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FOREWORD 
The marvels of Indian engineering have roots in ancient 
civilizations and epitomize traditional engineering 
practices and techniques. The efforts of great engineers 
in ancient India have resulted in creating exemplary 
monuments, bridges, metallurgical artefacts, textiles, 
construction materials, irrigation systems and other 
engineering wonders. The need to archive the 
engineering heritage of India is imperative to preserve 
the rich knowledge and accomplishments that have been 
witnessed over the last few centuries. The Indian 
nationwide rail network, the fourth longest in the world, has witnessed many 
milestones and challenges in its expansion and it is vital to document these 
achievements for the future generation.  

In this direction, Indian National Academy of Engineering (INAE) constituted 
Experts Study Groups on Railways, Civil Engineering and Metallurgy to compile 
information and documentation on the outstanding engineering achievements and 
create an Archive of Indian Engineering Heritage. This Expert Group has already 
brought out three comprehensive reports covering the history of Indian Railways 
since its inception and evolution over the decades as a modern railway network. 
The first Report on Indian Engineering Heritage (Railways) prepared by the Study  
Group covers History, Railway Gauge, Railway Bridges, Railway Construction 
Projects, Mechanical Workshops, Production units and the second Report 
includes use of Geotextiles; Mechanized Maintenance of Track, Coaches/Wagons 
and D.C./A.C. Electrification. The Third report on Indian Engineering Heritage 
(Railways), brought out in the year 2012, covers Rails based Urban Transport 
Systems, Heritage Railway Buildings, Tunneling and River Training and Bridge 
Protection Works.  

I am pleased to note that the Study Group headed by Shri VK Agrawal, FNAE, 
Former Chairman Railway Board and with Dr YP Anand, FNAE, Former 
Chairman Railway Board and 13 Senior Retired Railway Officers from different 
Railway disciplines have brought out the Fourth Report on “Role of Technology 
in Capacity Augmentation and Railway Development”. The technological 
upgradation of the Railways is undoubtedly of paramount interest in its 
modernization. By combining ancient engineering traditions with state-of-art 
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technology; the capacity augmentation, network expansion and modernization are 
achievable goals.  

The efforts of the Study Group are laudable and I compliment them on the task 
undertaken in archiving the technical data pertaining to all facets of Railways 
such as Tracks, bridges, Railway stations, Buildings & tunnels, signalling & Train 
Control etc  to name a few. 

I am confident that this Fourth Report on “Indian Engineering Heritage 
(Railways) – Role of Technology in Capacity Augmentation and Railway 
Development” will be well received by the Railway Engineers and shall be a 
landmark document for the engineering community, not only at present, but also 
in the coming decades.  

 

 
        Dr BN Suresh 
        President, INAE 
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PREFACE 
Indian National Academy of Engineering (INAE) has constituted Expert Study Groups on 
Railways, Civil Engineering, and Metallurgy to compile information and documentation on 
the outstanding engineering achievements and create an Archive of Indian Engineering 
Heritage.  

The earlier work of INAE Study Group – Indian Engineering Heritage (Railways) has 
already been published by the Indian National Academy of Engineering under Three 
Reports titled :  

1. First Report – Indian Engineering Heritage (Railways) –  2004. 

2. Second Report – Indian Engineering Heritage (Railways) –  January 2008. 

3. Third Report – Indian Engineering Heritage (Railways) –  June 2012. 

The First Report (2004) covered several areas of the historical development of 
technology on Indian Railways. It was however felt that areas / data needed further 
supplements and so it was decided to cover these and additional areas in the next Report 
(January 2008). The Second Report was thus planned accordingly.      

The Second Report (January 2008) was an all comprehensive Report (including the 
areas covered in the First Report) having Fourteen Chapters covering the various facets 
of the historical development of technology on Indian Railways in various areas like 
Railway Gauge, Permanent Way, Bridges, Hill Railways, Locomotives and other Rolling 
Stock, Mechanical Workshops, Production Units, Electrification, Train Lighting and Air 
Conditioned Coaches, Signalling & Telecommunications, etc.  

The Third Report (June 2012) covered the following areas in Four Chapters :  

i) Rail Based Urban Transport Systems  

ii) Heritage Railway Buildings 

iii) Tunneling 

iv) River Training and Bridge Protection Works 

The Group has now studied the History of the Role of Technology in Capacity 
Augmentation and Railway Development for the various concerned areas listed below 
which also includes an Introductory Chapter to give a brief overview : 

1. Introduction  

2. Track      
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3. Bridges      

4. Railway Stations, Buildings & Tunnels      

5. Rolling Stock – Wagons     

6. Rolling Stock – Coaches      

7. Electrical Multiple Units      

8. Diesel Multiple Units      

9. Motive Power – Steam       

10. Motive Power – Diesel       

11. Motive Power – Electrical     

12. Railway Electrification     

13. Railway Workshops 

14. Signalling & Train Control      

15. Telecommunications      

16. Operations / Operational Practices 

17. Research & Technology Development – RDSO 

During this Study, various aspects like Safety, Speeds, Environment, Information 
and Communication Technology (ICT), and Futuristic Trends have also been 
examined. This Study is now being presented in this Fourth Report. The Fourth Report 
has seventeen Chapters including the Chapter titled “Introduction”. Railways cover 
practically every branch of Engineering and Technology and these Chapters try to bring 
out the nuances of each Discipline and its role in Capacity augmentation and 
Development of Indian Railways.   

The INAE Railway Study Group presently consists of two INAE Fellows (Shri V. K. 
Agarwal as Chairman & Dr. Y. P. Anand) assisted by 13 other Senior Retired Railway 
Officers from different Railway disciplines who also are Members / Fellows of various 
Professional / Management Institutions. All of them have more than three decades of 
technical experience in the relevant fields. Current List of Group Members is as under.  

*1. Shri V. K. Agarwal Former Chairman Railway Board  

*2. Dr. Y. P. Anand Former Chairman Railway Board 

3. Shri S. S. Khurana Former Chairman Railway Board 
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4. Shri S. P. S. Jain Former Member (Engg.), Railway Board 

5. Shri V. N. Mathur Former Member (Traffic), Railway Board 

6. Shri S. C. Gupta Former Member (Elect.), Railway Board 

7. Shri A. K. Jain  Former Addl. Member (Electrical), Railway Board  

8. Shri Chandrika Prasad Former Addl. Member (S&T), Railway Board  

9. Shri M. M. Agarwal Former CE, Northern Railway  

10. Shri A. K. Gupta Former CAO, (R) DMW 

11. Shri B. K. Agarwal Former Adv. (L&A), Railway Board 

12. Shri Kanwal Preet Singh Former Exec. Dir. (W), Railway Board  

13. Shri Vijay Kumar Dutt  Former Addl. Member (Elect.), Railway Board  

14. Shri Kishore Pal Singh Former MD, RITES & Former MD Tata Projects. 

15. Shri Deepak Krishan Managing Director, IRWO & Former GM Railways.  

 

* Fellow Indian National Academy of Engineering   
 
 

(V. K. Agarwal) 
April 2015       Chairman of the Study Group  
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CHAPTER 1 

INTRODUCTION  

1.1.0 INDIAN ENGINEERING HERITAGE (RAILWAYS) – FOURTH 
REPORT  

1.1.1 Indian National Academy of Engineering (INAE) has constituted Expert Study 
Groups on Railways, Civil Engineering, and Metallurgy to compile information 
and documentation on the outstanding engineering achievements and create an 
Archive of Indian Engineering Heritage.  

1.1.2 The INAE Railway Study Group presently consists of two INAE Fellows  
(Shri V. K. Agarwal as Chairman & Dr. Y. P. Anand) assisted by 13 other Senior 
Retired Railway Officers from different Railway disciplines who also are 
Members / Fellows of various Professional / Management Institutions. All of 
them have more than three decades of technical experience in the relevant fields. 
Current List of Group Members is attached. (Box 1) 

1.1.3 The earlier work of INAE Study Group – Indian Engineering Heritage 
(Railways) has already been published by the Indian National Academy of 
Engineering under Three Reports titled :  

1. First Report – Indian Engineering Heritage (Railways) – 2004. 

2. Second Report – Indian Engineering Heritage (Railways) – January 2008. 

3. Third Report – Indian Engineering Heritage (Railways) – June 2012. 

1.1.4 The First Report (2004) covered several areas of the historical development of 
technology on Indian Railways. It was however felt that areas / data needed 
further supplements and so it was decided to cover these and additional areas in 
the next Report (January 2008). The Second Report was thus planned 
accordingly.  

1.1.5 The Second Report (January 2008) was an all comprehensive Report (including 
the areas covered in the First Report) having Fourteen Chapters covering the 
various facets of the historical development of technology on Indian Railways in 
various areas like Railway Gauge, Permanent Way, Bridges, Hill Railways, 
Locomotives and other Rolling Stock, Mechanical Workshops, Production Units, 
Electrification, Train Lighting and Air Conditioned Coaches, Signalling & 
Telecommunications, etc.  
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1.1.6 The Third Report (June 2012) covered the following areas in Four Chapters :  

i) Rail Based Urban Transport Systems  

ii) Heritage Railway Buildings 

iii) Tunneling 

iv) River Training and Bridge Protection Works 

1.1.7 The Group has now studied the History of the Role of Technology in 
Capacity Augmentation and Railway Development for the various concerned 
areas listed below which also includes an Introductory Chapter to give a brief 
overview : 

1. Introduction  

2. Track      

3. Bridges      

4. Railway Stations, Buildings & Tunnels      

5. Rolling Stock – Wagons     

6. Rolling Stock – Coaches      

7. Electrical Multiple Units      

8. Diesel Multiple Units      

9. Motive Power – Steam       

10. Motive Power – Diesel       

11. Motive Power – Electrical     

12. Railway Electrification     

13. Railway Workshops 

14. Signalling & Train Control      

15. Telecommunications      

16. Operations / Operational Practices 

17. Research & Technology Development - RDSO 
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Box 1 

INDIAN ENGINEERING HERITAGE – Railways 

Archives of Indian Engineering Heritage (Railways) Study Group  

S.No. Name 
 

 

*1. Shri V. K. Agarwal 
 

Former Chairman Railway Board  

*2. Dr. Y. P. Anand 
 

Former Chairman Railway Board 

3. Shri S. S. Khurana 
 

Former Chairman Railway Board 

4. Shri S. P. S. Jain 
 

Former Member (Engg.), Railway Board 

5. Shri V. N. Mathur 
 

Former Member (Traffic), Railway Board 

6. Shri S. C. Gupta 
 

Former Member (Elect.), Railway Board 

7. Shri A. K. Jain  
 

Former Addl. Member (Electrical), Railway Board  

8. Shri Chandrika Prasad 
 

Former Addl. Member (S&T), Railway Board  

9. Shri M. M. Agarwal 
 

Former CE, Northern Railway  

10. Shri A. K. Gupta Former CAO, (R) DMW 
 

11. Shri B. K. Agarwal 
 

Former Adv. (L&A), Railway Board 
 

12. Shri Kanwal Preet Singh 
 

Former Exec. Dir. (W), Railway Board  

13. Shri Vijay Kumar Dutt  Former Addl. Member (Elect.), Railway Board  
 

14. Shri Kishore Pal Singh 
 

Former MD, RITES & Former MD Tata Projects. 

15. Shri Deepak Krishan Managing Director, IRWO & Former GM Railways.  
 

 
* Fellow Indian National Academy of Engineering  
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1.1.8 During this Study, various aspects like Safety, Speeds, Environment, 
Information and Communication Technology (ICT), and Futuristic Trends 
have also been examined. This Study is now being presented in this Fourth 
Report. The Fourth Report has seventeen Chapters including the Chapter 
titled “Introduction”. Railways cover practically every branch of Engineering 
and Technology and these Chapters try to bring out the nuances of each 
Discipline and its role in Capacity augmentation and Development of Indian 
Railways.  

1.2.0 ROLES OF TECHNOLOGY & ENGINEERING    

 Indian Engineering Heritage (Railways) basically is the History of Technology 
and its development on the Railways and has been dealt with accordingly in the 
present Report (Fourth) as also in the earlier Reports (First, Second & Third). 
One fact which needs special mention is that boundaries between Science, 
Technology, and Engineering are not very explicit and need elaboration / 
explanation. Recently, the UNESCO in its Report titled “Engineering : Issues, 
Challenges and Opportunities for Development (2010)”, which is the first Report 
of its kind to be produced by any International organization, has recognized the 
paramount importance of the role of Engineering in Development and, inter alia, 
also tried to define the roles of Science, Technology, and Engineering for the 
purpose. This has been captured along with some other details to broadly define 
Science / Technology / Engineering (See Box 2) for the purpose of this Study.  

 
Box 2 

Science / Technology / Engineering 

(a) Science  
 

� Science covers the broad field of knowledge that deals with observed 
facts and the relationships among those facts.  

 
� Science also differs from other types of knowledge in that scientific 

progress depends on new ideas expanding or replacing old ones.  
 
� Science has enormous influence on our lives. It provides the basis of 

much of modern technology – the tools, materials, techniques and 
sources of power that make our lives and work easier. The term applied 
science is sometimes used to refer to scientific research that concentrates 
on the development of technology. 

 



  5

(b) Technology 
� Technology refers to all the ways people use their inventions and 

discoveries to satisfy their needs and desires.  
� Technology involves the use of tools, machines, materials, techniques 

and sources of power to make work easier and more productive.  
� Science has contributed much to modern technology. But not all 

technology is based on science, nor is science necessary to all technology. 
� The word technology is sometimes used to describe a particular 

application of industrial technology, such as medical technology or 
military technology. The engineering profession is responsible for 
much of today’s industrial technology.  

• It has been mentioned by Dr. A. P. J. Abdul Kalam (2001) that 
technology includes techniques as well as the machines that may or may 
not be necessary to apply them. It includes ways to make chemical 
reactions occur, ways to breed fish, eradicate weeds, light theaters, treat 
patients, teach history, fight wars or even prevent them. 

(c) Engineering 
� Engineering is the profession that puts scientific knowledge to practical 

use. The word engineering comes from the Latin word ingeniare, which 
means to design or to create. 

� Engineers use principles of science to design structures, machines, and 
products of all kinds. They look for better ways to use existing resources 
and often develop new materials. Engineers have had a direct role in 
the creation of most of modern technology – the tools, materials, 
techniques, and power sources that make our lives easier. 

� Tony Marjoram and Yixin Zhong (UNESCO Report – 2010) 
diagrammatically depict the role Engineering plays (using ‘Theories’ 
from ‘Science’ and ‘Tools’ provided by ‘Technology’) to provide 
‘Products and Benefits’ to ‘Society and Nature’ keeping in view the 
‘Resources and Needs’.  

 



  6

1.3.0 CURRENT TRANSPORT SCENARIO IN INDIA  

1.3.1 The mechanized modes of transport, consisting of the transport sector in the 
country, comprise Railways, Highways/Roads, Coastal Shipping, Airlines, 
Pipelines, and Inland Water Transport. No centralised monitoring 
authority/institution for regulating coordinated operation and integrated 
growth of different modes of transport exists in the country. To give an 
example, while Railways are centrally administered as a department of the 
government, for the highways, infrastructure is provided by the Central and State 
governments, and the operation of vehicles is by private sector/owners. Some 
States also have State Transport Undertakings for the passenger transport. 

1.3.2 The data regarding ‘Originating Inter Regional Freight Traffic Growth and 
Changing Modal Split in India’ can be seen in Table No.1. This data has been 
taken from the White Paper on Indian Railways, December 2009 and is based on 
a Study carried out by RITES for the Planning Commission. It will be seen from 
it that currently about 91% of the Inter Regional Freight Traffic is carried by Rail 
(30%) and Road (61%), and the balance by Coastal Shipping (2.3%), Pipelines 
(4.5%) and Inland Water Transport (2.2%), the share of Airlines being very small 
(0.3 million tonne). The share of Rail in freight traffic has come down from 
89% to 30% since 1950-51 and for the passenger traffic it has reduced from 
69% to 15%.    

Table 1 : Freight Traffic Growth and Changing Modal Split in India 

 Mode-wise Traffic in Million Tonnes with Percentage Share  

Year Total 
Originating 

Inter 
Regional 
Traffic 
(Million 
Tonnes)  

 

Railways Highways Coastal 
Shipping 

Airlines Pipelines Inland 
Water 

Transport 

1950-51 82.2 73.2 (89%) 9.0 (11%) NA NA NA NA 
 

1978-79 283.4 184.7 (65%) 95.6 (34%) 3.1 (1%) NA NA NA 
 

1986-87 484.9 255.4 (53%) 224.0 (46%) 5.5 (1%) NA NA NA 
 

2007-08 2555.4 768.7 (30%) 1558.9 (61%) 59.1(2.3%) 0.3 113.5 
(4.5%) 

54.9 
(2.2%) 

 

Source : White Paper on Indian Railways, December, 2009. 

 



  7

1.3.3 It will be interesting to examine the pattern of intra-regional freight traffic 
carried by the Road. The inter-regional freight traffic mentioned in para 3.2 
basically takes a ‘District’ as a ‘Region’ for evaluating the traffic while for the 
intra-regional traffic the movements within the Region/District are considered. 
The pattern of traffic for the year 2007-08 as per the Study referred to in para 3.2 
is as under : 

   

 Volume Average Lead 
Inter-regional freight traffic 1558 Mt 453 km   
Intra-regional freight traffic 4640 Mt 15 km 
  (x3) (x1/30) 

It will be seen that the volume of Intra-Regional freight traffic is three times the 
inter-regional traffic but in terms of ton-km it is about 10% only. 

1.3.4 Demand for transport is directly connected to GDP growth. For a developing 
economy like ours, the elasticity of transport to GDP can be taken as about 1.25. 
GDP growth of 9% would, therefore, translate into increase in demand for 
transport to the tune of 11%. The traffic is very likely to double in next 7-10 
years. 

1.3.5 Our existing transport infrastructure is already under severe strain with 
congestions visible everywhere. Paucity of necessary resources came in the way 
of infrastructure development and the lower GDP growth in the earlier periods 
also made us complacent towards the need for such a development. However, 
growing economy now necessitates that the transport infrastructure develops at 
an accelerated pace and that too in a coordinated and integrated manner. 
Development of necessary transport infrastructure is a pre-requisite to 
sustain the current levels of GDP growth and if timely action is not taken 
growth may get stifled.  

1.3.6 To compound the problem of accelerated growth of transport infrastructure, the 
issue of environment has assumed paramount importance in the recent years, 
needing cuts in emissions of greenhouse gases (GHGs). Growth of transport 
infrastructure has to consciously keep in view the need for using a mode 
which is least polluting and hence more environment-friendly in addition to 
planned efforts to reduce transport demand to the extent possible.  

1.3.7 A European Study gives details of carbon dioxide (CO2) emissions from various 
transport modes, both for the passenger and the freight traffic (see Table No. 2). 
Such emissions may even be higher for Indian conditions with less stringent fuel 
quality and vehicle maintenance norms. It will be seen from it that Rail is more 
environment-friendly with lower CO2 emissions. On the other hand Table No.1 
indicates that while the volume of freight traffic is increasing, the proportionate 
volume of traffic carried by Rail, which is greener and so more environment-
friendly, is declining.  
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Table 2 : Carbon-Dioxide (CO2) Emissions 

        CO2 Emissions from       CO2 Emissions from 
         Freight Transport     Passenger Transport 
              (gms/tonne-km)       (gms/passenger-km) 

Road 158 

Water Transport  31 

Rail 29 
 

 Source : Soft Mobility Paper – Europe – July 2006. 
1.3.8 Transport accounts for approximately 25% of global carbon dioxide (CO2) 

emissions, and is the sector with the highest growth in emissions, and the second 
largest contributor overall (after electricity and heat supply sector). Railways and 
their energy efficiency are crucial to reducing greenhouse gas emissions. 
Incidentally, a shift of 3% from road to rail transport corresponds to 10% 
decrease in GHG emissions.  

1.3.9 Transport pricing does not tell the environmental truths because social costs 
are not factored in. The social costs of transport operation chiefly encompass 
costs arising from accidents, atmospheric pollution, damage to the climate and to 
public health, noise, impairment of natural resources and the landscape, and 
damage to buildings. In the absence of any such authentic data for our country 
the data from a European Study can be taken as a broad guide (see Table No. 3) 
which indicates that Rail has the lowest social costs.  

Table 3 : Social Costs of Various Transport Modes  
(A) Average Social Costs –    (B) Average Social Costs – 

              Freight Transport (2000)   Passenger Transport (2000) 
              (Euros per 1000 tonne-km)   (Euros per 1000 passenger-km) 
 

  
 

 

 

Source : Soft Mobility Paper – Europe – July 2006. 

1.3.10 The approaches that need to be adopted to reduce green-house gas (GHG) 
emissions in the transport sector can be classified into the following groups : 

• Reducing transport demand by suitable relocation of production and 
consumption activities; use of Information and Communication Technology 

Air 229 

Road (Car) 175 

Rail 75 

Air 271.3 
Road (Light Lorries) 250.2 
Road (Heavy Vehicles) 71.2 
IWT 22.5 
Rail 17.9 

Road (Car) 76.0 
Air 52.5 
Road (Bus) 37.7 
Rail  22.9 
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(ICT) including the use of geographic information systems (GIS) and the 
global positioning systems (GPS) to reduce movements or to make them 
more efficient; 

• Planned Shift to Non-motorised Transport (NMT) e.g., for low lead intra-
regional freight traffic (see Para 3.3) and for passenger traffic in busy 
metropolitan areas;  

• Fuel efficiency improvements – A European Study indicated that upto 25% 
of fuel consumption could be saved through the use of efficient driving 
methods (Ecodriving);  

• System efficiency improvements through traffic engineering and 
management measures; 

• Encouraging a shift of commuters from use of road to rail and from 
personalized vehicles to public mass transport; 

• Modal shift of freight traffic towards more environment friendly modes 
like Rail and IWT; 

• Behavioural changes by moving towards an optimum utilization of seating 
space and load factor; and  

• Technological and fuel changes through upgrading automobile technology 
and fuel quality and promoting alternative fuels. 

1.3.11 The following options exist to reduce the consumption of petroleum oil, a 
polluting and fast depleting source : 
• Industrial use of naptha, fuel oil, diesel oil and domestic use of LPG and 

kerosene should be replaced by natural gas. (gas availability is expected to 
be much better than oil and it is less polluting). 

• Increased use of bio fuels. 

• Encourage blending of ethanol with petrol. 

• Extend electrification of Railways.  
• Improve Railway’s freight service for a larger share in transport. 
• Promote urban mass transport. 
• Improve fuel efficiency of motorized vehicles. 

• Encourage use of hybrid vehicles.  

1.4.0 INDIAN RAILWAYS : AN EFFICIENT SYSTEM BUT WITH SEVERE 
CAPACITY CONSTRAINTS  

1.4.1 Indian Railways have done reasonably well within the constraint of resources. 
The Input vs Output indices shown in Table No. 4 and Select Data shown in 
Table No. 5 are ample testimony to this fact. The elaborate further, while the 
Route Kms have increased by 22% the Traffic Volume has increased by more 
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than 1400%; Numbers of Rail Accidents have come down; and Wagon 
Turnaround has improved.  

Table 4 : Input vs Output – Indian Railways 

 1950-51 2012-13 
Input Indices   
 • Route Kms  100 122 
 • Running Track Kms  100 153 
 • Wagon capacity  100 325 
 • Coaches - Passengers  100 367 
Output Indices   
 • Freight Traffic – NT Kms  
 (Rev. + Non Rev.) 

 100 1570 

 • Passenger Traffic – Pass Kms  
 (Non-Sub) 

 100 1588 

Source : IR Year Book 2012-13..  

Table 5 : Select Data – Indian Railways 

Year Track Renewals 
(Kms) 

Number of 
Accidents 

Wagon Turnround 
(days) 

Operating 
Ratio (Percent)

1994-95 2,763 501 9.5 82.6 
1995-96 2,893 398 9.1 82.5 
1996-97 2,795 381 8.5 86.2 
1997-98 2,950 396 8.1 90.9 
1998-99 2,967 397 8.2 93.3 
1999-00 3,006 463 7.7 93.3 
2000-01 3,250 473 7.5 98.3 
2001-02 3,620 415 7.2 96.0 
2002-03 4,776 351 7.0 92.3 
2003-04 4,986 325 6.7 92.1 
2004-05 5,566 234 6.4 91.0 
2005-06 4,725 234 6.1 83.8 
2006-07 4,686 195 5.5 78.7 
2007-08 4,002 194 5.23 75.9 
2008-09 3,841 177 5.19 90.5 
2009-10 3,840 165 4.98 95.3 
2010-11 3,465 139 4.97 94.6 
2011-12 3,300 131 5.08 94.9 
2012-13 3,296 120 5.10 90.2 

Source : IR Year Books.  
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1.4.2 The argument, that capacity constraints and adequate inputs are not the IR’s 
problem but it is basically the inefficient operation and lack of focus, does not cut 
much ice. Following may elucidate the point further : 
• In early 1980s, problem of lack of capacity was solved in an adhoc manner 

by permitting running of only “rake loads” of traffic thereby making 
movements faster but in the process loosing high rated piecemeal traffic. 
Planned inputs for ‘capacity generation’ and ‘containerisation’ in time could 
have avoided such a situation.  

• Asset rehabilitation arrears had to be wiped out through a Special Railway 
Safety Fund of Rs. 17,000 crore (year 2001-02 onwards) indicating 
inadequate investments in maintenance and upkeep of the system.  

• Recently also, the capacity constraints had largely been overcome by an 
adhoc increase in axle loads from 20.3 tonne to 22.9 tonne. This can be 
broadly translated into an annual traffic increase of 90 Mt and a 
corresponding extra yearly income of Rs. 6,000 cr. (Sudhir Kumar & 
Shagun Mehrotra – 2009).  

1.4.3 There is severe congestion on the Golden Quadrilateral (connecting four metro 
cities of Delhi, Kolkata, Chennai and Mumbai) and its two diagonals which 
constitute about 16% of Route Kms but carry around 60% of the IR’s traffic. 
Large number of sections falling on these routes are having line capacity 
utilization exceeding 100% (see Table No. 6).  

Table 6 : Line Capacity Utilisation on Golden Quadrilateral and its  
two Diagonals (2007-08) 

Routes No. of 
Sections 

Sections having Line Capacity 
Utilisation 

Critical Sections 
$ (%) 

  More than
80% 

More than 
100% 

More than 
120% 

 

Delhi-Howrah  41 11 12 17 70% 
Mumbai-Howrah 42 10 17 13 71% 
Delhi-Mumbai 28 5 5 15 71% 
Delhi-Chennai via Jhansi, 
Nagpur-Ballarshah 

24 2 5 16 88% 

Howrah-Chennai 17 5 6 5 65% 
Mumbai-Chennai 25 6 5 10 60% 
Total 177 39 50 76 71% 
Source : White Paper on Indian Railways – Dec.2009.  
Notes :  1. Sections having line capacity utilization of 100% or more have been assumed to be 

critical sections.  
 2. About 60% of IR’s traffic moves on the Golden Quadrilateral and its two diagonals. 

3. About two-third of the sections are showing a line capacity utilisation exceeding 100%. 
4. In next 7-10 years traffic will double. Immediate action for capacity enhancement is 

called for.  
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1.5.0 EXPEDITIOUS DEVELOPMENT OF RAILWAYS ESSENTIAL FROM 
SOCIAL, ECONOMIC AND ENVIRONMENTAL CONSIDERATIONS  

1.5.1 Transport is an essential pre-requisite for development / growth. In addition, 
transport by itself also accelerates growth. Integrated development of various 
transport modes is essential for optimum utilization of the resources. One major 
factor which has come to fore in recent years is the need for making the transport 
‘greener’ that is basically reducing the Green House Gas (GHG) emissions. The 
transport mode selection has to keep this vital aspect also in view.  

1.5.2 About 91% of the traffic in our Country is carried by Rail / Road modes. Rail is 
4-6 times fuel-efficient vis-à-vis Road and therefore reduction in the market 
share of Rail vis-à-vis Road is a serious concern for environment too. It may 
not be out of place to mention that the market share of Rail in freight traffic 
has gone down from 89% to 30% and for the passenger traffic from 69% to 
15%, since 1950-51.  

1.5.3 Planning Commission and other recommendatory bodies like the recent National 
Transport Development Policy Committee (NTDPC) headed by Dr. Rakesh 
Mohan have all been proposing a growth in the market share of Rail to a value of 
around 50%.  

1.5.4 Growth of rail traffic, and that too at an accelerated pace to make up for the 
lost market share, is not possible only by doing some system improvements. 
The rail infrastructure needs major capacity expansion inputs. The capacity 
expansion on Indian Railways (IR) has lagged behind due to paucity of 
resources. To give example, the rate of construction of New Railway lines in the 
pre-independence era was roughly 3 times faster than that after the Independence. 
The rail network has grown by about 22% while the traffic has grown by more 
than 1400 per cent since 1950-51.  

1.5.5 The Golden Quadrilateral and its two Diagonals connecting the metro cities of 
Delhi, Mumbai, Chennai and Kolkata (Delhi-Kolkata; Delhi-Mumbai; Delhi-
Chennai; Mumbai-Kolkata; Mumbai-Chennai; Chennai-Kolkata) constitute about 
16% of the Route kms of IR but carry around 60% of traffic and are having 
severe capacity constraints.  

1.5.6 To relieve the traffic congestion, Dedicated Freight Corridors (DFCs) are 
planned for the Golden Quadrilateral and its two Diagonals. Work on Delhi-
Kolkata and Delhi-Mumbai Corridors is already in progress and is likely to be 
completed by 2017-18. However, the speed at which the work is being done 
needs special inputs and efforts so that all the six DFCs are available for use, 
say in a period of next 10 years.  

1.5.7 Construction of these DFCs which are being built more or less parallel to the 
existing double line tracks will release the congestion on the existing tracks as 
these will then be carrying only the Passenger traffic as the Freight traffic will 



  13

shift to the newly constructed DFCs. Average speeds of travel both for passenger 
& freight trains will also improve. This opportunity can be taken to provide 
better safety for passenger trains on the existing routes by suitably 
upgrading them through signalling and track inputs and for some selected 
trains the speeds can also be enhanced to 200 kmph. 

1.5.8 It may not be out of place to mention that International Union of Railways (UIC) 
defines a speed of 200 kmph or more when obtained on an existing track as 
High Speed. However, for the newly constructed track speeds beyond 250 kmph 
are defined as High Speeds but in such cases (where the new tracks are 
constructed for the purpose of achieving High Speeds) generally speeds of 300-
350 kmph are targeted. So broadly we can have two types of High Speed Rail 
Systems namely :  

1. Trains running at 200 kmph or more on the existing tracks. (We can 
term these as Common Man’s High Speed trains or Low High Speed 
trains.) 

2. Trains running at 300-350 kmph on newly constructed tracks. (We can term 
these as Conventional High Speed trains.) 

1.5.9 One more issue which is intimately related to environment is to provide a 
mechanism so that some Road traffic could shift on to Rail and for that 
construction of New Railway lines in the areas where such traffic is available is 
essential. As has already been mentioned our New Line construction has been 
very slow and there is an urgent need to boost it. While the Railway Vision 
document of 2009 indicated construction of New Railway lines at the rate of 
2500 km per year but atleast 1000 km per year appears essential.  

1.5.10 Appreciating the need for faster growth of Rail Infrastructure, the National 
Transport Development Policy Committee (NTDPC) headed by Dr. Rakesh 
Mohan in its recent Report (2014) has proposed an increase in investment in 
Railways from about 0.4% of GDP in the last two decades to around 0.8% in the 
12th Plan (2012-2017) and then rising to around 1.1 to 1.2 per cent of GDP in the 
following three Plans (2017 to 2032). 

1.6.0 TECHNOLOGY – SOME POINTS TO PONDER  

1.6.1 Need for Accelerated Development of Rail Capacity 

1.6.1.1 For efficient and effective performance of a transport system, on a sustainable 
basis, following three areas need proper attention and inputs : 

(i) Maintenance of existing assets – Fixed, Moving, and Others. 

(ii) Expansion of the Network – As for example, New lines and additional 
parallel lines (Doubling; Three Lines; Quadrupling) on a Railway System, 
along with necessary support facilities. 

(iii) Modernisation. 
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On the Indian Railways (IR), all the three areas have suffered primarily 
due to paucity of resources and policy of advantage Road vis-à-vis Rail. 
However, extreme concerns for Rail safety, voiced by media and public, 
have resulted in investments in Maintenance and Modernisation to a larger 
extent but the Expansion of Network has lagged far behind.  

1.6.1.2 Planners have to consciously realize that booming economy will necessitate 
doubling of traffic in next 7 to 10 years and both the Rail and the Road, which 
carry about 91% of the traffic, will have to be given suitable inputs for capacity 
augmentation. Both the modes will have to complement/supplement each other to 
take on this rapidly increasing transport demand.  

1.6.1.3 The congestions on roads already visible with the existing levels of traffic, cost 
of road service growing faster than the cost of rail especially because of sharply 
rising fuel costs, concerns for environment (road being much more polluting than 
rail etc.), will necessitate that rail not only carries the traffic on the existing 
pattern but improves it further. This clearly highlights the need for accelerated 
capacity generation on the IR both on the existing routes (Doubling/Third 
Line/Quadrupling) and in the new growth areas (New Line Construction).  

1.6.1.4 Financing of various Projects/Schemes through Public Private Partnership (PPP) 
or other means could be considered for the IR. However, basic features of 
Rail/Road infrastructures needing Government support still remain and the 
Government of India (GOI) will need to support the accelerated pace of building 
of fixed infrastructure on the IR on the same pattern as is being done for Roads. 
Once such inputs are given to improve the capacity of the fixed infrastructure, the 
IR should be able to garner adequate resources for the ‘moving assets’ and ‘other 
facilities’.  

1.6.2 Roll-on Roll-off (RoRo) Service on the Konkan Railway  

1.6.2.1 RoRo service operates on the Konkan Railway, where the road trucks are carried 
on rail wagons, rail freight more or less equals the fuel cost which the truck 
would have otherwise incurred in its road journey, and the time of travel by rail is 
roughly half of what it would have been by road. It is a win-win situation for the 
rail, truckers, and the environment. However, such a service has not picked up on 
other IR sections primarily because of capacity and congestion factors. Once 
Dedicated Freight Corridors (DFCs) are constructed, many more such services 
should be a practical reality.  

1.6.2.2 The cost data given in Box 3 broadly indicates that while fuel cost for each net 
ton-km of freight carried by Road truck is Rs. 0.638, the cost of carriage by Rail 
is Rs. 0.50 (Based on a Study by Deutsche Bank – April 2006). If the Road truck 
is carried on Rail (Ro-Ro Service) it has not to spend extra money (Fuel cost = 
Rail Freight), wear and tear of truck is saved, door to door delivery is still 
possible, several road barriers enroute are avoided, etc. However, the Ro-Ro 
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Scheme will be attractive only when overall journey time (Loading + Rail 
Journey + Unloading) is also less than the time of travel by road. With the 
completion of the Dedicated Freight Corridor (DFC) project, free flow of freight 
traffic will become a practical reality and Ro-Ro trains could be planned 
according to fixed time schedules.  

 
Box 3 

Savings in Fuel : Rail vs Road 

 Planning Commission’s Integrated Energy Policy (August 2006) 
mentions that carriage of 3000 BTKM of freight traffic by Rail 
instead of by Trucks (in the year 2030) will save 50 million 
tonne of diesel oil. Thus saving in the cost of diesel oil for each 
net ton-km (NTKM) of freight carried by rail vis-à-vis road 
works out to Rs. 0.60 (one ton of diesel = 1.2 kilolitres; cost of 
diesel Rs. 30 per litre based on 2006 prices).. 

 A Study by Deutsche Bank (7th April 2006) indicates that cost 
of carriage of freight by Road per NTKM is Rs. 1.10 out of 
which 58% is fuel cost. On the other hand the cost of carriage by 
Rail is Rs. 0.50 per NTKM out of which fuel cost is 14%. This 
translates into the following :  

(a) Fuel cost Per NTKM-Road = Rs. 0.58x1.1 = Rs. 0.638 

(b) Fuel cost Per NTKM-Rail = Rs. 0.14x0.5  = Rs. 0.070 

(c) Difference in Fuel costs Per NTKM = Rs. 0.568 

This also brings out that the road transport consumes nine 
times more fuel in carrying one NTKM of freight vis-à-vis 
Rail. 

 This cost data (fuel cost per NTKM for Road Rs. 0.638; cost of 
carriage by Rail per NTKM Rs. 0.50) further indicates that 
carriage of trucks on rail wagons (similar to RO-RO service 
in operation on the Konkan Railway) will not only be a 
financially viable option for the truckers but will also benefit the 
national economy by reducing the fuel consumption. However, 
this can be a practical reality only when adequate rail 
capacity to allow free flow of traffic exists, to ensure fast 
movements in guaranteed time, by the Railways. 
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1.6.2.3 The Ro-Ro service will have the following advantages :  

(i) Win-Win situation for the Truckers and the Rail. 

(ii) Saving in fuel hence environment friendly. On Swiss Railway System, road 
trucks are carried on rail wagons to reduce environmental pollution. 

(iii) Will provide speed and reliability of Rail and flexibility of Road (at loading 
and unloading legs) for the freight traffic. 

(iv) Will reduce congestion on existing roads. 

1.6.3 High Speed Trains on Existing Rail Tracks : Common Man’s  
 High Speed Trains  

1.6.3.1 According to UIC (International Union of Railways) an existing upgraded line 
equipped to carry speeds of 200 kmph is termed as a High Speed Line. On the 
other hand, for specially built new lines the speeds have to be 250 kmph or more 
for being qualified as High Speed Lines.  

1.6.3.2 Today, High Speed trains are already in operation in 14 countries (8 countries in 
Europe plus Japan, China, USA, South Korea, Taiwan and Turkey) and as on 1st 
July 2012 there were 17,574 km of High Speed Rail (HSR) tracks in operation. In 
addition, construction of 9289 km and planning for 15,476 km HSR tracks were 
in progress in various countries (Ref.: Singh, K. P. – 2013).  

1.6.3.3 On the Indian Railways (IR) currently maximum train speeds are 130-160 kmph. 
Train speeds above 160 kmph need grade separation (No level crossings), 
fencing of tracks (To avoid trespassers) and Cab-signaling (Driver to get the 
aspect of Signal in the locomotive itself) coupled with Automatic braking should 
the ‘Signal’ be at danger (Red aspect of Signal). These features are essential from 
considerations of passenger safety. At higher speeds even a collision with a cattle 
can derail the train. Cab-signalling coupled with Automatic braking precludes 
any possibility of overshooting or passing the Signal at danger by the train 
Driver. 

1.6.3.4 Indian Railways are planning Dedicated Freight Corridors (DFCs) on the entire 
Golden Quadrilateral (connecting four metro cities of Delhi, Kolkata, Chennai 
and Mumbai) and its two Diagonals and currently work on Eastern and Western 
DFCs is already in progress. For the purpose two new parallel lines (Double 
lines) are being constructed exclusively for freight traffic thereby making the 
existing system a passenger corridor. All level crossings are also being 
eliminated as an essential pre-requisite.  

1.6.3.5 Several Committees have emphasized the need for adopting measures like Cab-
signalling and Automatic braking for enhancing passenger safety in the past. 
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There exists a good opportunity to take advantage of DFC project and usher in 
HSR travel (200 kmph) on the IR. This will also enhance safety of travel for all 
other trains which may be running at lower speeds (say 160 kmph). The High 
Speed Trains (200 kmph) can adopt ‘tilt body’ coaches to negotiate existing 
curves.  

1.6.3.6 The HSR project can be suitably integrated with the DFC project on the Indian 
Railways. Inputs required will be minimal as the level crossings have already 
been eliminated. What will be needed is suitable fencing of tracks, provision of 
Cab-signalling for some selected trains and better inputs to track maintenance in 
addition to Special Coaches. In this manner a HSR (200 kmph on existing 
lines) network on the entire Golden Quadrilateral and its two diagonals 
(About 11,500 km double line) can be a practical reality in a short period of 
time. This will improve the speed and safety of passenger travel with only 
lesser inputs and may even capture some of the Air passenger traffic. These 
trains can rightly be called Common Man’s High Speed Trains in view of 
lower fares (vis-à-vis conventional H.S. Trains) due to lower investment and 
maintenance costs. A suitable HSR Blue Print has to be made and executed 
in a phased manner quickly.  

1.6.4 Formation of a Centralised Metro Rail Transport Authority 

 Metro Rail projects are not only essential to carry heavy urban traffic but also 
considerably reduce environmental pollution. The Integrated Energy Policy of 
the Planning Commission, August 2006 lays special emphasis towards 
development of rail-based urban transport systems in major cities to conserve 
fuel/energy. Construction of metro rail projects in our country has far lagged 
behind. Even though urban transport is a State subject but the Metro Rail projects 
need highly specialized knowledge and inputs. To give a boost and direction to 
this activity constitution of ‘Centralised Metro Rail Transport Authority’ appears 
necessary. This will ensure faster and effective coordination between the 
Ministry of Urban Development, Ministry of Railways, concerned State 
Governments, Urban Local Bodies (ULBs) and other Stake holders. 

1.6.5 Assistance for R&D Inputs towards ‘Carbon Sequestration and Carbon 
Capture’ by the IR  

 Expanding the electrified rail network and making greater use of electric traction 
will help in saving precious diesel oil. This will also result in conserving foreign 
exchange (as most of the crude petroleum is imported) and will also enhance 
energy security. How far this shift from diesel traction to electric traction will 
impact the ‘environment scene’ still remains a debatable issue as most of the 
electricity generation in our country is Coal based (high CO2 emissions) and the 
situation is not likely to materially change in the near future. If the coal based 
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electricity generation could be made ‘cleaner’ by developing suitable and cost 
effective carbon sequestration and carbon capture methods, it can be a win-
win situation for the ‘environment’ and the IR. It may be mentioned that 
currently about 50% of IRs freight traffic is Coal based and the continuation of 
this traffic is in IR’s business interests. It will be prudent on the part of IR to 
support the R&D efforts in the carbon sequestration and carbon capture areas 
not only to help the ‘environment’ but also to protect its major bulk traffic viz. 
Coal.  

1.6.6 Pointed Attention to the Aspects of Safety and Modernisation of IR 

1.6.6.1 To select appropriate Technology and allied Systems keeping in focus the Social, 
Economic and Environmental aspects is difficult. For ‘Technology Foresight’ 
people with T-Shaped profiles (people with in-depth knowledge in their own 
domain as well as competence in a much broader spectrum of managerial, 
interpersonal and other skills) are needed.  

1.6.6.2 The two recent Reports about IR need due consideration for implementation of 
the various Recommendations made therein : 

(i) Report of the High Level Safety Review Committee (Headed by Anil 
Kakodkar) – February 2012.  

(ii) Report of the Expert Group (Headed by Sam Pitroda) for Modernisation of 
Indian Railways – February 2012.   
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CHAPTER 2 

TRACK 

2.1.0 HISTORICAL BACKGROUND 

(i) The development of railways is basically linked with evolution of railway 
track and of locomotive. In 15th century stone slabs or wooden baulks were 
laid flush with the road surface for carriage of heavy goods, loaded on carts 
and drawn by animals. These were called ‘Tramways’. These Tramways 
were extensively used in 16th Century in mines in Central Europe for 
carriage of coal and other minerals. 

(ii) The timber baulks were replaced by iron plates in the year starting from 
1767 to reduce wear and these were called ‘Plateways’. These iron plates 
were also substituted in course of time by angle irons to give lateral support 
for better safety. As a further improvement, William Jessop of U.K. in 1789 
replaced iron plates with cast iron beams having stone supports at ends for 
improved working.  

(iii) In 1804, Trevithick discovered that trucks or vehicles could be propelled 
more easily “by the adhesion of a smooth wheel on a smooth rail” because 
of less friction. This perhaps, more than anything else paved the way for the 
use of the moving steam engine, pulling a number of coaches or wagons on 
plateways. The present railway track is a gradual evolution from these 
plateways. The rail sections were subsequently modified in different shapes 
as indicated diagrammatically in Fig.1 (Annexure-1).  

(iv) In middle of 19th century, rails were designed as double headed (D.H.) rails 
and made of “I” section or Dumb-bell section. When the head was worn out 
during the service, the rail could be inverted and reused. The experience 
showed that the bottom table of the rail got dented in service by long and 
continuous contact with chairs and it was not possible to reuse it. This led to 
the development of Bull headed (B.H.) rail which had an almost similar 
shape but with more metal in the head to allow for greater wear and tear. 
This rail section had a drawback that special chairs were required for fixing 
it to the sleepers.  

(v) A flat-footed rail, also called Vignole rail, having a cross section of inverted 
“T” was subsequently developed which could be fixed directly to the 
sleepers with the help of spikes etc. The flat-footed (F.F) rail is standardised 
for adoption on IR. 
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2.1.1 First Railway Line in India & Prevailing Track Standard 

(i) Expansion of Railway Net Work: The first railway line in India was 
opened on 16th April 1853 for a distance of 21 miles from Bombay to Thane. 
Construction/additions of new railway lines continued quite expediously in 
India after that and inspite of very difficult working conditions & almost 
negligible availability of local resources, the railway network could reach a 
mark of 16000 kms during the period 1853-1880. 

(ii) Rails & Sleepers: The rails used at that time were 90 lbs/yd for BG and 50 
to 60 lbs/yd for metre gauge. The length of rails used were varying from 42 
ft rails for main lines to 30 feet for branch lines.  

 Initially wooden sleepers of hard wood or soft wood were used in the early 
period as wood was the material used for making sleepers in Europe. This 
was possibly the most convenient and versatile type of sleeper and its 
versatility and utility has not decreased with the passage of time. On IR, 
however, in the interest to conserve forests for better ecology, the use of 
wooden sleepers has now been restricted inspite of its advantages. Once the 
wooden sleepers used were 31%, which at present is reduced to only 0.3%. 

 The shortage of wooden sleepers and the heavy requirements of traffic led to 
development of metal sleepers on the railway system sometime in the 
beginning of 20th century. These metal sleepers had longer life, required less 
maintenance and provided better lateral stability.  

 The metal sleepers used were broadly of two types:  

(a) Steel Trough Sleepers 

 Once about 27% of track on Indian Railways was laid on steel 
sleepers; Presently only 1.5% of track on B.G is laid with S.T 
Sleepers. The increasing shortage of timber in the country and other 
economical factors were mainly responsible for the use of steel 
sleepers in India. 

 The steel trough sleeper essentially consists of a rolled steel plate of 
about 12 mm thickness and pressed to suitable trough shape and the 
rail seat canted to 1 in 20. The ends of the rolled section are flattened 
out in the shape of a spade to retain the ballast. The Steel Trough (ST) 
sleepers are basically of two types for each rail section viz. 

(i) ST Sleepers with pressed-up lugs: 
 In this type, the lugs or jaws are pressed out of the plate itself to 

accommodate the foot of the rail and key. There are a lot of 
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maintenance problems with these pressed up lugs as they give way 
due to the movement of the keys as well as due to the vibrations ad 
impact of the moving loads. 

 
(ii) ST Sleepers with loose jaws: 
 
 In order to obviate the above defect, another design of sleepers has 

been adopted. In this type, two holes are punched in the plate on 
either side of the plate to accommodate specially designed “Loose 
Jaws”. The rails are held with the help of two standard keys driven 
either in the pressed up lugs or in the loose jaws. 

Advantages of S.T Sleepers 

(i) Longer life & Easy to maintain gauge and lesser maintenance 
problems.  

(ii) Better Lateral rigidity; Very good scrap value; Free from decay 
and attach by vermin.  

Disadvantages of S.T Sleepers 

(i) Liable for corrosion & Unsuitable for track circuiting areas. 

(ii) Liable to become centre bound because of slopes at two ends & 
Develops cracks at rail seats during service. 

(b) Cast Iron Sleepers  

Cast iron sleepers few years back were extensively used on Indian 
Railways and at that time about 42% track consisted of C.I. Sleepers, 
which may be either of pot type of plate type. Presently only 4% of 
track is laid with C.I. Sleeper. 

Design features of CI Pot Sleepers 

These consist of two hollow bowls or pots of circular of elliptical 
shape, placed inverted on the ballast section. The two pots are 
connected by a tie bar with the help of cotters ad gibs and slight 
adjustment of gauge ± 3 mm (1/8”) is done by changing their 
positions. The rails is placed on the top of pot in a rail seat provided 
with a cant of 1 in 20 and is held in position with the help of a key. 
The pot sleeper suffers from the disadvantage that it cannot be used 
on sharper curves on B.G. Most of the fittings are hidden and their 
inspection and maintenance is quite difficult. These type of sleepers 
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has become obsolete now and are not being procured by the Indian 
Railways any more. 

CST-9 Sleeper 

This is the standard sleeper and was once most extensively used on 
the Indian Railways. It is called CST-9 (Central Standard Trial-9) 
because it is the 9th of the series produced by Central Standard Office. 
The sleeper is a combination of pot, plate and box sleeper. It consists 
of two triangular inverted pots on either side of the rail seat, a central 
plate with a projected keel and a box on the top of the plate. The two 
C.I. plates are connected by a tie bar with the help of 4 cotters. The 
rails are held to the sleeper by two way key provided at each rail seat 
on the gauge face side. Gauge is adjusted to a value of ± 5mm (3 1/6”) 
by altering the relative positions of 4 cotters. 

The rail seat of CST-9 sleeper is 115 mm (4 1/2”) wide along the rail 
length and this narrow bearing tends to reduce the rocking of the 
sleeper under the wave motion of the rail. The sleeper provides 
bearing area approximately equal to the effective bearing area of 
standard B.G wooden sleeper i.e. 5 ft. (4545 sq. cm.) for both the 
plates. The CST-9 plates are available with reverse jaws (T-443 type) 
also to serve as an anti-sabotage measure, when a few of these are 
provide in each rail length. Normally, 3 reverse jaw CST-9 sleepers 
are provided per rail to serve anti-sabotage purpose. The weight of a 
CST-9 sleeper assembly along with fastenings for BG is 102 kg and 
for MG is 58 kg. 

Limitation of CST-9 Sleepers 

CST-9 sleeper was once one of the popular sleepers on IR., but it has 
certain serious limitation. 

(i) The sleeper is not suitable for modern track because of not 
having a flat bottom. 

(ii) The sleeper is not suitable for being tamped by Modern Track 
machine. 

(iii) The sleeper has only limited longitudinal and lateral strength to 
hold L.W.R. particularly in the breathing length. 

(iv) Due to less metal under the rail seat, the shocks and vibrations 
are directly transmitted to the ballast, resulting in (loose packing) 
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poor retention of packing and hence increased frequency of 
attention.  

(iii) Concrete Sleepers: In the year 1877, Mr. Monnier, a French 
gardener and inventor of reinforced concrete, suggested that 
cement concrete could be used for making sleepers for the 
railway track. Monnier designed a concrete sleeper and obtained 
a patent of it, but this did not work successfully. The design was 
further developed and Railways of Austria and Italy produced 
first concrete sleeper with promising design around the turn of 
the nineteenth century. This was closely followed by other 
European Railways where large scale trials of concrete sleepers 
were made due to economic considerations. Much progress, 
however could not be achieved till 2nd world war, when the 
wooden sleeper practically disappeared from the European 
market and the prices shot up. Almost at the same time as a result 
of extensive research carried out by French and other European 
Railways, modern track was born. Heavier rail sections and long 
welded rails came into existence. The necessity for a heavier and 
better type of sleeper which could fit in the modern track was 
felt. These conditions gave a spurt to development of concrete 
sleepers and the countries like France, Germany and Britain went 
for development of these concrete sleepers to perfection.  

Different concepts of Development 

The development of concrete sleepers, that took place on various 
railway systems, was mainly based on the following different 
concepts: 

(i) R.C.C. or pre-stressed sleepers similar in shape and size to 
wooden sleepers. 

(ii) Block type R.C.C. sleepers connected by steel tie bar.  

(iii) Pre-stressed concrete blocks and a steel or an articulated 
concrete tie bar. 

(iv) Pre-stressed (pre-tensioned or post tensioned) type of 
concrete sleepers. 

These four concepts of design form the basis of development of 
present day concrete sleepers. 

Out of these the type (iv) of concrete sleepers i.e. pre-stressed 
concrete sleepers are being used mostly on IR. 
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The main advantage/disadvantage of concrete sleepers are: 

Advantage 

(i) Concrete sleepers, being heavy, lend strength and stability to 
track and are specially suited to L.W.R. due to the great 
resistance they offer to the buckling of track. 

(ii) Concrete sleepers with elastic fastenings provide a track 
which can maintain better gauge, cross level and alignment. 
It retains packing also very well. 

(iii) The concrete sleepers, because of their flat bottom, are best 
suited, for modern methods of track maintenance like 
mechanical maintenance, which have their own advantages. 

Disadvantages 

(i) Handling and laying of concrete sleepers is difficult due to 
their being heavy. Mechanical methods have to be normally 
adopted for handling which involve considerable initial 
expenditure. 
 

(ii) There is no scrap value for the concrete sleepers.  

Types of Concrete Sleepers 

Various types of concrete sleepers (pre-stressed pre-tension 
concrete sleepers, pre-stressed, post tension concrete sleepers and 
two block concrete sleepers) are being manufactured on Indian 
Railways. Details of these sleepers are given in the tabulated 
statement given below: 

Gauge Type of Sleeper Rail Section Standard  
Drg. No. 

Sleeper 
design 

No. 
BG Mono block 

Mono block 
Mono block 
Mono block 

60 Kg.UIC 
52 Kg. 
60 Kg/52 Kg. 
90 R/75 R 

RDSO/T-2496 
RDSO-T-2495 
RDSO/T-3602 
RDSO/T-2521 

PDS-14 
PDS_12 
Post 
tension 
type 
RCS-6 

MG Mono block 
Twin block 
Twin block 

90 R 
75 R/60R 
75 R/50 R 

RDSO/T-2503 
RDSO/T-3518 
RDSO/T-153 

PCS-17 
PCS-12 
PCS-11 
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2.1.2 Importance of Track 

Track constitutes the basic infrastructure of a railway system and bears the brunt 
of ever increasing faster & heavier traffic. There has been progressive upgrading 
of track which has enabled the railway to carry traffic with increased axle load & 
higher speeds and finally resulting in capacity augmentation of IR.  

2.2.0 DEVELOPMENT OF RAILWAY NETWORK & TRAFFIC CARRIED 

 The details of railway network from 1853 upto 1950-51 are given in Table 2.1 

Table 2.1 : Development of Railway network & traffic  
carried from 1853 to 1951-52 

Year Kms 
Open 

Capital 
at charge 

(Rs. 
Lacs) 

Passenger 
carried 

Tonne 
Carried 

Tonne 
carried per 

km. 

1853 32.18 38 -- -- -- 

1861 2553.48 3400 -- -- -- 

1871 8164.06 9001 19283 3542 0.43 

1881 15861.52 14081 54764 13214 0.83 

1891 27808.34 22106 122855 26159 0.94 

1901 40809.06 33917 194749 43392 1.06 

1911 52837.95 45007 389863 71268 1.35 

1921-22 59961 64797 569684 90142 1.50 

1931-32 68886.11 87634 505836 74575 1.08 

1936-37 69392.95 88013 -- -- -- 

1937-38 66091.28 84568 -- -- -- 

1941-42 65127.49 84806 623072 96997 1.49 

1946-47 65203.12 63927 -- -- -- 

1947-48 54681.86 74220 -- -- -- 

1951-52 54897.47 83818 1232073 98025 1.78 
 

Note: As the records for early stages of railway are not available in detail, it is 
not proposed to analyse the same. The records of route kms & track kms 
for subsequent years from 1950-51 to 2011-12 are available in detail & 
there are given in Table 2.2  
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Table 2.2 : Development of Railways network & traffic carried  
from 1950-51 to 2012-13 

 

Year 

1 

Route 
Kms 

2 

Running 
Track 
Kms. 

3 

Average 
speed 
Goods 
train 

4 

Gross 
million 
Tonne 
Kms 
per 

route 
kms 

5 

Gross 
million 
Tonne 

Kms per 
running 

track 
kms 

6 

Passenger 
Kms per 
route km 

7 

Passenger 
Kms per 
track km. 

8 

1950-
51 

53596 59315 17.4 5.24 4.29 1.77 1.45 

1960-
61 

56247 63602 16.1 8.32 6.59 2.03 1.61 

1970-
71 

59790 71669 17.9 10.38 7.49 2.88 2.07 

1980-
81 

61240 75860 19.7 12.55 8.84 5.15 3.63 

1990-
91 

62367 78607 22.7 18.13 12.67 7.12 4.98 

2000-
01 

63028 81865 24.1 21.95 15.55 9.49 6.73 

2007-
08 

63273 85158 25.4 28.03 19.74 14.63 10.31 

2010-
11 

64460 87040 25.6 31.90 22.73 17.36 12.37 

2011-
12 

64600 89801 25.0 33.50 23.17 18.30 12.65 

2012-
13 

65436 89236 25.5 34.20 25.77 18.90 13.86 

Note:  From Table 2.2 it will be seen that there has been significant improvement in 
capacity augmentation of IR as could be judged from the analysis given in the 
following para.  

(I) Freight Traffic output: The gross tons kms per route kms have increased 
from 5.24 (1950-51) to 34.20 (2012-13) (553% increase) in spite of 
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increase in Route kms from 53596 (1950-51) to 65436 (2012-13) (22.1 % 
increase) 

 The gross tons kms per Running Track Kms have progressively increased 
from 4.29 (1950-51) to 25.77 kms (2012-13) (501% increase) inspite of 
Running Track kms having increased only from 59315 kms to 89236 kms 
(51% increase) 

 The average speed of freight trains have progressively increased from 17.4 
kmph (1950-51) to 25.5 km per hour (2012-13) (50.4% increase)  

(II) Passenger Traffic Output: Passenger kms per Running Track km for B.G 
have increased from 1.45 (1950-51) to 13.86 (2012-13) (814 % increase) 
inspite of running track kms have increased by only 50.4%.  

 All these improvements in Traffic capacity augmentation have been 
possible because of many factors, but one of them being the role of track 
and its improvement & modernization as given in subsequent paras.  

2.3.0 TRACK MODERNISATION 

 This capacity augmentation has been possible because of upgradation and 
modernization of various constituents of track. The details of these items are 
given briefly in subsequent paras. 

2.3.1 Rails : Rail is an important component of track which provides a continuous and 
level surface to movement of trains. The rails carry out the function of 
transmitting the load to a larger area of formation through sleepers & ballast. 
Important developments of rails are: 

(i) Better Quality of Rails: Heavier, higher UTS & more wear resistant rails 
are being used progressively on IR starting from 75 lbs and 90 lbs sections 
to the present day rails of 52 kg/60 kg and 90 UTS rails, (instead of 72 
UTS rails) which can take higher axle load at faster speeds & require 
lesser maintenance. Infact efforts are also being made to provide 65 kg per 
metre heavier rail on Dedicated Freight Corridor etc so that heavier axle 
loads can be carried.  

 
Harder rails and sometimes even head hardened rails were also used so as 
to allow heavier and faster trains to more.  

(ii) Longer Rails: Earlier rails used were single rails of 13m long, giving lot 
of maintenance problems. Instead longer rail upto 65 meters are now 
being rolled. Efforts are also being made to roll 130 m long rails.  
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(iii) Welded Rails: Rails are now being welded by Flash Butt Welding 
technique up to 130 meter or even longer rails. The concept of long 
welded rails have helped in reducing maintenance efforts & also in 
capacity augmentation of IR.  

At present B.G main line IR have about 86.5% of route length as long 
welded rails & 91.5% of B.G rail system is having 52kg/60 kg rails 
having UTS of 90 or more. 

Modernisation of railways track consisting of better quality of rails 
including heavier rails and long welded rails and concrete sleepers have 
helped immensely to increase the traffic output on I.R.  

(iv) Reduction in Number of rail fractures: In order to provide long welded 
rails it was necessary to weld the rails. Most of the welding was done by 
modern method of ‘Flash Welding Technique’ and only at actual field site 
planned Thermit welding was done. Due to temperature variations and 
also due to various field problems, there were earlier lots of rail fractures 
mostly in Thermit welded cases, causing interruption to rail traffic. 
However, in the present time using modern technology, standardising the 
system of welding and with proper monitoring, the number of rail 
fractures have progressively reduced. This has resulted in lesser 
interruption to traffic.  

  The steps which helped in reducing number of rail fractures were briefly 
as follows: 

(i) Longer Rails: Manufacturing and using longer rails of 65 metres 
or even 130 metres.  

(ii) Flash Butt welding Techniques: Getting the rails welded mostly 
by Flash Butt welding technique to get higher quality of rails. At 
some locations, even mobile flash welding plants have been 
organized. 

(iii) Improving quality of Thermit welds: This was done by  

(a) Adopting new technique of SKV welding* which in turn 
reduced the time of welding. The result was that the ‘block 
period’ was reduced & there were improvement in the quality 
of welds. 

Note: * S.K.V. is the short form of German Phrase “Schweiss 
Verfahren mit Kur vorwarming” This when translated into 
English read as “The Short Preheat Welding method” The 



31 
 

technique therefore is also termed as SPW (short preheat 
welding) and carries the same sense as SKV.  

(b) Better monitoring of Thermit welding process by proper 
training of welders and stream lining as well as standardizing 
the Thermit welding process to get better quality of welds.  

(c) Adopting latest techniques like use of ‘Welding Recorders‘, 
use of one-s hot crucible’ use of ‘Anuto Thimble’ and some 
other techniques.  

The reduction in number of rail fractures have resulted in lesser interruption to 
traffic, which finally helped in better line capacity of Railways.  

Note: UTS means ‘Ultimate Tensile Strength’. It is an indication of bending 
strength of rails as well as its hardness. Higher the UTS, rail is able to carry 
higher loads within permissible bending stresses and has higher hardness to 
have better wear-resistant quality of rails  

2.3.2 Formation 

Formation supports the entire track structure & have important role in stability of 
track. 

(i) Formation design & its consolidation: Old practical way for making 
formation was to dump the borrow pit material at the prescribed site & allow 
it to consolidate for few rainy season. Instead formation now is well 
designed, it is well laid in layers and progressively consolidated with the 
help of sheep foot roller or other mechanical measures at optimum moisture 
content. This helps in providing more stable formation.  

(ii) Blanket & Blanketing materials: Presently formation are provided with 
blanketing material of suitable design which help in giving better stability to 
track & is very helpful whenever the soil conditions are difficult.  

(iii) Soil stabilization by Geotextile method: This method of stabilization of 
soil is used in stabilizing the track. The result is that modern well designed 
and well laid formation gives better stability to track & helps in improving 
the traffic output.  

2.3.3 Sleepers & fastenings 

 Sleepers carry an important role as they transmit the wheel load from the rails to 
ballast.  

(i) Better Quality of Sleepers: Earlier sleepers used were mostly wooden 
sleepers, CI Pot sleepers, CST-9 & trough sleepers. Wooden sleepers, 
though quite versatile were weak in strength & also had poor life span. On 
account of the above reason the maintenance efforts to maintain these 
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sleepers were quite big; There used to frequent replacement of wooden 
sleepers and also the strength of the track to bear heavy and fast traffic was 
very limited. The wooden sleepers were having mostly dog spikes, which 
used to get loose. This was affecting adversely the movement of trains. 
Instead now concrete sleepers which are heavier & stronger sleepers are 
being used progressively, which have very less maintenance & also have 
long service life.  

 Concrete sleepers are economical & technically more suitable for carrying 
high speed & heavy density traffic. These can be maintained by heavy 
track machines, have longer life & lesser maintenance efforts. At present 
97.3% of main line BG track is covered with concrete sleepers.  

(ii) Increase of Sleeper Density: Sleeper density is number of sleepers per rail 
length or number of sleepers per km. Depending upon the sleeper density, 
the spacing of sleepers is fixed. The spacing is kept uniform throughout the 
rail length but is made closer near the joints because of the weakness of the 
joints and the impact of the moving loads on it. There is, however, 
limitation to the close spacing of the sleepers as enough space is required 
between the sleepers for working the beaters to pack the joint sleepers.  

 In order to cater for higher speeds & heavier loads, the sleeper density 
increased which gives more stability to track by improves the capacity of 
track to take their extra stresses. For this Sleeper density which was earlier 
only 1340 sleepers per km has now been increased to 1540 or even 1660 to 
meet the requirement of modern traffic.  

(iii) Elastic fastenings: To bind the rails with sleepers earlier rigid fastenings 
like dog spikes & screw spikes etc. were used which give a rigid track and 
require a special attention. Instead today modern elastic fastenings like 
elastic rail clip, HM fastening & new elastic ‘G clip fastenings’ are being 
used. These fastenings give better quality to track & are able to cope with 
excessive vibration & stresses due to heavier & faster traffic.  

(iv) Rubber pad: Instead of conventional 4.5 mm thick rubber pad, modern 6 
mm thick grooved rubber pad & lately composite grooved rubber sole plate 
for 60 kg are being utilized, which help giving more elasticity to track.  

 The result is that improved quality of sleepers and elastic fastenings have 
enabled better track standards, which in turn help in better output of traffic. 

Note: The rubber pads are normally provided on concrete sleepers to add 
elasticity of the track & also to ensure that concrete sleeper are not 
damaged.  
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2.3.4 Ballast 

 Ballast is an important constituent of track & helps in distributing the load from 
sleeper to formation & provides drainage as well as stability to track. 

 Following have been main developments which enabled the betterment of ballast 
quality. 

(i) Better quality of ballast Earlier sand ballast, Jhama brick ballast (over 
burnt bricks ballast) & sometimes even coal ash ballast were used in quite 
large stretches of railway track of course at few locations stone ballast was 
also used, but these were no standard specification for stone ballast. At 
present ballast used is of stronger material from hard rock’s such as 
igneous rocks & proper grading and proper size of ballast are laid down as 
per standard specification.  
 

(ii) Better ballast cushion: Ballast cushion which was earlier only 150 mm to 
200 mm has been increased now from 250 mm to 300 mm to give more 
elasticity and stability to track. 
 

(iii) Deep screening of ballast: Lot of emphasis is laid on deep screening of 
ballast to provide good drainage to track. Earlier this was done manually & 
now it is being done by modern ballast cleaning track machines. This helps 
in earlier restoration of track at higher speed.  
 

(iv) Crib and Shoulder consolidation: In order to give more stability to track, 
crib & shoulder of ballast are packed by modern track machines. This 
helps in restoring the track to normal speed more expediously after deep 
screening etc.  

2.3.5 Turnouts 

 Turnouts consisting of points & crossing help the vehicles to more from one line 
to another line.  

 The main developments to turnouts are:  

(i) Smoother entry/exit turnouts: Earlier conventionally 1 in 8.5 & 1 in 12 
turnouts were being used even for passenger trains, limiting the speed of train to 
about 10 to 15 kmph. Presently modern high speed 1 in 16 or 1 in 20 turnouts are 
being used with flatter angle of entry & exit.  

(ii) Better structure of turnouts: Also the structure of turnouts have been made 
more robust with thick web switches & CMS crossing etc., due to which the 
maintenance efforts are less & give more stability to track.  
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 These aspects have improved the speed of turnouts up to 30 kmph or more. 

2.3.6 Track maintenance & track renewal  

 Track maintenance is an important issue to keep the track safe with good health.  

 Earlier track was being maintained manually using ‘Beater packing’ system. 
Instead now track is being maintained mechanically with the help of heavy on 
track machines as given below: 

(i) Heavy Track machines: Track is being maintained by Heavy track 
machines giving better quality of track & more retentively of packing to 
track. Track machines are being progressively improved. Earlier Plasser 
06-16 universal tamping machines were used which can only tamp 2 
sleepers at a time. Presently Dynamic Tamping express 09-4x is being 
utilised, which can tamp 4 sleepers at a time. To maintain the track to 
better standard different track machines are being used for different 
purposes as given below: 

(a) Points & Crossing tamping machines for tamping of points & 
crossing. 

(b) Ballast cleaning machines (RM-80) for cleaning of ballast & for 
regulating ballast on track.  

(c) Crib & Shoulder consolidating maintenance for crib & shoulder 
consolidation for better stability of track & restoring normal speed at a 
faster speed. 

(d) Dynamic track stabilizer for stabilization of ballast bed in order to 
provide stable track.  

(ii) Track Renewal: Earlier track renewal was done manually with the help of 
manual gangs. Conventionally about 20 gangs using about 400 labour used 
to renew track & general progress was very slow, quality of track renewed 
was also not very good. Now-a- day modern track machines are being used 
which can renew the track at faster speed needing lesser traffic block & 
restoring track to normal speed at faster rate. Track renewal normally is 
done as follows:  

(a) Track renewal by using PQRS equipment with pre-fabricated 
panels.  

(b) Switch relaying machines for renewal of points & crossing. 
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(c) Track relaying trains for complete renewal of track; carrying out 
automatically all the works of track renewal by different units of 
Track Relaying Train.  

Note: (i) Earlier about 21 days were required to restore the track to normal 
speed while carrying out manual maintenance. Now with the help of 
mechanized maintenance, the speed of track is restored to normal in 7 days 
period. 

 (ii) All these methods of track maintenance & track renewal have helped in 
improving quality of track, reducing track maintenance efforts & 
improving though output of traffic.  

2.3.7 Gauge Conversion Projects  

 Gauge conversion projects; which converted MG/NG to B.G sections were 
executed by IR in order to enhance traffic output. From 1993 onward, the 
Gauge conversion projects have been taken vigorously and by 2012-13, 19100 
kms have been converted from MG/NG to B.G.  

 Due to gauge conversion as well construction of additional new lines, the BG 
route kms have been progressively increasing. The result is that in 60 years, the 
BG route kms have almost doubled, though the total route kms have only 
increased by about 22% as could be seen from table below: 

Table 2.3 : Route Kms of I.R. from 1951-2013 

Year BG MG NG Total 

31.03.1951 25258 24185 4300 53743 

31.03.1983 32624 24514 4247 61385 

31.03.1994 37824 20653 3985 62462 

31.03.1996 40620 18501 3794 62915 

31.03.2000 44383 15013 3363 62759 

31.03.2004 46806 13290 3124 63221 

31.03.2007 49819 10621 2886 63326 

31.03.2009 52808 8473 2734 64015 

31.03.2010 54257 7180 2537 63974 

31.03.2012 56956 6347 2297 64600 

31.03.2013 57140 5999 2297 65436 

The overall result is that Gauge conversion has played an important role in 
enhancing/augmenting traffic capacity on I.R. 
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2.4.0 TRACK MONITORING SYSTEM 

 Earlier track used to be inspected/monitored by manual method & these were no 
method of assessing the quality of track maintenance objectively.  

 Presently track inspection is done not only by manual effort but also by 
mechanical methods. At present, the assessment of track maintenance efforts is 
being judged objectively using sophisticated modern track monitoring system as 
given below: 

2.4.1 Track Recording cars: These are track recording cars which can be attached to 
a train & Car monitor the quality of track with the help of various gadgets & 
factors attached to the car. These cars can objectively assess the quality of track 
by measuring vertical & lateral profiles with the help of sophisticated gadgets.  

2.4.2 Portable accelerometers: This is a handy instrument used for measuring vertical 
& lateral acceleration. This helps in assessing the quality of track. 

2.4.3 Track Management System: TMS, which has recently developed by I.R. is a 
computerized tool for planning, implementation and monitoring the track 
maintenance works. It prioritises maintenance inputs based on track condition 
thereby ensuring need based maintenance.  

 Track Management System is a central server based web enabled software 
programme which integrates various track structure data, inspection data, work 
data, etc. to assist Railway Engineers in ascertaining the correct level of 
maintenance and renewal inputs to be made at requisite location with the 
objective to maximize benefit of inputs given to track.  

 Information being provided by TMS plays vital roles in track maintenance. It 
specifies where renewals are required and it initiates and controls the activities 
required for maintaining track in satisfactory condition. It is felt that TMS will 
have a profound impact on optimum utilization of scarce track maintenance 
resources and improving the general efficiency of engineering department. TMS 
will also help in planning of deployment of costly track machines for 
maintenance and renewals.  

 TMS is very useful software for the P. Way Supervisors and Engineers. This will 
very helpful in planning & maintenance of track record keeping, doing away with 
various registers. Inventory controls, alerts for attention to track. Track 
supervisors will have more time for better maintenance of track.  

 TMS has already been implemented or is under process of implantation on 6 
Divisions of Indian Railways. In next few years TMS is likely to be introduced 
on the entire Indian Railways. With the introduction of TMS Indian Railways 
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will be one of the modern Railway System where entire track management 
system will be need based and cost effective, using the modern software 
technology.  

 Track Management System is likely to streamline Track maintenance system, 
which is likely to help in improving quality of track, which in turn will result in 
better output of railway.  

2.5.0 SAFETY ASPECTS 

 Modern track consisting of heavier rails with higher UTS & long welded rails, 
concrete sleepers, and elastic fastening has provided a very stable infrastructure 
giving safe and comfortable rail travel. Modern track machines have helped in 
better maintenance of track with proper track geometry in order to ensure better 
safety and stability to the track. Track recording cars and other methods of Track 
monitoring have helped immensely to plan the track maintenance programme 
systematically in order to ensure better track maintenance, which will finally help 
immensely in giving better safety, faster and rail travel. This is turn will improve 
the capacity of I.R.  

2.5.1 Role of Railway track in improving the environment/safety: Railway 
transport is supposed to be more environment friendly compared to road 
transport as can be seen from the following facts: 

(i) The movement of steel wheels on steel rails in the railway system has the 
basic advantage of low rolling resistance, (which is almost 20% compared 
to road transport) which reduces energy requirements and haulage costs. 

(ii) Rail transport is more efficient than road transport in terms of land use. 

(iii) Railways is an energy-efficient mode of transport, particularly for freight 
traffic, and can use different forms of energy. It also causes relatively less 
environmental pollution than road transport. 

  In addition, the following further factors have helped in improving the 
environment. 

 Provision of Long welded rails: The provision of long welded rails instead of 
single rail with fish plated joints have definably improved the environment 
because of lesser noise. Similarly provision of elastic fastening & better ballast 
cushion has also helped in making rail travel smoother & less noisy.  

 The railway track has this helped a lot in improving environment conditions 
which eventually leads to the better safety conditions on Railways.  
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2.6.0 PRESENT POSITION & FUTURISTIC TREND ABOUT TRACK 
DEVELOPMENT 

 Indian Railway are progressing ahead in a big way in modernisation of Railway 
Track and its maintenance practices in order to move the traffic at higher speed & 
cope up with heavier axle load with an ultimate objective to improve traffic 
output of the railway system.  

 Heavier rail section consisting of 60kg/90 UTS rails are being used replacing old 
90 lbs/yd & 52 kg/metre rails of 72 UTS strength. Long welded rails are being 
used replacing the earlier fish plated joints having single rail or 3 rail length 
panels. Similarly, concrete sleepers are being progressively used replacing earlier 
wooden, steel & CST-9 sleepers and providing elastic fastening instead of rigid 
conventional fitting.  

 As on 31.03.2013, on BG main lines of IR, about 87.6% of the length is covered 
by long welded rails, 98.3% with PSC sleepers and 92.7% with 52kg/60 kg 90 or 
higher UTS rails. 

2.6.1 Futuristic Trends: As far as future position is concerned IR are planning ahead 
in big way for expansion of railway network, multiplication of many lines, as 
well to improve speed & axle load as outlined in Railway Vision 2020. 

  Similarly Indian Railways are planning Dedicated Freight Corridor for separate 
carriage of freight trains with higher speeds & higher axle loads & improvement 
in various other track parameters.  

 Details of all these futuristic items of activities particularly concerning track are 
discussed in subsequent paras. 

(i) Dedicated Freight Corridors: Dedicated Freight Corridors (DFCs) have 
been planned for the entire Golden Quadrilateral and its two diagonals by 
laying new parallel double lines exclusively for freight traffic thereby 
making the existing system a passenger corridor. The approximate length of 
six DFCs (Four sides of the quadrilateral plus two diagonals) will be 11,500 
kms of double line (23,000 kms of rail track)  

 Axle Loads: The existing axle loads on the IR system are 20.3 t and have 
recently been enhanced on some selected routes to 22.9 t. The DFCs are 
being designed to take axle loads of 30 tons and for the present 25 tons axle 
load wagons are proposed to be run for which Feeder Routes (About 30,000 
kms; axle load 22 tons are also being upgraded to enable carriage of 25 tons 
axle load wagons.  



39 
 

 Higher axle load will require better track standards consisting of heavy rails 
of 60 kg or even heavier rails, 110 UTS, higher sleeper density of 1540 to 
1660 No of PSC sleepers per km, more ballast cushion of 300 mm & such 
other better track standards.  

 Higher Speeds: It is proposed to have maximum speed of 100 kmph for 
freight train. This will require flatter gradient of 1 in 400, smoother curves of 
1 to 2 degrees, stronger bridges, No level crossings & such other 
improvement in track conditions.  

Various technical specifications are given briefly in Table 2.4.  

Table : 2.4 : Standard of Construction & Other parameters of DFC 

1. Gauge 1676 mm 

2. Rails 60 kg 110 UTS-20 Rail panel (260m) to be handled by 
mechanical track laying equipments.  

3. Sleeper PSC 1660 Nos. per km density for main line & 1540 Nos per 
kms density for loop line.  

4. Points & 
Crossings 

60 Kg rail with, 1 in 12 curved switches and CMS crossings on 
PSC sleepers and thick web switches. 

5. Ballast 300 mm cushion (Machine crushed) with present RDSO 
specification. 

6. LWR/CWR/ 

Welding 

* 20 rail panels are to be converted into LWR.CWRs with 
mobile flashbutt  

 Welding/gas pressure welding 

* SKV* welding should be avoided strictly. All in situ welds to 
be joggle fishplated.  

7. Gradient * Flat Territory Mid section-1 in 400 or flatter (Compensated) 
Yards-1 in 200 

* Semi Ghat Territory mid section-1 in 200 compensated or 
Yards 1 in 1200 

* In the block section at a convenient location gradient of 1 in 
1200 to be provided for future crossing station. 

8. Curvature  * Flat Territory Maximum Curvature-One Degree 

* Semi Ghat Territory maximum curvature-2 degree 
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9. Formation * Top width of embankment-7.5 m with 2 : 1 side slope 

* Track Centre-5.3 m 

* Complete embankment should invariably be provided with 
turfing. 

10. Cutting * Cutting width including drains-11.0 mtrs. Side slopes to be 
designed depending on earth material.  

* Erosion, Boulder fall, Earth slips blocking the drain etc. to be 
totally avoided.  

11. Bridges * Ballasted deck bridges with RCC slab/RCC Box/PSC 
slab/PSC Box girder. 

* To ensure high quality concrete, use only Ready Mix concrete. 
Mobile ready Mix plants can be planned which can be shifted at 
suitable interval. 

* Use only high grade concrete with suitably designed 
admixtures to create economical structures.  

12. Road 
crossings/ 
level 
Crossing 

* As far as possible, there shall be no level crossing. 

* Complete length to be fenced on both sides 

13. Maximum 
speeds 

100 kmph (Freight train) 

14. Type of 
traffic &Axle 
load 

* 25 tonne double stack container movement with 15000 tonne 
trailing loads: 

 30 tonne for bridges.  

 
Note: * S.K.V. is the short form of German Phrase “Schweiss Verfahren mit Kur 
vorwarming” This when translated into English read as “The Short Preheat Welding 
method” The technique therefore is also termed as SPW (short preheat welding) and 
carries the same sense as SKV.  

In order to meet these high standards of DFC, which includes 100 kmph speed 
for freight trains, 25 to 30 ton axle load; better track standards have to be 
adopted. Railway track will play a important role in construction of DFC, which 
in turn is bound to increase the line capacity and traffic output of IR.  
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(ii) Expansion of Railway Network: Indian Railways plan to expand its route 
network at the rate of 2500 kms, per annum. By 2020, 25000 kms of new 
line are proposed to added and almost the entire network (barring the hill 
and heritage railways) would be in Broad Gauge. More than 30,000 kms of 
route would be of double/multiple lines. Electrification of 14,000 kms of 
routes would take the total length of electrified route to 33,000 kms. This 
would include all inter-metro links and the other busy corridors.  

(iii) Multiplication of lines: Indian Railways are likely to have in near future 
more than 6000 kms quadrupled lines with segregation of passenger and 
freight services into separate double-line corridors. This shall include 
Delhi-Kolkata, Delhi-Mumbai, Kolkata-Mumbai and Delhi Chennai 
routes. All these routes would have separate dedicated freight corridors and 
high speed passenger corridors.  

 It may be brought out that while expanding the railway network, carrying 
out multiplication of lines, providing higher track standards like 60 kg or 
even heavier rails and higher sleeper density, smoother curves, flatter 
gradients are proposed to be provided, which is turn will help in improving 
capacity of railways.  

(iv) High Speed Trains: As per railway budget 2014-15, Indian Railways plan 
to undertake following projects: 

(A) High Speed Corridors: 
 
a. Bullet train proposed on identified Mumbai-Ahemdabad sector.  
b. Setting up of Diamond Quadrilateral Network of High Speed 

Rail connecting major metros and growth centers of the 
country. 

Higher track standard will be required for making the high speed 
corridors which in turn will help in faster running of trains, which 
finally will improve capacity of IR.  

(B) High Speed on Existing tracks: 

It may be brought out bullet trains would require completely new 
infrastructure, higher speed for existing trains will be achieved by 
upgrading the present network. Hence, an effort will be made to 
increase the speed of trains to 160-200 kmph in select sectors so as 
to significantly reduce travel time between major cities.  
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The identified sectors are:  

(i) Delhi-Agra (ii) Delhi-Chandigarh (iii) Delhi-Kanpur (iv) Nagpur-
Bilaspur  

(v) Mysore-Bengaluru-Chennai (vi) Mumbai-Goa (vii) Mumbai-
Ahmedabad  

(viii) Chennai-Hyderabad and (ix) Nagpur-Secunderabad.  

For enabling the railway system to have higher speeds, railway track 
should be fit for these high speeds and accordingly track has to be 
upgraded and modernized. 

(v) Improvement in Railway Safety 

Indian Railway corporate safety plan (2003-2013) had laid down an 
objective to reach the accident level on I.R. as 0.13 per million train km. 
This has since been achieved as in the year 2012-13, this figure is 0.11 
accidents per million track km.  

In Railway vision 2020, a target of ‘Zero accidents for IR’ has been laid. In 
order to achieve that target, IR will have to make efforts in all directions. 
In this connection, improved track structure, modernization of track, 
monitoring devices, track management system will play a key-role to 
improve the safety standards of IR. 

Elimination of Unmanned Level Crossing 

Indian Railways have 30348 Level Crossings, out of which 11563 are 
unmanned. Each unmanned level crossing is being examined in detail and 
depending on the site condition action will be taken to eliminate it by 
suitable modality. Multi-pronged approach is proposed to be adopted 
eliminating Unmanned Level Crossings. 

Automatic Door closing of trains: Pilot project is proposed on Automatic 
door closing of trains in mainline and sub-urban coaches. The pilot project 
will give an idea about its suitability for trains to improve safety & further 
action will be taken after its test-checking.  

(vi) Improvement in Goods train services 

(a) Higher axle loads: up to 25 to 30 metric tonnes for Dedicated Freight 
Corridor as well as for feeder routes. This will require improved track 
standards. 
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(b) Higher speeds upto 100 kmph for goods train: This will require 
smoother curves, flatter grades & such other improved track 
parameters.  

 The higher axle load & higher speed of goods trains & a separate 
corridor for freight traffic is bound to increase the line capacity of IR 
in a big way. 

 All these details have been given in the para ‘Dedicated Freight 
Corridor’. 

2.7.0 SUMMARY 

 Summarising, Track has played an important role in improving the through-put 
of railways by developing modern track with high quality maintenance standards 
which can take the burden of running faster & heavier trains The important 
aspects of track which have helped Indian railway to improve the traffic capacity 
are as follows:  

(i) Track Modernization and Better Track Structure: Heavier Track 
structure consisting of 60 kg or heavier rails and rails welded to long 
welded rails, concrete sleepers with sleeper density of 1540 to 1660 
sleepers per km or more and elastic fastening have been provided. Stronger 
rails of 110 UTS which are also harder rails with more wear resistant 
qualities have also been used. This has helped in improving the speed of 
the trains as well as enabling the railway to run heavier trains. 

 More stable formation, hard and clean ballast, cushion of 25 mm to 30 mm 
have helped not only in providing trouble free track, but also reduce traffic 
interruptions & provide track with lesser speed restriction in order to 
enable more trains to run.  

 All these aspects of track have helped in increasing the axle load, speed up 
the trains which in turn have helped in capacity augmentation of IR. 

(ii) Mechanised Track maintenance & proper track monitoring: Better 
Track Maintenance & systematic monitoring of track has provided trouble 
free track with least interruptions to traffic and also improving the speed of 
train, which finally will improve capacity of IR.  

(iii) Improving track parameters: In order to cater for higher speeds, various 
track parameters, which effect the speed have been improved. This 
includes smoother curves, flatter gradients, Minimum number of level 
crossing, flatter turnouts etc. 

(iv) Gauge Conversion Projects: The innovative effort of converting MG/NG 
to B.G. at fast pace and so far doing about 19000 Kms of gauge conversion 
project have helped in enhancing traffic capacity of the railways network. 

******* 
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