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ABSTRACT

Pond ash, which is the burnt by-product of fossil fuels such as coal and lignite, is increasing due to
globalization, and the safe disposal of pond ash has become a challenging task for human society; the
dumping of pond ash in a particular area makes the chosen area too vulnerable for any living kind.
The retention of pond ash for a prolonged period leads to soil contamination and infertility of the soil.
To overcome the issue, the accumulation of pond ash as a part of the road subgrade shall considerably
reduce the dumping. The Pond ash contains both fly ash and bottom ash in a proportion that may vary
as per age of dumping. Both fly ash and bottom ashes are rich in cementitious and silicious properties.
When the pond ash is mixed with milling waste (reclaimed asphalt pavement) and flue-gas desulfuriza-
tion material with a particular mix proportion, it leads to matrix material, which becomes a more ideal-
ized material for usage as road sub-grade stabilization. Pond ash and flue-gas desulfurization materials
make up a key proportion of wet mix macadam material. The milling waste (reclaimed asphalt pave-
ment), on the other hand, is the actual top layer of any road pavement in the form of rubbles and has
the added advantage of a cohesive and additive nature. The selection of mix proportions for optimum
content makes the matrix mix much espouse as a sub-base course that can readily disperse the tearing
action of road surfaces due to differential loading of wheels, which leads to potholes over the lane over
time. The California bearing ratio test is done to find the optimum mix.

Keywords: pond ash, reclaimed asphalt pavement, California bearing ratio, subgrade, stabilization, coupler effect
of fly ash.

INTRODUCTION

With the rapid growth of industrialization,
large quantities of industrial waste are produced.
Due to this, health and the environment are get-
ting polluted. The geotechnical characteristics of
the waste and its interaction behavior with suit-
able admixtures like soil and cement are likely
to give a viable, eco-friendly, and economically
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profitable utilization of the waste and solve the
issues to a great extent. To reduce the impact of
waste material, proper management. Waste mate-
rials are used as admixtures to increase the strength
of the flexible pavement. The uses of waste help
achieve low-cost material for construction and
act as an environmentally friendly way of milling
waste. To create a sustainable environment, the
current study investigated waste and pond ash use
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in flexible pavements. Finally, briefly mention the
main aim of the work and highlight the principal
conclusions. As far as possible, please keep the
introduction comprehensible to scientists outside
your particular field of research.

References should be numbered in order of
appearance and indicated by a numeral or numer-
als in square brackets (Barmade et al., 2022). The
importance of the study of waste treatment plants
concerned with soil pollution and the harmful ef-
fects on the environment effects is essentially mon-
itored periodically to ensure the different types of
soil characteristics and their strengths are studied
thoroughly by qualified and essential team mem-
bers during the experimentation process (Sharma
and Sharma, 2021). The latest software was em-
ployed to get adequate results and past results of
the soil permeability and its corrosion resistances
throughout the concrete materials; flitched materi-
als concerning the different densities ranging from
10 g/m? to 100 kg/m? are ensured with the help of
OSTU technology followed by (Gupta et al., 2020),
According to the (Arun et al., 2017), the gradual
failures in the soil were found in the order of 5 to
10% compared to last two years; due to the lack of
awareness of strengthen characteristics of the lake
soil compared to the industry soil; the fragmented
release of these minute diffractions defects the
entire construction buildings resulting in the high
maintenance costs compared to brick concentrates.
Hence, it is required to study the properties of the
soil, followed by erosion testing, corrosion test-
ing, absorption tests, and diffraction stages. This
research aims to investigate the possibility of uti-
lizing the wastes in the form of subgrade without
negotiating the strength and durability of flexible
pavement in compliance with IS and IRC guide-
lines. A multiple mix proportion was prepared to
form a soil matrix that shall be used as a subgrade
to evaluate every mix as per the California bear-
ing ratio (CBR), which is widely used as a stan-
dard evaluating practice. This paper concludes the
optimum mix proportion. That will be suitable for
constructing flexible road pavement for highways.

MATERIALS

Pond ash

Pond ash is the waste product of coal burn-
ing; coal is the central fuelling element in any red
category major industries (Edeh et al., 2019). The

pond ash is either called coal combustion prod-
ucts (CCPs) or called coal combustion wastes,
or coal combustion residuals, which are classi-
fied into four groups, each based on physical and
chemical forms derived from coal combustion
methods and emission controls: bottom ash, fly
ash, pond ash and flue-gas desulfurization (FGD).
The combination of fly ash bottom ash and FGD
will form the pond ash. The typical illustration of
pond ash is shown in Figure 1.

Bottom ash

Bottom ash is the utmost part of combustible
coal; beyond bottom ash, the substance becomes
non-combustible when firing older anthracite and
bituminous coal in a power plant boiler furnace
or incinerator (Gupta and Kumar, 2016). In other
words, it has traditionally been referred to as coal
combustion. It covers traces of combustibles im-
planted in forming clinkers and sticking to hot
side walls of a coal-burning furnace during its
operation. The clinkers, formed as a cohesive of
ashes, precipitate to the bottom and are collected
as bottom ash. Figure 2 represents the reclaimed
asphalt pavement materials.

Fly ash

Fly ash is a solidified micro fume that is sus-
pended in the exhaust of a coal furnace and is col-
lected by electrostatic precipitators or filter bags
in any chimney; fly ash particles are most likely
spherical in shape and range in size from 0.5 mi-
crons to 300 microns. Fly ash is heterogenecous
because of the significant consequence of the

Figure 1. Pond ash
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Figure 2. Reclaimed asphalt pavement material

rapid cooling; this quick cooling in a few miner-
als has time to crystallize, and mainly amorphous,
quenched glass remains. The main chemical com-
ponents present in pond ash are silicon dioxide
(Si0,), aluminium oxide (ALO,), ferric oxide
(Fe,0,), and trivial calcium oxide (CaO); there-
fore, the composition of pond ash is assorted. The
main constituents known are glass, quartz, mullite,
and iron oxides such as hematite and magnetite.

FGD

FGD materials are the by-product materials de-
rived from the process of removing the inorganic
content within the coal before the utilization of coal
as a fuel. The main desulfurization methods are
chemical desulfurization, oxy-desulfurization, and
bio-desulfurization. The alkaline desulfurization
is effective in removing the pyritic sulfur from the
coal, which is the less abundant form than the or-
ganic sulfur. FGD comprises 24% of all coal com-
bustion waste. Residues vary but the most common
are FGD is synthetic gypsum. Bottom ash and boil-
er slag can be used as raw feed for manufacturing
Portland cement clinker, as well as for skid control
on icy roads. These materials are also suitable for
geotechnical applications such as structural fills and
land reclamation (Bera and Kumar, 2010).

Asphalt

It is the matrix component that is formed by
mixing the bitumen, fine aggregates, and coarse
aggregate. The uppermost layer of asphalt road
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payment irrespective of road classifications ei-
ther high-priority roads or low-priority roads.
The quality of asphalt is determined by bitu-
men’s engineering properties such as kinematic
viscosity, absolute viscosity, consistency, ductil-
ity, The content of hydrocarbon, Solubility in tri-
chloroethylene, and purity. At most, the asphalt is
classified by its viscosity grades (VG) as Indian
Road Congress. The grades are VG10, VG20, and
VG30&VG40. These grades are categorized by
their applications.

Aggregates

Aggregates, sometimes called mineral ag-
gregates, are inert materials such as sand, gravel,
mechanically crushed stones, slag, or quarry dust.
Either fine or coarse aggregates, the aggregates
should be complex (Sarkar and Dawson, 2017).
Suitably selected and graded aggregates are
mixed with the cementitious medium (bitumen)
asphalt to form road pavements. Aggregates are
the prime load-bearing components of an asphalt
concrete pavement. The total constitute of the ag-
gregates as a mixture in terms of weight shall be
90 to 95 percent and 75 to 85 percent by volume.

Treated reclaimed asphalt pavement
or milling waste

Asphalt milling, also known as “cold mill-
ing” of asphalt pavement road, is the process of
peeling off the topmost surface of the asphalt
road with a predefined thickness; this includes
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surface dressing and surface course. Reclaimed
asphalt pavement (RAP) is the term that signi-
fies the material containing asphalt and aggregate
in the form of removed and or processed milling
waste (Mishra, 2015). RAP contains well-graded
aggregate coated with bitumen concrete. Milling
is done for various reasons, such as removing dis-
tressed material from the top surface to create a
level and smooth surface and removing aggregate
that has segregated from the binder course, also
called “reveling”.

EMULSIFYING AGENT

Emulsification is the vital process of extrica-
tion of asphalt components, leading to bitumen
(binder) separation from the rest of the materials.
The awareness of partially emulsifying milling
waste will end up in a substance such as coarse
aggregate coated with an adhesive layer, which
is the critical factor of this work. The milling
waste has to be worn out to a certain size and
shape before emulsifying. Hence, the uppermost
layer of asphalt pavement shall be made out of
coarse aggregates sizing from 12 mm to 6 mm;
the level of emulsifying should be done to seg-
regate the boulder-sized milling waste to a size
of cluster of aggregate, which makes double the
size of coarse aggregate. The selection of emul-
sification is based on setting time and surface
charges. Either chemical or thermal treatment
shall be adopted as an emulsifier.

Hot mix recycling

It involves heating the RAP material from
45 °C to 55 °C to soften the asphalt aggregate
coupled with pond ash and local earth materials to
form novel materials readily available for backfill
materials. Cold mix recycling involves crushing
RAP materials into a subgrade, typically coarse
silt to fine clay size. In cold mix recycling, the
coupling effect canyt be achieved because of the
absence of coherency.

Subgrade physical parameters
and batching of materials

Sub-grade materials are classically catego-
rized firstly by their resistance to deformation un-
der load, in other words, their stiffness, and sec-
ondly by their bearing capacity, in other words,

their strength. In general, resistance to deforma-
tion of the subgrade is directly proportional to
load-bearing capacity earlier to reaching a criti-
cal deformation value. Other factors are involved
when evaluating sub-grade materials, such as
shrinking/swelling in the case of C-type soil.
Stiffness is the most common characterization
(Adhikari et al., 2018).

MATERIALS TESTING METHODS

The below-mentioned are basic subgrade
stiffness/strength  characterizations commonly
adopted worldwide:

e (alifornia bearing ratio,

e modified proctor compaction,
e resistance value (R-value),

e resilient modulus (MR).

This paper is vital on the CBR, which is the
ratio of the bearing load that penetrates a material
to a specific depth compared with the load giving
the same penetration into crushed aggregates. The
test is performed as per IS: 2720-16: 1987. The
specimens comply with clause 4.3 of IS: 2720-16
taken into consideration, i.e., Remoulded Speci-
mens - The dry density for a remolding shall be ei-
ther the field density or the value of the maximum
dry density estimated by the compaction tests 1
see IS: 2720 (VII) — 1980 and IS: 2720 (VIII) —
1983. According to the situation, the water con-
tent used for compaction should be the optimum
water content or the field moisture. 1S:2720 (part
16) — 1987, Clause 4.3.3 is considered for com-
paction, i.e., dynamic compaction.

The California bearing ratio test is a penetra-
tion test intended to assess the subgrade strength
of pavements and roads (Patil and Patil, 2013).
The results obtained by these tests are used to
frame the empirical curves to determine pavement
thickness and its coherent courses. The CBR can
be mathematically expressed as:

CBR = P/Ps x 100 (1)

where: P — measured pressure for site soil (MPa),
Ps —pressure to achieve equal penetration
on standard crushed aggregate (MPa).

The R-value test is a material stiffness test.
The test procedure states the material’s resistance
against the deformation as a function of the ratio of
diffused lateral pressure to applied Standard verti-
cal pressure (Matos and Sousa-Coutinho 2022). It
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is a modified triaxial compression test. Materials
tested are given an R-value. This study invokes
multiple proportions, as in Table 1, which is a se-
lection of individual materials based on different
percentages based on volumetric change. As a trial
proportion for the study, it has been batched like
the following mix ratio(s). Emulsifying the RAP
to the temperature of 50 °C just before the melting
point of bitumen ensures the binding ability of
the mixture with other materials, which forms the
subgrade of pavement. Figure 3 represents the
CBR test on samples.

RESULTS AND DISCUSSIONS

Mix 1 (100% pond ash)

This trial mix (mix 1) is entirely confined
with pond ash as a trial to utilize the pond ash
alone with no RAP and borrow soil and to check
the CBR value for road pavement (Bishnoi 2023).
The CBR test result is tabulated in Table 2 along
with factored load as this may form the baseline
for tracking end-to-end — results to define the

optimum level of mix. Figure 4 represents the
CBR curve for mix 1. For mix 1, The CBR value
is 2.6% at 5 mm penetration which clearly em-
phasizes that under any circumstances the consol-
idated Pond ash alone cannot be used as subgrade
even under unsaturated conditions clearly shows
that Mix 1 is unsuitable for subgrade.

Figure 3. CBR test on samples

Table 1. Mix proportions (PA: RAP: BS) in terms of volume

No. Specimens Pond ash, % Treated RAP, % Borrow soil, %
1 Mix 1 100 0 0
2 Mix 2 80 10 10
3 Mix 3 60 20 20
4 Mix 4 40 30 30
5 Mix 5 20 50 30
6 Mix 6 10 70 20

Table 2. Test specimen of 100% pond ash as backfill for sub grade

Penetration of Load dial readings, divisions | Corresponding load with factor
plunger (mm) Specimen 1 Specimen 2 Specimen 3 Specimen 1 Specimen 2 Specimen 3
(Trial 1) (Trial 2) (Trial 3) load (kg) load (kg) load (kg)

0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.5 03 7 5.68 4.26 9.94
1.0 05 12 9.94 71 17.04
1.5 15 09 18 21.3 12.78 25.56
2.0 19 12 24 26.98 17.04 34.08
25 24 16 32 34.08 22.72 45.44
4.0 30 22 38 42.6 31.24 53.96
5.0 36 26 43 51.12 36.92 61.06
7.5 45 34 51 63.9 48.28 72.42
10.0 55 44 59 78.1 62.48 83.78
12.5 62 51 66 88.04 72.42 93.72
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Figure 5. CBR curve for mix 2

Table 3. Test specimen of 80% pond ash, 10% treated RAP, and 10% of backfill

Penetration of Load dial readings, divisions Corresponding load with factor
plunger (mm) Specimen 1 Specimen 2 Specimen 3 Specimen 1 Specimen 2 Specimen 3
(Trial 1) (Trial 2) (Trial 3) load (kg) load (kg) load (kg)

0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.5 07 05 7 9.94 7.10 9.94
1.0 15 13 16 21.30 18.46 22.72
1.5 24 21 26 34.08 29.82 36.92
2.0 36 32 37 51.12 45.44 52.54
25 45 40 46 63.90 56.80 65.32
4.0 54 50 57 76.68 71.00 80.94
5.0 63 60 64 89.46 85.20 90.88
7.5 75 71 77 106.50 100.82 109.34
10.0 82 79 85 116.44 112.18 120.70
12.5 89 85 96 126.38 120.70 136.32
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Mix 2 (PA-80%, RAP-10%, BS-10%)

This trial mix (mix 2) is confined with 80%
Pond ash, 10% treated RAP, and 10% backfill soil
as a trial to utilize the pond ash along with RAP
and borrow soil, and the CBR test conducted on
the mix with three samples of the same mix. The
CBR test result is tabulated along with a proven
ring factor to acquire the factored load as the re-
sult falls in tracking end-to-end results to define
the optimum mix level. Table 3 represents the test
specimen with different properties. Figure 5 rep-
resents the CBR curve for mix 2. For mix 2, the
CBR value is 4.53% at 2 mm penetration, which
clearly emphasizes the poorly graded sub-grade
strata but is an average CBR value for sub-grade.
From mix 1 to mix 2, there is an increment of
42.6% in CBR value, which shows a significant
growth impartially by 5% to that under any cir-
cumstances the consolidated Pond ash of 80%
along 10% respectively of treated RAP and Bor-
row soil can’t be used as subgrade (Muniamuthu
et al. 2022). Here, it clearly shows that mix 2 is

Table 4. The calculation for CBR value for mix 2

unsuitable for subgrade. Table 4 represents the
CBR value for mixture 2

Mix 3 (PA-60%, RAP-20%, BS-20%)

This trial mix (mix 3) is confined with 60%
pond ash, 20% treated RAP, and 20% backfill soil
as a trial to utilize the pond ash along with RAP
and Borrow soil, and the CBR test conducted
on the mix with three samples of the same mix
(Seferoglu et al. 2018; Srimanickam and Kumar
2021). The CBR test result is tabulated along with
a proven ring factor to acquire the factored load
as the result falls in tracking end-to-end results to
define the optimum mix level. Figure 6 represents
the CBR curve for Mix 3. Table 5 describes the
60% pond ash penetrations. For mix 3, the CBR
value is 8.05% at 2 mm penetration, which clearly
emphasizes the moderate grade sub-grade strata
but is a good enough CBR value for sub-grade
(Karthikeyan et al. 2017). From mix 2 to mix 3,
there is an increment of 43.73% in CBR value,
which shows a significant growth impartially by

o Specimen 1 Specimen 2 Specimen 3
Description
2.5 mm 5.0 mm 2.5mm 5.0 mm 2.5 mm 5.0 mm
Proving ring reading 45 63 40 60 46 64
Factored load (kg) A 63.90 89.46 56.80 85.20 65.32 90.88
Std load (kg) B 1370 2055 1370 2055 1370 2055
CBR ratio A/B-100 (%) 4.66% 4.35% 4.15% 4.14% 4.77% 3.11%
2.5 mm penetration = 4.53%
Avg, CBR Ratio
5.0 mm penetration = 3.87%

Table S. Test specimen of 60% pond ash, 20% treated RAP, and 20% of backfill

Penetration of Load dial readings, divisions Corresponding load with factor
plunger (mm) Specimen 1 Specimen 2 Specimen 3 Specimen 1 Specimen 2 Specimen 3
(Trial 1) (Trial 2) (Trial 3) load (kg) load (kg) load (kg)

0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.5 15 15 13 21.30 21.30 18.46
1.0 31 32 30 44.02 45.44 42.60
1.5 45 47 43 63.90 66.74 61.06
2.0 63 65 61 89.46 92.30 86.62
25 78 80 75 110.76 113.60 106.50
4.0 90 94 88 127.80 133.48 124.96
5.0 103 109 100 146.26 154.78 142.00
7.5 114 116 1M1 161.88 164.72 157.62
10.0 129 132 125 183.18 187.44 177.50
12.5 140 143 137 198.80 203.06 194.54
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10% to that under any circumstances the consoli-
dated Pond ash of 60% along 10% incremental
respectively of Treated RAP and Borrow soil
can’t be used as subgrade. Here, it clearly shows
that mix 3 is suitable for subgrade pavement with
moderate traffic flow. Table 6 represents CBR
values for mix 3.

Mix 4 (PA-40%, RAP-30%, BS-30%)

This trial mix (mix 4) is confined with 40%
Pond ash, 30% treated RAP, and 30% backfill soil
as a trial to utilize the pond ash along with RAP
and Borrow soil, and the CBR test conducted on
the mix with three samples of the same mix. Fig-
ure 7 represents the CBR curve for mix 4. The
CBR test result is tabulated along with a proven
ring factor to acquire the factored load as the result
falls in tracking end-to-end results to define the op-
timum mix level (Ghanizada et al., 2017; Rupesh
et al., 2022). For mix 4, The CBR value is 8.98%
at 2 mm penetration, which clearly emphasizes
the poorly graded sub-grade strata but good CBR

200 -
%150- /'
E J
o o
g %
1"l f
od

value for sub-grade. From mix 3 to mix four, there
is an increment of 10.36% in CBR value. Here, the
increment of CBR from the prior mix is low com-
pared to earlier mixes, which shows a significant
gain in strength and compatibility (Vivekananthan
et al., 2022). The consolidated pond ash of 40%
and 10% of treated RAP and borrow soil can be
used as subgrade. Here, it clearly shows that Mix
4 suits sub-grade embankments for mild traffic.
Table 7 represents the test specimens of 40% pond
ash properties. Table 8 describes the calculation of
CBR values for mix 4.

Mix 5 (PA-20%, RAP-50%, BS-30%)

This trial mix (mix 5) is confined with 20%
pond ash, 50% treated RAP, and 30% backfill soil
as a trial to utilize the pond ash along with RAP
and Borrow soil and the CBR test conducted on
the mix with three samples of the same mix. The
CBR test result is tabulated along with a proven
ring factor to acquire the factored load as the re-
sult falls in tracking end-to-end results to define

—a— Sample 1
—ea— Sample 2
—a— Sample 3

T
0 2 4

T T T T 1
(5} 8 10 12 14

Penetration (mm)

Figure 6. CBR curve for mix 3

Table 6. The calculation for CBR value for mix 3

o Specimen 1 Specimen 2 Specimen 3
Description
2.5mm 5.0 mm 2.5mm 5.0 mm 2.5mm 5.0 mm
Proving ring reading 78 103 80 109 75 100
Factored load (kg) A 110.76 146.26 113.60 154.78 106.50 142
Std load (kg) B 1370 2055 1370 2055 1370 2055
CBR ratio A/B-100 (%) 8.08% 711% 8.29% 7.53% 7.77% 6.9%
2.5 mm penetration = 8.05%
Avg, CBR ratio
5.0 mm penetration = 7.18%
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Figure 7. CBR curve for mix 4

Table 7. Test specimen of 40% pond ash, 30% treated RAP, and 30% of backfill

Penetration of Load dial readings, divisions Corresponding load with factor
plunger (mm) Specimen 1 Specimen 2 Specimen 3 Specimen 1 Specimen 2 Specimen 3
(Trial 1) (Trial 2) (Trial 3) load (kg) load (kg) load (kg)
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.5 25 22 25 35.5 31.2 35.5
1.0 42 40 44 59.6 56.8 62.5
1.5 59 55 61 83.8 78.1 86.6
2.0 72 70 75 102.2 99.4 106.5
25 87 84 89 123.5 119.3 126.4
4.0 103 100 108 146.3 142.0 153.4
5.0 115 110 120 163.3 156.2 170.4
7.5 130 125 135 184.6 177.5 191.7
10.0 139 135 145 197.4 191.7 205.9
12.5 146 143 155 207.3 203.1 220.1
Table 8. The calculation for CBR value for Mix 4
Description Specimen 1 Specimen 2 Specimen 3
2.5mm 5.0 mm 2.5 mm 5.0 mm 2.5mm 5.0 mm
Proving ring reading 87 115 84 110 89 120
Factored load (kg) A 123.54 163.30 119.28 156.20 126.38 170.4
Std Load (kg) B 1370 2055 1370 2055 1370 2055
CBR ratio A/B-100 (%) 9.02% 7.95% 8.71% 7.60% 9.22% 8.29%
Avg, CBR Ratio 2.5 mm penetration = 8.98%
5.0 mm penetration = 7.95%

the optimum level of mix. Table 9 represents the
20% pond ash properties. Table 10 represents
CBR values for mix 5. Figure 8 represents the
CBR curve for Mix 5.

For mix 5, The CBR value is 10.05% at 2.5
mm penetration, which clearly emphasizes the
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grade subgrade strata with good CBR value
for subgrade. From mix 4 to mix five, there is
an increment of 10.64% in CBR value. Here,
the increment of CBR from mix 4 to mix five
turns into a consistency compared to earlier
mixes, which shows a significant improvement
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Table 9. Test specimen of 20% pond ash, 50% treated RAP, and 30% of backfill

) Load dial readings, divisions Corresponding load with factor
Penetration of - - - - - -
plunger (mm) Specimen 1 Specimen 2 Specimen 3 Specimen 1 Specimen 2 Specimen 3

(Trial 1) (Trial 2) (Trial 3) load (kg) load (kg) load (kg)
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.5 32 34 35 45.44 48.28 49.70
1.0 48 52 55 68.16 73.84 78.10
1.5 65 67 70 92.30 95.14 99.40
2.0 80 83 87 113.60 117.86 123.54
2.5 95 97 99 134.90 137.74 140.58
4.0 116 120 124 164.72 170.40 176.08
5.0 129 132 134 183.18 187.44 190.28
7.5 142 148 152 201.64 210.16 215.84
10.0 159 164 168 225.78 232.88 238.56
12.5 170 175 178 241.40 248.50 252.76
Table 10. The calculation for CBR value for mix 5
o Specimen 1 Specimen 2 Specimen 3
Description
2.5mm 5.0 mm 2.5 mm 5.0 mm 2.5 mm 5.0 mm
Proving ring reading 95 129 97 132 99 134
Factored load (kg) A 134.90 183.18 137.74 187.44 140.58 190.28
Std load (kg) B 1370 2055 1370 2055 1370 2055
CBR ratio A/B-100 (%) 9.85% 8.91% 10.05% 9.12% 10.26% 9.26%
2.5 mm penetration = 10.05%
Avg, CBR Ratio
5.0 mm penetration = 9.09%

in load-carrying capacity with minimum plung-
ing and good compatibility. The consolidated
Pond ash of 60% and 10%, respectively, of treat-
ed RAP and borrow soil can be used as a base
course. Since this mix can be used as a sub-base,
it is also suitable for subgrade and clearly shows

that Mix 5 is ideal for subgrade embankment for
moderate traffic.

For mix 6, The CBR value is 12.33% at 2 mm
penetration, which shows a decremental phase
from mix 5 to mix 6; as there is a drop in CBR
value, it marks the optimum mixture of treated
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RAP, pond ash, and borrow soil. From mix 5 to
mix 6, there is a decrement of 3.82% in CBR val-
ue, which is a gentle dip states that almost Mix
five and mix 6 set a scale to optimize our work
of determining the mixture content. The optimum
mix proportion is finalized as the current result
shows a decremental phase.

Mix 6 (PA-10%, RAP-70%, BS-20%)

This trial mix (mix 6) is confined with 10%
pond ash, 70% treated RAP, and 20% backfill soil
as a trial to utilize the pond ash along with RAP
and borrow soil, and the CBR test conducted on
the mix with three samples of the same mix. The

Table 11. Test specimen of 10% pond ash, 70% treated RAP, and 20% of backfill

Penetration of Load dial readings, divisions Corresponding load with factor
plunger, mm Specimen 1 Specimen 2 Specimen 3 Specimen 1 Specimen 2 Specimen 3
(Trial 1) (Trial 2) (Trial 3) load (kg) load (kg) load (kg)
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.5 40 43 40 56.8 61.06 56.80
1.0 55 57 54 78.1 80.94 76.68
1.5 70 75 68 99.4 106.50 96.56
2.0 95 97 94 134.9 137.74 133.48
25 112 116 115 159.0 164.72 163.30
4.0 135 140 133 191.7 198.80 188.86
5.0 145 150 140 205.9 213.00 198.80
7.5 160 170 155 227.2 241.40 220.10
10.0 172 182 164 2442 258.44 232.88
12.5 182 189 179 258.4 268.38 254.18
Table 12. The calculation for CBR value for mix 6
Specimen 1 Specimen 2 Specimen 3
Description
2.5mm 5.0 mm 2.5mm 5.0 mm 2.5mm 5.0 mm
Proving ring reading 112 145 116 150 115 140
Factored load (kg) A 159.04 205.9 164.72 213 163.3 198.8
Std load (kg) B 1370 2055 1370 2055 1370 2055
CBR ratio A/B-100 (%) 11.61% 10.02% 12.02% 10.36% 11.92% 9.67%
2.5 mm penetration = 11.85%
Avg, CBR ratio
5.0 mm penetration = 10.01%
Table 13. Average of load per penetration individual mixes
Penetration Average corresponding load with factor (kg)
of plunger (mm) Mix0 | Mix 1 Mix2 | Mix3 | Mix4 | Mix5 | Mix6 | Mix7 | Mix8 | Mix9
0.0 0 0 0 0 0 0 0 0 0 0
0.5 6.6 9.0 204 34.1 47.8 66.3 58.2 62.0 54.0 40.7
1.0 1.4 20.8 44.0 59.6 73.4 89.0 78.6 824 69.1 65.3
1.5 19.9 33.6 63.9 82.8 95.6 118.3 100.8 110.3 94.2 85.2
2.0 26.0 49.7 89.5 102.7 118.3 153.4 135.4 145.3 129.2 98.0
25 34.1 62.0 110.3 123.1 137.7 175.6 162.4 169.0 152.4 113.6
4.0 42.6 76.2 128.7 147.2 1704 201.6 193.1 192.2 176.6 125.9
5.0 49.7 88.5 147.7 163.3 187.0 222.9 205.9 205.9 192.6 139.2
7.5 61.5 105.6 161.4 184.6 209.2 241.9 229.6 226.7 208.3 161.4
10.0 74.8 116.4 182.7 198.3 2324 251.8 245.2 240.5 216.3 174.2
12.5 84.7 127.8 198.8 210.2 247.6 264.1 260.3 248.0 223.4 188.9
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CBR test result is tabulated along with the proven
ring factor to acquire the factored load; as a re-
sult, it falls in tracking end to result to define the
optimum level of the mix. Table 11 represents the
10% pond ash properties.

For mix 6, The CBR value is 11.85% at 2 mm
penetration which primes the well-grade sub-
grade strata with good CBR value for subgrade.
From mix 5 to mix 6 there is a decrement of
7.57% in CBR value. Here the decrement of CBR
from mix 5 to mix 6 attains almost a flat curve
which in turn means the load-carrying capacity
becomes almost firm and with the same plunging
it turns are monotonous curve (Lu et al., 2020).
Table 12 represents the CBR values for mix 6 and

300

250

Load Per Penetration (kg)

Table 13 represents the average of load. Figure
9 represents CBR curve for mix 6. Table 13 cu-
mulates every mix trail as a single entity to better
understand the performances of every proportion.
All the data complied with the guidelines of IS:
2720 — 16: 1987 and IRC 37 — 2012. Figure 10
represents the CBR average curve.

CONCLUSIONS

This Investigation was carried out to look for
the possibility of utilizing the wastes as subgrade
without negotiating the strength and durability
of flexible pavement in competence with IS and
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Figure 9. CBR curve for mix 6
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Figure 10. The master graph shows every mix CBR average curve
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IRC guidelines. A multiple mix proportion was
prepared to form a soil matrix that shall be used
as a subgrade on the evaluation of every mix as
per the California bearing ratio, which is widely
used as a standard evaluation practice. This pa-
per concludes the optimum mix proportion. That
will practically be suitable for constructing flex-
ible road pavement for highways.

The CBR curve is plotted for every mix; as
a result of observation, the curves are batched
into three zones: Zone I covers the range of 50
to 200 kg load per penetration, Zone II encloses
the range of 201 to 250 kg load per penetration,
Zone III encloses the range from 251 to 300 kg
load per penetration. This zoning is done based
on the distinct formation of the CBR curve.

In Zone I, mix 0, mix 1, and mix 9 curves
show the spongy material’s behavior as the
constituent is filled with pond ash as a signifi-
cant portion; pond ash being porous, compress-
ible, and absorbent, the CBR curve validates
the mix proportion. 40% of the established mix
falls in this zone. In zone II, mix 3, mix 4, mix
7 and mix eight fall in this zone; 40% of the es-
tablished mix falls in Zone II, which states that
the mix is classified as a suitable composite for
sub-grade materials for different types of traffic
flows especially low traffic (up to 400 vehicles
per day) to medium traffic (up to 400 to 1000
vehicles) or class III type roads. The optimum
mix proportion obtained was mix 5 with a mix
proportion of PA:RAP:BS as a 50:25:25 ratio
regarding specimen volume. Mix 5 and mix
6 are categorized as Zone III, which shows a
well-defined CBR curve that replicates a well-
graded granular soil sample, which will be con-
siderable as appropriate material for sub-grade,
and surprisingly, the same constituent can also
be used as a sub-base course as it satisfies the
required CBR value for sub base.

As a final prospect, the pond ash of any
class shall be utilized along with treated re-
claimed asphalt pavement and any locally
available soil as backfill fill, which in turn is
known as borrow soil as per the concluded pro-
portion. The CBR curve of mix 5 shows that
the specimen’s load-carrying capacity is expo-
nential from initial penetration, i.e., 0.5 mm to
5 mm, which clarifies that with minimum stain
in volume, the resilience was equal to confined,
well-graded granulated soil. Beyond 5 mm pen-
etration to 12.5 mm, the load-carrying capacity
shows a gentle slope, which emphasizes that
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the strength of the soil doesn’t deteriorate as a
sudden failure; this ensures the durability of the
mixed specimen.
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