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Abstract— In recent years, the emphasis was given to
increase the sustainability of environment and better
ways have been explored to manage wastes materials such
as coal ash, plastic, rubber, construction and demolition
waste, broken glass, scrap tyres, steel furnace slag etc.
which are creating a number of problems in handling and
disposing. These waste materials are disposed off either in
low lying areas or in land fill sites which result in filling of
land fill site at a very fast rate. So, reducing, reusing and
recycling are the need of hour to save the natural
resources as well as to save the land fill site which are
otherwise going to create space problems for disposal of
waste material. It is estimated that 10-12 million tons of
construction and demolition waste (CDW) is generated in
India every year which needs a huge space for disposal. It
is also surveyed that there is a huge deficit of about 750
million cubic meter aggregates to achieve the targets of
road sector in India (www.urbanindia.nic.in). One way of
achieving this is to introduce recycled aggregates from
these wastes of construction and demolition works into
pavements.

Index Terms— Recycled, Material, RCA,
Sub area : Construction Technology
Broad Area : Transportation Engineering

I. INTRODUCTION

CDW can prove to be very useful to meet the demand and
supply gap of road sector. The bricks, metal and wood items
are reused in new construction but the concrete and masonry
waste which forms more than 50% of CDW are still not
recycled in India. Therefore, there is need to recycle these
concrete waste which are creating disposal problem in
construction industry. These recycled concrete aggregates
(RCA) which are cheaply available from construction and
demolition sites can be used in highways construction i.e. in
base or sub-base layers of pavement. As the finance and funds
are major problem in construction of rural roads, RCA can
prove to be best alternative for rural roads which is cheap and
sustainable option.

There are many advantages that lead to the use of RCA
materials as pavement material in bases/sub-bases of roads.
The main advantages of using RCA in the construction
industry are of sustainable values and environmental issues.
The wastes from construction and demolition works are of
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large volume and increasing over time. To overcome this
issue, sustainable construction is one of the strategies to be
considered by the construction industry.

II. OBJECTIVES

The precise objectives of the study are as follows:-

e The main objective of this research is to understand
better the mechanical behavior of recycled mixtures
in order to evaluate whether they are gainfully useful
as granular material in the base or sub-base layer of
road pavement. Moreover, RCA mixtures treated
with admixtures are investigated to evaluate the
improving range in mechanical performance.

e To analyze the cost of construction of flexible
pavement with RCA mixture sub-base and compare
the cost with pavement comprises of moorum
sub-base course on a rural road where finance and
funds are major problems for their development.
Moreover, stage construction is done for the design
and development of rural roads where these cheap
recycled materials can be gainfully used.

III. SCOPE OF THE WORK

In the present study, an attempt is made to study the gainful
use of RCA with admixing agent cement and pond ash. Pond
ash which is also a waste material from thermal power plants
is used to improve the strength characteristics of RCA mix.
The mix of RCA with admixtures cement and pond ash is used
in construction of rural road where stage construction is done
and is design for presently low traffic volume. The study deals
with the strength characteristics of sub-base/base layer of
pavement which is improved with addition of cement and
pond ash. Analysis of the cost of construction of rural road
and comparison of cost of construction of pavement with
RCA sub-base course and moorum sub-base course is made.
It will increase the environmental sustainability and play an
important role in reduction of depletion of natural resources.

IV. METHODOLOGY

e Collection of waste material i.e. pond ash and
recycled concrete aggregates (RCA).

e Crushing, sieving and Laboratory
aggregates i.e. RCA

e FEvaluation of compaction characteristics by
performing Modified Proctor test

e Evaluation of strength characteristics by performing
UCS test

e Optimization of cement content for the mixes.

e Evaluations of CBR for the mix at optimum cement
contents.
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e Cost analysis of rural road with different lead of
material availability.

V. UNCONFINED COMPRESSION TEST

The samples are prepared and compacted and corresponding
water content on dry and wet side of optimum (for modified
standard Proctor tests) and tested in an unconfined
compression testing machine. A series of unconfined
compression test are carried out on RCA with various
percentages of cement content and pond ash. Each sample of
diameter is 150mm and length is different it varies 260mm to
300mm. The mix with different percent of pond ash (10 and
20%) and cement content (2.0, 4.0, 6.0 and 8.0%) are
homogenously mixed in the dry state. Then water is added and
thoroughly mixed. Cylindrical samples of dimensions 150mm
diameter and 260mm to 300mm height are prepared. The cast
specimens are kept at ambient temperature for a period of 24
hours and cured in water for a time period of 7 days. Load
deformation behavior of RCA with pond ash and different
percentage of cement as specified above are studied.
Unconfined compressive strength of stabilized mix is
performed by following two steps as specified in the
following paragraphs:
1. RCA is added with different percentage of pond ash
(10 and 20%). The U.C.S. is significantly increased
from 10% of pond ash to 20 % pond ash replacement
2. RCA is added with 10% and 20% of pond ash and
different percentage of cement content (2.0, 4.0, 6.0
and 8.0%) and U.C.S. is increased.

Table : Unconfined compression test for different cement
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Fig. 4.8: Graph showing cement content for 17.5 kg/cm® UCS
for PA20

The Graphs 4.7 and 4.8 shows the cement content for average
compressive strength of 17.5kg/cm?”. From these graphs it is
clear that the mixes PA;, with 6.50% of cement content and
PA,, with 5.25% of cement content give average compressive
strength required for sub-base or base course in pavement. So
it can be easily concluded from graphs that 6.50% and 5.25%
are optimum cement content for PAy and PA,, respectively.
CBR method

The samples are prepared by mixing 50% RCA-I, RCA-II
(40% and 30%) and pond ash (10% and 20%) by weight.
California Bearing Ratio tests, both soaked and unsoaked are
conducted. The optimum cement content which gives
unconfined compressive strength (UCS) of 17.5kg/cm® is
selected for the CBR test. As per Highway Material and
Pavement Testing Manual by Khanna & Justo (2012),
17.5kg/em® is the minimum compressive strength
requirements for base/sub-base course of pavement in case of
soil-cement mix. So, the CBR test at two levels of pond ash
i.e. PA;o and PA, are selected from UCS test results.

Table 4.6: CBR test

content

S.NO. Soil Mix Cement Unconfined
RCA-I content Compressive
RCA-IT: Strength (kg/ sz)
Pond Ash

1 50:40:10 2% 9.228

2 50:40:10 4% 12.11

3 50:40:10 6 % 16.726

4 50:40:10 8 % 19.61

5 50:30:20 2% 12.112

6 50:30:20 4% 15.57

7 50:30:20 6 % 19.03

8 50:30:20 8 % 20.763
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S.NO. | Soil Mix- Cement Unsoaked Soaked
RCA-I content CBR Value | CBR
RCA-II (%) Value
Pond Ash (%)

1 50:40:10 6.50 % 31.04 22.11

2 50:30:20 5.25% 38.41 26.16
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Fig. 4.7: Graph showing cement content for 17.5 kg/cm” UCS
for PA]()

238

(@)

www.ijerm.com



International Journal of Engineering Research And Management (IJERM)
ISSN : 2349- 2058, Volume-03, Issue-05, May 2016

Load (Kg)
=)
8

5
g

PA,; Unsoaked

>_~
~
S
3

HE e

g 8

400

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Penetration in mm

The decrease in dry density of soil by addition of Pond ash
may be due to low specific gravity (Density low) of Pond ash.
The variation of O.M.C. and maximum dry density with
varying percentage of coal ash is depicted in Figs. 5.1 and 5.2.
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Fig- 4.9 (a and b): Graph of unsoaked condition CBR test
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Fig- 4.10(a and b): Graph of soaked condition CBR test
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VI. ANALYSIS OF RESULTS

Optimum moisture content and maximum dry density
The test results in Table 5.1 indicate for the mixes of RCA-I,
RCA-II,Pond Ash and cement. The optimum moisture content
increases with increase in cement content and pond ash but
the MDD increases with increase in cement content and
decreases with increase in pond ash content in the mix. For
example the MDD decreases (from 1.894 gm/cc to 1.753
gm/cc) with increase in pond ash level from 10% to 20% at
same cement content of 2%.
Table 5.1: Compaction test for different mixes
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Fig. 5.1 : O.M.C. of PA,y and PA,, mixes at different cement
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Fig. 5.2 : MDD of PA,y and PA,, mixes at different cement
content

VII. UNCONFINED COMPRESSIVE STRENGTH

Unconfined compressive strength is an important parameter
in pavement design. By the British standards which are also
used for Indian conditions, a compressive strength of soil
cement mixes equal to 17.5 kg/em® at 7 days curing is
considered to be satisfactory for use in sub-base or base
course of road pavements in light and medium traffic and
under normal climatic condition.

Table 5.2: UCS Test for different mixes

S.NO. Soil Mix- Cement MDD OMC
RCA-I content (gm/cc) (%)
RCA-II
Pond Ash
1 50:40:10 2% 1.894 7.1
2 50:40:10 4% 1.895 7.4
3 50:40:10 6% 1.897 7.9
4 50:40:10 8 % 1.903 8.6
5 50:30:20 2% 1.753 9.1
6 50:30:20 4% 1.767 9.6
7 50:30:20 6 % 1.781 10.1
8 50:30:20 8 % 1.790 10.5
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S.No. Soil Mix- Cement Unconfined
RCA-I content Compressive
RCA-IT: Strength (kg/cm?)
Pond Ash

1 50:40:10 2% 9.228

2 50:40:10 4% 12.11

3 50:40:10 6% 16.726

4 50:40:10 8 % 19.61

5 50:30:20 2% 12.112

6 50:30:20 4% 15.57

7 50:30:20 6 % 19.03

8 50:30:20 8 % 20.763
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Fig. 5.3: UCS strength of PA o and PA,, mixes at different
cement content
Fig. 5.3 shows the comparison of UCS strength of PA;q and
PA,, mixes at different cement content. It clearly shows that
the UCS strength increases with increase in cement content as
well as pond ash content.
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Fig. 5.4: Graph showing cement content for 17.5 Kg/cm* UCS
for PAI()
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Fig. 5.5: Graph showing cement content for 17.5 kg/cm’® UCS
for PA20

The Figs. 5.4 and 5.5 shows the cement content for average
compressive strength of 17.5kg/cm?”. From these graphs it is
clear that the mixes PA,, with 6.50% of cement content and
PA,, with 5.25% of cement content give average compressive
strength required for sub-base or base course in pavement. So
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it can be concluded from graphs that 6.50 and 5.25% are
optimum cement content for PA |, and PA,, respectively.

C.B.R test

The optimum cement content is determined from UCS test in
section 5.2. Table 5.3 shows the proportion of RCA-I, RCA-II
andpond Ashin PA;y, and PA ,, mixes and their respective
unsoaked and soaked CBR value for the mixes. It is clear that
PA,, mix has higher CBR value of 26.16% as compare to
PA((22.11% CBR value).

Table 5.3: CBR test results

S.NO. | Mix- Optimum | Unsoaked | Soaked
RCA-T Cement CBR CBR
RCA-IIL: content Value (%) | Value
Pond Ash (%)

1 PAj, 6.50 % 31.04 22.11
(50:40:10)

2 PA, 5.25% 38.41 26.16
(50:30:20)
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Fig. 5.7: Soaked and unsoaked CBR values of PA;j and PA,

Designs for pavement thickness

After doing testing on various samples, with the help of CBR
design chart recommended by Indian Road Congress IRC:
SP: 20: 2002 the total thickness is found out to cover the sub
grade for all samples. Two subgrades of CBR 3% and 5% are
selected for design and the pavement is designed for moorum
sub-base and RCA sub-base at different leads. The rural road
is designed for a traffic of 125 vehicles per day exceeding 3
tons laden weight.
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Fig. 5.8: CBR curves for flexible pavéinent design
(IRC-SP:20:2002)
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VIII. COST ANALYSIS OF FLEXIBLE PAVEMENT

The cost analysis of flexible pavement on subgrade with CBR
of 3% and 5% is done and the cost is calculated for 1 km
length and 3.5 m width of rural highway. The cost is
calculated with moorum sub-base as per DSR-2013. The
design of flexible pavement is done on the basis of ISP 20.

Table 5.9: Cost comparison of pavement with different
sub-base material

CBR of Lead . Decrease
Suberad n Pavement cost in Rs. in value
UDErace | ym in %
Moorum RCA
Sub-base Sub-base
50 2818528.62 | 2769691.00 | 1.73
0, -
3% 100 | 2999522.38 3021222.00 0.72
150 | 3130699.88 3267218.00 | -4.36
50 2410551.13 2391771.44 | 0.78
[
5% 100 2488119.86 2540596.60 | -2.1
150 | 2565767.38 2684251.88 | -4.6

It is clear from the Table 5.9 that the RCA sub-base is
economical than the moorum sub-base up to 50 km lead. After
that the cost of construction increases with increase in
distance as shown in Table 5.9. But there are some indirect
benefits of using RCA sub-base which cannot be covered in
direct cost analysis. These indirect benefits cannot be ignored
as use of waste material will save raw natural resources, the
disposal space requirements and also reduce the quarrying
and depletion of virgin aggregates. Therefore this will
preserve natural resources and also extend the lives of sites
used for landfill. The indirect benefits are:-

» In RCA sub-base, the percentage of RCA and Pond
ash is 80% and 20% respectively which forms the
mix. As both are waste materials, so the utilization of
waste material is done otherwise space for disposal
of these waste creates problems.

» Utilization of waste materials increases the life span of
landfill site which are getting filled day by day and
giving rise to problem of disposal of waste.

» Utilization of waste materials saves the natural
resources which are going to extinct one day.
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CONCLUSIONS

RCA is a demolition waste which could be utilized with
admixtures pond ash and cement in sub-base course of rural
road pavements.The present study has shown quite
encouraging results and following important conclusions and
recommendations can be drawn from the study:
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