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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 Bogra
district has been considered. The findings of the study

auggest that the developed methodology is'operational ak

the upazila level.
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CHAPFTER - 1

EURAL ROAD PLANNING

1.1 Inkroduction

Bangladesh, with a predominantly agrarian sconomy ﬁas nearly

84 percent of its population living in about 86,650 villages
(BBS,1986) . There 1s a pressing need of all weather transpor-

tation facilities all over the country. Unfortunately, most

of these areas remain isclated for prolonged periods due to

lack of pruperly laid gut road network. A properly plannocd rural
road nekwork have ;everal bepefits. It may reduce transportation
cost of agricultural inputs and farm produce,and help in providing better
delivery syctemgsof health, educaticon and other éocial services.

It may be also more helpful to administration, enlargemcnt of

markat Facilities and better prospect of commercialisation of the

rural economy resulting in betker living conditicons ( Somasekhar,

1980 .

The importance of the development of rural roads towards inte-

grated rural development has been fully recognised and hardly
calls for any emphasis, Ehe daevelopment of agriculkure, the
digtribution ¢f farm products, the provision of health services
ana access to educaticonal céntres,the Efovision of thpr services

and enlargemcnt of market facilities depend on transpurt)
. -
facilities.(ﬁor land lccked rural areas, fural rcad is an impor-

tant means of transportation and can play a dominant role to

provide an assured means for the movement of goods and peopii)

L



For another, rural road devclopment plays a major part in not only
tackling rural employment but alsc integrating the remote villages with one
another and with the rest of the country. It is not only regquiread
o meck 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 consideraticons of sécial jusktice,
naticnal integration and econcmic 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 conneckion, Government
selected upazila as the focal peint 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 special emphasis on planning of develop-

ment activities including rural roads.

After the introduckion of the upazila system naticnal government
is ailécating a hugé sum of mouey_every year to upazila parishads
- in the form of block grant. A major share { about 30 percent)

of the grant is spent For rural road development { Planning
Commission, 1985). In the Third Five Year Plan (1%85-20), a sum
of Tk. 7930 millions has been allocated for Eruviding rural road
development grant to upazila parishads { Planhing Cqmmission,lQBEJ.

Besides these, Government is conducking rural road develcopment

programme through upazila parishads by utiliéing more than threo



lac metric ton of wheat equivalent to Tk, 2000 millions every
year under the Food for Works Programme { World Feood Programme,

1387).

These gcarce rasources should be spent for thelir proper And most
optimal utilization. The first skep in this direction would
apparently be to effectively plan all road development activi-
ties in a comnrehensive and co-ordinated manner. The long range
aspect of planning should be taken into nonsideratinn. It has

to be recognized that any develément of a rural road

without any proper planning will eventually result in a colnSEal

wastage of funds.

The present practices towards planning of rural roads, leave
plenty of scope for further improvement. In the absence of any
widely accentable 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 identificd by the local leaders primarily_On the
basis of their subiective judgement { Siddigue ‘and Rafigquddin,

1987) .

(fnwever, rural road is an ESEEntiaE reguirement éor integrated
development of the rural areas. The provision of a systematized
road nctowrk may skimailate the development in the rural areas.
Thus it is important ko plan the road network in thec rural
areasf)ﬁut there iz no well developed methodolegy for rural

road planning. In the present study an attompt has becen made ko



devalop a scientific methodeoloay for pianning of rural road
network by applying the concepts of graph theory as applied in
planning of urkan road network, and hierarchy of settlement as

applied in planning ¢f service centres.

1.2 Strategy for Planning of Rural Road

(Rural roads ‘should b@-developed on.the‘basis of a systematic
planning approach. For the development of reoads in ruratl
areas some planning strategies are followed in many countries
including Bangladesﬁ. These planning strategies may help to give
some idea to develcp % ECiEntile metﬁodology for planning of
rural rcoad netwerk in this country. These planning strategies are

discussed below,.

1.2.1 Integrated Road Development

An adequate and efficient system of rural rcocad network is one
of the prerequisites for Ethe suceccse of any integrated rural
development. It is not only required to meet the demands of
development in different sectors but iz in itéelf a powerful
force generating economic decvelopment., It 1s one of the most
important infrastructure of any agriculture based economy. Thus,
the development of rural roads and economy deserves the same
priority~as accorded to inkegrated rural ﬁevelopment. Therefora

the planning of a rural road network should be conceived inte-

grally with the planning of rural development as a whole.



1.2.2 Areca Planning and Growth Centres

For an inkegrakted rural developmént programme to be successful
there should be spatial integration between different sectors

of rnral écunomy, with rural roads providing the linkages. 50
rural road projects should be planned on the basis of 'area
plapning' and 'development of growth centres'. This concept of
area planning should encompass all aspects of rural life including

road development { Rahman, 1875).

For rural development, when new facilities or development activi-
ties are proposed, they must bc concentrated in suitable locations
all over the country in hierarchial order, maintaining linkage

and inkterrelationship ( Mahtab, 1975) .

1.2.3 Hierarchical Planning

Rnral road should be developed in such a way that the needs of
the people are served most economically and an efficient recad
network develops gradually. while planning rural roads, it should
be ensured that EOmé hierarchical pattermsemerge. in liue with
the actual movement pattern in the areas concerned, After the
growth centres of different types have been identified 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 rural roads
planning, due regard should be given to the national guide lines,
priorities and resources for the area concerned. It is essential
té ensure that lpocal level rural road plans are properly integra-
ted, coordinated and duly reflected as the integral part of the

naticonal plan.

1.3 Rural! Road Planning in Bangladesh and Some Heighbouring

Countrias

In the Sputh and Scuth East n;ian counkries, the interest in

rural road blanning is growing gradually aiming at improving thaf
rurzal infrastructure and thus improving the rural economy. In—"
éhis regard the countries like India, Nepal, Thailand, Indonecsia
have some cﬁntributions in planning rural roads. They have adop-
ted some uew policies and techniques in this connection. The

above mentioned countries having experience in rural road planning,
are close neighbours of Pangladesh. M;reover, their soclo-economic
conditions arc similar to those of Bangladesh. For these, a disr

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

1.3.1 Bangladesh

The development of rural road system during the initial years
of Pakistan was very limited. The First and Sacond Five Year
Plan of Pakistan which were initiated in 1956 and 196l respec-
tively played a vital role in development of road infrastruc-—

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



c¢h a substantial scale during the early sixties through the
'Rural Works Programme'. But the emphasis was more on connec-
ting local places wWithout adeguate consideration for having
links with nearest growth centre or with the arterial road
gystken. Beaiées these, planning of rural road laid too much
importance on the short run benefit without giving much impor-

tance to Ehe long run,

Recngnizing the sheortcomings of rural road planning during the
period of Pakistén, a master plan was prepared by the Planning
Commigsgsion 1n 19792. The master plan was prepared following the
'Growth Centre Approach' for rural road development for the pericd
1980-2000. It was envisaged that caonstruction of all rural roads
in future will fit into the framework indicated in the master
plan. The biq village markets ( hats and bazars ) and the ;owest
level administrative unit { known as Upazila) was considered as

growth centre in this context.

Initially, the growth centerswhich de not have any rall wcakher
communication facilities are ko be connected with the country's
arterial transportation system. Subseguently, medium sized .mar-
kets and locaticns are to be linked. In this way, all the growth _
cenkres of a region will be linked with each other as also with
the arterial road network of Bangladesh, Later on, roéds of lower
hierarchy e.g. primary to secondary markets will be considered.
Such a rural road grid is expécted to accelerate the process of

rural development ( Ahsan, 127%8).

™



There arc a number of road developing agencies like Reoads and
Highways Department, Local Government Englnesering Bureau, Upazila
Parishad who are engaged in developing the road sysktem in rural
areas of Bangladesh. They are planning and building khe rural
roade in their own way. The Roads and Highways Department has

.
planncd the upazila connecting road in order to connect all the
upazila headgquarters with the district hecadguaters. In this res-
pect, they identified those rcads which can connect the upazila
headquarters with the nearest paved road. The Local. Government
Engineering Bureau mainly deals with feeder roads and Flans a
rural road network system between growtﬁ centres identified by
Planning Commission. The upazila parishad deals with local roads
and plans the roads to connect farm to markek, village to union

centre and villages with sach other.

1.3.2 India

India has followed the ‘éelectivé hpprﬂéch' for ruralJrDad deve-
lopment from the beginning. In this approach only such roads

ware taken up under development where there was a felk need. As

a result, rural road development in India has becn very modest,
Later on, India initiated 'Minimal Hecd Frogramme' feor rural
development. Under this programme all villages of populatieon 1500
and abeve are sought to be connected with all weather roads
{Deshpande, 1980). Keeping in view the guidelines of national
government the State of Karnataka has evolved a planning proce-

dure for connecting of villages with rural road in a phased

il



manner. They have kricd ko take up works accﬁrding to .the urgency
and importancelwithout any bias:incbrporating ccoqomic as well as
gocial factors, They have selected some facters like population
oFf the village, schooling facilities, medical facilities, commu-
nication facilities, markcet cenkres and administration.

These Factors are then assigned marks based on their judgement.
By applying the above indicators, the pricriéy list of villages
are prepared separately in each Taluk acceording to the number
of marks. Maximum number of marks a wvillage can dek is Dniy lDﬁ ’

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

of marks it gets in each Taluk ({(Reddy,19%80).

1.3.3 Hepal

L]

In Hepal, governmank gives more imporktance on local bodies in
developing rural roads. The local bodies are stressed and encour-
aged to implementing their own leocal roads through kheir own

rescource callection and directk participation of the local people.

Technolegical helps in plapning rural reoads are given Erom national

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

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

road is opened to the traffic in lacal level, the government
accomadates it in the naticnal programme so that people are encour-

aged to .take up ncw projects and open up further areas{Singh,

1972].

In Thailand, the Department of Highway (1979) introduced a ranking
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procedure for planning of rural roads. In this procedure, they
incorporate the seccial and political aspects as well as economic
aspeckts. They have identified some important factocrs like popu-
latinn,nofmal agricultrual activities, foresty, mining and
industry, tourism, administraticn, military and straktegic and
traffic. Thése 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
scaore indicatrs a high reguirement and gets top priorviky. This

planning appreoach is widely practiced in Thailand.

1.3.5 Indonesia

In Indeonesia, a ranking method using a 'Transport Priority Index'
(TPI) as noted by Matulessy (1979) has been used in the Jogja-
karta rural road study. TPIL -has been defined as the ratio of

-

'reguirement factor score'! to 'provision factor score' expressed

as a percentage.

The requircment factors canprised of {a) r:lver:age daily traffic, (b) traffic
grawth, %c} population density, (d} development and social bene-
fits, {e} area of influence and (f) nctwork significance., The
highest value of each factor was awarded a maximum Df'5 points
excepting development and social benefits, which were awarded

15. 8o, the maximum possible tokal requiremenkt Factor score was 40.

The provision factors compriscd of length of link {b) surface

type (g} surfaco conditions (d) alignment in relation to terrain .
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{2) width of surface and formaéion {f£} stability/drainage and
culverts and {(g} bridgesfmajor crossings. The worst condition
of earh was awarded a maximum of 5 points excepting surface
condition, which was awarded a maximum of 10, so that maximum
totél ccore 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 limk.

The index developed for rural roads, appearcd to give priority
te roads with a high nced for transport and with good existing
facilities, and thercfore secmed more appropriate to the planning

needs of major roads rather than rural roads.

1.2.6 Conclusion

It is found that iﬂ the above mentioned countriesg, rural road has
been treated as an imporktant aspect for integrated rural develop- J
ment. In this connection, some guide lines, directives and progra-
mmes arc made for planning road in rural areas. Some planning
procedures of rural roads have been developed and are practiced

in some of these countries. Howeveé, basically these procedures
such aé That and Indonesian ranking methods for ranking of rural
roads are used for economic appraisal of ru;al road projects.’
Thase are simple yet useful methods for ranking and priority
determination of rural feeder reoads. But these procedures do

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

In case of Bangladesh, some policies are directed from the

national lewel and some procedures for planning rural road are
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also followgd by different rural road developing organizations.
But there is a great need of a systematic methodology for:
developing. an G?Erall optimized road nekwork in rural areas
considering the area as a whole. Especizlly this is vory impor-
tant for road development at the upazila level considering the
fack that this has become a very significant tier of development

administretion.



CHAPTER - 2

THEORETICAL FRAMEWURK : GRAPI THRORY AND HIERARCHY OF SETTLEMENTS

2.1 Introduction

Network planning is an important phase in transportatlion plann-
ing. In pfanning urban road nctwork the application of graph
theory has been widespread, Although planning of roral road
network is equally important but no well developed methodology
for the purpose exists.-The graph theory although fouﬁd its
extensive application in the case of planning urban network,
however, it can not be readily applied in the case of planning

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

defined in the rural areas. . ’

However, 1if alseparatc methodology is established for determining
such 'nodes', the qraph theory may be equally applied for plann-

ing rural! network. The methodology far determining such 'nodes’!
however already exisks. The concept of hierarchy of settlements

may be applied to identify the nocdes in rural areas. The concept

of hierarchy cof settlemsntsmay be applied tﬁ identify the nodés

in rural areas. The concept of hierarchy of settlementshas

already been used at home and abreoad for researchas well as for planning
the delivery of services and input distribution at the microlevel

{ for example, Ehat, 1976; Sen and Misra, 1374; Sen, Bose, tiisra

and Ramesh, 1971; Jahan, 1%7%; Parveen,~1984}.
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In the present stody an attempt has been made. to develop a metho-
dology for the planning of rural road network in Bangladesh. At
first bf applying the concept cflhierarchy of settlements, attempt
is made to identifying the "nodes'. Then khe gfaph theory is

appl in its conventional form to develop a rural road network.

2.2 Graph Theory with Application to Road Hekwork Planning

Graph theory is an abstract mathematical concept. The descrip-
tion of the theory is widely available in the literature ( for
example, Black, 19%981; Dasllanbach and George, 1578: Wagner,

1974) . The graph theory is helpful Lo understand the nakure

of pr?blems which can be viewed as a graph. It deals with abstract
configuration consisting of linee and peints and is suitable to

represant the topolcogical properties of transport system.

an example 1s the preoblem of a rural maill carrier who musk deli-
veor mail o a number of iocations fnodes) . The mail carrier
would like to know how to schedule a route, 50 as to minimize
the distance to be travelled. Starting at a given node, the
objective is to wisit all other nodes and return to the starting
point in minimum distance. Figure_z.l below iz a map of the
area with each location representing a node. The nocdes are
labelled with integer numbers. Ordering is unimportant. The
shortest route from one location bto another is represented by a
%

1ipnk. Fach link has a distance asscciated 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.l149

2,2.1 Operational Definitions Relevant to Graph Theory

Few basic definitions relevant to graph thocory are given bhelow.
A 'graph' consicsts cof a set o% nodes and links. A 'link' is

an imaginary skraight line Ehat represents a finitellength of
road, railway or bus route. & 'node' is.an imaginary point where-
links intersect., Nodes reprcsent road intersections and railway
juncticns. On public transport networks nodes also indicate

the location of stations or bus stops.

'Link impedence' specifies the average construction cost or

average link travel time or cost as the measure of difficulty
of yetting along each link. & 'connected graph' is having at
loast one path between each pair of nodes. A ‘tree! ié a loop

free connected graph. A tree in which one node { called the root)
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ise 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 conneckad graph and the

tree contains all nodes of the connected graph.

If there is a real number representing link impedence associated
with each link of a graph, then it is a 'weighted graph'. A
spanning tree with the smallest weight in a weighted graph is
known as khe 'Minimal Spanning Tree'. Figure 2.2 shows how a
minimal spanning tree can be constructed., Nodes of the graph

are labelled with a diffcrent letter and the smalleskt distance
from Dné node to another is represcntd by a link. Bach 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. How cgnsider A and B as one
snb-graph znd coannect thig to its nearest node C. Now consider
A, B and C as one sub-graph and continue connccting thg nearest
neighbouring nodes until all the nodes are connected. Thus the
minimal spanning tree ABCDEF or G can be cénstructed trom the

weighted graph.

Figure 2.2 Minimal Spanning Tree in a Weighted Graph
Sourece: Swaminathan, Lal and Kumar, 1982: p. 893
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2.2.2 Selection of Sccondary Links of the Hetwork

various secondary link options to connect the secondary nodes

are identified from the available maps and informations.. The

selection of cne link from several link optiens is determined

by using the 'link opkion weightage process' developed by
Swaminathan, Lal and Kumar (1%82). In their study they have
shown that the weight of several secondary link options for

any node may be computed as below:

n Pi

Po + iEl Lia

W= T {2.1)

o
where .

W = weightage of link options:

LD = impedence { length) of link optilon:

P = self attracting force oF the attracting node;

Pi~= attracting force af the node;

Li = impedence {length) of the node from the atkracting
nede;

n = number of attracting forces on the path from the
attracting node to iks tree root;

a = parameker (0.5).

various terms of. the above equation {2.1) are explained in

Figure (2.3}.
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TREE RroOtT MATH LIMHK
F

COMNECTED NODE E

LINK QPTION

ATTRACTING HEODE 0
- -
- 0

-
\{;,f”' ATTRACTING
HOOE

MAM LINK

HODE TO BE
CONNECTED

Figure 2.3 Illustration of Terms used in Egquation 2.1

The above figure illustrates a hypothetical situation.
There are two possible options OAR and OD to link the node Q
either with node A or with node D. Hode B of attracting forceq

andoode ¢ of attracting force r are already connected with
node A. The distances of the nodes B and C from the node A are

m and n respcctively.

How, due to the presence of node B apnd C at the back of the node

A, the attracting force P of node A may increase by %ﬁ and %E

respectkively, Thus the total atkracting force of node A becomes
P+ %ﬁ + 5E . Now, the weight of the link option OA can be easily
calculated by dividing total attracting force by the 1ink option.

length Lo'
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gimilarly, the weight of link option OD can be calculated. If
weight of option OA is greater than that of OD, then node O 1s
eonnectcd wikh node A. Otherwise, the node O is connected with
the node D. Thus, secondary links for nodes are selected from

various avalilable options.

2.3 Hierarchy of Settlements and Centrallty

The concept of hicrarchy of functions and set;lemeuts provides
a wvaluable tool for planning. The identificatieon nf a sektle-
ment hierarchy and hinterlands of varicus centres ak different
levels of the hierarchy are the basic prerequisites for pre-
paring a frame for area development. In identif}ing nodes of
graph theory for planning rural road nektwork emphasis is given
on the measurement of centrality and identification of the
hierarchicdl pakttern of thc settlements. The central place
theory { Christaller, 1966; Losch, 1954} helps in identifying

the hierarchy of settlements.

The hierarchy of settlementsis thc product of the centrality of
cetbtlements in a region. The centrality in its turn <an be‘
explainad in terms of guality and gquantity of central functi;ns
performed by the settlement. The central functions are those
which by their nabture are available in a few settlemants but

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

functions are essentially non-ublgquitous in nature. In fact the
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degree of importance of a funckicon 1s supposed ko vary inversely

with the frequency of its occourance.

The guality of a central functicon is normally affected by

{i) number of different types of functions cffered and (ii) by
the level at which they are offered., A central function is
composed of many sub functions and thus within a particular
Fuuction, it is possible to identify differenk levels atbt which
it is beiug performed. For cxample, functionally speaking, the
educational service ils being performed in the study area at

primary school level, secondary school level and college level.

Clustering of central funckions at a place reinforcesthe
centrality of that place. The hierarchy of settlements is
closely associated with the hierarchy of centrat functions. jhe
latter cculd be determinced by considering individual central
functions such as health, education and others and by distingui-
shing their componeuks parts. Thus the choice and evaluation

of the central functilons and the measurement of association

provides a basis for measure the centrality of any setblement.



CHAPTER - 3

RESEARCH DESIGH

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
reoad network in Bangladesh. In doing so the study specifies a

set of cbjectives. 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 nektwork at upazila level.

3. To formulate guidelines ko establish pricrities and
implementing the network plan. v

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 (2.1).
3.2.1 Likerature Survey

Survey of available literatures on rural reoad planning studies
carried out in Bangladesh and other countries in the region
has been made to have a better understanding about the subject

and toc assess the existing rural road planning process.
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3.2.2 Theoretical Framework

The graph thecry 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 applicabllity are
critically searched in the study towards developing an opera-

tional méthodology faor the purpose.

3.2.3 Seleckion of tho Study Area

For the present study; ‘one upazila was chosen as a test case for
the methodolcgy..Kahalom upazila of Bogra district was chosen.
It was chosen by deliberate consideratio ko collect data
easily within shortest period of time owever,it is also a

rural upazila of Bangladesh,and therefcre, the methodology may

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

3.2.4 Data Collecticn

In the present study, two types of datalwere collectaed. U= for
determining the hierarchy of settlements and other aboub the

existing reoad and traffic inventory. First type of data included
ten cateéories of functions: distributive servicés; markets;
finance: extension services; food processing industries; education;
health; transportation; communications and specialised services.
Information on these functions were collected from field survey,
village questicnnaire survey,and interviews. The village ques-

tignnaire survey covered all the villages of the study area.
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Engquiries were made with different c%tegories of people in each
village such as union parishad member, primary school teacher
regarding the faéilities that are available in the village and
also regarding Dtﬁer villages which the villagers normally

visit for the satisfaction of their higher order social necds.

econd type of data were collected about the main roads, exis-
ting communication facilities in the form of rallways lines,
rpads, cart truck, rivers, streams, and other topographical
features. In this ccnneétion, information and maps were collec-
ted from the upazila office and from the offlice of the Surveyer
General of Bangladesh. Population of all settlements were obta-
ined Frem the census records of 1981. Other needed information
were collected from secondary sources: Information cobtained from
different sources were checked against each other for accﬁracy

and consistency.

3.2.5 Data Analysis

Data were analyzed in terms of the socio-economic characteristics
of the gcttilements. Two methods were tested for the measurement
of centrality of settlements and their hierarchy. The first
method is based an oumulative summation of scores of individual
function of the settlement and the second method concerns the

application of Principal Componenkt Analysis.



24

3.2.6 Ranking of Main Linkﬁ

The main links of the study area were identifled from available
maps and the ranking of these roads was done based onlscoring
system as developed in Thailand and Indonesia, In the study, the
factors used in ranking the roads were tratfic volume, popula-
tion density, network significance, area of influence, surface

type, surface condition, surface width, type ©of wvehiclez, admins-

trative usafulness and other benefits.

3.2.7 Identification of Main Hodes

The settlements of the study area were categorized inko three
levels of hierarchy based on the centrality zcore of the settle-
ments. First and secondlevel central places Emgrged as main

nodes in the study area.

3.2.8 Generation of Minimal Spanning Trees

The final rural recad neivork was generéted in the form of minimal
spanning trees by applying khe csnc?pt of graph theory. These
minimal spanning trees were developed by selecting the optimum
link option of maximum weight for every sécondary nodes, The node
closest to the.main link or main node was connected first. Now,
gspanning trees were started to generate by adding links of maximum
weilghts and cphnecting node by node. And then proceeded towards

the interior unkill all the secondary nodes were connected.
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3.3 Limilkations of the Study

It is eclear from the objectives that the study is mainly concerned
with the network planﬁing aspect of rural road development. The
other aspects of developing rural road such as design, construc-
tion, maintenance are not lncorporated in the study. The present
setudy of planning rural road ie confined to developing a planning
procaess of road nebwork in rural areas. The other issues of road
planning like road geomekrics, alignmenk, Ekype, specifica£ion5

etc, were not incorporated in the stuody.

The study iz 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 growkh and service centres.

The planning process of rural road network has not incorporated
the presence of na@ural hbarriers. So, the network generated ﬁy
the process in the present séudy, however, may not be directly
lmplemented in all the cases without neceassary modification
depending upon the field conditions where such nakural barrier

exists.

3.4 Assumptions in the Study

While generating the rural road network by the concepbt of graph -

theory, 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 mouza, the location of main sebtlement

is considered for the network planning.
2. Each and every settlement is to be connected by @ rural read,

3. Only one road connection is sufficient for a settlement.
4. Every junction will be situated at a setklement only.

5, The traffic demands among the various settlements are
insignificant as compared to the traffic demands between

the wvarious settlements and growth/service centres.

6. The construction costs are proportional to the length of

the road. t

3.5 The Study Area: Kahaloo Upazila

Kahalao Upazila has gol an area of 241 sgnare km.. It consists
of 164 mouzasand 9 unions. Total population of the upazila is
141298 and hahitation per sguare km is 586 as was counted in
the 1981 census, The distance of the upazila headquarters from
district headguarters at Bogra is 12 km 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.% percent. The upazila

has got 15 km of railway line, 25 km of pucca roads and 420 km
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of kutcha racds. 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 upazila.

Total land area of the upazila is 24130 hectares and land
pattern of the upazila is mostly plain. It has got 19076
hectares of land under cultivaticn, of which 4040 hectares aré
double cropped and 492 hectares are tripple cropped. Main
agricultural production of the upazila is paddy. Total annual
surplﬁs food preduction is 27,000 metric tons ([ Upazila '

Parishad, 1986).
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CHAPTER -~ 4

IDENTIFICATION OF CENTRAL PLACES

4.1 Inkroduction

Tc plap tne rural read network for an area central places
in the area are to be determined £irst. This chapter

mainly deals with the determination of the centra-

lity score of settlements and identification of the central
places in the study area. Twe methods were tested fFor the

measurement 0f centrality of settlements and their hierarchy.

o ———

The first methodisbased on cumulatbtive summation of scores of

e
individual function of the settlement,and the second mekhod

—— —

——r

honcerna—the'ﬁﬁETIE;tion of Principal Component Analysis. Two
_._._______'______,_.___.__.,___.....___.--
methods wereused™ 1N order to observe the variaktion in the

results and to examine the applicability of different methods to

the unique conditions of the study area.

4.2 Sclection of the Funckicn of Centrality

To determine the centrality of a place it is necessary to take
an accounk of all the central functions of fhat central place.
In the present study functicns taken inko account are diskri-
butive services, markets, finance,1extensiou gervices, food
processing industries, cducation, health, Etransportaticn,

cummunications, speclalized services and component parts of

these functions, It is possible to measure the contrality of
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any settlement by determining the varielty ol functions performed

-_— —_— — - —— -_-_— —_ - -
e —

and the level at which they are perfurmed or by determining the

- "
—— o — —_— —_ [

M .
scarclty aof functions.

.~ - —

4.3 Operational Definitions of Functions Under Study
) ‘-

jv;ﬁfmﬁfﬁ
To measure the centrality and hierarchy of settlementsafter
screening the available functions twenty two functions have
been selected for the study area in order to aveid incongrucus
functions in analysis, Eo make the process more rational

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

A complete listing of the central Ffunctions appear in Takle 4.1.

Takle 4.1 List of Cenkral Functicn

51.Ho, Central Funckion

1. Rice mill

2. Wheat Milling mill

3. Food godown

4. Primary school

5. Secondary school

B. Madrasha

7. Charitable dispensary

8. Family planning centre

9. Bank

10. -Post office

11. -Bus stoppage

12, Fpod dealér

13. . _ - - - +Weekly market

4. Fertilizer distribution centre
15. Tailor

la. Medicine shop

17. ~Private medical praclLitioner
18, “Cycle reparing

19, ~Grocery

24. ~Staklonary

21. . Retail clioth store -

22. Tea stall




Functions like grocery shop, tearstall, barker, carpenter;1
taillecr, retgil clokh store, post cffice, medlcine shop etc. are
self explanateory in their operational sense., Besides the above
menticned functions there are scme functions which need explana-

tion for their operational sense. Thesa are asg follows:

Market: In the rural areas, markets are of gréat importaﬁce.
These are the weekly markets, held on two days of the week. ;ome
of these markets do not have permanent structures but some hava
gobk permanent structures with provision for cloths, ﬁedicines,

fFood grains, vegatahlés ekc.

Educaktion: (1) Primary School. An institution providing educa-
tional Facilities upto 5th standard. {(2) Secondary School. An

institution providing educational facilities upto 10th sktandard.

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

present study are the scheduled bus stops as well as the reguest

bis stops.

444 Centrality of Settlementson the Pasis of Cumulative Summation
of Scores of Individual Function

Centrality of settlementson the basis of cumulative summation
of scores of individual function was determined in the present

study by two ways. The first followsthat centrality of a func-
- -
tion is based on the level of Eunctional hierarchy and the second

—————

- . e e - e S— B
follows the principle that the importance or centrality of a
jEEﬁEEIEn is based mainly o its scarcity. These are discussed below.
—_—— —— - - —r—

" — ——
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4.4.1 Centrality of Settlemerits on the Basis of Hierarchy of

Functions

For the determination of the hierarchy and centrality of the
settlements in the study, levelsof functional hierarchy were

identified on the basis of thregholds of functions under study.

The thresholdsof Functions have been determined by the populéa-
B I - ——
tion size. It can be defined as the minimum number of popula-

tion to support an economic activiky. Inm the present study Reed

Muench method (Haggetk, P. and Gunecwardena, 1964} has been

used to calculate the population threshold. The details of the
e

-ktechnigue and its application in the present case are provided

in Appendix-A. Much elaboration is available in litergture. so,

in order to reduce the space, only the results are presented here.
The lowest group of functiops had the tendency to be found in
populatlon size between 4Dﬂ-55ﬂ; the second group of Functions
tended to cluster between population sgize of lEUG—EZEDi?nd the
third group of functicns tended to cluskter at a population size
of more than 2800 { Appendix-B, Table B.1). Thellevels of func-

tional hierarchy have been given below.

First level {population size 400-800}

{l] Grocery shop (2) Tailor {2) Medicine shop (4) Private medical
practitioner (5] Retail cloth store (6) Primary school (7) Station-
ary shop (B8) Fertilizer distribution centre amd (9) Cycle/Rickshaw

repairing shop.
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Second level {(population size 1600-2250)

(1) Tea stall (2) Weekly market (3) Rice mill (4) Food dealér
{5) Madrasha (€) Post office {7) Secondary school (8) Family

planning centre and (%} Wheat milling mill,

Third level{pcpulation size 2800 and more;

f1) Bank (2) Charitable dispensary (3) Bus stoppage (4} Godown.
After determining the levels of functional hierarchy attenpts
were made to guantify them by giving appropriate weightages for
each lovel., Three entry peints emerged as the basis for diff-
erent Functional- hierarchy. Fopulation size 400 feor the first
level functions,l600 Eor the second level functions and 2800
for the third level functions were considered, Thus if the entry
points in terms of population size were 'welghted', 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 lewvel are considered ko be of
equal importance., For example, in case of a grocery shop which
iz of egnal impértance as that of a primary school though the

former has an entry point 400 and the latter 809

In order to arrive atthe centrality of a settlement of a particular
function, the weightage awarded to a particulaf level is mulki-

plied by the guantity of that function at that particular level.
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That is, if there are 2 primary schools in a particular settle-
ment, it will be awarded the wvalue of 2 (1x2). The namesof the
settlements and centrality scores assocliated with them dekter-

mined by this method are shown in Appendix-E (Table E.l).

4.4.2 Centrality of Settlementson the Basis of Scarcity of
Functions

The hierarchy and gentrality of the getbklements were also deter-
mined on the basis of scarcity Df-functions. The weightagas of
different functions were assigned in this method according ko
the principle that greater the importance interms of centralitby
and therefore, higher the weightage. The weightage of any func-
tion was determinedlﬁrdhdﬂingtmta} number fosettlements by
number of settlements having that function, For example, tokal
nunbar of scktlements where primary school occur are 70 out of
164 settlements in tﬁe study arca., Thercfore, the weightage of
primary school is 164/70 = 2.34. The weightages of the dlifferent
functions are given in Appendix-C (Takle C.1l). On the bhasis of
the weightages described ahove the centrality score for Eacht
settlement was calculated by adding the guankity of fuﬁctions
multiplied by their corresponding wéightages. The names of the
settlements and CEntrality scores associated with them determined

by this method areshown in Appendix-E (Tahle E.Z2).

4.5 Principal Component hnalysis

In the analysis of any given data set there exists underlying

trends which may not be readily identifiable. These trends
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may be the result of a number of variables interacting within

the data set and a method of defining them should be sought,
?rincipal Component Analysis seeks to do just this. The analysis groups
variables into a new'synthetic® variable, or compeonent. It has
been'recognised as a powerfnl tool in multivariate analysis and
attacks problems at the point where standardisation falls or

is not satisfackory. It recogniges that all measureﬁents within

the daka sct are not of egual weight and that indeed may qverlap.
If several measurements show a gimilar pakttern of variation,

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

The principal component 1ls that 'basic pattern'..

The identification and interpretation of the components 1is
based on the loaﬂings which link the factors to thé variables.
Eacﬁ component can be identified. The Eirst principal componont
is that which accnﬁqts for the greatest parf of the common
variance of the orginal variables. The second component then
aceounts for the maximum share of the remaining variance and

5Q On.

The centrality scores of the settlements of the study area were
alsoc calenlated by the Principal Component Analysis method.

"The SpSS package available on the nniversity's computer system
was nsed for the purpose of the present analysis.

The Principal Component Analysis was performed using the same

set of twenty bwo central functioms shown in Table 4.1 and village population.

The weightage of any central function was determined by dividing total muber
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of settlements by number of settlements having that function.

!

The welghtages .of different functions used in this &nalysis are

shown in Appendix-C (Table C.l}.

The first stage of the analysis was the derivation of the

principal componenta.

This is the transformation of the

original wariables into a new sct of variables, the first of

'which will explain ko a certailn degree, the level of variance

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

ance oxplained by each component,

Tab}e 4.2 The Principal Components and Their Percentage
Contribution of Total Variance
Principal Eigen % wvariance Cumulative %of
component valua explained variance
explained
‘ 1 g.7104%8 42.2 42.2
2 2.90295 12.6 54.8
3 2.01610 8.8 63.6
4 1.40253 6.1 69 .7
L 1.048938 1.6 74.3 .
B 0.94130 4.1 78.4
7 0.90217 3.9 52.3
8 0.77351 3.4 85.6
4 0.58316 - B8 .2
10 0.54325 2.4 a0.5




The component loadings for the first six components against

cach variable are
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listed in more detail in Table 4.3.

Table 4.3 Component Loading
Components

variables 1 2 3 4 5 &
X1 - 0.2459 0.1224 0.3420 0,3339 0.5780 0,3311
X2 0.9306 0,1549 0.0979 0.1400 0,0039 0.0112
X3 0.9479 0.1234 0.1006 0.1214 0.0146 0.0160
X4 0.9578 0.0435 0.0721 0.0876 -0.0323 -0.0311
%5 0. 0836 0.1027 0.0608 0.0747 0.0096 0.9025
X6 0.4519 0.4293 0.2341 -0.1674 0.04%6 '0.0557
X7 0.2986 -0.0589 t.2876 0.3766 0,4003 0.2269
XA -0.0063 0.0483 0.8756 0.2258 -0.0363 0.0386
X9 0.3547 0.1519 0.7701 0.0604 0.2958 0.0225
X10 0.8477 0.3140 0.2644 1, 0545 -0.0384 -0.0604
A1 0.3478 0.1402 0.6885 0.0623 0.0094 0.0777
x12 -0,1441 0,5163 0. 4458 0.0831 0.2730 -0.0881
¥13 0.7374 -0.0171 0.1441 0.2254 0.0555 0.3288
14 0.0534 0.9206 0.0975 0.1418 -0.1110 0.0372
X15 0.4314 0.7625 0.0362 0,1470 0.2106 0.1247
X186 0.3899 0.2415 0. 1665 0.6517 0.1772 0.0924
x17 0,5529 0.3254 0.1310 0.6635 ¢.0978 0.0065
X18 -.0275 0.3578 0.1505 0.8363 0.0670 0.0494
X183 0.2017 0.8130 -0.0047 0.4041 0.0572 0.0211
X20 0,3456 0,7058 0.2273 0.3977 0.1314 0.1102
x21 0.5964 0.0276 0.1447 0,0436 0.1965 0.2840
22 -0.0618 0.1011 0.01%5 0.0614 0.9111 -0,0613
X23 0.7911 %.3488 0.0112 0.2668 Q. 0825 0.0454

Total vari~ g 7109 2.,9029 2.0161 1.4025 1.0489 0.9413

ance expla=-

ined

FPercentage

variance 42,2% 12.6% 8,8% “6.1% 4.6% 4.1%

explained

78.4%5 of botal variance was explained by the first 6 principal
componenks.



The first principal component in this study explained about 42
percent of the total variation of the constituenta. The aﬁgre—

gate scores of the settlements were obtained by adding the

component loading based on first principal component {Appendix-Dj .

The namesof the settlements and centrality scores assoclated
with them determined by the principal compeonent analysis are

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

4.6 Hierarchy of Settlementa

Hierarchy of settlements based on level of functions was deter-
mined by categorizing the scores of the setbtlements under three

levels of hierarchy. These are shown in Table 4.4.

Table 4.4. Levels of Settlement Hierarchy Based on Level of

Functions
Serial Ho. Point scored Humber of settlemenks
1 Q=50 150
' 51-400 13
d400- above 1

Only one first level growth centre and thirkeen second level
service cenktres emerged in the study area by this methed,
These aré Kahaloo, Durgapur, Kalai, Birkeder, Protappur,
Murail, Deogaon, Shakahar, Zamgram, MNarhatta, Aghore, Paiker,

Piltkhunja 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

Functions
Eerial Ho. Foint Scored ) Humber of Settlements
1 ' - g - 100 150
2 101 - 500 13
3 E00 « above 1

Only one first level growth centre and Ehirféen second level
service centres emerged in the study area by th151méthod. These
are Kahalco, Durgépur. Kalai, Birkeder, Protappur, Harhatfa,
Shakahar, Murall, Deogram, Zamgram, Agore, Paiker, Bhadahar and

Pilkhunija.

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.af Setklement Hierarchy by Principal
Component Analysis ( Component 1 Score)

Sarial Ho. Point Scored Humber gf settlements
1 -3.% - + 3.5 150
2 | 3.5 - 50.0 ; : 13

3 ‘ ’ 50.0 - abowve "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,
Durgapur, Kalai, Shakahar, Protappur, Birkeder, Rarhatta,

Faiker, Zamgram, Murail, Bhadahar, Deogram, 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 va;iations 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 methodls arelatively complex one.
It reguires computer and hence less accessible for operatiomal
purposes for all in determining the centrality and hierarchy

of settlementsin developing the rural road network plan. On

the other hand, the other metﬁods are easily applicable in
identifying the hierarchy of settIEmenﬁs. S0, either the method
based on level of function or method based on scarcity of func-
tion may be used for operaticnal purposes in determining the

centrality and hierarchy of settlements.



CHAPTER - 5

DEVELCPING THE METWORK

5.1 Introduction

The rural rocad network plan may be developed by applying the
concept of graph theory and the hierarchy of settlements.These
kwo concepts gnd their applicability in the planning of rural
road network are described in the prevlous chapters. Now the
proceduresfor preparing the network plan for rural roads are
stepwise described in this chapter. Here, main nodes and main
links of the network are First 1dentified and then the .secondary
links for other nodes are determined by selecting the optimum

link options of maximum weightage.

5.2 Preparation of the Study Area Map

In the first step of rural road network planninﬁ, a topogréphical
map of the study area is prepared. The present locatlon <f the
settlements, existling communication facilitiesrin the form of
railways !ines, roads and cart trucks, river and other salient
topographical features are identified con this map. The aerial
distances between different settlements are got from the topo-
graphical map. The map of Kahaloc Upazila with the locations of

its 164 settlements is shown in Figure (5.1).

5.3 Identification of Main Hodes of the Network

The procedure of identification of growth and service centres
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in the study area is detailed described 1n the previous
chapter. The score for each of the settlements 1s dekermined
and the settlements are categorized into three levelsof hier-
archy based omn 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 gektloments are
considered as the secondary nodes of the network. Thelr centra-
1ity 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 18 iden-
tified from the avallable maps and informations from the secon-
dary scurces. Tﬁe link between the main ncdes-and okher major
~roads passing through the study area are considered as main link
sysetem of the network. These main linksare scored according to
thelr leye]l of importancé and serviceability (Appendix-F}. In the
bPresent study the ranking of the main links has bkezen done follow-
ing the scoring systems developed in Thailand { The Highway
Department, 1%79) and Indonesia and as described in Section
{1.3). The;e scores are considered as 'aktracting force' of

the main linksin case of nekwork planning. The main links with

their aktracking forces are shown in Figure {5.2}.,
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5.5 CGeneration of Final Rural Road Hetwork

Final rural road networks are developed 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 'Uloki2)' is first connected with the maiﬁ node
'‘Kahaloo{l)"'. Then the node '"Joysara(3)' is connected with "Ulot(2)"'
because the weightage of this link option is greater than that

of the other two link opticns. hgain,. the weightage~of the link
option 'Joysara(3) to Agersal(4)' i1s greater than that of the

other two link optlons. 5o, 'Agersal{4)' is connected with 'Joysara
{3}'. How, 'Domorgram{s}' is cmnnécted with ‘Agersal{ﬁ}‘; since

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

calculation for this minimal spanning tree is shown 1n Table 5.1.

Thus all the other minimal spanning trees are generated until
all the secondary nodes are connected, An ontire rural road
network in the form of minimal spanning tree for the study ared
is shown in Figure (5.4).The selection of link option for these

minimal gpanning treesis shown in Appendix-G {Table G.1).

5.6 Superimposition of tho Developed Network

The developed network of rural road by the. above procedure is *

formed without any regard to the existing rural roads. Now, the



REFERENCE

METALLED ROAD
UNMETALLED ROAD ————

SECONDARY ROAD ————

RAIL WAY e
GROWTH CENTRE ]
SERVICE CENTRE .
SETTLEMENT *

KAHALOO UPAZILA

MINIMAL SPANNING TREE

- }EAEP
N
\ }BiaEALLn !

i
|

~J
_ ! :“J MALOHALI
l::l_-{!‘ = r““
\,‘ rDLA'H'n*_l

h.;“y'.' -"L P
MO RAGUNATHRUR

H

\_'{" J
H(Arf!ugﬂ
Lt
T

_—
--._H‘L ‘-‘.
l
5
-
.

FIG. 5.3

SCalE
4] 1 T HEM
_t




N

- Table 5.l: Selection of Link Cption

P P,
\ \ 1 1
i é . b;ﬁectie tdE Link option PO Pi T"i PD+ Eq I{‘ﬂnﬂ P-'.::+ EE Remarks
' : {Jen) —T5
1. Dlot - - - - . - - - Ulot is cornmected first
: with Kahaloo sine it is
rearest to Kahaloo
) Ulct 72 Kahaloo{(1330} 0.5 1952 0.625 3123
2.  Joysara Main Link 60 - - 60 0.375 160 Joysara is comnected
Main link a0 - - 60  "0.375 160 with Ulst
lI{ahalm{lm} 0.625 1806 2.0 903  Agersal is connected
Joysara 6.7 \Olot (72} 0.375 with Joysara
Main Link(40)  1.25
Chawspara 12 18itlai (22} 1.25 71 0.625 113
Birpallaf2.4) 0.625
3. Agersal Mohespur 7.5 Main Link a.25 127 1.625 78
Agore 129 - - 129 2.5 B2
Malancha 12 Main Link 0.25 ' 146 1.875 77
Kahaloo(1330) 2.87 ’ .
] Agersal 16 ‘Ulot (72) 2.27 850 1.25 680 pamorgran r;jlcmmte‘i
Joysara (6.7) 1.8 =
Main Link 60 - - 60 0.625 96
4. Donorgram Malancha 12 Main Link(60} 0.25 146 1.25 117

Raghunathpur 3.7 Main Link(a0) 1.0 124 1.0 124
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exlsting rural rcads are superimposea over the developed
network. The superimposing of existing roads on the developed
rural road network is shown in Figure (5.5). It is dome 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 seecn that ﬁhe developed network almost
represenks the same wi;h the existing road netwcrk except a few
cases. A few links are slightly deviated from the developed
links. From the topecgraphical feature of these areas 1t is
found that these deviations are due to the presence éf sQme
small natural barriers like canals (khal} and lowlands.tThese
deviation in the developed network may be modified by analysing

the field ccnditiéns in tEhese areas.
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CHAPTER - 6

CONCLUSION

Rural road devolopmenk includes planning, design, construckion
and maintenance as a total system. This study brings out a plan~
ning process which is required to be looked at as a pa&t of tha
sysktem, The study have tried ko develop a pianning moekbhodology

For rural road network and test ite applicability in practice.

The other issues of road planning like reocad geometrics, 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

. importank in rural recad planning,

Te develop a systematic rural road network, first centrality of
the settlements in the study area based on the-concept of hier-
grchy of settlements were determined. This was dene by selecting
several functions and weighting them on the basis of level of
functional hierarchy and scarcity of functions. The settlemcnts
were then categorized into three groups according to tho score
of the. settlements. The first and second level settlements came

cut 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 develcped in
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Thailand and Indonesia. Then the links for secondary nodes

@ere generated in the form of minimal spanning trees by apply-
ing the concept of graph theory. These spanning trees wereae
ﬁevelcped by selecting the optimum link option of maximum weight
for every secondarylncdes. The node closest to the main 1link or
main node 4is connected first, Then the tree was started to gene-
rake by aﬁding link of m;ximum weight and connhecting node by
node. Thus proceeded tEowards the interior wunkill) all the
secondary nodes were connaecked. Thus the mekhodology develcpe@

for the planning of rural recad may be ocutlined in the following

figure (6.1).

The developed process is relatbtively a simple one. This was

done with the objective in mind to make it operational at the
upazila level considering the present constraints, Objective
functicn of the process 1s simple and straight forward. Each

of the settlements will have to be connected either to kthe
nearest service centre or to the main road. This has to be done
with minimum length of rocad ko ensure economics in investmenk.

" The implicit assumption is that the cost is propotional Gto

distance. llowever, this is nok necesgarily true in all cases.

The network was developed by this methodology with limited
objectives. The network is mainly aimed ko go ko the growth

or service centres, The network does not serve all the purposes:
of total accesibility. Say, people wank to go to their agricul-

tural field and other villages for thelr field work and social



54

Flanning
Roads at
Level

of Rural
Upazila

Collection of

rimary data

Secondary Data and
Map Collection

I
FEoad Inventory L__,.. Bata Collaction
Collection i

!
!
FE
L

___________ = l

Gocoring of the
Settloments

Freparation of
Topographical map
[ ]

_________ ¥ Data Analysis

dett

¥
Categorization of
cnents

Scory] of main
L18kS

. ;

Identifivation af
Main Nodes Links

Selection of Tree Boot

¥
Identification of Link
options from the map

Teionmination of the we-

éEPE of various link
I

ti 1
RexTrn TetbnEag ©F

Superposition of
Hetwork
¥

Modification of Network

Classification of the
Link of the Network

[ ]
Prinritz Determination
of the Lipks

- —
F ________ Cevelop!ing Hetwork

i }{Ist partion)
Devm lopding Hovwork

y Modificatiom of
the MHebwork

I Friority
b= —— — — —— 3 Datermination

i ¥

______ ICiassifind.HEtHnrk
P

an
1

Figure 6.1 Methodology for Planning of Rural Road at Upazila Level



55

purposes. The existing reads to serve these burpoées should

remain the same as exists,

The developed network may, firstly, help in identifying the
missing links,if any. The network may not reguire further new
alignment since available alignmenkt:s 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
rasource may not be available for developing all the links of’
the network gselected, In such cages higher evaluation process

may be practiced in order to identify the more feasible ones.

The network generated by the process develpped in the present
study to planning read 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-
taing etc in some other areas. The network generated by the pro-
cess may be directly implementable in areas where no such major

natural karrier exists.

However, in the study, the plannhing process of rural road net-
work has not considered incorporating the effects of such natural barriers.
For example, if there exists a river or mountain between two
settlemenkts which are intended to be linked. Then the woecight-—

age if calculated by the eguation (2.1}, may have a higher
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value in comparison ko that of scme alternative-linké. BEut
due to river or mountain it will not be economical to adept

the link. This position is made clear in Figure fc.21.

Under these circumstances, a complex formula could have been
developed by incorporating a parameter in the right side of
the eguation {2.1) tec overcome the problem. The actual.value
of the parameter may be predecided depending upon the prevaill-
ing conditions, But it will be more complex in practicing and
therefore, less operaticnal at upazila level, There may be
also disagreement Eto quantifg the value of the parameter.
Liternatively ,rather than usiug complex formula, ik is advan-
tageous to modify the developed nebwork by apalyzing the field

ceonditions where =such natural barrier exi=zts.

Where there is a marginal difference in the welghtages of-
two link options for any settlement the developed road net-
work may be ﬁndified. In such cases, the link of lower weiéht
-may be cpnsideredasiim.Dpthumlink 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 spanniug tree ABCDE shown in

Figure (6.3) was formed when the weightage value of the main
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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 dekermine the weightage of different pain roads is not
essential. Prelimiu;ry gurvey 1n this respect 1s sufficient

in practice at the field level.

Rural road network pianning hag been done in the gtudy 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 gek connected with surfaced roads, activities in the
fields like agriculture, diary, animal husbandary, small and
cottage industries etec may accelerate at a very Fast rate,
Hence, it will be necessary to have more than one outlek
towards different growth and service centres. This can be
achieved by connecting the link bhetween different minimal'span—

ning trees at suitable locations.

The study also doesa not consider abouk the link between khe
ne}ghhouring settlements. This phase of connection may be

considered in future when all the settlements are connected
with minimum one surfaced Foad in ocrder ko ipcrease the den-

Bity of roads in the area.

The alignment should be decided at the inikial stage 1kself
to sult the future needs. The actual alignment will have to
be fixzed depending upon the field conditions. There may bel
depressidn, highly clayey s¢ils, man made barriers and so on.
These will have to he taken into account while fixing the align--

ment in kthe field.

Considering the seriocus constraints of very limited fnnds
available for developing such a network in its entirely, a
phased programme executed in a systemalbtic manner is inevitable,
Since different stretches of secondary ncdes forming branches

of minimal spanning tree will have different kraffic volumes
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and composition: it is necessary to classify the network im
order to priority determination for purposes of implementing

the network.

The various typesof roads are parts of the tree and this is
shown 1n Figure {6.3). The traffic on the stem of the tree

will be much more. It may be thought that the settlements close
ko the main road or service centre would naturally generaked
more kraffic as the traffic will be coming from several settle-
menks in the interior and this constitutes type 'A', The warious
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.
Type 'C' is the one which will be connecting only the isolated
settlements in the very interiof. If Fhis iz fellowed, 1t may
be possible to-wofk inwards from the main roads intko the inter-
ior. For example; portion ab of the tree abedef may be 'A' type;
porticn bed may be 'B' kype; 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 toktal pepulaticon served by each
road link can be determined. Depending upon the requirement of
construction/improvement, cost of developing each link can be
determinad. Thus the ratio of poprlation served anq investment
needed for esach link can be easily obtained. This ratic may

be an important bearing on the pricrities to be assigned for

the development of varicus road linkages.But in case of roads
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which reguire crossing by major bridges, this ratio will come
out to be much less and will kherefore have a very low prioriky,

although actunal reguirement may be much higher. This point may,

therefore, be also taken inte consideration.

Upazila Parishad may prepare a_master plan for rural roads at
upazila level by following the planning methcdolcgy devalopad
in the study. The existence Df a2 master plan may help in achi—r
eving the integrated road system. This may bring to an end the
present practice of the individual autheority like Upazila
Parishad, LGEB, Rcads and Highways Department, building roads
in their own way and reduce wastage of scarece resources and
hapazard development ©f rural road, And thus an optimized rurgl

road network can be generated at upazila level gradually.
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APFENDIX - A

DETERMINATION OF POPULATICON THRESHOLD FOR SETTLEMENT FUNCTION

Accordingly to Haggekt and Gunecwardena{l9é64) functions are
established in a given settlement for a wvariety of reasons of
which iks zize ies an important but not necessarlly overriding
factor. As a reéult of this complexity the simple conceptk of

entry level must be replaced byone of an "entry zone". They suggest
that we may view the threshcld of any function as the middle point
of its "entry zone'. For a given functicon [Fi}, there is a lower
populakion level at which no settlements of this size have {Fi};
conversely there 1is an upper population level at which all sektle-
menks of that size have Fi‘ By medifying a standard Piaassf tech-
nigue, the Reed-Muench Method, the middle peint of this entry

zone can be measured to give the median population threshold

ar PTSU LE

_For the purpcse of illustration the proklem of determining the

population threshold for-primary school in the study area is.
considered. In Table A.1 it is found that for the lowest level
{populakticn lese than 500) the settlemenf does not have any
primary school while for the highest level all settlements have
primary schocl. Batween these extremes the proportion 'ﬁithout‘
declines as that ﬁith increase. Cumulative summing of the two
columns gives values for an index Ag i1indicating aksence of

“

primary school at this and greater levels and for an index



DETERMINATION OF MEDIAN POPULATION THRESHOLD'{PTED)

TABLE &.1l

Population
lavel

Number of
Settlemant

With grocery
Without grocery
With grocery
absent at this
and greater
levals (Ag)
With grocery
present at this
and smaller
levals (Pg)
With Taller
Without Tailer
Ag.

Ps.

Wwith medicine
shop

Without madicine
shop

Ag

Ps

-

500

61

45

12

29

49

41

20

33

41

29

32

&0

29

501-
1000

63

49

14

17

38

52
11
12

23

37

26

28

bé

1001-
1560

17

15

113

15

108

15

8l

1501-
2000

12

12

125

12

20

12

93

2001~
2500

B

130.

126-

35

2501~
3000

1

131

127

100

3001~
3500

132

128

101.

3501-
above

135

131

104

Continued.



DETERMINATICON OF MEDIAN POPULATION THRESHOLD {PTED} (Continued)

With privata -

medical prac- 3l 33 16 12 6 1 1 2
titioner

Without private

medical pracki- 20 24 1 0 0 0] 0 (¥
tioner

X 55 25 1l 1] )] 0 0 ]
Fs 3l 740 26 S8 104 1058 106 ios
With retail

cloth stora 21 31 9 140 4 1 1 2
Without retail

cloth store 44 32 8 2 2 0 ¢ 1
Ag 25 45 13 5

E=s 21 52 6l 7l 75° 76 77 79
. With primary 0 35 13 11 6 I 1 3
school

Without primary 61 17 4 1 0 a 0 0
school

Ag 103 42 5 1 W] b Q
Ps 9 35 48 55 685 b6 &7 70
with stationary 22 25 6 10 6 1 1 3
SNOp . )
Wwithout station- 90 28 11 7. 0 0 a 0
ary shop

Lg g0 51, 13 2. d 0
Ps 22 a7 53 63 6o 70 71 74

{Continued)



DETERMINATION OF MEDIAN FOPULATICHN THRESHOLD [PTSQJ {Continued)
with fertilizer 18 25 11 10 4 1 1 3
dist. centre
Without fertili-
zer dist.centre 43 38 b Z 2 0 0 0
aAg 91 48 10 4 2 0 0 0
Es5 i8 43 54 64 68 69 70 73
With Cyclef
Rlicksnaw repalr- 24 20 8 7 5 1 1 3
ing shop
Without Cyéle/
Rickshaw repair- 37 43 9 5 1 ) 0 0
ing shop
Ag 9k =13 15 & 1 0 4] ¥
Ps 24 44 52 59 64 65 Y] 69
With Tea stkall & g 2 1
Without 7Tea stall 55 g5 15 9
Ag - 138 B3 23 13 )
Es 3 14 16 19 21 22 23 26
With weekly 1 4 5 5 5 0 1 1
market
Without weakly 60 59 15 4 0 1 0 5
market ;
Ag ’ ) 144 84 25 10 3 3 2
Ps 1 5 7 12 18 18 1% 20

{Continued)}



DETERMINATION OF MEDIAN POPULATION' THRESHOLD (PT.,} {(Continued)
With rice 4 4 3 0 3 1 1 2
mill . .
Without rice 57 59 14 12 3 D 0 L
mill .
Ag 146 89 30 16 4 1 1 1
Ps 4 8 11 11 14 15 14 18
with food 1 3 1 3 3 0 1 2
dealer
Without food 60 60 16 9 3 1 0 1
dealer
Aq 150 90 30 14 5 2 1 1
Ps 1 4 5 8 11 11 1z 14
With Madrasha 4] 4 0 2 1 i
without Madrasha 61 59 17 4
Ag 150 89 30 13 4 0
Ps 0 4 4 7 g 10 11 14
With post 1 0 1 3 5 0 1 1
nffice
without post 60 63 16 9 1 1 9 2
affice
Ag 152 a2 29 13 a 3 2 2
Psg } 1 1 5 14 10 11 12

(Continued)



.DETERMINAfIDH OF MEDIAN POPULATION THRESHOLD {PTSG}

{Continued)

With Secondary
school

Without Secondary

schaol
Ag
Fs

With Family
Planning {entre

Without Family
Flanning Cenitre

Ag
Ps

With Wheat
- miliing mill

Wwithout Wheat
milling mill

Ag
Ps

With Bank
wWithout Bank
Ag

Ps

l '

60

151

61

156

=

155

gl
158

6l

63

87

5l

94

63
95

14

17

32

16

33

16
33

in0

.16

12

17

11
19

11

[N = s A o

11

=4

B O

12

[ R TP R = R

13

n W W O

{Continued)



LETERMINATION O% MEDIAN POPULATION THRESHOLD {PTEG} {Continued)

W;th charitable 0 g g 5 5 -0 .
dispensary .

Without charita- .

bila digpensary 61 63 17 10 4 1 1
Ag 159 28 35 13

Ps 4] ] 1 2

With Bus 0 1 1 1 1 0 Q
stoppage

Withouk dus 61 g2 16 11 5 1 1
stoppage

Ag 159 98 36 24

Fs -0 1l 2 3 4

With godown Q 0 g 1 i 4] 1
Without godown 61 63 17 11 5 1 4]
4 16l 100 37 20 & 4 3
Ps ] 0 o 1 2 2 3

WLl oo
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Pz indicating presence of primary school atk this and smaller

levels.

The wvalus for PTEG has been obtained graphically by pleoting
thea vélues of g and Ps from Table A.1 on the same sef of

axes, The curves for the two parameters cross akbt a populatimn
value at which the number of settlements without primary schaol at
this and smaller sizes is equal to the number of settlements |
with that function at this and greater sizes. This is 50
percenkt population threshold.

'-

gol

HUMBER OF SETTIEMENTS
&
T

T

1 ]
o ey, 2000 000 £ D00
50 POPULATION LEVEL

Figure A,1 Determination of Median Population Threshold

P for Primary School.
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ARFPENDIX-B

Table B.l1 Entry Points of Functions in Kahaloo Upazila
Funeckion Enkry point
I LEVEL
1. Grocery 4030
2. Tailor 500
3. Medicine shop 600
4. Private Medical Practiticner a0d
5. Retail Claoth Gtore oo
£. Primary School 8BGO
7. Stationary shop BOO
8, fertilizer Distributicn Centre 800
9, Cycle Rickshaw Bepairing shop BED
IT LEVEL
lﬂ; Tea 5tall 1600
11. Weekly/Biweckly Market 1700
12. Rice Mill 1900
13. Food Dealer 2000
14. Madrasha 2000
15. Post Office 2040
16. Secondary- School 2050
17. Family Flanning Centre 2250
18. Wheat Milling Mill 2250
ITI LEVEL
19. Bank 2750
20. Charitable Dispenhary 2750
21. Buzs Stoppage 27510
22. Godown 2250




EPPENLTIX - C
Table C.1 welghted Scores for the Functions
{Total Mo.of settlement in Kahaloo Upazila-164)

Funckicons . Mo.of sakklements Weightage
where they cccur

1. Primary schocl 70 2.34
2. Secondary school 13 12.61
3. Madrasha ~ 14 11.71
4, Medicine shop . 104 1.57%
5, Private medical practitioner 109 1.50
6. Charitable dispensary 5 iz.80
7. Family planning centre 8 20.50
8. Weekly market : 20 ? B.20
9. Rice mill : 18 9.11
10y Wheat milling mill 9 ) 18.22
11. Food dealers 14 11.71
12. Godown 3 ~ 54.E86
13, Fertilizer distribution centre i3 2,24
"14. Post office 12 13.66
1%. Bus stoppage 5 32.840
l6. Bank 5 32.80
17. Grocexry shop 135 1.21
18. Statiocnary shop 74 2.21
12, Retail cloth store 79 2.07
20. Tailor 131 1.25
21. Tea stall 26 . 630

22. Cycle Rickshaw repairing shopb 69 2.37




LPPEHDIX - D

SCORING BY FIRST PRINCIPAL COMPONENT

0o =l o AR e W B

11
12

13.

14
15
16
17
18
15
20
21
22
23
24
25
26
27
28
29
30

COMMENT

RUN HAME

FILE MAME
VARIABLE LIST
INFUT MEDIUM
NG OF CASES
INFUT FORMAT
VAR LABELS

COMMENT
COMMENT
CONDESCRIPTIVE
STATISTICS

CENTRAL PLACE

SENDER

X1 TO X23

CARD

164

FIXED (4X,F4.0, 3F4.1, 1l9F3.1)
¥1,VILLAGE POPULATION/

¥2,RICE MILL/X3,WHEAT MILLING MILL/
X4,FO0OD GODOWN/XS5,PRIMARY SCHOOL/
X6,HIGH SCHOOL/X7,MADRASHA/
X8,CHARITABLE DISPENSARY/

¥9,FAM PLNG CENTRE/
%10,BANK/¥11,POST OFFICE/
Xl2,,BUS STOPPAGE/

¥13,F00p DERLER/

X14,WELY MARKET/

X15,FERTILIZER DISTRIBUTION CENTRE/
X16, TAILOR/

X17 ,MEDICINE SHOP/

X18,PRT MED PRACTITIONER/
X19,CYCLE REPAIRING SHOF/
¥20,GROCERY/

X21,STRTICHARY SHOP/

¥22,RETAIL CLOTH STORE/

X23,TEA STALL

ALL

Continued



31
32
33
34
s
36
37
38
33
a0
41
42
43
44
45
16
47
18
49
50
51
52
53
54
5
56
57

COMMENT

EERD INFUT TATA

COMMENT
FACTOR

COMPUTE

COMMENT

FRINT FORMAT
LIST CASES
CONDESCRIPTIVE

FINISH

73

VARIARLES

TYFE =

PAR1/

N FACTORS =6/

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

SCORE 1
+,24599
+.94793
+.85786
+.45190
+.29863
+.34786
+.73420
+.43141
+.38997
+,55201
+.34566
+.59640
+.79112

SCORE 1{2)
164/VARIABLES = X1,

CAREES =
SCORE 1

7

93063

Continued

X1 TO X3/

4 (X2-2.886)/15.253

(X1l — 861.098)/824.464
{X3-4.440) /30.067
(X4-2.334)/22.121
{X6~1.259) /4.417
(X7-.999) /3.278
(X11~.815)/3.417

{x13-1.
(X15-1.
(R16-3.
{X17-2.
(X20-4.
{X21-2.
(x23-1.

2841y/5.021
479} /2.625
094)/4.753
358) /4.718
430)/6.732
5091)/4.,4032
9256) /6.7245

SCORE 1



APPENDIX - E

Table E.l Céntrality Score Based on Level of Functlons

Hame f Scttlement Centrality Name nf Scktlement Centralitky
Score Score
1. Kahalco 430 41. Loharpara 18
2. Durgapur 162 . 42, Parisesh 14
3. Ealai 116 43. Joghirbhaban | 17
4, Birkeder 101 44. Punchgram 17
5, Protappur 79 4%. Sikor 17
6. Marail 76 46, Matihas 17
7. Depgaon - 72 47, Burail 1a
B. Shakahar (] 48, Mcdnai le
5, Zamgram 63 49. Akhunja 16
10. Marhatta &0 0, Aloksattbra 16
11. hghore 58 51, Sitlail 15
12, Paiker 55 £E2Z. Katnahar 15
13. Pilkhunja 54 53, Chawk Nazib 15
14. Badahar 51 4. Kasimala 15
15. Sankta 44 5%, DBonbonal 14
lé. valson 44 5¢. Sabanpur 14
17. Ulot 40 57. Bhag jore 14
18, Roromohor 39 55. Mohilsmura 13
12. Arola 37 59, Siala Bhabanipur 13
20, Domorgram 35 60. Depoil - 13
21. Bandailkhara 32 1. Atashi 13
22. Barongasanal 31 62. Borochapar 13
23. Arul 31 63. Panisara 13
24. Magura : 30 4. Telian 12
25. Bhugoil - 129 5. Basudcbbati 12
26. Kollanpur 28 66. Panai 12
27. Joytul 25 67. Koral Gokul 12
28. Loknathpara 25 8, Isabpur 12
29, Kazipara 24 69, Lakshmipur 12
30. Kalma Bisha 24 70. Vetiszonai 12
31, Kollya para 23 71. Ukra ' 11
32. Jatrasol 22 72. Bholta 11
33. Silkomar 22 73. Samantahar 11
34. Karamza para 22 74. Dhag Dubra 11
35. Lohajal 20 75. Bakra . ) 11
36, Nischintapur 20 26. Dekra - 11
%E: Eﬁég?ggla f% 7. lapra ‘ 11
39, Uttar Akhrail 19 78. Daghohall 10
40. Maligacha 18 7%. Gouripur 10

Continued
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Conkinued
Name of Settlement Centrality  Hame of Sektlement Centrality
S5corxe Score

20. Sakohali 10 123. Dakhip Akrail =)
81, Harlata 10 124. Hasir para G
2. Mollikpur g 125, Mohespur 5
83. Malibari 8 126, Khaliskura 5
4. Kuslihar 9 127. Uttarde-bkhanda 5
85. Dhawapara 9 128. Avra 5
86. Aghorc 9 129. Madhobbaka 5
87. Karna 9 130. Boropukuria 5
88. Bisha 8 131, Deor 5
B9. Satruka g 132. Haihati 5
90. Bakra 9 l33. Joysara 4
89]1. Nimarpara 9 134. bDogachi 4
92, anchiliharx ! 135. Dhakanta 4
93. Gurbisha 8 136. Niamaktpur 4
94. EKrishnapur 8 137. Gokarna 4
95, 0lahali g 138. Firapat © 4
95, Kurson B 139. Baniadighi 4
97, Khurasatti ] 140. Rampur 4
95. Kowrash 8 141. DBorta 4
99, Titia B, 142. GourilakshmiMondap 4
100. Bhatali 8 143. Haripur 4
101, Punchkhur 8 144. Moharazal 4
102, Damai 8 145, Dakhin Debkhanda 4
103. Boropgacha 8 l46. Kait 3
104. Larna B 147. Damgara 3
105%. Bhakra 7 148. Bencde 3
106. Kharia Mishindara 7 149, Chakdaha 3
107. Shek Kalma 7 150. DPhalahar 3
108. Routhgari 7 151, Chirocta 3
109, Narkelil 7 152. Kesabpur 3
11¢. Abilamba ¥ 153. Aolakhayer 3
111. Pandighi ? 154. Ragunakhpur 3
112 Antahar 7 155, Chaipara 3
113, Darai 7 156. Dhanpuza 2
114, Kazipara T 157. Pipra pi
115, Simulia K 158. Birpalla 2
116. Bathai & 159. Malohali 2
117. Mohisgbakan 6 160. Mohismura 2
118, Girail & 161. Lakzhmichapur 1
112. Bishnapur 3] 162, Dodai 1
120. Malancha & 163. Ramzipur 1
121. Gundisar’ 6 164. Bhagair 1
122. Nalgharia &
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Table E.2 Centrality Score Based on Scarcity of Funcktions

Name of Sekklement Coentrality Mame aof Settlement Centraliky
Secore Score
1. Kahalog 1330.0 41. Jatrascol 32.0
2. Durgapur 494.9 42, Belgharia 31.8
3. Kalia 225.2 43. Loharpara 31.5
4. Birkeder - 223.6 44, Modnat 20.2
5. Proktappur 180.9 45, Matkihas 28.0
&. Marhatta 187.6 46. Uttar Akrail 28.1
7. Shakahar 154.58 47. Shialabhabanipur 27.1
8. Murail 183.4 48. Burail 26.7
9, Deogram 174.6 49, Jogirbhaban 26.5
10, Zamgram 1%8.0 50. Bonbonai 26.3
1. nghore 129.1 51. Ratnahar 26.1
12, Palker 125.1 52, Khazlal 25.49
13. Bhadahar 119.2 53. Sabanpur 25.7
14. Pilkhunjia 101.9 54, Kasimala 25.5
15. Beorongasanail 83.4 55, Maligacha 25.4
16. Arcola 30.7 56, Panisara 24.8
17. valson 79.7 57. Bhagiore 23.4
15. Santa 74.3 58, Isabpur 23.3
19. Ulok 72.2 5%, Depoil 21.3
20. Bhugpil B2.6 0. Sitlai 22.1
21. Boromchor 61.9 £l1. Papra ) 21.7
22, Bandaikhara 6.2 2. Harlata 21.1
23. Nischinkapur 55.6 63. Borochapar 20.8
24, Domorgram 53.9 £4, Mohismura 20.6
25. Magura 53.7 65. Telian 20.5
26. Lokuathpara 52.7 £6. Akhunia 20.4
27. Arul 52.5 6£7. Ukra 20.3
2B8. Kazipara 50.6 68. Uttar Debkhanda 19.9
29, Kollya para 49,5 69. ntashi 19.8
30. Kollyanpara 4E.B 70. Panai 19.3
31. .Kalmabisha 46.2 71. Vetisonai ' 19.2
32, Silkomar 42.9, 72. Bholta 18.8
33, Alokszattra 41.8 73. Bhagdubra 18.4
34. Jaitul 40.3 74, Basudebbati 1g.0
35. Karamja para 35.7 75. Samantahar 1.0
3. Lohajal 35.3 76, Dhakra 17.7
37. Punchgram 34.9 ¥7. EKhurasakti 7.7
3B, Bikor 34.6 78. Koraigokul 17.6
39, Chawknajib . 32.5 70, Shakohall 17.3
40, Farishesh 3z2.z2 80. Lakshmipur 17.1

Continued
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Continued
Hame of Settlement Centrality Hame of Settlement Centrallty
Scoro BCoore

81. Tikia | . 16.4 "122. Halgaria 9,7
B2. hgarsal 15.8 124, S5ekalma o.2
83. Mollikpur 15.5 125. Moharazai 9.1
24. Malibari . 15.3 128, Nishnapur 9.0
B5. Sakrokha - 15.1 127. Ayra H.7
86, Kuslihar 14.9 128. Hasirpara 8.6
87. Gouripur i 14.8 129. Deor 8.5
B28. Damal 14.8 130. Girail A.3
B9. Borogacha l4.8 131, Rampur 7.8
90, Kourash 14.6 132. Pirapat 7.7
91. Nimarpara 14.2 ~123. Madhobbaka 7.7
02, Kazipara{Durgapur} 13.9 134. Mohespur 7.5
93, Anchilihar 13.8 135. Boropukuria 7.3
94. Bhatall 13.8 136. Haihatl 7.1
95, Dhekra 13.5 137. Berkta 6.9
9¢. Bisha 13.3 138. Joysara 6.6
37. Bagohali 13.1 139. Baniadighi 6.6
%8. Bakra 13.0 140, Degachi B.5
99, Harkeli 12.9 141, Gouri Laximondap &.3
100. Panchkhur 12.8 142, Haripur 6.1
101. Larna 12.8 143. NHiamatpur 6.0
102, Kurson 12.7 144. Gokorna 5.8
103. Karna 12.6 145. Dakhin Debknonda 5.5
104. Darai - 12.5 146. Chaipara 4.8
105. Gurbisha 2.4 147 . Damgara 4.8
.106. Dhawapara -12.2 148, “Aolakayer 4.7
107. Bhulta 12.1 149, Benode 4.6
108. Routhgari 11.7 150. EKesobpur 4.6
10%. Mzlagacha 11.5 151, Pipra 4.4
110. Krisnpapur 11.3 152. Chiroka 4.3
111. Thakhin Akrail 11.1 153, Kait 4.3
112. Karia Hisindara 10,9 154, Chakdaha 4.3
113. Abilamba 10.4 155. Dalahar 4.2
114. Khaliskura 10.4 156. Dhanpuza 3.8
115. antahar 10.3 157, Ragunathpur 3.6
114, ©lahali 10.2 155. Mohismura 2.7
117. Gundisan 10.1 159, Malchali 2.4
118. Bathoil 10,1 160. Birpalla 2.4
119, Simulia 10.1 161. Dodai 2.2
120. Dhakanta 9.8 162. Ranzipur 1.2
121. Mohisbatan 5,9 163, Baghair 1.2
122. Pandlghl g.H léa. Takshmipur 1.2
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Table E.3 Centrality Score by Principal Component Analysis Me thod

Hame of Settlement Centrality Name of Sctblement Centrality

Score Score
i. EKahaloo 67.30 41, Isabpur -0.07
2. Durgapux . 20.24 42 . Bonbonai -0.09
3. Kalai 13.07 43. Belgaria -0.13
4. Shakahar 14,51 44. Alcksattra -0.16
5. Protappur 11.23 45. Lohajal ~-0.31
6. Birkeder 1.79 46. Chirota =0.50
7. Harhatta .25 47 . Utkar Akhrail =0.52
8. Paiker 5.62 48. Jatrasol -0.52
9. Famgram 5.43 49, Joytul -0.60
10. Murail 4.94 50. 5iala Bhabanipur -0.67
11, Bhadahar 4.67 51. Ehajlal -0.6%
12. Deogram 4,63 52. Malagacha -0.74
13. Agore 2.93 53, Bhag Dubkra -0.76
14. Pilkhunja 3.42 54, Kaknahar -0.84
1. Ulet 3.37 55. Parishesh -0.84
16. Kurson 3.28 56. Sitlai -0.97
17. Valson 3.26 57. Bholka —-0.89%9
18. Bhugoil 3.20 8. Jogir Bhaban ~1.03
19. Bhandaikhara 3.19 58. AkRgersal ~1.06
20. Banta 2.99 50, Sakohali -1.08
21, Arola 2.3% £l. Makihasg -1.10
22. Kallyapara 2.28 67, KHasimala -1.11
23. Magura 1.895 63. Uttar Debkhanda -1.13
24. Kazipara 1.78 64, Panai -1.15
25. Boranga sanai 1.78 65, Depoil =1.20
26. Boromchar 1.44 66. Atasi -1.21
27. ¥rishnapur 1.30 67, Telian ~1.23
28. Domorgram 1.29 £8. Satrukha ~-1.23
29, Kalma Bisha 1.11 A9%. Khura satty -1.2%9
30. Loknath para 0.74 70. Borogacha -1.30
31. Kallanpur . .71 71. Vetisonai -1.33
32. Arul 0.70 72. Lorochapar -1.34
33. Chawk Nazib 0.69 73. Malancha -1.385
34. Mpdnai g.62 74, Lakshmipur -1.27
35. Punchgram 0.35 75. Damai -1.38
36. S5ilkomar 0.28 76. Basudeb bati -1.29
37. Karamjapara 0.22 77, Panisara -1.40
38, Sikor 0.1l% 7B. Dhekra ) “1.42
39. Sabanpur 0.14 79. Bagohali -1.43
40. Harlata 0.09 B0, Samantahar -1.47

Continued
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Continucd

Hame of Settlement Centrality Mame ¢f Settlemant Centrality
Score Score

81. Bhag Jore -1.53 ° 123. Mocharajai -2.14
82.. Papra -1.52 124, Antahar -2.15
83. Halgoria 1,53 125. Hasirpara ~-2.16
£4, Bhakra -1.55 126. Benode -2.18
85. Bhakra -1.55 127. Simultia -2.19
86¢. Loharpara -1.58 128. Mohespur -2.1%9
g7. Karna -1.5% 129. Mohisbatan -2.21
88. Bhatali =-1.60 120. Dakhin Akrail —-2.22
8%, Routhgari -1.65 131. beor -2.23
90, Utra -1.66 132. Mollikpur ~-2.26
91, Burail ~1.68 133. Lakshmichapar -2.26
2. Norkeli -1.68 134, Haripur -2.28
33, Mohismura -1.69 135. Chakdaha -2.31
g4, Rampur -1.69 136, Joysara -2.31
0%. Dhakanta -1.6%9 127. Bishnapur -2.32
94, Kuslihar -1.71 138. EKourash =-2.32
B7., Kprai Gokul -1.72 139, Damgara -2.33
98, Anchihar -1.73 140. Khaliskura -2.34
99, Bathoi -1.76 141. Kescbhbpur -2.34
100. Punchkhur ~1.76 142, Gokorna ~2.36
101. Nischinkapur -1.76 143. Baniadighi -2.37
102, Bisha -1.84 144, vodai - —2.37
102, Gouripur -1.84 145. Dakhin Debkhanda -2.39
104. Dhawapara -1.84 146. Niamatpur -2.40
105. Abilamba -1.89 147. Ayra ) -2.41
106. Gurbisha -1.91 145. Boropukuria =-2.41
107, Kharia Hisindara -1.91 149, Kait -2.42
108, Pirapat -1.91 150. Dhalahar ~2.44
109, Girail -1.91 151. Gundishwar -2.44
110, Madhobbaka -1.96 152. Titia -2.45
111. Ka=sipara ~1.927 153, Mohismara -2.47
1i2. Gouri Lakshmimondop -1.27 154. Chaipara -2.51
113. Dbarai -1.5%7 155. Dogachi ~2.51
114, Larua -1.97% 154. Hirpalla -2.55
115. Pipra ~1.99 157. Borta —-2.55h
116. Shekkalma -2.02 158. Dhanpuza - =2.55
117. Himarpara. —-2.05 159. Molohali ~2.56
118, Olahali -2.06 160. Ragunathpur -2.57
119. randighi -2.08 161. Aclakhayer -2.65
120. Malibari -Z2.11 162. Ranzipur -2.65
121. Bhalta -2.12 163. Baghalir -2.71
122. HWaihaki -2.13 164, Lakshmipur -2.71




APPENDIX - F
FACTORS USED IN RANKING OF RURAL RD#DS
Source : Rased on Highways Department, Thailand, 1979 ancl
Yogyakarta Rural Road Study, Indonesia, 1979.°

Factor . Lovel Scaro
1. Average daily traffic 300- above Veh, /day 40
' 200- 300 " " 30
100~ 200 " " 20
50- 100 " " 15
30—~ 50 " " 10
15- 30 M v 5
0- 15 " " 0

2. Populationipopulation densiky)

High density area 1 15
Medium high density arca 10
Medium density area 8
Small density 5

3. Network significance
Naticonal Highways
Rcgional Highways
Inter Districts Roads

Feeder Roads

= k2 b B LA

kural Roads

4, Dircck Area of influence
»1.5 km2 per km
1-1.5% km2 per km
<21 km2 per km

5, BSurfacc type FPucca
Pucca
Eemi pucca

Earthen 1

Continued
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Continued

Facktor Level

Score

6. Surface condition
Gooyg/Very Good
Fair
Foor
Bad

: Impassible

7. Surface width

hbove 6 metre
- 6 mctre
- 5% metre

- 4 metre

| (S T 'S B S R )

- 3 mokre

Less than 2 mekre

B. Types of vehilcles

Truck/Bus
Rickshaw/scutker
Carkt

g, Administrative

For all rmaﬁs

10. Other bonits For all roads

B ke M 00 O

O = M W B A




APRENDIX

- F.1

ATTRACTING FORCES OF MAIN LINKS
(KARALOO UFAZILA)

FAHALOOQ WARRHATITA ROAD:

Factor Level Scorg
1. Average daily traffic 100-200 Veh./day 20
2. Population density Medium high density 1o
2. Netowrk significance Feeder road 2
4. Direct area of influence <1 km2 pcr km 1
5. Surface type Pucca 5
£. Surface condition Fair 8
7. Surface width i-4 metkre 2
8. Type of wvehicles Rigkshaw 3
9, administrative - 5
10, Otkher baenefits - d
Tokal: 60
FAHALOOD MALANCHA ROAD
1. Averaygc daily traffic 100-200 Veh./day 20
2. Population density Mediuym high density 10
3. HNetwork significance Feeder road 2
4. Pirectk area of influsnce 1-1.5 kmszm 3
5. Surface type Fucca 1 5
6. Surface condition Poor &
7. Surface width 3-4 metre 2
5. Typa of vehicles Rickshaw 3
9. Administrative - 5
1o, Other benefits - 4
Total: 60

Continued
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BOGRA-SANTAHAR ROAD

Conkinued
Fackor Level Score
Averade daily traffic 200-300 Veh./day 30
2. Population density Mcedium high density 10
Hetwork significance Regional highway 4
4, Direct area of influence 1.5 kmszm 5
Surface type Pucca 5
&. Surface ccondition Fair 8
7. Surface width - »6 metre 5
Type of wvehicles Truck/Bus 5
Administrativeo - 5
10. Other benefits - 3
Tobkal: 80
KAHMALOO-BOGRA ROAD:
1. hAverage daily traffic 30-40 Veh./day ; 10
2. Population density Medium high density 10
3. Hetwork significance Rural rcad 1.
4. Direck area of influence 1-1.5 kmzjkm 3
5. Surface type Earthen 1
6. Surface condition . Bad 4
7. Surface width 3-4 metre 2
5. Tybc of vehicles : " Cart 1
9, Administrakive - 4
10. Other benefits - 4
Totals:s 40

Continued
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MALANCHA-RANIRHAT ROAD:

Continucd
Factor : Level sScore
1. Average daily traffic 100-200 Veh, /day 20
2, Fopulation density Medium high density 10
3. Notwork significance Feeder rcad 2
4. Direct arca of influence 1~1.5 kmszm_ 3
. Surface type Fucca 5
6. Surface condition PooT &
7. Surface width 4-H metre 3
g. Type of vehicle Rickshaw 3
5, Administrative - 4
10. Other benefiks - 4
Total: 60
KAHALOQ=-PROTAPPUR ROAD:
1., Average daily traffic 30-50 veh./day 14
2. Populaktion density Medium density 8
3, Hetwork significance . Rural road 1
4. Direct area of influence 1-1.5% kmszm 3
5. Surface type Earthen 1
6. Surface condition Bad 4
7. Surface width 3-4 metre 2
8. Type of wehicle Carkt 1
9., Administrative - 5
10. Other benefits - 5
Total 40

Continued
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MALANCHA-DURGAPUR ROAD:

Continued

Fackor Level Score
1. Average daily traffic 100-200 veh./day 20
2. Population density High density 15
3. Network significance Feeder road 2
4, Direct area of influence 1-1.5 kmszm 3
5. Surface type Earthen 1
£. Surface condition Poor &
7. Surface width 4~5 metre 3
8. Type of vehicle Cark 1
9, Administrative - 5
10, Other benefits - 4

Total: 60

DURGAPUR-ZAMGEAM ROAD:

1. Average daily traffic 30-50 veh./day 10
2. Populaticn density Mediom donsity B
2. Hetwork significance Feeder road 2
4., Direct area of influcnce 1-1.5 kmzjkm 3
5. Surface type Earthen 1
6. Surface condition y Bad 4
7. Surface width 4~5 mobre 3
B, Type of vchicle Cart 1
5. Administrative - A
10. Other bonefits - 4

Tokal i0

Continued
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BIRKEDAR-NAMZA ROAD:

Continued
Fackor Level Score
1. Average dally traffic 30-40 veh./day 10
2. Population density Medium density B
3. Network significance Feeder roads pi
4. Direct area of influence 1-1.,5 kmszm 3
5. Surface type Earthen 1
6. Surface condition Bad 4
7. Surface width 3-4 metre 2
B. Type of vehicle Cart 1
8. 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 Feedaer roads 2
4, Direct area of influence 1-1.5 kmszm 3
5. Surface kype Earthen 1
é. Surface condltion Foor &
7. Burface width 4-5 metre 3
8. Type of vehicle Cart 1
¢, ARdministrative - B
1Q. Uther benefits - 4
Tokal 6{




Table G.1

APFENDIX — G

Selection of Link Cption

51.
Ho.

Hode to bo
connecked

Link opkion

Weightage
of link
option

Femarks

10.

Birkeder

Kazipara

Abllamba

Depoil

éhakahar

Baniadight

Phalta

Kasimala

Modnal

Mollikpur

Abilamba

Bathoi

Borta
Shakahar

Kasimala

Mohisbatan

Modnai

Mohishatan

404

i5

592
191

541

159
67

Pitkeder is a service
cenkre,

Kazipara 1s 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
cenkre.

Baniadighi is to be
connected wikh Borka.

BEhalta is to be connec-
ted with the main link
since itk is nearest to
the main link.

¥asimpla 1s to be connec-
ted with Birkeder since
it ig pearest ko service
rentre (Birkeder).

Modnal is bto be connec-

+ted with Kasimala.Kasimala

Moliikpur is to be
connected with Modnal.
Modnai.

Continued
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Selection of Link Opticn  (Conkinued)
51, Hode to be Link option Weightage Remarks
Ho. connected of link
opticn
o Mohisbatan 5 Titia is to be connec-
11, Titia
Mollikpur 266 ted with Mollikpur.
'12. Gundishwar Titiaz 482 Gundishwar 1s tolbe
Mohisbakan S connecked with Titila.
Protappur 126 Mohisbatan is to be
13. Mohisbatan connected with
. Loknathpara 90 Frotappur.
\
Kasimala 216 Kourash 1s ko be
l4, HKourash ' connected witkh
Borka 207 Kasimala.
Mohiebakan 183
Borta . 166 Malibari is to be
15. Malibari Protappur 96 connected with
pandighi 170 Mohisgbatan.
Kourash 125

1, Kalai - - Falai iz a service
centre.

17. Pilkhunja - - Pilkhunja is service

. centre.

18. Chawk Hazlib - - Chawk Nazib is to be-
connected with the
main link since it
ig nearest to the main
link.

Pilkhunja 112
Main link - 44 Punchgram is to be

19, Punchgram Utra 66 connected wikth

Filkhunja.
Bhadahar 2y

Continued
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Selection of Link Option (Continued)

51, Node ko be Link option Weightkage Remarks
No, connected of link
aption
20. Bhadahar - - Bhadahar is a service
centre.,
Z21. Dbamgara - - Damgara is to ke connec-
ted with Ehe main link.
22. Utra - - Utra is ko be connec-—
ted with khe main link.
23. Bhugoil - - Bhugoil is to be connec-
ted with the main link.
24 Mohismura Kuslihar 173 Mohismura is to he conn-
) Punichkhur 68 ected with the main link.
25, Bonbonai - - Bonbonai is to he connec-
ted with the main link.
26 Kuslihar Bonbonai 110 Kuslihar 1s to be conn-
* Jogirbhaban 37 ected with Bonbonai,
Kuslihar 108 Babhohall is to ke
27. BPBPaghohali Bonbonal a7 connected with Kuslihar.
Bhugoil B3 Punchkhur is to be
28. Punchkhux connected with Bhugoll.
Utra 55
28. Pirapat - - Pirapat 1s to be
connecked with the main
link.
30. Jogirbhaban - - Jogirbhaban is to be

connected witkh the main
link.

Continued
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Selection of Link Cption {(Continued)

Sl. Heode to be Link option Weightage Remarks

No. connected of link .

opkion

31 Dhatald Arola 141 Bhatali is to be

) Rampur 363 connected with Rampur.
Borongasonai 138 Rampur is to be
32. FRampur arola 132 connected with
Borongasonal.
Paiker 104 Arola 1s ko he
23. Ahrola conneckted. with
Barongasonai Bl Paiker.
: Arola 250 UOttar Akrail is to
34, Ukktar be connected with
Akrail Jogirbhaban 14 Jogirbhakan.

35. Palker - - FPaiker 1is a service
centre.

36. Borongasonai - - Borongasonai is to
ba connected wikh
the main link.

37. Maligachi - - " Maligachi is to be
connected with the
main link.

Madhopbaka 296 Follyanpur is to be

35. EKollyanpur connecked wikh

Arola 105 Madhopbaka.
Madhobaka 491 Binode is to be
39, Benode Paik 104 connected with
alker Madhopbaka.
Pilkhunja 73 AyYra is ko be conn-
40. Ayra Kollyanpur 163 ected with Kollyanpur.

Continued



Selection of Link Option

2l

{Continued)

51, Hode to be Link option Welghtage FEemarks
No. connected of link
option
Kollyanpur "134 Loharpara is to be
41, Loharpara . connected with
Faiker 21
Kollyanpur.
Palker 208 bodai is ko be
42, Dodai . connected with Paiker,
Binode 86

43, Bathol o, - - Bathoi is to be
connected with the -

44, Silkomar - - Sitkomar is @ service
centre.

45, Lohajal - - Lohajal is to be
connected with the
main link.

Baniadighi 203 Pasudebbati is to be
d6. Basupdebbati . connacted with
Lohajal 109 Baniadighi.

47. HNlischintipur - - Nischintipnr is ke be
connected with the
main link.

Malibari 228
. . KEocrai is to be
48. Roral Pandighi 212 connected with Malibari.
Froktappur 105

4%. HNarhatta - - Narhatta is a service
centre.

50. Sikor - - Sikor is to be directly

enonnected with the
maliln link.

Continued



Selection of Link Cpkicn {(Continued)

5l.
Ho.

Node to be
connected

Link opticon

Weightage
aof link
option

Remarks

51.

2.

53.

54.

55.

=]

57.

58.

5%.

60.

REouthgari

Madhobbaka

Larua

Bholka

Naihati

Simulia

Dogachi

Boromohor

Samantahar

Jatrasol

Horhatta
Silkomar

Naihati

Simulia

Jakrascol

S5imnlia

Boromohor
Mainlink

Maligachi

Boromohor

155

394
206

186
52

235
111

54
312

Roukthgarl is to be
directly connected with

"Ehe main link.

Madhobbaka 1=z to be
connecked wikh Marhatta.

Larua is to be directly
connected with the main
link.

Photlta is to be
connected with
Naihati.

Naihati is to he
connecked with
Jatrasol.

Simulia is ko he
connected with
Boromohor.

Dogachi is to be
connected with
Boromohor.

Boromohor 1= to be
directly connected witkh
the main link. )

Samantahar is tDrbE
directly connected with
the main link.

Jakrasol is to be
direckly connactked with
the main link.

Continued
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Belection of Link Option {(Continued)

5. Hode Ltko Le Link option Weightage Remarks
Ho. connected of link
opkion

6l. BPhagdubra - - Bhagdubra ‘1z to be
directly connected with
the main link.

£62. Muratl - - Murail is a service
centre.

. Belgarilia 192 . Bishnopur is to be

63. Bishnopur . ronnected with

Murail 133 Belgaria.
Belgaria 295 Bakra is to be conn-

64, Bakra Main link 44 ected with Belgaria.

Murail 153
. KEatnahar ic to ke
~65. Katnahar Mainlink 50 connected with Kahaloo.
Kahalao 554

66. Belgaria - - Belgaria is to be
directly connacted with
the main link.

Dhawapara 180 Birvalla is to ke

67. Birpalia aitlai 2332 connected with Sitlai.

68. BSitlal - - Sitlai 1s to be directly
connected with the main
link,

69, Isabpur - - Isabpur is to be directly
connected wikh the main
link.

Rgersal 1089 Dhawapara iz to be
70. Dhawapara Birpalla 133 connected with Agersal,

Continued
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Selection ofF Link Option {(Continued)

51, HNode ko be Link opticn Weightage Remarks
Ho. connecked of link
opticn
Joysara 903
Dhawapara 113
71. Agersal Mohespur 78 Agersal 1s to be
Agore 5% connected wikh Joysara.
Malancha ¥
Agersal &80
Mainlink 96
2. Domorgram Domorgram is to be
: Maloncha 117 connacted with Agersal.
Eagunathpur 124
73. HMoharajaz - - Moharaja is to be dir-
ectly connected with
the main link.
Malohali 1172 Glahali is to be conn-
74. Olahali Arul 237 ected with Malchall.
Agersal 566 Malohali is to be
75, Malochali Ieabpur 53 connected with Agersal.
Olahali 165 Ragunathpur is to be
76, ERagunathpur Arul 181 connected with Arul.
Mainlink 100 Ceor is to be conn- .
17, Deor Arul 158 ected with Arul. .
Nasirpara 1019 Joytul is to be conn-
78, Joytul Lohajal 106 ected wikh Hasirpara.
Pandighi - m Pandighi is to be

79.

connected with the
service centre
Protappur since it.is
nearest to the service
cenktre. '

.
N 'h

Continued
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Selection of Link Option {Continued}

51. HNode to be Link option Weightage Remarks
No. connected of link
copkbion
Girail 1462 Nasirpara is to be

8?. Hasirapara Burail a5 connected wikh Girail,

81. FKarna - - Karna is to be directly
connected with the
main link.

82, Girail - - Girail is ko be conn-
ected with the growth
cenkre Kahaloo since
it 18 nearest to the
growth centre.

Kait 152 Bhunail is to ke

3. Burail cirail 1829 connected with Girail.

84, Lakshmipur - - Lakshimipur is to be
directly connected with
the main link.

A5, Damal - - Damal is ko be directly
connected with the main
link.

86, FEKait - - Kait is to be direckly
connected wikh the main
link.

87. Kahaloo - - Fahaloo is a growth
cenkre.

BH. Ulok - - Ulot is to be connected

with the growkh cenktre
Kahalno since 1k is
nearest to the growth
centre.

Continued
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Selection of Link Cption {Continued}

gl. Hode to ba Link cption. Weightage Remarks
No. connected of link
cption
Ulot 3123
8%, Joysara Mainlink 160 Joysara is to be
Mainlink 160 connected with Ulot.

90. Mohespur - - Mchespur is +to be
dlirectly connected with
the maln link.

91. Gouripur - - Gouripur is to be
direckly connected with
the main 1link.

92. EKhaliskura - - Fhalizkura is to bhe
connected with the main
link.

Telian 222 Rkhunja is to ke
93, Akhunia Narkeli a7 connacked with Telian.
Eahaloo - 738
. . , Khazial is to be conn-
94, EKhazzial Telian .88 ccted with Xahaloo.
Main link 40
Harkell 173 Aolakhayer 1s ko be
95. Aolakhayer connected with
Shakohali 688 chakohali.
Khazlal 1787 Borta i1s ko be
96. Borta Papra 53 connecked with
P Ehazlal.
Papra 53 Shakohali is toc be
97. Shakochali Borta 2404 connected with Borka.
86, Telian - - Telian 1ls to he directly

conneckted with the main
link.

Continued
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Selection of Link Option [(Continued)
51. Hoda to bea Link option Welghtage Remarks
No. connected of link
option

92, Protappur - - Protappur is a service
centre,

100. Loknathpara - -. Lokhathpara is to be
directly connected with
the main link.

101, Nalgaria - - Nalgaria 15 to be direc-
tly conneckted wikth Ehe
main link.

102. Chaipara - - Chalpara is to be
diraectly connected with
the main link.

Nalgaria 46 _Atashi to be connected

103. Atashi Durgapur 274 with Durgapur.

104. Durgapur - - Durgapur is a service
centre.

105. Lakshmi - - Lakshimi Chapar is to

Chapar be directly connected
with the main link.

106. EKharia - - Kharié Nigindara is to
be directly connected
with the main link.

Atashi 1078
. 107. Kazipara Durgapur 274 Kazipara is to be conn-
Mainlink 26 ected wikth Atashi.
10§. Harlata - - Harlata is ko ba

directly connected with
the main link.

Continued

-
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Selection of Link Opticon (Continued)

851. MNode to be Link option . Welghtage Remarks
No. connected of link .
aption
103. Chawkdaha - - Chawkdaha i= bto be
‘ directly connected wikh
the main link.
Hiyamatpnr 200 Ranzipur 1s to be
110, Ranzipur Chawdaha 16 connected with Niyamatpur.
Haripur 350 Dekra is ko be conn-
111. Dekra Main 1ink 66 ected with Harlpur.
Pipra a4 Niyamatpur is to be
112. Hiyamatpur Chawdaha 30 connected with Pipra.
Dalaha 270 Fipra is to be conn-
113, Pipra Dhanpuza 42 ected with Dalaha,.
Decgact B2 Dalahar is to be
114. Dalahar connected with
Dalaha 21 Deogaon.
115. Dhanpuza - - Dhanpuza is to be
directly connected with
Dhanpuza.
Délaha 225 Haripur 1s to be conn-
116. Haripur Main link 89 ected with Dalaha.
117. Decgaon - - Deogacon 1s a gervice
centre,
118, Narkell - . - MHarkesli is to be
) direckly connected with
the main link.
119. Sabanpnr - - Sabanpur is to be

direckly connected with
the main link.

Continuecd
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Selection of Link Option (Continued)

51.
Mo,

Node to he Link coption Weightage
connected . of link
opticon

Remarks

120.

121.

122,

123,

124.

125.

1246.

127.

128.

122,

Baghair - -

Magura o= -

Dhakanta - - .-

Gurbisha - -

Agore g6

Boropukuria )
Mainlink 205

Papra .- -

Aghore - -

Maloncha - -

Matihas - -

Borochapor 133

Boregacha Main link 100

Paghair i1s to be dir-
ectly connocted wikh
the main link.

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

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

Gurbigha is to he dir-
ecktly connected with
the main link.

Boropukuria is to he
connected with mainlink.

Papra 1s to be dir-
ectly connected with
the main link.

Aghore 12 a service

centre.

Maloncha 1s ko be dir-
ectly connected with
the main link.

Matihas 1s to be dir-
ectly connected with
the mailn link.

Borocgacha is to be
connected with Moro
Chapar.

Continued |



IR

Selecticon of Link Option {(Continued)

£1. Mode ko be Link option weightage Remarks
Ho connected of link
caption

130. Arutl - - Arul is to ke dir-
eckly connected with the
main link.

131. Porochapar - - Borochapar is to be
directly connected with
the main link,.

Borogacha 175 Bisha is ko be conneec-

132, Bigha Rorochapar 58 ted with Borogacha.

Matihas 123 Satruka i1s to be conn-
133. Satkruka Agore 79 ecked with Matihas.
Satruka 313 Fanisara 1ie to Le
134. Panisara connected with Sakruka.
hgore P
Bisha g2 Kalma Bisha is to be
135, "Kalma Bisha Borochapar 51 connaected with Bisha.
Kalma Bisha 128 Shek Kalma is to be
136, Shek Ealma . connected witkth Kalma
Panlsara 72 Bisha.
Sek Ealma Bl Aloksatra is to be
137. Alok Satra . connected with
Fanigara 112 Panisara. .
Valson 157
, , Kallyapara lg to be
138, Eallyapara Vekisonai 103 connected with
Farisesh 227 Parisesh.
Dhakanta 154 Veti Scnai 1is to be
139. Veti Sonail Parisera 124 connected wikth
aris Dhakanta.
Continued
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Selection of Link Opkion (Continued)

5i. Node to be Link option Welightage Eemarks
No. conneckted of link
option
Farisara 110
Darai 24 -
Krishnopur 33
140, Valson Valson 1s ko be
Anchihar 42 connected with
Bhitisonai g4 Fanisara,
Kollapara 98
Kesobpur 81 Pandaikhara is to be
141. Bandai Kharaza connocted with
Harlata 50

142.

143.

144,

145.

146.

147,

Panal

'Bakra_

Nimarpara

Bhagjore

Haramjapara

Krishnapur

Kesobpur.

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
connecked wikh the
service centre Zamgram
since 1t is nearest

to the service ceutre.

Krishnapur is to be
directly connected with
the main link.

Conktinued



Sglection 0of Link Cption (Continued)

51. Node to be Link option Weightage Remarks

Ho. connected of 1ink

. option

l48. Antahar - - Ankahar 18 to be dir-

, eckly connected with the
main link.
Main link 51l Anchilihar is to be
149. Anchilihar Mondop 151 connected with Mondop.
’ Krishnapur 56

150, Mondop - - Mondop is to be
directly connected with
the main link.

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

) Mailn link 26 Mohismura is to be

152. Mohismura conneckted with Santa.

Santa 49
Dakhin’ 92 Utkar Debkhanda 1is to
153. Uktar Cebkhanda e connected with
Debkhanda Mainlink 39 Dakhin Debkhanda.

154 Chirata - - Chirocta 1 ko be
directly connaected with
the main link.

- Santa 82 Dakhin Debkhanda is to

155. Dakhin . he connected wikh

Debkhanda Chirata 45 Santa.

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

Vetisonail 96
157 Pari h Pakhin Parisesh is to be conn-
© rarises Arail 187  ected with Dakhin
. Akrail.
Darai 85

Continued
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Selection of Link Option (Continued)

5l. Node to be Link option Weightage Remarks
No. connected of link
opticn

158. Darai - - Daral is to be dir-
ecktly connected wikh
the main link.

15%. Dakhin - - Dakhin Akrail is to be

Akrail connected with the

gsarvice centre Zamgram
since it is nearest to
the service cgentre.

160. Zamgram - - Zamgram 1s a service
centre.

Earamja 143 Kurson is to be conn-
1£1. FKurson ‘Mainlink 86 ected with FKaramja.
Khurssatti 7L sielg e ko ke sen

Bhabanipur Karamija 359 )

Dttar
163. RKhurasatty Debkhanda 68 Fhursaktty is to be conn-

ected with Uttar

Mainlink N Debkhanda.
l64. Larua - - Larua is to be conn-

ected with the main
link.

T Ll



APPENDIX - H
Effect of the Variation of, Atkracting Forces of Main Link

aecording to the egquakion (2.1)

17 4 —1., 25 . 17 , 1330

¥o.5 Y1  ¥1.5 V3
" 1.5

Weightage of link option DE

555.76

Walghtage of 1link opticn FE

{1) When the attracting force of the main link XY is 80,

80

13 +
= Y0.5 = 252,2

0.5

{2 When the attracting force of the main 1link XY is 60.

60

13 +
= 0.5  _ 195.7

0.5

{3) When the attracking force of the main 1link XY 1is 40,

13 + 20

_ f0.5
= 5E = 139.1

From the above, the link opticon DE is to be connected. In this
case, the variation of the. attracting EForce of the main link

XY doas not .effect on the regult,

.l""
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