageous in using industrial by-product to replace
cement and RAP aggregate replace natural aggregate.

Keywords: Rigid Pavement; Reclaimed Asphalt Pavement (RAP)
& RAP Aggregate, Economic Pavement.

I. INTRODUCTION

Through years of practice and experience, concrete has
proven to be a suitable and crucial material in construction
and it also has been successfully implemented in numerous
projects. Demand for concrete for construction is on the
increase and at the same time, there is a shortage of natural
aggregates in many areas. Today it has become really
difficult to obtain natural aggregates for concrete locally.
Bringing aggregate from faraway places increases the cost of
concrete. Hence a real and urgent need to consider using
satisfactory alternative aggregate materials. The demand for
construction materials such as crushed stone, river sand and
gravel continues to rise while economic sources are often
becoming limited

B P e o i =
Fig. 1 — Reclaimed Asphalt Pavement Material

To ensure that the best use is made of available materials, an
overall materials utilization strategy must be developed that
will be coupled with environmental and energy
considerations. While recognizing the need for a unified
strategy, a detailed study focuses on the utilization of
reclaimed asphalt pavement (RAP) aggregate and industrial
byproducts (fly ash) in construction is necessary. Increased
usage of RAP aggregates and byproducts of the thermal
power plant will both decrease the demand for available
materials and solve the disposal problems. Recycling these
materials not only eliminates and solves environmental
problems caused by their disposal or burial but also reduces
the consumption of natural basic materials and increases the
lifespan of resources and mines.

Il. NEED OF STUDY

India has the 2nd biggest road network within the world with
over 5.23 million km at the present, consisting of National
Highways, Expressways, State Highways, Major District
Roads, Other District Roads and Village Roads. More than
90% of Indian highways are of flexible pavements in which
the majority have attained its service life. Demolition of the
same generates a large quantity of inert waste that is either
hauled off to the disposal site or stockpiled along the
generation point. Besides the high transportation cost, it also
requires huge land for disposal. This increases the burden on
landfill facilities and results in being dumped at nearby
farms. INDIA ‘s Ministry of Road Transport and Highways
has decided to maneuver towards making rigid pavement the
default mode of construction on national highways. The
decision, taken after considering factors related to service
life, fuel consumption, weather conditions, maintenance
costs and natural resources, primarily aims to promote
environmentally friendly construction practices in the
execution of road projects. According to NAPA, the current
annual U.S. production of latest asphalt pavement material is
approximately 500 million tons per year, which incorporates
about 60 million tons of reclaimed material that is reused or
recycled directly into pavements. As of 2007, about 40
million tons of RAP is reused or recycled into other
pavement-related applications per annum for a total use of
over 100 million tons of RAP each year. Since most
reclaimed asphalt is reused or recycled, asphalt pavement
has the very best recycling rate by percentage among
recycled materials.
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Aggregate makes up between 60 to 80% of the entire mass
of the ultimate concrete product and as natural resources
begin to diminish and become more expensive to procure
there becomes a need to find alternative sources for the fine
and coarse aggregates and RAP is a good alternative source
for rigid pavement. Fly ash production in the thermal power
plant is a very large volume. This causes a serious
environmental problem. So, there is a need to develop
technologies for the production of value-added products on a
sustainable basis.

Ill.  SCOPE OF THE STUDY

This research work presents a study of the effects of RAP
and fly ash on the performance of the rigid pavement.
Design mix was prepared and testing was performed in the
laboratory to study the effect of RAP and fly ash on the
mechanical and durability property of rigid pavement. The
effect of with and without RAP aggregate to the design mix
was determined. Finally, the results obtained from
laboratory tests are analyzed.

IV. OBJECTIVE OF THE STUDY
> To review research finding on the RAP and current
standard practices for using RAP in concrete.

> To investigate the effect of aggregate gradation after
adding RAP.

> To find the concrete mix design with and without RAP.

> To find the performance of the concrete with and without
RAP.

V. METHODOLOGY ADOPTED

> TESTS OF RELIABILITY & STRENGTH OF
CONCRETE MATERIALS

VI. RESULTS

> WORKABILITY TEST

Mix design- concrete with 20% RAP and Replacement of
Cement by Fly ash.

Mix Mix Name Slump (mm)
Mix1 20%RAP0%FA 16
Mix2 20%RAP5%FA 19
Mix3 20%RAP10%FA 21
Mix4 20%RAP%15FA 24

Table 1 Fresh Concrete Properties with RAP and Fly Ash

Slump test (mm)

28 =e=Slump (mm)

Slump (mm)
s
5

20%RAP0%FA  20%RAP5%FA  20%RAP10%FA  20%RAP15%FA

Mix

Fig. 1 Slump Test Graph of of Concrete with RAP And Fly Ash

» COMPRESSION STRENGTH TEST RESULTS

In mix design cubes are cast and these cubes are tested in
compressive strength testing machine in 7days, 14day and 28

days. Test result are as shown in Fig.2.

The strength of concrete depends on the quality of the B Compressive Strength
material used. The properties of cement, natural coarse No. Mix Sample (MPa)
aggregates, fly ash, RAP and fine aggregate is tested. 7day | 14day | 28day
Cement is tested for fineness, specific gravity and initial & 1 3136 | 4022 | 45.07
final setting time. After gradation for aggregate as per 1 Mix 1 2 26.55 | 3384 | 44.05
MoRT&H provisions, Optical Moisture Content is also (20%RAP0%FA) 3 29.85 | 37.25 | 44.87
calculated. Then RAP materials and fly ash is tested as per Average | 29.25 | 37.10 | 44.66
MoRT&H provisions. thereafter the Concrete Mix is tested 1 23.08 | 2575 | 29.28
for slump value, compressive strength, split tensile & flexure i

strength after creating design mix of concrete (in place of 2 zongAl);szty FA 2 201 | 2714 | si24
virgin aggregates) with 20% RAP material & fly ash of (e0% A 3 2748 | 2823 | 3435
proportion 0%, 5%, 10% & 15% respectively. Average | 254 | 27.13 | 31.62
> MIX DESIGN PROCEDURE OF RAP CONCRETE ! 2535 | 3028 | 3412
The property of the concrete produced depends on the 3 Mix 3 2 2694 | 2927 | 3259
property of the materials used. RAP aggregate is dense (20%RAP10%FA) 3 21.02 | 3289 | 36.61
material and it absorbs less amount of water. The mix design Average | 26.44 | 30.81 | 33.35
calculations are dependent on the properties of the constituent 1 28.18 | 33.13 | 3887
materials. Concrete mix proportioning was carried out using Mix 4 2 2363 | 3122 | 4016
the revised Indian Standards guidelines, as given by (BIS 4 (20%RAP15%FA) 3 2768 | 3455 | 44.25
10262 1982) and (“IRC-44 (2017)”). Average | 2650 | 32.97 | 4109
> EXPERIMENTAL INVESTIGATION ON STRENGTH

& DURABILITY CHARACTERISTIC OF RAP COCRETE Table 2 Compressive Strength of Mix Design

The effect of incorporations of coarse RAP aggregates and

fly ash on the fresh, mechanical and durability properties of

concrete mixes was investigated.
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. > FLEXURAL STRENGTH TEST
Compressive strength (MPa) _
5 S Compressive Strength
g —e=20%RAP0%FA No. Mix Sample (MPa)
S 45 | —e=20%RAPIS%FA 14 day 28 day
§u40 = 20%RAP10%FA 1 Mix 1 ; 2(5)(2) ;;;
o 2 o 0, 0, = =
£ —e—20%RAPSY%FA (20%RAPO%FA) Average 5.26 6.28
o ) 1 3.76 4.47
% 30 —— 2 Mix 2 2 4.68 5.5
%] 0, 0, z z
£ / (20%RAPS%FA) Average 4.22 4.86
225 . 1 3.87 451
S 3 Mix 3 2 4.99 5.73
20 (20%RAP10%FA) ' '
7 Days 14 Days 28 Days Average 4.43 5.12
No. of Days } 1 3.98 4.56
5 ; X 4 Mix 4 2 5.14 591
Fig. 2— Compressive Strength of Concrete with RAP And (20%RAP15%FA) ' '
FIy Ash Average i 4.56 : 5.23
Table 4 Flexural Strength of Mix Design
> SPLIT TENSILE STRENGTH TEST
. . o . . Flexural Strength (MPa)
Optimum Moisture Content for achiving maximum densidty
L. i 20% LA 20%) %
of granular material is calculated by Modified Procter Test. i, T 20%RAPOYEA T 20%RAPISYEA
Water content is added untill maximum density is achieved 5 ' 20%RAP10%FA —*= 20%RAP5%FA
i.e.6.3%. Curve for OMC is shown in Fig.3. 2
- E‘"‘ 5.5
Compressive Strength 5]
S Mix Sample (MPa) & //.
No. p 7 da 14 28 E 4.5 '/
Y | day | day E
1 201 | 221 | 364 = ¢
. 3.5
) Mix 1 2 2.785 | 3.48 | 456 14 Days 28 Days
(20%RAP0%FA) 3 301 | 456 | 533 No. of Days
Average 260 | 352 | 451 Fig. 4— Flexural Strength of Concrete with RAP And Fly Ash
1 207 | 241 | 2.86 > ULTRASONIC PULSE VELOCITY TEST
) Mix 2 2 225 | 258 | 321 Mix Sam | Dist Time | Veloci | Quality of
(20%RAP5%FA) 3 2.44 264 | 274 ple ance (us) ty Cocrete
No. bet (mf/s)
Average 2.25 254 | 294 wee
1 195 | 231 | 295 n
; Mix 3 2 233 | 304 | 3.09 Isrg‘
(20%RAP10%FA) 3 225 | 279 | 351 ucer
Average 218 | 271 | 3.18 (5
m
1 206 | 252 | 283 m)
A Mix 4 2 221 | 290 | 3.61 Mix 1 1 150 33.3 4504 Very good
(20%RAP15%FA) 3 286 | 321 | 356 (200/3 2 150 34.1 4399 Very good
RAP
Average 238 287 3.33 %FA) 3 150 344 4360 Very gOOd
Table 3 Split Tensile Strength of Mix Design Averege 3393 | 4421 | Verygood
Mix 2 1 150 34.9 4301 Very good
0,
Split Tensile Strength (MPa) F(eZAOF(% 2 150 38.9 3853 Good
r %FA) 150 425 3528 Good
& Averege 38.77 3894 Good
a* :30°’“RAP°°’"FA Mix 3 1 150 33.9 4424 | Very good
4 20% LAY
5 Z0VRAPISTEA (20% 2 150 34.3 4373 | Very good
——=20% %oF /
£ os J0%RAPIOVEA RAPL T3 150 | 348 | 4310 | Verygood
“n —8—20%RAP5%FA 0%F
o A) Averege 34.33 4369 Very good
& / Mix 4 1 150 34.9 4287 | Very good
3 25 (20% 2 150 34.6 4325 Very good
@ %’;)';1 3 | 150 | 342 | 4388 | Verygood
7 Days 14 Days 28 Days A) Averege 34.57 4333 Very good Very good
No. of Days
Fig. 3 — Split Tensile Strength of Concrete with RAP And Fly Ash Table 5 Ultrasonic Pulse Velocity
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VII. CONCLUSIONS

From above study it is seen that RAP (Reclaimed Asphalt
Pavement) Aggregate in rigid pavement with fly ash can
provide many technical benefits and it would also be fair to
say provide many environmental and expected cost benefits.
The study has shown that, regardless of original concrete type
or strength, reclaimed asphalt pavement materials aggregates
can be generated when asphalt pavements are removed for
reconstruction, resurfacing, or to obtain access to buried
utilities. Clearly, this information could more utilization of
RAP for using in rigid pavement, while reducing disposal to
land fill. Total permeable voids in concrete mixes were found
to increase with the increase in the coarse RAP proportions.
However, less than 20% increase was observed for RAP
mixes. In reclaimed asphalt pavement (RAP) used in rigid
pavement with, compressive strength decreases for 10%,
30%, 40%, 50% of RAP are 10.75%, 4.02%, 10.62%, 38.42%
and compressive strength increases for 20% RAP are 22.70%.
Fly ash mix with reclaimed asphalt pavement used in
rigid pavement, workability increased. Because the shape of
fly ash particles is spherical. Its act like miniature ball
bearing within concrete mix, thus provide lubricant effect.
Pumpability of concrete also improve by reducing friction
losses. When replacing cement with fly ash in the concrete
with 20% RAP, 28 days compressive strength is slightly
lower than the control mix. It increases with increasing the
fly ash content. For 5%, 10%, 15% of fly ash, compressive
strength decreases 29.19%, 25.31%, 8%. Most optimum
being 15% of fly ash replacement. Split tensile strength and
flexural strength in Fly ash - RAP concrete in rigid pavement
has shown similar trend as in development of compressive
strength.
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