
- Chapter 4 - 
 
 

Operational Requirements 
 
 

_______ 
 
 

Since the attraction of container traffic to the corridor depends in large measure on 
rail being able to deliver cost effective and reliable services as compared with its competitors 
in the corridor, it is essential that any operational impediments to the achievement of these 
goals be removed.  In this context the following factors are important: 
 

- compatibility in terms of the type and design of rolling stock employed by 
neighbouring railway systems in international traffic would ensure rolling stock inter-
operability when no break-of-gauge is involved.  Ideally, systems should cooperate in the 
design of exchangeable rolling stock to ensure that only the most efficient designs (i.e. those 
which maximize payload to tare ratios or minimize gross to net ratios, and are capable of 
running nearly at passenger speeds) are adopted; 

 
- compatibility of train assembly and load scheduling practices between 

neighbouring railway systems will be essential in order to avoid the necessity of having to re-
adjust train loads at borders.  The desirability of operating fixed formation unit trains across 
borders, where track gauge continuity permits, should be recognized and acted upon by the 
railways concerned; and 

 
- at break-of-gauge points, the provision of fast and reliable container transshipment 

equipment will be essential to minimize delays. 
 

The success of rail in being able to capture additional container traffic to the corridor 
will depend heavily on there being adequate capacity for handling containers at rail served 
terminals in the hinterland and at the major sea ports. 
 
 
4.1 Compatibility of rolling stock 

 
Rolling stock compatibility does not seem to be an issue of concern among the 

railways in the corridor.  Indeed, this issue becomes critical where track gauge continuity 
exists but stops being essential where there is track gauge discontinuity, simply because in 
such situations there will be no requirement to exchange rolling stock, but rather to exchange 
the loading conveyed on that rolling stock.  In this latter situation, however, it is important to 
keep in mind that the possible imbalances between the container loading capacity of wagons 
either side of a break-of-gauge point can result in one system having to employ more wagons 
to transport a given quantity of containers than the other. 

 
Along the corridor, there is track gauge continuity from Finland down to the border 

points with the Islamic Republic of Iran, both at the border point at Djulfa between 
Azerbaijan and the Islamic Republic of Iran, and the border point at Sarakhs between 
Turkmenistan and the Islamic Republic of Iran.  Going through Djulfa means going through 
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the Caucasus route, and therefore implies looking at rolling stock compatibility among the 
railways of Armenia, Azerbaijan, Finland and the Russian Federation.  Going through 
Sarakhs means going through the Central Asian route, and therefore implies looking at rolling 
stock compatibility between the railways of Finland, Kazakhstan, the Russian Federation, 
Turkmenistan and Uzbekistan. 

 
As indicated earlier (Chapter 3, point 3.1), the railways of Armenia, Azerbaijan, 

Kazakhstan, the Russian Federation, Turkmenistan and Uzbekistan were until 1991 
constituents of the Soviet Railways and the design standards implemented by each of these 
railways were, and still are, common to all. 

 
Consequently, there is no technical obstacle to having rolling stock travel all the way 

from Lujaika, at the border between Finland and the Russian Federation, to either Djulfa or 
Sarakhs.  The obstacle, in this instance, seems more a question of policy among the railways 
concerned, as it is understood that there is some reluctance by a number of Commonwealth of 
Independent States (CIS) railways to let their rolling stock run on the railways of other CIS 
republics.  Whatever the reason explaining such reluctance, it must be recognized that 
container movements along the corridor will only reach optimum operational efficiency if 
rolling stock is allowed to cross borders. 

 
Given the existence of break-of-gauge points between the railways of the Islamic 

Republic of Iran and the railways of Azerbaijan and Turkmenistan, rolling stock 
compatibility is not an issue among the railways of these countries.  Nor will it be an issue 
between the railways of the Islamic Republic of Iran and Pakistan Railways in the south of 
the Islamic Republic of Iran, once the Kerman - Zahedan section is completed (Chapter 2, 
point 2.6.1.1) as the connection of the two railways will create another break-of-gauge point 
between the 1,435 mm railway of the Islamic Republic of Iran and the 1,676 mm line that 
will start in Zahedan before penetrating the network of Pakistan Railways. 

 
In South Asia, although there is track gauge continuity between Pakistan Railways 

and Indian Railway, rolling stock compatibility can be an issue as indeed the freight wagons 
operated by Pakistan Railways are predominantly equipped with vacuum brakes and plain 
bearings, and are limited to 55 km/h.  In addition, rolling stock differences between the two 
railways are to be found in payload and height between wagon floor and rail tops. 

 
In South-East Asia, meanwhile, container rolling stock compatibility is not an issue 

between the metre-gauge network of Malaysia, Singapore and Thailand, as is illustrated by 
the container landbridge operated jointly by the railways of Malaysia and Thailand between 
Port Kelang (Malaysia) and Bangkok (Thailand). 

 
To be complete, rolling stock differences in terms of the container carrying capacity of 

wagons operated between neighbouring railway systems sharing the same track gauge can also 
create problems, in the sense that use of wagons with limited container loading capacity will 
require longer and heavier trains to be run on through schedules than might be the case if 
wagons of higher container loading capacity are used.  This can sometimes lead to operational 
difficulties when train lengths exceed the available length of crossing tracks on single line 
sections or of terminal arrival tracks, or when train gross trailing loads exceed the hauling 
capability of single locomotives, necessitating «locomotive banking» or a doubling up of 
motive power assigned to trains.  However, this problem does not appear to exist among 
neighbouring railways of the north-south corridor with track gauge continuity. 
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4.2 Compatibility of train assembly and load scheduling practices 

 
The efficiency of international train operations in the corridor will in large part 

depend upon there being reasonable consistency in the operating practices of neighbouring 
railway systems. For example, in situations where there is continuity of track gauge but no 
consistency in the length of trains operated either side of the border, transit delay and cost 
penalties will result from the necessity to re-marshall or adjust loading at the border.  The two 
main influences on train lengths are the hauling capacities of locomotives and the available 
length of crossing/passing, station and terminal sidings. While it may not be possible to 
achieve compatibility in the former, due mainly to topographical differences between the 
neighbouring route networks, it should be possible to achieve some degree of compatibility 
with the latter. 
 

The problems associated with differing train lengths can be overcome by specifying 
standard train configurations based on unit or block train operation of international container 
services.  Unit trains are trains comprising a fixed number of wagons of a single type, 
operating between a single origin and destination, with intermediate stops only for train 
crossing purposes or for operational reasons such as crew or locomotive exchange.  Block 
trains are similar, except that they may comprise more than one type of wagon, but 
nevertheless operate to fixed formation, single origin/destination principles.  In container 
haulage service, both types of trains should comprise wagons which may be run at or near 
passenger train speeds to avoid being held in crossing sidings for faster opposing or passing 
passenger trains.  The main advantages of such trains are that by avoiding marshalling yards 
and intermediate stops for loading/ unloading both transit times and operating costs can be 
very low. 

 
The main principle guiding decisions about train lengths is that wagons should be 

added up until the point at which either the maximum length for crossing/passing purposes, 
or the maximum trailing tonnage for single locomotives (of types in predominant use), is 
reached.  The reasoning behind this principle is that long run marginal costs (i.e. operating 
costs plus wagon and locomotive amortization) will decline with increasing train size up until 
the point at which another locomotive must be added. 

 
It is understood that all railways in the corridor as well as the railways of India, 

Pakistan, Malaysia and Thailand, are well experienced in the operation of unit or block 
container trains between hinterland origins/destinations as well as to seaports, whether these 
seaports are located in their countries or not.  So far as the cross border movements of such 
trains are concerned, there is no technical impediment to such future movement among the 
CIS republics.  Indeed, such movements were common in the days of the former Soviet 
Union and the railways of the CIS countries in the corridor all have siding lengths of at least 
850 metres. 

 
In Finland, the standard length of sidings is reportedly 725 metres (up to 825 metres 

in some cases), while in the Islamic Republic of Iran it is often comprised between 750 and 
800 metres, although at some stations only sidings with a much reduced length are available. 

 
In South Asia, there is little cross border movement of containers between India and 

Pakistan.  It is understood that the configurations of these trains also vary widely, from the  
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45 bogie wagon (90 TEU) trains operated on broad gauge trunk routes in India to 30 bogie 
wagon (60 TEU) trains in Pakistan. 

 
In Malaysia and Thailand, the container block-trains between Port Kelang and 

Bangkok are operated on the basis of a maximum of 27 BCF, i.e. 54 TEU.  Given that the 
sidings are designed to accommodate a 30 wagon freight train (the maximum number of 
wagons for Malaysian freight trains), the length of sidings on KTMB can be estimated as 
between 550 and 600 metres.  It must be noted that the design for future sidings is for 
700 metres in order to accommodate freight trains of 40 wagons.  In Thailand, meanwhile, 
the maximum length of sidings and crossing loops is 500 metres. 

 
 

4.3 The break-of-gauge issue 
 

4.3.1 The break-of-gauge problem in the Corridor 
 
One of the major impediments to the smooth flow of railway traffic along 

international corridors linking parts of Europe with parts of Asia is the lack of a uniform track 
gauge among the participating railways. 

 
Track gauge is the width between the inner surfaces of each rail, and is conventionally 

measured in millimetres.  In corridor, there are five track gauges1, namely: the 1,524 mm 
gauge in Finland; the 1,520 mm gauge in Armenia, Azerbaijan, Kazakhstan, the Russian 
Federation, Turkmenistan and Uzbekistan; and the 1,435 mm gauge as well as 1,676 mm 
gauge in the Islamic Republic of Iran, albeit the latter is limited to the link between Mirjaveh 
and Zahedan which is not yet connected to the rest of the Iranian rail system. 

 
In South Asia, the above-mentioned links in India and Pakistan are of 1,676 mm 

gauge, leaving operation between these two countries free of a break-of-gauge problem.  In 
South-East Asia, the same applies to operation between Malaysia and Thailand which both 
operate on 1,000 gauge. 

 
The magnitude of the gauge difference between Finland and the Russian Federation is 

insignificant and does not technically impair rail operation between the two countries.  
However, the difference between the 1,435 mm gauge on the Iranian Islamic Republic 
Railways and the 1,520 mm on the railways of its two neighbouring countries in the corridor 
with which rail-carried goods is or could be exchanged in future, i.e. Azerbaijan and 
Turkmenistan, is an obstacle to smooth cross-border operation, as will be the difference of 
gauges between the Islamic Republic of Iran and Pakistan once the Kerman-Zahedan link is 
completed. 

 
In practical terms, however, only one break-of-gauge point is currently operated in the 

corridor, namely: the break-of-gauge between Sarakhs (Turkmenistan) and Mashad (Islamic 
Republic of Iran).  As previously explained the break-of-gauge point between Djulfa 
Azerbaijanskaya and Djulfa Iranskaya stopped being operational when the Iranian authorities 
shifted the bogie changing equipment to Sarakhs after the eruption of political tensions 

                                                 
1 The 1,067 mm gauge operated by Russian Railways on the island of Sakhalin is not included here as only few 

route-kilometers are concerned and the area is not of relevance to the study.  Also, the 1,676 mm gauge 
between Zahedan (Islamic Republic of Iran) and Mirjaveh (Pakistan) will be discussed in Chapter 4. 

 52 



between Armenia and Azerbaijan over Nagorny Karabakh in the early 1990’s (Chapter 2, 
point 2.5.1). 

 
In future, when the Astara-Qazvin section is constructed, another break-of-gauge 

point will come into being between Azerbaijan and the Islamic Republic of Iran, and if a 
continuous link between Eralievo and Bandar-E-Torkman/ Gorgan (Chapter 2, point 2.5) 
were to be established, there would also be another break-of-gauge point between 
Turkmenistan and the Islamic Republic of Iran.  Finally, when the Kerman-Zahedan section 
is in place, a break-of-gauge point will appear between the Islamic Republic of Iran and 
Pakistan. 

 
Given the above, attracting traffic to the corridor will require overcoming the break-

of-gauge problems.  Typically, the types of traffic that will use the corridor as well as their 
volumes and trade directions will influence the type of equipment that will be installed to 
solve the problem at a particular location.  While it is difficult at this point in time to clearly 
estimate how traffic will shape up in the corridor in terms of the nature of the cargo as well as 
volumes, it is interesting to look at the various ‘gauge bridging’ measures implemented by 
railways facing a gauge problem at their border-points, i.e. techniques or measures applied in 
order to overcome the discontinuity of railway track gauge to permit vehicles and/or their 
loads to pass from one gauge to another.  These measures include : 

 

(i) Transshipment.  The transfer of freight by manual or mechanical means from 
wagons of one gauge to wagons of another gauge. 

 
(ii) Bogie changing.  This involves lifting wagons on a set of jacks, rolling out 

bogies of one gauge and rolling in bogies of the other gauge. 
 
(iii) Use of wagons with variable gauge bogies.  These are wagons fitted with 

bogies, or wheelsets, equipped with adjustable axles enabling the distance 
between the wheel flanges to adjust from one track gauge to another as the 
wagons are pulled along a special transition track at reduced speed. 

 
Another ‘gauge bridging’ measure involves the provision of dual gauge, i.e. the 

provision of two different track gauges on a single track foundation through the insertion of a 
third rail (or sometimes a fourth rail to obtain the so-called ‘composite gauge’).  Finally, 
another option is to ‘uni-gauge’ tracks, i.e. a process involving the conversion of tracks of 
different gauges to a single gauge standard.  However, these two solutions are viable only 
when different standards are applied within the same country, or for cross-border movements 
over a very short distances to fit specific requirements such as extending a line section of one 
country onto the territory of another country to gain access to specific installations or sites, 
e.g. ports or mining sites.  There is no situation requiring such solutions within the north-
south corridor and, therefore, only the options of transshipment, bogie-changing or wagons 
with ‘variable gauge’ bogies are considered hereafter. 

 

4.3.2 Description of technical solutions to the break-of-gauge problem 
 
Transshipment techniques vary from basic labour intensive methods to mechanical 

methods involving equipment with different levels of automation and technological 
sophistication.  The type and volume of the cargo to be transhipped as well as the extent of 
containerisation all have a role in determining the type of transshipment employed. 
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The use of containers permits safer and quicker handling of cargo.  Transhipping 

containers requires a transshipment yard with a set of parallel tracks of either gauge.  
Depending on the type of equipment to be used, the tracks might be separated by an area of 
heavy duty pavement to allow the operation of vehicles such as reach-stackers. 

 
Rubber-tired gantry cranes or overhead rail mounted gantry cranes – in varying 

numbers depending on the length of the tracks to be served and the need for high 
throughput – may also be used.  Overhead rail mounted gantry cranes guarantee that the 
equipment is there as soon as a set of wagons is positioned for transshipment.  However, they 
do not remove entirely the need for some sort of rubber-mounted equipment (gantry or reach-
stackers) as it may be necessary to interrupt the journey of one or several container(s), e.g. 
repair or specific customs requirements. 

 
The type of equipment to be provided will typically depend upon the volumes of 

containers to be transhipped as well as yard configuration/constraints.  For volumes 
exceeding 50,000 TEU per year, it is likely that either rail-mounted gantry or rubber-tyred 
gantry would be required in order to minimize the unit cost of transshipment.  For smaller 
volumes, the use of heavy toplifting trucks or reach-stackers would be sufficient. 

 

Bogie changing is an inter-gauge transfer technique by which each wagon and its 
load is raised off bogies of one gauge and then lowered onto bogies of the other gauge.  Two 
alternative methods are available for bogie exchange, i.e. a labour intensive method and an 
automated method with little impact on the layout of the facilities.  Within the bogie 
exchanging area proper, the system differs depending upon whether a labour intensive or an 
automated technique is applied.  However, since automated bogie exchange is not in place to 
date on any of the railways along the corridor, only the labour intensive method is described 
hereafter.2 
 

For a typical labour intensive bogie exchange, a wagon is brought into the shed by a 
tractor or a small shunting engine, and four electrically actuated portable jacks are positioned 
under special jacking plates on the wagon.  The brake rods are disconnected from the bogies 
and the wagon is raised off the bogies.  These bogies are rolled forward and the different 
gauge bogies, which have been placed on the track behind the wagon by a mobile crane, are 
rolled forward into position.  The wagon is then lowered onto these bogies, the brake rods are 
attached, the brakes are tested and the wagon is pushed out by a tractor or a small shunting 
engine.3  This labour intensive method for bogie exchange is practiced by the countries in the 
corridor which face one or more break-of-gauge problem on their rail systems. 

                                                 
2 It is worth noting, however, that automated bogie exchange facilities have been developed and are operated by 

at least one country with a break-of-gauge problem, namely Australia and that in terms of labour requirements 
and productivity rates, the Australian Bureau of Transport Economics (BTE) quoted the labour requirement for 
a labour intensive exchange at one gang of 7 men per exchange track per shift and that of an automated 
exchange at one gang of three to four men per exchange track per shift.  Regarding productivity, it was 
estimated that for a labour intensive exchange, it was theoretically possible to convert 32 wagons per exchange 
track per 8 hour shift.  For an automated exchange, it was estimated that 56 wagons could be exchanged per 
exchange track per 8 hour shift. 

3 Bureau of Transport Economics (Australia): A Study of the Port Pirie Bogie Exchange, Australian 
Government Publishing Service, Canberra, 1977, page 6.  Quoted in ESCAP’s study “The Railway Break-of-
gauge Problem and Possible Solutions in the ESCAP Region”, New York, 1996, p. 41.  Although the exact 
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Use of wagons with variable gauge bogies.  The development of wagons with 
adjustable wheel-sets is presented as an alternative to the transshipment and bogie-changing 
methods.  This method has in the past been applied to both freight and passenger traffic at the 
borders between the former Soviet Union and countries of central and eastern Europe, and to 
passenger traffic between France and Spain.  Research and/or operation have also been 
carried out by other countries such as Bulgaria and Japan. 

 
Although a number of railways in the world have been looking at ways to perfect the 

technology, freight wagons with the necessary technical design have not been produced in big 
numbers and, to date, have not been used in sustained commercial operation over long 
distances. 

 
As compared with both the transshipment and bogie changing methods, the principal 

advantage of the variable gauge bogie system is that there would be practically no delay to 
wagons passing through break-of-gauge locations.  In addition, the variable gauge bogie 
system would require a much smaller fleet of wagons to support a given traffic task, as 
compared with either of the other two gauge bridging methods. 

 
Its principal disadvantage, in relation to the other two gauge bridging methods, is its 

potentially high capital cost.  It is possible also that its operating cost will be higher than that 
of the other two alternatives, simply because specialized maintenance facilities would be 
required for the programmed maintenance of bogies equipped with adjustable axles.  The 
need for joint procedures regarding the operation, maintenance and repair of such wagons 
between several railways may also pose a long-term saftey risk with legal and financial 
implications.  It must also be noted that past experiences conducted by the railways of the 
former Soviet Union showed that the gauge-variable wheelsets added 1.2 to 1.5 tonnes to the 
weight of a four axle wagon, and diminished the payload capacity of vehicles.  In addition, 
theoretical studies conducted in the Russian Federation have shown that the relevance of such 
systems is at its best for transport over distances not exceeding 2,500 km, i.e. far shorter than 
distances along the routes in the corridor. 

 
Finally, it must be noted that continuing research activities in a number of countries in 

both Europe (Germany, Russian Federation) and Asia (Japan) may yield new prospects for 
the technique in the future. 

 

4.3.3 Advantages vs disadvantages of different solutions 
 
The advantages and disadvantages of the above-described gauge bridging measures 

are summarised hereafter: 
 

Solution 
 

Advantages Disadvantages 

 
 

Manual 
transshipment 

 

- 
 

 

Comparatively low capital cost 
 

 

- 
 

 

Imposes significant delays in wagon 
transit times and is therefore 

                                                                                                                                                        
operating conditions may vary from one location to another, the general operating principles are similar to all 
such facilities. 
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- 
 
 

- 
 

- 
 

- 
 
 
 

- 
 
 

- 

incompatible with the implied 
notion of rapid transit times 
associated with through scheduling. 
 

Adds locomotive and wagon 
requirements. 
 

Adds cost in rolling stock utilisation. 
 

Requires specific sheds. 
 

Requires more shunting as sheds are 
usually built to accommodate 
between 10 to 15 wagons. 
 

Physical handling of goods increases 
the risk of damage and pilferage. 
 

Very labour intensive. 
 

 
 

Mechanised 
transshipment 

 

- 
 

- 
 

- 
 
 
 

- 
 
 

- 

 

Comparatively low capital cost 
 

Fast transshipment capabilities 
 

Reduced shunting (provided 
trackage of sufficient length is 
provided under cranes) 
 

Least labour intensive 
transshipment method. 
 

No direct handling of cargo. 

 

- 
 
 

- 
 
 
 
 

 

Adds locomotive and wagon 
requirements. 
 

Adds cost in rolling stock utilisation. 
 

 

 
 

Bogie exchange 
 

- 
 

No direct handling of cargo. 
 

- 
 

- 
 
 
 
 
 

- 
 
 
 

- 
 
 
 
- 
 

 

High capital cost. 
 

Imposes significant delays in wagon 
transit times and is therefore 
incompatible with the implied 
notion of rapid transit times 
associated with through scheduling. 
 

Large operating cost (especially for 
non-automated exchanges which 
have large labour requirements). 
 

In the case of imbalanced traffic, 
additional cost is incurred due to the 
need to maintain an adequate pool of 
bogies. 
 

Requires extensive shunting. 
 

 
 

Variable gauge 
bogie 

 

- 
 
 

- 
 

 

Imposes very little delay to wagons 
in transit. 
 

Avoids cost of transshipment and 
bogie-exchange. 
 

 

- 
 
 
 
 

- 
 

 

Can have high capital cost 
requirements depending on the 
number of wagons to be purchased 
or converted. 
 

Requires specialised maintenance 
staff and equipment. 
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In practical terms, if the above techniques are applied to a train of 25 flatcars carrying 
two TEUs each, the following operational performances could be expected: 

 
Transshipment (1) Bogie-exchange Adjustable wheelsets (5) 

 

Using two 
Reachstackers 

(2) 

Using one rail- 
mounted gantry 

 

Labour-intens. 
Method (3) 

Automated 
method (4) 

 

 

4 hours 3 hours 40 min. 6 hours 3 hours 40 min. Within one hour 
 

(1) Considering a pair of tracks of sufficient length to accommodate the entire 25-wagon trainset, thereby 
avoiding the shunting movements that would be associated with having to work on a split trainset. 

 
(2) In the most optimistic case of a yard configuration minimizing movements by the reachstackers. 

 
(3) Based on information booklet issued by the Iranian Islamic Republic Railways indicating that about 

200 bogies can be changed in 24 hours based on two working shifts at the Sarakhs bogie exchange. 
 

(4) Based on Australian experience. 
 

(5) Based on technology being developed by DB Cargo for a wagon with adjustable wheelsets suitable for 
the 1,435 mm, 1,520 mm and 1,668 mm gauges. 

 

4.3.4 Capital costs 
 
In terms of the capital costs relating to the development of each of the above-

described technique in relation with container traffic, the cited 1996 ESCAP study indicated 
the following elements4 : 

 
Transshipment :  - transshipment capacity of 48,000 TEU per year, 

 

- 2 sets of two parallel tracks (one of each gauge) accom-modating 
40 container flat wagons (80 TEUs), 

 

- container yard storage capacity of 224 TEU stacked three high, 
 

- 2 reachstackers, 
 

- paved area between each track of a width of 13 metres, 
 

- heavy-duty pavement with area of 4,032 square metres. 
 
Total : US$ 4 million 
 

Bogie-exchange 
(labour-intensive 
method) 

 - single track (mixed gauge) exchange facility, 
 

- exchange capacity of 56 wagons per shift, 
 

- bogie storage tracks 
 

- approach tracks on either side 
 

- automated jacking/bogie placement and clearance system 
 
Total : US$ 6 million 

                                                 
4 Although figures would have to be adjusted to current economic conditions, the range between the various 

options would in any case remain the same. 
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Variable gauge 
bogie 

 No cost estimates for the variable gauge bogie system are available, 
either for the system in place in the railways of the former Soviet 
Union or for the current TALGO system.  However, it is apparent that 
the cost of (i) converting existing container flat wagons to the 
system5, and (ii) providing the transition tracks and other equipment 
at break-of-gauge locations would run into figures much higher than 
the estimates for the other options. 
 

 
The above suggests that for the foreseeable future, and so far as container traffic is 

concerned, the favoured solution to break-of-gauge along the corridor is likely to be the 
transfer of containers between two sets of wagons.  Implementing this solution is also the 
safest in economic terms as, in a first stage, it does not compel the concerned railways to 
massive investment in yards and handling equipment.  In the medium to long term, the 
solution also allows the railways to use the existing wagons until the end of their technical 
life-cycle while resorting to bogie-changing or to the use of wagons of adjustable wheel-sets 
would necessitate, in the worst case, writing-off or, at best, under-using existing assets.  
Gantry cranes, straddle-carriers and reach-stackers are a common feature on all sea, rail and 
road terminals around the world and have shown their reliability for the easy, safe and 
economical movements of containers of all types between different systems.  Finally, the 
more expensive solutions should only be envisaged once traffic forecast have been refined 
and indicate volumes in sufficient number to justify such investment. 

 
 
 
 
 
 
 
 
 

* * 
* 

 
 

                                                 
5 Within the range of US$ 35,000 - 40,000 per wagon; ESCAP’s study “The Railway Break-of-gauge Problem and 

Possible Solutions in the ESCAP Region”, New York, 1996, p. 47. 
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