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1. Introduction 

 

Recently, IR has entered into a new era of speed with the introduction of 
New Delhi-Bhopal Shatabadi express to run at the speed of 150 
kilometer per hour between New Delhi and Agra section. The speed is 
the highest ever in the country's railway history so far. 

However, considering the world scenario, where the speed upto 580 
kilometer per hour has been achieved, the speed of 150 kilometer per 
hour is very low and the train can not be termed as high-speed train in 
terms of UIC’s definition of "high-speed train". 

However, there is need for high-speed trains, not only from the time 
saving criteria but also for the sake of our national pride. 

It is in this context that, in order to have a glimps of world scenario of 
High Speed Rail System and their working, an attempt has been made by 
way of case study of High Speed Rail Systems in the world in the form 
of their comparison and their technical features. 

 

1.1 What is High Speed Rail System? 

High Speed Rail System is a relative term, which constitute the "system" 
i.e. infrastructure, rolling stock and operating conditions. 

According to UIC "high-speed train" is a train that runs at over 250 km/h 
on dedicated tracks, or over 200 km/h on upgraded conventional tracks.  

 

1.2 Why High Speed Rails System? 

 

We need High Speed Rail System for the following reasons: 

i) Saving in travel time 
ii) Customer satisfaction 
iii) Edge over other modes of transport 
iv) To compete with air traffic in regard to speed 
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v) More convenient than air as unlike air, it drops in the heart of 
city  

vi) Superior comfort level 
vii) Comparative superiority 
viii) Energy efficient 
ix) Environment friendly 
x) To have latest technology 
xi) To have a sense of pride and confidence 
xii) demand and capacity 
xiii) journey time and distance 
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2. Case Studies - High-speed rail: international 
comparisons 

Case studies of few countries have undertaken that have invested 
significantly in high speed rail to understand how the decision to invest 
in high speed rail has been taken. 

2.1 Factors affecting decision making 

i) cost benefit analysis 
ii) time saving 
iii) technological progress 
iv) national prestige 
v) affordability 
vi) distance between population centers 
vii) competitiveness of other transport modes 
viii) demand and capacity 

2.2 Cost benefit analysis 

The most commonly used appraisal method is cost benefit analysis. This 
has been used in all the countries except Japan. Its use is being 
considered even there. However, between the countries that use it, there 
are significant differences in the extent to which it forms a central part of 
the decision making process and how cost benefit analysis is applied, 
whether for all rail projects or only for some. 

However, in the case of France and Japan, High-speed rail projects are 
major projects of national importance, and decisions on whether or not to 
proceed, are likely to be based on a number of issues other than the 
appraisal framework used. Decisions as to whether to proceed with a 
high-speed rail project will ultimately be taken at the highest levels of 
government, and the economic appraisal will only be one input to such 
decisions 
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2.3 The main factors included in cost benefit analysis are compared in 
the table below: 

Criteria Britain France Germany Spain Victoria, 
Australia 

Time savings Y Y Y Y Y 
Safety Y Y Y Y Y 
Environment  Y Y Y Y Y 
Road 
congestion Y Y X X X 

Comfort X X X Y X 
Regional 
economy X X Y Y Y 

Employment X X Y Y X 

2.4 Time saving 

Time saving is a major factor in decision making, however, the same has 
been included in cost benefit analysis. 

2.5 Technological progress 

In France, the decision to construct the first TGV line was taken on the 
basis of technological progress and national prestige under the pressure 
from SNCF (the railway company) and Alstom (the manufacturer). 

2.6 National prestige 

In France and Japan, decision was taken on the basis of national prestige. 

2.7 Affordability 

Affordability is also an important issue for high-speed rail projects. In 
Spain, for example, a high proportion of the costs of high-speed rail 
construction have in the past been paid for by the European Regional 
Development Fund. In some cases this contribution has been up to 65% 
of project cost 
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2.8 Distance between population centers 

High-speed rail enables journeys over medium distances to be made 
quickly. However, it offers relatively little advantage for either very 
short or very long journeys: 

In general for journeys of less than about 150 km, high speed rail offers 
little advantage over conventional rail because of the need to accelerate 
to the maximum speed. For shorter journeys, even conventional rail is 
faster than air travel for door-to-door journeys.  

For journeys of approximately 150-400km, rail is faster than air travel 
even if there is no high speed line, and high-speed rail will instead serve 
to make that advantage more robust. For journeys of more than 400km, 
high speed is necessary for rail to become the fastest mode. 

For journeys of more than about 800km, air travel is faster.  

 

Figure : Competitive advantage of high speed rail 
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In France, distances are ideal for high-speed rail. The majority of 
journeys are to/from Paris; 8 out of the 9 other major cities are more than 
400km away; and all except Nice are within 800km 

In Spain, distances are also ideal for high-speed rail. The largest city, 
Madrid, is in the centre of the country and other major cities are 
generally on or near the coast, 400-600km away.  

In Japan, many key cities, such as Osaka, Nagoya, Kobe and Kyoto, are 
also in the range of distances from Tokyo for which high speed rail is the 
most competitive mode;  

In Germany and Italy, there are a number of cities in the range of 
distances for which high speed rail is necessary for rail to be 
competitive, but many other cities are sufficiently close together that 
high speed rail offers little advantage; and  

In Australia, the biggest cities are generally so far apart that high- speed 
rail can not be competitive. 

2.9 Competitiveness of other transport modes 

To be competitive with other modes of transport is also one of the factor 
in decision making. 

2.10 Demand and capacity 

Many countries have constructed high speed rail lines to provide extra 
capacity, rather than speed. Capacity was the main justification for 
construction of the world's first high speed rail lines, from Tokyo to 
Osaka and Paris to Lyon. The construction of high speed lines provides 
additional capacity for many different types of trains, because it frees 
capacity on the conventional routes. 
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2.11 Cost of high-speed rail projects 

 

Figure : High speed line construction costs per KM 

 

 

It is seen that the Channel Tunnel Rail Link is much more expensive 
than any other high speed line that has been constructed. This is because 
of the construction of routes through tunnels or over viaducts which is 4-
6 times more expensive per kilometer than construction over flat land. 
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2.12 Conclusion 

It was clear from the case studies that decisions to construct high speed 
lines had not, historically, been based on economic appraisal alone, or at 
all, but were made for other reasons 

Our analysis demonstrated that the case for high speed rail was 
dependent on a number of market factors and that the development of 
high speed rail in the case study countries did appear to be correlated 
with these factors. 

The case for high speed rail is strongest in countries where there is a 
large market for travel over distances of around 200-800km, and 
particularly in the range 300- 600km. High speed rail offers little benefit 
for journeys shorter than 150-200km, and cannot be competitive with air 
transport for journeys longer than approximately 800km 

A high speed line can offer very high capacity. For there to be sufficient 
travel demand for this capacity to be utilised effectively, there must 
either be very large cities of approximately this distance apart, or there 
must be a number of significant population centres that can be accessed 
by the same high speed route. 
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3. Technical Specifications – Geometrical Parameter for High 
Speed Rail System 

The orders of magnitude to be observed for each of the parameters for 
some countries that need to be taken into consideration within the speed 
range of 300 to 350 km/h, have been summarised in Table 1 to 4. 
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TABLE 1 TYPES OF LINE, PARAMETERS OF THE ROUTE AND THE GEOMETRY OF THE 
TRACK 

PARAMETER France  Germany  Italy  Spain  Belgium 
speed 300 350 300  300  350 300 350 300 350 300 

Type of traffic PASSEN
GER 

PASSEN
GER 

 

PASSEN
GER 

/FREIGH
T 

PASSE
NGER 

 

PASSE
NGER  

PASSE
NGER 
/FREIG

HT 

PASSE
NGER 
/FREIG

HT 

PASSE
NGER 

 

PASSE
NGER 

PASSE
NGER  

Maximum axle load for 
the maximum line 
speed, high speed 
trainsets (t) 

17 17 17 17 < 16 17 17 17 18 17 

Minimum radius of 
curvature for the 
maximum speed (m) 

4 000 6 250 
 

4 000 3 350  5 120 5 450 7 000 4 000 6 500 4 800 

Maximum cant of the 
rack (mm) 

180 180 160 170 170 105 130 150 150 150 

Maximum gradient 
(mm/m) 

35 35 20 40 40 12  12  12.5 25 15 - 21  

Law of variation of the 
cant of the track 
(mm/s) 

50 50 34.7 34.7 34.7 27 37 32 30 37 

Minimum vertical 
radius (m) 

16 000 21 000 14 000 
 

14 000 
 

20 000 25 000 25 000 24 000 
 

25 000 20 000 
 

Cant deficiency at the 
design speed (mm) 

85 65 105 130  112 90 75 100 65 100 

Length of the transition 
curves which 
correspond to the 
minimum radius (m) 

300 350 384 408 476 330 330 360 460 420 

 
 
 



14 

TABLE 2 EFFECT OF THE SPEED ON THE SELECTION OF THE 
GEOMETRIC PARAMETERS OF THE LINE 

PARAMETER (from data given by SNCF) SPEED (km/h)   
 270 300 350 
Minimum radius of curvature (m) :    
     - Recommended 3 846 4 545 7 143 
     - Normal 3 226 4 000 6 250 
     - Exceptional 3 125 4 000 5 556 
Maximum cant (mm) :    
     - Normal 180 180 180 
     - Exceptional 180 180 180 
Cant deficiency (mm) :    
     - Normal 100 85 65 
     - Exceptional 130 100 85 
Speed of variation of the cant deficiency 
(mm/s) : 

   

     - Normal 30 30 30 
     - Exceptional 50 50 50 
Length of the parabolic connections (m) L = 270 m L = 300 m L = 350 m 



15 

3.1 Environment 

The aspect of the environment most affected by the increase in speed is 
the subject of noise.  In fact, the nature of the noise changes with speed, 
such that as the speed increases, the predominant noise which is that of 
the motor up to 120 km/h, becomes the track noise at 160 km/h, then the 
pantograph and aerodynamic noises above 250/300 km/h. 
 
 

3.2 PARAMETERS RELATING TO TRACK EQUIPMENT 

3.2.1 RAIL 
 
There is general agreement between the various railways on the fact that 
it is not necessary to use different types of rail for different speeds.  Thus 
for speed more than 250 km/h, it is the rail type UIC 60 which is 
recommended. 
 
3.2.2 RAIL PADS, FASTENING SYSTEMS AND STIFFNESS OF 
THE TRACK 
 
The stiffness of the track must be limited in order to reduce the vertical 
dynamic forces between wheels and rails, by the use of rail pads under 
the rail with appropriate characteristics. Rail pads are generally formed 
of rubber or elastomer elements and one of their main characteristics is 
the vertical stiffness. 
 
3.3 LAYING THE TRACK 
 
In general, the majority of the tracks of high speed lines are laid in 
ballast. There are no significant differences between countries regarding 
the smallest size of the particles used for ballasting high speed lines. 
 
Other things being equal it is possible to conclude that the high quality 
ballast which exists today could be used without problems for trains that 
run at 250 km/h or more.  In fact, the requirements do not vary greatly 
between 250 and 350 km/h. 
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TABLE 3 Parameters of the different types of sleepers used by the railways. 
 

 COUNTRY (km/h)        
PARAMETER France  Germany  Italy  Spain  Belgium 

 300 350 300 300/350  300 300/350  300 350 350 
Type Two block/ 

monoblock 
Two block/ 
monoblock 

Monoblock
B 90 

Monoblock
B75 

Monoblock Monoblock Monoblock Monoblock Monoblock 

Sleeper 
(number of 
sleepers/km) 

1 666 1 666 1 666 1 587 1 666 1 666 1 666 1 666 1 666 

Weight (kg) 245 / 290 245 / 290 330 380 400 400 300 320 300 
Length (mm) 2 415 / 

2 500 
2 415 / 
2 500 

2 600 2 800 2 600 2 600 2 600 2 600 2 500 

Width (mm) 290 290 320 330 300 300 300 300 300 
Height (mm) 220 220 180 200 220 220 222 242 200 to 215 
Effective 
surface area 
per rail (cm²) 

2 436 / 
3 944 

2 436 / 
3 944 

3 340 3 780 3 900 3 900 3 010 3 010 3 688 
(approx.) 
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TABLE 4 Ballast The characteristics of the ballast (size 
distribution, minimum thickness) and sub ballast ON 

THE HIGH SPEED LINES 

  

 COUNTRY 
(km/h) 

     

PARAMETER France Germany Italy Spain  Belgium 
 300 / 350 300 300 300 350 320 

Size distribution of the 
ballast (1) : minimum / 
maximum size (mm) 

25 / 50 22,4 / 63 30 / 60 32 / 63 32 / 63 25 / 50 

Minimum thickness of the 
ballast (cm) 

30 35 
recommended 

40 

35 30 35 35 
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3.4 BALLASTLESS TRACK 
 
Certain railways (DB AG, FS, SNCF, JR) have developed high speed 
ballastless track.  In particular, in Germany the decision has been taken 
recently to build sections of high speed lines (or lines with speeds above 200 
km/h) by using ballastless track. 
 
At first sight the cost of building these tracks greatly exceeds the cost of 
building tracks on ballast, but experience shows that, especially in tunnels, 
the maintenance costs are less than the costs of ballasted track (of the order 
of 1/5th), due to the slower degradation of the geometrical parameters of 
these tracks. 
 
The German experience shows that the cost of building slab track is between 
50% and 75% higher than that for ballasted track. 
 
According to Spanish estimates, the cost of slab track would be double and 
the maintenance cost would be half.  These estimates assume a life of 60 
years for slab track against 30 years for ballasted track. 
 
It is, however, premature to conclude that the overall life cycle cost of 
ballastless track would be considerably less than that for conventional track. 
 
It is also necessary to consider: 
 
- the cost of construction and maintenance of the track equipment  
 
- the availability of the line due to the reduction of the time devoted to the 
maintenance of the track. 
 
- the increase of the transverse resistance 
 
- the disadvantages (possible construction defects, increase of noise, etc.) 
and their repercussion on the total life cycle cost 
 
- the cost of the repairs for maintenance or in the case of derailment 
 
- the effects in the case of derailment 
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4.0 How to approach to high speed Rail System? 

There are two ways to achieve high speed Rail System: 

i) Improvement of conventional rail system 
ii) Dedicated high speed corridors 

 

4.1 Improvement of conventional Rail system 

Advantages:  

- Lower cost of upgradation 
- Lesser time in implementation 

Limitations: 

- Sharp curves 
- Old formation (only track renewed ) 
- Maintenance (mixed traffic) 

Actually with the upgradation of old lines, it is almost not possible to 
achieve high speed Rail System.   

 

4.2 Dedicated high speed corridors 

- Necessary if speed > 250 km/h 
- Least constraints 
- Proven technology up to 350 km/h 
- But, Cost intensive 
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5. Recommendations for IR 

i) Considering the world scenario regarding high speed where all the 
developing countries are going for high speed, it is imperative for 
IR to go for high speed. 

ii) With the rising competition from road and air, it is imperative for 
IR to go for high speed. 

iii) With the boom in economy, more and more passengers would like 
to avail high speed mode of transportation, to tap this opportunity, 
IR should go for high speed. 

iv) For technology upgradation and for the sake of national pride and 
confidence, IR should go for high speed. Atleast one dedicated 
corridor with high speed Rail system should be opened.  

 

 

***** 


