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RECOMMENDED MINIMUM TECHNICAL STANDARDS/REQUIREMENTS FOR
THE FUTURE SUBREGIONAl TAR NETWORK~---

4.

A primary objective of this study is to assess and recommend the minimum
technical standards with which the future development of the Trans-Asian Railway network
should comply. This section of the report specifies, and provides justification for, acceptance
of these standards.

Principal Railway Route Design Parameters

4.1

Three route design parameters are considered to be of particular relevance to
the achievement of the future operational objectives for the TAR, and the study mandate
calls for the specification of standards in relation to each of the.se parameters. The

parameters are:

.The Outline (or Structure and Vehicle Gauge);

.The Maximum Authorized Axle Load; and

.Competitive Schedule Speeds (and related Maximum Authorized Speeds).

The minimum standards applicable to each of these parameters were evaluated
in the context of achieving the required operational objectives for the TAR network. Theseobjectives, 

in turn, are aimed at improving the competitive position of the railways of theregion, 
relative to other transport modes which operate in the TAR corridors.

4.1.1

Outline Gauge

Related Operational Objective4.1.1.1

A key operational objective established for the TAR network was that it should
permit the unrestricted movement of all types of containers in regular use for internationaltransport, 

including "high profile, high cube" containers of non-ISO dimensions, such as
containers with a height of up to 9 ft 6 ins, or 2.9 metres. Details of the dimensions and
weight limitations of all container types in regular use in international trade are provided in

Table 5, below.

There is little doubt that the use of containers which maximize the internal volume
available to shippers has been increasing throughout the subregion. Light and bulky trades,
such as made-up garments and footwear, which generally require a higher cubic capacity
are prominent in the trade "mix" of the ports of the subregion, if not increasingly in the mix
of the railborne container traffic of the subregion. For example, latex sheets and other
rubber products, which feature very significantly in the railborne container traffic of the
subregion are also comparatively light and bulky, and might also be suitable for conveyance
in high cube containers. Accordingly, greater, not fewer, demands for the transportation
of such containers by rail might be a realistic expectation for the future. Such containers are
already becoming very conspicuous in the freight task of the Thai State Railway (SRT), in
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Table 5: Dimensions and Maximum Weights of Most Commonly Used
ISO and non-ISO Containers

Freight
Container
Designation

External Height External Width External Length

ft inft in ft in

Maximum Gross
Weight

Tonnesmm mm mm

ISO
1A

1M

8 0

8 6

2,438

2,591

8 0

8 0

2,438

2,438

40 0

40 0

12,192

12,192

30.48

30.48

1B

1BB

8 0

8 6

2,438

2,591

8 0

8 0

2,438

2,438

30 0

30 0

9,125

9,125

25.40

25.40

1C

1CC

8 0

8 6

8 0

8 0

20 0

20 0

24

24

10 8 0

2,438

2,591

2,438 8 0

2,438

2,438

2,438 10 0

6,058

6,058

2,991 10.16

Non-ISO
(1)

(1)

(1)

(1)

9 6

9 6

9 6

9 6

2,896

2,896

2,896

2,896

2,438

2,438

2,438

2,438

14,630

13,716

12,192

6,058

35

35

35

35

8 0

8 0

8 0

8 0

48 0

45 0

40 0

20 0

(2)

(2)

(2)

2,896

2,896

2,896

9 6

9 6

9 6

8 6

8 6

8 6

2,591

2,591

2,591

53 0

48 0

45 0

16,150

14,630

13,716

35

35

35

Source: ESCAP 1991: "Study on the Cost Benefit and Problems Following The Introduction
of High-Cube Containers in Developing Countries of the ESCAP Region."

Notes: (1) = High Cube Container; (2) = Super High Cube Container

Data for ISO Containers from ISO 668 Standard. This standard was amended in
1985 to increaseM.G.W. 

for a 20 ft container to 24 tonnes.

particular. 

At present, many of the high cube (9 ft 6 ins high) containers conveyed by the
SRT are of 45 ft (13.7 metre) length, but it is not unlikely that the railway could face
demands for the conveyance of high cube containers of up to 53 ft (16.2 metre) length infuture. 

The North American shipping industry, especially, is seeking to utilize 53 ft containers
in the Southeast Asian trades.

4.1.1.2 Required Outline Gauge Standard

Railway conveyance of high cube containers is certainly not without substantial
cost penalties. Problems arise, in particular, due to the fact that these containers infringe
vehicle and, in some cases, structure clearance dimensions. In the case of most of the
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railway systems of the subregion, these clearance standards were developed and
implemented during the steam era, when the locomotive constituted the limiting factor for
clearance through tunnels and other structures, such as through truss bridges. (This
explains the shape of outline gauge diagrams which do not have a rectangular cross
section, but at their upper part have a raised middle section with curved or sloping sides).

The structure gauge indicates the dimensions of a structural cross-section within
which no outside object (such as signal masts or arms, station awnings, etc) may protrude.
The structure gauge indicates the minimum height and width dimensions between
structures and the centre of a track.

The vehicle gauge defines the limiting dimensions, measured from the track
centre, beyond which no part of a vehicle, or its load, may protrude. Thus, it specifies the
maximum width and height of a rail vehicle or of its cargo. In the case of a container loaded
onto a flat wagon, the height limitation would be measured from the base of the track to the
top of the container, while the width limitation would be measured from one side of the
wagon platform to the other. The dimensions given on vehicle gauge diagrams are nominal
dimensions which make no allowance for track curvature or for vehicle dynamics (eg. lateral
and vertical movement of the wagon and its load). In practice, vehicle dimensions have to
be reduced in relation to structure dimensions to allow sufficiently for these factors.

The main point which should be noted about structure gauges is that they define
minimum dimensions for an entire railway system. It is conceivable, and indeed is often thecase, 

that structure clearances on some lines will exceed these minima, ie. there may be
some lines on which higher profile traffics can pass without infringing structure clearances.
Thus the actual structure clearances available throughout individual lines have to be
surveyed in order to determine the maximum vehicle and load dimensions which can be
accepted on these lines. Often, the decision as to whether or not a vehicle and toad
combination of particular dimensions is to be permitted to transit a section of line is
dependent on the requisite safety margin separating the vehicle gauge and structures. If
enough space is available between the two gauges, the protrusion of a container beyond
the vehicle gauge will remain within the structure gauge and the traffic can be permitted topass. 

When the protrusion is beyond the limits of the structure gauge, however, or when the
safety margin between the container and the structure gauge is too small, actual
measurements will have to be taken to determine whether or not this protrusion is allowed.

The actual clearance required between vehicles and their loads; and structures
depends very much on actual vehicle dynamics and these can be influenced by speed, track
irregularity and the maintenance condition of the wagons themselves. In general, however,
a minimum clearance of 30-40 cm would be required. This being the case, a minimum
structure height of 4.3 metres would be required to transport containers of 9 ft 6 ins (2.9
metre) height on standard container flat wagons with a platform height of 1 metre. The
corresponding minimum structure height requirement forthe transportation of ISO containers
with a height of 8 ft 6 ins (2.6 metres) is about 3.8 metres, and for containers with a height
of 8 ft (2.4 metres) a minimum structure height of about 4.0 metres is required.

The expansion of structure gauges can be costly, depending upon the nature of
the structure. A bridge restriction can generally be eliminated without excessive cost, but
the provision of expanded clearance through tunnels could be inordinately expensive. One
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solution is to lower the track within, and on the approaches to, tunnels. Another solution is
to invest in "extra low profile" wagons. The comparative costs of these options are
discussed in Section 7 of this report.

Maximum Permissible Axle Load4.1.2

Related Operational Objective

4.1.2.1

Typically, narrow gauge (1000 mm or 1067 mm) mainlines are designed for light
axle loads in the range of 14-16 tonnes. Unless there are additional opportunities to carry
bulk traffics requiring heavy axle loads, axle load limits in the TAR corridor will be
determined more by maximum locomotive weights and container transport requirements
than by any other factor. Although some bulk traffics are conveyed in substantial volumes
in the corridor (eg. gypsum traffic from Thailand to Malaysia), additional such opportunities
appear to be limited, and it appears unlikely that the existing bulk traffics can justify an
increase in the maximum axle loads permitted in the TAR corridor.

In general, a significant increase in axle load limits will require major
strengthening of track and structures, and in the subregion will invariably require the
relaying of track in heavier rail. Depending on the length of track involved, this is likely to
be an inordinately expensive process. Since there would be a strong incentive for railway
managements to minimize the scale of a track strengthening programme, the determination
of axle load standards for the TAR must have regard to the most likely track loadings which
would be imposed by the operation of locomotives and by the expected container traffic on

the affected lines.

Required Axle Load Standard4.1.2.2

The heaviest locomotives operating in the TAR network of the subregion operate
on the Thai and Malaysian railway systems. These locomotives have a maximum gross
weight of 90 tonnes, or a maximum axle load of 15 tonnes, which places them within the
axle load limits currently specified for the mainlines nominated for the TAR. Advances in
locomotive design technology, particularly those related to improving adhesion to track (such
as the use of computerized wheelslip control devices), have provided scope for a reduction
in the mass of locomotive units. At the higher end of the power range, modern locomotives
designed for narrow gauge operation typically have an axle loading no greater than 16

tonnes.

The container wagons in predominant use throughout the TAR corridor are of
12.8 metre length and are capable of carrying a maximum of two 20 ft containers or one 40
ft container. (Within the SRT fleet there are a limited number of wagons of 14.8 metre length
which can carry a single 45 ft container as an alternative to two 20ft containers). While the
ISO standard maximum gross weight (payload plus tare) for a 20 ft container is 24 tonnes,
only very rarely do the gross weights of ISO 20 ft containers exceed 20 tonnes. Thus the
axle load required for conveyance of two ISO 20 ft containers on a standard flat wagon load
may in general be calculated as:

-(2 TEU x 20 tonnes) + 14 tonnes wagon tare = 13.5 tonnes

-4 axles
A.L.
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which is well the limit of existing maximum axle loads on all parts of the TAR network in the
ASEAN countries, except that of TAR Link 1.3 (North Sumatra) and the Muaraenim-
Lubuklinggau section of TAR Link 1.4 (South Sumatra). This calculation assumes a gross
weight approaching the maximum for containers conveyed by rail, but within the region
container gross weights average about 12 tonnes per TEU, giving an axle load of 9.75tonnes, 

which is well within the limit of existing maximum axle loads.

However, it has to be acknowledged that individual railway organizations may
have priorities to develop more efficient operating methods and systems for the
transportation of containers, and that these initiatives may require the conversion of at least
parts of the TAR network for heavier axle loadings. For example, if it were decided to
acquire and operate 19 metre long wagons suitable for carrying up to 3 Twenty Foot ISOcontainers, 

a maximum permissible axle load of nearly 20 tonnes would be required, given
a maximum gross load per TEU of 20 tonnes and a wagon tare weight of 19 tonnes.1

4.1.3 Competitive Schedule Speeds

4.1.3.1 Related Operational Objective

The foremost objective for the TAR is the consistent provision of a service for the
international transportation of containers which is competitive, in terms of transit times andtariffs, 

with all other modes operating in the TAR corridors. This implies, amongst other
things, that the schedule speeds achieved in container transportation by rail, will produce
elapsed times, between departure from an originating station and arrival at a destination
station, which are significantly shorter than those offered by the main competitive mode, in

this case feeder shipping.

In fact, as is demonstrated in Section 3, in the case of selected routes between
Malaysia and Thailand, rail can currently provide transit times which are significantly
shorter than those of feeder shipping services. Indeed, the margin of advantage between
rail and shipping is increased when the difference between the terminal dwell times for the
two modes are taken into account (rail terminal times being markedly less than those of
seaports). On the surface, therefore, there would appear to be little justification in increasing
rail speeds, if the objective is to increase the rail share of international container trade.

However, it is argued that an improvement in the schedule speeds of trains
conveying containers would have other cof'!1pelling operational attractions and, in any case,would 

reinforce rail's competitive advantage, thereby improving the probability of a shift of
traffic from feeder shipping to rail.

1

A.L.

-(3 TEU x 20 tonnes) + !9 tonne tare = 19.75 tonnes

-4 axles
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4.1.3.2 Speed Standards

Schedule speeds are calculated by dividing the distance between origin and
destination by the elapsed time between departure and arrival. Thus they make allowance
for actual train running time plus stopping time enroute for whatever purpose, including time
for safeworking, attaching or detaching loading, crew and locomotive changing,
brake/equipment inspection and servicing and border inspection.

Schedule speeds are clearly influenced by both stationary and running time. In
the case of the former, improved scheduling (including the operation of block trains on
express schedules) and a tightening up of the efficiency of station, locomotive depot and
crew depot operations, as well as the streamlining of customs and border inspections, will
minimize en route stationary time. In the case of the latter, actual running time is determined
by a combination of factors, including the maximum permissible speeds on all line sections,
the condition of track and structures, topography (line gradient and curvature), the frequency
of road level crossings, the condition of locomotives and rollingstock, and the efficiency of
train control/despatching procedures. Although not sufficient as a measure taken
independently, the lifting of maximum permissible speeds will contribute to an improvement
in actual running speeds and, consequently, in transit times.

The schedule speeds of container traffic can be improved by one or a
combination of two methods. First, stationary time can be reduced by conveying containers
in block or unit trains operating between international terminals to a fixed timetable which
restricts the number of enroute stops to those required for border customs inspection, and
for crew and locomotive exchanges at the border. Second, running time can be reduced by
increasing train speeds. In the case of the latter method, the operational requirements of
container traffic would appear to be analogous to those of express passenger traffic.Therefore, 

consideration could be given to running container block trains at the same speed
as express passenger trains.

Parallel scheduling of container and passenger trains in this way would have the
advantage of:

.Increasing line utilization (ie. increasing the train throughput of a line);

.Reducing locomotive and rollingstock requirements (due to faster locomotive
and wagon turnarounds);

.Reducing operating costs (principally the costs of manpower and fuel);

.Increasing track availability for maintenance (by widening the intervals
between passage of trains);

If such a parallel scheduling method were to be employed, this would mean that
maximum speeds of the order of 90-100 km/hour would have to be allowed for container
trains in future. Extensive track upgrading would be required to permit such an increase in
maximum speeds, involving for example the re-laying of tracks in heavier rail (ego 60
kg/metre) on concrete sleepers. This track upgrading would have to be complemented by

32



Trans-Asian Railwav in the Indo-China and ASEAN Subreflion: Volume 2. Section 4

other improvements, such as better train control and communications systems, increased
numbers of powerful locomotives, airbrake of all container rollingstock, the upgrading of the
container rollingstock fleet for high speed operation and (possibly) grade separation of road
crossings. Since the cost of such an upgrading programme would normally exceed the
financial resources of the railway organizations concerned, (unless it could be scheduled
over a long period), a more practical objective in the short-medium term might be to
increase the maximum speed of container trains to 70 km/hour. This would require more
intensive track maintenance effort, but would not involve the railway organizations in the
heavy capital investments associated with a major track and rollingstock upgrading
programme. Between Singapore and Bangkok, a maximum speed of 70 km/hour would
produce a schedule speed of about 47 km/hour with allowance of 2 hours for dwell time at
the border. This is an acceptable speed when compared with schedule speeds typically of
the order of 31 km/hour for liner goods trains currently running in Malaysia (where the
maximum permissible speed for such trains is only 56 km/hour).

Other Standards

Other standards which are of importance in terms of ensuring compatibility
between the track infrastructure, equipment, and operating practices of adjoining railway
systems are:

Uniform Maximum Length for Freight Trains

Unless there is uniformity in the maximum length of freight trains which can be
accepted on the various railway systems comprising the TAR corridor, operational
inefficiencies would be introduced, whereby, for example, trains would require re-marshalling
or load adjustment at borders. For container block trains, an optimum length given the need
to run at near passenger speeds and to achieve operational economies is about 30 bogie
flat wagons, which with the addition of a locomotive and a brakevan, and with sufficient
allowance for braking distance, would require a minimum track length for crossing purposes
of about 500 metres.

4.3.2 Compatible Design Standards for Locomotives and Rollingstock

Since passenger and freight rollingstock already crosses the national border of
Thailand and Malaysia, and may be expected to cross other national borders within the TAR
corridor in future, it is essential that the rollingstock of the participating systems should be
of compatible design in several important respects. In the case of both passenger and
freight rollingstock, there should be compatibility in the braking system design and
efficiency, and type and height of couplers, and in the case of freight rollingstock there
should in addition be compatibility in terms of the system and equipment required for
loading and discharge of wagons.

There may not, at least in the short term, be a requirement for locomotives to
cross into the territory of adjoining systems. However, looking to the future when initiatives
might be taken to exchange locomotives (and possibly even train crews) between adjoiningsystems, 

it will be important that newly acquired locomotives be compatible among TAR
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participating systems in terms of their hauling capacity, type and height of couplers, type of
braking system, and braking efficiency.

Compatible Track, Structures and Signalling/Safeworking System Design
Standards

4.2.3

To a large extent, the standards applying to track, structures and
signalling/safeworking systems will be determined by the standards which are set for the
three principal design parameters, as outlined in Section 4.1. For example, a decision to
increase the maximum speeds allowable for container trains to 90 km/hour is likely to
require the upgrading of track infrastructure to minimum 50 kg/metre rail and prestressed
concrete sleepers, and an increase in permissible maximum axle loads would suggest the
need to adopt specific standards with respect to the design of bridges and other load
bearing structures. Thus, compatibility of route infrastructure is likely to -be guaranteed by
the adoption of uniform standards for the three principal design parameters.

In the case of signalling/safeworking systems, there might be certain operational
advantages in unifying the system design in neighbouring countries (to allow for the longer
term possibility I for example, of train crews from one railway system working into the
territory of another). However, this would not be an essential pre-requisite for satisfying the
principal operational objective of the TAR, ie. the cross-border conveyance by rail of all
types of containers.
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