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ABSTRACT

This study aims to assess the deflection and elastic modulus (Es) of subgrade in flexible pavements,
focusing on a comparative analysis between pavements with clayey soil subgrade and subgrade modified
with tire scrap. The research utilized Falling Weight Deflectometer (FWD) for measuring subgrade
deflection, essential in evaluating pavement performance. The FWD applied a dynamic load to the
pavement, with deflection measurements processed using the KGP-BACK software to calculate the E; of
the pavement subgrade. This approach included assessing the Lower Layer Index (LLI) and E of the
subgrade. Findings revealed a notable reduction of 37.5% in deflection and 2.68 times increase in E, for the
tire scrap modified subgrade pavement compared to the standard clayey soil subgrade pavement. These
results demonstrate significant enhancements in pavement structure, underlining the potential of recycled

materials in sustainable civil engineering practices.

Keywords-deflection; elastic modulus; falling weight deflectometer; subgrade

I.  INTRODUCTION

The rapid growth in global vehicle numbers has resulted in
a parallel increase in waste tire and tube production. This trend
is anticipated to approximately yield 2 billion scrap vehicles by
2030, posing significant environmental and waste management
challenges [1]. Annually, one billion tires reach the end of their
lifespan, with only about half undergoing recycling while the
rest end up in landfills [2], where large volumes of scrap tires
are accumulated, emphasizing the environmental risks if not
managed properly [3]. Often, these tires are disposed of
uncontrolledly, exacerbating the rapid depletion of waste
disposal sites and leading to severe environmental issues. The
use of scrap tires has been increasingly observed in various
civil engineering applications. In this regard, authors in [4]
investigated the cumulative effect of crumb rubber and steel
fiber on the flexural toughness of concrete. The study explores
the use of these materials as potential enhancements for
concrete properties, particularly in terms of toughness and
ductility, which are important for resisting impacts or blast

loads. The research delves into the behavior of concrete beams
and slabs when combined with steel fiber and crumb rubber,
offering insights into the potential of these materials in creating
more resilient and sustainable construction materials. However,
emerging research in geotechnical engineering provides many
possible benefits for repurposing waste tires. These recycled
materials boast high tensile strength, durability, toughness, and
resistance to aging, making them a viable solution for
environmental concerns [5].

Authors in [6] conducted a study on the mechanical
properties of waste tire rubber powder for use in civil
engineering. They performed physical, chemical, and direct
shear tests on different rubber powder sizes, establishing
empirical relationships between cohesion, friction angle, and
particle size. It was found that a cubic regression model
explains these relationships better than linear or quadratic
models, offering new perspectives on recycling waste tire
materials in construction and engineering. Authors in [7]
examine the impact of varying scrap tire rubber contents (10%,
20%, 25%, 50%) on Fergoug sediment and Tizi Tuff soil. Tests
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considered grain size, Atterberg limits, shear strength,
compaction, and CBR. Cohesion, and CBR values were found
to decrease with increasing rubber content, while compression
and recompression indices increased. Notably, a 75% Tizi Tuff
and 25% rubber mix showed contrasting CBR results at
different water contents, highlighting the potential of scrap tire,
as a reinforcement material in dredged soil, with careful
consideration of its impact on compressibility.

Within pavement engineering, flexible pavements are
particularly beneficial due to their ability to incrementally
strengthen in response to growing traffic loads. Pavements are
vital for efficient transportation of passengers, freight, and
other community services. A flexible pavement, as a load-
bearing structure, comprises layers of various granular
materials over a soil subgrade. The durability of these
pavements depends on several factors, including the strength of
the subgrade soil, material quality, layer thickness,
environmental conditions, and traffic characteristics. Ensuring
the structural integrity and load-bearing capacity of the
pavement subgrade is crucial for distributing loads effectively,
mitigating strain on the pavement layers, and potentially
extending the lifespan of the pavement. In alignment with
IRC115:2014 [8], the Falling Weight Deflectometer (FWD) is
a pivotal tool in determining the subgrade deflection and elastic
modulus of pavements. This study focuses on comparing the
deflection and elastic modulus of flexible pavements with
normal clayey soil subgrade and scrap tire mix clayey soil
subgrade. Data were collected from previous studies conducted
at the Soil Mechanics and Foundation Engineering Division of
Jadavpur University, Kolkata, West Bengal, India. This
investigation aims to compare existing pavement with scrap tire
modified subgrade pavement or modified pavement. The
primary objective is to conduct a comparative analysis between
the subgrade deflection and elastic modulus of the existing and
modified pavement using the FWD system. Recent studies in
geotechnical and transportation engineering have emphasized
the significance of FWD in assessing soil and pavement
conditions.

Further works on advanced pavement engineering with
multi-directional FWD testing on concrete plates, highlighting
asymmetry in structural behavior have been conducted. FWD
tests at plate centers, measuring vertical deflections in eight
directions were carried out. Significant asymmetries were
found in a 22-year-old plate, while a new plate showed double-
symmetric behavior. The study applied Kirchhoff-Love plate
theory and optimized the uniform modulus of subgrade
reaction, introducing an auxiliary surface load for more
accurate results. Inertia forces were also considered, affecting
the effective modulus of subgrade reaction by less than 3.5%.
This research enhances pavement engineering by offering a
detailed approach to assess structural integrity and asymmetry
of concrete plates [9]. The FWD is a widely used non-
destructive tool for pavement assessment, valued for its
reliability, rapid operation, and user-friendliness. It employs
back-calculation methods to compute layer moduli,
highlighting the necessity of correction factors for reliable layer
modulus determination. Furthermore, the statement references
the development of low-cost, indigenous FWD models,
particularly emphasizing their potential in pavement

engineering, with a special focus on applications in countries
like India [10]. This indicates a growing interest in adapting
advanced technologies to suit local economic and
infrastructural contexts. Authors in [11] focus on using FWD
data to assess pavement structural health. Their study covers 97
pavement sections in the South-Central United States, using
3D-Move software for simulating FWD deflection bowls. The
research introduces the normalized Comprehensive Area Ratio
(CAR) for evaluating pavement structures. It reveals that 3D-
Move simulations correlate highly with the actual FWD
deflections. The most significant contribution of this study is
that it includes a new classification scale for pavement
conditions, accounting for different drop loads, which aids in
effective pavement maintenance and rehabilitation decisions. In
[12], attention is paid to the development of intelligent
pavement performance models to enhance the efficiency of
highway maintenance and repair. The research highlights the
importance of these models in managing pavement
maintenance and rehabilitation, considering various factors,
such as traffic, environmental, and climatic conditions. The
study involves the use of FWD tests to analyze and understand
patterns of deterioration in flexible pavements. For assessing
the structural conditions of pavement, Deflection Basin
Parameters (DBPs) from FWD data are utilized as an efficient
alternative. Use of DBPs through finite-element modeling and
field analyses, offers a comprehensive view of pavement
conditions for rehabilitation decisions [13]. In the technical
assessment of flexible pavements, especially those constructed
on tropical soils, the bonding state of the subgrade is a critical
aspect that can be effectively examined using FWD data. In
this context, the deflection measurements obtained from FWD
are pivotal, serving as key indicators of the subgrade condition.
This emphasis on deflection data is crucial for the early
detection of subgrade issues, which is fundamental in
maintaining the overall integrity and longevity of the pavement
structure [14]. Authors in [15] investigated the use of
Reclaimed Asphalt Pavement (RAP) for stabilizing unbound
layers in road structures, focusing on four sections of State
Main Road A7 from Riga to the Lithuanian border. Utilizing a
blend of laboratory and field assessments, including FWD data,
the research back-calculated the equivalent modulus of
elasticity (E,) of stabilized RAP. Findings revealed E,, values
of 370 MPa at the surface, decreasing to 100 MPa at 60 cm
depth, with 67 FWD measurements confirming the
effectiveness of cement-stabilized RAP. However, significant
variability was noted, with some values reaching up to 4000
MPa, indicating anisotropy. The study concluded that cement-
stabilized RAP is technically, economically, and
environmentally viable for road construction, but emphasized
the need for improved design and construction specifications
due to the variability of the results, highlighting the importance
of more detailed investigations into pavement structures with
stabilized road bases. In [16], an extensive evaluation was
conducted on a 20 km segment of the Barnala-Mansa State
Highway. The primary tool for this assessment was the FWD,
which was employed to gauge the pavement conditions both
prior to and following the application of an overlay. The focal
point was the calculation of critical parameters, notably the
Surface Curvature Index (SCI) and Middle Layer Index (MLI).
These indices provide valuable insights into the condition of
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various pavement layers. Collectively, such studies are
instrumental in enhancing the field of pavement engineering.
They introduce innovative methodologies that are crucial for
the assessment, design, and maintenance of pavement
performance. Authors in [17] demonstrated through large-scale
models and field tests that geocells reduce surface deflections
and vertical pressure on the subgrade. These tests also
examined the effect of aspect ratio, indicating improved
performance with increased height to diameter ratio.

In the current study, a comprehensive methodology to
examine the application of scrap tires in deflection and elastic
modulus of pavement subgrades was used. The primary
methods and procedures include data collection and
experimental studies. Laboratory soaked CBR and thickness
data of the pavements were collected from the Soil Mechanics
Research Division of the Civil Engineering Department,
Jadavpur University, Kolkata. FWD studies on the existing
pavement and scrap tire-modified subgrade pavement were
conducted to assess the deflection of the subgrade.

II. DATA COLLECTION AND SITE SELECTION

A. Background

The necessary data for analyzing FWD results were
collected from prior research conducted by the Soil Mechanics
and Foundation Engineering Division of the Jadavpur
University. This research involved a detailed examination of a
specific roadway segment under Public Works Department
(PWD) in West Bengal. The roadway, stretching from Jibantala
Bazar to Taldi Bazar near Canning (District-South 24 Parganas,
West Bengal, India), initiates at 0.00 km near Jibantala crossing
the market (coordinates: Latitude 22°20°37.7” N, Longitude
88°36°29.6” E) and concluding at Taldi Bazar near the railway
station (Latitude 22°25°11.8” N, Longitude 88°39’44.4” E),
covering a total distance of 12.45 km. This road belongs to the
PWD of the Government of West Bengal. During the research,
soil samples, termed as road chainage, were collected at
various points along the length of the road. These samples,
which are brownish grey silty clay, were taken to the laboratory
for testing to determine their soaked California Bearing Ratio
(CBR) and other metrics (Table I). The design CBR was
obtained from Table I by following Clause 6.2.2 of IRC:37-
2018 [18]. The results yielded a design CBR value of 3.36 for
this particular road section. Additionally, soil samples were
specifically selected from road subgrade locations where the
soaked CBR closely aligned with the design CBR value. The
innovative aspect of the study involved experimenting with
various sizes of scrap tire pieces, ranging from 10 mm x 10
mm to 30 mm x 30 mm, mixed with the collected soil in
proportions varying from 5% to 30%. The optimum
improvement in CBR value was noted with 15mm x 15mm tire
scraps at 10% weight of the soil, achieving a CBR of 8.90.
Based on these laboratory findings, a 30 m long and 5.5 m
wide flexible pavement section was constructed by following
the design methodology of IRC 37:2018. This construction was
situated 20 m away from the existing pavement and utilized the
optimally determined tire scrap mix combined with original
soil collected from the selected areas. The purpose of this
construction was to replicate the laboratory-obtained CBR

values of the tire mix soil under field conditions, thereby
validating the laboratory results.

TABLE 1. LABORATORY TEST RESULTS ON ROAD SOIL
WITH RESPECT TO CHAINAGE
. Modified proctor
Ch?::)age Description of soil MDD | OMC Soak(el;(i; )C BR
(gm/ce) | (%)

100 Grey clayey silt 1.760 15.18 3.80
1000 Grey silty clay/ clayey silt | 1.751 15.25 3.75
2000 Brownish grey silty clay 1.741 16.80 3.62
3000 Grey silty clay 1.724 17.06 3.39
4000 Grey silty clay 1.720 17.42 3.15
5000 Grey silty clay 1.710 18.14 3.05
6000 Brownish grey silty clay 1.730 16.50 3.30
7000 Grey silty clay/ clayey silt | 1.728 17.12 345
8000 Brownish grey silty clay 1.750 15.60 3.75
9000 Grey silty clay 1.740 15.86 3.57
10000 Brownish grey silty clay 1.740 16.20 3.55
11000 Grey silty clay 1.730 17.16 3.41
12000 Grey silty clay 1.730 16.90 3.28
12450 Greyish brown silty clay 1.730 17.05 3.40

B. Site Selection

The focus was on the 3.00 km to 3.03 km stretch of
Jibantala-Taldi Road, chosen for its smooth surface and
uniform cross-section, which is ideal for FWD tests. Data from
Jadavpur University supported this site selection. Both the
modified and existing pavements, each 30.00 m in length, were
divided into four equal segments of 10 m for testing, allowing
for direct performance comparison. This methodological
approach ensured a precise evaluation of the impact of tire
scrap on pavement quality. Table II shows the different
chainage points under study.

TABLE II. TEST POINTS AND CHAINAGE
Selected .
Pavement | chainage for FWD test points
type FV\;g)test 1 ond 3 40
point point point point

. 4o 3
Existing | 3.00x10 1o | 3 5015311 3.01x10°m | 3.02x10°m | 3.03x10°m
pavement | 3.03x10
Modified | 1y, 3000| 0.00m 1000m | 2000m | 30.00m
pavement

C. CBR Test results

For further processing in FWD and to account for the
worst-case scenario, the minimum CBR values obtained from
laboratory tests were considered. It is worth noting that
laboratory CBR values were used in FWD analysis for the
Barnala - Mansa Section of SH13 in the district of Barnala,
Punjab, India, which spans a length of 20 km [16].

D. Pavement Details

Table III shows different layer pavement thickness values,
for existing and modified subgrade acquired from Soil
Mechanics Research Division of Jadavpur University.
IITPAVE software was used for obtaining pavement thickness.
Both pavements have a subgrade depth of 0.5 m.
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TABLE IIL DIFFERENT LAYER PAVEMENT THICKNESS
FOR NORMAL AND TYRE SCRAP MIXED SOIL

Pavement thickness
. e Scrap tire
Category Layers E):s:)lgfal(';::ad modified
subgrade
S Bituminous Concrete (BC) 40 mm 30 mm
Bituminou - -
s Layer Dense Bituminous 30 mm 50 mm
Macadam (DBM)
Giznular Wet I\(/I\;(I\I/}/Il\zsadam 250 mm 250 mm
yer Granular Sub Base (GSB) 200 mm 150 mm
Total thickness 570 mm 480 mm
Difference in thickness 90 mm

III. EXPERIMENTAL STUDY

A. Testing Procedure and Methodology

The FWD is key Non-Destructive Testing (NDT)
equipment for evaluating pavement strength, capable of
calculating the elastic modulus of individual layers [19-20]. In
the current study, the primary objective is to conduct a
comparative analysis between the subgrade deflection and
elastic modulus of existing and modified pavement. For the
purpose of conducting the FWD survey, a loading force within
the range of 0-100 kN is utilized. This range allows the FWD
to efficiently simulate various types of vehicles loads on the
pavement surface. In FWD study, the setup includes deflection
sensors or geophones which are strategically placed at specific
distances from the canter of the loading plate. According to
IRC 115:2014, the distances are - 0 mm (D0), 300 mm (D1),
600 mm (D2), 900 mm (D3), 1200 mm (D4), 1500 mm (D5),
and 1800 mm (D6). These sensors have been used to measure
the surface deflection resulting from dropped weights, such as
40kN (0.56 MPa contact stress) over a contact area of 150 mm
radius. The loading time of the FWD typically ranges between
25 to 30 ms. A typical FWD schematic representation is
illustrated in Figure 1.

Deflection Sensors

FWD Loading Plate

Deflection Bowi

Fig. 1. Typical representation of FWD operation.

B. Testing Frequency

In the present work, FWD is applied to measure the
subgrade deflection of the pavements, in line with the
procedures outlined in Section 3 of IRC 115: 2014 [8]. This
analysis involves testing at various locations as described in
Table 1. For both pavements, the intermediate distance for
testing is 10 m. The referenced studies [21-22] conducted a
technical analysis focusing on the deflection bowls captured
during FWD testing across various typical South African
pavement structures. These structures included granular,
bituminous, and cemented base pavements. The FWD testing

was characterized by applying a load of 40 kN or exerting a
contact pressure of 565.9 kPa. To ensure comprehensive
coverage and detailed mapping of pavement conditions, high-
density FWD surveys were strategically performed at intervals
ranging from 5 to 10 m. This approach was meticulously
designed to encompass both the outer and inner wheel tracks,
covering the slow, fast, and shoulder lanes of these roads. Such
a methodical and detailed approach in the FWD survey
provided an in-depth understanding of the pavement behavior
under load, which is essential for evaluating the structural
integrity and serviceability of these roads.

C. FWD Test Results for Existing and Modified Subgrades

The deflection data from four points as specified in Table I,
were gathered specifically for pavement performance analysis.
These data points are presented in Tables IV and V.

TABLEIV.  SUMMARY OF AVERAGE DEFLECTION
(EXISTING SUBGRADE)
Distance from load center (mm)
Chainage (m) 0 [ 300 [ 600 [ 900 [ 1200 [ 1500 [ 1800
Deflection (mm)
DO DI D2 D3 D4 D5 D6
3.00x10° 0.519 | 0322 | 0.197 | 0.099 | 0.063 | 0.048 | 0.022
3.01x10° 0.509 | 0.324 | 0.217 | 0.109 | 0.065 | 0.047 | 0.037
3.02x10° 0.529 | 0.340 | 0.236 | 0.093 | 0.063 | 0.047 | 0.038
3.03x10° 0.518 | 0.342 | 0.146 | 0.096 | 0.062 | 0.047 | 0.036
Average | 519 | 033 | 0.199 | 0.099 | 0.063 | 0.047 | 0.033
deflection
TABLE V. SUMMARY OF AVERAGE DEFLECTION (FOR
MODIFIED SUBGRADE)
Distance from load center (mm)
Chainage 0 [ 300 | 600 | 900 [ 1200 | 1500 [ 1800
(m) Deflection (mm)
DO DI D2 D3 D4 D5 D6
0.00 0412 | 0.172 | 0.078 | 0.051 | 0.029 | 0.019 | 0.013
10.00 0.422 [ 0.165 | 0.080 | 0.049 | 0.027 | 0.021 | 0.018
20.00 0.387 | 0.150 | 0.075 | 0.044 | 0.038 | 0.025 | 0.015
30.00 0.393 | 0.158 | 0.074 | 0.051 | 0.025 | 0.022 | 0.012
Average | 104 | 0161 | 0.077 | 0.049 | 0.030 | 0.022 | 0.015
deflection

The study compares the two pavements by dividing each
into four equal segments and by establishing specific Reference
Change (RC) points for further analysis. Both pavements are
30 m long, but with different chainages. To simplify deflection
data representation, the chainages are categorized as RC1 (0.00
m for modified and 3x10° m for existing pavement), RC 2 (10
m for modified and 3.01x10° m for existing pavement), RC 3
(20 m for modified and 3.02x10 m for existing pavement), and
RC 4 (30 m for modified and 3.03x10° m for existing
pavement). Figure 2 portrays the deflection data collected at
these intervals. In this study, the primary focus is dedicated to
the analysis and comparison of subgrade deflection and elastic
modulus. To competently characterize the subgrade condition
and gauge its performance, deflections have been measured at
two key distances: 1200 mm (referred to as D1200) and 1500
mm (referred to as D1500). The difference between these two
deflections is referred to as the Lower Layer Index (LLI),
which is a deflection bowl parameter derived from the results
of deflection tests [23, 24].
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0.60 additional input parameters specified in Table VII, the KGP-
0.55 BACK software was employed to derive the pavement layer
w1 modulus. The sample input and output of the KGP-BACK for
0.45 1 -==-Modified Pavement the existing pavement are illustrated in Figures 3 and 4. Using
o.4p - S S the inputs given in Table VII, the back calculated modulus of
s | T R 1 each layer is calculated and presented in Table VIII.
g03+
.5 0.30 + TABLE VII.  INPUT PARAMETERS FOR KGP-BACK
S ANALYSIS
€025+ e
B 020 doeemmmmmmmmm e 7 T Values
oits T T Y Parameters Existing Scrap tire modified
o pavement subgrade pavement
0.10 ¥ - x Single wheel load (N) 40000
0.05 4 M e Contact pressure (MPa) 0.56 8]
5 ” * Number of deflections 7 | 7
e e e e Radial distance between each
RC-1 . . RCD-; Chainagze Point DI;C 3 . 9 RC-4 seophone (mm) 0, 300, 600, 900, 1200, 1500, 1800
-—.- —— -—- — —- —_— = .
= D4 -=-D5 ——D5 = D6 = DG D7 D7 Design CBR (%) 3.36 8.90
Measured deflections (mm) As per Table 1T As per Table III
Fig. 2. Graphical presentation of the deflection of both pavements. Pavement layer thickness (mm) 570 480
) . Poi s rati I 0.5, 0.4, 0.4 (bituminous layer, granular
Table VI provides a summary of the average deflection for oisson s ratio values layers, subgrade as per [8])

D1200 and DI1500 along with the LLI for both types of
pavements, offering insights into the performance and
condition of subgrade.

TABLE VI LLI OF THE SUBGRADE LAYER
Distance from load LLI (mm)
center (mm)
Pavement |y oioe(m) [ 1200 [ 1500
type Deflection(mm) (D4-D5)
D4 D5
3.00x10° 0.063 0.048 0.015
Existing 3.01x10° 0.065 0.047 0.018
subgrade 3.02x10° 0.063 0.047 0.016
3.03x10° 0.062 0.047 0.015
Average LLI for existing pavement subgrade 0.016
(LLLy) in mm )
Scrap tyre 0.00 0.029 0.019 0.010
modified 10.00 0.027 0.021 0.006
subgrade 20.00 0.038 0.025 0.013
pavement 30.00 0.025 0.022 0.003
Average LLI for modified pavement subgrade 0.008
(LLILyy9) in mm )

D. Back Calculation of Layer Modulus for Both Pavements

The FWD was employed to apply a dynamic load to the
existing pavement, and the response to this load was measured.
The obtained deflection values are then utilized in the KGP-
BACK software to calculate the elastic modulus of the
modelled pavement layers, following the guidelines of IRC:
115-2014 [8]. The layer modulus was back-calculated with
KGP-BACK program. The pavements were modelled as three-
layer systems with bituminous layer, granular layer, and
subgrade. The KGP-BACK program, a specific version of the
BACKGA program developed by the transportation
engineering section at IIT Kharagpur, India is a vital tool for
the back-analysis procedure used to calculate the -elastic
modulus of pavement surfaces. This calculation relies on
deflection measurements obtained from the FWD. The purpose
of this procedure is to assess the structural condition of in-
service pavements by determining the in situ elastic modulus of
different pavement layers. Utilizing normalized data and the

PRINT INPUT DATA
PL. SEE THE MANUAL SUPPLIED FOR HELP

TYPE PEAK FWD LOAD (N), CONTACT PRESSURE (MPa)d
Standard Values are 40000 0.S56
40000 .S6

HOW MANY DEFLECTIONS WERE MEASURED (4 TO 10)7?
7

PRINT RAD.DISTANCES (mm) WHERE DEFLECT. WERE MEASURED
cg: ©, 300, 600, 900, 1200, 1S00 iz a Typical
Configuration for six Geophones

© 300 6600 900 1200 1500 1800

PRINT MEASURED DEFLECTIONS IN mm.

.5195 .322 .1968 .099 .0633 .048 .022

GIVE THE PAVEMENT RELATED INPUTS (3-LAYER SYSTEM)
TYPE EACH LAYER THICKNESS(mm). START FROM TOP
120 u4se

TYPE POISSON RATIO OF EACH LAYER. START FROM TOP
Suggested values are 0.5 0.4 0.4
.5 .4 .4

INPUT RANGE (lowex and upper) FOR EACH LAYER MODULUS
Please note that Backcalculation R ults will depend
on the selection of appropriate Ranges. The slection
of Ranges has to be made judiciously on the basi=z of
of the Pavement Condition

PRINT LOWER AND UPPER BOUND MODULI (MPa) LAYERS
PL. Sce the Manual suppliced for guidance

Fig. 3. Input window of KGP-BACK for the existing pavement.

11 THANKS FOR USING KGPBACK !!!
THE RESULTS ARE GIVEN BELOW

“
“

No.of Layers

FD Load (N)

Contact Pressure (MPa)

No.of Deflection points

Deflections measured using FRO (m3)
Radial distances froa centre of load(mm)
Layer thickness (ma)

Poisson ratio values

Layer Modulus (MP3) Ranges Selected :-
(3) situsinous Surfacing

(b) Granular Base

(c) Subgrade

::%”
8

.51950 .32200  .19689  .05900 .06330 .Q4820 .02200
.0 302.0 609.0 9090.0 1209.0 1500.0 1820.0

122.09 459.09

S8 .42 .42

Wowow oW

750.6 3209.0
102.8 S520.9
16.8 67.2

Backcalculated Layer Moduli are:

surface (#Pa) = 2465.5
Base (wa) = 193.9
Subgrade (wPa) = 67.2
Fig. 4. Output window of KGP-BACK for the existing pavement.
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TABLE VII. BACK CALCULATED LAYER MODULUS
VALUES
Pa:;g;e“t Back calculated Moduli (MPa)
Chainage (m) Bituminous Granular Subgrade

. 3.00x10° 2296.20 102.30 67.20
p‘f"v‘f;i:ﬁ A 3.01><102 2975.80 107.80 67.20
3.02x10 2300.60 111.30 67.20
3.03x10° 2925.20 189.90 67.20
0.00 2997.80 176.60 178.00
Modified 10.00 2918.60 189.90 178.00
pavement 20.00 2958.20 232.20 178.00
30.00 2815.20 186.80 178.00

E. Determination of Corrected Back Calculated Moduli

The back-calculated modulus of the granular, and subgrade
layers obtained from software analysis were adjusted using a
correction factor for seasonal variation, implemented for the
granular and subgrade layers, in accordance with clause 6.5.1
of IRC:115-2014 [8]. Table IX displays the calculation of
correction factors and the resulting corrected back-calculated
modulus for the granular and subgrade layers, specifically
accounting for seasonal variations. Figure 5 shows the
corrected back calculated modulus chart for both pavements.

Figure 5 clearly illustrates that in the case of the scrap tire-
modified subgrade pavement, there was an increase in the back
calculated modulus for each component of the pavement. These
back calculated modulus values play a crucial role in the
analysis of the in-service pavement and the assessment of its
structural condition, as outlined in Clause 6.3.1 of [8].

3000

2500

2000

1500 1

1000

500

Back Calculated Module (Mpa)

RC-1 RC-2 RC-3 RC-4
Chainage Point
M Bitumunous Layer of Existing Pavement M Granulars Layer of Existing Pavement
W Subgrade Layer of Existing Pavement W Bitumunous Layer of Modified Pavement
B Granular Layer of Modified Pavement Subgrade Layer of Modified Pavement

Fig. 5. Corrected back calculated moduli chart for both pavements.

TABLE IX. CORRECTED BACK CALCULATED MODULI FOR GRANULAR (Egran_win) AND SUBGRADE (Eqy,_win) LAYER OF PAVEMENT
Corrected back calculated modulus | Corrected back calculated modulus
Pavemen | Chainage | Back calculated | Back calculated for subgrade for granular layer
type (m) Egub_win (MPa) Egran_win (MPa) Equb_mon=3.351X(Egup_win)0.7688-28.9 | Egran mon=3.351X(Egran_win)0.624-113.857
(MPa) (MPa)
3.00x10° 67.2 102.30 56.22 75.60
. 3.01x10° 67.2 107.80 56.22 81.89
plfl’éflﬁ'e‘ﬁ L [3.02x10° 67.2 111.30 56.22 85.83
3.03x10° 67.2 189.90 56.22 164.85
Average back calculated modulus 56.22 102.04
0.00 178 176.60 151.11 152.50
. 10.00 178 189.90 151.11 164.85
x‘v’gf;‘lit 20.00 178 232.20 151.11 202.11
30.00 178 186.80 151.11 162.00
Average back calculated modulus 151.11 170.365

IV. DISCUSSION ON FWD OBTAINED DEFLECTION
AND ELASTIC MODULUS

A. Discussion on Subgrade Deflection

In this study, LLI serves for the characterization of the
subgrade condition and was proved valuable in predicting the
performance and assessing the overall condition [24-26]. To
calculate the LLI, the average deflection values of D1200 and
D1500 for both pavements were considered according to Table
VI. The resulting LLI values are:

e LLI for existing pavement subgrade: LLL,, = 0.016 mm
(from Table IX).

e LLI for modified pavement subgrade: LLI,, = 0.008 mm
(from Table VIII).

This means that the decrease of LLI for modified pavement
with respect to that of the existing pavement becomes:

[(0.016-0.008) x100/0.016)] %=50 %.

Thus, the obtained data suggest that the improvement, in the
form of decrease of LLI, is 50%. Figure 6 depicts the deflection
variation of both pavements.
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Fig. 6. Deflection variation in subgrade for both pavements.
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LLI provides a quantitative measure of the subgrade's
ability to distribute loads, while effectively characterizing the
stiffness and load-bearing capacity of the subgrade. The LLI
values are indicative of the structural integrity of the subgrade
[23]. This implies that the LLI is exceptionally capable of
identifying possible structural issues in the subgrade. A lower
LLI value suggests a stiffer subgrade that is better at
distributing loads, thus implying a potentially longer lifespan
and reduced maintenance needs [26]. The LLI of the existing
pavement subgrade indicates a relatively less stiff subgrade.
This could translate to a higher likelihood of deformations
under load, leading to possible issues like rutting or cracking in
the overlying pavement layers. The LLI of the modified
pavement subgrade suggests a considerable improvement in
subgrade stiffness. This could be a result of modifications like
the incorporation of materials (scrap tires) that enhance the
load-bearing capacity. A stiffer subgrade as indicated by this
lower LLI value could lead to better load distribution, reduced
strain on the pavement layers, and probably a longer lifespan.

B. Discussion on the Elastic Modulus (Es) of the Subgrade

This study provides crucial insights into the comparative
performance of the existing pavement and the scrap tire
modified subgrade pavement. Utilizing FWD for deflection
measurements and the KGP-BACK software for back-
calculating moduli values, the analysis aligns with the
standards set forth [8]. For the existing pavement, the elastic
modulus (E,,) is measured at 56.22 MPa. This value falls
within the typical range (20 to 100 MPa) for conventional
pavement structures, indicating a standard level of stiffness.
Such a modulus level suggests that the pavement is likely to
perform adequately under normal traffic conditions [16].
However, this also implies potential limitations in its load-
bearing capacity, possibly making it more susceptible to wear
and degradation over time. In contrast, the modified pavement,
characterized by an elastic modulus of 151.09 MPa, exhibits a
markedly 2.68 times higher stiffness level with respect to the
existing pavement, due to the integration of scrap tire rubber.
This substantial increase in the modulus points to an enhanced
load-bearing capacity and overall structural integrity.
Consequently, pavements with such modifications are expected
to offer improved durability, resist deformation more
effectively, and potentially enjoy a longer service life [24]. The
observation that the scrap tire modified pavement has a
significantly higher modulus than the existing pavement
underscores the effectiveness of using recycled materials in
enhancing pavement performance.

V. CONCLUSIONS

The use of scrap tire material in pavement subgrades

presents a promising method for enhancing pavement
performance. Not only does this approach address
environmental concerns related to tire waste, but also

contributes to the development of more durable and sustainable
road infrastructures. The following conclusions can be drawn
from the research findings:

e The lower LLI value of the modified pavement subgrade
suggests a considerable improvement in subgrade stiffness,
possibly due to the incorporation of materials like scrap tire

rubber that enhance load-bearing capacity. This
improvement in subgrade stiffness could result in better
load distribution, reduced strain on pavement layers, and a
possibly longer lifespan.

e The scrap tire modified pavement has 2.68 times higher
modulus than the existing pavement, underscoring the
effectiveness of utilizing recycled materials for enhancing
pavement performance. This suggests that incorporating
scrap tire rubber in pavement construction can lead to
structural improvements, offering a sustainable and
beneficial approach to ameliorate the durability and
performance of road surfaces.
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