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PROSPECTS FOR URBAN RAILWAYS IN THE ESCAP REGION,
WITH SPECIAL ATTENTION TO HONG KONG*

A. Introduction million bicycles and 150 million cars, as well as 35 million
motorcycles. There are about 2.2 million buses, jitneys

In the larger cities and conurbations of the older and taxis, but only about 185,000 urban passenger rail
industrialised countries railways, in their various forms, vehicles, including suburban and subway cars and tram-
have long catered to a significant proportion of passenger cars. The global capacity offered by the rail sector is
travel. However, the most rapid urbanisation is now taking small, as shown by table 1, which summarizes the approx-
place in the cities of the developing countries, and in these imate proportions by urban public transport mode.
cities growth is so rapid, and the scope for capitalising large
infrastructure projects is so limited, that rail transport has Table 1. Worldwide urban public transport vehicles,
not been able to make the useful contribution that mi~ht capacity and capacity distnoution, by mode
potentially be identified for it. This is the situation facmg
the majority of countries and territories in the ESCAP... f hi . d . f h Capacity Distribution

re g Ion and It IS the purpose 0 t s paper to 1 enn y t e Vehicles /: I f ot' ..Mode ,approx. places, 0 capacl Y
potential for relatively low-cost urban railways which mIght (number) thousands) (percentages)
alleviate the transport problems of these rapidly expanding
cities. Road:

0 0 1 Bus 850,000 68,000 66.9In this paper the issues are first consIdered m genera
terms; subsequently, reference is made to a specific project Trolleybus 20,000 1,600 1.6

in Hong Kong which will bring an entirely new low-cost Jitney 350,000 5,250 5.1
urban railway system into operation within the next four Taxi 1,000,000 5,000 4.9

years. Rail:

Suburban rail 100,000 10,000 9.8
B. Urbanisation and passenger transport Metro 40,000 6,000 5.9

Throughout the world the trend of urbanisation Tram 45,000 5,850 5.8

continues. Whereas in 1900 only 5.5 per cent of the 2,405,000 101,700 100.0
world's people lived in cities with a population of more
than 100,000, the figure is now 28 per cent. Indeed, 15 per Source: Bayliss, 1982; capacity estimates by the author.
cent of the world's people live in cities of more than one
million population, and 6 per cent are concentrated in the Usage figures are more difficult to assess, but the high
26 cities with populations of over five million. utilisation factors normal for the rail mode suggests that

they may actually contribute more than the 21.5 per cent
This process shows no sign of coming to an end; by of capacity offered on the basis of Table 1. Nevertheless,

the end of this century 2,250 million people will live in the fact remains that the contribution of the rail mode is
cities of 100,000 population or more, and by then there relatively small and, given the pace of urbani sat ion in the
will be more than 400 cities with populations of over a developing world, it is likely to become relatively smaller,
million (Bayliss, 1982). The pace of this urbanisation is even if it increases absolutely.
reflected in the ESCAP region: at present there are 16 cities
or contiguous conurbations with populations of over 4 Within the ESCAP region, with its disproportionate
million, and by the end of this century the number will share of developing countries, the importance of urban rail
have increased to 24 (ESCAP, 1984). passenger transport is less than a global review would

..o' 0 indicate. Suburban railways (defined as intensive commu-
Passenger movement m cItIes IS predommantly ter services on lines which are usually electrified) are only

handled by road. t:ansp~rt. Through~ut th~ worl~ there of importance in Japan, India, Australia, and, to a lesser
are about 285 mllhon prIvate road vehicles, mcluding 100 extent, Hong Kong, Indonesia, New Zealand and Republic

of Korea. Underground railways require vast capital expen-
* Contributed by T.V. Runnacles, Assistant Secretary for diture, and so it is hardly surprising. that networks .are

Transport, Government Secretariat, Hong Kong. only of significance in Japan, Repubhc of Korea, Chma,
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Table 2. Urban and suburban rail services in ESCAP region

Country lor area Suburban rail , Metro 7)oam~y ILR T

Australia Brisbanea --
Perth
Adelaide db Adelaide
Sydneya an
Melbournea and b Melbourne

China Suburban service Beijing Anshan
little developed, but Tianjan Dalian
extensive main line Shenyan~ Changchun
system used. Shanghai Harbin

Hong Kong Kowloon-Lo HK-Kowloon-Tsuen Wan HK Island
a c

Wu Tuen Mun

India Bombaya Calcutta Calcutta
aCalcutta

Delhia
Madras

Indonesia Jakartaa -;;.
, ;

Iran, Islamic Republic of -Tehrand -

Japane Extensive suburban Tokyo Tokyo
service around most Osaka Osaka (suburban)
larger cities and all Nagoya Eno shim a
conurbations Yokohama Fukuoka

Kyoto Gifu
Kobe Hakodate
Fukuoka Hiroshimav',.
Sapporo Kagoshima

Kitakyushu
(j Kochi

Kumamoto
Nagasaki
Okayama
Matsuyama
Sapporo
Takaoka
Toyohashi

Malaysia --Kuala Lumpurd

New Zealand Wellingtona --

Philippines Manila -Manila

Republic of Korea Seoula Seoul -
Pusanc

i"

Singapore -SingaporeC -

Thailand Bangkok Bangkokd -

Viet Nam --Hanoi
J, i IJ(J

a Electric service.

b Operating underground in central area.

c Under construction.

d Under planning or investigation.

e In addition to listed services, also several monorails and automated people movers.
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Australia and Hong Kong, with additional systems under
construction in Singapore and Pusan, and promised for one
or two other cities. Tramways require the least capital in-
vestment of any rail mode, but paradoxically they are the
most vulnerable to traffic competiton and bus substitution.
Thus, whereas ESCAP countries could once account for
about 127 tramway systems (including 72 in Japan, 14 in
Australia, and 12 in China), today only 26 remain, and of
these only Calcutta, Melbourne and Hong Kong are signifi-
cant in terms of extent and/or ridership. Table 2 definesthe 

present status of urban and suburban rail services in the
ESCAP region.

trialised countries, and many cities of the developing
countries have already grown well past the million
population threshold that has traditionally warranted
subway construction.

Transport services in most cities of the developing
countries are entirely road-based. Private car ownership
levels are low, although (because roadspace is usually
limited) congestion levels are often severe. Public transport
is entrusted to buses and various forms of paratransit. In
many such cities the bus and jitney operations are privately-
owned and profit-making. The vehicles are typically small,
and although they can be remarkably responsive to
demand, their sheer numbers contribute to the general
traffic paralysis. Recent years have seen some privately-
owned operators brought under municipal ownership and/
or control, and attempts have been made, sometimes suc-
cessfully, to give traffic priority to public transport on the
congested streets. ESCAP's base-city of Bangkok provides
an example of these trends (Marler, 1982).

C. 

The attributes of urban rail services

Whereas it is easy to deplore the relative lack of rail
passenger transport in cities of the developing world,
careful consideration should be given to the actual need for
such services, especially when so many cities have grown to
colossal proportions in recent decades without the assist-
ance of rail services. Bus services may be improved in many ways to give

better service to the public: traffic priorities can be given to
them; operators can be merged, franchised, aided, or
municipalised to provide a well-planned service; larger and
more efficient vehicles can be obtained; staff economies can
be effected by better revenue collection methods; and
maintenance facilities can be upgraded both to provide
more efficient vehicle utilisation and promote less environ-
mental impact in the form of dirt, smoke, noise and
vibration.

The bulk of urban rail passenger transport is found
in the old industrial cities of Europe and North America,
where suburban services, subway systems and tramways
were well-developed before motorised road transport gained
importance. The growth of motor buses and private motor
vehicles reduced the need for rail services, and many net-
works now carry fewer passengers than they did three or
four decades ago. The vulnerability of the rail mode has
been most conspicuous in the tramway sector, where wide-
spread network abandonment has taken place to the extent
that only some 20 per cent of the former total of world
tramway systems now remain in operation. Many suburban
rail services have also been withdrawn around smaller cities,
but the sheer size of the largest conurbations has guaran-
teed the survival and development of suburban services even
in the face of road competition, albeit usually on the
assumption that such services are socially necessary and
therefore warranting capital grants and operating subsidies.
There has been virtually no withdrawal of subway services
because the investment in such systems is so great, and their
social value is so important, that they can survive even if
(as is almost invariably the case) they fall well short of
covering their capital and operating costs.

Whereas most cities of the developing world can still
do much to improve bus services, their administrations are
often driven to despair by the chaotic road conditions and
consequently look towards rail investment. The usual
aspiration is to a totally grade-segregated railway, and this
means elevated or, more usually, underground alignments.
It is at this point in the decision-making process that the
real obstacle to progress arises. How is such a massive
investment to be paid for? Underground or elevated rail
transit system can be so formidably expensive that in all
but the most prosperous cities the cost of their construc-
tion could swallow the entire municipal budget for several
years, leaving nothing for other civic programmes such as
housing, medical facilities, drainage, roads, and refuse
disposal. City administrators faced with such a choice are
often obliged to defer rail investments, and in the meantime
the cities continue to sprawl and travel conditions worsen.

The very growth of road transport which has brought
the downfall of some urban rail services, and the insolvency
of most, has paradoxically prompted new rail investment in
recent years. In particular, there has been a boom in sub-
way construction. Whereas in 1950 there were only 22
cities with subway systems throughout the world, the figure
today is 74 (see Table 3). However, the bulk of this growth
has been in already-developed cities of the older indus-

National railway authorities are seldom involved in
providing municipal rail service (though there are excep-
tions, such as the Calcutta metro), but even where
they are in a position to volunteer to provide urban ser-
vices, the obstacle of cost is likely to prove a major deter-
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rent, especially if it has to be evaluated alongside other rail-
sector projects, such as electrification, or the opening of
new lines to service remoter districts. Sadly, it is the case
that most national railways in the ESCAP region are so
under-capitalised or impoverished as to make heavy urban
network investments out of the question.

existing rail networks penetrate expanding cities, considera-
tion should be given to providing a commuter service. Such
an operation may not be viable in financial terms, but the
economic benefits might outweigh the costs of not provid-
ing the service. Certainly some notable progress is being
made in the expansion of suburban services in the develop-
ing world, as witnessed by the achievements in such Bra-
zilian cities as Recife, Belo Horizonte and Porto Alegre,
where new networks are being forged under the auspices of
the Brazilian Urban Railways Co., a new semi-autonomous
subsidiary of the Brazilian Federal Railways. It is an en-
couraging example which could usefully be adapted else-
where (Railway Gazette International, 1984).

Despite the high cost of constructing new urban rail
systems, several cities in the ESCAP region are forging
ahead with urban rail construction nevertheless. In fact,
most of the existing subway networks in the region are
being expanded, although it is perhaps significant that few
totally new systems have advanced beyond the discussion
stage. This suggests that the astronomical costs of subway
construction are proving to be a real deterrent to the
rapidly growing cities of the less developed nations, where
arguably the need for efficient transportation is going to
be greatest. If this is the case, does urban rail transit have
a future in those cities where it does not already exist? It
is the argument of this paper that it may, even if such rail
systems have to be developed on a cheaper basis than
hitherto.

One drawback of suburban services is that they tradi-
tionally terminate on the edge of the central business
district, and hence require commuters to change to another
mode to complete a journey. This difficulty can be over-
come by combining the philosophy of the suburban railway
with the subway to provide an integrated system. Within
the ESCAP region such "regional metros" have been
successfully exploited in Sydney, Melbourne, Seoul, Kyoto
and Osaka, whilst in other countries they are important com-
ponents of the transport systems of such cities as Paris,
liverpool, Glasgow, Munich, Frankfurt and Vienna. How-
ever, the same cost deterrents which inhibit subway con-
struction also confront the regional metro (perhaps even
more so as tunnels may have to be built to main-line
dimensions). It is noteworthy that regional metros within
the ESCAP region have only been achieved in the most
developed countries.

D. Rail transit alternatives

In this paper three types of urban rail system have
been identified, namely: suburban rail, subway or metro,
and tramway. However, there is a greater range of rail
transit than these simple definitions indicate. This range of
options is worth further considerations.

1. Suburban railways

2. 

Subways or metrosA suburban railway is typically an intense commuter
service operated between city centre termini and outer
suburban districts, either over dedicated routes or on tracks
shared with long-distance passenger and freight services.
Most such services are electrified, although there is still
some diesel and even steam traction on suburban services
within the ESCAP region. Suburban services are usually
provided by the national rail operator, although in Japan
many are run by private companies. Within the ESCAP
region's cities there are several major suburban railway
networks, including particularly those surrounding major
Japanese, Indian and Australian cities. At the other end
of the scale, relatively sparse suburban service is provided
on non-electrified tracks around such cities as Bangkok and
Manila.

The prospects for suburban rail expansion are prob-
ably not very good. Demand for commuter services to and
from dormitory suburbs is strongly peaked, and rolling
stock typically stands idle for much of the day. Unless
overall demand is unusually strong, the case for building
entirely new suburban networks is weak. At best, where

Subways, metros, or underground railways have been
one of the most successful sectors of railway development
in recent decades. A total of 84 systems are in operation
today (January 1985) in 74 cities of the world; an addi-
tional 23 systems are under construction, and 28 more are
in the planning stage (table 3). Authorities have increasing-
ly looked to metros to overcome surface traffic paralysis,
and it is difficult to imagine how many of the world's great
cities could manage without them. However, subways are
formidably expensive to construct, and for this reason they
are usually restricted to the largest and wealthiest cities.
Until very recently only the old industrial nations could
afford subway systems, but now some of the newer indus-
trial countries have caught up, as witnessed by the systems
in Mexico City, Rio de Janeiro, Seoul, Hong Kong, and the
networks now under construction in Singapore and Pusan.

Subways in cities of countries with low GDP per head
are virtually out of the question, although the system
recently opened in Calcutta is an exception to this generali-
sation. However, as the experience of Calcutta shows, the
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more comprehensive network, costing up to 20 billion
pesos.

cost, disruption and difficulty of building a subway system
is so great that progress can be slow. Moreover the simple
fact that a city has a subway does not necessarily mean
that the system is extensive enough to be of more than
limited use; the subway systems of Calcutta, Beijing, and
many other cities, are very modest in extent when com-
pared with the size and population of the cities they serve.
Thus even where subways do exist, it is no guarantee that
they can necessarily catch u:p with the growth of demand.

Fully grade-segregated urban railways are thus expen-
sive. Even if the funds necessary to build them can be
secured by borrowing on the international market, the
loans and interest payments thereon have to be repaid, and
this must be met wholly or in large measure from revenue.
Fares would thus have to be set at a sufficient level to meet
these commitments, and in many of the cities where rail
transport would be most beneficial the majority of the
travelling public would simply be unable to afford the
required fares, thereby negating the purpose of the invest-
ment. In the centrally planned economies it may be an
instrument of social policy to charge artificially low fares,
but even in these societies the needs of urban transport may
have to compete with other even more socially necessary

projects.

The cost of subway construction has been referred to
frequently, but it is important to give some dimension to
the sums involved. In Hong Kong the "Island line", soon
to be opened, has a capital cost of $HK 9,058 million for
12.5 kilometres of route (10.5 kilometres in bored tunnel
and 2 kilometres elevated). This works out at a cost of
about $US 93 million per kilometre. In Calcutta, where
labour costs are much lower, the estimated cost of the
16.5 kilometres Metro is Rs 13 billion, or approximately
$US 68.5 million per kilometre. If these two estimates are
averaged to yield a cost of $US 80.75 million per kilometre,
the same investment could purchase 144 kilometres of main
line electrification on an existing route (based on estimates
for British Rail's East Coast Main Line), or 9.5 kilometres
of brand new urban light rail transit route (based on
estimates for the Hong Kong Western New Territories
light railway).

3. 

Tramways and light rail transit

Professional railwaymen and administrators may not
welcome the inclusion of tramways in a review of railway
options, as the idea of a rail mode sharing some or all of its
right of way with other road users is inimical to the
"purity" and "discipline" inherent in the railway mode.
However, tramways are railways in the strict sense of the
term, and even today they remain numerically the most
widespread form of urban railway.Of course, the cost of constructing tunnels and under-

ground stations represents the major part of subway system
capital costs. An alternative may be to build on an elevated
alignment, as has recently been done in Manila. Environ-
mentalists may resent the visual intrusion of an elevated
line, so such solutions may not always be acceptable. How-
ever, even elevated systems can be expensive and may limit
the scope for other civic developments.

Trams as a mode of urban transport reached their
peak in the 1920's, when about 1,500 towns and cities
throughout the world operated about 200,000 tramcars.
However, bus and car competition, traffic congestion,
economics and fashion jointly conspired to eliminate about
1,200 operators between the mid-1920's and mid-1970's.
The casualties ranged from small and conspicuously un-
economic systems with only a handful of vehicles to the
gigantic networks in cities like London, Paris and Los
Angeles, each with thousands of cars operating on several
hundred kilometres of track.

The most recent example of an elevated system in the
ESCAP region is the Manila "Metrorail", which was opened
in 1984. This is a 15 kilometres long elevated system.
Rolling stock comprises 64 articulated light rail vehicles,
chosen to reduce axle-loadings, and hence structural costs,
but otherwise it is a conventional fully grade-segregated
metro. The line was built under a 2.1 billion pesos turnkey
contract signed in 1981, which yields a relatively modest
cost of $US 7.4 million per kilometre (including the
vehicles). However, costs have escalated considerably since
1981, and if the line were to have been contracted in mid-
1984 the price would have been 5.18 billion pesos (Allport,
1984), or $US 17.8 million per kilometre. Considering that
Manila had about 13 billion pesos available for the 1985-
1989 period for all public sector projects, the chances of
building a second Metrorail line (estimated at 4 billion
pesos) would appear to be poor, notwithstanding the fact
that the Metro-Manila Government aspires to build an even

The pace of abandonment slowed dramatically in the
mid-1970's, and the number of tramway-type systems has
begun to increase again, with twenty new installations
having been opened since 1975 to make a total of 315
operating systems as of January 1985 (Table 4). A further
ten are under construction, and no fewer than forty are at
the planning or discussion stage. The main reasons for this
surprising renaissance of a seemingly obsolete mode of
transport may be summarised as follows:

(a) the railway-like ability of increasing produc-
tivity by coupling cars together and automating revenue

collection;
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Table 4. Asia and Pacific, and other regions electric tram/LRT systems operating, under construction
and under planning or investigation, January 1985 a

A. Asia and Pacific B. Other countries (number of systems per country)

Operating Under constructiond Plannedc

"J
Australia Japan Austria 5 --Adelaid~ ", Enoshima Belgium 5 j;'1"! -

Bendigo Fukuoka Brazil 3 -1
Melbourne Gifu Bulgaria 1 --

Hakodato Canada 3 1 (1986)g 1
China Hiroshima Czechoslovakia 10 --
Anshan Kagoshima Denmark --1
Changchun Kitakyushu Egypt 4 --
Dalian Kochi Federal Republic of Germany 30 --
Harbin Kumamoto Finland 1 --
Futianc Nagasaki France 3 2 4

Okayama (1985, 1988)e
Hong Kong Osaka German Democratic Republic 27 --
Hong Kong Matsuyama Hungary 4 --
Tuen Mun (1988)d e Sapporo Italy 5 1 (1985)e 1

Tokyo Mauritius --1
India Takaoka Mexico 1 --
Calcutta Toyohashi Morocco --1
Delhic Netherlands 4 --
Madrasc Malaysia Norway 2 --

cKuala Lumpur Paraguay 1 --
Poland 14 -6

Philippines Portugal 3 --
Manilaf Romania 8 --

South Africa --4
Viet Nam Spain 2 -1
Hanoi Sweden 4 --

Switzerland 7 --
T ..eumSla 1,~-
Turkey -;,. 1
USSR 121 --
United Kingdom 2 1 (1986)g 3
United States -4 11

(1985,1986,
.1987,1988)e

Yugoslavia 4 --
I.,;; lut D~)!t!.;;1'Ji)1 "il(;"i;'::

a Urban systems only; excludes light railways of tramway/LTR character serving interurban and rural markets (especially common in

Austria, Japan, Federal Republic of Germany, Spain and Switzerland).
b Tourist-oriented services, usually with vintage rolling stock (but exclusing museum-type lines).

c Systems under planning or study.

d Systems under construction (with probable opening dates).

e Recently built or planned systems with street running or grade road crossings.

f Recently built or planned LRT systems with no street running.

g Automated "advanced" LRT.
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(b) the widespread recognition that people rather
than vehicles are the main criterion in allocating scarce
roadspace, resulting in the acceptance of traffic priorities
for trams;

(c) the oil crises of 1974 and 1979, which revealed
the strategic importance of electric traction;

(d) the awareness of environmental issues since the
1970s, and society's approval of quiet, pollution-free
transport;

(e) a recognition of the adaptability of trams to
run in a variety of situations, from mixed street traffic to
subway or elevated alignments. This has allowed some
authorities to progressively upgrade tram systems to full
metro status and has conversely enabled other authorities
to downgrade existing railways to tramway-type service;

(f) a recognition that grade-segregated urban rail-
ways are unacceptably expensive for many newapplica-
tions, resulting in the re-appraisal of such projects in a less
costly form;

subway system. For cities in the developing countries,
serious consideration ought thus to be given to' LRT.

Because trams and LRT systems operate in a street
environment, they are typically the responsibility of
municipal operators. However, there is no essential reason
why railway administrations should not embrace LRT
systems, and in those cities of the developing nations where
there is no existing municipal transport operator, this could
be the most obvious choice -especially in situations where
LRT services may be expanded over existing, possibly
abandoned or underutilised, railway tracks. Even where
this is not the case, precedents do exist for railway adminis-
trations to get involved with LRT, as exemplified by the
Utrecht-Nieuwegien line in Holland, which is owned by the
Netherlands Railways, and the forthcoming Hong Kong
system, which will be owned and operated by the Kowloon-
Canton Railway Corporation.

As noted previously, most progress in LRT develop-
ment has been in the developed countries: the lead was
taken by Western Europe and the COMECON nations,
whilst recently the most rapid development has been in
North America. Although interest is spreading to the devel-
oping nations, it would seem that authorities are dubious
about LRT. Generally tramways have not fared well in the
cities of the developing world, and the majority of tram
systems in the ESCAP region have long disappeared. h1
most cases (as for example in Bangkok, where the trams
were abandoned in 1968) the tram systems lost their
relevance as the cities sprawled away from their historic
cores; moreover, the chronic traffic congestion characteris-
tic of cities in the developing world was inimical to a fixed
track mode, whilst the under-investment characteristic of
tramways inherited from colonial powers or foreign com-
panies also contributed to their demise.

(g) an awareness, verified from several independent
sources, that the public prefers the rail mode to bus travel,
leading to the reconsideration of investment policies.

For these reasons the pattern of tramway closures has
been reversed. New systems are opening every year. Most
of these are in developed economies, but not a few are in
developing countries, as recent or proposed openings in
Egypt, Tunisia, Brazil and Malaysia testify. However, not
many of these new systems would like to be referred to as
"tramways", as since the 1970's the term "light rail transit"
has been widely adopted to describe new systems, and
many of the older, but refurbished, systems as well. Pro-
perly speaking, light rail transit (LRT) is not a simple
renaming of the traditional tramway, but a mode in its own
right, albeit rather difficult to specify, as it occupies a spec-
trum of characteristics between that of the traditional
street tram and the fully grade-segregated urban metro.
Table 5 endeavours to characterise the qualities of all
modes of urban rail transit, and shows how a typical LRT
system is sandwiched between the metro and the tramway.

It is the versatility of the modern LRTsystem that
gives its strength. It is relatively cheap to install, yet it can
offer a high level of service and may operate in a variety of
situations from pedestrian precincts and city streets to sub-
ways and railway rights of way. A completely new LRT
system on surface alignment may cost between about
$US 5 million and $10 million per route kilometre, depend-
ing on the land costs and quantity of rolling stock required.
Clearly this is significantly cheaper than an elevated system,
such as that of Manila, and many times cheaper than a

Of the reasons identified for abandoning first genera-
tion tramways, it is probably the issue of traffic congestion
which most dissuades administrations from investing in
LRT. However, even in cities of the developing nations,
public transport priorities and area traffic control can work
satisfactorily, as testified by Bangkok and Manila respec-
tively. If these pre-conditions can be made to work, then
the exploitation of at-grade LRT systems can be contemp-
lated without too much apprehension.

E. Light rail transit in Hong Kong

Hong Kong is an associate member of ESCAP, and
although its transport problems are somewhat different to
those of many of the other members and associate mem-
bers, a number of developments have occurred there which
are of general interest. The most recent development has
been the decision to build a light rail transit system to serve
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Table S. Characteristics of urban rail systems

...Metropolitan Railway Light Rail Transit
Charactenstic Suburban Razlway ("Metro") (LRT) Tramway

Alignment Fully grade segregated, at. Fully..grade segregated, Partially segregated: may Wholly or mainly unsegre--
grade crossings permissable typically in subway or on operate in street with traf. gated in mixed traffic.
according to circumstances. elevated structure in denser fic priorities, in pedestrian

areas of development. precincts, or segregated on
abandoned railways, in
tunnel, or on structure.

Vehicles Railcars, multiple unit Electric multiple units of Same as for tramways, but Single or double--deck, or
or push..pull locomotive two to ten cars. Cars typi- wider and longer than con- single-deck articulated.
hauled consists. Usually cally 13m to 20m long, ventional trams where May be run singly or as
electric, but may be diesel 2.5m to 3.2m wide. geometric standards permit. trains up to about 60m
or steam powered. Trains "Squared"-ends. Gauge May also have "~uared"- long. Vehicles typically
of one to twelve vehicles. 1067mm to 1676mm. ends with no taper if cir- 2m to 2.8m wide, 9m to
Gauge and proille typically cumstances permit. 30m long. Often have
relates to national rail tapered ends to reduce end
system. throw on curves.

Stopping places Stations, usually with high High platform stations. High or low platform halts Direct loading from street
platforms, varying from (some vehicles may have surface or low platform
unstaffed halts to major moveable steps to serve loading islands.
termini. both).

Fare collection At stations from booking At stations, increasingly As for tramways, but typi- From driver on-vehicle, or
clerk or AFC machine. from AFC machine. Flat cally based on self service (now rarely), conductor.
Usually graduated fares. or graduated fares. from vendomats with ran- Sometimes from vendomat

dom in-vehicle inspection in street with validation on
and punitive "supplement- boarding tram. Usually
ary fares" for fraudulent flat fare.
travel.

Electrification At prevailing voltage of Usually 600V to 1500V As for tramways, with750V Usually 500V to 750V d.c.
national rail system, if d.c. third rail, but some d.c. becoming widespread overhead wire.
electrified. Generally 25kV systems use d.c. overhead on new systems. A few use
a.c. overhead wire on new wire. 1.5kV d.c. overhead.
systems.

Signalling Full railway-type signalling. Full railway-type signalling, As for tramways, but on Usually none, trams being
increasingly with Automa- high speed sections of re-- driven on-sight. Traffic
tic Train Control Driver- served track block signalling signal pre-emption at road
less operation now is characteristic, usually junctions imding increasing
becoming a reality. decentralised and vehicle-- application.

actuated.

Capacity: persons/ Up to 60,000, depending Up to 60,000, depending Up to 40,000. Up to 20,000.
direction/hour on train size and competing on train capacity.

uses of track.

Cost/kilometre, new Varies according to cir- $US2Om to $90m $US5m to $IOm $US5m to $IOm
construction includ- cum stances, but $US 1 Om
ing rolling stock to $20m may be typical of

at..grade sections.

,. ""'C',H

'"
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a group of new towns in the western part of the once-rural
New Territories.

concentration of demand be so great as to make this a prac-
tical aspiration. Similar requirements govern the operation
of the "British Section" of the Kowloon-Canton Railway,
which used to be a Government department, but it now an
autonomous Government-owned Corporation. The railway
has recently been double-tracked and electrified at 25kV
a.c. and now operates an intensive suburban service which
daily carries over 250,000 people to and from the new
satellite towns north of the main metropolitan area, as well
as to the Chinese border at 1.0 Wu.

Hong Kong has a population of 5.34 million people,
and most of these are squeezed into a mere 30 per cent of
the Territory's 1,069 km2. Urban residential densities are
highest in the world, and the density of movement is also
unequalled. Great efforts have been made to improve the
road system, and as a result the still-expanding road
network of 1,238 kilometres is sophisticated, with an
abundance of multi-level interchanges, traffic management
systems and a growing proportion of areawide traffic
control. Even so, traffic constantly threatens to outstrip
roadspace, and radical measures are contemplated to deal
with it, including the world's first practical application of
electronic road pricing.

The intensity of transport planning activity in Hong
Kong is so great that much reliance is placed on international
consultancy firms, and this promulgates a healthy atmos-
phere of technology transfer in terms of ideas and innova-
tions. Hong Kong was not slow to consider the potential of
light rail transit as an option for medium density corridors,
and by 1977 two studies were considering LR T. The first
of these was a study of the congested corridor along the
north shore of Hong Kong Island, which was already served
by the slow but frequent double-deck trams of Hongkong
Tramways Limited (one of the world's last company-owned
tramways and the busiest tram route in the world). A
metro line had already been recommended for this corridor,
but the joint Government consultancy team argued that the
existing tramway should be upgraded to modern LRT
standards with the option of progressively relocating the
line on underground alignment to ultimately yield a con-
ventional metro.

In the event, this radical proposal, the rust outside
Europe or the United States for a genuine "pre-metro", was
abandoned in favour of adopting a conventional metro
from the outset. The argument for the latter was that
demand might be so great that the LRT system would be
unable to cope. Moreover, doubts were expressed about
the practicality of the proposed traffic management
measures. Any lingering worries about the viability of the
full metro were dispelled by the Mass Transit Railway
Corporation's success with windfall property development
income on its first line. With hindsight, the LRT proposal
might after all have been the better option, as cost
estimates for the Island line of the MTR have increased,
property income has not matched expectations, demand is
less than had been anticipated, and many of the controver-
sial traffic management measures have meanwhile been
successfully introduced to facilitate conventional tram
operation during the metro construction.

But the other light rail proposal has met with success.
Part of the ongoing development strategy for Hong Kong is
the creation of a polycentric metropolis, with new growth
being concentrated in a series of "new towns" in the New
Territories. There are now eight new towns in various
stages of development, the three most remote of which are

The very density of Hong Kong makes car ownership
difficult and expensive, and for a place of such relative
affluence car ownership levels are low and the dependence
on public transport (used for over 75 per cent of all passen-
ger trips) is high. Public transport has made great efforts to
match demand, and so far operations have been profit-
making; Hong Kong is one of the few places where this can
be said of urban bus and rail operators.

Public transport is handled by a great variety of
modes, including two very large franchised bus companies,
a number of smaller franchised and non-franchised bus
operators, a conventional tramway system, a funicular
railway, a newly-electrified suburban railway and an
expanding metro network, not to mention a large fleet of
jitney- type minibuses, a vast ferry network and over
15,000 taxis.

Although the earliest public transport was handled by
the ferries, the trams, and the main line/suburban railway,
the greatest expansion in demand has been handled by
buses. Today 4 million rides a day are made on the 3,488
buses owned by the two largest bus companies, and 95 per
cent of these are double-deck vehicles, some of them being
veritable monsters with a capacity of up to 170 passengers.
However, even with such capacity available on the public
streets, the competition for road space and for stopping
space at the kerbside made investment in a metro, or mass
transit railway, unavoidable by the mid-1970's. Today the
Mass Transit Railway Corporation operates two lines
totalling 26 kilometres of route on which 1.15 million
passengers travel every day; a third line will be opened in
May 1985.

The Mass Transit Railway Corporation must be
virtually unique amongst the world's metros in that it is
required to meet its full costs. It already covers its operat-
ing costs, and eventually it should be able to recover its
capital costs as well. Only in Hong Kong perhaps could the
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in the western New Territories. The first and largest of
these is Tuen Mun, which was the subject of a transport
study in 1977. It had already been decided that public
transport services should be on dedicated rights of way, and
the study sought the best use of these reserves. After an
exhaustive review of all alternatives, the choice was reduced
to buses or LRT. Although a bus solution would have
lower first costs, it was recognised that the LRT system
would be more economical and would ultimately be
cheaper in financial terms because of the scope for greater
labour productivity as well as the longevity of the equip-
ment. Other advantages included the faster travel times
obtainable with LRT, the environmental attributes of an
electric system, and the ability of the system to promote
the image of the new town.

In 1979 the Government's policy-making Executive
Council agreed that negotiations should begin with the
company which owns the existing tram system on Hong
Kong Island, with a view to reaching agreement on the
operation of the new system. The negotiations proved to
be protracted and were ultimately discontinued. The
company wanted to associate the transport operations with
property development, as the MTRC had done, but whilst
discussions were continuing on the best method of con-
trolling the two elements of the project, the property
market weakened and made the issue of academic interest
only. But the withdrawal of the company did not bring
the project to an end. Several consortia which had been
invited to make proposals by the company still considered
that the project would be viable in transport terms alone,
and this they confirmed in a series of presentations to
Government in the summer of 1983. In November 1983,
following further studies of the alternative bus proposals,
the Executive Council once again resolved in favour of the
LRT system, and invited the Kowloon-Canton Railway
Corporation (KCRC) to take the project on, subject to its
own assessment of viability. Further studies ensued in the
first part of 1984, and in July of 1984 the KCRC's Board
recommended that the project should go ahead in principle.
Further pre-feasibility studies followed, and five interna-
tional consortia were pre-qualified to make bids when
tenders were called in January 1985 for the turnkey design
and construction of the Stage 1 system. The successful
tenderer was to be announced in June 1985, and construc-
tion was to begin shortly afterwards with the intention of
opening the first phase of the system to traffic in June
1988.

The planning of the system has undergone several
changes since 1977. Whereas the original proposal would
have served the new town of Tuen Mun alone, it will now
be a regional system which will link with the new town of
Yuen Long and, in a subsequent phase, also with the new
town of Tin Shui Wai. The population of this conurbation

will eventually reach about 900,000, which is similar to
that of such other successful "LRT cities" as Cologne and
San Francisco. Unlike many new LRT systems, the
"Western New Territories light Railway" will be a complex
network, more reminiscent in some ways of the city-wide
tramways of several decades ago. However, unlike tradi-
tional tramways, about 95 per cent of the network will be
on roadside reserves rather than in-street. On the other
hand, intersections with roads will be made at-grade, and
there will be some street-running. (The cost of full-grade
segregation would probably double the capital cost of the
project and render it unviable). It will be necessary to give
light rail vehicles priority at the many road intersections,
and eventually the network will be integrated with area-
wide traffic control.

As Table 6 indicates, in terms of technology the
system will conform with the state of the art, but at the
same time it will be based on proven hardware. The even-
tual fleet of 143 long four-axle cars will run on standard
(1435 mm) gauge rails and draw traction power from 750V
d.c. catenary. A prudent departure from conventional
tramway practice is the adoption of high platforms at
stopping points; not only will this speed boarding and
alighting, but it will also gain public approval by giving full
access to disabled passengers. An innovation (at least for
modern LRT) originally proposed was the use of double-
deck cars. Hong Kong's existing trams and buses are
double-deckers, and it was intended to perpetuate this
space and cost saving tradition. However, the absence of
proven off-the-shelf double-deck light rail vehicles has
militated against this option, although structure gauges are
wisely being maintained to permit the eventual introduc-
tion of double-deck cars should they be warranted and
should suitable designs become available.

Considerable attention has been given to the subject
of fare collection. The size of the vehicles and the need for
a zonal fare structure argued against simple flat-fare pay-as-
you-board or pay-as-you-leave systems as used on the
Territory's buses and trams. Consideration was also given
to a "closed" system with coin-operated vendomats and
entry and exit barriers at all stops. However, whereas this
may be the best system for a metro or suburban railway,
the numerous stops on a LRT system would raise the in-
stallation and supervision costs to unacceptable levels. The
most likely system will therefore be a "self-service" method
of revenue collection: a passenger will purchase a ticket
from a vendomat which will be validated for (say) an hour's
travel within the required fare zone or zones. To deter
abuse of the system, inspectors will police the network on
a random basis and be empowered to impose "supplemen-
tary fares" at deterrent levels.

The cost of the network will not be known until the
contract is signed with the successful tenderer. However,
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Table 6. Hong Kong: Western New Territories clearance and civil engineering works would be involved,
LRT System and may sum to about $US 70 million (although the latest

estimates suggest that this could be reduced, perhaps by as
Operating agency: Kowloon-Canton Railway Corporation much as 20 per cent). The financing of the KCRC's portion

(KCRC) of the investment would be by commercial loans, and the
Status : Agreement to build in principle: 10 kms of best formula for arranging this is the subject of careful

reserves formed by Government. Call for study. If the estimate of 746,000 daily boar dings is realised
tenders issued January 1985. by 2001, the system should have paid off its debts within

Area served : Tuen Mun, Yuen Long, Tin Shui Wai. twelve years of commissioning.

Population : Currently approx. 350,000, rising to In order to maximise the value of the investment, the
900,000 by 2001. . 1 df .. II 1LRT system wl1 be protecte rom competItIon on para e

Opening date Stage I, planned for ~id-l~88, with sub- routes. It is currently intended that the KCRC would
sequent routes opened Into mld 1990's. .

assume control of local bus routes, which would be pro-
Total route length: 22.5 kms in Stage I, 12.5 kms in subsequent gressively replaced by the LRT services leaving only a few

stages (total 34 km)" '
bus routes as feeders. Long-distance buses would still be

Alignment : 95 per cent on roadside reserve with at- ..
d " R . d " t t d .operated by the franchised bus company which runs them

gra e crosSIngs. emam er m s ree me Ian

or in shared traffic street-running. now, with the difference that it is likely that they will be
Stopping places: 65 high-platform stops, each 40m long. prohibited from carrying local passengers within the area

Average spacing 530 metres. served by the light railway. Another source of competition
Structures: Three river bridges plus two highway bridges. is the jitney-type service offered by "Public light Buses"

Numerous pedestrian bridges over LRT. along the main LRT corridor. Consideration is being given
G 1435 to the best way of curtailing this element of competitionauge : mm

by the judicious applicatio~ of traffic management mea-
Rail type : UIC 54 on open track, Ri 60 grooved rail in .."

st eet " K 1_" fill ailw /t sures and operatIonal ad1ustments. At first SIght the sug-r. OUI pro e r ay ramway "
compatible wheels. gestion that competition might be restricted to protect the

EI ctrif " t " 750V d h d t .LRT may come as a surprise in a Territory where public
e Ica Ion: .c. over ea ; ca enary suspensIon. .

from central masts but simple trolley wire in transport, like most aspects of the economy, IS encouraged
street sections. Wire height not less than to be diverse and competitive. However, it is recognised
5.4m above rail. that planning goals would be satisfied' by the LR T and

Vehicle : Four axle non-articulated, 20m long, 2.65m that once the investment is made it would be unproductive
wide, passenger capacity 190. 70 required to encourage competition with it, especially when it will
for Stage I, up to 73 for subsequent stages. have the capacity to handle all of the demand arising in the
Multiple-unit operation of two cars con- .d . d t .

tt lat d com ors asslgne 01.emp e.

Fare collection : From vendomats with random inspection on F C 1 .onc USlonscar; supplementary fares for fraudulent .

travel. Zonal system using three or four. .
zones. Time-transfers contemplated and Whilst the dense metropolitan area of Hong Kong
inter-availability with buses. Island and Kowloon has no parallel, Hong Kong's new

Capacity : About 22,800 passengers per hour per towns, although still giving the appearance of dense high
direction. rise developments, are perhaps more akin to other cities in

Demand : 746,000 boardings per day by 2001. the ESCAP region. Public transport demand volumes are
S-\. d } d ed 22 k /h t 29 k /h d d. t high, but not so high that only a fully grade-segregated""e u e spe : mom epen 1IIg on rou e.

Maximum speed, 80 km/h. railway warrants and funds permit. By a similar process it
Cost (late 1984 : KCRC contract estimates of $US 218 million -may also have the potential to be upgraded into an auto-
prices) plus up to $US 70 million for clearance, mated system of the type now beginning to make an

resumption and civil engineering work appearance, and which may become much more widespread
~" ic ';C9'gJn undertaken by Government. in the next century. It is therefore suggested that far from

; ,!{be :! being yesteryear's scorned tramway, modern light rail
transit presents cost and operation profiles which comment

the pre-feasibility studies indicate that the cost is likely to it to the cities of the developing world, It is therefore
be about $HK 1,702 million (or $US 218 million) for the suggested that if national administrations are seriously in-
full 34 kilometres system. This does not include the cost of terested in moving passengers in the most populous centres,
providing the track bed, which the Government is under- they should seriously examine the potential of light rail
taking for the benefit of the KCRC. Land resumption and transit.
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MANAGEMENT OF SHANGHAI'S ROAD TRAFFIC*

I. 

BACKGROUND II. PROBLEMS

Shanghai is one of the major economic centres of
China and is an important international port city. The
Shanghai City Region is composed of 12 districts and 10
counties with a total land area of 6,185.8 sq. km. The
urban land area comprises 149 sq. km, which does not
include the 110 sq. km extension of the urban area recently
approved by the State Council.

Because Shanghai is an old city, it must cope with
various problems concerning the overall arrangement of the
city's structures, including roads, and the quality of its road
network, traffic facilities and traffic control. Although the
old city has been rebuilt to some extent, the importance of
traffic management in the process of overall urban develop-
ment was for a long time not given adequate consideration.
In fact, the need to maintain a proper ratio of road con.
struction to traffic growth was not taken into consideration
until 1976.

The urban transport problem had become very
serious by 1976 because of neglect during earlier years. For
example, the traffic law system had been disrupted, traffic
accidents had reached the highest rate in the city's history,
and the right-of-way had been widely encroached upon by
factories and enterprises. Roads were not being properly
maintained and they were being used for goods storage,
temporary housing, rubbish dumping, and haphazard park-
ing of vehicles. This situation imposed great constraints on
Shanghai's economic development.

The resident population of the Shanghai City Region
number.s some 12 million; in addition, there is a commuter
population of about 600,000. The population density of
the city proper is approximately 60,000 per sq. km,
although some areas exceed a density of 100,000 per sq.km.

The total length of Shanghai's 1,877 roads is 3,000
km. Of this total, 1,433 are city roads with a total length
of 909 kill. The city road area covers 9.2 per cent of the
total land area.

The number of motorized vehicles in Shanghai is
currently about 100,000, of which 55.1 per cent are goods
vehicles (trucks). These vehicles at;e responsible for all the
goods handling capacity at the city's railway terminus and
port as well as for the transportation tasks of each of the
Government's economic Departments. Buses are the
dominant means of passenger service, with an average
daily capacity of 12.3 million passenger trips. Bicycles,
which are an indispensable part of Shanghai's transport
system, number 2.92 million, or 98 per cent of the city's
3 million non-motorized vehicles.

III. PROGRAMMES

Shanghai began to improve its roads, road traffic and
general appearance in 1977 on the basis of extensive
research into various causes of the existing traffic problem.
As a result of this programme, in one year about 2.2 million
tons of trash were cleaned up, 7,000 irregular houses were
razed, 1.3 million sq.m of new city roads were built and
230 arterial roads were opened.Over the past 35 years, Shanghai's roads and traffic

facilities have been extensively rebuilt. A total of 26.3 km
of ring roads have been built to circle the city, and the
"chess board" of arterial roads within this circumference
has been largely reformed. Compared with 1949, the
length of the city's arterial roads has increased 38.3 per
cent and the area served by them 69.3 per cent. Although
the number of motorized vehicles have increased 12 times,
non-motorized vehicles 11 times, and buses 5.7 times, the
arterial roads have been kept generally unclogged, traffic
conditions have gradually improved and traffic accidents
have been kept basically under control.

In 1980, the Shanghai Government took a further
step in its traffic programme with the presentation of a
comprehensive proposal for the city's current and future
development, encompassing basic and clear-cut solutions
with an emphasis on management and specific attention to
the transport system. In order to solve the city's traffic
problems, the Government pointed out that the old city
should be redesigned and that, at the same time, the com-
mercial network should be readjusted, roadways extended
and administration modernized. It was felt that special
attention should first be given to improving management
and that priority should be given to small projects featuring
low investment and high benefits so that the more serious
traffic problems could be solved quickly.-Adapted from Huang Bangjun, "Treatment of Shanghai

Traffic," ITE Journal, (Institute of Transportation Engineers,
Washington, D.C.), June 1985, pp. 58-QO. (Mr. Huang is Secretary-
General of the Shanghai Traffic Engineering Institute).

Implementation of these proposals has led to great
progress in the development of Shanghai's road traffic since
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1980. The "disorderliness, crowding, blocking, and noise"
that had formerly been characteristic of Shanghai have as
a result been much improved.

their traffic behaviour in compliance with regulations is an
essential means of ensuring the smooth and' safe flow of
traffic.

Shanghai's approach to resolving its traffic problems
consists of a series of programmes aimed at centralizing and
co-ordinating traffic management, improving the adminis-
tration of traffic regulations, making optimal use of existing
roads, improving the road system, promoting popular parti-
cipation in road traffic management and undertaking
scientific studies to modernize traffic management. Details
of these programmes are outlined below.

Since 1977, the Shanghai Government has empha-
sized the enforcement of all municipal traffic regulations.
In keeping with the development of the city and its traffic,
a series of Stipulations and Methods have been issued.
Among these are the Stipulation Concerning Temporary
Occupancy of Urban Roads, Stipulation Concerning Urban
Hygiene Management, Method for Dealing with Violations
of Traffic Regulations and Stipulation for Dealing with
Traffic Accidents. Meanwhile, publicity has been used to
educate the Shanghai population to the need to heed traffic
regulations and keep in mind common-sense safety rules, so
that all will know and understand what the Government
hopes to accomplish.

IV. CENTRALIZATION AND CO-ORDINA TION
OF TRAFFIC MANAGEMENT

VI. MAKING OPTIMAL USE OF
EXISTING ROADS

Improving the use of existing roads is a first-priority
aspect of Shanghai's traffic programme. One policy
measure in recent years has been to control the increase
in the total number of vehicles on the road while also
controlling the relative importance of various types of
vehicles. Under this policy, stress has been placed on
increasing the number of trucks in the Special Transport
Department and the number of passenger vehicles in the
Public Transport Department. On the other hand, efforts
have been made to limit increases in the number of bicycles
on the road.

The improvement of Shanghai's traffic situation
involves a comprehensive engineering programme that
includes urban planning, road construction, traffic regula-
tion, traffic safety education, and overall administration. It
is recognized that this work cannot be done by a single
Department; all Departments must share responsibility and
co-operate if the urban transport situation is to be im-
proved. The ultimate responsibility thus lies with Shang-
hai's Government and, in particular, the city's Mayor.

In 1980, the Government directed the Mayor to
convene a series of weekly meetings of the concerned
Departments to deal with the city's traffic problems.
Officials of various Departments, including Public Security,
Urban Construction, Public Services, and Environmental
Sanitation were invited to attend these meetings to discuss
means of co-operating in the comprehensive management
of the city's traffic. The Municipal Vice Secretary-General
was entrusted with the day-to-day operations to carry out
the needed improvements. The Governments of the 12
districts of the Shanghai City Region also each designated
an official to oversee this work and co-ordinate the
activities of the concerned Departments. Of the various
concerned Departments, the Public Security Department
was assigned the specific responsibility of administering
traffic regulations. This method of concentrating leader-
ship and strengthening co-operation among the different
Departments has worked well in providing comprehensive
management to improve the transport system in Shanghai.

Another measure has been the restricted issuance of
"passing certificates" to trucks. This procedure prohibits
about 34 per cent of the truck traffic from entering the city
during the day. Large ship~ents of goods that have fixed
loading and unloading locations within the city may be
transported in the city only at night.

Thirdly, a number of trucks belonging to certain
factories and enterprises have been designated as a special
group. At present, this group consists of more than 14,000
trucks from over 500 factories and enterprises, which are
organized to travel on a convoy basis. This method of
transport management has worked to reduce the number of
trucks that travel empty.V. IMPROVING THE ADMINISTRATION

OF TRAFFIC REGULATIONS
Adjustment of bus routes, bus stops, and terminals to

divert some passenger vehicles from arterial roads to
secondary arterial or small roads has been yet another
measure to improve road use. Under this policy measure,
priority is given to buses in order to reduce congestion on
the arterial roads. To ensure that this bus traffic moves
smoothly, traffic peak times have been staggered. On the

Improvements in the regulation of traffic is an impor-
tant element in the comprehensive management of Shang-
hai's transport system. Traffic regulation is ultimately
based on the will of the population and their recognition of
the benefits that derive from convenient and safe transpor-
tation. It is recognized that the people's adjustment of
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basis of studies of passenger concentration, the working
hours of more than 400,000 workers from more than 600
factories and enterprises have been staggered. This has to
some extent solved the rush hour problem.

their workers should be rewarded or penalized in accord.
ance with their traffic conduct.

VII. 

ROAD SYSTEM IMPROVEMENT

Formerly, the road system in Shanghai was incom.
plete. Roads were winding, narrow and plagued by bottle.
necks such as closely spaced intersections, and there was no
arterial road running south to north. Under these condi-
tions, the road system could not handle the city's three
major traffic flows: motorized vehicles, non-motorized
vehicles and pedestrians.

Action is being taken to include traffic safety
education in middle and primary school curricula, and at
the same time children's traffic-safety reading materials are
being compiled. Some school curricula already include
items on the importance of observing traffic regulations.

Retired workers are being organized as guards to help
the Special Administrative Department in maintaining
traffic order.

Units located along the streets have been organized
to set up "traffic" posts that keep watch on the local
traffic flow. Groups of seven to ten of these units have
been organized to keep the roads litter-free and green by
planting trees and flowers in the neighbourhood. This
system has proved very popular and has recently been
extended to all of Shanghai. More than 2,000 such groups
presently operate in 116 areas of the city. Their contribu-
tion helps the city realize its goals of modern streets, a
modern transport system and environmental hygiene.

As the reconstruction and renovation of old Shanghai
has progressed in recent years, arterial roads have been
extended and widened. They now connect the urban area
with the Minghang, Baosan, and Wushong industrial areas
and some satellite counties. Within the city proper, an
attempt has been made to improve utilization of the many
existing small and narrow roads through low-investment
methods. In addition, curved and narrow roads have been
widened and pedestrian bridges and underpasses have been
built, separating barriers have been installed, and special
roads and one-way roads have been opened. All of these
changes have played an important role in improving Shang-
hai's transport system.

IX. SCIENTIFIC RESEARCH TO MODERNIZE
TRAFFIC MANAGEMENT

Although it is considered somewhat late in the day
for Shanghai to start scientific research on its traffic
situation, it is recognized that China's policy to combine
self-reliance with the advantages of science and technology,
adopted in recent years, requires the application of scienti-
fic research methods. A Traffic Study Department has
therefore been set up in Shanghai, and within this Depart-
ment a Traffic Engineering Institute has been designated to
undertake scientific research. Engineers and tec.hnicians at
the Traffic Engineering Institute have, among their other
activities, undertaken studies on scientific traffic-control
technology with the objective of devising a step-by-step
approach to traffic communication as a means of improving
traffic flows. The Institute's research programme has made
some progress in determining how best to modernize
Shanghai's traffic management.

VIII. POPULAR P ARTICIP A TION IN ROAD
TRAFFIC MANAGEMENT

Proper administration of Shanghai's urban traffic is
desired because the city's transport system has a funda-
mental influence on the wellbeing of the people. Con-
sequently, the people themselves have been called on to
participate in traffic management in several ways.

Drivers have been organized into groups for safe-
driver education. The members of these groups discuss
reasons why accidents happen, why some drivers violate
traffic regulations and how to safeguard against traffic
accidents, and they exchange safe-driving tips with one
another. The drivers are.also organized to observe traffic
management on the roads. Two purposes thereby are
fulfilled: traffic management is strengthened and drivers
are educated to the traffic system.

X. CONCLUSION

China is a socialist country as well as a developing
country. The country's political and economic systems
have proved to be an advantage in undertaking comprehen-
sive traffic management. But as the country is not yet rich,
many difficulties need to be overcome. The determination
and confidence are there to realize the aim of rapid
modernization of urban transport. The various programmes
that have been developed in recent years to improve the
management of road traffic in Shanghai offer a vivid
example of this resolve.

Factories and enterprises are relied on to organize
bicycle riders, set up safety groups and safety education
courses, and check bicycles to ensure their safe operation.
At the same time, traffic regulations have been included
in the rules to be adhered to by workers in factories and
enterprises. By consulting personnel records, factory and
enterprise managers can thus readily determine whether
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AREA LICENSING SCHEME IN SINGAPORE*

INTRODUCTION Singapore's development. The second was a mass transit
study which involved a more detailed examination of
Singapore's public transport requirements in order to select
a mass transit system. Both studies, carried out by dif-
ferent consultants, independently reached the conclusion
that restraints on both car ownership and car usage 'would
be necessary before 1992. This implied that radical changes
would be required both in terms of the policies of the
Government and in terms of the attitudes of individuals
towards car ownership and usage. Attitudes would have to
be re-orientated towards a more wide-spread use of public
transportation.

The Republic of Singapore comprises the main island
of Singapore and some 54 small islands within its territorial
waters. It is situated a little over 150 kilometres north of
the equator at the tip of Peninsular Malaysia. The main
island is diamond-shaped, measuring 42 kilometres from
east to west at its broadest and 22 kilometres from north
to south, with an area of about 584 square kilometres. The
urban area of Singapore is located along the southern coast
of this island, and the city is located at the southern tip.
Scattered development follows roads leading to the north
on either side of the water catchment area located in the
central part-of the island. The population of Singapore was
estimated at about. 2.4 million in June 1980. The city itself
holds an estimated population of 175,000. An estimated
235,000 jobs are located within the city. Singapore's
strategic position in South-East Asia has given it considera-
ble economic importance. Its port is the third busiest in
the world.

At the end of June 1980, 354,229 motor vehicles
were registered in Singapore. Of these, 149,757 were cars,
representing a ratio of one car to 16 persons. Of the
remainder, 2,993 were public service buses, 72,440 were
goods vehicles, 9,103 were taxis and 112,811 were motor-
cycles or scooters. From 1962 to 1973 the average annual
growth rate of cars had been 8.8 per cent per annum. In
more recent years.. government efforts to limit the growth
of ownership of cars has stabilized the car population at
about 150,000 cars.

In common with most other large cities, traffic
problems in Singapore have become progressively more
acute as the city has prospered. Although the road network
has been continually expanded and improved upon, it has
become more and more apparent that building roads alone
would not suffice. An effective solution to the transporta-
tion problem will not be found until a comprehensive set of
policies are formulated on land use and transportation
development, and until proper assessment is made of the
relative roles of private and public transportation.

During the period 1967 to 1974, two major trans-
portation studies were carried out in Singapore. The first
was a comprehensive land use and transportation study
with the objective of preparing long-range plans to guide

I. DEVELOPMENT OF THE AREA
LICENSING SCHEME

In late 1973, the Singapore Government set up a high
level, inter-ministerial Road Transport Action Committee
to co-ordinate transport planning measures and formulate
future policies. The Committee was supported by techni-
cal-level staff in the Public Works Department of the
Ministry of National Development. Early in 1974 the Com-
mittee considered the problems caused by growing traffic
congestion in the central area, particularly during the
morning and evening peak hours. The. Committee con-
cluded that, following the recommendations of earlier
studies, it would be appropriate to introduce restraints on
the use of cars in the central area as soon as possible. The
technical staff were, therefore, instructed to carry out a
review of the methods available for achieving this goal.

In the development of the restraint measures, the
Singapore Government decided that the following factors
should be taken into account:

(i) Accessibility to and mobility within the central
area is of paramount importance to the area's economic life
and vitality. Thus, any control measures undertaken should
minimize the number of people discouraged from entering
the area either as commuters, shoppers, or businessmen.
The widespread use of cars, particularly by people com-
muting to and from work, would however be discouraged.

(ii) It is only necessary to introduce measures aimed
at discouraging the use of cars at specific times and in
designated areas where congestion is heaviest. The mobility
offered by cars need not be hampered unnecessarily in areas
where and at times when traffic congestion does not exist.

(iii) The method of control to be selected should be
easy to implement from an administrative point of view and
easy to enforce.

.By Joseph Yee, Senior Executive Engineer, Public Works
Department, Singapore.
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(iv) Efficient, reliable, and attractive alternatives
should be provided to commuters who are discouraged
from driving into the city. As this will be an alternative
mode of transport aimed at car owners, it should provide a
better level of service in terms of frequency and comfort
than that normally available to bus commuters. The
diverted car owners can and should pay a higher fare for the
better service provided.

during the designated period of restriction. This requires
the careful specification of certain key variables.

A. The Restricted Zone

In delineating the boundary of the Restricted Zone
the following considerations were taken into account:

(i) The Zone should include all problem areas within
the Central Area, i.e. the areas of traffic conges-
tion where poor levels of service for private and
public transport prevail during the peak periods.

Various traffic limitation measures were examined by
the Road Transport Action Committee. Fiscal measures
involving increases in import duties on cars, registration
fees, and taxes on petrol had already been stringently
applied to control car ownership. It was recognized that
they were not appropriate for regulating car travel at con-
gested times and in congested areas. Instead, in the specific
context of congestion, four measures were singled out for
closer examination. They were vehicle metering, toll roads,
parking fees, and area licensing.

(ii) The Zone should have as few entry points as
possible so that policing can be kept to a mini:.
mum.

(iii) By-pass routes should be available so that traffic
not wishing to enter the Zone may easily avoid
it.

Vehicle metering was subsequently ruled out as it was
judged that the technical difficulties of mass production of
meters and the problems of dealing with meters that were
faulty or had been tampered with still remained to be
resolved. Toll roads were considered difficult to implement
in Singapore as high-capacity toll stations could not be built
within the limited space available along the major approach
routes into the central area. Moreover, it was judged that
the toll stations themselves would take up scarce urban land
and make a significant contribution to the congestion they
were intended to reduce. Increased parking charges were
considered a practical method of reducing car travel in the
central area. The fees would be easy to collect and parking
could be regulated and priced to penalize long-term parkers
and favour short-term users, such as shoppers and people
transacting business. This measure, however, was thought
to suffer from the inability to discourage unnecessary
through traffic and travel by chauffeur-driven cars, both of
which are prevalent in Singapore. A fourth option, which
would overcome these deficiencies, was area licensing. This
would entail payment of an extra fee for the use of cars in
the central area, whether parked there or not.

(iv) The extent of the Zone should be relatively small
to minimise administrative problems.

It was decided that the Restricted Zone should
include the whole of the central business district and a
narrow commercial area along the Orchard Road Corridor,
northwest of the central business district. The Zone covers
an area of 620 hectares. It has 29 entry points around the
periphery which need to be policed during the hours of
restriction.

B. Hours of restriction

The Road Transport Action Committee examined the
alternatives of applying restrictions over the whole working
day or for only part of it. Restrictions over the full work-
ing day were considered undesirable in that people transact-
ing business or shopping in the city would be affected to
the same extent as work commuters. This could produce
adverse effects on the economic life of the city with an
accompanying loss of vitality for urban affairs.

Of the measures of restraint examined, increased
parking fees and area licensing were chosen as particularly
appropriate for Singapore. It was felt that this combination
would be adequate to deal with both traffic going to
destinations in the central area and through traffic.

Seeing that the main aim of the restriction was to
reduce peak hour congestion, the main target of the res-
traints were work commuters who travel by car during peak
hours. It was decided, therefore, that initially the hours of
restriction would only be from 7.30 a.m. to 9.30 a.m. The
period was subsequently extended to 10.15 a.m. It was felt
that the morning restraints would also result in a reduction
in evening peak hour traffic. By keeping the hours of res-
triction short, there was a possible added advantage of
spreading peak hour travel through an induced staggering
of travel times and work hours.

ll. mE AREA LICENSING SCHEME

The Area Licensing Scheme requires that a special
supplementary licence must be obtained and displayed by
motorists who wish to enter a designated restricted zone
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C. 

The licence fee lessens criticisms that the Scheme favours wealthy mo-
torists and discriminates against less well-off motorists. Car
pools also reduce the burden on public transport.

E. Parking restraints

As Singapore was the first city in the world to
introduce an area licensing scheme of this type, there was
no previous experience to guide it in setting the licence fee.
It was therefore necessary to set the fee by judgement.

The licence fee was arbitrarily set at $S 60.- a month
of $S 3.- a day initially ($US 25 and $US 1.25, respec-
tively). These rates were subsequently raised. Licence fees
for taxis were originally the same as those for private cars
but were subsequently reduced.

Monthly and daily licences were issued from the
office of the Registrar of Vehicles and 16 selected post
offices while daily licences could be purchased from 13
kerb side sale booths which were set up along major ap-
proach routes into the Restricted Zone.

At the time of planning the Area Licensing Scheme,
there were approximately 13,800 parking spaces within the
Restricted Zone with just over 60 per cent of them pri-
vately owned and operated. Parking fees were generally
$S 0.40 per hour ($OS 0.17). Monthly rates varied
between $S 40.- ($OS 17) and $S 60.- ($OS 25).

As mentioned earlier, parking charges within the
Restricted Zone were coupled with area licence fees as two
parts of a single restraint package. For the purpose of the
increase in parking charges within the Restricted Zone, the
Zone was divided into a Core area and the remaining area
of the Restricted Zone, with the Core area designated to
include the most built-up and congested parts of the central
business district.

D. 

Categories of vehicles and enforcement

The restriction applies to cars, taxis and stationwagons 
and all passenger-carrymg vehicles with a registered

seatmg capacity of 11 persons or less.

The restriction only applies to motorists who drive
mto the Restricted Zone during the hours of restriction.
Once mside the Restriction Zone, they are free to drive
withm or to leave the Restricted Zone. Residents within
the Restricted Zone are also free to drive withm or to leave
the Zone.

MontWy parking fees were increased by $8 20.- per
space for car parks within the Core of the Restricted Zone
and $8 10.- per space for car parks within the remainder of
the Restricted Zone. MontWy parking fees, therefore, vary
between $8 50.- ($U8 20) and $8 80.- ($U8 33).

Parking regulations had to be amended to require that
all privately-owned car parks be licensed.

In order to influence owners of private car parks to
raise their parking fees, a surcharge on the car park licence
fees of $8 20.- and $8 10.- per lot per month was
imposed on all private car parks within the Core area and
the remainder of the Restricted Zone respectively.

Prominent signs mounted on overhead gantries are
erected at all the 28 entry points. The words "In Opera-
tion" in neon lights and two amber lights on the overhead
signs are turned on during the hours of restriction. This is
to ensure that motorists are aware of the time when the
restrictions are in force.

Hourly parking fees were also increased and escalating
rates were introduced for short-term parking.

Within the Core of the Restricted Zone the rates
were: first hour -$S 0.50 ($US 0.20); second hour -
$S 1.00 ($US 0.40); each subsequent half hour -$S 1.00
($US 0.40). For the remainder of the Restricted Zone, the
rates were: rust hour -$S 0.50 ($US 0.20); each sub-
sequent half hour -$S 0.50 ($US 0.20).

From February 1980, parking coupons were intro-
duced for use in public surface car-parks to reduce the man-
power requirements for parking administration. A flat rate
of $S 0.40 per half hour had been introduced for surface
parking within the Restricted Zone. Escalating rates, how-
ever, are retained in private car parks.

The restricted categories of vehicles have to display
the Area Licence on the top left hand corner of the front
windscreen. Vehicles are not stopped by the duty police
officers for inspection. Police officers manning the entry
points record the vehicle registration numbers of offenders
and summonses are subsequently sent to the owners of the
vehicles. The offence can be compounded on payment of
a $S 50.- fee.

The restrictions do not apply to buses or goods
vehicles in order to favour public transport and maintain
commercial activity. Motorcycles, emergency service
vehicles and police and military vehicles are also exempted.

In order to encourage better use of cars, vehicles
carrying four or more persons are also exempted. Such
exemption was justified on the grounds that high-
occupancy vehicles use road space effectively. It also

III. mE PARK-AND-RIDE SCHEME

Because of the short time period for the implementa-
tion of the restraint measures, it was considered unrealistic
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to expect significant increases in the capacity of prevailing
bus services to cope with the expected increase in bus travel
demands arising from motorists being diverted from their
cars. The only reasonable alternative that was considered
feasible for early implementation was the provision of
parking spaces close to the Central Area from where shuttle
bus services would transport the motorists into the Res-
tricted Zone. Only a small bus fleet would be required as
the shuttle bus service would operate over short routes.

quality were also carried out at selected stations. Observa-
tions were made of traffic in and around the Restricted
Zone and particularly along major by-pass routes.

Research staff from the World Bank faced a rare
opportunity when they were given more than a year's
notice of the introduction of Singapore's Area Licence
Scheme. They were therefore able, with the co-operation
of the Government of Singapore and with support from the
United Nations Environment Programme, the US Environ-
mental Protection Agency, and the US Department of
Transportation, to design and carry out both an extensive
programme of data collection before the scheme went into
effect and a follow-up programme once the scheme was in
operation. This made before-and-after comparisons possi-
ble on many different impacts of the scheme, including the
effects on travel behaviour, traffic performance, business
activity, the environment, and public opinion. Some of the
major fmdings were as follows.

Full advantage had to be taken of all available parking
spaces or available land on which parking lots could be
quickly built.

Ten sites were selected, within which 7,700 parking
spaces were constructed. In addition, 2,400 parking spaces
in existing car parks around the periphery of the Restricted
Zone were converted for use in the Park-and-Ride Scheme.

Parking fees were set at $8 10.00 ($U8 4.00) per
month or $8 0.50 $U8 0.20) per entry.

A fleet of 90 medium-size buses was used to serve
11 bus routes linking the fringe car parks with major des-
tinations within the Restricted Zone.

The buses were initially licensed to carry only seated
passengers and to stop at a limited number of request stops.
This was to ensure that the service provided was both com-
fortable and speedy.

Fares were fiXed at $S 0.50 ($US 0.20) per trip of
$S 20.00 ($US 8.00) per month.

The services were run by two private operators.

IV. IMPLEMENTAnON AND MONITORING

Increased parking fees and the park-and-ride services
were implemented in May 1975. These were followed by
the implementation of the Area Licensing Scheme in June
1975.

The earlier implementation of the park-aDd-ride
service was intended to allow motorists to familiarise them-
selves with the available services before the imposition of
the additional restraints through the Area Licensing
Scheme.

Public reactions to the restraints were closely moni-
tored by the Public Works Department.

Extensive "before" and "after" traffic counts and
counts of car pools were carried out. Statistics were com-
piled on the issue of Area Licences, infringements of the
Area Licensing Scheme, ridership on the shuttle bus services
and usage of the fringe car parks. Measurements of air

A. Impact on traffic

When the Area Licensing Scheme was implemented in
June 1975, the immediate impact was a very dramatic
decrease in the number of motor vehicles entering the Res-
tricted Zone during the hours of restriction. The decrease
for all types of vehicles was 45 per cent whereas the
number of cars decreased by 76 per cent.

The number of vehicles entering the Restricted Zone
immediately before and after the hours of restriction
showed an increase over the corresponding volumes before
implementation of the Area Licensing Scheme. While the
increase during the half hour preceding the restricted hours
did not cause any traffic congestion, the congestion result-
ing from the increase in traffic immediately after the hours
of restriction gave cause for some concern. The hours of
restrictiort: were accordingly extended in 1975 to cover the
period 7.30 am to 10.15 am. This achieved the desired
result of reduced traffic congestion immediately following
the lifting of the restrictions.

One of the reasons for the dramatic decline in the
number of cars entering the Restricted Zone during the
hours of restriction was the diversion of cross-town traffic
to routes which by-pass the Restricted Zone. Initially,
parts of the Inner Ring Road, which was a major by-pass
route, experienced severe traffic congestion. Adjustments
were made in traffic signals to favour the Ring Road traffic
and improvements were also initiated on other by-pass
routes. Some congestion continued to prevail on parts of
the Inner Ring Road, but the level of congestion was
reduced and was generally of short duration.

Traffic conditions within the Central Business District
for the remainder of the working day remain satisfactory
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until the evening peak period. As there are no restrictions The impact of the Scheme on journeys to and from
on vehicular movements during evening peak hours, cross- work by members of vehicle-owning households are as
town traffic again traverses the Central Business District follows:
aggravating traffic conditions in the area. The overall
reduction in the volume of vehicles leaving the Restricted (i) Work trips into Restricted Zone
Zone during the evening peak period is small by comparison Th b f t . b fi 11 f 56 t.-e num er 0 nps y car e rom 0

with the dramatic decline during the mornmg peak hours.
46 tf d . f h R . d per cen .

Traffic congestion can be oun m parts 0 t e estncte
Zone, but the duration of congestion is generally shorter 0;- The number of trips by bus increased from
than that prevailing before the Area Licensing Scheme was "__I 33 to 46 per cent.

implemented.
-The proportion of car trips made in car

pools rose from 8 to 19 per cent.
B. Issue of licences

-The proportion of car driver trips starting
When the Area Licensing Scheme was first introduced before 7.30 a.m. increased from 28 to 42

in June 1975, an average of 5,100 vehicles were licensed to per cent.
enter the Restricted Zone. The number of licensed vehicles
then increased steadily to 7,450 in December 1975. (ii) Trips home from work in the Restricted Zone

From 31 December 1975, the licence fee for private -.-The number of trips by car fell from 53 to
Fl!:£cars was raised from $S 3.00 to $S 4.00 per day and from 43 per cent.

$S 60.00 to $S 80.00 per month. Company registered cars Th b f . b b . d f.-e num er 0 tnps y us mcrease rom

were requIred to pay fees of $S 8.00 per day or $S 160.00 36 48
per month. The immediate effect was a substantial reduc- to per cent.

tion in the number of licences issued. A further increase in ,- The proportion of car trips made in car
the licence fees for cars was introduced on 1 March 1980. pools rose from 5 to 12 per cent.
The licence fee for private cars was raised to $S 5.00 per
day or $S 100.00 per month. Company registered cars are (iii) Trans-Restricted Zone work trips
required to pay fees of $S 10.00 per day or $S 200.00 per
month. -The number of trips by car fell from 52.5 to

50 per cent.
Licence fees for taxis were originally the same as

those for private cars, but were subsequently reduced to ,"~ The number of trips by bus increased from
$S 40.00 per month or $S 2.00 per day. 31.5 to 40 per cent.

-The proportion of car trips made in car
C. Car pools pools rose from 5 to 14 per cent.

Because of the exemption given to car pools (defined -The proportion of car trips starting before
as cars carrying four or more persons) about 50 per cent of 7.30 a.m. increased from 50 to 60 per cent.
the number of cars entering the Restricted Zone during the Th b f . hi hh f t . t. 1 Thi fl t th high -e num er 0 car tnps w c were routedours 0 res nc Ion are car poo s. s re ec s e

til . t . f t . th R t . t d Z d . th around the Restricted Zone rose from 12 to
u lsa Ion 0 cars en enng e es nc e one unng e

34h f ..per cent.ours 0 restnctlon.

The overall impact on travel behaviour has therefore
D. Travel behaviour been:

The traffic restraint scheme has its greatest impact on (i) A diversion of travel by car to travel by bus,
the travel behaviour of members of vehicle-owning house- ( .' ) A .. 1. 111 n mcrease m trave m car poo s
holds. Its lmpact on non-vehlcle-ownmg households IS '

negligible. Furthennore, seeing that th~ hours of restriction (iii) A shift to earlier starting times,
are short and are confmed to mornmg peak hours, the
impact of the Scheme is most pronounced on journeys to (iv) A reduction of trans-Restricted Zone travel
work. through the Restricted Zone itself.
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E. Vehicle speeds Others were leased for night garaging of buses, lorries,
mobile cranes, etc. One car park was converted into a used-
car sale centre. The park-and-ride service continued to be
provided, but on a much more limited scale.

One of the benefits from the Area Licensing Scheme
is an increase in vehicle speeds resulting from reduced
congestion. Speed measurements indicate that along roads
within the Restricted Zone during the hours of restriction,
speeds increased by about 20 per cent to 33 km per hour.
Speeds on inbound radial roads increased by about 10 per
cent to 32 kIn per hour. Speeds on outbound radials
remained unchanged at 35 km per hour and speeds on the
ring roads fell by about 20 per cent to 20 km per hour.

V. CONCLUSIONS

The Area Licensing Scheme has proven to be an effec-
tive measure for reducing the use of private cars and
increasing the use of public transport within the Restricted
Zone. The Scheme has achieved the objective of reducing
traffic congestion for the greater part of the day.

F. Parking Apart from the dramatic decline in the number of
cars making entry into the Restricted Zone, a large propor-
tion of the cars which enter carry four or more persons.
The Scheme has also induced a stagger of the times of travel
and work hours.

The Area Licensing Scheme and the increase in park-
ing fees have resulted in short-term parking space being
more easily available within the Restricted Zone. Although
the parking fee has been raised, the increase is insignificant
for short-term parking and will only begin to be felt for
longer parking periods. Most shoppers and people on
business have thus benefitted from the easy availability of
parking space.

Traffic conditions have improved considerably during
morning peak hours and remain satisfactory for much of
the working day. The impact of the scheme on evening
peak hour traffic was initially slight, due mainly to the
continued routing of cross-town traffic through the Res-
tricted Zone. This problem was subsequently solved by
improving alternative cross-town routes.

G. Pedestrian conditions

Time-lapse photography studies were carried out at
selected road intersections at different times of the day
before and after the Area Licensing Scheme was imple-
mented. These studies show that pedestrian delays may
have decreased during the restricted hours. Reduced traffic
volumes, however, seem to have resulted in less pressure
and more leisurely crossing behaviour. There was a signifi-
cant decrease in the proportion of pedestrians who had to
take evasive action to avoid being hit by a vehicle.

The Area Licensing Scheme is easy to administer and
has sufficient flexibility for it to be modified from time to
time to meet changing requirements and longer-term goals
of containment of the traffic problem. Singapore's trans-
portation planners and decision-makers have been shown to
be justified in taking the bold step of implementing the
world's first road pricing scheme. A pertinent and interest-
ing question that arises from this experience is whether the
scheme introduced by Singapore can be applied elsewhere.
Our view is that in any city a variety of considerations must
be taken into account in deciding whether area road pricing
would help attain the desired objectives. If pricing is to be
used, the price, the method of collection, the area to be
restricted, the types of vehicles to be included, the times
of operation, the other particulars have to be specifically
chosen for the city in question. The Singapore experience
demonstrates that, under certain conditions, pricing can be
used effectively to reduce congestion in specific areas at
specific times. Area road pricing must henceforth be
recognised as a valid tool of traffic management and must
thus be considered for inclusion in any set of measures
aimed at solving urban transport problems.

H. The Park-aDd-Ride Scheme

The Park-and-Ride service proved to be most un-
popular from the onset. Contrary to earlier belief, the main
aversion of car commuters was to the regular bus
services rather than to the shuttle buses. In order to ensure
the survival of the companies operating the shuttle bus
services, the routes were extended beyond the fringe car
parks to nearby residential areas. The buses are now very
well patronised and carry crush loads during peak hours.

Alternative uses had to be found for some of the
fringe car parks. Some were reverted to their previous uses.
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ROLE OF THE PRIVATE SECTOR IN TOURISM DEVELOPMENT
IN THE PACIFIC ISLAND COUNTRIES*

Each state must weigh for itself the benefits of meters for their utilisation. This procedure would afford
tourism in terms of potential revenue generation, employ- Governments the opportunity to influence the geographic
ment and economic support of improved infrastructure and hence cultural impact of development whilst greatly
versus the likely impact of foreign influence on its indivi- reducing the time element between the investors'decisions
dual cultural environment. to proceed and the actual implementation of projects. The I

latter aspect is important because there are usually many
Those States which. deci~e t.o e~courage tourism competing uses for investment funds, and the probability

development m~st establIsh obJe.ct~ves m .terms of the of long delays between the expressed intention to invest
number of tounsts they may r~alIsti.cally wish to at!ract, and its negotiated reality must result in some funds being
and from where, and the form m which they would like to diverted to other areas where these funds will become
encourage the development of the requisite infrastructure. d t.. h t t. pro uc ive mas or er ime span.
They may, for example, prefer to see 'enclave'-type devel-
opment with essentially self-sufficient tourist resorts In any event, a number of elements must be provided
established apart from their existing local communities, or before the arrival of tourists in any significant number can
they may opt for hotel development in the midst of major become a reality. The basic tourist product must contain:
population centres, or perhaps they may wish to achieve a ..
combination of these types of development. -Adequate transportation capacity between the

"host" country and source markets;
From these objectives a plan or strategy for tourist .."" .

development may be prepared which will enable the -Transpor~ within the host country or design-
Government to co-ordinate and influence the direction of ated tounsm areas;

private sector inv~~vemen~ v:hilst using its good offices to -Adequate provision for accommodations, food
encourage and facilitate this mvolvement. and "recreational" activities;

.Priv~te sector. investme.nt, both. indigenous and -Co-ordinated marketing activity in the foreign
foreign, will be predicated on its perception of the oppor- market place to actually sell the product to
tunities for profitable development within the domestic potential tourists.
business environment. The establishment of this environ-
ment is very much influenced by Government's policies An important additional ingredient in this equation is the
and the procedures by which these policies are imple- establishment of a Government authority both to co-
mented. ordinate and encourage development of the tourist infra-

structure within the State and, of equal importance, to
Governments thus need to establish clear objectives as participate in the marketing of the "host" country facilities

to the range of private sector development they consider in the targetted overseas markets.
appropriate and, equally important, need to establish
strategies whereby achievement of these objectives will be The Pacific island countries have a unique historical
facilitated and encouraged. In this way Governments may and cultural inheritance; although there is plenty of work
provide a measure of protection for their cultural sensiti- to do in broadening and deepening it, the image of the
vities and at the same time minimise delays that may frus- Pacific is extremely good in general terms. Cook, Wallis,
trate potential private investors. Bourgainville, Gaugin, Stevenson, Maughan, Melville and

.f even Hollywood have created the legend of the tropical
For example, m are~s where access to land. for actory island paradise with exotic scenery, cultural contrasts,

or hotel resort usage might normally be subject to pro- warm-hearted friendly people good shopping and a long
tracted negotiations, Governments could establish in tourist season: '

advance a number of suitable sites and negotiate the para-
Tourism can have important ramifications for some

* Pacific island economies where relatively rapid economic,
Contributed by John W. Shipway, Route Marketing Manager . I It al d lit " al t .t.. t k. IS th W st P if.

d W Ai . Q A. L d P socia, cu ur an po iC ransi ion is a mg pace.ou e ac lC an est nca, antas lrways t. aper ...
originally presented at Pacific Islands Conference, Rarotonga, Cook Population mcreases are causmg a shortage of land and
Islands, August 1985. over-utilisation of limited economic resources. Agrarian
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village ecoI)omies are changing over to money-based formal guarantee of adequate airline capacity before com-
economies. The capital cities are growing too rapidly mitting to build, this is rarely forthcoming. Whilst airlines
because of migration from outlying centres or islands. have the flexibility to vary their capacity with market
And a lack of raw materials and the high cost of imports demand, the hotelier does not have this mobility. At the
hampers industrial development. end of the day he usually has to back his judgement with

little better than an airline assurance that if the market is
In the tourist, however, lie~ some of the solutions to there, the necessary capacity will be provided. As a further

these problems. ~e ~r she can stlInulate the ~ost economy paper on their role in the private sector is being presented
~r.ough t~e multiplier ef~ect whereby receipts from the by a representative from that industry I will concentrate on
Visitor recllculate back mto the general economy and the question of air services.
generate more employment and income. As tourism grows,
employment rises in supporting industries such as agricul- The Pacific islands which have already developed
ture, food processing, construction and maintenance of significant tourist markets tend to fmd that over 90 per
buildings and roads, in entertainment, restaurants, tour cent of their tourist bed nights are produced by interna-
operations, transportation and shops. These activities tional air arrivals.
provide the opportunity for indigenous private sector ...
participation in small and larger enterprises. Placed as they are geographically, the Paclflc islands

are dependent on international air services for the move-
Careful planning is required to ensure that local enter- ment of overseas passengers. Whilst the distances involved

preneurs are made aware of the increased demands and between some islands and major potential tourist markets
opportunities that the inflow of tourists will involve. As a are quite long, the numbers of passengers involved are not
simple example, the establishment of a 200 room hotel large by comparison to international movements between
adjacent to a smaller community might create a demand for larger population centres in other areas of the world. In
140 chickens per day. An early awareness of this need providing air services for the development of significant
would provide a useful business opportunity for the local tourism from major markets to Pacific islands, this poses
community, whereas a failure to anticipate this need would quite a complex problem, particularly if we accept the
probably result in an increase in prices in the local market following criteria:
as increased demand strained the traditional level of supply. ..
This could prompt some resentment towards tourists on the -The need for all serVices to be ,ope.rated on a ~ro-
part of the local inhabitants. fitable base; the need for Paclflc islands destma-

tions to be priced competitively with other
Properly managed, tourism can be a major source of holiday destinations with which they will com-

foreign exchange; however, it is also an industry which pete in the major markets;
requires investment, and part of that investment will
require expenditure of foreign exchange for items such as -The need for air services capacity to be matched
coaches, cars, boats, etc., as well as some foodstuffs and with accommodation and other facilities at the
beverages that may need to be imported for tourist con- destination. Air services alone do not automa-
sumption. To enable indigenous persons or companies to tically produce tourists, they are but one
become involved with such investment activity in tourist ingredient of the product mix which must be
support services, it may be necessary to provide them with marketed as a co-ordinated effort to produce
access to loan funds at reasonable interest rates. Given the tourists.

prevailing constraints in this regard, joint ventures with -Many of the island States have limited potential
offshore parties who can provide expertise and investment to establish substantial traffic flows and for some
funds may be useful in this development phase. the establishment of their own national carriers

Other areas of major private sector involvement are in serving international routes on a viable basis must
the provision of hotels/resorts and airline services, two be very much in doubt. It is important, however,
activities which to a large extent depend on one another. to re.cognise that the international airline indus-
Airlines cannot bring in tourists if there is no accommoda- try is not a free market, so the usual free
tion for them, and hotels/resorts will remain empty without enterp~ise rules d.o not apply. ~tate~ retain
airlines to transport the tourists. sovereignty over alr routes and semces 10 order

to protect their national interests. They control
The debate over which should come first, the hotel or which airlines may set down and pick up passen-

the air service, has become rather like the chicken and egg gers and cargo in their State by trading air service
debate. Whilst a potential investor in a hotel at a new, agreements with other States. These agreements
undeveloped destination would dearly prefer to have a between nations are fundamentally based on the
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principle of fair and equal opportunity and
essentially they are no different from trade
agreements.

extended to the point where, if one of the two carriers does
not have an aircraft suitable for the particular route, it has
leased seats on the aircraft of the other carrier. This is a
significant development not only in terms of mutual co-
operation but perhaps in terms of a maturing approach in
the airline industry, which is beginning to acknowledge that
the efficient provision of capacity to meet the public need
takes precedence over the logo which may be painted on
the outside of the aircraft.

A State's traffic rights are a valuable national asset,
the value of which tends to vary according to the level of
actual and potential traffic flows. A State with limited
potential traffic which grants flights between the same two
points to a number of carriers might simply ensure that no
individual carrier is able to provide viable services; alterna-
tively, the State which grants sole use of its rights to one
carrier over a long period, say 10 to 15 years, without
provision for any interim review may find itself without the
necessary flexibility to adjust its air services to meet chang-
ing conditions.

Acknowledging the difficulty of mounting viable air
services between many points in the Pacific Islands there is
perhaps a need to encourage national and designated car-
riers to direct their focus beyond short-term gains and
concentrate more on longer-term development with due
regard of the legitimate aspirations of their regional neigh-
boUTs.

In the south-west Pacific there has been a tendency
for States to exchange traffic rights with each other with
the provision that the designated carrier of each State
should have an entitlement to 50 per cent of the capacity
to be operated, with the level of the total capacity being
related to the projected traffic flow. Given the less sub-
stantial traffic flows often involved, this system can provide
the stability necessary for the operation of viable air
services.

Consider the position where two countries exchange
air services on the above basis, one State being represented
by its national carrier which is a large international airline
and the other by its national carrier which is relatively
smaller regional airline. As the level of capacity, or seats
flown on the route, is the same for each airline and the
total is controlled proportionately to the size of the
market, the large airline cannot submerge the smaller airline
by fIying excessive capacity.

This means in effect that in so far as that particular
route is concerned the two airlines can compete as equals
with dignity and mutual respect. It also means that if the
two airlines focus on the longer term, they can recognise
that they have a mutual objective to increase the total num-
ber of tourists travelling and may co-ordinate their activities
and resources towards this end. In this way the objectives
of both the airline and nation tend to coincide for the
mutual benefit of all parties.

In some instances this is precisely what has developed,
and this recognition of the longer-term mutual benefits has

In instances where neither of the two national carriers

concerned has an aircraft suitable for a particular operation,

arrangements have on occasion been made for a third

carrier to operate services on their behalf for an interim

period. Of importance in this sort of arrangement is the

need to establish a reasonable time frame which firstly

permits the operating carrier some degree of tenure in order

to plan his aircraft fleet usage, say two to three years, and

secondly does not inhibit the national carriers or States

from varying their arrangements to meet changing circum-

stances. Perhaps this is part of an emerging Pacific way.

Before considering whether these arrangements might

be expanded into a larger network of regional co-operation

it is probably useful to empnasise that the essential ingre-

dient for their success is the merging of national and

national-carrier objectives into a mutual objective by

ensuring that (a) the two national carriers each have an

entitlement to an equal share of the capacity between their

two countries and (b) that the level of capacity is con.

trolled in proportion to the market need whether by

mutual airline agreement or government sanction if need be.

Thus, if we consider carrier A to be the national

carrier of one of the major markets, then carrier A may be

separately involved with several Pacific island carriers, in

each case sharing a common interest between their respec-

tive countries. The level of traffic between any two

countries will obviously determine the level of viable air

services. In some cases there will be sufficient traffic to

warrant services by both carriers either with their own

individual equipment or by seat lease arrangement with one

carrier's aircraft. In other instances there may be sufficient

for only one carrier and the other may prefer to abstain

from operating until such time as the traffic level develops

to a level that will support additional capacity. In other

cases there may not be sufficient traffic to support direct

services between two countries, one of which is a major

market. However, pending further development of the

traffic an interim solution might be for the island State to

establish a similar arrangement with a neighbour who does

have direct service to the major market, thus using the

neighbouring country as a gateway.

If we accept that Australia, Canada, Japan, New

Zealand and the United States of America will continue to~
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be the major tourist generating countries for the area, it is
natural to expect that many Pacific island countries, whilst
having traffic flows which justify direct services to one or
more of these major markets, will require gateway access
via an intermediate point to other major markets with cur-
rently lower traffic flows.

element, the tour wholesaler based in the targetted source
markets.

In the process of establishing marketing strategies, the
Government Tourist Commission will have devised plans to
promote the destination or product. This will involve pre-
parations of a complete documented handbook on all
accommodation, attractions, cultural activities, transporta-
tion facilities, services provided, etc.: a tourism guide to the
destinations and preparation of brochures and posters for
use overseas. Wholesalers need to be brought to the des-
tination with the co-operation of the airlines, hoteliers and
tour operators, etc. Wholesalers will negotiate rates andprepare 

package holidays for sale in the source market.This 
will then be followed by promotion and marketing inthe 

source markets by all parties.

Were it possible for many of the countries and
carriers involved to develop a number of such arrangements
where they could identify a mutual interest with another
country and national carrier, then these bipartite arrange-
ments might form the links of a strong developing Pacific
island network with the flexibility to expand and develop
in line with the national objectives of the individual coun-
tries. Whilst it would form the basis of strong regional co-
operation, its strength would be based on the fact that it
would depend on establishing a series of individual links
based on mutual objectives between two parties rather than
seeking a compromise between the objectives and aspira-
tions of four or five parties. Furthermore, it would not
depend on the participation of all countries to be effective.
Two countries could come to this arrangement with each
other where both recognized the mutual benefit but neither
would be inhibited in concluding differing arrangements
with a third country that was not prepared to enter into
such an arrangement.

Marketing is a critical element of the whole exercise,
and it is important to remember that these products will be
competing against a wide range of other tourist products
featuring other destinations and areas in markets where
price is a significant competitive factor.

As in any other business, the level of international
visitor traffic in the tourism industry is a reflection of the
size of the investment. Recent P .A. T .A. figures show
spending by national tourist organisations of south Pacific
countries, including Australia, of just over $US 12 million
in 1982. By comparison Singapore and Thailand spend a
total of more than $US 28 million and Hong Kong $US 14
million.

To be successful this concept would require close co-
operation between Governments and the airlines. The
established national carriers would need to actively acknow-
ledge the legitimate aims of developing regional carriers to
take up their national entitlements, and regional carriers
would need to be prepared to find common ground with
each other. Governments would need to support this
process and be prepared to direct their policies towards
stable capacity growth.

Another and critical function involving both govern-
ment and private sector participation is the packaging and
marketing of the product. The airline services, hotels/
resorts, tour operators, etc., provide the product for the
tourist, and this product must be promoted and marketed
in the source markets if tourists are to be found to buy
these products. This involves all the parties: the Govern-
ment Tourism Commission, the hoteliers, the tour opera-
tors and others providing facilities at the destination, and
the airlines. Also, it introduces a further private sector

However, distance also plays its part in determining
traffic flows, and south Pacific destinations are long-haul
destinations to major northern markets. There is perhaps a
case for Pacific island countries to co-operate in promoting
a greater awareness of Pacific islands in their major markets
whilst still individually emphasising their own individual
attractions.

The tourist industry is showing healthy growth and
this growth is being reflected in Pacific island tourist
arrivals. There is potential to attract further private sector
participation for development of tourism to Pacific island
countries. This potential can be realized where govern-
ments commit themselves to encourage the tourist industry
and follow through by establishing their objectives and
facilitating private sector development.
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SEMINAR-CUM-STUDY TOUR ON TOLL ROADS:
MAIN FINDINGS AND CONCLUSIONS*

I. ORGANIZATION OF THE SEMINAR (xvi) Traffic control and operation

(xvii) The "closed" toll system

(xviii) The "open" toll system

(xix) Use of magnetic cards

II. ASPECTS OF TOLL ROADS IN
DEVELOPING ESCAP COUNTRIES

1. Toll road schemes

In China, tolls were formerly charged on only a few
bridges and on certain other facilities on highways. How-
ever, three or four expressways are presently being built
with a toll system.

The Construction Corp;oration in Burma is attaching
increased importance to the building of roads and bridges.
These projects require large investments and hence are
being constructed with a toll system on bridges. In 1967,
there were 5 toll bridges, but at present there are 18 major
bridges on which tolls are collected.

The Seminar-cum-Study Tour on Toll Roads was held
at Paris, Lyon and Nice, France, from 30 September to 11
October 1985. It was jointly organized by ESCAP and the
French Government through the Agence pour la Co-
operation Technique Industrielle et Economique (ACTIM).

The seminar was attended by participants from the
following developing ESCAP countries: Burma, China,
India, Indonesia, Malaysia, Philippines, Republic of Korea,
Sri Lanka and Thailand. Representatives and resource
persons from TRANSROUTE Group, the French Associa-
tion of Toll Motorways, their joint engineering subsidiary
SCETAUROUTE, and the Caisse des Depots et Consigna-
tions, Ministry of Urban Development, Housing and Trans-
port, also participated in the meeting.

The seminar discussed the following topics concern-
ing toll roads:

(i) Review of tollroads in the ESCAP region

(ii) Country reports by participants

(iii) Organization of the French toll motorway system In India, restricted resources have hampered road
development and a scheme has therefore been developed
for mobilizing additional resources through levying tolls on
newly constructed bridges on national highways. This
scheme has been in operation since 1976, subject to certain
conditions pertaining to a ceiling on structure cost and a
time limitation on the levying of tolls. Some State Govern-
ments also levy tolls on certain bridges. Private entre-
preneurs may also fInance and build highways as an
alternate facility and collect toll thereon.

(iv) Construction aspects of the Bayonne Motorway
by-pass

(v) Planning and design

(vi) Earthworks and pavements

(vii) Large earthworks construction sites

(viii) Site set-up for motorways widening

(ix) Flexible pavements In Indonesia, toll roads are owned by the Govern-
ment. The main requirement is that there should be alter-
native roads to the toll road.(x) Rigid pavements

(xi) Construction of bridges and tunnels
In Malaysia, the Malaysia Highway Authority is

empowered to impose and collect tolls along the new
expressway and on any federal roads constructed prior to
its establishment. However, these federal roads have to be
gazetted as toll roads before imposing toll.

(xii) Prefabricated prestressed concrete bridges

(xiii) Construction of other types of structures

(xiv) Maintenance
In Sri Lanka, tolls are levied under an ordinance

issued in 1897 covering all horses, elephants, oxen, unmo-
torized vehicles, motorized vehicles, foot passengers and
boats including ferries and those using canals. The Govern-
ment has the power to exempt any of these categories from

(xv) Organization and management

~ Derived from Report of the Seminar-cum-Study Tour on Toll

Roads, (ESCAP, Transport, Communications and Tourism Division,
October 1985).
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tolls. At present, most animal-drawn vehicles are exempt
from toll charges. So far, there is no expressway or high-
way in Sri Lanka on which tolls are collected. However,
the Government has planned to build a toll expressway
between Katunayake International Airport and the City of
Colombo. The legislation proposed in this regard will
entrust the management of the toll road to either a private-
sector organization under Government supervision or an
authority like the Greater Colombo Economic Commission.

new bridges, etc. are considered suitable for private sector
fmancing. The sources of funds should be from the private
sector's own resources and open-market borrowing.

Financipg of toll roads in Indonesia has been done
through Government purchases of toll-road company
equity shares, foreign loans, borrowing from local fmancial
institutions, and revenues earned from existing toll projects.

Sources for fmancing for toll road projects in Malay-
sia come from government grants, government loans and
commercial loans. In view of the financial constraints, the
whole fmancial aspect is being re-examined. In order to
reduce the financial burden of the Malaysian Highway
Authority and the Government, private sector fmancing is
considered to be a suitable option.

To relieve the Government's fmancial burden regard-
ing road development in the Philippines, the Toll Regula-
tory Board was created in 1977 to monitor and supervise
the operation, maintenance and further construction of toll
expressways. The private sector Will be relied on to provide
fmancing for construction of toll expressway projects, with
assurance of reasonable rates of return on investments
through toll revenues. The Board issues the investor with
what is known as a "Toll Operation Certificate" subject to
certain conditions specifying a certain period of toll collec-
tion, operation and maintenance.

Toll expressways in Thailand are financed by Govern-
ment funds and by foreign loans obtained through interna-
tional fmancial agencies.

3. Toll collection systems
In the Republic of Korea, all expressways are toll

roads, and toll rates of the expressway are determined by
the vehicle type and the distance travelled. The Highway
Corporation of the Republic of Korea is empowered with
the design, construction, supervision, maintenance and
operation of toll roads.

In China, the decision as to whether the toll road
system presently being considered should be a closed or
open one has yet to be decided. The issue is difficult to
resolve on account of the wide variety of vehicle traffic and
huge volume of passenger traffic.

In Burma, the rates of tolls collected on bridges are
different for vehicles on the basis of their tonnage.The expressway and Rapid Transit Authority of

Thailand (ETA) has been empowered to build and operate
toll expressways. Early completion of the first stage toll
expressway, which is behind schedule, and the building of
additional expressways have become a necessity in Bang-
kok. ETA is now implementing the second-stage express-
way and also preparing for the future development of the
toll road system to meet the increase of traffic. The
Department of Highways is also empowered to levy tolls
on any of its highways and may undertake highway and
expressway construction on a concessionary basis.

Toll collection in India varies on the basis of the cost
of a bridge, and different tolls are charged for two-wheelers,
motor cars, buses, trucks, mobile cranes, etc.

In Indonesia, the toll rate-setting rule is that the
vehicle operation cost plus the toll rate on the toll road
must be less than 70 per cent of the vehicle operation cost
on the alternative road. Both the open and closed toll
collection systems are applied in operating toll roads,
depending on profitability. To achieve reliable security in
toll collection, simple as well as sophisticated toll machines
have been used.

2. Financing of toll road projects

Toll collection is being introduced in China with the
object of recovering the investment on toll projects. The toll collection system adopted in Malaysia for the

new expressway is the closed type. The open toll system is
also being operated for the five existing toll highways. The
fare structure for toll collection varies with the nature of
vehicles and differs from region to region.

In Burma, bridges requiring a large investment are
financed under a toll scheme.

In India, bridges proposed for toll collection should
have an investment cost of more than $US 200,000, and
the toll is to be levied for a limited period and discon-
tinued as soon as the full capital cost of the bridge, includ-
ing the cost of toll collection and maintenance, is recovered.
In a new scheme announced for the private sector, selected
by-passes around big cities and towns, new expressways,

In Sri Lanka, tolls are collected at river crossings at
specified locations by toll keepers who are appointed by
the government agent of the Administrative District in
which the tolls are levied. Toll collection for the proposed
toll expressway is effected from booths at all entrances and
exits to the toll road. It is proposed to issue printed tickets
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to all motorists at the entrance to the expressway and to
collect toll charges when the motorists leave the toll road.

In the Philippines, toll collection is carried out for a
specific period, normally 30 years, and the operator desists
from collecting tolls after the expiry of this specified
period. The period is determined on the basis of sufficient
time to allow for recovery of investment, a certain return
on the investment, and maintenance and operating costs.
At the conclusion of the period the toll facility has to be
handed over to the Government, which may decide to
continue collecting tolls to cover maintenance and opera-
tion or declare the facility toll-free. The franchise granted
by the Toll Regulatory Board includes the right to collect
toll fees at such rates as may be fixed and/or authorized by
the Board.

ensure that the necessary equipment for the efficient
functioning of toll booths is installed.

In the Philippines, maintenance is considered a
challenge to engineering competence. A pavement-
evaluation technique has been developed which helps to
anticipate and plan for major pavement rehabilitation

projects.

For maintenance of expressways in the Republic of
Korea, four regional offices and 21 field-maintenance
offices have been established, each with responsibility for
the operation and maintenance of 50 to 70 km of express-
way. These offices renovate and rehabilitate road struc-
tures, operate and manage safety devices, carry out cleaning
and vegetation control and make periodic check-ups of road
structure and road facilities, etc.

In the Republic;... of Korea, all vehicles entering the
expressways, with certain exceptions, are required to pay
tolls. The toll covers the cost of constructions, main-
tenance, management, toll-charging operations, loss com-
pensation, interest on loans, etc. The principle for the
collection of tolls is that the toll should be less than the
benefit received by vehicle using the expressway. The
Korean Highway Corporation has adopted a closed toll
system as well as an open toll system. The closed system
collects tolls from every vehicle entering the toll road and
for precisely the distance travelled. The open system
collects tolls from only that traffic which uses the toll
portion of the road.

In Thailand, it is the ETA policy to keep the express-
way and all facilities, including drainage systems and
general cleanliness, in best condition at all times.

5. 

Traffic control systems

In most developing ESCAP countries road traffic is
heterogenous in character, including a mixture of slow-
moving vehicles like bicycles and animal-drawn carts and a
variety of modern, fast-moving vehicles. Traffic segregation
is generally not possible in view of restricted pavement
width, sub-standard surfacing specifications, etc.

Toll collection in Thailand is handled by the Toll
Collection Division of the Expressway Management
Department. The toll collection system is a stop-and-pay
one with a semi-automatically controlled operation at all
entrances. Toll fares with flat rates have been set up at 10,
20 and 30 baht ($US I = about 27 baht) for four-wheeled,
more than four-wheeled and more than 10-wheeled
vehicles, respectively.

4. 

Maintenance problems

In Indonesia, Malaysia and the Republic of Korea,
efforts are made to provide toll-road users with amenities
such as resting places, service stations, emergency tele-
phones, patrol systems, restaurants, information booths, car
and lorry parks, etc., as well as adequate lighting facilities
and advance warning signs to avoid accidents.

In the Republic of Korea, the Control Office is con-
stantly kept informed of the traffic conditions on the
roads, expresswaY$, etc.

In Thailand, the operation of the existing expressway
mostly concerns transurveillance, traffic control, accident
care, etc. Computer-controlled equipment is installed in
toll booths, which connect up to local processing units at
each toll plaza, which are in turn linked to the control pro-
cessing unit. Loop-type traffic detectors are installed at all
entrances. The traffic control system is equipped with
closed-circuit television, emergency telephones, traffic
signs, etc.

In Indonesia, toll road maintenance also includes
maintenance of all complementary facilities.

In Malaysia, toll-road maintenance work is contracted
out to the private sector. The Government only supervises
and inspects these activities. In future maintenance pro-
grammes, 15 depots will be installed along the toll express-
way at different locations.. Each depot will be responsible
for the interchanges, rest and service areas, and tunnel and
lighting facilities located along each stretch of the express-way.

6. Modernization trends

Sri Lanka intends to ensure efficient maintenance and
repair of toll road facilities. The Government intends to

In line with world trends, most developing ESCAP
countries are experiencing a boom in modernized vehicles
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like motor cars, trucks, buses, cranes, etc. With the influx
of modern technologies, passenger cars with fuel-efficient
engines, light commercial vehicles with higher productivity
an,d two-wheelers with a number of different designs have
been introduced into developing countries. Multi-axle
vehicles are also appearing in ever greater numbers. This
necessitates the construction of good-quality roads and
efficient maintenance, which in turn provides vast scope for
the building of toll roads.

In Sri Lanka, internal rate of return for the proposed
expressway is to be around 15 per cent.

In the Republic of Korea, economic analysis has been
conducted for various solutions, which prove that there is a
high rate of return on the new construction of expressways
and the improvement of existing ones.

In Thailand, the revenues earned on tolls by the ETA
make this agency fmancially self-supporting.

In the Republic of Korea, the design standards for
expressways, as defined in the Presidential Decree for
Highway Criteria, are based on geographical conditions and
traffic volume. The Korean Highway Corporation Labora-
tory has been developing various improved methods in both
design of bituminous materials and cement concrete
mixtures.

9. Environment problems

In constructing toll road projects, developed coun-
tries are introducing new systems or devices to counter the
environmental problems caused by increased road traffic.
Most of the developing countries show a warning of these
problems and desire to take preventive action to the extent

possible.For Sri Lanka's proposed toll expressway, Japanese
design standards are being considered for adoption. For example, in Indonesia, conditions are imposed in

the course of toll-road construction to prevent air and
sound pollution, and to avoid any adverse impact on the
expansion of residential or industrial areas.

Thailand has sought assistance from the Federal
Government of the Republic of Germany to formulate a
traffic situation plan. In addition, Japanese experts are
conducting engineering feasibility studies for the second
stage expressway. The Government of Thailand has also
proposed to construct three highways and an outer ring
road for Bangkok on a concessionary basis.

III. ASPECTS OF THE TOLL ROAD
SYSTEM IN FRANCE

At the start of the construction of the French toll
motorways system, Government advances and loan guaran-
tees were given to the toll concession companies in line
with the estimated profitability of each conceded section.
In the case of very costly sections, which received political
priority, these Government loans could reach two thirds of
total construction costs. At present, with three quarters
of the toll motorway network completed and sufficient toll
revenue from the existing network, construction funds are
borrowed directly on the national and international market.

7. Foreign collaboration

Toll road projects are becoming increasingly popular
in many developing ESCAP countries. These countries
have become aware of the need for modernizing roads to
ensure quality and durability in order to reduce costs in the
long run. They are eager to have technical and financial
assistance for their road projects, under acceptable condi-
tions, and are searching for such opportunities. Several
countries, including India, Indonesia, Sri Lanka and Thailand
emphasise this aspect. In Sri Lanka and Thailand, Japanese
design standards are being adopted.

All toll motorway concessions in France are conceded
for about 30 years. Every time a new toll section is added
to the network of a toll motorway company the concession
period of the total network is renegotiated and fixed again
for 30 years.8. Adequate return or recovery of toll

project costs
The construction of the French motorway network

included a large number of bridges (about one bridge per
km) and led to the development of the following classifica-
tion of bridges in the 1960s and early 19708: standard
bridges, common but not standard bridges, uncommon
bridges (e.g. over 120 m). The standard bridge type does
not mean a rigid standardization with fIXed dimensions.
Standardization is a flexible procedure which enables the
adoption of dimensions according to prevailing conditions
and allows dimensioning and plotting of some drawings by
computer. The standard bridge design is easy to control,

On the question of adequate return, the developing
ESCAP countries express different views. For example,
unlike certain other countries, China feels that toll charges
should be reasonable, and that it is sufficient if toll-road
projects recover only part of the investment.

In its new policy, the Government of India will allow
private entrepreneurs to fix tariffs according to their com-
mercialjudgement, subject to the protection of user interest
through the alternative availability of toll-fee facilities.
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and the bridge is simple to build and requires only low
maintenance costs. About 90 per cent of all motorway
bridges are standard bridges.

material contains about 3 per cent cement and is mixed in a
central plant where the high gravel-grading requirements
can be met. This standard is a low-cost solution and has
been developed to fit the special French conditions and
requirements.

According to the experience gained from the con-
struction of the Bayonne Motorway by-pass, a low-cost
construction solution with higher maintenance require-
ments is economically more justified than an optimal high-
cost construction solution. From the completion of the
motorway up to 1985, settlement of 75 cm occurred.
However, resurfacing works in 1984 and reinforced main-
tenance efforts, in particular at bridge sites, could suffi-
ciently cope with this extreme settlement.

During the last thirty years France has had compre-
hensive experience in reinforced earth construction for
stabilizing slopes in cut sections. Special laminar metal
strips are placed on high-friction soil layers. Prefabricated
concrete blocks are fIXed at the end of the strips. Drainage
is provided by 40/80 aggregates surrounding the soil.

The closed toll system has been found suitable in
France for long distances with numerous interchanges
wh~re the vehicle stops at the entrance to take a ticket and
stops a second time only when leaving the toll network to
pay according to the distance travelled and the vehicle class.

Out of 4,500 km of toll motorway in France, only
about 700 km have been constructed with cement concrete
pavements. Recently, however, some developments have
taken place which indicate a further trend to concrete pave-
ments. Instead of the usual two concrete layers (i.e. 15 cm
mean concrete as sub-base. and 25 cm of concrete pave-
ment), one layer of 3040 cm on a subgrade with good
drainage characteristics or drainage improved by geotextiles
is constructed. Furthermore, the construction of conti-
nuous concrete pavements with longitudinal welded rein-
forcements to about one per cent of the cross-section, laid
by machines, secures durable roads of 30 or more years of
service life.

The open system has been selected for short distances
and has the advantage of only one stop where the vehicle
pays a fIXed toll. This system is often chosen where a toll
motorway system opens with the first section built. Chang-
ing a system later, when a larger network is in operation, is
difficult and might result in a mixed system.

Automatic toll collection systems have been intro-
duced in France to minimize toll-collector and toll-user
fraud, since during a collector's shift receipts may attain
FF 100,000 at peak hours.

At the exit of a closed system, the vehicle is auto-
matically detected by loops and height sensors to record its
class and height. This information is indicated on top of
the toll collector's booth to be checked by the control
tower, which by a system of automatic counting can deter-
mine the exact receipts of an 8-hour toll-collector shift.
The toll collector, however, only learns the amount after
manual counting at the control tower. Differences of less
than 100 FF are tolerated. Higher discrepancies lead to
control action being taken by the auditor. Toll tickets were
initially punched cards but have been widely changed to
magnetic cards. The use of credit cards and magnetic sub-
scription cards is being promoted.

The construction of 250 km of motorway in the
Alpine region, east of Lyon, used bridge construction by
prefabricated, prestressed elements. The tender included
10 motorway bridges with a surface of about 30,000 m2,
and 200 overpasses. Because of limitations due to trans-
portation on the road, the prefabricated elements were not
to exceed 44 tons in weight and 2.50 m in width. Although
the average transportation distance per element proved to
be 60 km, the average cost per m2 amounted to only
FF 5,000-6,000 (in normal conditions) and the contractor
was able to achieve better fmancial results than expected.

Prefabrication might prove fmancially viable for a
length of 400 m onwards. French standard bridges are not
normally constructed out of prefabricated elements because
it is uneconomical. In the case of the Alpine region, how-
ever, the solution of prefabricated elements, which was
earlier subject to a special competition of innovative ideas,
was favoured. A trend towards prefabricated, prestressed
concrete elements for bridge construction over a 50 m span
has recently been recorded. Such a method might prove
generally viable, in particular if centralized concrete plants
have to be installed.

Due to the rise in traffic volume to over 35,000
vehicles per day, and up to 50,000 vehicles per day on a
four-lane divided motorway in the high season, widening of
the existing motorway from Paris to Lille became inevitable.
It was considered essential that, during the widening work,
traffic quantity and quality should be maintained, which
would render construction work extremely difficult.
Special equipment developed for this task made it possible
in this case, however, to achieve a daily output of one km.
During construction, the principle of 2 x 2 lanes and, after
the construction of one direction, 4 and 0 lanes was applied

For 20 years, France has experienced the extensive
use of gravel treated with hydraulic binder (grave traite en
hydraulique), and at present 56 per cent of the French
motorways' base course consists of this standard. The
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to the traffic flow. Total widening costs of one direction
approximated the construction cost of a new 4-lane divided
motorway, i.e. about FF 6 million per/km. Special signs,
security installations and auxiliary services amounted to 10
per cent of the total cost.

struction and should provide for Government guarantees
accordingly. Toll road companies should seek funds from
the international market only when domestic sources are
not available.

When starting toll road operations, the most profita-
ble toll sections have to be determined and constructed
first. Such profitable sections will enable the toll company
to become rapidly financially viable and use its toll
revenues for repayment and extension of the toll road
network. However, every developing country in the ESCAP
region has to decide, within the framework of its prevailing
conditions, whether toll roads are more feasible as intra-
urban expressways or inter-urban links between the main
centres of the country.

A toll road should be constructed only if an alterna.
tive non.toll route is available to the road user. Toll rates
should be fIXed in relation to the user's benefit when riding
on the toll expressway. It is recommended that toll rates
should be adjusted to take inflation into account.

In general, toll motorway companies hold concessions
of about 30 years' duration, and it is in their interest to
carry out effective maintenance. Therefore, the existing
wide range of highly developed French testing equipment is
used to enable continuous monitoring of motorways and to
establish a pavement certificate. Preventive maintenance
represents a major part of French road policy, and this also
applies to the toll motorways. Preventive maintenance is
carried out to maintain the invested capital and to offer the
user a permanently high level of service.

Private toll companies nevertheless tend to reduce
maintenance measures and costs in order to increase their
earnings, while semi-public companies show a trend to
increase maintenance measures and expenses. The Govern-
ment is well aware of these tendencies and exerts super-
vision and control accordingly. The prospective return on investment has to be ascer-

tained by the Government when establishing a toll road
concession. Such a calculation should be based on a simula-
tion of the construction and operation costs and revenues
of the toll road, including such main factors as construction
costs, fmancing charges, traffic volume and toll rates. In
cases where the simulation produces a negative result, the
Government should provide compensatory assistance.

IV. RECOMMENDATIONS

The meeting noted that in most developing countries
of the ESCAP region, an expressway network has either not
yet been developed or is still in its initial stage. Yet, motor
vehicle traffic growth is increasing yearly, resulting in
increasing traffic congestion and higher vehicle operating
costs. In the presence of this problem, the huge amount of
funds necessary to develop an adequate expressway net-
work is not available from the Government budget. Thus,
either Governments decide to concede toll systems to the
private sector or no expressways will be built in time.
Therefore, developing countries should examine in detail
the toll road issue.

In the construction of toll roads, Governments of
developing ESCAP countries should give special considera-
tion to standardisation, in particular to structures such as
bridges. The advantages of planning, constructing and
maintaining standardised bridges as experienced in France
should lead other Governments to examine in detail if such
standardisation could be successfully implemented in their
own country. The French detailed guide on this subject
(dossier pilote) might prove useful.The operation of toll roads requires a specific legal

and administrative framework, which has to be established
by the respective Government. Appropriate laws should be
enacted to enable the quick expropriation of land for toll
road construction and to enable the establishment of a
suitable organizational set-up.

Environmental asp~cts should be taken into con-
sideration during the planning of toll expressways. Among
the steps to be taken, appropriate landscaping measures
should be applied to minimize damage to the environment,
and in urban areas provision of noise barriers should be
included in the design.The organizational set-up of a toll road company, be

it the existing highway department, semi-public enterprise
or private toll road company, has to be carefully looked
into by the Government. In France, semi-public companies
have been functioning very efficiently. Developing coun-
tries in the ESCAP region could take advantage of their
experience.

When traffic reaches saturation point on an express-
way, widening becomes an important issue. Therefore,
stage construction from what was initially a two-lane
expressway to a four-lane divided expressway and from the
latter to a six-lane divided expressway might be applied.
Sufficient right-of-way should be acquired in the initial
construction phase. Reserving space in the median area
enables less costly solutions for widening. Special planning

The legal framework established by the Government
should permit free choice in the funding of toll road con-
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should be undertaken to ascertain quantity and quality of
traffic flow during widening works as well as during rehabi-
litation and upgrading.

be provided. Toll revenues should be counter-checked by
automatic devices.

In order to secure the necessary investment for
expressway construction and to ensure comfort and safety
of the user, a systematic road-maintenance management
system should be developed and put into operation. The
French concept of preventive maintenance might be useful
for developing such a system.

Since the toll-road user has to pay the toll, the user's
comfort and safety should be carefully considered. Appro-
priate information and necessary services such as service
and rest areas, should be rendered to the user. Supervision
and control of the toll road through traffic control centres
should be permanently ascertained to enable fast assistance
in case of traffic accidents and breakdown of vehicles. The planning of toll roads should include all future

operating aspects in order to avoid major problems and
deficiencies later. It is recommended that, given the com.
plexities involved, any Government newly engaged in toll
roads should seek assistance from experienced countries.

The possibility of toll collection fraud needs to be
carefully scrutinized. Automatic control of vehicles as well
as permanent supervision of toll collectors should therefore
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SEMINAR-CUM-WORKSHOP ON EXCESSIVE RAIL/WHEEL-WEAR AND
DERAILMENTS: MAIN FINDINGS AND CONCLUSIONS*

I. ORGANIZATION OF THE SEMINAR-
CUM-WORKSHOP

aim of analysing and assessing the wear phenomenon itself,
i.e. the mutually tribological wear process in the interaction
of wheel and rail. Examples were given and defmitions
were elaborated on the phenomenon of excessive rail and
wheel wear. The handling of adequate and standardized
equipment in common use with UIC-member railways was
explained.

The ESCAP Seminar-cum-Workshop on I Excessive
Rail/Wheel-Wear and Derailments was held at Kuala
Lumpur, Malaysia, from 2 to 7 September 1985. The
meeting was attended by 42 participants from the following
nine countries: Bangladesh, Burma, China, India, Indonesia,
Malaysia, Philippines, Sri Lanka and Thailand. Two lect-
turers from the Federal Republic of Germany were also

present.

The following programme was adopted by the
meeting:

a. Presentation of country papers;

b. Presentation of an ESCAP study on excessive rail
and wheel wear and derailments and consideration of basic
facts governing the running and curving performance of
wheel sets;

c. Assessment of rail/wheel contact performance,
taking into account rail/wheel profiles, materials and lubri-
cation of both wheel and rail;

d. Evaluation of track design and maintenance
conditions in regard to rail/wheel wear;

The participants expressed great interest in the
analysis of rail head stresses under wheel load, considering
one- and/or two-point contact with special attention to
various wheel and rail profIles and their compatibility.

In connection with the analysis of rail head stresses,
in which context the material properties of both wheel and
rail were also considered, the discussion brought up further
information on the behavior of (a) rail material with low
tensile strength and (b) locomotives with high wear-
resistant wheel material. Taking into account the self-
hardening zone on the running surfaces of rails and wheels,
it was accepted that, in principle, the strength of the wheel
material should not greatly exceed that of the rail. A figure
up to 10 per cent variation was considered reasonable. This
requires the adoption of improved rail material like UIC
grade A or B with BHN values of approximately 280 since
wheel materials, particularly of locomotives, are nowadays
available with BHN approximately 330.

The advantages of rail lubrication with regard to
decreased wear in curves were highlighted. The disadvan-
tages in regard to rail head fatigue failures, in addition to
maintenance problems of the lubricators which may lead to
overgreasing, were also brought out. The participants
appreciated the advantages to be derived from the use of
wheel flange lubricators in the leading axles of the
locomotives operating on certain European and other rail-
ways.

e. Ev~uation of bogie designs and maintenance
condition of rolling stock in regard to rail/wheel wear;

f. Assessment of derailment causes considering rail/
wheel wear aspects;

Recommendations on how to reduce rail/wheelg.
wear;

h. Study tour to Bukit Berapit for a demonstration
of modern laser equipment for measuring the angle of
attack; and III. EVALUATION OF TRACK DESIGN

AND MAINTENANCE CONDITIONSClosing of the Seminar-cum-Workshop.

II. ASSESSMENT OF RAIL/WHEEL
CONTACT PERFORMANCE

The general aspects of wear mechanism were reviewed
in detail with the presentation of various diagrams, with the

~ Derived from Report of the Seminar-cum-Workshop on

Excessive Rail{Wheel-Wear and Derailments, (ESCAP, Transport,
Communications and Tourism Division, September 1985).

The participants noted with interest the complex
inter-relationships between track components, gauge and
rail cant, super-elevation, transition curve and ramp, cant
deficiency and cant excess as well as rail and track elasti-
city, all of which tend to enhance rail and wheel wear in

varying degrees.

It was accepted that figures for the track design in
this context can only be given as a guideline, because all
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these wear-influencing elements are functions of the axle
load, passing tonnage, speed, rail and wheel material, envi-
ronmental conditions, etc., all of which vary widely.
Accurate data can, however, be calculated in accordance
with the given inter-relationships. It was therefore felt that
each railway has to find its own individual solution.

out that the measuring of twist within a 3-piece bogie is not
relevant, because side-frames and bolsters are not fiXed to
each other, and the wheel-sets can twist against each other
without any change in the load distribution. An increase
of the side-bearer clearance above ¥4" (6 mm) should be
carefully studied because of the probability of increased
shaking movements of the car-body and large wheel-load
displacement in sharp curves with a high super-elevation,
which can occur when the load passes over the curve at less
than the equilibrium speed.

It was acknowledged that corrosion of the total rail
surface due to high humidity has a serious impact on the
overall wear rate. Experience has proved that the specific
wear due to corrosion is four times larger in high humidity
areas than in arid climates. Measures to counteract were
outlined by the participants from India, particularly in
regard to corrosion of rails laid in coastal areas.

The meeting noted the experiences gained with
various designs of the upper and lower part of bogies side-
bearers. It was recognized that preference should be given
to a mushroom-shaped side-bearer on the bolster, because
this shape avoids the transfer of high torque moments
during curving under extreme movements of bolster against
main cross-bar of the body.

IV. EV ALVA nON OF BOGIE DESIGNS AND
MAINTENANCE CONDITIONS OF

ROLLING STOCK

The participants were well aware that the main-
tenance conditions of rolling stock have an important
influence on running and curving performance. They also
recognized that the tolerances achieved during repair and
service in workshops and those generated on the line affect
significantly the riding performance of vehicles.

The recommended tolerances on wheel sets and
bogies and car bodies in regard to wear behaviour were
outlined. It was noted that wheel sets should be proflled
preferably according to the UIC standards: for example,
proflle P8 and/or UIC-ORE S 1002. The difference
between the diameters of the wheel treads of one wheel set
should not exceed 0.5 to 1.0 mm. The meeting noted that
modern overfloor and underfloor wheel lathes can provide
these tolerances. The quality of surface finishing requires
tungsten carbide tips. The difference between the centre
lines of the axle bearings and the centre line of the back-
to-back dimension of the wheels is generally of the order
of 1.0 to 2.5 mm. This difference should be brought down
to a maximum 0.5 mm in order to achieve good riding
performance.

As far as bogies are concerned, it was noted that
railway workshops should group springs of different
elasticities together to achieve a favourable wheel load dis-
tribution in regard to good riding performance. Special
attention should also be given to the correct distances
between wheel sets and the required tolerances between the
bearings, buffers, etc., both diagonally and across.

The question of the limiting speed of existing rolling
stock was discussed. Among the statements made, one
appeared to be of particular relevance: namely, that a
3-piece bogie fitted to a freight car with high centre of
gravity above rail top (viz. tanker, cement-car, car trans-
porter) reaches its limit at a maximum speed of 60-70 km/h
on MG and 3'6" lines. Above that speed permanent
hunting instability must be expected.

v. ASSESSMENT OF DERAILMENT CAUSES

The participants took notice of the various causes of
derailments with special respect to wear. The discussion
covered a variety of issues, which are summarized in the
following paragraphs.

The meeting took note of the measuring equipment
for flange thickness, tread wear, flange height and the
inclination of the flange itself which are in common use on
the VIC member railways. Particular attention was paid to
the admissible inclination of the wheel flange, which is
indicated on the measuring gauge as qR-value. It was
emphasized that this value should not drop below 6.5 mm.

The ratio between the lateral guiding force Y and the
wheel load Q should under no circumstances exceed 1.2.

Derailments are influenced by large wheel load dis-
placements caused by twist either in the track or in the
rigid car-body frames of 4-wheelers/bogie frames, or both.
However, the question of twist does not apply to 3-piece
bodies, as mentioned earlier.

The permissible twist value of bogies as well as 4
wheelers was also discussed. The side-bearer clearances
between bogie bolster and car body should be checked
regularly whereby a clearance of 6 mm for freighters on
either side was accepted as a guide-value. It was pointed

Derailments can also be caused by large lateral forces
generated by high torque moments between the bogie and
car body and by exceeding the maximum speed permissible
in sharp curves.
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A number of derailments are caused by sharp wheel
flanges. Sharp wheel flanges can develop within a short
mileage because of wrong machining during shop time.
Incorrect machining leads to asymetric wear and conse-
quently to sharp flanges. As soon as the limits for the
inclination of the flange, measured through the qR-value,
are exceeded, derailments are likely to occur in curves with
bad rail joints (overshooting) and at switches and diamond
crossings, where wear tolerances are also exceeded.

The participants noted that, apart from the above-
mentioned causes, certain other wear-related causes of
derailments can be encountered quite often: namely,
derailments in crossing within the gap of guidance during
passing of wheel sets with reduced wheel diameters. These
can be minimized either by building of weld metal on the
existing check rail or by the use of higher check rails at the
abtuse crossings. Experience has shown that, in this regard,
special attention should be given to wheel diameters below
840 mm. The other common derailment causes are the
development of dynamic augments during running and
excessive speeds, which generate hunting instabilities in
concert with track defects.

(3) Under good track condition, speed on the curve
should not drop below the admissible maximum and should
be maintained throughout the curve, so that a certain cant
deficiency, as specified in the ESCAP study presented to
the meeting, could be achieved.

(4) Documentation concerning rail wear must be
further developed. In particular, records must be kept
regarding rail wear at curve start, middle and end; speed;
passing tonnage; and wear development.

Medium-tenn measures

(1) The cant formula along the lines as given in the
ESCAP study was suggested for adoption.

(2) Where prevailing climatic conditions are favoura-
ble for laying continuously welded rails, these should be
introduced.

(3) With regard to possible derailments due to twist,
standards with respect to twist and the measuring tech-
niques used for its control must be revised. This requires
additional studies for track and vehicle components.

(4) The realignment of track curves without major
alteration to the substructure should be undertaken wher-
ever required.

VI. RECOMMENDATIONS ON REDUCTION
OF RAIL/WHEEL WEAR

Long-tenn measuresThe participants agreed in principle with a number of
measures to counteract excessive rail and wheel wear.
These measures were classified as follows: Short-term
measures: Those steps which the railways can immediately
adopt and implement so as to reduce rail and wheel wear;
Medium-tenn measures: Those steps which the railways
can undertake without large investment (i.e. within the
framework of existing track and rolling stock) to improve
the maintenance quality and tolerances of both track and
rolling stock. Long-tenn measures: Those steps, aiming at
investment in better quality track and improved running
gear design, which can be implemented only through a
multi-year investment plan. The measures agreed on by the
participants had to do with permanent way, vehicles, lubri-
cation, and research and development. These recommenda-
tions are summarized in the following paragraphs.

(1) Rails with a minimum tensile strength of 900
N/mm2 should be used.

(2) Elastic and resilient fastenings should be used.

(3) Wheel/rail proftle pairing should be optimized in
accordance with the wear pattern observed.

(4) Track design, with particular attention to sleeper
length and spacing, ballast depth and ballast shoulder
width, should undergo general improvement.

(b) Vehicles

Short-term measures

(1) During the profile correction of wheel sets, the
difference in the diameters of the two wheels of a wheel set
should not be greater than 0.5 mm. Calipers should be
inspected and calibrated regularly.

(a) Permanent Way

Short-tenns measures

(1) Rail joints should be given special attention.
Worn joints must be raised and rail ends must be recondi-
tioned by weld facing and grinding. Rails for new laying in
curves must be pre-bent correctly.

(2) Reconditioning work on the running gears should
ensure parallel guidance of the wheel sets at right angles to
the longitudinal vehicle axis.

(3) When profiling wheel sets, the wheel proflle
should be machined according to the wear profile adopted
by the individual railways. The development of this

(2) It must be ensured that the elasticity of track
curves with elastic rail fastenings is effective.
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approach to the wear profile can be done by the railways.
It should be noted that this short-term measure for the
vehicle is of course inter-related with the above-mentioned
long-term measures on the permanent way in regard to
wheel/rail profile pairing.

(c) Lubrication

Medium- and long-tenn measures

Wear behaviour should be specified in the tender
documents when procuring new vehicles. The following
specifications are possible options:

Short-tenn measures

Existing fIXed-installation rail lubricators must be
maintained effectively so that their satisfactory operation
can be ensured at all times.

Medium- and long-tenn measures

Locomotives must be fitted with wheel flange lubri-
cators. The lower wheel flange friction will also improve
safety against derailment.

(d) Research and development

(1) Documentation on wheel tyre re-profiling and
causes thereof on all vehicles as a function of their kilo-
metric performance.

(2) Adoption of modern methods of track analysis
to examine the existing conditions of the regions' railways.

(3) Measurement of the twist resistance of the
vehicle fleet in order to specify the twist limits.

(4) Exact defmition of the various defects to permit
observation of the operational behaviour of the rails. The
UIC rail defect catalogue should be taken as a guide in
developing such defmitions.

(5) Further studies by the railways themselves in
order to optimize the wheel/rail contact geometry.

(6) Adaptation of the wheel-set guides (including the
clearances, elasticities and damping values) to operating
conditions.

(I) Bogie designs with mutual control of the wheel
sets; optimum suspension design to enable the wheel sets to
yaw during curving should be aimed for.

(2) Bogie or running gear designs with longitudinal
play in the wheel set guides in conjunction with a suitable
adjusting facility (e.g. link suspension) so that there is
independent control of the wheel sets.

(3) With regard to locomotives, wear considerations
favour the 4-axle arrangement with 2-ax1e bogies. If it is
not possible to dispense with 3-axle bogies for weight
reasons, designs avoiding transmission forces from the
middle wheel set to the end wheel sets should be preferred.
This requirement must also be specified with respect to the
stress on the rails and rail fastening elements (spreading
effect).

(4) The swivel torque of the bogies should be as low
as possible. The adjusting moment of any flexicoil suspen-
sion therefore must be kept small. The friction moment
should not be greater than is required for reasons of run-
ning stability.

(7) Preparation of a check list for derailment investi-
gations on the basis of the experience of various railway
systems in order to develop a better analysis of derailment
causes.
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SEMINAR-CUM-STUDY TOUR ON RAILWAY TRACK MAINTENANCE AND
MONITORING TECHNIQUES: MAIN FINDINGS AND CONCLUSIONS.

I. ORGANIZA nON OF THE SEMINAR (n) Requirements for locomotives and track in
mountainous areas.

The Seminar-cum-Study Tour on Railway Track
Maintenance and Monitoring Techniques was held at
Vienna and Lakenhof, Austria, from 22 September to 5
October 1985. It was organized jointly by ESCAP and the
Austrian Government with co-financing and technical
assistance from the Asian Development Bank (ADB).

Thirteen railway officials from eleven developing
ESCAP countries attended as participants: Bangladesh,
Burma, China, India, Indonesia, Malaysia, Pakistan, Philip-
pines, Republic of Korea, Sri Lanka and Thailand. A
representative of the Transport and Road Research Labora-
tory of the United Kingdom attended as an ob server.

(0) Electrification, catenaries, economic aspects.

(P) Signalling systems.

(q) Centralized traffic control.

(r) Commuter train systems.

(s) Planning and evaluation of lines and stations.

In addition, study tours were taken to the following
sites: demonstration of track recording car, visit to training
school at Worth, visit to turn-out factory at Zeltweg, visit
to tunnelling construction site, visit to track factory, visit
to track relaying and level-crossing sites, visit to shunting
site.

The meeting discussed the following topics concern.
ing railway track maintenance and monitoring techniques:

(a) Rail weight and sleeper distances, axle load and
substructure, increase of axle loads without track renewal.

II. MAJOR FINDINGS AND
RECOMMENDATIONS

(b) Damage and wear of track components, toler-
ances, rail corrugation, causes and methods of repairs costs. The participants expressed their view that the topic

of the Seminar-cum-Study Tour was of great relevance and
importance to the railways in the ESCAP region, especially
because of the need to achieve optimal use of the existing
infrastructure in preference to new construction.

(c) Maintenance programmes, maintenance planning
methods, use of track recording cars for maintenance
inspection.

It was emphasized that the improvement of the
region's railways and rail transport systems must start with
the improvement of the permanent way on which the rail.
ways run. In this regard, modernizing the track structure
and improving track maintenance and monitoring are
urgently required in the developing countries of the ESCAP
region. Because fmancial resources and foreign exchange
are scarce, priority must be given to the optimal main-
tenance of existing infrastructure.

(d) Welding and grinding, long welded rails, wear-
proof rails, treatment of rails to lengthen rail life.

(e) Machines for correction of track geometry.

(a) Railway philosophy

An important aspect of the Seminar-cum-Study Tour
was its revelations to the participants that railway techno-
logy, including maintenance, develops as a function of the
national "railway philosophy", which is a legacy of railway
history and which has in all countries survived and
dominated railway development to the present. This
"philosophy" -or overall outlook and approach to railway
development, including maintenance -must be understood
in order to appreciate the reasons for national differences in
track maintenance methods, tolerances and approaches.

(1) Track laying and relaying.

(g) Correction of substructure.

(h) Drainage.

(i) Ballast cleaning.

G) Application of geotextiles.

(k) Prefabricated bridges.

(I) Tunneling methods.

(m) Permanent way maintenance planning.

Derived from Report of the Regional Seminar-cum-Study
Tour on Railway Traclc Maintenan~ and Monitoring Techniques,
(ESCAP, Transport, Communications and Tourism Division, Octo-
ber 1985).
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The participants agreed that this Seminar-cum-Study Tour
had greatly contributed to their better understanding of the
different railway philosophies prevailing in the participating
countries, including Austria.

and comparison by the officials on board of the measuring
car. Differences in results at main line and secondary lines
and the criteria for various types of track maintenance were
carefully examined by the seminar, as analysis of the results
determines the programme for future track maintenance.
Latest developments in track-monitoring-machines were
discussed. The participants also considered the means of
controlling and ensuring the accuracy of the track recording
car itself.

(b) General track maintenance problems

The meeting noted that the most expensive damage
to track arises from defects in the subsoil. Improving the
subsoil is costly but considerably improves the condition of
the track and should therefore be a primary objective. It
was pointed out that geotextiles, which are widely used in
Austria for soil improvement and protection, have given
excellent results. The participants had the opportunity to
observe their application.

In addition to track recording cars, the use of laser-
systems for measuring clearances of structures along the
route was examined, and particular attention was given to
the speed and reliability of this method in determining the

permissible out-of-guage loading.

Some other problems encountered with track in
developing ESCAP countries were also recognized as being
common in Austria. Such problems were found to relate
to mud pumping at rail joints and level crossings, inelastic-
ity of the ballast bed, mud spots in the ballast bed, gauge
variations, wear and fatigue of rails (roaring rails, short-
pitch corrugation, shelling), loosened fastenings and instabi-
lity of track. The methods whereby these problems had
been resolved in Austria were considered by the partici-
pants.

Finally, manual monitoring to check track geometry
at particular locations or for track-work-acceptance pur-
poses was also examined.

(d) Track relaying

The participants confirmed that the main technical
considerations for track renewal in their countries were
wear of sleepers and fastenings, strengthening of track for
higher axle loads, wear and surface defects of rails. Con-
crete sleepers are longer-lasting (50 years or more) than
timber sleepers, but a good and clean ballast bed is vital for
concrete sleepers because the necessary elasticity must
come mainly from it in that case. Gauge variations often
are indications of fastening failures. Instability of track
appears earlier on the narrower gauges. The method of
exchanging single sleepers, which keeps track on an average
standard and does not allow for basic improvements, is not
considered a good practice. In contrast, European railways
exchange the entire track, or rails or sleepers as a whole,
and cascade the useable material down into lines of minor
importance. Practices and necessary installations were
examined by the participants, and it was demonstrated to
them that well-renewed track can be maintained with
minimal cost for its lifetime.

The importance of good organization of mechanized
and non-mechanized maintenance work was emphasized
throughout the seminar. It was explained how planning,
organization and control practices were applied by the
Austrian Federal Railways, and it was demonstrated that
success in maintenance and monitoring lies in such effective
organization. This can only be achieved by a well-proven
planning procedure, the early-enough scheduling of track
work and the strict follow-up of plans.

The participants appreciated the fact that the
Seminar had afforded them an opportunity to examine the
Austrian experience and to exchange views among them-
selves regarding labour problems, the design of new pay
schemes for new jobs, the granting of incentives for good
maintenance work (including contractors) and other
related matters. It was recognized that materials for track renewal

(mainly rails, sleepers and fastenings) are scarce in many
developing countries and that these countries welcome the
transfer of technologies in the manufacture of such
materials to enable them to set up their own production.
In this context, the participants noted with interest various
Austrian technologies relating to switches, frogs and turn-
outs and welding methods for long welded rails. For road-
ways at level crossings, the participants examined a
patented method which comprises prefabricated concrete
slabs with rubber inserts which can easily be removed by
hand or crane for track maintenance purposes.

(c) Track monitoring

It was recognized that objective information on track
conditions is needed in order to use the limited main-
tenance funds in the most economical way.

The recording of track parameters such as alignment,
vertical level, cross level, twist, etc. can be analysed by the
use of computer on-line and off-line programmes. On-line
calculation is preferred to allow for immediate evaluation
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ing device which would indicate the stresses in the rails
would be highly desirable. This was considered to be an
important area for research and development. The parti-
cipants also encouraged all concerned organizations to
develop better techniques for measuring the forcefree
temperature of the rail in track. ESCAP was requested to
keep the railways informed of developments in this and
related fields.

The Seminar deliberated on the usefulness of micro-
ftlming rail cross-sections to obtain a greater insight into
causes of rail failure and textural behaviour under stress.

Practices with temporary bridging, including the use
of auxiliary steel spans for supporting the track structure,
were discussed. It was found that in situations involving
large and deep washouts of subsoil resulting in deep scour
pits, further research required to evolve better and speedier
solutions to the provision of foundations for the auxiliary
spans.

Qt) Rail surface maintenance

It was obvious to the participants that maintaining a
good rail surface is very important to the durability of
track; corrugations, dips and other defects have adverse
effects on track durability and must be avoided. Rail grind-
ing, newly developed bending machines, and planning
machines to cope with heavy deformations of the rail
surface were discussed as means of avoiding and/or over-
coming these problems.

It was pointed out that short-pitch corrugation is an
effect which has been researched for a hundred years
without effective explanation. The only counteraction so
far devised is repeated grinding even before putting the
track into operation. It is for this reason that new rails are
preventively ground in Europe. This experience was
considered worthy of further study in the ESCAP region.

The participant from Malaysia informed the group of
a Seminar-cum-Study Tour on Rail and Wheel Wear
recently conducted under ESCAP sponsorship in Malaysia.
The results of new in-situ tests of the interaction between
rail and wheel and the behavioural characteristics of the
various types of rolling stock had been considered at that
meeting. To achieve the recommendations emerging from
that meeting, it was concluded, close co-operation between
the civil and mechanical engineering departments in the
region's railways would be required.

(j) Track maintenance in the broader context

(i) Other aspects of track maintenance

The Seminar found that it is economical and there-
fore desirable to use wear-resistant rails (like UIC grade
90 A) for normal track, and high-tensile-strength rails for
curves sharper than 300 m radius. It also is advantageous
to provide for rail lubrication in sharp curves. Two lubrica-
tion systems, namely locomotive-mounted devices and rail-
attached devices, were evaluated and discussed. It was
noted that the Austrian Federal Railways prefer track-
mounted devices because the lubrication is more directly
applied to the critical track sections in that manner.

Although the seminar had in the first place been
intended to be a technical one, the participants agreed that
they also needed to consider the broader context of railway
development, because track maintenance can only be
carried out effectively if sufficient funds are available,
which depends in large measure on the role expected of
railways within the overall transport system.

It was noted that in most of the developed countries
the railways had suffered for the past several decades under
the wave of motorization. Declining traffic shares, declin-
ing political interest and consequently declining investment
in railways could be observed in many of these countries.
This process could also be observed in many developing
ESCAP countries.

The growing negative effects of motorization had,
however, led to a reversal of thinking and, as a result, the
preparedness to invest again in railway systems had recently
grown considerably. This trend reversal had come about in
large measure because railways lack many of the negative
aspects of motorized traffic, such as environmental effects
(pollution, noise), extensive use of scarce land, lack of
safety and waste of energy.

The meeting emphasized that in order to avoid the
further decline in the role of railways in the ESCAP region,
the active support of the Governments of the region would
be necessary. In the first place, increased investments in
the maintenance of existing railways as well as in new sys-
tems would have to take place. Only on the basis of such in-
vestment would the railways be able to carry out their tasks
and offer the community a reliable and competitive

Snow and sand can adversely affect track and traffic.
Austria's rich experience with snow protection (snow
ploughing, snow-fences, snow blowers and other measures)
was explained. It was recognized that different measures
are required against sand. Sand removal machines are in
use in many countries, but new types of track and track
components would also be required to more effectively
tackle this problem. The participants requested ESCAP to
gather information on protection measures and current
research in this field and make it available to interested
railway administrations.

To effectively remedy the phenomenon of track
buckling, it was felt that a non-destructive on-track measur-
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The participants agreed that the use of machines (f) Track maintenance machinery

provides the means for considerable improvement in track alignment. The same was said for track replacement, where .Problems encou~tered m conne~tIon ~Ith the mt~o-

manual changing of sleepers, especially concrete sleepers, ductIon of tr~ck mamt.enan:e machInery m developIng

and renewal, especially of long welded rails, is in many ESCAP countrIes were saId to Include:

countries becoming difficult and in some cases imprac- -fInancing,

ticable.

-supply of spare parts,
The participants from China informed the meeting

that the use of broadened sleepers is an ongoing experiment -training of staff, and

of the Chinese Railways. In view of the interest expressed ...
in this develo ment ESCAP was re q uested to collect and -retaInIng of traIned personnel for the use and

p , .f
h hidisseminate information on the use of broadened sleepers. maIntenance 0 t e mac nery .

..Among the machines which the participants con-
(e) Manual vs. mechantzed track maIntenance side red most useful for application in developing countries

It was noted that railway track maintenance is at were tamping, lining, levelling, ballast-cleaning and grinding

present mainly handled on an entirely manual basis in most ~achines. Hig~y sop~isticated ma~hinery w~s not co~-

developing ESCAP countries, where labour is still readily sIdered ~o ~e desIrable m the develop~g countne~, as semI-

available and cheap. However, mechanized methods of mechanIZatIon was generally recognIZed as beIng more

track maintenance and monitoring had recently been su.ited to the requirements and possibilities of these coun-

introduced in many developing ESCAP countries and would trIes.

need to be introduced increasingly, mainly for the follow-
ing reasons: The participants strongly recommended that full

account should be taken of the needs and conditions
-increasing traffic density, (especially climatic conditions) of the developing countries

in the design and manufacture of such machinery. In
-operation of heavier and longer trains, addition, the requirement that ongoing service should be

-operation of faster trains and related safety provided by the manufacturers was indicated by the parti-

requirements, cipants to be an important consideration.

.
-introduction of long welded rails and concrete

sleepers, (g) Track maintenance training

-ensuring even and consistently high standards of Since special skills are required for mechanized main-

track tenance, training in these jobs was considered very impor-
, tanto The participants requested ESCAP and other

-rising cost of labour, international organizations to assist railway administrations,

as necessary, in identifying training opportunities for rail-
-improvement of work quality, way personnel at all levels. The participants requested

-reduction of strain of workers and ESCAP to include, in the next edition of the "Guide to
, Railway Training," more information on courses for

-execution of work in heavy track structures as mechanized track maintenance and monitoring available for

necessary for heavy traffic. railway personnel from the ESCAP region.

It was pointed out that the railway administrations of It was also suggested that it would be feasible to

~e developing. ESCAP co~ntries are aware that fu~ther prepare a "Track Maintenance Manual" for use by man-

~provements m track maIntenance cannot be achieved agerial personnel in developing ESCAP countries, contain-

wIth manual methods. They know that they must mo- ing guidelines concerning:

dernize their rail infrastructure and railway operations and

that substantial improvements will be required. They are -maintenance organization and execution,

searching, therefore, for ways of mechanization which will
best meet their needs. Better methods to co-ordinate with -use of manual labour,

traffic intervals must, be developed and introduced both on -use and planning of mechanized labour and
the operational and civil engineering sides to allow for '

improved utilization of train intervals. -manual and mechanized track monitoring.
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ing device which would indicate the stresses in the rails
would be highly desirable. This was considered to be an
important area for research and development. The parti-
cipants also encouraged all concerned organizations to
develop better techniques for measuring the forcefree
temperature of the rail in track. ESCAP was requested to
keep the railways informed of developments in this and
related fields.

The Seminar deliberated on the usefulness of micro-
ftlming rail cross-sections to obtain a greater insight into
causes of rail failure and textural behaviour under stress.

Practices with temporary bridging, including the use
of auxiliary steel spans for supporting the track structure,
were discussed. It was found that in situations involving
large and deep washouts of subsoil resulting in deep scour
pits, further research required to evolve better and speedier
solutions to the provision of foundations for the auxiliary
spans.

Qt) Rail surface maintenance

It was obvious to the participants that maintaining a
good rail surface is very important to the durability of
track; corrugations, dips and other defects have adverse
effects on track durability and must be avoided. Rail grind-
ing, newly developed bending machines, and planning
machines to cope with heavy deformations of the rail
surface were discussed as means of avoiding and/or over-
coming these problems.

It was pointed out that short-pitch corrugation is an
effect which has been researched for a hundred years
without effective explanation. The only counteraction so
far devised is repeated grinding even before putting the
track into operation. It is for this reason that new rails are
preventively ground in Europe. This experience was
considered worthy of further study in the ESCAP region.

The participant from Malaysia informed the group of
a Seminar-cum-Study Tour on Rail and Wheel Wear
recently conducted under ESCAP sponsorship in Malaysia.
The results of new in-situ tests of the interaction between
rail and wheel and the behavioural characteristics of the
various types of rolling stock had been considered at that
meeting. To achieve the recommendations emerging from
that meeting, it was concluded, close co-operation between
the civil and mechanical engineering departments in the
region's railways would be required.

(j) Track maintenance in the broader context

(i) Other aspects of track maintenance

The Seminar found that it is economical and there-
fore desirable to use wear-resistant rails (like UIC grade
90 A) for normal track, and high-tensile-strength rails for
curves sharper than 300 m radius. It also is advantageous
to provide for rail lubrication in sharp curves. Two lubrica-
tion systems, namely locomotive-mounted devices and rail-
attached devices, were evaluated and discussed. It was
noted that the Austrian Federal Railways prefer track-
mounted devices because the lubrication is more directly
applied to the critical track sections in that manner.

Although the seminar had in the first place been
intended to be a technical one, the participants agreed that
they also needed to consider the broader context of railway
development, because track maintenance can only be
carried out effectively if sufficient funds are available,
which depends in large measure on the role expected of
railways within the overall transport system.

It was noted that in most of the developed countries
the railways had suffered for the past several decades under
the wave of motorization. Declining traffic shares, declin-
ing political interest and consequently declining investment
in railways could be observed in many of these countries.
This process could also be observed in many developing
ESCAP countries.

The growing negative effects of motorization had,
however, led to a reversal of thinking and, as a result, the
preparedness to invest again in railway systems had recently
grown considerably. This trend reversal had come about in
large measure because railways lack many of the negative
aspects of motorized traffic, such as environmental effects
(pollution, noise), extensive use of scarce land, lack of
safety and waste of energy.

The meeting emphasized that in order to avoid the
further decline in the role of railways in the ESCAP region,
the active support of the Governments of the region would
be necessary. In the first place, increased investments in
the maintenance of existing railways as well as in new sys-
tems would have to take place. Only on the basis of such in-
vestment would the railways be able to carry out their tasks
and offer the community a reliable and competitive

Snow and sand can adversely affect track and traffic.
Austria's rich experience with snow protection (snow
ploughing, snow-fences, snow blowers and other measures)
was explained. It was recognized that different measures
are required against sand. Sand removal machines are in
use in many countries, but new types of track and track
components would also be required to more effectively
tackle this problem. The participants requested ESCAP to
gather information on protection measures and current
research in this field and make it available to interested
railway administrations.

To effectively remedy the phenomenon of track
buckling, it was felt that a non-destructive on-track measur-
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transport system. The ADB, as the major fmancing in- The participants representing APRCG member cOun-

stitute of many projects in the transport sector in the tries expressed the opinion that wider applic'ation of exist-

region, was urged to include this consideration in its ing recommendations for the standardization of track

investment policies. In the second place, the integrated would greatly facilitate international railway traffic and

planning of the transport system on a national scale would greater use of the trans-Asian railway network. They felt

be desirable as a means of saving scarce funds, because only that the APRCG should continue its efforts to this end.

then could the railways' full potential be realized in fulfil- lin their role within the overall national development The partIcIpants emphasIZed that effectIve follow-up

g
t t of the recommendations of the Seminar-cum-Study Tourcon ex ..

f 1would be the most important means of ensuring ItS use u -

(k) International co-operation and assistance ness. The recommended actions should be implemented by

the participants in their day-to-day work and by ESCAP

Nearly all the railways represented at the Seminar are and ADB in providing technical assistance and mobilizing

members of the Asia-Pacific Railway Co-operation Group fmancial resources as required by the member countries for

(APRCG). The participants expressed satisfaction with the achieving better maintenance and monitoring of track and,

work already carried out by the four functional subgroups through them, better railways and railway transport

of APRCG in the short time since their establishment in systems in the Asia-Pacific region.

July 1983. It took special note of the following APRCG

functions: The participants urged the ADB, ESCAP and the

other concerned international organizations to inform
-The APRCG is promoting compilation and Government policy makers and planners about the role

dissemination of statistics and performance played by railway-s in transportation because a better-

indicators, including for track, based on a com- informed Government would better appreciate and support

mon and comparable format suitable for the railway mode of transport in the overall context of

computer processing, to encourage exchanges of national economic and social development. The partici-

experience among the members. pants recommended that as a part of this information

.campaign, the ADB and ESCAP should organize, for non-
-!he AP~CG lo~ks mto the o.bstacles c~used to railway Government officials in policy-making and planning

mternatlonal raIl traffic by differences m track positions a regional symposium on the role of the railway

and track conditions and seeks remedial action. in the tra~sport scenario.

-The APRCG promotes co-operation in all fields ...
f .1 h . 1 d . t k d The partIcIpants requested ESCAP to contmue pro-

0 ral way researc, mc u mg rac, an .. 1 d .. 1 b sh.. th..motmg reglona an mternatlona mem er IP m e
dIssemInates research results. APRCG d b ... t . al f .. al d t h . alan 0 tammg m ernatlon manCI an ec mc

-The APRCG works towards greater harmoniza- co-operation for the work of the functional subgroups. Thet, tion of technical standards among the Asian participants commended Austria, as a member of APRCG,

railways, especially in track design, quality, for setting a valuable example of co-operation among the

tolerances and testing methods. APRCG members with this Seminar-cum-Study Tour.
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