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     Synopsis:

       The total number of accidents taking place on the Indian Railways is on a decline. Level crossing accidents are also very low, as compared to any advance railway system. Yet, there is a concern regarding the trend in accidents at level crossings showing, a deterioration. 
    It is suggested that a level crossing safety management information system be established, based on inventories of all the level crossings, past  accident data etc.   This would enable assigning hazard ratings to the level crossings, evaluating safety enhancement measures and adopting necessary cost-effective measures, and should also be able to bring down the rising trend in accidents at level crossings. 

1.  Introduction:
 Indian Railways (IR) formulated a ten year Corporate Safety Plan for the period 2003-13 entailing multi-pronged strategy, laying emphasis on prevention by reducing human dependence and mitigation of consequential effect in case of an accident. The Corporate Safety Plan envisages reduction of accidents on IR by the year 2012-13, substantially. Collisions are targeted to be completely eliminated. Derailments will come down by 60% and fire accidents by 80%. But, it has not been possible to project assured improvement in level crossing (LC) accidents, as there is no control over the circumstances that lead to such accidents.

LC accidents not only dominate in terms of frequency, but can be more severe in their consequences than other types of railway accidents, simply because they can involve injuries and fatalities to railway passengers, as well as, to road vehicle occupants and other users of LCs. Accidents at LCs accounting for 22% of the total accidents on IR were responsible for 49% of total fatalities during the last decade. Increasing road construction and road vehicle population create greater opportunity for LC accidents to happen. Therefore, too much is at stake to allow LC accidents to grow unchecked.

In order to improve LC safety, it is necessary to have an access to continuously updated information, e.g. detailed LC inventories, details of accident circumstances, causes and casualties, as well as, details of the growth in the road and rail traffic passing LCs. In other words, there is a need to have a Level Crossing Safety Management Information System, which would help in taking necessary cost -effective measures to reduce the accidents. In this paper, the author has made an attempt to give an outline of such a System for IR.

2.  Corporate Safety Plan:
The Corporate Safety Plan of IR (2003-2013) states the objectives, strategies and       targets for which IR would be striving in the next decade. The plan targets complete elimination of collisions, reduction in derailments by 60% and reduction in fire accidents by 80%, by reducing human dependence. As regards LC accidents, which constituted 16% of total accidents and accounted for 46% of total fatalities at the time of framing the Safety Plan, it does not project any assured improvement, as Railways have little control over the circumstances leading to such accidents. Therefore, at the best, taking note of the rising trend in LC accidents (+23%) during the ten year period (1992-93 to 2001-02) with respect to the previous decade (1982-83 to 1991-92), the Safety Plan aims to arrest the LC accidents at the current level with the help of the following measures -
· Social awareness programmes

· Construction of ROBs/RUBs at LCs with Train Vehicle Units (TVUs) > 1 lakh

· Manning of unmanned LCs

· Provision of phones and interlocking of LC gates

· Use of Train Actuated Warning Device (TWAD) and Anti-Collision Device (ACD) 

3.   Trend and severity of LC accidents:
During the year 1996-2006, the LC accidents have risen to 22% of the total accidents accounting for 49% of total fatalities. So, there is an increasing trend. These accidents not only dominate in terms of frequency, but are more severe in their consequences than other types of railway accidents. The reason is that they can involve injuries and fatalities to railway passengers, as well as, to road vehicle passengers and other users of LCs. The following data indicate that the total railway accidents on IR are on a decline but the LC accidents remain unchecked –
	Year
	Total railway accidents
	Accidents at LCs
	Share of LC accidents

	
	(Nos.)
	(Nos.)
	(%)

	1998-99
	397
	67
	16.9

	1999-00
	463
	93
	20.1

	2000-01
	473
	84
	17.7

	2001-02
	415
	88
	21.2

	2002-03
	351
	96
	27.3

	2003-04
	325
	95
	29.2

	2004-05
	234
	70
	29.9

	2005-06
	234
	75
	32.0

	2006-07
	195
	79
	40.5


Increasing road construction and road vehicle population create greater chances for LC accidents to happen. Therefore, unless and until a new approach is adopted, the aim of the Corporate Safety Plan to arrest LC accidents cannot be realized. On the other hand, they are likely to increase, as is evident from the above figures. 

4.  Policy for safety enhancement measures:
Of the total LC accidents during the year 1997-2007, 85% took place at unmanned LCs and 15% at manned LCs. There are 16,600 nos. manned LCs and 18,297 nos. unmanned LCs on IR with a route-km of 63,000 kms, i.e. there exists one LC at every 1.8 kms. This excludes unofficial crossings.  If all the unmanned LCs are to be manned, Rs.2450 crore as capital cost and Rs.700 crore per annum towards maintenance and operational cost would be needed. The cost of manning with interlocked signals would be Rs.5500 crore. The statistics indicate that 50% of the accidents at manned LCs were due to open/improperly closed/secured gates, with the other important factor being negligence on the part of the road vehicle driver. Only 40% of the manned LCs are presently interlocked and provided with gate signals.
Recently, the following policy initiatives have been taken to improve safety at LCs –
i) Re-classification of LCs as per revised criteria based on TVUs (TrainVehicleUnits)

ii) Criteria and priority for manning unmanned LCs:-

         Category I – Clear visibility LCs with TVUs>6000 and road vehicles >180

         Category II – Restricted visibility LCs with TVUs>6000 and road vehicles >120

          Category III – Restricted visibility LCs with TVUs between 3000-6000

· No manning of unmanned LC if motor vehicles do not ply regularly.
· Manning of Category III to be considered after manning of the first two   Categories. Priority to be followed from ‘A’ route to ‘E’ route.

· If any unmanned LC got involved in more than 3 accidents in the last 3 years, it should be manned immediately irrespective of its Category.

iii) Manning of unmanned LCs through Member of Parliament Local Area

Development Scheme (MPLADS).

iv) Elimination of LCs by constructing Road Over Bridges (ROBs)/Road Under Bridges (RUBs)/Limited height sub-ways.

v) Interlocking of LCs with TVUs>25,000.

   5.  Safety Management Information System:
   Safety enhancement by construction of ROBs/RUBs/Limited height sub-ways and manning/interlocking of LCs is cost intensive. Though, there exists a definite policy for adopting such measures, the priority should be further based on more scientific studies, i.e. hazard ratings of LCs, due to fiscal constraints. In this modern era of Information Technology, it is possible to assign hazard ratings to LCs, for which a database of LC inventories, past accident history etc. is required. The above safety enhancement measures, which are highly effective but cost-intensive, should be reserved for the LCs with the highest hazard ratings. For fund allocation, a LC with the highest hazard rating should be given priority over a LC with the lowest hazard rating. Low cost safety enhancement measures should be considered for LCs with low hazard ratings. According to the results of a study conducted in USA –
	Safety measure                                                
	Safety effect

	Stop signs
	35%

	Road conditions
	48%

	Right angle crossing
	29-45%

	Reduction in road gradients
	39-47%

	Road lighting
	15-45%


 Hence, it is necessary to have a ready access to LC inventories, information about the circumstances, causes and consequences of accidents, in order to take cost -effective measures to minimize the accidents in the future. Though there is no shortage of such information with the zonal railways, no systematic compilation exists. 

The requirement of a comprehensive Safety Management Information System is     outlined in the following paragraph. The crucial elements of the system are -

· A comprehensive and up-to-date inventory of LCs

· A detailed report on all accidents/incidents

· A safety performance report 

5.1  LC inventory
 Each LC should be given a unique ID, which should be displayed on either sides of the track. This data is merged with the data obtained from accident/incident reports, discussed in the subsequent paragraph. Annexure-I gives a possible format for maintaining the LC inventory records. Each LC should be assigned a hazard rating. The rating depends on rail/road traffic density, visibility conditions, type of barriers, road surface conditions, angle of crossing, gradient of road, rail/road alignment etc. In addition, it would be highly desirable to calculate the probability of multiple fatalities and injuries resulting from accidents at each LC due to additional factors, viz. the level of usage of the crossing on crowded roads etc. The data should be continuously updated, whenever there is a significant change or at least once a year.

   5.1.1 Implementation on Western Railway 
On Western Railway, one of the sixteen zonal railways of Indian Railways, a database of LC inventories has been created in MS Excel program. The database is presently being utilized to get the details of level crossings for various purposes, e.g. checking of proposals submitted by divisions for LC works, approval of LC plans, replies to important references etc. Action is being taken to create the database in MS Access program and assign hazard rating to each LC.
5.2  Accident/incident reports
Accident/incident reports containing sufficient information about the circumstances, causes, contributory factors and consequences of LC accidents are necessary for taking corrective action to minimize such occurrences in the future. The information on the circumstances of the accidents may be further detailed, viz. road vehicle driver failing to look both way at LC, failing to stop at stop sign, drunk, distracted etc. The information on the causes of the accidents may be further detailed, viz. gate open/improperly closed/secured, one side gate closed and other side gate open, crashing into the gate, infringing the track, disregard of gate signal by loco driver, poor road condition etc. Annexure-II gives a possible format for maintaining accident/incident reports.

5.3  Safety performance reports

Regular assessment of the safety performance is necessary to know the effectiveness of various LC safety enhancement measures. A common practice to compare LC accidents and the related fatality and injury numbers is in terms of a rate per million train-kms.

6.  Conclusion

A new approach for improving safety at LCs on IR has been suggested. Formats have been given to maintain records of LC inventories, accident/incident reports. Each LC should be assigned a hazard rating and the priority of safety enhancement works be decided accordingly. A regular assessment of safety performance should be done. This approach should be able to bring down the rising trend in accidents at LCs.
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Annexure-I

Format for LC Inventory

1. Railway                        2. State                   3. Division           4. Sub-division         

5. Unit                             6. Section                7. LC No.             8. Class of LC

9. LC ID                         10. Km                  11. Gauge 

12. No. of Gatekeepers     

13. Type of track structure (Free rail/SWR/LWR/CWR)

14. Type of rails

15. Type of sleepers

16. Height of embankment

17. Date last overhauled

18. Overhauling due on                      

19. Classification of route                                                    

20. Manned/Unmanned                            

21. Existing Class of gate                       

22. Category of road             

23. Highway Number

24. Lifting barrier/Movable gate/Chain                                    

25. Engineering/Traffic

26. No. of tracks                                       27. No. of trains

28. No. of road vehicles                            

29. Ratio of no. of trains to no. of road vehicles

30. TVU                                                  31. Year of last census 

32. Year next census due                       

33. Visibility, RHS (UP/DN) 

34. Visibility, LHS (UP/DN)           

35. Reasons for restricted visibility                      

36. Gate open/closed to road traffic

37. Interlocked/non-interlocked                         

38. Interlocked with gate/station signal

39. Distance of gate signals from LC (UP/DN)                   

40. Distance of warning boards from LC (UP/DN) 

41. Type of road surface

42. Condition of road surface

Annexure-I (contd.)
43. Road width within LC gate

44. Angle of road crossing

45. LC width

46. Length of level portion from outermost track

47. Gradient of road (RHS/LHS)

48. Alignment of track (straight/curved)

49. Alignment of road (straight/curved)

50. Gate electrified/non-electrified

51. Track electrified/non-electrified 

52. Constituency of Member Parliament

53. Qualifying Class of Gate

54. Whether proposed for upgradation (Yes/No)

55. If proposed for upgradation, whether sanctioned (Yes/No)

56. Whether motor vehicles ply regularly (Yes/No)

57. Any proposal for ROB/RUB/Limited subway (Yes/No)

58. Any sanction for ROB/RUB/Limited subway (Yes/No)

59. Whether identified for closure (Yes/No)

60. Whether telephone provided (Yes/No)

61. Whether warning bell provided (Yes/No)

62. Whether whistle board provided in case of unmanned LC (Yes/No) 

63. Whether stop boards provided in case of unmanned LC (Yes/No)

64. Whether stop boards provided with retro-reflective painting (Yes/No)

65. Whether speed breaker provided (Yes/No)

66. Whether warning signs for speed breakers provided with retro-reflective painting (Yes/No)

67. Whether gates/barriers can operate simultaneously (Yes/No)

68. No. of accidents in last three years

69. Hazard rating

Annexure-II

Format for LC Accident/Incident Report

1. Railway                            2. Division        3. LC ID          

4. Date of accident/incident

5. Time of accident/incident               

6. Weather      

7. Track involved

8. No. of loco                                              9. No. of coaches/wagons

10. Train No.                                             11. Passenger/Goods/Light loco

12. Train load                                            13. Type of road vehicle

14. Permitted train speed                           15. Actual train speed 

16. Road vehicle speed                      

17. Train hit by road vehicle or road vehicle hit by train 

18. Direction of train movement              19. Direction of road vehicle movement 

20. Name of loco driver                           21. Name of road vehicle driver

22. Age of loco driver                              23. Age of road vehicle driver

24. Gender of loco driver                        25. Gender of road vehicle driver 

26. Loco driver killed/injured                  27. Road vehicle driver killed/injured

28. No. of passengers in train killed/injured

29. No. of passengers in road vehicle killed/injured

30. No. of other LC users killed/injured

31. Circumstance of accident

32. LC equipment, viz. telephone, barrier, audio/visual warning in order/out of order

33. Position of road vehicle at LC

34. Position of train hit

35. Cost of damage to railway property

36. Traffic repercussion

37. Primary cause

38. Secondary cause

39. Corrective action
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