
PLANNING OF RURAL ROADS IN BANGLADESH:
A CASE STUDY AT UPAZILA LEVEL

Submitted to the Department of Urban and Regional Planning
Bangladesh University of Engineering and Technology,Dhaka,

in Partial Fulfilment of the Requirements
for the Degree of

MASTER OF URBAN AND REGIONAL PLANNING

IIIIIIIIIIIIIIIIIIII~IIIIIIIII
#l$SS09#

'y
Md. Sekender Ali Khan

December,1987

DEPARTMENT OF URBAN AND REGIONAL PLANNING
BANGLADESH .UNIVERSITY OF ENGINEERING AND TECHNOLOGY

DHAKA

I



PLANNING OF RURAL ROADS IN BANGLADESH: A CASE STUDY
AT UPAZILA LEVEL

MD. SEKENDER ALI KHAN

Approved as to style and content by

,

•

- ~Ch~Of the Comm~ttee(A.S.n. Abdul QuiUII)

. (~~~Head ~Department(Dr. Golam Rahman)

~ tu,""" {wi"~
Hember (External)(Quamrul Islam Siddique)

rGl'(1,,,,, 1('. (~
Member(Dr. T.M. SiraJ)



,
ACKNOWLEDGEMENT

I express my indebtedness and deep gratitude to Mr. A.S.M.

Abdul Quium, Assistant Professor of the Department of Urban

and Regional Planning, Bangladesh University of Engineering

and Technology for his encouragement and guidance throughout

the progress of this research work.

I gratefully express my sincere acknowledgement to
Dr. Golam Rahman, Professor and !lead of the Department of

Urban and Regional Planning. I also wish to thank other

teachers of the department for their advice and co-operation.

I am ever grateful to Mr. Ouamrul Islam Siddique, Engineering

Adviser, Local Government Engineering Bureau, Ministry of

Local Government, Rural Development and Co-operatives for

allowing.me to persue the MURPprogram. I am also grateful to

the BUETauthority for financing the research.

I thank Mr. Bikash Kumar Gun, Upazila Engineer and Princi,pal

Hossain Ali, Upazila Chairman of Kahaloo Upazila Parishad

for their co~operation duri,ng the field survey. I also thank

Md. Hasan Ali for typing the manuscript.



,,,

,,,,,,
\

\
\, ,
I

iii

two concepts. For the purpose of the present study upazila

has been considered as the planning unit. As a case study

rural road network planning for Kahaloo upazila in Bagra

district has been considered. The findings of the study

suggest that the developed methodology is operational at

the upazila level.
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CHAPTICR - 1
RURAL ROAD PLANNING

1.1 Int~oduction

Bangladesh, with a p~edominantly agrarian economy has nearly

84 percent of its population living in about 86,650 villages

(BB8,1986). The~e is a pressing need of all weatheI" tI"anspor-

tation facilities all 'oveI"the countI"Y. Unfortunately, most

of these aI"eas remain isolated for prolonged periods due to

lack of pruj,>erlylaid out road network. A properly planned rural

road network have several benefits. It may reduce transportation

cost of agricultural inputs and faI"m produce,and help in providing better

delivery systerosof health, education and other social services.

It may be also more' helpful to administration, enlargement of

market facilities and better prospect of commercialiss'tion of the

rural economy resulting in better living conditions ( Somasekhar,

1980) .

'I'heimpoI"tance of the development of rUI"al roads towards inte-

grated I"ural development hus been fully recognised and hardly

calls for any emphasis. ~he development of agriculture, the

distI"ibution of farm products, the provision of health services

ana access to educational centI"es,the provision of other services•
und enlargement of market facilities depend On transport),
facilities.(:or land locked rUI"al areas, rural road is an impor-

tant means of transportation and Can play a dominant role to
pI"ovide an assured means for the movement of goods andpeop~
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For LlTIother, rural road development plays a rrajor part .i.nnot,only

tackling rural errploytrentbut also integratingthe rerrotcvillages with one
another and with the rest of the country. It is not only required

to meet the demands of development in different sectors, but is

in itself a powerful force generating economic development. Thus,

the development of rural road as an integral part of rural deve-

lopment deserves attention from considerations of social justice,

national integration and economic upliftment of the vast majority

of the rural people.

In the Second Five Year Plan (1980-85) Government gave more

emphasis on the development of transportation for integrated

development in the rural areas. In this connection, Government

selected upazila as the focal point of local level planning

(Ministry of Law and Land Reforms, 1982). The Government has

given the upazila parishad a wide range of activities and

responsibilities with spacial emphasis on planning of develop-

ment activities including rural roads.

After the introduction of the upazila system national government

is allocating a huge sum of money every year to upazila parishads

in the form of block grant. 'A major share ( "bout 30 percent)

of the grant is spent for rural road development ( Planning

Commission, 1985). In the Third Five 'lear Plan (1985-90), a sum

of Tk. 7930 millions has been allocated for providing rural" road

development grant to upazila parishads ( Planning Commission,1985)

Besides these, Government is conducting rural road development

programme through upazila parishads by utilizing more than three

•
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lac metric ton of wheat equivalent to Tk. '2000 millions every

~ear under the Food for Works Programme World Food Programme,

1987) .

These scarce resources should be spent

optimal utilization. The first step in

for their proper ~nd most

this direction WbUld

apparently be to effectively plan all road development activi-

ties in a comprehensive and co-ordinated manner. The long range

aspect of planning should be taken into consideration. It has

to be recognized that any development of a rural road

without any proper planning will eventually result in a colossal

wastage of funds.

The present practices towards planning of rural roads, leave

plenty of scope for further improvement. In the absence of any

widely acceptable rational approach, the planning of rural road

network as practiced in Bangladesh is mainly based on experience

and subjective judgement. The need and priorities for rural roads

are sometimes identified by the local leaders primarily On the

basis of their subjective judgement

1987) .

Siddique '"nd Rafiquddin,

~owever, rural road is an essential requirement for integrated

development of the rural areas. The provision of a systematized

road netowrk may stimulate the development in the rural areas.

Thus it is important to plan the :troadnetwork jn the rural

areas) But there is no well developed methodology for rural

road planning. In ,the present study an attempt has been made to
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develop a scientific methodology for planning of rural road

network by applying the concepts of graph theory as applied in

planning of urban road network, and hierarchy of settlement as

applied in planning of service centres.

1.2 Strategy for Planning of Rural Road

\~ural roads 'should be developed on,the basis of a systematic

planning approach. For the development of roads in rural

areas some planning strategies are followed in many countries

including Bangladcs1' _These planning strategies may help to give

some idea to develop a scientiflC methodology for planning of

rural road network in this country. These planning strategies are

discussed beloW.

1.2.1 Integrated Road Development

An adequate and efficient system of rur~l road network is one

of the prerequisites for the success of any integrated rural

development. It is not only required to meet the demands of

development in different sectors but is in itself a powerful

force generating economic development. It is one of the most

important infrastructure of any agriculture b~sed economy. Thus,

the development of rural roads and economy deserves the same

priority~as accorded to integrated rur~l development. Therefore

the planning of a rur~l road network should be conceived inte-

grally with the pl~nning of rural development as a whole.

,



1.2.2 Area Planning and Growth Centres

For an integrated rural development programme to be successful

there should be spatial integration .between different sectors

• of rural economy, with rural roads providing the linkages. So

rural road projects should be planned on the basis of 'area

planning' and 'development of growth centres'. This concept of

area planning should encompass all aspects of rural life including

road development ( Rahman, 1975).

For rural development, when new facilities or development activi-

ties are proposed, they must be concentrated in suitable locations

allover the country in hierarchial order, maintaining linkage

and interrelationship ( Hahtab, 1975).

1.2.3 Hierarchical Planning

Rural road should be developed in such a way that the needs of

the people are served most economically and an efficient road

network develops gradually. While planning rural roads, it should

be ensured that some hierarchical patterns emerge. in line with

the actual movement pattern in the areas concerned. After the

growth centres of different types have been identif~ed in a

hierarchical pattern, rural road linkage must be provided to

these centres in a phased manner.

1.2.4 Local Level Planning

"Local level planning has found favour as a more rational approach
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to local development. While formulating local level rur~~ roads

planning, due regard should be given to the national guide lines,

priorities and resources for the ~rea concerned. It is essential

to ensure that local level rural road plans are properly integra-

ted, coordinated and duly reflected as the integral part of the

national plan.

1.3 Rural Road Planning in Bangladesh ,and Some Neighbouring
Countries

In the South and South East Asian countries, the interest in

rural road planning is growing gradually aiming at improving tho!j
rural inf!::astructure and thus improving the rural economy. __In-----

this regard the countries like India, Nepal, Thailand, Indonesia

have some contributions in planning rural roads. They have adop-

ted some new policies and techniques in this connection. The

above mentioned countries having experience in rural road planning,

are close neighbours of BangladeSh. Moreover, their socio-economic

conditions arc similar to those of Bangladesh. For these, a dis~

cussion is made on the approach of their rural road planning.

1.3.1 Bangladesh

The dev~lopment of rural road system during the initial years

of Pakistan was very limited. The First and Second Five Year

Plan of Pakistan which 'were initiated in 1956 and 1961 respec-

tively played a vital role in development of road infrastruc-

ture in the country. Rural road first began to be constructed

/



on a substantial scale during the early sixties through the

'Rural Works Programme'. But the emphasis was more on connec-

ting local places without adequate consideration for having

links with nearest growth centre or with the arterial road

system. Besides these, planning of rural road laid too much

importance on the short run benefit without giving much impor~

tance to the long run.

Recognizing the shortcomings of rural road planning during the

period of Pakistan, a master plan was prepared by the Planning

Commission in 1979. The master plan was prepared following the

'Growth Centre Approach' for rural road development for the period

1980-2000. It was envisaged that construction of all rural roads

in future will fit into the framework indicated in the master

plan. The big village markets ( hats and bazars and the lowest

level administrative unit ( known as Upaaila) was considered as

growth centre in this context.

Initi"lly, the growth centers which do not have any all weather

communication facilities arc to be connected with the country's

arterial transportation system. Subsequently, medium sized ,mar-

kets and locations are to be linked. In this way, all the growth

centres of a region will be linked with each other as also with

the arterial road network of Bangladesh. Later on, roads of lower

hierarchy e.g. primary to secondary markets will be considered.

Such a rural road grid is expected to accelerate the process of

rural development ( Ahsan, 1979).
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There are a number of road developing agencies like Roads and

Highways Department, Local Government Engin8cring Bureau, upazila

Parishad who are engaged in developing the road system in rural

areas of Bangladesh. They are planning and building the rural

roads in their own way. The Roads and Highways Department has
•

planned the upazila connecting road in order to connect all the

upazila headquarters with the district hcadquaters. In this res-

peet, they identified those roads which can connect the upazila

headquarters with the nearest paved road. The Local. Government

Engineering Bureau mainly deals with feeder roads and plans a

rural road network system between growth centres identified by

Planning Commission. Jhe upazila parishad deals with local roads

and plans the roads to connect farm to market, viliage to union

centre and villages with each other.

1.3.2 India

India has followed the 'Selective Approach' for rural ICoad deve-

lopment fICom the beginning. In this approach only such roads

were taken up under development where there was a felt .need. As

a result, rural road deve'lopment in India has been veICY modest.

Later on, India initiated 'Ninimal Need Programme' for rural

development. Under this programme all villages of population 1500

and above are sought to be connected with all weatheIC roads

(Deshpande, 1980). Keeping in view the guidelines of national

government the State of Karnataka has evolved a planning proce-

dUICe for connecting of villages with rural road in a phased
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manner. They have triad to take up works according to _the urgency

and importance without any bias-incorporating cco~owic as wall as

social factors. They have selected some factors like population

of the village, schooling facilities, medical facilities, commu-

nication facilities, market centres and administration.

These factors are then assigned marks based on their judgement.

By applying the above indicators, the priority list of villages

are prepared separately in each Taluk according to the number
, ,

of marks. Maximum number of marks a village can get is only 100

and as such a priority list of villages is prepared in the order

of marks it gets in each Taluk (Reddy,1980).

1.3.3 Nepal
•

In Nepal, government gives more importance on local bodies in

developing rural roads. The local bodies are stressed ~nd encour-

aged to implementing their own local roads through their own

resource collection and direct participation of the local people.

Technological helps in planning rural roads are given from national

level. The priority of road projects are determined on the basis

of 'Benefit Cost Ratio' or 'Internal Rate of Return' criteria. Once the

road is opened to the traffic in local level, the government

accomodatesit in the national programme so that people are encour-

aged to _take up new projects and open up further areas (Singh,

1979) .

1.3.4 Thailand

In Thailand, the Department of Highway (1979) introduced a ranking



procedure for planning of rural roads. In this procedure, they

incorporate the social and political aspacts as well as economic

aspects. They have identified some import~nt factors like popu-

lation,normal agricultrual activities, foresty, mining and

industry, tourism, administration, military and strategic and

traffic. These factors are assigned weightages based on their

judgement. A priority list of roads in order of points based on

the assigned weightages of the indicators is prepared •.A high

score indicates a high requirement and gets top priority. This

planning approach is widely practiced in Thailand.

1.3.5 Indonesia

In Indonesia, a ranking method using a 'Transport Priority Index'

(TPI) as noted by Matulessy (1979) has been used in the JOgj;;l-

karta rural road study. TPI -has been defined as the ratio of

'requirement factor score' to 'provision factor score' expressed

as a percentage.

The requirement f,,-ctorscanprised of (a) "-veraged"-ilytraffic, (b) traffic

growth; (c) population density, (d) development and social bene-

fits, (e) area of influence and (f) network significance. 'I'he

highest value of each factor was awarded a maximum of 5 points

excepting development and social benefits, which were awarded

15. So, the maximum possible total requirement factor score was 40.

'I'heprovision factors comprised 6f lengthof link (b) surface

type (c) surface conditions (d) alignment in relation to terrain
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(e) width of surface "nd formation (f) stability/drai,TI"ge and

culverts and (g) bridges/major crossings. The worst condition

of each was awarded a maximum of 5 points excepting surface

condition, which was awarded a maximum of 10, so that maximum

total score was also 40. Transport priority Index gave an indi-

cation of the order of merit when considering the minimum level

of improvements to each road link.

The index developed for rural roads, appearcd to give priority

to roads with a high need for transport and with good existing

facilities, and therefore seemed mare appropriate to tho planning

needs of major roads rather than rural roads.

1.3.6 Conclusion

It is found that in the above mentioned countries, rural road has

been treated as an important aspect'for integrated rural develop-

ment. In this connection, some guide lines, directives and progra-

mmes are made for planning road in rural areas. Some planning

procedures of rural roads have been developed and are practiced

in some of these countries. However, basically these procedures

such as 'fhai and Indonesian ranking methods for ranking of rural

roads are used for economic appraisal of rural road projects.'

These al:e simple yet useful methods for l:anking and priority

determination of rUl:al feeder roads. But these procedures do

not cover the network planning aspect of road in rural areas.

In case of Bangladesh, some policies are dil:ected from the

national level and some procedures for planning rUl:al road al:8



also fOllow:d by different rural road developing organizations.

But there is a great need of a systematic me.t-.hodologyfor'

developing. an overall optimized road network in rural areas

considering the area as a whole. Especially this is very imp Or-

tant for road development at the upazila level considering the

fact that this has become a very significant tier of development

administra tion.



CHAPTER - 2

THEORETICAL FRAMEWORK : GRAPIl THloORY AND HIERARCHY OF SETTLEMENTS

"2.1 Introduction

Network planning is an important phase in transportation piann-,
ing. In planning urban road network the application of graph

theory has been widespread. Although planning of rural road

network is equally important but no well developed methodology

for the purpose exists. The graph theory although found its

extensive application in the case of planning urban network,

however, it can not be readily appliea in the case of planning

rural network. Because the 'nodes' of the graph are not well

defined in the rural areas. •
However, if a separate methodology is established for determining

such 'nodes', the graph theory may be equally applied for plann-

ing rural network. The methodology for determining such 'nodes'

however already exists. ~he concept of hierarchy of settlements

may be applied to identify the nodes in rural areas. The conce~t

of hierarchy of settlements may be applied to identify the nodes

in rural areas. The concept of hierarchy of settlements has

already been used at home and abroad for research as _11 as for plarming

the delivery of services and input distr~bution at the mlcrolevel

( for example, Bhat, 1976; Sen and Misra, 1974; Sen, Bose, Misra

and Ramesh, 1971; Jahan, 1971J; f'arveen, 1984).
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In the present study an attempt has been made, to develop a metho-

dology for the planning of rural road network in Bangladesh. At

first by applying the concept of hierarchy of settlements, attempt

is made to identifying the 'nodes'. Then the graph theory is

~ '0 ", ooov,o"oo,' fo,rn '0 dev,ioc , 'u'o, ,o,d o,'wo,k.

2.2 Graph Theory with Application to Road Network Planning

Graph theory is an abstract mathematical concept. The descrip-

tion of the theory is widely available in the literature ( for

example, Black, 1981; Daellanbach and George, 1978: Wagner,

1974). The graph theory is helpful to understand the nature

of problems which can be viewed as a graph. It deals with abstract

configuration consisting of lines and points and is suitable to

represent the topological propertie,S of transport system.

An example is the problem of a rural mail carrier who must deli-

ver mail ~o a number of locations (nodes). The mail carrior

would like to know how to schedule a route, so as to minimize

the distance to be travelled. Starting at a given node, the

objective is to visit all other nodes and return to the starting

point in 'minimum distance. Figure 2.1 below is a map of the

area with each location representing a node. The nodes are

labelled with integer numbers. Ordering is unimportant. The

shortest route from One location to another is represented by a,
link. Each link has a distance associated with it. A diagram

like this is called a graph.
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Figure 2.1 Graph of Rural Mail Delivery
Source: Based on Daellanbach and George, 1978; p.149

2.2.1 Operational Definitions Relevant to Graph Theory

Few basic definitions relevant to graph theory are given below.

A 'graph' consists of a set of nodes and linKs. A 'link' is

an imaginary straight line that represents a finite length of

road, railway Or bus route. A 'node' is.an imaginnry point where'

links i!1tersect. Nodes represent road intersections and railway

junctions. On public transport networks nodes alsO indicate

the location of gtations or bus stops.

'Link impedence' specifies the average construction cost or

average link travel time or cost as the measUre of difficulty

of gettin~ along each link. A 'connected graph' is having at

least one path between each pair of nodes. A 'tree' is a loop

free connected graph. A tree in which one node ( called the root)

•



is distinguished from all others is called a 'rooted

tree ". A tree is said to be a 'spanning tree' of a connected

graph if the tree is a subgraph of the connected graph and the

tree contains all nodes of the connected graph.

If there is a real number representing link impede nee associated

with each ,link of a graph, then it is a 'weighted graph'. "

spanning tree with the smallest weight in a weighted graph is

known as the 'Minimal Spanning Tree'. Figure 2.2 shows how a

minimal spanning tree can be constructed. Nodes of the graph

are labelled with a different letter and the smallest distance

from one node to another is representd by a link. Each link

has a distance associated.with it.,

The minimal spanning tree is started from node A and connect

it to its nearest node, say B. NOW consider A and B as one

sub-graph and connect this to its nearest node C. Now consider

A, Band C as one sub-graph and continue connecting the nearest

neighbouring nodes until all the nodes are connected. Thus the

minimal'spanning tree ABCDEF or G can be constructed from the

weighted graph.
, •

Figure 2.2 Minimal Spanning
Source: Swaminathan, Lal and

Tree in 'a Weighted Graph
Kumar, 1982; p. 893

•



2.2.2 Selection of Secondary Links of the Network

Various secondary link options to connect the secondary nodes

are identified from the available maps and informations ..The

selection of one link fJ:om severai link options is determined

by using the 'link option weightage process' developed by

Swaminathan, Lill and Kumar (1982). In their study they havc

shown that the weight of several secondary iink options for

any node may be computed as below:

0 P.
P + , ,
0 i=l L.o

W =
, (2.1)Lo

where

W = weightage of link options;

La impedence ( length) of link option;

Po = self attracting force of the attracting node;

Pi = attracting force of the node;

impedence (length) of the node from the attracting
node;

n number of attracting forces on the path from the
attJ:acting node to its tree root;

a = parameter (0.5).

Various terms of.the above equation (2.1) are explainGd in

Figure (2.3).
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Figure 2.3 Illustration of Terms used in Equation 2.1

The above figure illustrates a hypothetLcal situation.

There are two possible options OA and OD "to link the node 0

either with node A or with node D. Node E of ,.Xtracting force q

andnode C of attracting force r arc already connected with

node A. The distances of the nodes Band C from the node A are

m and n respectively.

Now, due to the presence of node Band C at the back of the node

A, 'the attracting force P of node A may increase by SL and1m
c
in

respectively. Thus the total attracting force of node A becomes
p , "-,1m

c-- • Now, the weight of the link option OA can be easilyIn
calculated by dividing total attracting force by the link option,

length Lo'

• •



Similarly, the weight of link option OD can be calculated. If

weight of option OA is greater than that of 00, then node 0 is

connected with node A. Otherwise, the node 0 is connected with

the node o. Thus, secondary links for nodes are selected from

various available options.

2.3 Hierarchy of Settlements and Centrality

The concept of hierarchy of functions and settlements provides

a valuable tool for planning. The identificati.on of a settle-

ment hierarchy and hinterlands of various centres at different

levels of the hierarchy are the basic prerequisites for pre-

paring a frame for area development. In identifying nodes of

graph theory for planning rural road network emphasis is given

on the measurement of centrality and identification of the

hierarchical pattern of the settlements. The central place

theory ( Christaller, 1966; Losch, 1954) helps in identifying

the hierarchy of settlements.

The hierarchy of settlements is thc product of the centrality of

settlements in a region. The centrality in its turn can be
<

explained in terms of quality and quantity of central functions

performed by the settlement. The central functions are those

which by their nature are available in a few settlements but

are availed of by a number of settlements. Thus the central

functions are essentially non-ubiquitous in nature. In fact the
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degree of importance of a function is supposed to vary inversely

with the frequency of its Dccurance.

The quality of a central function is normally affected by

(i) number of different types of functions offered and (iil by

the level at which they are offered. A central function is

composed of many sub functions and thus within a particular

function, it is possible to identify different levels at-which

it is being performed. Yor example, functionally speaking, the

educational service is being_performed in the study area at

primary school level, secondary school level and COllege level.

Clustering of central functions at a place reinforces the

centrality of that place. The hierarchy of settlements is

closely associated with the hierarchy of central functions. The

latter could be determined by considering individual central

functions such as health, education and others and by distingui-

shing their components parts. Thus the choice and evaluation

of the central functions and the measurement of association

provides a basis for measure the centrality of any settlement.

,



CHAPTER - 3

RESEARCH DESIGN

3.1 Objective of the Study

The objective of the present study is oriented towards develop-

ing a systematic planning approach for the planning of rural

road network in Bangladesh. In doing sO the study specifies a

set of objectives. The objectives are,

1. To study -the existing planning process of rural roads in
Bangladesh.

2. To develop a systematic methodology for the planning of
rural road network at upazila level.

3. To formulate guidelines to establish priorities and
implementing the network plan. •

3.2 Methodology

Figure (3.1) illustrates the flow of work carried out in this

study. The following briefly describes each of the work items

indicated in Figure (3.1).

3.2.1 Literature Survey

Survey of available literatures on rural road planning studies

carried out in Bangladesh and other countries in the region

has been made to have a better understanding about the subject

and to assess the existing rural road planning process.

" ,
•
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3.2.2 Theoretical Framework

The graph theory and the concept of hierarchy of settlements

serve as the basic framework for the purpose of planning a

rural road network. These concepts and their applicability are

critically searched in the study towards developing an opera-

tional methodology for the purpose.

3.2.3 Selection of the Study Area

For the present study; 'one upazila was chosen as a test case for

the methodology. Kahaloo upazila of Bogra district was chosen.

It was chosen by deliberate conSideratio~o collect data
easily within shortest period of time~owever,it is also a

rural upazila of Bangladesh,and therefore, the methodology may

be applied for any similar upazila.of the country also. ~

3.2.4 Data Collection

In the present study, two types of data were collected. One-for

determining the hierarchy of settlements and other clxmt ~

existing road and traffic inventory. First type of data included

ten categories of functions: distributive services; markets;

finance: extension services; food processing industries; education;

health; transportation; communications and specialised services.

Information on these functions were collected from field survey,

village questionnaire surveY,and interviews. The village ques-

tionnaire survey covered all the villages of the study area.

•
..
,
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Enquiries were made with different categories of people in each

village such as union parishad member, primary school teacher

regarding the facilities that are available in the village and

also regarding other villages which the villagers normally

visit for the satisfaction of their higher order social needs.

~nd type of data were collected a~out the main roads, exls-
ting communication facilities in the form of railways lines,

roads, cart truck, rivers, streams/and other topographical

features. In this connection, information and maps were 001100-

ted from the upazila office and from the office of the Surveyer

General of Bangladesh. population of all settlements were obta-

ined from the cenSUS records of 1981. Other needed information

were collected from secondary sources. Information obtained from

different sources were checked against each other for accuracy

and consistency.

3.2.5 Data Analysis

Data were analyzed in terms of the socia-economic characteristics

of the settlements. TWO methods were tested for the measurement

of centrality of settlements and their hierarchy. "The first

method is based on ~urnul.ativesummation of scores of individual

function of the settlement and the second method concerns the

application of Principal component Analysis.

•



3.2.6 Ranking of Main Links ,

24

The main links of the study area were identified from available

maps and the ranking of these roads was done based on scoring

system as developed in Thailand and Indonesia. In the study, the

factors used in ranking the roads were traffic volume, popula-

tion density, network significance, area of influence, surface

type, surface condition, surface width, type of vehicles, admins-

trativc usefulness and other benefits.

3.2.7 Identification of Main Nodes

The settlements of the study area were categorized into three

levels of hierarchy based on the centrality score of the settle-

mente. First and second level central places em,:,rged as main

nodes in the ~tudy area.

3.2.8 Generation of Minimal Spanning Trees

The final rural road net\lork was generated in the form of minimal

spanning trees by applying the concept of graph theory. These,

minimal spanning trees Were developed by selecting the optimum

link option of maximum weight for every secondary nodes. The node

closest to the main link or main node was connected first. Now,

spanning trees were started to generate by adding links of maximum

weights and connecting node by node. And then proceeded towards

the interior until all the secondary nodes w'ere connected.
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3.3 Limitations of the study

It is clear from the objectives that the study is mainly concerned'

with the network planning aspect of rural road development. The

other aspects of developing rural road such as design, construc-

tion, maintenance are not incorporated in the study. The present

study of planning rural road is confined to developing a planning

process of road network in rural areas. The other issues of road

planning like road geometries, alignment, type, specifications

etc. were not incorporated in the study.

The study is aimed to have only one outlet, leading to only one

growth or service centre for every settlement. It does not deal

with the link between neighbouring settlements and more than one

outlet towards different growth and service centres.

The planning process of rural road network has not'incorporated

the presence of natural barriers. So, the network generated by

the process in the present study, however,may not be directly

Implemented In all the cases without necessary modification

depending upon the field conditions where such natural barrier

exists.

3.4 Assumptions in the "study

While generating the rural road network by the concept of graph

t~eory, the following assumptions were made:

•
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1. Each mouza has only one settlement; In case of more than

One settlements in a mouze, the location of main settlement

is considered for the network planning.

2. Each and every settlement is to be connected by a rural road.

3. Only One road connection is sufficient for a settlement.

4. Every junction will be situated at a settlement only.

5. The traffic demands among the various settlements are

insignificant as compared to the traffic demands between

the variOUS settlements and growth/service centres.

6. The construction costs are proportional to the length of

the road.

3.5 The Study Area: Kahaloo Upazila

Kahaloo Upazila has gaL an area of 241 square km., It consists

of 164 mouzusand 9 unions. Total population of the upazila is

141298 and habitation per square km is 586 as was counted in

the 1981 census. ~he distance of the upazila headquarters from

district headquarters at Bogra is 12 krn to the West and is

linked with pucca road and railway line. The regional location

of the study area is shown in Figure 3.2.

The number of different categories of educational institutions

is 98. Literacy rate of the upazila is 23.6 percent. The upazila

has got 15 km of railway line, 25 krn of puce a roads and 420 krn

•
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of kutcha raods. The upazila has got a hospital and 13 rural

health and family planning welfare centres.There are 51 rice

mills and 20 weekly markets in the upazi1a.

Total land area of the upa?:ila is 24130 hectares and land

pattern of the upazila is mostly,plain. It has got 19076

hectarec; of land under cultivation, of which 4040 hectarr>s 3I:e

doubl~ cropped and 492 hectares ilrp tripple cropped. Main

agricultural production of the upazila is paddy. Total annual

surplus food production is 27,OOO,metric tons ( Upazila

Pari:;had, 1986).

•

•

•
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CHAPTER - 4

IDENTIFICATION OF CENTnAL PLACES

4.1 Introduction

To plan the rural rOad network for an area central places

in the area are to be determined first. This chapter

mainly deals with the determination of the centra-
lity score of settlemenmand identification of the central

places in the study area. 'I'womethods were tested for the

measurement of centrality of settlements and their hierarchy.------------------
The firstITEthodisbased on cumulative summation of scores of

~eth-o-dC,-w--"-,-e-Used-i-n--o--,-derto observe the variation in the

results and to examine the applicability of different methods to

the unique conditions of the study area.

4.2 Selection of the Function of Centrality

To determine the centrality of a place it is necessary to take

an account of all the centl'al functions of that centl'al place.

In the present study functions taken into account are distri-

butive services, markets, finance, extcnsioH services, food

pI'Ocessing industries, education, health, transportation,

cummunications, specialized services and component parts of

these functions. It is possible to measure the centl'ality vf

.'



of fUlIctions performed
'---and the level at which th",y are perfurmed or by determining the
~-~- - -- - ~---
scarcity of functions.

4.3 Operational Definitions of Functions Under Study
1" 'c/--/r''-f'r--'' r,D

To measure the centrality and hierarchy of settlemenwafter

screening the available functions twenty two functions have

been selected for the study area in order to avoid incongruous

functions in analysis, to make the process more rational

-'

and to suit the functions with the methods applied in the study.

A complete listing of the central functions appear in Table 4.1.

Table 4.1

Sl.No.

l.
3.
3 •
4•
5 •
6 .
1.
8.
9.
10 •
H.
12.
13 .
14 •
15.
16.
17 •
18.
19.
30 •
2l.
22.

List of Central Function

Central Function

Rice mill
Wheat Milling mill
Food god Own
Primary school
Secondary school
Madrasha
Charitable dispensary
Family planning centre
Bank
_Post office
_Bus stoppage
Food dealer

,Weekly m"rket
Fertilizer distribution centre
,Tailor
.!.ledicineshop
"'-Privatemedical pr"cLitioner
'Cycle rel-'aring
~Gro"ery
'-Stationary
~Rctail cloth store

Tea stall

•
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Functions like grocery shop, tea stall, barber, carpenter,

tailor, retail cloth store, post office, medicine shop etc. are

self explanatory in their operational sense. Besides the above

mentioned functions there are- some functions which need expl,ma-

tion for their operational sense. These are as follows:

Market: In the rural areas, markets are of great importance.

/

These are the weekly markets, held on two days of the week. Some

" of these markets do not have permanent structurES but some have

got permanent structures with provision for cloths, medicines,

food grains, vegetables etc.

Education: (1) Primary SchoOl. An institution providing educa-

tional facilities upto 5th standard. (2) Secondary Schaal. An

institution providing educational facilities upto lOth standard.

Transport: Bus stop. Bus stops taken into consideration for the

present study are the scheduled bus stops as well as the request
•

bus stops.

4~4 Centrality of Settlements on the Basis of Cumulative Summation
/ of Scores of Individual Function

Centrality of settlements on the basis Of cumulative summation

of scores of individual function was detnrmined in the present

study by two ways. The first followsth~t centrality of a func-

tion is based On the level of functional hierarchy and the second

follows the principle that the importance or centrality of a
~------------function is based mainly on its scarcity. These are discussed below.
-~



4.4.1 Centrality of Settlements on the Basis of Hierarchy of
Functions

For the determination of the hieraI:chy and centrality of the

settlements in the study, levels of functional hierarchy were

identified On the basis of thresholds of functions under study.

The thresholds of functions have been determined by the popula-

tion size. It can be defined as the minimum number of popula-

tion to support an economic activity. In the present study Reed-
Muench m';thod (Haggett, P. and Gunecwardena, 1964) has been----used to calculate the population threshOld; The details of the

_technique and its application in the present case are provided

in Appendix-A. Much elaboration is available in literatuI:e. So,

in order to reduce the space, only the results are presented here.

The lowest group of functions had the tendency to be found in

population size between 400-850; the second group of functions

tended to cluster between population size of 1600-2250iand the,
third group of functions tended to cluster at a population size

of more than 2800 ( Appendix-B, Table B.l). The levels of func-

tional hierarchy have been given below.

First level (population size 400-800)

(1) Grocery shop (2) Tailor (3) Medicine shop (4) Private medical

practitioner (5) Retail cloth store (6) Primary school (7) Station-

ary shop (8) Fertilizer distribution centre and (9) CyclejRidcshaw

repairing shop.

.'
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Second level (population size 1600-2250)

(1) Tea stall (2) Weekly market (3) Rice mill (4) Food dealer

(5) Madrasha (6) Post office (7) Secondary school (8) Family

planning centre and (9) Wheat milling mill.

Third level(population size 2800 and morc)

(1) Bank (2) Charitable dispensary (3) Bus stoppage (4) Godown.

After determining the levels of functional hierarchy attempts

were made to quantify them by giving appropriate weightages for

each lovel. 'l'hree entry points emerged as the basis for diff-

erent functional- hierarchy. Population size 400 for the first

level function~/1600 for the second level functions and 2800

for the third level functions were considered. Thus if the entry

points in terms of population size were 'weighted', then the

first level as a 'base' is awarded a value of one, the second

level a value of four and the third level a value of seven. All

the functions of a particular level are considered to be of

equal importance. For example, in case of a grocery shop which

is of equal importance as that of a primary school though the

former has an entry point 400 and the latter;800

In order to arrive at-the centrality of a settlement of a particular

function, the weightage awarded to a particular level is multi-

plied by the quantity of that function at that particular level.



That is, if there are 2 primary schools in a particular settle-

ment, it will be awarded the value of 2 (lx2). The'namesof the

settlements and centrality scores associated,with them deter-

mined by this method are shown in Appendix-E, ('I'ableE.I).

4.4.2 Centrality of Settlements on the Basis of Scarcity of
Functions

The hierarchy and centrality of the settlements were also deter-

mined on the basis of scarcity of functions. The weightages of

different functions were assigned in this method according to

the principle that greater the importance interms of centrality

and therefore, higher the weightage. The weightage of any func-

tion was determined by dividing total number of settlements by

number of settlements having that function. For example, total

number of settlements where primary school occur are 70 out of
,

164 settlements in the study area. Therefore, the weightage of

pr~ary school is 164/70 = 2.34. The woightages of the different

functions are given in Appendix-C (Table C.l). On the basis of

the weightages described above the centrality score for each

settlement was calculated by adding the quantity of functions

multiplied by their corresponding weightages. The names of the

settlements and centrality scores associated with them determined

by this method areshown in Appendix-E (Table E.2).

f 4.5 Principal Component Analysis

~ In the analysis of any given data set there exists underlying

trends which may not be readily identifiable. These trends



may be the cesult of a number of vaciables interacting within

the data set and a method of defining them should be sought.

Principal Component Analysis seeks to do just this. The analysis groups

variables into a new' synthetic' variable, or component. It has

been recognised as a powerful tool in multivariate analysis and

attacks problems at the point where standardisation fails or

is not satisfactory. It recognises that all measurements within

the data set are not of equal weight and that indeed may overlap.

If several measurements shOW a stmilac pattern of variation,

then it is suspected that a more 'basic pattern' lies beneath.

The principal component is that 'basic pattern'._

The identification and interpretation of the components is

based on the loadings which link the factors to the variables.

Each component can be identified. The first principal component

is that which accounts for the greatest part of the common
•

variance of the orginal variables. The second component then

accounts for the maximum share of the remaining variance and

so on.

The centrality scores of the settlements of the study area were

also calculated by the Principal Component Analysis method.

-The SPSS package available on the university's computer system
was used for the purpose of the present analysis.

The Principal Component Analysis was performed using the same

set of twenty Thu central functionsshcliinin Table 4.1 and village population.

The _ightage of any central frmctionwas deteuninerlby dividing total rrurrt:er

-
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of settlements by number of settlements having that function.,
The weightages _of different functions used in this analysis are

shown in Appendix-C (Table C.I).

The first stage of the analysis was the derivation of the

princlpal components. This is the tr"nsformation of the

original variables into a new set of variables, the first of

'which will explain to a certain degree, the level of variance

in the data. The following Table 4.2 shows the amount of vari-

ance explained by each component,

Table 4.2 The Princlpal Components and Their Percentage

Contribution of TOtal Variance

Principal
component

Eigen
value

% variance
explained

Cumulative % of
variance
explained

, 9.71098 42.2 42. 2

2 2.90295 12. 6 54. 8

3 2.01610 8. 8 63.6

• 1.40259 '" 69 . 7

5 1.04898 4.6 74.3

6 0.94130 .., 78.4

7 0.90217 3.9 82.3

8 0.77351 3 •• 85.6

9 0.58316 ).5 88.2

" 0.54325 2•4 90.5



'l'he component loadings fOl: the first six components against

each variable are listed in more detail in Table 4.3 •

•



The first principal component in this study explained about 42

percent of the total variation of the constituents. The aggre-

gate scores of the settlements were obtained by adding the

component loading based on first principal component (Appendix-D).

The names of the settlements and centrality scores associated

with them determined by the principal component analysis are

shown in Appendix-E (Table E.3).

4.6 Hierarchy of Settlements

Hierarchy of settlements based on level of functions was deter-

mined by categorizing the scores of the settlements under three

levels of hierar~hy. These are shown in Table 4.4.

Table 4.4. Levels of Settlement Hierarchy Based on Level of
Functions

Serial No.

1
2
3

Point scored

0-50

51-400

400- above

Number of settlements

Only one first level growth centre and thirteen second level

service centres emerged in the study area by this method. ,

These are Kahaloo, Durgapur, Kalai, Birkeder, Protappur,

Murail, Deogaon, Shakahar, Zamgram, Narhatta, Aghore, Paiker,

Pilkhunja and Bhadahar.

.,.-
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Hierarchy of settlements based on scarcity of functions was

determined by categorizing the scores of the settlements under

three levels of hierarchy; These are shown in Table 4.5.

Table 4.5. Levels of Settlement Hierarchy Based on Scarcity of
,,'unctions

Serial No. Point Scored Number of Settlemen~

1

2

3

o
101

500

100

500

above

150

13

1

Only one first level growth centre and thirteen second level
service. centres emerged in the study area by this method. These
are Kahaloo, Durgapur, Kalal, Birkeder, Protappur, Narhatta,
.Shakahar, Murail, Deogram, Zamgram, Agora, Faiker, Ehadahar and

P11khunja.

Hierarchy of settlements.was determined by categorizing the

scores of the settlements determined by Principal Component

Analysis under three levels of hierarchy. These are shown in

Table 4.6.

Table 4.6 Levels.of Settlement Hierarchy by Principal
Component Analysis ( Component 1 Score)

Serial No. Point Scored Number of settlements

1

2

3

-3.5

3.5

50.0

+ 3.5

50.0
above

150

13
'1
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Only one first level growth centre and thirteen second level

service centres emerged in the study area. These are Kahaloo,

DurgapuF, Kalal, Shakahar, Protappur, Birkeder, Narhatta,

Paiker, Zamgram, Murall, Bhadahar, Peograrn, Agore and Pilkhunja.

In the study above procedures were used to identify the

hierarchy of settlements. These procedures were used in order

to observe the variations in the results. Inspite of limitations

of these methods, it is seen that the above methods identified

the same growth and service centres in the' study area. The

principal component analysis rnethodis a relatively complex one.

It requires computer and hence less accessible for operational

purposes for all in determining the centrality and hierarchy

of settlements in developing the rural road network plan. On

the other hand, the other methods are easily applicable in

identifying the hierarchy of settlements. so, either the method

based on level of function or method based on scarcity of func-

tion may be used for operational purposes in determining the

centrality and hierarchy of settlements.



CHAPTER - 5

DEVELOPING THE NETWORK

5.1 Introduction

The rural road network plan may be developed by applying the

concept of graph theory and the hierarchy of settlements.These

two concepts and their applicability in the planning of rural

road network are described in the previous chapters. Now the

procedures for preparing the network plan for rural roads are

stepwise described in this chapter. Here, main nodes and main

links of the network are first identified and then the .secondary

links for other nodes are determined by ~electing the optimum

link options of maximum weightage,

5.2 Preparation of the study Area Map

In the first step of rural road network planning, a topographical

map of the study area is prepared. The present location of the

settlements, existing communication facilities in the form of

railways lines, roads and cart trucks, river and other salient

topographical features are identified on this map. The aerial

distances between different settlements are got from the topo-

graphical map. The map of Kahaloo Upazila with the locations of

its 164 settlements is shown in Figure (5.1).

5.3 Identification of Main Nodes of the Network

The procedure of identification of growth and service centres
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in the study' area is detailed described in the previous

chapter. The score for each of the settlements is determined

and the settlements are categorized into three levels of hier-

archy based on the centrality score of the settlements. Only one

first level and thirteen second level service centres emerged

in the study area. These service centres are considered as the

main nodes of the network and the remaining settlements are

considered as the secondary nodes of the network. 'Their centra-

lity scores are taken as the' 'attracting force' of the nodes in

case of network planning. The main nodes of the network with

their attracting forces are shown in Figure (5.2).

5.4 Identification of Main Link System of the Network

The main link system of the network in the study area is iden-

tified from the available maps and informations frOm the secon-

dary sources. The link between the main nodes and other major

,roads passing through the study area are considered as main link

system of the network. These main links are scored according to

their level of importance and serviceability (Appendix-F). In the

present study the ranking of the main links has been done follow-

ing the scoring systems developed in Thailand'( The Highway

Department, 1979) and Indonesia and as described in Section

(1.3). These scores are considered as 'attracting force' of

the main links in case of network planning: The main links with

their attracting forces are shown in Figure (5.2).,
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5.5 Generation of Final Rural Road Network

Final rural road networks are deve'loped in the form of several

minimal spanning trees. The generation of various rooted mini-

mal spanning trees are explained by an example shown in Figure

(5.3) .

The Closest node 'Ulot(2)' is first connected with the main node

'Kahaloo(l)'. Then tha node 'Joysara(3) , is connected with 'Ulot(l)

because the weightage of this link option is greater than that

of the other two link options. Again,_ the weightage of the link

option 'Joysara(J) to Agersal(4) , is greater than that of the

other two link options. So, 'Agersal(4) 1 is connected with 'Joysara

(3)'. NOW, 'DomorgI"am(S) I is connected with 'Agersal(4) 1~ since

the weightage of this link option is more than the others. The

calculation for this minimal spanning tree is shown in Table 5.1.

Thus all the other minimal spanning trees are generated u~til

all the secondary nodes are connected. An entire rural road

network in the form of minimal spanning tree for •the study area

is shown in Figure (5.4) .The selection of link eption for thesE'

minimal spanning trees is shown in Appendix-G (Table G.l).

5.6 Superimposition of the Developed Network

The developed network of rural road by ti~, above procedure is •

formed without any regard to the existing rural roads. Now, the
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Table 5.1: Selection of Link Option

, ,
". Node to be Link option , ,. L. P + E..2:.

~Ilw
P + E..2:. -.or,,",

NO. connected 0 > .> o Li o L;j,
(km) Lo ...

1. Ulot - - - - - - - Vlat is connected first
Hith Kahaloo sine it i.s
nearest to Kallaloo

~mo, n Kahaloo(1330) 0.5 1952 0.625 3123

2. Joysara Main Link 60 - - 60 0.375 "'A Joysara is connected

Main link 40 - 60 . 0.375 160 with Ulat-

IKahaloo(1330) 0.625 1806 2.0 903 Agersal is connected

Joysara 6.7 Ulot (72) 0.375
Vlith Joysara

Main Link(40) 1.25
Dhawapara 12 ISitlai (22) 1.25 71 0.625 113

3. Agersal ~
Birpalla(2.4) 0.625

~Nohespur 7.5 Main Link 0.25 127 1. 625 78

Agare 129 - - 1'9 2.5 52
113.1ancha 12 Main Link 0.25 ' 146 1.875 77

Kahaloo(1330) 2.87 DOlrOrgramis connected
Agersal 16 Imot (72) 2.37 850 1.25 680

Joysara (6.7) 1.8 with Agersal

Main Link 60 - - 60 0.625 96
4. Dcrr!::'rqram~ Mal_ 12 Main Link(60) 0.25 1.25146 117

Raghunathpur 3.7 Main Link (60) 1.0 124 La 124
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existing rural roads are superimposed Over the developed

network. The superimpos{ng of existing roads on the developed.

rural road network is shown in Figure (5.5). It is done in

order to test the applicability of the methodology developed

in planning the rural road network in practice, From the

figure (5.5) it is seen that the developed network almost

represents the same with the existing road network except a few

oases. A few links are slightly deviated from the developed

links. From the topographical feature of these areas it is

found that these deviations are due to the presence of some

small natural barriers like canals (khal) and lowlands. These

deviation in the developed network may- oe modified by analysing

the field conditions in these areas.
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CHAPTER - 6

CONCLUSION

Rural road development includes planning, design, construction

and maintenance as a total system. This study brings out a plan-

ning process which is required to be looked at as a part of the

system, The. study have tried to develop a planning mothodology

for rural road network and test its applicability in practice.

The other issues of road planning like road geometries, alignment,

type, specifications etc were not incorporated in the study.

However, network planning is completely a separate aspect than

the other issues of road planning and it comes first and more

important in rural road planning.

To develop a systematic rural road network, first centrality of

the settlements in the study area based on the-concept of hier-

archy of settlements Were determined. This Was done by selecting

several functions and weighting them on the basis of level of

functional hierarchy and scarcity of functions. The settlements

were then categorized into three groups according to the score

of the, settlements. The first and second level settlements came

out as main nodes of the network in the study area.

The roads between the main nodes were identified as main links

of the network from the available maps and information. They

were 'ranked according ,to their importance and serviceability

by selecting some parameters based On system developed in
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Thailand and Indonesia. Then the links fo~ secondary nodes

Were gener-ated in the form .of minima'l spanning trees by apply-

ing the concept of graph theory. These spanning trees were

developed by selecting the optimum link option of maximum weight

for every secondary nodes. The node closest to the main link or

main node is connected first. Then the tree was started to gene-

rate by adding link of maximum weight and connecting node by

node. Thus proceeded towards the interior untill all the

secondary nodes were connected. Thus the methodology developed

for the planning of rural road may be outlined in the following

figure (6.1).

The developed process is relatively a simple one, This was

done with the objective in mind to make it operational at th8

upazila level considering the present constraints. Objective

function of the process is simpie and straight forward. Each

of the settlements will have to be connected either to the

nearest service centre or to the main road. This has to be done

with minimum length of road to ensure economics in 'investment.

The implicit assumption is that the cost is propotional to

distance. ll(}w'ever,this is not necessarily true in all cases.

The network was developed by this methodology with limited

objectives. The network is mainly aimed to go to the growth

or service centres. The network does not serve all the purposes'

of total accesibility. Say, people want to go to their agricul-

tural field and other villages for their field work and social



Planning of Rural
Roads at Upazila
Level

Data Analysis

Data Collection

-,,"--,
__ J

Road Inventory
Collection

----"I
Preparation of ,
:l'Orographical map '- _,
Scor;l).g 0 main ,

Llnks I_________ J

,------------- ----
: COllection of ISecondary Data
I nmary data MapCOllectionL _

1------- ---------- ---,
I Iclentif;catlon of Selection of Main ~ _
I Main Nodes Links,L____________ __ _ I

DevelopingNet<»rk
(1st portion)

~--------------,-----------,
J selection of rree'Ra:>t 1
I I
I Identification of Link I
I 0l'tions fran the DIal' l- _
I iiOi:i>nninatl.onof til<>""'_ I
I i ~ various 11nk I, ,
, ~'!Ction or Link of I,

max[(UIlL ""'ghtay"L ~

DevelopingNol:work
( 2ndportionl

OOdification of
the Nebrork

Priority
Detennination

Classified Netl«Jrk,,~

-- -- ,,,--- -,,,
__ J

Classification of the
Link of the N<!twork

--- - ---- -----,,,
'
I Prior;lty Dete:m1nation

ot tl-.= Link.sL ~ -'-__

FJgure 6.1 Met.l1od:>lc:qyfor Pl~ of Rural Roadat Upazila Level



55

purposes. The existing roads to serve these purposes should

remain the same as exists.

The developed network may, firstly, help in identifying the

missing links,if any. The network may not require further new

alignment since available alignment~ may serve the purpose well.

Secondly. the network may help in priority determination from

the existing road network for future investment and development.

After priority determination by the network developed, the

resource may not be available for developing all the links' of'

the network selected. In such cases higher evaluation process

may be practiced in order to identify the mOre feasible Ones.

The network generated by the process developed in the present

study to planning road in rural areas, however,may not be

directly implemented in all the cases. Topographical features

of the country vary from area to area. There may be streams,

rivers, marshy lands in some areas and there may be hills, moun-

tains etc.in some other areas. The network ge~erated by the pro-

cess may be directly implementable in areas where no such major

natural barrier exists.

However, in the study, tho planning process of rural road net-

work has not considered in=rporating the effects of such natural barriers.
For example, if there exists a river or mountain between two

settlements which are intended to be linked. Then the woight-

age if calculated by the equation (2.1), may have a higher
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value in comparison to that of some alternative- links. But

due to river or mountain it will not be economical to adopt

the link. This position is made clear in Figure (6.2).

Under these circumstances, a complex formula could have been

developed by incorporating a parameter in the right side of

the equation (2.1) to overcome the problem. The actual,value

of the parameter may be predecided depending upon the prevail-

ing conditions. But it will be mOre complex in practicing and

therefore, leS5 operational at upazila level. There may be

also disagreement to quantify the value of the parameter~

AlternativelY,rather than using complex formula, it is advan-

tageous to modify the developed network by analyzing the field

conditions where such natural barrier exists.

Where there is a marginal difference in the weightagcs of-

two link options for any settlement the develOped road net-

work may be modified. In such cases, the link of lower weight

may be c?nsideredas ~ optIDumlink depending upon the field

condition.

The study reveals that the developed network allows a consi-

derable variation in the weightage value of the main link of

the network. For example, the spanning tree ABCDE shown in

Figure (6.3) was formed when the weightage value of the main



"', pO' ",.I",d q'''o '0 It,. _'"oy
Ro"'. IF I ,,,",,' •• h"gh ",,"ghtoq. "'.

" ',. '"0"" ","d. '0"" [I I ",II'
'O"y low.' ",,;qh,o~o. Bu'
it ""II b. «Oo'm;<ol to ocop'"
,ou" [l).

NATuRAL BAR'ER

'RIVER I
GROWTH CENTRE

Figure 6.2 Modification of Rural Road Network due to
Presence of Natural Barriers

link XY was calculated as 60. The same tree will be formed if

the weighting value of the main link XY is changed either to

80 or 40. The calculation is shown in Appendix-H. For this,

a comprehensive survey to collect the data for parameters

to determine the weightage of different main roads is not

essential. Preliminary survey in this respect is sufficient

in practice at the field level.

Rural road network planning has been done in the study by linear

method and not by star or grid method. In other words, every

settlement, is aimed to have only One outlet, leading to only

One growth or service centre. When all the settlement of the
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area get connected with surfaced roads, activities in the

fields like agriculture, diary, animal husbandary, small and

cottage industries etc may accelerate at a very fast rate.

Hence, it will be necessary to have mOre than one outlet

towards different growth and service centres. This can be

achieved by connecting the link between different minimal span-

ning trees at suitable locations.

The study also does not consider about the link between the

neighbouring settlements. This phase of connection may be

considered in future when all the settlements are connected

with minimum one surfaced road in order to increase the den-

sity of roads in the area.

The alignment should be decided ~t the initial stage itself

to suit the' future needs'-'The actual alignment will have to

be fixed depending upon the field conditions. There may be

depression, highly clayey soils, man made barriers and so on.

These will have to be taken into account while fixing the align--

ment ,in the field.

Considering the serious constraints of very limited funds,

available for ~eveloping such a network in its entirely, a

phased programme executed in a systematic manner is inevitable.

Since different stretches of secondary nodes forming branches

of minimal spanning tree will have different traffic vOlumes
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and composition; it is necessary to classify the network in

order to priority determination for purposes of implementing

the network.

The various typesot roads are parts of the tree and this is

shown in Figure (6.3). The traffic on the stem of the tree

will be much more. It may be thought that the settlements clos8

to the main road or service centre would naturally generated

more traffic as the traffic will be coming from several settle-

ments in the interior and this constitutes type 'A'. The various

branches of the tree will constitute type 'B' and the traffic

here will be much less and be of. slow moving type in most cases.

'l'ype'C' is the one which will be connecting only the isolated

settlements in the very interior. If this is followed, it may

be possible to work inwards from the main roads into the inter-

ior. For example; portion ab of the tree abcdef may be 'A' typer

portion bed may be 'B' type; and portion de or df of the tree

may be 'c' type.

After making the necessary modifications and classifications

of the rural road network, the total population served by each

road link can be determined. Depending upon the requirement of

construction/improvement, cost of developing each link can be

determined. Thus the ratio of population served and investment

needed for each link can be easily obtained. This ratio may

be an important bearing on the priorities to be assigned for

the development of various road linkages. But in case of roads
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which require crossing by major bridges, this ratio will come

out to be much less and will therefore have a very low priority,

although actual requirement may be much higher. This point may,

therefore, be also taken into consideration.

Upazila Parishad may prepare a master plan for rural roads at

upazila level by following the planning methodology developed

in the study. The existence of a master plan may help in achi-

eving the integrated road system. This may bring to an end the

present practice of the individual authority like Upazila

Parishad, LGEB, Roads and ~ighways Department, building roads

in their own way and reduce wastage of scarece resources and

hapazard development of rural road. And thus an optimized rural

road network can be generated at upazila level gradually.

•



APPENDIX - A

DETERMINATION OF POPULATION THRESHOLD FOR SETTLEMENT FUNCTION

Accordingly to Haggett and Gunecwardena(1964) functions are

established in a given settlement for a variety of reasons of

which its size is an important but not necessarily overriding

factor. As a result of this complexity the simple concept of

entry level must be replaced byone of an "entry zone". They suggest

that we may view the threshold of any function as the middle point

of its 'entry zone'. For a given function (FiJ, there is a lower

population level at which no settlements of this size have (Fi);

conversely there is an upper population level at which all settle-

ments of that size have Fi• By modifying a standard bioassy tech-

nique, the Reed-Muench Method, the middle point of this entry

zone Can be measured to give the median population threshold

.For the purpose of illustration the problem of determining the

population threshold for-primary school in the study area i8,

considered. In Table A.I 'it is found that for the lowest level

(population less than 500) the settlement does not have any

primary school while for the highest level all settlements have

primary school. Between these extremes the proportion 'without'

declines as that with increase. Cumulative summing of' the two

columns gives values for an index Ag indicating absence of

primary school at this and greater levels and for an index



TABLE A.l
DETERMINATION OF MEDIAN POPULATION THRESHOLD (PT50)

population 0- 501- 1001- 1501- 2001- 2501- 3001- 3501-
level 500 1000 1500 2000 2500 3000 3500 above

Number of 61 63 17 12 6, 1 1 3
Settlement

With grocery 49 49 15 12 5 1 1 3

Without grocery 12 14 2 0 1 0 0 0

With grocery
absent at this 29 17 3 1 1 0 0 0

and greater
levels (Ag)

With grocery
present at this 49 98 113~ 125 130. 131 132 135
and smaller
levels (Ps)

With Tailer 41 52 15 12 6 1 1 3

Without Tailer 20 11 2' a 0 0 0, 0'

A9 33 13 2 0 0 0 0 0

" 41 93 loa 120- 126- m 128 131

With medicine 29 37 15 12 6' 1 1. 3
shop

Without medicine ,32 26 2' 0 0, 0 0 0
shop

A9 60 28 2' 0 a 0 0 0

" 29 66 81 93 99 100 10l- 104

- Continued_
.



DETERMINATION OF MEDIAN POPULATION THRESHOLD (PTSOl (Continued)

With private
medical prac- n 39 16 12 6 1 1 3

titioner
Without private
medical practi- 30 " 1 0 0 0 0 0

tioner

Ag 55 25 1 0 0 0 0 0

" 31 70 '" 98 104 105 106 109

With retail 21 31 9 10 4 1 1 2
cloth store
Without retail 40 32 8 2 2 0 a 1
cloth store

Ag 85 " 13 5 3 1 1 1

" 21 52 61 71 75. 76 70 79

, With prim;;l.ry 0 35 13 11 6 1 1 3
school
Without pr~mary 61 37 4 1 0 0 0 0
school

" 103 42 5 1 0 0 0 0

" 9 35 48 59 65 " 67 70

with stationary 22 25 6 10 6 1 1 3
snop
Without station- 90 38 11 2. 0 0 0 0
ary shop

A9 90 51 13 2. 0 0 a 0

'0 22 47 53 63 69 70 71 74

(Continuec.j



DETERMINATION OF MEDIAN POPULATION THRESHOLD (PTSO) (Continued)

With fertilizer 18 " 11 10 • 1 1 3
dist. centre
Without fertili- 43 38 6 2 2 0 0 0
zer dist.centre

A9 n " 10 4 2 0 0 0

" 18 .3 54 64 68 69 70 73

• With Cycle!
R~ckshawrepair- " 20 8 7 5 1 1 3

• lng shop

Without CyCle!
Rickshaw repair- " 43 9 5 1 0 0 0

ing shop

Ag 95 58 15 6 1 0 0 0

" " " 52 59. 64 65 66 68

With Tea stall 6 8 7 3 7 1 1 3

w~thout ~ea stall 55 55 15 9 4 0 0 0

A9 US 83 28 13 • 0 0 0

" 6 14 16 " 21 22 73 28

With weekly 1 4 2 5 6 0 1 1
market
Without '.•.eekly 60 59 15 7 0 1 0 2
market

A9 W 84 " 10 3 3 7 2

" 1 5 7 17 18 18 19 20

(Cont~nued)



DETERMINATION OF MEDIAN POPULATION. THRESHOLD (PTSO) (Continued)

With rice , , 3 0 3 1 1 2
mill
Without rice 57 59 l' 12 3 0 0 1
mill
Ag W 89 30 16 , 1 1 1

P, , 8 11 11 l' 15 16 18

With food 1 3 1 3 3 0 1 2
dealer
Without food 60 60 16 9 3 1 0 1
dealer
Ag 150 90 30 l' 5 2 1 1

P, 1 , 5 8 11 11 12 l'•

With Madrash<l 0 9 0 3 2 1 1 3

Without Madr<lsha 61 59 17 9 , 0 0 0

Ag 150 89 30 13 , 0 0 0

p, 0 4 9 7 9 10 11 l'

With post 1 0 1 3 5 0 1 1
office
w~thout post 60 63 16 9 1 1 0 2
office
Ag 152 92 29 13 , 3 2 2

p, 1 1 2 5 10 10 11 12
--~~------

(Continued)



_DE~ERMINATIONOF MEDIANPOPULATIONTHRESHOLD(PTSO)
(Continued)

With Secondary 1 2 3 2 3 0 1 1
school

Without Secondary 60 61 14 10 3 1. 0 2
school

A9 151 91 30 16 6 3 2 2

,~ 1 3 6 8 11 11 12 13

With Family 0 0 0 3 3 0 1 1
Planning Centre

Without Family 61 63 17 9 3 1 0 2
Planning Cent.re

A9 156 97 " 15 6 3 2 2

" 0 0 0 3 6 6 7 8

With Wheat 0 2 1 2
milllng mill

0 1 1 2

wlthout Wheat 61 61 16 12 ,
milling mill

0 0 1

A9 155 " 33 17 5 1 1 1

" 0 2 3 3 5 6 7 9

With Bank 0 0 1 1 2 a 1 0

'iolithout lJank

•
61 63 16 11 , 1 0 3

A9 159 95 35 19 8 , 3 3

" 0 0 1 2 , 4 5 5

(Continued)



DETERMINATION OF MEDIAN POPULATION THRESHOLD {PTSO) (Continued)

With charii::able 0 0 0 2 2 0 0 1
dispensary
Without charita- 61 63 17 10 , 1 1 2
bie dispensary

Ag 159 98 35 19 8 4 3 3

" 0 0 1 2 , , 5 5

With Bus 0 1 1 1 1 0 0 1
stoppage

Without Bus 01 62 16 11 5 1 1 2
stoppage

A9 159 98 36 20 9 4 3 2

" 0 1 2 3 4 , 4 5

With gOdown 0 0 0 1 1 0 1 0

Without godo'''n 01 63 17 11 5 1 0 3

Ag 161 100 37 20 9 4 3 3

" 0 0 0 1 2 2 3 3



Ps indicating presence of primary school at this and smaller

levels.

The valUE for PT50 has been obtained graphically by plating

the values of Ag and Ps from Table A.I on the same set of

axes. Tho curves for the two parameters cross at a population

value at which the number of settlements withoutprimlly schcol at

this and smaller sizes is equal to the number of settlements

with that function at this and greater sizes. This is 50

percent population threshold.

80 Ag

"
ro

"e,
">
"ee
::( .0,
0 I
" I•• I>,

I" >0 I
I
I
I,
I, ,

1000 1000 WOO .000
FISO FOFULA"O~ leVEL

Figure A.I Determination of Median Population Threshold
PTSO for Primary School.
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IIPPENDIX-B
Table B.1 Entry Points of Functions in Kaha100 upaz~la

Function

I LEVEL

1. Grocery
2. Tailor
3. H8dicine shop
4. Private Medical Practitioner
5. Retail Cloth store
6. Primary Schaal
7. Stationary shop
8. Fertilizer Distribution Centre
9. Cycle Rickshaw Repairing shop

!I LEVEL

10. Tea Stall

H. weekly/Biweekly Harket

". Rice Hill
B. Food Pealer
14. Madrasha
15. post Office
16. Secondary' School
17 . Family Planning Centre
18. Wheat Milling Mill

III LEVEL

19. Bank
20. Charitable Dispensary
21. Bus Stoppage
22. Godown

Entry point

400
500
600
600

700
800

800

800

850

1600
1700
1900
2000
2000
2040
2050
2250
2250

2750
2750
2750
3250



APPENDIX - C
Table C.l Weighted Scores for the Functions

(Total No.of settlement in Kahaloo Upazila-164)

Functions

1. Primary school
2. Secondary school
3. Madrasha
4. Medicine shop
5. Private medical practitioner
6. Charitable dispensary
7. Family planning centre
8. Weekly market
9. Rice mill
10, Wheat milling mill
11. Food dealers
12. Godown
13. Fertilizer distribution centre
14. post office
15. Bus stoppage
16. Bank
17. Grocery shop
18. Stationary shop
19. Retail cloth store
20. Tailol'
21. Tea stall
22. Cycle Ricksha,",repail'ing shop

No.of scttlements Weightage
where they occur

70 2.34
13 12.6.1
14 11.71
104 1.57
109 1.50
5 32.80
8 20.50
20 8.20
18 9.11
9 18.22
14 11.71
3 54 .66
73 2 •24

" 13.66
5 32.80
5 32.80

135 1.21
74 2 .21

" 2.07
131 1.25
26 6.30
69 2 .37

-----"" -,..,----

" '",



APPENDIX - D
SCORING BY FIRST PRINCIPAL COMPONENT

1 COMMENT
2 RUN NAME
3 FILE NAME
4 VARIABLE LIST
5 INPUT MEDIUM
6 NO OF CASES
7 INPU'r FORMAT
8 VAR LABELS
9
10
11

12

13 .

14

15
16

17
18
19
20

2l
22
23
24
25

"27 COMMENT
28 COMl-lENT
29 CONDESCRIPTIVE
30 S'rATISTICS

CENTRAL PLACE
SENDER
Xl TO X23
CARD
164
FIXED (4.X,F4.0, 3F4.1, 19F3.1)
Xl,VILLAGE POPULATIONj
X2,RICE MILL/X3,WHEAT MILLING MILLj
X4,FOOD GODOWNjXS,PRIMARY SCHOOLj
X6,HIGH SCHOOL/X7,t~DRASHA/
X8,CIIARITABLE DISPENSARY/
X9,FAtl PLNG CENTREj
XIO,BANK/XII,POST OFFICE/
XI2"BUS STOPPAGE/
X13,FOOD DEALER/
X14,WKLY MARKETj
XIS,FERTILIZER DISTRIBUTION CENTREj
X16, TAILOR/
XI7,HEDICINE SHOP/
XI8,PRT MED PRACTITIONER/
X19,CYCLE REPAIRING SHOP/
X2 0,GROCERY j

X21,STATIONARY SHOP/
X22.,RETAIL CLOTH STORE/
X23, TEA STALL

ALL

Continued



•

31 COM/4ENT

32 RE~D INPUTD~TA
33 COMMENT
34 FACTOR

35
36

37

38
39 COMPU'l'E

"41
42
4l

44

45

46

47
48
49

50
51
5'
53 COMMENT
54 PRINT FOR~lliT
55 LIST CASES
56 CONDESCRIPTIVE
57 FINISH

73
Continued

VARIABLES = Xl TO x31
TYPE = PAll
N FACTORS =6/

5,6,7,8,11
1,2,4,6,7

SCORE 1 = .93063 * (X2-2.8861j15.253

+.24599 * (Xl - 861.098)(824.464

+.94793 * (X3-4.4401j30.067
+.95786 * (X4-2.334lj22.121
+.45190 * (X6-1.259)/4,417
+.29863 * (X7-.999)/3.279
+.34786 * (XII-.915)!].4l7
+.73420 * (X13-1.284)j5.021
+.43141 * (X15-1.479)j2.625
+.38997 * (X16-J.094Jj4.753

+.55291 * (XI7-2.35B)/4.718
+.34566 * (X20-4.4301/6.732
+.59640 * (X21-2.5091)/4.4Q32
+.79112 * (x23-1.9256'j6.7245

SCORE 1(2)

CASES = 164jvnRIABLES = Xl, SCORE 1
SCORE 1

•



APPENDIX - E

Table E.,l Centrality Score Based On Level of Functions

Name Q< Settlement Centrality N"me 0< Settlement Centr<llity
Score SCOJ:e

,. Kahaloo 430 4I. LohaJ:paJ:" 18

2 • DurgapuJ: 162 42 • PaJ:isesh 18

3 . Kalai 116 43. Joghirbhaban 17

4 • Ilirkeder 101 44. Punchgram 17

5 • Protappur B 45. Sikor 17

6 • Hurail 76 46. Hatihas 17

7 . Deogaon J2 47. Bur<lil 16

8. Shakahar 63 48. Modnai 16

9• zamgram 63 48. Akhunja 16

10 • Narhatta 60 50 • Aloksattra 16

I!. Aghore 58 5I. Sitlai 15

12. Paiker 55 52. Katnahar 15

13. -Pilkhunja 54 53 . Chawk NiJ.zib 15

14. Badahar 51 54. Kasimala 15

15. Santa 44 55 • Bonbonai 14

16. Valson 44 56. Sabanpur 14

17. Ulot 40 57. Bhag jore 14

18 . Boromohor 39 58. MohisTnura 13

19. Arola 37 59. siala Bhabanipur 13

20. DOTnorgram 35 60. Depoil 13

2I. Bandaikhara 32 6I. At<lshi 13

22 . Borongasanai 31 52 • Borochapar 13

23. Arul 31 63. Panisara 13

24 . Magura 30 64 . Telian 12
25 • Bhugoil . 29 65 . Basudcbbati 12
26. Kollanpur 28 66. panai 12

27. Joytul 25 60 • Korai Gokul 12

28 . Lokn~thpara 25 68. Isabpur 12
29. Kazipara 24 69 • LakshrniPUJ: 12
30. K<llma Bisha 24 70. Vetisonai 12
3I. Kollya para 23 7I. utra 11
32. Jatrasol 22 J2 . Bholta 11
33 . Silkomar n 73. Samantahar 11
34 . Karamza para n H. Bhag Dubra 11
35 . Lohajal 20 ". Bakra 11
36. Nischint"pur 20 34 • Dekra 11
37. Belghoria 20 "- Papr" 11
38 . Kh"zlal 19
39 . Uttar Akhrail 19 78. Baghohali 10

40. Maligacha 18 79. Gouripur 10

---------------

continued

•



Name of Settlement
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Centn.lity
Score

Name of Settlement

Continued

Centrality
Score

eo • SakohLlli " 123 . Dakhin Akrail 6
81- Harlata 10 124. Nasi); para 6
82. Mollikpur 9 125. Mohcspur 5
83. Malibari 9 126. Khaliskura 5
84. Kuslihar 9 127. uttardc-,bkhanda 5
85. Dhawapara 9 128. Ayra 5
86. A~horc 9 129. Madhobbaka 5
87. Karna 9 130. Boropukuria 5
88. Bisha 9 131- Dcor 5
89. satruka 9 132. Naihati 5
90. Bakra 9 133. Joysara 4

91- Nimarpara 9 134- Dogachi 4
92 • Anchilihal: 9 135. Dhakanta ,
93. GUICbisha 8 136. Niamatpur ,
94. Kr.ishnapur 8 137. Gokarna 4
95 • Olahali 8 138. Pirapat 4
96. KurSOll 8 139. Baniadighi ,
97. Khurasatti 8 140. Rarnpur ,
98. Kowrash 8 141- Borta 4
99. Ti tia 8. 142 . GouriLillffihrrdMondap,
100. Bhatali 8 143. Haripur ,
101. Punchkhur 8 144. ~1oharazai ,
102. Damai 8 145. Dakhin Debkhanda 4
10]. Borog<lcha 8 146. Kait 3
104. Larna 8 147 . DamgaI:a 3
105. Bhatta 7 148. Benode 3
106. Kharia Nishindara 7 149. Chakdaha 3
107. Shek Kalma 7 150. DhalahaI: 3
108. RouthgaI:i 7 15!. Chi rota 3
109. Narkcli 7 152. Kesabpur 3
110. Abilamba 7 153. Aolakhayer 3
11!. Pandighi 7 154. Ragun"thpur 3
112". Antahar 7 155. Chaipar" 3
113. Darai 7 156. Dhanpuza 2

114. Kazipara 7 157. PipI:" 2
115. Simulia 7 158. BiI:pa1la 2
116. Bathai 6 159, Na10hali 2
117. Mohisbatan 6 160. Mohismura 2
118. Girail 6 16!. Lakshmichaj'''J.r 1
119. Bishnap\lI: 6 162 . Dodai 1
120. Ma1ancha 6 163. Ramzipur 1
12!. Gundisar 6 164. Bhagair 1
122. Nalgharia 6



Table E.2 Centr~lity Score E~sed on Scarcity of Functions

Name of Settlement Centrality
Score

Name of Settlement Centrality
Score

1- Kahaloo 1330.0 41- Jatrasol 32.0
2. Durgapur 494.9 42. BelghClria 31. 8
3. Kalia 225.2 43. LohClrpara 31. 5
4 . Eirkeder 223.6 44. Nodnai 30 .2
5. Protappur 190.9 45. Hatihas 29.0
6 • Narhatta 187.6 46 . Uttar Akrail 28. 1
7 • Shakahar 184.8 47- Shialabhabanipur 27.1
8. Hurai1 183.4 48 . Burail 26.7
9• Deogram 174.6 49 • Jogirbhaban 26.5
10. Zamgram 158.0 50. Bonbonai 26.3
11- l\.ghore 129.1 51- Katnahar 26.1
12. Paiker 125.1 52 • Khazlal 25.9
13 . Ehadahar 119.2 53. Saban pur 25.7
14. PilkhunjCl 101. 9 54. Kasima1a 25.5
15. Borongasanai 83.4 55 • l1aligacha 25 .4
16. Arola 80.7 56. Panisara 24 .8
17. Valson 79.7 57 . Bhagjore 23 .4
18. SCInta 74.3 58. Isabpur 23 .3
19. UJot 72.2 59. Depoil 23. 2
20. Bhugoil 62.6 60 • Sitlai 22.1
21- Boromohor 61. 9 61- Papra 21.7
22 • Ilandaikhara 60.2 62. Harlata 21.1
23. Nischintapur 55.6 63 . Boroehapar 20.8
24 • Domorgram 53.9 64 • Mohismura 20. 6
25. l1agura 53 .7 65. Telian 20.5
26. Loknathpara 52.7 66. Akhunja 20.4
27. Arul 52.5 67. Utra 20.3
28. Kazipara 50 .6 68. Uttar Oebkhanda 19.9
29 • KalIya para 49.5 69. Atashi 19 .8
30. Kollyanpara 48.8 70. Panai 19.3
31. .Kalmabisha 46 .2 71- vetisonai 19.2
32. Silkomar 42.9 72- Bholta 18.8
33. Aloksattra 41. 8 73. Bhagdubra 18. 4
34. Jaitul 40.3 74 • Easudebbati 18.0
35. Karamja para 35.7 75. Samantahar 18.0
36. Lohajal 35.3 76. Bhakra 17.7
37. punchgram 34 .9 77 . Khurasatti 17.7
38. Sikor 34 .6 78 . Koraigokul 17.6
39. Chawknajib 32.5 79 • Shakohali 17.3

". Parishesh 32.2 80. LClkshmipur 17.1
._--"

Continued
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Centrality
Score

Name of Settlement

Continued
Centrality
Score

81. Titia
82. Agersa!
83. Mollikpur
84. Malibari
85. Satrokha
86. Kuslihar
87. GaurIpul'
88. Dam<li
89. Borogacha
gO. Kourash
91. Nimar-para
92. Kazlpara(Durgapur)
93. Anchilihar
94. Bhatali
95. Dhekra
96. Eisha
97. Bagohali
98. Eakra
99. Narkel!
100. Panchkhur
101. L"rna
102. Kurson
103. 1<arna
104. Dara!
105. Gurbisha
,106. Dhawapara
107. Ehulta
108. Routhgari
109. HalagClcha
110. Krisnapur
111. Dhakhin Akrail
112. Karia Nisindara
113. Abilamba
114. Khaliskura
115. l\ntahar
116. Olahali
117. Gundisan
118. Bathol
119. Simulia
120. Dhakanta
121. Mohisbatan
122. Pandighi

16.4
15. 8
15.5
15 . 3
15.1
14.9
14.8
14 •8
14.8
14. 6
14 • 2
13.9
13.8
13. 8
13.5
13.3
13 .1
13.0
12.9
12.8
12.8
12 . 7
12 . 6
12.5
12. 4
12 . 2
12 .1
11. 7
11. 5
11. 3
11.1
10. 9
10. 4
10.4
10.3
10.2
10. 1
10.1
10.1
9. 9
9 • 9
9.8

'123. Nalgaria
124. Sekalma
125. Hoharazai
126. Nishnapur
127. Ayra
126. Nasirpara
129. Dear
130. Girail
131. Rampur
132. Pir"pat
133. Madhobbaka
134. Mohespur
135. Boropukuria
136. Naihati
137. Borta
138. Joysara
139. Baniadighi
14O. Dogachi
141. Gouri Laximondap
142. llaripur
143. Niamatpur
144. Gokorna
145. Dakhin Debknonda
146. Chaipara
147. Damg<lra
148. "Aolakayer
149. Benode
150. Kesobpur
151. Pipra
152. Chirota
153. Kait
154. Chakdahe
155. Dalahar
156. Dhanpuza
157. Ragunathpur
158. Hohismura
159. Malohali
160. Birpalla
161. Dodai
162. Ranzipur
163. l3aghair
164. ~ak5hmipur

9. 7
9.2
9. ,
9. 0
8.7
8.6
8.5
8.3
7 . 8
7.7
7. 7
7 • 5
7 • 3

'"'6 • 9
6.6
6 •6
6 • 5
6.3
'"'6 • 0
5 . 8
5. 5
4.8
4 .'8
4 • 7
4 • 6
4 • 6
4 • 4
4 • 3
4 • 3
4 • 3
4 • 2
3.8
3 • 6
2 • 7
2.4
2 •4
2 • 2
1.'
1.'1.'
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Table E.3 Centrality Score by Principal Component Analysis Method

Name of Settlement Centrality
Score

Name of Settlement Centrality
Score

1. Kahaloo 67.30 41. Isabpur -0.07
2• Durgapur 20.28 ". Bonbonai -0.09
3 . Kalal 13.07 43. Belgaria -0.13
4. Shakahar 14.51 44. Aloksattra -0.16
5. Protappur 11.23 45. Lohajal -0.31
6 • Birkeder 7 .79 46 . Chirota -0.50
7 • Narhatt" 7 • 25 47 . uttar Akhrail ""0.52
8. Paiker 5. 62 48. Jatrasol -0.52
9. Zamgram 5. 43 49. Joy.tul -0.60

'" . Murall 4.94 50. Sial" Bhabanipur -0.67
11. Bhadahar 4.67 51- Khajlal -0.69
12. Deogram 4 • 63 52 . Malagacha -0.74
13 . Agare 3.93 53 . Bhag Dubra -0.76
14. Pilkhunja 3 .42 54. Katnahar -0.84
15. Ulat 3.37 55. Parishesh -0.84
16 . Kurson 3. 28 56. Sitl;;!i -0.97
17 . Val son 3.26 57. Bholta -0.99
18. Bhugoil 3.20 58. Jogir I:lhaban -1. 03
19. Bhandaikhara 3.19 59. Agersal -1.06
2O. Santa 2.99 60. Sakohali -1.08
2l. Arola 2.39 6l. I~atihas -1.10
22 . Kallyapara 2.28 62. Kasirnala -1.11
23. Hagura 1. 95 63 . uttar Debkhanda -1.13
24. Kazipara 1. 78 64 • Pan"i -1.15
23 • Boronga sanai 1. 78 65 . Depoil -1.20
26. Boromohar 1. 44 66. Atasi -1.21
27 • Krishnapur 1. 30 67. Telian -1. 23
28 • Domorgram 1. 29 68. satrukha -1. 23
29 . Kalma Bisha 1.11 69 . Khura satty -1. 29
30. Loknath para O.74 70. Borogacha -1.30
3l. Kallanpur 0.71 71- Vetisonai -1. 33
32. Arul 0.70 72- Borochapar -1.34
33 . Chawk Nazib 0.69 ,73. Malancha -1.36
34. Hodnai 0.62 74 . Lakshmipur -1.37
35. Punchgram 0.35 75 . Damai -1.38
36 . Silkomar 0.28 76 . Basudeb bati -1.39
37. Karumjapara O. 22 77 . Panisara -1.40
38. Sikor o .15 78. Dhckra -1.42
39. S",banpur 0.14 79. Bagohali -1.43
40. Harlata 0.09 8O. S",mantahar -1.47

Continued

•
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Centrality
SCDICe

N~meof Settlement

Continuod

Centrality
Score

81. Bh"9 Jore
82 •. Papra
83. Nalgoria
84. Bhakra
85. Shakra
86. LOhar.,ara
87. Karna
88. Bhatali
89. Routhgari
90. Utra
91. Burail
92. Norkeli
93. Mohismura
94. Rampur
95. Dhakanta
96. Kuslihar
97. Korai Gakul
98. Anchihar
99. Bathoi
100. Punchkhur
101. Nischintapur
102. Bisha
103. Gouripur
104. Dhawapara
105. Abilamba
106. Gurbisha
107. Kharia Nisindara
108. Pirapat
109. Girail
110. Madhobbaka
111. l<azipara
112. Gauri Lakshrni.rrondop
113. Darai
114. Larua
115. Pipra
116. Shekkalma
117. Nimarpara.
118. Ul"hali
119. f'andighi
120. Halibari
121. Bh,llta
122. Naihati

-1.53
-1.53
-1.53
-1.55
-1.55
-1. 58
-1.59
-1.60
-1.65
-1. 66
-1. 68
-1.68
-1.69
-1.69
-1. 69
-1.71
-1. 72
-1.73
-1. 76
-1. 76
-1. 76
-1.84
-1.84
-1.84
-1.89
-1.91
-1.91
-1. 91
-1. 91
-1.96
-1.97
-1.97
-1. 97
-1.97
-1.99
-2.02
-2.05
-2.06
-2.08
-2.11
-2.12
-2.13

123. Moharajai
124. AntahaJ:
125. Nastrpara
126. Benode
127. Simu1ia
128. MohespuJ:
129. Mohisbatan
130. Dakhin Akrail
131. Dear
132. MollikpuJ:
133. Lakshmichapar
134. Haripur
135. Chakdaha
136. Joysara
137. Bishnapur
138. Kouri;lsh
139. lJamgara
140. Khal.i.skura
141. Kesobpur
142. Gokorna
143. Baniadighi
144. Dodai
145. Dakhin Dcbkhand~
146. Niamatpur
147. Ayra
148. Boropukuria
149. Kait
150. Dha1ahar
151. Gundishwar
152. Titi~ .
153. MahismaJ:~
154. Chaipara
155. Dog~chi
156. Birpal1a
157. Borta
158. Dhanpuza
159. Molohali
160. Ragunathpur
161. Aolakhaycr
162. Ranzipur
163. ,8agha1r
164. Lakshmipur

-2.14
-2.15
-2.16
-2.18
-2.19
-2.19
-2.21
-2.22
-2.23
-2.26
-2.26
-2.28
-2.31
-2.31
-2.32
-2.32
-2.33
-2.34
-2.34
-2.36
-2.37
- -2.37
-2.39
-2.40
-2.4i
-2.41
-2.42
-2.44
-2.44
-2.45
-2.47
-2.51
-2.51
-2.55
-2.55
-2.55
-2.56
-2.57
-2.65
-2.65
-2.71
-2.71
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APPENDIX - F
FACTORS USED IN R~NKING OF RURAL ROADS
Source, Based On Highw"ys Department, Thailand, 1979 and

YogY;;Ikarta Rural Hoad Study, Indonesia, 1979,'

Factor Level Score

1- l\verage daily traffic 300- "bove Veh./day "
200- m " " 30
100- 200 " " 20
50- 100 " " 15
30- 50 " " 10
15- 30 " " 5
0- 15 " " 0

2. population(population density)
High density arei;! ]5
Medium high density arca 10
Medium density arca 8
Small density 5

3. Network signific"TIce
National Highways 5

Regional Highways 4
Inter Districts Roads 3
Feeder Roads 2
Rural Roads 1

4. Direct l\rea of influence

5. surface type

>1..5 km2 per km

1-1.5 km2 per km
2<1 km per km

Pucea

Pucea
Semi puce a
Earthen

Continued

5

3
1

5
3

1



Factor

6. Surface condition

81

Level

Continued

SeQ!"e

Goog/Very Good 10
Fair 8

poor 6

Bod 4

Impassible ,

7. surface width
Above 6 metre 5

5 6 metre 4

4 5 metre 3

3 4 metre ,
, 3 metre 1

Less than ,metre 0

8. Types 0' vehicles
Truck/Ilus 5

Rickshaw I seu ter 3

Cart 1

8 . Administrative
'0< on roads 5

10. Other bcnits '0< all roads 5



APPENDIX - F.1
ATTRACTING FORCES OF MAIN LINKS

(KAHALOO UPAZILA)

KAHALOO NARHA~~A ROAD,

F"ctor

1. Average daily traffic
2. Population density
3. Netowrk significance
4. Direct area of influence,. Surface type
6• Surf"ce condition,. Surface width
8. Type 0' vehicles,. Administrative
10. Other benefits

KAHALOO ~mLANCHA ROAD ,

1. Average daily traffic
2. Population density
3. Network significance
4. Direct area of influence
5. Surface type
6. Surface condition
1. Surface width
8. Type of vehicles
9. Administrative
10. Other benefits

Level

100-200 Veh./day
Medium high density
Feeder road

2<1 km per km

Pucca
Fair
3-4 metre
Rickshaw

100-200 Veh./day
Medium high density
Feeder road
1-1.5 km2(km
Pueea
Poor
3-4 metre
Rickshaw

Score

20
10

2

1,
8,
3
5

4

Total, 60

"10
2

3,
6,
3

5

4

'l'otal,60

----------------_._--"---------------- ._------

Continued



BOGRA-SANTAHAR ROAD

Factor

83

Level

Continued

Score

i. Average daily traffic
2. Population density
3. Network significance
4. Direct area of influence
5. Surface type

6. Surface condition
7. Surface width
8. Type of vehicles
9. Administrative
10. Other benefits

KAHALOO-BOGRA ROAD:

L Average daily traffic

2. Population density

3. Network significance

" Direct area oC influence
5 • Surface type
6. Smcf"ce condition

7. Surface width
8. Type of vehicles
,. l\.dministra tive
10. Other benefits

---------

200-300 Veh./day
Medium high density
Regional highway
>1.5 km2/km

Puce a
Fair
>6 metre
Truck/Bus

30-40 Veh.jday

Medium high density
Rural road
1-1.5 km2/km

Earthen
8.d
3-4 metre

Cart

30
10
4
5

5

8

5
5

5

3

Total, 80

10
10
1
3

1
4
2

1
4

4

Total: 40

Continued

•.,
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MALANCHA-RANIRHAT RO~D:

Factor

1. Average daily traffic

2 • Population density
3 • Network s igni f ieanGc

4. Direct area oC influence

5. Surface type
6. Surface condition
7 . Surface width
8. 'l'ype of vehicle

9• Administrative
10. Other benefits

Continued

Level

100-200 Veh./day
Medium high density
Feeder road

1-1.5 km
2
/km

Pucea

poor
4-5 met!:e
Rickshaw

Seo!"e

20
10
2

3

5

6
3
3

4
4

KAHALOO-PROTAPPUR ROAD:

Total:60

1. Average daily traffic
2. Population density
3. Network significance
4. Direct area of influence
5. Surface type
6. Surface condition
7. Surface width
8. Type of vehicle
9. Administrative
10. Other benefits

3D-SO Veh.jday

Medium densit_y

Rural road
1-1.5 km2/km

Earthen

Ood
3-4 metre
Cart

10

8
1

3
1

4
2
1
5

5

Total • 40

Continued

•



MALANCHA-DUHGAPUR ROAD:

Factor

85

Level

Continued

Score

1- Average dilily traffic 100-200 Veh./day 20
2. population density High density 15
3. Network signlficance Feeder road 2

,. Direct area of influence 1-1.5 km2;km 3

5. Surface type Eal:then 1,. Surface condition Poor ,
,. Surface width H metre 3

8. Type of vehicle Ca"t 1
9 • Administrative 5
10. Othor benefits 4

Total: 60

DURGAPUR-ZAMGRAM ROAD,

,. Average daily traffic 30-50 Veh.jday 10
2 • Population density Medium density 8
3 . Network significance Feeder road 2,. Direct area of influence 1-1.5 km2;km 3

5. Surface type Earthen 1
6• Surface condition B.' 4,. surface width H metre 3

8. Type of vchicle Cart 1
9 • Administrative ,
10. Other benefits 4

Tottil 40

Continued



BIRKEDAR-NAMZA ROAD:

Factor

86

Level

Continued

Score

1- Average daily traffic 30-40 Veh./day 10
2 • Population density Medium density 8

3 • Network significance Feeder roads 2

4 • Direct area of influence 1-1.5 km2/km 3

5 • SUI;face type, Earthen 1
6• Surface condition Bad 4
7 . surface width 3-4 metre 2
B • Type of vehicle Cart 1
9. Administrative 5
10. 'Other benefits 4

Total 40

DURGAPUR-TALORA ROAD:

1- Average daily traffic 100-200 Veh./day 20
2 • population density High density 15
3 • Network significance Feeder roads 2

4 • Direct area of influence 1-1.5 km2jkm 3

5. Surface type Earthen 1
6 • Surface condition Poor 6
7 . Surface width 4-5 metre 3

8. Type of vehicle Cart 1
9. Adminis trati va 5
10. Other benefits 4

Total , 60



APPENDIX .- G

Table G.l Selection of Link Option

51.
No.

Node to be
connected

Birkeder

Link o~tion Weightage
of link
option

Remarks

Birkeder is a service
centre.

2 •

3.

4.

5.

6.

c.

9•

Kazipara

Abilamba

Depoil

Shakahar

Baniadighi

Bhalta

Kasimala

Modnai

Abilamba

Bathoi

80rta
Shakahar

Kasimala
Mohisbatan

404

75

592
191

541

Kazipara is to be
connected with Abilamba.

Abilamba is to be connec-
ted with Shakahar since
it is nearest to the
service centre (Shakahar).

Depoil is to be connec-
ted with the main link
since it is nearest to
the main link.

Shakahar is a service
centre.

Baniadighi is to be
connected with Borta.

Bhalta is to 'be connec-
ted with the main link
since it is nearest to
the main link.

Kasimala is to be connec-
ted with Birkeder since
it is nearest to service
centre (Birkeder).

Modnai is to be connec-
ted with Kasimala.Kasimala

10. MOllikpur
Modnai

Mohisbatan

J59

67

MOllikpur is to be
connected with Modnai.
Modnai.

Continued
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Selection of Link Option (Continued)

".No.
Node to be
connected

Link option Welghtage
of link
option

Remarks

H. Ti tia Mohisbatan 55 Titia i, to be cannec-
Mollikpur 266 ted with Mollikpur.

12. Gundishwar Titia '" Gundishwar i, to be
Mohisbatan 51 connected with Titia.

Protappur 126 MOhisbatan i, to be
13 • Mohisbatan connected with

Loknathpara 90 Protappur.
,

Kasirnala 216 Kourash i, to be
14 • Kourash connected with

Borta 207 Kasimala.

Mohisbatan lB3
Borta 166 Malibari i, to be

15 . Malibari Protappur 96 connected with
Pandighi 17C Mohisbatan.

Kourash 125

16 • Kala! Kalai i' , service
centre.

1'7. Pilkhunja PilkhUli.ja i, service
centre.

lB. Chawk Nazib Chawk Nazib i, to be.
connected with the
main link slnce it
i, nearest to the main
link.

Pilkhunja H2

Main link 44 Punchgram i, Co be
19 • Punchgram utra 66 connected with

Pilkhunja.
Bhadahar 99

Continued
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Selection of Link Option (Continued)

51.
No.

Node to be
connected

Link option Weightage
of link
option

Remarks

20. Bhadahar Bhadahar t, " service
centre.

2L IJamgara Damgara i, to be connec-
ted with the main link.

22 . Utra Utra i, to be connec-
ted with Che main link.

23. Bhugail Bhugail t, to be COnneC-
ted with the main link.

!<uslihar 173 MohiSffiura i, to be cann-24. Mohismura Punchkhur 68 ected with Che main link.

25. Bonbonai Bonbonai i, to be connec-
ted with the main link.

Bonbona! llO Kuslihar t, to be26. Kuslihar conn-
Jogirbhahan 37 ectad with BonbonaL

Kuslihar lOB Babhohali i, to be
27 . Baghohali Bonbona! 87 connected with Kuslihar.

Bhugail 83 Punchkhur ie to be
28 . Punchkhur utI"a 55 connected with Bhugail.

29. Pirapat

30. Jog irbhaban

Pirapat is to be
connected with the main
link.

Jogirbhaban is to be
connected with the main
link.

Continued



Selection of Link Option (Continued)

01.
No.

Node to be
connected

Link option Weightage
of link
option

Remarks

Arola 141 Bhatali 'e Co be31. Bhatali Rampur 363 connected with Rampur.

Borongasonai 138 Rampur 'e Co be
32. Rampur Arola 132 connected with

Borongasonai.

Paiker >04 Arola ie Co be
33. 1\.rola Barongasonai 81 connected. with

Paiker.

Arola 250 UttaI" Akrail 'e Co
34 • Uttar be connected with

Akrail Jogirbhaban 44 Jogirbhaban.

35. Paiker

36. Borongasonai

37. Maligachi

38. KOllyanpur

39. Benode

40. Ayra

Madhopbaka
Arola

Madhobaka
Paiker

Pilkhunja
Kollyanpur

.296
>OS

491
>04

OJ

163

Paiker is a seI"vice
centre.

Borongasonai is to
be connected with
the main link.

Maligachi is to be
connected with the
main link.

Kollyanpur is to be
connected with
Madhopbaka.

Binode is to be
connected with
Madhopbaka.

Ayra is to be conn-
ected with Kollyanpur.

Continued
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Selection of Link Option (Continued)

51,
NO.

Node to be
connected

.Link option Weightage
of link
option

Remarks

Kollyanpur '134 Loharpara 1, cO be
41- Loharpara Palker 91 connected with

Kollyanpur.

Palker 2C8 Dodal 1, cO be
42. Dadai Binode 96

connected with Paiker.

43 • Bathoi Bathol 1, cO b,
connected with ,",
main link.

44. Silkomar Silkomar i, , service
• centre .

45 • Lohajal Lohajal 1, cO b,
connected with ,",
main link.

Baniadighi 203 Basudebbati 1, cO b,
46 • Basudebbati Lohajal 109 connected with

Baniadighi.

47. Nischintipur Nischintipur i, CO b,
connected with ,",
main link.

Malihari 228
48. Koral Pandighi 212 Koral i, cO b,

connected with Malihari.
Protappur lOS

49. Narhatta

50. Sikor

Narhatta is a service
centre.

Sikor is to be directly
connected with the
main link.

Continued



,Selection of Link Option (Continued)

5l-
No.

Node to be
connected

Link option Weightage
of link
option

Remarks

51. Routhgari

52. Madhobbaka
Norhatta
Si1komar

155

Routhgari is to be
directly connected with

'the main link.

Madhobbaka is to be
connected with Narhatta.

53. Larua Larua i, to be directly
connected with Che main
link.

Naihati 394 Bholta i, to be
5'- Bhol ta Simulia 206 connected with

Naihati.

Jatrasol 186 Naihati i, to be
55. Naihati Siroulia 52 connected with

Jatrasol.

Bororoohor 235 Simulia i, to be
56. Simulia Mainlink III connected with

Boromohor.

Maligachi 54 Dogachi i, to be
57'. Dogachi Boromohor 342 connected with

Boromohor.

58. Boromohor Boromohor i, to be
directly connected with
Che main link.

59. Samant"har Samantahar i, to be
directly connected with
the main link.

60. Jatrasol Jatrasol i, to be
directly connected with
the main link.

Continued



Selection of Link Option (Continued)

'"No. Node to be
connected

Link option Weightage
of link
option

Remarks

61. Bhagdubra

62. Murail

63. Bishnopur

64. Bakra

65. Katnahar

66. Belgaria

67. Birpalla

68. Sitlai

69. Isabpur

70. Dhawapara

Belgaria
Murail

Belgaria
Main link

Murail
Mainlink
Kahaloo

Dhawapara
Sitlai

Agersal
Birpalla

192
133

295
44

153
50

554

180
232

1089
133

Bhagdubra 'is to be
directly connected with
the main link.

Murail is a service
centre.

Bishnopur is to be
connected with
Belgaria.

Bakra is to be conn-
ected with Belgaria.

Katnahar is to be
connected with Kahaloo.

Belgaria is to be
directly connected with
the main link.

Birpalla is to be
connected with Sitlai.

Sitlai is to be directly
connected with the main
,link.

Isabpur is to be directly
connected with the main
link.

Dhawapara is to be
connected with Agersal.

Continued

"" .
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Selection of Link Option (Continued)

SI. Node to be
No. connected

Link option Weightage
of link
option

Remarks

Joysara 903
Dhawapara 113

7l. Agersal Mohespur 78 Agersal i, Co b,
Agore 52 connected with Joysara.

Malancha 17

Agersal 680
Mainlink 96

72. Dornorgram Maloncha 117 Domorgram i, C, bo
connected with Agarsal.

Ragunathpur 124

73. Moharaja Maharaja i, Co b, dir-
ectly connected with
Ch, main link.

Malahal! 1172 Olahali i, to be cann-
74. Olahali Aru1 237 ected with MalohalL

Agersal 566 Malahal! i, Co b,
75; Malahall Isabpur 63 connected with Agersal.

Olahali 165 Ragunathpur i, to be
76. Ragunathpur Arul 181 connected with Arul.

Mainlink 100 Dear i, Co bo conn-
17 • Dear Arul 156 ected with Arul.

Nasirpara 1019 Joytul i, Co b, conn-
78. Joytul Lollajal 106 ected with Nasirpara.

79 • Pandighi Pandighi i, Co bo
connccted with Che
service centre
Protappur since it. is
nearest Co Ch, service
centre.

Continued r~~~
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Selection of Link Option (Continued)

51. Node to be
NO. connected

Link option Weightage
of link
option

Remarks

G1rail 1462 Nasirpara '" Co bo
80. .Nasirapara Burail 85 connected with Girail •

8L Karna Karna '" Co bo directly
connected with 'ho
main link.

82. Girail Girail " Co bo conn-
ected with Cho growth
centre Kahaloo since
H '" nearest Co 'ho
growth centre.

Rait 152 Shunail " Co bo
83. Burail G1ra11 1829 connected with Girail.

84. Lakshmipur Lakshimipur " to be
directly connected with
'ho main link.

85. Damai Damai '" Co be directly
connected with the main
link.

86. Rait Rait '" Co bo directly
connected with 'he main
link.

87. Kahaloo Kahaloo " a growth
centre.

88. Ulot Ulot '" Co be connected
with 'ho growth centre
Kahaloo since H '0nearest Co 'ho growth
centre.

Continued

,
.:."".



96

Selection of Link Option (Continued)

51. Node to be
NO. connected

Link option. Weightage
of link
option

Remarks

89. Jaysara

90. Mohespur

91. Gouripur

92. Khaliskura

93. Akhunja

94. Khazial

95. Aolakhayer

96. Borta

97. Shakohali

98. TeHan

Ulat
Mainlink
Mainlink

Telian
Narkeli

Kahaloo
Telian
Main link

Narkel!
Shakohali

Khazlal
Papra

Papra
Borta

3123
160

160

m
87

738
,:88

40

173

688

1787
53

53
2404

Joysara is to be
connected with Ulet.

Mohespur is to be
directly connected with
the main link.

Gouripur is to be
directly connected with
the main link.

Khaliskura is to be
connected with the main
link.

Akhunja is to be
connected with Telian.

Khazial is to be conn-
ected with Kahaloo.

AOlakhayer is to be
connected with
Shakohali.

Borta is to be
connected with
Khazlal.

Shakohali is to be
connected with Barta.

Telian is to be directly
connected with the main
link.

Continued
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Selection of Link Option (Continued)

CL
No.

Node to be
connected

Link option Weightage
of link
option

Remarks

99. Protappur

100. Loknathpara

101. Nalga:da

102. chaipara

103. Atashi

104. Durgapur

105. Lakshmi
Chapar

106. Kharia

.107. Kazipara

IDS. Harlata

Nalgaria

Durgapur

Atashi
Durgapur

Mainlink

46
m

1078
m
26

Protappur is a service
centre.

Loknathpara is to be
directly connected with
the main link.

Nalgaria is to be direc-
tly connected with the
main link.

Chaipara is to be
directly connected with
the main 1ink.

Atashi to be connected
with Durgapur.

Durgapur is a service
centI"e.

Lakshimi Chapar is to
be directly connected
with the main link.

Kharia Nisindara is to
be directly connected
with the main link.

Kazipara is to be conn-
ected with Atashi.

Harlata is to be
directly connected with
the main link.

Continued
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Selection of Link Option (Continued)

SI. Node to be
No. connected

109. Chawkdaha

Link option Weightage
of link
option

R£marks

Chawkdaha is to be
directly cOnnected with
the main link.

Niyam"tpur 200
110. Ranzipur Chawdaha 16

Haripur 350
111- Dekra Main link 66

Pipra 94
112. NiyamatpuI" Chawdaha 30

Dalaha 270
113. Pipra Dhanpuza 42

Deogaon 82
114. Dalahar Dalaha 21

115. Dhanpuza

Ranzipur is to be
connected with Niyamatpur.

Dekra is to be conn-
ected with Haripur.

Niyamatpur is to be
connected with Pipra.

Pipra is to be conn-
ected with Dalaha.

Dalahar is to be
connected with
D'Oogaon.

Dhanpuza is to be
directly connected with
Dhanpuza.

116. Haripur

117. Deogaon

118. Narkcli

119. Sabanpur

Dalaha
Nain link

m
89

Haripur is to be conn-
ected with Dalaha.

Deogaon is a service
centre.

Narkeli is to be
directly connected with
the main link.

Sabanpur is to be
directly connected with
the main link.

Continued



Selection of Link Option (Continued)

".No.
Node to be
connected

Link option Weightage
of link
option

Remarks

120. Baghair

121. Magura

122. Dhakanta

123. Gurbisha

Baghair is to be dir-
ectly connected with
the main link.

Magura is to be dir-
ectly connected with
the main link.

Dhakanta is to be dir-
ectly connected with
the service centre
Agore since it is
nearest to the service
centre.

Gurbisha is to be dir-
ectly connected with
the main link.

124. Boropukuria Agore
Mainlink

86
205

Boropukuria is to be
connected with mainlink.

125. Papra

126. Aghore

127. Maloncha

128. Matihas

129. Borogacha
Borochapor
Main link

133

100

Papra is to be dir-
ectly connected with
the main link.

Aghore is a service
centre.

Maloncha is to be dir-
ectly connected with
the main link.

Matihas is to be dir-
ectly connected with
the main link.

Borogacha is to be
connected with Noro
Chapar.

continued
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Selection of Link Option (Continued)
81.
No.

Node to be
connected

Link option Weightage
of link
option

Remarks

130. Arul

131. Borochapar

132. Bisha

133. Satruka

134. Panisera

135. -Kalma Bisha

136. Shek Kalma

137. Alok Satre

138. Kallyapara

139. Veti SOnai

Borogacha
Borochapar

Matihas
Agora

Satruka
Agora

Bisha
Borochapar

Kalma Bisha
Panisera

Sek Kalma
PanisaI"a

Val son
Vetisonai
Par1s8sh

Dhakanta '

Parigora

175
88

123

79

313

71

82
53

128
72

61
112

157
10]

227

154
124

Arlit is to be dir-
ectly connected with the
main link.

Borochapar is to be
directly connected with
the main link.

Bisha is to be connec-
ted with Borogacha.

Satruka is to be conn-
ected with Matihas.

Panisara is to be
connected with Satruka.

Kalma Bisha is to be
connected with Bisha.

Shek Kalma is to be
connected with Kalma
Bisha.

Aloksatra is to be
connected with
Panisara.

Kallyapara is to be
connected with
Parisesh.

Veti Sonai is to be
connected with
Dhakanta.

Continued
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Selection of Link Option (Continued)

".No.
Node to be
connected

Link option Weightage
of link
option

Remarks

Pari sara no
Darai 34

Krishnopur 33
140. Valson Anchihar 42 Valson " cO be

connected with
Bhitisonai 84 Panisara.
Kol1apara 98

141. Bandai Khara
Kesobpur
Her lata

81
50

Bandaikhara 1s
connccted with
Kesobpur.

to be

142.

143 .

144.

145.

146.

147 •

Panal

Bakra

Nimarpara

Bhagjore

Karamjapara

Krishnapur

Panal is to be dir-
ectly connected with
the main link.

Bakra is to be dir-
ectly connected with
the main link.

Nimarpara is to be dir-
ectly connected with
the main link.

Bhagjore is to be
directly connected with
the main link.

Karamjapara is to be
connccted with the
service centre Zamgram
since it is nearest
to the service centre.

Krishnapur is to be
directly connected with
the main link.

Continued



Selection of Link Option (Continued)

51.
No.

Node to be
connected

Link option Weightage
of link
option

Remarks

148. Antahar

149. Anchilihar
Main link
Mondop

51
191

Antahar is to be dir-
ectly connected with the
main link.

Anchilihar is to be
connected with Mondop.

150. Hondop

151. Santa

Krishnapur 56

Mondop is to be
directly connected with
the main link.

Santa is to be dir-
ectly connected with
the main link.

152. Mohismura

153. Uttar
Debkhanda

Main link
Santa

Dakhin'
Debkhanda
Mainlink

26

49

92

Mohismura is to be
connected with Santa.

Uttar Debkhanda is to
be connected with
Dakhin Debkhanda.

154 Chi rata Chirota is to be
directly connected with
the main link.

Vetisonai 96
Dakhin

155. Dakhin
Debkhanda

156. Gokorna

157. Parisesh

Santa
Chirata

l\.rail
Darai

82
45

180

85

Dakhin Debkhanda is to
be connected with
Santa.

Gokorna is to be dir-
ectly connected with
the main link.

Parisesh is to be conn-
ected with Dakhin
Akrail.

Continued



Selection of Link Option (Continued)

51.
No.

Node to be
connected

Link option Weightage
of link
option

Remarks

158. Darai

159. Dakhin
Akrail

160. Zamgram

161. Kurson

162. Siala
Bhabanipur

Karamja 143
'Mainlink 86

Khurasatti 71
Karamja 359

Darai is to be dir-
ectly connected with
the main link.

Dakhin Akrail is to be
connected with the
service centre Zamgram
since it is nearest to
the service centre.

Zamgram is a service
centre.

Kurson is to be conn-
ected with Karamja.

Siala is to be conn-
ected with Karamja.

163. Khurasatty

164. Larua

•

uttar
Oebkhanda
Mainlink

68
30

Khursatty is to be conn-
ected with uttar
Oebkhanda.

Larua is to be conn-
ected with the main
link.

. .'-



APPENDIX - H

Effect of the Variation of.Attracting Forces of Main Link

According to the equation (2.1)

n + 7 + 12+ 17 + 1330~

Weightage of link option DE • 10.5 h 11.5 13
1.5

• 555.76

Weightage of link option FE

III When Ch, attracting force of the main link "' i, 80.

13 + 80
10.5

0.5
252.2

(2) When the attracting force of the main link XY is 60.

13 + 60

10.5
0.5

= 195.7

(3) When the attracting force of the main link XY is 40.

4013 +
10.5

0.5 139.1

From the above, the link option DE is to be connected. In this
case, the variation of the. attracting force of the main link
XY does not.effect on the result.
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