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ABSTRACT

The subgrade is a crucial part of the pavement structure, as it transmits the load of vehicles on the pavement to the
subsoil. The stability of the pavement depends on the stability characteristics of the subgrade. Roadwork waste
materials (RWM) constitute a significant portion of waste materials used for roadway construction, particularly
in base fill and backfill layers. Due to the shortage of virgin raw aggregates from quarries, alternative materials,
such as RWM, are used as replacements in regular roadway construction. This research conducted a wide range of
laboratory and field evaluations to determine the engineering properties of pond ash (PA) and reclaimed asphalt
pavement (RAP), focusing on bottom ash as a blended material. Geotechnical parameters, such as particle size and
mechanical properties of the materials, were assessed to evaluate their performance in pavement base or sub-base
applications. The interaction of integrity between pond ash, RAP, and natural backfill as homogeneous materials
was assessed by examining consistency characteristics concerning optimum moisture content (OMC) and maxi-
mum dry density (MDD). Six proportions of pond ash, RAP, and backfill soil (PA, RAP, NBS) were identified and
used, with the optimal proportion being 50%:30%:20%. The grain size of RAP required for soil testing suitability

will be obtained by disintegration using an earth hammering machine.

Keywords: pond ash; asphalt; maximum dry density; optimum moisture content; sub-grade.

INTRODUCTION

India’s road network spans over 5.9 million
kilometers, making it the second-largest road net-
work in the world, surpassed only by the United
States. The majority of road surfaces are bitumi-
nous and require regular maintenance work. The
rehabilitation or resurfacing process produces
large quantities of reclaimed asphalt pavement
(Dager et al., 2023). With the tremendous con-
sumption of coal as a fossil fuel to meet the de-
mands of daily life (Qin et al., 2023), significant
amounts of pond ash accumulate every day. Dis-
posing of industrial waste and its by-products is
becoming increasingly difficult and costly. Both
flexible and rigid road pavement constructions
consume large quantities of aggregates and bind-
ers, making the preservation of natural resources

an important issue (Zhang and Yang 2021). The
use of reclaimed asphalt pavement (RAP) in
mixtures has increased in recent years, as it re-
duces the demand for virgin materials, such as
aggregate and asphalt binder, protects natural
resources, and lowers construction costs (Zhang
and Yang 2022). Incorporating RAP in hot mix
asphalt (HMA) minimizes the waste material dis-
posal costs in existing pavement. The addition of
RAP in HMA has become more commonplace
worldwide, with numerous studies and literature
focusing on the advantages, disadvantages, and
optimal ratios of recycled materials (Barmade et
al., 2022). The use of RAP in highway construc-
tion aligns with the global objective of sustain-
able growth through the efficient utilization of
natural resources. Incorporating pond ash was
proven by (Gupta and Kumar 2016; Karthikeyan
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etal., 2017). The reclaimed asphalt pavement ma-
terials as aggregates in flexible road construction
and soil stabilization for roads and other types of
construction can reduce environmental stress and
the exploitation of natural resources (Rout et al.,
2023; Plati et al., 2022). Granular sub-base mate-
rial (GSB) is recommended as a matrix material
suitable for bridge work and road works. Accord-
ing to IS: 2720, coarse-graded sub-base granular
materials can be used if they pass through a 425
— micron sieve. The Indian Road Congress man-
dates the distribution of specified grain sizes for
the sub-base material to meet strength and drain-
age requirements. The effectiveness of highway
pavement structural design primarily depends on
the accuracy and evaluation of materials (Liu et
al., 2021; Liu et al., 2022). Pond ash, a waste by-
product of coal burning, is abundant at sites such
as the Ennore Thermal Power Plant Station in En-
nore, Tamil Nadu. The estimated volume of pond
ash (fly ash) deposition in the area is 3,983,002
cubic meters (approximately 5.67 million metric
tonnes), with 1,911,830 cubic meters (approxi-
mately 2.67 million metric tonnes) present in the
backwaters and the remaining in the flood plains.
In roadway construction, compaction (Zhang et
al., 2019; Kaseer et al., 2019). The water content
and dry unit weight serve as reference parameters
for optimum water content and maximum dry
density, conforming to specific compaction tech-
niques (Sarkar and Dawson 2017). Reprocessing
pavement materials has become essential for sus-
tainable road rehabilitation and maintenance. Re-
source conservation, environmental preservation,
and retaining existing geometrics are advantages
of reusing pavement materials. The performance
of RAP has been assessed through construction
projects worldwide (Pasandin and Pérez 2013).
Field performance comparisons and evaluations
show that RAP is a suitable material, providing
higher dry density than conventional granular
materials. Mixing and heating are considered to
improve RAP properties and minimize creep. As
RAP temperature increases, stiffness and strength
increase as well. The primary application of RAP
is as a structural fill, with construction activities
recommended during the summer months. The
line-of-optimums is used for compaction moni-
toring to estimate the optimum water content and/
or maximum dry unit weight of cohesionless soil.
Recycled and reused materials are typically em-
ployed under non-acidic environmental condi-
tions. Moreover, the chemical leaching of RAP
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varies across different studies. The RAP chemical
composition depends primarily on its use, expo-
sure over time, and source. Research suggests that
RAP does not pose significant leaching threats
when used as fill, provided it is not employed near
water sources or as embankment materials (Mu-
niamuthu et al., 2022). There is a need to develop
a generic hot recycled asphalt plant mix featuring
densely graded bituminous mixes suited to Indi-
an standards. This ensures that RAP can be used
for resurfacing and/or new bituminous pavement
construction (Yang et al., 2022). This develop-
ment is being considered by the Flexible Pave-
ment Committee (FPC) of the Indian Road Con-
gress (IRC 120: 2015). Research on RAP material
has increased worldwide, as it exhibits versatile
and adaptable geotechnical properties for pave-
ment. The variability of RAP necessitates synthe-
sizing existing data, identifying recent gaps, and
recognizing the areas for further research. A com-
prehensive review of the literature investigates
the geotechnical properties of RAP. By compiling
the RAP geotechnical properties from around the
world, the study suggests that the reuse of waste
materials extends beyond pavement applications.
The RAP engineering properties are assessed,
providing recommendations for its use as a viable
alternative in highway transportation infrastruc-
ture engineering applications. Many young re-
searchers tried the work concerning the pond ash
(PA) and RAP subjected to the mixing of flitched
materials and other binders with maximum pro-
portions of 50% PA and 50% flitched materials
combined with rock salt materials; however, there
are no studies on limited constraints of pure pond
ash as base material followed by 50%:30%:20%
proportions. The main objective of this study
was to determine the optimum value of moisture
content and maximum dry density of the mixed
proportions of PA, RAP, and natural backfill soil.
In the experimental study, maximum dry density
(MDD) and optimum moisture content (OMC)
increased with the decreasing mix proportions of
PA from 90 to 50%, RAP from 50 to 30%, and
natural backfill soil from 50 to 20%. The novelty
of this work is adding the limited constraints with
pure pond ash improving the quality of OMC and
MDD. This gives the extreme mechanical behav-
ior of this proportions than other conventional re-
sults. One more novelty and challenge in this re-
search is utilizing the asphalt binder with limited
proportions improving the surface properties and
excellent reinforced properties compared to other
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conventional methods. The penetration, viscos-
ity grades, ductility, softening points, and desir-
able mechanical properties of these proportions
for PA and RAP concerned with 50%:30%:20%
proportions have been completely improved. This
motivational research gives challenging ideas
for young researchers who are willing to obtain
interesting results from concrete, pond ash, and
other binders, including mechanical strength, re-
inforced strength, and other properties. The cost
adopted for this research is also low and very eco-
friendly for construction purposes.

MATERIALS AND METHODS

Asphalt pavement materials are commonly
found and removed during restoration, resurfacing,
or renovation operations. Once removed and pro-
cessed, these materials become RAP, which con-
tains valuable aggregate and asphalt binder. Three
materials are typically utilized in this context.

Bitumen

When the quantity of RAP in the recycled
hot bituminous mix is 20% or less, the viscosity
grade of bitumen should be the same as specified
in Table 1. If the quantity of RAP in the mixture
ranges from 20 to 35% (Seferoglu et al., 2018).
The viscosity grade of the virgin bitumen should
be one grade softer than the grade generally spec-
ified for a 100% virgin mix. For instance, if VG
— 20 grade is used in the recycled mix, VG — 30
would be selected for a 100% virgin mix. If the
amount of RAP exceeds 30%, the viscosity grade
of the virgin bitumen used in the recycled mix
should be determined using the blending chart
provided in ASTM D 4887. However, under no
circumstances should the selected viscosity grade

Table 1. Bitumen VG-30 specifications

be more than two grades softer than the grade
typically used in the project (Kumar et al., 2024;
Al-Ghurabi and Al-Humeidawi 2021).

Reclaimed asphalt pavement material

RAP should be obtained from a uniform stock-
pile created through cold milling or crushing hot
bituminous mixes sourced from similar bituminous
courses of existing bituminous pavement (Pradhan
and Biswal 2022). Table 2 shows the physical and
mechanical properties of the RAP used in this re-
search. The RAP material should be free of foreign
materials and exhibit minimal segregation. RAP
should be processed so that the final recycled mix
meets all requirements of the specific mix as out-
lined in IRC: 111-2009 (Edeh et al., 2019). During
the hot mixing process, RAP should readily break
down and blend with the virgin materials without
affecting the paving operation. At least 95% of the
RAP material should pass without impacting the
paving operation (Saravanan et al., 2024). If the
maximum size of the aggregate in RAP exceeds
the maximum size of the aggregate in the specified
recycled mix, additional sizing and crushing will
be required (Tarsi et al., 2020).

Reclaimed aggregate material (RAM)

RAM shall meet all the applicable require-
ments of coarse and fine aggregates as specified
in Sections 3.2 and 3.3 of IRC: 111-2009.

EXPERIMENTAL INVESTIGATIONS
Composition of mixtures

The composition of recycled bituminous mix
(bitumen content and gradation) shall comply
with the composition of 100% virgin mix as spec-
ified in Section 3.5 of IRC: 111-2009.

S. No. Description Method VG-30
1 Penetration at 250 °C, 100 gm, 5 s, 0.1 mm, min 45
2 Absolute viscosity at 600 °C, poise 1S:1206 (part 2) 2300-3500
3 Kinematic viscosity at 135 °C, cSt, min 1S:1206 (part 3) 345
4 Flash point (cleveland open cup), °C, min IS 1448 210-220 °C
5 Solubility in trichloroethylene, % min IS 1216 97-99
6 Softening point, °C, min IS 1205 44
7 Viscosity ratio at 60 °C 1S:1206 (part 2) 4
8 Ductility at 25 °C IS 1208 38
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Table 2. Physical and mechanical properties of reclaimed asphalt pavement

Type of property Description Appropriate values
Unit weight 18.633 to 22.55 kN/m?®
H . 0,
Moisture content ”0”?'”3'- _5 /f,’
maximum: 8%
Physical properties Asphalt content 4.5t0 8%

Asphalt penetration

20to 60 at 25 °C

Recovered asphalt cement

3000 to 20,000 poises

Compacted unit weight

15.7 to 21 kN/m?®

Mechanical properties

California bearing ratio

100% RAP: 30—45%
50% RAP: 20-30%
25% RAP: 10-15%

Design of recycled mixes

The design of the hot recycled mix should
adhere to Section 4 of IRC: 111-2009, except
for the following deviations. The total amount of
RAP in the recycled mix should be limited to 25%
in the wearing course and 50% in binder and base
courses. These limits of 25% for wearing courses
and 50% for binder and base courses are reason-
able for India. At least five random samples of
RAP should be obtained from the approved RAP
stockpile for conducting extraction tests to de-
termine the average bitumen content (Kumar et
al., 2023). The average gradation of aggregates in
RAP. When determining the blending proportions
of various aggregates, the extracted aggregate
should be considered as one of the aggregates.
This process requires extraction and recovery of
aged bitumen from the RAP from at least three
random samples of the RAP from the stockpile.
Bitumen should be extracted according to ASTM
D 2172, which outlines the quantitative extraction
of bitumen from bituminous paving mixtures. A
list of experimental tests that can be carried out
for the blended mixture includes specific Grav-
ity, direct shear tests, consistency limits, compac-
tion tests, grain size analysis (mechanical and
sedimentation), and unconfined compression tests
(Antunes et al., 2021).

Sampling of material

PA is sourced from Ennore Thermal Power
Plant, Tamil Nadu, while the RAP is obtained
through milling old road surfaces and backfilling
from the local roadside of ORR Chennai. These
materials are combined to form a unique matrix
sample. The sample is dried in a kiln at 105-110
°C. Subsequently, the resultant material is sieved
using a 2 mm sieve. The material that passes
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through the 2 mm sieve is then used in the experi-
mental work (Gottumukkala et al., 2018).

Determination of index properties

Specific gravity of the pond ash

PA specific gravity is determined according to
IS 2720 part 3 (1980) as shown in Figure 1 and
the value was obtained as 2.29.

Determination of grain size
Distribution-IS 2720-4 (1985)

Methods of testing for soils are as follows: 1
kg of pond ash sample is washed thoroughly and
allowed to pass via sieve sets in descending order
(Figure 1). Then, the percentage weight retained
in each sieve is recorded and the corresponding
values are calculated and shown in Table 3.

Determination of fineness modulus

To determine the fineness modulus, the ma-
trix of 15 kg is obtained and sieved thoroughly
from an IS sieve size of 150 microns. A sample
of 15 kg was obtained for analysis as represent-
ed in Table 4.

Determination of resilient modulus

The resilient modulus (MR) indicates the stiff-
ness of a sub-grade material. The resilient modulus
of a material measures its elasticity, calculated by di-
viding the stress by strain for rapidly applied loads,
which are typically experienced by pavements. The
resilient modulus can be estimated using the triaxial
test. This test applies a repetitive axial cyclic load
with fixed magnitude, load duration, and cyclic fre-
quency to a cylindrical test specimen. The specimen



Journal of Ecological Engineering 2024, 25(6), 29-41

Figure 1. The specific gravity of PA and grain size analysis of pond ash

Table 3. Pond ash in sieve analysis

Sieve size (mm) Weight of retained particles (gm)
10.00 0
4.750 0
2.000 115
1.180 210
0.600 195
0.300 206
0.150 187
0.075 78
Pan -
Total 991
Wweightoss " 019% - Iots than 2%

is subjected to dynamic cyclic and static confining
stress provided by a triaxial pressure chamber. Es-
sentially, it is a cyclic variation of a triaxial compres-
sion test, in which the cyclic load application is de-
signed to simulate actual traffic loading accurately.
Resilient modulus (M) is represented in Eq. 1

Table 4. Sieve analysis of mixture

M, = (D

e

where: ¢, is the deviator stress, and ¢_is the re-
coverable elastic strain.

According to IRC 37: 2012, the relation be-
tween resilient modulus and the effective CBR is
given by proportions as mentioned in Table 5. Eq.
2 and Eq. 3 represent the resilient modulus con-
cerning CBR ratios.

M, = 10 x CBR; forCBR < 5 )
M, = 17.6 x CBR%%%; forCBR > 5 (3)

Since the CBR ratio is greater than 5; there-
fore, the resilient modulus is

M, =17.6 x 9.120.64 = 72.43pa (4

The M_ value for the optimum mixture is
72.43 MPa, which is very close to 75 MPa as
recommended by IRC: 37:2012, for a pavement
thickness of approximately 500 mm.

Wt. of retained particles in the sieve
IS sieve size (mm) Wt. retained (kg) % of cumulative weight retained (kg) Cumulative retained (%)
20 1.52 - 10.133
10 3.28 4.80 32.000
4.75 6.347 11.147 74.310
2.36 2124 13.271 88.473
1.18 1.172 14.443 96.286
0.6 0.304 14.747 98.313
0.3 0.140 14.887 99.246
0.15 0.075 14.962 99.750
Pan 0.005 14.967 99.780
Total 698.291
Fineness modulus 6.98
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Table 5. Calculation of CBR values for all mix proportions

Specimen 1 Specimen 2 Specimen 3 Specimen 4 Specimen 5 Specimen 6
Description
2.5mm 5mm 2.5mm 5mm 2.5mm 5mm 2.5mm 5mm 2.5mm 5mm 2.5mm 5mm
Proving ring reading 84 102 7 93 79 99 80 103 88 109 83 95
Factored load (kg) A 84x142=1102x1.42 | 77x1.42 | 93x1.42 | 79x1.42 | 99x 142 | 80x 1.42 | 95x 1.42 | 88x 1.42 | 97 x 1.42 | 83 x 1.42 | 95x 1.42
g 119.28 | =14484 | =109.34 | =132.06 | =112.18 | =140.58 | =113.6 | =1349 | =124.96 | =137.74 | =117.86 | =134.9
Std load (kg) B 1370 2055 1370 2055 1370 2055 1370 2055 1370 2055 1370 2055
CBR ratio A/B x 8.71 70 798 | 643 8.2 684 | 820 | 742 | 912 | 753 86 6.56
100 (%)
2.5 mm penetration = 9.12%
Optimum CBR ratio
5 mm penetration = 7.53%

Determination of engineering parameters

Experimental investigation is carried out
according to IS 4332-3:1967 to estimate the
blended sample’s moisture content. In addition,
dry density through a compaction test setup com-
plies with IS 4332-3:1967 for pond ash, and for
mixture IS 2720-7:1980, the OMC and MDD re-
lation is adopted (Ghanizadeh et al., 2018) repre-
sented in Table 6.

Analysis of shear parameters — direct
shear test according to IS 2720-13:1986

The experimental procedure is conducted
through direct shear tests in geotechnical engi-
neering practice and research to determine the
soil shear strength characteristics as represented
in Table 7. Shear parameters, such as cohesive

Strength and angle of internal friction, were deter-
mined by maintaining a varied moisture content
and a constant maximum dry density (Elkashef et
al., 2019; Sunil Kumar et al., 2022). Other cases
include maintaining optimum moisture content as
constant and dry density as variable. Tables 8 and
9 illustrate the results of different standards.

Determination of unconfined compressive
strength using unconfined compression test

According to IS 2720-10:1991, experiments
were performed on unreinforced specimens.
Compressive strength was found for different
compactions, fixed densities, and moisture con-
tents as represented in Tables 10 and 11. Table 12
represents the maximum dry densities. Maximum
dry density and moisture content relation deter-
mination for the mixture soil is tabulated below.

Table 6. Compaction characteristics for blended pond ash, RAP, and local soil backfill

S. No. Compaction energy (kg-cm) OMC in % MDD in kN/m? Degree of saturation
1 3576 36.43 15.6 0.880
2 5995 33.56 15.87 0.833
3 15.114 30.67 15.96 0.812
4 26.893 29.65 16.46 0.796
5 27.897 28.45 16.76 0.785
6 34.567 28.22 7.12 0.781
Table 7. Shear parameters for different compaction efforts for pond ash
S. No Compaction effort (N-m) Dry density (kN/m?) Moisture content (%) ¢ (kg/cm?) ® (degree)
1 350.7 15.60 36.43 0.153 21.90
2 587.9 15.87 33.56 0.105 20.81
3 1482.2 15.96 30.67 0.116 21.80
4 2637.3 16.46 29.65 0.116 23.94
5 2735.8 16.76 28.45 0.079 20.81
6 3389.9 712 28.22 0.100 23.75
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Table 8. OMC standard proctor

S. No. Moisture content (%) Dry density (g/cc) O (degree) ¢ (kg/cm?)
1 55.91 1.10 13.62 0.0479
2 45.92 1.10 14.57 0.0288
3 25.91 1.10 15.82 0.0216
4 20.91 1.10 15.81 0.0024

Table 9. OMC subjected to 28.3% and modified proctor MDD

. . . Compressive strength | Compressive strength
0,
S. No. | Type of experiment |  Dry density (g/cc) Moisture content (%) (N/cm?) (N/cm?)
1 1.10 35.91+10 0.158 1.58
Standard proctor
2 1.10 35.91-10 0.700 7.00
3 1.24 28.30 + 10 0.500 5.00
Modified proctor
4 1.24 28.30 - 10 2.500 25.0
Table 10. Compressive strength is related to compaction effort
S. No. Dry density (g/cc) Moisture content (%) @ (Degree) ¢ (kg/cm?)
1 1.24 48.30 13.73 0.0455
2 1.24 38.40 14.72 0.0431
3 1.24 18.40 14.17 0.0046
4 1.24 13.30 17.83 0.0264

Table 11. Compressive strength for MDD constant and variable moisture content

S. No. Compaction energy (N-m) Compressive strength (N/cm?) Compressive strength (kN/m?)
1 356.9 0.112 1.12
2 594.8 0.471 4.71
3 1492.9 0.589 5.89
4 2673.3 0.952 9.52
5 2789.4 1.010 10.10
6 3486.7 1.167 11.67

Eq.5. represents compaction curves respected to
dry and wet moistures. Eq. 6. represents densi-
ties of mixtures, and Eq. 7. represents dry density
fractions.

1. Calculation of compaction curve
Ws = Wi — Wins (5)
where: the weight of compacted soil in grams is
W, the weight of mold with base plate and
without collar is W , the weight of mold
with compacted soil is W, , the volume of
the mold is v= 1000 cc, and water content
is w.

2. Bulk density in gm per volume (p)
Ws

p= (6)

v

3. Dry density (p )
_ p
Pa = 1w (7

RESULTS AND DISCUSSION

Modified Proctor compaction and standard
Proctor compaction tests were conducted for var-
ious mixes, ranging for PA from 90 to 50%. In
contrast, RAP materials and natural backfill soil
ranged from 50% to 30%. Characteristics, such
as bulk density, dry density, and moisture con-
tent, were determined for all the ratios, and the
optimum values were obtained from the results. A
graphical representation is used to plot maximum
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Table 12. Max. dry density moisture content relation according to IS 2720-8

Specific gravity of soil mixture = 2.64
Volume of mould = 1000 cc or 1000 mL
Wt. of empty mould = 2246 g | Sample number
S.No. Description No. 1 | No2 | No. 3 No. 4 No. 5
Sample type = Mix 1 (0.9:0.5:0.5) pond ash: RAP: natural backfill soil
1 | Weof m°“'gotl compacted 4329 4458 4663 4643 4420
2 Wt. of compacted soil 2083 2212 2417 2397 2174
3 Bulk density 2.08 2.21 242 2.39 217
4 Water content 7.53 8.40 10.15 11.70 14.12
5 Dry density 1.92 2.04 2.19 2.14 1.91
Sample type = Mix 2 (0.8:0.1:0.1) pond ash: RAP: backfill soil, wt. of empty mould = 4224
1| Weof m°“'go’;| compacted 6199 6336 6438 6440 6373
2 Wt. of compacted soil 1975 2112 2214 2216 2149
3 Bulk density 1.975 2.112 2.214 2.216 2.149
4 Water content 4.33 6.03 8.5 10.42 12.42
5 Dry density 1.893 1.992 2.041 2.007 1.912
Sample type = Mix 3 (0.7:0.2:0.1) pond ash: RAP: backfill soil, wt. of empty mould = 4810
1 | Wi-ofmould » compacted 6726 6850 6960 6940 6850
2 Wt. of compacted soil 1916 2040 2150 2130 2040
3 Bulk density 1.92 2.04 2.15 2.13 2.04
4 Water content 8.0 9.5 10.8 12.5 14.0
5 Dry density 1.78 1.86 1.94 1.89 1.79
Sample type = Mix 4 (0.6:0.2:0.2) pond ash: RAP: backfill soil, wt. of empty mould = 4224
1| Whofmould ® compacted 7567 7732 7965 8186 8160
2 Wt. of compacted soil 3343 3508 3741 3962 3936
3 Bulk density 1.572 1.649 1.759 1.863 1.850
4 Water content 8.5 9.1 10.1 11.2 12.5
5 Dry density 1.449 1.509 1.598 1.675 1.644
Sample type = Mix 5 (0.5:0.3:0.2) pond ash: RAP: backfill soil, wt. of empty mould = 4810
1| Wofmould + compacted 6738 6838 6875 6971 6945
2 Wt. of compacted soil 1928 2028 2065 2161 2153
3 Bulk density 1.928 2.028 2.065 2.161 2.153
4 Water content 5.15 7.55 8.87 1.7 12.14
5 Dry density 1.834 1.886 1.897 1.935 1.925
Sample type = Mix 6 (0.4:0.3:0.3) pond ash: RAP: backfill soil, wt. of empty mould = 4810
1 | Wiofmould » compacted 6557 6628 6746 6723 6738
2 Wt. of compacted soil 1747 1818 1936 1913 1928
3 Bulk density 1.747 1.818 1.936 1.913 1.928
4 Water content 5.5 7.66 9.5 12.4 14.2
5 Dry density 1.656 1.689 1.768 1.702 1.688

dry density versus optimum moisture content,
allowing for determining the optimum moisture
content and maximum dry density under differ-
ent sampling conditions (Bishnoi 2023). Figure 2
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illustrates the moisture content at 10.45% and dry
density at 2.17 g/cc for the mix proportion of 90%
pond ash, 5% RAP, and 5% backfill soil. On the
dry side, the plot has three variable points, which
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between the dry and wet sides, with a steady in-
crease in dry density before and after 100% com-
paction (Srimanickam and Kumar 2021). When
the proportion of RAP and backfill is increased,
irrespective of mix 2, to maintain the unit volume,
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Figure 3. Moisture content vs. dry density for sample mix type 2

exhibit an apparent exponential rise compared to
the wet side, which has two variable points that
display a more comprehensive extension after
100% compaction (Adhikari et al., 2020). This
finding indicates that increasing the proportion of
RAP or backfill soil is not advisable. Therefore,
iterations can be performed with decremented
values of mix proportion, using sample mix type
1 as a reference mix. Figure 3 illustrates the mois-
ture content at 8.45% and dry density at 2.046 g/
cc for the mix proportion of 80% pond ash, 10%
RAP, and 10% backfill soil. Figure 3 displays
the symmetry plot between the dry and wet sides

after 100% compaction. When the proportion of
RAP and backfill is increased by 5% compared to
mix 1, the maximum compaction curve (MCC)
is reduced by 19%, and dry density decreases by
5.7% in the ratio of 0.3 for maximum moisture
content to dry density. The blue line symbolizes
the normalized curve of the real-time plot of the
actual results of the test (Bai et al., 2020). Figure
4 presents a regularized parabolic curve, display-
ing the moisture content at 11.4% and dry density
at 1.93 g/cc for the mix proportion of 70% pond
ash, 20% RAP, and 10% backfill soil. Figure 4 il-
lustrates the symmetry of the averaged curve plot
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moisture content at 11.4% and dry density at 1.66
g/cc for the mix proportion of 60% pond ash, 20%
RAP, and 20% backfill soil. The dry side shows
maximum plotting variables, which are signifi-
cant for road pavement conditions. The MCC
does not show any changes from mix type 3 to

mix type 4, emphasizing that the optimum mix
for road pavement is suitable for moderate traffic
flow (Vivekananthan et al., 2023). The solid blue
line symbolizes the normalized curve of the real-
time plot of the actual results of the test, which is
plotted in a translucent line. Figure 6 presents a
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regularized parabolic curve, displaying the mois-
ture content at 11.65% and dry density at 1.928 g/
cc for the mix proportion of 50% pond ash, 30%
RAP, and 20% backfill soil (Mohammadinia et
al., 2015). The dry side shows maximum plotting
variables, which are significant for road pave-
ment conditions. However, a change in the MCC
from mix type 4 to mix type 5 and a sudden dip in
the wet portion indicate the vulnerability of soil
compaction for this mix. Therefore, this mix can-
not be preferred for road pavement. Figure 7 il-
lustrates a normalized quadratic equation formed
for a parabolic curve, which displays the moisture
content at 10.4% and dry density at 1.74 g/cc for
the mix proportion of 40% pond ash, 30% RAP,
and 30% backfill soil (Soleimanbeigi and Edil
2015). The actual curve and normalized curve in-
dicate a compaction differential due to the major
portions being RAP and backfill soil, which re-
sults in porous formation due to the reduced pres-
ence of infill material (i.e., fly ash). Consequently,
mix type 5 marks the end of the iteration process
(De Lira et al., 2015; Arun et al., 2017).

CONCLUSIONS

The engineering parameters were determined
for individual materials, such as pond ash, RAP,
and backfill soil. The assessed characteristics
demonstrate that the replacing materials resem-
ble the properties of soil, leading to the decision
to select these materials as sub-base and sub-
grade fill materials. Optimum moisture content
and relative density were established for different
proportions of the mixing matrix, with pond ash

varying from 90 to 40%, RAP from 5 to 30%, and
local soil backfill from 5 to 30%. The strength
of RAP aggregate as a structural pavement com-
ponent is most pronounced when stabilized with
cement, rather than blended in RAP. The sample
moisture content and dry density for different
proportions were identified using standard and
modified proctor tests. The test results of the
standard proctor test were depicted in graphical
representation. The main objective of this study
was to determine the optimum value of moisture
content and maximum dry density of the mixed
proportions of PA, RAP, and natural backfill soil.
In the experimental study, MDD and OMC in-
crease with the decreasing mix proportions of PA
from 90 to 50%, RAP from 50 to 30%, and natu-
ral backfill soil from 50 to 20%.

As aresult of treating the RAP materials for re-
use by emulsification, the hygroscopic water bond
property is enhanced due to the viscous bitumen
adhering to the coarse aggregates, which results
in an increase in MCC with the increment of RAP
until the optimum mix is reached. This reveals the
optimum usage of waste materials in the construc-
tion of roadways, particularly in the sub-base and
wearing courses. Upon interpretation, the OMC
and MDD were found to be 11.65% and 1.928 g/
cc, respectively, for the mix of 50%:30%:20%,
which is closer to conventional limitations accord-
ing to the Indian Road Congress.

Consequently, the mix ratio of 0.5:0.3:0.2
can be replaced as optimum and applied for field
works on a trial-and-error basis. The current re-
search assessed the use of materials in the sub-base
to achieve maximum dry density and optimum
moisture content using pond ash and reclaimed
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asphalt pavement materials in road construction.
The extension of the work is to be carried out for
various additional proportions in the future. Fu-
ture research will focus on the recycling of mate-
rials and cost analysis to effectively demonstrate
the cost of alternative materials when compared
to conventional materials.
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