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Abstract. In order to boost the economic growth India has initiated a massive road infrastructure development programme.
However, due to serious constrains in financial resources, non-availability of adequate technical manpower, institutional
constraints etc., it is not possible to execute all the necessary road development projects within a short time span. Besides,
it is essential to prioritize roads on a logical rational basis and target the development in a phased manner. In the present
paper the a methodology has been proposed for the prioritization of road development. Relevant influencing factors for
prioritization have been identified and their relative weights have been estimated based on an expert-opinion survey. The
total disutilities on existing roads have been measured and the prioritization has been proposed on the basis of estimated
total disutility. The methodology demonstrated in the paper is simple and requires data which are either available from
secondary sources or may be obtained easily from simple primary surveys.
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1. Introduction

Over the last few years road sector in India has started
experiencing major changes. The driving force for all these
changes is the realization of the necessity for a sound
transport infrastructure to push the economy forward. It
has been accepted that one decade of liberalization could
not bring much fruit primarily due to infrastructure
bottlenecks and mainly due to the glaring deficiency in
road network. Rural India does not have required
connectivity for marketing agricultural produces and there
is glaring deficiency in high-speed road network in the
country. Therefore, the Government has appropriately
realized the importance of road development and the
seventeen priority areas of the Government include “Road
Transport” as a mega mission {1].

India has initiated a mission to upgrade its road
network with very ambitious plans for road development.
It has been targeted to achieve high-speed connectivity
among the four major metro cities (named as Golden
Quadrilateral) as well as similar fast corridors from Kashmir
to Kanyakumari; and Silchar to Saurashtra (named as
North-South and East-West Corridors), together known
as National Highway Development Project (NHDP). This
targeted high-speed corridor under NHDP will be of about
13 500 kilometers [2]. Similarly, the rural connectivity
mission of the country has been formulated as Pradhan
Mantri Gram Sadak Yojana (PMGSY) to connect villages
by all-weather roads, which will build about 350 000
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kilometers of roads to connect about 150 000 villages in
India [3]. While these two centrally sponsored road
infrastructure projects themselves are highly ambitious,
the State Governments and city administrations have also
planned road projects of unprecedented magnitude in
recent years.

It is well understood that massive targets of road
development in India cannot be achieved overnight due
to serious constraints of financial resources, shortfall of
skilled/technical manpower, institutional constraints and
many other problems [4]. Besides, it is essential to prioritize
the road development on a logical rational basis and target
the development in a phased manner [5]. Therefore, the
broad objective of the present paper is to identify the
influencing factors or variables that should be considered
during prioritization and also demonstrate the methodology
for the prioritization of roads.

2. Data Base and Selection of Variables for Prioritization

For the purpose of selection of appropriate variables
for prioritization and demonstration of the methodology
for prioritization of roads, selected portions of three Na-
tional Highways (NH-1, NH-45 and NH-25) in India have
been considered in the present study. All the relevant
data pertaining to selected portions of these three high-
way stretches were made available for the present work. It
was also necessary to identify appropriate influencing
factors which can be considered during prioritization of
road development; and accordingly, create a database for
the same.
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2.1. Existing Traffic demand

For highway development and prioritization study,
existing traffic demand is a key input. The existing ratio of
traffic volume to capacity is often used as a measure to
justify the development needs. As all the roads considered
in the present paper are two lane undivided road and the
widths (and thereby the capacities) are the same, the
existing traffic volume has been taken as one of the major
factors for prioritization. In order to obtain the traffic data
on study roads, classified volume counts were made on
selected mid block sections of three National Highways
(NH-1, NH-45 and NH-25). The classified volume counts
were carried out in both directions for 7 consecutive days
with 15 minutes counting periods. The estimated Average
Daily Traffic (ADT) appropriately converted into PCUs
was found to be 28 186, 39 000 and 31 340 on NH-1, NH-45
and NH-25 respectively.

2.2. Proporticen of Goods Tratfic

Goods traffic movement contributes significantly in
the development of regionai as well as national economy.
In most of the National Highways in India the proportion
of goods traffic is significant and a major driving force for
road development is to boost the economy through faster
and efficient movement of agricultural produces and other
commodities. While the National Highways constitute only
2% of the road length in the country, they carry more than
40% of goods [6]. Therefore, the average composition of
heavy traffic has been taken as one of the influencing
factors for the prioritization of road development. The
observed proportions of goods traffic were found to be
35%, 28% and 34% on NH-1, NH-45 and NH-25 res-
pectively.

2.3. Vehicle Damage Factor

In India and many other developing countries it is
frequently found that goods haulage vehicles are
overloaded in spite of existing legislations and presence
of enforcement agencies for avoiding overloading of
vehicles {7, 8]. The vehicle damage factor (VDF) reflects
the commodity type as well as the nature of overloading
[9]. Therefore, the VDF has been taken into consideration
during prioritization to justify the need of improvement of
the existing roads, especially in terms of strengthening.
The existing traffic volume and VDF together are useful
for justifying the need of strengthening as well as
widening of existing roads.

In order to estimate vehicle damage factors, axle load
survey was carried out on all the study road siretches at
strategic locations. A sample of about 15% was targeted
using roadside weighing bridges for carrying out the axle
load survey. The estimated vehicle damage factors as per
IRC-37[10] were found to be 4.96,4.53 and 5.14 on NH- 1,
NH-45 and NH-25 respectively.

2.4.Reduction of Average Journey Speed

Average journey speed reflects the road condition

as well as the leve! of traffic loading on an existing roadway.
As the speed reduces with an increase in traffic volume,
the reduction of speed is also used as a measure of road
congestion and is therefore useful for justifying road
improvements [11]. In order to obtain the average journey
speed a speed and delay survey using the moving car
method was carried out along the project roads under
study. The estimated average journey speed was found to
be 38.41 kmph on NH-1, 40.29 kmph on NH-45 and 45.40
kmph on NH-25. Assuming a free speed of 80 Kmph on
National Highways, the reduction of journey speed was
estimated as 45.19 kmph on NH-1, 39.71 kmph on NH-45
and 34.60 kmph on NH-25.

2.5. Growth of per Capitz Income

Growth in per capita income is an economic indicator,
which is often related to the growth of private vehicles.
The higher is the growth in per capita income, the higher
is the need for transportation infrastructure. Therefore,
the growth in per capita income for the influence area of a
road [12] is included in the list of influencing factors during
prioritization. An O-D survey on the study roads revealed
that for each road, more than 90% passenger traffic had
their origin and destinations within the state where the
study road was located. Therefore, the average per capita
growth rates of respective states were considered during
prioritization. Using the data obtained from Centrul
Statistical Organisation, Government of India (1999),
the average per capita growth rate for the influence area
was found to be 3.20% for NH-1 and 4.76% for both NH-45
and NH-25.

2.6. Growth of Net State Domestic Product (NSDF)/
Gross Domestic Product (GDP)

The proportion of goods traffic is significant on all
the highways in India. It is a common practice to derive
the growth factor for goods traffic in relation to the growth
of NSDP/GDP in the ares of influence of project road.
Therefore, in the present paper the growth of NSDP/GDP
for the area of influence has been considered during
prioritization. For determining appropriate growth rates of
NSDP/GDP with respect to study roads, an O-D survey
was conducted to identify the C-D pattern of goods traffic.
Then, for the predominant states which are either origin
and/or destination of majority of the O-D movements,
appropriate NSDP values were used. For the remaining
origins and/or destinations which were scattered to various
other states, instead of state wise NSDP, GDP value was
taken. Finally, based on appropriate NSDP or GDP values
associated with various origins and destinations, a
weighted growth factor of NSDP/GDP was estimated for
the influence area using the observed O-D pattern [12].
Using the data availabic from Central Statistical
Organisation, Government of India (1999), the growth
rate of NSDP/GDP for the area of influence of NH-1 was
estimated to be 9.46%. The corresponding values were
11.29% for NH-45 and 12.28% for NH-25.
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2.7. Accident Cost

The rate of road accidents in India is very high. The
vehicle population in the country has increased from 22
700000 in 1994 to 38 100 000 in 1997, while the fatalities of
road accident has increased from 64 000 to 78 000 during
this period. In India the rate of road accidents is as high as
one accident per minute and one death in every 7.5 minutes
[6]. As most of the existing national highways are two
lane roads, the number of accidents, especially head on
collision is very significant. The high rate of accidents on
the existing two lane roads and the increased awareness
to improve road safety [ 13—15] justify the need of consi-
dering accident cost as one of the influencing factors
during the prioritization of roads for improvement. In the
present paper, the total accident cost has been taken as
the summation of the cost of injuries and the cost of
damage of vehicles [6]. The accident data and the cost of
various types of accidents as well as damages of different
vehicle types as reported in [16] have been used to
estimate the accident cost on all the study roads under
consideration. The total cost of accidents, thus estimated,
is found to be Rs. 1 160 398 on NH-1, Rs. 1 650996 NH-45
and Rs. 814 519 on NH-25.

2.8.Road Users’ Cost

Road users cost reflects the pavement condition as
well as the overall travel condition on a road stretch.
Therefore, road users cost is also an important consi-
deration during the prioritization of roads for improvement.
Based on road geometry (e.g. gradient, curvature, width
of pavement), surface characteristics (e.g. surface type,
roughness), vehicle characteristics (e.g. age of vehicles,
type, model, horse power etc.) and traffic factors (e.g.
volume, composition, load carried etc.), [17] estimated the
road users cost considering the cost of fuel, lubricants,
spare parts, maintenance, labor, depreciation costs, etc.
The road users cost used in the present paper is based on
the recommendations of [5]. The estimated road users cost

per vehicle Km of travel was found to be Rs. 2.17, Rs. 2.86
and Rs. 3.17 on NH-1, NH-45 and NH-25 respectively.

3. Methodologies and Application

The influencing factors or variables to be considered
for prioritization have been identified as described in
Section 2.] to 2.8. The estimated or observed variables on
all the study roads are also summarized in Table-1. The list
of influencing factors or variables presented in this paper
is not unique and therefore, may be modified depending
on motivation, characteristics and nature of development
considered for prioritization. However, once the variables
are identified, it will be required to prioritize the roads using
identified variables. In the present paper, the variables
identified in the process of prioritization, have been used
to estimate the total disutilities of existing roads; and the
development has been proposed in the descending order
of total disutility (i.e. the one with highest disutility to be
taken first for improvement). For estimating the total
disutility, a linear function has been assumed as follows.

Uy =-%afXj, o)

where, U= total disutility for existing road j’, X,-;f =
observed/estimated normalized variable ‘i’ onroad j* a;'=
normalized coefficient or weight attached to variable X ,'J’ .

The variables shown in Table-1 have been selected in
such a way that higher value of a variable, will need the
higher improvement of the existing road. The negative
sign in Equation (1) has been incorporated as U is a
measure of disutility.

In order to estimate the total disutility, it will be required
to estimate the weights to be assigned to variables
considered during prioritization and then to normalize the
weights. Similarly, it will be required to normalize the
variables shown in Table 1. In the present paper, 3 roads
(i.e.j=1,2 and 3) and 8 variables (i.e. i=1, 2, ... 8) have
been considered during prioritization.

Table 1. Summary of variables considered during prioritization

Observed/estimated value on
Name of variable

NH-1 NH-45 NH-25
Existing traffic demand (PCU/day) 28 186 39 000 31 340
Composition of goods traffic (in %) 28 35 34
Vehicle damage factor 496 4.53 5.14
Reduction of average journey speed (Kmph) 45.19 39.71 34.60
Growth of per capita income 3.20 4.76 4.76
Growth of NSDP/ GDP 9.46 11.29 12.28
Accident Cost (Rs.) 1 160 398 1 050 996 814 519
Road users cost (Rs per Vehicle Km) 2.17 2.86 3.17
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3.1. Estimation of Weights

I'n order to estimate the weights of different vanables,
a questionnaire was prepared and distributed among eigh-

55

Therefore, the weight for “Traffic Volume” was esti-

teen experts to rank variables in order of priority. The fol-

lowing pre-assigned weights to various priorities were also

communicated to the experts.

3.2.Normalization of Variables and Weights

mated as (1 1x8+3x7+2x6+2x5) or 131. Similarly, the weights
for other variables were also estimated.

As the magnitudes of variables considered during
prioritization vary widely, all the variables ( X ;) shown in

Priority 1 Hiyo|Iv, v VI | VII | VIl
Preassigned X
weight 81 7 6 5 4 3 2 1 X ’fjl -

On the basis of the opinion of experts and pre-as-

signed weights to different priorities, the weights for dif-
ferent variables were estimated. For example, from the opin-
1on of experts, it was found that the distribution of priori-

ties for “Traffic Volume” was as follows.

opinion of 18
experts

n a;

. . a - a
Priority on ’ a;
"Traffic Volume" DI I Ve Vi v vIn VT 2 i
Distribution of
Priorities from 1113121 210t01] 0

Table 2. Summary of normalized variables considered during prioritization

2 X
1

Table 1, have been normalized as follows.

where, X ,'] =Normalized variable.

2

Similarly, the estimated weights associated with dif-
ferent variables have also been normalized as follows

&)

While the normalized variables used during priori-
0 tization are shown in Table 2, the estimated weights asso-
ciated with different variables are shown in Table 3.

Name of vanable

Estimated normalized value on

Existing traffic demand (PCU/day) NH-1 NH-45 NH-25
Existing traffic demand (PCU/day) 0.29 0.39 0.32
Composition of goods traffic (in %) 0.28 0.37 0.35
Vehicle damage factor 0.33 0.33 0.34
Reduction of average journey speed {Kmph) 0.38 0.33 0.29
Growth of per capita income 0.26 0.37 0.37
Growth of NSDP/GDP 0.29 0.34 0.37
Accident cost (Rs.) 0.38 0.35 0.27
Road users cost (Rs per Vehicle Km) 0.27 0.34 0.39

Table 3. Summary of estimated weights

Name of variable

Estimated weights

Normalized weights

Existing traffic demand (PCU/day) 131 0.23
Composition of goods traffic (in %) 64 0.09
Vehicle damage factor 117 0.17
(I;zr(;lll.;cht;on of average journey speed 05 0.15
Growth of per capita income 72 0.11
Growth of NSDP/ GDP 24 0.03
Accident cost (Rs.) 55 0.08
Road users cost {Rs per Vehicle Kimn) 94 0.14
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3.3. Pricritization

Using the normalized variables (X i )and estimated

normalized weights (a,") the total disutilities were esti-
mated for all the study roads as per Equation (1). The
estimated disutilities are shown in Table 4.
It is clear from Table 4 that among the three roads under
study, NH-45 with the highest disutility should be taken
first for improvement. Then, NH-25 and NH-1 may be taken
in sequence based on the level of disutility.

Table 4. Estimated disutilities and priorities for different
roads

N Roap | pistmires | PRIORITY
NH-1 -0.3105 I
NH-45 -0.3551 I
NH-25 -0.3344 I

4. Conclusions

Prioritization of roads is a crucial step in the process
of road infrastructure development. For the purpose of
prioritization it is necessary to identify appropriate influ-
encing factors or variables and estimate their relative

weights. In the present paper eight variables have been -

logically identified and their relative weights have been
estimated based on an expert-opinion survey. Incorporat-
ing all the variables, a linear function has been proposed
for the estimation of the total disutilities of study roads
and the prioritization has been done on the basis of esti-
mated total disutility. The methodology demonstrated in
the paper is simple and based the data which are either
easily available from secondary sources or may be ob-
tained from simple primary surveys. Therefore, the meth-
odology proposed in the paper is useful for the policy
makers involved in road infrastructure development.

References

1. Sikdar P. K. and Maitra B. Procurement Issues in Prepara-
tion and Execution of Road Projects. Proc. of Conference on
Infrastructure Development in India, Kolkata, 2001, IV:21-
IV:28.

2. Puri A. K. Problems in Highway Sector in India. Indian
Highways, 2001, 29 (5), p 57-70.

3. Sikdar P. K. Pradhan Matri Gram Sadak Yojana — A Mission
for Rural Connectivity by All Weather Roads. Indian High-
ways, 2001, 29 (5), p 81-95.

4. Narain A. D. Highway Development — Challenges Ahead.
Indian Highways, 2000, 28 (1), p 63-67.

5. Panda J. Prioritization of Kendhujhar-Barbil-Rajamunda
Road for Upgradation by Techno-Economic Analysis. [rn-
dian Highways, 1999, 27 (8), p 41-54.

10.
11.

12.

13.

14,

16.

Parmar C. Road Traffic Safety Problem and Remedies. In-
dian Highways, 2000, 28 (2), p 5-14.

Gupta D. P. Issues in Enforcing Axle Load Limits on Roads
in India. Indian Highways, 2000, 28 (1), p 59-62.

Chandra S. and Mehndiratta, H. C. Methods and Applica-

tions of Axle Load Survey. Indian Highways, 2000, 28 (8), p
17-22.

Sinha A. K. and Kumar S. Effect of Overloading and Distri-
bution of Loads on Vehicle Damage Factor for Various Cat-
egories of Vehicles”. /ndian Highways, 2001, 29 (6), p 5-10.

IRC: 37 (2001). Guidelines for design of Flexible Pavements.

Maitra B., Sikdar P. K. and Dhingra 8. L. (1999). Modelling
Congestion on Urban Roads and Assessing Level of Service.
Journal of Transportation Engineering, ASCE, 125 (6), p
508-514.

Sarkar J. R. and Maitra B. Critical Considerations of Travel
Demand Forecasting on National Highways — A case Study.
Journal of Indian Roads Congress, 2001, 62 (3).

Sarin S. M., Suri B. L., Bajpai R. K., Mittal N. and Babu K.
V. G. Need for safety Audit on Indian Roads. Journal of
Indian Roads Congress, 1999, 60 (3), p 439-458.

Sharma A. K. and Dua L. R. Road Safety Considerations for
National Highways. Indian Highways, 2000, 28 (7), p 15-
22.

. Sarkar A. K. and Domun V. Analysis of Accidents on an

Accident Prone Road Stretch and Suggestions of Remedial
Measures for a Few Selected Locations. Indian Highways,
2000, 28 (10), p 39-52.

Highway Research Record (HRR). General Report on Road
research Work Done in India during 1998-99. IRC Highway
Research Board, 2000, No 26.

. Kadiyali L. R. and Viswanathan E. Study for Updating Road

User Cost Data. Journal of Indian Roads Congress, 1993,
54 (3), p 645-731.





