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Abstract

Objectives: To conduct a comparative analysis of pavement design method-
ologies adopted by the Indian Road Congress (IRC) 37-2012, based on the
empirical method and mechanistic-empirical approach adopted by the IITPAVE
software. Methods: The present research is carried out to design pavement
crust thickness and calculate the strain values in pavement by adopting IRC
37-2012. Pavement crust thickness is designed based on real-time traffic and
soil data collected for a stretch of road in Tamil Nadu, India. The allowable
horizontal tensile strain and vertical compressive strains are estimated by the
empirical equations proposed by IRC 37-2012 and the mechanistic-empirical
method by IITPAVE software. A comparison of both design methodologies is
made to check for their safety. Findings: Based on the soil data and traffic data
from the stretch of road, the California Bearing Ratio (CBR) of the soil sample
and design traffic in terms of million standard axles (msa) were computed to
arrive at a total pavement crust thickness of 575 mm by adopting IRC 37-2012.
The obtained values of allowable horizontal tensile strain at the bottom of the
bituminous layer from IRC 37-2012 and the actual strain values from IITPAVE
software are 301.73x10°® and 270.4x10°® respectively. Similarly, the allowable
vertical compressive strain on the top of the subgrade soil surface and the
actual strain values from IRC 37-2012 and IITPAVE software are 583.98x10
and 381.6x10°® respectively. The analysis of the research shows that the actual
compressive and vertical strain values obtained from [ITPAVE are within the
allowable strain values as per the code provisions of IRC 37-2012, making the
design safe. Novelty: The novelty of the study lies in its approach to distin-
guishing itself by focusing on real-time data collection, analysis, and design of
pavement. Furthermore, the design is checked for safety by using the latest
available software.
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1 Introduction

The flexible pavement design depends on several important factors, such as material characteristics, soil properties, traffic
conditions, wheel load, contact pressure, climatic conditions, and environmental conditions, etc. ?). The design should focus
on the most economical and effective use of the existing subgrade materials to optimize their performance. Countries all over the
world adopt different methodologies and criteria for the design of flexible pavement ). In India, generally, flexible pavements
are designed based on the guidelines suggested by the Indian Road Congress (IRC). The design guidelines, principles, and
methodologies adopted in IRC 37-2012, are applicable to all the new highways constructed in India, such as National Highways
(NH), State Highways (SH), and Major District Roads (MDR).The pavement crust consists of different layers made of non-
bituminous and bituminous layers. Non-bituminous layers consist of subgrade and sub bases, and bituminous layers consist
of base course and surface course layers. The guidelines strongly recommend that the design of bituminous mixes, which
is an integral part of pavement design to consider some of the important factors such as California Bearing ratio (CBR),
Modulus of Elasticity (E) of the soil and bitumen, traffic, wheel load, axle load, tyre pressure, contact pressure, etc, . The
incorrect estimation and input of data in the analysis and design lead to early pavement failures or distress, which causes
discomfort to the vehicular user simultaneously increasing the vehicular and road maintenance costs. Cracking, ravelling,
shovelling, potholes, edge breaks, rutting, etc., are some of the common forms of failure or distress formed on the surface of
the pavement %), The IRC 37-2012 highlights various reasons for early failure in the pavement surface and considers excessive
strain and deformation in the pavement surface as the main factors responsible for it. The code and previous research findings
also consider the development of horizontal tensile strain at the bottom of the bituminous layer and vertical compressive strain at
the top of the subgrade layers, which are crucial parameters to limit cracking and rutting in the bituminous and non-bituminous
layers of pavement "), Due to the load repetitions, tensile strains are developed at the bottom of the bituminous layer, over
a period, they propagate to the top layers, which are due to fatigue, and the failure is known as fatigue failure. Similarly, the
bituminous pavement surface undergoes rutting due to deformation in the subgrade and other non-bituminous layers to take
on a deformed shape, and the failure is known as rutting failure ). The IRC 37-2012 adopts an empirical design methodology
for pavement design by suggesting an equation to estimate both fatigue and rutting failures. IITPAVE software was developed
by the Indian Institute of Technology, Kharagpur to analyse the stresses, strains, and deflections caused at different locations
on the pavement surface. The most important input parameters in the IITPAVE software are the modulus of elasticity (E) of
the material, Poisson’s ratio, and thickness of the pavement. On successful running of the software with the input of relevant
data, results are obtained as an output, showing the critical horizontal tensile strain and vertical compressive strain values at
various locations of pavement layers. Many research studies are carried out using the ITPAVE, KENPAVE (1), MXROADS,
AASHTOW, PAVERS, PAVEXPRESS, etc. 1), each using different input parameters for the design of pavement. Every software
has some advantages and disadvantages !?. Some of the disadvantages of using software other than IITPAVE can be listed as
follows: they may not perfectly fit the Indian road design and standards, there are compatibility issues with the software and,
more importantly, they are very expensive. All these drawbacks can be overcome by choosing IITPAVE, with a feel of a “Made
in India” concept; hence, the present research uses IITPAVE in the design due to the fact that it is tailor-made to adhere to the
Indian pavement design guidelines and standards, ensures the specific needs and requirements of road construction projects,
is user-friendly, and is available free of charge. However, like any software, all the aforementioned software has disadvantages
with respect to updates and maintenance to stay connected with changing design standards and practices !,

In general, the majority of the research is carried out in India, and elsewhere it is limited to laboratory or experimental
investigations (!41%). Very few research works are based on real-time applications, data collection, analysis, design, etc., and the
present research is one of them (%), The present research distinguishes itself by focusing on the real-time data collection, analysis,
and design for a stretch of road. The results obtained in this research are considered unique since they are based on specific
project road data and cannot be directly compared with previous research findings. This uniqueness adds value to the study
and is readily implemented in actual road construction. The main objective of the present research is to design the pavement
crust thickness based on IRC 37-2012. The input data and details for the design of pavement are collected from the project
road situated in a coastal village near Tirunelveli district, Tamil Nadu, India. The various data, such as type of soil, classification
of soil, type and classification of traffic, traffic count, etc., are collected to arrive at the California Bearing Ratio (CBR), design
traffic in terms of million standard axles (msa), and other important parameters. In addition, the allowable horizontal tensile
strain at the bottom of the bituminous layer and the vertical compressive strain at the top of the subgrade layers are found by
using the equations as suggested in IRC 37-2012. Furthermore, the pavement design is carried out by using IITPAVE software
to compute the actual horizontal and vertical strain in the pavement layers. Finally, comparisons were made to check the actual
and allowable strain values obtained from IITPAVE and IRC 37-2012 to ensure a “safe design”
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2 Methodology

2.1 General

The methodologies adopted in the design of flexible pavement by IRC 37-2012 are empirical methods, and in IITPAVE software,
they are mechanistic-empirical methods. The following data were collected from the coastal village, namely, Chettikulam,
Tirunelveli District, Tamil Nadu, India, which connects the places from Kanyakumari (K) to Trivandrum (T). The location
of the project site is shown in Figure 1.

KAMARAJAR

NAGAR

RAMANPUTHUR: 1 | seett
."

Fig 1. Location of Project Site on Google Map

2.2 Data Collection

Classified Volume Count Surveys: The different classes or types of vehicles travelling on the road at the project site were carried
out manually by counting the number of vehicles travelling on the project site in both directions of the road for a time of 24
hours.

Axle Load Survey : The axle load survey was carried out on normal working days, continuously for 24 hours on the project
road. The axle load survey is carried out for vehicles whose gross weight is more than 3.0 tonnes, by using two portable axle load
pads to measure the weight of all axles of vehicles travelling on the project road. All the traffic surveys and data collection were
done in both directions, i.e., the traffic moving from Kanyakumari to Trivandrum (K-T) and from Trivandrum to Kanyakumari
(T-K).

Intersection Turning Movement Survey: At the intersections, a manual turning volume count of vehicles was carried out
for a period of 12 hours, covering morning and evening peaks, in order to assess the current turning movement and to plan for
junction improvement.

Subgrade Soil Investigation: A subgrade soil sample of approximately 20kg was collected from the test pit along the project
road and tested in the laboratory. Some of the tests performed were grain size distribution, liquid limit, plastic limit, and soaked
California Bearing Ratio (CBR) tests. The CBR is one of the important tests performed on the soil, which determines the total
pavement thickness.

2.3 Flexible Pavement Design by IRC 37-2012

The data collected from the traffic details are used to estimate the design traffic in terms of million standard axles (msa). The
design traffic is estimated using Equation(1) as suggested in IRC 37-2012.

v 35[0+ 1]

r

Ax Dx F

Where
N = Cumulative number of standard axles to be catered for in the design in msa.
A =Initial traffic in the year of completion of construction in terms of the number of Commercial Vehicles per Day (CVPD).
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D = Lane distribution factor

F = Vehicle Damage Factor (VDEF).

n = Design life in years

r = Annual growth rate of commercial vehicles in decimal

The traffic in the year of completion is estimated using the following formula: A=P (1 +r)*

Where P = The number of commercial vehicles as per the last count. x = Number of years between the last count and the
year of completion of construction.

Based on the estimated design traffic in terms of million standard axles (msa) and the CBR value of the soil sample, pavement
crust thickness is adopted as per the design catalogue given in IRC 37-2012. The pavement design catalogue applicable to the
present research is shown in Figure 2.

700 PLATE 6 (CBR 8%)

Pavement Thickness in mm
w
8

OGS8 DOG.BASE BDEM WBC/SDBC|upto Smsa)

Fig 2. Pavement Design Catalogue for CBR 8% as Per IRC 37-2012

2.4 Fatigue Failure Criteria

The pavements are designed to fit the fatigue model as suggested in IRC 37-2012. The relationship between the CBR and resilient
modulus are given in Equations (2) and (3). The code suggests the fitting of fatigue and rutting failure models. In the first case,
computed strains in 80 percent of the actual data were higher than the limiting strains predicted by the model, termed the 80%
reliability level, and in the second case, corresponding to 90% reliability values for the traffic, are shown in Equations (4) and
(5) respectively.

Mg =10 x CBR For CBR < 5% (2)

Mg = 17.6 x CBR*** For CBR > 5% (3)

Where
Mpg= Resilient modulus of subgrade soil,
CBR= California bearing ratio of soil sample.

Ny =221 107% 5 (1/&]* x [1/Mg)*** (4)

Ny =0.711x 107% x (1/&]>% x [1/Mg]*** (5)

Where
N ;= Fatigue life in number of standard axles
&= Maximum tensile strain at the bottom of the bituminous layer
Mpg= Resilient modulus of bituminous layer

https://www.indjst.org/ 3878
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2.5 Rutting Failure Criteria

The rutting is the permanent deformation usually occurring longitudinally along the wheel path of the vehicle. This is also
caused by shear deformation under heavy traffic loads and higher temperatures. Similar to the fatigue models, rutting models
were predicted for 80% and 90% reliability levels and are given in Equations (6) and (7) respectively.

N =4.1656 x 1098 x [1/g,]*>3%7 (6)

N=141x10"%x[1/g,]*> ?7)

Where
N= Number of cumulative standard axles
€,= Vertical strain in the subgrade

2.6 Design Analysis of Pavement by IITPAVE

The design of the flexible pavement carried out using IRC 37-2012 is analysed using the IITPAVE software, which uses the
mechanistic-empirical approach. The various data, such as layer thickness, Poisson’s ratio, resilient modulus of the materials,
wheel load, tyre pressure, and distance between the wheels, are given as input parameters to calculate critical stress and strains
at the different locations of the pavement layer. Horizontal tensile strain at the bottom of the bituminous layers and vertical
compressive strain at the top of the subgrade layers are considered critical parameters to limit the development of cracking
and rutting in the bituminous and non-bituminous layers of pavement. The allowable tensile and compressive strains at the
critical locations of the pavement are estimated using the empirical equations mentioned in the IRC 37- 2012 guidelines and are
compared with the actual tensile and compressive strains as computed by IITPAVE software. If the actual tensile and compressive
strain values are lower than the allowable strain values, then the design is considered ‘Safe’

3 Results and Discussion

The traffic survey, soil survey, and other data were collected from the project site. The values or counts on the number of vehicles,
type, and class of vehicles obtained from the survey data are suitably converted to get the equivalent unit, namely, Passenger
Car Unit (PCU). The survey data and the converted PCU units are shown in Table 1.

Out of the above number of vehicles travelling on the project site, only the commercial vehicles, which were carrying more
than 3.0 tonne capacity, were considered for the analysis of design. The loads carried by the vehicles are individually measured
at the project site using portable axle load pads (weighing pads). The different types of vehicles and the number of vehicles
considered for the pavement design are shown in Table 2.

3.1 Calculation of Design Traffic in Million Standard Axle (msa)

The design traffic in terms of msa is calculated as shown below:

Type of carriageway= 2lanes.

Number of commercial vehicles (P) =818

Annual average traffic growth rate (r) =5%

Traffic in the year of completion, A=P (1+r) "

=818(1+0.05>

=901 CVPD (Commercial Vehicles per Day)

Vehicle Damage Factor=3.5

CBR of the soil sample= 8.0%

Lane distribution factor=0.5

All the above-mentioned values are substituted in Equation (1) to get the design traffic in msa, and the obtained value of
design traffic is 19 msa.

3.2 Design of Pavement Crust Thickness

The soil collected from the project site was subjected to various tests in the laboratory, such as grain size distribution, liquid
limit, plastic limit, and CBR tests. The CBR value of the soil obtained was 8.0%. Using the pavement catalogue charts suggested
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Table 1. Traffic Survey Details and Equivalent Passenger Car unit (PCU)

Project Road Direction

Type of Vehicle Total Number of
Kanyakumari to Trivandrum to Vehicles

Passenger Vehicles Trivandrum (K-T) Kanyakumari (T-K)

Two Wheelers 7036 5941 12977

Auto Rickshaw 1171 1007 2178

Car/Jeep/Van 2474 2245 4719
Mini Bus 63 52 115

Bus School Bus 141 145 286
Government Bus 667 615 1282
Private Bus 152 125 277
Government Car/Jeep/Van 26 23 49

Toll Exempted

Vehicles Ambulance 15 12 27
Government Trucks 2 1 3

Goods Vehicles

Mini Light commercial Vehicle (LCV) 475 457 932

Light Commercial Vehicles (LCV) 212 198 410

Two Axle Truck 100 96 196

Three Axle Truck 43 41 84

Multi Axle Vehicles 7 5 12

Tractor

Tractor-trailers 3 1

Slow Moving Vehicles

Cycle 13 14 27

Cycle Rickshaw 0 0 0

Animal Drawn Vehicles 0 0 0

Total Number of Vehicles 12604 10944 23548

Total Passenger Car Unit (PCU) 12820 11303 24123

Table 2. Number of Commercial Vehicles Considered for the Design

Type of Vehicles Number of Vehicles

LCV 129

Two axle Trucks 54

Three axle Trucks 27

Multi axle Trucks 3

Bus 605

Total Vehicles 818

in IRC 37-2012 and as shown in Figure 2, the pavement crust thickness for the project site was obtained by considering a design
traffic of 19 msa (rounded oft to 20 msa) and a CBR value of 8.0%. The total thickness and the thicknesses of different layers of
pavement are shown in Table 3.

3.3 Calculation of Resilient Modulus of Elasticity (Mg)

Since the obtained value of CBR of the soil sample was 8.0%, Equation (3) is applicable for the present design. The resilient
modulus of elasticity of subgrade soil is found by substituting the relevant data, and the obtained value of Myis 66.60 MPa.
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Table 3. Design Pavement thickness based on IRC37-2012 for 8.0% CBR Value

Type of Layer Name of Layer Thickness of Layer (mm)
. . Bituminous Concrete (BC) 40
Bituminous Layers . .
Dense Bituminous Macadam (DBM) 85
. . Granular Base Course 250
Non-Bituminous Layers
Granular Sub Base course 200
Total Pavement Thickness 575

3.4 Determination of Horizontal Tensile Strain (Fatigue Model)

The horizontal tensile strain at the bottom of the bituminous layer is estimated using Equation (4) for 80% reliability by
substituting the values as mentioned below:

N s = Fatigue life, 19msa (value obtained from the traffic survey of the project road)

E; = Maximum tensile strain

Mg = Resilient modulus, 1700 MPa (for Viscosity Grade (VG) 30 bitumen at 35°C, as per IRC 37-2012)

E; =3.01735x 10

The strain value represented as Et = 301.735x 10-06

3.5 Determination of Vertical Compressive Strain (Rutting Model)

The vertical compressive strain at the bottom of the subgrade layer is estimated using Equation (6) for 80% reliability by
substituting the values as mentioned below:

Where,

N = cumulative standard axles, 19msa

E, = Vertical strain

E, =5.83985x 10"

The strain value represented as E, = 583.985 x 10"

3.6 Results of Pavement Analysis Obtained from IITPAVE

The various data as outlined in the methodology are entered into the IITPAVE software, and the obtained results are shown
in Figures 3 and 4, respectively. The results of the horizontal tensile strain and vertical compressive stain values obtained from
IRC 37-2012 and IITPAVE are shown in Table 4, respectively.

=

Nooflavers 3w HOME |

Layer: 1 Elastic Modulus(WPa) 1700 Poison Ratio 0,35 Thickness(mm) | 125

Layer: 2 Elastic Modulus(WPa) 208, 192886 Poison Ratio 0,35 Thickness(mm) 450

Layer: 3 Elastic Modulus(MPa)  86.6024583 Poison Ratio  0.35

Viheel Load{Newton) 20000 Tyre Pressure{MPa) 0.56

Analysis Points 4w

Point:1 Depth{mm): 125 Radius(mm): 0

Point:2 Depth{mm): 125 Radus(mm); 155

Foint:3 Depth(mm): 575 Radius(m): |0

Foint:4 Depth(mm): 575 Radius{mm): 155

Wheel Set 2

| Submit ‘ [ Reset | | RUN ‘

Fig 3. Input of Data in IITPAVE Software
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7] OPEN FILLE IN EDITOR

No. of layers 3
E values (MPa) 1700.00 208.19  66.60
Mu values 0.350.350.35
thicknesses (mm) 125.00 450.00

single wheel load (N) 20000.00
tyre pressure (MPa) 0.56

Dual Wheel

z R Sigmaz SigmaT SigmaR TaoRZ Dispz epz epT epR

125.00 0.00-0.1668E+00 0.5735E+00 0.4572E+00-0.1875E-01 0.4666E+00-0.3115E-03 0.2811E-03 0.1839E-03
125.00L  0.00-0.1668E+00-0,7829E-02-0,2281E-01-0.1875E-01 0,4666E+00-0,7495E-03 0.2811E-03 0.1839E-03
125.00 155.00-0.1317E+00 0.4453E+00 0.9046E-01-0.7884E-01 0.4752E+00-0.1878E-03 0.2704E-03-0.1136E-04
125.00L 155.00-0.1317E400-0.7691E-02-0. 51 8SSE-01 0.4752E+00-0.5336E-03 0.2704E-03-0.1136E-04
575.00 0.00-0.2256E-01 0.3259E-01 0.28; .3802E-02 0.3132E+00-0.2104E-03 0.1472E-03 0.1182E-03
575.00L  0.00-0.2248E-01 0.2186E-02 0.73 0.3802E-02 0.3131E+00-0.3528E-03 0.1471E-03 0.1176E-03
575.00 155.00-0.2415E-01 0.3478E-01 0.3181E-01-0.5072E-02 0.3219E+00-0.2279E-03 0.1542E-03 0.1349E-03
575.00L 155.00-0.2415E-01 0,2282E-02 0.1335E-02-0.5073E-02 0.3219E+00-0,3816E-03 0.1542E-03 0.1350E-03

Fig 4. Output in IITPAVE Software

Table 4. Comparison of Horizontal Tensile and Vertical Compressive Strain Values obtained from IRC 37-2012 and IITPAVE Software

Type of Strain Allowable Strain Values from Actual Strain Values from IIT- Remarks
IRC 37-2012 PAVE Software

Horizontal Tensile Strain 301.735x 1070 270.4x 10°° Safe

Vertical 583.985x10° 381.6x 10 Safe

Compressive Strain

From Table 4, it is observed that the actual horizontal tensile strain and vertical compressive strain values obtained from
IITPAVE on the surface of bituminous and subgrade layers of pavement are less than the allowable strain values obtained from
IRC 37-2012. This shows that the designed pavement thickness of 575 mm is safe enough to carry a traffic load of 19 msa during
its service life.

Notably, most of the previous research adopted either an empirical or mechanistic- empirical method for the analysis
of pavement design, whereas the present research study adopts both methodologies. The comparative analysis of different
parameters of pavement design, namely, the thickness of pavement, tensile strain, and compressive strain values obtained
in the present research, with the findings of other research based on mechanistic-empirical methods, shows a reasonable
degree of convergence. The pavement thickness of 575 mm obtained in the research can be readily implemented in actual
road construction. Overall, the present research provides a more direct solution suitable for real-world applications based on
IRC37-2012 and IITPAVE methodologies.

4 Conclusion

The following are the conclusions drawn from the real-time research:

« The laboratory investigation of the soil sample yielded California Bearing Ratio of the soil sample was 8.0%, and the
computation of the traffic survey details yielded the design traffic as 19 msa.

o Based on IRC37-2012, the pavement crust thickness is designed based on the CBR value and design traffic. A total
pavement thickness of 575 mm is obtained with a pavement composition of Bituminous concrete (BC) of 40 mm, Dense
Bituminous Macadam (DBM) of 85 mm, Granular Base Course of 250 mm, and Granular Sub Course (GSB) of 200 mm.

« Based on IRC 37-2012, the horizontal tensile strain at the bottom of the bituminous layer, based on the fatigue model, is
computed, and the obtained value is 301.735 x 10-06.

o Based on IRC 37-2012, the vertical compressive strain at the top of the subgrade layer, based on the rutting model, is
computed, and the obtained value is 583.985 x 10-6.

o The computation of the horizontal tensile and vertical compressive strain from the IITPAVE software yielded values of
270.4 x 10-6and 381.6 x 10-6respectively.

o On comparing the results obtained from IRC 37-2012 and IITTPAVE software, the actual stain values are less than the
allowable strain values in the pavement. This shows that the design pavement thickness of 575 mm is safe enough to carry
the design traffic.

« The analysis of the pavement design from IRC 37-2012 and IITPAVE ensures a safe design.

« Since the present research is based on real-time data, the obtained value of pavement thickness can be readily adopted in
actual road construction. In addition, it serves as a template for designing the pavement under similar conditions.
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o The design also paves the way for economical pavement cross-section, as it is based on both empirical and mechanistic-
empirical methods. This approach leads to cost-effective road construction.

o After the implementation of the design, continuous monitoring and evaluation of its performance are recommended,
simultaneously addressing the issues of sustainability and environmental impact assessment. This helps to address the
unforeseen challenges in road construction projects.
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