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A NOTE FROM THE CO~CHAIRMAN

The idea of holding the first Sri Lanka Transportation Forum evolved durin;
a casual conversation about a possible short course an Advanced

Transportation *+~r*ca.

The main motivation for holding the Forum is the encouragement of

(i) the study of transportation problems in Sri Lanka by our own
experts,
(ii) the reporting 6f the results of such studies in written form,
(iii) the mutual education of the transportation nrofessionals and
scholars through discussion of the papers, and
tiv) the procvision of solutions to some of the pressing transportation

‘groblems facing us today.

le further hope EE?t through this Forum (i) the formulation of a national
transportation policy and (ii) the formation of a Transportation Society

of Sri Lanka will gain some impetus.

We wish to thank the Vice Chandellor, Professor C.Patuwathavithane; the
Dean of the Facul*; of Engineering,Professor D.S.Wijeyesekera; and the
Head of the Department of Civil Engineering, Dr.B.L.Tennekoon, of the

University of Moratuwa for their encouragement of this venture.

This Forum would rct have been possible without the dedicated work of the
Organizing Committee consisting of Messers A.Wijeratne;S.A.S.Kulathileka;
JoM.S.J.Bandara and A.Seneviratne, all of whom are Assistant Lecturers

in Civil Engineering at the University of Moratuwa.

Thanks are also due to Miss Gayanthri Fernando for cheerfully typing over
a period of nine months, the numerous documents necessary for organizing

this Forum.

Fin:lly, we wish to thank the University of Moratuwa, the Sri Lanka Export
Development Board and the Central Freight Bureau for generously providing

financial assistance for the Forum.

It is our fervent hope that this will be the first o¢f many Sri Lanka

Transportation Forums.
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S,CQWirasiﬁghe’// L.L.Ratnayake
Associate Professor Lecturer
University of Calgary,Canada University of Moratuwa,Sri Lanka

University of Moratuwa,Sri Lanka.
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OPENING REMARKS
B
PROF.S.C.WIRASINGHE, FORUM CO-CHATRMAN

1, Honourable Minister of Transport,Transport Boards and Private Omnibug
Transﬁort;Vice Chancellor of the University of lioratuwaj;Secretaries
to the Ministries of Transport,Transport Boards and Private Omnibus

.’ Transport;Distinguished invitees;members of the organizing committee;

ccolleagaes ' and friends.

2. It is indeed an honour and a priviledge to have you present here today
for the ceremonial opening of the very first Sri Lanka Transportation
Forum. I believe and I hope that today will merk a historic turning

point in the development of the subject of Transportation in Sri Lanka,

3, Hon.Minister, We are proud that this Forum,which is about Transportation
in Sri Lanka, has been organized by Sri Lankans;We are justly proud that
the papers being presented are by Sri Lankan experts and scholars; We
are also proud that the Forum.is sponsored by purely Sri Lankan
Institutions;namely, the University of Moratuwa,Sri Lanka Export Develop-

: ment Board and Central Freight Bureau. We should all,be very proud,that
a re~-developing country such as ours, has the will,and the expertise,

to have a highly specialized Forum of this nature.

L. There are several reasons for holding this Forum:

» )

One: to encourage the study and open discussion of transport problems

o

and issues,and I stress the word "Open",

Two: to mutually educate professionals,administrators and scholars
through discussion, and .

Three:to provide reasonable solution options to some of the pressing

problems of Transport today.

5. Hon. Minister, We have plans for developing the subject of Transport
in Sri Lanka:
* To set up a Transpgrt Society of Sri Lanka
* To hold the Sri Lanka Transportation Forum on a régular basis

* To offer post graduate degrees and diplomas in Transportation.

We hope,that this first Forum,and your presence here, will give added

momentum to these projects.

6. Hon.Minister,Basic and safe transportation facilities are a fundamental

right of a free people. Transportation,and I think all of us will agree,

’

is as important for modern living as housing,education & water supply.

I sincerely hope,that the Sri Lanka Transportation Forum will help
towards giving the subject of Transportation,and the right that people
have to basic,safe transportation services,their rightfull recognition

and place in todays society.

I thank you all very much.
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Opening Address by the M.H, Mohamed Hon. Minister of Transport

Transport Boards and Private Ominibus Transport.

SEMINAR ON TRANSPORT

I thank .the -organizers of this Seminar for inviting me to address
you today.

This is the first Seminar of its kind organized at University level.
Transport is a special discipline and I am happy that some of the
universities in ouf country have included transport as a subject in their
curriculum. Seminars of this nature- which bring together not only
academics but also the providers- ‘and users of transpot help to foster

and develop an interest among all, and also afford an opportunity to the
participants to exchange views and discuss .the problems of the transport
séctor, which is one of thé key sectors of the economy.

Transport and economic development are'ver/ closely linked. In fact the
provision of transport infrastructure should precade other development
activities, The contribution transport is makihg to the- Gross Domestic
Produce (G.D.P) of the country has always been significant and to
increase this contribution it is necessary to make further investment

to meet the demands of development. This is because transport.by nature
is a capital intensive industry° Neavy capital costs-have to.be incurred
to keep our railways moving and to develop. pwrhighway network and for
the Transport Boards:to provide addltlonal capa01ty to meet the growing
demand for travel. .

Railway

.-

The importance of the railway ‘in our transport .system hardly needs
emphasis. It is the oldest established-form of mechanical transport in
the Island and from the outset has played a 51ng1flcant role in the
development of the country. It is no . ess import:nt today specially with
the rise in the cost of other conventional foérms .f transport using
fossil fuels. This fact had not been appreciatei,&; recent times.

~ .

By 1977 railway services both on the passehgerand.freight side. had been
curtailed dmastically. This was due to the railway -being starved of
investment over the last few decades. The entire system was run down

and was subject to heavy strain. Track capacity had reached a point of
saturation and the track itself had been so badly neglected that speed
restrictions has been imposed. The locometives and rolling steck
available were thoroughly inadequate to operate the services. Maintenancc
standards were poor and the output in the workshops had dropped
alarmingly. The signalling system was archalc.

However,since that time considerable progress has been achieved in
1mprovement of the infrastructure, strengthening the fleet and the
modernisation of the worlishops. Much more has to be done to increase
capacity and in the future electification of the railway network will
be inevitable to increase capacity further. This,however;will depend on
the availability of energy and the resources to meet the high capital
cost which electrification involves. Energy-wise rail transport is the
most economical form of land transport and, in the long run, with the
world's o0il resources running out the railways will be called upon to
play a more important role ‘ih the transport system of the country.




C.T.B.

The CTB was also in the same predicament. Public dissatisfaction with

the state of the passenger services provided by the CTB was evident. The
total fleet of buses was inadequate .to mmet the passenger damard. During
the last six years more investment has been made in developing the passen-
ger transport services.than dt any given period before in the history of &
the CTB. In 1980, an agreement was signed with the World Bank ‘to provide
a551stance to the Transport Boards to the tune of nearly 53 Million U.S.

- dollars. With this assistance we hope to augment the fleet of the Transpor:

Boards with nearly 2100 new vehicles. Five Provincial Workshops and
several new depots have been constucted to meet the needs of thc ekpanding
-. fleet: of buses. Apart from ‘this,structural changes were made to the
prganlzatlon which from the .very. inception Lad been operated as a single

" unitffrom the ceénter.: The deterioration. of the- serv1ces ‘was mainly due to
the unweildy nature-of the ‘erganization. In 19?8 a 51gn1f1cant step was
‘taken to decentralise the organization by.the ‘creation of -9 Reglonal
Transport Boards and to delegate to these Boards the responsibility of
providing services in their areas. The Boards were. sintended .to. be auton-

' omous but, unfortunately, during the last 2 yedrs .there had been ‘a tendency
to centrslise their functions and to run tht .Central Boards as-if the
‘Regious never existed, ' : :

s -
()
.

=+ This development whion had been adv:i:rsely commented upon even. biftﬁe World
Bank- has. now .been corrected and Reglona; autonomy has once again been
restered. .

Private Operators

‘Until 1979, road passenger transport-was the monopely of the monopely of

the State. The capital resources for the development of this sector were ¢
-not farthcomlng. How was the Fovernment in.a pooltlon to grant financial
assistance or fund the development plans of ‘the Board. This resource -
constraint dompelled .me to think in terms of harncssing privaté sector
investments Another reason which influenced,my thinking was that I firmly ¢
believe that monopilies in general credte inefficicncy; lethargy and indi-
fference. As you all know this Government. is.committed to an open economy
policy and competition between public and private enterprise is -the corner

" stone. of this policy.

With the liberalisation of imports,séveral individuals. had imported
passenger vehicles and, in order to harness this capacity, the Bovernment
decided to.invite private sector participation for the provision or
passenger transport facilities. The private sector responded magnificien-
tly and has made an investment of nearly Rs 1800 million.up tgQ now. This
was achieved by granting incentives to thesdc investers.. There are today
nearly 7000 private buses supplementing the services .provided by the
nationalized venture. This development has been-hailed as a great boon by
the travelling public. During the formative years of this scheme there
have been some shortcomings which I am mindful of. These could not have

. bcen avoided as it was not the intention of the Government to impose
controls and restrictions for fear that such restrictions would discourage
the entry. of private operators. We have today reach:d a stage when steps
Ha = to be taken to promote the orderly growth of this sector. «

Leygislation will soon be 1ntroduoed to regulate the activities of the
private operators, to avoid wasbéfillcompotition among themselves and with
the natlonallsed sector and also t@ give the trayelling public a better r
deal. The proposed legislation will prov1do for system of voluntary
regulation by the operators themselves who will be required- to:form distr-
ict operators amgsociations =~ one Association for each administrative
‘district in the iahand - and a central fedcration to co-ordinate the
activities of the district associations.
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"In addition a separate department of Private Omnibus Transport. will be

established to handle all matters connected with private omnibus operations.

I wust mention that the policy that will be followed will be one of

minimum state intervention. It is by no means an attempt to return to the
system of control that prevailed prior to the nationalization of the bus
companies in 1958, which ‘led to the growth of monopolies with all the

abuses and which flnally compelled the then Government to take over these

Road Eaulags .

"Another important arm of the inland transport system is Road Eaulage or

the transport of goods by road. As you know the goods transport sector

is & free enterprise. Up to 1958 this sector was regulated so rigidly

that it was alleged that the system of regulation in force then was acting.
in restraint of trade. After the regulation of the industry was abandoned,
it had a natural gtowth, But in the 1960 an embrgo was. imposed. on: the
import of vehicles by the previous Government-and the growth of this sector
was severely restricted and there were capacity shortages. This has now
been overcome following the liberalisation of imports by this Government
and today there are enough vehicles to . meet the natlon s road transport
nceds,

Highwaxs _ : SRR . _ .

The highways network'of' the cduntry'which had been neglected prior to 1971
is also being developed. ‘The World Bank is providing assistance for this
development, Our road system was built for a pre-motonised -age and most of
the arterial roads are unable to accommodate the present volume of traffic.

" In urban areas,mainly in the Greater Colombo area,traffic congestion has

become a porennial problem. The vehicle population has increased by leaps
and bounds and the trunk roads are unable to cope with this volume of
traffic. Government is ali. ve to this problem. Construction of new rouds
in built-up areas is not possible and,even if possible,the cost can be
prohibitive, ~ .

The state of the roads has a direct bearing on the.cost of providing

public transport facilities,as road congastion results in high operating
costs and the users.of transport also suffer from delays in travel time.
Traffic planners must ensure that measures are taken to disentangle public
transport behicles from interference and delays caused by other vehicular
traffic,because in terms of the number of passengers carried, users of
public transport occupy much less road space than the other road uscrs.
This briefly summarises development of the inland transport iddustry and
the efforts made by the Government to increase capacity to mcet the growing
demands of a development economy.

Transport Policy

Having solved the problem of capacity,the next step is to formulate an
overall transport policy for the whole country,considering all forms of
transport as parts of a single transport system. In the past the tendency
has been to treat the Railway, the Transport Boards, private omnibus
transport and road haulage differently. This approach is not correct. The
future strategy is to make the bcst use of the total investment in the
whole sector. The objectives of such a policy should ensure that cach form
of transport is allowed to develop its latest potentialitics so that each
could concentrate on what it can perform best, in a given state of techno-
logy, taking into consideration the all important factor of energy effici-
ency in operations. Each form has certain characteristics and advantages.
For example, the railways are better suited to handle goods in bulk over
long distances. Long distance passernger operations is another field of
specialisation for the railways. Further, in urban areas,such as the
Greater Colombo area where traffic densities are high, the railways can
provide. Tor more efficient facilities than its conpetitérs. Road transport
must supplement and act as feeders to the Railway in arens where both
modes of transport run in competition. Finally, such a pclicy should bring

about co-ordination between the competing forms.
!




Environmental Pollution

Before I conclude I wish to refer to another problem which is gathering
importance. I have earlier rcferred to the problem of congestion. The

amount of vehicle traffic has grown faster than the capacity of our road

~ system and unless timely action ist tadken, the growing pressure of motor
vchicle movement will damage ‘the cnvironment in which we live. Apart from
the risk of accident, the impact of the motor vehicle on the envirofiri:nt

'is felt in several ways. Motorised transport is ome of the’ main,.contribu.tox*
to air pollution,which is recognised today as a major health hazard. Therec
are other ‘factos attibuted to the motor vchicle such as noise,vibration

and visual intrusion.that can cause numerous ailments in man. But none is

so dangerous as the polluted ‘air which not ,only effects men but can also
destroy property and rain crops. The e?fects of. air pcllution in, urbau
townships are malnly felt by pedestrians whc come in cotact with vehicles

in con ested streets, the’ occupants of buildings.along these, streets and,

to some extent,by the" occupants of motorvehicles.. The toxic air in the
atmosphere is mainly caused by petrol powered: vchicles as pertirol has a
mixture of lead. It is recognised that the carbon or black smore from diesel
engines is not considered by mcdical experts as a dengerous pollutant as
carbon itself is mottoxic. Its basic danger is that it can ac* as.a medium
‘of transmission for various .toxins which invade the human body. '
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Professor Dayantha WiﬁQYééekera
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This paper is_@gtep@ggntg.con&ey,ancriiiéal examihation

of the neced for z Transportation Folicy in Sri - -Lankd:

It highlights the need for ccdardination of.the different

‘authorities, Ministries and Gavernment Departments

involééd.{ﬁ frénéportation. e findings of a “Jork-Shop
on Transportation giving éhéjaséroacﬁ to a policy and
considerations of what a“policy.shéﬁid contain'as far

es energy, urban‘spacé, eeonomics;.ﬁighway, safety etc.

are incdicatedy



It may appear that today there is no transport policy.

This may be felt by the fact that large number of personnel
in three different wministries Are involved_in unecoordinated
decision and policy making; on the aépects of surface
transport. In addition to tHese Mi;;;£ries. Highway
construction and maintenance i1s looked after by a fourth
Ministry, This would undoubtedly result in many difficulties
in formulating a common policy and furthermore it could
result in contradictory decisions detrimental to a well
planned out tramnsport policy, Of course the absence of

such a policy woula give free range to market forces of
supply and demand wikich are expected to respond to the

need of the community.

The underlying need for a transport policy is such as
to decide on the allocgtionﬂpf resources in the bigger
interest of the nation“to ensure public safety, to .
prevent environmental damage and to curb unbridled
competition, Folicy should also be cdﬁéern;a on tﬁé

appropriate use of scaree resources such as energy,

The transport policy will have to cover maihly the folloﬁipg

needé-namely P .
(a) the extent to which a citizen should be able to travel-
freely so-83 %o indice a sense of satisfaction

(b) the -extent to which goods should be allowed to move
cheaply so that industry and comnsumption may not

mlways be so concentrated in cities,

(c) <the need for the workers to have convenient access

to their work places,

(@) the need to avoid congestion not only on urban roads

but also on intercity and rural roads,

»)
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A lack of pclicy can lead tec serve vrhan truffic cungestion

which will preveant anyone froiw wciieving mobility

irrespective of any momney thac cne is prapared to srend.

Assuning tnat a poliicy na2g te de viswed, based on the
need to congserve ressurces sucl &s road space, urhan

£

space, gerarally all expensive "“fif¥:-astiruciire, erergy,
importecd venicles and their scare partsetihe question:...

then will arise as to how such a policy shicuid De

formulzted and implemented. Usuzlly policy is expressed

-

and irp;em nted tharough a comdihation 9f fiscal measures
(taxes, pariing fees, licence fees, and subsidies which
] > (<) ] §

N
RIS e Y

maf be

~idcen or negaiive subsidies) specific zones or
L&) "

highwvays, regulations on gecods neing carried by particular

w

transport modes, and regulaticns concoraning ecoanomniic
safety as_.*_:e""s° If Tor instance, a5 in New Zealand, a

country feels that its railway infrastructure is there

to be used zng that us ing it, is 57 advantage to the

overall econoulc,'ehvironméntal safety and scocial well-
being, then it may enforce tha% goods moving more than
150 Im. muct travel by railway unless a special permit
is obtained tc tran~oort by othsr reans. In a country

llke Sri Lonlta wnere a zarge porticn of all econoric

‘activities is operated by the State, then a meregirective.

-

by the Stateée to its agencies such a5 Lalt, Cerient, Stzte

Plantatisns, flour, Sugar, J.T.J.3., etc. to transport

their oreducts Dy rzil, ‘would have =2 similar efTect.

If it is decired to mitigate urHan congestion tien &
savage increage im pariing fees or fuel prices would
uncdoubtedly solve +the problen, dut cne would have to

exanmine the other conseguvexnices ¢l zuch measures



Just as much as every citizen would like to claim to be
knovledgeable on aspects of transport both private and
public, transport policy should be a matter of concern

to every citizen in the country as it. affects every
citizen, Transport besides other inconveniences has a
directAeffect.oﬂ the cost of living, Althoﬁgh fhe
transpPrt problem envelopes a very wide range of activity
affecting the da? to day life of the people, the pity of
it is that hardly‘aﬁy‘oﬁe realizes the offect.on one: |

anéthe?s action,

.For inéfanéé: a motbrist is only concéfn with the~fue1

cost of his.immediate Jjourney or sdmetimes ignores even
that, if it is for a short journeonr on a deviation when'
the fuel tank is full. Certainly he does not perceive

the pollﬁtive cost of exhaust gases, the cost of ncise
caused by his horn, the cost of risk to pedestrians or

the cost of.the dela& to other ﬁotorists or citizens

caused by his éntering an already congested street. Even
£he factory which distributes its own 1o;ry rarely préceives
the full cost of depreciation whaich is'cloﬁded by'inflation,

or the cost to highway maintenance of his over loaded axles,

Fiﬁally é transport policy shoulé consider a whole range
P .

of faétors such as ownership of infrastructure and vehicles,
the price to Be ciharged for uée of infrastructure wno should
pay for all the benefits to the urban social fabric brought
about by improved public passengér transport, and whether
the train or bus passenger should pay not only for hig own
seat but also for empty seats going ever in the opposite

direction, or on other vehicles; and above all, the inter-

gration of transport with urban and regional development. -

% ‘\

&

£




In

_—ﬂ_“

P

2. on how policy should he

gome of the findings of the workshop on Transport neld

at the Incztitution of dngineers, Sri Lanka in August

)

.1981, it was felt that iransport policy tcovers a wide

field at Macro and Micro level of all modes of transport

.of goods anrd peopile. Aspects sucia ag econotiic, social,

onsidered and limit-

[¢]

enginecring and institutional were

ations imposed by scarcities suclhi 25 energy, urban

places, funds etc. were alsc comnsiderced.

"Approach to the Policy

A dominant conclusion emerging was that there ougnt to
"“be a strong firmly delincated ond announced national

policy on transport. It is only whenr such a frawme work

is widely known can ali govermrent agencies and others
concerned with planning, coasiruction , maintenance,
regulations, enforcerient, and manageirent of operations

can carry out their duties in a systematic manzer, and

“can all private sector enterprises involved in Transport

and anciliary activities can take forvard steps confidently.

The need for a defined policy essentially divided the

approaci: into iwo main aspecis.

i, on wnat elements and on what dotails policy

shoetild containg

(=g

I

ormuiated, adopted,
monitored and reformulated as an on zZoing

process,
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Considering what the policy sheould contain, the or1ﬁ01vle

thrust of

Energy’

‘more 'so in the fuiure, JIsnce, tha policy

Bnergy is sca

ne findings were : 44

s .

-

rce and expensive and will Dbecome d@

.J

(-4

should encourage where apt, direct prefesrence

for energy free modus such as walling,

cycling, animal carts, wire chutes for energy-

", -

thrifty modes suc: as waterways, coastal

shipping, railway, eleciric railway, tramways ‘
and trolley buses, ass transit passengers .

etc. In deing so thore- -should be an cxamina-

tion of the objaciives of tranmsport and no%

¢ . Urban svﬂce is scarce and tae pressure on

),

it increases witi: developus Hdence, policy

quantity of meoplie or soods moved. Such
Py » L]

. restraint should apply to movenent, storage,

L)
and parking, whcether on or off sireet.

O
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straint weuld be measures

such as by-passes and cycle tracks, and

‘sireets such as I

3

‘-‘-

priorities,for public tra port by way of with

i

3

flow and contra-fiow bus moviang lanes. Certain
lain Strcet should be reserved
for buses and pedestrians omrly. These compo-
nents of policy sikould integrale with appro-
priate land‘use plamming waichh should preserve

diversity of activities.
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Economics : Economices oecenstrzin, ¢transport policy

opticns, firstly by scarcity of funds for capital
woriz and for operation and aintenance, and
secondiy by the extent which costs both capital
and recurrent, can be recovered from users and
from other beneficiaries of transport infrastructure.
So far as capital expenditure is concerned emphasis
should belgiven to priorities of projects, and
proper sﬁecification of strength, width and
alignment etcy,, for both sicrt term and long term
so that subsequent up-grading would not cause

unduve cost and disruption. In considering economic
context, it is also important for tae role of the
private sector toc be clearly defined, so that both
state and private undertaltings dould perform at

good lovels of efficiency,

dighways ¢ The design, consiruction, maintenance and

managenent has to embrace consideration of availa-
ble space equity among highway users, appropriate-
ness of construction technclogy safety and several
other matters. dence, coordinations at decision
making level, managerient level and ‘enforcement
level is needed between highways department and/

or authorities, Commissioner of lMotor Traffic,
local authorities, State Transport 3oard regula-
tors and Associations of private mini-buses, UDA
and t:2 Folice, Such coordination will also
require systematic collzction of data or processing
of data. iighway Engineers should be free to design
roads prefessionally on thae basis of egtimated
future needs. Nevertheless, they should take into
account social and enginesring economics when

decicding on land use.




Safety ¢ Safety descerves higher attention than it has
received in the past, at the levels of resesarch,

design, regulatiocn and enforcement with mighway
sty < - O

&

I

Lccidents now causing a2 large amount of fatal-

ities and corresnonding figureg for serious and
\ L

minor injuries and for properiy and vehicle
damage.- There 1is need.for systematic research,
new approaches toward the prevention of
accidents ané mitigation of injury caused by
sﬁch accidents which has conti: :ed to occur.

T

rhe considerable incidence of pedestrian

victims nced c stndy of whether pedes-

fo
o
- ®
I~y
o
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-

trian segregation or b

[0

tter training of vehicle

.

drivers is the appropriate remecdy. &

ort

[4

General Ubservations : It was cbgerved that trans:

F;

was seen as a very complex activity within a

couniry, with multiple stimulii as to how it

works, and constant interaction between causes
and results. This emphasises the need for a
clear policy arnd also the diffieulty-in arriv-

ci

P
®©
W
L]

o

ing at a satisfactory. coherent set:of:.pol
O = ; h J nhd

d-

There are no panacéas or one. iine answers, I

is important that thie symptoms are not merely

being cured but appropriate ciagnosis- and
. . . : . &
proper remedies shouvld be applied. This, once
agair leads bacl: to the pre-eminent need for a
- . ; :
4

\ authiority
capable of viewing all the future problems as

! well as the precent and establishing paths
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where such needs canr o2 reconciled, nriorities

he extent that the

(o]
(L

established and fulfilled t
count;y can afford to nave them or afford to be
without them, It is important that strean fining

of Governnznt pqlicies on trangport and providing

of single transportaltion policy applicable to the
movément of persons and goods, rather than scattered
policies varisusly agnlied to different modes of
transport, It iz mnscessary ito be awvare of the actual
technological advantages and disadvantages of each
carrier type. It shauld be ahlz io allocate traffic
to. the most efficient mode c¢f carriage, not in_general'
but by creating a legisiative, regqlatory and general

1.1l emcourage and permit the

P

public atmospheres that

¢ carrier type to he fuliy

N

inherent advantages of o
developed and utilized, and without artificial support
in areas of tactnclogical disadvantages .

It would be mecessary to make arbitrary allocation
only where the public need for comservation of

-

resourcas malies such alliocations essential.

It gould be benefiéiary to grant subsidieé where

a carrie; is required by public necessity to parform
a service outside its areas of engincering ntility.
It would be useful to extend and supnort trancporta-
tion research that will incliude 211 modes of carriage
with particular cmplhasis on thosé carriers which are
of proven technology, safety dependability, and

efficiency in their field of usefulness.
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~'in -aconomics, rei:
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The purmnose of this Foru is L1 preovike discusoion and
find constructive scluticns to thess gusstisns by those

who have their owm developed Imow-~liow in consiruction,

maintenance and management of ways and vehicles, and
o . . . . . . .

who have their own smecizl extertise
- - t

1

Lation

. .. . . v

It would mot be very Aiff

ficult to diaguose tze symptom

ot being
critical on some o¢f the af-h decisions made, but

131e by Tormulating a weil defined policy

aftzar having .

be tbe aspiretion of all of us present here. I hope at
) .

this Foruv‘*ze deliberatisns and ¢isc isoicns UOujd ilead

to_useful conclusions which could imsyire the

hs

rolicy

. . o : o - Voo .
-makera_ts.iarm :lzie and develop a Transport Felicy which

countiry.
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A FRAMEWORK FOR A NATIONAL TRANSFPORTATION

AND COMMUNICATIONS STRATEGY 1IN SRI LANKA

Paper Presented by MWIG Mendis at the FORUM on*-"Transportatlon in Sri Lanka'

Organised by the Department of C1v11 Englneerlng, UnJverbity of Moratuwa,
June - 20 - 22 1983

PURPOSE AND SCOPE OF PAPER.

The purpoee of this Paper is to focus attention on the relevance of deve-
loping a strategy for a Communications Network designed to match a preferred
National Development Plan. It's principal objectine is therefore to deter-
mine the-main features of such a strategy which would facilitate the h
achievement of the desired levels of economic growth. In this connection,
the Paper will however confine its discussion only to the Transportation

Network of the overall Communicaticns system.

In the above mentioned context of this Paper, it will be appropriate to

initially discuss- the background to Natlonal Development Planning in Sri

Lanka, .. . . .. . tiaro.nToomiten

ey v

BACKGROUND TO NATIONAL DEVELCPMENT PLANNING IN SRI LANKA

« o .
. - vy,
S R e -

pee T,

It is now an accepted practice that nat:onal development be pronoted on
the basis of a "Plan". The form, content, and nature, of the latter have
howeven.varied between countrles, “and also w1th1n a country under different
Governments: In-Sri- Lanka, the" follow1ng "Pl“ns" have Peenhformulated

in the post—lndependence per iod:

1948 B : Short Torm Developnent Plan

1954/55 to 1959/60 : Six Year Tnvestment _Programme

1959 to 1968 " : Ten Year Plan .

1961/62 to 1963/64 Short Term Implemtntatlon Programme
:11972~1976 : Five Year Plan

wg e

1979 to date ' : Annual Ro‘l:ng Plans.

As far back as’ 1952, the Government had requested the International Bank
for Reconstruction and Development (IBRD) to formulate a'framework for
the organised development of the econony. It's Report titled "The Economic

Development of Ceylon" rank as a pioneering contribution to development
planning in this country. The subsequent efforts have resulted in a

variety of experiences connected with different planning models. The

consequences have nevertheless been the entrenchment of planning as a

.
S
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vital instrument of national development. Accordingly, an elaborate and
powerful Institutional System to undcrtake national planning has evolved

over the last three decades. This System has become the focal point of

s

all development efforts,

Presently, the.Government has adoptadiithe cop¢épt of a "Rolling Plan" to
faghion national development based on an annual revision of a mediuam -
term Public Investment Programme. The latter was first formulafed for
the.period 1979-83 and subsequently for the periods 1980—84, 1981-85,
1982-86, and 1983-87. The main emphasis of this document is in respect
of public investment for the given period; but it also ipcludes'indica~

tive policies for promoting investment by the private sector.

The maturing national planning ‘systém has also inspired the preparation
of -a wide speéctrum of séctoral plans and data préfiles. -It has; in
addition; provided publishéd Quarterly Prograss:Reports of the public
" sector developient programme. Hende a Planmér in Sri ‘Lanka has an exten-
" sive 'volume of material to work ‘with in the design-and formulation of a

National Development Plan.

* Nevertheless, a significant gap 'in the mnational planning system is yet
"thé"lack of“d fudion bétween the sectors of -the ‘ccofiomy in spatial terms. V)
Consequently, the lccational dimension has not becn incorporated in
national development planning to rationally link places of concentrated
development'activiﬁy,-1Infthese circimétindés, :the National-Desclopment
Plan lacks a spatial strateqy. Hence the Communication Networks are
Béing indépendently planned, based largely on assumptions of the distri~
bution of aétiviiy'béntg;sﬁ Accordingly, in this situation, it is
Sibarfuﬁaﬁihat a framework for fashioning a strateqgy for a National
" “rransportation Network be formulated for the following reasons:
i. to facilitate. the development of a national hierarchy
‘of settlements.’ |
ii. to provide a rationale for ‘ranking the Communication
Networks by level of servics;
iii. "to facilitate the highér: ecohomic growth of the potentially
' developable areas;
iv. to foster the formation of an appropriate pattern of
.marketing, storage, and distribution of goods;

v. to effectively promoté’ the co-ordinated use of different modes

of Transport.

(1) The sectors of the economy for purposes of economic planning

. compfiéé “Agriculture, Forestry & Fisheries", "Industry"”, "Economic
““oyerHsads (roads, rail, ports, airports, harbours, and power)", and
;. {Social Overheads (housing, health, education and socia} welfare)”.

Wl
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THE STRUCTURE & PATTERN OF THE NATIONAL TRANSPORTATION NETWORK

The pattern of the @xrstlng road and rail network in sri Lanka clearly indi~
cate the relatlvely wrdespread aCCGSSlbllJty to the dlffcrcnt p_rta of the
country. It appears that the rationale of this Tran.portation Network hes
been to link the District Capitals which wore centers of Adminiqtration.
Hefice it can be implled that thc Transportatlon thwork has hecr providtd
for the 1mprovod effrciency of admlnlgtratlon. Thu§ all twunty four
Drstrict Cnpltals are acCessrble by rbudS, and - 19;' of them are ‘also
accessible by rail. (vide Map I) Tne ﬁolarlaatlon of such a Transpor—
tatioh Network can be reasonably well 1dentifled as being on Colombo,

more than on other centers; agarn sugqestrng the dominance of the impor-

tance, of accessiblity for Administration, over accessibility for most

. other considerations. .It can be noted that the routes selected for link-

:ing tthDistrict”Capitals has nevertheless enabledthe srtrng of_economic
and other bﬁsinégé.activity in the areas traversed by the Transportation
Network.

Ce e s - e a0
By .hierarchy, there.are, five.classes of roads in Sri Lanka. They can
however be distinguished as Trunk Roads and Non-Trunk Roads, The total
length of the former heing 3754 Kilometers of the total roads length of
26,000 kilometers.

C e

.-All District Capitals are accessible by Trunk Roads which further rein-

forces the notion that their Planning would have been influenced heavily

by Administrative considerations in development activity.

However -it -is significant to note that in the past. five years many new

- road .and rail proposals have cmerged out of .considerations to provide

infra-structure support for economic activity.. Some of these road
proposals have even been constructed. Their inclusion in the hierarchical
structure of the National Transport Network is howevgr yet. unclear;
although. by actual size and level of service they are more superior to
some - of thé existing Trunk Roads.

'
- e d

What is relevant to note is that the additions to the Transport Network

'in the past five years far exceeds the additions mqqe over 2 much longer

peried previously. Furthermore as stated carlier, the new wave of pro-

posdls for the Transport Networks have arisen not from the need to link

- administrative .capitals, but to prov1dc accc551b111ty to areas of deve-

lopment activity. K Hence, there appears to be a shift in the conceptu-s’

alisation of the rationale for providing accessibilitg. Thg latter is
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and for the new Administrative Capital of Sri Jayawardenepura, Kotte,
Furthermote, proposals have also been contained in several Urban Deve-

lopment Plans prepared for the Government by UNDP Consultants. These ..
have included transportation network proposals for the Colombc Metro-
politan Region, Galle, Ratnépura, Hambantota, and Jaffna. (Vide Maps

5 and 6 for the Colombo Region and Gallec respectivelyv).

In addition two Projects undertaken for the maior urban centers of Matara
and Kurunegala by the Pcst-Graduate students of the Department of Town
and Country Planning of the University of Moratuwa, have also submitted
proposals for new major transportation networks in those towns to link

with the national network.

In the above context what is most significant to note is that major
transportation network proposals are now being made as an integral part
of wholistic "Development Plans and not merely to link administrative
centers. Thus, more proposals for transportation networks have emerged
in the past six years than for the entire previous period upto 1952.
The latter being due to the increased development activity being pro-

moted on the basis of "Development Plans®.

In these circumstances, it will therefore be rclevant to focus attention
on the formulation of a National Transportation Strategy to match a
corresponding National Spatial Strategy. The absence of both will deny
an effective overview of the current transportation network proposals

now being separately submitted in different Development Plans.

A FRAMEWORK FOR A NATIONAL TRANSPORTATION STRATEGY

As indicated in the preceding section, there arc proposals for the deve-
lopment of major road networks at the National level (IBRD : 1952),

Regional level (Mahaweli Proposals : 1979, and Colombo Metropolitan Regional
Plan : 1978), and Urban level (UNDP Consultants and Others : 1978-1922).

The on-going situation thus clearly reflect the need to synthesize the
strategic considerations of thesc several proposals, in order to construct
a framework within which a national transportation network can develop.

The latter can then be a common system to facilitate Project plans and

alsc to determine the rank and level of service of the different components

of the network.

This section will attempt to suggest a set of Planning principles which

can constitute a framework for the eventual formulation of a National
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Transportation Strategy.

In this connection, a key feature to recognise is that a strategic. trang-

" portation network must link all major centers of development -activity.

In

such a context, it must be noted that some centers offer greater- pocten-

tial to develop than others. Hence the transportation network must

facilitate their growth, and also especially link those several. 'growth

-‘centers ’ w1th a level of service that is muct higher than elsewhere

in the network._

It i5 in the Above connetction’that Transportation Planners.must utilize

'a Natiohal Spatial Strdtegy td Quide their own:work. -The latter synthe-

sizes the development potenti%ls and constraints within a’hierarchichal

structure of settlements. Accordingly, it comprises the ‘canvas' which

provxdes the Orlgins Destlnatlons, and Roiutte -thoices™for: the transporta—

tlon network planners.

LI L e e e s, . . o .
. St i e AT ..

" Presently, there is no Officially designated National- Spatial Strategy.

Howevef} there have been independent work carried out to design such a

strategy. The Auther, in 1972, conceived a bi-polar spatial strategy

based on a Colombo-Trifiéémdlee devélcpment axis-(Vide Map 7). A-decade

later, this concept has been refined to define the actual width of the

‘axis and to ascertain any other prominent’ features. This attempt has

tesulted in the identification of a' 50 mile wide -corridor betweeq

éhi]éwiKuchéhaéeli and Bentota-Kattankudy, and-also the need to develop

two separate urban conflguratxons ‘around Galle and Jaffna respectively.

(Vide Map 8). ' - - e

The above spatial stratédy ‘suggests the relevance of & high. quality

rapid transportatlon network llnklﬂg‘CO&OMbO and Trincomalee, and also

between the development corridor and ‘Galler and Jaffna. Such a higher -

order transportation network must then be the principal .arterial system

to provide access to other centers of development activity.

PEAP

Alternative forms of National Spatial Strategies have alsa been ..

designed by the UNDP - Colombo Master Plan Project (Vide Map 9).

The national transportation network linkages to urban development areas

must be made utilising appropriate concepts which blend with those used

(3)

in-structuring 'Development Plans for such areas.

(3)

Recently, the Urban Development Authority commissioned a study to

develop the Galle Road corridor in and around Colombo. This study
had 1ntegrated town plannlnq and transportation concepts quite

effectively.

)
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Against a background of the planning principles discussed sc far, it is
neccessery that the soveral on-going proposals for the transportation

_ networks be integrated into a single strategic hetwork. Such integration

is most timely and upportune.

The national transportation network (including all modes of transport),

like other utilities can never be independently planned purcly to
satisfy administrative conveniences or an assumed pattern of developmceht.
It must be synthesized with a coherently designed National Spatial
Strategy which has inherently integrated all considerations of develop-

ment.

CONCLUSIONS & RECOMMENDATIONS

The main -conclusions arising from the Paper are as follows:

e The.pa§ic pattern of the national transportation network
which prevailed at the time S¥i Lanka gained independence, negated
the need for férﬁdlating'new proposals, except for filling

gaps in the existing network.

2. Acéessﬁbility'to District Administration Capitals appear to
have dominated the pattéern of the trunk road network; although
subsequent development programmes began to sdd new major roads

to this netwofk.fd.meet their own objectives.

3. Proposais fof transportatidﬂ networks are being made at -
a rapidly increasing pace with the formulation of "Integrated
Development Plans” for urban and regional areas. These
proposals are conditioncd by development criteria rather
than administrative parameters. Further, they have been
designed to blend with the town planning concepts incor-

porated in the Development Plans.

4, The formulation of separate proposals for the transportation
networks in various Plans and Projects in the different parts
of the country suggests that it is timely and opportune to
synthesize them within an integrated strategy for the national

transportation network.

5. The formulation of 2 Strategy for the National Transportation
Network presently lacks the basis of a National Spatial Strategy

to unify transportation with other development sectors.
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The principal recommendations are 25 follows:

1.

It is recommended that a National Transportation Strategy

be formulated for the country. -

It is further recommended that such a Stiategy be matched

with a chosen.National Spatial Strateqgy. In the latter

connection, the adoption of a Celombe-Trincomalec develop~
ment axis with the asscciated urban configurations:eround
Galle and Jaffna shonuld be considored as a preferrsd

choice of a National Spatial‘Strateqy. = . .o 70

. It is also recommended that the hierarchy of the levels of

service of the transportation networks should match the
hieraxchy of -settlement structures being linked by them,
within the framework of a National~ Spatial' Strategy.

Further the proposals formulated for the transportation net-

works at the regional and urban levels should be integrated

.with the national network. The former must nevertheless be

conceived within chosen “"Development Plans" for such areas.

et .

- It is recommended that each Development Plah for any area

which contain elements of a major transportation network;

be statutorily-incorpéorated in the national network.

It is récommended that continuous monitoring and on-going

"research be undertaken to maintain the most suitable

National Transportation Strategy Zor the country.

~
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THE NEW TRRL ROAD INVESTMENT MODEL:
RTIM2

Richard Robinson and Linda Parsley
Overseas Unit, Transport and Road Research Laboratory,
Crowthorne, Berkshire RG1l 6AU, United Kingdom

ABSTRACT

A computer model is described which is des1gned to aid
investment decisions within the roads sector in developing
countries.

.The model calculates the construction cost of a road
and predicts the condition of the road as time passes and
vehicles travel over it. Having predicted the condition
of the road, the model estimates the costs of road mainte-
nance and the cost of operation of the vehicles for each
year. All these costs are then discounted back to the
base year and summed over the life of the road to obtain
the total cost. All estimates are made in terms of
physical quantities and costs are obtained by applying
unit rates to these quantities.

The results of a study in Kenya were used to calibrate
a prototype version of the model. This prototype was-
tested extensively for the appraisal of road projects in
developing countries. As a result of this experience, the
model has now been reprogrammed to make it easier to use
and to fit onto smaller computers. The opportunity has
also been taken to include in the model the results of the
latest research in developing countries in this field
carried out by TRRL.

The relationships built into the model allow it to
be used to study the interrelationships between road
design and construction standard, road maintenance policy,
vehicle characteristics, traffic flow and growth rates,
environment, and road deterioration. The model can be
used to study various aSpects of a road investment project
such as the optimum maintenance standards for the road,
the effects of providing an earth, gravel or b1tum1nous
pavement, or the differing benefits that can be obtained
by adopting various stage construction options. The model
will also allow the.planner to study the consequences of
uncertainties in traffic forecasts or in the discount rate.

An example of the use of the model is given in a case
study.




INTRODUCTION

.This paper describes a computer model which is designed to aid investment
decisions within the roads sector in developing countries. The model will - $
be of assistance to senior administrators, engineers and planneré, and
those responsible for déveloping improved techniques for road investment -

appraisal.

When planning investment in infrastructure it is necessary to evalu-
ate all the costs associated with the provision of the new facility; These
costs include not only the first cost of the facility and its cost of
operation, but also the cost of maintaining the facility throughout its
'life'. This approach to investment evaluation is especially relevant for

road projects.

The costs of building and maintaining roads are usually borne by the

community as a whole, finance normally being provided from national and

@

‘local taxation or duties. However the costs of operation of roads are

borne by the road users themselves in the form of vehicle operating costs,

the cost of time spent in travelling, and part of the cost of road accidents. »
In developing countries traffic volumes are generally much lower than

those in industrial countries. Incomes, and the value attached to travel

time are also.generally much lower. In consequence the cqsts of travel

time and road accidents on any particular road in a developing country are

usually small in relation to the vehicle operating costs, and thus they

are not very significant in the evaluation of a road investment.

When planning a road investment the objective is normally to minimise
the total cost to the community. In developing countries this generally
means minimising the sum of the construction, the maintenance, and the

vehicle operating costs.



fhese costs are not independent of one another. The vehicle operating
cost depends on the number and type of vehicles using the road, the type
of jourﬁey that they make, the geometry of the road alignment, and the
condition of the road surface. For instance, if the alignment has many
steep gradients, fuel consumption will obviously be higher than for a flat
road. Similarly,if the road surface is very rough, vehicle components such
as tyres and mechanical parts will wear out quickly, resulting in a high

operating cost.

The geometry of the road alignment directly affects the cost of con-
struction. In hilly terrain, the cost of building wide roads with flat
gradients is high. Construction costs can be reduced by building a narrower
road with steeper gradients, but this will be at the expense of a higher
cost of operating vehicles. Likewise the cost of operating vehicles on
smooth bituminous roads is less than the cost on rougher gravel surfaced
roads, but roads paved with bitumen are obviously mbre expensive to construct
than those surfaced with gravel. Hence it is clear that there is a trade-

off between road construction costs and vehicle operating costs.

The condition of the road surface, besides being affected by the
construction standard, is also affected by the traffic loading, the stan—
dards (and hence the costs) of maintenance, and the environment. The more
vehicles that use the road and the heavier their axle loads, the more
quickly will the road wear out., The road will also wear out more quickly
if it is subject to heavy rainfall which weakens the structure of the road
or causes erosion. However, the rate of deterioration of the road's struc-
ture and its surface condition can bé slowed down by effective and timely
maintenance at intervals throughout the road's life. Thu§ environment,

traffic, and maintenance all affect the surface condition of the road and,



therefore, all have an effect on the cost and changes in cost of operating

vehicles in the road (Figure 1).

In order to achieve the objective of minimising the cost of construc- 35
ting and maintaining a road, and operating vehicies on it, it is necessary
to know how these costs are affected by the interrelationships that have Q;
been described. A computer program has been written which makes use of
these relationships to determine construction, mainteﬁance, and vehicle

operating costs over the service life of individual road links.
THE PROTOTYPE TRRL MODEL

Development of the model

The first move towards producing a model of this type was made in
1968 by the World Bank when draft terms of reference for a 'Highway design
study' were produced for internal consideration within the Bank. Shortly
after this, the Transport and Road Research Laboratory were approached
and invited to participate in the proposed study in partnership with the
Bank. From this point on, closé liaison was maintained between the two
organisations and the next step was taken when the World Bank commissioned
a group at the Massachusetts Institute of Technology to carry out a litera-
ture survey and to construct a model based on information already available.
The 'Highway Cost Model' produced by MIT]"2 was a considerable ad&ance
over any other methods existing at that time for examining the interactions
between road costé, maintenance costs, and vehicle operating costs. How—
ever the model highlighted areas where more research was needed to reélace
relationships which were inappropriate to developing country environments,

and to provide additional relationships.
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Accordingly the Overseas Unit of the Transport and koad Research
Labora£ory; with the collaboration of the World Bank, undertook a major
field study in Kenya to investigate the deterioration of paved and unpaved
roads and factors affecting vehicle operating costs in a developing country.
The perfo;mance of more than 90 one-kilometre long test sections of road
was monitored at regular intervals over a period of two years. The condition
of paved roads was quantified in terms of surface roughness, depth of ruts,
amount of cracking, deflection, CBR and moisture content of the various
pavement layers. Pavement deterioration was relatéd to the number of passes
of an 8.2 tonne 'standard' axle load and to the strength of the pavement.
For unpaved roads, deterioration was related to the gravel type and the
number of vehicle passes and was measured in terms of surface roughness,
depth of ruts, depth of loose surface material and the depth of the gravel
surfacing layer itself., An experimental gtudy was carried out to measure
vehicle speeds and fuel consumptions over the same test sections. In
addition; data were collected from many commercial vehicle operators on
such items as the lubricating oil consumption of vehicles, the maintenance
requirements of vehicles, tyre wear, and vehicle depreciation. Relation-
ships were then developed relating these directly to the physical operating

conditions.

The results of this study3’4 were used to calibrate a prototype com
puter model (RTIM)5 for evaluating the costs of construction, maintenance
and vehicle operation for a road investment project in a developing country.
An outline flow-diagram of the model is shown in Figure 2. The model
calculates the construction cost of a road and predicts the condition of
the road as time passes and vehicles travel over it. Having predicted the
condition of the road, the model estimates the costs of road maintenance

and the cost of operation of the vehicles for each year. All these costs




are then discounted back to the base year and summed over the life of the
road to obtain the total cost. All estimates are made in terms of physical

quantities and costs are obtained by applying unit rates to these quantities. &

Experience of use

8

The prototype version of the model was tested extensively by the
Laboratory, and has been used by the World Bank, government departments,
consultants, and other organisations. Although the model was relatively
complex, it was nonetheless easy to use when reasonaBly efficient computer
facilities were available and its application and data requirements were
well within the capabilities of potential users. The model represented
a significant advance in road planning methodology and has been used in

~many different developing countries.

In 1976 the World Bank instigated further developments of the computer
model when they awarded a research contract to the Massachusetts Institute
of Technology (MIT) to produce an extended version of the model capable
of carrying out economic analysis directly, analysing a road link separated
into several homogeneous sections, carrying out automatic sensitivity
analyses of key vériables such as discount rate and traffic growth, and
requiring less detailed construction and maintenance input data than the
prototype version of the model. This work resulted in the production of

the '"Highway Design and Maintenance Standards model' (HDM)6.

However, experience gained by TRRL in the use of the prbtotype RTIM
suggested that, rather than producing a more complex model, there was also
a need for a different approach7. It was found that in many developing
countries adequate computer facilities were either not available at all,
or were not large enough to run a program of the size of the prototype

RTIM (or HDM). When large enough computers were available, difficulties
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were often experienced in gaining ac;ess to them. Consequently UK con-
sultants using the model generally preferred to run the program in Britain
using data sent from overseas Ey telex. Also, potential users»in developing
countries were often reluctant to use the model because of lack of famili-
arity with computer methods in general and, when personnel had been trained
in the use of the model, staff turnovers often led to the subsequent loss

of that expertise.

Ssme of these difficulties have been overcome by publishing the
relatfonships which are built into the model as a book of tabless. This
enables users in developing countries who do not have access to computers
to utilise the relatibnships in the model in a manual mode. In addition,
as a result of experience gained in the use of the prototype in developing
countries, the TRRL road investment model has now been reprogrammed to
make it easier to use and to fit onto a smaller computer. An ultimate
objecéive is to provide a version of the model for developing countries
that ﬁili run on a desk~top computer. |

i
In reprogramming the model the opportunity was also taken to in-

corpo%ate the results of the latest research into vehicle operating costs
carriéd out by TRRL in the Caribﬁean. Resulting from this study new
felationships have been developed for predicting vehicle speed and fuel
cons&mption, spare parts consumption, maintenance labour, tyre wear and

vehicle depreciation.

As further results become available from other studies, these will

also be incorporated into the model.




THE NEW MODEL

General

A detailed flow diagram of the model is shown in Figure 3. Operation
of the model starts by défining the road alignment. Construction details
are then.input and the cost of construction determined. Alternatively
the construction cost is specified directly. For each year that the road
is open to traffic, road deterioration, road user costs and road mainten-
ance costs are predicted. Road deterioration is calculated as a function
of the construction specification, the maintenance policy, thé rainfall
and the traffic. A vehicle performance submodel uses details of the road
geometry and the road surface condition to predict the vehicles' speeds
and fuel copsumptions. Costs of fuel, oil, tyres, vehicle maintenance,
depreciation, etc, are then determined to give the total vehicle operating
costs for the year. An option is available to calculate time costs and
these are based on the values of time which must be input to the model.
Road maintenance requirements are found from the condition of the road
surface in conjunction with the maintenance policy, and these are used to
find the maintenance cost. The model then continues with its year-by-
year analysis. The process continues for the selected analysis period
and, at the end, the total construction costs, road maintenance costs and
road user costs will be known. These costs can then be discounted at

different discount rates.

An analysis period of up to 50 years can be considered and this may

include up to six years for the initial construction to take place.

Traffic

The model can consider separately up to seven types of vehicle defined

in four classes: passenger cars, light commercial vehicles, buses and heavy

8
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commercial vehicles. Input is required on vehicle price and tyre price

.for all classes and vehicle load and equivalence factors for the heavy

vehicles. The loads and equivalence factors can be different for vehicles

moving in opposite directions.

Traffic growth forecasté must be made for each vehicle type and these
forecésts can be specified in a variety of ways to allow any type of growth
function to be simulated. The model uses relationships for vehicle speeds
which were developed under 'free-flow' conditions and hence it cannot pre-
dict Ehe.speed reductions caused by traffic congestion.

Road design

. 1 . .
The geometry of the road is defined by its horizontal and vertical

alignments and its cross-section.

The horizontal alignment is specified in terms of the average degree

of curvature per kilometre; this is uséd only in the prediction of vehicle

‘speed. The vertical alignment is specified in terms of the rise and fall

and is used in the prediction of vehicle speed and fuel consﬁmption and
also.in the prediction of the loss of material from gravel roads. The
road cross—section is defined in terms of carriageway and shoulder width
and this affects vehicle speed, rate of road deterioration and road mainte-
nance costs.

If the model is used to determine construction costs, then more detailed

information about the vertical alignment and the cross-section must be input.

Construction cost

On many occasions that the model is used, the construction cost will

already be known or an existing road will be under examination. However,

the model can be used to estimate the earthworks, site clearance and




pavement costs for roads at the feasibility study stage of design.

Road deterioration

Roads will deteriorate at different rates depending on whether they &
are earth, gfavel or paved. The deterioration relationships used in the

model were developed during the Kenya studya. ' &

Earth and gravel road deterioration is defined in terms of rdughness,
rutting and looseness of the surface material, which are all functions of
the traffic volume.and the tyﬁe of surface material. Additionally, for
gravel roads, deterioration is also expressed in terms of gravel loss,
which is a function of traffic volume, rainfall and the gradient of the

road. Four different types of gravel surface are considered by the model.

Paved road deterioration is defined as a function of roughness and
cracking. These are functions of the pavement strengths (modified struc-
tural number) and the cumlative axle loading expressed in terms of equi-

valent standard axles.

The model predicts deterioration of the road surface in each year that p)

the road is trafficked.

Road user costs

Road user costs are determined for each year that the road is open
to traffic and consist of time costs and vehicle operating costs. Vehicle
costs are determined from relationships developed in Kenya3 and the Caribbeang’lo.
Time costs are found from the product of the value of passéngers' time,

which may be input to the model, and journey time which is found from the

road length and the average vehicle speeds.

&
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Véhicle speed is calculated separately for eaéh type of vehicle and
for each direction of travel. Speeds are used in conjunction with details
of the road geometry and surface characteristics and details of the vehicle
to predict fuel consumptions. Fuel costs are found from this and the prices
of petrol and diesel oil. The consumption of lubricating oil is built into
the mo&el for different types of vehicle running on paved and unpaved roads.
The cost per journey is found from this and the unit cost of the oil. The
cost of replacement parts for a journey over the road is related to the new
vehicle price, the distance travelled by the vehicle since newvand the
roughness of the road surface. Tyre costs are related to the roughness of
the roﬁd and, for heavy vehicles only, to the gross vehicle weight. Depfe-
ciation of vehicles has been related to the vehicle's age in years. An
initial age spectrum of vehicles may be input and this may be modified,
if required, each year by vehicle growth and wastage. In addition, the
model calculates crew costs and standing costs, all of which are related

to journeys ovér the road being studied.

To calculate these costs, the model requires input on fuel and lubricant
prices, tyre costs, new vehicle prices, crew hourly rates, and the value

of passengers' time,

Road maintenance costs

ﬁaintenance of paved roads is assumed to consist of patching, surface
dressing and overlaying. For unpaved roads, maintenance is assumed to
consist of grading, and regravelling of gravel roads. The model computes
the cost of carrying out the maintenance that has been specified by the

user. A cost of maintenance overheads which should include shoulder main-

tenance and ditch clearing may also be included if required.

11




Stage construction

As part of the maintenance routinés it is possible to study the effects
of planned improvements to the standard of the surface of the road., Earth
roads can be gravelled, gravel roads paved '‘and paved roads overlaid. Any
number of additional layers can be added but the alignment and width of
the road will remain unchanged. After an upgrading, the maintenance policy

may also change.

Stage construction which involves changing the geometry of the road

can only be studied by making separate runs of the model.

Costing

All calculations within the model are carried out on a quantity or
non-dimensional basis and input unit. rates are used to determine costs.
Thus the model can be used with any system of costs or prices and its
relationships do not become ou;dated because of the effects of inflation

or changing relativities in commodity prices. . &

Prices should be expressed in either market or economic terms depending

on the type of analysis being carried out.

An important aspect of the cost of building roads in developing
countries is the foreign exchange requirement. The model has the facility
to calculate the foreign excﬁange requirements for construction, road
maintenance and vehicle operation based on percentages of components such
as fuel, construction plant and materials, etc, which must be bought with
foreign exchange.

-

s

Computer requirements and availability

The computer program (RTIMZ) and user manual are available at the cost xz

of a nominal handling charge from:

12 »
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Computer Section
_Transport and Road Research Laboratory
Crowthorne

Berkshire RGl1l 6AU
United Kingdom

The program is written in Standard FORTRAN and consists of 6,000
statements. The total size of the program is 130k bytes. On the ICL 4/70
computer the program has a system overhead of approximately 29k giving a
total program size of 159k bytes. This can be reduced in size by using
a simﬁle overlay structure which would result in a total program size of

approximately 92k,

The program requires input in card image form and a separate input
device may be used for input of the ground data. Three sequential files
are réquired for use as backing store and these may be magnetic tapes or

disk files. The program prints output to a lineprinter.

| :
The run time of the program on the ICL 4/70 is of the order of only

a few seconds.

CASE STUDY: THUCHI-~-NKUBU ROAD, KENYA

Background to the study
RTIM2 has been used as part of an evaluation of the Thuchi-Nkubu road

project in Kenya for Britain's Overseas Development Administration.

The road traverses an area of dense population and high agricultural
potential on the eastern slopes of Mount Kenya. The topography in the
area is rugged and includes ten mountain rivers and thirty streams. The
new alignment shortens the direct road length by 30km, from 84.40 to 54.,38km.

The principal benefits considered are the economic value of road user savings

13




resulting from shorténing the route and improving thevroad.surface. These

are principally vehicle'opgrating cost savings fgr the expected 'ndrmal'

traffic over the life of the project, but the value of time savings for B
this traffic is also considered. A further soﬁrce of benefits is a reduc-

tion in road maintenance costs as a result of the project. The effect of

o

generéted traffic is also considered.

The existing road has a gravel surface and follows the contours of
the ground having a tortuous horizontal alignment, but relatiéely flat
gradients. The new road has gentle hofizontal curves and steeper gradients
and involves the construction of substantial earthworks. It is provided
with a paved surface. Predicted traffic levels are approximately 750 vpd
in the first year rising to over 2600 vpd after 20 years. Generated
traffic on the new road is expected to increase from just under 400 vbd

to in excess of 1600 vpd over the same period.

. .t@
The original feasibility study assumed that a high level of mainten-

ance would take place whether or not the new road was built and the analysis
using RTIM2 has been carried out on this basis, It is however believed
that the levels of maintenance considered, particularly for the 'without

project' case, are unlikely to be achieved in practice.
J P

Road user cost savings

The vehicle operating costs of traffic on the road will be affected
by the sevérity of the road geometry and the condition of the road surface
(roughness). On the existing road, roughness varies from 3500mm/km when
the road is newly maintained up to about 5500 mm/km. On the new project,
roughness rises steadily from 2500mm/km in the first year of trafficking

to 3750mm/km in the last. Vehicle operating costs are also affected by

14
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the agé of vehicle. It was estimated that vehicles would achieve higher
utilisation on the new project which implies that, on average, vehicles

o

will be older in terms of the total number of kilometres travelled.

The diffeéences in road user costs for the 'with' and 'withoutf project
situations are illustrated in Table 1 which shows costs for the first year
of trafficking. There is a reduction in vehicle operating costs per kilo-
metre for all vehicle types following the construction of the project.

The réduction is of the order of 30 per cent.for cars, 35 per cent for
light goods vehicles, 15 per cent for trucks and 35 per cent for buses.
In addition, there is a reduction in time costs of between 45 and 50% per
kilometre of road. These changes in cost are caused by the reduction in
road roughness and the increase in speéd and vehicle utilisation., All
these costs savings will be increased further because of the shortening

of the road length.

Fuel consumption rates on the existing road and the new project are
similar because the effect of the reduction in road roughness is offset
by th; increase in vehicle speed. The use of 1ubricatin§ oil is halved
because 0il changes are needed much less frequently on paved than on gravel
roads. Tyre wear is affected by the reduction in road roughness and is
reduced by over 50 per cent for cars and light goods vehicles and just
under 20 per cent for trucks and buges. 'Spare parts replacement and main-~
tenance labour hours are affected by two components. The reduction in
road roughness reduces the cost, but the increased vehicle utilisation
increases the cost. Depending on the relative magnitude of these effects,
the cost may therefore increase or degre#se. In the case of cars and light

goods vehicles, there is a reduction in cost of just under 50 per cent.

There is a 2 per cent increase for trucks and a decrease for buses of nearly
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70 per cent. Both vehicle depreciation and crew costs per kilometre run
have reduced in direct proportion to the increased vehicle utilisafion on
the new road. The reduction in time cost per km is entirely due to in-

creased vehicle speeds,

There will be further savings in total road user costs due to the

shortening of the length of the road.

Tables 2 and 3 show the undiscounted cost streams for all cost comr .
ponents for both the new project and the existing road over the analysis
. period. The foreign exchange component of these costs has not been included

in this analysis.

The vehicle operating cost and time cost columns show clearly the
gradual increase in these costs over time for both normal and generated
traffic. This increase is due both to the growth in traffic over time and
to the effect on vehicle operating costs of the deterioration of the road »

surface condition with time,

Engineering costs

Table 2 shows how the constructién cost has been spread over the five
years 1980-1984, These figures have been provided by the User and RTIM2
has not been used to evaluate the construétion cost in this example. Clearly,
no construction cost is incurred on the existing road (the 'do-nothing'

case).

The inputs of periodic maintenance can be clearly seen in the 'Main-
tenance' columns of Tables 2 and 3. Table 2 shows the cost peaks where
surface dressing will be carried out in 1990, 1995, 1998 and 2001. The
cost of KS 79856.70 represents the cost of drainage and shoulder mainten- £

ance plus the cost of maintenance overheads. The slight escalation of
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mainteﬁance cost in 1988, 1989 and 1994 represents the cost of patching
cracks and pot-holes. Notice that the need for this is eliminated following
a surféce dressing. Table 3 shows that regravelling will be carried out

in 1984, 1988, 1990, 1993, 1995, 1997, 1998, 2000 and 2002. This is based
on'the Consultant's estimate of regravelling needs because of fhe rate at
which gravel will be worn away by traffic and rainfall. The remaining costs
represent drainage and overhead costs plus the cost of grading the road

which is carried out at a steadily increasing frequency through the life

of the project.

Benefits

Tables 4 and 5 show the discounted cost streams for the project and
the existing road. The base discount used is 12 per cent but RTIM2 has
also been used to evaluate the sensitivity of the result to discount rates

of 10 and 14 per cent.

At a 12 per cent discount rate, the vehicle operating cost saving of
the project is KS Million 213 and the maintenance cost saving is KS Million
6 for an expenditure of KS Million 171, 'The total discounted cost of the
project (construction plus maintenance plus vehicle operating cost for
normal traffic) is KS Million 367 ¢ompared with KS Million 416 for the
'do-nothing' alternative, giving a net present value of KS Million 49.

Thus there is a benefit/cost ratio of 1.28. Additionally, there is a time
saving for normal traffic of KS Million 44. If this is included, it in-

creases the benefit/cost ratio to 1.54.

The vehicle operating costs and time costs for generated traffic have
been printed in Table 4. These are normally included as a benefit by
taking half of their value. However, it should be noted that all costs

used in this example are in financial (economic) terms and the benefits
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due to generated traffic should normally be related to the 'perceived' cost
which is related more closely to the markef cost than the financial cost.
.Thus, half of the tabulated values for vehicle and time costs for generated
'ltraffic may well be an underestimate of the true benefits. More information
about the relationship between 'perceived' costs and 'financial' costs is

needed in order to assess these benefits properly.

It is interesting to note that the méintenance cost of the néw project
is only 1 per cent of the construction cost and only } per cent of the
total cost (construction plus maintenance plus vehicle operating cost).

For the existing road, maintenance still represents less than 2 per cent

of the total cost.

Clearly, at a 12 per cent discount rate, the project is justified
whether or not time costs or generated traffic are taken into account.
This result still holds for discount rates of 10 or 14 per cent as the
internal rate of return is approximately 15 per cent. When generated
traffic benefits and time cost savings are taken into account, the rate
of return increases substantially above this. The first year rate of re-

turn is 9 per cent, excluding time and generated traffic benefits.

In all of the above cases, the residual value of both the existing

and new roads should also be included in the appraisal.

Discussion

The example has been chosen to illustrate the way that RTIM2 can assist
in the evaluation of economic benefits for a road project. Note that no
economic analysis is carried out by RTIM2 but, by producing computer runs
for the 'with project' and 'without project' cases, tabulations are pro-

duced which can be used to determine the net present value, benefit cost

18
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ratio, internal rate of return, first year rate of return, or any other
economic test that is required. These calculations are all straightforward
and allow the user to carry out the economic analysis in whatever way is

appropriate to the situation under consideration.

The example also illustrates how the factors of road condition, vehicle
age anﬁ utilisation affect the vehicle operating cost and, in particular,
how some cost components can actually increase when the road is improved.
This emphasises the importance of collecting good information about these
factors when appraisals are being carried out. Of further interest is the
fact that generated traffic actually increases the unit vehicle operating

cost because it increases the rate of road deterioration.

In a normal appraisal, many further runs of the program would be
carried out so that several different design options could be evaluated.
Further runs should also be carried out to enable the-effect of uncertain-
ties in the data to be fully investigated which will reduce the element
of risk in the project appraisal. In particular sensitivity analysis should
be carried out of key variables such as traffic, road roughness, vehicle
age, vehicle utilisation and road maintenance inputs in addition to the

sensitivity to the discount rate which has been illustrated here.
SUMMARY

In developing countries, investment in rural and inter-urban roads continues
to répresent a large part of national development programmes. It is there-
fore important that decisions about such investments are made on the basis
of the best possible information. An attempt has been made to obtain a

better understanding of the interaction between road construction and main-

tenance standards and the cost of operating vehicles in order to improve
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the quality of decisions made at the planning stage of road investment
projects. The relationships. derived from various studies have been built
into a computer model which may be used to aid investment decisions within

the roads sector in developing countries.

9

The relationships iﬁ the model allow it to be used to study the
interrelationships between road design and construction standards, road
mainten;nce policy, vehicle characteristics, traffic flow and growth rate,
environment and road deterioration. The model can be used to study many
aspects of a road investment project such as the optimum maintenance stan-
dards for the road, the choice of an earth, gravel or bituminous pavement,
and the benefits of adopting any number of different stage construction
options. The model will also allow the planner to study the consequences

of uncertainties in traffic forecasts or in the discount rate.
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R RIJINSON MAY 1983 EXAMPLE FOR ODA RDUAD SECTOR MANUAL (RDATATL)
TRUCHI-NXUBY >RIJECT

VEHICLE
TYPE CLASS

CaR

LIGHT 6030S
TRUCK

3Ys

»WN

FUEL

«1553
«2629
«3544
» 3758

Lu3R
BIL

«0132
0197
«0639
+0639

VEHICLE OPERATING COSTS PER KM

TYRES -

«0250
«0250
1698
.1887

MAINTENANCE
SPARE
PARTS LABQOUR
«1981 «+0391
«3202 00681
1.2205 02642
«1950 «0193%

. CREW
TINME

0.0000
«2571
«9500
LITL)

@ 203INSON ™ay 1933 EXAMPLE FOR ODA ROAD SECTOR MANUAL (RDATATO)
THUCHI-NXUBU EXISTING ROAD

VEHICLE
Type CLaSS

Cagp

LIGHT G330S
TRUCK

3US

SwWn e

FUEL

«1498
22711
#3564
3685

LuUBR
OIL

«0263
«0395
«0878
+0878

DEPREC
IATION

e1325
«1790
«2810
«3891

#25COSTS IN KENYA SHILLINGS*¢*

TOTAL
RUNNING
cast

+5632
1.1121
3.2638
1.6563

¢246COSTS IN KENYA SHILLINGS®»**¢

VEHICLE OPERATING COSTS PER KM

TYRES

«0535
«0535
«2093
»2328

MAINTENANCE
SPARE

PARTS LABOUR
«3830 «0484
«5335 «0522
1.1989 «2193
«6133 +0553

CREW
TINE

0.0000
«3913
1.3702
«6667

DEPREC
IATION

017606
«3181
«4053
03837

TOTAL
RUNNING
COsT

«8376
1.7593
3.86473
246079

TRRL ROAD INVESTHENTGEUDEL

RTIN2/8372

STANDING
COosTS

«0563
02224
«6528

3313

TRRL ROAD INVESTMENT MNODEL
PAGE

TOTAL

vt

 +6195
13345
3.9166
1.5876

RTIM2/8372

STANDING
COSTS

«0838
«3519
« 7695
5216

TOTAL
voc

«9214%
2.1111
4.6168
3.1294

»

12

TIME

«5475
«0763
«0645
«4087

18

TINE

«9996
+1543
«1228
a7652

2l



TABLE 2

R RIJINSON MLY 1983 EXAMPLE FOR 0ODA ROAD SECTOR MANUAL (RDATATL)
THUCHI~NKUZ') PROJECY

ANNUAL COST MATRIX

YE AR

1978
1979
1930
1981
1982
1983
1984
1925
1985
1087
1082
1989
1999
1991
1992

19913

199%

199% ¢

1996
1997
1998
1999
20c0
200
2002

TRRL ROAD INVESTMENT MODEL

*#4COSTS IN KENYA SHILLINGS*#» RTIM2/8372 75
VEHICLE DPERATING COSTS TIME COSTS

NORMAL GENERATED NORMAL GENERATED FOREIGN
CONSTRUCTION MAINTENANCE TRAFFIC TRAFFIC TRAFFIC _TRAFFIC EXCHANGE
0.00 0.00 0.00 0.00 0,00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00
87393600.00 0.00 0.0C 0.00 0.00 0.00 0.00
65545200.00 0.00 0.00 000 0.00 0.00 0.00
655‘5200.00 0-00 0.00 0.00 0.00 °0°° °l°°
12138000.00 79856.70 23008750.91 11623409.84 2816582,98 2021083.52 0.00
12138000.00 79856.,70 24704652.36 15109666.84 3076654.74 2516626.29 0.00
. 0.00 79856.70 26782363.90 16435439.91 334577735 2751690.33 0.00
0.00 79856.70 28120174.75 17327609.56 3639224.,37 2983835.27 0.00
0.00 79856.70 30544862.72 18647186.37 3950069.26 3220964.13 0.00
0.00 97937.87 33541185.70 20401544.15 4278710.08 3480791.75 0.00
0.00 286987.55 37095053.86 22592221.07 4622299.26 37568595.99 0,00
0,90 2715200.9% 40868642.87 25088056,21 4964957.75 4073413.95 0.00
0,09 79856.70 44495807.15 27375961.59 5335119.32 - 4351813.70 0.00
0.00 79856.70 48730114.15 299566462443 5717897.49 : 4668829.77 0.00
0.00 798586.,70 - 53024396,43" 32660689.,29 6106762.12-- - 4991414.72. 0.00
0.00 247262.85 £7704603.06 35532338447 " 6530645.18 5316927.90 0.00
0.00 ~ 27923%66,18 62471427462 38553836.73 6941873,91 - - 5666253.55 0,00
0.00 79856570 66%59896,80. 41221019.28 7362919.52 5988080.27 Q.00
0.00 79855.70 71581009.68 %4421953.54 7792637,.%2 6353034.24 -0.00
0,00 2635341.53. 78477573.26 46771073,30 8308460.77 - 6637909.46 0.00
0.00 79855,70 81465779.03 50679497.50 8661885.86 7057516.27 0.00
0.00 79856.70 87799530.58 34596316,07 9111284.50 7416644.09 0.00
0.00 2757433.74 94601942,10 588821764.56 9560803,70 7770846429 0.00
0.00 79356.70 99155359.,08 61862124.,07 9976874.36 8112687.21 0.00
242760000.00 12570667.82 1090733125.05 669788760,.78 122101440.04 99135218.70 0.00

» @; ﬁ?



TABLE 3

R ROBINSON MAY 1983 EXAMPLE FDR ODA RDAD SECTOR MANUAL (RDATATO) TRRL ROAD INVESTMENT MDOEL

THUCHI-NKUBU EXISTING ROAD *+2COSTS IN KENYA SHILLINGS#*%# RTIN2/8372 PAGE 100
ANRUAL COST MATRIX -
VEHICLE OPERATING COSTS TIME COSTS
NORMAL | GENERATED NORMAL GEMERATED FOREIGN
YEAR CONSTRUCTION MAINTENANCE TRAFFIC TRAFFIC TRAFFIC TRAFFIC EXCHANGE
1978 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1979 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1980 0.00 0.00 0,00 0.00 0.00 0.00 0.00
1981 0.00 0.00 0.00 0.00 0.00 0.00 0,00
1982 0,00 0.00 0.00 0.00 0.00 0.00 0.00
1983 0.00 246304.74 50668470.78 0.00 8208579.22 0.00 0.00
1984 0.00 4038159.58 - 56350507.04 0.00 9216075.06 0.00 0.00
1985 0.00 282419.50 57788164.93 0.00 9620226.14 0.00 -Ue00
1984 0.00 282419.50 61354092.36 0.00 10691160.10 0.00 0.00
1987 0.00 282419.50 67948150.89 0.00 11940777.87 0.C0 0.00
1988 0.00 4074274.34 76805223.96 0.00 13437751.78 0.00 0.00
1989 0.00 354649.02 77453598.89 0.00 13201216.26 0.00 0.00
1990 9.00 ©145503.868 86045221.18 0.00 16426203,22 0.00 0.00
1991 G.00 390783.73 91940016457 0.00 15258868.91 0.00 0.00
1992 0.00 390763.79 101382362.67 0.00 16631941472 0.00 0.00
1993 0.00 4182618.62 111546156.16 0.00 181391467.42 0.00 0.00
1994 0.00 426878.54% 117556451.69 0.00 19027394.18 0.00 0.00
1995 0.00 4218733.38 128061973.26 0,00 20636603.35 0.00 0.00
1996 0.00 462993.30 134421467.82 0.00 21542969.60 0.00 0.00
1997 0.00 4254848.14 145819297.32 0.00 23251849.35 0.00 0.00
1998 0.00 4£290962.90 155770498.20 0.00 24558602.51 0.0V 0.00
1999 0.00 535222.82 159163383.54 9.00 25139413.14¢ 0.00 0.00
2000 0,00 4327077.66 .171392775.99 0.0) 26859423.70 0.00 0.00
2001 0.00 571337.58 17913984672.05 0.00 27814830,.,48 0.00 0.00
2002 0,00 4363192.42 191866935.66 0.00 29535214.85 0.00 0.00
0.00 4£2122542.92 2222523620.97 0.00 359138768.85 0.00 0.00




TABLE 4

R RDZINSON MAY 1983 EXAMPLE FOR ODA ROAD SECTOR MANUAL (RDATAT1) TRRL ROAD INVESTMENT MODEL

4

THUCHI-NKUBU PROJECT *$¥COSTS IN KENYA SHILLINGS#*» RTINM2/8372 PAGE 76

DISCJUNT RATE = 12,00 PER CENT

VEHICLE OPERATING COSTS TIME COSTS

. NORMAL GENERATED NORMAL GENERATED FOREIGN
YE AR CONSTRUCTION MAINTENANCE TRAFFIC &~ . QTRAFFIC - TRAFFIC TRAFFIC EXCHANGE
1978 - 0.00 0.00 0,00 0.00 0.00 0.00 0.00
1979 0.00 0.00 0.00 0.00 0.00 0,00 0.00
1930 09669642,86 0.00 0.00 0.00 0.00 0.00 0.90
1981 46653778,70 0.00 0.00 0.00 0.00 0.00 0.00
1982 41655159.55% 0.00 0.00 0.00 0.00 0.00 0.00
1983 6887427.,17 45312.84 13055783.18 6595634.99 1598204.82 1146817.07 0.00
1984 6149488,55 40457.89 12516145.72 7655027.45 1558729.04 1273987.94 0,00
1985 0.00 36123,12 12114981.30 7434558,35 1513459.76 1244724.96 0.00
1986 0.00 32252.78 11357266495 6998330,88 1469821.69 1205121.02 0.00
1987 0.00 28797.13 11014783,71 6724362,.34 1424434.57 1161511.96 0.00
1988 0.00 31533,37 10799364.12 6568751.20 1377630.13 1120721.79 0.00
1989 0.00 82502,06 10663941.57 64964723,70 1328800.58 1080006,32 0.00
1990 0.00 696926,46 10489962.,71 6439479.16 1274380499 1045543.90 0.00
1991 0.00 18301.09 10197290.57 6273863,82 1222671465 997323,38 0.00
1992 0,00 . 16340,.26 9971146.83 6129722.36 1169935.11 955335.07 0.00
1993 0.00 . 14589.52 . 9687358.98 5966985.82 1115682.61 911912.81 0.00
1994 0.00 40333,93 9412870.75 5804250.18 1065289.69 867306.11 0.00
1995 0.00 406692,33 9098609.90 5615168,14 1011044.65 825257.76 0.00
1996 0.00 10386,.53 86556421.70 5360364.45 957471.04 7708687.50 0.00
1997 0.00 9271.90 6311040.32 5157689,83 904778.03 737630.33 0.00
1998 0.00 273197.34 81353316.13 4848603.87 861311.25 688130.60 0.00
1999 0.00 7391,51 75404460.,87 4690874.61 801740.79 653240,.97 0.00
2000 - 0,00 T, 6399.56 7255973.62 - - 4511976462 752979.42 612930.09 0.00
2001 0.00, .2034665.40 6980483,92 . 4344795429 705472.16 573394.86 -0.00
2002 0.00 -5261.13 6532563.55 4075604,.85 €5T7297.47 334480.90 0.00
171015496.83 2005732,14 193790946, 41 117690552,05 22771195.46 18414065.35 0.00

DISCOUNT -RATE = 10.00 PER" CENT
180627773.71 2633599.49. 248102022.22 1509993%95.62 28938657.01 23422087.36 0.00

DISCOUNT RATE = 14.00 PER CENT

162129706.98 1544433,19 153579612.02 93060761.29 18170954.38 14679346.13 0.00

, o @g




TABLE 5

R ROBINSON MAY 1983 EXAMPLE FOR QDA ROAD SECTOR MANUAL {(RDATATO)
THUCHI-NKUBU EXISTING ROAD

OISCOUNT RATE =

YEAR

1978
1979
1980
1981
1982
1983
1984
198%
1986
1987
1988
1989
1990

1991

1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002

OISCOUNT RATE =

OISCOUNT RATE «

TRRL ROAD INVESTMENT MODEL

*$3COSTS IN KENYA SHILLINGS#*% RTIM2/78372 PAGE 107
12,00 PER CENT -
’ VEHICLE OPERATING COSTS TIME COSTS
NORMAL GENERATED NORMAL GENERATED FOREIGN
CONSTRUCTION MAINTENANCE TRAFFIC TRAFFIC TRAFFIC TRAFFIC EXCHANGE
0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 2.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00
0,00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 G.00
0.00 139759.92 28750651.06 0.00 4657768.30 g.00 0.00
0.00 2045857.32 28548920.56 0.00 4669150444 0.00 0.00
0.00 127752.24 26140431.06 0.00 4351701.75 0.00 0.00
0.00 114064.50 24779888.87 0.00 4317980.25 0.00 0.00
0.00 101843,30 24502784.,39 0.00 4305956.21 0.00 0.00
0.00 1311807.30 24729226455 0.00 4326596.43. 0.00 0.00
0.00 101953.12 22266058,86 0.00 379503¢6.22 0.00 0.00
0.00 1064304,28 22085665.14 0.00 3702847.05. 0.00 0.00
0.00 89552.97 21070278.84 0.00 3496938.92 0.00 0.00
0.00 79938,01 20744840.05 0.00 3403224.80 0.00 0.00
0.00 764148.78 20379065469 0.00 3313958.07 0.00 0.00
0.00 69633.14 19176003.76 0.00 3103861.72 V.00 0.u0
0.00 014434,564 18651501.69 0.00 30055604,49 0.00 0.00
0.00 60207.46 17480112.58 0.00 2801438.94 0.00 0.00
0.00 494016.70 16930608.62 0.00 2699697.28 0.00 V.00
0.00 644830424 16148223, 64 0.00 2545910.83 0.00 0.00
0,00 49540,02 14732119.49 0.00 2326894.32 0.00 0.00.
0.00 357600.56 14166329,.28 0.00 2219730.20 0.00 0.00
0.00 §2157.83 13221965.80 0.00 2052399.48 0.00 0.00
0.00 287456,29 12640597,.28 - 0.00 1945842.08 0.00 0.00
0.00 8360878.62 407163273.21 0.00 67042543,83 0.00 0.00
10,00 PER CENT
0.00 10517538.60 918717872.27 0.00 851686286.91 0.00 0.00
14,00 PER CENT
0.00 6738090,32 32641461009.98 0.00 53507277.88 0.00 0.00

-
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"The conventlonal four—stage modelllnc process 1s st111 the most

‘commonly used technlquc for est1mat1ng travel demand Tr1p genera-

tion ~ the 1n1t1a1 stagc of the process 15 a 31gn1f1cant determinant

1of the “Form of the flnal output or thc ba31s for declslons on 1nvest~
) ment in.the’ transportatlon sector. Desplte the fact that they have
"recelved cons1derab1e nttentlon over the two decades the various

‘technlques of tr1p generat1on ana1y51s have only margxnally improved

their predxctlve accuracy va11d1ty and pol1cy sens1t1v1ty The main
trlp generatlon ana1y81s technlques are revlewed w1th respect to
the1r advantages and dxsadvantagcs A ‘more flexxble approach that

would prov1de the dec1s1on makers w1th a densxty of estxmated values

ER M T 3

' rather than a s1ngle value is dlscussed



o 1. INTRODUCTION

Transportation planning involves the study and understanding of
an unsurmountable number of factors that are often not clearly identi-
fiable. Some facts are not only obscure but are also very much inter-

'depgndent. As described by Paquette et al (1) the chief problem
comes from.the fact that unlike most engineering problems, the solu-
tion which is selected will affect the environment of the problem
itself. This change of environment will change the demand upon the
" system, bdééibly“invalidating the criteria and input used in the
initial design". The cyclic interdependence of the demand for trans-
portation and the factors inf}uencing the demand is shown in Figure 1.
For decades, researchers have bééﬁ!involvgd with tramnsportation
planning alfhough the emphasis, has changed from attempting to design
for the efficient movement of -automobiles.to the operation of the
optimal mix of automobiles and public. transit modes. The travel demand
aspect of the transportation plahning process was considered initially

as an abstract exercise. It was soon realized though that travel

: ~demand has to be anuintegralapar:,pfxtberpotglnqugg&pg process. It

has, to:.date, -remained-as a part.of theaprogess!_bugngonsjggigg of
fourisequential-sub-stages, or phases;:.trip generatien, trip distribu-
. tion, modal split and. trip assignment.

silh e T

This paper deals with one of the four phaseszfltriphggpefation
analysis.. Trip genmeration analysis is.the most.critical phase of
. travel demapd;aiorecastingEpecguse it supplies the. input for the sub-
sequent.stages. The quality of this input ygg}d,‘therefogg,vdétermine
.the:quality of the output in subsequent stages anyhigh.méjo; jnvest_
. ment decisions. are based.  The earlier m?thpds’gsed_fp trip géﬁeration
analysis are discussed here with respect to their V?{i@i?Y;ﬁéé@9i°t~
ability and policy sensitivity. Methods of improving these éﬁapac—

teristics are discussed in the sections following that.
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2. TRADITIONAL TRIP GENERATION ANALYSIS

The ultimate objective of trip generation analysis is to arrive
at an estimate of the number of trip ends generated by each analysis
unit in the stud& area. It is usually performed by identifying the
major factors influencing travel demand ‘and establishing reiation-

ships,betueen these factors and trip generation intensities. .

L

Travel needs of individuals are: determined: by- a mu1t1tude of
factors. Information ofi thede :factors-is: not. readily available for
two ba51c reasons. Firstly, it isTHffficulb-if,not.impossih}e_to
clearly identify all factors as they themselves are functions of'

several other variables. Secondlx, even whtre a few sufficiently

PR .=_l__‘“ AL o

significant factors are fairly apparent, the cost &lé siieht - involved

‘oftedt’ brevents the ¢collection and analysis of the pertinent details.
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Techniques ‘of itravel.:demand. forecasting have undergone Slgnlfl-
cant develdpment over:-the. past few, decade Transportation

engineers néw-Have .available. to. _them techniques ranging from s1mp1e

DAY
projection of highway traffic volume counts to sophisticated .
.--l'4

compaterizedmathematical models for particular applications.
However “the* f1rst generation..of models have created a fairly good
first rmpres51on ‘o most engineers, despite the cr1t1c1sms reyardinp

the’ asshmbtlons wunderlying the models and their overall structure.

e,

Hence, they are yet in-widespread use all _over: tho world

- iRy ‘x'|
Gefeapio

The most commonly used factors in the earlier studies were

‘ 18T l
demographic :and socio-economic variablcs of thc analysis units.
Trip ends estimated using only these variablcs, hOWever varied

51gn1f1cant1y from observed values The more recent studies have

1ncorporated transportation systém characteristics and* accessibility

measures into the analy31s Th1s approach has shown marked improve-

ments in the predictive.
TINY
.. Due to the varied behavioural patterns of the constituents of

an.apaly51s un1t, 1t has been found that there is also a strong

+.ueorrelation, between the re11ab111ty, nnd the accuracy of the :above-

2
A
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mentioned relation 1ips and the level of disaggregation of the
employed data. In sther words, the predictive accuracy and
stability of a relstionship established at the micro level (e.g. for
a particuiar trip type for females or a certain age category) is
hlgher'than that of a model based on all persons in an analysis

% unit, The flrst step should, therefeore, be to c1ass1fv the. factors

N1nf1uenc1ng demand into smaller.groups.

2.1 Categorization of trip purposes

Tr1ps made by a person for a certain purpose or. the trip rate
".13 the value to be derlved or estlmated in tr1p eneratlon ana1y51s.

':iOne may. categorlze thesc tr1ps into a des1rab1e number of groups.
'“It usually depends on the amount of t1me money ava11ab1e and the

1eve1 of accuracy requlred A typ1ca1 categorlzatlon procedure is

shown in F1gure 2.

T - - 4 . ..‘.‘.'-' : i

.‘The terms 1nterna1' and external' 1n the f1pure are deflned
w1th respect to the analysls un1ts If e1ther the or1g1ns or thL
destlnatlons of trlps are out31de tho ana1y31s unlt they ere
e;tennal 1nterna1 trlps, whllc 1f they are both out51de, a tr1p
would be a through tr1p A home—based tr1p 1s one where one cnd of
.the Journey is thc person 8, homc. Therefore, a Journey to work in

.'the mornlng would be deflned as a home-based work tr1p

Fare

2.2. Categorization of, trip makers,... ... ~.... .. .., ., . .-

The. trip makers may.be categorized according: to gender, age,
race,. socio~economic status (i.e. .level of income,. car ownership,
type of employment) or.the location of residence. Once.more, the

dV(llfth’lt_\' .')-F )
. extent of disaggregation will depend onAtlme and cost. . Although the
. earlier: trip generation analysis concentrated mainly on. land-use
variables when developing the above-mentioned relationships, more

personal and socio-economic variables are being considered today.

]
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2.3 Categorization of demographic data

Despite the findings that confirm the superiority of disdggregate
trip maker characteristics over aggregate land-use variables in trip
generation analysis, the disaggregate models have not replaced the
latter on any large scale. The primary resson is the difficuity
involved in obtaining disaggregate data. Conversely, informatioﬂ on
land~use variables is, more readily aveilable: There is a tendency

to use land-use data collected for other purposes and research One

. should, however, be extremely cautious when using such data in order

to avoid undue biases.

Land—ﬁse is often categorized as: - - o

(a) intensity of land-usé: this is the coacentration of duelling

units or population: within' the analysis unit. The populat1on

v+ .may be.further sub—d1v1ded accord1ng to the tr1p maker types

descr1bed above, SRR AL N
] . . L -
(b) character of land—use acce531b111ty, qua11ty of land-use
socio-economic status of populationj ™ - - <leow e

(c¢) 1location of land-use: distance from major generation centres.

CLorg.

At the disaggregate level, land-use variables can be further

categorized according .to type of dwelling unit.

‘2.4 Sélection of independent . variables .

The type oftrip generation. model and the depepdent variable
chosen’ t% be analyzed will determine, the independent var1ab1es
Often, however, the converse is.the case. That. 1s, the 1ndependent
variables dictate the dependent variables and the type of model.
Either way, certain conditions have been established over the years
that should be satisfied_yhen selecting the independent variables.

The two most widely used trlp generat1on analysis technlques
are (a) category ana1y51s or cross—class1f1cat10n analysis, and

(b) step-wise multiple regression analysis. Land area trip rate




analysis, household travel diaries and variations of regression &
analysis and category analysis are some of the other techniques used.
--Their practical applications have, however, been very limited.

LR

: 1 Wlth a11 technlqucs, the selected independent variables have to

. sat1sfy a few basic condltlons Flrstly, ‘their trip yen;ratlon
intensities*should be normally distribited random quantxtles . This
enablés the'ise of ineanm values of the varlables in the analysis. The
second’ cond1t10n is, since’ thc above models are used for estimating
future tr1p generations, of& should” §eleet the variables: whosé

_ horizon year status or magnitude could be'éSt1matéd‘W1th'reasonable

accuracy. The other selection criteria will depead on the type of

analysis technique used. ~° =~ Ui AT D edwmeth .

(1) Mu1t1p1e regress1on analys1s .';4“

.'.u'g,.- Trevus. o o . . ' 1111" (

’ o] g
The most commonly used trip generation model is the rultiple

regression model. Th1s techn1que is of great value,to en01neers and
planners due to its ab111ty to test a variety of regression equations
‘with various combindtions of dependent and independent variables using
high-speed clectronic computers... The final equation will be chosen

.. “depending on the. extent to which it satisfies the.statistical or

subjective criteria of the engineer. & typical regression model is of

the form .
o YT A B Ay L ALK
where : .. - .. - Y is the dependent variable
-Xl, 2, o X the indépendent Variable = °
. ’ iy .
and N Ao e A the re9r9331on coeff1c1ents
LR -f!.:.-.- ! A A TR s g el
The dependent variable is the number of trips generated by a 4

particular analysis zone for a"specific trip.type, as defined under
categorization-of -trips. The independment. variables. will be.the
socio-economic.or trip maker variables discgssed earlier. .The,

regression model developed for Rapid City, Iowa, to predict home-based



@

_personal business trips was: (1)

Y = 0.45 (population) + 1.16 (cars - 1.38 (Labour force)
- 0.39 (public and semi-public acres)’
-.0.03 (undeveloped acres) + 38,63

The dependent variables usually represent the 12-hour or 24~hour
daily trips or peak period trips eicept in instances where the demand
during a specific time period is desired. .

With multiple regreaaiqn analysis the independent variables
selected for testing should satisfy another condition in addition to
the two men;ioned ear}ieg;,ﬁhey should be non .co-linear. This means
that the independent varisbles should be independent of each..other.
Although not critical, causality is a further condition that has to
be examined. Iggis.;he apparent relationship between the dependent
and independent variables. One may obtain a relationship with a
high tz value. However, a closer examinat{on of the equation may
reveal ‘that the relat1onsh1p is not a realxty or hard to explain in

any logxcal way. o — : -

Hultiple regressien models usually used are of two types - the
zonal regression models and household regressxon models, The

d1st1nct10n xs based on. the level of aggregatxon.. Where more data

at the m;cté-level is available, household analyqiatas preferred.

A major disadvantage:of this technique is the problem of

_stability. The_aaaumptiqn_ghat the regression.coefficients associated

with independent variables -are invariant over time does not always

:lhold It 1s more than likely. that polxcy, spatial and social- changes

will alter the trxp makxng characterlstxcs and henge, the regression

.coefflczents The method, does, not provide any.scope for:testing. the
_ 1mpact of changes in the behaviour of independent, variables-on:model

;..._..P?F.aﬂwtgta. : 5

.i"SZ)' Category or ctoss-classification.analysis:

.. This technique enables:one -to -estimate the value of & dependent

varxable at various levels of one or more independent variables. The

i . n'l
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it 31mply cons1sts of one or more matrlqes that arg comblntd together

e vr:g,t e s IR . Syt (

to estlmate tr1p ends. A tr1p rate, matrix developed for the South-

Lrf ol "}.. FESCLENE RN LR o ff S LR A B

: eastern V1rg1n1a Regional Transportat;qh Study (Paquetteth972)-1s
ngen below h
: b

o
kY 1 N P . .
AN . . ot .
. - . " K

Home-Based tr1p generatlon and 1ncome level .
\ ‘-\'.
RS o '*-2~=z~

. e AN W
”Relatlve Income Level

I TEoa

nif Ifai Tﬁiﬂ;ﬂufﬁdse?ru"s:'.;E F NI 3 & CITD - w v
vrml B i msswdod gleeer D Son Mifesenn i T
diw o Warky raeiay o abvad « 038 0641048 Qb8 0 52
. Personal Bus1ness 0.5 0. 17..0.31  0.22 -0.23,.
R g pEingh WAL 0T T g 08" 0,38 0746 0.54
i n o iew Socdald Rﬂcre:atn.om s 028 013610438 -0 42 04T
o School 0.07 0.13 0.24_.0.32.. 0.25.
All Purposes . ‘1.45 1.95 2.42 2.80 3.14
vt ae D eewdliovd Bnues 2iabom dnluRwige . syl
SDGER B0 o TEET sfionnus DiE 2ladon. r TRELTHS FLss

Compare to mult1ple regress}on snalys%s h}ﬁ gpproach deestnot

P tH

'n31deratlon be glven te the: 1ndepegdent

BECR

requlre the same amount o
'varlables. For 1nstance non co-linearity does not seriously impair

the flnal result because no stat1st1cal relationships ,are.being

establlshed However, the assumpt1on of normal1ty Qf the. independent
. 3(

' varlables 1s 1mportant. The ce11 values 1n the trlp,;ate matrix is
l l
assumed to be the .mean value of the observatlons within that category.

. L oepd
ER T TRGE

Often the dlstrlbutlon of observed values of a category is unknown.

10y

If‘the d1str1but10n 1s hlghly skewed 0T the sample size is. not signi-

f1cant1y l?rge employ1ng the mean value wqpld 1nduee N: certaln bias.
Do ".‘ . \{‘)\ DN SE A A '

Sm e emara

Although the significance of each chosen independent variable
cannot be statistically.tested?ianfamilx of curyes. cap be derived
which would indicate the response of the dependent variable to one

TN o SAEmIdes vy PRI T 2 11 ¢ B
‘rifdependent variable whil¥ other 1ndependent variables are held
e f’ . e ! nu,\l"{f s "'{-"-'-"R.r

~Teonstant: 1t 1s"¥Tsd the Fil in situations where the relationship.
between dependent and independent variables i§ non-linear, and avoids

the problems of transfoérmation required in regression analysis.

method 1s not purely mathematlcal asg, in- regress1on anaIYSLS, in that . -
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Overall, category analysis has an advantage over the regression
techniqies for two reasons. Provided sufficient data is available,
the former technique has a definite edge over the latter. .However,
the quantity of datg required”to establish stability, with respect to
time cr area is uplikely to be available ir most transportition
studies. As summarized by Lewis & Douglas (2), “thc current policies
tend towards small home interview samples, and a plea is, therefore,
made for coordinating of home interview data from various sources"
fhe”combininp of data from all sources is not .as straight- forward as
one ‘would 11ke 1t to be. Furthermore cateoory analys1s has been
'used w1th sone reservatlons because of the d1ff1cu1t1es of 1ncorpora-

ting new 1ndependent variables.

o . ¢

3. ALTERNATIVE METHOD OF TRIP GENERATION ANALYSIS

As discussed earlier disaggregate modelling can significantly
1mprove travel demand forocast1ng and also reduce the data require-
ments. Nevertheless both of the above techn1ques and others ‘such as

1. [ .' T al

'd1rect demand models, household travel d1ar1es etc., a11 proy1de

'only p01nt estlmates. Th1s est1mate is assunmd to be the most likely
”value for a glven set of J5£13b1es
v gyt : Ce : Cengr

One of the mnjor problems with these variables is the uncer-
ta1nty about there future or even exxst1np maynrtudes.: For, instance
car ownersh1p and 1ncome levels are based on small samoleu from the
analys1s unlts. Therefore using p01nt ests mates is 11ke1y to
produce w1de var1at1ons from the actual concxtlons

W e ¥

On the contrary if the distributions of variables are considered
the engineers will be better equipped to provide the decision makers
with a range of possible-outcomes, with known probabilities of
occurance. Kanafang (3) was one of the first to apply a similar
approach to-estimate travel demand. ‘Bayesian ' - statistics was'used
to.estimdte the probability distribution function of trip cnds,
assuming that the distributions of the varizblés are of some known

form.
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.:fof ekamole; it was assumed that the trip genetations at any given

indome'iemei ié Poisson distributed. “Also assuming ‘that ‘the f1nd1ngs

“‘of Wooton and P1ck (4) that income is a gamma- dlstrxbuted random

quant1ty is va11d Kanafan1 (3) derived.the Bﬂyeszan d1stribution on

. tr1p generat1ons wh1ch can subsequently be: mod1f1ed to handle changes

in 1ncome Cons1der1ng income as a cont1nuous va rxables, ‘the’

compound probab111ty dlstrlbutlonscan be ea511y “obtained using -
Bayesian statlst1cs.. These dlstr1but1om;can "dlso’ m1n1m1ze the

statlst1cal and 1nherent uncertalntj 1n add1t1on "to be1ng ableé:to be

modified as the 1n1t1a1 cond1t1ons change

-’0 Sy “ PN T

4. CONCLUSIQNS ;% ' |

H

: Compared to methods of multlple regres91on ‘and’ category
ana1y31s in tr1p generatlon ana1y51s, a probab111st1c ‘method ‘has the
ability to test the sen81t1v1ty of tr1p generat1ng intensities to
several var1ab1es. It can also minimize the biases introduced by

-

_small samples and uncertalnty the future status of 'the variables

L i

used
ATl T AFE '=_-:. crpgr - e O
If the probab111ty dens1ty “function of the" tr1p geﬂératlons is

known one can generate several altcrnatlves to" satlsfy the estimated

. r.._, g3

... .demand, COnsequently the cost of sat1sfy1ng the antlélpatcd demand

or the inability to accommodate the demand can be aséessed more

objectively.
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FIGURE 2

CATEGORIZATION OF PERSON TRIPS
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| ESTINATING THE TOTAL DEMAND FOR AND SUIPLY OF GOODS
i ~ TRANSPORT IN SRI LANKA: 1964 ~ 1911
by

J«. Diandac

There is no known estimate of total 556&5 trangsort effort in

Sri Lanka. Total'goods nroduced and imported was firet tabulated,
including congiderable estimation. Out of this a proportion was
qeducteé for husgk, seed and local éonsumption. The balance

| .
needing transport was converted to ton-milce by applying an

éstimated average haul dictance to each éoﬁmodity. Total demand

for ton-mileage was agoresated.  Supply wae estimated by

estimating the averaze active wvehicle fleet cof lorries,
agricultural tractor-trailers and bullock carte, and applying

estimated average annuol milcage and estimated average payloads.

.Railway data was included to givelﬁotal supply. Althouch many

estimations were needed for both demand end supply the éggfegateé

- ghowed remarkably close matéhing over the 10 ysars studied.

However this may be due to compensating errotrs and cannot be

‘Yegarded as more than tentative.
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This Qaéer is drawn tfrom Chapter 6 of a forthconing pubiication

»

"Sri Lanka Transport Ssctor Sfudy"'sponéorsd by the Friedrich
Ebert Poundation. (Réference (1)) It is to some extent an
update of material in four earlier papers published or presented

between” 1975 and 1981F (Reference (2), (3), (4), (5) )

.2+ -Methodolegy.

There would appear to be :nouprevious éstimates of the total quént'ity .

of transport (tons and.tén-miles). in‘ S¥i Lanke, aind of the modes

by which this transpoert was performcd.
\

Data of total tonnage produced in or imported into Sri Lanka was .

extracted from principal statistical sourcese (Reference (7), (8),

(9)y (10) ) Estimages for some missing items were made as

described in para 3 of this paper.

This tonnage data was converted first into tons secking transgport,

and then into ton-miles of transport as described in pnara 4 of this

paper.

Total ton-miles was arrived at and compared with the total estimated
supply of transport developed in the Transport Sector Study. (Reference

(1))

E

Supply of transport includes rail ton-miles as reported by the
railway (Reference (11) ) and estimates for lorry, agricultural

tractor/trailer and bullock cart. These latter were derived from

o~




a get of assumptions made after examinin: three reports of TRRL
(Transport Road & Rescarch Laborator:, In;land) issued recently.

(Reference (12), (13), (14) )

The assunptions werc briefly as follows :-
Active vehicles as the number on the Rejister of Motor Vehicles
less the following sercentaze of the numder on rciister 10 years

earlier :-

- - - Y -
. vehicle % )
] }
SRR
SRR ©Eoref et pT 2Q?r!5192\

!
Trector b 100 f ot

.\

In the case of bullock carts the number was extrapolated
intuitively from the fleet estimated by TRRL for 1397C.

(Reference (jﬂ)_)”

Hileg pex .vehicle.per annum :- . - —_— s
Vehicle Milog
. — —— - e
lorry -} 5,000 )
tractor/traiier . -
(for tranepo;t) , 2,000
bullock cart . 1,000

[N
S

Avera e nayload taking account of empty backhauls':='

e s e e A GWar.a Gwma e m T

5 Vehicle j tons
%.._._..,-,..'.......-._..-._.._,a L S — e
' lorry . _11f |
’ tractor/trailer 1.0 g
! bullock cart eyt
LI L?“ﬂ”ﬁfﬁi‘?ﬂ?*'f“t?"ﬁ'r“"“ﬁx"ﬂZifJ




3, Total Tonnage of all goods

The transport sector has to carry, for various distances, the out~-

®

put of agriculture ahd industiy'ésﬂﬁeii“aé the.éobds imported into
the country.. | {
Growth in these quantities are set_outjip'tpe foliowing table and
corresponding graphs :- | | -
| 1 agriculture, foresiry, '.w‘fﬁlsn & animal;
. .3 . industrial products;

5. .imports (all ports)

Imports at each port are set out in Tableg 6 (Colombo), 7 (Trinco)

& 8 (Galle).

There are considerable gaps in theé data as well as ‘inéonsgistencies.

The se have.been filledjin-o: adjuéted by the best judged interpola-

?!/

tion or extrapolation or estimation.
The congtruction industry generates a large amount of transport of

its input materials. They include bricks and tiles made in scattered

factories., Others are. metal (granite) sand, clay, and tlmber. Unlike ‘

AL

1ndustr1al goods these need only 1nward (or raw materlal) transport,
since the product of the construction industry remains on the location
of construction. There wag particular difficulty-iﬁ'estimating

'the quantities of construction materials, for whichueome data of

gand, brieks. tiles and eia& was available only for 15@0. For this

an estimate was made by indexing backwards on the basis of the average
of the indexes of GNP and reported timber sales. Value added at
constant prices by the construction jndustry might heva been a better '

basis. In any casge metal.(granite) has not been included,
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“ Another important sector necding transport in one direction only

is enrergy. Oil has been in~luded in industrial products..
Eiebtricity's_transport is by transmission lines, and is not
included in conventional transport studies, thouzh it is worth
noting thét electrification (of villagés; industry, or‘transport

itself) usually reduces the need to transport liquid fuels.

e s e e . B . . .. B m e mrm h hemmaas [ e cemmat

Firewo?d %s.ﬁpe_other sigpifiéa?t:QOEEQE of enerygy which needs
transpPrt."ﬁere.xoo data is facking. It has- been estimated
that b;tween;B and 5 milljon t5ns.of firewood are used perfiear,
to prov1de about 60% of the country 8 energy usage. Howevef

not much i;.;nown.abouf';ﬁéuérggéﬂlg_gz;ewood use. In urban
aveas 1f5 Wse Hay tend “to Flictiate thiAverse ha¥nomy WEEh"
kerosene o0il prices. In rural areas it needs little transport.
However even if'sﬁly 56 of firewood movés frbm'éourcé':to toﬁﬂt"
at least 200;090 tons would reed to be “transported, which is as
large a quantity as total tea produdtionuniﬁltimately firewood

quantities has been estimated at 311 kg per capita annual derived

from TL Sanker and GBA Fernando. (Reference (6) )

Although fhe,KatunayaKa Bynr [ Trimction Zone has gengrated
congiderable visible transport on the Negombe Road, about which
little data is available, it ig not likely to meke.a large impact
on national”fféhéport gffort up to f9ﬁT'because”most'dethe.goods
are llght-welght in naturc, and are moved only a short distance

to and from the Colombo harboar.




The growth’ in overall quantities may be sumsarised as follows o

(million tonsg) :-

1964 1970 1975 1980

agriculture stc. 9.4 10.4 11,1 11;4

i
!
|
industry & mining ! 1.3 1 2.0 2.5 3.5
H . .
imports (dry) ; b2, 1.5 2.6
1 3 ]
e ; I 1 G -
totals ! P15 ] 1501 11745
; ! )
i " }

Typical agricultural changes are as follows (in million tons) :-

- DRSS 41 N untena. v E———

i 1964 | 1970 | 1975 | 1980
—+— .5. -t ®

paddy 1.1 B TR, PY-: 2.1

manioc 1 .4 o4 i ) z ;5
‘e'rut | 3.0 2.6 ? 2.7 | 2.1 "

tea .2 2 .2 .2

firewood 3.5 | 4.0 4.3 4.0

fish 4a o i 2

. : : S

Typical industrial and mining producte have changed on the basis of the

eotimations used as follows, in million toans :-

Ti964 1 1970 | 1975 19807 ’
| | I l

| cement : 05 827 i £33 .62 ! @
building materials ¢ 1,11 ; 1.39 | 154 2.2T |

i mineral sand ; (05 0 .08 i .07 .04 ; )




Imports as reported in Port Statistics (Refersnge (7) ) have -

changed ag follows, in million tons :-

§ ! lo6a | 1970 | 1315 F 1980
J‘ : -m-.i-.qh R L ]
] !
rice i L . .2
i ' :
flour | R BN
; i | ' '
wheat | : | .2
0il ’ P22 s 19
1 : o
’ Product substitutions have occurred. For example as paddy crops

have increased, rice imports have decreased. As wheat .imports

have grown, so flour imports have declined,

T
L )

4e ' Total Demand for Ton-miles of Transport

% The conversion of tonnage into demand for transport requires

three imbortant factors to be first estimated. They are :=-

1.

2.

an estimate of the percentage of the recorded quantity that
is retained in the vicinity of origin for reason of waste,
driage, seed, manure or local consgumption. This. applies
mainly to agriculture; Lty
an estimate of the quantity of raw material needing inward

transport in relation to the output quantity of finished

goods. This applics mostly to industry;

"as estimate of the average distance over which the relevant

quantities need to be transported.



1]

The methodologies used and the results of their application are -
set out in the three tables, and chown in the corrusponding graphs,
in million of ton-miles as follows :- . 55

2 agriculture etc., {excluding on-fara or local

1

transport up to mileg);
4 infustry & mining (excluding petrolecum refinery
products);

imports, excluding petrolcum and bulk wheat. (Graph 6)

Q.

5« Hatching Demand and Supply . o .

Finallyﬂ?gﬁ;e_]o and'Graph 6.sﬁmmarise ton-miles-.in. two. sectionst=~
1. summary of demand based on Tables 2, 4 and 9 together
with estimateé fo; local ké -IG{ﬁilé; tfanéééft:énd »
petfoléﬁm refiﬁery-ﬁrodﬁcts; S ““i

2 the potential suppnly of transport by lorry, rail,

bullock cart, tractor-trailer.. .

The:§5%éhfial.or available supply of transport ie based dn the
estimated perfdrmahce of lorry, bullock cart and tractor/trailer .

',

railway performance.
Since Both the computed demand for transport and the computed supply
of transport are based on many assumptions in-sequence, it ought to

be surprising if the aggregate demand and aggregate sugply so

*

calculated are within -50% of each other, In fact Table 10 shows

remarkable agreement with supply e€xceeding demand in two years by

o=

6% and 8% which would not be regarded as statistically significant.

In all other years the difference is quite insignificant.




»

; However this does not necessaril

ac o a conclusion thp.t the

l estimation proceseee are thersby - tifieds . It can be that some

P o

. ulgn1flcant errors in the data or the proce~ are off—set by

. other guch errors in_the demand cr the supply side or both.

- Notwithstandihg.this}sub tantisgl. qualixlcablon, it isbelieved

that the outcomc dlsplgyed in Tqble 10 1° a useful startlnv point

_for better studies of the transpori gffort actua lly undertaken

in the paet and‘necdcd in’ the futune to cwnxy Foods in and about

(S ue. . e

Srl Zanka. .
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TRANSPORT PLANHING AND RESEARCH

-~

IN DEVELOPING COUNTRIES

ARE THESE‘NEEﬂED IN SRI LAMKA?

i By, ¥ e - . o
= Nagananda Jayawardene
ey s - Consultant:-
f,ﬂy . mmomen¢.

i N

Transport Planning and Reésearch functions are now wéil established
orocedures in developed countries, This rarer attemts to raise
the question of their relevance to develoring economies

particularly with reference to the Sri Laikan context.

The papet examines ‘their relationshir to the urBan'éﬁdﬁrural
ﬁectos, the “impact on enerqyv céﬁsérvatidn;‘fﬁe develonment of the
%nfrastrUcture;“éFaffiébenqiheefihg'and éafefv, increasing the
efficiency of systems orerations and accelerating the transfer of

technoloqy.

Transnort Research, tts ot jectiwbrg, its develorment, its scone
for annlication in Srl Lanka are discussed. A number of issues

relevant to the current -situation in Lanka are raised.




1.1,

1.2

1.3

. factures, in the refining of fossil fuel and its by-

TRANSPOWF*PEANMING AND RESEARCHt_nq“.

IN DEVFLOPlNP fOHNTleS

ARE THESE. NFEDFD IN SRI LANKA? ST

INTRODUCTION -

_ Fansncrt forms an essential service factor in the

develonment of a countrV.-,ln inducinq economlc
1

qrowth |n increasing emplovment onrortunltles, in

nromot ing SOCla] welfare and vn rausnnq the standards

sy,

of Ilvunq |ts rola is W?l] rccoqnl‘cd ‘In develnﬁed

R ARA T

countrles it is aSSOClated w1th tho nerFormance of

maJor |ndustr|Pq and emvlnvment, in veh;cle Rang=

(3

products and in the manufacture of transmertation

equipment, - SR

"-

In some develoning countries this imrortance has been
understood by the states and suitable roliciés are
belnq evolved ﬂut in others its catalvtic role is

' w !

not vet recoqnlzed Perhans its'?mnéct is felt

ocraS|onally as in times of naflonal dlsaster or whnn

bureaucrats are tranned in traffic Jams.

The place of Transnort Planning and Research is less’ .

aoparent and understood. | shall attemnt to discuss -

_their functions and as to whethcer thase are needed.

under the following arplication.



2,1.3

2.1.4

2,1.5

Answers to these and manyv other auestions are
imnortant in both snratial and transnort nlanning,
in urhan areas. . It is at fhis'staqe that the
transport nlanner can déte}mine“and make . a

atlgional assessment of transrort needs in an-area.

In this country the areatar nukber of urban areas

.', .

s,

are in the §pﬁth4we$f sector where most of tﬁc
roads, railwavs, port facilities, air norts énd
industries are located and which have'résulted in
severe strains on the services. Townships of ovgr:

2000 peonle have increased f'om-9d~(1963) to 131

- (1984)., To service- these local road systems have

te evolve. The towns in .the mid-range are “conges-
ted. What have we done? We have constructed by-

rasses - Panadura, Ambalanqoda, Matara, etc, and *

~ plan to continue the rractices that thev have not

served the nurnose for which: they were meant, but

. they have contributed only to ‘increase the urban

.-area. Miast we continue the old nlannihqg-nractices?

Should we continue to reneat the:same mistakes?

Could we not research into nractices and innovate?

What is the form and share of the urban areas we
wish to leave for our children? How will these be
distributed? VWhere and hqw will they be housed?
Whare and what tyne of industrial and commercial

activities will spring un in these urban areas?
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%

2,0

2,1

1. Planning

2. Inf;astfucfure

3; Traffic énd.Safqty

L, Systems Oneratiéﬁ

f. Transfer of Techﬁnlogy

6. Transport Research

PLANN ING

Urban Sector

2,1.1 The inter-derendence of land~use and trans~ott is fairly

well understood. In this relationshir, neonle and where
they live and work are very imnortant factors. Access to
such nlgces:and wavs 6f get;ing to them are féatures
which.keep the urban scene vibrant. What work neonle do,
where they do it, what incemes they earn and how‘they

are disnosed of and the manner they travel have direct
bearing on the arrangement of snatial natterns and become

.powerful determinants of transrort,

2.1.2 Me know very little of the travel characteristics of our

etc, What category of neorle contribute most to traffic
congestion, to narking nroblems? At what level of incom:
.will they change from the use of ~ublic transnort or
walking, to the use of the CyCJe?,:!QLShOftQ what are the
relationshins of trin making to fnpomq Igvsls, emnlovment

and residence?
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2,1.7

2.1.8

2,2.1

In finding answers to these questiong it is often
;he present practice to comnlete the urban nlans and
design first and incorporate somebow the transrort
ingredient later. Perhans this is due to a lack of
trained personne! in transrortation. Hevertheless

this practice unfortunately bring various concents

into conflict. It is more desirable to develon urhan

and transnott nlans from the very concent stage of
land-use distribution. -This will zallow accessibility

natterns and mobility levels and their distribu-

_tional affects on different grouns on the vound and

the. old, the,workinag and non-workinq, the rich and

the noor etc. to be evhluateds

Our nlanners still continue to think of ribbon
development as the main form in the formulation of
urban schemes. The Galle Road is one such area when

problems are developing comnounding the serious

..tranéprt situation, - - e

\lhat is important for the ~lanners to realize is
that there are no ideal-solutions to the nractical
nroblems and at that .only one solution. There can
be several ontions. A ranqe of alternatives are
rossible. This consideration is narticulerly im-
nortant in our context as a develoring nation with

limitations in resources and canacities.’

Rural Sector

In Sri Lanka 60% of the families earn less than

- . Rs.300 ner month, The rural nopulation is



predominant and this has hovered around 80% -during

the last counle of vears, On the ‘other hand, we

»

fiid 1/3 of the negnle livina on 2)3'bf the:'

land where nonulation densities are helow 309 ner

‘square mile, It is almost entirely in this area

that the massive Mahaweli “develonment schemes are

located, where nearly a- 1,000,000 neanle are to be

“settled on about & 1,000,000 acres of land,

Wi th the_infensified consthétion nrogramme we

are entering a very'decisfvé nhase in human

settlements and rural sector develovments. In this .
situation.a distinguishable hiéréchy of roads within

the deve1obment reqgion is essential from both
functionar“éﬁd:administratiVe'anglés.' The extent

and scone of the road network and: the location of
annropriate links are far more imnrortaht than the

construction of a few surerior cuality isolated

“Timbs.

It is es-sent.i‘al to consider’ the modes of trans- .
port, vehicle tynes, maximum axle toads, qross

vehicle weights which have to oneaéte“}n thigj'

region. We have to fnvestiﬁate and adént suitable

standards of desian and annronriate construttion

techniques. What levels of servicz should we

r.-

‘provide with our limited resources to suit

welfare facilities, extension work etc. tc brina

[T %

the benefits of modern civilization within easy
reach of the rural neorle - health care, schoolina,

shopning, recreation, etc? = -



%

2.2.4

N

2.3.1

2.3.3--

Enérqz Use

The bullock cart is still with us and will, in
all probability ?ontinue in @ modified form. The
tw&-whee;ed tractor is béing uséd exténsively for
a multinlicify of nurposes, fhe c*éfe.is beina
increasingly utilized both for rarson as well as
goods movement., Other interﬁedfate fb;ms of.
transport in the form 6f éoﬁnect;; gﬁges, vans,
tractors, are develoning. Should we continue to
use- the big buses on rural roads not meant to carry
‘them? Should we not design the vchicle to suit
the tyne of road and our economy? bhat is the
tvpe of vehicle suited tofgbgﬁfgrm track for the
haulage of segds, fertilizer and farm nroduce - a

modified care, a tandem bicvcie?

Tﬁe South and South-As%an Région contains the
Ia;gest préportidn of the noo}.;;nulation in the
wor'ld = anproximately 500 millionnéedule and 40% of
the poverty nonulation,. They share about §% of

the per canité-ihcoﬁe and use 172 Eef canita éaergv
in relation td the world averéqe. |

The ‘consumption of oil in 1978.in the Vestern
world and Jaran was €5% and the U.S.5.R. 13,L8%,

Together they accounted for FJBGOL%. ‘e in the whole

of Asia ¢onsumed onlv 3.2%.

.Sri Lanka imnorted annroximately 12 million barrels

of-oll .- vear from 1970 to 1979. But the cost of



2.3.4

. this oil rose from 21,89 to 149,89 mitlion 1.S.

dollars during this neriod.

g
The fuel oil energy demand and: distribution can be
e ¥
seen from takle 1'lelow: ,
Table 1~
. Sector - Per_ cent
Transport 50,
Domestic & Commercial 30
Industry ' 20
Total : 100

Thus 30% of the fuel oil is consumed by transrort

onerations. The cost of this imrorted fuel amounts .

"
&

to 95% of the total exrort carninas of the country.
The cost of fuel for transrort ts about 15% of

export earnings. - -

Viehicle imports have risen sharply.from.1961 to

1980 an increase of 137%. (See Table 2).

* \lehicle Reqistration

Year Vehicle Reqistration
1961 192,239
1976- ' 199,640
1980 | 337,302
* Denartment of Census and S;agistics. b
The greaﬁer proprortion of vehicles'registered are
]

in the Colombo. region. This nronqrtion.has

increased gradually to over 60% by 1979,




Comparayative Growth of Vehiclés

e A the . CBlombo Reaion' -

Year  Colombo District  Western Province  All Island’
1961 9.2 - T 00
1975 - 52,7 66,2 100
i . : -
1978 . 55.8 59,0 y 100
|
1979 . 61.2 63.9 - 100’
12.3.6 Though car ownershin did not itnrove much from
| 6.8 ner 1000 persons in 1975 to 9 per 1000 by
1980, yet this is the highest rate in the South.
Asian Reqgion (See Table 3).
" Country Passenger Cars mer 1600 of
. . TR | T
rorulation {1975)

Afghanmistan: 3.0

Bangladesh : Sk

Fura 1.2

India 1.2

Nenal = a

Pakistan 2.8 '

Sri Lanka 6.8
2.3.7 “On a fypical day in 1961, 82,140 vehicles entered/

left the city limits transrorting a~rroximately

%0,000 nersons. In 1980, after 20 vears while the

vehicles transporting increased by nearly 60%

139,390 per dav the.peonle enterina/leaving the

city increased to 1,280,000,

The most significant

feature is that 11% of the nersbnswere transrorted

by 40% of vehicles (cars); 82% by 15% of wehicles




(tuses), nearly 19% by cyclas and the rest by other

vehicles vehicles. .

o
T}aéfic Fléw 5er‘déy at the éitv Limits
Vehiclé'f;pg" " YeaF ‘T“{;-;V55r  % ﬁéﬁn+é:;“'%2 of ¥
1961 1980 %Fangbﬁ?ted, vohicles
Cars . " 481,475 55,691 10,04 f' 30,06
Buses g “7.,128 11,026 5 81.88.' . 15,08
Weavy Lorries 77,520 13,501 2a0 a.69
Light Lorries 3,982 5,882 AL : k.22
Motor Cycles . 5,075 16,881 2.06 12.01
Cycles .. 10,000 24,390 1,97 18,94
Total 82,140 139,390 100 100

2.3.8 It should now be clear that it is the use of the car
that blngs ~the most congestion at the highest cost \

nrarticularly in travel to work. This entails heavy

‘

street parking, high accidents and heavy Vehicle

ongrating costs not only for cars but for other
: «
vehicles also.

2.3, It is therefore, evident that nersonal transnott has

0

to be reduced and mass transnort increased if

meaningful reduction.énd control of enerqv usaqe

" is to be established, Adequate sunnlies of

.electrlcal energy will nrobablv bhe available with the .
commissioning of nrower comrlexes at Kotmale, Victoria

and Randenigala, Moreover, the electrical nower _ p
requi rements for transnort by rail are quite small

" compared to other industrial uses. .Butthe savings in



—%

3.0
3.1
@
*
3.2
3
o
.
;
Py
3.3

'fuglwo[] will be substantial if mileage of bus
_passengers are prapsferred to rail travcl, Since
it_takés about h“pp 5 years for.nlapninq and
implemen;afion.of suth a méj&r.schggggshould e not
ini;iate:the nreva}a;iqp of a aropar transrort nlan

for the city?

Infrastructure

" Of the transport infrastructure the more imnortant

are the roads, harbours and air~otts. The railroads

have remained practically unchanqed while the utiliza-
tion of the canal system is little. Both nort and air-

port infrastructure are being deesiored under foreign

. assistance.

The Highwéys Denartment has under its charge

25,382 (1981) kilp meters of roads. Thera-tional and
provincial roads constitute anrroximatelv 30% and
carry the most traffic. Howaver, the snread of the
rest of the.roads in the country is extensive, The .
municipal! urban.and town gpads extend for 14,254
kilometres, while there are 47,133 (1979) kilo metres
of millage roads. Furthermore, there are several
hundreds of kilo.metres of. roads maintained by other
agencies. The performance of the secondary rural road
system is therefore, very.impottant as 30% of the
ropulation iive in this area.

OQur road system was not designed .to carry the present

.gday 40 ton carriers. Consequently, the Rilo meters



4,0

b

4.2

4.3

Tr&ffic and Safety

of noor riding’ surface and the number of accidents

are fndféas?ng and less ohvious'v the damanes

" “to vehiclés. Me therefore, regd to develon

suitable. geometricdesian critéria for our

environment, structural desidns ‘and the use of

road building mateirals. A ceﬁtéiﬁ.émount of work °

is being done in the Highways Denartment. But this
is not enough. We need téléﬁFehdfhéﬁ'fhe
technical staff and the funds allowed for such work

ntal work pnder

while allbwfng full'scale exnerime

'controlled conditions,

In this area the more imno}tant~is-the Urbah
Sector, Excert for the Police Derartment which
is more concerned with: requlationg greeds, |
collectinn.of accident data and routine traffic

control no systematic studies are conducted,

The orimary aim here is to find ways and means of
increasing traffic caracitv of:roads and
junctions, minimize interruntions to traffic flow,
reduce vehicle and redestrian delays.and ensure

-the safety of vehicles and nedestriansy

Traffic engin-ering and managzment are rerhans
the most imnortant areas of activitv, Ve shauld
concentrate on this as they will bring the

largest net returns. Suitable continuing studies

- have to ibe conducted and. techniaues ard skilis.

W

.
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developed. For this nurnnse scientific and

engineering background are necessary.

" To assess the performancé charactetstics of varled

types of vehicles in use cm urban sstrcets’ for
driver training and - for accident
analysis and 9edestr%an séfety and to find
methods to ontimize availahle infrastructure
and for the introduction of vartiustraffic

control devices require a multi=-discinlinary

arnroach. -

Apparently-therg is no such apnroach at rresent,
Heithe is there an Urban -Traffic and Transnort
Policy srelt out nor an organization taking
resnronsibility for Traffic and'Transndrtation
The Urban Develonment

in thé Urban Area.

Authority, Derartment of Highwavs, Colombo

Municirality, the Police Derartment carrv out

ad hoc studies in relation to their immediate

needs. This arpears to he the main cause for the

’

poor rerformance in Eraffic Planning and.Safetv

‘operations ‘and the difficultics faced in snlving

"theé nroblems of city conqestion, rareing etc.

Systems and perations ' --

Mass transport is managed by the bus and rail
services. Until recently rassenqer.rcad
transnort was run entirely by the state, but now

the nrivate sector has taken over a substantial

v

proportion of operations. Meanwhile, nrivate
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bus..imrorts rose from 1,117 -(1975) to

5,757 in 1980,

i In-the rural sector the bus is sometimes .the only
mode of .travel, The ratio of. busas to the
nonulation was 0.9/1000 in 1975-and 15/1000 in
1980, ~These values are relatively low when
'-GOmbaEedito those in develored countries where the

~rqreater pronortion of travel is by car,

Goods, traffic qrowth has been narticularly

Intensive in recent years ., Lorryimnorts increased
| 28 £a7 o 1a7e /59 cae o 1an ,
- from 38,593 in 197%,/60,535 in 1930, Uhat is

significant ‘is that these wehicles are of

increasing weiqght and lead carrying caracities. L
With thé develorment of the Port of Colombo and
>

the intensification of other :construction
_nrogrammes in the country the number of lonq
haul trailers and container carrving vehicles

have qrown . rapidlv.

‘A facility cemplementary to these orerations

is thetnrévision of terminal facilities,
warehousing and narking, Inter=citv services -
buses, nassenqger,coaches, trycks = find narkinn
facilities aoorlyigrggniged anginadeﬂuate

()]
with paactically no terminal facilities,

Ve had several commissions on transnort
aprpointed to study the workings of various

modes from time to time. But invariably they were
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... proportions which could ne.lonaer he fonnred.

., social and economic .needs?

' gince the commencement of the Colombo Plan,

iadvnsers worklnq on various “rOJerts.

el

made when problems became critical and assumed
After all

these years'we have not yet learnt to iook comrrehen=
o . . LY P . ,

sively at the entire transport sector,

What type .of transport systers are suitable for our
How can we improve the
performance of theinublic-transnort.oneratioﬁs? in what
way can we best po-ordjnate~thé hus~rail -services as

has been done so effectively in.a city such:-as Toronto?

What ldmits should we set in assessina envoronmental

impacts. in relation to social and-aconomic needs?

Could we not bring new systems like elrctric tramways

into_greration using. poorly utilized rail -rdad as the

:
.

. Kelani Valley Line? -, ... .~ ..

S

Transfer of Technoloqy

Ve have had generous assistance in foreign aid to train
Yarge numbers of our reorle in various discinlines.

¥e have also
PO I _"_."_:. ':-;', ’ B A * . . i : -

had large numbers of foreiqn exnrrtq cansultants and
Uhat are the

PR FaE R e

benefits we have qot after 30 years? How many of the
people trained are in fhe service of rhe countrv? How
much of knowledqe techniques, r~ract|cns have =ctual|v

been transferred and adant d?

In the road transport sector two |mnortant deC|9|onq

were made and carrled out with U. a. Ald in 1961

. e
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1. The establishment of a Road Research Laboratory

2, The creation of a Division of Traffic and

'Planhing,

They were created within the former Nenartment of

‘Public Works. Their alm was to enhance the social

and economic development by the transfer of

'necesséry skills and ~*" for Sri Lanka to develon

transrortatéom system adeauate for modern conditions.

What actually hannened? A number of nersons were

tralned and the sections equinséd? Bit-both-: -

divisions were not develoned fullg;as.it §houlﬁ
have. been done nor fully utilized. The bureaucracy
Qas npt willing to accept the need to develon nor
Qgre they able .to qomnrehend or.g?qrec!ate the
conditions yhjch one would be facinq teday, the net
result has been_;hat most of theigralqu staff in

transport left the country or have taken to work in

.other disciplines as the work in this sector was

neithef_satlsfylng:norhre;muneratijvef Prpsently not

even a handful are in the countrv,

Transport studies take fair length of time and

are relatively costiy; 1t looks that ¥n the near
foture we wil\ be compelled to seek forelgn

assistance in funds and exnerts to find solutions to
our transport problems.  :nd train our nreonle in skills
needed., Perhans there is vet time. Urgent and
important décfsions will have to bé made in the

Immedjate future if we are to save the situation,

‘@

J
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TRAHSPORT RESEARCH

Hhat is Research? lt is the nrocess hy whlch understanding

or new knowledqe of exlst|nq nrocesses is obta|ned how

that |nfornat|on could be modufled and how to nake

rational predlctlons and evoive new annroaches and

. i

systems. Thereis nroblem identification; observation

and measurement, the analys|s of data and ohjective

H
-

and ratlonal nredtctlons and concluslons.
. Y .

Daslc research in transnort - the attemnt to find

knowledqe for its own sake - is smal-.' The dreatest area

» K

is in the apnl|cat|on of mathematucal, nhVS|cal
economlc and soclal theorles and methods and enqlneerunq
techniques in the nlannlng.deslgn, constructlon'and

manntenance of transport facllltles for the movenent

of goods and neonle by land, sea and air.

Transnort is affected by and affects the sorual and

economuc sutuatlon. The rurnose of researsh IS to

Lo

resnond to these condotlons. In our country road and

rail transnort is more suqn|f|cant. Sea transnort
has been |mnortant from anclent tumee and is

sjagging a suqnnfucant come back. Anr transnort is
mak ing |nroads |nto the |nternat|ona1 arena. .ln.both
urban and rura] sectors resudentnal? |ndustr|al.and
commercia[ locations are making imnortant"changes in

movement patterns.

Transnort Research have two ohJectlves.

1. To ald |n the na:ntenanre of cxnstlnq svstemq,

1

optlmlze thelr uee, |nnovato at minimum cost
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and bring about changes #p accormodate exrected

future growth.

.

-

2. To aid in"nolié§}fofh§}atinn‘and implementation

to ésséss what f#frquired, increase tﬁéfléyel of
" of undeféﬁand{ng of prqﬁlem ar%gsjgndiadyjée-:
.¥@9n to ﬂaké thésé:chsﬁggsf o ‘
He&cefthé;research<willvbé'nroh1e6§§rié;fed_or re!aée to
poiicy decigiéns. llf is necessary, howevéc! fo“realize
that it cénnot ‘provide of the shelf answers. ‘1t must be
é“éoﬁtfnuing-actiVity.- Since the qreatest apnlications

are in the Public sector the state has to nrovide steady

N

and iqcreasinﬁ'Support if useful jnformafibm‘agdg<
soiutidns are reqqired for our vexed nrobkemé;'l

Z.) g ’
Tféﬁgﬁdrt“pblfcies have long lasting and wide srread
effects oﬁ'hfsroad Spqctrdm of living. Thev have for long
Bééﬁﬁguided by’ péorfe’s oninions. There are more...
cbmmissiontFépéffs:théﬁ stadies done.iﬁ-thisjareé;-
é?ﬁéﬁ&fduéﬁtO'thisvlack'of studies we have_not heen-able
to.édentify-éﬁd antitipate the key nrohlems in transnort,
Consequently we have not formulated nolicies for
co-ordination’ of diffarent traasport modes "and. develon

dverall strategies, While the aim of research is to

‘nrovide useful information and advice .to aid nelicy

formulation it is imnrortant to remember:that in so doina

scientific integrity and independence .should be nreserved.

Gerierally"transportation-studies carried.out in. develop-

"igq ‘countries ‘are byFforeign consultants often -financed

under aid projects. ' Thése are frequently sorhisticated

and costly. The recommendations aré often not imnlemented

SERT
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and therefore appear to serve_l?ttle nurpose. This is
rrobably due to two reasons. The ngrsopnel who come
for such work do not understand the rattems of social
changes taking nlacé, the educational levels, culfural

background and varying political structures. Secondly,

3

it |s the lack of basic data - tnvnntornes, to travel,

v

patterns character:stlrs of the tranqrort 5vstonq and

socno-econom:c lndocators - whnch are a Hundrance tn the

qrpllcatuon of matbbmatlcal mndelllnq and comnute F

technlques.

It is because of these factors that the scientific

M

community in this'country urqed the Government to setun a

Centre for Transrort Research several years ano. The
nrime objective was to conduct research in a co-ordinated,

multi-modal, multu-duscnplunary way maklnq maximum use

of resource nersonnel in the country. The rovernmpnr
. Lt

responded and took the initial srens to esrablush such an
Institution, It provided the funds for two yea}s.

Thereafter however, funds were not nrovided and interest

. ) . i . ""I oo
anpears to have lagqed. The |mnortance of such an

Ty

agency was brought to the attention of the qovernment
aqain. Now notﬁlnq more is Lnown. Ifit Functioned it
would have helned us bv now to have a nroun of neonle

trained in new skills and techniaues and we would have

been in a position to undertake our own work with a

minimum of foreign exnertise,.

At this stage it would be anrronriate to mention the.

quantum of funds snent on.research; in the transnort sector

The Mational R & D co-efficientin 1975 was 0,205 ner cent

.
-~ -



ef.the G.ﬁ;ﬁ. In absolute terms RéihS;f million® was

exhe"ded Research exneddltuie .on-trassport -and )

communlcatlo was relatuvely |nann|f1rant and was only

about 22 of ﬂattonal RED snent in 197J.l.?ﬁ_'. - ¥ )

{ o .- AR | I .. BN D ;r' ' -'.‘- Yy s : .
b ’

7.8 By 1979 we weee swendlnﬂ anwroxlnate'v RS “O“" wiltion

on netroleum and Rs :Fd)n|ll|on on hotor vnhlcles

and spares imorts and reawlnn over Rs 100 mulllon of
vehncles reqlstratlons etc. Is‘ut then too“much to
Lt

snend a few mnlllons on Transport Plann«nq and

Research to train local staff and ~rovide the ’

_facnlltles to solve our nroblems lnbthe way best

T
. -

suited to us?

7.9 Perhaps by now you would probably he in a nosition to
find some answers to the theme of this naper. =
Is there a need in Sri Lanka for innovative nlahning,
a need to develon methods for imnrovihq.fhe"'

infrastuucfure, a need for trainina in the skills of

traffic management, a need for the hetter mananement
of operating systems, a need for the i creasing the
transfer of technology, and a need to develon the

" 'sk911s for Research?



A

.f,

NA-279-9

REORGANIZATION OF THE COMMUTER TRAFFIC IN THE

CITY OF COLOMBO

oy
Dr.(Mrs.)P.C.H.Ranasinghe
Department of Geography,University of Colombo.

The problems faced by the city of Colombo Qith
regard to traffic during peak hour,demand; a reérgaﬁi-
za?ion of';QQ commuter yragficmgystem. By_fag the,gpgt
important modes of commuter traﬁéport today are mass
tr;;spoftgéfén;ﬁéﬁt:df which bus transport plays a major

role. To rélievé the préééuré on public transport-system,

the Government has allowed institutions and individudls

to Spérate passeﬂger fraASport services since 1979. As'a
result, toda§'£here is & considerable number of private
passenger vehicles of different sizes on the roade From
observations and field investigations and also frém pub«
lished data, the regeagcher has_found outithat tge.street
capacity §n,the c;ty of Colom?p ig inadegugﬁe to accomn=
odate the present vglumg of trgff@g, speg@g}ly gg;;pg'the

-

peak hours. Some of the ind@gétors of this situation are

the road congestion,consumption of more time.and g?eggy
on the.;qad,higher incidencg of accidepts, greatgr degree
of environmental pollution, ;nconxgpience to pedéstrians
end to the motorists,and greapgr wéar and tear of roéé
surfaces and also vehicles théﬁéel;és. Heﬁce.the resear-
cher comments on the current peak. hour traffic situa- ;
tion in the city of Colombo and make.a few §ugggg§iqp§;h:

for the reorganization of the commuter traffic in the

city of, Colomba”,.




The punpose'of-this paper is to-discuss.some .
considerations that should influence the, decisions
regarding commuter movgmentwin fhéfCity,of Colombo.

I will analyée in some detail the péttern‘pf commuter-
traffic in the city and diécuéé.;ome.bf.the problems

) . . .
that have arisen with a view towards revealing -

suiﬁéblé"pblicy'meésurés to eliminate these conditions, :

Lvery one of us would aéree tha£‘mass frans-
portétlon has a maaor role to play in o;f.socié-
economlc system. Observatlons also reveal tﬁat road
transportatlon carries the blggest proportlon of ‘our p
pﬁssengers. Therefore, substantial recognltlon
should be glven to the needs of the populatlon whlch_

use it.

Some of the.features which should go into tﬁe:
quality of a:passenger éerviqe are accessibility, -
convenierice ,walking aista%;efto the bus halt to and
from the origin as well as/iil.destination,.punctuaq
lity aﬁd reliability of service, availability of ..
service in relation to the demand, saving on travéi
tile, safety and comfort of the travellers as well
as"fﬁé other road users such as pedestrians, less

psychological strain and less frustration in- travel.

Peak_hour-traffic demand

The economic activities tend: to concentrate in
places where the frictional cost is minimum.and, the

accessibility is maximum. Thus, in any-regional . .

®

-




»

Y
economy the focul point- of the transport network also
becomes the centre of gravity of market potcntlal the
area of maxlmum customer cnhvenﬂcnce and the most
desirable area for the assembly of.materlals. Héhéé”:
it becomes the main centre for gmplhy;ent qéhorthhi:.h
ties and it also becomes the:qentre for the supply ;f
factors of production - labour, capital and mahagement,
Labour supply 15 attracted to the centre by thé compa-
rative advantage of consumptlon; cppcrtunlty and
social conditions. Similarly, the concentratlon of
opportugities attracté entrepreneurial skills. :This
concentration of‘activities resulting trom desire to
minimize movement cbst;, may generate further growth.:
Deveihpmént induced by the multiplier effect in the . -
process of economic growth largely takes place at -
existing nodes; and this growth would be accelerated
further by the expansioﬁ’of communication and transport,
and also .by the development of the urban infrastruc-
ture; TFEFfic will be Weaviest and will .grow most -

rapidly near this centre.

Colombo represents the main‘hucléus ot-echnh-
mic activities of Sri Lanka. It has the major pro;'
portion of the skilled labour forhe cf the island.
Added to this the presence of a well heveloped infra-
structure,the location of all important flnance and
business undertéklhgs, the exlstcnce.of the maJor
transportational termlnals, the availablllty of the
locg; ma;ket,stiil sttrhct new economic.venturég.

Hence, Colombo city acts as the most important centre




for providing job opportunities for a major section of

the working populatidn of the island,

‘Thus, one could idenfify the peak hour demands
on transport facilities which are 6losely related to
the administrative, industrial and commercial life of
the community. The peak hours, therefore, generally
consist of the ﬁdme to work moveménts in the ﬁOrhing
and ‘work to homeé movements in the evening. Added to
this in Coiombd, scﬁools too place an'addiéional'

burden on the ﬁorning peak hour demand.

Moreover, peak houpjtraffic to Ehﬁ city centre
can be broadly divided into two types, One is the
traffic especially caused_by high cgncgntration of job
opportunities at the city; and the otherlis the tpansit
movement through the centre. The secoqd_type of peak
traffic can be minimi;ed by supplying targential
roads and ring roads. Colombo Master Plan Froject
iﬂ 1978, has anélysed the traffic_flow in a few roads
withiﬁ the city centre and ha§ arrived at theiconclusicn
that Galie Road, Sir Chittampa}am A Gardine: Mawath%?
and D.R.VWijewardena Mawatha carry 50.6% of the traffic
but “only 22.5% goes direct to the Fort area. This
demonstrates the importance of providing separate

routes for the transit traffic or for throush traffic.’

Sri Lanka Central Transpdrf Board bus system

Any transport planner in Sri Lanka would
expect, even in future, for the public transport to

handle the major pr&portion of the passeﬁger traﬁéport.

\!

.
"



Furthermore, one woulq hope that the buées would
transport a bigger share of the passenger traffic.
The Colombo Master Plan Project 1978, have estimated
that per year 82.2% of the pagséhger kilometres are
hand;ed by the bus fransport; and éuring the peak
hour in the city 74.0% of the passenger traffic is
transported by bus while only 26.0% of the passenger
traffic is transported by the railway. They also had

estimated that to provide a ‘reascnably comfortable

‘bus travelling in the city in the imnediate future,

taking into consideration the existing volume in the

passenger kilometres, the,numbgr of buses should"

increase by 2.45 times the existing number.

Private-passcnger transport, L S

There had been a sudden growth in demand for
péésé;gérltraffic since 1§§B'due to various reasons.
The accélé;aii;n of economic activity, and the
expansion in the field of employmenﬁ, the increase in
the tourist traffic, and the rise in the cost of fuel
wﬁiéh limited the use of private vehicles for trans-
po}t are some of the causes'for'thé increase in the
demand for passenger transport. But this demand
could not be met bflthe public sectcr transport

s

service."ﬁéﬁce, with the intension of relieving the
pfessure'onithe public transport system, the Govern-
ment allowed institutions and individuals to -operate

passenger transport services in April 1978,
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Table 1

Number of buses on Régi§¥ers and their percentage

e - Increase :
Buses 1977 ' 1978 S 1979 ' -
: T 1 ’: ' » o - _— ’ ._‘
. Total . Total .Incrcase Total Increase
: L% %
e | ' ' " ?
SLCTB 12,859 13,465 39 h,212 5.5
. Private 1,26k 1,105 - 3,105 181.0
Buses ) 1980 1981 ’
-Total Increase. Total Increase
o % %
SLCTB '15!000 5.5 15,02k 041
Private 5,752 85.2 8,068 40,2

Source: Transport Statistiéé in S;i Lanka 197#-&981,

Ministry of Finance and Planhing,1982.

“able 1 shows that the increase in thé:SLCTB

=

5us fleet over'thé 1aét five }ears is Qery insigni-
ficant,.whéfeas thé.increase in the number of private

buses is very highs This implies”that during the

last five ;‘(_ears a notab-le:numbvr of privaté'panssenger .
buses haﬁe éntered thé traﬁsport induétfy. The most

optétaﬁding increase in.thezﬂr;vaéé passenger vehicle

fle;t had occured in 1979 where an increase of 181% . -

over the previcus year is recorded.

%
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Although an additional number of vehicles'
have entered fhe city roads, the capacity of the roads
have not expanded to same proportion. Thus, one has
to accept that the capaéity'of the road system in the
city of Colombo, except for one or two instances, is

far below than what they .were originally designed for.

Comparison between Public and Private sector

passenger transgort

In order to understand the magnanimity of the
peak hour traffic in the city of Colombo and also to

analyse the relative roles played by public and private

‘sector passenger services, a traffic count was under-

taken at points which I think as'entry'points to the
Colombo city. The map 1 éhows the 11 traffic count
points. Traffic counting was carried on during the
months of March, April and May'1983. Both in-bound
and out-bound traffic were countedsCounting was done
by manuaily and by the type of.vehicleé. Traffic
counting was done during normal working days-ffom
6.00 a.m..- 8.00 p.m. and the counting was recorded
every half hour. -The complexity of the type of
vehicles, especially the passenger vehicles made the

observations particularly difficult.

I would like to mention here that I have

analysed only bus traffic both private and public

.during 6,00 a.m. = 9.00 a.m, for this study,
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‘Table, &

In-bound morning passengers .Traffic .6.00-9.00 a.m.

" SLCTB ° . DPRIVATE . ALL ¥,
‘ol

Time Number % Number 3% Number %
6.00-6.30 449  50.50 L4o 4o b3 889 9.66
6.30-7.00 657 4h.8h 808  55.15 1465 ¢ 15.92° '
7.00-7.;5 913 6.1 1067  S4.83 - 71980  21.52

7.30-8,00 895 50.05 893 49.94 1738 19.43

8.00-8.30 657 41,03 b7 58,86 .. 1601 1740 .
8 .30-9,00 560  37.3h4 916 62.05" - ah76.’ 16.04 -

Total 4131 44,90 5068 1 55,09 - $199 100,00

Note: In 1970 CID had conducted a survey and had arrived = -

at. -
1. During a working day ,5.00 a.m.~8.00 p.m.
, there had been 5,200 buses and'é38,600 passen-

gers entering the city of Colombo.

2. Peak hour at the Municipal Boundary was
7.00 a.,m. t0.8,00 a.n. and €25 buses and
42,000 passengers enter the city during this

time.

The table 2 and:alsé Figure { demsnsfrﬁte
the in-bound morning passenger -traffic to fhe_cit& 6f.
dolombo. Table 2 shows that there are h13{ SLCTB
buses and 5068 private passenger buses entéfing the
City, between 6.00 ae.m. to 9,00 a.m. during a normal
working day. Figure 1 illustrates the excess.of L =%
private buses ‘over SLCTB buses during the same period.

This indicates that a bigger number of private passenger A °



vehicles occupy the roads in the City cduring the rush
‘hour, causing severe traffic congestion. These buses
are not only the cause for traffic congestion but
also subjected to the same_ delays and hold ups as
other vehicles, and are also part of them. This

" means lower speed and a larger amount of exhaust
pollutants for bus kilometer. Numerous stops in
traffic also rfsult in less dilution of pollutants in
the immediate:neiéhbourhééd.: Although there is an
3nconciously accepted theory that the nature always
takes care of the_progucts discharged by our trans-
port and i;dustries, vhen too greater a ﬁumber of
units allow all the products of transport and
indﬁst;§ to fiaw uncontrolled into the envi;onment
the effects are unaveidable. However, it is adviceble
from the point of view of the environmental pollution
to limif tﬁé nambef of;veE}ciéé which consume petrol

!

oni the road at a given time,

Table J.illustrutes the Rank ordér d; entry
points to the city based on the morning in-Bodﬁd
passenger traffic. It is interesting to note that
mosf of the tréffic ig the morniné come to the city
through Dehiwela bridge from the south, New Kelani
bgidge and the Victoria bridge from the ncrth, and
01?0 through High Level rghd ;nd through- Nagalagam

Sf%eet. When we analyse the total number of passenger

vehicles entering the city in the morning, 62.73% enter
through these five'boihts. A bigpger proportionjof the
SLCTB buses - 12.20% - enter the city through

wellampitiyg Br}dgg.
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"Table 3 .
Rank order of entry points to the city based on the in-bound

Passenger traffic from 6,00 - 9,00 a.m.

SLCTB PRIVATE BOTH

Point % Rank  Point % " Ramk  Point %
" - 15.95 1 3 19.69 _ 1 .11 15.72
N 12.20 2 11 15.52 2 3 .62
“8 10.86 3 1 13.04 3 1 11.86
1 10.40 N 2 11 .u§ N 8 10.90
2 9.56 5 8 10,93 5 2 10.62
5 JB.61 6 1 7.3 6 4 7.82
3 8.30 7 6 | 591 7 10 7.07
6 7.16 8 7 k.97 8 3 6.48
10 6.77 9 9 3.68 9 57 5.68
7 6.41 10 b 354 10 9 | 3.68
9 | 3.63 1 5 3,19 11 - .

100 . 100 © 100

)
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The highest number of hoth private as well as

SLCTB buses - 16% enter the cit{ff {rom the south
through Dehiwela Bridge along Galle Road. 'TInis infers
the heavy concentration of p?pulation in the area to

the south of the city, and the degree of supply of

job.opportunities within the city.

The highest number of private buses - 20% -
enter the city . . from the north through New
Kelani b;idge. This reflects the nafﬁ?e of the |
land use within the ci£y. Apparentiy 2 high concen-
tration of industry and commércial activity is fouﬁd
£owé}ds the north of the city. This is further re-"
inforced by the fact that at this point the heaviest
inflow of traffic is between 7.00 a.m. - 9.00 a.m.,
where 84% of the paééengeré.énfér the city during this
petiod. + s The extension of the peak hoﬁr
upto 9.60 2., demonstrates that ﬁost of these passen-

gers could be employeeé in the.commefcial or private

sector where working day starts at 9.00 a.m. )

When we consider the in-bound 6.00 a.m. -
9.00 a.m.:traffic from all points, the highest number
of passenger vehicles - 16% enter the city from the
south through Dehiwela bridge. This again illus-
trates the residential nature of the land-use and the
heavy concentration of -people in the areas to the
south of the city. It also demonstrates that this
population finds employment within the city. When-

we look at the time variation of the peak hour
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travel, the ﬁighest percentage of thé SLCTB
buses - 72% énter‘the éity betwaen 6.30 a.m,
and 8,00 a.m. This suggests that the larger
proportion of the commuters who enter the city
are Government employees who are suppose to

start work at 8.15 a.m.

The second important enffy point to the
city for SLCTB buses = 12% - is Wellampitiya
whereas for private buses the second largest

flow - 16% -~ enters from the south through

Dehiwela bridgé. If we look at the time
factor of this inflow, at both these entry
points the highest concentration of traffic

is between 6.30 a.m. and 8.00 aom.

Table 4 is computed by taking into con-
sideratioh the highest number of in-bound

passenger‘buses.entering at éach point within'

every half hour to locate the actual peak hour

in the city of Colombo. ~This clearly shows that

in the city the peak hour is between 7.00 a.m.

and 8.30 a;m._for mﬁrning pas;enger traffic,

Maps 2,3 and 4 indicate the flow pattern of

these morning in-bound passenger traffic. The

maps also illustrate the spatial variation of the @
traffic flow into the city from 6,00 a.m. to

9.00 Qellle : R \':.’.



6.00-6.30
6.30-7.00
7.00-?:30
7.30-8.00
8.00-3,30

8.30-9,00

Note:

bsp
bsp
bsp

bsp

b - Both types

bsp

Bsp ;

bsp

bsp

Table 4

Locatipm of the morning peak hour;; -
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Table ‘5

Estimated number of passengers entering

the city
SLCTB PRIVATE ROTH
. Num- % Nut—- % Num- %
Time ber ber ber

6.00-6.30 33675 70.50 14080 29.48 . 47755 10.11
6.30-7.00 49275 65.55 25856 3k.40 75131 15.91
7.00-7.30 68475 66.75 3414b 33.27 102619 21.74
7.30-8.00 67125 70.15 28576 29.85 95701 20.27

8.00-8.30 49275 61.99 30208 38.00 79483 16.83

8.30-9.00 42000 58.89 2921z 41.10. 71312 " 15,10

%

Total 309825 65.65 162176 4435 472001 100

Assumption: During the rush hour an average SLCTB bus.

carries 75 and an‘average pri&ate bus
carries 32 fassengers,
Note: Colombo Master Plan Project hasﬁestimated the
average number of passengers per SLCTB bus as 70 to

80.

5;':Tabil;e 5 shows the estimated number of
passengers entering the city ffom 6.00 a.m. to
9.00 a.m. By 4131 SLCTB buses 309,825 passengers
enter the city, while 5068 private.buses carry only
162,1?6 passengers. Out of the total buses entering
the city between 6.00 a.m. and 9.00 a,m.,‘44.90%
are SLCTB buses while 55.09% are private buses.x Oﬁ

the other hand, the picture formed by éhe nunber of

‘estimated passengers id different. 65.65% of the

passengers are transported by SLCTB whereas only

@

¥

@
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34,35% of the passengers entering the city during 6.00
ae¢mMs to 9,00 a.m., are carried by private passenger

tfansport; (Figure 1 and Z)f (Table 2 & 5),

Table .6 E N .

'Number of buses and the passengers entering the

city - 7.00-8.30 a.m.

SLCTB cwee - -PRIVATE - " ° BOTH

Bus= ¥ Passen- % Bus- % Passen- % Bus~ Passcn-
es gers ' es gers e8  gers

2465 45 184,875 64,55 2904 55 92,928 33.45 5369 277,803

-fébié‘6‘.gives the totai nﬁmbef of buges aﬁé also
total number of-passengefs éarried during the actual peak
hour, that ié from 7.00 a.m. to 8,30 é.m.,byISLQTﬁ bﬁses
and as well &s by private buses. Within ;hié oﬁé.ana
half hours 2465 SLCTB buses and 2904 private buses |
enter the city from all entry points. Out of the
passengers, 184,875 by SLCTB buses and 92,928 passen-
gers enter the city by private bu buses. Oyt of the °
total number of 5369 buses entering the city , 45%
are SLCTB buses but out of the total number of
27?,86} passengers who enter the city during this
one and half hours:SLCTB buses carry as much as

61" L4 55%.

The number of private vehicles entering the city
are more than the SLCTB buses although they carry
a lesser number of passengers. This is very

uneconomical from the national point of view.

)



Therefore, ih. ordef to achieve more fuel economy i#
is better to utlllze only Vehlcleu w1th a blggc |
capa01ty, and 11m;t the.use of smaller vehicles fof
private passenger transport at ]eaut during the rLsh

houre.

Railway against buses for commuter traffic . . :a¢:

At present although it cannot be éstablished by

actual data, the commuter traffic to Colombo will_?,'

increase further due to expansion of the job .opportuni-::

ties ‘éspecially in the private segtor.. Today passen-
ger transport system is composed of 2 relatively
developed bus transport and an underdeveloped railway

system.

If we assume that ali season ticket travellers
are commuters,-then we can conclude that in 1980 the .
average travel dis;ance of a railway commuter is
27.0 kilomeferstwhile the.average trip length of:a_
bus cohmuter'is 9.1 kilometees. The average dlstance
of a railway tr1p in 1970 is 13 kllometers while a. bus
trlp is 8 kllometers. There is a tendency for the _
average trip leﬁgth of a.ccmmuter to increase, as.
more and more peeple tend to live away from the city,
dﬁe to the higﬁ reets and elso due to the rising cost
of living within the city. On the other hand, one
can expect the volume of traffic-to’increase due to
the population growth, urban area ex;ehsion and the
expected improvemenf ir living conditions. Hence

public transport. is of special importance and it can

-
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also act as a means to limit the use of the private

care.

Whétever the changes in tHe bus transporf are
intraduced it is impossible to meet adequuately and
satiéfactorily the demand for commuter traffic at
present and also in the near future. Therefore,
theré is very urgent need for a seconé system of
publgc transport. A better proposition is tu make
the underutilized railway system'to serve.as an
altéfnative mecans of commuter tranéporf. It has bzen
worked out that the ratio of cost per passenger mile
by bus to railway is 3:2. Thus, if éféps-é%é"takéﬂ. -
to d;vert more coﬁmutef péssengers to railway, then

it also can be a saving 6n the national expenditure,

An intergrated system of commuter transport can be
ﬁormﬁlated where individual sub-systems of bus and
railvay are functionally coordinated and intergrateds
Within the Colombo Municipality the busés should find
theif origin/destination at a close proximity tc the
railway stations. The commuters whd use the'railwaj
to come to the ‘city should be transnortecd to their work
piaces by bus. The fare of the ticket should cover
not dnly the'tr{b by railway but also the trip ﬁy bus
to the work place wighin the city. The maximum
waiting time for-the bus should be on the average of

3-5 minutes,
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The traffic frequency in the railway should
increase. At present the traffic frequency of the rail-
way varies from 30 minutes to one hour. The méximum
interval petweén railway comnmuter sefvic:s shoﬁld not
be more than 8~-10 minutes. The train scﬁedules should
he stfictly adhered to. Electfification of the sub- .
u;ban railway lines could save iot of commuter time and
also fuel. Then the construction of double track
at least to cover 25 miles. radius to run téis electric

train service would be a necessity.

Some coneiderations and suggestions

Thus, in the context of the present problems faced

by the commuters, tﬁe motorists and the pedestrians, I

would suggest that all passenger vehicles should be

stopped and alight their passengers at the houndaries of ]
the Municipality. There should be bus bays at suitable

locations along the Municipal boundary. These bus bays | »
could be designed and loéated based on a plan worked out,

taking into consideratioh the variables such as the

availability of space, the number of work places and also

the number of job opportunities. Entering of private cars
to the city centre during the rush hour, should be stopped.
One has to remember that within the Municipality alone,l

there is a fair number of vehicles on the rcad during

the peak hour. For individual commuters who use the

private cars, car parks should be provided along the

boundaries of the Municipality.‘
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Limiting the vehicles in the city centrc at least
during peak hour would help to conserve fuel, At
pfesént one has to drive a minimum of three rounds -
before one finds a parking space witﬁiﬂ'the'cify centre
especially during the peak hour., Environmental pollu-
tion could be minimized., Street capacity could be
increased for moving traffic. ‘Pedestrians would be
safe on the road. Valuable land which are allocated
for pérking facilities could be diverted to more ecoﬂo-
mical uses. Strain could be eiiminated for the motorists

and for 6fhér-road usérs.

Connecting these bus bays and car parks there should
be a bus service within the Municipal limits to reach
any point witpin the city. In this bus service there
could be a single f?re or a w. . m rate from'any
or{ain to any destination within the citys This will
reduce ticketless travelling and also checking of
tickets would be easier. The frequency of these
services should be maintained based on schedules, where
the interval between two buses at a given point should
noi be more than 8 minutes. These buses could be
eifher run by the Colombo Mﬁhicipality or by:SLCTB or
by any other private organization. But the Ministry of
Transrort shmld lav down the »ulne and regulations,

and also should have frequent and close supervision,

(We may be able re-introduce trolly bus- service but
I have not done a detail study of the feasibility of re~

introducing trolly bus service to arrive at a conclusion.)



A transport system on thcse lines would save the
cost and time. Cost of fuel, cost of maintaining roads,
and cost of administration could be minimized and %
regularized, Time of the commuters as well as the bus

operatora could be saved substantially. ' @

There could be added advantages. More competent
and responsible drivers céuld be mmployed by offering
them a higher wage or better incentives to work in
this city service, This would reduce the rate of road

accidents, Road rules and traffic laws could be main-

tained better. When there is only one authority or

agent responsible for the transport service within the

¢ity limits, it is easier for the Ministry of Transport

or the Policé to conduct frequent tests on the physical

and mental aptitudes of the drivers. A system should be 3
introduced where annually or bi-annually the driving
capability and the physical fitness of the drivers are e

reviewed. This in turn will help to maintain the
quality of the service, lMoreover, jealosy and com- -

petition among the bus operators would be completely

eliminated, which would also help to reduce the

accident rate.

It is very impértant that the transport planners
should pay heed to the degree of road accidents
occuring at present. Today it has become the number
one killer. Statisfics reveal that out of the road - o
accidents the highest number occure in the Colombq

city area, where the traffic concentration is highest.

.
LA
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In 1980 out of the total number of accidents occured
in the island, 25.27% is in the Colombo Police Division.

Acéidents not onii incur economic¢ costs but they also

‘I'.

incur social costs. Therefore, every effort should be

o N
LI .

made to feduce the rate of roéd accidents especiélly

in the Colombo city.

The right to use the road-by the pecdestrians cannot
bé igpored completelys Especially during the .peak hour
fheré”is.a heavy flow of pedestrians predominantly at
the gity centre. Along the streets pedestrian movements -
must be eliminated fully. Consttuction of over-head
pédest;ién drbssings can be coﬁsidered as é éensibie
idea. Pedestrian uﬁder—passes especially in tﬁé ciéy |
centréﬂéoﬁid.bétpfactiéél.. Pedestrian crossiﬁgs Qith
self—operatedﬂtréffic lights should be a betfer'ﬁre;
pésition; This would reduce the number of éccideﬁts and
also would provide more capaéity on the r;ads f;r' B
v;hiclgg,“,S;dewalks should be_provided almost.along.

every roadside and these sidewalks should not be used u:

for other purposes like: payment shops., ' R

Pollution of the envi?oﬁment could be minipized.
Whén the fesponsibility-is iiéced only on one éuthority,
it is much easier to.cpntrol the technical state of the
vehicles. Only roa;worthy vehicles could be used, at
leést within the.ﬁﬁnicipai liﬁits,.which Qould heip
to limit the adding of exhaust éases into the city

environment.
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At present illegal, irresponsible;andvincon-
sigerate parking especially during the rush -hour.within
the city centre causes problems like traffic. congestion, )

wasting of time Qﬁ tﬁe ioadlqburnigg of fuel unnecessa-

*

rily and causing i%;itation and strain to the road
useré. This cculd be minimized if thgre:are.definite
parking places in the citi._ These.ﬁérking'place could
Bé'10cated.éé.off4street parking plaées.' ?hese
p;rkileg:"pl}ac'é.'s éﬁd also bus halts s'r‘i;.é:'ul'd'blé: r.egulériy: .

placed within the Mﬁnicipal limits, based on variables

sﬁéh'és'jobﬁgpportunitieé and Stfength of wo}k force.

AI; we limit the number of vehicles on the city

roads , While extending a better scrvice Ep the .

commptep,,it could be less expensiye for the authori-
ties to maintain the road network and also- the:
capacity of the. roads could be retained at.present .. .

e
level without further expansion. -

Awareness of simple facts like social concious-~

ness and responsibility must be made to pqneffate'

and dominate daily life and work of not only
motori;ts Put everyone who use the rcad.. This
%wargné§é mus§ be inculcated partly by means of
eduégtion at ;11 levels of the educational system,

and partly by means of éxtensive ‘information

campaigns directed to the general public,
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APPLICATION OF TRAFFIC ENGINEERING PRINCIPLES IN THE
MANAGEMENT OP TRAFFIC I COLOMBO PETTAH CASE STUDY

by ) ' e ——— .;:..‘..-.L.:.... ‘-

Naga Jaiawardane,
-5 . :

Consultant, U.N.D;P./U:D.A,

The Pett;h is.the central wholesale market place for the islang
and the retail centre for the city. The concentration of the
mainirail.and bns'stations,“wholesale and r;tail markets, thel
influx of mi;ed.tra;fichon.city routeszhhich converge'here and
the:recent'increase;inuimports of motor‘wehicles have created
undne delays, congestion and:confusion.in this area; -

This plan is not a total solution to the Pettah traffic problems,

but is a management plan designed to remove congestion and delays

where they are most 1ntense ~ Olcott Mawatha, Gas Works and 5th

Cross Streets. The concepts involved are in disc1p11n1ng both

vehicular and pedestrian traffic providing adequate and better
el . .r _‘ - '!;“.
parking and dev1sing c1rculation patterns.

. P .
J 2

Pettah would tend to gradually lose its attractiveness dve to

mounting cqngestion and undue delays, with the result that

people will go elsewhere. Therefore this is the most Opportune
! i

time to make considered decisions and if we do not make vse of
¢ BEH T . AR . ,{,
this opportunity we will not have a seCOnd ¢haﬂ€? for decades

to come.

R X AR vl



1.1

2.0.

2,1

2.2

SHORT TERM TRAFFIC PLAN FOR PETTAH
et s o

L) © 4
N

Pettah - its activitiesr.i: . ”fﬂﬁ”:m* o (OIS

"The most“important gtea- of the City of Colombo.is'the Central

Area - the Fort and- Pettah Pettah contains the wholesale
market for the whole island and is also the main. retail centre
for.the City. Imported goods are stored'and distributed from

here while materials for export are also collected To perform

kY H
Y e ‘\

‘its role ‘and expandings its functions, Pettah must retain and

stabilize its 1mportance as a commercial gentre...RedeVQLOpqgf

-
ix}

ment of Pettah has therefore been considered A part of the . .

Government s economic policy. A market canplex is ‘vnder.-con=:.

N » f.; H ’ O

-struction and’ several other development prOJects such as the

PR :

Lotus Centre_and Ma??i“&,9F“tr?.ar?gh?}P8¢a°§1V9$YfP°F399d3‘a“

b v

Pettah traffic

The main highways ‘enter the City from the Colombo Metropolitan

3o

area and almost coalese in the Fort and Pettah Further the »

- main reilway station, the central bus terminal the wholesalezu

'1:

,and retail markets are all concentrated on Olcott Mawatha,

(\ B

Gas Works Street. Sth and Ath Cross Streets, (See;ﬁigmflgﬂ,ya{;

-i

o

The concentration of the- activities has caused acute conges- T

tion, There is little discipline among veh1cle users and

Py . ot
’ .

.' . aetent )--: i‘_."'-'-' A

other road users for which situation they are not entirely

o Ay PRt

“g A I

to blame._ The authorities reSponsible for transportation N
. Pl . e

T RN .

have not provided road vsets with both the. information and

U e rl v'h.- N &

the guidance they need to discipline themselves and conform :

o 'f" wadd W e TIUR O :'#!‘.
to appropriate standards. b, the other hand enforcanent has

been poor, delayed and ineffective.

Mt .




2,3 On the Pettah streets there is a mixtcre of fast and slow
traffic; cars, buses, lorries, m:.:: cycles, pingo carriers,

street vendors and pedestrians, Carriageways have been
4 . o

O

widened EJ meet percieved greéter csracity reddired. Dut
.this widening has been at the expense of the sids walks,
thus torcing the pedestriéns on to the carxriageway,
Nearly-G to 8 thousand pecple usc the 'side walks on -
dlcott Mawatha‘oe;:ﬁoor during the busy 'time, Park~d
_vehicles and street vendors have ‘sgh¥avated the sitiation,
.Disorg;nisstion is heightened by the absence of lan¢’
markings, sign and direotton.iqstrgctionsr _The psofﬁty
, - of prooerly located busﬂstops and pedestrian orosstngs )
: have,contriouted to further annﬁion and the seric-sness
of accidents, In the City 70% of the injured are eedes-
trians and 10% pedal cyclists, Of those who iost:their
lives 50% were_pedestrians enq 157 pedol cvclists; the
v e .majority betng_the young ones, Il; ;ncreesing.use of
motor_oyeles for“personat trenSpozt nas.oooed to tnese
numbers, |

2,4 Olcott Mawatha is the most congested of the Citv crracts

-,

and carries one of the heaviest "~7"rr- < .::ffit;

Between Front Street and Gas Works Street the daily

traffic flow is about 28 0G0 veh1c1es,‘ The congestion

' LA A )
o~

is so intense that on some days the queues of v¢ l.r..

| extend along Lower Chatham Street to York Street in Fort,

T

Due to the proport1on of heavy veb1c1es the effective

H s Fef

. C volumes increase to about 46 000 passenger car units

3



: per day. During the peak hour th1s street carries about .1400
"- cars, 750 buses, 325 lorries, 200 motor cycles and pedal cyclists..
Gas Wbrks Street is heavily used by buses and lorries and the

. ?"Sth Cross Street almost exclusively bY 1°rf195- The increased

f .‘._

": use“of priuate buses. and vans ‘have added to confusion and
congestion. During the peak time it takes about 20 to 30
minutés to move . from,the Lotus Road Junction»to Gas MWorks

'i'-"junction_on oOicott Mawatha. gThose delays represent losses
‘bothin vehicle operations"and“people's valyable time.
2,5 ;arkiné spaces for lorries,. private buses, vans and cars are
._"L‘inadenuatet- Congestion is increasod by veh1cles circulating
| on the lookout for .vacant parking Spaces.“,Thg;present parking
. ﬁcharges are top_low:in relation to fuel pnices and“should be
increaSed. Howeuer, increasing prices by itself will not
' relieve the traffic congestion as a large percentage of
Vehicles are owned by the state. semi-government institutims

and the commercial sectors who may pay_the highe;xrates while

. continuing to use the same facilities,

3.0 The short temm plan' AT ?= oo i
3,1 The Urban Development Authority is deVeloping“lbng*term plans
for solving the:problans50£”traffic cdngestiéh in Pettah, but
_they are associated with land use and.redeyeloﬁnent_pfoposals
. :»The present Urban Development Avthority proposals mdy be con-
siderednas a”partjofna traffic manégemeﬁt'plan.uhich can be
impléﬁ?nted;iﬁmediatelyMét minimal: cost, "but which will bring

large Saving$ = Vehicle operatingdcosts'and”éreatJbenefits to

-?.'

o

""

-
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" road users, What is‘proposeéd requités minimal expen-

diture and non-glamorous action like painting street

" lives and diréctions; demdrddtioe of parkifg tots,

© “"bédestriar paths and-direction boards, °

3,2

Theé ‘essence of

D '

“the ‘strategy’ adopted involvés introducing*

'ﬁ}ﬁﬁtigeﬁ';6:in§ﬁifl'dfsciﬁliﬁéfSﬁ'ééﬂfcle-ppera;ors and

pedestrians 'in ‘clustering transportetion activities in

"dyitable locations to minimize enérgy and time demands,

in minimizing pedestrian walking distancés and ‘fn re-

The traffic design will ensure

1,

3

b4y

Se

" for lofry opérators,

designing vehicle circulation patteruns. (see.Fig. 2)

Y wr ! te,

RIS
) s b e aten na e o Gt sl ?, 0 s e Ben

better and faster circulation for traffic using

Olcott Mawatha, Gag.w6fks and Sth C:osé S;feets;

better parking and immediate acceés to sérvice areas

concentrated, easily acceéssible ‘and ‘Secure patking

for private bus and van operators ahd hence ‘con-

* venierice; easy access and safety for passengers,

secure, adequate and easy parking for priyate gars

" and motor cyclds, - - - ¢

more. space and better circvlation arid - safety for

- pedestrians thus reducing potential a;cident;.'

better vtilization of space allowed-to state .
transport 8C§i¥iti€$( 
Segregatiow of traffic éﬁd pedestrians to help in

maintaining and ensyring better enforcement. . ..
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4.3

-r-action will: be necessary,

;e Losses due to coﬁgestion

1

.8, 1ncrease income for the U.D.A,. and tbe C M C from the

"l i\ i.

operation of vehicle parks.

$9,.»reduotionzof ‘conflicts, confusion and éccidents and .

! creation:of & more .pleasant and.ordered enyironment.
. . - L . S '..‘:‘-"|" . t

N : r3

‘ -"The'shortitermzpiap has“its limitations. ;yodifigotions of

y <

ﬁ?-??cextain-oﬁerhtions:may-be necessary aﬁter?sometime, but these

‘!,

o *:should not be pushed too~far as: other complications may

- arises . Further studies and. deveiopment of plpns for further

It would be. both enlightening and helpful to make even an

_approximate assessment of the losses incurred due to delays
:}aanoonggs;¥og’{ ' SIS

Vebicle 6§efar£ng costs incredse. with corzestion. Passengers
.suffer congestion through longer travel.times, increased
.'fﬁalting,and;boardingmtimes.;gDelays due.;q commercial vehicles
’dncrease tothL.costs;which_would,ultimate}y he reflected in

." the increase. of prices: to the consumer. 6 Cperational costs

of all'vehicles increase with increases irn stops,. delay and
congestion,

Approximately 39 600 motor vehiclos of all r,yee“uep Mentt

GO

Mawatha, Front, 4th and Sth Cross Streets during 24 hours

L B TR
......

of the day (1980). Of these 15 600 use “the" Stréets during

" the 2 hout morning and evening peak times. During this time

LIS B .o
. L l-’.‘..a_-',\

these vehicles move about 312 000 persons

[ RS O 3 ,_'.! -y

vy l| L " . LR I T . - .
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5.4
- 5.5

motor cycle per minute.

.Presently it takes about 20 minutes to move through

this area during the peak times. It is assessed that

\
. Ly oty

the present vehicle operating costs for a car is Rs. 1,00

.y .
B ‘...

per minvte, On this basis the rates for heavy vehicles

may be taken at least at Rs,, 2 00 and Rs.‘O 25 for a

s s e R DRI s an

It is also assumed that the

T . ‘

average wage rate of persons transported is Rs. 24 00

per day. On this basis for a 300 day working year the

-
i

losses incurred are { f
Rs. 126.0 million on vehicle operations

. - Al
e L

Rs._56 0 million on people s los& eime.

However, if we assume that the vehicles are delayed for
5'minutes'each dUring.a“half‘hourboffthe'peak ‘time in

the morning and evening the losses ére'even"then
‘ \

Ty

Rs. 16 0 million on vehicle operations
PO A

Rs, 7.0 million on people s time

’Loading.bays~haVe'been»allowed.as;most of -the congestion

is dve to obstructionucaused'dueyto"loading¢unloading

operations. About 25 to 30 loading bays are allowed

alongside the sidewalks. A rate:of;ﬁ%::ljiﬁLfor"the-”

first half hour and Rs. 30 00 for the 2nd half hour
. . b,
are suggested to prevent the unnecessary use and ‘to

.o L
= R

prevent such space for patking. . L -

Parking'Spacewfor;aboutiJZS;-'150'lorriesxand'taxis
have bee found space, ~This is adequate for' the;

present, The CMC could obtain about Rs, 4,0 to Rs, 6,0

million on parking charges per day,
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6.2
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'by a@fleqst‘Rs; 7.0 m;liion'a year. o
fRecdﬁméndaEidns TR NI L3 T

'6.1 _L Traffic des:.gn S

Traff{e circulation™

The net fiﬂanc1a1 béhefits of this Schéme’ would be at Teast

TR

a a’ sav1ng of about ﬁ&l 40, 0 million and’ ;“;reaa“ng revenuas

& =t
Fages

T Lo Ty e

""
R

(a) Erect bar;ier to d1vxdé tﬁe éarriageway o; Olcott Mawatha
' betw@en the ﬂo-tree junction ‘and’ Sauﬁders ?lace junctxon.
(b)t Layout a centre median at least 3’ feet ‘wide to divide

W‘the~carriageway-on Olcott Mawatha Between Saunders Place

- junction ‘and:upto the ‘end.of the street near Technical

ollege.

oy .".

(¢c) »Paint trafflc lanes and d1rection S1gns on the road

-surfaces as per drawing.

. T i
L SR RS 2% h i Tegad R

(d) _Denarcate bus only lanes ae nor Araving

_ (e)n”CIear1y<demarcate the side’ wdlks'anu o Srilrlia ;ros-

sings as per drawing °

A5 ngaggptg,separétf@g.bf'thp CTB bus loading bays on’

.0lcott Mawatha as per drawing. . . .

(a) ' Reverse traffic flow bﬁ;AtH:C}oséi 5th Cross ‘and

“Wolfendhal’ Streets and on Cenf;éliﬁaéﬁ” '

.l NS oy
'3 [ kO

~ (b) Operate Saunders Place’ and M*“**-_ji_a;--, a3 eme wrv Styeets

(c)i Prevent g turns on’ 01cott” Mawatha'for vaﬁs; bus@s'and

o D :
R T R s i)
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| ==—NO PARKING
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o

6..3

Parking -

.-i.

bs.

Demarcateé no parking areas on Olcott Mawatha and

w

other streets as shown

Show parking aregs,'enﬁry/exit to:parkiﬁg-lots

aﬁd circulation patterns, '

‘Demarcate lorry loading bays.on 5th éros§ Street

banafcate taxi stands between 5th Cross Street

_aﬁd Gas Works Street,

* ey
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| TRAFFIC AND TRANSPORT PROBLEMS
_ OF_BOMBAY _METROPOLITAN REGION

e
sl

by -

4 - T.S. Reddy
Central Road Research Institute,
New Delhi-110020
INDIA '

Bombay, the second biggest city in India, holds a popu-
lation of 8,2 million, Bombay has been grqﬁing at a véry
rap_id rate, To retard this rapid growth the Government
‘of Magharashtra has identified the Bombay Metropolitan
Region'fof deﬁelopinglin a balanced way. "CRRI has been
Ientrusted Qith the task of developiné a road netwo:k
plan for the Bombay Mgtrdpolitan Region, To meet the
requirements of the task CRRI has conducted a number

.of Traffic Studies in the BMR, This paper attempts to
pro&ide a background to.thé'traffic and transport problems
. of. bombay Metropolitan Region, o

A,
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1. INTRODUCTION
101 Bombay Metropolitan Region

The present day Bombay has its origin frqm seven
small islands, (see Figure 1) originally inhabited mostly
byifishermen. Over the centuries the city has grown
from a chain of tiny islancs into a gigantic city of
today through reclamation of the land from the sea,

Being a commercial and state capital, Bombay is growing
in leaps and boundé. During this presgnt century the
.population of Bombay had grown from a mere 9 lakhs to

'82 lakhs as at the end of 1980 registering a nine fold
increase. Incidentally, the state of Maharashtra has
the maximum percentage (35%) of urban population com=
pared to all other states in India, It is observed in

the last three deéadés that the population of Bombay

alone is 38 percent of the total urban population of
:the State., Table 1 shows the growth trends of thélﬁbpu-
lation of Greater Bombay, - Realising the magnitude of
thg problems that are likely to arise from the .rapid
growth of Bombay and other cities of Maharashtra, the
Government had set up a Committee headed by Prof, Gadgil
to identify the causes and remedies for retarding the
growth of the urban population in a few cities, The
.Committee recommended regional development as the strategy
for retarding the growth of the jumbo cities., Subsequent
to thgse recommendations the Government appointed a Regional
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'Plannlng.Board to 1dent1fy the developmental strategles
for Bombay Metropolltan Reglon. The Bombay Metropolltan
Region Planning Board has delineated an area (Figure 2)
of about 4000 sq, kms,, bound by Vaitarma river in.the
north,Patalganga river in the south; foot-hills of
Sahyadrl in the east and the Arablan Sea 1n the West,
for propos1ng a planned development which w1ll diffuse
or diver the growth of Greater Bombay. Greater Bombay

'occuples an area of 400 sc, kms, I

1.2 CRRI Studies

The Government of Maharashtra had requested the
Central Road Research Imnstitute to take up comprehen51ve

Trafflc Studles and suggest a Road Network Plan for
al

the Bombay Métropolltan Reglon. Acceedlng to the

request the CRRI has undertaken a number of fleld studles

to assess the present travel patterns in the BMR and

',also_estimate the future travel patterns,

' ’2, REGIONAL STRUCTURE  *
T R O TS

241 ., Geography

ELH B
ber;-Before:gny.traffic studies are designed to assess
-, the present .and - future travel patterns it is necessary
to understand the geographic and demographic features
of the study area, Bombay Metropolitan Region shown

in Figure 2 contains the Greater Bombay District and




'"parts of Thane and Ralghad Dlstrlctsw ‘In the Thane . -

- Dlstrict Tdlukas of Vasai, Bhiwandi, Thane, Kalyan,

Ulhasnagar and’ in the Raighad Distrlct Panvel Uran,

i+ Allbagh, Pen, Khalapur, Khopoli, Talukas are included

either partly or -wholly in the BMR,

s'Th:e follow1qg important towns and cities as

%
Ly shown 1% Figure 2, are included in the region,

el o H
" \,-.\3‘ -

. gﬁﬁ.T?Greeter Bombay

ot b 2, Thane '
* "3, Bhiwandi
" 44 ‘Ulhasnagar N
5, ¥Kalyan
! 6., Ambernath’
7. Panvel
8. Dombivili’ ,
9. Khopoli |

" 10, New Bombay

RYE
Besides these towns there are many other small

ﬁﬁtownsflike Alibagh, Pen, Vasai, Bayander etc,.’ Greater'

Bombay and Thane are separated from the main land by
the Ba551en and Thane creeks, |

.-|'-\ =

2.2 .,Populatibn

Including the rural population, the BMR contains
11 million population as per 1981 census.. - Of 'this '
pop-ulation, nearly 90 percent are 11v1ng in the urban

areas and a majority of them depend on employment other
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" than Agriculture, Table 2 shows the growth trends of
, .population of some of the important towns of the BMR,
“From the table it can be seen that the towns like
;w'”pombivili,‘ﬁayéndar, Ulhasnagar etc, are regiséering
”'.a.Véry high growth rates, This is mainly because of the
'-;: fgpt that the towns in the outer areas act as dormitaries

* for the workers employed in Greater Bombay.
ok T -

Y

2.3  Employment

- Emplpymgnt figures ere difficult to obtain since
.there is no one source (1ike census) which keeps &
' record of these. Table 3 gives the distribution of
=== - jobs in different regions of the BMR ‘as recordéd by the
' Economic census of 1977. The definition of the establish-
ment ipcluded for enumeration varied from 1971 to 1977
:w;ﬁthcensus@-'Therefore’no useful comparison ccn be drawn,
However the table provides a useful basis to understand
. #the features of empibyment an@_@pﬁ'distribution of
' population. Obviously the ‘table does not include the
informal sector jobs which are not registered anywhere
in the statistics and they amount to nearly a similar
figures, From the table it can be seen that the
employment to population ratio is higher in Greater
Bombay suggesting heavy commutation of workers from

the ou ter areas to the Greater Bombay,




S - T
. ’ |
.o i Town YU YEATR®
e - 1961 1971 1981

. *  ‘rhane  1,01,107  1,70,680..  3,09,271
Ulhasnagar 1,07, 761 1,68,463 2,73,332
: Kalyan 73,494 - 99,545 1,35,870
Dombivili - ‘18,406 51,108 1,03;213
Bhiwandi 4%,936 | 79,574 . 1,15,256
 panvel .' 18,129 26, 601 37,026
. ,i;;;= Kalwa | C 7,659 13,744 30, 388

B!

Note : Population figures have been computed
from census of India, series 12, Maharashtra,
1981, .-
Table 2 : POpulétlon of Town in Bombay Metropolitan
. Region,
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Sectors Population Employment Pa-rticipation
~ (1akhs) (Lakhs) ratios
Island " 32,8 10,6 .32
' . i
Suburbs 45,9 4,1 .09
Greater Bombay 78,7 - - 14,7 ‘ .18
_ T .
.Region . T 25,3 2,5 | .09
. DR UL P
AR R : c
B.M.R, =, 104 17.2 .16
i [}
. . - . h .; ’ A l'(.
LR TH LN : . i
' Table 3 Distribution of Population Employment &
P R 16 IRV .
Participation ratios in Bombay Metropolitan
i - Region (1979-80) : *
. . . n . |
P R
i
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3, TRANSPORT:"SYSTEM

341° Network - Y
. 4
The Bombay Metropolitan Region has three major

\

'médéé.of transport scrving the nceds of the people, They
:a;e'Railways, Roads and Waterways, Figure 3 shows the

' transport network of the Bombay liotropolitan Region,

Waterways have been playing a very limited role in

meeting the transport demands,

Railways

It ban be seen from the figure that the region
is served by the Western and Central Railways to cater
to both internal and external movements., As far as the
internal movements are concerned, the Western Railway
operates suburban Rail services from Virar to Churchgate
and the Central Railway operates suburban Rail .services
between Karjat and Bombay VI and Titwala and Bombay VT,
The frequency of these services vary from section to
section because some shuttle services operate (during
the peak hours) over short distances from the terminal
in Bombay, Table 4 shows the frequency of services over
the different sections of the railways., The inter-
regional movements (between the BMR and the outside) are
catered to by the inter-city rail services operating

between Bombay Central and other cities of North India



=10~

Sections No, 0. trains running
Morning peak period of
three hours

Western Railway

Churchgate~Bandra 80
Khar-Andheri 71
Jogeshwari-goregaon 46
Malad-Borivali ‘ 44
Dahisar-Virar o 9

Central Railway

I V,T; - Kalyvan Mair Line

Bombay V,T, - Kurla . : 52
Vidyavihar - Ghathtopar 47
Vikhroli - Thane 45
Kalva -~ Kalyan 25

II Kalyan -~ Kasara Line

Kalyan - Ambivali 6
Telvata- Kasara P g 2
III Kalyan - Karjat Line | :
Kalyan - Ulhasnag ar - .10
Ulhasnagar-Ambernath B | o
.Badlapur‘~ Karjat o ' 3

. IV-Harbour Line

. (A) Mankhurd - G,T.B, Nagar ' ' 9
Mankhurd~Govandi - 9
Govandi-Chembﬁr Co14
" Chembur - G.T,B, Nagar’ 17
(B) Bandra-King's Circle- ' 13
{C) Vadala Roa d - V,T, . L 30

-y, - Table 4 Frequency of Suburban Trains.in

Bombay Metropolitan Region,
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f‘:on*thé§WéstennfRailway, andjhetween Bombay ViT and
"other‘cities in South, Central and Wastern India by the

Central Bailway° Scnie train also operate'from Dadar to

other 01t1es ‘of the country on the Central Railway.

. Kalyan %s oneLoi;the railway junctionn'on the Central

Railway.-

Road Network

: . Internally the Bombay Metropolltan Reglon 1s f
-served, besldes urban roads, Lty ‘a ne stwork of Natlonal
'nghways, State H;ghways, district and village roads.
.From Figure b it can be 'seen that Bombay is linked to
NH-8, NH-3 NH-4 qnd NH 17 through the city roads, -

'NH-8 is conneoted through_the ”c tern EXpress nghway.
H-3 1s connec cd through the Easte;n sxpress nghway |
and NH-4.is connected throuﬂh the ‘Tastern Eypress
" Highway * and Sion-Panyel Hi ghway through Thana-creek:
Brldge. NH-17 JOlnS ‘the NH-4 at a polnt beyond Panvel,
The State nghways prov1de 11nkages among the maJor towns -
Bhlwandl, Thana, halyan, Balapur, Uran, Panvel Ulhas-
nagar etc, Major and minor District 70ads connect-the :
towns and’major villages, - It can also be seen that the
density of Jroads is not very heavy. This is for roasons
like spare ‘population, dlfflCth terraln etc. Maharashtra
Road Transport Corporatlon, Bombay Mctropolltan Transport
Corporatlon (Erstwhlle CIDCO) and B o S T operate buses

2

to serve the needs of the commuters 1n the B M R. =

™~
'

N K} . : Lo
e e mm—— = ———————— . e - we P -
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3 Qk Table 5 shows the growth trends cf vehlcles b
3‘ Greater Bombay. From the table it can be seen that ca

\
xhave increased from a meagre 40 thousand 1n 1962 to 15

\

'thousand in 1978. The tax15 from a mere 4000 in 1962
have gone upto 30 thousand iny 1975“ In sa far as truci
are concerned they have beon reglsteang a constant B
of 5 percent every year ano today there are about 38,0(
trucks reglstered 1n Greater Bomuay. lhese V8h1018u a:
divided almost evenly between prlvate and}publlc use,,
This. shows the strong ownershlp of trucks }pr prlvate

'use lneGreater Bombay.. BEoT buses have steadlly incre

but tne rate of growth ig not ‘SO rapld as that~of the

: o N _\
pcs sengérs. MSRTG an. BMIC buses hav! also 1ncreased

over the time. P ' "; ;QY

X3 L .:"j*'f 5\
LN g, TRAPFIC PROBLEMS SR

b E Road Trafflc Growth ey

In the earlier sectxon we have seen how the \

\ - K

tranSpontalnfrastructure has been grow1ng 1n the Gxeate

Bambay, The growth of populatlon and veh;oles have \

"1
increased the. trafflc flows on the Greater @ombay Roadh

Table 6 shows the growth of trafflc flows in’ the 1sland
city of Bombay. Bombay, being a101ty which: has been f@

shaped by the transport faollltles movements take plaoa
: . . S 2

;e
;

g
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Type of

vehicle 1951-52 1956-57 1961-62 1966~67 19707

- -

© 1975-76 "

1976~77 A977-78 1978:79:1979-80_1960-81 .

Motor

Cars . 19707 25800 .

Motor g
Cycles &

—

Scoorters 2488 -

Taxi Cebs: 1495 - -
Trucks
i) Private 2317,
Cairier
ii) Putlic 4555
Carrier

Stage o
Carriagass '+ 409

-

2350

3390

3040

4323

672

5325

- 5150

1067

4108

7545 -

'
-

8972

7543

- 6221

1

1114

1310

36899 46119 83360

24786

15951

9817

4387

1565

. .124386

53184
- 21223

R Ry

1758

. 256

427997

h

. 56629

23621
14070

18557

2715

.- .

132375 137176~ 153581 350711

59583
21930

14784

19584

2092

63935 68983 78474
23768 28270 T 29623
: e = .

-

15416 15821 : 16187
19805 21318 22260

884 1956 [ 2133

. .Table 5 - Growth trend of Motor Vehicles in

A Y

~

Greater Bombay _
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in the North—South directlon, Tmereforeﬁthe screen lines
4are choosenvtp run East-West. From the tabletit can be
.’fobserved that the traffic flows have increased tremen-
dously, In’Bombay we have three major-corridors which
"cater to the North-South Trafflc.: Figure 4 shows the
traffic flow in dlfferent corridors. The avallable road
widths and their capacities: are 1nadequate for the move=-
ment of traffic (Table 6), From the obsérvatlons made
it can be said that the ex1st1ng road system of Greater
- Bombay is already overloaded and trafflc delays are
;frustratlng to the travellers. A summary of the speed
‘and delay studies made by CRRI (Table 7) indicates that
~ the speeds have fallen considerably from 1962~78 inspite

of various improvement measures,

4,2 . Mass Transport T : R
Table 8 shows the growth'trehds of the daily

volume of passengers traffic od the suburban railways;

. With the raii services -extending over the space, more and-

more people are choosing éo live in far off places,

increasing further the demand for rail services, Today

the peak hour trains run jam packed, Neariy 45 million

commuters travel every day by suburban trains.
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Screen Private Car Taxi . Truck ' Total:

Line 1962 1979  %grwoth 1962 1979 wgrowth 1962 1979 wgrwoth 1962 1979 wgrowth
1 25664 38230 48,96 18395 36461 Pﬁa}lo | 2§oé:' 3066 .;17.56»1 46567 77737  66.57
2 74546 . 90015’ 24,77 58696 97261 . 65,70 - 8289 6657 f19.%81¥14i531: 196922 39,14
3 60283 = 97955 62.49 60882 115471  89.66 22576 27840 23,31 143741' 241206 67,89
4 53428 60145 13,57 28122 55651 9789 25115 34062 © 35.62 106665 150858 41,43
5 30948 57118 84.56 23387 52200 123.20 14991, 29866 \;99.52 69326 139184 100,76
6 29476 - 55%97 82,17 5?4410 47422 ;;94,27.J13692 . 10550 :50,08 ° 67578 i@lGGg 80,04
7 20192 7.183.70 11739 45839 200,70 12296 33610 173,30 44227 136742 200,18

57293

Sourceé : Wilbur Smith Report 1962

- C.R.R,I. survey 1978-79.

Table 6 Growth of:Traffic in -Island City.
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~ Speed in K_h,

Ty

Road o 2 .—  Corridor
‘ 1962% Ig7g%k ¢+
| ®
 ~Nétajir Sﬁbash Marg 56 40
Purandare Road' ' - 48 - 27 .
Deshmukh Road . 24 28 Yestern
Lajpatrai Road 48 40
Annlebesant Roa 4 48 3l
Yeer Savarkar Marg. 48 33
ﬁahatma Gandhi Rogd 40 25
lj.Nauroji Road ' y 24 24
. Mohammad Ali Road 16, 14 Central
jhemshedjf Road | 32 16
Ambedkar Road - 32 i; 30
Bhagat Singh Marg 32 27
PFDepellow Road 24 - 18 ' Eastern
Nathpai Road - 32 " %
Jakaria Bunder Road = 24 40

* Wilbur Smith's Report 1962

%% C,R,R,I, Study, 1979.

““Table 7 Journey Speeds of Major Arterials
' on the Three Corridors,
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1961-62
1962-63
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BEST. &
" Table 9 shows the growbh brends of the daily
volumes of passengers on the BEST buses and also the?u
BEST buses. The flgure 1ndlcates the 1ncreas1ng gap _
between supply .and demand This . effect can be seen at, | "
:the BEST stops where passergers do not wait ln queues
as they used to'do.in the past and for which Bombayits
were. well'known earlier, Nearly 4,0 nillipn trlps are
made by the passengers travelling in Greater Bombay by

se. -

BEST buses,” - o e

hfj' 'Aé;ods Transport
The most important aspect of goods transport

'actTVity in’Bombay is its location, The entire"geeds

transport activdties'are located in the eastern.part -

‘of the *sland city (Figure 5) where, the port Rallway

yards, Transport operators, wholesale markets are located.: P

The heavy Qn- street parking and the dlfflcult manoeuvres.

. of_the.goods,vehlcles in the Masjid Bunder area frlghten

the travellers who w1sh to use the Eastern Corrldor..,
- Idle parklng of vehlcles on P, DeMello Road hlnders the

: traffic movements,
[ ]

4,4 1 Pedestrians
Bombay streets are full of pedestrians and they

out number the vehicles by many folds on almost all.the
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roads 1n South Bombay. Facilitfes'given to thefpedes--

'm'trlans are very inadequate and need to be evaluated

properly for advocating better.facilities to them,

4,5 Parklng
| | The road. space of Bombay island is very limited

~and carry huge volumes of vehicular trafflc. These
‘vehicles need parking spaces at their déstinations,
-Parklng problem is accute 'in the Central Bu31ness District
pof Bombay, Nearly two=thirds of the road space is

. epeupied'by the parked cars on the streets, As mentioned
;inlan earlier_section the idle parking of trucks is

causing in efficiency in the circulation system,

' 5., CONCLUSIONS

In the foreg01ng sectlons an attempt has been
made to: hlghllght the trafflc problems of Greater Bombay
which needs short term and long term solutlons involving
maaor pollcy dec151ons. To quantlfy these problems and’
understand the travel patterns the CRRI:has conducted
Vthe follow1ng trafflc studies:

1. Household Survey

2. - Car Travel Survey

‘3. Taxi Travel Survey

4, Goods Transport Survey (slow moving)

5. Inter-regional Travel Survey
6, Speed and Delay Study
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* 7. Screen Point Study ok
3..Interseétion Stuc -
9. Railway Terminal Studies
10, Goods TranSport Study (fast moving)
‘' 11, Pedestrian -Study
1 12. Bus Focal Point Study
13. Qork Place Stﬁéy

On the basis of the data collected from these °
field surveys Transport sub-models have been successfully
~.developed to simulate the existing traffic flows. Attempts
.have also Been made to estimate the future trafflc flows
by dlfferent modes; of travel. Currently the road net—Work
Plan js belng flna;lsed for recommending it to the Govt. of
Maharashtra. . o oo
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""ABSTRACT

The paper §iscusses the significance of the maintenance aspects of
' Highway Engineering, This aspect has been highlighted even by
‘lending “uthorities such as the World Bank, The method of

assessing payment performance for maintenance purposes could be
carried out on a more scientific basis by the use of relevant instruments

in comparison to‘tﬁe traditjonal method of visual.inspection.

o~

In fact there is a eimilsr Zt+idy -beinguoarried out at. present inrthe
Department of Highways jointly with a reputed Cohsulting ﬂirm

and furidéd by World Bank. The greatest beneficiefy in thé proper
“nainténance of the Country's road network is the vehicle operator

. and the nation as a whole; and not the Highway Agency.
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THE AIGHWAY MAINTENANCL aND Tdb ASUCLaTisD
PrOBLEMS

Introduction \

During an international seminar on Highway laintenance,
one Engineer asked the Highway. ﬁxpert, 'What are. the mbst

1mportant causes of road failures's, The expert unhesitantly

"retorted. 'Water, Water and Watei' " _f a Sri Lankan Highway

Engineer was present, he would have quickly added another

important factor; applicable to our local situation namely,
the poor fundinb for road maintenance. In general, the
causes of road failure are w1de and varied and even the
science of Highway hngineering ‘as developed today is
unable to 1dentify the precise cause of a road failure.

It is a comblnation of severdl factors contributing in

various degrees,

The arresting of impending road failures and highway maint-
enance are costly programmes and one may question why, so

much funds are diverted.towards this objective = Three

main purposes why a road should be maintained properly

- are to- prolono life span of a road to lower the vehicle

operatinb cost and to ofier a rebular and safe transport

" services to the community.' Surprisingly the largcst

.benefic1ary from the funds 1nvested on road maintenince is

vehicle operator and not'the:highway.authOrity.'(éreatest
saving is in the tyre wear and motor spares) If adequate

funds are not allocated for road maintenance then the

- cost to the country first in the form of extra Operating

costs (w1th a substantial foreign exchange compenent)

for road users, and gxnlafter in the form of claims on

the government funds for rehabilitation and reconstruction

‘become much higher.

There is an abundant evidence, supported by recent research
that the economic returns from maintenance of existing

highways are extremely high. .

Recent report (4) produced by the Wworld Bank shows the
everall economic returns to proposed maintenance
projects; at an average of Lo¥ or higher, compased with
an average of 24% for all new construction for which the

Bank made loans for 1978.

} 24
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The papor discusses the methods of assessing pavement per-
formanées for maintenance purposes on a sciertific basis
alongwith the Highway Maifitenance Programme carried out

in Sri Lanka jointly by the Highways Uepartment ‘and

World Bank Consultants.
All Highway”Adtﬁorities are poorly funded but large  amount

of revenue on'roads is collected by K.M.V.'s office in the
form of Vehicle Licences, etc. heré is'ah argument that all
taxes raised by w.M.V's office should be spent on the road
authorities, By extending this principle, another sector
may argue that,-all the taxes raised on sellinyg -arrack should
be spent on improving taverns in the country. Motor vehicle
Licercing add.taXes‘cn licquor gre two efficient methods of
indirect taxation. Hence all taxes raised in these depart-
ments‘'could not finance only those départments,
However, theré is a very strongcase for the #dighway Buthorities

dbtaining a-éood'share of cake from the'coffers -of R.M.V's office,

"It is in the Highway Authority which provides-the service and

2,00

2,01

they should be compensated adequately for the services rendered.
The large contractors plying their ‘heavy machinery on- the
National ‘road network regularly have an obligation to’
contribute, in some way to the Highway Authorities. It is
common “in large contracts, ‘that there is a provision:for
maintaining the existing traffic routes when used by the
Contractor. We hope that there is a similar“cdldiis@ven the
countracts covering accelerated Mahaweli Uevelopment Project.

and someone would see that the. contractors comply with these

regulations,
- ~ The Cause of Road Failures
As mentioned earlier. the road failures are primarily due to-

water in one form or the other, : Refer to the road cross section

on Appendix (1), The water may reach a road in three different

waySe .
(1) Direct rainfall - 'Surface Water!
(ii) Flow from the surface of nearby :ground 'Catch Water!

(iii) Percolation through. the soil under the road;
this may be lateral from the sides of the road,
or upwards through the sub-grade'from ground water-

'Subsoil Water!,

o
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' The purpose of drainage is to remove_the water.

from. the road area as quiokly as possible, before _ ¥

it reaches the pavement structure,causing failure

.+ in many ways. It is.quite evident that the major
j pavement. failures occur during. the wet season
" Hence the: consideration for.drainage is of para=
fnount importance both in the constrUction stage
- and maintenance stage. .Sri Lanka has 1nher1ted a

. .a system of road network des1bned and constructed B

durlng the colon01l period when both the de51gn and ..
construction standards had been very poor.

,Certainlj, the system. is not designed to carry .the

.hgavy containor traffic of present.day,. :the drainage

system provided particularly by the side ctitohes are, .

vepm.poor. .During-the rains, it is frequently obs-

. erved. that the water flow, foilows the edge of the main

carriadgeway due.to.the side ditches.being choked

after a long; period of neglegence, The poor standard.

a‘,
.. of .construction in combination.with.inadequately
maintained roads have resulted in a dilapilated network

of roads. _ Co . . . e

Wheneyer.the,subsoil water is detected, thé poavement
breaks away more often than nots The situation could
only be remedied by prov1d1ng subsoil drains (or

French dralns) which although ‘appear to be costly at

the beglnlng hut may prove to be good Xong term
'uvestmentx.

: B - -t oo -
B1tuman1sed surface craokbup when exposed to fluctlons

of temperatures and hence requlres resurfa01ng falrly

regularly. s Co
: ' . . v
The purpose of road maintenanc.-
Road maintenance has three main purposes : -
(1) To-reduce the rate of deterioratibtn of r®ad and: »

thus prolomg life.- : LA

(2) To lower the operating-costs of'vehicle.
4

.1(3) To enable, greater regularlty, puncuallty and

. safety of road transport serv1ces.

&

-

T e o L
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Even with proper'adhefence to construction material
'standards, rosads deteriorate over time. . The rate of
deterioration may very widely deponding on the climate,
the strength of pavement, underlying subgrade, traffic
volume and the axle weight.  However the rate of deter-
ioration could be checked and the need for full rehab- . -
ilation could Be postponed, by periodic resealing and

recurrent patching, etcs

The empirical analysis has shown that'a paved road
surface in reasonably good condition ¢an-save on vehicle
and tyre~weatr and maintenance so as to cause total
vehicle operating costs to be some 15% lower tiuan they
would be, if the surface was being poorly maintained,
For gravel roads the saving per wvehicle can be about ..

three times this. : ‘ B ' o

A ;oad is a major capitai investhent which is expected

to show an adequate return on expenditure. The failure

to maintain the road properly leads to rapid deterloratlon,
with consequent increases in vehicle operatlnb ‘costs and
aooidents,.and the need for expensive reconstruction,
Maintenance is therefore an important and worthwhile
contribution to the economic well being of the country and
on effective road maintenance is a valuable part of its

economy,

The Assessment of Pvement. Performance for
Malntenance Purposes

The methods of road constructlon and thelr development is
highly advanced today, but it is not the.case with the methods
of assessing pavement performance. Until recently, the
standard practice was for the Maintenance tngineer to assess
the condition of the road petwork by visual inspection
during the course of his routine work. This system had
numerous disadvantagea,the obvious one being that the inspec-
tion, and thus the properties observed, are confined to the
surface of road only. Any defects below the surface would

go unnoticed., Secondly this method is not capable of
predicting any impending road failure, so that deficiencies

could be arrested at minimum coste
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The Scientific Method of assessment employed
in the Developed countries

@ e

Invthe=rccent past., .there have been a number of instruments

‘developed, which are’ extremely useful tools’ 1n measurlng

s
.various properties of ‘road structure.- fhert are four majow _ #

factors which affects the rdad performance, namely: =

(@)

(b)

(c)

(a)

The stdte ‘of Surfacé $ad siub-surface drainage of the road,

Structural Deteripration of the pavement, threatening
to impair the load carrying ahility.
Poor riding quality, the riding comfort has deteriorated

below an acceptable standard.

.Sllpperlness, the surface no longer prov1des an adequate

’e

res1stance to skidding. -

- Other surface deteriorationj surface revelling potholes

and sealing-of concrete ;joints etc., in the case of

rigid pavements.

affects the above factors indirectly.

- The measurements of the propertles in the first three categorles

could be carried out by the use of relevant 1nstruments, &

whlch are freely available in the case ‘of developed countrles.

The final aim is to design a ratlng system in whlch tnn condition

@

of the road is measured in numerlcal terms so that malntenance

requirements may be assessed against a prescribed criteria.

Thus the priorities could be established objectively and the

funds avallable for the road malntenance are allotted where

they are mostly needed. The followlng 1nstruments are-in

common use today for measuring the various properties ment:.oned .

above,

(a)

(b)

(e)

RPN

A

‘Benkelman Beam : To establish the ‘structural strength

of a pavement.

Bump Integrator : To establish"the'riding'quality of an
existing road surface. ' |

Sideway Force Coefficient Machine and Portable gkid

Resistance -‘Pester: To measure the magnititude of resistance °

to skidding of a road surface,
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Benkeleman Beam

For a long period it was 1ncrea51nbly apparent that surface
deflection obtained under a btandard wheel load serves, as
an 1ndlcator of structural cap301ty of a hlghway at a given
p01nt based on experience find performance? This basically
simple data of load deflection relatienenip can be employed
to evnluete the nresent and predict the future structural

strength of the:entire highway system. The :instrument which

has-a worldwide use:-for pavement deflection measurements is

the Benkelman-Beamgn-On principle,. it-measures the deflection

~.:0f the pavement under a ‘standard:wheel load of a lorrye.

- There are more sophisticated-deﬁLectometers today

developed for the speedy-funﬁtidningwof the maintenance

- bngineer.. It may be of interest to.quote_thgt a similar

device calledifalling weight deflectometer was employed by

a Netherland ‘Consulting Firm recentiy; for assessing the

.condltlon of the runway and apron at Colombo Airport,

LR
e
ek (AN

Katunayake.

Bump - Integrator

A very common appératue'employed for’ﬁéﬁéﬁring the surface
irregularities is the 'Bump Integrator' It consists of a
single wheeled trailer which is constructed to a standard
de51gn,' Tne'éppéretus measures the relative movement bet-

ween the wheel and cha551s of the traller and it is recorded -

‘on & counter, “Anottier counter méasures the distance

traversed. “From these;dnté'an'index 'R! “on “irregularity
could be computed. Again there ave more sophisticated instru-
ments today to establlsh the rldlng quéllty of a road

surface,

Side Way Force coefficient Machine

It comprises a test car in which an additional wheel

is located wdthin the wheel.base. On test, the wheel
which is set at an* angle to:the direction of travel of the
machine, and the sideway force. exerted qn iit:.by the foad,

tending to push it back into line, is measured, The ratio

‘of sideway force to the total load on the wheel known as the

'Sideway force coefficient' is used as a measure of skid

resistance of the surface,
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The method comprises pWO:pa;ﬁg;ithq fiel@jaséessmenf and

There -are several apparatus in rating the pavements for
maintenance purposes and one popular approach is described
in the repért of the committee on higliway maintenance

(Marshall report) (2) published in U.K. The system of rating

should confmrm to the followlng requlrements

(1) - It isirelated to a prescribed maintenance standard.

‘¢ (i) It-indicates when action is.necessary by means of

critical levels of -assessment, :
(iii) The system should be in a position to-indicate prior-
ities:between different types of maintenance needs
within individual lengths of .roads.
(iv).o:It gives an indication ofiprioritie& between different
lengths based on both traffic.flow and physical condltlonq.
(v) It enables the assessment in the field to be made more
rapidly and uniformly by: technicans, and is capable

_.i;, Of being processed in a ccmputer.

f»

processing in the office. A sample field assessment sheet
(Form I) and a manual Data ?rbcessing sheet (Form II) are -
shown in the Appendices 2 & 3, The data collected in the field

.comprises an enormous, variety of 1nformat10n such as surface

._.deterloratlon. deformatzon, condltlon of surface irregularity

.....

skid resistance, dralnage? road marklngs_gpq kerbs and traffic

3

volumes, etc, as depiected in Form I, . '

The precessing operation in the office brings the field

assessments, the weighting factors and traffic factors in
. order to arrive at thesfinal rating for each item of each

~length of road. The?enii:e process of rating of road

system, although fairly :simple to describe involves the

-‘collection of an enormous.amount of data,.spread over a
-long period of time,.employing a large number'of technical »
staff, - o ' '



Lol The assessment of — irntonance requirements under the
World Bank aided proje-t cerried out in Sri Lanka today

'51 Currently there is a World Bank sponsored prpject carried
out with the Départmeni'of'ﬂighways and én overseas .o U
R - Consﬁlting Firm on roed Maintenarice in Sri lanka, With
) the courtesy of the'ﬁepartment of Highways, it is
. :- possible to present a brief description of the

¥rojects

As quoted in the report prbduced by the joint team'
the Department of Highways have for many years, been
' denied enough resources to carry out adequate routine
maintenance throughout the departmental highway network
| of Sri Lenka. The Government has placed emphasis on
. -_ . new construction. As:a result the condition of the
existing metwork has d2clined to a condition where
., the country must invest much more in vehicle fleet,
where deteriorates more quickly on 'bad roads, then -

it should need to spend 1i the rldlng quallty uf

#

of ‘the roads were better. v In addltlon the dralnage
ditches and shoulders have’ often reached a state

which is inadaquate *o “roterf the ﬂarrlageway and road
base from the effecis of water, thus ralslng the need
for routine malntenance to a higher level than

it shoukd be.

. The Programme covers a wide area, from collection of

data to implementation >f maintenance programme over

a_period'bf five years, N

As a first step, a road inventory is prepared for entire
road netwgpk and a samp’e sheet is shown in the appendixa.
It contains informatica related to traffic -flow, plat

. for& widthﬁ surface coadition, draingge condition,

. " culverts and bridgés~ geomctic alignment and road .

rouéhness.

4; . The field déta are then processed and road.gystem is

! " ‘then rated for priorities dependiﬁg on the rough-

| ness values. ‘Annual Daily Traffic (aDT) and other

| parameters -collected during tne field g;.urvéy° These *

data are béiné processed at present by the joint team



of Highways Department staff and World Bank Consultants,

\ A summary data sheet used for final Tating is shown in
the Aﬁpendix (4). The entire excercise-is a great

- shot in the arm for the Highways Department, since it
evaluates the maintenance priorities of roads on a
scientific Basis other than say political consideration
and serves as a basis for World Bank funds-which is
desparately needed for the deteriorating road network

of Sri Laqkao

The estimated budget reduiréd'forFfHe road ‘mainten~
ance -for 1983 for example is (3) Rs. 215 327,680/= It
is 1nterest1ng to compare ‘this with the total current
annual vote for the Highways Ucpartnent whlch is only
Rs. 130,000 ooo/_ Lo

4,05 The ‘authers personal: opinion is that- the cbove
- Maintenance Programme would have-.been more thorough, if
the considération was given to the following two aspects,

alsoe

(a) The emphasis on 1mprov1ng thc blackspots in the
. roads, in the way of improving theskld re51stance and
" .improving sharp bends etc., where the past a001dent

records had been very high.

(eg) road stretch in front of the BMICH has

' a high accident record in the wet season.

(b) The use of load deflection criteria (eg.Benkelw
man Beam) in.assessing the quality of the road. It
indicates fhe structural st;ength of the pavement, as
a whole including the condltlon of. road base which is
. not normally revealed, by measurement of surface
.condltlons° Nevertheless a, spéc;al trlbute should be
paid for this team engaged on nghwaya Mantenance
Programme, since the amount of data required to be
. collected by them is enormous and tedious and demands
“a great deal of patience and skille.

4
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Conclusion

“In general the road network in Sri Lanka are quite old

and théy were conétfucted man& years agoy when the road
de51gn standards and construction technlques were not
in an advanced stage. Due to inadequacy of
ma;ptenance over a per;pd_pf.time coupled with the
inflow of heavy axie yehicles in the reéént past the

road netwofk has deteriorated in many plﬁceso

At present the type of trafflc plying on these

roads are ‘much heav1er than those for whlch roads
were de51gned. For example ‘there are very heavy
axle ‘16ads in some of “the cortainer trafflc u51ng

the roads at’présent. #rise” the need to maintain the

road network is much stronger,

There are several methods by which the pavements
performance could be assessed using a number of
measuring instruments. It has the advantagé of
rating the conditions of roads in a scientific basise
The higﬁway mainfenance programme sponsored by YWorld

Bank and jointij implemented by the Highways Depart-

3 ment serves a long outstandiag need of the national

road network. "It-covers a detailed programme incor-

'poratlng the preparatlon of road inventory, staff

tralnlng, identifying the required plants and

.gquipment and the compiling of budgetary estimate

spread over a period of five years.

The Department ﬁas its own setbacks in difficulty of
retaining the expefienced engineers, trained
technicans and skilled labour which are common
probiems inAﬁany organisations today, ‘he building
up of the necessary institutional capacities is
great deal more difficult than building road net-
works, Uiven the necessary funds, it is possible

that the Highways Department on its own would

~ have evaluated a satisfactory and workable programme

~ for highwaj maintenance,

In the case of newly constructed roads it is advisable

to adopt modern design standards such as graded
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aggregéfes (instead of uniform size aggregates)”for

road base, wider and deeper side drains and pro§i§ions
of sub-soilldrainage when groundwater is encounfered o
Alfhough costlier-at the beginning, the additional
costs would sobn be effset by way of reduced maint-

gnance, etco

I deeply extend my thanks and gratitude to the
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. APPENDIX 2
@
Form I < Field Assessment Shéet =

S L e

L)

Rbadi

Crassification:

Grid.BeferepCé;;- s L

Skidding Category site

Traffic Flow B e e L
_Schedulghior Improyeggqt. .¥es _ No”‘ Office“Usg Only

Bad Accident Record Yes No
' ®
Item No Item Critical ' Field
Level Assemsment
1 Deterioration: -
Whole Surface SD70:RS50:RC30 60 e
2 Wheel Tracks SD70:RS50:RC30 Lo
3 Edges P70; K50 :RC30 g0
4 Deformation RS50; RC30 50 .
5 Need for patching P50 Lo
6 Camber 50 Lo
7«  .Surface irregularity 50 Lo
Skidding resistance 50 4o
Joints (concrete roads) 50 -
10 Drainage 50 60
1 Road markings 50 20
12 Kerbs ' 50 o Lo
13 Footways 50 60
14! Existing patching Oor 5 5

* abbreviations under this heading

RC - reconstruction .
Rs - resurfacing -
SD - surface dressing

P = patching

K - Kerbing

! less than 5% O points

5% or more, 5 points
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APPENDIX 3 § § : § ! P
: Form II Manual Data Proce551ng Sheet § : % : :
: : H l : i
, Road: 0 's | L :
: Sectlen: 5 \ : i ! ; ; :
| Grid Reference: § ! ! ! i i ;

Traffic Group: : : % : :

Traffic Factor: O 8 { : !

Existing Pafchlng 5 (from fleld assessment) § i

Item - Item ; Fileld NdJustfon Adjust forgUnweighted Critical - Weighting Final RATING
No. . : ; assessment | patching skidd?ng lassesssment [ & Satis-| Factor ‘dncluding
: i P i ’ resistance} ; factory |  traffic

i i ' i , & factor

(a) ! L) (c) @ ) | o @ L om ()

Deterioration of: ' ' S ﬁ ; i

1. Whole surface | : : : -

2. |Wheel tracks i : i : .

3. |Edges ; : ! | 5 : :
, k, '|pDeformaticn : ) . § \ :

T I 5 |Need for - patchlng I YO SSUSRIRUPRISIPURION RV NPV IR . --i:—- - — + !_ ’
: 6. |Camber PR ! . ; i f

- 7. |Surface 1nregular1ty i | ; : {

8. . |Skidding resistiance P i i N

S 9... J01nt ( concrete roads) ! S g : e

*10. : |Drainage . ; . i ;
11. . |Road markings ..i.. . o e oo L 24 e - - ;

12. |Kerbs ; P , E_
13. Footways ; i - ]

RV T [ D O _— SV WU S

—— e e "r SV



ROAD INVENTORY

TION ;

MENT

APPENDI?( b ; T ; - Cars. v o e et e e e n e e e
Road Name/Class/No. ......i.i.. te .. oot T A i { Buses ..j........... CRRIRI ..
p ‘ . i ; ; i i HeaVy LOTries vi.vw.eeeeeeess .e
Division/Region ............ Mlle/:-Km:: post ! i Light Lofries .................
) Odometer reading Km. ; i Motor Cycle ...................
Terrain ...... cerresraseen ! ) Total .. i..iiiiiiieennennennesn
| ! EXpP. . FACLOTr ciicivetnnernerns
-:‘ : ; g ,; : ADT ..ouza..‘--....b ----- s s s e v e e

; H i : . S
1+ ODOMETER | 2. PLATFORM i |4. CONDI- |5. ° DRAINAGE | 6. ALIGN--{%, ROUGHNESS}; 8. 'REMARKS

d;,r

Ditches; IC ulverts éridgeq

Vert -

- . q':} Total width . 3 . Hor
I B -~ Elev) Surface te 1 | No. : Type !
E & & | Pavement N. Existing .
' B¢ lwidth : T : :
= ocla=z _ - Addltlona]J ; :
2 slEEmM - 2 343 5.1 | 5.2 | 5.3 | 6:1]6.2| 71
SR
; ] i i - ke e
o o - ML et TS e, - d - . -

Observed .....

'.l
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APPENDIX 5

ROAD INVENTORY SUMMARY SHEET
(SECTION OF ROADS YHERE ROUGHNESS 4500)

TP/RIS

Year

DIVISION

NAME OF ROAD Road Length of Width of " Roughness of 24 Hours}] (R-2500).
Section Section {Carriageway Road . Traffic {X A.D.T.
(in Miles) (Miles) |(In Metres)| (Section R) Y-olume [ (in 106)
(A.D.T.)
!
3
i
i
' -
| !
i !
R ! ;
}
: 1
]
* % -# A



§

i @ ® ¥ | & . ® L3 »
apPENDIX § SR ;. | | ..
oo |, - 7300 B _ L1000 |, ’
*. . 1 : 7 7

Lo G "Jf‘i;.'- R

3 {minimum )

P aved where sub-solf
drains gre provided

Compacied earthfill

Sub-solt drain where g.ound
woter posers ¢ problem.

Perforated plps surrounded
by fina sand and coarse sand till,

Sides slopes- vary to sulit
soll conditions. -

DETAIL OF TYPICAL ROAD CROSS SECTIONM
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SYNQPS IS

As part of Road User Cost Study - a research project
sponsored by the World Bank and Govt., of India - extensive
investigation was carr¥ied out on speed of vehicles under low
volume rural rdads. The objective was to evoive relationships
between the speeds of different ‘categories €f vehicles and
factors iikely to gowern the same. The paper describes the
study carried out and the different types of analysis attem-
pted, viz. Multiple linear Regression, Weighted Multiple
Leasd Squares Regressioné It has been shown that pavement
width, rise, £all, curvature and roughness affect signifi-
cantiy the séeeds. The resﬁlts will be of use in the sele-
ction of'design speed for geometrical éesign of roads, deve-
lopment of speed-flow relationship, determination of PCU

factors and selection of speed for traffic regulations,

. 4 INTRODUCTION

The Central Road Research Institute has completed a
research project entitled 'Road User Cost Study in Indial,
jointly sponsored by the W;rld Bank and Government of India.
(Ref, 1)s The cost of thé project was B.100 lakhs, One of
the 6bjectives of the Study was to determine the effect of.
gradient, curvature, pavement surface type, road roughness,
width of the carriageway,‘traffic,and environmental cond i-
tiona.on thé speéd + £ vehicles, under low velume condifions

on rural roads,
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The analysis was done using Simple Multiple Linear Regressioq
Weighted Multiple Least Squares Regression and an Appromimate
Multiple Least Squares Regression,

The study was limited to rural roads under low volume
conditions. A separate Traffic.Simulation model is being
developed for studying speeds under high volume conditions
with vehicle interaction between fast and slow moving vechicles
since it was felt that traffic interactions under high flows
can best be studied by simulation techniques,

2 BJECTIVE PEED

The objective of the speed studies was to develop cxact
relatinnship between the free speed (Spced under low volumcs)
of different types of vehicles on the Indian rural roads and
the roadway characteristics, and, to a limited extent, cenvir-
onmental factors,

The experiments were planned to determine the extent
to which the type of highway, the condition of road, the geo-
metrical features of road and eome environmental factors
would influence the speed a2t which most drivers would drive
when offered a fair degree of freedom in choosing their

specds., (Ref. 2)



5, USE OF SPEED STUDIES

The determination of speed equations under low volumcs
will be uscful for a number &f purposes, as during low flows
the drivers have the choice to adopt o specd decpending upon
the gecometry of the road and the condition of the vchicle.:
Firstly, thec speed equationswill relate the speeds of different
types of vehicles to the various roadway factors. Thus, it
will be possible to estimatc the effect of curvature, gradient,
pavement width,'pavement type, pavement roughness, etc. on the
specds adapted by wehicles. Thesc equatior s will, therefore,
cnable the highwey planncr to select proper design standards.,
Secondly, the specd-flow rclationships, which describe the
effect of traffic on the spceds of vehicles, will have the
free speed as the starting point {f the Specd-flow curve. The
cquations which relate the speed of vehicles to the volume and
composition of traffic, will have the free speecd values as the
intcercept term, Thirdly, the free spced of vehicles will be
useful in determining the passenger car cquivalents (PCU values)
of diffecrcent types of vehicles. A&nd lastly, the frece speccd
rclationships would be useful as an input into the simulation

modcl which forms a separate part of the Road User Cost Study.




1) Cars, Jecps and Light Vans,.
2) Buses

3) Trucks

4) Tempos, Auto Rickshaws

5) Tractor- trailors

6) Motorised 2-wheclers (Motor cycles, Scooters, &
mopcds)

7) Cycles
8) Cycle rickshaws
9) Bulluck Carts
10) Horse Carts.
As the number of vehicle fypes is large and the spced
of non-motoriscd wvehicles (Category 7 to 10) is more or lecss

uniform, the study was limited to the following groups:

(1) Cars, Vans, Jeeps

(2) Buses (including mini—buses)

(3) Trucks (single—units)

(4) Two-wheclers (motor cycles? scooters and mopcds).

As recgards the roadwa, factors, in which the thief
intcrest of thc present study hay, the important factors are

listed below:

(1) Horizontal curvature ( degrees/km )
(2) Pavement width (metre)

(3) Roughness of the surface ( mm/km )
(4) Vertical eradient (rise/£a11) (m/km)

The *raffic factors which kave an effect on the speed
of vehicles ar. the volume and composition of the traffic
stream, The effect of *hese factors has becn studied sepa~

rately under Traffic Simulation Modelling.




The cenvironmental comnditions which have an effect on

the vehicle speeds 2re the time of the day (day time, night

.
time), weather (raining/wct/dry), altitude of the placc,
R cte,
vhe EXPERIMENTAL DESIGN
The study was conducted at 76 differcnt sites sele-
cted in different StatQS'in‘India and falling into cells of
diffcerent road types.. The description #f cells and the
distribution of sites into these cells are as_given in
Table 1 end ¥be range of volues of the road geometry is
given in Table 2,
- o _TABLE 2, RANGE OF VALUES Of INDEPE NDENT VARIABLES
3.No Independent variable Unit of . Range of wvalue
measurement
1e Pavement width (PW) Metre 3¢5=Ta0
2,. Rise (RS) Metres/Km 0-91.0
50 Fall (FL) MMetres/Km 0-91.,0
4 Curvature (CV) Degrees/Kﬁ. 1-1243
5e Roughness (RG) mm/ Km 2050-15250




4. FACTORS ATFLCTING SPLED

The speced of vchicles on the road is governed by a num=-
ber of factors, which can be grouped under the following main
cotegories:

(1) Driver characteristics

(2) Vehicle factors

(3) Roadway factors

(4) Traffic factors

(5) Environmental conditions.

A full review of the current literature on the factors
affecting speed is given by OppenlanderBO

Under the driver characteristics,; the factors which
comc into prominence arc the sex of the driver, individual
driving sk®11 and judgement, health &f the driver, the purpose
of the trip and so on.,

The vehicle factors which influence specd arc the type
of vechicle, condition and age of the vehicle, engine horse
power, load carried. ctc,

In India, there is a variety of vehicles ranging from
fast moving cars to slow moving bulluck carts and are classi-

fied as below
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9
Tivil. 1e NUMBER OF SITES CONSIDLRED IN SAMPLING FRAME OF SPEED STUDIZS
Terrain Plain . Rolling Hilly
Rise/Fall : O~15m/ Rise/Fall : 16 +to Rise/Fall : Over
km 30m/km 31m/km
Curvature Low High Low High Low High
Javement 0- 50 Deg/ Over 51 0-700 Deg/ Over 101 0-200 Deg/ Over 201
Jid+th lem Deg/km Jem Deg/km lam Deg/km
3ingle Lane
(3.5 - 5.0m) 14 2 - 4 - 5
Intermediate Lane
(541 - 640m) 9 2 7 4 - 2
Two Lane
(6.1 = 9.0m) 5 6 2 1 2 10
Total 28 10 9 9 2 18

(Total sites considered : 76)



6. D.TL COLLECT ION

The speced of vehicle was measurcd by Radar speed
Metcr or by Registration Number Plate method, The length of
the test section was generally kept between 0.5 to 1.0 km so
that the roxd is homogeneous in terms of curwvwature, vertical
profile and roughness.Care was tanken to observe the speed of
vchicles when the flow was around 200-250 vehiclcs/hour and
there wos no intcraction between vechicles., The roughness
was measurcd by the British Towed Fifth Wheel Bump Integrator.
The curvature and vertical profile were measured in a moving
car by instruments mounted in the car (Gyrtsoope and grado-
meter) (Ref. 4).

Te ANALYSTS AND RESULTS

7.1 Multiple Linear Regression Analysis based on Individual
Speed Observations,

One of the possible methods of analysis of the data
collected is to use each speed observations as an individual
record, and regress the same against the site characteristics,
The cnalysis was tried on the Cyber-170 computer system using
IMSL package,

The equations develqged_from the analysis arece given in

r -

Table 3 .



TABLE 3, MULTIPLE LINSAR REGRLSSION ANALYSIS
(Using individual speed observations)
A1l coefficients are sipnificant a2t 1% level,

- : -2 - .
Regression EBquation R7"Standard IFrror
of the residual

¢ = 55,6628+1,82 PW-0,1778 RS-0.1551 FL 0,483 11,4501
-0.,0088CV-0,0033 RG :
Vg = 51.1456+1.35 PW~0.2772 RS-0.1589 FL  0.587 9,390
-0.,0114 CV-0,0022 RG
vy, = 46.4715+0.88 PW-0.1752 RS-0.0732 PL  0.177 17.828
-0.0136 GV-0,0016 RG
V,_y= 45.7207+1.02 PW-0,1330 RS-0.0694 FL  0.281 9.403

-0.,0045 CV-0,0020 RG

Symbols : V V., and V = Mean free speceds of cars,

¢ V' Vn 2-W

buses, trucks and 2~wheelers respectively (in kmph).

It will be scen from the equations that the values of the

co~efficient of determination vary from 0,18 to 0.59. The
values, especially in respect of speedé o trucks and two-
wheelers;are extremely low, viz,, 0,18 and 0.28 respectively.
It, therefore, appeared that this method of analysis might not
yield the best estimate equations. Hence, the second alter-
native of using the mean speeds as the @&ependent variable was
tried,
Te2e Multiple Linear Regression Analysis using Mean Speed as

the Dependent variable.

In this approach, the mean free speeds of the four diffe-~

rent vehicle categories at each of the T6 sites are used as
the dependent variable and are regressed against %he roadway
characteristics of each of the sites., The analysis was carricd
out in Cyber-170 computer. .Standard IMSL package with step-wise

regression procedurec was utilised,
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The equrtions obtained from the analysis ~r. presented in

Teable 4.

1.

*
TABLE 4 MULTIPLE REGRESSION EQULT IONS
(Using mean spced as dependont vnr;able)

R2 Standard Brror
of the.residual

7 =52.4202+1.7600PW-0.1631R5-0.1240F T~ 0.754 5.121
20.012% CV-0.0025RG

v = 52.9951+1.1608PW-0.2601RS=0,1626FL  0.807 5.161

B =0,01:2CV=-0,0022RG
-0,0131CV-0,0017RG ‘ | '
V,_y = 46.506T+1.,0296RW-0,1329RS-0,0817FL  0.645  4.262

-0.0054CV-0,0020RG

* All Regressiom Coefficients are Significant at 5 per cent
le¥xel of significance,

Te3e Weighted Least Squarces Regression lAnalysis (WIS)

The Ordinary Least Squares methodology gives unbiosed
but inefficient estimates, i1s the number of observations.atfhe
varioué sites differs and so does the standard deviatiomn., In
order to obtain unbiased and efficient estimntes, Weighted
Least Squares methodology has been performed on EC-1030, cavu-

tor system, with the help of BMDP-T70 package, EBEach observation
n,

has a weight on the basis of;ﬁ?ﬁ} where n, is the number of
.i.
observations, and s, the 1 standard deviation of speceds

at the ith site.

The means and standard deviations of the variables .are
given in Table 5. The regression equations are given in Table
6 Tables 7 gives the detailed statistical results in respect

of cars.




Dependent Variables

Statistics

Independent
Variables

No, of

observations

VARIABLE

using teiohted Lesst Squares flean Speed Analysis.

A+ TES e

Statistics of the incependent and dependent variables for Speed fnalysis

.o -

1.
24
3.
4.
Se
6.
7
8.

9.
10.
11,
12.
13.

14,
154"
16.
17.

NOC
NOB
NOT
NOouw

S0V

NOC, NOB, NOT, NOU s

C’

and” two-wheeler respectively.,

respectively.

WEIGHTED AN ST NOARD COEFFICIENT oF MINIMZM MAXIMUM
DEVIATION VARTATION
40,11591 10.26823 0,25596 23,98999 66,92999
7419265 3.47538 0.48318 3.80000 25.,01999
35,76572 11.24726 0.,31447 16.28999 64.00000
6.23970 2,70097 0.43287 3.76000 24,95000
32,93755 10.68986 -0,32455 12,30000 5€.96999
7.12964 2,85021 0.39977 2.44000 30.23999
37.09261 6.52858 0.17601 22.54999 56.00000
7.14713 3.06875 0.42937 0.00000  29.10999
5.58320 1.40915 0,2523¢ 3.50000 700000
. 17.94920 26.78482 1449226 0.00000 91.00000
13,43719 © 24,30627 1.80888 0.00000 91.00000
505.50415 398.77856 0.78887 0.00000 1243.,00000
4508.43359 1291.61646 0.28649 z(’50,00000 15250,00000
76,47792 85,28152 1.11511 1.00000  438.00000
58.60817 73.94797 1426173 3.00000 389.00000
80.10310 97.34612 1.21526 9.00000  481.00000
50,23254 55.81723 1.11118 1.00000 272.00000
SD VT’ SD U2~m s Standard deviations of mean speeds of cars, buses, trucks

Number of observations of speed of cars, buses, trucks and two-uwheelers
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-» . TABLE 6

SP.ED BQUATIONS USING MEAN SPE.D AS TEE DEPENDENT
Vai JABLE (WEIGHTED LEAST SQUARES REGRESSION

EQN RZ

60,5948+1.0462 W*-O.1921'Rs** 0.791
(2.277) = (-6.673) :

*% *% * %
-0.1845 FL -0.0078 CV ~0.,0036 RG

(-6.213) (=4.201) (-7.002)

54.9748+0.6091 W-0.3008 RS 0.850
(1.346) (-10.270)
+* % * % ¥* %
~042279 FL =0.0077 CV  —0.0022 RG
(-7.028) (-3.808) - (-6.668)

A7.317241.0565 W =0.2686 RS 0.898
(2.153) (-8.267)
¥* % % ¥ * %
-0.2649 FL -0.,0099 CV -0,0019 RG
(-8.251) (-3.703) (-4.330)

* * %
= 47.1932+0.9406 W -0.1202 RS 0.712.

(2.326) (-4.682)
* ¥ ¥* % * *
—-0.0666 FILL. -0,0048 CV -0.0021 RG
(~2.621) (-2.859) (-7.409)

(** denotes significant at 1% level)
* denotes significant at 5% level)

(The figures in bracket gives the student-t

Standard Brror
of the residual
4,85

4.83

4,60

3.84

values)
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RESULTS OF FULTIVARTATE ANALYSBS OF MEAN SPEED

OF CARS USING WEIGHTED LBEAST SQUARES REGRESSION
ANALYSI S OF VARIANCE

>OURCE OF SUM OF SQRS DF MEAN SQUARE F RAT IO P (tail)
VAR LT ION ‘ . _
REGLESSION  6257.801 5 12514560 53,098  0,0000
RES1DUALL 1649.938 70 | 234571
TOTLL 7907.739 75
_REGRESSION CORFEICTIENTIS
VARIABLE COEFFICIENT STD., ERROR ‘'t' VALUB P (2tail) Toler'arce +
‘ - (Index of Multi-
colliﬁeanity)
R 1..04622 0.0 460 2.277 0,026 0.749452
RS -0.19214 0..029 -6.673 0.000 0.,528326
FL -0.18448 0..030 -6.213 0,000 0,603308
eV -0..00786 0.002 ~4,201 0,000 0.564233
RG -0.00364 0,001 -7,002 0.000 0.696486
Vg 60.59485
2% - 0.7914

Standard Error of Estlmate = 4.8549 , _ ' ¥

- 0.0078 OV we_ d 0056 Ra**

(* denotes significant at 1% levelg

(**denotes significant a<t 5% level

+ Since the value of each Tolevances are very much above zero
indicating vary low level of Multicollinearity.
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It is secen that thoese values are very low, when
compared to speeds of vehicles in developed countries. Therc
are many reasons for the low values of speeds of vehicles
under low volume conditions, some of which are:

1) The traffic on Indian roads consists of both slow-
moving and fast-moving vehicles, all occupying the same road
spacc, Hence drivers are snlert and do not adopt very high
spceds.,

2) The vehicles being manufactured in India are of old
technology.

3) The commercial vehicles are overloaded excessivély,
and hence specds drop.

9, CONCLUSIONS

1) The speeds of different types of vehicles under low volume
conditiors in Indja are comp .ratively lowe:r than speeds in
developed countries,

2) The low volume speeds are significantly governed by factors
such as the carriage width, curvature, rise =nd fall and rough-.-.

Ness .,
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TLBLE~8.,

WEIGHTS USED IN THE LPPLOXIMATE WEIGHT BD LEAST SQUARE METHOD
(Illustration for some selected sites only)

SiﬁehNo —_~hm‘”meEmber of Times Mean Speed is repeated
T Cars Buses Trucks 2 =« Wheelers.
1: 13 15 9 1
; 15; ;7 5; 4;

" xe o o
1-2 39; 1;4 1':1 2;'
v e . y
P . :
;7 1; _1 ; 1;
;3 : —7 ; . 1;
s 2 ; :
6o ﬁ Z

Total 4823 2216 ' 1163 668
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TABLE _gL RESULTS OF THE LPPEOXIMATE WEIGHDED LELST SQUARE
_ ANALYSTS

R> Standard Error
of the Residual

VC = 57,7807+1.2264 Ws0.1754 RS-0, 1763 FL 0,769 4.9
-0,0086 3V-0,0032 RG

Vg = 51.3401+1.0403 W-0,2934 RS-0,2345 FL  0.849 4,69
-0,0074 CV-0.0021 RG

VT = 47,9835+0,9329 W-0,2584 RS-0.,2572 FL 0.899 4,467
~-0,0109 CV-0,0019 RG

Vooy = 46.4608+0,9948 W-0,1039 RS-0.0609 FL  0.711 34635
-0,0052 CV-0,0021 RG

presented in Table 8., The regression'equations for each of the -
vehicle clas=sare presented in Table 9,

It is seen that the regression co-efficients obtained
by approxima.te method are very much consistent with that of
Weighted Least Square estimation, The value of R2 is as high
as 0,79, 0,93, 0.85 in the case of car, bus, Truck and 2-wheelers
respectively,
Te5e The:signs of +the regressidn co~efficients obtained from
the final analysis are as expected, The free speeds increases
with an increase in the pavement width and the dec?eassswiﬁ
an increase'in rise, fall, curvature mand roughness,

Conéidering the equations obtained by Weighted Least
Squares analysis and taking curvature (CV) first, being the most
dominant factor, it is obsefved'fhat 100 degrees of curvature per
km reduce the spt¢ {d¢ Jf cues’ by 0,78 kmph, the specd of buses by
0.77 kmph, the speed of‘trucks by 0.99 kmph and the free speed of

2~wheelers by 0.48 kmph, Thus, for hilly terrain with curvature



as high as 1,000 degree per km, the drop in the speed of cars,
buses and trucks can be in the range of 8-10 kmph, In the

case of rolling terrain, where the curvature is generally about
200 degrees per km, the drop in the specd in respect of these
vehicles categories can be in the range of 1.6-2 kmph.

Roughness (RG) is the next dominant factor influencing
speeds. From the equations it will be seen that for every
1,000 mm/km increase in the roughness valﬁes (as measured by
the British Towed Fifth Wheel Bump Integrator) the mean free
speed is reduced by 3.6 kmph in respect of the four vehicle
categories. To illustrate, the speed drop between a black-
topped road with a roughness of 5,000 mm/km and a water bound
mackadam road with a roughness of 15,000 mm/km is in the range
of 19-36 kmph for the various types of vehicles,

The upward gradient, denoted as rise (RS) in the
equation., influence significantly the speecls for all the four
vehicle types. The correlation co-efficient is negative which
indicates that the free speeds droo down as the gradient becomes
steeper. The regression co-efficients in the four speed
equations range from 0,12 to 0.30., Thus, for a road with a 10
per cent upwa.d gradient, the reduction in speeds in respect of
cars is 19 kmph, in respect of buses it is 30.0 kmph, in respect
of trucks it is 27 kmph and in respect of 2-wheelers it is 12
kmph, |

As regards downward gradient, denoted as fall (FL), it
,is observed that the effect of a fall is slightly less than

the effect of rise., This indicates that a vehicle negotiating




an upward gradient travels at a slightly lower speed than
while negofiating *he same gradient in the downward dirc-
ction. The régression co-efficient has a negative value,
agaip es%ablishing that the speed drop as theuifi:ll ingre-
ases, The co-efficients of this variable vary from 0,06
to 0,26, The drop in the‘free speeds for a 10 per cent _. .
downwaré gradient is 7 kmph in respect of 2-wheclers, 18

kmph in respect of cars, 23 Emph in respect of buses and

26 kmph in respect of trucks.

The effect of pavement width is to increase the frec
speed as the pavement width increases, This is gquite under-
standgble since drivers would drive at higher speeds on wider
roads, The co-efficients of this térm in the equations are
ip the range of 0.61 tov1305, The increase in speed per metre
increase in the paveméﬁf width is 1.05 kiph for cars, 0,61 kmph

for buses;1.,06 trucks and 1,2 kmph in respect of 2-wheelers,

8.COMPARISTON OF VARIOUS REGRESSION EQUATIONS

A'éQﬁparision"Gf“fhe results from the three methods of
analysis describea can now be made, It is seen that the method
using the individual speed dbservafidns gi&eé'éonsistent sign
of regressioh coefficientsﬁnd ail'the:regrescion estimates are
well within the feasiblé range but the regression gives the
lowest R2‘valueé; This ié expeéted because of inherent varia=
tion in different speed observations. The R2 values using
Ordinary Léast Squéres technique‘givés unbidsed but inefficient
estimates thoﬁgh the level of R2 increases. In order to obtain

the unbiased as well as éfficient estimates, Weighted Least
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Squares methodology has becn 2adopted, and the same is able to
¢xplain more variation in the depéndent variables,

Table 10 prescents the results of the various methodo-
logics adopted,

It is difficult to recommend which method is the best
out of these methods considered, 411 the four methods have
their own appeal, If higher"R2 alone is the criterion for
preference, the Weighted ieast Squares or Approximate Weighted
Least Squares can be considered as the best, as the regressim
cocfficiconts obtained are unbiased as‘well as efficient,

The Approximate Weithed Least Squares methodology is
recommend ed bnly when the Weighted Least Squares computational
facility is not available in the package, It is found that the
Régréssion Coefficients in the case of Weighted Lemst Squares
and Aprroximate Weighted L_.ast Squares methodology are very
close and consistent. Also, the level of explanation obtained
in the case of Weighted Least Squares and Approximate Weighted
Least Squares Methods are higher than those of (ther wethodo-
logies,

Taking a good two-lane road (7.0m width) with no cur-
vature and lev:'l vertical profile with a smooth surface (As—
phaltic concerete, with Roughness: 2500 mm/km), the free speeds
of vehicles work out as below from the formulae with Weighted
Least Squares regression:

Car : 58,91 lm/hr

Bus %  53.73 Ikm/hr

Truck: 49,97 lkm/hr

Two - wheeler 3 48:52 km/hr



Weighted Least Squares)

. é L PLOLE =10 ' * e
SCMPARISICH OF SPEED EQUATISNS
Based on Individual speed observaticn, Mean Speed (Ordinary Lezst Squares) and Mean Speed
{Yeighted Least Squares - “p-roximate Weighted Least Squaras)
1 |~ - ~ - : : e :
i Vehicle ! Regression Equation Irercept Regression Coefficients No, of R? Standard |
! Category; based on Pw RS FL cv RG observations Error .i
1 ' 4 : ' ‘ -
1 C . 1
! ! Individual observations 55,6628 1.,8200 --.-8.1778 --0.,15517 ~-0,0088 ~0.0033 2820 0,483 11.50 !
] .. - i e m—m . — . - ;
E_ ! Mean Speed (Ordinary 52,4202 17609 =0,1621 ~0,1240 =0.0123 -0.,0025 76 0.754 5.12 !}
! ! Least Squares) !
¢ Car u: ) _ . . e Jp— :
E'- ! Mean Speed (Weighted 60.594€ 10462 -0.1921 =0.,1845 ~-0.,0078 -0,0036 76 0.798 4,85 !
4 ! Least Squares) E
1 R S , ‘ o _ '
E- § Mean Speed (Approximate 57,7807 1.2264 --0,1754 ~0.1763 ~0,0086 -0,0032 - 4823 0.7686 4.90 |
! ! Weighted Least Squares) 3 E
. ' . ¥ ) . T : 1
i- i Individual observations 51.1456 11,3500 =0.2772 -0.1589 -0,0114 -0.0022 2527 0.587 9.39 |
: , Ll - , . . !
1 - . - . s )
e ' Mean Speed (Ordinary L 52.9951  1,1608 - =0.2601 =0.1626 ~0.0142 -0,0022 76 0.807 5.16
::.Bus J"_ Least Sqqares) | | ‘ B E
; f: Mean Speed (Weighted 54,9748 0,6091 =~0,3008 ~0.2279 ~0.0077 -0,0022" 76 0.850 4,83 !
. \ ) . 1
E‘ i Least Squares). L . L X i
’ . . . . N '
f T Mean Speed (Approximate  51.3401  1.0405  =B8.2934 —-0.2345 ~0,0074 =0,0021 2216 0.849 4.69 !
]
1 ] T
1 1 ?



TABLE 10 (Contd)

e T B s " T ~ - o S
Vehicle | Regression Equation Intercept Regression Cpefficients - No. of 2 Stshdutd |
Category PU RS . FL cv RG observations Error -}
- -— S — . . '
Individual abservaticns 46.47°5  0.8800 . ~0.1752 ~-0,0732 -0,0736 -0,0016. . 3796 "3 0.176. 17.83!
] ] ) e . P - — - R - . . ) o N 4
: . . L
fean Speed 45,2185 1,1883 -0,2099  -0.1420 =-0.0131 ~0,0017 76 0,733 5049}
ook (Qrdinary tfést Squares) : | ' - : E
. . t
Mean Speed 47 43172 1.0565 . -0.2686 =0,2649 -0.0099 -0.,0019 76 0.844 4,61}
N (wWeighted Least Squares) !
- —
. . 1
Mean Speed (Approximate 47,5835 0.,9329 =-0.2584 =-0.2572 -p0.0109 ~0,0019 1163 D.899 4,46,
Weighted Least Squares) : 1
- 1
? i 1
.Individual observations 45,7207 1.0199 -0.1330 -0.0694 -0,0045 -0,0020 2236 0.281 " 9.40;
- : . ; ——— ; 1
[
: .. Mean Speed 46,5067 1,0296 -0,1329 -0,0817 -0.0054 --0,0020 76 0.645 4,26)
Motorised (Crdinary Least Sguares) : !
two-uwh~zl ; ! 4
¢ —ers Mean Speecd 47,1932 0.9406 =-0.1202 -0,0666 =0,0048 —0,0021 76 0.712 3.,84)
i (Veighted Least Squares) . !
i - e e e m e e e et e e 2 mimen oo e i i —m e o 2 2o s+ Lt
¥ ¢
Meen Spead (Apprdximate 48,4608 0.9948 -0.1039 =-0,0609 ~0.0052 -0,0021 668 0,711 3.63,
Weighted Least Squares) :
e e . SR ; el

L 4 *



¢ It is secn that this régrcssion mnalysis has very
high R2 values, ranging from 0,7 - 0.85., In fact, the R2

. valuces using the weighted least squares regression are
higher than the values obtained by obtained by ordinary

least squares regressions. The'R:a:gression coefficients

arc all significant at 5% level.

Teds ‘hpproximate Weighted Least Squares Regression Analysis

In the obsence of a packaoge for Weighted Least Squares
an approximate Weighted Least Squares methodology could be
adopted and the regression analysis performe@ by using ordi-~
nary least squares technigue on SPSS packagc.

The procedure adopted was:

‘ (1) Calculate ni for each vehicle type and site where
. si
ni = number of observations at site i
w si = s%andard deviation at site i
(2) Divide all ni values by the minimum value of ni
.2 .2
si si

Round off the result to integers (wi)
(3) Repeat each site observation wi fimes and perform

ordinary lceast squares regression,
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USE OF SMALL AND MINI ROUNDABOUT AT ROAD
' INTERSECTIONS IN TOWNSHIPS

L SUMMARY

Layouts with Small and Mini Roundabouts were, consldered for road
intersections in- Colombo and oﬁher Townsh1ps where the control and
management of trafflc had become d1ff1cu1t D1fferent comb1nat1ons

.....

sites, They are ‘now berng stud1ed on a long term bas1s by the Depart-

- ment of Highways.

Althougﬁ;at the designa_etége careful consider?tioﬁ was given to
requirements, of capacity and geometric layout, there uere difficul-
ties in gettrng them constructed as planned marnly due to non-availa-

b111ty of requ1red land spaces aﬂd the funds.’

AL ’

.3 . .
- .__,\. PP

“‘Limited observatlont so far made at these 1ntersectlons show- that
they are functlonrng satrsfactoruly;n spite of the above mentioned

ahorteomings.

Thrs paper concludes that Small and Mini Roundabouts, if properly
constructed) will prOV1de Bdrtable aolut1ons to traffic problems at

road intétsections ;n Townshrps ' SR

2. INTRODUCTION - iU

Co __.'-‘ . )
. ,'.‘.{._"-,i‘:\ W | R {2

.-

2.1 .Backgxouﬁd

Rodd 1ntersectlons in CoIOMbo and 1n other townsh1ps were gettrng
into dlsttess not be1ng able to cope wrth the sudden increase of
traffic in fécent years. Signalxsed 1ntersect1ons too wete becomxng
unpopulaf both as a result of delaya and as a fesult df ftequent Break
downs. As such, the Department of Highways was called upon to find
alternative .proposals which were both coet effective and easy to

maintain.

*3

P N




This lead to th1nk1ng 1n terms of Small and M1n1 Roundabouts on
R the basls of work that had already been done 1n the Unlted K1ngdom,
"55"”1n this f1eld Also it was observed that the road ‘uger 1n this
: country was accustomed to the presence of r0undabouts at road inter-
sect1ons and g1ve uay to vehxcles on the r1ght was observed by
‘H"i'many ‘as a necessary traff1c rule " In spxte ‘of the fact ‘that no
mean1ngful efforts had been made by the author1t1es to. 1mprove the
s1tuat1on at these roundabouts, the ordinary dr1ver was always able
to f1nd his way - through As such, it was felt thatﬁthe correct
: atmosphere existed for experimenting with small and mini roundabouts,

following the Un1ted Krngdom example.

i - 2l2 United‘Kingdom example

' T1ll early Nrneteen S1xt1es 1n the United Kxngdom, there were

. no rules governmg the entry ‘and ex1st of vehicles into -and from

;  roundabouts. This had, at times, lead to lockxng conditions within

’ roundabouts bringing. all vehicles to a'stand-atill1 To meet this
s1tuat10n, efforts had . been made to increase the eapac1t1es of
roundabouts and such 1ncreases had been brought about by 1ncreas1ng

' the dimensions of the weaving sections of c1rculat1ng areas of

roundabouts, between 1ntersect1ng .arms.. Several emperrcal formula

» ‘ I‘had been used to calculate capacxty, on this basis, and the formula

\ ' 'j,,put forward by Wardrop2 in 1957, -had been widely accepted. The
'roundabouts had become. larger and. larger as a result, and in spite

) of these efforts, lock1ng up of traffic had not-been eliminated.

i Thls lead to the gradual introduction .of prxorrty rules for
;traff1c enterrng and 1eav1ng the. roundabouts. and- it even lead to
the’ 1ntroductron of controllxng dev1ces, such as: separate traffic
115@5;?389913 at pornts“of intersection of: the individual ‘roads
‘with' the  roundabout. *

' o ~ In November 1966, however, the offsxde priority ‘rile had come

:l_'rnto force3, spec1fy1ng that. entering vehrcles should .give way to
E 4 ; vehicles approaching from their right, which were already on the
' roundabout. As a result, traff1c in the roundabout were able to

always ex1t from the roundabout and the phenomenon of locking had

&

: dlsappeared.




o -‘"Subsequently 1t flad bcen p0851bLe; to develop bma11er roundabouts
. offering ﬂelat1vé1y high trafF1c capac1t1"s along with much greater .

vy v--efficiency tof 1and utilisation. Thcse compr1ce both Small and Mini

.- ;- Roundabouts %bvérlhg 4 wide range of 1ntersect10ﬂ capac1t1es They

-were ‘algo talled offsidé priority roundabout an“ the larger round

g o ooecthat had-been ‘designed on the basis of weav1ng were referred to as

Conventional Roundabouts.

’

2.3 Suitable Layouts Co LA

The attached:: d1agrams show thrae types of sultable layouts with ‘

~Small .and Mini. ‘Roundabouts.

Although in:the United K1ngdom, M1n1 Roundabouts had been laid
... at major/minor T-juncétions tooa, such layouts are cons1dered too

. ‘hazardous -on ou# roads. =~ ' -

. . 3. DESIGN/CONSIDERATIONS & GEOMETRIC LAYOUT

. 3.1 Roundabout "¢apacity’

A correct assessment of the ovurall capac1ty is of prime

PR

1mportance in the design and layout of Small and Mini Roundabouts.

In ;hne.;ontext,.;t.was noted that the introduction of the offsid2

priorityinulc had. brought. about a fundamental -change in.thé'battern

of traff1c movement and intersection. at roundabouts in the United
__Klngdom Since thcn, it.had been: demonstrated by many, 1,.3,76 that
;capac1t1es of Roundabouts depended more on the capac1t1es of entries,

than on the capacities of weaving sections. The concept of weaving

adopted by Ward:op was-no longer applicable 'and-the basis for

capaclty determ1nat10ns changed to a 'concapt ofi-gap acrcptance at
_entr1es - R e T RO »

The follow1ng relatxonsh1ps had been 1dent1f1c.d3 as’ of h1gh

relevance in the determination of overall capacity on’ the'necw basis.
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3.2 Entry/Circulation flow relationship

. The entry flow, ,which determ1nes the entry cdpacity had been
found to be h1ghly dependent on clrculatlng flow as traffrc waxtlng

to enter the Roundabout had to nge wvay to trafflc already circula-

- tlng.‘ Entry was by acceptlng suxtable gaps and the -éntty. capaclty

I HAL

decreased w1th 1ncrease of -circulating. flow. Thls dependance of

entry capagxty on c1rculat1ng flow was: called the entry/c1rcu1at1ng
flow relatlonshxp '

[ T s
- PRSI e e
) -

The determ1nat1on and opt1m1satlon of this reletxonshlp is a

necessary contr0111ng step 1n the proper desxgn pf Small and Mini

Roundabouts. fL e S"f,

v N ) o R

:?“3J3 Eﬁtry wfdth”and'flare 5 ;,-=_ IR o e

ﬁy flare is meant the wxdenxng of the entry and ‘the s hargnes

' of flare (8) 'is deflned as §.-Q—T—, where e = entry w1dth
—= . , "

:=.approach road half w1dth and 1 = average effective, length,

.........

over wh1qh the flare is developed (see d1agrams) “The' §harpness

of flare 1s K-} measure of the rate. at: wh1ch ‘extra wldth 1s“developed
J

' 1n the f1are ) Large values of 8. correspond to- short severe ‘flares;

and small values to long gradual -flares:;. For ‘a g1ven get of condi-
3

t1ons a maxlmum possible value of e and an- optlmum ‘vafue of § has

to be estab11shed, in the process.of design, in .order-to maximise

on entry,capac1ty.

.y
TR R

: P
R Lo ood :

="fl'.'lo"""s:'.'z"'e.'.a,,md-''s'hépe.of,circul,élti-ng.area and .¢entre-island '~

S1ze and shape of the cxrculat1ng i igred and ‘the. centre island

affects capac1ty to a cons;derable degreée;

. o
. _- .

Unl1ke 1n convent1ona1 roundabouts, ‘the” centre‘1sland in small

' and m1n1 roundabouts i8s. usually c1rcular Also the c1rculat1ng area

an - .
usually falls w1th1n/1nsqr1bed circle (d1ameter D in d1agram) In
capac;ty determ1nat10n the d1ameter (D) of the 1nscr1bed cirele’ has

‘a d1rect bear1ng where as the d1ameter (d) of the centre island -

e




plays a secondary role.' However a mean1ngfu1 re1at1onsh1p ex1sts
\ T SRR T )
.between D and d 1n d1rect1ng traff1c through the roundabout. ;." .

L B . L vl
. .
--', '\.. IR ,' i \l... b

Our exper1ence is that D/d ratlo var1ed between 2 and 4, 1n most
1nstances and the - value of d varied between 5 m and 25 m, . In|M1n1

;range of rbundabouts d was glven a value less than 10 m.

in 1977 at the 1ntersect1on of Nawala Road w1th Tllakaratne Mawatha in

Nugegoda town area. It is funct1on1ng satlsfactorlly 1n spite of the
-gfact that'1t"was 1a1d out in a hurry without adequate stud1es having
“been done. However, on an approxlmate ba31s, capaclty requlrements
were catered ‘for at the time of constructxon._|

.-fl:‘ : ~ i VB e F o d -

11) In 1979, stud1es were done and two Small roundabouts were

' proposed for the 1ntersect10n along De Mel Mawatha (Dupllcat1on Road),
:at Colpetty, on e1ther 31de ‘of L1berty C1nema. Construct1on however
was done w1thout obta1n1ng the requ1red land spaces at the cornpers of
road entr1es. ‘As such entry condltions were restr1cted and even the

circulating areas were reduced. As at prcsent there is a considerable

-degree of-queuing -up during pesk hours,‘although not'intolerable.

iii) Ingram Road (from Panchlkawatte to Baseline Road) was completed
. 1n 1981, and at the 1ntersect1on with Panch1kawatte Road ‘and SangaraJah
Mawatha_ a high-volume traff1c 51tuat10n was created After considering
several alternatlve proposals a dec1s1on was taken to adopt a layout

..w1th a properly deslgned Sma11 Roundabout At the ‘time of copstruction,
however mod1f1cat1ons had to be done as the proposed land spaces in

.the corners were notwmade ava11ab1e There was ‘a reductlon of cdpacity, &
at entr1es as well as in the crrculatlng area, as a result.. The peak
hour queuelng up that is observed now, could be easily attrlbuted to

this reduction in capacity. ¥



iv) At the 1ntersectmon of Bauddhaloka Mawatha (Bullers Road),
with Havelock Roady, Re1d Avenue and Thurstand Road, a traffic situa-
tion existed for some time, defylng s1mp1c solutions. Finally, after
5 : .JU;.,- ‘carefplrstnd1es ‘and des1gn, it was posa1b1e to evolve out a system
T .”of Roundeoouts consist1ng of a Double Small and a S1ng1e M1n1 which
: has now been laid out. However, dur1ng conetruct1on modifications
to layout geometry had to be done due to difficulties of acquiring
land.et the corners, which is presently causing some‘emount of
queuei.ng' up, particularly along the Havelock Road entry‘

‘ v) A double roundabout eons1st1ng Sf-a Small and M1n1 was
constructed at Galle Town on the Colombo Matara Road and in the
vicinity of the bus stand. It is reported that the congest1on that

existed. had eased- off in spite of the fact that what had been

constructéd was not exactly what was proposed.

v1) A general deficiency at all thsse layouts weére the absence
of carr1age/mark1ngs, sign posting and proper, lighting which are
essential in directing and smoothening the flow of ;:afr1c3 However,
ae the Bullers Road intersection, some amount ofhnork'in this

' d1rect1on was p0531b1e and the situation *here is very much improved

k.

‘ as a result o

R 5. CONCLUSIONS
In spite of thé various shortcomings, the Iévouﬁs'with small and
mini- roundabouts at the sites described, are functioning satisfac-
torily. . ' R
0 Observations reveal that if they had been constructed as planned,

they would have functioned at the level of efficiency expected of

»

them at the time of planning.

Based on the above, it is possible to conclude that Mini and
Small roundabouts, constructed with due regard to capacity require-
ments and .layout considerations, will.offer cost effective and
meaningful solutions to problems of traffic control and management

at City road intersections.

/
’
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1n the experxmental work done
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+ Abstract
Research on accident camnsation can be regarded perhaps as the
Cinderella of accident reséarch. Despite the increased

understanding of the problems involved in the road user

" behaviour, comparatively little research has been undertaken

into the éauées of road acci&ents. Two rcasons are suggested:
firstly, accidents are extremely difficult phenomena to
observe directly, and secondly, the role of the road user must
be considered in relation to the conditions of the road and
the vehiéle at the time of the accident. This papér outlines
some psychological and.social factors contributing to road
accidents, and suggests some steps that should taken to

curtail them in Sri Lanka.




Introduction

In the recent past accident causation has been considered in
terms of the vehicle - environment - road uscr system. Many
studies have revealed that accidents tend to be caused by a .
combination of factors,of the which the cémbinatiﬁn of the

road user and enviréhment sub-systeﬁ is the most eommon. Road

user factors acting ‘either alone or in combination cause

about 90 percent of accidentsin both developed and developing

countries. Also it has been found that pedestrians and motor

cyclists are involved in majority of accidents in Sri Lanka

(24),. Hence there can be no 4oubt.about the fact that the

problem of the road user and its interacting environment is

one of the most pressing problem in todays traffic,

Even though the motorists intruded tbe_roads more than eighty -
years ago, still tﬁe road users (pedestrians and drivers) have
not adopted to this environment very weil. Probably the road »
users can not cope up with the motor vehicle dominated,rapidly

changing road environment.

In 'spite of the relatively high car ownership in U.S.A., U.K.
and other developed countries more than 65 percent of the

total trips‘gene;ated in theée countries are on foot (2). In
developing countries like Sri Lanka,India this percentage wiil
Be'much more than 65. It could be as high an even 85 percent.
More over every driver is a pedestrian at one time. Research on

4

road accidents has become vast in developed countries, but

!i

relatively few studies dealing with the problem of road user
behaviour in different conditions and environsments have been

done 50.far to improve the road user safety standeards: .



' We'-in Sri Lanka have. chosen theé soft option of "playing with

numbers" in most of the accident studics done so far in this

~ country. Eventhough some use can be made with "those figures,

..

2. Psychology of Road Acc1dentu

.. the time is-quite'ripe for=aooident rescarchér's 'in this country
to. do studles to evaluate thc cauces of ac01dcnts bqaed on
the analy81s of road user errors. ThlS is thc only wgy to

bring about a significant reduction in nccident rate.

N ]

context the concept of a thrce. stage dec1510n making :

s ‘ . : o N
Dr1v1ng is essentially a skilled psychomotcr task. In this,ﬂ

A

'ni :
process, consisting of perception, decision and implemen~

.,tation, 1s useful as a:general frameworK upon which to

base a model.

-The.esSential problem involved in the”driving task is

that of the necessity for the rapid processing of”
perceptual information° A wide- variety of:stimuli may be
presented to the driver, ranging from*those. stimuli with a
high .degree of expectancy to those with a‘' very law degrée.
As ‘well as changes:in the type of stimuli presented)-the
amount- of stimulation available will vary also, from the
low conditions of dfiving-on o rural highway &t night ; to
the high stimulation provided in many Urban Traffic

Environments during the day.-Thus the demands of the task

- of driving will vary a gréat deal andthe coneept ¢f stress

-~ may be used as speciflcation of the dcmands that the enviro-

nment places on the 1nd1v1dual In con51dcr1ng the dcgree
of stress, 1t is 1mmed1qtely apparcnt. . that peoplec do best

under intermediate conditions of strossu




21" The Development of a Technique to Asscss Road-User Failure

" Many previous studies have suffered from one or both of the

following criticisms: (a) the results are applicable only to

- a highly selgcted population, (b) no.attempt has been made to

classify the accidents according to psychological criteria.

It is suggested that the latter criticism is the main reason

for the low co-~relations between number of accidents and

' »rarioys psychological and physiological characteristics.

Gonsider'WeIford'S‘(23) model of the psychologios}'meohanisms

underlying the performance of a skill (Fig.1)

L

Hlll

L

Perceptual Translation Central
Mechanism and Effector
— and  |—Decision |siMechanism
Immediate Mechanisms
Memory
QQCQH(WS% ' Cev\)wo\ MQL\'\QV\\(M
: (Frq 1)

S edfectovs

It w111 be seen that it consists of three main parts,viz, the

receptor organs. the central mechanlsms and the effector organs.

R

a

The central mechanlsm is 1tse1f divided 1nto three stages.

Stages 1 is the perceptual mechanism and immediate memory store

whzch groups, integrates and orders the 1ncom1ng sensory data,

that is gives 1t meanlng and then stores that part of the data

which is nét for immediate use. The_traoslation and decision

e .. o

"mechanisms relate the incoming data to:past'experience and

decide what response .is to made to it. The 'decision' is then

transmitted to the central effector mechanism, which in turn

. transmits to the effector organs.

In terms of the accident situation, the three stages may be

restated as follows:(1) Perception of the situation;(2) Dé:ision
as to the appropriate course of action;(3) Implementation of that

course of action. If any of these three stages is incorrectly

executed,then an accident or near miss will occur.

o

o
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(a)

(b)

(c)

'False hypothesis'

One tends £o perceive what one c¢xpccts to perceive. These
expectations,which one, to some extent, the product of
one's previous experience of similar situations, govern
the way in which one perceives the situation and the way
in which one organises the availablc perceptual data.
Thus the holding of a 'false hypothesis' would lead to

incorrect perception of the situation (stage 1).

Pre-occupation

Consider the situation where scveral different components
of the task make demands on this subject. If.one component
gains dominance,and the subject thus becomes pre-occupied
with it, then the other components which do not posses the
same_deggec of urgency may be neglected, or the information
from these may be accepted uncriticaly. Thus the deéision
as to the correct course of action may be based as

incomplete data. (stage 2).

Emergency mechanism

In the face of physical or psychological dangers, the
'drivers' underlying behaviour become strange and the
person's behaviour undergoes characteristics changces.
The responses tend to be more readily elicited, to be
elicited by less intense and lcss spééific stimuli,and
to be more forceful extensive, rapid.and irregular.

Thus the implementation of the proposed course éf action

may be incorrect (stage 3).



Therefore it is sugéested that road accidents could be groupcd

on a psychological basis according to the above criteria. Once .

this has been done; it becomes possible to test road users

involved in a ps&chologiééii& hoﬁogenious grbﬁﬁ‘of accidents to

sec

if specific isychoibgicéi ordpEychopﬁyéiblogichl character-

istics are present. Tests could also be'made'tq.see'if inter-

group-differences -such .as age are present,as was,sgggested by

Welford (23).

2°1D

(a)

(b)

(c)

(a)

1 Causes of Accidenté

Group 1 - Incorrect preception of the situation

Included in this group will be those accidents in which it

.Qéé physically imﬁossiblepfor'the road user to ﬁercéive a

vital feature of the situation. Howéver the causes of
interest from the psychological view.point are those in which
it was physically possible for the road user to_peréeiveu

the - vital feature, but for some reason, such perception did

not. occur.. Some suggested reasons are listed below.

15ck af concentration. This may be due to fatigﬁe,temporary
disfracfion, or might be an innate quality of the individual.
visual defects. There are many of those, but those most
relevant to roxd users are kinetic visual amity,binocular
acuity,depth percépfion and perception of speed.

non-optic sensory defects. The exterocepfive dhd'iréﬁrioceptive
cues and also vestibular cues pla& an important part in
driving,especially in the dark. However little is known to
measure the effects of these cues.

'false hypothesis'., This has been discussed above.

-



Group 2 - Incorrect Decision as to the Course of Action
LY

The following causes are suggestcd.

(a)

(b)

(c)

| (a)

(e)

Faults in Driving Training. Yrong t&%hniques acquircd early
'in driving training usually prove very diffic¢ult to eradi-
cate and tend to reappear in moments of stress.

ééheral Drivihé Ekpérience; The more frrquently a road
user has experienced a particular driving situation, the
more likely he is to possess an adcquate response to it.
Specific"Expérience of the Accident site. Detailed
knowledge of the site will make the driver more aware of
its potehtial dangers.

Preoccupation. This-has.been:dispus;édméba;é;"-
Personality characteristics. . Davis suggested .that
pre-occupation tends to be associated with an obscssional
personality,who in all other .respects tepds to be tidy
-and. efficient. It .is hypothesised that the ,possession

of certain personality traits tends to hinder the making

of a logical and rational decision,

Group 3 -~ Incorrect Implementation of the Adopted Course of Action

Various reasons are suggested for this.

(a)

(b)

Résponse Time - If this is too ldng,then the intended

consequences of the dicision may not occur,.

Emergency mechanisms - This has becn discussed above. If the
road. users psychomotor co-ordination is disoriented, thcn the

.correct course of action. cannot be carried out.



3. Some Social Factoré'of Rozd User Behaviour

Social factors influencing road user behavioqr is one of the
most important. factors, eventhough only a few studies have
been made in this field. This is a difficult task as accident
records do not give.many sociai chtors."On sight and past
accident research by interviewing qf‘thése people ﬁy

sociologists could disclose certain social factors influen-

cing road user behaviour. .

3.1 Pedestrian Behaviour

Many researchers have found a relationship between aée and
accident frequéhd& or accidént pr&nenéss of:pedestrians.
frequently. In many recorded accidents age'is recorded and .

" this can be expressed in- "figures quite easily. All investi-
gaf;ons.conclude by Etating that children and oider- people -
as pedestrians - aré"mﬁch'more‘af risk than other -age.groups.
Here téslmﬁch‘research is on accident frequency and not on

pedestrian behaviour at various groups,

It is important to.note that these accidents and casualty

rates and age is calculated on rates per million living and
it iszassumed that all age groups have equgl éxposuré to

riske

Grayson (8) in his obéervatidns of pedestrian behaviour of
childfén at four sites finds that the major influence on
croséing behaviour is the social situation  of the child.
Children when alone make more head movements (when crossiné)

and have longer kerb delays than children in groups, while -

accompanied children hardly lo .k at all.

4.’5



&

Only two out of three children looked both ways before
begining to prosé-thé road.
Another:factof that has been found to influence the behaviour

of pedestrians on the roads is their sex. From an analysis

." of the accident statistics, the accident frequency of both

se%éé.cép be seen. All investigators conclude by ‘stating that
Qen are e#posed to a greater risk than women. Moore and Older
(1965) state that risk of pedestrian accidents per 10,000

inﬁabiténts in'Gréat'Bfifaih is S.i for @en, yet only 3.6 for

women, :for children between 0-9 years, the proportion is still

more distinct: 10.7 for boys and 5.5 for girls.

" Grayson (8) conclude that, despite the fact that there is a

maked sex difference in the accident rates for children in

. this age group, no item of behaviour was found which showed

~

a similar difference between sexes.

Jacobs (10) states that there is a difference in:the -behaviour

NN

of male and female pedestrians in that men cross the road more

'frequently between crossings than females,thus increasing their

accident risk by a considerable amount.

Read (18) states that, of children,especially in the age group
of 8 years, boys have considerably more accidents than girls.
As.a whole, the proportion of injgred children upto 14 years
is'1.7 boyS'to_1:gir1.lRead suggests that the “Aggressive,
iﬁetuous-and venturesome behaviour of small boys brings. them
into trouble more frequently than in the case of the cautious

little girls",



-

From all .these studies the conelusion is drawn thﬁf'méie
pedestrians of all age groups are more 11kely to be 1nvolvcd_. ¥
in aCC1dents bedause they tend to take more tlSkS in thelr

road crossing behaviour. -

Lefkowitz et‘al (11) found that Mpedestrians.violated the

prohfﬁftiéﬁ of an automatic traffic signal more often in the .

Lids, LA e T e . ) .
presence 6f an experimenter's model: who violated tho- -

. prohibition than when 'the latter conformed.or .was absent.

Significantly, more violations occured among pedestrians
when the. non-conforming model was dressed to represent high”

social:status than when his attire suggeéted lower status".

The question here is not whether persons with certain social
characteristics have a higher accident risk,but the influence
of certain 'social charactéristics.in :ether persons upen -

pedéstrian behaviours

Lashley (12) arrives at the fOIIOW1ng result . Under pfiﬁeiegéaﬁ

low income groups are unduly promlnant in the pedestrlan fatallty

£orl"!

Backett (25) in an investigation eomp;;;ng fé%éidgedeEffianm

accidents with a.control groug finds tﬁeeyaﬁ;ﬂe'iﬁeolvee

vulheeeble family had illeess cesee, in the household, and'mofe

serlous 1llness, there was.materlgl preoeeﬁpatlon of ‘some klnd

for example, with outside work, with oéhef chlldren, er w;th

pregnancy. It was more crowded and it did not provide protectign | L)

during play cecocsc'a

Other factors involved in the relation between pedestrian

behaviour and accident risk are alchohol and drugs.



Singer (16) states:that: "even at very low levels of blood
- alchohol a pedestrlan ability to cross streets safely is

greatly reduced".

Haddon (26) in his study of a control group found that
heavily drunk pedestrians (with blood alchohol of more than
1.5) were found quite frequently in thc test group. But
even blood alchohol concentrations ranging from 0.7 to O.L

increase the accident risk by a significant extent.

:Clayton et al (13). on their investigation into a controlled

. sfgﬁy of the role of alcohol in fatal adui£ pedestrian

- accidents concludes that "alchohol has & major role in fhtal
pedestrian accidents. At BACs (Blood Alcohol Contents above
120mg/100m1. the relatlve risk of accident 1nvolvement
‘1néreascshrap1dly. Impalred pedestrians comprlse 27% of the

. hale fatalitiés and 7% of the female fatalities who die within
’12'H6ur; of the accideﬁt" They go on to say that "for 1n3ured
pedestf&ané with high BACs, treatmunt of thelr drlnklng problems

- would appear to be as important as -treatment of their physical

~injuries". . s .

Thé 1nc1dence of hlrher alchohol amongs1 maie féféiities.than
fcmaies is one of the reasons for hlgher.éccidenf.in;olv;ent
“ifor males.l | . |
It can be assumed that certain groups of pedestrians have a :
" higher accident risk because of physical deficiencies or
menfai'characferistics. Oniylé few investigators h;velétudied
thls question on account of the great mcthodologlcal

dlfflcultles involved in this task..



Read (18) found in his comparison of two control samples of
children that the accident involved child has more frequently

visual and other physical deficiencies.

Another investigation using health condition as a criterion
was made by Backett: in the families of accident involved
children. he found more often illness than in a well selected
control group. In this case there are illnesses in the family

of the pedestrian, not illnesses of the pedestrian himself 1}

Mental characteristics in relation to accident risk of pedestrians
have been investigated more often. Nejedlik (19)compared a group

of accident involved pedestrians with a control group. In the test
group the complex visual abilities and the amount of self-criticism
were significantly lower; in addition, frequent emotioﬁélﬁinsfability
was observéd. There were ho difference observed with regard to the

ability to estimate speed correctly.

Read et al (18) in their investigation the "Personality" of the
accident involved children coﬁcludes "that “the pedestrian accident
susceptible child is best defind by age,‘residénce'and family
background". Also they found that accident involved child is more
frequently ddrihg"and'defiaﬁf; Read and his célleagues,however,

did not use a very reliahle method for studying personality. '

2.7 NDriver Behaviour:

Literature on driving bchaviouf”fs'stt;’Thcigrééfldifference between
the la;éé amount of inferestfcénfriné around the driver ‘and the small
amount centring around thé pedestrian has been explained by the
American Automobile Association (14): Much greater progress has been
_made”so far with drivers than with pedestrians,in relation to modern

traffic conditions. ' )

‘s\.



In large measure, this is understandable because motor

vehidles and their drivers are the newer elements in street

and highway traffic".

Mackie and Jacobs (7) on the work on panda, zebra and llght
controlled cr0551ngs flnds that "Out of thc total number of |
drlvers who were in a.p0b1t1bn to‘pass over the c;e551ng |
when the 51éna1 was red 13 percent did so atltne panda cro@
ssings bnt_on1y\2.5 percentneia ae‘at the 1ight‘contro;led
cresatng,mibia dif{erence,is.statisttea}ly aign@ficant"._,
They tound:tbat'at light controlled aignallcrosstng‘hzn.
percent ef total leading vehicles and 5k percenthbf_pana and
vane.leaQing vehtcles stogped f;om 100 ft.‘A%sq they'{opnd

that 50 percent thereshold stopping distance to be,ﬂoh ft for

‘total leading vehicles and 98ft for cars and vans leading
.vehicles at 1light controlled signal crossings. In studies on

driver behaviour with.pedestrians on crossing they found that

the proportion of drivers illegally passing a pedest;tan
waiting on the nearside part of the crossing, of those in a
position to do so, was 72 percent. But they have not clearly

stated what they mean by "of those in a position to do so".

Quenault (15) in his work on driver behaviour contcludes that
"results obtained from the Picture Test, the Shipely
Abstaction Test and the Mandsley Pérsénalitj Inventory showed
that thene were no siginifcant difference between a group of
drivers who had been convicted of careless driving and a group
consisting.bf Hiivers séiécééﬁ”ﬁi randbmb. ﬁé‘éiéamebhéiu&eg
that '"results obtained in this experiment appear to confirm

the view that, when investigation complex behaviour such as

possible to the 'real thing' is to be pneferred to the use of



pencil and ‘paper tests, in that significant differehce betwcen
different groups of subjects are more likely to be found with

the method of systematic observation of driver behaviour!.

Shouksmith (17) in his work on conformity behaviour on a zebra
crossings (an act1v1ty sampllng analy51s) flnds that drlvers

behave dlfferently at clty centre and suburban cross1ngs. At
01ty centre cr0551ngs he found that "fcmale drlvers of prlvate
cars, on all counts, appear as conformlng most closely to the

‘r Sae 1 St
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rules for behav1our of drlvers at a pedestrlan cr0551ng. Bus
drlvers, it would appear.rgnore‘the.rules.tor thenost part"

He also founo.that the bus drlvers are conformlng.anu é;rérﬁfﬁ'
in the'c1ty, but not in the suburbans; He g1v=s.the followrng”
reasons for it ; for the bus d}iier; the suburbs r;nresent‘

an opportunlty toruahe'up.tlme and 50 he 1s less';re;ared to
slow for pcdestrlans'ualtlng bylaLZebra cross;né;hor to renaln
. . L

statlonary tlll they have all cleared the road. In~the 01ty
.. o r s Lt
centre, however, he realises the nced to be more careful
_ P
perhaps he is also under closer control Hls sk111 allows h1m

to be careful and conformist and h1c attltude dlrects h1m to

be so0.

4, Road User Behaviour Studies in Srl Lanka - Carrled out by ‘

Moratuwa Un1ver51tx

4.1 The following conclusions.were obtained often a study of ..
driver behaviour at road intgrsections‘in.the City.of . .,

Colombo (28).



4,1.,1. Driver Behaviour at Roundabouts:

The driver behaviour studies were made out the following

sites.

roundabout (a) : roundabout infront of the old parliament - which

is a well designed roundabout.

o
roundabout (b) : roundabout at - Horton place - Alexander Road

(CWW Kannangara Mawatha) intersection - whichis

‘apd  ill designed roundabout,

The following results were obtained:

(i) There is no significance difference between driver behaviour
of different vehicles (cars,ﬁotor cycles,heavy commcrcial
" vehicles,light commercial vehicles,RTB buses,private buses)
wifh regards to disobeying the'right hand priority rule' at
both roundabouts at X2 valucs of 05 and 01 percent levels,
both with and without the presence of polic neér the

intersections (a and b)

(ii) The driver behaviour of all vehicles improved significantly
2
(both at 05 and 01 percent significant levels for X test)

when the police was present near the intcrsection (a and b)

Percentage who did not conform the
Roundabout .
right hand rule
with police without police
Old Parliament 95.8 97
Hortan Place o5 &




. vt )
(iii) The driver behaviour,all vehicles is considerably better

(at 05 and 01 percent signifiance level) at the old
parliament roupdabqut when compared to qutan Place
roundabout, with and without police officer near the .

vicinity of the roundabout.

/ -
Percentage who did not conform
Roundabout the right hand rule
Old Parliament 98
Hortan Place 89

'4.1.2 Driver Behaviour at Traffic Signals

The driver behaviour studies were made ‘at the following

sites

traffie signal (c) : Dickman Road ~ Havelock Road
intersection at Thimbirigassaya.

traffic signal (d) : F.R.Senanayake Road - CWi Kannangara

Mawatha intersection at Town Hall.

The following results were obtained:

(ij The observations were made how mény drivers passed the
J intersection when the red light was on. There was no
significance difference'between driver behaviour of diffcrent
vehicles (except pedal cyclesY for X° test at 05 and 01
percent significance lev"els° There is no significance difference

in behaviour between two sites.




|Traffic signal

oo
L

Percentage Passed

when Red Lights
,were on‘.- g . R o )

et - g e

(e)

99.8

ey

99.8

(ii) There is no significance difference in driver

behaviour when police were present and not present

at 05 and 01 significance level.ﬁor..the.x=2 test.

- Percentage passed when the

red light were on

With Police 100
{-Without Potike [i-'" 166

(iii) There is a significance difference in ‘driver
: )

. . : Y
behaviour of stopping the vehicle when the amber

light. was on, when police was priesent and not

present. There is no difference in behav

iour between
|

[N —— pieare. s g & e

“"drivers of different vehicles. Please refer fig.2.

«~ ~ k.2-The following preliminary observations Have been made
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‘from a sample of accident victims obtaining treatment

1
- e -

at the Accident Ward in Colombo General -Hospital and

their police reéprdS'(ZQ). :

oA
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L,2.,1., Observations Pedestrians Victims

(&) Sex

Cf

sex  |Percentage involved | Percentsge fof
' Acdident Colombo District

Male - . 86 .o “+..”.uw.m-mmu§§:§;

L e L

b Fem'ale ) 5 .« e --26 b oate m =it o - e mperes - ..7;;}-.5-‘4--

«.... .. Notet.-The peﬁcentage of .males-6n the ‘#o4d need not

be same as, thdt household pergentage.

e e e e S ,
i (b) "ATE.} %’Distriﬁﬁfionfor % Distribution of
; Group | €olombo District | Accident Victims
RN el M Rk S Ao Act | Acc ,
SR -5 T KU Nt SO | S

20=-24 10
‘ 25-3h 16
L e 35abl . | o 4O ek e e
45-5k 8
55-64 . 5
7 65 5

() " Taceme. [ALL islamd % Distribution of
.{ - Group. : |% Distribution{" i’ Accident victims

(Rs)

Jfo-300 4 37 .. .. 50
301-600 39 s
| 901-1200.
1201-1500
7 1501

v W N o
VRV




(b) Purposc of Trip

Purpose Percentage
t Work 2}+
Business ol
Private or : 52
Leéu?e _
? - .
(c) Age ' ? - ek

: i
Age; Distribution of Driving Licensé Holdeks is- -
! : i '
noq~available._ngnqg_no comparison could| be
, ! e

e e e __*"__ . .
made with the dfivers meeting with accidents.

Lr. P . '
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(d) Income §

Income Distribution of Drivers is not available.
"uHence_no comparison could he made with the

drivers who met with accidents.™



(d) Permanent Human Defects

With Defects 6.25
: y
Without Defects 93.75

(e) Vehigles involved in pedestrian accident

Vehicles % involved in accident |% on roads
Car 8 19.5
RTB Bus 31 15.1
Private "5 Lo 20,5
Bus *
Lev 15 1407
. l,-
) Al 8 14,6
MC 23 15.6
L 2.2, Observations made on Drivers involved in Road Accidents
(a) Driving Experience
/\
N
$
h
v
N °
N 28 28
322
) ’
R
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N
o\O S5
- >
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* " (¢) Permanent Human Defects

Poreentage
With Defects 14
-Without Defects . - 86

(f) Vehicles involved in accidents

Vehicle | % Involved in Accidents dh roads
| o A 19.5

MC Ly 15,1

RTB 9 20,

BUS 5

Private 13 14;7

Bus

Lev 22 14 .6

HCV 9 15.6




5. CONCLUSIONS

(1) There is wery little studies made on.road user behaviour

in order to check thé'causés;of'read accidents. More
: ' . i
attention! should be made to determint the-road userterrors
. . EEEE © e e __::._ - - . '
in accident causation.in spite of the many difficulties

Q2 !
45 P - e e et . B PIRFTE SR S )
H 1]

that may come across. Y e n e

(2) 1t is dlfflcult to..study.the:causes of traffic aCC1dents

by engineers alone. It has to be performed by a é}eﬁp
consisting of engineers,doctors,sociplogists,.

psychologists and police.

(3) ‘Tt is evedent that pollce control improves road usér
e :

behav1our. Hence the government should vlve cnough

.l
-

ineseurces to the trafflampollcanli.QQQLQ$EP§,@?9 tQ be
ﬁreduced*in'this:country. . *ig m.i

A

T

Trem e wsan e s e DA o e -..v am e an wea
.

(4) g S designed road 1ntersect10n and road de51gns caqse road

users to dlsobcy the trafflc rules.,Hence the department

of hlghways and Colombo Munlclpal Loan011 should glve

;pgnqnity_to give‘wéII“ﬁeSIgned“rntersections'and~rqads,

(S)QPedestrien and ﬂotor.cyclenanigggksmgge;pgedpminegely
fhigh in"8ri Lanka. Hence more work should'bé_doneiid find
?Céhséé"ﬁf %hem:end”suggest“ﬁreventTVE"mé&ﬁures.Compulsory

wearing of a helmet for motor cycle riders is e.great

step forward in this direction. But more controls over

speed,overtaking,signals, lighting (head lights) are

necessary to reduce the accident rate.
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(6) Good road user behaviour can not be attained over hight°

All efforts must be taken to teach good road manners to
all school children in Sri Lanka. The police should

educate and create an awar.ae samong the people to

‘understand the advantagee of good rovad user behaviour.

(7} The chances of obtaining a driving license in $ri Lanka

-~

:;ie:qot_difficult.-The comissioner of Motor Traffic

. should make more controls in issusing of driving licenses

by having written tests;. It should bé issuéd 6ﬁ1y for a

' short duration of about L years and they should have on the

spot checks for good dr1ver behav1our.

(8) It is observed that RTB buses cause many pedestrian
"accident eventhough their overall accident rpate .is low
" when compared with other vehicles. Studies have to be.

made to determine the reasons for this abnormal behaviour.

(9) It is observed that every pedestrian has an equal chance

bfimeeting with an accident'hhefher‘they are smell,

young or old; and whether poor or riche Superf1c1ally

men pedestrianshave a greater risk of meetlng w1th

an accident.

K (10)This paper does not deal with the physiological factors

of road accidents. These factors too should be.considered

if more analyses of road user error are needed:
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SOME MEASURES FOR INCREASING THE SAFETY
AND CAPACITY OF MAJOR- INTERCITY HIGHWAYS

by

s.C. wiraéinéhe*

Associate Proféssor‘of Civil Engineering
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Abstract

- The present level of safety and capacity on main intercity high-
ways in Sri Lanka, and the underlying causes are discussed. " The
multifaceted nature of the problems is highlighted. ' Measures that
can be taken to increase both the gsafety and capacity in the short,
medium and long term are given with respect to the rights-of-way,
vehicles and road users, Traffic management in small towns which
are the major bottlenecks in the intercity highway system is dealt
with in detail. Some long . term s¢enarios regarding intercity travel

in Sri Lanka and measures that can be taken to cope with them are

discussed.

* ‘ : ey .. S
‘Presently, Visiting Associate Professor at the University of

“y

Moratuwa, Katubedde, ‘Sri Lanka.



1. INTRODUCTION

It is clear that both safety and capaclty (the maximum possible
flow of motor vehicles of a given mix per hour) are ‘seriously lacking
in sections of the main intercity highways (eg. Colombo-Galle Road)
~ of Sri Lanka. A high capacity main highway system is an essential
cornerstone of the solid infrastructure that is necessary for the
rapid economic strides envisioned for Sri Lanka, while safety should
be given the highest priority in the compassionate society that is

being striven for. - ... . o

The main intercity highways are used not only for intercity
travel but for local trips as,well.as parking and loading/unloading
of passengers and freight. it is also used for other purposes
. ranging from mixing of concrete to drying of fishnets and crushing
of-coconut husks. The highways are used not only by motor vehicles
but by carts, b1cyc1es, pedestrians aﬂd atray domestic an1mals“es
well The mized purpose, mixed mode use is one of the pr1nc1pal
causes of the poor safety record and of the low capac1ty ava11ab1e

to intercity traffic.

The poor safety record is also due to certa1n .ettitudes _
exh1b1ted by road users, bad driving and pedestrlan practises, .
carelessness, 1nadequate law enforcement poor road surfaces and
geometry and lack of vehicle maintenance. The low capacity is also
due to inadequate width of the roadway, ribbon development and
uncontrolled crossing of the highway by vehicles, pedestrians and

animals.

A single, novel, economical solution that will increase both
the capacity of the highways and the safety is not available. How-
ever, several actions can be taken with respect to people (drivers,
pedestrians etc.), rights-of-way (space reserved for transportation
act{vitieé}*ég. highways, sidewalks, gradé'sePErated'croséihgs).and
vehicles (motor vehicles, carts, bicycles etc.) in-the short, medium
and long run to increase the safety and capacity of the highways.
This has been noted in reference (1) and with respect to safety in

reference (2). In fact, it is vital to attack the problems in

("q.
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their three facets (people, rights-of-way, vehicles) and in a planned

“and systematic manner with respect to time.

:* The short, medium and long term defy strict defimition , _ !
specially since they may vary-.for the -three facets of our problems,
and necessarily some overlap will occur. Loosely, we can consider

1 to 3, 3°to 8-and-'8 to 16 years as the short, medium and long terms

‘respectively, while noting that 7 years will bring us to the 90's

decade and 17 years to the second millennium. ..

On main-intercity roads priority should be given in general to

intercity trucks, other heavy vehicles and automobiles. However,

- adequate: provision -should be made for local traffic in the sections

where the highways pass through towns. This amounts to giving equal
priority in towns to intercity and local traffic including cyclists

and pedestrians.

1.1 Saftey
For our purposes, a danger index ID for a person can be defined

as the weighted probability of having an injury-accident while

traversing a section of highway:

ID = ? ? K.j P(Ij/Ai) P (Ai) Ta<e
Where P(’) =  a probability
A =  accident of type i
Ij ' = _injury of type j
K. " = a numerical weighf g{béh to an injury
J -+ of type j, depending .on ‘the severity

of the injury.

A safety index Is can then be defined as the inverse of the danger

index:



Theoretlcally, I can range from ze1o to I KJ and Is from a

D < N A

to 1/2 K when safety ranges from absolutely safe te, cxtremely unsafe
J

respect1ve1y The above formulation can be further extended, for

" example to.include the condition of the driver (e.,g. inebriated).

We are not:.concerned with actual numerical values here.- Mowever,

the formulation helps.the discussion since it is clear thatmls can be

increased (and:I réduced)“not only by_reducing;p(Ai), but: also by

reducing p(lj/Ai?’ the. probability of an injury of type j giyeq an
accident of type i. 1In Sri Lanka it appears that discussions an

increasing safety have centered wmostly aiound the reduction of the
_probability of an accident. The exception is the introduction, of

.. ; the mandatory safety helmet for motorcylists and pillion riders. We

“cu+ will however consider actions that will reduce the probability of

“accidents and' also actions that will.reduce the probability. of am

injury given an accident.

Fatalities can be reduced significantly, even after severe
injuries are sustained, by improving the para-medicéluand hbépital
‘emergency services, which are woefully inadequaté.at present. How-
ever, that aspect will Wot’be discussed further, here.

1.2 Capacity

The main 1n*erc1ty h1ghways of Sri Lanka are two-lane, two-way .
facilities with the exceptlon of some sections in major cities which
have four lanes. A few k1lometres of the four lane sections are

divided by a median.

The capacity of ‘a two-lane highway is defined as the maximum
two-directional hourly.flow that can be accommodated under existing

roadway, traffic and environmental conditions (3).

Under ideal conditions about 2000 equivalent automobiies can be

accommodated per hour. A reduced flow in one direction does not result

in a significant increase in capacity in the opposite direction.

However an increased level of service (for example, a higher

»
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average speed) can result., In Sri Lanka flows do not presently
approach 2000 e.a.p.h. excepé perhaps in or near Colombo. Consequently
the capacity should not be a concern outside major cities if one

unobstructed lane is available in each direction, for motor vehicles.

- However, two-lanes are not available at all locations at all
times and bottlenecks abound in the intercity road system. Three
Eypeé‘of bottlenecks can be identified: Permanent bottlenecks which

are caused by iﬁédeqeate'roaa width; temporary étationery bottlenecks

""" 'causéd By stopped or parked vehiclés and use of the roadway for

non-transportation purposes; maving bottlenecks caused by slow
moving vehicles. The moving bottlenecks is further aggravated when
inadéquate 'site distance is availablé‘for overtaking. -All three

types of botfleriécks have to be elimifiated as much as possible ¥f an

adequate level of service is to be'provided on eur ‘highways.

“1.3 Mixed traffic

. The multiple use, multi-modal nature of, the intercity highways
was mentioned earlier. Motor vehicles, bicycles, carts and pedes-

trians are incompatible on.a common right of way, -for obvious

-reasans. However, as lomg as the highways serve local as well as

.intercity traffic, all modes have to be served. In fact, because of

the worsening fuel situation, bicycling and pedestrianism for short
trips should encouraged by providing safe and adequate facilities.
The only solution is to separate the modes in space and/or time

whever possible and to provide adequate rights-of~rway.

1.4 Highway user diseipline, beliefs & attitudes ;. ...

Orderly and d1sc1p11ned use of the h1ghway can lead to more safe

_travel and better utilization of ava11ab1e capac1ty The lack of
_ d1sc1p11ne exh1b1ted by dr1vers pedestrxans, cyclxsts etc 1e a

major cause of acc1endts and lost capacxty and is probably due to

deep seated att1tudes For example, some cyc11sts and pedestr1ans
seem to take the attitude that their safety is the respons1b111ty of
motorists. Some motorists believe that they can drive safely at, any

speed if they placate the local deities with a coin. 1In general



k¢

Ijﬂ"’ﬁv@h though att1tudes and beliefs are’ very d1ff1cu1t to dha1oe such

b on ca v 2 R IR A

people seem to take -the attltude that thelr time is more valuab]e than

other' people s t1me and that acc1dents happen onlv to other people.

e
G

attémpts should be made for the’ soc1a1 good

e

[
.
i
e

The ant1-soc1a1>behav1our exhlblted by veh1c1e -operators is cause

ﬁn‘grave concern.‘_ It 1s spec1a11y so bL.C&USE‘ most of- these dr1vers are

:j ,.ntle, law ab1d1ng c1trzens ‘when they are not driving. Partly, this

i

%s due to ‘the relat1ve annonym;ty offered by a veh1c1e and the ability

\",-_'\

get-away after some unacceptable act, has becn committed. The

reckles dr1v1ng by bus—dr1vers 1s partly due to the1r attempt to keep

] to schedule or to 1ncrease the1r lay—over t1me (1n the case of the

.')"

(1n the case of Pr1vate buses) But s the class struggle in. Sr1 Lanka
bexng maqxfested on the h1ghways w1th the mostly non-car~ow1ng pro-

fess1onal drivers gett1ng ‘even’ w1th the car-owner drivers? Some of

these issues mer1t further study by vachologlgtqhand.others.

:- The ‘general -attitude .of §omerofficia1stis that'motor“Vehicles
- should: get prxorlty over other road usérs. This can 'lead to mis-
gu1ded solut1ons wh1ch are worse.. for everyone including motorists.
. For example when capacity: for motor vehicles is considered inadquate

1n towns a-standard solution.is to widen the roadway at the expensc of

.the:s1dewa1k; - This results ‘immediately in the pedestrians walking on

. the roadway,. causing -loss ofzcapacity for motorists and cyclists and

T

increased danger to all. Further,.the pedestrians get into the habit
of walking on the :roadway-.and- stop .using. sidewalks &ven when they are

available,

s T

1.5 Basic4905£ﬁigfé§wq

Our proposa]s for 1ncreas1ng the safety and capacxty of the

1nterc1ty hlghways are based om the follow1ng postulates

(i) .. Safety should ‘take pr1or1ty over: capacity.

'j(ii)' Cyclists, mototists. and pedéstrians have to, be served équally

‘well” whenever p0551b1e with pr10r1ty g01no te 1nterc1ty traffic
N P, :

in h1ghway sectlons betwcen cities.

2. . o el st
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Most of the proposals given in the following sections will be

aimed towards specific issues. However; 'ip:géndral it -is worth

AR

repeating that

Y] adequate malntenanre of thL hxghways'

,(ii) strict enforcement of the Motor Traffic Act with respect

.to all road users.

U

_5(iii)fproper‘signiﬁg.(informational, mandatory and directional)
S o g
(iv) 1mproved h1ghway geometry

and (v) regulatlon of on-street. park1ng iy ornro
is essential for the safe and efficient functioning 6f ‘the highway
system. o

1.6 Main intercity highways

54

The main 1nterc1ty h1ghways, wh1ch we shall call class A ,
. have to be chosen from the present SLt of class A h1ghways
A P (Appendlx 1) The ch01ce should depend ‘;mOng other thxngs on the
R amount - of person-km of traVel and on the ton—km of frelght trans-
ported on varlous sections (present and projected) on civil defence
needs and on economic developmental needs.  Such a detailed analysis
. is beyond.the intent of this paper. . However, a spperficial study of
' theilatest}tragfie.ﬁlgw data map (4) shows that the following sections
. ... of routes A 1.(Cplombo-Kandy), A 2. (Colombo-Hambanthota), A 3
(Colombo-Chilaw), A 4 (Coinmbo-Ratnapura) -A.6 (Ambepussa-Dambulla),
A9 (Randy-Matale) (Jaffna-Mankulam) are among thosc that would

":4-"'mer1t serlous attentrbn for class A' status

T . PR TN 34
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2. SHORT TERM PROPOSALS

L] :
©.4° ¢  The following proposals could:‘probably be implemerited, given
* ithe political will; within-1-3 years. ‘They 'are also relatively
4 cheap with respect to the public-purse. ST

ik
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2.1 Proposals for increasing safety

S2,101

PP oo
Estab11shment of clearly demarcattd two-way no-pass1ng zones at

+* bends “and ‘other low’ sxght d1stance sectxons by draw1ng double

) wh1te lines along the center of the road and locat1ng appro-

. priate sxgnboards at the beg1nn1ng and end of the no-passing

section. One-way no passxng zones can also be used on either

:n'eide of :the two-way- no !passing zorne), ‘where appropr1ate (Fig.1).

This propesal will result in reduced hdad<on collisions. Since

overtakxng is essent1a1 1f an adequate level of iservice is to be

provxded on two-lane roads, the one-way no passxng sections are

appropriate.

Two-way no passxng zones should also be located on hills with

‘tlow sight distance.

2.1.2

i these veh1c1es.

All new imported vehicles, beginning.with 14 Sri-for automo-
biles and similar ‘‘cut-offs’ forsotheritypes-o£f¢5hié1es, to be

required to have seat- -belts in the front (lap and shoulder) and

-'fedr ‘seats (lap), and the use of seat- belts to ‘be made _mandatory

PRI
o, i
o,

.. While it is well -accepted that séat bélts reduce severé injuries,

it .is impractical: to enforce a univérsal ‘seat belt use law given

.. . the existing fleet. However, it should be enforted for new

.:Yehicles if possible legal snags regardxng selective enforcement

2,1.3

2.1.4

proposal. e

\¥3

can be overcome. - Co ' ‘

‘Children under lO years of age to be grohxbxted from t1d1ng in the

front ‘deat of motor-vehxcles and the proh1b1t1on of .any passenger

riding*in front of the operator on the motor cycles and scooters.

Children are specially susceptible to severe injuries when riding
in the front seat w1th or without a seat belt. Consequently,

Sri Lanka could set an example in child care by implementing this

e - PRI
T Y -ome DTSN b A

Laws regulting cyc¢lists-and. pedestrians to be drafted and/or amended

where necessary. These'and exfsting'lewstfo'be ﬁnbliehed'and

explained in a booklet and also given wide publicity in the news media.

These booklets should be issued free to school children & bicycle
owners. The laws should be applied and fines imposed on errant pedes-

trians and cyclists as for eg. in Singapore.

JPeY
L
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B A A 1. ..
.ot ,

Several shdffhlg“ﬁiﬁﬁfé%'Bf'Téss)’T;V.'prts-on proper highway

; use to be produqed and shown on Rupnvah1n1

BT e F o

Some p0851b1e topfd§ ate p?dbﬁr passing; pight-of-way at inter-

N Y

HERRY

2 1 6

N
'uJ

. 2 h

sect1ons pcdestr15n cross1ng§ ‘deferigive ‘driving, -and bicycle
r1d1ng on the h1ghway -Rupav5h1n1 has showh.ene or two such

spots recently, 'but these are ained mainly -atthildren. However,
adults too have to''beé ‘educated:, ‘even bdlatedly.. Thus short

ﬁppts are essential to prevent the channel being changsd
- i

Sgpt checking of motor vehicles and bicycles for adequate tyres,

brakes and 11ghts. PRl et

U BT By ¥ 1 i N B e
: HE> R M W e s ..
. I TLE, AT

Spot checking,:is cheaper and probab}y as. effect1ve as formal

annual checks as practised in some countries. Vehicles found to

" be fgéﬁif}né:;éfk ‘should be ‘relquired to -be brought back to a

f .
'“"pol1ce-stat10n “after repairs are completed.

.w\é
2.1.7
te
‘ .
. 2.1.8
2.1.9
-

“whgn gecggsa:y

LTS S

Adoption ofﬁgﬁwiﬁternatiéﬁally accepted set of -road signs

..eg, the I. R F. system (Append1x 11) w1th minor mod1f1cat1ons

:

r.....' 2l R T

SR, -

This*becomes moré urgent because; of the tri-lingual situation
in Sri Lanka and asy!you-drive' cars are becoming available to

tourists.

Painting of a broken white line along the center of the high-

way, with additional cat's eyes, in sections where passing is
allowable, to maintain the separation of opposing traffic

streams.

Motor cycles and scooters to.be required to have the head lamp

on at all times.

Manufacturers do-sell motorcycles that are wired so that the
head- lamp is on when the cogine 1s .running (5). However,
developing countries tend to be neglected when safe vehicles
are exported. Some bus systems run their buses with the head-
lights on (dimmed) at all times. This proposal is under study

in some countries for all vehicles.
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2.2

Proposals for increasing capacity:

Sl

f: 2,2;1 Carts to. be allowed on:the mafn"highWay‘inﬁtowns'only during

Ly

'“=f! toWn to town.

» certa1n des1gnated hours. These time_periods may vary from

LR ]

o

Severe congestlon abounds in, 1nterc1ty h1ghways passing thtough

towns, dur1ng local _peak periods. . Removal of carts during
these per1ods (in ‘total ~about 4-5 hours) only w111 remove some
bottlenecks wh11e caus1ng m1n1ma1 d1srupt10n to cart transport

act1v1t1es such as the d1str1but1on of kerosene.

2:2,2 Pr0v1slon of su1tab1e alternate fac1r1tIES for S1dewa1k vendors,

thus creating space for pedestrlans on tho s1dcwa1k and remov-

1ng them from the veh1cu1ar r1ght of-way Loy

RTINS

S1dewa1k Vendors reduce the ava11ab1e pedestr1an rtght-of-way

i whiTe 1ncreas1ng “the number of pLdestr1ans However one

should not tamper w1th;a'person 8 11ve11hood and vendors should
be moved only if alternate fac111t1es are made ava11ab1e.
..Alternate prov1s1on ‘can be made as has been demonstrated at

Pasyala on the Colombo-Kandy Road.

2 2, 3 Fenced sidewalks to be .provided in towng with heavy pedestrian

flows. e

This proposal will increase vehicular capacity and pedestrlan

', safety while - reduc1ng42edestr1an éapacity. . -

‘,.l..‘l-:,‘.

2 2 4 Owners to be restrlcted from lettlng .their.animals run loose

el

on the h1ghway and strict enforcement with removal of stray

animals including cattle to a pound. Thus is probably a

matter of enforcing existing regulations.. .

2.2.5 Proper signing of intersections for* contfbl purposes STOP or

:; . .YIELD. signs to be .located on cross-streets énsufing priority

! P .
TP et

.. for ithe intercity highway. ' The rlght-of-way “rule’ should be

...superceded..by STOP or YIELD signsg.' RIS

. LT LR
i o . : . 5. -'ll: E A T . H e

®
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~2.2.6 Construction of parking-bays at scenic and other interesting

spots on the highways, thus reducing on-street parking.

3. MEDIUM-TERM PROPOSALS

;A11 dr1vers to be requ1red to pass a wr1t en (multlplc—ch01ce)

., test before be1ng 1ssued a dr1vers 11ctnse For privatc auto-

mob11e dr1vers, the test should be repeated every five years.

_For profes81onal dr1vers the test should be rtpeated every two

T S

years. Current 11cense holders should not'be exempted

21 SRS T

,quhe procedure is to draw—up about 10 d1ffercnt exam1nat1on

.
Lo '

. papers and to choose one, each day at random The _answers are

marked on the spot If a porson fallS, the test may be retaken

,after a spec1f1ed t1me perlod A few spec1a1 tests can be made

up for 1111terate persons who currentl; possess a license.

Some or all of the questlons w1li-becomc publlc knowledge after

some t1me. However th1 is acceptable because the point 1is

"‘J.l' (.

. to make people rev1ew the hig hway code A new test can be

.J-'J’ .

1ntroduced evcry year or so. Dr1v1ng examlncrs are not needed
to mark these tests wh1ch are a common pract1se in some juris-

dictions. The scheme should be costed and made to pay for itself.

Children under six years of age and owver one year of age to be

restricted to special child car-seats when travelling by auto-

"mobile, unléss accompanied in the’ réar seat by an adult. Again,

here Sri Lanka caf set an example to the rest of the world.

Regular revision of the Motor Traffic Act: and inclusion of

3,1 Proposals for increased safety
. 3°1'1
3.1.2
3.1.3
.. sections on bicycling and walking on the highways.

i At least oné, préferably more, clevated or Uunderground crossings

to be prov1ded ‘for pedestrians in ‘éach town.

“ . o

A nat10na1 contest should be held to choose a few practical and

PR EY

aesthetlcally p1eas1ng archttectural des1gns The problem of
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non~use of elevated crossings by pedestrians due to steep ascents,

.1ncreased wa1k1ny distance and ‘the problems of crime associated with

tunnel crossxngs are well known. These.however could be mitigated to

:a-large extént 'by good de51gnsT“=ihc?hfives/disiﬁbéhfiVes“and proper

......

.enforcement. ' The’ ‘highway' capacity is’ also 1ncreased when pedestrian

l'
L

bridgcs are installed.

'i”322";Pr0posa1s for increased capacity

3 2 1 Provision of new 11m1ted length pa551ng lanes when requ1red and

wheti'lanid is ‘available (Fig. '2). All trucks: lérries’ "and other

sléw vehicles are ‘required to keep left in'the. néw lane while

being pasééd”b& fastér'vehiclés in the ‘mdin 14AE.™ The distance
© -to-the next p3SS1ng-1ane should’be- iHdicatéd at Strateglc

R AT

locations.

it is'natursi for d¥ivers-to undertake risky overtakings when
they are heild up behind slow moving“vehicles for long stretches.
‘Thus, at steep ' hills, on w1nd1ng roads with low sight distance,
and in sectlons with heavy oppos1ng traff1c. a pass1ng lane adds

A capac1ty and increases safety

'3%2f2‘Provisioﬁ'of;busibaYS at bus-stops where land i¥ available.

'Sufficiently long adéeleration and decéleration lanes should
dlso bé’ provided- since the idea is def1n1te1y ‘not to box the
buses in: e :

3.2.3 Introduction of traffic lights at intersections where signing
is insufficient. .

Lo B

;WOrld w1de tendcrs to be called for the supply of trafflc lights

by manufactures w1th a proven low malnLenance record in tropical
and ocean-fronted locatlons and who can train ma1ntenance

Tl KR R N NN ALY A

s0.3. personnel, .
Most ‘towns in Sri Lanka that are located oit"major intercity high-
ways w111 not need traff1c 11ghts because of low Cross traffic.

JThose that do w111 need two scts of Ilghts - one at each end of

town, or poss1b1y only one set at the maJor Junct1on The t1m1ng

" can also be used to prov1dc ‘good gaps for pedestrlans who wish to

cross the hlghway




4. TRANSPORTATION MANAGEMENT PLANS FOR TOWNS

It is in towns that the severe botflenecks on intercity highways
occur because of the high concentrations of pedCatrians, cyclists,
motor vehicles and business acrivitieé Bv townb are meant places
such-as Ambalangoda, Pelmadulla Kepalle etc and not maJor cities

such as Colombo, Galle; Jaffna.

‘Many of the ‘transport problems facing these towns are similar,
while spec1a1 local problems also exist. It is necessary in the medium

term to ‘have a transport _management plan for each town. This is not as

 difficult or expens1ve as it may sgem at first if technical guidelines

can be g1ven to local _governments and sufficient funding is available
to hire an energet1c, local graduate qualified in a subject such as
Geography or Econom1cs." They could eas11y be given a short course in

,x
Transport Management for small ;towns in Sri Lanka.

--Some.: of+ the - groups whose ¢oncerns should be considered in the trans-
group |

portation management plan are :

(i) - pedestrians (includes séheol‘children).
(ii) cyclists -
(iii) motor vehicles (includes buses) that are on local trips
(iv) motor vehicles- that are onm long distance trips that
make a stop in the town '
-(v)©  *motor vehicles by-passing the town .
(vi) Carts ' '
(vii) veﬁicles loading and unloading goods and passengers
(viii) local business

“(ix) local residents

Further, (i) the locatlon of major tr1p generators (eg. shopping
street, rest—house main bus etat;on, petrol;shed)
«'(ii) the etreet network '
f({fi)ﬁlgeai:peak periods, are among the factors that should

also be considered.

Some of the steps that can be takén to organize travel in an effi-
cient manner have already béen mentioned in sections 2 to 3.2 and some

others are given overleaf.



Parking fees should be charged and the income spent on transpor-

tation improvements. Variable parking fees for peak/off peak, on

. street/off street, weekday/weekend and so on §hould be used to regulate .

traffic. Some towns, eg. Bandarawela, already collect a fixed parking

_'fee.. Bicycle parking stands should be provided free on side streets.

The options are limited in towns in wﬁich the intercity highway
is the onl& street.. On-street parking of vehicles and stopping of
buses, goods vehicles may have to be totally curtailed during peak
periqu and off-street space provided instead. If two-lanes are
éyailéblé for moving vehicles, sidewalks could be widened #o cater to
the very heavy pedestrian traffic. ‘Initially;'ﬁ#paﬁéd'bht'stabilized
back-lanes could be provided if space i.e.; available :fo_xz the vehicles ‘
.which have to loadeﬁlbaHEgaaﬂsfifin;fbéwléﬁé”fé;m,;apbthg;:street
could be constructed. IR I

PR ocebhy o
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‘A two. street town' can be' managed quite:well and.several options
. Y

are available as shown in Table 1. y >
: . oL o - w“
Option ' Street A .. - -Street B 1. Example
A Pedestrians only; street | 2-way traffic, 2 -
- end parking.... . 4 parking lanes, 2
S ' o |,.smalkl gidewalks:
B One-way traffic (1 or -"dn"e-wa‘&' ‘traffic (1 or 2 ? ‘
2 lanes¥*), 1 or 2 lanes*) 1 or 2
parking lanes¥, 2 . | parking lanes¥®,  2'
sidewalks' sidewalks
‘C .i—Qay traffic, 2 park- 2-way "by: pass" Weligama
ing lanes, 2 sidewalks traffic, 2 parking
SRS lanés¥*, 2 small
sidewalks
D 2-way traffic, 2 park- | .1l-way. traffic,«. ! 7Bandara-
ing lanes, 2 sidewalks 1 parking lane, . . wela 2 )
C oy - | 2'sidewalks. =
Table 1 -,

*depending on the availabilify of space.




Option A clearly favours the pedestrians. It should be tried
out, at least on a trial basis, in a few towns. Option B vanishes
head-on conflicts. Option C favours heavy through traffic. However,
care must be taken to prevent encroachment of shanty dwellers if a
new by-pass is constructed. Option D favours a particular direction
unless the one-way street is reversible. The management of a rever-
sible street, while not impossible, is a difficult matter, and should

be considered carefully before implementation.

One problem with limiting parking to one-lane is that of the
loading and unloading of goods. Back streets should be used whenever
possible. In their absence, particular time periods could be
suggested for loading/unloading. Parking lanes could be for parallel
parking or for angle parking if space is available. Clearly, it is

easier to teach angle parking to drivers.

5. LONG TERM PROPOSALS

By the year 2000, we should be in possession of a high capacity,
. safe, intercity highway system connecting major cities; a fleet of
. safe vehicle; a properly trained population of owner-drivers as well

as professional drivers and a disciplined population of road users.

5.1 High capacity highways

"It7is most likely that outs1du of metropolltan areas, 2 lane
h1ghways will be sufficient for 1nterc;ty travel in the future. This
is based on the assumption that high costs will restrict the owner-

ship and use of private automebiles.

. Some . rough calculations (Appendix III) indicate that for the
present mix of trafflc, the da11y two-way traffic in urban dreas
shotld remain below 16,500 for 2 lane highways to be sufficient. Thus
if we assume for example, that traffic will double by the year 2000,
towns with current daily traffic of 8,250 ur more should be candi-
dates for an extra lanes in each direction. Since this is difficult
to provide along the present right of way because of ribbon develop-
ment, 2-lane by-péssés will be necessary in many cases so that the
existing road will,peride 2-lanes and the by-pass will provide

2 lanes.

<
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For the pxeveut mix of rural tr;ffiﬁ. tht.xﬁxlmﬁm daily two-way

traffic on a 2-lane 1oad is sboun i.; ,0 (Ap e1d1x ;II) Thls volume

level “is unlikely to e weached .t sac 30., unlprs present

traffic i5 inclresied Dj fac'>“'_'f'ﬁ"£¢'4. Consequentlv the cons-

R Y

truct1on of new & lang hlpﬁwav, w*** eq, ~mcd a.s advoca*ed by some

. 3 L
.,L!. v‘ N
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It is however likely that the Mo‘ltuwa-Kalu_a*a section of A2,
the Colombo-Ambepussa§éction of Al, the Colombo~Katunayake section of

A3 and the Colombo-Homagama section A% will need 4 lanes by the year

'2000 'to cater ‘to thé“lccal'énd intercity traffic.

. All main intercity -highways -outside towns should be widened to

a.minimum width. of 8 meters. ‘This width is lsuffiéiénftfor two lorries,

buses or con*alner trucks *ravelllﬂg \n oppos1te d1rect10ns _to pass

without reducing specd (Fig. 3a).

_ Séctions of road which .are regularly.used by cyclists .should be

e,

. further widened by 2m on either side. and. clearly-demarcated to provide

.safe transportation for load.carrying cyglists.and to-retain the capa-

city of the highway for motor traffic (Fig. 3b). This is essential

since .bicycle traffic is :likely to increasé in the future.

.~ Al .to -2 meter wide gravel or grass shoiilder shduld be provided

for pedestrians (Fig. 3a, b).- In sactions with heavy pedestrian

traffic a raised sidewalk of 1 to 2 r width should be’ prov1ded on both

\ sides (Flg 4e). Co [T

1533 LA

Bus—bgys shgglq.bgﬁp;ovided at all bus stops to keep two clear
lanes open for traffic. , Passing lan2s should:be provided as indicated

in suB-secﬁion 3.2.1.

Only highways with the above chc-acteristics .could in my

opinion be concidered class A%,

Other intercity highways should be widened to 7 meters to allow an

automobile and a bus travelling in opposite directions to pass without

reducing speed. In this case a centes line cannot be indicated.

-
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Sections where class A* road width as indicated above cannot be

. provided should be by-passed with new’ roads.

In cértain cases such as fhe Panadura fo Galle section of A-1 it
may be that several by-pass sect1onq have to be built. In such cases
careful! cons1deratlon should bc p1ven to the construc~1on of new toll
highways for the full length of the road. This is discuss:d further

in the next section.

. 5.2 'Safé vehicles

The proposals g1ven undey. the short and medium term headings
should result in a safe vehicle mix by, the year.2000 if not carlier.
Safety systums wh1ch are developed .in the future should be required
on' vehlcles 1mportud to Sri Lanka wherc appropriate and economical.

5.3 “Trained orivers_., e e

As ‘above, thé'propoéaié given earlier should result in a trained
pool of dfivers. Further, incentives should be given to driver
tralnlng centres to prov1d; an overall training including lectures

on defensive dr1v1ng as well as practical driving in modern véhicles.

5.4 Disciplineéhroéd users

Only a few of the technical solutions proposed above will be
useful, unless our road using public practices self discipline. This

-is the main problem with respect to road safety. ; .

It will clearly be benefioiol to teach road manners for pedes-
trians and cyclists to children in lowef grades and to give the
fundamentals of defensive drivinp to young people in the higher grades

.of school.. However,, proper d1sc1p11ned use of the- highways., by
:.‘pedestriang; cyclists’ and motorLQts will come only if. .Qur general
concern-fo? others and our self d1sc1p11ne 1ncrcased unbiquitously
in .all’ aSpec ‘s of life. Th1s is really a matter for political
re11g1ous and educational leaders to s2t an example in, and to treat

at a broad national level.



6. NEW HIGHWAYS

The urban Sri Lankan's desire to own-z motor vehicle (auto or
motocycle) is well known. This is partly due to the fact that any
* jourmey within the country can be accomplished door to door by auto or
notorcycle in one-day This is not true for many.countries.' The rising
_price of fuel has .not dampened this desire except perhaps in encourag-

ing the purchase of motor cycles in preference to automobiles.

S, "lu el 4 LT
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Various scenarios can be set forth regarding the future of trans-
portation in Sri Lanka. I be11evc that most Such ‘scenarios have to

N

include the following:

(i):-. The ‘real: price.of gasoline will increaae:
(ii) Vahicles will be more fuel eff1c1ent '
(iii) The desire to own a private vehlcle W111 not d1m1n1sh.

We should also keep in mind that all the 1ndnstr1a11y ‘advanced
z.As1an countrles ‘such "as Ta1wan Japan, South Korea have highly connected
modern road networks h1gh auto ownetrship'as well as-coordinated rail

~and bus transport systems. = ° weoeinla Ty

Our future probably lies in having a good rail network for long

distance travel and a coordinated bus system to prov1de door to door

’“h,sérvicélﬁ Howeverl it .is difficult to see a future without ‘a good high

_capacity road network for’ bus "truck “and-avto-transport -specially since

our rallway network is limited. = = . <o C e e

. 1
e .
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If a high capital coést electrified rail:.network:iis to:be.our
future, then it is difficult to justify the construction of new inter-
city highways. However, the scenarig of _battery powered eleccrlc—cars
and"bg$%§>which can be charged by A. C plug-in supply dur1ng the night
or-while parked ﬂannot be neglected 'Instead of p ‘trol stations one
can envision . battcry exchange stat1ons vcry “much 11ke the 'tatural -gas
cylinder -exchange statlonea ~However, the batter1es cbuld’ be: recharged

. at the station 1tse1f It ist llkelu thatfrmost one way intdrcity- trips
- in Sri Lanka w111 be manageable w1thout changlng batteries.

:(j:
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Thus it is premature to rule out ravel by such vehicles even if

*

our future energy supply is to be hydro~power based.

Consequently, I believe that the planning, initial design and
right-of-way acquisition for neﬁ 2-lane highways between Colombo and
Galle, Ratnapura, Kandy, Kurunegala and Chilaw should beg1n since
acquisition is a time consuming matter and people ‘should be given the
max1mum.poss1ble.not1ce. Whether cqgstruct1on should begin and when

‘could be decided at a'lcccr déte, perhaps in 1990.

6.1 Economic justification

_ Each highway has’ to bé?juatiiﬁéa-écchoﬁicallyi Because of the
. h1gh expend1ture mvolved an or1g1n . destination related toll will
‘have ‘to  be charged for us1ng the h1ghway _However, it should be
‘nbted that the traff1c flow w111 decrease with increased tolls.
L Consequently the toll haa to bc chosen carefully Further, the toll
' should dépend on the veh1c1e type (not per person) to encourage high
occupancy veh1c1es. .;n add1n$ up the benefits, the increased safety
A ot resultzng 1n a reducedm}css of 11fe, injuries and property damage;
il the increased’ ‘economié activity and employment during and after
construction; the savings in fuel and time; increased civil defence,

should be considered.

6.2 Environmental impacc

P ' voof, I I I B
e LR A .

vy A major h1ghway necessar11y 1mpacts on the env1ronment The

noise factor:‘and air pollution should be cons1dered in locating the
highway. The fauna and flora should be protected where necessary by
route deviations and special efforts should be made not to block
traditional migratory paths of animals. This issue will surface
i spec1ally if the h1ghways are extended further inland. Further,
.~ .. sites:of archeolog1cal 1nterest should be sk1rted by the highway

"‘routes.



6.3 Routes

Several routings should be explored with the aid of existing
aerial photos. All towns should. be bypassed, and connectors built to

‘major towus.

6.4 'Highwa§ geometry and pavement design

. While keeplng with geometric standards of the h1ghways high, they
ashould be designed for a max1mum speed: of "about ‘80 km ‘/h. and a
. recommended speed of about 65 km, /h. .. This will’ ensure the optimum use
_ of .anergy.* The* h1ghways should be grade séparatec W1th “limited inter-
~changes. Our h1ghwa} pa;ements are notorius fot Ia111ng ‘and giving
rise to pot-holes. Thus, “the pavement design, necessar11y of asphaltic

concrete (not cement concrete) for econpm;e rtdégna‘*hould be given

special attention.

P TS KoL

6.4 Roadéide:developmentzw

TN

No Ribbon develppmept should:be allowéd. In1t1a11y, no develop-
ment should be allowed even at iﬁtcrdhaﬁées to sh1eld the existing

bus1ness in towns that wnll be skirted by the hlghways
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.Scarce:- resources have to be ut111zed for: all’ nro;ects and this one

'1s_no exceptioh. However, 1t is apparant that: relat1ve1y m11or public

expenditure will result in the short-term. The med1um-term.proposa1s
some of which involve land acquisition, .aad one“whiéhfﬁEQuiree'the large
scale testing of drivers will be more expensive to the public purse. In
general, the fundlng of puhllc sector transportatlen!act1v1t1es should be
- examined in the 11ght of the . fact .that transportat*on as w1th housing

‘and- educatlon, 1s a ba51c right -of -4 freg" people and that these services

. cannot always turn a d1rect _mongtary profit’ It 1s obv1ous that even

the ba81c malntenance of highways:is: beverly underfunded at present.
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Earmarxlng of portlons of:. funds, ‘taxed from prfrate passenger and

goods - transport serv1ces, and of funds collected from licensing of
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vehicles, traffic fines and parking fees for use in public sector
transportation activities should be seriously considered.
i
Construction of new highways is clcarly capital intensive and

will invariably entail foreign aid.

One can envision the Dawson Highway to Kandy with British aid,
the highway to the historic Dutch fort in Galle with Dutch aid and
the Fa-Hien hlghway to Ch11aw (which may eventually be extended to

"Anuradhapura), in memory of - thc famous p11gr1m with Chinese a1d

[AW

'y ﬂarco-Polo h1ghway to Ratnapura with italian’ A1d is not beyond the

i PECI

realms of possibility-.
-~ The techn1ca1 know-how for p1ann1ng and des1gn1hg the highway
projects is available in Sri Lanka.. 1. am conf1dent of the ability

—of our eng1neers and planners to handle the projects, with minimal

' fore1gn help, if proper fac111t1es are madé ‘available to them and if

all specialized human resources available in Sri Lanka, in the public

and private sectors and the universities, are utilized.

R

8. CONCLUDING REMARKS

It is obvious that a safe and adéquate highway system can be
accomplished only by the cooperative endea§purs of many public sector
agencies, private companies and the general public.

Clearly, some of. the suggestions given here are not totally new
or unknown. What has been done, however, ig to present a comprehen-
sive set of propq§§1§ dealing with all the three aspects: rights-of-way

vehicles and road users, during the short, medium and long term.

Further, the suggestions made here arc not in any sense rigid.

. The intention is to set them down in writing to enable a healthy

discussion to take place at the Sri Lanka Transportation Forum and

elsewhere.
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“ Avissawella::(Colombo), .. Nuwara Eliya

.., Kandy-Jaffna

" APPENDIX
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. Colombo-Kandy

Colombo-Wellawaya
Peliyagoda (Colombo) - Puttalam
Colombo-Batticaloa

Peradeniya (Kandy) - Chenkaladi (Batticaloa)

Ambepussa (Colombo) - Trincomalee

.....

'PgﬁaduraiRatnaphfa"

TTTI i

:Ratugaﬁtotaiﬁﬁandy):7ﬁPut;§}a@_

MaradéﬁﬁaaéWéfa-VaIéiéhéhénai (Batticalga)
Puttalam-Trincomalee
Anuradhapura-Galkulama
Talaimannar-Medawachchiya
Trincomalee-Batticaloa

Dickwella-Haldummulla

Madampe-Galle

Pelmadulla (Colombo) ~ Nonagama
Jaffna~Kankesanturai
Anuradhapura-Rambewa

Trikkandimadu~Valaichchenai
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INTERNATIONAL ROAD SIGN SYSTEM

As addoptect by e Iriese gt Hog Do, o

Warning signs

AN S

3
é-‘:ﬂ;m wiud RLTESR ./J\ ér LY N J U dmeenus by o hond
i a o N i . 2. Danreraus be . bk hnar!
) 3. Seoes descrnt Of o atl gans
O iLU3 CRsCRm
A Carnagte, gy narrow:.

o>

h. Carnagev.ay narrow .
Svang bridgn .
Haoad jeads on 1o quiy o ey
Yank
7a. Uneven road: Bad condition
. Untwen road: hump boelge o
riciqe:
7c. Uneven read: dhp
4. Shpperyoad
9  Lnose gravel
10, Falling iochs
1. Pedestrian crossing
12, Childrn
13. Cychists
14, Amimals crossing
15, Road Works
16, Light Signals
17, Aartieclid
18, Cross Wind
19, Twe-way trailic
20. Othar Dangers

o v

18 18 2u 2 . 21, Approach 1o interseolion:
* T e genera priovity rule
/h ;. 22.  Approgch o intersectinn
£ % j . . 23. Approach o mlersertnn side
EraaN PA ¥ ,(@I o
/ &)X & m . 24 Appoich to imersection: men)
AL - e - ¢ ny trafhe
4 o 25  Approach to intersechon, 1ouna-
about
-~ . 25, Level crossingt with gates or
- o~ slagqered haif gales
:\~/? Ay 27, Lavel crossing: withoutjatus
Gw":b L/" 28, imersection with ramw ay hine
U] “l-h 29, Count-down posis
- 30u. Location  of level  crossing

wihout gale or harries; one track

30b. Location of ievel crossmng
without gale or barnier al leas{
twa Hachs

2h, T,

ol International Bowd Stens continued (o eext puage
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A
Regulatory signs
31. Give\Jay
3 32. Stnp
33. Noenty - .
.+ Closed to all vehicles in both ! ; a
. directions '

35. No entry for any power-driven * . i M 5
vehicle axcept two-wheeled M * SR — X
motorcycles without side cars .

35.  No entry for motorcycles £10

.37.  Noentry for cycles v * - '“éé N é@ N E’-w

.38.  No entry lor moperis
39.  Noentry for goods vehicies 2 T on ae " 1w

40 No entry for any power-griven e
vehicle drawing a trailer other

than a scrni-trailer or a single { "oy, e U Tt ).
© axle trailer / A : ‘ '
a. ' * g e d w %

No entry for pedestrians \ p \ . .
42. No entry for animaldrawn - . .o’ . . : “
vehicles i e S
‘ No entry tor handcarts :
No entry for power-driven = Fasign e . <
agricuityral vehicles !"(CD E é’“ N . : @ . ’2 4 ’ 3 5m
45. No entry for vehicles carrying F L ; oy oty 8 m .
mare than a cerlain amount of e Ya ! . -
explosives or readily in- " ¥ 5 » 50

tiammable substances - -
46. No entry for vahicles carryin - '

mobre than aI cg'rlain quanlity o . i .

substances liable 1o cause water { 'y ;
a pollution ‘u' 5T K &:H | e N . Y
47. No entry fcr power-driven vehi- B i .

cles . o
48, No entry for power-driven vehi-

cles or animal-drawn vehicles : - -
49, No entry for vehicles having an A O C = i .
® overall width exceeding. . meters 6 "" : ) r\ - - 50 ‘
50. No entry for vehicles having an W o, '

overall height exceeding ... : o4 i o
| meters e e e e
51. No entry tor vehicles exceeding o . . ~

.. .lons laden weight P e R i / \ Lo
52. No entry for vehicles having a LAY . l ;0 ! : el

weight exceeding. . .tons on one , S -

axle . - e - ) - .
53. No entry for vehicies or com- s s e

nation of vehicles ex-

=
©
a
=2
=
21
1

WWteding. . .meters in length RN
£4, "Driving ot vehicles less {om ;o R
than, . .meters apart prohibited (.Q & RN
§5. Noleltturn L 2
, 96. Noright tumn ' 85 6 . o W

| 57. NoU-tuens
3. Overtaking prohibited
| 53. Overlaking prohibited by goods

vehicles
60. Maximum speed limited to the
tigure indicated
€1. Use of audible warning devices
prohibited .
62. Passing withoul . stopping
@ prohibited 65. Endol prohibition of overtaking  69. Alernaie parking: prohibited on
€2a, Priority for oncoming traflic 66. Parking prohibited even number dates
63 End of all loca! prohibitions im- 67. Standing and parking prohibited  70-  Limited duration parking 2one
posed on moving vehicles 68. Ahernate parking: prohibited on  71. Exit from the limniled duration
£4. End ol speed fimit odd number dates - parking zone

e Internatio: al Roud Sign.
[ b e et s ot irn 4o 4 9 e Yooy mlan maras 4 AT, PUP . . . . . .
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Urban Traffic

Based on the first line of data for each Route given in Table

10 of reference (6), which are representative of urban traffic, the

APPENDIX IIT

urban traffic mix for Sri Lanka is

We shall assume. that. the hourly capacity of a two-lane road for

Vehicle Type (i)

Percentage (Pi)

Automobiles.
Buses

Heavy Lorries
Light Lorries
Motor Cycles

49%
187
17%
6%
10%

Table I Urban Traffic Mix

various vehicles is as follows:

]

Then the hourly capacity in motor vehicles per hour for the

Vehicle Type (i) |

Capacity (Ci)

.Automobiles

Motor Cycles

Buses and Heavy
Lorries

Light_Lorries

2000

4000

800
1600

Table 2 Capacities:

above mix of vehicles is [ Ci Pi/100

=.1756




We shall take the capaéity to be 1750 vehicles per hour.
~ For urban traffic, the 30th highest hourly volume to ADT ratio
is 0.106 [reference (3)}. Therefore the limiting ADT for urban two-way

traffic_on a two-lame facility is 1756/0.106 = 16,500,

Rural Traffic

: Based'onstﬁé'IBWQSt;flow.data'line for edch route given in Table 10
. . R O . . . .
of reference (6), which are representative of rural traffic, the rural
traffic mix for Sri Lanka is .

Vehicle Type (i). | Petcentage (Pi)

Automobiles - 417%
Buses o L 19%
.HéEQy'Léfriés;' . 29
{ Light Lorries . 6% .
Mofor Cycles - > SR

. Table ~3-- Rural Traffic Mix
Calcilating as before, the capacity is 1450 vehicles per hour.

;For rural traffic, the 30th highest- hourly volume to ADT ratio is
0.136 [Reference (3)}.

Theteforé the limiting ADT fof‘fufai.tﬁo—way traffic on a two-lane
road is 1450/0.136 = 11,000.

The above calculations are very rough and based partly on certain
‘U.S. data and on thé assumption that the traffic mix remains unchanged.

The Table 2 Capacities are approximate estimates. ' -




Zone (1) - One way no passing

Zone (11) - Two way no passing.

® Location of no paSsing sign

PASSING LANE
EIG, 2
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CO—DﬂDINATIDN? INTEGRATION AND PROXIMATE INTERCHANGE
FACILITIES IN PUBLIC PASSENGER TRANSPORT

by
J. Diandas

1. INTRODUCTION

5¢1 Operators of buses or trains see posssngers as

demanding gervice at the points where they presont them-
selves, and rarely examine where or how far away ore the
real points of origin and whether paaséngers are in foct

inﬁerchongaes from some other bus or train.

1.2 Thia limited understanding of demand has cften led to
curing symptoms rothar thnn causas, For exomple a problem
of unmanageable queues at Kosgashandzye up to cbout 1963
wos always mat by increaaing the number of buses plying
from that point to Boreile and Bambalapitlya, whereaa the
later cure of running buses directly from the Negombo Road
to Buaeline Road and Borelln eliminated the problem
altogether,_or at least_tronsferped it alsewhere.

153 Regrettably the prnblem of interchange inconveniencé
hes beon ignored more by planners and higher decision—
makers than by operators, so that conditions have become
worse rather than better over the last decade or so' as for
example at Town Hall, Colombo, where walking distance has
increased os interchanging bus-stops have become very

faraway from sach cther,.

1.4 The purpose of this paper is to oxemine the problem
of interchange end to illustrate it by reference to the

current state~of-ths-art in Colombo,



CO-ORDINATION - INTEGRATION AND PROXIMATE INTERCHANGE FACILITIES
IN ‘PUBLIC PASSENCGER TRANSPORT °

S gy

7 : ABSTRACT

.\\h

,ﬂ,eimple journey bxzogbiic.tronsport involves walking
from point of origin to the bue'or trein stop, waiting,
riding the bus or train, and malklng eguin to the final
deetinotion. Many journeye are. not s0 eimple. nt, leost one..
interchonge is often neceeeary betmeon bus and bus, bus end

" train or troin and troin° Inconvenience in interchange
arises frdm the acte ef alighting and bcarding end is
enhanced by temporal and spatial unproximity. The incon—

e venience cen be leeeened by greeter complexity of route
net-uorke to give more direct Jorneys and ‘80 avoid some
interchenge. This has advantages and disadvantogee. .

R . Alleviotion of the inconvenlence can -aleo be achieved by
echedule co-ordination or cloee epatial placement of etops .
and by comfort focilitiee such as covered connectione. Nony
planners ond operetore ignore the p*rblem of interchenge.;l
Improvement can come by eurveye, syetemetic opproach, and "

persistently dreming attention to the problem,
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2. The'whole journey
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2, THE WHOLE JOURNEY USING PUBLIC TRANSPORT

2.1 A.journey using public transport rarely sterts at the
Eus-stop or station, Some walking is needed from point of
origin such ‘as home, or workplace; or school, or market, to

the place where buses or trains stop.

2,2 Hoving walked to the etopplng ploca, the patron must
next moit until an eppropriate bus or troin orrivee, or "

until'such e vehicle arrives with room to accommodate him,

ul—l:-

,243 Third stage in the whole Journey is the octuol ride e

froi boording point to alightlng point. From the operotor 8
viowpoint this is ofteh thought to bo the trip or journey
becouee operation effort 1s spent only on, thle pgrt of the
mhole Journey. Unfortunotely mohy plonnors and_ decieion:
makors also think likewise. )

10 et -

2.4 After olighting comes the fourth and final port of the
eimpieet of journeys inUOIV1ng publlc transport, namely ..
wolking from the alighting point_to the final destingtiop.

2,5 Howsverbmany pub;gg tronsport Journsyse arg.not 89...
simple, hecuuee they inuolve two or morc rides. In the, cpse

of two rides the journey sequenco is -

.1 wolk from origin to tronsit stup | -
. 2 weit for troneit vehiclo _
:,3 ride from boarding stop to 1nterchonge stop and
" alight S
«4 wolk to stop for next tronsit uehlcle o
.5 woit for transit vehiclo
«6 ride from interchange stop to olightlng etop and
alight

«7 walk to Pinal destination

2,6 The purpose of this paper is to discuss the avoidanco
of interchange, or where it is impossible or undesirable
to avoid it, the amelioration of the disadvantags ceused

by interchangs.

IO EY S R * A
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'AVOIDANCE OF INTERCHANGE

3:1 The original bus route eQetem in‘tolombo 'o?orewf
”atiUnUliﬁﬂtion was @ besic rediol or uheelepoke systam,

Nearly all .buses rop. from a euburbon point to tho contre,'
which was, either Fort or Petteh. Juet e feq routes linked

the epokes of the wheel in circumferentiol pottern.'

- F

,-‘.-.. ::, .
e : - f

3.2 Under thie eyetem any Journey across to c1ty heeded B

interchengg,. ond nny Journey beginning on or noer one

Seas

radiol lipe-and. ending on another, needed one or tuo

interchanges... . ...,

EAE AR

3.3 Howsver the constraints of tho system also constrained™

choices. of: residence and workploce, ond in simpler dnye of

one earning mamber per femily interchange woe to somei
extont limited by these conetrainte. "In other words

.
.

. .
s ,'l:.;‘ i

families selected their reeidence to enable eimple journeye Ll

to work and thereefter ohoee echoole, shopping plooee etc

PR

VoA,

to suit. the chosen rodiel route.

R B O

3.4 During 1958 to 1970 three eignificont developmente-‘

occurred

«1 bus roytee were linked, merged, diverged etc ‘to
form o eyetemotic complex network, one aim of

which was to minimise interchenge

PRT Y

.

" 42 uork places epreod out from Fort end Pettah to all

.« the inner surburbe
3 more families became duol or multiple earner’

fomilies.

'a

et



348 Nulti-eerner femilies arose partly from econemic need,
pertly from female emcncipotion (uivcs and doughters go out
to wcrk) and portly from deloyed marriage and child—beoring
itself occesioned by economic constraints. it this ‘conneci:. n
tion it is interesting thot mul+i—earncr Pemilids defeat -

the ideals of simplistic physicel plenners (fron Ebenezer R

......

close proximity in order, emong other things, to oveid or “
minimise the need to'trevel, one of thoe 'so cellnd nop= -
tronsport solutions to tronsport problems. Rorely do ‘tho
soveral earners in one family obtein, or evén saok to ¢
obtein employment in the same locotion. Hence they have
seperete travel needs ot point of—origin. B R
T SR el i _ » ,
3.9 The obJectives of bus—route plonning hero, 'ag ™ f
elsauwhers, are multiple, ond include improving produc— T
tivity ef the eaonomic imputs to transport (vehicles, ways,
morkere), rsducing the cost of providing transport,
increosing ond evening out ‘the revenus to Bo obtaifod from
poseengers as uell os improving the convenisnce Por*
psessngers. Howevsr most of thess objectives run togethery
8o thet evoiding the terminel turn-round of buses in Fort
or Pettoh, simulteneously increases productivity of buses
and creus, unburdens some roadmoy cdngestion in tho centre,
reduces the cost of opereticn, ‘induces some high-rovenua "
pessenger journeys, and improves the lot of scme passengsrs
who would otheruiee heve to intsrchenge buses ot fort or
Pettoh. ' _' T ‘ ST



5.5 In most big cities bus~-route development is both a
stimulant to workplace~spread and multi-sarner families,
and the result of demand-pressures arising from workplace-.
spread and multi-earner families., But in Colombo it so
‘happens that bus~route development wos c CTB initiative
"'1aunched by a group of thinkers including Messrs Edward de
Saram, RE Fernendo and M,Y.M. Racof (this writor wes
privilegad to be among them) who wero influenced by bus
route patterns found :abroad in cities liko: Shaffleld, Lyon,

N

Zurich, Essen,.Toronte and Londong:™ = -

3,6 Workplace~spread -pnd multi-sarner families would-have

developed in any casse, -but:-the planned bus-routo development

which was implementad in.Colombo from 1958 onwards, and’ more* - -

vigorously .from 1963-1970, undoubtedly stimulated and - E

-

encouraged, these other developments. :- - - el
3.7 Typically, the Petroleum Corperation was one of the
first to estabilshed.itself .in-Bolle Road Kollupitiya,
Subsequently large government -gorporation- offices~have-
spread down the Galls Road as far-as Wellawntte (Cement),

in Gregory's Road (Textiles and Land Reform) ot Narnhenpita
and Kotahena, and many other places, An immediate
consequence. of shch“workplcce shifting, is thoe need for some
workers at these: establishments to travel aocross the fdce of

Colombp. to places between guarter mile end two or three’

miles beyond.ths. centre, Bus-routes like 132 (Keragampitiys
~Mawaramandiya): and- 195 (Nugagode—ﬂutuwella) helped ‘thém to i

do this . P AT Y B

K
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3 11 Others which also- gbnnect fer sides of the city, but
avoid the Fort-Pettah centra by using circumfetential roads
1ike Dharmapala-Sangaraja, or Bullers—Baseline, include the
follouing,,most of whieh gre still intact s~

104 Bambalnpitiya - Uattala - Katunayaka
154 .Dehiuale = Kiribathgoda
1§§m;8atmalana Mattakkuliya
193 . Dehiwele ~ Kadawate
...-f198 Milegiri:- Rogame
o 195 Nugegodé -~ Mettakkuliya
176 Dahiwbla - Hattiamatta o .
178 Narahenpita - Mattakkuliya T .-
167 Dehiuald - fotdldnge '
131 -Kohuwala -~ Kolonnauwa

135 Nugegoda - Kelaniya

3,12 1In addition to these, o number of linked circum-
ferentiel routes starting at.coasb—lina_nailwuy—etatinna,
uere de\albpad. Theea includa $-

140 Kollupitiya - WGllumpitiya e
" 475" Kollupitlya - IDH - Kohilawatte L
179 Bambolapitiya - Angoda .
) N
3,13 The net effect of these route developments hos been
that meny people who would have had to iAté¥change buses
onhe or more timss during their jburﬁéy} cen now enjoy a
direct bus ride. In fact such long routs eé 132’ (Keregam—
pitiya - Maweramandiye) are multi-purpdseful 1n thst they
provide fecilities for many differeﬁt"ﬁbﬁfhey't?ﬁﬁa,Léﬁort
or long, at diffarant times of day, very few of” uhich, if

canrp s s el

any, comprise a terminue~to terminus *ride, ™



“3.10 Typical of #he throuch {vlec called orose-city or
linked) bus sarvicas which traverse Fort and Pettah "

introduced after nationax~sa+¢on in 1958 are the following,

(somg of, whiqh have cherﬁum

101

103
105

S 106
,/' 107

S 11
‘ 112
116
132
133
134

137’
138_.

480
166

168
170"

173
177
.87

/a0

109,

.- Nugegoda ~ Kotie ~

1nce) "
- Lunowe’ = Je-Eia . i, . L
Galkised ~ Kotoby ra . |
Narehenpita - Kotahera )

)
/"’

Attidiyo -~ Kotahano , i
Galkissa - Ustta'a Chiee oy
Maharagame - El’eiﬁﬂda '""ﬁ” -~ W{p?jm:m L
Kohuwela - Wettala e EMREECES
Narehenpite ~ Bol~agala qmi. R .

Maharagama - Kudunoio

- ;’

piliyandala - ngt.sakku.‘ iya e Lad
Karagampitiya - ﬂawaramandiya:':“"“1“ﬂrw g
Panadure - Kolonruma R e

- * k] .J' . H

Panadure -~ Angoda .
Wellewatte (Vihara Laéé)'— Je-Ela’ -
Homagama - Kadawata o
Battaramulla - Mﬂutukkuliyﬂ-::_; )

F R R TR
o )

‘.

Angoda -~ Nattakkql1ya _
.\Ouﬂher{ﬂ::. A ‘ oo ‘ e

hthurugiriya,- Mattakkuliya - . - s o -

Narahenpita - Totélange = - ~niz:-

Kaduwela ~ Mahawatta--- ~z;..3?; St

Moratuwa .~ Katunayaka

el wd teve . e o
; N,
]
o
.
. SO
v " !
\:
-~ i
. Ss, ]
-
P .
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iéﬁ"fheﬂfeufe-bf %Hefimbhbice"ﬁeéedae 1t ig elrgedy.full, . -

3,14 There are limits to interchenge avnidance by-foute
deVeIopment.zFor e%ampie people cannot always boaerd a bus
Such people boord eny bus in the desired directien and
chonge bus down the line. In. todey 9 context, .this may antoil

a bigger total fare.__

3 15 In planning terms, there ere limits to the number of..
placee which cen-bq eonnected by direct seruicea. Theee _
limigeh;nc;uqa = . T .

2. 1eT o -concdpt':that-bis-headiay on eny given routs
2 ‘should not b&” epareer thon ten minutes. .
(1.9. a frequency not’ Ieaa thdn 6 trips per
hour) _
YT a2 & coneept that the réute system os auch ehould
frrimld nat bé too cdfipiex (1,84’ 44 "Bhodld" be cognisabﬁeﬂ
" by Mmodt 4revelladl) This corcept would’ 1imit
.. the- number 0P routes ‘in a big city-to’ perhopa
‘80 br 90, giving @n edded advantoge thet all-
routa numbere could’ be expressed in< two—digit
numbere., - .
3 recognisation by syetemotic bus firme thot it
1s uneconomic to run amall vehicleaon thorough—
- fares mﬁere domand gan suppbrfahigh inteneity

aerviceagof larger vehicles.

Y e
"when

‘@

»
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3416+:1In the. context Qf this discussion; Colom&a dnjoys.
very good netuork .of bus ‘dervices, Uthar c1tios in Sri Lanko .
losg 40, Yet 1t "1¢ sufprising: thot. hany. hig citioa of the
world+have .failed to danlqp_sgeh natworke. For example such
:Qitieﬂﬂ@&;membodhgf”Caledtfﬁ;?Toﬁlauﬁe; ﬁiVmohtﬁ,ShéffiéId,' |
Athens, Denver, Bangkok, Bangalore, Rome etc héﬁb’ﬁ veary
large praportian of their purely local tram or bus services
terminqbﬁng at’ a: largelcantrnl station or plbce, whereas-*
othqps ceitiesy such ab Chicogo, LonH&h, Hyderabad, hdelalde,
Torino, Mileno: have most of thedr routa;crias-cr0391ng the
ity g0 syatomotic pottomn. .

3.17 The iéﬁégﬁ;fgx tﬁ;éﬁgivaiggqqe of practige; does not
oppear to be topographicel in most cosse, bui . ascidental
and- historical, aod is perpetunted;by..the fadlura.of,
tranapcrt Erofesaionals to, study hoy.thesa things are done
in other cities uith a vieu to‘gdoptlngﬂnndeadnpting the

beatppggpﬁiceg..,f L gy e

IS SR
« carrnFar .
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4+, <4e - MINIMISING THE,DISCOMFORT OF INTEREHANCE.

TR S CRIE IR LR S

4.1 ‘Whem:- friterchangeBénnot be cvoided by taking direct
journeys, it has to befendﬁréd."IntﬁfchbhdéJffgﬁif involves
a number of components or steps from the state of being
ssoted (or staonding) in the one trensit vehicle, to the
point of pbtaihing a place in the next transit vehicle,

R


file:///UHeTT..-

4.2

Theee.components,:or'stepa, comprise :-

. . Fo1

Fe2
Fo3
Fo.4
D.1
D 2-

"-"1‘.1

T.2
F.5
oy

R

'«.'F 7

4,3

4,4

F.8

getting up from the soot

moving towerds the exit

stepping down from vehicle to street ot platform
ascertoining whero the next vehicle mill stop
walking olong the footpoth towords that point
crossing the rood or Toads

wolking to the octuol stopping point

joining the queus o

woiting for the next hahicle

hoiling the next vehicle )

boarding “the vehicle'=..

purchoeing o ticket !

moving to a seot cr ploce.

"

These ccmponents cen be closified os arising from )

F the foct of interchonge Coe - 8
D the distance betueen vahicle stopping pointa = 3

T the time betuwsen orrivol ond. deperture at- the

total

interchange i 2

13

Of course time i® also involved in all the steps,

including those that involve distnnce. The time, or

temporol disedvanteges of intercherge ore discuesed in

Section’ 5, end the distonce (or spetiol) diaodvantoges in |
Section 6. ' '

ki

4.5 The eight componente erising purely from the fact of

interchenge, thet is those orieing from olighting ond

boarding, are moetly shared with all persone olighting

from and boarding bases, Yet obviously urbon buses are

much more involved with these problems end their design

should take account of them, -

@
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4.6 For sxomple, to facilitate alighting and boarding,

urban buses should have the'follouing featurss i~

«1 wide unclutteraed gangways or corridors

«2 oosily reached grebsrails along the genguay

«3 low floorboards

<4 .geperate exits and entrances

o5 .wido exits ond entrances

6 Bosy step heights |

o7 grab-rails on bqth:aidgs of s‘i;.rfps_,_._1 ) ' i

4,7 To enable interchongees to move quickly tcthéir next

stopplng ploce, clsar infcrmatinn systems would be helpful.
foga S

4.8 To enoble eosy hailing of the next bus, good route and

distlnotion indlcotlon is usaful ot front and pear. The ¢

rear indicetor would indicate to some interchangoss whether

or not to #un or quicken the paco if moving forwekd from

ons stop to the other, i -

R

4,9 Irrespective of the distéhéeibatween the stopping

places, it would obviously help of théere was o coverad

passage~way at least part of the distanco, like these

connecting the wards of the geﬁérél haospital,

5.. TEMPORAL DIS-ADVANTAGE OF INTERCHANGE

5.1_ Supposing a possengsr has to interchange froim bus or
train on to a bus service operating regularly at 10 minutes
intervaols, then the time loss would be at most Td + Tf
where :— |

Td is the time taken to cover the physical distance -

i

from one vehicle to the other DL

Tf 1s tha frequency of the ongoing'bus service .

Py

.,ji\' L 2 .
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5.2 Assuming randomnsss in arrivel of the bus ih which the

intarchungse arrivss in rslation to dspertura of ths ongoing
bus, ths averagb time 1oss will be Td + % Tf. . S '
5:3 Uaually uhen headwcys are 10 minutss or lmss, no

attempt is made by trohsport opsraﬁing pifms ot planners to

//6svstail schedulés of connscting routes. HoueVor in many

North Americd cibies with declining demend for public
transport, serViéss are timotdbled on the basis of near
aimultaneous arrirai of buses on ell routes in both

directlons at fockl points. Buses are’ than ‘held foriell . - M-
possible intsrdhuhgss ‘before: setting off towards: their: next
focal points. .+ nov oo . N S P

5:4 Many psrsons who have been concerned in the past with
rnil/bus"ihterchangs, havo used -the word. "co-ordinstion” .to - ,
definc the‘timetabling or holding-of busos ot .a rnilmux.
stations to .teke tretn arrivees;on.tp'tn@irrﬁurphqr.QBstino-
tions, and timetabling buses to arrive at the same statiqnw,"””
o fow minutes before train departure. This type of co-
ordination is primsriiy-suitedptouleng-distancs'trguel.and

to bue services operating-at headuways sparser thanm 10.-. . .-

AL

minutes, .
e e sy . - T . |

5.5 In urban situbtions with intense rsguldr—ihﬁaryul bus

sefvices, the time lost at. interchange is already- defind.

above 1n"para S’WﬂanHFS:ZﬁhThis'tims loss cen bs minimiseds~ : .

.1 by planners ensuring that service intervals ‘dte
kspt down to 10 minutes or less. '

o2 by opsrators ensuring regularity of snch service -

.3 by minimising the diatance betwsen intérchanging '

stops.
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5 6 1In current days in Colombe, privote operotore tond to

fill the gaps:between SLCTB eerv1cee, and. 8o fg r-non—sensoq:ng,

ticket holders . help to minimlse the time—lose at. inter~,
chenge. Thia might not be the .case if pr V"te cpereters

wero forced to usg, seperete bus—sque. L
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6.-< SPATIAL -DISADVANTAGE - OF. INTERCHANGE™ - ~
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.1 the distance as such between tHe two pointé

.2 the obstacles in the peth.between the two poiets.-

bt inconvenlences Ohtha wal,” = 8 L%
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6.2 Thddistance as suéh is soWotimes coused by phyaical

Poatites,” and’ dofetines by mere 1ﬁbk*BF:edneideretion of""’

the brdblem by plenners operators and* Uthera 1n charge of wlie

ok o

traffic. ™ ' i cs T

BheoL e st oEey e . set

6.3 An extreme example is Thunmulla Junetlon. Dn the’
sodth~bound stretch cf Reid Avenue between Thureten Roed

and the main junctlon, ‘theré used to be a commen bus-Stop -

: __ ------

for Buses plyfﬁ touhrds Havelock Pown-along.Havelock: ~

Road end towords Bembalapitiye almng ‘New:=Bullers8 Road..:
This*ibs a very pepular interchange ‘point with no distance -

at all betueen the stopping points. When highu;y engineers'

midened this stretch of cerrlngeway two decedes 290, there
should; have bean.more TCOM,,; -naot lose £oom.. fer bus—stOps,
but in point of. £act .. the;stops.ware. mqyed back 1n§o
Thurstan Road and Reid Avenue respectively -and fhe
corresponding bus—stops in Bullers Road,- New Bullers Road,
and Havolock Road were also shifted backwords owey from

the junction'on the obsolete thoorythat bus-stcps obstruct

-

ipemr,



junctions. The result is that bus interchenge does not takec
place at this junctioh any more, The problem has not gone
away aitogether. Whether looked at from the view-point of
traffic engineer, policeman, bus opsrator or bus passenger,
the problem has shifted itself to other locations including ¢
Town Hall and Jawatte Junction (out&ide' Irrigation )
Depurtmeﬁt). : : DT

6.4 hnother case is Moredona. Interchange from trein to bus
was_;mpoded for some by a pedeqtrion bridge enforcod by
barricades. ﬂhen forcing pedestrians cff the corrioguay did
not seem to cure the sympton, thers was a move to shift the
Forb;bound bus-stop into the tip of Deens Road, thus
increpsing.the distance from train and creating the need
for crossing: Oeans Road by interchangees betwoen say 140
pnd 103...

6,5 Towh Hall was a place where all busacs had stops just -
béfnre orriving at the roundecbout complexes,and just aftor
as woll with the.added advagntage. that the poir of stops’ for

‘¢

eoch,bus}gas trggtgd-qgna,gingle”fnra:stnge:.Hdmever, over
the yaqﬁqzsincp.JQTG, the stops have-bgen shifted 1little by"
little furthgﬁ oway from the, :junction, So-that:-imterchangses N
are contont}y'hqging to increase -their wolk-distance

betwesn staops,

6.6 Stil;.gnﬁther case. in Colombe: -is thst of interchange -
bétwaan.troin and bus at.the . Fort Railwoy Stationy' Bus— e
stops wers Judiciously placed on the pavemsnt’ebutting the -
statioﬁicgaépx,-so.that_alightees from tho train!éould

beard buses' to fbrt-uithogt~crqésing'any carriageway, This
stop, aftor .1970 has progressively shifted across one

carriagewey, then .another, and now does not exist,

4o
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6.7 Colombo fe not alond in thus making pub¥ic “tranpport
travel inconvenient. Milants Central Station-hos a’suberb
undorcoveflaondourse used by taxis,'but not buses di trams
which have their stops a little distonce away. -And ot a
brand new-Matro Station, N. Cologno, ot iR the suburbs,” -
cars and taxis dﬁd'érfiving'buSes have undefAEEﬁepy_stopping
Eloces, put doparting buses dre deliberatoly piacod oo wey

away.

6.8 On tha'othaf“hand 6any.Ddch and Danish rail -and motro
stations have bus-stops on the ‘ttain platform itself, and
Hannover ‘haé 'several coses wheré sven the doorways of buses
and trams get oligned across a narrow platform Tor easy
interchangs, Usually under covere :

6.9 Distaqgﬁ as such con be overcome by placing bus-stops

as close to junctions as physicolly possible, and by proper

arrangements of stops which are split for different groups
of routes, Distance con olso be olleviated by having

pedestrian crossings olso et the 1ip of the junction, -

6.10 Bridges" and under-passés do not mitigate distonces’
becauss they introduce an additienal verticel distance.
Generally people prefsr to spend time waiting for a gap in-

traffic than in climbing and descending stairs cr romps.

6.11 Of courss, in third world countries people who Use
public tranépoft ore used to being imposed upon. In'Kdmpale
for insteénce a lot of péople walk up to- 10 km tc wirk. In
general the concept thdt public trdnsport riders should get ~

gaity?ovér' other road=users ‘is unknowr in the third -

). Honce distance rdduction et bus intorchanges canriot
be expected., But there is need for same datd to bo geathered

and some research done,



6:12 What 1s the actual distaree involvad in tho important
cases? How many people intorchangs? How does their walking

obstruct the pavement or the carriagoway?

7. ATTITUDE OF PLANNER AND OPERATOR

-

7o1 There are very -few trensport planners cs su;h_ih Sri-
Ldnka, either in terms of tfaining or quelification, 6r in
terms of professicnal expenience, or aven_in terms of
functioning designation. The few whc are extent, are

naturally goncerned with interchange beceuse they agre

trelned to considst the whole journey from points of origin

to point of final destination, whether it be to or from

uoﬁk, or for education, ‘or business or shopping. or plensure,

nﬂr sociel whatever,

7.2 On the“other hand there are many ad-hac planners, .
those who meke or influence décisions. Those people look _
at symptoms and prescibe romediss with hardly any, diagnoaie.

7.3 Take for instetice: the highway engincers Gﬁo "Rlﬁnnedf
the huge space=cohsiiming complax. of big and smoll round-
abouts ot Thunmulle, Did they toko :bus~stops into account
ot all before entering upon ‘the layout for which they ex-
cercised designing but not :plonning brilliance.

7.4 Or toke the petple who built. the podestrian brldges.
Did they toke pre-observation of bus-stops, bus boardings
and alightings, pededtrian movemsnts, origins and desti— _'
nations, before deciding upon where, when and uhy to

locate their bridges?

"a



7.5 The problem is that most ad-hoc planners see the issues -
from their own eyes: To_moee thé Ward Place bus-stop Prom:
outside the Dental Institute towerds the junction of Norris
Canel Road i8 seen as a goin to oll carriagewny users et the
cost of a triviol extra walk for bus—~possengsrs, They dc not
know how far these bus travellers have already walked to °
reach “the Dental Instituts, nor how far they walked to oet
to thedr .original- bus, nor how far they will. walk to reach
their final destination.. On the other hand once they have
shifted the bus-etop, cars will -park in the vory spot out-
sids the Dental Inetitute, and the ed—hoc plonners will not _

even ses them; let.above perceive them as e problem,

7.5 “In:retent 9eére, largely bacause, troffic literetUre is

Lo

full of discussion, photographes and diagrems ebout bue

priorities, planners (both professional and ad—hoc) heve

bean inclined.tqg pay-1ip eeruice in general terms in Colombo__

to the needs of buses and their.Peeeengers. But whenever e 1
partieular ‘matter.comes ‘up thay: ;argue egeinet buses on T
"pratical grounds". It is a pity that they cannot be taken
to see the cantres of many cities:today where bueee or trams .
share shopping precincts with pedeetriane and where bue— '
stops “are-ot the*line of the jungtjoh.:ag.ajé*if“f . l

7.7 Until recently-bus cperators in Sri Lanke were in a’
sellers market. With notable exceptions moet opsrators took
passengers for granted and assumed that, they needed serv1ce
at the points where.they presentad themselves. Hom far they
walked ‘was of little ‘concern.,.The, operetap saemed heraesed B
by his own inability to: cope with demand, and Just a fou .
realised that better routing, better°bus—stop_plecement, o
and better interchange facilitiss might easen the'pfoblem

of supply.



7.8 But todaey's operstor is in a different quandary with
the public eector thoroughly demoralised by the collopse of
a systems approch to planning and operation ‘and the private

operstof elmost by definition incepable of taking o systéms’

approach. At Maradane on tho Police Station side, the SLCTB
mmﬁﬂxqccepts ‘the police ban on Borella busgs stopplng out-
eide the police station, leaving private operotors to stop
where they like to pick up tha -ex-train:passengers,"

7.9 The”railway operator in Sri Lanka is frankly uncon-
cerned, &nd has alubys been unconcerned, about where bus-

_stops lie in relation to railway stations.

7.10 The attitude of planners and operators ‘abroad is
mixed. Cities 1like Tordgye, Den Heag, Minchen, Manchester,

Bradford, Hannover, Paria etc develop and - fcster -the.

closest possible juxtoposition of train end bus.etops.uith'

,,“croaa-platform"'interchange the favoured..word. Yet other
cities are strengely neglectful of -this need,even in Rome
or Stuttgart, where all operators, rail, subway, tram end

_ bus present ‘arsingle federated face.to the public and 1ssue

oll-eystem tickets-for:isingle linked journsys:or ride-ot—

,will. .

8. CONCLUSIONS

B.%. As long- ago -os November- 1972 the Europeen Conference
of .Ministers of Tronsport conducted on axperts Hound Table
on the influence of.terminals and interchanges on the .
choice of - poesenger trensport ‘mode. The report on the Round
Table uritten by wegon & Collxns $1) citoa mony reaearch
reporte on this subject, 1nc1uding eapeclolly a fench
report (2) which discusses sll the possible ways in which
bus—~stops could be brought into close proximity to minimise
the wolking distance betwsen them, and to avoid the need for

interchanging passengers to cross roads,

N
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8.2 Despita'this,_progrcas in @inimiéing the|inconvenienqe:
of intarcnangé hes bacn very gradual, even slcw; exccpt in _

a faw cities. In third world CitlBS there is llttlp visiblc !
ar rapcrted progreas. In Sri Lanka progrees has bcen bcck— S
uards, in Bs mich as bushetops at 1mportont intarchnnge '
locations, sUcH a8 Boralla. Mcrcdcnc, Towh Holl, Pettah ete
have goitah furthet ahy ftom each other thnn they uwere
befors, and pedestrians at 8omg ‘pldces are foccd with thc
fatiguo and indignity of climbing steep flights of steps to

cross roads,

8.3 Hence there is mesd- for :- iy

o1 SyatematiC'surveya cf:the'cxtcnticf’intcrchhnging¢-

£n t.and the' distonces, time logsas.and other - : :

- impédiments invclved in intcrchanging '
.2:Systematicaplanning-cf train station exits:and -
* ~bus~stops: oimed. at-minimising interchange ~~»::°.
uut.iinconveniancc T TS B MY ,
3 -Peraistant clamour-drawing attention* tc existing® -.:-

inconveniences and the potential for improvemants. i
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BIOMASS ENERGY FOR OUR PUBLIC TRANSPCRTATION
by
P.¢; Jéseph
Chigf-Engineer
Ceylon Plywoods Corporation

' Kosgana
Abstract '

The'fuél cost of our public transnortation accounts . for an

find quickly a cheap and local fuel for our nublic transportﬂtion.
Eleqt;ifylng the urban_publlc”;ran portation. vould require large,
foreign capital, and is not a.comolete solut;on. The use of fuel
gas - obtalned by the ga31f1c¢t1on of blomaos is an economlcally
viable and technlcally feasible solut1on. The use of gﬂSlfied

biomass as $p9}_wou1d require only moderate capital and the pay back

.period is about 1 - 2 years, Changing from imvorted oil to locally

produced biomass will bring in ecological adbantages and will help

to solve the unemployment problem as well,



i )

1, 01l Crisis | .
The oil crisis which stafted.in.téaéfﬁﬁg afféétediéﬁr economy in two
digtinctive ways, Firsgt it .resulted in'an increase in the cost of
0il and many other items such as fertilizer, milkfood, wheat flour,
.sugar/’machinery. The second inpact is the relative incresse in the
prices of our cxports being tery-much lower than the increase in
prices of our imports. To purchase 2,6 bushels of wheat we needed
10 1bs, of' tea'in 19703 13,5 1bs, in 1974, 10.5 1bs in 1979 and 44
1bs, in 1982, (Referonce (1) ),This in turn has résulted 'in the nett"
0il import bill to risd*from 5.3% in 1972 to 40% in 1982 and is ™ ° ' o
expected to risédto‘45%fihv19§§f'(ﬁafereﬁéé'CZ)-}-Théieforg we Have”
an immédiate necessify to produce oﬁi’own’nee&é'htflizing'bﬁf owm '
resources, But wé' must maké sure that ‘the réséurces we utilize’
are genuinely local..'~ e T e R L -
oy it
. - - . o - - Co -
Rea1151ng the 1mp0rtance of self—rellanco we. are maklng attempts to
attain solf sufficiency in v1ta1 1tems aUCh as rlce, sugar, nilk,
fertilizer, cement, textile, steel, tyres etc. But in a competetive
world, self-reliance becomes meaningful only if (i) most of the
inputs used are obtained using locally available resources and (1i)

the cost of the final products im competetive with imported substi-

tutes, Two examples will illustrate thesc points. ¥We have been
told that either we are on the verge of attaining. self sufficiency
in rice or we have just achieved this goal., Most of us are very
proud about this achievement, We believe that we need not depend
on any other country-for our rcquirements of rice, Tﬁis believe

is totally incorrecct, Because most of the resources used in the

production of rice comes from other countries, Fertilizer,

]
agrochemicals, agricultural machinery, fuel ctc, come from other
countries, According to thc Economic Review October/Novembor 1982
(Reference (3) ), a recent survey has revealed that fertilizer, -

agro-chemicals and machinery account for 77 - 78 percent of the
cost of production of pagdy, Also the cost of water used from

the major irrigation schemes has a very high foreign component.
.Most of the major irrigation schemes arce built on borrowed foreign

capital, Therefore nearly 90% of the coat of production of rice



ig foreign, Therefore we are only 10% sclf-sufficient in rice,
Lot us take onother exmmple - the stocl industry, We thought it
will'befcheoper:to.produpe a part of our stecl requiremcnts )
from gcrop.steeL avdi;ablcuin our country rather than importing
steel, "So. we'went ,ahead with the instollation of an clcciric aro
furnqce and collecteqd znd transported stecl scrap to Pthuru*iriyu.
Now we find that the cost of electricity in our country ?c 80

high, that an clectric arc furnace is no 1onger viablel

Most of our, indugtries such as stcel, cenent, papcr, tyre,
fertllizer ctec, all depcnd on a choap source of cnergy for their
v1abili#y. Therefore we arc coupelled to produce our enerﬂy noods
not only utiliZ1ng locally aveilable resources but we nust mako
sure -that. the final cost of thc cnerpy we produce 13 cheap enough
to make our, 1nduotrlcs coonomicﬂlly viablc. lhen we speak of

cheap encrgy with local re,ourccu, we th1nk of hydro power. Many .
of .us think that hydropower is relntivcly cheap,’ But th1e is not
true, The average 1nitiq1 capltol cost of on—goiug hydropowcr

’ projects are. about . 50 000 per KV. A further Ru 20 000 pcr KJ '
. Will have to be spent for the transmi s1on nnd d1ntributions o

oOuipmcnt Most of theec are fore1pn covt. Taklng into account ‘of
25% energy 1oss in aouerat1on, transnission a and distribution, a
unit of electrlcity (Kwh) from thdsc schemod will:coft a.congumer
over W 2/- per Kwh., wherecas a d1ese1 engine installed at the
p01nt of use CWill dellvcr energy ‘at ' a cogt-of R, 1,25 per Kwh}

Thcrefore hydro power is not as’ 1ttr1Lt1ve as we think..

Energy coat, accounts for about 40% of the coot 1n our public

transport systams. Hence, we have to look ‘for an cncrﬂy sourcc

" which is cheap and truly local, und which could be utillzed for

our publlc transportat1on. And this sourcc of encrny is Biomass.

e
a4
1

3, Biomass Energy '

3;1, Introduc¢tion

Biouoss.ié.oeflnédwaé,plant and anfmal material*which. can be
converted into cnergy..Biomzss is producéd by plants using solar
cnergy throigh the proscas of photosynthesis, Although™ the ™

efficiency of such conversion is very low, gencrally about.1%,

LA c e Y S



the cost of produc1ng blOnuSS for encrgy gcncratlon is vcry very .
Small. Blona s 1s avnilnblo in nany dlffcrent forms - tree 5) shrubs,
grnsses,,cncrgy pl.ntatlonn, algnc, aQuntlc plqnts, nprlculturol
re51ducs, forest reslducs, nanuron, Solld wastc, waste wator qnd

'

human wastci

3i2 r-'o : ,:-;Enérgy. Plantation.

In an éﬁcrgygﬁlnhtition;“crop‘ aro- 1ntcnt10nally grown prlnurily f.
for the productmon ‘of ‘biomass encrgy genorat1ons Lf on 1ndudtry
'intends to use'blonass fon cncrry gcner tlon, 1t 1ﬂ prudcnt to -nﬁ,
depend pn-its.own cnorgy plqntntlon for thc production of biomaes
instead of Telying on.a- by"pnOduct of an cnt1rely diffcrcnt :'
inﬂustry. For dxample 1f thc Ccylon Electr1c1ty 3oqrd 1ntends to

gencrate elcctricity fron blonn s, thcn 1t ruot cstobllﬂh

energy plantation to produco the neccssqry bionavs and should not '

P o

depend on. coconut shells produccd fron thc coconut 1ndustry.
l '.,

Bccausc, the cogonut 1ndustry nlnht d001de to dlsposc the coconut f

shells. in a’ nnnner which 1s more profltxblc such as, 1ct1vnted -cQ rbon.

1 gepst
RN
'

There are many factors t6 be considered. vhen dg signing an energy. .,
plantation. Flrst. the’ character1st1cu of the crop. It should be. a
fast groW1ng varietyt "An encrgy plqntntion with: fast grow1ng trces
will require’ less land than a plqntqtlon with slow ﬂrowing trees,.
Ylhen the land area is small, 'tho mnagement costs: of: the planta- |
tion are also- logs; Honoe, a fast growing kind has a definite .
advan%ﬁ&é(fFurthcr.moré;~since.thé\popu1ation density in Sri. Lonka
is high comparecd “to ‘most -other ‘countrics, we have to .utilize all

available land,.optimally.

Lt ‘1 \' V.
CREEEVEY

oecond, the trce should not-demand miich- nutrltlon from the. 9011
partlcu;arly from the top soil, .In thie respect a leguninons and

a deep rooted variecty is idcal. £ YTeguminus .trec,, in partnenship .
. with soil bacteria of the genus Rizobiun makes use of atmosphoric
nitrogen for its growth. Hencé fti'does not'reqyire any nitrogen
fertiiizérs. This is a very important matter because, the '
manufacture of nitrogen fertilizors by chomical means réguire « o
large ﬁuaﬁtitiﬁé“ofﬁhiﬁh;grqdc cner?y. A deepfrootéd-tree.nakes--:
usc of the nutricts and moisture available 1n the dccp soil which '
are loached fron “the top sod¥,. iy S ;n~s¥g

¢ AN : . o ,:i.
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In thesevrequcts, Leuceana_Leubocéphala.commonly known aswlpilﬁIpil

hasﬁall“the;desirablefcharacteristios. It;belongSAto the - legutiinous

class of trees and it fixed athiospheric .nitrogen in.-ite leaven. It is

estiMatéd that a hecatre of. Leucaena fixes'nitro"en equivaldnt“to 1
tonne .of urea. It .can grow reasonably well .in marginal 2and and-‘éan
withstand prolonged drought It As a.very fast growing teee.- )
Measurements .taken at 2, small plantatlon in Maha ILluppqllima show An
annual yicld of 2§,tonnes of wood/ha/year It could be harvested
many times a year. ‘After each harvest the stem Ouickly coppices. The
fodder yield is about 8 tonnes/ha/year (Refercnce (4.3,
4) . Riel from Biomass

T i o

Biomass could be converted 1nto usuable energy forms by many_ dif—

ferent ways. For example, the wood protlon could be burnt in a_

v'.'

convertional b011er to generate steam or the leaves could be
fermented anaerobicallr‘to produce meth are or the wood portion
could be ga551f1ed by part1a1 combusion to produce a combustibe gas
consisting of CO Hy and CH4, etc. or the wood could be made into
a liquid fuel under high temperature and pressurc and in the
presence of a catalyst or vegetable oil could be obtained from
certain parts of trees by simple cxtraction processos and the o0il

¢could be used as fuel with or w1thout refinemento

Taklng 1nto account the technical status of thc dlfferent processes
available and the1r ECOnomic v1abllity 1n the 1ndustr1a1/agricu1tura1
en;ironment .a;allable in Sri Lanka, the follow1ng three methods are
appropriate for our public transportatlon. 1° Thermal gasification of
wood for tbe production of producer 828, 2 _Bio naslfication of leaves
of trees and animal manure for the, production of methane.. 3. -Extrac-

tion of vegltable 011.

4.1.; Thermal gasification " v - o T
.ll\

The usual method of making usc of - wood as a fucl 1s to burn it in a

convertional boiler br'furnacé. For this purpose adGQuate air is

-}
supplied to facilitate complete combustlon. Yood could be used ag a

fuel for reciprocating internal- combustion érigines For- this purpose
wood is firgt .partially-burnt in a-gasifier to produce’awcombusﬁible

gas., Then the gas is cleaned and cooled and could be ‘used ag a fiiel
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.Third, the'tree cron should y1e1d usefvl-by~products; Fron

ﬁ“ori ank ! p01nt of v1cw, twa 1nport1nt by—products we, expect
'from .an energy plqntctlcn 1re fodder q t.rertlllzerl Ue are spen-_
rdino neariy “5 700 mllllon ycu qy on thellnoort of mllk food .
. Our per cqpltql nllk .cons unULIOH 1s far lnquQudte, Also our .ge;
populqtlon is expected to 1ncreooe by 1bout 50m by the end of N
the century. Redllslng thls need the Depertment of Rur 1 Industrlev
rha _shown 1nteremt to develop the dqlry 1nduotry. Hence, an.

energy plh ntatlon wh1ch could prov1de ;odder .as o by-product,d.¢

'

o1 i

will. be cxtrencly usotul, "

The other useful by-product cxpected fron aﬁ”éﬁé§5§ipi&n£5fion

ig"ritresen~fertilizor, Sheomerixmiiitragenxieriibbeer . The. cost’

of mitrégen:feortilizer nanafactured fron fossil'fuel“hcs*been--“ -

increasing in-the: recent past,Unfor tunately . the. prlce of

agricultural’ productsath-not .gonc up-:ih pried in«the same ratlo.
~Hence, thc ‘#inancial«gainiobtained:.by thefuse_of nitrogen -

fortilizors -lia's-"been"-dimin‘-ilshing-over._th@- yeors” and'ndy vanish- o .

in the -nidar future, ‘A possible solution*to“thiS"problem:isbto-i‘.

nakeruge of ‘hitrogen fixingtplants to' produce:organic fertilizersy.:

By‘proper'co:ordinaticn with the dairyiindustry; the léaves - it

from an cnergy plantetxon could bé¢ nade imto uscful organic: _h
ﬁfertlllzer. [ O U N S Cp gl
..-.The other: degirable characterlstxc of the. .crop fLor..an.energy.

_3p1antat10n is dits ability to. copnlce after:s harvest. Most .of:-the. »

.. . eXpenses; incurred in the estmb]lqhment of yan..engrgy--plantation--

Q?ehlnpthenlnltlal“stages.of»the:p1antatron..At the initial. stages
,izlend has to be prepared,. a nurgary may, -have.-to be, maintained- ——
‘seedllngs have to be planted and watered and the.trees- are “
adequately protected till" they have grown out of reach of grazing , '

animals., Trees with the ability to copp1ce many times haVe to

-face“these prOblemS'only oncé.’ By Cutting the treeS'at'cptimum R

helght abOVe ground, all thé’ nroblems as8001ated at the 1nit1a1
“staged doiild’ be E11mind ed? ' e s

v g e F P -  repees Piegge R e Lesst
T T N SV & RS

The trees should be able fo grow reasonably well in marglnal

cidp S hey od )

1and not su1table fdr agrlculture and bc able to withstand '
prolonged drought




for IC engines. In ga81ilc tion of wood the air supply ig
restrlcted to prevent comolete combustion, The fuel gas produced
by this method 1s called producer gns ond has a typical -

comp051t10n as follows° (Reforénce (5) ). i

HCOy ‘ 2 8 '__'-'_.,!1~3
"I'o Hz : . 5-0 . 10"8 .
%C0 : 13,8 - 27.8
%CHg : 1,0 = 2,5

The average heatlng value of the gas is nbout %233—4985-~KJAM3. .
The gns has to be cleaned to separnte the sélid papticles and
tarry 11qu1ds. These w111 otherwis ge-danage’ the engine

components. The gas "has to be ‘cooled to accomodste adequate gas . ¢

in the cylinderg'ef the IC engines to obtain mAXimum power.. - -
The '"c':l'eaned'ed'eied '"’gins contains about 603 of the total ‘encrgy -
input. To start the production of producer gas, an air blowor, is
used to- provmde the air supply. Once the engine stxrts to
'opernte the gsuction of the englne is sufficient to provide the
air supply. Producer gqs could be used to operate a spark

. ignition engine or a compression 1ngition engine. A spark
ignition engine could be operated on 100 ganeous fuel but a
..compre331on ignition engine W111 reQuire 2 hinimum of about

"6 to 7 o 1iquid fuel as pilot fucl. The rcasons for using
11quid fuel are as follows: (Referencc6) ). First is to
‘1unrichte the injectors so that they: will. be in.gqqd:condition ‘
all the time, Second is. to cool the injector nozzle tip.so it
won'tiburn prematurcly and destroy its nbility,to.maintnin the
desfgndd'fuel 'spray ‘pattern. Third is.tq,pentrol_the ignition

to 'maintain the flame frent in an orderly manner which niii

:énabie-the-engineuto;deliver its rated povier.

A sbﬁfﬁ'ignition engine has the advantage of low' capital cost
and the ab111ty to operate without-2 1ligquid fuel, But from an
Joperational flexibirity point of view, o compression ignition
engine is prefernble. In view of this advantage, it is
desirable to retain the existing compresaionignition engines in

our existing public transport vchicles,


http://thoywill.be

An SLCTB bus hes an engine ra t1nd of a bout 100 Kw. A wood gcslfler for
such an englnc could be 1nstﬂlled 1ﬂ‘£no uoqcc avnllable on tho 1eft
side of the engine or at: the rear of the bus. Adcquqte preca utlon
should be takcn to prevent thc gorcad of @ fire ‘breakout from ‘the

LA TN

gasifier or a leakage of gas. © . SR > -

In regpect -of the rallway enalneu, 1t is not prnctlcablc to use a
gingle ga51fler for one cngine, It is appropr1atc to th1nk of ' |
separate ga91f1ers for each cylinder of the’ englre. Each cylinder is
pated around 100 Kw and :an engine will have- bout 12 cylinders. The
ga31f1ers w111 have to be' installed in a ucparntc compartmcnt 'hé;fhe
cleaned coolcd gﬁs could be féd to the engine cyllndcrs through
flexible.stcel. hosés;: -; '

4,2, Bio gasification

Anofhe; method of converting biopnss into a2 useful fucl for our public
transpgrtat;pgwis pic gasificatien, In this method:easily digestable
biomacs'suCh as leaves and anipal dung is fermented in -anaerobic
condition to producc a. gas consisting monstly of nbout 65% me thane and
35% carbqndloxide. .Gas produced by this method .is commonly known as

. biogus. L aa P . .- KT B LA

The conditions desirable for the production of biogas arc as foliows:

(Reference (2) Do, ¢ .7 i

a) ng carbon/nitrogen ratio of thc blomosv uscd should bo close
: e e‘ N 1y
to/lenves of Leucacna and dntt]e manure havc cnrbon/nltrogen

'ra.tio close to 30. ' _

b) Tho blomass should be made into a slurry W1th water, The total
sollq content in thc slux;y”shgq;d;be 1p-thb range of 10 i~ 12%.

c) The tempcraturc of the digester should be mqlntelned ‘either at
nbout 35 % for mesophilic operation or. ot about 55°C for

thcrmoph111c operation, Operation nt mesophilic temeraturc:.is .

easy, Mesophilic bacterin can toleratc.minor changes -in.temperature,

fonceqtration:gf.Iged, pH of the slurry etc,” but thermophic.::-
nbacteria arc'cxtremely §cqgi;ive to such;yagiations.tﬂowever;,%he
gas productioﬁ rate.is much'higher at thermoohilic temperature.
Hence for large digestors, it is economlcql to operate the

digestor at the thermophlllc ‘temparature, nrrangementg should be

.




: m'lde to mm.ntaln the 0cnd1 tions of the dlfrer.tor w1th1n T

) spec1fied 11m1ts at 81l tv_mes, )

- .d) . The:pH of the contents ol-the digostor should be maintained .

close to 7¢

The e'arbondi*'oxide' in the oz ¢ould be reroved hy sérubbing the
gis “with water. The Tesulai go.s is almost pure methane. In
order to. use méthane aos o fL -1 for veh1c1es, thls ras shOuld be

compressed to a pressure o7 40" lrp' /cm znd stored in steel cyl:ln-)

"dérs, Steel cylmders wsdd 5 astore oxvrr(n could be used for this

purpose, A standard cylinler with a capqc:.ty of 6 4 m3 weighing
62 kg could hold methane equlvalent to 6.4 llters of diesoline,
15 guch cylinders would be nueded to hold’ the fuel reQuu-ed for a
days operation of a stancard %.CTB bueo In view of the very large
qUantlty of gas required, tne Bse of ‘methane for_xail’ transport'

is not practicable.

The usé’of ficthane as a fucl *‘or IC enmnes is s1m111ar to the
use of producer gas as explaingd ‘in the orevmus sedtion_. For

better fle‘ab111ty in operatlon. it is desirable to retaln the

compresslon ignition engines of the SICTB buscs.

»

4,3, Vegetable Oils

Most vegetable oii's“pos,sess intercésting characteristics for use '
as fuel.in diesel engines. The following :dils are very proﬁising
in this regpect, Coconut. s'afiover, soya bean, peanuts, palm

and castor oil, (Referc.-.e \.,) ).

ﬁ,y:,hough: commreial vegetablc oil could be used 'directly;_' as a
L su-bstitute for diesel in IC. cngines, .for satisfactory ;')ei‘"foﬁnance

:the oil should be treated prior to usc., Gums and: water ‘fugt be. :

remoyed followed by filtori . Go2d results cre obtained ‘whon
particles greater than 4,.-?1:3 axr: removed, Vaxes can be removed by
chilling tiae oil or letting i® settle for an extended time. Gums

are removed by nddition ¢f wnter followed Dy certitifugation,

5) Economic viability

5.1. Producer Gas
Producer gas generators commercinlly available in the Burope
and in the United States of America cost about R, 5,000/~ per



' - the e}ectric .. .
kw w1thout the engine and/generstori Gas genera tors rvailable In the:

Ph111pp1ncs cost a~bout RO 2 000/-- per kw « The I\L tlonol une‘lnecx‘mng
Research.and Development Centre (NEHD) in Sri Lonka has pmduced gas
generators dntirely on its owni These generators have given very

s;}tisfactér&.resul't:s. '§Commerci:ii production of gns -éenerators. in Sri

- Lanka shouid bring down the cost to, atmost % 1,000/~ per kwe.

- Selel ." Bug trangport

The-‘ cost of. prov1ding a gas generator for o CTB. bus will be about

RS, 100; 000/-. To calculate the operating cost the followmg, assump=-

L}

tlons are made. CICU P L
(a) A CTB'bus operatés 400 km/day and 250° days/year., e
(b): A CTB ‘bus consumes at present 100 11ter., of dlesollne/day. ,
(c) ' After the installation of a.gas rrenerator the diesollne

..+ consumption will be 25 liters/day., . ,
(d) . The gas generator consumes 4 kg at wood to replace:ome -litre
. of diesoline. | ) .'
(e)-. "The.' cost of wood is I%..300/= per tonne  and diesoline is
R 6440 per litre, - C e
On thls b sis the pay back period is one year.

54142, Rail -tr;:\rgp_ort--':

The following agsumptions are:made:

(a) . .i_'.l‘he total cost of ingtallinz o gas gener: 11;0;:' for a 1ooo kw,

locomotive is RS, 1,500,000/-, oo
(b) ~ A locomotive.consumes 130.000 liters of diesoline per year

st &
'

at present.
(e) - -After the installntion of ghs gemerators, /locomotive will
"' consume 32,000 liters“of dicsoline per year,
(d) . Other. assumptions are as in bus transport.
With these assumptions, the pay back i§ about -3 yesrs,

~

5420 Biogas

For a bus depot operatlng a fleet of 1100 bu..,es, 7500 mG of methane gas
will be requlred daily, This is to replace 7500 Titers of dlesollne.
The estlmated ‘cost of digestor, storage cylinders, compressors etcy’ is
RS, 20 000 000/—. The operating cost is estimated at RS. 4,000,000, On
this’ basus the pL back perlod is nbout 1 year. (Reference. (1'.;0)" :')‘."f

>

@
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veﬂé%ablo ©0ils is nuch hlghnr thﬂn

’ut of d10wol1ng. But the price has beon
.Q.Alvo fron the p01.1 of V1ew of solf—

suffxclency, it 19 {orth whx < nr oducin~ adonuate. vcvctnblo oil

to meet at lehat pﬂrt of cur fuel reGuirencnts,

~ .
. .

6) * Electrification of’the'ﬁg};ggz

The proposal to electrify = part of our railway is estimated
to cost about R, 5,000 million, In addition the-Ceylom . ;.
Electricity Boerd will.meec a about 2,000 million to provide
about 60. M/ eloctrical. power. . The totai cost is sbout -

R, 7,000 million, Also the c:ectrical encrgy generated by the
Ceylon nlectr1c1ty Board hau a very hlgh foreign cost component,
Hence the electrlflcntion of railway is nelghor 2 move towards

aelf—sufficiency nor it is cﬂonom*c 11y ntpractlve.

A-botter alternative to:this is to utilize the R, 7,000 m;l%ion
to purchase 105000 Nog., of producer gos powered buses. This meang
that the CTB could increasc its pr.esenger load to 2.5 to 3,0
tines tho prelent value,. Thl ig in fact the long torm expééta—

tion of road transportatlono

“?)' .Safety

The changeover to goseous fucls of our buscs are trains has tp be .

done very cautiously, Followiins cre some of the hazards,

(o) Fire

The temperaturce inside a produccr ang rbﬁorﬂtor is .bouf 1,00006.

h

' "Uhless ‘Adéquate préeautions: are taken, very nasty and exponsive

accidents’ coild-result, Car> should be taken to prevent -backfire
of the gas generator and the cngine., Care must also be token to
prevent any.gas leck. Anather cspect to be looked intq iS'§po
situation in the event o vchicle encountors an acc1dental

c0111551qn,

(b) Air Pollution

~

.Wood, contains virtually no sulphur or raidio activbty. But

burning of wood can led to very seriors. air pollution. Smull

and low tempcrature wool mrrine mutn f“nd to produce norc
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undesireablc stmospheric cmigsions than the larpge combustion unitsg
which operatce at hipher temperaturc and with greetor turbuichces The

emigsions, intclude Pol&chlic Orgnnic Hatter (POi) which oré believed

.’q

to be carciogenicl However, in a well desighed and property operated
wood gasifier; sudh polluting mrttor: con be made to crack and yield
harmless products, But oxtreme enrc chould be taken to sroperiy

di spose the residuds collected in the filters of s.rgoc,?q u..s:l,florm

(Reference (9.). ). | I diptai)

8) Recommendations.. ' .

. o
IS T -t

The changcbver from dicsolitic to fuels from-biomass is very appro-
priate to Sri Lankn. But offectlna' such o change ‘should: bo' done vory

cautiously,. ° o
First of 21l we must be able to produce good wood zasifiers.on a
conmercial scale. For .this. purpose .adcqua ite fund. should be made, .

available to thé..l\l_ati,onél Eng:i;ncqunL‘;.Researchmmm Ddevelopment (NERD)

Centre, Algo an initial: subgidy should be ziven.to.the local: manu-
factures of wood gasgificrs, The CGR anr_d_,j,(_:',r};‘-sho;xld-_.;{.-‘,tr least.partly mect

these e"gpenses.’ o R L R T AT S S S

.- RN e -

' Secondly“the CTB and CGR shéuld immedintoly éommonct trial ™ rund” v

R T v LB ey, Lot et RN .
with producer gasi, ST ' R

.-.,-‘_‘!“ e

o .,. l. ;
Thirdly, the CTB and CGR should ﬂstqbush ’\nergy pL..nt itions at suitable

0 CE - e - ege v, " . P
R

. lod'ations. RN SR o R R S 5

KN RO N " . . . . ECE . oo, N
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AN EVALUATION OF RAILWAY CEALRCING POLICY

by

K.G.D.D,Dheerasinghe
Department of Economie EeSﬁarch
Central Bank .of Caylon
Qolombo

Sri lanka

Fares policy is a paramount stratesgy in achieving the
objectives of'a;transport operator. Setting fares in varying market
conditions should be determined in accordance with the fare elasticity
of demand. The reduced fare gtrategy promoted by British Rail provides
an example of a successful case of low fares in the optional merket

where fare elasticity of demand is found to be substantially high.



In micro economic theory the relationship between demand (7)

and price (P) in interpreted so that-

Q = £(P) (1)
For a transport oporator, the volumr of demand for travel "
is determined by the fare charged by him,  However, the response to
. . L J
fare changes vary according tc the fare elasticity(e) of demand, which
is defined as the relative change in demand (/AQ) divided by the re-
. S S R 4
lative change in fare (&P) so that
P .
e=42 P__ = %2 2 (2
- Q AP P Q
In the notion of calculus (2) may be written as
e= dgp = dlogg (3)
dpq’ d log p
There.is of course one class . of derand functions. of the form
Q.:ap-e . ‘ (4)
Where (a) and'(e).ére constants for which elasticity is -e ¢
-and is therefore independent of price. But on the convention‘adopted

'in the present paper a fare elasticity is a nepative numb-r indicating
that demand (Q) goes down as fare (p) goes up. Howev~r, the situation
faced by an operator who is expected to satisfy a given objrctive function

subject to some financial constraint is much more complex than thke fun-

ctional relationship given in equations (1 ). In such a context, setting ‘
fares according to varying demand‘elasticitigs in different sectors of

the market will add further difficulties.

e




Introduction

In order to set management objeétives and formulation of policies
it is necessary to know the passenger ressonsc to chunages in the fare
.st;ucfure.: Bﬁt:thqre is very-little informaticn ayailable on rail
fare elasticiéies upon Wﬁich the paussongar respons;‘can br measur~d,
Tylor.and Hassard(1975) have carried out a study on demand, for inter-
urban rail travel, But the elasticitinrs found in their study have
been subject to criticism, Consequ~ntly, it hus not bﬂnqﬁoﬁ%ablishad
a clear picuture of passengsr response which produc~s reliable predictions

of the effect of fare changes.

® .

Prom 1971 BR has been operating a computerised system for recording
passenger flows and this has made possible detuiled analysis leading
tokmore gouhdly'baséd computations than those derived in the p-st. The
information available to us were the ticket issues, receipts and journeys

for six flows in the inter-city servico,

: .
The NPAAS contains highly disaggregated data, eg. the BR fare

1,

manual records over 50 types of full fars tickets and over 150 types

-

of reduced fare tickets. For the purpose of this study, eight major

types of reduced and full fare tickets have been chosen.

Specification 6f the Model

| Having don~ the appropriate preoliminar;- analysis © defin- the
important v;ri;bins, the mod-1 uéé& in £h~ oresent analysis tak-s the
) form of elasticity type bas-~d on .iultiple legression. The coefficients
of the explanatory variables, therefors, ropresent the clasticities of

those variables,

* National Passenger Accounting Analysis System.



In the most general form

L

-?'
"

(s

(i =

....‘ln(qﬁ

Journey from -i to j by mode k

eclagticity in terms of real fa

Unemployment (socio-economic variable)

-

re,

%;;)'bb“ﬁc ”'.-(1.1) |

..o--.-n

10..,. n)

1 L ] .. L .;‘!;m)

elasticity in terms of unemployment

time

elasticity in terms of tiue

seasonal dumnmy variable

fare offers of BR

8

e

dummy variable represcnting competitive reduced

dummy variable representing competitive coach fares.

There weTe eight wain fare types of both reduced and full fare

in the selected sample. Number of regression equations in the model

amounted to .48. The weighted mean elasticities were estimated using

" the following formulae

: . 2
X =gX;/ 8w o
= (1.2)
1/5% i *
2 r < iy - s 1
SE (5‘{) = ;3_.1_ - ~,.(Xi - x)/Sm ) + n‘
s 1./ SEiZ...-..
Where : ,
S fare elasticity of flow i
57 = standaré errOor Of fare’slasticitv-xi
n., = number of flows

"
»




4.

Formula ( 1: 2 ) weights each estimate by the inverse of the
square of its own standerd error that provides a .easure of confidence.
If the estimates are normally distributed there is S5 per cent pro-

bability that the'trﬁe elasticity lies within the range: X, f‘ 25T

Reduced Fare Strategy

Reduced fares have been promoted to ahi-ve th~ following objectives:

i. to increase revenue by cxploiting thn consumers'

surplus
ii, to maintain the rail fares low ~nough to compete with road.
This has now become a paramount siratesgy of BR's fares policy

and 'is well supported by the low marginal cost of carrying an n~xtra

passeng~r in the off-peak where excess capccity is aveilable,

It has been observed that the reduced fores w-re used by travellrrs
mostly in optional travel vhich usuglly takes places in the off-psek.
This is an encouragement for BR to offer r~rduced fares to capture that

market,

ﬁithough known as reduced fares they arce somewhat higher than
coach fares of competitive routes. Howevcr, due to the other decisive
factors such as comfort, convenience end journcy time there is e high
rail patronage in th~ inter-city market. By introducing reduced fares
in this contek; BR's strategy is to reduce the difference in jcurney

cost between rail and road travel,

. Fares Policy in achieving objectives

It is .important to consider the objectives in the formudation of

a fares policy. It is generally believed thut the demand is basically



5.
dependent on prico«in ths ceterig-paribus d-mqna function.  3imilarly
.in transport there is a good aprioriicase.tq assume that the ngand
in terms of apssenger miles (g) is a function of fare per passsng-r

_mile (E) and the number of train milce oporatﬁd_(T); that is.:

Q=f£(p,7) - (1:4)

- It is usually assumed in the cogt function a constant
‘utilization per train and -total cost (C) proportional to train miles
operated. .

C=cT - (1:5)

In rail transport there is a diversity of objectiveé. Bven
withoﬁt'this diversity of objectives widely different financial results
could occur. It is therafore inappropriate to czamine them without
financial objectives beinglset for sach indivi@ual sector, It has now
se;ome obvigus that the intnr—city service of BR is exprcted to pay
'its own way. If BR were to mﬁximiSp passmng;r miims subjo;t to a given
financial constraint the far=s policy ~mploy~d to achirve this should
be somewhat different from a commercial r-venu~ marimisation. To
elaborate this point further possible managenent cirteria are given
belowt

Izofit Maximisation

This is derived from the concept of marginal revenue =
Marginal cost (MR=MC) in the theory of fimm..

Max G, = Pf (P,T) ~ cT - (1:6)

As permitted when the first'derivative: of eduation“(f:G) with
respect to P and T set equal to zero price at each périod is lowered
" until the marginal revenue equals zero assuming the marginal cost of

carrying an extra passenger in the off peak is zero, This cbjective
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will lead to a higher peair fare ac

ic because at any given fare the pealr fare szlacticiiy anvears to

Q
)
M
[
4
0
PeS
<
+
(%
1
73
()
[3)]
Fae
HR
Iy
3
]
[0]
e
F
=
=
4]

be less than that of off-jeak.

Social Curplus Vlaximisation

The idea is to naxinisce the zres undier the denand

curve, this includes both the concumers' znd producers' sursluses.

3

The matizenatical expression can take the following form

- uP ) ' 7

either _/ fp (TP,\P)dQF+ f/ £fC (2C,v0)d0"= C | (2.7)
(o] . !

or lkax, G, = £ (Q,T)dq - CT - {1.3)

. s

For wmaximising the social surplus zero fares have

to be charged. This doec not make any serse without charging

positive fares. OCn the other hand, to dc this the objective

should be evaluated subject to a huCget constraint,

.a51nlsat10n of soc1al welfare functlonc cubdect to a bucpet

kN [N B

ccnstra“nt‘

- 1. e —— - cm———— Q

. -t =t -

ilex G = f (g,T) dg -~ CP -N(C2~f (T) - D) (L1.9)

T A= shadow price of public funde in termc of cocial surplus.

The marginal ccnditions c¢i tie above criterion can be

vorded &g follows:

i. Reduce fare ec long ap fere exceeds tha revenue
lost by the reduction necessary to attrict one
" extra unit of traffic multiplied by the shadevw
price of public funds.
ii. Increase train milcage ac long as the cxtra social
surplus generated exceedc the reduction in profit/
increase in loss multiplied by the shadow price of

public funcs,
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The extent to which the social surplus waxinisation

exercise can be carried out under the above criierion is dependent

. . I ' ’ A
on tne demand elasticities.
. Fare reduction attracts additional traffic. Oc thet
' . . ! . . : £,
—~ e ) e
s (@R Q) . Q) _ .
— = Mi=F(1 + 1) - {1:1¢)
o e
¢ t
. This can be rewritten as
P-AP(1 +1) = o ' - (1:11)
e
or 1 -1 = 1
A e - (1:12)
e = dernand elasticity
Thig would enccurage the operator to incrzase fares
viiere demand elasticity is belew unity anc to decreace fares vhere
- - .. . . . B
demand elasticity is above unity. ; \

A

it is worth noting the special case of "Banmol-Bradford"

()

“rule in the optimal departure of marginal cost pricing vhere prices

should be set so that

2, = IiC f P2 - L A - (117
Py - MC, P2 - kC, _ / 1 (1:13)
Pi ) P?.. el 02
if ncj = MC2 this reduces to

i = i :

- - {1:12)

e e .

1 2

Tor each product the pcrcentage deviation of quagi - optimal price
fro merginal cost must bLe inversely proportionate to its price
elasticity of demand. This result holdsc only 'where crecss-clastici- Y

ties of demand are zero.



.

8§

Letweén the two extremes of profit maximisation

ahd social surplus ‘maximisation thure-can o alternative criteria.

o
tnong those objeoctivec the maximication oi trzir nilelige and
maximisation of passenger mileage are tho woct couron omes. The
Py

latter is the criterion adorted by London Transpert.

Fractical difficulties

In the pursuit of naximum profit, price discriminstion
is a way of exploiting concuvmer surplus by monopoly providers, in
tiie case of Bk if the ultimate objective ig to uaximice social

curplus price discrimination providee =zn .ffective tcol tc achieve

it while satisfying a budget constrzaint,

BR operates on e highly diflireiciated fares policy
. although there are-practieal difficulties of. operating such & fare
! ~ S
structure, Fp§”¢h9;§§g§g§9;_Q;;cripiygﬁipn.i; feasidle if he can
‘b separate thie market intd distinctive scgments each having cifferent
ﬁrice elégticities which will then make it poscibtle to charge
differeﬁ£ fare;; Aikhéﬁéh li¥£ie ié Enéﬁn Qifh ﬁértainty aoove
price elasticities, due to the éomplekity of the transport narket

any progressive fares policy for c:ztisfzctory exploitation of the

. market would ﬁndoﬂbfedly be oﬁex‘ated with a great dexl ci differen-
Ci’-’-i’alO“So

Llthough BR is a moncpoly prévider in fail passenger
tfansport ite ability te exploit the consumer surpluc of rail
travellere by way of price diﬁc?imination ie theoretically limited
because of themavailahilify of substitute modes. The degree of
cu?g&};nﬁ%gn"is_measured.by the cross-elasticitics between modes

and along with the competing modes background factorc are largely

outside the control of BR such ac growti in incomes, cor ownership

end household characteristics. Therefore, unidersianding the
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relaticnship involved with the above ie cloariy ecscenticl in
determining the fare structure. Unfortunately, beczuse factors
such as income and car ownership arc co.-intimately tied to cach ¥

other.and other demographic charccterictics and they thoenssives

‘l’-

have changes elowly and monotonically with time. The resuliing

interections are therefore extremely Cifficult to pecoure reliably.

ilecultc and Conclusions
. The mean real fore elasticities obtained in respect of

full and reduced fares are giver in Table {1.1)

Table (1.1)

Standard error weighted average real
fares for all flows sampled

I

- otandard .
Mean déviation .
zlasticity ol mean

Full fare .~ G.49 - 0,01

Reduc.. : fare - 0.83 ..o 0,01

As expected demand elasticity of reduced fores vas
mitch higher than that of full fare and yet cignificuntly less than

the unity. In the full fare category the elasticities differed

between first and second class travel. As shown in Table (1.2),

first clase travel is more price clastic than second class travel,

Table (1.2)

Standard error weighted mean fare
elasticities for first and second

- class travel .  J
¥ Stangard

n :eén- deviation of .

=lasticity Mean i

First clacss ‘ - 0,57 : 0,05

Secand class - - 0,46 0,01
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The elasticitiec also varied o great deal desencing on the
trip length. This ic equally true in both ticket types although no
obvious reaéon is found. it is bLelieved tiat thic relctionship bet-
weeﬁ trip length and elasticity is & reflection of hign: inelastic

denand for short dictent inter-city travel.

Coach farec and bergain offers

The dumy variables uced tvo necaci the effect oi burs and

coach deregulation and bargain offers iutroduced dy 3:i do not eppear

to have shown a significant negative effiect on rail travel demand

on individual ticket types. However, the overall negative effecct

of low coach faresc on rail travel may ve fairly cignificant. The
same conclusion can be drawn in the case of bargain cffers, i.e.
taere is a substantial tranciference of journeys fror traditicnal

refuced fare offers to recent bargain offers.

The elasticity obtained in respect of increacing uncmploy-
ment on.rail travel demand uas substantially high. The elasticitiec
were -0.3¢ and -0.59 for full and recduced fares respectively., A
claccification of elasticities by route kasc cliown & hijl.zr negative

elacticity of unemployment cn short tr-vel than long distant travel,
Apert from fzre =zlasticities thizre ic the coct ciructure

that requires consideration in déraving eny conclucion. [licnatheless,

in the nricent enalysis

(=}
&
(o]

on the basis of the fare elegticities odtel

a complete agreencnt with thc sSii'e reducec fare policy ic pessible.

In order to mak. the best usc of present fare policy BR
must acminister this complex system to =a2kc sure that thc right fare
is charged from individual passenpger to achieve the objective of
revenue maximisation, In other words thz purpose oif cifferentiated
farec policy will not be achieved if any substantial fransfcrence
of journeys from full fare to reduced fare is allowed toc take place,
Ag far aé would be travel;ers are ccncerned the purvoce cf reduced

fares strategy will not make any sence if the journeyc cre allowed

to be made on reduced fares thet would otherwise be nade on full fare.
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ECOLOMICS OF THE SOT-LA%ALR DAILYUAY SYSTEM

T , _ A KISTORTUNL SKETCH

. Mg e Ma et
The'ﬁirst;a%éam-ﬂamereﬂwgrain.in;;@p world wag, run in
8rifmin in 1888, . In. 1829, Geonge Siephenson intrpdyced the
"Rocket', & locomotive capoble cof attaining a speed of 29
milss an hour. Up tili tho, the best record for speed wos
the siage coach, r»eachiirs .oder 15 miles an hour. The
Rocket accelerated the Jzvzlopment of the Railway in
Britein. By 1860, wher railwav construction had begun in
earnest in our own island, 3ritish Railways had developed
to over 10,000 reute miles, In 1962, just prior to the

cut back in route miles, it was about 17,500 miles. Today,

it is about 11,000 route wiles,

In Ceylon, a Railway Comnary was formed in 1845, The
Company was dissolved in 4061, giving birth to the Ceylon
Government Railway. The first train ran from Colombo to
Ambepussa - a stretchn of 24% miles - on December 27th,
1864. Three yearz later, *he line to Kandy was opened.
Traffic which took seven days or more to reach Colombo was
moved within a matter of hours. In 1946, just before
Incependence our Railwav tas 913 route miles in extent.

Totay, it is just 902 route miies, 866 route miles of

broad gauge of widith 5'6" and 36 route miles of narrow

gauge of width 2'6%,

2. THE STATE OF THE RAIL:AY
2.1 Freight - It is a wecll known foct that the Railway's
interests are buzst served by moving traffic in bulk, aver

a long distance - the greas®er the tonnage of commodity

and length of haul, the better for the Railway.
In 4381, the Railway moved 1.5G6 million tons and 134
miliion ton-miles of frzignt. Freight traffic had been

on a declining trenmd frcm 1970. In that year the
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the Railway moved 228 millian ton-miles. Thus, in 1981,
the' Ralluay had tranupnrted only 59% of the ton-mil »s maved
in 1970 In other uords, in 1b0ut 10 y2ars the Lailuay
had lost 40% of ite trafflc.b The folloulng tabulation
which compareq the tung and ton-miles of 1981 with the
peak years for the same parameters also rcveals anotﬁer

ominous ‘trerid:

(Million)
L o q97m 1974 1981
~Tomg: - =0T T 4,84 2 1,947 - 1,56
Ton-Miles 228 193 134"
. -Average . length of . Do e .
J. héelﬂ(pi}es). ) 124 99 86

th,nnly_@he.;onnage:anqqtqg-mileagqahayE-decgined but

algo the average length of haul. .The trend has been set.
towarde.short distance traffic which:itgelf. is a trend

towards unecongmic operation.. . - . L o« o

It might ‘ot be well known that the Railway is becoming
increasingly dependerit on tuwo.customers, the Fetroleum
and the Cemdﬁﬁ Corporations for traffic. In 1974, the
peak year “for tonnage, the two’ together provided the
Railway with 58% of 1tq tonnage and in 1981, mith 83%.
Traf%ic froﬁ'the se tuo Curpuratlonﬂ are on a rlsing trend
mhile almost all the trafflcs from other sources agre on a
déEliniﬁg.trend "“Uhen Fertlllser, Rice and Flour'afe added
to the traffic frnm the two Curporatlons, the tonnage adds
up to 92% of the total. All the other trnéfic account For
just 8%. " Tea traffic which, at one time, uas a major’
commodity provided less than hglf per cent of the total
tonnage. - |

Nut;only rail'traffic_is canfihed.fd a few comﬁodifies, it
is élao'cbnfiﬁeq“fd a Few stations. A study made in 1975,

a year when traffic was more diffused than at present,


http://ftve.ra.ge

showed that 25 stations ou: of about 140 stations opencd
for freight:traffic accounted for two-thirds the traffic
moved. In other words, in just 20% of the stations

opened for freight traffic,'élmbst'70%_pf‘fhe traffic was

‘ maved. :

The pattern, theén, of ‘freight traffic is of traffic where
cuatomers ‘and commodities moved.are few, where moVéﬁénté

to and from are confined to a few "tntiona; The trcnd is
one” of cnntiﬁhaﬁs4décline in tons . ton-miles and aperage[

SRS

length of haul.

2. ZI&asé;ﬂéer - Passenger traffic presents an equally

dismal plcture t;;“,ﬁcclnnb and of restricted patrnnage, ‘

It rose ateadlly up to 1973 declined and rosg . to,a:hlgher

peak in 1979 Thcred%ﬂr, betue=n 1979 and 1981 g%jhin a

two-year phrlnd ‘it dropped sharply by more:than .25%. The

following tabulation will make this.flearaf. .
. R : ' (Mi}linn)

1973 =~ 1981  Decline

Nd"df'péssengers gs 7w 21 \e

Passenger-miles 2555 1850 27%

Avérage Journey ” o - . , .
Léength (miles) - 28 of i i owre U RN

It is well known that: the main resson for™this drop is

the advent of the:private coach. This drdﬁ”in”péséénge;r
R S e T S
mileage is equivalent to a wiping out of the gaing” from
growth'nf about 10 ycars,v  e
R

Though the Rallwny Fasuenger “ef&ice Exténds“to the

..'-.

angth and breadth of the Iuland thc average Journhy '

length is’ nnly 26 mlles,r It ulll ‘be notlced thnt even

T
- o

with the ateep drop - in pae enger-mllﬂage, the aver1ge

Jnurn y length had not 51gnlflcantly altcred. Therc are _

;o
R

two reasons fur-thls, Fllﬂtlv, abaLt 605 uf thL total

number of journeys: undertﬁken is the short d15t1nce.

. . ‘ LI U] . S RPN .
HIKE T T LA Bl

%
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season ticket trafific of average length of anly 17 miles,
while the corresponding average of  thi othar 40% i 41
miles; which is still a short journey longth. Secondiy,
most, of the passenger traffic is restricted to s small
ar¢g¢a, maore so than freight traffic, but to a differont
patterﬁ. The following tanbulation, which 1s a summary of
a comphter study.made in 1975, rcveals the concentration

of passenger journeys according to Divisions:-

DIVISION - ROUTE MILES % ROUTE MILES ¢ UHOLE JOURNEYS
FOR FASSENGER TO TOTAL TO TOTAL
Eoloqbo 253 _ 30 _ én
Anurédhapurg__‘ 4%9 50 - b
Nawalépitiyé 157 20 | | 7.
Inter-Divisional journeys. _ | 9
| 100

Whole journeys are journeys which originate and toerminate
withih the Division itself. It is now seen that 80% of

the pénple who travel on the Roilway System, travel within
the Calombo Division. Close the other twn Divigions, thex
Railway would still cater to 80% of its pzssenga2rs. To
repeat in another way, B0% of the passengers use 30% of

the system. uithin the Colombo Division itself, ther: is

a fufther concentration. Half the number af whole journcys
lie bithin.a radius ‘of .16 milds from Colombn, an area
accoﬁnting for 37 route miles or just L¥%% nf the totnl.

In this circle liwes Gampaha, Fanadura and Ja-ela.

Passenger tréffic, then, has the pattern of a short journey
langth, of a patronage received mnutly Ffom commufbrs, and
of a movement mostly restricted tc a narrow segment of the
Railway System. The trerd is one of a steep decline in

passengers And passenga2r miles.



2, 3 Flnance - In 1981 th Palluﬁy enrncd Frnm all sources

e -

RB.QUQ mllllon. Thls sz moru than dﬂUblL thL 1ncnm0'

1
..“

Larn=d JUat Flve yﬂnrs back._ alnCP buth pqs Qnger ﬁnd o

-lu . * <

Fr01ght trqfflu hﬁd bﬂen docllnlng durlng th1° pErlDd 1t“'

mlght come as o surprlqe ag to hnm tn1J could have bcen,

In actuwl f;ct an analyqio Df tho 51tuat1nn durlng thls

period will prnb bly reve a1 thxt the Rﬁlluay auffchd thL-

ER SVIR ST PR
' yorst'sethack in reqent yaaru, m1th1n thla permd°

Congider the following facts relating to thL years’ frnm ::

1979 to 1981. It mas-@lready shnwn that passenger mlles
dropped by 27%. Likecuise, tnn-milmﬁléh;ch was on a |
declining trend fram ﬁé?ﬂ 1nst 22% du?ihg the two yuars.
Passtnger revenue rose by 50% due to steep increavﬂs'gn_ '
farEs, which over campensated tho lass in traffic. B;£l
frﬂight revenue suffered a setback. It lel by 1B8%.

Hare, the steep inCrGﬂaLa in ratcs h1d ﬁcccleratud the*

" t

fllght Uf trafflc, Thls is é rare case uhere ‘an increase

in tha tarlff brlngs absut a réduction in revénue,

Than agaln, durlng tho same twn years, revanue 1ncrcascd
by.31m.hut ope ratlng expenses by 5& and the gdp bctween
revenue and Uperatlng expenses h d uldened sn steeply

thgththe nperatlngﬁlqag more thqn dnuhled iteelf.

To those interested in the actual .figures, the Fokluqing?

tabulation will help:-.. .
) (Million) -

1979 1981 Increasz %
RE VENUE T 392 409 31y
EXFENDITURE
" Dperating Y 4200 645iy . - . SL%..
"Total (including =~ '\t i opt o Sy
annuities) . N :5§5 5831. 58 %
LOSS | S S ’
Dperating 108 236 C119'%

Total 253 482 91%
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From the above dota it also fellows that in 1981 the Railuway
was 1deing.af the rate of Re.1.3 million o day. Thern agdin,
using phe widely'uéed chCEpt of operating ratio - the' ratio
of expenditure over income - in 1981, for evory Rs.100/-
earned, the Railway spent Rs.158/- to run the gervices and
anothef-Ra.SD/- as annuities tn poy for capital invested,
totalling to an expenditure of Rs.218/- fnr every Rs.100/-
earned. The Railway was spending more than twice as much

as what it was earning. Of course, this stecp increase in

logses is not entirely the Railway's fault..

During the two yeéar pcriod from 1979 ta 1981, the cost of
fuel and lubricants rose from Rs.85.7 million in 1979 -to
Rs.ézs.B.millibn in 1981 - thanks to the price increase

of the Petroleum Corporantion. Thanks zgain -"this time

to the Freasury - the bill for pensiaons and gratuities

rose from R8.57.4 million in 1979 to Rs.82.9 million in
1981.- On these two items of expenditurc alone over which
the Railway has no control, the increase in spending was

a staggering Rs.186 million in two years. «ith expenditure
of this magnitude and rising convulsively, budgetting

cannot bz pontrnlled,

2.4 Break-ecven Analysis - The Railuway's oparating expenses

can be geparated intc movement cost and fixed cost. Tho
moveméﬁt“dnstfdﬁich is made up of the cost of fuel, of
cCrew, df maintenance of rolling stock, "is the variable
compaheﬁt in the.operating expenscs. Dith this data it is
easy to calculzte the extra volume of traffic which will
be needed, in any one year, for ruveﬁue to break-eyen with

operating expenses. This parameter gives in one value, a
!

: meaaurementf&fihélong road to viebility. Furthermore,

its trend over the years will indicate whether the

Railway is moving tnwards viability or away from it. It




~"is an useful.parameter to calculate and monitor. This
exercise was done for the first.time for the yéap 197?;

separately for :passenger-and freight scrvices.

;n'1§75{'fmr revenue to bfeak-uven-dith Upéiafing EXPENSES
péééenger mileage héd to be doublod ahd ton-mileage -had to

be increasid by about 25%. Thase werc impoﬂsiblé-fargets;
'fHéh} freight traffic was actually drubping at an acce-
lércting rate Froﬁ the_ﬁéak reached in 1970,'dnd though .
passengar traffic was iﬁdreﬁsing,.thé rate was so.slow. -

that if would have taken, at least, 10 years for the
traffic“te.increase by only 50%. Besides, if by some

miracle the-pasgenger mileage could have been doubled, ‘
the Railuayiwuuld not have been able to meect the demand

witheut substantial increases in fixed and capital coests, .

What uflfhe Fulicﬁiﬁﬁryeéré? Had the situation improved™
or woreened? Unfortunatély, detaiied statistics dfe not .
;Qaiiéblé separately for the two services. Nevertheless, -
a simplified mepariéun could still be made with the®

available figures. A tabulation is given below for the

years 1975, 1979.and 1980.

In 1975, the break-even level required was an ‘average
increase in both traffics by about 70%. ‘In 1979, it was

100 % and in 1980, almost 300%. ‘
. L . Rs, (Millign). .

Revenuc - Movement Cost

" Revenue -Movemant Fixed Factor-%
Cost Cost
1975 196 126 120 - 70%
1979 312 207 213 wox
1980 359 298 237 290% ¥
FACTOR @ = ( Fixed Book o _ 1)




3. . THE CAUSES

If one is asked to explain the deelime of the Railway with
Just one reason: then it is in the comiagation into the
6uff§nf¢dav'of'attttudee deeply .rocted in history, while

the much blamed contemporafy forces aof inflotion,  competi-

tionyaqq whatenot have only accelerated, not atarted, the

process of degline.. This section of the Paper m;;lltry”to

identify.a few of theee inherited attitudes prevalent even
today.

Therg-are.five parties diyectly or indirectly involved in
the,activities of the Rai&uqyr Thgv,are the Gﬁvernment;
the:Operator, that is, the Ruilwqy, the user, the cpmbé;%;ar
and the. general public, | ~

3.1 The'Govérnment.o The Government psovides a subsidy.
equivelent to the Railusy's deficit at the end of the
Financial. Years Thus, the level of finoncial support is.
determingd  after the event. This is a defective system

as ‘it ‘gives. no inceéntive to the Railuay to improve its
financial ‘results through economic or productive measures,
A Tump ‘aum eubsidy doled year after year, decade after ;.

decadd’, undoubtedly acts as a disincentive towards viability.

Oﬁgférﬁ o;zfﬁelﬁovetnmeﬁi controls expenditure ‘in ‘the
manner already explained, while the other arm controle
policy. Thie controjis inflexible and .has becen expanding
gver ‘the yesrs, into the hooks and corners of the system.
One could, perhaps, say, that in the situation. of today,
sbout 80% of the total financial and operntionsl activity
of the Ralluay’is controlled directly: or indirectly by ..
Government policy. .One.exomple of this.is found in the

Government's attitude to the Tariff,,

Pricing, anyone will acknowledge, is a continuous pracess’

and should be related to cost. Houwever, the Railway tariff

ORI



is govegned by an Ordinance. It cannot be raised without -

Gavqgnmgnﬁ‘apprqya;,

TheﬁRailmayfhaé-thé7d13crétiuh to lower the tariff up. td.a-
point, .with Goverrment: approval. .But why shauld. the.Railuny
pdéh-for.ta@iffachahges.uhen'thevGovernmeht;autohaticallv'

céncelé-the,entirendeficitﬁ.. Lot A

In the twentiés'aﬁd thirties, the:e:més only ane éériFFJ.h
revisinn'each;.in thcmfbfties;:four revigions; and;in thei*
fiftd%aiagain,,oﬁe revision. Thete uwas no%reviaiﬁnfin-the
“giktdes. In. the seventies, .because of the fuel.price¢
increases by fuel éxporting bountriea,.themezueré;¢hree.
revisions. A periqugf gboyt.sp years 15H9q!greq byﬁgén‘.
tariffq;ewiéiuns;;yiﬁ_the lpsy:decnde-ig.lgff.ouféuéﬁéf?unﬁ
were. only 7 ;eyigipns.in.fifty years = an avgrage_pf.:?;
one. every .7: years. Again, these tzriff revisions have,
beenuon-tha.mnnle_mere ap hoc percentage”reviqions to the
tariff, Jjust previous. The ta:ifprf,ﬁqday ig derived fram
the tariff qﬁ:ﬁ9503bv a sepies of percentage additions,
.which tariff itself. .was an adaptioq qf the_ta;;ff'pf i926,_

More on this matter later.

Andther”exdmpkg, taken at random, 1s”qung in the Govern-
ment's attitude towards passenger sen%icgaf Some of these
services had buen &ntroduced at a time when cqstg were |
loql,uhenireaourcesfuere availablelin plenty dﬁd ngn
competition was hardly noticed. But this situation had
changed long ago and thgq“qgrvi;gs;had long'ceéged to be

viable. . .Nevertheless, Gevernment will not 1qf them be

touched. - . S

The net result .gf such an attitude in a background of
riging costs, 1s -to meke sll such uﬁecpnomic services
more:and more uneconomic. 'Then, they tend to be over-used

because the user is under¢chargéd, and. they tend to -

73

.



http://the.se

v

bocome ‘more ‘and mote diffigult tc upreot. Funds whigh.

could be used for better purposcs in the system are locked

t

up:for the:provision of these services.

M
P A ;
1.

3.2 The Railway - The Reilway is, perhaps the nldest

commercinl and the oldest subsidised institution of the
Government._ Resulting frum'this, the Railway hnd.grndunlly
shifted from the p051tion of being = camme:rcinl Railway to

RVIRL g
becoming 3n uver-aubaidiaed, social Railway.

21ng under the prot;ctive influencc nF succes 51ve

Governments right fram Calonial tim s, it haos hardij

changed its traditinnal posture. It was shown, for-

S

example, that the tariff is still bhsically a repeat of
an exercise done in culaninl times. It will mow be shown
using the game anmple of the Tariff, that this attitude .

in this agblof coat consciousness will not work.,

Is the t:riff aquuate to recover, at leaat, the directly
variable costs? ancment cnst is a dirvctly 'variable cost.
This cust nlready defined, is qua up of cost of" Fuel

2 and maintenance of rnlling stnck Thc cost of"
prnv1din§.a vehicle io carry thL traffic, is tHe other
dinqctly'varianle cost., Traffic must first be loeded into
a vehicig'pefpré it can be moved. This element of dircctly
vagiabie_nnat is exclusive to the troffic and should be the
first charge nn the revénue, unlikaz the other elem¢nt which
is qhare&. |
To.calculate the provision cont of vchinle for o sefvine
one, must. know the cost of the vghiclc, its life, intareéi

paid on capital borrowed, the number of dnys nf operation

of, service, availability of VthClL, turn:rnund time,

length of haul ang lnadnbility of commodity. A mcthema-
ticgl model .can be.designed to study the problem. By

applying the data of 1975 tc this model an interesting .



set of fIQU“EB Pmerged In the thrﬁw qroups nf commodities

given b°lnw, the cast av V”thlu was the same,

N COMMODITY - FROVISION EGST RVERAGE 4EVENUE

" | PER TON-MILE <. _ PER TON=MILE
N ] o . .EtB. Cts.
U pan 9.5 B
Eement”. ' ~ 21,6 ' S T f;n

Genzral - - .5k.3 : - 32

It is seen that for the &ame cast of vehicle,: the provision

cost p°r tontmile yet varied widely frum 19.5 cts.. to 54.3
: that :

cts. and/oil had the lowést’ provision cost and the highest

revenue. ' '

0il is loaded almost throughout the yL1r, unlike the other
traffics whlch are not loaded on Sundays and hnlidayss, -
Théﬁzégain, the turnaround time of oil tanks is faster

‘and théif évailability higher when compared:to the covered
wagon in which .the other traffics muvé. These favourable
Facfﬂrs in.mii transpart had brought its cost- dewn to .
19.5 cts. Cement though sharing the same inefficiencies
wifh the genefai fréffics has o lower cost because of:'its
idﬁé haul and maximum loadability: The revenue pur tons-
milg-hhé exceeded provision cost only in the cnse of oil.
"Adéing'the'mobement cost which in that year was 19.6 cts
per ton-mile, the revenue from oll covered the two
direétly variable costs. However, the.revenue from oil
was -not-enough to.meet its share of the cost of loco-
motivé and brake needed ‘tn haul the commodity. This cost
incidentally, when added to the othaer twe elements, form
the haulage cost. This little presentatinn relm:ing_;i:!'le.L
tariff tc costs rolses several issues. Uil traffic with
the best revenue and lowest provisicn cost could meet its
directly variable cecst but not its haulage cost, let

alone the other costs. 7Tire other traffics cannot even

meet the cast of vehicle.




The Réilway is subsiding traffics from Governmant nwnad
organizations. Through improvements in operational

efficiency the cost of vehicle can be brought down. The
tariff_hea;s ng relation toc cost and is uut-uf—gqteF It
is ndt‘negesaa£y to prodgge data to prove the saﬁe point

with respect to the other activities of th2 Rallway.

3.3‘Ihe User and the Competitor - They are the partievs who

have benefitted most from the situnotinn. The user hns tho
choiée of modes and he is under-charged. Hi has the scrvice
he has been used to for several dacades and he has the
influence to prevent changes in the service if toc his.

disadvantage.

The competitor is not restricted, not anymore, from
competing with the Reilway. His bresk-vven loevel is low,
so that hz can always ensure a surplus nn his operations,

had
The Railway has not/the same frecdom to act.

3.4 The Genstal Public - They pay the Roilway's deficit

and suffer in other ways. The Mailwaoy's lnsses arc met
from fakés and dues collected from them, becnuse the
Railway is cnnsideped to be of social importance. dut
there are other services also of sccial importance, some

of which affect the quelity of life of thoe Nation itself.
An 1hcreaae.in the Railway's losses, decrcase the rusnurces
available for these omenities. At o curtcin stage, a halt

is called on Railway expenditurc.

The?Railuay then manages in ways it knows best, cutting
down expenditurc here and there, to the detriment of the

system, ns a whole. -

b, - ' THE SOLUTION

4,1 A Review - But first a brief review of what had been

stated alrﬂady and a comment b:fore prnecceeding further.

I
-,' .



The Rallway'" r?vénuu fbr a gﬁﬁﬂ nEnNy VGET“ - had not beeg
cnnugh tG meet 1ts e currunt exp.ndlturu, lat alone thL b

ost of annultles° In 1951, the Railway incurred o lnss. - #
of Ra.236.milliﬁn on operations and ancther, Re. 246 millfﬁ;
an anhuities,.tntqlling to a lnssluf Rs.hBZ”millinn°
Granted that the Railway, like mmst.nthar Rnilméys,
cannot meet all its expens ','tﬁe qu:stidn has still “to

bo ﬂSk d as to houw much of these losses anre avoidable. ™
More traffic will bring in more revenue. But freight
traffic has been decreqsing from 1970, and by 1981, 1t hja

dropped by 4O0%. The average length aof h1ul had dCCllnDd.-

and the Railway was left with anly twn patrons uorth
mmntioning° Passenger traffic had dropped drnstically

by more than 25% betwezh 1979 and 1981, ‘Compatition had *
becnmé!very severe. Most of the Jnurn ys werez derived’ *

from season tickets where fares are low and journey

lengthé-shorf.'~" ' ' e o \ 4

Even if by some ‘device the declining trend is reversed,
the Railway will still not ba able tn break-szven with
recurrent expendithre,'lét alone the annuities, because

the level of traffic nzeded toc break-<even is very high. .

. The oth ar posslblllty to increaose fe@enue is by incfeasing
fhe tariff, Homev er, the tariff is not cost-based aﬁd |

is still a repeat of an exer01se dan° in colénidl times.
Rgain, a stsep increase in freight tarlff had alrendy
resuitedtiﬁ‘a loss of freight revenuz. In 1981, the "
Ra&luay éérned:RéohDB million and lost Rs.482 million.
How much of this loss can it be said be bridged by a
tariff revision? ilhy should the troffic which still
patronises the Roiluay be made to cover the loss, of -
revenue’ fram traffic: which had‘movea tc other mddes?a
Since costs go up each year, should the tariff be

revised each year?



——

b.2 Proposals - that then should be done to reverse the.
declining trend in the Ralilway? Three linea.of action ere
proposép. Firatiy, fhe ﬁaiyyav's autangmy to run its day
to day affairs ahoulq.hE'increased, and it should be helped
to mapépe its éffairaJlike.a private sector nrganizption.}
The Gavernment the Railway, apecialiate in transport
economica and Managera in the private sector may be braught
together to deaign an appropriate 1nfre structure. Secondly,
the lump sum subaldy ahauld be daone away with; instead,

the aacial aspects of Rallway nperution must be quantified

and subsidised., Thase will be 1dent1fied now.

A train hour has the potent1a1 tn produce nnly a certain
amount of ton-miles ar paasenger-miles to earn revenue, It
can be shnun that on the Up-Country Division and on the
K.V, Llne. hecauae of low train gpeetd and low haulage
capacity of lacomutiva and rrain, about 2 traln hours and
3% train hours reapectively are the traffic cquivalenta to
one train hour on the flat territory of the broad gauge.
Thua. 1t costa much more an these two lines, to move the
same trafflc or earn the same revenue, than in flat
territory. Then, in the Anuradhapura Division, enclosing
S0% of the route mﬂpa, only about 25% of train miles are
upérhted, indicating a low use of track and of other items
of fixed costs. Again, An' the Colombo Division, the track
and the somewhat sophisticated signalling system is
considerably used to convey commuter traffic, which

. provides scant revenie to the Railuway but keeps the

traffic off the public highuay,

Again, the ﬁpiihay syptep terminates in 9 dif?érpnt
dlrepfians. with each terminal and a section of line leading
go the terminal having a low traffic level, Nevertheless,
these pections whem totalled form a substantial proportion

éf the route miles.




Despite thewe cunstraints; the Aeiluay being asutiglt
concern, is compelled to bperate services throughoutthe -
entire system, oo g ‘ : Ao
Superennuotion should also be treated as o social amenity
.requiring Government's assistance. In 1981} thc Railway
spent Rs.83 million on: pension, while, smy,.in 1975, ‘it
epentdonly:Ref375mlllion on thie>abonun%;

‘In 1981, tHé Railuay incurred an onnuity bill of Ro.245
million, fenitéars back it was only'Rs.37umillion.'fhis'“.
phefiomenal’ increase in this"item'of'expenditure is dug

to the high rafs of inierest charged on capital loaned to

the Railway, td the.puriod of the inutalment which ranges

ffom 30 :to 50 'years, and to inflation. It-can be demons-

trated,.though it is-Aot necessary, how thése factors had

[ ]

piled up the 'bill on annuities. - . St ;

The‘seoond'proposal ie; then, to subsidise the capitél.'
cost of track and eignelling and, say, half the cost of
euperénnuotion and to chorge; if at all, a nominal

interest on capital loaned. This proposal is justitioble:.

for the éfﬁér”feaéun that the private conoetftor doeeﬁnot

pay f‘or the bu11d1ng of‘ roads, hae little or no eupnr-. - ‘

annuotlon to contend wlth, end has had the advantage of

L5D ta purchase his vehicles.

The thlrd 11ne of action 19 to meke the ﬂailwdy cost-

oriented. Its prlncipol services and activities must be_

costed, nnd published. How far is the Railway from maklng &

the best use of its resources will then become ev1dent.“ a

This Paper will cease to be an objectlvo exercisec on
oilmay econon;cs ir it were to start listing “the

numerous’ perometere af operotion uhlch ehould be costed

and’ monitored. Markzting strategy and pricing should be

based of costs, and sa also the tériff. The introduction



Y

>

o,

of o new .service, or the termination or modification. of an
old service must be based on custs. In short, cnsts should
be uéeé as guidelines to policy and to improve aoperatiaonal
efficiéncy} Traditional practices will become suspect, if

they are costly.

k.3 Effect on Eost - lihat would be the cffect on coust if the
Railuway were tn improve its efficiency and the Government
were tﬁ meect the cost of socinl obligatiocns imposed on the
RailwaQo A sample study was maode for %thas y&dr-1875¢9 In
this study, the Railusy was cxpected to improve its
efficiency on certain specified lincs and the Gavernment
was expected tc meet the capital cost of track, half the
cast of auparannuaiinn, and to charge a nominal interest
on capital loaned.

The result of this study, which wa= for traffics moving

in covered wagons, is given belouw:

COST PER TON-MILE
ACTUAL FROFOSED

ITEMS OF COST

Recurrent - Cents
Movement 19.6 18.6
Fixed 19.4 16,4
Total 39.0 35.0

Capital -

Provision cost of vehicle S5L.4 9.0
Provision cast of
locomotive & Brake Van 14.0 7.0
Track and signalling ' 5.0 -
112 . b 51.0

Average revenuc of theose traffics wns -/34 cts per ton-mile.
It will be seen that the proposals reduced the cost of the
service to less than half the nctual cost. Even then, the
revenue earned wns two-thirds the revisced cost. One of

the ways to bridge the gap would be to raise the tariff.



However, the lincs of action praposed, if effectively

) " : . A R
implemented, should find o solution to problems of this
kind.

(T would like to taoke this opportunity to thank the
University for giving me this opportunity to present this

Paper on Railway Economics.)




NA-219 -2

OPTIMAL TRANSPORTATION PROBLEM: - SUPPLY FROM LOCAL & MULTI IMPORT POINTS
" BY,

G.T-F, Sllva & M. Indrallngam |
Department of’ Mathematics; ' _ e

Un1ver51ty of Moratuwa,

ABSTRACT : Id order to balance the demand 6f % commodity at different locations

within a country, it may be neoessary-to snppliment stocks produced locally at
different production. p01nts, by 1mport1ngthe def1c1t amounts- to import points, s
such asg ha!honrs andtalr parts. To work out the transport shedule to d1fferent “demand
p01nts from .he supply p01nts (wh1ch are the locally manufactorlng and 1mpory points)
to keep the total internal transport cost m1n1mum p0551ble, the management dec151on
makers are faced w1th two related problaéms. These are, .

1) What quantltles are to be assigned to each 1mport p01nts, and

2) how could the optimal transportatlon strategy be . worked out.

- . . .8 . - . o ,: ¢
Thls paper attempts tp answer the above problems, by keeplng the quant1t1es to be
asS1gned to dlfferent 1mport_polnts as unknown varlables, and then by constructing

the optlmal transportatlon strategy and w1th it the total cost as a linear: functlon

of these unknowns. The values that m1n1nlses the cost function is next sought._

<

The; ahpve model is applied to a case study of assignment- of . suger. imports teo
Sri Lanka for the year 1981, to the harbours Colombo;and ‘Trincomakee to supplement
local production and to. shedule transport to the nine provinces, im order to

minimise th= total cost of 1nternal transport.-n_,



PoOINFRODUCTION. . -+ Tt o L i

The well known linear transpor&atlon problem. is formulated in terms oft supply

S 3 which could supply S, i By 4 seses Sn units of a commodlty ‘
b . o K |

points 51’ Sz,

to points D, D2, veeaD  that demand d, d,, .,..d u-nts w1th i’-, 5 T &L,

- \
If the cost of transportlng per 1tem from S to DJ is C i for all such connections

the optimal steategy of sheduling amounts 17 from S1 to DJ in order to minimise

" e, £
the total, cost, 'Eéj“'yf . '? : Q;;_«_ is sought by the use of the well known e
R N , PO

stepplng stoné method (ref, A ) = e e

B A

., T L I T e . C . T v

_There, are numourous extentions td the abové classical problem.. Sgqme of these are....

‘the. sengitivity analysis, where cost changes are studied for moderately:small -

chanéegﬁin_tne.snpply andA otidemand values ( ref,1)_0thég extensionsare to keep

supply, demand values and cost valugs_Within.limits rather tban at.spegific_yalmes.

The objective of this'paper,_}s to study rather a oomplex_sitnation where the anounts

to be made available”at specified snpply'points'are to be.determind in order tﬁat
specified supply points are to he

total demand balances the supply and also the transport strategy to- be worked out

to mbnimise the total cost of transport. L N ) ey
This situation could arise in a country attempting to meet.the demand of a certain
commodlty at dlfferent reglons from produce manufactored locally at dlfferent P ;;d. ®
locatlons and also from 1mports. These 1mports also have to be- recelved at a number

of p01nts 1n tha form,of harbours ‘or a1r ports. The questlon is knowlng thc_'
requlrements, anlldbllltles at productlon p01nts, together w1th transport oo;ts,

in order thatAdemand balances the supply,(whlch is now the local productlon and

imports ), to decide on two matters. Firstly, how much of the items are to be

assigned to each import point and secondly how could the optimal internal transport
strategy be worked out, to keep the total cost of internal transport as least as

possibles .

MATHEMATICAL FORMULATION -

Even though it is possible to examine the problem. for more than two import points,

let only two ench points be wonsidered for the purpose of keeping the model as

simple as possibles ]

Let S1, 82 be import points, and S3' ..o.Sn the peints of.local supply with
the figures 53, ..a.Sn and the other rotations remain as stated earlier in the v
introduction. The unknown amounts Xy ¥ are tb be assigned to S1 and 82 respectively,

but since the total demand is to balance the supply
o e
N eI S S S

] . - H
st W Sy ey N—d o
— .

. o B . .
RS o R Va e . L . )
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(3)

Thus Y can be expressed as a linear function of form Y = a - x. The problem-

could now be formulated as to determine x, a - x to be assigned to S1, 82

respectively and to work out Z.ij from S

1 to Dj for all i = 1,2, coooell
J = 192y oeesl, s0 that the cost -+ M. e, ¢
h . o . . R:—_.‘ t\. - ' * P
SO S - S R
L = b ‘: a0 ,"_) ¢ _)

is minimum possible,

The standard practice in using the stepping stone method as in frobers (ref,2).
where S .and: dJ have prescribed values 1is to f1rst construct a matrlx F wh1ch

gives a feas1ble solutlon. In attemptlng this w1th varlables x, a=x, at S1, S2'-

different watrices: F. are :obtained for different ranges . of xo If means that
in eachof these r.anges,. the structure of- the problom remalns the same. It 1s

eviderit that no term of F -can be negative. ..

e s ,
t '-—"' H ' .‘.(.' s

The optlnal transpotatlon strategles have to be now uorked out for each of these
. ' Qe
ranges of x, -and hence for each strategy ‘the total cost .be formilated ag a linear
functlon C(x). '
Thé Tuhction B(x) is'Seedi to Be piééé - wise‘continuous, for” feasible values
of x. Thué whén the value of x which minimisés C(x). is determined, the :

optimal transport strategy could be worked out for that value of x.

SEEKING THE OPTIMAL STRATEGY»AND:THE QQST FUNCTIQN _
o : : R
-In order to flnd a fea51ble solutlon matrlx F =-{;"1-;%for some X, in the cost

matrix )C,\}, the smallest number 1s found for some row I and ‘colurin J, where

I belongs to the set 7 1 2,...°.n‘~and JE-§1 2,....m7- Suppose I=1, }n ‘which

<

case the value x and dg have to be composed, If x ‘i' dJ, ' i¥én” ::Z_. is"
.\..) O

set.as x with other terms of that row Zf; are set O 3= 1 124000M, ‘
j# 3. The value d; is redused by x. If x _ dJ, then Z,J: is dj and

other terms of column J is set 0 dJ set 0 and X decreased by dJ

If. 127'2 ai sipular prodedure is adopted The next smallest term is con51dered and .
if the corresponding %' term is. already available, the next.smallest,term is
reached, other wise this is-#: c‘@“ in the same mancr. . -‘ - |

Clearly the proceduge w1ll result ina nXm fea51ble matinx F If is hence-
clear, that when ‘terms 1n the first and ‘second rowa of the cost, matix {?131 are
dealt with, for different ranges- of x4 different feasible matrics are obtaihed.
For ‘each fea51ble matrix ‘F, a matrlx éalled K “has to be constructed as follows.

Correspondlng to each non- zéro’ term, flg. in “F, find <X, and éi ‘such - that
G ij ;:<:", . Thls could commence by taklng 4’- O and looking for a

)

non zero term in the first row of F, ol Feer
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The matrix -’A-= C =K. :is next constructeds. If all terms of A, are non - negatlve
"the: feas1b1e matrlx ¥ gzves the optlmql transport strategy from whlch thw COot '

functlon

\/ \ Hessinall ,’—"‘ e
=2 & =
R G I e
) - ‘“ can Dbe constructed asra-linear

functionﬁof"k," for that range of "ix - for which the matrix F is defined.

If a term a of A is negative, from the matrix A, a poiygonEWIth sides.

1J
parallel to crows or columns is chosen with vertices as aIJ and all others

. 2ero, g1v1ng a set of p01nts with row - column co - ordlnates as (7 I ), (I, J ),‘
(1 J), (1 I J ) yeosevo Looklng at the F matrlx, it is seen s that ZIJ t 0,

and all the other terms . ZIJ etc, are:positive. A p081t1ve value % is selected

so that' zIJ

+vF,nuall'these terms should be non - negatlye° This could give different sub

Y] .
"'( e) . . . _ -
= and when other terms are gtt ZIIJ &; ) iIJ{ L B

ZiJ
reglons of the 1nterva1 x to which F is defined . ¥ith the new matrix F the .
matrigecK and A are computed as descrlbed earller, and the procedure repeated;
until a matrix A with all terms non - negative 1is reached° The correspondlngg

matrix F gives the opt1ma1 sprategy from which €(x)*"is constructed;

CASE‘STUDY —~ IMPORT ANDfDISTRBUTION OF SUGER.IN SRT.LANKA

Figures of import.and productlon of suger in Srl Lamka 1n 1981 (ref, 3) have
been- taken to apply the modél to indicake how the 1mports could have been .

| dlstrlbuted -and the transport strategy worked out to keep the total cost of 1mland
transport at the m1n1mum level. The present work is an extension of 3n earller
study by,de Sllva and Alhlp (ref° 4) wherc only local productlon #nd distribution

has been studiied w1th out’ 1mports° :
(TN T

”

. In 1981, the total amount of suger in 1000 M. tons dlstrlbuted in"Sri Lanka had
' been ﬂ93. Th1s has come from flgures of 13 produced at Hingurana, 11 at Kantala1
and rest from imports. Two main harbours one- at Colombo (w stern prov1nce)

- and 'the other at Trincomalee (Eastern Prov1nce ) serve as 1mport p01nts.

The dlstrlbutlon of suger to the geographlc 'Capitais ' of the nine provincy is
considered, If is assumed that ‘the demﬂnd of a prov1nce.1s propotional to 1$s,
population. Both Hlngurana and Kantalal are located 1n the Eastern prov1nce, and
the capltal -Battcloa roughly 11es mid way between thu two production locations,
Thus the total production is lumped to an 1maglnary supply point at Battluloa o
Figures of population, suger consumption at tho rate assumcd, etc; are given an
table 1.

(]

ﬁ_?




(5)

Obviously, produce of one province is distributed inside its own territory and the
excess fprwarded jo other demand points. Thus of the 24 units of production of the
Bastern Province, the amouiit’ of 12 i< consiumed within that province and this

province q@s as a suppller g1v1ng out 12 units of the commodity.

; i
it {

western“?ro&;nce Qithjitsiisréestﬁpopulation requires 51 units. Since Coldmbo is
in western brovince;'it is,ressbnnhle to_assign 51. units of. the. total:imparts of

169 to be 1mpoted through Colombo!for distribution to that province cven th ough#
Trlncomaleexls 1n the bastcrn prOV1nce, s1nce that province is more thah self
sufficient 1m suger, 1t is assumed that this harbour is an 1ndependent supply p01nt.
Thus if.a value of x is a551gned for imports at uclombo, the amount for Trincomalce
is 169 - 51 -x= 118 - X un1ts

i N B xS
0

Slnce the requlrements of westenn and Eastern prov1nces have been deatt w1th the

resnalnlng seven prOV1nces are consldered as demund{ locationsg w1th amounts'

pnopetlonal'to ;the pbpulations.
|

P : ;

- 1 s ¢ .
. ] i H A
i i

Transport bost per unlt item is ‘taken to be propotional to the dmatancn from

!
the three supply poants Colombo, Trincomalee and Batticboa. The" cost matrix fprmed

of the dlstancels(ref. 5) together with supply and demand values shown in table 2

1nd1cate the ba51s of the linear transportatlon problem of thms study.

i - A e g

The - cost functlon for dlfferent ranges of x, and mts greph 1s shown in table 3.

It ds: seeﬁ that .C(x)_has a mamimun_ value. Qt_s = .95 units which. imp11c~ that o

95+ 51 = 146.units are to be mnported to Colcnbo of which 51 units are to be i-uni

distrubuted to ‘the Western Prov1nce, and the rest drstrlbuted to other Boven

ppovinces. Trlncomalee should recive 118 = 95 = 23 unlte, ‘'which are available for
distribution to the semen provinces.

The optimal strategy for the above supply flgures is given.in..table &4,

Y
s
t,
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Table I - Statistics of Suger Requirements, 1981.
| T -

i | Suger
" {requirement'| s
according tq Suger | (1000M
popubation | productipn  tons
(1000 M tong)(1000M)

o e +. | .Bxcess
| Population

(1000 s)

Provthqel: qeogréPt;p :

Capital |,

——pes

' Colombo 13968 5

T.Westérnw

'ZéCentral‘ Kaﬁdj o ’2177{

I3.50uthern | Matara 1977 - 5. | -] -

4, Nothern Jaffna 1080 14 - -

S.Eastern Batticloa 916 2

[ORIEEE R [

2k

6o NWP " Kurunegala 1698 22, | - -

7-.NCP

Anuradapura 712 9 -} -

20 - -

- Badulla L9351

1530

;9°§§barag§muWa Ratnapqra’

.- - N
Wews . TR L LI S —r K
s L P . » - b
Sri Lanka. - 141988. : 193 . 2l 12

Demand &+ .0 . - Lo SY e T e

Supply Central Southern Northern NWP NCP Uva Sabaragamuwa.

(28) (25) (14)

(22) _(9) €12)

(20)

Colombo (x) 72

Trnco. (118-x)

113

Batticloa (12) 116

( In brackets demand, supply values in 100 M.

100

260

237

246

148

235

58 128 143

102 66 172

135 122 104

63

112

184

tons )



. (7)

- Table 111
COST FUNCTION .
' ' .
C(x) = 18062 .- 160 x when 0 £x < 25
' °
% = 15287 - 49 x when 25 < x 45
= 15062 - 49 x  when bs < x £ 67
(" = 5076 - 62 x when 95 & x < 104
' = 1332 = 98 x when 100 & x ¢ 118
\
3 .;'
204)
e so -
l“"\“ el "
IS,0n0
Ve ! \
"\\‘“. I"”i
"-—..~_._‘<-.\ - P
1 ! [ aluly) "-‘N__T'_ T'\‘-’ e
|
Yoo T ;
[}
o RS .:‘ :; > 4 st /f 7 ." o :: 5 Qﬁ_\ e ”'“ v '
p4e
Ménimum Cost = 10,960 at x = 95
Table IV
Central Southen Notwen NP NCP UVA  Sabaragamuwa
¢ . 28) (25) (14) (22) (9 (12) (20)
Colombo  (95) 28 25 0 22 o 0 20
~ Trincomalee (23) "0 0 14 0 9 0 0
* .
Batticoloa (12) 0 0 0 0 0 12 0
o ; . REFERENCE
l 1) Danfzig G.B, 1983, 'linear programming and Extension ' Primceton University Press

l 2) Froberg C, 1965 Introduction to Numericak Analysis.

3) Central Bank Report 1981,

‘.\_ de SilVa GDT'F. & Ahli RoAn R. ce ‘I'I‘ tr t. st 2 t Sri &
4 ; Lp i ansportation Strategy for Sri Lanka 1977
] ) SLAAS sessions. (5) AAA Road map. .
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CONTAINERISATION Al !O& IT AFFECTS
SRI LANKA
BY

. , H K JAVENETTI
CEVLON SHIPPI{!G CORPORATICN

Since ité inceptiun Conteinerisation has revelutionerised transportation.
It made possible the handling of large uniform containers at each
interface without handling the individual packzges over and over
agéih, causing damage and pilferage. Containers were introduced tn

‘ Sri Lanka in early 1970s and si nce then Sri Lanka hag risen to
a major traffic area in the region. Due to its efficient and reliable
nature Sri Lanka imporis 8 exports as well as the National Shipping

Liﬁé and-fﬁé Port of Colombo hive immenseiy benefitted.

s



®

e WHY CONTAINERISATION
Theré has been only a few aspects nf modern transportation that has

been given as much prominance as the container. From the day it was

' first imtroduced by‘Malcolm McClean, the:container’ pioneer it was ¢
a revolution in transportation. - SERLE: S
- .
The MUrld'liner trade was ‘increasing both in quantity and complexity
resulting  in :undesirable characteristics for conventional general
targo ships.y:- These included
(i) Longer part ‘stays' qnlng up to &8 much as’ BD% of the total
: productive time of vessels. .
(i) Damage to cargo in handling.
(iii) Pilferage.
(iv) Cargn lost due to mis-routing, over carriage and inadeguate
sorting facilities at terminals. .
(v) High cost of insurence.
The advent of the container closed this awkward technological gap
that pxisted in #manennnbatinn and bocoebl e gt Y9 npy cnncept
. 5
2. CONCEPT OF CONTAINERISATION
Containerisation concept is evolved around the 150 containers which

are mainly of two diamentions, the 20ft. and the 4Oft container

Other sizes as 10ft. 35 ft. containers are used, but
only for exclusive trades or shippning companies and are not universally
accepted. .
Heterngoneous cargoes are now packed into homogeneous containers and
transported by road, rail and sea standardising the handling equipment
and speeding up the intermodel transfers. This uniform nature of
the cotnainers have accelerated the acceptance by all modes of
transport and a 'Through Transport Conceﬁt' has evolved, which is
also known as Multimodal or Combined Transport Concept. Purpose built
container carrying ships, rail and road trailers have been developed
to serve this industry. A
Customarily 'Full Containers' are packed by the shipper at his door-step
and transported to the dnor-step of the buyer possibly passing through
many modes of transport. Less than container lnads are 'Consolidated!
at the port or at 'Inland Container Freight Stations' with cargoes going

to the same destinations.



Shipowners have spread th91r act1v1tles by-passing the traditinnal boundaries
and haveoaccepted respon91b111fv fnr the 'Total Transportation!

isguing 'Through Transpbort or Combihed Transport Bills aof Lading'.

3. f INTRODUCTION OF THE CONTAINER IN SRI ILANKA

The first cbntéiner shipping line to ¢sll at Colombo was the American
President Linds (APL) in ‘the early "1970s. ~APL launched a very limited
operation to lift Eontainers to the US market using their own land
based.equipmeht. The vessels that called at Colombo were fully equipped
with on-board Qantry crafies to hsndle containers =as shore based ship

to shnre gantries were not available in Sri Lanka.

Since then the number of container shipping lines calling at Colombn

has iﬁcreaééd tremendously.b.The Throughput of containers'in‘tﬁe fort of
Colombo hes increased from 17,680 TEUs in 1979 tc 106,155 TEUs in
1§825.Present monthly through put is about 9,000 TEU.

The blggeat contalner nperatlon 1n the Part-of Cnlombo is handled hy

“the Sri-Lanka National Shlpplng L1ne (Ceylon Shipning Corporatinn'([SC).

The higgest transhlpmpnt operator gver Colombo is COBRA (Continent
Britain Asia Container Service). CSE Llayd Triestino, Blue Star -Line,
APL & Gold Star Line are the other majnr transhipment operators via

Colombo.

I shall now discuss the impact of Eonfalnerlsatlon on the National
Sh1pping Ling, Pnrts, Impnrts, Exporfs and 1ndust4les emerging tn serve

contalnerlsatlnn.

b, . NATIUNAL'SHtPPING LINE. (CSE)

In Sri Lanka CSC was ane of the first tn fealise “he pntbﬁfial of
Cnntalnerlastlon ta FSC as a shlpping line and to its customers, the
Shippers and Con51gnees. The principle underlying the dynamic outlork

at CSC was that 'unless you make your own services mbsulete“with
introduction of new concepts, somebody else will ‘} |

By beginﬁingnof 1980 CSC had eipght dry cergo conventional ships.-.In

June 1980 CS5C containersied its méjor route Eulombo/Eurmpe by intraoduc "ing
two Tihe Chartered Geared fully container vessels. Simultaneously CSC

launched am ambitious new building project to huild nine container vessels

ot

in Souﬁh Korea, Japan and Argentina. Six"“ships out of the nine are alroady
in operation and three are expected to be cbmpleted before end 1981.

additionally threg Qime:phartered'dantainer ships are operated.



By these pfogrammes CSC is able to compete effectively with worldisg
ma jor shipping lines calling at Colombo and provide container
services to and from Eurnpe, Middle East and Far Eagt, effectively

taking the roll of the Market Leader.

5. PORTS

. All Ports in Sri Lanka are groupecd under the Sri Lanka Ports
Authority (SLPA). SLPA has recognised the trends in Containerisation

and has concentrated its containerisatinn activitiés in Colombo.

Three distinct stages of infrastructure deveiupmeni and a tuﬁ.

fold commercial strategy has emerged from SLPA,

5.{."Ihfféstructure Dévei@pment

The first stage consisted'of‘lengfheninu the Queen Elizaheth Quay

(QFQ) by 30L.8meters and dem011t1un of the QEQ I, warehouse to make

room for containers.

The second stage consist of erecting a Tango 80 SHip to Shore Gantry

. Crane' 5t QEQ 4 whidH was' ledsed and rected by SLPA in Siptember 1382

"and the crection of two more Likbherr 5115 L gantry crines pirchased

at a cost of US8+75.8 million. These tuc dranes will ‘come’ into
operation in June.1983.. ’

The third expan51nn prngert 1s tn be Parried out uJ th Jﬂpancse_' -
collaboration. 5pFC1ally d951gned For qnle use as a Ennta:ner

Terminal this progect con51st nF throc phqses, The Flrst phuqe to

bp rompleted beFore and 1985 ulll have 3 berth uf 300 mLters, a depth.

Sk

alongside of 12 meters nd a bﬂckup area of 97, SDU Mo Twd yearc
thereafter the second phase will be cnmpleted with a fur ther Quay
length nF BDD metLrs. Anothcr twn vears 1atcr 2 Further 300 mctpra
addltlon is tn be completed glvinq a tntal quqy 1eng*h nF 900 mnters°
ACFS and a fleet of full size transtainers for ste cklnq dUthS is

expected to be commissioned,.

5.2. Commercial Strateqy ,

These 1nfrastructure develnpment¢ have certainly encourage the

Cnntalnerv Fnr Sri Lanka Trade. SLPA also has activity sort ways tn

develop Port of Enlnmbo as a qunr transh1pmﬂnt port in the anu*h A511,

which is the brainchild of thn Hnn° Minister of Trade 8 9h1pp1nq
Mr. Lalith Athulathmudall°

The accelerated development projects attracted many shipping lines
to use Caolombo as a transhipment Port faor Container traffic and today

almost 50% of the Container throughput ate trahshipment containers.

»



6o EXPORTS AND IMPORTS

6.1. Exports

The.main export commodities from Sri tanka consist .of Tea, Rubber,
Dessicated Coconuts, Fibre, Garments and Spices. :Containerisation

has changed &he trading pattefn of these Commodities considerably.
Gnnerally Tea, D/C, Rubber and Spices are mostly snld now on the hasis

of container loads making use of th e advantages »f the door to dun1
cuncept. The general purpose (G.P.)Container is not suitable for cerringe

of all S5ri Lanka exports and now the shipping lines hnave an assortmont

of different type’ of containers.

Whilst Tea, D/C, Garments and Fibre move in GP Containers, Smooth

uided Containers are provided Fnr Sheét Ruber, Spices go in Special
Uentilﬂted containers uh1le fresh cncnnuta are 'shipped in Open Trp
Conta1ners. Frozen Seafnods and. fruit ]UlGES are expurted ;n Refrigerated

containers. Another facility afforded by cnnta1n;r1sau10n is th:

possiﬁilify of shipping containers with optional destihations. The port
of discharge can be advised by the Consignee or by tha Shipper at a

later stage ance the goods are sold to th e final consumer.

Tea Trade has gore a step further and .ship tea for off-share Auctlnnﬂ
in London. The auctions are held.whilst th e t 2 is =t111 an the shlp

and the final buyer is able to declare the nptinn after the purchase.

Packing of cargoes have also been effected by Conteinerisation. Traditinonal
Full Chest For tea hjs changed from '20' x 20" x 24" to 16" x 20" x 24"
(L0 em x 50 em X GDcm) ta accommodate 200 full chusts on 10 pallets

into a 20' cnntainer. Damﬁges due tn weak packing in conventional days
have-al = been eliminated as the stress nn pecking has heen reduced.
Pingrage has'alsn feduced and specinlly the gmrments trade have

immensely benefitted.

Due to fast transit times; reliable schedules and safety te crrgr,Sri
Lanka exports can now effectively compete in the world markets having

an edge over the other producing countries.

6.2 Impnrts

With the liberalisation of imports the volume and the complexity

of iﬁpnrts have drematically increased. Containerisation has helped
imports by reducing congestion, damage and pilferage providing the

congsumer with cheaper products.



The movement of construction equipment and material for the

large number of development'prnjects in Sri Lanka hes immensely
benefitted hy the container. Timely arrival and delivery of material
unpacking af thz containers at the work site completely avoiding loss

and damage are few of the far reaching benmefits.’

7, S SERVICE INDUSTRIES R -

“ Containerisation brings with it a host of other requirements these include -

- Container depots - to store empty containers on behalf of
Shipping Lines and Container Leasing Companies ir
- Container Freight Stations - To pmck and unpack Containers
specially consnlidations

- . Container -Repair Facilitie s - Repait and Maintenance afid
- Container Surveyors
8. CONCLUSION

Cantainer has éome tn stay - Sri Lanka bcing.uniy a fraction nf the

wnrld trade, we cannot avoid the contniner. It has to be consid ered <
an nutside factor which has to be turned to anlmppnrtdnitQ before it

becnmes a threat to our trade. A distinctive advantage can be

-

gained only by the cnmpafntive speed with which we containerise

nur trade over the others in the region. The spirit of pioneering is
essential. CSC, SLPA together with the Sri Lanka Traders have containerised

60% nof our exports over a such short period. Tribute must also bo

paid'to Central Freight Bureau (CFB) for the active roll played in this
regard. What Sri Lanka needs is tho most efficiept medium of .
transportation to bring our products closer to the markets effimienﬁly
and cheaply. Further developments in containerisation should be

aimed at achieving these nbjectives. °

®
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CONTAINERISATION A% HDM'IT AFFECTS
SRI LANKA
ay
H K JRAYEFNETTI
CEYLON SHIPPIMG CORPORATION

Since its inception Containerisation has revolutionarised transportatinon.
Iﬁ made possible the hendliﬁg of large uniform containers at each
interface without handling the individual packages over and over
agqin,“paygingldapaggﬁgnqppilferagg. Containers were .introduced tn

Sri Lanka in. early 1970s and.si.nce. then Sri Lanka has zisen to

a major traffic area in the repion. Due to its efficient and reliable
nature Sri Lanka imports. & exports as well as:-the National Shipping

Line and the Port of Colombo have immensely hznefitted.



Te WHY CONTAINERISATION

There has been only a few aspects of modern transportation that has
been given as much prominance as the container. From the day it was
first introduced by Malcolm McClean, the container pioneer it was

a revolution in transportatian.

The world liner trade was increasing hoth in guantity and complexity

resulting in undesirable characteristics fpr conventional general
: VR

cargo ships. These included

(i) Longer port stays going up to as much as 80% of the total
productive time of vessels. ) . e

» (ii) _ Damage to cargo in handling.
(iii) Pilferage. - . o

(iv) Cargn lost due to mis-routing, over carriage &nd inadequate
sorting facilities at:‘terminals. o

(v) High cost of insurence. ' . : .

The advent of the container closed this awkward fechnolngical gap

that existed in +manenantatine and hemimhs ook - k=13 ney coacept

2. " CONCEPT OF CONTAINERISATION

Containerisation concept is evolved around the ISC containers which
are mainly of two diamentions, the 20ft. and the 4Oft container

Other sizes as 10ft. 35 ft. containers are used, but
only for exclusiv; trades or shipping companies and are nuf univergally
accepted.
Heterloguneous cargoes are ‘now nacked into homogeneous containers and ‘
transported by road, rail and sea standardising the handling equipment
and speeding up the intermodel transfers. This uniform nature of
the cotnainers have accelerated the escceptancz by all modes of
transport and a 'Through Transport Concept! has evolved, which is
also known as Multimodal or Combined Transport Concept. Purpose built
container carrying ships, rail and road trailars have been developed

to serve this industry.

Customarily 'Full Containers' are packed by the shipper st his door-step
and transported to the door-step of the buyer possibly passing through
many modes of transport. Less than container lpads are 'Consolidated!

at the port or at 'Inland Container Freight Stations! with cargoes going

to the same destinations.



Shipowners have spread their activities by-passing the_tfaditional boundaries
and have accepted responsibility for the 'Tetal Transportation’

issuing 'Through Transport or Cumbined,T;ansgprt Bills aof Lading!.

3. INTRODUCTINN OF THE CONTAINER IN SRI LANKA

The first container shipping line to call at Colombo was the American
President Lines-  (APL) in the early 1970s. APL launched a very limited
operation to lrft containers to the US market using their own land
based equipment. The vessels that called at Colombo were fully equipped
with on-board gantry cranes to handle containers as shore based ship

to shore gantries were not available in Sri Lanka.

Since then the number of container shipping 11nea call:ng at Colombn

has increased tremendously. The .Throughput of cnntalners in the Port of
Colombo- has increased: fram 17,680 TEWs: in 1979 tc 106,155 TEUs in

1982. Present monthly through put is about 9,000 TEU,

The biggest container ‘operation.in the Rort of Colombo is handled by

the Sri Lanka National Shipping Line- {Ceylon Shipning Corparatinn!'(LSC).
The biggestptranshipment operator aver:lolomba is CDHRA.(Continent
Britéin Asia Container Service). .GSC, Lloyd Triestino, B}ue Star Line,
APL 8 Gold Star Line are the other major transhipment npe;atqrs via
Coldmbn. R '

I shall now discuss the 1mpactrnf Conta1ner15at1on an the Natlonﬂl
Shlpping Lineg, Ports, Impurts, Exports and 1ndustrles Pmerglng tn serve

containerisation.

b _ NATIONAL SHIPPING LINE. (CSC)

In Sri Lanka CSC was one of the first ti.realise the potential .of
Containerisation to CSC as a shipping ling, and to its customers, the
Shippers and Consignees. The principle .underlying the. dynamic outlock
at CSC was that 'unless you make your own services obsolete with

introduction of new concepts, somebody else will '.

By beg1nn1ng of 1980 CSC had eight dry cargo conventional ShlpS. In
June 1980 CSC contalner51ed its ma jor route Lulombo/Europe by 1ntr0duc "ing
two Time Chartered Geared fully contalner vessel q1mu1taneously CSC

launched am ambltious new buildlng project to hu11d nine cuntalnpr vequlf
| o
in South Korea, Japan and Argentina. Six ships out of the nine are alrcady

in operation and three are expected ta be ‘completed befare end 1981 .-

additipnally three time chartered container ships are operated.



By these programmes CSC ig able to compete effectively with world's
ma jor shipping lines calling at Colombo and provide container
- services to and from Europe, Middle East and Far Eastj effectiveiy_

taking the roll of the Market Leader. .

"5 _ PORTS B
A1l Ports in Sri“lanka are grouped under tha 5ri Lanka Ports

'Adthurity (SLPAY. SLFA has' TECDgnl'Ed the trends in Contdinerisation

and has concentrated: its ant11nerlsat1nn activities in Folnmbn.

Three distinct stédges of ihfrastructire develédpment and & tisd

fold commercisl strategy has emerged from SLPA.

5.1. Infrastructure Developient
The first stage consisted 'of lengthzning the"'Queen Elizsheth Quay '
(QEQ) by 304.8meters and demolition af the GEQ & warehouse to make

raom for containers.

The second stage consist of erecting a Tango 80 Ship to Shore Gantry
Crane st QEQ &4 which was leased and erected by SLPA in:Shpiember 1982
and the crection of two -mare Liebherr 5115 L gantry cranes purchased

at a cost of U5%. 5.8 million. These two cranes will come into ‘i

operation in June -1983.

The third expan51nn project is to be carried nut wi th Jﬂpqncse
collabnratmn. SpFLmllv dPSland for snle use as a Lonta:ner ' .
Tprmnnal this project consist of three phases. The flrst phnqo‘lo

he rompleted before and 1985 will have E berth nf 300 nctera, a depth
alongside of, 12 meters and:a backup area of 97,)00 Mo Two years '
thereafter the second:phase will be completed with a fur ther Quay

langth .of BDD;metersu;Anntherftmn vears later o further 300 meters

addition is to be completed giving a total guay length of 900 meters.

ACFS and a fleet of full size transtainers for stecking duties ié

expected tn be commissioned.

5.2. Commercial Strategy

These infrastructure developments have certainly encourage the
Containers for 5ri Lanka Trade. SLPA also has activity sort ways tq_ &
develop Port of Colombo as a major transhipment port in the South Asia,
"which is the brainchild of the Hon. Minister of Trade & Shipping

Mr. Lalith Athulathmudali.

The accelerated development projects attracted many shipping lines
to use Colombo as a transhipment Port for Container traffic and today

almost 50% of the Container throughput are transhipment containers.
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6 ' EXPORTS AND IMPORTS

60 19 ‘E_,.(Eurts

The main export commodities from Sri- Lanka consist of Tea, Rubbur,
Deséicated Coconuts, Fibre,.Garments and. Spicest. Containerisatinn
has'changed she trading pattern of these Commoditivs considerably.

Generally Tea, D/C, Rubber and Spices are mostly snld now on the basis

. of containen.leads making use of th e advantages of thet door to donr

concept. The general purpose (G.P.)Container is no% suitablz for cerringe
of all 5ri Lanka exports and now the shipping limes heve an assortmont

A

of different type of ‘cintaihers. =

Whilst Tea, D/C, Garments and Fibre hove in GP Enntaiﬁergj Smonth

Sided Containers are provided for Sheet Rubber, Spicés éu in Specinl
Ventilated cpntainers while fresh eoconuts are shipped in Open Top
Céntainers. Frozen Seafnods and fruit juices are exported in Refrigerated

containers. Another facility afforded by containerigstion is the

possibility of shipping containers with gptinnal destinations. The port
nf discharge can be advised by the Consignee ar hy the Shipper at a
later stage once the gonds are sold to th e final cnnsumer.

Tea Trade has gone a step further and ship tea fnr off-ghore Auctions
in Qundqq.'Thg auctions .are held whilst th e tea is still on the ship

and the final buyer is able to declare the nption after the purchasc.

ﬁaéking of cargbes.haQe also been effected by Nontmincrisation. Traditional
Full Chest for tea has changed from '20' x 20" x 24" to 16" x 20" x 24"
(hq cm x 50 cm x 60cm). to accommodate 200 full chests -on 10 pallets
intn a 20' container. Damages due to weak pocking in conventianal days
have also been eliminated as the stress on packing has been reduced.
Pilferage has alsn reduced and specinlly the gmrments tradc hove

immensely benefitted.

Due to fast transit times, reliable schedules and safrty to eargn,Sri
Lanka exports can now effectively compete in the world markets having

an edge over the othar producing countries.

6.2 Impnrts

With the liberalisatinn of imports the volume and the complexity

of imports have dramatically increased. Containerisatinn has helped
imports by reducing congestion, damage and pilferage providing the

cansumer with cheaper products.



The movement of construction equipment and mﬂterial for the

11rge number of development prnjccts 1n Sri Lanka hasg Jmﬁenvnlv
anFflttEd hy the container. Timely : rrlval ﬂnd dellvery of material
unpﬂrklng of the cnntqlnprs at the mnrk site romplptelv avaiding loss

and damage are few nf the far remching benefits.

7. SERVICE INDUSTRIES -

Eont1iner151t1nn brings with it a host of nthpr requ1rpments thesc include -

- Container depots - to store empty containérs on behalf of
Shipping Lines and Container Leasing .Companies

- " Container Frelqht Stations -~ To pqu ‘and unpﬂck Fan*alners
specially. consnlidations

- Container Repair Focilities - depﬂlr and Ma:ntenancp aﬁd
- Container Surveyors -
8, . CONCLUSION

antainer has come to stay - Sri Lanka being only & fraction of the

world trade,. we cannot avoid the container. It has to be consid ered *
an outside factor which has to be turned. to. an gpportunity befere it

becomes a threat to our trade. A distinctive advantmge can he

pained only by the comparative speed with which we cnntainerise

" -Bur trede over the others in the region. The spirit of pioneering is
essential. CSC, SLPA tngether with the S5ri Lanka Traders have contzinerised

60% nf our exports ocver a such short period. Tribute must alsn be

paid tn Central Freight Bureau (L‘.I.-'B) for the active‘rnll playzd in this .
regard. What Sri Lanka nesds is tho most efficient medihm nf
transportation to bring our products closer tn the markets efficiently

and cheaply. Further developments in canta1nur153tlnn should be

1imed at achieving these nbjectives,
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THE ROLE OF CONTAINER FREIGHT STATIONS IN SRI LANKA'S
' INPORT - EXPORT TRADE

by

Dre Anil J. Vitharana -
General Ma.nager, Central Freight Bureau of

. Sri Lanka
e PeOe Box 2200, Cdlotibo.

The introduction. of nb.lt'imodal transport based on the
door-fo-door tra.nspor‘t of containers require an appropriate
phys:.cal mfrastru.cture not only for 'bhe inland carriage of
codtainers but for ‘the ha.nd] ing a.nd posn;lonlng of containers

. at mia.nd points, Inla.nd Cont_a:.ner bepots and Container Freight
' Stations promote the coz'icei)t of multimodal transport as consign~

ments can remain unbroken from a place close to the comsignor to
a Qla_.ce close to the coné.igaee. Apart from changing the concept
of fmlspo;‘t, both in physical and orgenisational terms, inland
container depots or distribuﬁon centres have a beneficial effect

on the trading and industrial activities of a country or region.



1, INTRODUCTION

The past decades have been chsrccierized by iwportant

struciural changes in genmeral cargo shipping, which includacd

o
(o]

’rechnologlcal as: woll as orgmw.mtlo 1 changes., In an c.ul,cmp
cut down the cosis of maritiae- ' -.,ns-por;;-q mziii.n.l*’r',‘b:,r reducing
'brahsporfb hmd.iihg- costs a.nd. ship's sime in port '\,nO. by realiszihg .
economics of scale - unlulzu*clon, c.:oca.mlly cont ".L"lm.,’tl()ﬂ, was

] -9- £0s . After

introduced in in’temat@nal shipping in the 'l-a"'-'v*
having-been confined for'a time %0 the sradd ‘.J amnong cu.voloocd
countries, which are characterized by r relatively large cargo
voluaes and balonced trade flows, those new ':l(‘ThOdu of shipuent

were also introduced in developing, count ridgt- trades.

"t

The unin reagon” fOr uhb 1n‘t rolnciion of contmn\,r ‘transport
can be geen in uhC increa slng COSt ox 1.,bou1 11’ developed countries.

The nced %o increase pzoductlvny oI' l bour called for capiial

intensive traasport sys vems in 'rhlch gumultauv\. labour inpuis

were hllnl.'llZ(‘d..; ’l‘hcsc tech'qologlcx .1 changes not only brought about a

"

process of caplta.l/ l.ﬂJour si ﬁm.lon:: '1uL ulso ingroesed the eff icieney

ané spoec. of 'GJ.LLR'S@GI"L “namlv by ik 1 up hndllnv op\,r' ions in ' -

i,

port uhrou"h grea.bly chuced pac,km( ;equl'" S unch h-ﬂL-’lm{, processes

» . L tre e

S

at a.ll..trj,.;_,'"ﬂ"?on.p01nus,. , e , :. L
- Ny *

chd;elf;.:.":'i?a_he? now iredsport jteghnology con be

U Ia intorndbional

em‘:plldyec'l at its best if the ronsport smite (cm_au viners ) re: ﬂé_‘,l.}:.,._ig_ln-- . |
brdi:o"n' for as long @as possible and,- .osh:dmporipni, if 14h<“r A% c arried

under milti-modal $ransport grrasse.dents, Thege Swe coadiuions ha.vc

far reachis 1'r “iuplications for twhe- phVSJ ool infrastuyuciure -.necded as .
well as “for the administrative énd political freiework within .which |

the operators are acting.

Av present, container carried iz the scuborne foreign trades
of developing cowntries do not in w@ost coses wove beyord the port

boundries into the country, This is largely duc $o inadequatce inland

transport infreosiructure, but porily nlvo odainisizabive shortcouings,
especially with rogard o custones procecures, which have not yo: been "
adapted of tho anceds of  coatainer thr ugh-transport.




2, THE ROLE OF CONTAINER DEPOTS

As siated above, the introduction of nulti--modal
transport basced on the door-to-door tramsport of contoincrs
require an appropricte physical iafrasiruciurc not only for the
inland carriage of containers but also for the handling and posi-
tioning of containers &t inalnd poinis. The volumo of infrostructure
‘investiont necessary for the inland carringe itsclf cannot be
generally cstablished, since it depends on the siatc and degree of
capacity wiilization of ekisting road, rcil and inland waicrway
connections. However, the physical_;oquirémonts end resulting costs
of invcstmenﬁ‘for container depobs qaﬁuto a largerextent be genera -
lized and, most importani, costs and bencfits arc dircctly atiri-

hutable to containers.,

_ Inland container depofs (ICD) proaose the concept of mult -
modal transport as consignments can romain unproken from a place
closc to the oonsignor to a place closc ﬁéltﬁé;consigneé.'An ICD
can.ﬁépfgrm all or a combination of the following major furiciions

and many morc anvwiliary functions:

~ customs clearcnce of contoincrs

-« transfer of containers hctweon various moces;
.- temporary storage of coniainers and cargoes;
-- stuffing and stripping of containcrs;

- consolidation of LCL corgocs;

- positioning of containcrs;

- maintenance and ropair of containers.

A Container Freight Station (CFS) crn be distinguished
from an ICD, in that, the functions of ~ CF3 arz mainly confined <o
stuffing and stripping containers. Thercefore on ICD connotcs o wider

range of activities as noted above, inclucing the funciions of a CIF3.

. Apari from changing the concept of transport, voth ia -
phyéical and organizational terms, inlend contoiner dopots or disiri-
bution centres have a beneficial effect oxn the trading and industrial
activities of a country or region. Troding ~ctivities will be prouoted
firstly by offering improved LCL facilitics, but also bocause
participation in trade of intermediatics proviously cngrged in local
trade and transport will be facilitatcd.

The cstablishment of ICD!s or CISts will cnhance the
ettractiveness of a region for industrial ccttlcmenis. This atiraciive--
ness is bLosed not only on ike functions éircctly performed within the
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ICD, but . p a large exbent on the infr Su“uC'uxe"surrqunding the

depot, such as trop po*t 1nfruotrupt communlcwglons ncivorks,

public utilities otc,

_x
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Alihough inland container'dcpots-QTeage_cmployment
Possibilities, in.certain:cases uhch.wl 10 leﬁ TISO to immediate
employmenu prob’ 3MS o Onc such prdbl ol 1sL'Lh. pnrr of ‘the work
formnrly pcrforn d in"the nort is renoved fTOm uhG pOTb Drumiue s,
whlch mouns T‘c.locnl,lorv of lhboura Thc ennlqmnvnt prob1um, Thowever
aopeurs o be e nporany and uhould be | al¢n0ud “ﬁa1n°c cmploymenb
uavantages gﬂlned 1nclud1ng the noorlbllluy for «overnﬁen% to
pursué*an'activﬁ policy of rogiensl cquilibriuwm in econohic and

soclal dovelopmenu and, oonsequently,.in empldyment -opporturities.

2 1 The dcvelonmcnm of ICD/CIS uc 1v1u1bs “in Sr1 La

.The Ministry of Tradc -and- Shlppmb promoted uhc uev lgpﬁeﬁt
of ICD‘/CIS' along:with its plan for develosing. the poru o; Colombo
and converting the Ceylon Shipping Qoquratlon xrom an operator of
Conventional tonnage to a. fullwaled eo.conmalnur vessel operator,

,%Althnugh it ves. initially env1sagcd thau forhlgn collabor&clon would

T, G
L]

be needed for uhls purpose; the, 1oc01 lniarQSU conflrneg ¢hat the

necessary investicnt and exercisc coulu e found from within.

Therc arc at present 14 ICD'/CFS' vhich have received
operating approval from the Ministry of Trade and Shipping. Awong
thesc it could be said that at least three offer sufficient facil itles
to be categorised as ICD's. The ncues aind addresses of the eriisting

CIS operaors are given in annexure 4.

5110u the services offercd by the different operators

tend to vary significantly, i is difficult o spealk in gencral

terms about the services offered by these organisations. It is
:necessary therefore select an operator ot. the.top rung of the ladder
(operator X) and an operator providing only basic services (opsrater Y)

in order to¢ highlight the contrash.in the 1evgi“of services: provided.,

Opere oor X could® prov1dc the following scrvices to. .

Shlpplng Linés and Shlppcrs/Conolgnoe 3

Sh.L_p'f)ln'T Lines - E;poru Coqmmlnyrs s+ "Receiving cmpty

containerb at aufflng bay torm1na1 checking '“containe¥’ condition

mnd clonllness, 1oau1ng W1uh carLG (ICL or-LCL lots), securing and

ey e

dunnaging as acccssary, tallglng “oBEal 1ng'ﬁusuoas seal and {finally

transporting loaded container to pori stack.
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Shipwing Lines - Import Containers f Ruceiving the iuport
DIOLpY - A L oi 8 iy g

container ffom port laden stack, transporiing to the ter.inel,
destuffing coatainer aiter Customs inspceciion at varchous.o /
destuffing bey u ing folklifts if ruquircd ond issuiung telly, cargo
condition COIWlllcateS on damageﬁ cargo if ceessaTy - Also cloanlng
and swecping of containers and iss uln"“SG’hubC of daunges on
damagud conteiners, storing then 2% vhe dOHP”LL suacks wntil

repair approval is obtsined from Pr1n01nu]s.

Shippers $-- Receiving cargo breol: bullk, warcBousing if
necessary (variable period allowed), unitising/pelletising(pallet/
skids usually supplied by shipper), sﬁuff;ua inio container, securing
cargo, prov1dln"'conua1nur condltlon certificntes,; wransporiing
container to shipping linc ste ck in PO,

Qgggignées . Receiving the 1 ort container frowm the povd
laden stocl, trans portlng same to the terminol, des tuffing of souac
wt wnrehouqc/unloadlng bay wusing forklifi if required anC issuing

calgo condlulon cerulflcac s on domngor. oo o iF¥ ncceseary.

o r

As opposed to the services i Operator X could offer

Opurwtor T can provide only the follom;_o ifecilitiess

S%ufllng, tollying ond cuctons crpainciion of e port containors;
'ransport %0 tho wharf of the laden convainers; tronspors of cmptly
containers £rom port/depot, Wa hlng and. drying conbainers aad siorage

of containcrs,
Since the operation of ICD'/CFS' in Sri Lonl:aa are noi stricily
regulated, tho operators arc able to forimlric thuir owm toriffs,

Thore is now az healthy level of coapciitvion awong the differecut

sem—p, o

sporators that hove scorved to the busfit A tht users of ICD/CFS

sexrvicon,

2,2 Plonning Conteiner Depots
: Thoe fundamental issuc in deferainiag the locotion of dapot
is whether to establish the depot with its Dasic fwactions inside
dr outside the port area. While infrus.rucwursl deficiencics mey
require the location of a depot inside the pori arca, the rcali--
zation of a door.-to-door scrvice or aumy owvher scrvice opproaching
this idecal will nccessitate the congiruciion oi inland conteiner

depots.

The introduction of inlad contniner d&cepobs has for reaching

implications for infrastruct ture “euu-r'mﬁlhr and ransport orge.-

nization. It relieves the port of stor.go nrobleus dbus 2v ¢he sade
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time, requires o cerbain nminimum giradned of round or roil
connection wetween the port andé the denot. Unless iCD's ore

built, tronsport of cargo to and frou the port will teolie »loce
through a one .leg distribution sysicu which has tho disudvoainge

of suboptiimm usc of inlcond fronsport VChiOLOSf'iﬂéfe&Séd atroin

on the road neivork, and reduced possibilitics of roclizing econoacs
of scale. '

a1

Apart from élloviating.overloqLing'of hondling foeilivics
within <he teriinal, two cdditional m;}&r roasone cail be identificd
for iocati ¢ CI'5 or container depots outéide the port areo iﬁ respect
of local cargoes os well., Firstly, thoﬁ conn act o8 buffers between
manufacturers! promises and terainals or butween terminals and cargo

destinations; scconaly, they con fill the need for personal-scrvicw,

S

which & large terwinal connot accoumodatc becouse of its prime
need to serve tho requircucnts of the ship rother thon those of
the shipper.
The wost basic plaming criteries in determining the loca -
tion of a ICD/CFS are the following:

.- cosy access to overlind roold and-rail connectiont:;

. integrotion with the regional or community road network
for final distribution or collection of cargo;

. wvailability of sufficient land for the inland container
depot, not only to the exierdi needed for initial cons-
truction, but also for possi’bib ‘faturs cxboncions: .

- adequdfc soil quaiity, in order to avoid oupensive

underground reinforcement to rench sufficicnt hooring
capocity; '

-+ aveilability of, or easy dccess 10, public utilities,

mainly electricity, water oand sewoge;

- prorimity vo living quarters and social institwtions:to

o S " . s '-.- . DT [ ‘ . e G . l.‘“. . 7-- .
athiract ciployecs and avold crcessive co imiing costos

-- gasy connection with eiisting or plamncd indusirial

®
]

reas:

- possible agltornative usogof thc'chqsen_locationu_

- In surveying the location of CFS's in and arounc Coloiibo
it cannot be said thot adequotce plamning hom been done in dutefmining
the most suitablc location in many coocs. Tuo CFS' are located ot
Natvakkuliya using the nerrow and busy Cenire Road os the access

road. The access road ruas through o hoeavily populated area waking

an
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promptcd the Sri Lonle T,rade PFacilitotion Commitoce (SRILPRO) o)
form o §L ,om.n w\,e on Container Moou. lc,a.,r,- 1on. ':,nd Procedurce be

oo
look into such broolc,ms.

One of 'tlo 1n1't1ul tesks of the S‘\un- Commititce wes to per
sua.de C¥3 onora‘i;or to form an a,ssouuulo'm .m or dor bhw mgny of

'mc. docx“:-onu‘,,1011/procec1ure adopted prescutly on an 1nd ividual basis,

—

could be ;nplcmenl,cd in an ‘uniform meancr,

The Commitvee consists of reprosensacvives from the CPB
01)@1:‘:).‘&61*154i 'Ass‘OClatlon, the Ceylon Association uf s.)ue‘.\.ﬂLI' hgenis,
the Sri Lan%o Shipporst! Council, the STi. L'L.rhm Plom.,,Auuhorlhy, the
Sri Lonka Customs, the Sri Lanka Froight "Forwardcrs? Associot vion,
the Export Developmeont Board and the Cenirel Fr'.eighf Burcou of

Sri Lanka. o ) .

30382 *.(--)(-*-)t-*-‘(- B SRR IR T AN I
craeom

¥

Rcfermceq H
r!- CEE ks .

¥ Multiodal Tro.n pors and Con'l.alnox-im,.l.lon, U]IC‘I‘AD DOC..
1D/B/C.4/233/Supp.4  (20-4-1932) :

* Orgﬁmsuulon 'und Promotion of freight lorwo.rcllng in
doveloplnc' coun‘cr.gc,s, UNCTAD/SHIP/ 193.

* Pong.Fo, Conta.lner Freight Sugiions outside the por _
linits®, ESCAP Report and Techaicel Popers of the Seiinar
on Port Development for Unitlocds ond Conieincrisation,
HongKong, 1976.

'!X.|.‘

< . I R T . , .
# Internotional :mltimodsl transport opcrations and thydr
1'npllco,ulo.1s for the cusvoirs cdministrations of devéloping
cowbriog, UNCTAD DOG. TD/B/AC.15/15,

* Port Development - a hancbool for plomners in developing Coun-
- trioo ,,chmn Doc...frD/B/c A/175 ond Covr.l.

e

.-l.
#1An evaluotion of the developacnt 5f inland container Gepots
and container freight stations in Sri Lonka!

Central Freight Burcoau of Sri Lon'::, monvhly Neusletler,
No. 109 (fov. 1952),



ANNEXURE . A .
' CONFAINER FRELGHT

1, Aitken Spence & Co., Ltd.

2, East-West Enterprises Ltde
346/3, Dutugemumu -Mawatha,
Peliyagoda, Kelaniya.

3, McLarens Services,
776, Negowbo Road, Matumagalas

4, Bartleet Freighters Ltd.,
' 651, Bloemendhal Road,
Colombo 13, - : .

5 Cargo Boat Despatch Co. Ltd.
(a) g"({;, Megombo Road,
eliyagoda.
(b) 15, Braybrooke Place, .
Colombo 2,

6. Ceylon Shipping Lines Ltd.,
Urugodawattce

7. Maritine Agengies Litde
54, Centre Rosd, Matakkuliya.

8, Majullah:figencies Ltd.,
234, Bloemendhal Road,
Colombo 15,

9, Anglo Asian Co., Ltd.

10, Ceylon Containers Ltd.,
(a) 210, Siri Dhamma Mawaths,.

(v) 110, Demotagoda Place,
.Colombo 10,

1l. Asha Agencies Ltd., -
90, Canal Road, Hendala.

12, Ceyhas Ltd.,
104, Nawala Road,
Narahenpita, Colombo 5.

13, Trico Maritime,
414/18, Bloemendhal Road,
Colombo 13.

14. Tainerport (Pte) Ltd.,
97, Negombo Road,
Mohawatta, Peliyagoda.

°TATIONS

. 170, Sri chsremu Mawztha,

Colombo 15,

PeOeBox 678, Colombe,

.123, Bauddhaloka Mawatha,

“iGolombo 4.,

262-204, NadaraJuh Bulldlng,

. Colonbo 3,

Ps0.Box 178, Colombo 1,

Pe0e¢Box 891, Colombos
PO .Bo 76), Colombo 10,

69/1, Janodipathi Mawa’ha,
Colombo 1,

Po0eBox 1034, Colombo.

- 101, Kew Road, Colombo 2,

"% 72; Bullers Roed, Colowbo 4.

PeOeBox 18657, Colomba,

351/3, Reho de Hel Mawatha,
Colombo 3.

6i, Sir Earnest de Silva
Mawatha, Colombo 7.

#
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transport of container along this stretch of road a-hazard to
both persons and propertys Lately however,. the necessity in
obtaining planning permiésion from the Urban Developmont Authority

- (UDA) has made it virtually necessa.ry to locate CFS! elther at the

outskirts of the C:Lty of Coléibo or further J.nlo.nd. From the point
to the above ériteria it could be said that some of the CFS‘ locatod
in the Hatw.la,-ﬂeh.sara. Avea border:.ng the Negombo road and w:.thm
relatively closc pro..:.mty to the Katunayal.c 1P2 are ideally utuated.

A'brief survey conducted by the writer to determine the
exteng of CFS fagilities conf:.rma that the-present provision in -
terms of land utilivation (sibject to possible relocation of some
existing OFB!) is sufficient to cater to the growth of container-
isation in Sri Lanks at least for the nexi 4 -5 yoazrs, ‘Since it is

' ‘al8o necessary that existing-investors in CFS facilities obtain an’

ingdeqyato return on investment in order to improve their fabili*ties,
it is suggesied that the Ministry of Trade and Shipping does not
grant any new approvals for ICDACFS until a proper sudy:is undew
taken to assess the future transport. requirements of Sri Lankats
import—export irade. If not, one could gsec ithe mushrooming ofdubious
CE3' with oniy very basic mechanical equipment and other facilities
which could offer unhealthy competition to existing operators,

3. THE CFS AND THE PORT

In most developmg countries, whc,re conta.:.nerlsatlon is
still at an early stage and where mdlvmual cons1gnments ucnd to
be rather small, LCL containers constitute a considerable s_hare
in total container movements. In order to avoid undue qtré.in on
the stacking arec and the CFS in the port, it is necessary that FCL
shipments can, tc the lurgeat extent possible, also be shipped
through inland tcrminals. While this genera. 1ly creates no problem
with regard to the physical movement of contamers, in many casos
orgenisatiocnal problems may arise because the customs procedure
necesé;zry for the through transport of LCL containers may not
have been worked out.

The position in Sri lanka, at least for export containers
has moved beyond the situation noted above, Most oxporters! now. tend
to. svell on the basis of container loads and this has greatly increased
the volume of FCL. containcrs, Whilst many of the bigger exporiers
tend ‘to locd. containers at their own s‘i:ores/warehwaes a2 nwaber



of othcrs wutilize CFS facilitics, A grouing proportion nf LCL
containers are-also now-stuffed at CIS'y partieulorly in the casc .
of shiprenis.on:6SC.vesscls, which aliosd, ciclusively usc tho

facilitios offdredrsatsvhd GFS' opg,re:tc.d by ‘their- subsi.d;ia_;;j the

Ceylon.Shipping:bines::(CSL) at Orugeehwc.me,z svedere v e

.-'z

Evcn *i.hc Sr1 Lc.,n,ka Por'ts I\uuhorl uy (SLPA). w111.a,clmowlcc1gc
JJ|

that 1f' not for uhc suoragc space ougrc& ot 1:11 m po:.m.s, 'thc, port

of Colb‘foo would ha.ve fa.ced vor,/ SOI‘lC'ilu problerrs due Yo lack of

BEE S
" .-lJ

sLaclclng space wi uhm the port e inland clc,pots nllow uh" por’t

to progpg:d._.}gj:h.l_};t,g plans.to. promote Colombo as o transhipmeni cenire
pending, the. gauplefion of e, port developuent progremmo which
would ,j,nglud,e,.a.mplé __s;t_ackiﬁg, a,rca,_behind the new cont_;a;.inor termina.l.

“-

Howevcr,,,lf the present growth re.:to fo" uranohlpmen(, cargo, 1s main..

PEEAXE i

tained, it wpuld,,s,ylll;,bc neccssar;y._mg m.ygz_“[: . .ﬂuch of the 1mpom/

export containers:jo; 1nla.ncl pomts s:..lcv uhe ex pr,.nded s..o,c.\mg arca

would be  faken up by. tranehlpmcnt conuumcr Se. Thercfore, the stregthen-

ing of_;_]_)_C/(_}FS f eilities mus’c be urcc,ued as a parallel wovement ‘o

port _ngc_lopmcn o

In order to 1mprove Spi.Lanka's hinterlend contziner
facilities it is suggested that furiher fleribility be adopicd
in allowing iupori containers:4o move ;directly frow-under the 1y
vesse'l"s hook 7o inlond depobs withoul internedizte; swacking in :
the port, This will not only rike more space a.\{?.ilablc for siacking
of c:mort/ tronshipment cargd lbut tsi'llmréd{we. 'g'rré'ssurc on the SLPA's
container ha.nciling equipment . s G

[
HER S

This prosol is unlikély 6 colise sy difficulty td'"the
Customs Aithoritics who have dircady sic‘ionod %holt’ officérs of -
a number of container freight sta’ions, The addition #f borking - o
facilities a% these points would cntble ilortérs to mnke thoiw. o - A¥
pagments 2 “he ICD/CFS, It is possible foritho’ SEFA %o coue woran' ™

arrangement with the Customs to co¥lech SLPA elinvides, I'f tho: SLPA

S

feeds fhat so'c supervision is necesséry thoy ctwid stasiion a™
member of their staff at the CIS. F\J.r'uhcri‘.lcfé‘,- the’ SLPA could
place the onus on the CES operatér to collbichisid -r'c.:!. “he chz rgcs. :

e 4. CO-ORDINATING. crs ACTIVITIES

- The' grot;rng 1n'folvemcnu of coma.lnc relg,hc siaiions 1n

the oxport process ‘has brought 1.1 1t \wa:c a numoer 01 problcmse o

This is r.L,mly dun 0 each CFS- c.do'p“ng its owm p ocﬁd.urcs ...nd.,rcc;u:.rc-

ments, MHis a.n&"-othcr- comhtctctl -na v ors: 11 rclaulon 'Lo comiziherieation
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. " COASTAL SHIPPING SERVICE FOR SRI LANKA -NEEDS & PROSPECTS

The Coastal Shipping Servxce 1n Sr1 Lanka was 1naugurated possxbly by
1: ' ‘

chance because when the Food Commlssxoner commenced the productxon at

the Prima Flour factory in Tr1ncomalee thought thi‘ ﬁhey“would not be

in a position to provzde for all transportatxon needs of the production

output in the factory with the modes of road ana railvay..

The Ceylon Sthp1ng Linés Ltd,, who were requested- by,the Mxnxstry of
Trade & Shipping to operate;, the Coastal Sh;ppxng Servxce barely had

two months notlce to initiate, plan and 1naugurate the servxce.

6th of Nevember 1980 on which day the.Coastal Shipping Service was
1naugurated mxght not be the f1rst time Sri Lanka initidted Coastal

thppxng Serv1ce around its ports.

There is evidence’ that a regular Coastal Sh1pp1ng Serv1ce has existed
as far back as the dawn of this century where not only goods but pass-
engers too travelled regularly from several poxnts of the coast of

Sri Lanka. The service was run by Ceylon Steam Shlp COmpany Ltd., with
the Managing Agents being Walker & Sons Ltd., and two vessels operated
in this eerviee which were named, "ia&y Macallum" and "Lady Blake.™
The vessels called at Galle, Hambantota, Batticalea, Trincomalee, Point

Pedro,Jaffna anq Paumban.

Inhaugurating and operatxng a Coastal Shipping Service in modern times

was difficult: The main factors contrxbut1ng were

1. The ihyaical distribution system in sri Lanka is not designed to
accommodate Coastal Shipping. For example all warehouses, distri-
bution centres etc are either alongside roads or railway, but never
alongside a port. This would entail that cargo which is discharged
from a coastal ship would once again have to be carried by road
transport in order to be stored which would mean double handling,
-additional transportation cost etc resulting in additional expendi-

ture and damages to consignments.




2, The thinking'of’éii“biggpiéﬁgibng?bhith-épgﬁgé'ih trahaportation.is . -’
geared towards i%idaﬁoit“df?ihé*fihhr%ﬁd;ipiihﬂygiq?#qréiinétances;:.
To impreds ‘updh® thén that béah:aff%hibi»ing is #lso. chieapeir,  efficis -
ent alternative is a difficult exercxse . |
3. Initially the. cost of. trans@c;ta;1on through Cog§ta1 Sh;pp;ng becape .
rather expensive.since, (a) The Sri Lanka Ports Authority treated
COastal thpp;ng as, 8 ‘deep gea, pervxce kh”:;
to deep sea seryice.. harurally“;§@
et _'Coaatal Sthpxng_?ervzce was not able
.'f?;"'f#”l :.-T;o bear suéﬁlﬁiéﬁuia;t and'stevédoring
e L oo cosia e tyiho e ient L nT b anide
(b) Due to lack of xnfrastructure desxgned
. <47 to. coﬂéterthe COastal‘thppxng, addi= -0 v (0
41, smirang, Eional tranepgreation etc has to be un: .

dertaken rehh;uiﬁg'jn;qktgg quendj;u:eﬁ”

After lonngtaﬁﬁ out'‘battles with varicus authorfties,; Coastal Shipp=- !
ing Service has been successful and getting differential :pricing.from.
the Sri Lanka Ports Authority under & Miniatry-of Trade & Shippingi .!
directive which hap made a.big differepce in cost of t;ansportation by.
Coastal vessels. At the. qnmant the Sri .Lanka -Ports Authorxty gzves .
65% discount on rates applxcable for: atevedqqzng and has waived -off. .
many other port charges for Coastal vqggel&. . P

An exercise was CiFried -Gut €6 comparé ‘the Feal cost:4f tidnporfation -
by Coastal vessels as Opposed to road haulage:in order to ‘déteriitie
the viability af a.Cosstal Shippinngquiﬁe. ;Fq;lowingﬁage the assum~ ...
ptions used in this study. - ' ,
Assumgtxons e Y
1) Cargo movement possible by sea ftam Jrincomalee per month 18 as
follows: L e e
10*000 tons to Colombo L - o
JS 600 tons.to KKS' ﬁ".it:"".' A'u%: o _
3, 000 tons to-Calle =~ = ThETe el T e LT

bpuiDLtle



2)

3)
4)

5)

6)

7)

8)

The. camparison:therefore. is done. according. to this-guantity of: .-
movement.y Naturally there. wildbewdurge baliance out- of the ‘total::: :
production of Pritha Mills-which $till" have ‘to!be moved by road ami’

-3 T-'-- [N 3 ...._’; e SO

ra11way A E TR S TR I

1£ the above quant1t1ea are ‘Carried by ‘the road, it travels the"'”
N TRUOE SN PURESERN Bl SR S 1 e SCT £ 4

follow1ng dzatances.

Tr1ncomalee/Colombo # 3'166Lﬁiigé_h

Trincomalec/Kks ' *° 170 milés” "
Trlncomalee/Galle o "1242 miles
P Vi : 'I:mv L nma

Although the ,cargo. effectzvely w111 be moved to various other.
dest1nat*ona, it is felt that the dxstapggs will average out to

these levels. .. .|

The road.haulage’ undts-used'are-of:7 tons capacity.

The fuel consumpt1oo ofro roa& hauiage unit is approximately
[ S £

15 miles for a gallon of diesel.

The deairéd‘contwa.maiﬁtaihing A class voads-is?Rst 15,200~ pe# mile

per year (the margina} or-intremental cost!oE:maintensnce is: NOE I

B H . . - 4 . Ses
M s el hny s e el et il BRI TS CTE S TR

available).c. . ~eEnT w0 waiesig¥ 5 owebna ouitoairos

e
.....

The present trafftc fiow per day on the A6 A12 roads whloh are R

soonA ARy
the Ar'ly mein .yptuaches te Tr1ncoﬂa]ne osa a6 @v!!vws

A 6 Habarara/Trincoialee 200 Véhicids ‘per ﬂay siia:

+3
I~

Anuradhapura/Trincomalee 200 véfiiclés ‘Per day

Cost of :envirenmental -damage, comgestiqn.on:roads and:accidents: i * »: 7

caused -by :noad vehlchosoxl .asguned atsets. 5.a toawmile, v [mians

Contract rdtes paid” by the Food Departmeht for tran8porters are.}{;

as follows: et nioe Cwip o
Trincomalee/Colombo Rs. 1/60 per ton per mile
Trincomaléd/Ca118 Re." 1760 Fer ¢dn"per diTe ™"

Trincomalee/KKS Rs. 1/40 per ton per mile

cefdiezow Lismenosen 2

BT I R
wmaie? L ome L0 Ul
However, it is a well known fact that thc actqpl market tates of

transport for an average consumer is around Rs. 2[;|pg§|m11e.




'9) The natural availability of 16tfies=(i.e, lorries’ which carry
‘f .cargo to Tgiycomaiee or:surrounqihg:a:eas and which fall ‘free ‘to
lift carge from Prima)kig'estimaté&ito'béinqt-mdte.thaﬁ'zo units
8 day.. The balance demandnhas'to‘bé'sdpblied‘by lorties .positioned
in Trincomalee after a long: empty run. Those'rorriea vhich will
move . empty for -less than 100- mxles to Trincomalee is also- estxmated

-to.be-gtqund a 30 un1ts;pq; day.

ER ST R

This 50 1orr1es could carry onily- 350 ‘tons a day, which is. about
the aame as the original estzmated 11ftxngs ‘'by road.

Therefore, if the 18,000 tona ate to be cartxed by road 1t 18
expected that the lorrxes w111 teturn empty, the full dxstence..
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",,J;,,""'1’“l “r.. '_-.: BN gt aampees e

Cost of a 1orry Rs. 250 oo ”“'f'=”ﬂ3$ﬁQBi888ﬁ* SRS R P Lot ’
No. of lorr}eé requxred 'y Hﬂ\ I “;u§“8557"*é%i1¥¢: ff"j&ﬂr::uhhuhﬁJ
Assumxng a turn-round t1me 1n zxcess of 24 hre for '

50% of lorrxes, Lo e fj:: ;:J ;ﬂ¢' iy
Total no ofAlorries fully empioyed = 128.6

Assuming a life period of 5 years per lorry,
No. of lorries required for 20 years = 514.4

Therefore the total cost at tcdays price - US$_7,143,9§7.2

Assuming the cost of a vessel to be:US$ 1,500,00

Cost of four vessels requirad for operatxon = US$ 6,000, 000
. dlfference ' = US$§ 1,143,987
’ Rs.4.78 _
Rs.1.19 )

dxfference per ton
add cost of capital @ 25%

Therefore total capital cost difference = Rs.5.97

P.S.
The price of road haulage vehicle is assumed to be
sraric.over a period of 20 years and discounting

me*thod has not heen used.
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TRINCOMALEE/KKS. MOVEMEIT

* s,oob Totis to: KKSpdr mofith W e vl s d e
N SEL L ‘
* 714,29 T?ips-per month.

* 23 81 Tt;ps per day¢o

- Ny . = St Y R PR o
LAERIN J h“" SU R SORN b2 R S A IS

Trafflc will increase to 247 61 vehAchs pet dax. Ggp e o
Inqreaa&, imd - = 23,87 ... e e

R T
ey it e :Bq,- ---?:l_- L,
D R RIS LIRS :

Addxtzonal cost to mazntazn roads

yat e

per mmle per year 015 200 x 23.8%) - =..Rs. 51315?%0°'
Additional cost to maintgin, 170 miles T TR

"tl- A “d 3
v :c of road per year c} = RS .. 614, 922 00
Road maintenance cost allocated per ton : ) .
s N 2= g
G, 000 tons per month‘) = Rs. 10.25

Additional cost of- éhviibnmental damage/congestlon SRR

on roads @ 5 cts. pe tam mile for 17PViides [ ibhis Rg,T017.00 ' <

Total fuel consumptfén byPirddd . #16/490.57 gls.=62.27M/T =~ 5
Total fuel -consumptiion’ Qy_sea e ',ﬂ“’fsi77uyﬁ'“5 < Ll
Difference " A6 .SOM/T. . . ..
. - L) M [ P S - .
Opportunity cost of addl: fuel consumption . BRI '
@ US$ 390 per ton = . = RE', 41, 305,00 »n T
Cost 'pexﬁi Lo i i Gotiig 23 g . = Re, BB

am o o ' : T TR V-S4 N
Add1tzonal cost of capztal per tom L = Rs. 5 97

X ti H tu-.ﬂ¢-¢ h" } fd ps T "Qt?;i"""" KES e .. .
EAE Fe LR . .

V1s1bla.coeb of carrying cargo from Trznﬁbmzleefxxs.f = Rs. 238:00
(170 miles @ 1.40 a ton mile) '

[}
&
[
(V]
[=}
o

Additional handling costs

Therefore the total cost of tramsportation.bj:lcad .. ® aea389.64

The total.cost of transportation bf Sea = Rs._.264.92




" TRINCOMALEE/GALLE MOVEMENT

%3,000 Tons to.Galle per month."
* .428.57 Trips per month.
% 14.28:Tfipa per day.

Traffic will incease to 228, 57 vehzclee per day. .

.....

Increase .

]
[N
o

N
[+ -]
e

e L )
:

Additional cost of maintdining roads”

per mile per year (15,200, x 14.28%) = Rs. = 2;170.56:7 .6

Additional cost to maintain 242 miles .o. . i Cewip
Rs, 525!225.52";~

Road maintenance cost allocated per-tan U7 sl feim

:of road per year

(3,000 tongtpggtmqnth), ' o .me ke@Rg, T

e Ty e

Additional cost of envzronmental damage/congestzon PR

on roaﬂa es5 cts per ton mxle for 242 m;les ’ =Rs.

Total fuel consumption by road:’ &13, 828 53'21§'=S3 19M/T
T R =16 37M/T

Total- fiilel consumption by sea

Opportunity cost of addl, fuel consumptzon 3
@ US$ 390 per tom i % T, . 330,275, 40

Therefore cost per ton of addl *fnel consumptzon e ‘aRs, .

T Addltxona; cost of capxtal per ton | "~ =Rs,

PR S

Viable cost of cérrying cargo to Gglle

(F42'niles @ K. 1.60 @ ton mile) - . . =Rg,.

Addxumonal handllng costs R R A 'iT-Rs.

-
3 e

'14.59

. 26,20 .

110,09,

Therefore the total cost of ttansportatlop by Road ° Eﬂa-:::::legz

The to;al.cost.of transportation by Sea . oL “; nggq..lﬁlﬁzg;én&&

| B 5-97 s e '
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-Additxonal handl;ng costs o o _
-.“rot:al cost of transportatxon by Road _ ool we '§ﬁ¢=..22§..&9 L

* TRINCOMALEE/COLOMEO MOVEMENT

*. 10,000 Tons per month,
Y . ,!9428.57Trips,pe;month. N

35;47,61;Ttips per day.

N oy b

.Traffxc w;lilxncrease to 295 23fveh1c1es per day. By

3

Inctease ;; ; - .; .- %4761

1Add1txonalﬂnost to maxn;gxn.roads e

per mile per year. {15,:200- X, 67 611) _;;éﬁﬁ. 7 236 72

CIRR ,_‘“

Agditiqnal cost to maintain’ 160 miles
of road per year . ... . ST Re,1,158,094.40,

L I e * R gc P S

-~-Road. maxntenance ‘Bost. allocatedgper T SRR 361 PR
{10, 000 tong per-: month) :f SRR - .1 ®Re,
=Ad41:;ona1 costhE unwitonmphtal danascfcongeotzbn

on roads @ 5 cts. ‘per ton m;le for 160 miles - - wRa

Total: fuel consumpt;on by toad B 30 476 16 gls =F17. ZZHVTV‘
' Total fuel consumpt;on by sea., ... ... ... -.° 79. 55!/1
Dxiference S y f';ﬁ .= 37 66H/T

KRS L I

i3
li .

Opportunity cost of addl fuellconsqmptxon -

.@ US$ 390 per.ton :. TS R, 39%) 810. 207
Therefo:%'éoﬂt239:¢tgaugfzageii tvel consumption . =Rs.

A

Addxt;onal cos: of capxta! per zoa ' . 7 -wRE,

1..' e £ .

(160 m;lesw@ 1160 a ton_m;;e)ﬁl - ’: " -éFs-

SF Y S S : I
o* L i a . "

BN '!

9.65

16.00

33.78

5.97

286,00 ©

15,00

»The,cost of transpottatton by Sea - -gg,;;_;ggigg o
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There are ac-.i:ional benefits of transportation by Coastal vessels.

1.

Secur?. 7 ~ Coastal Shipping Service can act as an additional means
of transport as and when road and railways are blocked or damaged

due to various reasons like cyclones, floods or riots,

This service also serves as a ''Coast-Guard" around the Sri Lankan
waters. Saving the lives of six fishermen who were in distress, in-

1931, magnifies this.

Saving in fuel:- It has been found that thh a gallon of gasolxne

one ton can be moved for 40 m:les by road and one ton can be moved

for 75 miles on the raxlway. “The compAratfve fzgur ‘in Coastal

Shipping is one ton for 125 miles with a gallen of basbline. There~
fore £nr-unl clizping - provz2s t3: Bb*&‘efhneweé “g Jeié. fyture. genera-
tions .when oil is going to be:sea!ceeandxexpeawlye.- .

-‘.u

Furthermore, when the fuel przces are xncreased the comparatxve
cost increase of transpor%gtxon would be least on coastal shxpg;ng
Thercfore if goods .are moved ﬁgfe v1a coas€a1 shxps this Wbﬁld a

help stabilise the cost of lxvxng, in general for Szm Lanka
".bu.. ‘A"‘" l R Al

Lced maintenance:- DaxlyrQSfx Lanka govétnment 18 spendxng large -onne
Oads By *Fived! "ing
more and more cargg to EOastal vessels, tremerdous savings- ‘cati be

o

made on- road maxntenance which is now calculated at about‘REVIS 200/-

sums of :-oney oni construction ‘and np1nrpngnfv N

per mile per year for a 'A’' class road. :It-has.to:-be-remembered..::- i

-..-\
ll

that a:.coastal: §h1p carries a load that is normally-cazgied. by-400: a0y

f .
lorries. Coastal.shxps -¢ravelnin® themhmgﬁ s!!%ubxch‘heeds'nehma;nﬂ;3¢¢nﬁ
S A B PR VI T

tenan¢a. | . T TRl

8l S o
There is'a

world" 4nday of the damages caused to the environment' by thduaands
Jidg , *

of vehicles on roads.

Env1rovmental;ptotectxon tremefidous . awaréﬁess in thé

The excessive of carbon-dioxiide and ea:bdn-?’ﬁ
monoxide upsets the ecological Rplance, leave alone the lead fumes .
which canses cancer and deathq ,ppastal sh1pp1ng helps to atleast

o ol
reduce ihc denger, if notﬂglgm;ngﬁgjxeﬁb_
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5. Cohgestions;-'Today Sri Lanka is facing a tremendous problem
with road conéestion which'definifgly‘will grow to de a major
nuisance in the future as it hés happened in many developed .
countries. - The ‘coastal shipping wili help a greai deal in
évoiding road congebtions._

"The fg;ure

It is imperative that coastal sﬁipping should piay an important roll
in the traneportation gector af Sri Lanka in the futuve years.

For coastal shipping to foster, it is necessary for the government
policy makers to-decide 'in encouraging coastal shipping and also to
give every assistance possible to induce cargo to be carried on
doastal-vessels. It is on record that during the British colonial
times, the then Ceylon Government paid a subsidy anually of £ 5750/-
to operate . Goastal Shipping Service vessels, and a further sum of
£ 5750/~ by‘éky of compensation for the Port and Harbour dues payable
by the coastal vessels. ) ' '

Today with the present differential pricdng on port chaxrges, the
Coastal Shipping Service can operate viably in competition with road
and railway modes. Perhaps the State should consider subsidising '

" organisations which iw xesponsible for large transportation movements,

like the Fertilizer Corpofagipn, Cement Corﬁoration, Salt Corporation
etc to build up infrastructure facilities to.undertaﬁe transportation
by coastal veesela.~.Examp1es can d¢ like warehousing conpleies adjoin-
ing coastal shipping terminals.

The Defence Ministry also may consider the possibility of using coastal
vessels which possess useful instrumentation like gadaf and high fre-.:
quenci radio commnications for -patrolling the territorial waters of -
Sri Lanka.

With the expansion of trade and industry in the next decade in Sri lanka,
the tt;ﬂspo;tation planners seems to have no option other than to deve-
lop costal shipping within Sri Lanka.
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THE NEED FOR PROFLSSIOHALISH
IN THE MARKETING OF SHIPPING & TRANSPORT SERVICES

by

G. Warusav1tarne, LCIT, MInstTA
. ) ""Ceylon Shipping Corporation
“ - P,0. Box 1718, Colombo 1.
Hon., Representative in Sri Lanka

Institute of Transport Administration - U.K,

%The Sucress of any.business requires a variety of skilleg;
skills in finance; produ~tion, Buying and revailing, together
with skill in human relations and in many other fields. But
the ‘basis for success of any business undertaking is its
ablllty to “sell“ the product or servine it provides, Unless
thls ability is present there will be no business to.be

organlsed.

o
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PRCFESSIONAL APPRCAGH TO MARKETING
] . .

In his book *Dynamic Business Kanagement', Harold
Noveross F.B.I.M. - Management Cbnsultan: and Visiting
Lecturer, University of Birmingham and Gamﬁridge
University, had the following to zay: -
The sucress of any business requires a veriety of sikills;
skills in finance, produrtion, buying and:rgtailing,
together with skill in humen reiations and in many
other fields. But. the bagis.for sucness of an&. -
business.undertaking is its ébility to fzell"™ the product
or service it-provides. Unless this ability is present,
there will be no business to be orgunised. '
This is because things are very differen: ioday..
Competition is more seyere and profit margins much smaller.

eertainly the firm which today launched & new product or

gervice, without adequate knowledge and research qf fhe

potential market, and without having.sensible plans for
peneirating that market, would  -be askigg.for trouble and
would probably get it. L
Professional Marketing methods offer an execiting future
to those companies, who have the energy and Qision to
exploit them, and for the others the outlook may be very
dismal indeed. Too many of us 'fare the past and back,
into the future'. If we turned round, ve might see that
we are going down the wrong peth. Forthis reason, a broad
éppreciation of the rather extensive and sperialised _'
subject of marketing is a logical foundation on whiech to

build a system of management ~ontrolf.

Sadly, there appears to be a lack of understanding, .
appreciatiog and slkill in marketing nahsgement, vis-a-vis

the Sri Lankan Transportation Community except perhaps

din the Airline Sertor. This handicap needs to be

rnorrerted early, if we are to build a healthy tronsport

industry. Organisations who lost money or failed to gain .

»




their estimated market shares in recent years, may well
find the answers on examining the narketing poliey
adopted by them.

1.6 The marketing poliecy pursued by any Transport Operator has
a profound influence on the overall annuzl results of that

~ompany .

HMANAGLIJENT BY OBJECTIVLS

2,1 The old Inglish saying tells us "The impossible we do
immediately, but miracles take a little planning®.
2,2 Surcegsful Hanagément is not échieved haphazardly, it is
| charanterised by the development and application of an
‘ analytical approach to the process of decision .:aking.
From. this sound base the deploymeni of rescurces can be
effectively organiséd and a corporate sirategy evolved.
Analysis,'planning and control are viial, therefore, to
achieve the-objectives of an organisation, irrespect of
whether itiis & profit oriented commercial company,
marketiné consumer products or a puvli~ services utility
ete. Organisations of all kinds require the skills of
professional management in general, and marketing
managemént in particular.
2.3 In the.specialised activities related. to tihe marketing of
‘ goods and services the disciplined techniques of modern.
management dre particularly rclevant. To survive against
.world competion Transport organisations must become
increasingly.aware of the need to rlocel; define their
trading objectives and to relate their rcsourrcs to the

developing needs of their markets.

. 2.4 Planning is essential to modern Transport :lanagement in
that it maximises profitability over the.long terﬁ and
permits management to haraness the resourncs of the

. business in the most effective way possiblc in the pursuit

of its chosen objectives.
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3.1

3.2

The basir purpose of planning in-ourzindustry, a8
elsewhere, is to identify rommercial opportunizy gnd,to
exploit them by proviaimg the nenessary rqsd&regs in the
right plane =zt the right time.':ﬂisjudgcment of the

market plare is one of .the grecatest threats to profits and
srowth; and thce.ability to. adoptvnapacitics to ~hanging
demand..is a requirement ranking high in the planning
process.- C '

An innreasing_humber of Transport Organisations are now
operating within thé“nontext of.a ~ompany buéinéss'plén
which forms the basis of a strict system of budgetary
control. It sets out the aims of the coupany for a period

of five or ten years depending on the naiure of the business.

THE SALE O YHANSPORT

Being a "serviece" industry transport cannot have selling
points that appeal towards degire for possessioh, like in'
the casc of a commodity. For example a comuodity 1iké
soap may sell benéuse it pleaseélnertain genses such as
its fragrance (smell), velvety.surface (tourh), colour,:
shape etc. The soap Salesman can work cn.the desire £or’
possession partially created by the produ~t itself, ‘but
transport is “intangible“ and selling must be based on
its value as a servire to tire potential user.
Upto a point transport would sell itself vithout much
effort; where the purrhaser réquireé a servine'out of
neressity or self generated desire to move hié goods or
himself. The organised marketing of transport arises
mainly when supply exreeds demand.  The prinecipal fan~tors
non%ributigg to the effentive sale of iransport are:

(1) Adequate represeniation by qualificd staff

(2) Good and suffi~icnt publiecity

(3) Maintenanrc of good publir relations.

*
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REPRLSENTATION

Owing to its spenial'feafdreé of operation and use, it
would be more—appropfiate to idehtify a transport -sales
person as a Transport Sales Represcutetive rather than a
transport salésmanr This is due to the lleprescntative's
work.not being the same as that of a com.cdity. selesman.
The ~ommodity Salesman usually aimsz at selliang 2 produet
the “knowledge of whirh can be jzined in tue fartory or

at a "briefing® Confercnce with the Saleu l.ansger. £Lnd
whenever this Salesman travels taroughout his teririfoxry,
his produrt remains the same and his ¥soles story% docs
not vary from placeAto plare or from one customer to
another. |

In selling a_transporf servirc one must be able to

satisfy a variety of demands within & partirular spherc.
of.operation._-Deferring demands may howcver arise at

carh point of nontert in a Reprcsentative's area. A
major respoﬁsibility of the Transport Sales Represcntative
is that he has to promote Goodwill and provide After Sales
service as opposed to the ordinary salesman., If we take
the.nase of a marhine salesman {selling a non ~onsumable.
produet) he is not directiy éoncerncd'with its maintenanrec
after sale. This is carried out by a scperate Terhniral
or Servirce Department which has no dire~t interest in
seiling. In this instance, both Departments have to
combine and maintain Goodwill bvotween the selling firm

and the cusfomer. Goodwill between the Sransport provider
and its cuétomers is more closely allied to thc'proviéion
of transport servires. It is the chresentative'shjoﬁ;tc
maintain Goodwill by dealing.with romplaints and sgg&eéfionu-

perhaps at the same time he calls to solicit business.

PUBLIGITY AND FUBLIC RELATIONS

"Creation" or regulatibn of demand arc important fecatures
in the salg of transport. This is possible by cmploying
good publicity. However, when demand is "natural®™ it may
be neressary to rcgulate domand. A creatéd demand may also

require adjustments from time to time.
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5.2 In modern commercial. practice "publicity® is simply

5.3

6o

defined as & Seientific means of communirating.fants for

a persuasive purpose., Publirity nan fake two.forms i.c.

h 2

direct or indirenf} 'Exémplqs of}dirent publinity.afe
television, neﬁSpabcrs, posters ete. Indirent publinity
isvdeflned as a mcthod of propeganda not easily L o .

renognlsable by thc persons it is desinged to 1nxluunnc

<
“ .
~ . ~ -
.

Generally the rontrol of dircet publirity may be. the.
responsibility of ancAdvertising Liensger or a Commelrial
Offincr efc.. Indirert publicity may fall within the srope

of the Secretarics or Administration Department. .However,

.if the work load is heavy a Publi~ Relations Offierer should

be apbointed,,fo liase as the sole nontant with the.press

and the publir. Typiral examplcs of indireet publirity are: ®
to provide informdtion about your underiaking, arrange

visits b& interested persons, make.offirial. poliny

statements, explanations, rontradintions cte.

TRAFPIC ADVERTISENMENTS

The form of-pﬁblicity rlosely conrerned with the traffic/

&

6perations and marketing depariments is knowd as-traffic !
advertising. Generally speaking advertising 16" ones own

encount is known as traffic-advertising‘aﬁd'third party

advertising is referred s romnereisl advertising..

Examples of traffié.advcrtising are: usc.of distinctive

tokens or name ulate, on bulldlnbb, vehinlés,.containers,

ship funnels_ etc. Also litcrature and iraffic signs ‘
used on or away from premises. Other exzmples are time
tables, saiiing thedules; posicrs and brochures ein.
Broadly the'work of the traffin“advertising departuent is
deflned 1nto (A) produr tion and (B) distribution.
Produotlon of advert1s1 ; must be usually initiated by’

the marketing and or traffic deparfﬁent which ~onveys its
requlrements to the advertising departmcnt for the purpose
of oreatlng traffln or travel (new routes/services.cte.) or

to attrant traffln to a planned speerial serv1~e ctn.
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6.2 When traffic has been created it must be sustained bJ

Tel

T2

suitable methods adopted by the Advcrtlo;nu Dcpﬂrtment
Iin roordination with the lrg;flq DepartmcntJ as required.
The sucness of traffic.advertising depends.on the
quality of the substanpe or material prodUﬁeu, to arouse
interest and persuadc prosPeoulve uscrs to gain

advantafe of the scrviee bor farility offcrced. The

manner in which distribution is made te rcach potential.

customers is vital in order. to arhicve positive results.

MARKETING POLIGY AND ESSENTIALS OF MARKETING

Marketing came 1nto promlnanpe as & proiession by itself“&ufing
the last ¢hree of four -decades. Whether the need is to

‘market a'~onsumer product, or a.service s in transport

or shipping, the: prlnclplCS whlch have to be followed are.
the same. Before I.close it is perhaps prudent to
consider these aspects which are shown in annexure

I toIII. They are--'

1) Marketlng pollcy .

2) Main trends 1nfluenclng the marketlng of goods and
services '

3) Essentials of marketing

4) Important tools of marketln

5) Goal settlng o

6) Product knowledge .
T) Quality of the sales force C
8) Dyfiamic- salesmanship. |

Therefore it is little wonder that the professional approach
to marketing is paramount, if a transport organi@ation
engaged in road, rail, sea or air, transportatioh wiéhes

to survive and'make.profits in a world of fierce
competition. We read often in several iaternational
transport and shipping journals how some companies who

were nearly in the red transfored their fortunes to _
make profits by employing aggresive marketing methods.
Companies who lost money and failed to get their expected
market shares wbuld undoubtedly find the answere if dhey
examine whe ther they adopted a.propervmarketing policy at
all. Those who disregard the :meortance of marketing would

competitors
undoubtedly perish, whilst th% steal a march on them.
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(3)
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(5)
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ANNEZURE I

MARKETING - PCGLICY
Have g sultwble mental ﬂpnroach 'in a.world of constant

economlc chanbe.

~

Recognise that a clear markoting policy .is’egsentiad.,

Has fer rcaching effcets on production, services,

finance,: pcrsonncl recruitment, training etc.
N L o Coe .

Must come from Top Managemont i.e. lanaging Director in

-

conSultation with Mar etlng Directior and ihe Boerd.
Ensure. the policy serves the 1uterestu of the company

-

A Budgct for ljarketing costs nust bc laid dovin.
Proper judgement of the size and nature-of Market.

&) Amount of prevalent and cxpected competitions -

b) Bhe practical pace to incredse prddustion capacity.
¢c) The ¢cmpo on the assault of the mgrlct, .

d) Choice of advertising media. v 7

¢) Pattern of distribution aad sclection of. cutlets. .

f) Siting and composition of the Sales forge.

. MAIN TRENDS .
INFLUENCING THE HARKETING OF GOODS AND SERVIGES

Effectvéf Government action
Techniral changes -

.Rlslng productivity and dlstrlbutlon of purﬂha51ng nover

Speed of movemant and spced of oommunlﬂatlon

*
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o ANNEXURE II
ESSENTIALS OF HERKETING /

~

The size of the market in which it opcrates..

The Actual share of the market.which it is getting, and .the
proportions going to its Main competitors.

Ascértain whether its own share is growing or shrinking.

Progpec tihg where and How the company's existing wcrket could
be expanded.

INPQRTANT T00LS OF .iARIDTILG

a) Advertising - Proper choine of advertising methods and media

and attention to costs.

b) Use it as-c powerful and rapié mecans of preseating products
soctors. Must be based on a sound marketiag policy and it

gives Best Value for money.

¢) Public Relations - Orestes favoursble imayc of the Gompany.
GOAL SETTING
Goal setting i5 the stepping stcuc towerds o purpose.
Goals are:~ - e e b 1
* Specific, lleasurable &.Coentrete.. ..
* Challenging & Realistic.
* Has a Time Scale,

PRODUCT KuCiiLEDGE

* Vessels/vehicle details

* Sohodule

* Rates.

*Plus points. -~

* Knowledge of competitors.



" ANNEXURE III

THE SALES FORCE

~ ~

"The main burden of selling the Product or sergé;g rosts with
the sales force. ' : '

A sucressful seles forcc will have'i-

* A Sales lianager wino is an effcctive wman at his job.

* Carefully scleeted men

* Training

¥ Qrganisation

* Professional Approach to marketing.

SALESMANSHIP . T

"Is the Art-of persuading peoplc to Buy"™. -
"It is the core. of the whole marketing structure®,
L success oriented Selesman; '
%ill set goals ard work to a plan.
fdave sound product knowledse.
Have enthusiasm and-ambition.
Have optimism %Btsuceeed. o

Have motivation to achicve targets.

REFLRENCES

Dynamic Business Management by Harold Norcross (Panj 1967
The Reality of Management by Rosemary Steuart (Pan) 1967
Marketing by E. Howard. Elvy 1973.
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"7 {HO SHOULD PAY AND-HOW FOR THE BENEFITS
. CONFERRED BY. PUBLIC PASSENGHN TP4iEPORT
'"BM J Di‘andas

. ABSTRACT ..

' Transpert ‘enables soctety. ‘to function. - Specific groups in

society: other than.travellers sand’ society £s a wiole dértve benefits

. ~f'from the,proper functloning'of «public: pasaenger tfhnaportePaseengers

as a whole used to pay for the whole pcrcelved cost of public trans-

port -albeit. with aomefeross-sunsidy Fyom - eome groups“oL pa98ﬂ1gers

' to others.f Improvement in remuneraticy to: tranaﬁort WG*Rer and
- .traffic congeation caused - by private‘Vehicles hde “rai¥éd the cost
+ of .public transport ‘to- the extent that 'profitable! paesenger:; are

no longer willing to pay croaa-subaidy for others. Public passenger

transport is butra sub:oyétémfinfw“téfﬁlfﬁrbﬁn*ééftlémenf'system.

i ;sExaanes are given of“Japanese'electrit”faiihéys;'GErﬂéﬁ’unde:grOUnd

.;tralns, and 1ast- late might bused, 7Tt g concluded that who pays

» -ia. not.a critical .guestion ‘and ‘that society can pay -& ‘sl’dre tnrOugh
_a variety of texingfmethode, but'‘thet the more: “important Tssue is

R he prOV1aion of adeQuate'tronsporL cost ‘ef &6tivi Yy o enable

economic and social’ development to take place,

o' GONTENTS: .. .o oo s gl

lo-Introducticn .0 - T oweor it o R
2, The benefiter - ..7. A O e
¢ 3;.The berieftedartes: ' - - w0t "= (e b he siw’y

4.'PaaeengerS”uée&"toﬁpay ‘the-whole . cogt’ - Wil
5, Why paseengera were w1111ng to pay zhen bt not now
'63 Yrbar . settlement ‘systems - Yo ewsww o
* 7..:Should’: sooiety pay ?

8. By what means could soclety pay ?-ivt

9} The example of underground trains in Germany T

10. Conclusions
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. " WHO SHOULD PAY A dOW ¥OR'THE BEUEFITS . N

-

CONFERRED BY PUBTIC ASSENGnR ‘\AHSPORTT
BY J Dlandas

1. INTRODUCTION

o~ oy,

‘

'”NH'I €1 Onee agr1cu1turak eettlements Qstwthelr‘gsspntial se1f-
”‘eufflcieney they -become - interdependant w1th other rural. settlements,,
“'with townd andvcities and to some :extent with thejworld:at; large.

B I VRN

;}IiZ’ﬁIransportﬁ (nﬁ-gobdsuandupgople) wa&-boEEIP‘GBHSQtiVG-
“factor aﬁd~a5resﬁ1tative.faétor'éfﬁtﬁin'interdependenge;-vln'fact

"}!transport is the bonding matérial-.of-all society,..:Passenger

o n‘.

tranaport is, partwof thq bond- and,prov1des for- aocialucohealon.

e i, i,

' 1 3 In this sense the,wery exlstence of oroanieed eocmety-1s the

s
chief beneflt bestowed by Passenger, transport. Rubllc.passe1ger

tranaport is predom1nant Loy, third wo*ld countrige where private car
population ranges from- .01 to .1 cars pey:. gggita.:%But eyen in high V-

“_ car populations, suchJas .the; US w1th 55 -cars.pey :qapita, public

passenger transport is stilliian essentlakmpa;tuqf ngpi Lity.

1.4 As society as a whole . benefits from the mobility provided by
public passenger transport, so .does every eégmgnt qf society,
though some segments benefit more than others..

—.pn o o
r, H 11

1.5 The scope of this paper is to ideﬁtiixﬁmhengggmgnts of society
vhich benefit and argue that eachnsuchhsegmeqt should pay its due
share of the cost of providlng ity,or- even _f it doeatnot do so,

ahould be .aware. of the benefit it;.ds; rece1v1ng.

PR P Y R Tate s et
P A RO LV

1.6 The arguments in this papeg;qrgﬁapp1;¢gblgfto_all_modes of .
public transport, although in Sri.Lanks it.is.the bug which is

o PR -3 TR A PR
gori v g

cem o
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2. THE BENEFITS
2 1 Thd existenae and cohesion of organised society is in broad

s :‘ ol !.. - LR 1Y) ,o
,".,r

passenger transport along together w1th other social instruments.

o} . o .Jl
LISV Sl AN ¥ S

t -,

2 2 ‘Th narrouer terms the mass social mobility ensured by public

cpa%senger trsnsport gives rise.to such social transactiona as

trade, commerce, education, interchange of ideas snorts, cultural

‘events and 80 on. The development of each of these socio-economic

i \

. activities is then a benefit. AR . __' ‘ .;ﬁf

KT el Tk O . N &~
. . V. . e i "‘ i ’
2 3 The general'benefit of goodtmedicine,'good education 1§
shared not only by’ recipients but impartees of these goods, but

also by society as a whole, which thrives oetter when everyone m

,,-.. e

e

in good health and well educated This is ~one cf the reasons why
healthy tax payers, or tax payers withdut children, are always
ready to pay for the health or education of others.

2.4 Yet both health and education services depend upon public
passenger transport to bring the parties together. Hence the
benefits of national good education and nationnl vood health

also flow from good public passenger transport.

. - vy B e s .- Lo~
N W | e . £
2

.7‘. . W
2, 5 Likewise trade takes place where pqrties meet together and
prosperous commerce is a benefit ariping in part from good public

passenger transport. n _ L&
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3 1 In a ehopping transaction both the buyer and seller are: )
beneficiaries. Both are therefore beneficiaries of the means'
which brings the parties together. This is the reason why in
-many places shops .or associations of shops provide some trans-
port facilities for their customers, such as free parking places,
free trolley carts, free elevators or escalators 1nside buildinos
~and in special cases (e g-Fort WOrth Texas and Basel in Switzer-

land), free bus and trem services from outlyins - .- parks,



3.2 At a cinema, or a theatre, both the provider of entertainment
and the rec1pient are benefic1aries..}Thuu,ba-h.prembeneficiaries
of the means which. bring the viewer 80 the.entertainments« .Here
again eome cinemas provide free parklng spdce and others- fren Lus,

eerv1ces to the cinemn.'

: : . L T .-,".-\,-.....q . .
; EERE A BT L ) i L e ,.,,\ .

.....

frnm the work performed. Here too, both parties beneflt from the'

.trnneport facilities which endbles, the .employée to attend work in
. timely faghion, and without undue fatigue. Thus ,is the reason vhy
many employera, hére and elsewhere, provide: free transpdrt to and

from work for their employees,, and‘why, £o¥*.eximple, empfoyers Yn

.HParis and elsewhere are: willina to pay.a payroll ‘tax, dedicated to
:;~the urban transport mystem.to. e o Sl e

. . - A 3:#8"5.51”'
e i A N STl

e ‘.\ . LIt < YRS H o DT

LU S

"3, 4 we have 8o far identified three paixe. of beneficiaries -of

i .ﬁ..l Sellera and‘buyers of fatbil Foolg '

Publlc transport in-which one of :ach . gair usua11y~rides to the

I ET SO A

point of mutual benefit by public trafaport viz: - ey

\ 'I kY4 . t-.‘-' - }:,;, :._.'_' r,._;,,n N '.:..;'..- CLoE e

SRTT .Providere and ¢onsutiers--of entertalnmentnf:“"'

3 Employerevand‘empibyeeg;

A,

3.5 ! Some other.classes of bénefihid;iesjﬁnolude‘ihe~foll%nin§.é

Yo ST n R

'»1 Retailers situatd cloeé“td“ttain'etﬁtionefénd’busystope.
'.2 Owners.of property along ‘the line’of“publféstransport.

. routes, | . . - ,.

. 3 Those who normally ‘ride ft private vehicle, but who might

occa91onally need public transport lnrcase of breakdown.

- . P

3.6 .These are all direct or primary bonefi~gariegs Secondary" -
beneficiaries include all those. persons who benefitabyaviftUeLof

the successful interaction of the,primary beneficiaries. Wheieas

a. villager might .be- able to exigt-en: hie own, every urban dweller i
. is. depéndent on .the,active continuity of tbe\wholé :of. the' urhan

lll-— . .
e £

gsettlement in which he ddells or works DU e el s Tve

I Ykeek LthTeTnen i vRoL T
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3,7 Vhat this all amounts to is that: the beneficiarics of'publié o

v,

transport include many other peoplc a¢ well ac th:s paisengers.

' ..
Lty o f

4 PASSENL R I e

A .l .- e e, -

Wi Ty TR . : ST ISR P N . Doperd

4,1 It is generally ausumed tha‘ pajsezgere HE ea to pnj, through

H 3 . it .
Ju . «ify ¥

their farea, the whole of the cos; ui ?'ovuding public paﬂannoer

4 owa. it L

transport, and that, whenever pubL ¢ DaBtenger trrneporL ie operated
today by private entrepreneurs, tre ;nsaenggre‘gtill payithe ?hole
cost through their fares. oL

4,2 1In fact to the ertent that r'f"n1 ..publlr enterpr ;'?v”"
uged to ahow profita and private enrerpr--e atill :pu_rentI" do ces,
passengers used to and atill do pay nure tban th LOst of provrdrng

the- eervice..

'

4,3 However these assumptiona nenu tun,ruriable cualif)rﬁr{ons.
First there are external costs, susi ¢a wear and tear to ‘the woy
occaaaioned by the passage of vehicluuu ~Trams, although mostly
publicly owned and operated used ro Eay more than the ccat attri-
butable to tnem.Segregated railways }uld the cost. Buses generally

paid: less than cost._ ) ,
v N
%

4.4 Second is thequeation of businecs failure}//The.hiatory of
private enterpriee in public tranwzor L-riﬂego, o8 in the construce
tion industry, is full of failures. Many entv-rre"e'*' s MH"ed

after 1ncurring loaees for which they Dﬂld ‘either by aelling off

o
I

private property or by decla:ing oan'rLotc in rhe latter” caae ’

part of the cost Of providing the ee:1f~e fal a or to baﬁLefg and’

other credrtore, who increaee thevr 7ym rates and mach“~ =~ ~aver

the loss and thus pess on the cor' ‘. hedm meeesispo

4,5 Third comes the queetion of crostesuvbeidy, Even if passen=
gers as a whole paid for the whole of the cost of service, every
individual passenger did not-do so, ior example the two or three
paeeengers riding in the last bus at night cannot have paid. the cost
of operating the last trip, Riders cutwiia during the morning peak
do not pay the whole coat of the ozward trip. ruc....--- in the
outer segment of pceuburhan route rer:ly pay the full cost of_

i
.
[

A

7>}



serving the outer segment, Even passengers riding in the prevail- .
ing travel direétion-duriﬁg'tbe peak are thought not to .pay the -
full cost because a peak direction trip entails the uee_of a bus

and crew for only one or two. useful journeys during thé paid for : :-

day._ Then school children.usually pay half-fare-er.leae,"though;ga. FO b

often occupying a full seat,

4,6 On the other hand passengers on long distance bus .or ‘train
serv1ces, whlch are faster and less costly to run are generally }
well patronised in both directions at all times of day, . generally . .- . '..
pay much more than the coet of the service they receive, and thus:.

cross-subsidise those travelling in less profitable‘sétvices., - -

4,7 1t is not.easy .to ascertain how much cross-gsubsidy .did or
does.take.place...Some costs are apparently easy to ‘attribute.to ::.
given routes or services: or'trips. Other attributions ‘are ‘drbitr=
ary, especially in the case of railwaye which have many fixed. eoets

such as track and signal maintenance, which are incurred whether ..

trains run or not., Yet even when cost allocation appeara simple,

there are ppilesoehical douﬁfs. Is the outward trip during the - -~
ﬁbrniﬁg peek'run for the.paeeenger vho rides in it,-or fot:those e
waiting for the next inward ride ? ' L R R A
4;8 Wha£ thequestion often boils down to is whethér a-pagsenger -~ ...
should pay for the cost of providing the seat he occupies, or: for -~ .:
a proportionate ghare of the un-full bus in.which he rides; or for

a propqgionete share of the whole service of which the bus in

which, and the seat on which, he rides are a part.’

4.9 Vhatever the answer to these questions of porcgpiion, atti- -

tpde and philosophy, -the fact remains that some nassengers have:

.always- paid more than cost. Moreover in the paet those other’

passengers have appeared willing. to pay more than cost. As long

as that willingness ﬁus'manifest, thequestion of calling on’ the
non-travelllng beneficiaries of public passenger tranepbrt to pay .
" for their benefits did, not arise. : - o 'g"5-= L




4,10 Let us end.this section with a paradox. Express services,

- whether bus or'train, generally cost less to providé -than stop-

ping services, primarily because more milag> is obtained out of

the crews' paid time, Yet passengers perceive the express service

" a8 of higher quality and are usually willing to pay a premium for it,

. 5. ‘WHY PASSENGERS WERE WILLING TO PAY THEN
~BUT NOT NOW

501 In earlier deys bus _and train crews we:e relatively noorly

paid in terms of their total reward.. They worked' long end awkward

‘hours for .which no special.consideration‘went into’ thelr" remunern-

tion. Hence the crew cost was -only:a’ small proportion ‘of the total
cost.' This circumstance alone -made transport services chenp to 1 ‘f
provide, and those passengers required to~pnv .sufficierit to cross; '
subsidise the othexs ,perceived theprice to be wdrtHWhile. To a’ he
gogd extent too, . the subsidised passengers’ were able to pay ‘a higher

relative fare go that -the cross subsidy wad’ lees. e

-

5.2 Since then, crews have demanded; and rightly received, better
consideration. Their total pay has risen‘motée or less t&ﬁthellevel”'
of other skilled and respongible workers, - i ccnsideration 1s now
given to some extent, to the unsocial hours which they have to work
Hence theproportion of cost:attributable to labour has risen enor=- -
mously._~This is why so.many developed -countries have one-man opera-
tiong of trains and buses, notwithstarding the several consequent
problems. 2 ' |

B TR AR -

5.3 Another factor increasing the cost of bus transport is the

-worgening impediment on the.road caused by private traffic., - In

.earlier days bus and tram moved smoothly and regularly., As more

and more cars entered-thefroads, speed and regularity of bus and -
tram flow deteriorated. In:-consequence more vehicles .and more
crews were needed to provide the identical service. This too’
caused dispropotionate increase in the cost of providing serviee;
In affluent countries this had the further effect of diverting

patronage from publié transport into the very private vehicles

that caused the deteriorntion. However thie A~tsrioration and

.- . Py
b e et : - .



costqincrease hasZOccurred even in citie Iike Co‘&nbofwhich havéh.“
comparatively few;cars. per head of populntlon, be-:uca those priva-
te,vehicles, however few,. .concentrate’ in thevery" “reaS'vhere

_public tranaport ia ‘mogt: needed. e _:';;j.'::u v

IR RN
5.4 ' The greater considerat;on paid-to.trapgport;iabopr;énd-ther'
impediment of trarric congestibn'have naturaily iﬂcreased the”cost
of providing public traneport more than propotionately with other
types of goods and eervices.- ‘The premlum payers ‘ot p:ofitable N
eervices, have shown reluctance to-pay: 1ncreaaed fares 1n propor-'..‘
tion. to the increased cost. “Thisz’ ‘refictdncd shova. 1tse1f through
declining -demand iwhere slternate travel ‘OppSrtunities’ exist (such ;
as private. cars) .or- through political oppositlon to fare 1ncreases.
‘Bangkok. and Kampala are. two .placés wheré faré" increases 1mposed in

1981 were reversed or: reduced by :g6vernmert’ 1nterventlon.

o N T e RS
. - Y U TR . L R IERR

5 5 However to.some ‘extent today passengers’ a0’ a whble: appear

- to_be willing. to.pay the whole.of the apparent ccst of bus service
_provided by private entreprenéurs,- " In this. case’ however, even if

. thie:is & correct and full assegsment, pr1vate entrepreheurs are é?f'

the. routes, segments andutimes of-plying their wvs -es, so that

there 1is :less need for -corss- eubsrdy than is the case with a tota::'
network organised as a system. : Co

S

6. URBAN SETTLEMENT SYSTEMS

.. ..'.’
Tyl MR

..641 The last pointleads on to the. quest1on of the systems
approach, Large:pagsenger transport operators, ‘elich 24'ithe SLCTB, gt
or London Trengport, tend conciously or unconcloLQIy ‘to- ragard -
their network ss a single syetem in- wh1ch each :route; OF fam11y .....
of routes, or route segment or .trip feeds ‘or interdcts with the
rest, . ‘Hence ‘such “operators -do not pay too much cttent1on to the h

revenue .and. coat of each eeperate Fompopenf .ar ‘ibsyatem. EER
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. 6,2 Large urbsn settlements sHould also be regarded, and organfged

oy

as: systems in which such activities a5 trade, social :intercourae,

residence, recreation, street lighting, law and order,:utilities:

(electricity, gas, water, te1ephone, pewer age) public thorough

fares and public transvort are essentially sub=systems, Each one’
LT .

interacts with the Other.

3_‘_;'1._7_;-, B .;..

P
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6.3 By way of exsmple where lay, and Qrdei is poor (eg. Kampala
andHew- York)- public transport at.night lacks demandy. But surface

matra Larion Ve

'public transport, as well as street lighting, are aids to the law

and order surveillance sub-system.

e e
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6 & An illustration of transport networks as a system is given

by the last: bus trip at night. This is usually poorly patroniseds:
But'its cxistence gives rige to satisfactory demand for the penul-
timat: and pre-penultimate trips. 1f each trip is looked at on. =
its o merits,'thehlast trip is unmorthy, and certainly. no -private
operator in his senses would run it.,. Byt .if. the last’ three trips, .

or better still the route or service as a whole, .is. dooked: at .as

a system, then the last trlp 1s fu11y Justified.- Indeed if the

last thrse tripa are regarded togetber ag_ a sub-system, they,may“, ey

well - induce trips earlier -<in the day or abstract psak ‘hour,, outward. -
trips thereby balanci1g loads throughout the tige, segments: of

..
N
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‘6e5 ‘An illustration of ‘the. systeng.. effect of urban eettlements and~
the impact “on- public passenger transport 1s -géen by a short: examin-i
ation’ of Japenese private electrie railways. ‘Take" the Keio Teito" "
JElectric Railwuy Company. Its trains run out “fréom ShinJuku'on the
perimeter of downtown Tokjo alono a suburban' swathe for 50 or 60kn h
with "5’ branches. It has a second "1ine from Shibuya (also on ‘the . ~ .
" Tok§6’ perimeter) -aind many of ‘its trains run through ‘onto” thié Tokyo-
subway system, thus. providing direct service to the heart ‘énd to

the other sidé . of: Tokyo. In addition the X&éic' Teito iectricV=-"4= N

Rsilwey Company owns other incone#eerning_sssets including :-

v

sl T el Kéio Department Store et Shinjukii
Tnarowd 0T g Keio.Pla?n Hotél near Shinjdku - -
,;3' Health. and recreation resorts -in-the suburbg '
.4 Local.bus féeder services.
.5 “Housed and Shops all along the line
. w “eb Urhan development projects and.conplexés&'“' -

6. 6 By owning and operating this ussortment ‘of enterﬂrises along
the line .of 1its. railway, the Keio comDany is eble to cepture most’
of the benefits which tbe railway conrers on its environment. The
Keio company will be indifferent, as .a nstter of principle, whether
its profits come from. its transport services, from house rents and
property development, or “from recreational enterprises. It can
manipulate the prices of each activity in order to umtfiice its over=
all profit, - For consumers it matters little whether they pay higher
house rents and lower train fares or vice versa., If on the whole
the system yorks better with lower transport fares (because this
may ettrsct”absolute outsiders to fill empty seats), compensated .

by higher rents and bigger property development profits, it could
be categorised as cross-subsidy between sub-systems of the urban
swathe gettlement system; vet if the sub-systems were owned and
operated by seperate undertakings, or even by individuals, the
categorisation would be either 'support! to‘use modern American

or European terminology, or 'subsidy' to use English terminology.
Yet whatever the terminology the system as it works in Japan is
nothing more or less than- joint operation of connected activities
planned and accounted as a whole., The none-travelling beneficiaries
of the railway are indeed paying for their benefits, and travellers

as gsuch are probably paying the value of the benefitse they receive,

v
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6, 7 Ihere are quite a lot cf'cervices provided for the public
good, such ae_law and order, srreat lighting, leisure pérks,

general aanitation, paid fer h pLolic pusse, which means in -

effect: by direct and indirect ax pavers. The Justifica*ion

for- recipients of these ee*wicee rece1v1ng then free of epecific
D .

charge generally fall 1into two cateaoriea :~"

3 Lo ; SN IR r DRTTE e ;_‘..:...E. oy o
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.1, The usexr and, the quantum of uae are d1fficult to .
Tt RN VDL e
identify and reckqn o L

AL O

.2 The cost of collect‘ng e due charge would be ou* of

CECE A . ,\

proportion to the anount coilected

. . . .
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6.8 To soue extent public pass nrer tranoport i“ developed
countries is falling into botn of. these c togovieb and” the move
towards free service is advqncino slowly, Tnou-'” the rider can

be identified aa-well ac the diatance he ricd=2s, the other benefi-

" claries and their benefits are more difficilt to 1dmtify and quane
tify, and the cost of collecting on.vehicle fore is rising dispro-
portionately, both in terms of :cst of crew-man em:loyed to collect
them and in- the delay caueed by the.driver actino as fare collector.

.':-'s! . _‘)' E

Iy .
9., - - by

6.9 Yet whether fares are suppreszed altoge tne:, ‘of reciced to
simple ride-at will passes, the fact is that public passenger -
transport. iabeing increasingly perceived in the developed world,
especially in.the eo-called free economy developed world, as part
of the. urban and social infrastructure vh~r‘ o3 he-maintained to
keep_the aystem as a whole at work, In this context it is laroely
irrelevant who pays and how, gc long as the service is suitable,

the cost e commenaurate with value, and ada quate patronage 1s

generated.

7, SHOULD SOCIETY.PAY

7.1 If the beneficiaries of public passenge- traneport cannot be
fairly charged for the benefits that others reczive, should-society

as a vhole take over the whole or.part of tiie cost.



7.? There are many economist'a arouments that free tranaport vould - -
lead to exhorbitant joyndmb and thus to’ artifically stimulatéd '

demand arid a resultant misallocation of aoclety's resources.a This

argumernt is ‘extended alao to situationes as in Paris apd New York . for

example, where riders as a vhole pay lesa than 50% of the' coat of;

providing the service. - o L f;—VLs

7.3 Yet several demonstration prOJects have conv1nc1ngly shewn that
joy-riding is a very temporary phenomenon even ‘'on" ‘free “services

such as in Trenton NJ, Albany NY and Seattle. The . deterrence to
travel by public transport is much more its inconvénience..than ‘its
price. However:'such results might not ‘apply in. third world countries.
Moreover the higher level of rail fares in Britain than in Europe
seem to have lowered patronage levels., 1In other words, there is

some elssticity attached to transport fares, 7. . s e g

7.4 The'more:general consensus appears to'bé“that.passengers should :.

pay what.‘they:are willing to pay  in a manner that minimiges:the-cost of
Iaraniicollection, and that society should pny:the balance. . 5.

“ 8. BY. WHAT MEAHS COULD SOCIETY PAY. % .~ & i wit.

8.1 If indeed aociety should pay part or the. whole of the:cost:of *
public passenger tranaport what are the devices available .for the
public purse to extract the cost from the conglomeration of privste
purses ?

8. érln'gri.Lanho in- recent years ‘the SLCTB and railusy 'losses!: "
have been absorbed by the géneral budget in muck the same: vay--as:

the cost’ of heslth education and police eervices, qowever from,ér:
leat year the Educstion Department tbrough its votes has paid for.--.
the difference in cost of students season ticPets, though the ultie-
mate collection from the general public is through the same basket |

of direct and .indirect taxes,
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v8 3 In Britain, railway 'losses' are mostly absorbed by the national

government, though in the great conurbations the net cost of rai1

and bus service is provided by the Metropolitan County Governnents

| by 'purchase of servicel contracts, financed out of property ratee.

8 4 In Paris, public passenger. transport is financed mostly by
a payroll tax-

8 5 In North America a variety of taxes are levied after voted
citizen approval vhich are then dedicated to capital investment
and operating coat of public transport._ Some of these taxes are

.

imposed or surcharged on tobacco sales, gasoline sales, general

_retail salea or city income taxes.

8 6It would appear that citizen opposition to taxes levied to pay ”
for public trangport arises mostly (if not eolely) when the tax is
levied or subvented on rates or property tax,

' 9, THE EXAMPLE OF UNDERGROUND TRANS IN GERMANY

9. 1 As a final example it is worth looking at recent developments

:of big city public transport in West Germany. The Federal Govern~
ment there is willing to pay up to 80 or S0% of the cost of trans-‘

port infrastructure provided the expenditure leada to segregation -
of public from private transport, ' '

9.2 This ostensibly enables public transport to operate much

faster and therefore to the advantage of public transport passengers,

9.3 However much of the money has been spent on dig ing tunnels

to put German tramways underground. Physically this is downgradino,

..though it is usually termed upgrading. The results however are

‘mixed and include te _
.1 Faster journeys for 1onger distance ridera ’
«2 Sparser stop spacing, hence longer walking distance to
and from stops,
«3 Inferior access.to'traneport generally,
.4 Elimination of spontaneous travel on public transport
«S°A Iess.interesting outlook on tunne: walls for those riding

or waiting for underground trams.



. 9«4 The.implication of the whole - 7~ .1 uor berdm*=prri*4dias the -
willingnes of German motorists to'n:*gff rough Ffedexal raxes, for
the coet'of puttlng publlc transpo:t nﬂrov ground . and ;eeprng che
surface fer themseluegﬁ.,lf-thrs_1_-trgretat10n is eorrect;_the-cost
_ of the underground inf;astr"cture ig ot réallﬁ?ui?ublic.trunéport
cost ~% uli " but ace 3t rlght_y paid by‘those'whc-huve_thereby L
"bought' the surfact for themselve o R

A
’ 1
[

9.5 This' Qpert ‘fs We'“‘il rated"n Rotie,: wHer= a treet‘tran-~x%

'way running”on a broad grasaeu ‘e dn roservntlon For 1ear1y A5, km

PREEE I
has been rtalaced by en admxttb\Ty 1t?a=n~dern U] ornround=railway
beneath the etree Yet the original graesed Pc”lan nus been quickly

‘o - . e P

taken over by parked cars, T LTy i
9.6 If, anortisatlon of the tun1els ic charged to tne underground-
railway,'end the fe.ee charoed ‘46" hot "cover “thie Lnort1satxon, will .
econonleté conplaln that Roman pu"ic transport’ ﬁ ‘dgengers- ‘are. gubs -

sidised end hence resourcee migall ocuted 2

5“':' v e -

T T

C ey
10.1'Tﬁe main conclusion is that whether peesengerenasﬁazwhole'do-~'
or do not ‘pay for thewhole of ‘thé cost of ‘public jagsenger trargs:- ;
port is not.a critical question ir_ itself,
‘10, 2 There -are nore imPortant quentlo ng such as :~ -
.1 Public transport should UIUH Ln-llne wltn-economxc and’
" soclal 'growth' and hence should not become . a.constraint
on development. : -:-' Ce T A N
t . .2 Public traneport ehould'te ooerated'Eost4effEbtiveTy'ih. '
- resource terne. That is 'to' zay that’ ezhtaslve coatly
resources ‘such as energy ehould. .not’ be eonSLned‘irres- ‘:j
*pective of owvnership or -prof 1fab111ty-..~f L a

<3 Fareg for u81ng publlc tren'nort should 3e in;line with

A .." P
LIPS ot S

“ivor e ‘resdenable Droportroq of lnconeu;u i N
'.4 High fares ehould not 1nn1b1t tne Ltllisatlon of available
resources Csich as’ empty sesits) nor “inhibit reaeonable

social mobllity nhich ‘ie oneof tne ingredients of national
coheeion and pride. ','i : 1 ’_ : '~z;,';

eleew i - gomer s, L ane
oo, 5 .:~--. Y Y -
P t bR :

F 2

£
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10.3 In given. circumstancee, such as in eny third world country

vhere Enbour costs are comparatively low, it shOle be posaible to

LWL .

run mogt, transport servicec cout-effectrvely 1n such a way that .

'reasonable fare 1evele can pay for the whc_t.oervice. But thie
ebould not be an article of falth. ’ .

s ;JL .o, o - 2
R e [N S . et '

Sy TR g

HIN Where societies or. their ﬂovernments upecificafiy require the i

granting of cheap fares, or season t1cLet conceaaione o’ atudénte,
- or governmept employees, or any other claaa of preferred peraons,
then the value of the conceaelon ahohid be specificaily met’ by '
payment ,to, the trangpont‘ogerator. 'Ehis.:';““f' "Fouid be ‘résarded”

ag. Pl of th° oporator|s Tevenue, ER

-
R L L

10.5 Where societies or their governments specifically require
eervices to- be run, for example to open up nev development. areaa,

or to help depreesed or remote areas, or to equallse travel oooorh

tunities between rural ‘and urban areas, tbtn tob apecific paynenta

K+

should -be made to the transport operators.

10,6 If these measures are not sufficient to defray the cost of
broviding adequate public transport services, then government must
support the transport operators either by ievying ceeses or taxes
which go direct to the operator or by making support or purchase-

of-gervice paymenta,

10.7 Whatever the mode_of payment, and mccde of collection from socicty,
such support-for-pnblie passenger trangport sho&id not be categoriged
as subsidy, nor should -the net eost of operation be classified as a
loss; nor indeed should the appearence of losses be regarded as
synonymous.vith inefficiency. Efficiency must be neasured by more

efficient indicators of cost-effectiveness and service rendered,

10.8 In as mnch as paesengere will not or oannot,;(ae perceived by .
poIitical authorities who decide upon fare 1eve193 pay for the cost,
attenpts should be made to obtain payment from the other beneficia~,
- ries of pub‘ic transport, such as abutting property ownera or trade,

or-employers.



10,9 In as much as support has to be collected from:the generel s

public, it is preferable to charge an ad-valorem tax, euch as a

'percentage or portion of sales or value-added taxea, whlch would

be credited §irect to- the nuthority snpervising pub‘ic transport

-operators,.in much the same .yay as the Coconut Development Autho- o

rity receives certain.cesees. P S R

10.10 The tax ehpu}d be. ad-valorem 8o "that increases in value of
the 1tem tnxed eutonatically 1ncxeasea the support for the operator |

whose own coata will also be rieing. . For. example Ll public trano-

port sugpont is to come,f;om g;gpeginl:levy on gasoline,. it ehould.‘

A

be;?tkebperoentage of sales value anq ngt‘atre levy per litre,

P L3 R e

10.11 To end“at.the beginning, the real iesue ic a need'toradjust =

to renlitiea, and, not follow articles of faith aboat profitabillty,
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X Pfelimina:y study of Bus Service on a
Major.Street (Galle Road) with many over=
lapping Routes and Operators.
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. The supply of bus service on Gzlle Road which has

many overlapping routes, one major public bus system and

many private. bus operators is analyzed, using data
collected from a one dey survey carried out at
Bambalapitiya.

The share of the total supply of buses (frequency

‘of service) seats and passenger-spaces, provided by public
,and privete systems is roted.

The Colombo - Panadura route is analyzed in further

-detail, It is shown that bus arrivals during the peak

period is a purely randon process, and the possible

reasons are discussed.

g

“#Asgociate Professor, Dept. of Civil Engineering,

The University of Calgary, Canada.



1. INTRODUCTION

Galle Road is one of the six intercity roads which
radiates from Colombo CBD. This runs alwost along the
western and southern coasts of Sri Lanka and runs upto
Kataragama, which is about 30C km away from Colombo. It
connects a large number of cities in this coastal belt.

The Galle Road section from the city of Colombo to
Panadura (28 km) goes through a densely populated area
with commercial business and trade activities on either
gide of it. Also, there are many light engineering.
industries, hotels, places of worship, educational insti-
tutions etc. at very frequent intervals. This road
section has a large number of major activity centres
(Fig.1). There are 4 lanes from Colombo to Moratuwa and
then it is only 2 lanes upto Panadura.

Eventhough this road is one of bigégét corridor of
transport in Sri Lanka, ‘there is no literature available
to ascertain the demand or supply of transpert facilities,
The Departument of Civil Engineering, University of Moratuwa
is conducting a project to study .the .supply side of the
transport facilities from Colombo, upto Panadura. This
paper outlines some preliminary énalysis of’ the bus survey
work carried out by the study team for the above project.

Currenfly; bus traﬁspo?t in Sfi.Lanka is provided
both by the_state:and private orgéhigatioﬁs. The stato
is providing the facilities through:fhé'Sri Lenka Central’
Transport Board (SLCTB) and its Regional Transport Boards
(RTB). The private buses are owned by a large'num%ér 6f
individuals and organisations.
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The state bus service on this seéfofﬁaf“idéd is pro-
vided by -the Colombd Horth (05 depots) and Colombo South
(06 depots) Regional Boards (Appendix 1), In this séection
there are many overldpping routes (Fiz. 1). Therc are
three types of sérvices svellables viz - limited stop,
all stop and flat rate stdndee*. The- gtate buses have -
four different passenger carrying capacities. There is
a bus schedule for the each depot, aventhough there is
gunching in both peak and off-peal times of the day. The
fpre structure is generally fixed by the jovernment, but
the. fure stage distance is not a constent along the route.
For the first three consecutive sectione, the fare is
50 cents each and then it is reducel to 25 cts. per each
section. RTB issues monthly season tickets for all
comnuters end charge only 65% of the totel cost. TFor
SQhool children and students of other higher educational
institutions the charge is only 50% of the total cost.

The destinations are generally well exhibited.

The bus service provided by the private sectof '
o}gaﬁisations is extfemély complex. There are & large
number of owners. Some owners own ust one bus sna others
own 2 or more buses. The seated passonger capacity of
private buse§ (without over-loading) generally ranges frou
17 to 42 seats. HMost of the buses in this section have
gé seaters. There is no express private bus service in

the study section.

The private bus operators do not follow the RTB fare
gystem. For some sections they ciarge wmore than the RTB,
end in other sections, the charges are equal or less. An

£

example is given owverleaill.

-

® - . .
This service was not available during the timc of survey.



Origin Destination Fare

private KTB

—

Colombo Baibalapitiya Rs.é‘ﬁpts 1/50
Colombo Horatere. M_é@w" Rs.2/00 Rs.2/850

Table 1

There are no segson tickets nor any othcr con00351on=

ary tlckets and in general no tlcmcts are 1ssucd

Sometlles the prlvate opurators mlS18ud the publlc .
and complicate the fare structure further more by chang-
ing their destinations half way the journey. ' For example,
from Golombo they have Dehiwela as tbelr destination and
take passengers for all points upto Dehlwcla. However
when they reach Bambalapitiya the dcstlnatlon is chenged
to Moratuwa, to meximise the profit. This has arisen due
to the fact that, they are allowed to operate in any
gsection of the road from Colombo to aatarag;ma.

There is no fixed bus schedule nor fired origin and
destlnatlon for private buses. rr'he follow1ng featurcs

were observed in their departure times in the study sections

i. the buses move when they are fully loaded.
ii. '"firt comé - firet go' &t crowded tines

iii. when there are a large number of buses at the

origin, there is pressure w thln th n to take
the buses off. ' '
iv. In general, they try to go just hefore RTB

buses leave.

Private bus operators are allowed to operate during
the peak times and take them out durinz the rest ol the

tine.
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2. METHOD OF LATA COLLLCTION

In order to collect data it was decided to carry out
a 24 hour survey both on RIB and privete buses, at Bambala-
pitiya junction, where you zet tuc iirghegt number of over=
lapping routes on Galle Road, and we were interested in
collecting as much inforuation «s possible with tho help of

the resources available,

By taking into account thc above considerations, it
was decided to obtain the following information -

Actual arrival and departurc tises of the buses.

X X

The origin and the destination of the buses.

%k

The nuaber of operators, operating on Galle Road.
* Approximate. number of passengers transported,

® The actual passenger spaces provided by RiB and
private buses.

In order to achieve these requirements the buses wvere
divided into the following categorice according to their

gizes.

R.T.B: A - The buses having two or more rows of ssats
after rear entrance

B - The buses having only one row cf seats after
rear entrance

C « The buses with onc entrance

= Double decker huses,

Private: A, B, &€ C - Ag for R.7T.3
R =~ ROSA and mini type buses (26 scaters)
LF, HIACZ, FARGO etec.

V - Vans like &
To facilitate the calculation of the number of
passengers transported the following loading code was
considered. (Here the surveyors have to estimste the
amount of passengers in the bus),



st

*
Empty -~ &
1/4 seats taken - 81
1/2 seats taken . - 52 “
e 3L o L : C 33' :
- A1l " i L. = 5.
-1/ 4 normal standing room taken . . .- HI
1/2 n ] _ L A © .= -H2
"3/ 0 i " . = H3
Full (normal standing room is occupiedj- F
Packed (no one can get into the bug) - P
To represent these groups by & hetual nuipber a:sample
passenger count was carried out at Pettoh main bus stand
for about 7 - 10 buses of each catagory and the wean of
those were taken to represent the groups, as shown helow.
(Table 2).
V )
 BUS ‘LOADING _ CODE
TYPE - — : -
TR F s s, 8 5 H O H M F P .
Ji 5 10 21 32 42 54 64 76 92 115
B 5 9 19 28 38 4% 5, 62 72 92
C 3 8 16 24 32 3¢ 47 54 - 61 67
D 5 10 21 32 42 - 54 G4 76 92 115
R 3 T 13 20 26 30 32 34 38 42
v 3 5 g 13 17 20 2z 0 23 24 25
Table 2
. Then'a;griiiminary survey was carried out at Bambala- ¢

pitiyaAjﬁncﬂion (At all the six bus hal¥s, both North and
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South bound (Fig. 2).

coLomBo PANA DURA

C
a = i 7

—

This preliminary survey was. done for about 15 nmin.

‘at each and every bus hait. From this we were able to
-.decide on the number of surveyers required for the full
-survey and also to get an idea -azbout the liamitations

(difficulties).

_ It was decided to have two hour shift for each person
and depending on the work iorce avarlable the survey vas
restricted only to the south bounc flow. [Lut the arrival
time, route number snd bus number for the north bound flow
were to be collected. 30 it ties decided to collect tie

following information:

Arrival Time, Route Ho., Destination, Urigin, Bus No. or
B.R.No., Bus Code, Loading Code, Departure Time, Depot or

Conpany Name.

From the priliminary survey it was found that there
is a difficulty in taking down the ueparture tiae and the
comapny neame of the buses. Siice the other deta is uore
important than those mentioned above it was desecided to


http://priliain.-a.r-y

leave these two out.

Since the origin’and.the'destinétibn for R.T.B. buses
are almost the same for one particular route number it was
decided to take down only the destination which is- given--
in front of the buses, and to assume the origin depending
on the route number.

But it was seen that most of the private buses did ﬁot
have any route number so it was decided to take down the

route number wherever available and to get the orlgln from
the conductor whenever possible.

First'it was decided to use the bus number for S.L.C.T.3B.
and B.R. number for private buses to identify each and every
bus, and if they are not available to take down the license
plate number. But later it was found that the B.R. number
indicated the ownership of the buses and not the bus itself.
So half way down the survey we had to take ‘down both the
license plate nuuber and the B.R. number for private buses.

The bus count was carried out on 3rd May'1983'ét'Bémbala-
pitiya Junctlon as decided. With the help of the final
-year civil enclneerlng students of the Unlver31ty of Moratuwa.
(Thls mid week day was selectgd in order -to collect normal
stabilized flow data). o ' :

The survey was started at 4.00 a.m. and was continued
till 12.30 a.m. of the next day. At the commencement of
each shift the wrist watches of the surveyefs_were syncro=~
nized and -the surveyers were allowed to_do a'frial-survey.
for about 15 min. before they started their first shift, in
order to get them familiarized with the work,
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3. TOTAL oupPPLY

As o gross indicator of the supdly ol bus service
] der ithe cou=

P

on Galle Hoad at Bawnvalapitiya, we ch&ll cons
bined aupply on all urban, suburban routzs. Since 63k of

these routes pass dellavittz, this may also be considered

an indication of the bus service via Beubalapitiyz to
Wellawatta from pcints Horth of Baubulapitiya. This

analysis &lso helps ia understanding the amount of congssg-

tion at the main Bambalepitiys bus halt, which is really
three halts located closc to ewch otier.

3.1_Frequency of service ..

D

The Lrequenc of gez v*ce, 7, (buses per ‘unit tlue)
is a coumon indicator of "the level of service provided to
passengers. The average,headway betwveen buses to desti-
naiion i,'h.,_'s the iﬁve*d " the freguency of service
(n = 1/g ), and the avurane W:ltl“g time per passenger®

is'h, [1 + (01)%)/2.

Where C; is the cooff1c1ent oI an*utlon of thc neadvay
r
between buses to destination “i. | Felerence (17)]

The freguencies of service 1n buscs per hour dat tiwe
Bambalapitiye bus " stop for regiomeli itrcacport board buscs
(RTB), private buses (r) and all h”se (& ) between 4 2.1

and 1-a.m._ are snovn in rlg 22,

It is clear” thot orivate busce provide a better fre-
quéncy of service' (averase : 5% per uour) than 7B buses
(average & 51 per hour; cucept hetueen 1. 06 o 1.30 PRI
during the day, L a.r. to 6,45 a.it. in {hs morning ond
after 9.30 p m.'at night. Lﬂu LTE school bus service

uccounts for the hlah ‘requen hetween 1 to 1.30 o.m,
) . H . ~ " ..

% . b

Only 43p of the buses are R buscs.

¥_ .. . .
It is agsumed that passenger arrivals at the stop 1c

independent of the bus crrivals.



: The-maximum'frequenci of 225 per hour dysing the
morning peak (8.30 - 10,30 a.m.) is- higher an that of
210 per hour during the afternoon peak (4.70 - 7.00 p.m.)

_for RTB and total Southbound supply. - This is caused mainly

by buses returning from the Northbound porning peak.

The frequency of service is ehove averags from about
7.00 a.m., till about 8.30 p.m., indicating tie high'level
of supply on Galle Road. During the mlddww "off peak"
the frequency of service is 150 buses perhour. It also
appears that the private operators are Tying to straddle
the RTB afternoon high frequency serv*:e between 5 to
5.30 p.m. by providing their beat' "9V1°e from 4.30 to
5 00 p n. and 6,00 to 6.30 p.n. ' ‘ L

The share of the bus servj ® 1n terms of frequency
for the RTBB and privete buse 18 Shown in Fig. 2b,

3.2 Seat Supply | .

In general, privatebuses'aresmaller”thah RTB buses.
Further, there are sevesl sizes OL' RTB buses, Consequen-

; tly, the supply of ée;ted capacity :as also to be analyzed

to get a better pictire of the suppk of bus service,.

. The supply iﬁ torms of seats pe hour for RTB,private
and all buses is sbown in Fig. 3. Ta percentage share isg

shown in Fig. 3b. It is imﬁediﬂtelyClear that the RTBB

are supplying more seated capacity (verage 2050 seats/hour)
than private buses (1860 seats/hour) . -

On the Galle Road, the average sal agacity of urban
RTB buses is 40 seats (¥2050/51) whilethe &Nrgge geat
capacity of urban private buses is 27 10ats (~1860/69)
The RTBB supply 52% of the ‘seated cape 1ty. : .

There is no difference between peak peiods in tern of

. bus supply and seat supply. For both 18 _and seat su\ly’

the private buses pick up the slack jut before the s&’l
bus peak (1.30 - 2.00 p.m.) when the RBB pullout buses



o}

from normal routes to despatch to the schoocls, 1In yeneral
we can conclude that while +he RTBE supply the bulk of the
seated capac1ty. the pr1vate opcrators incroease the level
of service to_thoc who can pay hy oroviding more.seats

end lower headways::

3.3, Suﬁply.of Total capacity

.On an extremely hsavily trevelled corrider such as
Galle Road, one cannot really. expect to supply seats tec.all
passengers at a reasonable cost. Counseguently, the supply
of secats plﬁs reasonable standing spsace inside-the- buscs
(total capacity) is the proper indicator of the supply
of bus -service,

The RTBB.supply the major portion of total capucity,
as shown in Figures 4a, b, except belforc the school bus
peak at 1.30 p.i. end between 3.30 znc ¢.00 p.m.

The average supply of total capacity is 4175 spaces
per hour for the RTBE and 2880.spaccs per hour for the
privafe buses. The RTBB supply 594 of the total capacity.
The average passenger-spaces per bus is 82 ~4175/51) for
the RTBB and 42 (~ 2880/69) for private buses.

3.4 Season-ticket holders

Season tlcket holdnru are roStI*CbﬁA to RY 3h uses.

_Thuo, by paylng 35% less than other 17B3 passen«ers, on

average tmey get excluded from 57, of thc buses, 48, of

the seats and 41p of the evailable paasonger bpaces.

They are also excluded from -the recs ntly 1ntrodu0cc flat=
fare standlnﬁ only RTE buoeo. . R



4. COLOMREO - PANADURA-ROUTE

. Dutl is qull able from our survey for all bus routes
_p4331ng B: nb¢loplt1yu. ‘'The service and the way it is shared
between private and RTBBE buses varies from routé to.route.
For éxample, the CNRTB provides the -bulk. of the:-supply. on
Route 154 while private huses douinate Route 155, A-detailed
analysis has not yet been performed for uny route. - A pre-
liminary an&lygls of the Colombo- Panudura Route is ziven
below. '

The buses between Colombo and Panacdura.(via Bambala-
pitiya) have several starting points. Route. 180 buses :
start from Peltah, Fort, Kollupitiya or Barbalapitiya while
rRoute 111 starts from Eye hospital junction. Rowever, to u
passenger orizinating et the wain Bambalapitiya bus stand,
the origin of the route is imuateriel. We shall combine
all these buses and use the nawne: Route 100.

4.1 General anzlysis of Route 100

The freguency of service, the supuly of seats and the
supply of total capacity on Route 100 ;s 1llustrated in
Figs. 5a,bs ba,b; 7a,b respectively. ’

b2 . Afternoon pealk service

The afternoon pee at Bambalapitiya for Route 100 is
fron apnroximately 4.30 to 6.00 p.u. The bus supply date
for the peak period are shown in Tabdble . 3. '

Bus Twpe Frequency Averane |Std.Deviation
(buses/hr.) headway |of headway .
(minutes)| (winutes)

-RTBE ' 15

3.94 3,62
Private 18 " 3,37 374
All buses 33 1.86 1.80

" Afternoon Peaii - Route Ho.100
Table 3




The RTBB service averages a hsadway of approximately”

yA minutes while private buses provide a warginally better

headway of approximately 3 1/2 minuves. The combined
average headway is approximately 2 wuinutes.,

Superficially, it eppears then that the mean waiting

time. for season ticket holders (who are limited to ATR
‘buses) is 4 minutes and that for otaer passengers is 2,

minutes as calculated using Zg.(1).

Hovever some of the huses arriving at (parﬁﬁng) the
Bambalapitiya bus stop are already .illed to capscity and
do not take in passengers. These ave non-buses as rar as
the passengers originating at the B.ubalapitiya bué stanc
are concerned. So, the above uean waiting tiuwe estiuates

‘are really lower bounds. Jince data on "packed" buses

is available, further analysis is planned.

4L.2.1 Random bus arrivals

The fect that the mean headwav is approx1mately cqua¢

'to the standard dev1atlon, for all three cases 1n dblc 3,

cauged ue to perform a Chi-square (statistical) test to see
if the headways followed a Neyative Exponential prob9h111ty
distribution [Ref. (3)].

1

The critical significance level at which the hyovothesis,
that the headways follow & negative exponential probability
distribution; with probability density

(2)

£(x) =xe" 2, X3 0 —memme—

and mean headway of 1/%, is acceptel is 65., 3x ana 9»

respectively for RT3, privateée ané zll buses. Thus it is

easy to agsume that: the headways for T3 buses and all-buses
are negative exponential while the aypothesis for private
buses can- be rejected at.significance levels 3.

The major implication of the headwavs beinyg Negative exponen-
tial- is that it follows that the bus arrivals are purely
random. Surprisingly, this is more true for RTLB buses



which are supposed to be schedulec, than for private buses
which are dispatched loosely if &t all. - The fact that,
route 100 buses have several starting poiuts and the
possibility that these are scheduled independently probably
cause the random arrivals at Baubalapitiya and consequently
at points downstream.. The randomne%s exhibited by the
combined (RTB and private) bus arrivale points to the lack
of assoclatlon between RTB and private bus arrivals. .Since
the passenger demand is very h¢rn aarlnr the peak the . |
private bus operators probaoly see no rea%on to match and
be just ahead of RTE buses as allegea by some,

4,3:¢Aftérhpéh bfffpeak servicé

Calculations for off-yea“ gervice are not c0mpleted

yet. However, initial values seem to indicate that arrivals

are not random. Thus, the RTB buses are probably keeplnb
to some’ schedule and the prlvate buses may be attemptlnp to
nre-empt RTB buses. Honevcr, no. flrm conclus1ons can. or
should be drawn as vet

5. COVuLUDINL RIMARKS
Since the survey was held on.3'ﬁay 1983, oniy a very
brief look at the vast amount of data coliected has been
taken. However, a detailed analysis of the ddta "is planned
if funding is avéilab}e.

Each route will be analyzed in deteii with respect to :
thé supply side. We hope to obtain the nunber of operators,
the fleet size of each operator, the approxima'te daily -
demand, the round trip times etc. for privaté buses, and
equivalent data: for RTB buses. - ' -

Further collectlon of daba_ﬂn the fleld and from .-
Avarlous organlzatlons is planned.

If p0531ble, 1t is hoped to relate the number of ..
11censes issued to private operatorb for a oartlcular route

)



L)

to the actual frequency of service. Thus an invisible
control could be exercized on the private -operators.
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Apvendix 1

Denot's providing service zion, talie Joad throush B'pi%

a0t +8 103C
Colowbo South Regional Transport ioard.

Denot Bus Route

Panacura 100, 111, 133
iloratuwa 109,
Ratnalan
‘Meharagame - P12

-

Kesbawa " 134

"~

Udahenulla _ (7)

oloubo North Rexional iTransport .loard,

-t &

Hug. ioute

. Kadawatha . - o 15
Kelaniya
Mattakiuliya
lMeethotemulla 124, 1355
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! The Electric Trolleybus as a Mode of
s ”:bzi':Transpbrtation within the City of Colombo
Pes b
C by _
ThEE T arer” e ghigrkar - Mohideen
Foo 1T 441 1Y, Galle Road, - b
Colombo 4. : S o
dees - s
' o T I L st (O
. . o' €.t H ’ e ¢ » N
o ABSTRACT
The history of trolleybus transport in Colambo is traced. With
. a view to reintroduction of trolleybuses services in Colombo, .the
advantages and disadvantages are outlined. The energy costs of
running trolleybuses and diesel buses are compared. Given ‘the abun-
e dance. of hydro-electric powex. in Sri Lanka, a return to trolleybuses
is advocated. e
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1. .IﬁIRgpyCTfON
SRR

Some very coéent'reaeonelée te'§ny'tne'Trelle§bus.ehdnld be
. fe~introducded to Great Britain are given in refertnce (1). 1Ia his
resume the author states that by 1950 the United Kingdom wds operating
far more trblleybuees than  any ottier cOuntry By 1972 the last
year of Trolleybus operat}bn in thls country there had . been 40 systems
in Engiand; 5.in Wales, 2 in Scotland .and 1 in Beifast. London alone
had about 1800 of these vehicles vastly more than any Clty in the
World. It seems strange tnat the coutitry Wthh so much faVoured thls
clean, fast, reliable form of transpott stiould got rid of it comple*

tely in the 1960s and.eariy 197081 t:.3k pRERCHN

' P I I S i
‘Let us look back at our ghort 11Ved Trolleybdé séfoce in the .
C1ty bf Colombo. The service Was beguh on the 22nd July 1953 and we

had trolleybuses operatlng on the followxng routes:-

3

-

[ad
]

_ ' Grandpass L 8
Fort = - Galpotta R C T
A . e 1
Fort = - ‘Borella o
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. The serv1ee was operated by the Colombo Munlclpal Counc11 who had
t;ken o&éé'éﬁé‘runnlﬁg of“the Tramways in 1944. . The Tramways ceased
to operate on 30.6.1960. The Trolleybuses were ver§zpdpu1ar and effl-
cient, but what made the Colombo Municipal Council to suspend the
service? I understand that the major problem was due to strikes.
Another factor appears to be the fight for a more considerable tariff
from the Electricity Board. Numerous strikes paralised the service
which was ‘just getting.intoits strides. It was really an unfortunate
decision. to close down the Trolleybus service even'before'the'~~ T

vehicles reached the end of ‘their economic life.

Now that all forms of transport have been nationalised it is
time to take a second look at the Trolleybus as a means of transport
within the City. We have five major hydro projects in hand. It has

been stated that the Victoria project will have the largest hydro
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potential - 780 éiga Watt. Hours.. Besides_the Victoria project we have
the Kotmale, Maduru oya, Randenigama and Moragahakanda projects - well
in hand¢ Pethaps enough power for the Island 8 needs for the next

twenty yesrs.

In'reference'(Z) .the author stetes that the demand for energy
could 1ncrease between 502 to 100% by the end of the century. - 011 has
long been used as 1t has been comparat1ve1y cheap Now"other forms'
of energy are be1ng pursued ‘ The U:K. Advxqory Board is look1ng into
the poss1b111ty of using 11qu1d hydrocarbon synthes1sed from coal and
electric traction. Thé -author” goes on to say 'Although.the re-intro-
duction of a Trolleybus service would be“expensive'it-would be valu-
able, to lay,on a demonstration . project'%p.pevelopments of a. new..
system would take ~some twenty years, 80 1t needs to be pressed ahead

as a matter of urgency .
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ﬁnfortunateiy'we in'Sr{:banka dolnot'planfshead to.such an

extelt '~ let us make our plans right avay - inflediately -:to refintro-
dﬁce'the'Trolleybus'service within' ‘thé- City- 'It"ﬁfil“t&kﬁ'atlleast

an year.after approval to get stsrted. By the time'the'infraﬁstrucb
ture is ready:we .should have all the electrical energy that uill be .-
needed . Prices are escalat1ng and now..is the t1me to launch this
ro;ect.. In most countr1es -where e1ectr1c1ty 1s be1ng produced by
hydro?poyer.they are go1ng aheadzn1ntroduc1ng or expandlng thc |
trolieybus serv1ces. There 1s no ce111ng to the r1s1ng pr1ce of fuel
oil, ‘but w1th our 'home made energy we can est1mate our costs fa1r1y
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Ecologlcal cons1derat1on do not appear to have been glven a
thought at. present 1n'our Country buses have been taken
for granted’’ “Exhaust 'emmissicn has'beén considefed a health hazard
iﬁkﬁbyéncedqbountries:snﬂ"teﬁiSIEtions'have“beEnkfornufétéd to -

control air pollution.



"2, THE ADVANTAGES OF USING TROLLEYBUSES

Elzctrical energy required will be drawn from the Ceylon Electri-

city Eoard.
No drain on Forcign Exchange fcr fuel.

There is not much difference between the chassis used for diesel
engined buses and that of the electric trolieybus. The main
difference is that the engire and gearbox will have to be -

replaced with an electric mctor and suitable controls.

The electric trolleybus is the simplest form of road service
vehicle. The power unit has only one rotating member, the '

arnature.

Owing to the simplicity of its working parts there is consider-

able rcduct1on 1n ware and tare.

-The smoothness w1th which the dr1ve is’ taken up is advantages.

Low-maintenance costs are: exhibited by trolleybus sys;eme. _

Spares for motive power is at a minimum and when a motor.mngeds

overhauling it could be done in a short period of time.

:;A lubrxcant is only requxred for' the d1fferent1a1 unit. against

the- vast quant1t1es requ1red for internal” combustion engines and

. gear boxes. A T _ Y
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-abgence of. Jerks due to gear ch«nges, ' Lo .

yer cpe st .
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Tyre hfe is increased owmg to‘ the svnoothne,s of the drive and °° . |

With”the use of a”siX“wheeLfdual axleadShBIe.deck trolleybus a

tipping angle''of 30 degrees from the vertical is, perfectly safe;

“fhe ‘s¥x vheeler has excellent riding qualities as the load is L

12;°

13,

'Regenera;xng Brakxng equ1pment is mére or less standpgrd on . ., .

distriluted evenly over two axles, the wexght on each axle 13:
halved and the pressure of the 1.ad on the road 1s correspond- »

ingly. xeduced and ofcourse a larger seatxng capacity is obtained.

sty -

Thete *s a complete absence of pollutxon and noiae,

Toarue

Efelie;buséa. “This @eans that’ the driver does not have'tolaﬁﬁlx




| )]

l.Jto the line. ) Brakes are only requ1red when the speed has dropped

14.

the brakes to slow down the veh1cle A retarding effect is_

obta1ned by the motor wh1ch acts as a generator ‘returning current

to about 6 m. P- h. A great saving on brake l1n1ng and drum wear

is the result."

There is always a reserve of power. 'Motors are capable of 100%

-overload for short spells,such as when starting.

3. THE DISADVANTAGES OF USING
' TROLLEYBUSES

As,the'trolleybus has to collect its motive‘fcrce from an over-

head line it is naturally limited to a specific route. “This is

not such. a disadyantage as the bulk of passenger transport in a

city is on'regular routes. Although the trolleybus 1s anchored

. to spec1f1c routes it is as mobile as an I.C. eng1ned bus. It

has a lateral dev1at1on from overheads as much ‘as 18', can move
from the curb to. the centre. of the road easily, loads and
unloads passengers at the curb side and in the unlikely event of
a breakdown the trolleybus can be parked by the curb side and

not 1nterfere with other veh1c1es using the same route.

Capital expenditureFis high. Necessary poles.have‘to be
installed all along the routes and overhead wires have to be
drawn with necessary;safety precautions. 'This”is.by far the
most expensive item 1n 1nstall1ng a trolleybus serv1ce By
taking a long term policy in this and cons1der1ng that electr1-
cal energy, prov1ded locally with an immense sav1ng in fore1gn

exchange 1s used, th1s alone would be suff1c1ent Feason to

'offset the 1n1t1al expense on 1nstallat1on.

' The unsxghtly l1nes, p01nts and cross1ngs at Junct1ons of the

boverhead vires.

The ma1ntenance of the overhead equipment. The wear and tare

of overhead lines is quite low and has been proved to be

trouble free.



5. r Inab111ty to reverse.: For th1s reason turn1ng c1rc1es have to
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_ ‘be 1nsta11ed ‘at: the end of each route.

dMMBy go1ng around a block at the term1nus thls ‘can be overcome but
-Eat certa1n po1nts prov1s1on will have to be made for adequate'
sturn1ng facilitiés. The latest type of trolleybuses are be1ng

"iﬁequ1pped with- the1r own batteries. Energy can be drawn from l

these  batteries to run for:short-distances such ‘ds’ for turning

around and getting around unforseen road blockages. Naturally

such equipment increases. the .cost of operation and adds to the

tare af the vehicle.

6. Fa11ure or power 1In this 1nstance prov1s1on can be made to

' 'sw1tch on to a standby power supply _

7. LPoss1b111ty of trolleyxpoles leaving 11nes . This .is: very

.. unlikely w1th present. day. developments. .. . .;

8. "' Vehicles- cannot overtake each other on ‘the same - route: * This is

F

a disadvantage at peak traffic.. = O

" 4. COMPARISON OF ENERGY COSTS ™
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It has been found that a “fully 1aden 66 passenger double deck

trolleybus consumes about 2.5 units of energy per bus m11e wh11e a

-s1ng1e deck bus consumes about 2 un1ts ' Further economy of energy

consu""t:-n 19 obta1ned w1th the uae*of regenerat1ng motora whrch
return current to the 11ne when the veh1c1e is slow1ng down on go1ng
down an 1nc11ne. The motors then act as generators Power 1s not

consumed when the veh1c1e 1s stat1onery
. , _ L

-,

Let us compare the runn1ng cost of a d1ese1 eng1ned bua w1th a
electr1c trolley bus of the sameNEeat1ng capac1ty For a normal o
a1ng1e deck- bus, flgures obta1ned from the Central Transport Board
give an average mileage of 155 m11es per veh1c1e for Clty operatlon
with a fuel consumpt1on of 10 m.p.g. at a cost of Rs. 30/69 a gallon

of fuel - e T e O ey
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Average m11es per day - . 1?5 miles

Fuel consumption per gallon o : iofm.p.g.

Cost pe; gallon - C Rs.30.69

Fuel require per yehicle-pef eey- 15.5 gallons
' Cost per day. -~ - ., - Rs 475.695
=”Cost for one ‘year. (taken as for 300 days) .Rs;142;708.50
.Cost for one year for 100 veh1c1es Rs. 14,270,850 ~

14:27 m
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Trolleybus eperating as apqie.”“

,Cost per un1t gf'epergy ivi,. Rs.1.26
(Govt Gazette 24.4.1982 - industrial
ta:1ff cts.-/60 per unit plus fuel

adjustment charge of 110%)

P

Cost of energy per mile o Re,2.52

Agé{nst cost pe;-ﬁile on diesei Rs.3.07

Sa;;nge.per'mile using eleetrical energy . cte./55

Savings on 155 miles Rs.85.25

Savings on 300 days ' Rs.25575

Savings on operating 100 vehicles " Rs.2557500  2.557 m.
Table 1.

.Tﬁe saVings on energy cost obtained by running trolley buses

are shown'in Table 1.

Bes1des the saving of fuel there is the cons1derab1e sav1ng
on the cost of englne and gear oil, fuel and oil f11ters and the
ma1ntenance cost of the d1ese1 _engines. B
Reeeetiy.tﬁe CTﬁ Vice Cheirman estimated tﬁe loss of fuel oil
due to p11£er1ngat between Rs.180 million to Rs.275 m1111on per
annum. There 1s no opportun1ty for such pilfering when electr1ca1

energy is used:



i In Jjust a short period of between ‘two to three years the whole. -
cost of 1nstallat10n of overhead cables and tcrm1nal garages could be
covered on. the sav1ngs effected

i swi. T 5. CONCLUSION
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My ma1n cqntent1on in advocat1ng the sw1tch to:the operatlon of
trolleybuses 1s that locally produced enerpy w111,be consumed with. an
immense - sav1ng 1n forelgn exchange Capltal expend1ture is h1gh but ‘
once the 1nfra-structure is completed the sav1ng in runn1ng cost. W111
be con31derablp The Ceylon Transport Board purchases hundreds of new
vehicles annually Let us begin w1th 100 trolleybuses ~,.the cost w1ll
be more or less the same as the normal. du.scl englned veh1cles C '
Trolleybuses have a longer life span and they will operate: only on
routes with a hlgh dens1ty of traffic. Our Government is spendlng

millions on new schemes for the beneflt of the natlon The re- 1ntro—

&
duction of ‘the trolleybus will be an 1nvestment for the pood of the
City commutors ‘A 30" overall length standec s1ngle deck trolleybus
can’ carry 100 passengeérs without discomfort and w1thout be1ng 11able &

to be thrown about 1n31de the vehicle. Our roads w111 be safer andl
cheaper to ma1nta1n ‘with the absence of d1esel o1l presently belng '
spilled -on thé roads. .We will have less- n01se and above all B1- 1s_
1nf1n1tely to be prefered to the stench of a hundred d1ese1 buses "

“e S L L -

Some of the old trolleybus poles for the overhead lines are still

in the1r place on parts of the former routes. We could- make 2. start

on these same routes.

When I was . in Europe I was amazed to find that the electrlc tram-
way. was still popular On 1nqu1r1ng as to why these C1t1es st1ll
retained the Tramways, I was informed’ that wherever it was fOund that
electrlcal energy could be used, maximum priority was g1ven to thlS '

form of energy as it was produced by Hydro power.

L]

Switzerland has a massive programme of converting motor buses: -
and tramwdys to trolleybus operation. Belgium, West Germany and.. -

Holland ‘have decided to expand their trolleybus services. ltaly is
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'goihg ahead incorporating theﬁlatest technology'in trolleybus design.

I understand that Russia is going ahead in strengthening their

-trdlieybusjservice. It is said that the Moscow network now outnumbers

the former -London network: of vehicles.

To 1ncrease the carry1ng capac1ty double deck trolleybuscs may

be used They w111 take -up the same space as”a: s1ngle deck veh1c1e.

_but w1th an 1ncreased passenger load up to 752 Then tra11ers may be

attached to "the trolleybus which w111 fac111tate the. qu1ck clearing
of commutors at peak t1mes The only problem is the combined length

of bus and tra11er

There has been a proposal to electr1fy the ra11way for urban

traff1c. Thls.would certainly be an asset but the cost is a major .

,factor._ Two other alternative modes of transport may be adopted.

One is to construct underground tubes and operate an underground

'service. Th1s would be 1dea1 as there will be no congest1on of the

'highwajs. The other is to bu11d overhead tracks and run electr1c

ra11ways A11 these forms of transport will need electr1ca1 energy.

;If one were to closely examine the different systems it will be seen

_that by 1nsta111ng the trolleybus system there will be an easier flow

of traffic and probably it will be the cheapest of the proposed

systems.

The Ceylon Electricity Board informs me that the present fuel

"adjustment charge is only a temporary measure. When our Hydro power
situation improves and less thermal power is used the fuel adjust-
Iment charge'wi;I come down proportionally and will eventually be

,removed entirely. Then the cost of electr1ca1 energy will be cents

s1xty only a un1t or perhaps it may go up a maximum of a further 50%.

. This is someth1ng that we can look forward to, but where the price

of fuel is concerned there is no 'top' limit.

Let our Government adopt'the trolleybus service, let.us do it

'qu1ck1y, 1et us save on our fore1gn exchange and use our locally

produced form of energy
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BUS TRANBPORT. IN ' INDIA
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An ovérview of bus transport in Iudia is given.

P

“The soc{;f;” :
political and Ecenbmic. goald to: be achieved by provision of bus' ' '~
transpoyt are, discussed in the gontext of the historical development

of road passenger transport.,
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1. INTRODUCTION .

! -";:l 0 -‘: AN L
It is often said that India lives in its v1llages. "That this .

is no mere rhetoric.is proved by ‘the latest (1981) Census r*gures, )
which place the percentage of .the; total populatinn still liv1ng

1n the v1llages at 78 per cent = 522 mallion out. of 3, total of 683

mlllion. Th1rtythree years of relentless 1ndustrialisation,

almost all of it concentrated around the bigger cities, has not

changed the overall picture. All that has happened is that the
£

1ndustr1al urban centres have eucceeded in draw1ng the youth and

v
":.?-,' = ‘ $\ el

“the talent of - the v1llages to themselves, since 1t is. these

centres, rather than the’ v1llages which offer job opportunities.
4 - RIEY N EE o J e . . L P
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The 100 per cent;égﬁgease ip. the population of the country +

during the last three decaoes has notxgeen matched by a propor-
tional incrzase. in the meane of tra nsportation If we were to add %
to this the effects of industrial and agricultural grovth which
create-their ewn 1mpe§qt1ves of mobility, ve woulo get the picture
of a transportation system which is Ldadeqqate.aqdrcpqsccu;ntly B ‘. b

a |" PR :L RN
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The'country has an extensive rail network, which hao doubt-
lessly succeeded in linking up important cities and towns. Even
so, having regard to the wide dispersion of the human habitates
in the country, it cannot proyide the necessary links between the
thousands of villages which constitute rural India, the India of ¢
532 million people. Air transport is mostly confined to metropo-
litan_cities'and-has no impact of rural transportation. In any »

case, it has priced itself beyond the reach of the villager.
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The rnabzlxty of these two modes of transport to serve rural

atd e L

;areas nwanzngfully and adequately has placed motor1sed road
v iy .

transport 1n the unxque pos1tron of berng the prrmary, and in -some

¢ases the only, mode of transport whxch can provzde effectrve

+ links to these thousands of vxllages. .”gfL “.* ;o

et x'-‘i--. N
Siols heens wnkiinees
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Roads and road transport are therefore an'bssentxal prerequr-

& sxte to our attempt to open up the 'Fural h1nterland of thxs

country, thus erngzng 1tilnto the ma1nstream of natzonal dife,
Without, toads snd road trahsport the rea11satioh of our natzonal

- goals* of soc;oﬁeconomxc development must remazn a distant dream.

Closely assoczated thh thexr aceess1b111ty ‘to: passengers,
rural bus servxces have the advantage of a‘more and’ reSponsxve

frequency of schedules compared to traxn servrces. The rela- T

tively, small size of a typ1cal rural bus mskes 1t much easxer

for the operatzons to adJust thexr schedules to the needs of the ©

(PSRN
g,

ttafflc. PR .- .. - - R .
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model cho;ce, where he has such 1 cholce, other thzngs being the“"

,same., The rural bus offers fares that sverage out someuhat below
those of the other commerc1al passenger carri.ers.,-‘= SRR

R -.2:.~-S0‘C'1AL,‘:P6L1TICAL & ECONOMIC 'GOALS. -
Rural bus servxces are bound to have far-reachtng teper-

cussxons on, the natxon 's- soc;al, polztxcal and economxc lzfe'-“

LT A FN
(a) The Indzan Socrety is a blend of many regronal and
<loca1 customs, trad1t1ons and vxewpoznts arrsxng out
of dszerxng~her1tages envxronments and problems..
q'lt is only through 1nter-regzona1 contacts through
.-travel and ttade that exchange of 1deas can be
,promoted thus encouragxng an upward unrformxty 1n

tastes heaIth education . and way of lzfe in general.

\...-. . ""'.‘" . -'5‘:;' L :, i ;.:.'. ..."".?'” e
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The cost of a transportafxon source 1nfluences a passenger FIRELE
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.1}3 P i made moré eaS1ly ava11able to’ stuc-ﬁts r provxdlng
fngoit oo Hpn'trahsport co and Fom. d1sir1ut schools. In tbe
1> v situariefivef 4 shor;age of both ceachers and schoola,
~ euch bu.. services cad enable the socxe.y to make a

.+ more &ffective use of egéhe's "eqd teach1no equ1p-'
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TRE) m11ar1y, 1n.orﬁer to p*ovxde bztter.medlcal _and; .
"fh alth fac111txcs, c?e new- bus toznsport. Links:would..
A e l

enable rural populamxons to trke advantage of haspi--

tal facilities provided at dist:ict headquarters.

e
St

(d) National, unity. and,xwﬁegr1ty‘are béund ‘to ‘get

J 'strengthepgd thrqu@h tbe oreakin;/dovm of - xselatxon.

HPIntercourse amon: tha pocp.e“bf the ination and the
exchangefgfr;dpag,chrsugh'the written and spbkéni
word, build up navional characte:r and help in evol-

vipg. ,.a commop.cod: of hzhaviour. * -

In add t1on to. ;he soc;al ard pcl1t1¢a1 ‘benefits that “acetue”
on account L ~mproved e rql mobilit,, there are ccnsidérable’ )
economic benefx*s that a society 72'n: Ly the eva11ab111ty of an
extensive netwer: - ru.al transportation.: o -ivs :*wbion ‘of educa-
tioral aad cdluh rac1;;;1es w111 undcubtedly resvitin raising the

nations's product1v1ty Th1s in, turn will providr -a.reservoir of

labour fcr:ce and :nable 1ts mobllﬂ*" s ,;p‘:c .c place in scarch of
oppc~tun1t1;s and ;1ve11hood The ‘easy morility-of labour to' places
vhere its serv1ces are requ1red is oL ;reni cconoric signifitance.
In cxrcumstances where _rural labour is only partly:émployed by agri-
culture, eas1er mob111ty will: enab‘e ’el1 tribution of the labour
force in lean seasons’ resulting in c'wk‘nuoun ex lojwent and h1gher
productivity., -i'f. 8 g Cnue o o P

n shrrf rural hua transpor: tesom2s . syrbol of rural rege-
neratxon, Pnroohlng rural 11fe for proates necial, political and

econcuic in-oractionm. It-becomes, Jiteraily, 'thé tie that: binds'
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3. RISTORICAL DEVELOPMENT ‘OF ROAD
PASSENGuR TRANSPORT

.+ In the .absence or 1padequaqy of rail and air transport bus
transport became the primary mpde of tramsport for people 1n the
rural gs well as urban ageas. The,Lghgreu.iflex;p1}rty_of bus
transport,sits ability .tn penetrate into hitherto.inaccessible
areas, the ''promise’ of. a personalised sorrxce and, above a11, its
ubiquity have already made it an inseparab.e part of rural 11fe.

g e

Although txacks of. travel,‘trodden by man and beast have
existed in.the country. frpm t1mus 1mmemor1al, surfaced, roads and _‘
mechanised road.transport are copparat;velh recent phenomena. The
first motor vehicle came.to Indiz in the yuar 1898. For several
years the motor vehicle remained a novelty and a luxury indulged
in by the princess and the maharajas. As tho number of sucﬁl |
vehicles increased. over & perind of time, several prpvincial cnact-
ments came into existance for controlling pnd regulating their
movemcnt with; a view.to, safeguarding the lives of .pedestrians as
also for the purposes of identifying .ownership.

o E M
e o gt

The f£irét all-India enactment dnalizng with oporatxonal
control of motor vehicles came io‘;914. It is obvious that tho

law-makers, as well as the users. of motor vehicles in the early

.years. of the 20th century, could not hoyg_goreseen the reyolqtiqn

which the ' motor vehicla was.to usher in, a revolution which has

changed the life styles of peorle decisively and irrevocably.

Soon afiter wcnlofwarlg,.thgzsurplua,militqry”vohiclos wesre
disposed of by. the Government through sale in the civil market.
By the early 1920's, a large.pumber of such vehicles were opcra-
‘ting in several.parts of the.country. .The growth was quick and
unprecedented, and led inevitablylto unhealthy competition among
operators plying these vehicles, for .hire and reward. Once the
novelty worc off and convenicnce. hacame perceptible, a spurt in
demand came into being .and this found the then exigting.legisla-
tive framework totally-inadequate. fhg Indign Motor Vehicles
Act, 1914, could not cope with the new situation and had therc-
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Thid : Government eﬁadted 4 new legisldtion: in~ 1939 entztled “thie
Motor Vehicles Act™. The stated purpose of this 1eg1slat10n was to _
ensure thd!'grovth of: road tranapott ‘an - the bdsis of greater c00rd1na¥
tion Withif the 1ndu8try on ‘the one hand-and with- the railways otf ‘the
other!{’ This Act'was’ an eéndorsement of thé- potent181 o! motor trans~s
port in carrying people and goods for hire or feWard - ‘This Ieg1sla--
tion, 'which is ‘in force’even today provided for-thé-craatzon-of
Regional and Staté Transport Authorities, with full powers to.‘grant °
periits '£6r 'stage - (passenger) cafriages. It also-laid downicondi- '
tions pertaining to -routes, timings, -specifications: of vehicles, -
atandardé”omeAiﬁtenance,'eto.viThéae.conditioné3Were to: be-attached
to the permits for. the permit-Holders. to observe, - i i o oF

In i94§,vtﬁe;Po§t~wat Recoostroction Report ‘of ' the ‘Pechnical
Sub-Committee to the Sub-Committee on'Transport“(on“therﬁture'of:: _
road tramsport'and road-rail coordination) dréw the aktention of ‘the! .
Government to the need: for 'regular, speedy and-2otfortable motor
service, enforcemeﬁt‘ofﬁmaintenancérand other saféty meaéures;“preédﬁ
vention of flood1ng of"roads by motor transport coneatna *resulting
in cut-throat competxt:on" and urged that, in order to have "civi-
lised facilities for travel comwensuraté with~the dénsity of ‘the
traffic and the service which that trafficfcan‘support the eondﬁtioﬁa
requisite must’ inevitably result -in the réplacement of the small
owner by largerCompanies”. " .- :7hocn CERTpe T
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Thih'recoﬁﬁendation was reiterated in31945-by=thefTrahEp6rt o
Advisory Council and &also by the Post=War: Policy ‘Committee on Trans-"
port. :In porsuance.ofuthese recomméndationsy ‘severalState Govern- -
ments usedfdombulaionfaqrwefl_aa*persoasionvto réorganiss-individual
operators into bigger units: A scheme knawn‘jas .the Tripartite:
Scheme, was 1ntroduqed under which joint steck compan1es were to be
organised in the States. The shareholders were to be (1) Indian >
Railways, (2) State Government and (3) motor bus operators Thirty-

five per “cent share capztal was to be subscr1bed by the Rallways,



anothcr 3* percent by the State Governments and 30 per cent by the bus

op<rators of the State If 1nd1v1dua1 opcrators could not pay ‘for'

thcl: share ‘in cash thc1r buses were to bc accepted in good condition
lt\ s j| v{ -
in 11eu thereof Such corporat1ons were to be organlsed in alI the

ta. )x;' oyl

States in Ind1a and profrts were to be d1v ded among the threec partxes
accordrug to their share of capxtal in tle beg1nn1ng the schemc was

welcomed but 1t u1t1mate1y failed because the bus operators ‘hought

e

thst the1r vo1ce would not be heard 1n the new organ1sat1on.
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The pre-Independenec acene7ﬁhf’b¢“§nmﬁé5 ab’AE'E"SE}iod of both
thc beginning as well as the blossoming of bus transport in the
country. The potential of the industry wau quzckly realised 1nd the-
Government tbok steps to control and regulite -the industry both to
avoid 'mhealthy ‘competition ‘and to protoct the rdilways in which it .

hif ¢donsiderable fimancial-interest. ° R
R . - A I
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3.1 Independence and after = - -ivcivoot oo Towite

. .0ne does not notice pny drapatic. change in the transport situa-
tion »n the achieuement of Indepﬂndcnce. Attemgts to unite the road
tranqurt Lndustry under coopqratle tor pl aming v1ab1e unlts were,
hcw=ver made but they did not mecet "1th Ssuccess. .Among the:}mmeglate
post-Independence priorities, road trausnort did not find a place.

The Industrial Po}lcx Resoluticn of 1948 made no mention of this
sector. Io‘the Industrial Policy Regolu®ion of 1956 road transport
was mentioned as the eleventh of twelve itims in.the Schedule B, which
listed industries to be progressivelp stetn—ownqo and iu,thch'the_,
State;gould take initiative in,establishing new undertakings. Therc
was scope left for private enterprise tp supplement the efforts of
the State. .. .a.. R R A L I

The enaqtpents,of the: Road; Trattsport Corporatidﬁﬁ’Act"iﬁ"fQSO
-ig the fixst major initiative eéke&?b§”:ﬁé’cbeéfﬁseﬁt after Indepen-
dence. This legislation creatcd the basis for uationSIisation of the
industry and, at the same time, prov1ued for the un1f1cat1on of the

industry undéer CoJernEEnt monopoly
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" The ﬁtovfoionﬁ'bf the Road Trardsport Corporatitms-Act enabled
cap1ta1 part1c1pat1on of both the - Ceritral and .thé-Stats:Governments
in case thé latfer considered-it netessaty in’the ﬁublic interest to
form such’ Corporatxona for operating bus services. The-obJeCtlves.of
natxonallsatlon, as enshrined in Sections 18 and 22 of the RTCs Act,
were to’ prov1de, sécure or promote dn efficient, mdequate,:gconomical
and properly'toord1nated transport stérvices: to b2 run on business
pfihoioles. :Suitable'EmedamedtS”wére'made in the: Motor Vehicles Act
1n I956 to enable schemes of nationalisation prepared by the Corpora=
t1ons to bé’ apptoVed by the Government. Pl e

_}.2 The Working of STUs

There are presently 52 State Tramsport Undertakifnigé with a total
capifal iinvestment of Rs. 1133 crores. Thesejqnoertakipga‘operate
nearly-70,000 buses accounting for 53 per cent of'the:total nomber of
buses operated in the:country. A. total of 5.2 lakhs employees are _
-presently working in Btate Transport Undertakings.

g - . -

In spite of several resources constraints, the public, sector has
succeeded in increasing its share of buses-frgm‘321 in.1961 to 53% in
1981. Over the years, they have been able to register steady 1ncrease

in: staff productivity and resource utilisation.

The financial performance of.State;Transport,ynpe;takingsﬁhaa,_
however, been causing concern. The mounting cost of ooe:ation.onrope
side and the increasing taxes and stagnating fares on the other have
mainly -contributed huge financial losses. Ti: operating ratio has
hogn Feeedy ammund QAY during the period 1975-76 to 1979-80. This
means that 61 of the total revenue is the matéln that 13 ava11ab1e tor
STUs to meet taxes and imeervot and alee 7LL11 a reasonable rate of

return. But taxes and interest alone worked out to nearly 23, 3SZ of

total revemww <e—---w . 4 4 qgy 1ntetest) These huve to be set

off against a- gross operating margin o: YRy iah jg why woet STUs are

operating on finsncial losses.

Thoe physijal performance of STUs has been steadily improving. In
view of the icreasing realisation of its social obligations and the

role it is iitended to play in the overall economic development
]
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§ public sector transport.;industfies recent improvements 1in performance
augur well for the future,
e | L CONCLUSIONS .
N - The history 'of &evelopmant of road transport in India
L clearly indicatesihé role , it can play for buiiding up available
. v infrastructufe for:.eéoﬁomic dévelopment.The nationalisation of the
| industry which prevented its fragmentation reduced iunhealthy competitiox.
] ’ has, by and lérgé;-%éen able to take care of the transportation
needs , iﬁ less devélopéd regionsa énd to pravide larger special '

benifits, in terms of service, employment etc. the improvements in
physical :perfdtmanceé of §TUs - during the last 10 years are encoura
-ginge - The coﬁtinuihg. importance' in - road tfanéportcan be further
bolstered up 'by STU~ - pissppadibg to thd challenges o eaonimic.
develpoment and further tightening their efficiency.In terms of .in
financial perfofmance ho;ever, if the fares are still kept low and
taxation high,- there is need for financial help and investment
priorities. Thers is no doubt that the Stafé—”&ransport Undertakings
will face the: challengée of operatihg an efficient and adeguate
service if the govrnment . cwhich willedb e;istance‘also wills the

means they reﬁuire “to realise their objectivgé.'




