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Abstract

Overloading is the practice of transporting a cargo that exceeds the vehicle's specified weight limit or capacity.
The Beldanga-Dinajpur road was classified as a national highway by the Roads and Highways Department (RHD)
with the designation N-508. The purpose of this research is to evaluate the Beldanga-Dinajpur route's overloading
effect in terms of stress, strain, and deformation as well as its remaining service life. This evaluation made use of
popular empirical equations and the KENPAVE software. To estimate AADT and ESALSs, field data was obtained
from a field survey, and pavement structural data (layer thicknesses, material characteristics) was obtained from
RHD. The investigation's findings indicate fatigue cracking, with the horizontal tensile strain (et) at the base of the
asphalt layer calculating 223.1 micro-strains and the vertical compressive strain (ec) on the subgrade's surface at
288.5 micro-strains. The KENPAVE analysis found that the pavement's service life is 15 years for the current
AADT and ESALSs, whose design life was 20 years. The N-508 road experienced 50-80% overloading, despite the
RHD's recommendation that flexible pavement design allow for 20-30% overloading. Although it is a more
expensive technique, increasing pavement thickness is one approach to avoid pavement damage in the present
circumstances; alternatively, overloaded traffic must be regulated.
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1 Introduction

Trade, social integration, and economic growth all depend on road transportation. For both people and goods to be
transported, road transportation is necessary. Road transportation has a growing share of both passenger and freight
traffic when compared to other modes of transportation because of its easy accessibility, operational flexibility,
door-to-door service, and dependability. Roads carry 61% of goods and 87% of passenger traffic (Al-Janabi and
Obaid, 2024). Pavements are essential engineering components that minimize deterioration while withstanding
traffic loads and environmental effects (Selamat et al., 2019). However, the primary reason for Bangladesh's early
decline in flexible pavement service life—which has become a major concern—is the increasing number of
overloaded vehicles (Hamim and Haque, 2019). Overloading will reduce the pavement's stability and lifespan.
Therefore, limiting the load is crucial to preserving pavement life (Gurule et al., 2022). Overweight motor vehicles
are a major issue for road freight transportation since they shorten vehicle lifespans, require more fuel, increase
the chance of accidents, and deteriorate pre-existing road conditions (Ghisolfi et al., 2019). Flexible pavement is
now constructed to last 15 to 20 years, in accordance with industry requirements. A 10% overloading of goods
over recommended loads reduces pavement life by around 35%, according to a South African study. Accordingly,
overloading causes early signs of deterioration and reduces the pavement's lifetime (Sharma et al., 1995). The
amount of damage to the pavement condition grows exponentially by a factor of four for each increase in axle
weight beyond the permissible limit, according to studies done in industrialized countries. This has a significant
impact. Compared to lawfully loaded trucks, overloaded freight vehicles cause almost 60% more damage to the
road surface (Abdel-Motaleb, 2020). Predicting the flexible pavements' remaining service life under overloading
situations is essential for effective pavement management. To forecast the remaining service life of flexible
pavements, Nabipour et al. (2019) compared machine learning models. They showed how well Artificial Neural
Networks (ANN) and Support Vector Machines (SVM) capture nonlinear pavement behavior under various load
conditions. Kumar et al. (2023) suggested a methodical strategy for assessing flexible pavement failures in the
context of rehabilitation efforts, taking overloading into account as a key component. Effective rehabilitation
methods that address both structural deficiencies and safeguards against further overloading were described in their
research.

Although overloading often occurs on the Dinajpur National Highway, no prior studies have been conducted on
this route. This route was selected due to its significance and substantial traffic, mostly from buses and trucks,
leading to heightened stress and deformation compared to other highways in Dinajpur. Therefore, to investigate
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this important issue, the authors have decided to focus on this route. This study aims to assess the impact of
overloading on the Beldanga-Dinajpur road in terms of stress, strain, and deformation, as well as to ascertain the
remaining service life of the route. This evaluation used the KENPAVE tool and established empirical equations.
Field data obtained from a survey, together with pavement layer thicknesses and material attributes from RHD,
were used to achieve the study goals.

2 Materials and Methods

2.1 Study Area

Dinajpur is situated in Bangladesh's Rangpur Division's Northern District. The research focusses on the Beldanga-
Dinajpur highway shown in Figure 1. It connects several districts and regions, making it one of the nation's key
national highways.

2.2 Data Collection

2.2.1 Pavement Design Data

The Roads and Highway Department (RHD) in Dinajpur provided the geometric design data for the chosen route.
The road portion's cross section is seen in Figure 2. In this investigation, the RHD-recommended material
characteristics were employed, as shown in Table 1. The flexible pavement road had an average daily traffic
(AADT) of 10288 vehicles in 2018 and was planned for a 20-year term.
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Figure 1. Beldanga-Dinajpur (N-508) national
highway.

Figure 2. Cross section of the road.

Table 1. Material properties for data analysis.

Property

Layer Type Thzzl;ll;ess C.B.R. (%) Modulus of Elasticity (E) Poission’s Ratio
Wearing Course 5 3.000E+06 0.4
Bit. Binder Course 13.5 2.500E+06 0.4
Agg. Base Type -1 20 80 2.900E+05 0.35
Agg. Base Type -2 25 50 2.150E+05 0.35
Sub-Base 27.5 25 1.380E+05 0.3
Improved Sub-Grade 30 8 6.700E+04 0.3

2.2.2 Data from field Survey

As shown in Table 2, the ADTT for this research was determined by analysing data from a field survey. All of the
traffic assessments in this research were based on traffic data collected over the course of seven days, from 6:00
a.m. to 11:00 p.m. Based on their attributes, including size, weight, axle count, kind of usage, and the cargo they
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carry, the vehicles were divided into three groups. Bangladeshi road and bridge standards serve as the basis for the
categorisation.
Table 2. ADTT for heavy vehicles.

Vehicle Type  ADTT

Mini Truck 463
Medium Truck 572

Large Truck 197

Questionnaire surveys were conducted to ascertain the real truck weight from the driver at the loading station, and
some slips were obtained from "Truck Malik Samity". Table 3 displays the actual weight that each vehicle carries
as well as the standard weight set by the Bangladesh Road Transport Authority.

Table 3. Actual and standard weight for each truck.

Type Axle Configuration Actu(al;ovl:’)eight Standzl;(()ln\)Veight Rate of 02verload

4 14

.. . 5 43
Mini Truck Dual axle Single Wheel 55 35-5 10
6 20

21 -

22 -

. 23 4
Medium Truck Dual Axle Dual Wheel N 22 9
25 4
26 8

29 -

Large Truck Three Axle (Tridem axle) 30 30 -
31 3

2.3 Methodology

2.3.1 Percent of Overloaded Trucks

This study utilized equation 1 to calculate the percent of overloaded trucks.
Number of vehicles above standard limit

)*100 )

Overloading percentage=( Total vehicle
ven

2.3.2 Determination of contact radius
To analyze flexible pavement using KENPAVE software, tire contact radius is required which can be calculated
using equations 2-4.

Contact Radius, CR = |22 ()
TT

Area, A = P (3)

p
Where, p =550 kPa (80 Psi) and
AxleLoad

~ Number of tire

Axle Load = Front axle 30% (7.2 tones), Rear Axle 70% (16.8 tones).

(4)

2.3.3 KENPAVE Software Analysis

To evaluate the performance of the pavement, the KENPAVE program was used to generate output and analyze
fatigue and rutting damage. The obtained values of horizontal tensile strain and vertical compressive strain were
respectively applied in equation (5) and equation (6)

N = 0.0796 €7 3291+ E~0-854 5
Nd =1.365%107° *ec—4.477 (6)
where,

N¢ =Allowable value of repetition load to control the fatigue cracking.
€= Horizontal tensile strain is the bottom of the asphalt.
E = Elastic modulus in the layer.
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N,;= The number of rutting load repetition and
€.= Vertical compressive strain on the surface of subgrade.

2.3.4 Design Life Prediction

The AASHTO 1993 handbook provides the formula used to determine the pavement's design life, which is also
used for RHD pavement design. Equations 7 and 8 may be used to determine the yearly ESALSs and the total
cumulative ESALS after n years.

ESAls/year = AADTT X 365 x LDF (7
Where, LDF stands for lane distribution factor (for 2 lanes as per RHD = 0.8).

Cumulative ESALs = ZSALs*[(+8)7 1] ©)

g
In equation 8, g = traffic growth rate (in decimal), ESALs = Annual ESALs of AADTT and n = Design life for
flexible pavement in years.

3 Result and Discussions

3.1 Percent of Overloaded Trucks

The ratio of overloaded trucks is determined by identifying those with axle weights above the permissible
maximum limit. The proportion of overloaded trucks varies according to vehicle type and road type, as seen in

Table 4.

Table 4. Actual and standard weight for each truck.

No. of Vehicles

. No. of Vehicles with in Overloaded

Type Total No. of vehicle Standard Weight aboinSnt]?tr;dard Vehicles %
Mini Truck 463 191 272 58
Medium Truck 572 193 379 66
Large Truck 197 184 13 7

As can be seen from the above table, 272 of the 463 micro vehicles had weights beyond the allowed limit. Only
193 of the 572 medium trucks had their weight carried below the limit. Just 13 trucks are found to be overcrowded
when it comes to enormous trucks. The percentage of trucks that are overloaded varies, as seen in Table 4. The
findings showed that between 7% and 66% of the cars were overloaded. This statistic shows that most trucks
surpassed their permissible weight limitations, with the exception of a few specialized vehicle types.

3.2 Calculation contact radius
Using the formula specified in the method for various gross vehicle weights, the contact radius was determined.
Table 5 shows the contact radius value that was determined for various vehicle gross weights.

Table 5. Overloading effect on Axle & Contact Radius.

Gross Vehicle Weight (Ton) Axle Configuration Contact Radius (cm)
22 6.6+15.4 14.07
24 7.2+16.8 14.68
26 7.8+18.2 15.29
28 8.4+19.6 15.85
30 9+21 16.41

When the gross truck weight was 22 tons, the contact radios received 14.07. A maximum contact radius of 16.47
cm was achieved with a gross vehicle weight of 30 tons.

3.3 KENPAVE Software Outcomes

The obtained field data and collected road geometry data were utilized to assess the horizontal tensile strain at the
bottom of the asphalt layer and the vertical compressive strain at the top of the subgrade. Horizontal tensile strain
is a sign of fatigue cracking and is caused by the interaction between the pavement materials and traffic. The
vertical compressive strain at the top of the subgrade causes long-term deformation, commonly known as rutting.
Table 6 shows the total deformation of the subgrade layer obtained from software analysis.
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Table 6. Total deformation for various gross vehicle load for subgrade layer.
Gross At the of layer Subgrade
SINo. Vehicle Load At the Top of layer 2 (Asphalt layer) b ¥t 9 Total
(Ton) ottom Deformation
Vertical Horizontal Tensile  Vertical Compressive (Subgraé?:]z Layer)
Stress (kPa) Strain (€;) strain (€.) (cm)
1 22 488.7 -2.129x10™ 1.100x10™* 0.04925
2 24 492.29 -2.231E-04 2.885E-04 0.05361
3 26 495.744 -2.399E-04 3.157E-04 0.05815
4 28 498.501 -2.631E-04 3.391E-04 0.0626
5 30 501.063 -2.646E-04 3.613E-04 0.0669

** These values indicate only critical point. These values are critical for the Asphalt layer and subgrade layer.

The findings show that when the gross load rose from 22 tons to 30 tons, the vertical stress increased from 488.7
kPa to 501.06 kPa. 22 gross vehicle loads resulted in a minimum total deformation of 0.049 cm. As the gross load
grew, so did the subgrade layer deformation; at 30 tons of gross load, the total displacement was 0.067 cm.
According to the field data collected for this study, the majority of the trucks were two-axle vehicles with an
average load of 24 tons. The 24 tons load was taken into consideration while calculating the overloading impact.
The vertical compressive strain and horizontal tensile strain at top layer two and bottom layer six, respectively, are
displayed in Table 7.

Table 7. Pavement response of overloading effects of 24 tons load.

Response Load Repetition
No Analysis Location Vertical
Point (cm) TH0|_'izontaI_ Compressive Np (million N (million
ensile Strain Strain ESALS) ESALs)
1 185 AP ST 231604 99.23 * 106
ayer 2
2 121 At Bottom 2.885E-04 9.612 * 10°
of Layer 6

The variation of vertical strain, tensile strain at the asphalt's bottom, and compressive strain at the top of the
subgrade, respectively, for a gross vehicle weight of 24 tons is depicted in Figures 3, 4, and 5. This graph illustrates
how strain varies with pavement layer depth, which is essential for comprehending how various layers respond to
traffic loads.

Tensile strain at the bottom of Asphalt
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Figure 3. Variation of vertical strain over depth. Figure 4. Tensile strain variation at asphalt bottom over

depth.
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Figure 5. Variation of compressive strain at top of subgrade over depth.

3.4 Service Life Calculation
The empirical approach used to evaluate the service life predicts that the pavement will only last 15.58 years out
of the targeted 20 years. The road will start to deteriorate before four years and five months have passed.

4 Conclusion

This study investigated the effects of overloaded vehicles on roads, specifically focusing on National Highway
Road No. N-508 in Dinajpur. The findings provide important insights into how large vehicle loads impact road
performance and provide many recommendations for improving flexible pavement design and extending its life.
The following conclusion may be drawn from the findings:

v' The KENPAVE investigation indicates that the N-508's design life was 20 years under normal loading
circumstances, however it is only 15 years and 7 months under overloaded situations.

v The pavement reactions, including stress (-2.231E-04), strain (2.885E-04), and deformation (0.05361),
also rise noticeably as the overall vehicle weight increases.

v' Limiting the number of load repetitions is necessary to extend the design life to 20 years. Carrying
overburden is strictly forbidden, as is routine maintenance and inspection to identify early warning
indicators of concern and take appropriate action.

v This study found that the majority of trucks, except for several vehicle types used to deliver commodities
such as food, gasoline, water, and shipping containers, weighed more than the permitted amounts.
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