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Abstract

The ability of a pavement structure in carrying out its function reduces in line
with the increase of traffic load, especially if there are overloaded heavy ve-
hicle passing through the road. This study was done to know the effect of
overloading vehicles on the road pavement and remaining service life of the
pavement. In this study, the service life of pavement due to overloaded ve-
hicles was analyzed using the AASHTO 1993. In Narayanghat-Mugling road
the composition of traffic seems to be 83.76% heavy vehicles, 9.18% medium
vehicle and 7.05% light vehicle. For the direction of Narayanghat-Mugling,
the pavement service life might be reduced by 59.90% due to overloading
condition, while for the opposite direction, the service life would not reduced
caused by the same factor. The impact of overload conditions on the road
pavement showed premature failure; that is, a condition which the damage
reduced the life of roads before the design life of the road is reached. From
the results, it can be concluded that overloaded vehicles on the road are very
influential to the reduction in pavement service life. Therefore, it is expected
that road users to comply with existing regulations in the conduct of trans-
portation. As overloading is increasing, it has to be controlled by rules and
regulations with penalty to control the overloading. So fines must be asso-
ciated with intensified enforcement when considered in further strategy. Reg-
ular monitoring, inspection and enforcement are the effective ways to control
overloading. Use of technology (Automatic overloading information system)
may be the effective way to control the overloading.

Keywords

Standard Vehicle, Overloaded Vehicle, Standard Loading, Overloading,
Pavement Service Life

1. Introduction
1.1. General

The case study was done on Narayanghat-Mugling road segment which is a link
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between Prithvi Highway and East-West Highway, located in Chitawan district
of Narayani zone, Central development region Nepal. Road network plays an
important role in any country’s transport and communication. Pavement condi-
tion is one factor to access the efficiency of road network. Design life and bear-
ing capacity of pavement are dependent on the construction materials and the
type of highway. Design life of new flexible pavement is frequently taken as 5 to
15 years [1] which includes regular maintenance and rehabilitation within its
service period.

Thus annual average daily traffic (AADT) of each class is a key input to the
schedule of maintenance and rehabilitation plan. However, the occurrence of
overloaded truck traffic induces incorrect estimation in total equivalent single
Axle Loads (ESALs). Therefore the frequency of maintenance and rehabilitation
within the service period are corrupted by overloaded truck traffic. The pave-
ment deterioration over time is caused by a combination of factors; however,
traffic loads play a key role in consumption of pavement service life. Magnitude
and configuration of vehicular loads together with the environment has a signif-
icant effect on induced tensile stresses within flexible pavement [2].

Overloaded truck traffic is an untenable problem around the world. This
phenomenon occurs in not only developing countries, but also in developed
countries. Extremely high enforcement and inspection are applied to ensure this.
Impact of overloaded truck traffic includes economic, social and environmental
losses [2]. The major economic impact by overloaded truck traffic is unexpected
expenditure on pavement investment. Because pavement design is based on
normal traffic load and total ESAL. Overloaded truck traffic is not the expected
traffic load in pavement design. As a result, the bearing capacity of pavement is
lower than the actual design. Pavement service life has a direct relationship with
net present value of investment [3]. Construction cost for a new pavement is the
most direct cost, which occurs when pavement service life is reduced. On the
other hand, increase in annual maintenance and rehabilitation costs at the most

evident economic loss is induced by overloaded truck traffic.

1.1.1. Pavement Service Life

The calculation of pavement service life is based on AADT and ESAL with stan-
dard truck traffic. The case study investigated in this research is Highway HO05
(AH42) Narayanghat-Muglingroad and AADT of 2010 is adopted [4]. Accord-
ing to the ESAL calculated from dataset, the actual ESAL of each vehicle class
was found. After that, total ESAL with standard truck traffic could be found.
Comparison between ESAL with overloaded and standard truck traffic is the
important factor to estimate the reduction in pavement service life, because

pavement service life is directly driven by traffic load.

1.1.2. Maintenance and Rehabilitation Cost
Calculations of ESAL of overloaded truck traffic and pavement service life were

the steps to work out the total Maintenance and Rehabilitation (M&R) cost over
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the service period. The annual budgeting for M&R cost is different from actual
M&R cost [3]. Meanwhile, the actual service life of pavement is also reduced by
overloaded truck traffic. Therefore, the calculation of net present value (NPV) of
investment to the pavement must be based on service life and M&R cost. Thus,
the difference in NPV of pavement investment with and without overloaded
truck traffic becomes the important indicator to determine the value of econom-

icloss [5].

1.2. Vehicle Classification in Nepal

Vehicles are at present classified into three categories under three catagories [6].
They are:

1) Heavy Vehicle: Gross vehicle weight > 10 ton.

2) Medium Vehicle: Gross vehicle weight 4 to 10 ton.

3) Light Vehicle: Gross vehicle weight < 4 ton.

Legal Load Provision
Maximum allowable axle load is the axle load as specified by the manufacturer
within safe axle load and as per heavy vehicle management policy [7] as shown
in Figure 1:

1) Single axle fitted with 2 tires: 6 ton.

2) Single axle fitted with 4 tires 10.2 ton.

3) Tandem axle fitted with 8 tires 19 ton.

1.3. Road Efficiency and Damage

Road maintenance is a remarkable public cost on most of countries. Certainly
freight traffic is the major cause of road damage, and it is the reason that most of
the researches focus on heavy truck. Increase in weight limit of truck was the

major concern [8].

1.4. Truck Configuration and Pavement Damage

U.S. pavement engineers have been concerned with the truck-tire configuration,
tire types and pressure because of the potential of pavement damage. Study of
the “impact of high-pressure tires and single tired axles” indicated that use of
single tires have no significant change. This study proved that type of axles

group, type of tire, and pressure are major component to determinate pavement

Max 6 T Max 102 T Max 19T

Figure 1. Typical heavy vehicle [7].

DOI: 10.4236/jtts.2018.84019 345 Journal of Transportation Technologies


https://doi.org/10.4236/jtts.2018.84019

K.N. Ojha

damage. Study results showed that three main criteria drive the level of pave-
ment damage [9].

e Number of axles—more axles cause less damage.

¢ Number of tire—dual tire cause less damage.

o Types of tires—less damage is caused when trucks use wide base tires.

1.5. Safety Impact of Truck Overloading

Fatal crashes increases due to the large trucks when inspection activity declined.
This relationship indicates a significant fact that overloading trucks are taking an
important role in road scrutinize safety.

Two main conclusions have been found [10].
» Truck inspection is the effective way to eliminate overloading.
» Overloading truck is inevitable, no matter whether in developed or develop-

ing countries.

1.6. Effects of Heavy Vehicle Characteristics on Pavement
Response and Performance

The relative damage to a pavement caused by heavy trucks is dependent on ve-
hicle, tire, and pavement factors. Rutting is linearly related to axle load. Howev-
er, fatigue is not systematically related to gross weight but varies in accordance
with the maximum axleloads on each vehicle combination. Pavement tempera-
ture has a very strong influence on flexible pavement fatigue and rutting. Pave-
ment layer thicknesses and sub-grade strengths have a very strong influence on
fatigue and rutting. When a loaded axle moves along a pavement it deflects the
pavement downward creating a deflection basin causing fatigue and rutting.
Axle Spacing, Speed, Maneuvering, Wheel Path Location are also the factors for

road damage [11].

1.7. AASHTO Design Guide

Fundamental Equations

The 1993 AASHTO Design Guide is the current standard used for designing
flexible pavement for many transportation agencies. In the AASHTO design
methodology, the subgrade resilient modulus (MR), applied ESAL ( W), relia-
bility (with its associated normal deviate, Z,), variability (5,), loss in serviceabil-
ity (APSI), and structural number (SN) are used in the nomograph and the cor-
responding Equation (1) to design thickness of flexible pavements [12]. Figure 2

shows how to use nomograph during design of flexible pavement.

logW,

log( APSI j
_ 1)[12
=7 (S )+9.3610g(SN+1)—0.20+ 42-13 +2.3210gMR—8.07( 2l

rAe 1094
O.4O+75 T

(SN +1)"
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Figure 2. AASTHO flexible pavement design nomograph (AASHTO, 1993) [12].

1.8. Methodology of Study

Initialization of Study
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Axle Load Survey Data

2. Data, Analysis and Results
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2.1. Analysis of Traffic Data

In this study, analysis of traffic data in the means of calculating average annual
daily traffic (AADT) was taken from survey report [4]. The data survey period
was 3 days for each direction. Therefore, all traffic analyses in this study were
based upon these 3-day traffic data. Vehicles could be categorized into three
classes, as light, medium and heavy vehicle [7]. The AADT of heavy vehicles for
both directions is as shown in Table 1.

From sample survey data, PCU calculation and traffic listed in survey report
the composition of traffic was heavy vehicle 83.76% (in average), medium ve-
hicle 9.18% (in average) and light vehicle 7.05% (in average). The composition of
heavy vehicle was found as: 2-Axle 42.53%, 3-Axle 55% and 4-Axle 2.72%. In
2004 there were no 4-Axle heavy vehicles in this road.

From the table, it can be seen that there is relatively no much deviation of
AADT for heavy vehicles of 3-axle and 4-Axle than in 2-Axle for both direction
as shown in Table 2.

2.2. Determination of Vehicle Damage Factor (VDF)

VDF or axle load equivalency factor (LEF or E) of each heavy vehicle was deter-
mined [6] as follows.
VDF < (Axle LoadeL5

8.16 @

The VDF of front and rear axles for every type of vehicle were calculated
based upon the configuration specification as defined [7].

As seen in Table 4, the total VDF of Narayanghat-Muglingdirection is higher
than the opposite direction. The deviation of VDFis mainly contributed by VDF
of 2-Axle, 3-Axle and 4-Axle vehicle as shown in Table 3.

2.3. Calculation of Traffic Load

The calculation of traffic load (W) in equivalent standard axle load (ESAL)
should be based on the actual VDFand AADT. Following formula is used to de-
termine the traffic load for design lane [12]. The calculated values are shown in
Table 4.

W, =2 (ADT, x E, x Gy, ) 365
Wlx =W *Dy*D, (3)

Table 1. Traffic data (Source: DoR, RSDP) [4].

AADT of vehicle classes
Direction Heavy vehicles
Light Medium Total
2-Axle 3-Axle 4-Axle
Narayanghat-Mugling 1191 209 1076 643 40 3151
Mugling-Narayanghat 1190 180 840 574 39 2812
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Table 2. Percentage of overloaded vehicles with respect to standard loading.

Type of Vehicle— Heavy %
ype of Ve lie Light % Medium %
Direction 2-Axle 3-Axle 4-Axle
Narayanghat-Mugling (S-N) 0.00 0.00 62.77 79.34 100.00
Mugling-Narayanghat (N-S) 0.00 0.00 22.73 5.88 0.00

Table 3. Calculated VDF of different classes of vehicles [4].

VDF of vehicle classes

Direction Heavy vehicles
Light Medium
2-Axle 3-Axle 4-Axle
Narayanghat-Mugling 0.002 0.123 6.14 15.23 28.89
Mugling-Narayanghat 0.002 0.101 4.04 1.76 0.49

Table 4. ESAL from traffic data [4].

Traffic Load of Narayanghat-Mugling  Traffic Load of Mugling-Narayanghat Road

No. of Road (Million EASL) (Million EASL)

years Oc‘fiﬁjiid sg:izti Overloaded Condition Standard Condition
1 7.58 2.57 1.34 2.57
2 15.62 5.31 2.76 5.31
3 24.17 8.21 4.26 8.21
4 33.25 11.29 5.86 11.29
5 42.89 14.56 7.56 14.56
6 53.12 18.04 9.37 18.04
7 63.99 21.73 11.29 21.73
8 75.54 25.65 13.32 25.65
9 87.80 29.81 15.48 29.81
10 100.82 34.23 17.78 34.23
11 114.65 38.93 20.22 38.93
12 129.33 4391 22.81 4391
13 144.93 49.21 25.56 49.21
14 161.49 54.83 28.48 54.83
15 179.08 60.81 31.58 60.81

where:

ADT,;= average annual daily traffic for axle load 5

E; = axle load equivalency factor or vehicle damage factor ( VDF) for axle load
I

Gy, = annual growth rate (depends on traffic growth rate, g, in percent; and
service life, 11, inyear) axle load £

D), = directional distribution factor;

D, = lane distribution factor;

W, = cumulative standard axle load for two directional.
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Road section Narayanghat-Muglingor Mugling-Narayanghatis a two-lane
two-direction undivided road, therefore, in this case, D, and D, equal to 0.5 and
1.0, respectively. The traffic load on Narayanghat-Mugling or Mugling-Nara-
yanghatroad section was assumed to increase 6.2% per anuum [13] and the road
could serve traffic load for the next 10 years.

In overloaded condition, traffic load of Narayanghat-Mugling direction higher

than opposite direction as shown in Table 5.

2.4. Impacts of Overloaded Vehicles

The impact of overloaded heavy vehicles on road pavement that took into ac-
count in this study is reduction of pavement service life. The reduction of service
life could be indicated by the deviation of the pavement service life due to dif-
ferent magnitude of traffic load that have to withstand by the pavement struc-
ture. To calculate the reduction of service life, a relationship between traffic load

and service life is able to be developed by using the following equation [12].

1 “n—1
re) (4)
g

Wis = wig X

in which, Wis the predicted traffic load (in ESAL);
Wi, is the traffic load in basic year (in ESAL);

gis vehicle growth rate;

nis Number of years.

The traffic loads in basic year for both conditions (standard and overloaded)
are as shown in Table 4. These values and Equation (4) were used to plot pre-
dicted traffic load curves in Figure 3 and Figure 4 for Narayanghat-Muglingand
Mugling-Narayanghatdirections, respectively.

From calculation, the standard traffic load of Narayanghat-Muglingin 10 years
is 34.20 million ESAL, but this number in overloaded condition is reached in
4.10 years (by interpolation). This means that there is about 5.99 years reduction
of service life because of overloaded heavy vehicles. Whereas, the standard traffic
load of Mugling-Narayanghatin 10 years is 32.82 Million ESAL but Actual traffic
load is 17.74 Million ESAL as shown in Table 6. Therefore for Mugling-Nara-
yang hat direction there is no overloaded traffic condition and standard design
load is sufficient for the actual traffic load and there is no reduction in service
life in this direction. It means that the overloaded condition could reduce the

service life about 59.9% in Narayanghat-Mugling direction.

Table 5. Traffic load (designed and overloaded condition) for next 10 years [4].

Wis (In Million ESAL)
Direction
Standard Overloaded
Narayanghat-Mugling Standard = 34.20 100.73
Mugling-Narayanghat Standard = 32.82 17.84
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Figure 3. Service relationship between traffic load and service life on standard and overloaded conditions (Narayanghat-Mugling
Direction) [4].

Load - Road Life relation ( Mugling -Narayanghat direction)

60.00
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Figure 4. Relationship between traffic load and service life on standard and overloaded conditions (Mugling-Narayanghat Direc-
tion) [4].

2.5. Present Condition of the Road Section

Narayanghat-Mugling road section the rehabilation work is just completed [14]
and as per designs, the design traffic was 22.22 million ESAL in both directions.
It is more than sufficient for N-S direction but in S-N direction the overloaded
traffic seems to be 100.73 million ESAL for 10 years. So, there may be premature
failure and could not serve for the full service life along N-S direction due to

overloading.
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Table 6. Relationship between traffic load and service lifefrom analysis [4].

Traffic Load of Narayanghat-Mugling Road (Million EASL) Traffic Load of Mugling-Narayanghat Road (Million EASL)
Ij{;fsf Overloaded Condition Standard Condition Loaded Condition Standard Condition
Y'=0.3993X* + 5.6537X + 4.2667 Y'=0.1356X* + 1.9196X + 1.4487 Y=0.07.X* + 0.9995X + 0.7456 Y=0.1295X + 1.8491.X + 1.3793
0 4.27 1.45 0.75 1.38
1 10.32 3.50 1.82 3.36
2 17.17 5.83 3.02 5.60
3 24.82 8.43 4.37 8.09
4 33.27 11.30 5.86 10.85
5 42.52 14.44 7.49 13.86
6 52.56 17.85 9.26 17.14
7 63.41 21.53 11.17 20.67
8 75.05 25.48 13.22 24.46
9 87.49 29.71 15.41 28.51
10 100.73 34.20 17.74 32.82
11 114.77 38.97 20.21 37.39
12 129.61 44.01 22.82 42.22
13 145.25 49.32 25.57 47.30
14 161.68 54.90 28.46 52.65
15 178.91 60.75 31.49 58.25

3. Results and Discussions
3.1 Results

From the study and analysis of traffic data of Narayanghat-Mugling Road fol-
lowing points can be concluded:

1) Total traffic (AADT) on Narayanghat-Mugling road was 5963 with 3151
vehicles per day through Narayanghat-Mugling direction and 2812 vehicles per
day through opposite direction Composition of traffic was 3193 heavy vehicles,
389 Medium vehicles and 2381 light vehicles. Ratio of directional distribution
seemed to be 54% (in average) through Narayanghat-Mugling direction and 46%
(in average) through opposite direction.

2) The composition of traffic was heavy vehicle 83.76%, medium vehicle
9.18 %and light vehicle 7.05% (in average).

3) Damaging effect (VDF) of different vehicles is as: Light 0.002, Medium
0.123, 2-Axle 6.14, 3-Axle 15.23 and 4-Axle 28.89 and Cumulative ESAL on Na-
rayanghat-Mugling direction for year 2014 found to be 32.25 million ESAL in
overloaded condition but it was only 11.29 million ESAL in standard condition.
As per design report submitted by contractor in 2004, CESAL was taken as 22.22
million ESAL for the year 2014 for design.

4) The standard traffic load of Narayanghat-Muglingin 10 years is 34.20 mil-
lion ESAL, but this number in overloaded condition is reached in 4.10 years.
This means that there is about 5.99 years reduction (Ze. 59.9% reduction) of ser-
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vice life because of overloaded heavy vehicles. Whereas, the standard traffic load
of Mugling-Narayanghatin 10 years is 32.82 Million ESAL but Actual traffic load
is 17.74 Million ESAL in 10 years. Therefore for Mugling-Narayanghat direction
the standard design load is sufficient for the actual traffic load and there is no

reduction in service life in this direction.

3.2. Discussions

Following recommendations seen to be helpful to control the overloading.

1) As overloading is increasing, it has to be controlled by rules and regula-
tions.

2) Intensity of weight enforcement and the level of penalty only cannot con-
trol overloading activities. So fines must be associated with intensified enforce-
ment when considered in further strategy. Enforcement has higher efficiency at
the initial stage. However efficiency decreases rapidly when enforcement levels
increase gradually. Thus, the balance between level of enforcement and efficien-
cy of enforcement must be considered. Effective means of managing truck over-
loading is not unitary. It must combine monitoring, inspection, enforcement
and punishment as a complete. Regular monitoring, inspection and enforcement
are the effective ways to control overloading.

3) Use of technology (Automatic overloading information system) may be the
effective way to control the overloading and Design should be done as per the

actual traffic loading condition.
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Abbreviations

AADT = Annual Average Daily Traffic
AASHTO = American Association of State Highway Transportation Officials
AH42 = Asian Highway 42

CBR = California Bearing Ratio

CESAL = Cumulative Equivalent Single Axle Loads
DoR = Department of Roads, Nepal

E = Modulus of Elasticity

ESALs = Equivalent Single Axle Loads
GVW = Gross Vehicle Weight

HO05 = Highway 05, Nepal

HMA = Hot Mix Asphalt

HT = Heavy Truck

IRI = International Roughness Index

Ktm = Kathmandu

M&R = Maintenance and Rehabilitation
MaT = Multy Axle Truck

MPa = Megha Pascal

MR = Resilient Modulus

NPV = Net Present Value

NRS = Nepal Road Standard

N-S = North-South Direction

PCU = Passenger Car Unit

PKR = Pokhara

PSI = Pavement Serviceability Index

Psi = Pounds per Square Inch

RSDP = Road Sector Development Project
S-N = South-North Direction

SN = Structural Number

SSRB 2058 = Standard Specification for Roads and Bridges 2058, Nepal
VDF = Vehicle Damage Factor

W s = Traffic Load for Design Lane

APSI = Loss of serviceability
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