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PREFACE

Dear Readers,

Welcome to the 3" issue, volume 2, of our online-peer-reviewed International Journal
of the Society of Transportation and Traffic Studies. Four issues of the journal are
published annually. This issue contains 4 technical papers: two on urban mobility
Issues, the first presents a study on how to maximize urban space and increase
accessibility for pedestrians along a main boulevard in central Bangkok; the second
presents a concept plan for transport infrastructure development for a medium-size city
in India. One of the other two papers is about optimization of supply chain and selecting
the optimal location for the warehouse by solving a vendor-buyer and facility location
selection problem. The final paper deals with the identification of hazardous road
locations which are enhanced by incorporating a tool called an accident clock.

The special issue features a timely topic of transport energy. The paper presents the
lessons from fuel consumption management in transportation sector in Iran.

| trust you will enjoy reading this issue and find the information and research findings
useful.

Pichai Taneerananon
Professor
Chair of Editorial Board
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ABSTRACT:

Diversity of activities on Rachadamnoen Klang Avenue has demonstrated the difference between
space usage and time. As aresult, some areas cannot be maximized in term of its utilization for
activities all day long. The understanding of the associate factors that influence on the diversity of
activities on various time and space allocation are required as a necessary input in planning process to
design for maximum efficiency of space usage. Thus, this research aims to determine needs and their
association factors which influence the activity performances and to propose a development guideline
for Rachadamnoen Klang Avenue. The research methodology includes both qualitative and
quantitative analysis to reflect the actual behavior and the tourists and local people needs for
improvement of the study area. The geographical information system (GIS) was employed to
graphically demonstrate the differences of site characteristics for the integration of both qualitative and
quantitative approach. The illustration of the multidimensional of the sites' distinctive and all
requirements for upgrading the site characteristics could then be recommended during the designing of
improvement plan. The finding result based on this study revealed that the area improvement can
ensure the distribution of benefits of space utilizations by proposing the linkage of the activities and
spaces in both sides of Rachadamnoen Klang Avenue. This benefit could bring the economic
enhancement to the local people and tourism. Finally, more activities could be created and input into
the area to attract more tourists and developments and enhance the quality of life by increasing more
accessibility and green space on the basis of rehabilitation of district’s urban diversity.

KEYWORDS: Accessibility, Urban Diversity, Activity
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1. INTRODUCTION

Currently, the rapid growth of urban
area in Bangkok, capital city of Thailand,
causes the problem of inefficient land usages.
Some areas in Bangkok have not been
effecctively covered by Bangkok’s
comprehensive plan which has resulted to the
imbalance changing of environments and
impacting ont he locality business as usual,
namely, urban activities, land use, utilities and
facilities which could yield the amenities to the
society. However, it has been distorted by the
unplanned management. Rachadamnoen Klang

Avenue, the famous road with long history in
the old capital island, is now facing with the
previously problems. Along the road presently,
it was comprised with various activities and
cultures of the allocation of center of tourism
destination. The diversity of nationalities, both
from foreign tourists and people living in the
area, generate various culture and exchange
cultures, then uncountable cultures has existed
in this area. These varieties of cultures are the
main factors which causes the uncontrolled
quality of urban environments in both sides of
the study area as depicted in Figure 1.

Figure 1 Rachadamnoen Klang Avenue Area

Khao-san sub-district is located to the north
side of Rachadamnoen Klang Avenue was
well-known as an attractive point to tourist
groups and people. This district contains many
kind of business area such as trading, tourism
services and offices. During daytime, this
district is highlighted at trading and shopping
and working offices which represented as main
activities. On the other hand, in the nighttime,
this district is highlighted to tourist service and
entertainment places to attract foreigners and

also Thai people to enjoy night activities, those
activities could generate incomes to local
people. In contrary to southern side of
Rachadamnoen Klang Avenue, although these
areas are the allocation of the plenty of
historical sites and governmental offices, but
now this area is degenerate in income, tourism
and environment. Moreover, many historical
building are adapted to be used as residential
units which serve for local people which can be
shown in Table 1
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Table 1 Identity of the north side and south of Rachadamnoen Klang Avenue

Area’s Characteristic North side South side
Land use commercial residential
Ownership Private sector King’ s property
Community 3 4
Occupation Government affair/labor Commerce/labor

Tourism attractive
Use of area in daytime
Use of area in nighttime

Shop/ restaurant/pub/guest house
Commerce/tourism
restaurant/pub

Shop/historic communities
Commerce/communities meeting
residential

Due to the existing condition of different
activity types for both daytime and nighttime,
the diversity of ownership and attractivenesss
of different areas create the problem of
inequality of the distribution of income and
economic in the areas. Thus, the space
improvement should be considered in term of
designing physical aspects to shape behavior of
people and enhance their quality of life of the
community in both sides of Rachadamnoen
Klang Avenue.

2. REVIEW LITERATURE
2.1 Accessibility Concept

There are many activities in urban area,
especially historical quarter or city core
contains many kind of activities such as
trading, workings, services, productions etc.
The diversity in urban area can be described in
terms of the principle of space and the principle
of time. For example, many people works on
central area in daytime, need to relax at
recreation places in evening, and go back to
their residential units for sleep. Thus, daytime
and night time would always effect on people
choice or decide about type of activities that
person prefer to do (Fellman J. and D. Getis. J,
1972). Factors that can be wused for
consideration in time and space are 1) pattern
of accessibility 2) distance from origin to
destination 3) types of activities and 4) duration
of activities. Furthermore, the consideration of
the residential environment also plays an

important role on space utilization for diversity
of usage. The inhabitant could be formed as
communities in urban area which could be
categorized by three components;
1) geographic area 2) social interaction and
3) common ties.

Among these factors, transportation plays an
important role to increase social interaction
between two or more communities to create
and generate urban diversity. Jeans Jacob
(1961) recommended that transportation could
be designed to serve for increase urban safety
and encourage urban area to generate diversity
which can be explained as follows;

Road network system — Roads, streets and
pavements can be used as one indicator to
measure the quality of city since livable roads
or pavements always attract people. The design
guideline to make street or pavement more
attractive can be use kiosk or retail shop or
generate activities in that area. Building roads
or pavements should be designed in difference
patterns. Moreover, it should define territory
between private and public and avoid design
that may cause blind-spot.

Diversity — In urban area or urban core area,
land use planning should be encouraged to mix-
used area. Such as office, retail shop, pollution-
free productive sectors, factory, etc. And it
should concern historical buildings more than
modern buildings which effect to local people.
Modern buildings come from investors and
spectacular or new comers. And it will result on
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the the relationship between local people tol be
decreased and also decrease the diversity in that
area. Moreover, increasing density and
intensity also generate urban diversity.  The
environment for pedestrian approach should be
considered as easily and Dbasically of
accessibility between point-to-points. However,
this approach has limitation of distance
approximately 1 kilometer. Mainly, pavement
improvement are required to safe, comfort and
aesthetic for pedestrian and distance between
origin to attractions is not over 200 meters
(Rubenstein, 1978).

2.2 Analytical tool for accessibility analysis

Potential Surface Analysis (PSA) is one of the
spatial analysis techniques which aims to
analyze the suitability of area to development.
This technique could be adopted to measure
suitability area in grid analysis which use index
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and factors, then prioritize the set of analyze
factors by weight score or penalty score.
Consequently, the overlay technique can be
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score in each grid and can be compared in
statistic terms, which clearly to understand.
And it can be adjusted value or weight score to
re-analyze in case of making alternatives in
different situation. PSA can be calculated by
using weight and multiply to each factor, and
calculate all of each factors score to evaluate

the suitability of development in site. Its
equation can be shown below.
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Figure 2 Potential Surface Analysis (PSA)
(Source: Geometrics Internet Service to Millennium Education, 2009)
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3. STUDY AREA

This study area is located on both sides of
Rachadamnoen Klang Avenue, which is
located in historical area in Phra Nakorn district
in Bangkok. It is connected to Talad Yod sub-
district and Bann Phanthom sub-district,
Phranakorn district in the north, Baan Bart sub-

district and Wat Sommanat sub-district in the
east. Its location also connect to San Jaopoasua
sub-district, Sao Chingcha sub-district and
Sumrahnraj sub-district in Phranakorn district
in the south, connect to Phra Borommaha-
rachawang sub-district, Phranakorn district in
the west.

Legend

study area: Rachadamneon
Klang avenue

Figure 3 Study area (Rachadamnoen Klang Avenue)

There are three types of attractive places such
as schools, temples and institutional office.
These attractive locations play as historical
vital places in central area of Bangkok. This
study area is allocated nearby public parks,
religions places, secondary schools,
institutional places. Location and type of
attraction places nearby the study area can be
shown in Figure 4. In terms of urban
morphology, road pattern in this study area and
nearby district is in form of grid pattern, which

consist of different size of road which vary
between two lanes road to 12 lanes. The major
road such as Rachadamnoen Klang Avenue and
Boromrachachonnanee Road, which construct
of 12 lane road and distribute within the inner
area such as Asadang Road, Rahmbuttri Road,
Larn Luang Road as a local roads. Moreover,
there are arrays which align in grid pattern and
road network in study area and nearby district
can be demonstrated in Figure 5.
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Legend
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Figure 4 Attractive places nearby the study area
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Figure 5 Road network in study area

About the residential area, there are 8 main
communities located nearby Rachadamnoen
Klang Avenue which consist of Thanon
Khaosan community, Trok Borwornrangsri
community, Tuk Din Mosque community,
Lang Thanon Rachadumnoen Klang
community, Trokslip-Tukdin community, Lang

Wat Ratchanadda community, and Sam Prang
community. The location on e ach community
can be shown in Figure 6. A s a historical
quarter which contains many attractive points,
this study area is provided for many activities
and allow for both day and night activities. In
daytime, these areas are filled with activities
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both tourism places such as Khaosan road,
gallery, temples and trading activities such as
markets. However, in the nighttime, this area,
especially in  Khaosan  sub-district is
highlighted for tourism and services such food
and restaurants, flea market. The differences
between daytime activities and nighttime
activities can be illustrated in Figure 7.
According to observation in study area, there
are 3 groups of users that are tourists, students
and shopkeeper. Tourists groups, especially

foreigners always commute by walking around
Khaosan sub-district. Also for students group,
they mostly walk along Thanon Dinso due to
the proximity location of schools such as
Striwittaya School and Wat Borwornniwe;j
School. Shopkeepers and lottery sellers
perform  their trading activity along
Rachadamnoen Klang Avenue (in south side).
The circulation area for each group can be
depicted in Figure 8.

Legend

Khao-san
Borvornsangsri
Masayid-tukdin
Behind-rachadamnoen
Troksilp-tukdin

Wat ratchanadda

Sam prang

ian nmi

perEn ey

SHEO0 V0D 2] a0

Nighttime

Travel
I: Commercial
Main pedestrian
(' Bus-stop

Figure 7 Activities between daytime and nighttime in study area
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Foreign tourist
Thai tourist
Student
Merchant

Figure 8 Circulation of commuters from outside the study area

4. METHODOLOGY

This study utilized both questionnaire survey
and spatial analysis to analyze the current
situation together with their perception and
needs of area improvement. Questionnaire
survey was collected of 30 samples which can
be separated into three groups, which consist of
1) samples who live in the northern part of
Rachadamnoen Klang Avenue 2) samples who
live in the southern part of Rachadamnoen
Klang Avenue and 3) samples who lives
outside the study area. This is to describe the
perception of development guideline on the
basic descriptive statistics and cross tabulation.

In spatial analysis, this study used Model
Builder™ in ArcView GIS to analyze the
potential surface analysis (PSA) and categorize
the area which suite for develop and further
improvement. According to spatial analysis,
this study use potential surface analysis (PSA)
with the application Model Builder'™ in
ArcView GIS. This is similar to overlay
technique which can analyze on the basis of
weight overlay approach. Three major factors
were use to analyze spatial characteristics and
can be shown in Table 2
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Table 2 Spatial analysis weight score

Factors 4 ,? core ) 1
. Physical factors (60%)
Major road accessibility 25% Less than100 M. 10(1)\;[2'00 20 i\fOO 1\/13(2;8 ;}/lfn
Local roads/arrays accessibility 15% Less than 50 M. 501;/}90 10;250 Mlosrg ;}/lfn
Location of subway station 20% Less than 200M. 20(1)\;[4"00 40 i\fOO Mgz)rg ;}/lfn
. Community settlement factor (15%) Less than100 M. 10(1)\;[2'00 20 1\;13‘00 l\/gcz)rg E;Em
3. Activity factors (25%)
i 0 - -
¢ Distance from Khao San road 5% Less than100 M. 10(1)\/1 2.00 20 %\/[3.)00 M3(z)rg It\l/}a.m
‘ 0 - -
Distance from Wat Rachanaddaram 10% Less than100 M. 10(1)\/1 2.00 20 %\/E’OO M3(z)rg It\l/}a.m
1 0 - -
Distance from the government lottery office 10% | . .- 100 M. 10(1)\/[ 2'00 20 1\43_00 M?)(z)rg ;}/lfn

| Accessibility Imprevement for District’s Urban Diversity
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Figure 9 Conceptual framework of the study
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This study is focused on accessibility
improvement by using both primary data
source such as observation and questionnaire
survey for understanding of demand,
perceptions of local people. The secondary data
sources such as documentary research and
spatial analysis were also utilized for analyze

Information data and

problem from survey

the suitability area for improvement. Then all
necessary data was input to the design process
of establish guideline for accessibility
improvement in Rachadumnoen Klang Avenue.
The conceptual of this study can be shown in
Figure 10.

Survey Data

Satisfaction and

Attitudes from interviewer

Statistics

h 4

Design guideline

> GIS analysis

Figure 10 Method of study

The analysis of study for accessibility
improvement design guideline is separated into
three parts: 1) analysis of information data and
existing problems based on the approach of site
investigation 2) analysis of satisfaction and

10

attitude from interviewer survey and 3) spatial
analysis and potential surface analysis (PSA).
Base ont he combination of analysis among
three parts of design guideline, the study
diagram can be shown in Figure 11.
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Apcessibility Factors

Major road accessibility

Distance form Khaosan Road

Community settlement Factors

Activity location Factors

@

Subway station

Wat Rachanaddaram

Government lottery office

__u_

Apceszibility factors

Attractive factors

n =B g

Suitability area for improvemsant

Figure 11 Conceptual of Spatial Analysis

5. RESULT OF ANALYSIS
5.1 Spatial Analysis

According to spatial analysis by using overlay
technique incorporating with using major road
accessibility factor, local road accessibility
factors, distances from attraction points to
analyze the suitability for improvement, the
result was shown that the suitability area for
improvement is the area which locate nearby

11

Rachamnoen Klang road, Thanon Khaosan
community, Trok Borwornrangsri community,
Lang  Thanon  Rachadumnoen  Klang-
community, Tuk Din Mosque community,
Trokslip-Tukdin community and Lang Wat
Ratchanadda community in high level (score 3
of 3). Another area such as Sam Preng
community is suitable to improve in moderate
level (score 1of 3). The result of spatial
analysis is graphically demonstrated in Figure
12.
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Legend
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Figure 12 Suitability level of improvement in study area

5.2 Questionnaires survey

According to questionnaire survey, this section
can be described into two parts, descriptive
statistic and cross tabulation. In descriptive
statistic, it aims to analyze perception of
respondents in field of adaption in study area
between northern side and southern side of
Rachadamnoen Klang Avenue that suite for
development or improvement. In descriptive
statistic  section, according to result of

12

respondents to improvement approach, it
demonstrated that most respondents would like
to improve both sides of Rachadamnoen Klang
Avenue to attract more business and tourism
activity by using both green corridor approach
and shopping street. This is due to most
respondents would not prefer to improve for
vehicle access. The result of descriptive can be
shown in Table 3.



Journal of Society for Transportation and Traffic Studies (JSTS) Vol.2 No.3

Table 3 Descriptive statistics in respondents’ perception of improvement

Questions Mean SD
Do you need to improve the area which located on the northern part of 110 0305
Rachadamnoen Klang Avenue for encourage local economic and tourism? ' '
If development project had occurred on the area located on the northern part of 3.80 1157
Rachadamnoen Klang Avenue, it should be improve to shopping street? ' '
If development project had occurred on the area located on the northern part of 337 1351
behind Rachadamnoen Klang Avenue, it should be improve to green corridor? ' '
If development project had occurred on the area located on the northern part of 213 0.860
behind Rachadamnoen Klang Avenue, it should be improve to vehicle approach? ' '
Do you need to improve the area which located on the southern part of 113 0.346
Rachadamnoen Klang Avenue for encourage local economic and tourism? ' '
If development project had occurred on the area located on the southern part of 377 1104
Rachadamnoen Klang Avenue, it should be improve to shopping street? ' '
If development project had occurred on the area located on the southern part of 3.97 1.066
behind Rachadamnoen Klang Avenue, it should be improve to green corridor? ' '
If development project had occurred on the area located on the southern part of 203 0.809

behind Rachadamnoen Klang Avenue, it should be improve to vehicle approach?

After analyze the relationship between factors
by using cross tabulation, the result was shown
that most respondents would like to improve
their residential area both northern part of
Rachadamnoen Klang Avenue and southern
part of Rachadamnoen Klang Avenue. In case
of improvement approach, respondents prefer
the improvement approach in the north part of
Rachadamnoen Klang Avenue by using
shopping street approach and green corridor.
Respondents would like to improve the area
which located in south part of Rachadamnoen
Klang Avenue by using green corridor, and
both two sites are not prefer vehicle approach
for improvement. The result of cross tabulation
can be shown in Table 4. According to the
result of cross tabulation analysis between

13

respondents settlements and shopping street
improvement approach, the result from Table 5
demonstrated that both respondents who live in
between northern part of Rachadamnoen Klang
Avenue and southern part of Rachadamnoen
Klang Avenue are strongly agree to improve by
shopping street approach.

Furthermore, when consider about respondents
settlements and green corridor improvement
approach, the result from Table 6 illustrated
that both respondents who live in between
northern part of Rachadamnoen Klang Avenue
and southern part of Rachadamnoen Klang
Avenue are strongly agreed to green corridor
improvement approach.
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Table 4 Cross tabulation between respondents settlement and improvement approach

Do you need to improve the area for encourage local

Group economic and tourism?
Northern part Southern part
Yes No Total Yes No Total

Residents who lives on the northern 9 1 10 9 1 10
part of Rachadamnoen Klang Avenue

Residents who lives on the southern 9 1 10 9 1 10
part of Rachadamnoen Klang Avenue

Residents who live outside study area 9 1 10 8 2 10
Total 27 3 30 26 4 30

Table 5 Cross tabulation between respondent’s settlement and perception of shopping street improvement approach

If development project had occurred on the area, it should be

g improve to shopping street?

North South

Low Moderate high Highest Low Moderate High Highest

Residents who lives on the northern

1 1 3 5 3 0 4 3
part of Rachadamnoen Klang Avenue
Residents who lives on the southern 3 1 3 3 ) | 4 3
part of Rachadamnoen Klang Avenue
Residents who live outside study area 2 3 2 3 1 3 3 3
Total 6 5 8 11 6 4 11 9

Table 6 Cross tabulation between respondent’s settlement and perception
of green corridor improvement approach

If development project had occurred on the area, it should be

Grou . .
p improve to green corridor?

North part South part

Lowest Low Moderate High Highest Lowest Low Moderate High Highest

Residents who lives on the northern

part of Rachadamnoen Klang 1 1 0 4 4 0 1 1 4 4
Avenue

Residents who lives on the southern

part of Rachadamnoen Klang 1 3 1 4 1 0 1 2 3 4
Avenue
Residents who live outside study

1 3 2 2 2 0 2 2 2 4
area
Total 3 7 3 10 6 0 4 5 9 12

14
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According to cross tabulation between
respondents settlements and vehicle approach
improvement, the result from Table 7 explained
that both respondents who live in between

northern part of Rachadamnoen Klang Avenue
and southern part of Rachadamnoen Klang
Avenue are tend to disagree to improve by
vehicle approach.

Table 7 Cross tabulation between respondents settlement and perception
of green corridor improvement approach

If development project had occurred, it should be improve to

Group

vehicle approach?

North part

South part

Lowest Low

Moderate  High Lowest Low  Moderate  High

Residents who lives on the
northern part of Rachadamnoen 3 5
Klang Avenue

Residents who lives on the

southern part of Rachadamnoen 2 5
Klang Avenue

Residents who live outside study

2 4
arca

Total 7 14

2 0 4 3 3 0
2 1 2 4 4 0
3 1 3 4 3 0
7 2 9 11 10 0

6. CONCLUSION AND SUGGESTION

Based onr esult of analysis, most of
respondents prefer to improve accessibility by
shopping street approach and green corridor
approach in both side of Rachadamnoen Klang
Avenue. This study suggested that not only
urban design can improve accessibility by
install ornaments such as benches, fountains
and street lights for attracts people to come to
this area, but installing or building arcades and

allows merchants to trade also improve
attractive into the study area. In some places,
the allocation of install arcade and pavement
improvement can be an instrument to discuss
the access of vehicle and raise pedestrian
friendly into study area. Guidelines for
improvement can be  designed and
demonstrated in Figure 13 and Table 8§,
respectively.

Green area near Wat Ratchanadda

Figure 13 Improvement suggestions in study area
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In case of adoptive measurements to improve
accessibility, it can recommend for site
management such as time or duration of access
to some area or improve connectivity between
bus stop and subway station to major
destination such as Khaosan road, gallery and
temples. Also, the recommendation can direct
to encourage pedestrians to go to attraction

places by walking instead of motorizations.
Moreover, building or provide spaces for retail
shops, kiosks could encourage local people to
come and create social activities such as local
festival can be an option to raise attractive of
study area in term of local income to local
people nearby communities.

Table 8 Accessibility improvement guidelines in study area

Area of i 1mpr0vemen

\",’,42. 7

Southside of
Khaosan road

Democracy
Monument

Wat Ratchanadda

Northside of
Sam Prang

Before
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The present work deals with an enterprise consisting of vendor-buyer and facility location selection
problem. The coordinated mechanism among the members of supply chain has been proposed to
achieve the optimal solution and the optimal location for the warehouse. Further, a price-sensitive
linear demand function with single vendor-buyer and multiple products-consumers model has been
formulated. In this work, Buyer’s Mixed Integer Problem (MIP) model, Vendor’s Integer Problem (IP)
model and Coordinated MIP model have been formulated. Numerical examples presented in this
research, which include the sensitivity of the key parameters to illustrate the models. Branch and bound
algorithm has been applied to solve the models. Results show that by coordination, (1) the individual
profit as well as joint profit could be increased, (2) consumers purchasing price could be decreased
and (3) products allocations for different cases are not differ much and the location set for the
warehouses is become confined.

Key Words: Warehouse location problem, coordination between vendor and buyer, mixed integer
program.

1. INTRODUCTION the supply chain. And a high level of coordination

between vendor’s and buyer’s decision making is
The coordination among the members of supply also required. The idea of optimizing the joint
chain is one of the vital issues to overcome the total cost in a single-vendor and a single-buyer
new challenges of the comprehensive enterprise. model was first introduced by Goyal (1976).
If there is no coordination exists between the Viswanathan and Wang (2003) described the
members in a supply chain, vendor and buyer will effectiveness of quantity discounts and volume
act independently to maximize their own profit discounts as a coordination mechanism in
and reduce cost which does not guarantee the distribution channels with price sensitive demand.
optimal state of the whole system That is why to  They concluded that the effectiveness of volume
ensure the optimal system and to satisfy customer discounts as a coordination mechanism is higher
demands in today’s competitive markets, when the sensitivity of demand to price changes
significant information needs to be shared along higher and the effectiveness of quantity discounts
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is higher with lower price demand. In addition,
Qin et al. (2007) have considered volume
discounts and franchise fees as coordination
mechanism in a system of supply chain with
single supplier and single buyer with price
sensitive demand.

At the same time, Jokar and Sajadieh (2009) have
described a vendor—buyer integrated production
inventory model considering Joint Economic Lot
Sizing (JELS) policy with price sensitive demand
of the customer. In the meantime, Sajadieh and
Jokar (2009) described a JELS model consisting
one vendor and one buyer where the shipment;
ordering and pricing policy are all optimized.
Finally, they investigated the effectiveness of
customer price sensitive demand.

Another stream of literate that deals with
locational decision-making has led to a strong
interest in location analysis and modeling within
the operations research and management science
community. Undoubtedly, humans have been
analyzing the effectiveness of locational decisions
since they inhabited their first cave. The term
“facility” here is used in its broadest sense. That
is, it is meant to include entities such as air and
maritime ports, factories, warehouses, retail
outlets, schools, hospitals, day-care centers, bus
stops, subway stations, electronic switching
centers, computer concentrators and terminals,
rain gages, emergency warning sirens, and
satellites, to name but af ew that have been
analyzed in the research literature.

Classical plant location problems have been
discussing over the years, as initiating with the
work of Weber (1909), however, the workable
models are constituted only in the 1960s with the
arrival of automatic computation capabilities
implied by Laporte and Revelle (1996). Holmberg
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(1999) proposed a solution method for
uncapacitated facility location problems where
the transportation costs are nonlinear and convex.
He developed a branch and bound method based
on dual ascent and adjustment procedure and
compared to application of a modified Benders
decomposition method. Arya, N. et al. (2004)
used in facility location problems. It is stated the
locality gap of a local search procedure for a
minimization problem as the maximum ratio of a
locally optimum solution (obtained using this
procedure) to the global optimum.

Consequently, Ko (2005) described an integrated
decision model to determine the location of
distribution faculties. He proposed the hierarchy
process and analyzed the survey data based on the
location selection criteria and demonstrated the
practical applicability of the research findings.
Eroglu and Keskintiirk (2005) investigated a
model for locating an economic facility to
determine how many warehouse to set up, where
to locate those warehouses. They proposed a
genetic algorithm for the warehouse location
problem and cities of Turkey are considered
where the warehouses construct for minimizing
the distribution costs. Sheng et al. (2006) have
investigated a transportation model with
discontinuous piecewise linear cost function and
proposed a genetic algorithm based on the matrix
encoding which more efficient than previous
algorithm. Uddin and Sano (2010) described a
linear fraction model that maximizes the return on
investment and find the location for the facility.
They also discussed an MIP based approach to
solve linear fractional programming problem. A
standard approach to warehouse location is to
start with the centre of gravity of demand, and to
model various options at or near the centre. The
centre of gravity method is technically unsound
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Despite the large amount of research extending
different dimension of facility location problem,
they are not boundless and technically sound.
Locating facilities and allocating demand to these
facilities is a huge problem. There is a trade-off
between the cost of construction and operating of
the facility and the cost of transportation. Low
facility costs and high transportation costs implies
the decentralization concept. Lead times,
customer service and response depend on't he
warechouses. Therefore, the location of the
warehouse is also important as facility location.
One part of the Warehouse Management Systems
contains also warehouse location. One aim is to
minimize the travel or shipment distance as
location selection.

On the other hand, Coordination mechanism is
beneficial. Min (2001) determined that Supply
chain coordination provides risk reduction, access
to resources and competitive advantage. In
addition, Cristiaanse and Kumar (2000) argue that
Supply chain coordination dictates the cost
improvement and value that can be gained.
Jorgensen and Zaccour (2003) also express that
Uncoordinated decision-making creates
inefficiency with the channel members’ profits
significantly lower for each channel member
independently and collectively than what could be
achieved with coordination.
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That is why, considering the benefits of the
coordination mechanism and the existing
limitations of the facility location problem, we are
interested to apply the coordination theory as an
alternate approach to solve facility location
problem. In this work, combining the facility
location problems with the coordination between
the members of enterprise, MIP and IP based
models have been formulated. Since coordination
could guarantee the optional state of the whole
system, coordinated model could achieve the best
location for the warehouses. A linear price
sensitive demand function for multi-product and
multi-customer has been considered to formulate
the constraints. The sensitivity ont he buyer’s
selling prices has also been discussed.
Transportation cost, ordering (or setup) cost,
inventory holding cost and production cost have
been also considered. Finally, a conclusion has
drawn in favor of the coordination mechanism
that could be applied to solve the facility location
problem as well as to maximize the benefits of
the members. This proposed model could to
achieve the optimal solution and applicable to
find the best location for the plant that lead a
more profitable system.

The reminder of this paper is organized as
follows. In Section 2, notation, assumption and
mathematical models are formulated as MIP. In
Section 3, a numerical example with solution
approach is considered. In Section 4, the results
of these models and sensitivity or the parameters
are discussed. Finally, Section 5, c ontains some
conclusions and scopes of future research



Coordination, Supply Chain Optimization and Facility Location Selection Problem

2.NOTATION, ASSUMPTION AND
MODEL FORMULATION

It is considered an enterprise consists of single
vendor and single buyer with a set of locations
candidate for feasible warehouse. The vendor
manufactures products and delivers to buyer’s
warehouses and then buyer delivers the products
to the customer located at different geographical
areas as described in figure 1. The solid arrows
define the commodity flow whereas the dotted
arrow shows the information flow.

Parameters:

Let

I: set of products

J: set of customers

L: set of location for the warehouses

si: buyer’s purchasing price of i product ($/unit)
wii: the maximum capacity for i th product at
warehouse 1 ( unit)

fy: vendor’s set up cost ($)

h;: vendor’s holding cost of i product ($/unit)

ti: unit transportation cost of i product from
vendor to warchouse at 1 ($/unit)

p: production rate

fw): buyer’s set up cost of ™ warehouse (8)

tt;: transportation unit cost from warehouse 1 to
customer j ($/unit)

hhji: holding cost at buyers warehouse 1 for
product i ($/unit)

21

Figure 1 Framework of the model

M: any large scalar

b= (bj): a constant vector, 1 in products set

A = (a;)): a matrix of appropriate dimensions, (i,])
are in products set

Decision Variables:

ci: buyer’s selling price of i product ($/unit)

1, if warehouse 1 is open,

X, =
"0, otherwise

n; : number of shipment of it product (unit)

Qyi: ordered quantity of it product for warehouse 1

(unit)

zjj;: amount of i product shipped from warehouse

1 to customer j ( unit)

d;i: the demand of i product to j™ customer (unit)

w; : the optimal capacity f or it product at

location |

Linear demand function:

Let us consider the linear demand system of the
form #£({p)=%&—-Ap, where d and p are the

demand and price vectors respectively, b is a
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constant vector and A is a matrix of appropriate
dimensions. By the law of demand, the demand d;
decreases in its own price p;. Suppose that a
vendor produces m product for n customers, then
linear demand could be define as:

d:R">R"™, where, RI'={peR":p=>0}.
Since d is linear, it can be restated as :

b,
d(p) =b - Ap, where, b=| : and
bm
a‘ll alm
A=| :
a a

The diagonal entries aj; of A are the decrement in
demand for product i when the price p; increases
by one unit, and the (i,)) entries a;; & 4 of A
represent the change in the demand for product 1
as the prices p; change.

Assumption:

1. Since demands d are non ne gation, hence,
bz ap

2. The model deals with a single vendor-buyer
for a single product

3. Vendor finite production rate is greater than the
demand rate.

4. The inventory holding cost at the buyer is
greater than that at the vendor.

5. Storage is not allowed.

22

S|9WI|’WI|’ f\NI’djl’

2.1 Buyer’s Model

MIP1: Maximize,
P (CI’Qll’Xl’ZUI) Z(b zau J)(C

Y- D a,c )Y (i /Q,)
=1

L n

ZZ (Qihhy; /2 +1t; *d ;)
i=1

Subject to

b; > Z a;;C; ,Vie product set

Zn:dji = (b, Za,tc) Vi

ZW{i *x! SZWH Vi

lj»

X, is binary

S)

(1)

)

3)

4

()

(6)

(7

(8)

9)

(10)

hhll ’ CI ’ Z|jl ’Qll 2 0

a1
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The first term of the objective function MIP1 is
the total revenue obtained by multiplying the
difference of Buyer’s selling price and purchasing
cost of each product by the demand of that
product, the second term is the fixed opening cost
(including land acquisition costs, order processing
costs, facility construction costs) and the last term
is sum of the holding cost and the transportation
cost. The constraints (1) make sure that the linear
demands are non negative. The constraints (2)
represent the demand of each product. The
constraints (3) ensure that the shipment amount
satisfy the demand of each customer. The
constraints (4) ensure that the total amount of
specific product being stored for ap articular
customer at all warehouses is equal to the demand
of the product from that customer. The
constraints (5) provide that the total amount of a
particular product being stored at all warehouses
for all customers is equal to the total demand of
that product. The constraints (6) describe that a
warehouse is located if and only if there is a
demand. The constraints (7) show that the
demand of each product is equal to the order
quantity of that product. The constraints (8)
provide the relation between total ordered
quantities of the products and total demand of the
products at all locations. The constraints (9) make
sure that the capacity of each product is greater
than the demand of that product. The constraints
(10) stipulate that required capacities cannot
exceed the existing capacities for each product.
Finally, the constraints (11) guarantee the non-
negativity.
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2.2 Vendor’s Model

IP2: Maximize,

R, ()= anzm:djisi -

j=1 i=l |

nQ/Q - X (h *Q, /2(n (1 -

1=1 i=l

i(bi —iaucj)fv *

L
=1 i=l j=1

200~

=
_i:aijcj)/ p—1+zi(bi —_i:aijcj)/ p+td;)
Sjl_lbject to ) }

n(n —1) <= J_%2(*% —a;;C;)pf, /é(hian

*(p—b; +a;c;)) <=ni(n; +1),Vi (12)
D di =2 =2 ac)), Vi (13)
j=1 i=1 j=1

Sis Wy, T, dj,ty,hy >0 (14)

The first term of the objective function IP2 is
Vendor’s total revenue that is obtained by the
multiplication of the selling price and demand.
The remaining terms are the opening, holding and
transportation cost respectively. The constraints
(12) stipulate the optimality condition of the
number of shipment of each product. The
Constraints (13) represent the demand of each
product by the customer. T he final constraints
(14) guarantee the non-negativity.
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2.3 Coordinated Model L U .

porainated TIode > wi 2(b, - Y a,c,) . vi (23)
If both vendor and buyer agree on c oordination Iz,_l thl
between themselves, then the coordinated model ZW,'i ! SZ w; , Vi (24)
could be formulated as an MIP problem. , o
MIP3: Maximize, Qi * X < , VL, (25)

m m L
PAC(Ci’QIiani’XI’ZIji):g(bi_J_Zz:laijcj)ci_ IZlfv(p(hh"—hi)+2hi(bi— > a;C;)
= i=

m m n; = (26)
Zl(bl Ij J)Z((fW|X|+n )/Qlini)_ Zh fWl(p b +Zau J)
i=
L W " h S W . O, tt
Y i%(@..hh.. 24ty 2) - (0 *Qy 0t 3,0

"
=
1l
X
1}
[IX

hhy, ¢i, 23 20, X is binary (27)
20,1 X (b; - ZaijCj)/p)—l o . .

i=1 j=1 Where, the objective function MIP3 maximizes
the joint profit is the combination of their
individual objective functions. The constraints
(15)-(27) are the combination of the constraints of

+22(b Ij J)/ )+tI|*QI|)

i=1

Subject to vendor’s and buyer’s models.
b, > Za,]cJ ,Vi e product set (15)
: 3. NUMERICAL EXAMPLE AND
;dji =0 Zanc ),V (16) " SOLUTION APPROACH
ii Z,; = zd v (17) In this section, we illustrate our models by
et b ! = presenting example, including the optimal
L o solutions. Let the supply chain scenario be as:
Z Zy =dy Vi, ] (18) Suppose that a vendor-X which manufactures the
Ifl ] ; 3 products in batches at a finite yearly rate 3200
Zzzm = Zdji Vi (19) with a selling prices 100, 105 and 100, a nd
= =1 = delivers in equal-sized transfer lots to the buyer-Y
n having a set containing 5 feasible locations for
ZZ Zy <Mx, VI (20)  \arehouses with fixed opening cost (4500, 3500,
e i 4000, 3000, 2500) and maximum capacities are
ZQ” = (b, _Zaitct) Vi (21) (300, 200, 300),(120, 800, 200), (150, 200, 170),
| t=1 (100, 100, 100) and (500, 200, 500).

>3Q =D -Dac) (22)
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Initialization
Solve the associated LP program
Let Z be the optimal value and set z = value of the best known feasible solution (— oo if
unknown) and (z< z* < 7)

Solve the LP
subdivisi L Let 2 be the
on infeasiable optimum value
over
A
Yes i
Variabl
Yes (fathom§d by (fathomed by es are
. infeasiability) bound) integer
Yes
Y
No Subdivision
analyzed
completely?

(fathomed by

integrality) Yes

Generate new subdivisions
Termination from the fractional variables
7=z is optimum in LP solution

A

Figure 2 Flow chart for MIP based Branch and Bound algorithm
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Buyer-Y satisfies his two customers with a price-
sensitive demand having constant vector b and
appropriate matrix

2 -3 2
I 4 -1
-1 2 1

In order to obtain the sensitivity of linear demand
function, it is considered three set of constant
vectors of b such as (1030 1080 980), (1050 1100
1000) and (1070 1120 1020).

Further, each warehouse has a yearly holding cost
(1.0, 1.2, 1.2), (1.3, 1.2, 1.3), (1.3, 1.4, 1.2), (1.5,
1.4,1.4), (1.2, 1.3, 1.2) and the transportation cost
for two customer are (1.5, 1.6, 1.6, 1.0, 1.5) and
(1.7, 14, 1.5, 1.2, 1.5). Finally, vendor’s
transportation cost for three products are (0.5, 0.6,
0.6, 0.5, 0.5),

(0.7, 0.4, 0.5, 0.4, 0.5) and (0.6, 0.5, 0.5, 0.45,
0.5).The aim of this work is to provide a
consistent logistics support to the buyer-Y as well
as to find the best feasible locations for the
warehouses among the given set of

locations which optimize the supply chain
network.

The formulated buyer’s MIP1 model and
coordinated MIP3 model have been solved by the
method of branch and bound algorithm
employing AMPL with Bonmin and Couenne.On
the other hand, the vendor’s IP2 has been solved
also by the method of branch and bound
algorithm wusing Cplex. A program has been
written according to the flow chart illustrated in
figure 2 for AMPL. The program consists of two
main parts; the main module containing the actual
program and the data file containing data for the
various parameters. The program was executed
on a Pentium IV machine with a 1.73 G Hz
processor and 2.0 GB RAM.
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4. RESULT ANALYSIS

Significant finding regarding the numerical
example of the proposed model is described in
table-1. Table-1 also provides the comparative
analysis for the model before and after
coordination. The percentage of change of profit
after coordination is obtained by

P1(%) = (Pyc — Py ) *100/ P, , where, Pgc and

Pac are the profit Before Coordination (BC) and
After Coordination (AC) between vendor and
buyer respectively. The individual benefit of
vendor and buyer is calculated from the formula
of described by (Sajadiech and Jokar, (2009);
Goyal, (1976)), that is:

R, (BC)

BC

P.(BC)

Pv(AC) = x P, , and

Ps(AC)= P.c » where, Py and Py stand
BC

for profit of vendor and buyer.

Tablel The Values of Different Parameters
Before Coordination
Before Coordination(BC)
Prices Pv Py
290.74
163.20
390.63
294.53
165.29
397.73
298.25
167.38
404.74

Cases Psc

1 104172 8904 113076

107252 20869 128121

110052 16378 126430
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Table 2. The Values of Different Parameters

After Coordination

After Coordination(AC)

Prices Py Py Pac PI
(%)

273.92 9.54

131.26 114115 9754 123869

122.66

279.08 9.0

137.07 116901 22747 139648

136.21

284.24 22.9

142.87 135291 20135 155426 3

149.76

The figures 3, 4 and 5 show the distribution of
different products for different customers before

coordination for the three cases:

% 250+
=
'8 200
g
=
§ 150
=
b 1004
S
(A
o
§ 50
2
g 0

- == - product-1
product-2
A - =+ -product-3
Il 'A’ - .
. ’ .
. ’
A\S 4
. .
. .
L Voo e
M . r .
- .
o l' $
T T

2 Wareﬁouse canzhidates °
Figure 3. Optimum Allocation for Case-1 (BC)
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Q
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= .
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g 50 * . -~ R T
2 '
"
O o # T T T
1 2 3 4 5
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Figure 4. Optimum Allocation for Case-2 (BC)

- == = product-1
product-2
. 2507 N et 3
8 = =& = product-
3 A
B 20 A
= . .
3 ' ! . ’
8 1504 ' Y . .
[] ' N R
g 10 . . )
B o ' . !
+~ 50 M [} ' . .= IS . .. [
g Sy . , N G
5 O T : 2 v" c T hd ﬁ - : T
1 2 3 4 5
Warehouse candidates

Figure 5. Optimum Allocation for Case-3 (BC)

The figure 6 shows the distribution of different
products  for  different customers  after
coordination for all the cases.
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Figure 6. Optimum Allocation for Case-1,2 & 3 (AC)

Therefore, from the figure-3, 4 and 5, itis

concluded that if both buyer and vendor have no
coordination, the binary values (1 0 0 1 1),
(00 111) and (1 0 1 01) represent the
feasible location sets for the warehouses. On the
contrary, after coordination, for the three cases,
the binary values (1 0 O 1 1) represent the
feasible location set for the warehouses.
Moreover, the optimal distributions of the three
products for two customers are also remained
identical which is depicted in figure 6. However,
before coordination the optimal number of
shipments for the three cases are (67 80 43), (66
77 42) and (66 76 42). Whereas, after
coordination the optimal numbers of shipment in
all cases become (5, 4, 6). In fact, from the above
figure-3, 4, 5 and 6, it is summarized that if both
buyer and vendor have no c¢ oordination, then
buyer’s selling prices can manipulate the optimal
solution  though after coordination the
effectiveness of buyer’s selling prices could be
reduced.

The figure7, 8 and 9 show the price and reduction
of price of product-1, 2 and 3 respectively after
coordination for different cases. On the other
hand, the graph 10 demonstrates the effect of
sensitivity of buyer’s selling price on total profit
and profit enhancement before and after
coordination

300 o .. -
B
*-'é a0l | = = - Price before coordination
3 Price after coordination
& 107 |+ ]0xPercentage of price reduction AC
_@ 1001
g 50- R R "
0 12 3
Different cases
Figure 7. Price reduction of product-1
160 ot Bttt :
140+
T )
g
g 1009 | - -= - Price before coordination
g Price after coordination
§ 601 | - -+ -Percentage of price reduction AC
E 40
04 Froreeee-s bl R
10 15 20 25 30
Different cases
Figure 8. Price reduction of product-2
401 eens e '
3501 - =+ - Price before coordination
?') 300- Price after coordination
-§ 290, - =+ -Percentage of price reduction AC
B2 IR
3 1 S
3w
a 50
o
0 1 2 3
Different cases

Figure 9. Price reduction of product-3
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160000-
140000-
120000- cleenT U o
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aon] = = = 10’XPercentage of profit increased by AC
200004 P
3 S S S
0 1 2 3
Different cases

Figure 10. Profit increament

Indeed, figure-7, 8 & 9 show that all the cases,
the prices of different products after coordination
is smaller than the prices of before coordination.
Consequently, at least 5% of the consumer
purchasing price as well as buyer’s selling price
could be reduced by coordination. In addition,
figure-10 shows that the profit after coordination
always remains higher than before coordination.
The most of the cases the percentage of profit
increment is mounting, in particular, for this
example, it lies between 9% and 23%.
Consequently, after coordination the profit of
buyer and vendor could be increased as well as
the purchasing price of consumer could also be
reduced which is the significance advantages of
the coordinated supply chain.

5. CONCLUSION AND FUTURE
RESEARCH

In this research, at wo echelon-supply chain
network of single vendor-buyer has been
investigated. T his study has combined the
coordination mechanism among the members of
supply chain and warehouse location problem so
that the model could achieve the optimum
solution as well as select the best feasible
locations for the warehouses. Using a
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multiproduct and multi-customer linear price-
sensitive linear demand function, the nonlinear
MIP and IP based models have been formulated.
Numerical example has also been presented,
which aim to demonstrate the models. The
individual profits as well as combined profit with
consumer’s optimal purchasing price, vendor’s
selling, optimal shipments and optimal order
quantity have been obtained. Through the
sensitivity analysis, the effect of main parameters
on the selling price, holding cost transportation
cost, optimal location for warehouse and the
profit function have also been investigated.

Some of the significance findings of this research

are: Firstly, it is observed that after coordination
the individual profits could be increased without
any extra investment. In the same way,
coordination among the member of an enterprise
could reduce the consumer purchasing price as
well as buyer selling price. Besides this, it is
observed that after coordination the consumer
allocation of different products from different
warehouses 1is remained identical though it
changes before coordination. Further, before
coordination the model is achieved different set
of locations but after coordination the model
achieved the same set of locations for buyer’s
warehouse though the price sensitive demand is
changing. Above all, it could be concluded that
coordination among the members of an enterprise
will be more beneficial in the current competitive
environments.

This work has some limitations concerning the
real application. In future work, after collecting
real data, I will apply this model to acquire
optimal decision in the real case. Multi vendor-
buyer policy with sensitivity of different
inventory policies for coordinated supply chain is
also planned. Further, analysis of the lead-time
effects and batches of different sizes are also
proposed.
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ABSTRACT:

Large scale data collection has been carried out in order to come up with a concept plan for transport
infrastructure for mid- sized city in India which have so far not been attended to. The proposed plan
advocates the establishment of counter magnetic towns to attract the migrating population towards it
and to prevent it from going to the existing city areas. The plan also incorporates proposal for setting
up a new ring road parallel to arterials in Patna. Much emphasis was given to public transport planning
which includes the existing bus and mini bus service and also identifies the routes and operation of
mass rapid transit (MRT) /bus rapid transit (BRT). The plans for non-motorized vehicles and
pedestrians were also included. The establishment of truck and bus terminals at various locations and
integration of intermediate public transport (IPT) with public transport system have been proposed in
the plan.
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1. INTRODUCTION

Rapid population growth accompanied with
large scale rural-urban migration has lead to
rapid urbanization in developing countries
including India. Though the demand for urban
transportation infrastructure has increased, the
existing transport infrastructures in urban areas
of most of the developing countries have so far
been inadequate to meet the demand. U rban
areas of developing world are characterized by
mixed traffic, slow speed, congestion and high
rate of accidents. The existing public transport
is inadequate, ill conceived and is of poor
quality.

In spite of the existing poor transportation
scenario in India, in general, not many efforts
have been made to come wupw ith
comprehensive transportation plans. Even
though some piecemeal and isolated instances
have been found, they are mostly concentrated
in the metropolitan cities. Mid- sized cities of
India, having population more than one million
but less than the metropolitan cities, have been
by and large devoid of any such plans.

The present study is the part of the effort
aiming to come up with a comprehensive
transportation plan for the historic city of
Patna, a mid-sized city in India. The main
objective of the paper is to propose concept
plan for development of transport infrastructure
for a mid-sized city. It is an amalgamation of
ideas which is taken into consideration for
evolving any comprehensive  transport
infrastructure development plan. Though, based
on work carried ona single midsized city of
Patna in India, the work can be used for
transport planning of any midsized city of
developing world. The paper highlights the lack
of planning effort for transport planning for
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mid sized cities in developing world in the first
section. The existing situation of transportation
for the city is described in the second section.
The concept plan is proposed in the third
section followed by section on conclusions and
recommendations.

Large scale data collection has been done by
the Transportation Engineering Section of NIT
Patna, India and a d octoral researcher of BIT
Mesra, India to assess and analyse the present
situation and propose a comprehensive plan for
transportation for Patna. Salient features of the
plan are described in this article:

Study Area

Patna is the capital city of Eastern state of
Bihar in India. The historic city of Patna has
acquired a strong position in regional trade and
commerce. Situated on the southern bank of the
river Ganges, it had a population of 1.69
million according to the census of 2001 which
is expected to increase to 2.80 million by the
year 2021(Master Plan, 2006). The present
study was carried out in the municipal limits of
Patna Municipal Corporation along with the
adjoing areas jointly referred as Patna Urban
Agglomeration Area (PUAA). The vehicular
growth in the city has registered 67 fold
increase in the number of vehicles in the last
two decades and the same trend continues even
at present. About 60 percent area has
residential land use and about 7.61 percent is
given towards transport infrastructure. The city
has followed organic pattern of development
and has maximum population density along the
banks of the Ganges. The population density
reduces as we move southwards. Similar trend
has been observed in the density of roads which
range from 0.35 to 0.5 km/ hectare having the
least towards South- West and South-East.
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2. EXISTING SITUATION
2.1 Road Infrastructure

The existing circulation pattern of Patna is
linear. This is due to the geographical location
of Patna which has the Ganges in the North and
the river Punpun in the South. This has led to a
linear (East-West) orientation of the road
network which is shown in the Figure 1. The
right of way of major roads shows that more
than 70% of the roads are less than 7.5 m. The
Bailey Road, Ashok Rajpath, New Bypass
Road, Old Bypass and road connecting Patna
Junction to Gandhi Maidan were observed as
important arterials in PUAA.

2.2 Public Transport

Public transport in Patna mainly consists of
buses, mini buses, auto-rickshaws, and cycle
rickshaws. All motorized forms of public
transport constitute about 12% of the total

motorized form of traffic in the city. In addition
to the motorized public transport, there exist
35000 registered cycle rickshaws. Another
estimate puts the count of cycle rickshaws
between 1.2to 2 hundr ed thousand (Source:
Master Plan 2006).

2.3 Survey

Cordon line survey and screenline surveys were
done at 14 locations in the city. These surveys
give the idea about the classified vehicular and
passenger traffic. The locations of outer cordon
points are shown in the Figure 2. O/D Survey
was also conducted at the outer cordon points.
In order to have the idea about he socio
economic conditions of the households and the
societies every 50™ household for non- slum
households and every 100" household for slum
households. The home interviews gave the idea
about the size of the household, occupation,
income, travel expenditure, modal shares, trip
purpose and trip lengths.

Major Arterial
Arterial

Collector

Figurel Map showing the major arterials, arterials and collector roads in PUAA.
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2.4 Modeling

Trip generation and trip distribution modeling linear regression model was developed for trip
was carried out for the year 2021 for the zones generation which is given by equation 1. The
given in Figure 3. The data for trip generation model took into account dependent variable as
modeling is given in Table 1 and multiple work trips and independent variables as
Population = Variable 1 (X)

Number of household = Variable 2 (X3)

Number of household having 4/2 wheelers = Variable 3 (X3)

Number of work trips =Y

Y =0.9659 X; +4.5504 X, +93.1243 X5+ 8469.4504 (1)

Similarly the trip distribution modeling was attempting mode choice modeling. The trip
also carried out using Gravity model. A generation and trip distribution models give
computer program was developed to calibrate idea about the trip numbers, nature and
the model and the resulting trip distribution is distribution and thus have become the basis of
given in the Table 3. The lack of choice development of the concept plan of the city.
available for the transportation modes for the The salient features of the concept plan are
road users in Patna prompted us to desist from given in the following section.

Satellits

Figure 2 Locations of Outer Cordon Points (Source: Google Maps)
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Figure 3 Map showing 30 zones of Patna in 2021

Table 1 Distribution of Population, Household, Total Trips and Proposed Density in each zone for the

year 2021
Zone Areaof Proposed Population Percent of No. of Work Total
zone in Density households Households  Trips Trips
acre having 4/2
wheelers
l. 663.6 90.0 106906 29.6 17817 21380 53360
2. 1163.6 100.0 208284 32.5 34713 39574 108999
3. 360.0 150.0 96660 43 16110 19332 63000
4. 2832.0 120.0 608314 55 101386 152078 405578
5. 509.4 100.0 91183 61.2 15198 16717 57748
6. 2030.9 95.0 345353 81.6 57559 69069 207232
7. 1153.6 100.0 206494 86 34416 44741 148117
8. 519.2 95.0 88290 62 14715 15450 53706
9. 582.0 106.2 110635 59.1 18439 12906 36874
10. 290.4 171.8 89303 67.8 14884 17861 59533
11. 1009.6 120.0 216862 89.6 36144 43372 140957
12. 1021.2 75.0 137096 86.5 22850 25134 79970
13. 617.6 95.0 99495 83.2 16583 18240 51405
14. 763.8 90.0 123048 74.9 20508 18457 43066
15. 1033.4 95.0 175730 66.3 29288 380733 465666
16. 1222.0 105.0 229675 68.1 38279 45935 933254
17. 934.8 90.0 150597 42.0 26000 22588 47688
18. 158.0 65.0 18383 323 3064 2755 8881
19. 806.48 65.0 122705 29.1 20450 22905 53991
20. 1153.58 85.0 175517 34.1 29253 32762 77222
21. 3126.60 85.0 475719 41.6 79286 88800 275914
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Zone Areaof Proposed Population Percent of No. of Work Total
zone in Density households Households  Trips Trips
acre having 4/2
wheelers

22. 3940.9 85.0 599610 42.1 99935 111925 347769
23. 23384 85.0 355793 58.9 59299 66413 206353
24, 2125.8 85.0 323443 56.2 53907 60373 187590
25. 1896.3 75.0 254581 16.8 42430 47521 147655
26. 2920.78 80.0 418257 17.1 69709 78073 242581
217. 3384.91 85.0 515015 21.1 85836 961355 1163926
28. 3323.26 75.0 446149 22.6 74358 83278 258759
29. 3751.22 85.0 570749 24.5 95125 106540 331031
30. 3233.66 75.0 434119 23.1 72353 81033 251782

3. PROPOSED CONCEPT PLAN
3.1 Identification of counter-magnetic towns

To improve the quality of life of the people of
Patna there is aneed to check the spurt of
population in the city which has been mostly
attributed to large scale rural-urban migration.
This can be done by developing what can be
taken as counter-magnetic towns. Counter
magnetic towns are those which can be
developed as alternative centers of growth and
attract migrations to them in place of cities
under consideration. It can be taken as principal
component to reduce migration and population
explosion in the cities. These towns nearby
Patna can be used to attract the migrating
population by providing better and affordable
facilities for business, other economic
activities, socio-cultural activities,
entertainment and education. Towns like Bihta
in the South-West, Bakhtiyarpur in East,
Hajipur in North across Ganges can be selected
accordingly (Figure 5). Steps should be taken
up to encourage establishment of infrastructural
and institutional facilities for these towns

3.2 Proposal of a new Ring Road
A new ring road parallel to Ashok Rajpath

connecting Danapur to Fathua with interchange
points at Gandhi Setu, Boring Road and Gandhi
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Maidan is proposed. The total number of
vehicles entering and exiting Patna in 24 hours
from the seven outer cordon points is 172797
of which around 10% is during the morning
peak hour. Out of the seven outer cordon
points, four outer cordon points have more than
24% of vehicles having external — external
origin and destination points. At present these
trips use the same road network as internal
trips. Thus, diverting the external — external
trips would ease the load on the existing road
network. The ring road would be used by all
external-external trips that has one O-D point at
Danapur and second O-D point at Gandhi-Setu
or Fatua or NH-30.Similarly the ring road
would be used by all the external-external trips
with one O-D point at Gandhi-Setu and second
O-D points at Fathua.

3.3 Proposal on Current Flyovers

The Master Plan has proposed flyovers at 13
locations as shown in Figure 4. Flyover number
1, 5 and 10 in the following figure are over the
railway tracks, others are located over major
intersections and crossings. These flyovers
shall be aligned in such a manner that they are
able to fulfill the requirements of transport
network and NMV facilities as the focus should
be onm oving people rather than moving
vehicles.
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Figure 4 Proposed Ring Road and Flyovers (Source: Master Plan of Patna)

3.4 Public Transport Planning

At present there is an existing city bus service,
which is operational in 12 routes of the Patna
Urban Agglomeration Area. This service is
provided by a contract between the local
government and private bus operators. These
services are however not well organized in
terms of scheduling and reliability. And the
present bus service is insufficient to cater the
demand. It has been mentioned earlier that
there are four major corridors in the city
namely, Ashok Rajpath, Bailey Road, Old
Bypass and New Bypass and it has been
observed that most of the trips on these roads
are short distance trips. These short trip length
corridors should be developed as an efficient
bus system. In the above mentioned corridors,
Bailey road (Bhattacharya road to Saguna
More, 8.71 km) has the ROW greater than 30
meters at 8.71 km. In those stretches segregated
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bus lanes should be provided. The segregated
bus lanes at Bailey road are further justified if
one sees the growth of the city along the
Western side and along the Southern side. The
New Bypass is also recommended for Bus
Rapid Transit. The master plan of Patna shows
that the city is growing towards south and a
ribbon development is proposed along the New
Bypass Road. The western part of the city has a
residential landuse and the southern a
commercial land use, thus the New Bypass
attracts trips from western to southern part of
the city. Moreover, the proposed ROW of the
New Bypass is 60 metres and a length of 20 km
makes it sufficient good for Bus Rapid Transit.
At Ashok Rajpath and Old bypass where the
maximum ROW is 27.43 meter an improved
bus service with adequate fleet size running at
regular frequency, well designed bus stops,
improved pedestrian facilities and NMV
planning are recommended.
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Table 2 Trip distribution for the year 202

1 2 3 4 3 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 2 23 4 25 26 7 28 29 30
1 0 1553 | 3165 19 1918 122 536 215 14925 2634 607 1735 5714 1617 40 536 880 14666 831 2362 552 569 346 215 1143 474 51 671 109 40
2 6001 0 0467 | 43 | 3849 | 252 1043 | 6669 9660 5171 1204 | 3400 11093 | 3141 ikl 1075 1697 | 26341 1595 4577 1060 1087 | 715 439 2986 | 963 101 1293 {29 | 7
3 1179 623 0 31 4159 159 733 3275 5833 3185 794 1920 5907 1756 12 583 924 15793 865 2476 365 573 312 246 961 507 52 686 110 40
4| 5187 | 2979 | 22009 | 0 32021 | 2171 | 7466 | 35431 56294 | 29531 6610 18481 59926 16087 | 630 | 5423 | 8226 130372 | 7568 21636 | 5076 5231 3635 | 2877 | 8587 | 5713 | 499 | 5991 973 | 350
5 561 291 3200 1 35 |0 204 1058 | 3685 6637 3750 692 2027 6896 1815 41 57 907 15834 635 2458 M5 550 366 27 604 463 50 630 105 | 40
6 1450 | 773 | 5050 | 97 | 8266 0 5502 | 30205 | 45404 | 21582 | 4472 12601 39285 | 9804 21 3151 4775 | 82007 4233 12130 2813 2904 | 2318 | 2381 234 | 3176 | 279 | 3185 | 522 188
7| W A75 | 3463 | 50 | 6356 816 | 0 16046 | 30081 19150 2486 | 7653 20480 | 6271 136 1907 | 3025 | 54954 2693 7989 1732 1705 12221 885 1202 1482 154 1920 | 321 122
8 45 128 | 767 11 1097 | 223 | 796 0 23481 6764 1915 | 5529 7648 | 3439 72 1032 1532 | 26011 1259 3673 624 852 759 644 356 668 80 890 146 | 53
9 202 102 642 9 929 157 715 11040 0 10735 1403 5265 21007 3428 60 893 1378 25568 1140 3514 24 705 542 326 273 M3 61 762 126 49
10 | 272 138 | 885 11 1325 188 127 | 8025 20088 | 0 1350 | 4839 2514 | 3769 67 1017 1615 | 32616 1371 4376 852 819 535 323 943 496 69 879 156 | 62
11| 519 266 1824 | 21 2020 323 1209 18763 | 29262 1162 | 0 29860 | 41935 16042 | 343 | 5039 | 6265 | 92413 4718 13295 | 3201 3400 | 3757 1019 | 75 1512 | 310 | 3169 | 524 182
12 ] 303 154 899 12 1207 186 759 11055 22390 8155 6090 0 41137 13848 177 2856 4034 66674 2895 8970 1846 1797 1373 497 418 751 145 1728 304 116
13 | M7 124 | 686 10 1018 14 | 676 7699 22147 9850 2120 10198 0 827 100 1605 | 2619 | 56400 2504 91 1193 106 | 750 328 323 505 87 148 | 209 | 87
14 | 192 96 539 7 735 98 423 4676 9913 4319 224 | 9415 21466 | 0 148 | 3130 | 4963 | 88621 3012 10334 1739 1430 808 259 259 430 99 1385 | 206 111
15 | 3620 1826 | 10199 | 132 | 12702 | 1661 | 6874 | 73888 13074 | 57715 35614 | 89932 204119 | 110433 | 0 95033 | 63539 | 769196 | 616362 | 136868 | 56092 | 72831 | 24691 | 5079 3121 9500 3971 | 47277 | T460 | 2480
16 | 438 219 1235 16 1554 | 2100 | 855 9324 17167 | 7748 4642 12901 29258 | 20793 | 850 | 0 19380 | 128418 10216 | 22650 | 7407 5877 | 2314 | 581 596 1061 329 4812 903 | 300
17 | 205 102 576 7 720 9 400 4080 7807 3625 1702 5371 14067 9720 219 5714 0 87508 8066 19235 36354 2303 863 216 274 48 126 277 495 193
16 | 41 20 118 2 151 19 87 633 2017 880 302 1067 3642 2091 4 455 1052 {0 776 3935 369 279 131 46 53 81 18 27 61 32
19 | 188 93 520 7 646 81 U7 3269 6296 3002 1249 | 3759 1314 | 5742 157 | 2936 7864 | 62963 0 19771 48601 2299 674 203 29 393 111 286 | 705 | 327
20 | 293 147 | 824 10 1041 127 | 564 5221 10624 | 5243 1927 | 6376 1574 10804 192 | 359 19208 | 174693 10824 | 0 3706 2430 928 310 380 575 142 | 2605 | 645 | 440
20| 1 363 | 2011 25 | 2466 315 1304 12512 | 23376 10903 | 4954 14004 | 36505 19404 | 838 12443 | 20826 | 174685 | 28413 | 39560 | 0 15630 | 3006 | 835 981 1636 | 560 14384 | 4185 | 771
22 | 969 485 2657 A 3245 2 1674 16861 29674 13663 6860 17778 135 20800 1418 | 12870 | 17107 | 172476 17520 33822 20376 0 4848 170 1360 2430 1202 | 27870 | 3010 | 609
28| M2 13| 2225 | 30 | 2789 | 436 1549 19377 | 29433 11958 9764 17527 | 38626 15107 | 621 6540 | 8277 104501 6625 16671 4852 1577 | 0 1577 153 | 2796 | 829 | 5721 837 | 255
241999 526 | 3072 | 51 | 4081 934 | 2335 | 34212 | 36925 14501 5524 13209 35132 10137 | 265 | 3415 | 4899 [ 76040 4172 1572 | 2922 3143 | 3283 | 0 1614 | 5087 | 339 | 3386 | 527 180
25 | 2140 148 | 4831 601 4247 3 1280 7640 12458 6397 1631 4482 13973 4086 108 1417 2205 35622 2954 5730 1387 1479 969 652 0 1587 142 1734 273 96
26| 1316 06 | 3775 | 60 | 4577 | 746 | 2339 | 21880 | 29999 13298 | 4905 11935 | 32361 10062 | 235 | 2998 | 4566 | 72310 5162 16310 | 7910 15405 | 2667 | 637 255 |0 21 3558 | 534 | 203
201 10734 | 6312 | 29073 | 437 | 37276 | 5493 | 21278 | 126560 | 447638 | 187166 | 40391 | 143994 | 901511 | 207646 | 4391 | 45067 | 86018 | 1189600 | 117476 | 537327 | 156148 | 68272 | 15917 | 13489 | 15499 | 38276 | 0 58734 | 4944 | 1852
28 | 736 397 1911 26 2429 37 1372 8458 23977 11732 2790 10518 56256 15925 398 3719 9675 114298 15828 65296 5649 3579 1017 682 3115 2189 835 0 420 156
29 | 867 72| 2328 | 31 2975 382 1671 11002 | 28984 15076 | 3708 147688 64901 20848 | 662 | 5794 | 20886 | 207044 | 33676 | 51577 | 6039 4072 171 739 2636 | 5753 164 14962 | 0 196
30| 674 359 1875 | 24 | 2972 314 1293 11542 | 22965 11569 | 4532 14295 | 45627 | 20014 | 474 12260 | 18654 | 199146 | 8163 15802 | 3026 1918 1217 | 728 1891 3689 | 2005 | 33967 | 5311 | 0
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3.4.1 Mini bus service:

Mini bus services shall be reinforced ont he
existing routes and new routes such as Patna
Sahib to Danapur via Ashok Raj Path, along the
New Bye-Pass, along Bailey Road, along cross
roads connecting New Bye-Pass with
Kankarbagh Road and Ashok Raj Path shall
also be started. The quality, headway,
scheduling of the bus service should be such
that it can become attractive to all sections of
the society. Some air conditioned bus service
can also be started along the above routes.
School bus services should be such that it
provides access upto the collector streets and
accordingly bus stoppages for the school
children may be established. The roads along
the corridors shall be widened and shall have
removal of all encroachments. These buses
shall be running on compressed natural gas
(CNG) and thus will be less polluting. For
arterial roads exclusive bus lanes shall be
provided for rapid movement of these buses

3.4.2 Identification of
MRT/BRT:

corridors for

The inherent benefits of public transportation
like occupation of less space per person,
movement of larger number of person at the
same time, high fuel efficiency make it more
attractive in comparison to personalized
vehicles. Mass rapid transits (MRT) popularly
known as Metro trains in India can be the best
alternative as it uses electric traction which is
the cheapest and non- polluting. MRT can be
developed along three corridors which are
coinciding with the three arterial roads namely
Ashok Raj Path, Kankabagh Road (along the
railway track) and New Bye-Pass Road. The
corridor along Ashok Raj Path can follow the
bank of river Ganges and extend up to
Bakhtiyarpur in East and Hajipur in the North.
A new railway bridge across the Ganges is
proposed for the purpose. There shall be
convergence of all the three corridors near
Patna Sahib. The corridors shall be merging at
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some intermediate locations namely Gandhi
Maidan, Boring Road, Ashiana Nagar and
Saguna More. These convergences will provide
interchanges of the passengers from the three
corridors. Bus Rapid Transit (BRT) can be
taken as an alternative to the proposed MRT.
The corridors have been showed in the Figure 6

3.4.3 Truck and bus terminal:

The existing truck terminal facilities at
Transport Nagar shall be improved and
encouragement shall be given for the
establishment of other truck terminals at Bihta,
Hajipur, Fathua- Bakhtiyarpur and at other
places outside the city. Bus terminal facilities at
Mithapur shall be improved and it shall be
connected to the MRT corridors and other
routes of public transportation. The frequency,
scheduling, headway and comfort provided by
bus services should be such to give maximum
benefits to the passengers.

3.4.4 Integration of Intermediate Public
Transport with Public Transport

The integration of IPT with PT with is very
important especially in the case of Patna
because there are at present 12 functional
routes of PT and 7 routes of IPT. All the IPT
routes overlap with the PT routes. Also, with
proper planning IPT acts as a feeder service to
the Public Transport planned. Therefore the
role of IPT with respect to PT need to be
further investigated. The routes of IPT should
be rationalized in order to make it
complimentary with the PT. At infrastructural
level, parking places, boarding and alighting
points needs to be designed.
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3.4.5 Enforcement of security:

The public transportation system can only be
attractive for users coming from all sections of
the society only if apart from the quality of
facilities the mode is able to give asafe and
secured travel. This can only be provided

through rapid monitoring and policing of Patna
in general and modes of public transportation in
particular. The encroachments on the
pavements shall be removed and the on streets
hawkers can be lured away by providing them
better alternatives.
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Figure 5 Proposed corridors for MRT in Patna

3.5 Improved Pedestrian and NMYV facilities

For a good public transport system feeder
services are very important. In the case of
Patna, pedestrians and NMV‘s would become
most important feeder services to bus. This is
because one of the features of road network is
that 1 km of the influence zone of the major
arterials and arterials covers the entire city.
This means maximum 10 minute of walk trip
(assuming walking speed = 6 km /hr) or a 5
minute of bicycle trip is required to access the
nearest arterial road. Exclusive pedestrian
precincts shall be declared along heavily
congested areas of East and Central Patna. The
narrow but over crowded lanes/ streets having
perennial congestion problems shall not allow
any other vehicle apart from bicycles. In order
to implement this, parking facilities shall be
provided for the vehicles which are not allowed
in the pedestrian precincts. Multi storied
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parking can be a solution for the problem. This
will also encourage people to walk which is
beneficial for the health of people. The NMV
inclusive planning should ensure the safety of
bicycle commuters. In order to achieve the
guiding principles are.

e Provision of segregated NMV track on
arterials where speed of motorized vehicle is
more than 30 km /hr and Right of Way is
greater than 30 meters.

e Traffic calming techniques ont he
arterials where the speed of motorized vehicles
is more than 30 km /hr. In such roads painted
bicycle track of width 1.5 m eter should be
provided.
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3.6 Expansion and improvements of roads:

The roads shall be improved and expanded to
fulfill the increased demand of traffic. The
quality of the roads surface, geometry, road
furniture, sign signals etc. should be improved.
The widening of the carriageway shall also be
done. When the percentage of slow moving
vehicle is high there is a need to provide
frontage road for the slow moving vehicle to
ply. Flyovers and road over bridges shall be
provided over bottlenecks. Intersections having
intermediate  level of vehicular traffic,
roundabouts shall be designed. For heavier
traffic, grade separated intersections with
interchanges shall be provided.

3.7 Improvement of walking and cycling
facilities:

All the roads should be provided with
pedestrian sidewalks and crosswalks. These
should be clean and devoid of any
encroachments. The cycle tracks shall also be
developed along all important routes and
special care shall be taken up near the
intersection. Pedestrian foot over bridges or sub
ways shall be built up near major commercial
establishments, major intersections and
educational institutions.

3.8 Parking facilities and charges:

In order to discourage trips by personalized
vehicles high parking fees shall be charged on
the vehicles parked in congested commercial
areas like Exhibition Road, Frazer Road, Dak
Bunglow Road, Ashok Raj Path, Boring Road,
Boring Canal Road etc. In these areas multi
storied parking shall be established to cater for
the heavy demand of parking facilities.
Commercial establishments and residential
complexes shall be encouraged to have at least
two floors dedicated to the parking facilities.
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3.9 Proposal for Future Land Use and
Transport Interaction

It has been established that land-use and
transportation are closely related (Michell and
Rapkin, 1954; Buchanan 1963). In other words
land-use  whether commercial, industrial,
residential or recreational, influence
transportation and are also itself influenced by
transportation infrastructure. Keeping in mind
this fact, planning for any new townships,
localities, industries, commercial centers etc.
should incorporate a comprehensive plan for
transportation  infrastructure = as  well.
Residential locations shall be planned in such a
way that people are nearest to their place of
work and the students are nearest to their
educational institutions. Colonies should be
based ons elf-contained neighbourhood
principle in order that the travel for the
dwellers is minimized. Step shall also be taken
up to stagger the working hour to avoid peak
hour movement. The Master plan shows a
major corridor of administrative  and
institutional land use along the Gaya railway
line; and another corridor of commercial
development is proposed parallel to the existing
new bypass road. Both these major
developments are to the south of the existing
city limits. However, the natural growth of
Patna city has been observed towards the west.
The existing growth pattern to the west and the
adjacent municipalities in the west, Danapur
and Khagaul, are predicted to cater to the
residential/ housing requirements of future.
Although the housing is proposed to the south,
no major commercial or institutional land use is
proposed to the west. This uneven pattern can
be seen as one of the reasons for such long trip
lengths. This also indicates the need for
comparable developments to the west.
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3.10 Dislocation of the existing airport

The existing Jai Prakash Narayan International
Airport is deficient in the length of the runway.
Moreover, the location of the airport is within
the city. The landing and takeoff of planes
causes huge noise pollution of the area. Further,
being in acity there is a possibility of the
planes getting bird- hit. With the increase in the
number of passengers and flight operations
there is a need for the airport expansion. As
there is no area left for the expansion of the
airport it should be re- located near Bihta.

3.11 Development of jetty facility

Inland jetty facility shall be developed for
passengers and freight handling near Mahendru
Ghat and Gai Ghat respectively. This is needed
as Patna lies on the national water way
connecting Haldia to Allahabad.

4. CONCLUSIONS AND
RECOMMENDATIONS

The comprehensive plans for transport
infrastructure have not been attempted for the
midsized cities. Lately, the Master Plan of the
city has been prepared which suggests for the
construction of ring road, roads, flyovers and
operation of buses as modes of public
transportation. However, there are certain
distinguishable features in the proposed plan
which makes it unique and enhances its
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contribution. Planning of transport
infrastructure has not been attempted taking
into account the land use. The proposed plan
takes this into account and counter magnetic
towns are also identified on this basis. Public
transport development based on MRT/BRT has
also been incorporated. The plans for NMV and
pedestrian have also been proposed.

The proposed concept plan has been prepared
on the basis of large scale data collection. It
advocates for the establishment of counter
magnetic towns to attract the migrating
population towards it and to prevent it from
going to the existing city areas. The plan also
incorporates proposal for setting up a new ring
road parallel to Ashok Raj Path connecting
Danapur to Fathua with interchange points.
Public transport planning including existing
bus service, mini bus service, identification of
mass rapid transit (MRT) /bus rapid transit
(BRT), establishment of truck and bus
terminals at various locations and integration of
intermediate public transport (IPT) with public
transport system have been proposed in the
plan. Improved facilities for pedestrians and
non motorized vehicles (NMV), expansion and
improvement of road, parking facilities have
also been suggested in the proposed plan. It is
recommended to carry out more data collection
for transport modeling and subsequently for
coming up with a comprehensive transportation
plan for the mid-sized city of Patna in India.
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ABSTRACT:

This research aims to identify and analyze hazardous road locations on a main road in the area of
Muang District, Nakhon Rachasima Province, together with the application of accident clock in safety
planning and accident prevention for relevant stakeholders. Researchers have reviewed various
methods for the identification of hazardous locations, and then selected ‘Rate Quality Control’
technique to identify hazardous locations based on accident rates considered appropriate for the data.
In this research, a system approaching to identify hazardous locations on roadways in the pattern of
ASP.NET website was developed. The research applies Microsoft Visual Studio 2010 C# Express as a
tool to develop such system integrating with Microsoft SQL Server 2005 Express — an information
database pattern for data storage which is considerably more convenient, faster and easier to record, to
analyze and to store data. Thus, the locations of accident risks are visualized through the electronic
chart based on Google map to facilitate a quick and reliable analysis coinciding with data display of
accident clock for better understanding such locations in real conditions. As well, the outcomes would
help to identify factors affecting hazardous conditions in the focussed areas in order to reduce the
number of accidents and to continuously improve road safety.
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The Application of Accident Clock for the Identification of Hazardous Locations :A Case Study of Nakhon Ratchasima Province

1. BACKGROUNDS

As it is currently known that, in each year, traffic
accidents have certainly become one of the major
causes of serious injuries and the massive loss of
lives and properties. Hence, the reduction of
accidents and casualties on roads has been
included in Thailand National Agenda.
Accordingly, the government announced year
2010 as ‘the year of public safety’ with the
slogan ‘Transportation Security, Thai Society
Happy’. Albeit, during the previous months,
traffic accident statistics are still quite high,
especially in high seasons which have seen as
higher injury and fatality. It associates with the
data of Central Information Technology Center.
Royal Thai Police found that the number of
accidents among years 2000-2004 increased
from 79,737to 124,530 cases. After that the
trend has been declining. In the year 2009, the
rates have been increasing up to 84,806 cases.
According to the year 2000 a nd 2009, such
accident rates at 11,988 a nd 11,048 f atalities
were reported, respectively [Royal Thai Police,
2010]. Each accident incurred not only personal
injuries or even deaths, but also extensive
property damages, slow traffic, and restricted
flow. In addition, it may cause even greater
damage of immeasurable value to society such as
image of tourism city, image of travel safety, etc.

In addition, the accident situation of Thailand is
extremely addressed by World Health
Organization [WHO, 2010] that only 10 percent
of accident data were used for studying and
reporting in order to develop practical preventive
measures. So, it is a major challenge for Thai
society to design ‘how to increase data usage for
a problem analysis and improve a highly
efficient level of data management bearing on
sustainably solving the critical damage’. Based
on this issue, the most important thing is to
transform ‘available data’ into ‘information’ for
obvious illustration; for example, ‘calculating
mortality rate compared to the number of
population’ or ‘conducting the data set of risk
locations, and then representing cause-and-effect
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relationship to analyze and to continuously
improve learning’. After information synthesis, it
becomes to be integrated into an actual practice
toward the sustainable achievement of accident
reduction targets.

Through synthesizing ‘data’ into ‘information’
with the aim of traffic accident prevention and
reduction, the identification of hazardous road
location is one of important activity required for
incessantly carrying out by using road accident
statistics, traffic volumes, road lengths to
calculate ‘Actual Accident Rate’ for a particular
roadway location compared with ‘Critical
Accident Rate’ to consider hazardous areas.
Therefore, this research survey develops a
system assisted for identifying hazardous
locations on m ain road in the area of Muang
District, Nakhon Rachasima Province with the
pattern of ASPNET website by applying
Microsoft Visual Studio 2010 C# Express as a
tool for a system development and storing data in
an information database pattern with Microsoft
SQL Server 2005 E xpress — providing a
convenient, fast and easy way to record, to
analyze and to store data. Moreover, the
illustration of locations of accident risks through
the electronic chart based on Google map can
facilitate a quick and reliable analysis.
Corresponding with data display of accident
clock, it largely enables understanding hazardous
locations in real conditions. Also, the outcomes
can contribute to find potential factors that affect
hazardous conditions in the concerned areas,
expected to benefit for solving traffic problems,
reducing the number of fatalities, injuries,
disabilities and properties of all related
stakeholders. Furthermore, the research can be
useful for road safety planning such as
determining work zone traffic control, arranging
more patrolling police officers particularly in the
hazardous areas, setting systematic roadside
inspection, and allocating budgets for road
improvements. It could be indicated that the
overall results dedicate the reduction of
enormous nation’s loss and provide efficient
safety to road users.
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2. OBJECTIVES
The research of the Application of Accident
Clock for the Identification of Hazardous
Locations has three objectives as follows:

e To identify and analyze hazardous
locations of road traffic accidents

e To develop and apply ‘Accident Clock’
in safety planning and solving accident problems
for authorities in charge of work related traffic
accidents

e To provide a system in the website
pattern for learning

3. RESEARCH METHODOLOGY

e Review of related literatures and
previous studies

e Survey on the selected study area -
National Highway No.304, and then plan for data
collection

e Collect data required for identifying
hazardous locations

e Conduct technology trials for
developing ASP.Net website by applying
Microsoft Visual Studio 2010 C# Express as a
tool for system development and store the data in
an information database pattern with Microsoft
SQL Server 2005 Express

e Calculate the hazardous locations

e Provide conclusions and suggestions

4. DATA COLLECTION

The selected study area for this research is
National Highway No.304, Nakhon Ratchasima
Province being performed in the multi-lane
highway constructed with asphalt concrete road
surface. The start of the study is from KM109 —
KM132 covering total of 24 km. Data gathered
for analyzing hazardous locations include,
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e Accident statistics on National Highway
No.304 during year 2008, 2009 and 2010

e Average Annual Daily Traffic (ADDT)
on the area of National Highway No.304 during
year 2008, 2009 and 2010

e Physical road characteristics on National
Highway No.304
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Figure 1 The study area - National Highway
No.304, Nakhon Ratchasima KM109 — KM132
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5. DEFINITION OF HAZARDOUS
LOCATIONS

Hazardous Road Locations refer to the parts of
road network where accidents always happen
and/or the accident risks are present and
expected to be improved. Since accidents have
occurred many times in the same location and
they have shown the similar characteristics, it is
possible that one cause might be derived from
road defection and environment. [Office of
Transport and Traffic Policy and Planning
(OTP)., 2005]



The Application of Accident Clock for the Identification of Hazardous Locations :A Case Study of Nakhon Ratchasima Province

6. ANALYSIS OF HAZARDOUS
LOCATIONS

The calculation technique to identify hazardous
locations comprises the following steps:

6.1 Input data of road network and then divide it
into segments at the length of 0.1,0.3,0.50 r 1
km by using ‘Fixed technique’ as illustrated in
Figure 2 [S. Utainarumol et al., 2000 and
Krungboonklong et al., 2007]

KM0O KM1 KM2 KM3 KM4 KMS5S KM6
0.1 km.
Floating Technique 0.1 km.
KM0O KM1 KM2 KM3 KM4 KMS5 KM6
0.5 km.
Fixed Technique 0.5 km.

Figure 2 Two types of road segmentation:
‘Floating Technique’ and ‘Fixed Technique’

After the accident database was completed, the
hazardous roadway locations were identified
based on the following methods [Zegeer 1982]:

6.2 Calculate hazardous roadway locations, for
which researchers select ‘Rate Quality Control

Method’ in which hazardous locations are
identified by calculating ‘Accident Rate’
proposed in Equation (1)

R = A*1,000,000/(365*T*V*L) Q)

Where,
R = Accident Rate for road segment (expressed
as accidents per million vehicle-km),

A = Total accidents occurred during the
analysis period (3 years),

T = Study period (3 years),

V = Average Annual Daily Traffic (AADT)
during the analysis period, and

L = Road segment length (0.1, 0.3, 0.5, 0.7 and

1 km).
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In the next step, ‘Accident Rate’ from Equation
(1) is used for determining ‘Average Accident
Rate’ (R,), which is an average value of the total
number of accident rates of all segments. The
result provides the data for calculating critical
accident rate (R.) as shown in Equation (2). It is
based onthe assumptions that the crashes are
approximated by the Poisson distribution. If the
actual accident rate for any particular locations is
greater than the critical accident rate, such
location is considered ‘Hazardous’. [Vatanavong
etal., 2007]

Re = Ra + K(RJ/E)* + 1/(2E) (2)
Where,
Rc = Critical Accident Rate (accidents per

million vehicles or accidents per million
vehicle-km),

Average Accident Rate for all road
segment of similar characteristics or on
similar road type (accidents per million
vehicles or million vehicle-km),
Probability factor determined by the level
of statistical significance desired for R
1.e., at 95% confidence level: K = 1.61, and
Millions vehicle-km of vehicles traversing
road segment during the analysis period =
(365*T*V*L)/1,000,000.

Ra

After calculating the critical accident rate (R.),
‘Dangerous Factor’ (DF) is determined by
Equation (3)
DF =R/R, (3)
Particular roadway segment that presents the

largest value of DF is considered as the most
hazardous location.
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7. DEVELOPMENT OF DATABASE
SYSTEM

Microsoft SQL Server 2005 E xpress is applied
for as ystem development to store database
system and to validate and directly upgrade from
program, as well it is convenient to create the
relationship between databases as shown in
Figure 3.
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Figure 3 Diagram of database storage

Based on Figure 3, it is clearly seen that system
development comprises the application of four
tables that include (1) Table of accident record
(bzAccident); (2) Table of the list of accident
zones (bzA