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DEVELOPMENT OF THE CONTRIBUTION
_________________________________________________________________________

1. INTRODUCTION :

“Indian Railways” a mammoth system among the World Railways consists of 63332 Route Km and carries more then 800 million Engine-train Km with traffic density approaching  65  Gross  Million Ton of traffic per annum on a number of sections in major routes popularly known as Golden Quadrilateral in the country.  Obviously for a system of this size safety is of paramount importance1.

Presently, Rail fractures is a main source of worry for Indian Railways not only because of the retardation of the traffic caused by this aspect but also because of its potential to cause a havoc in the form of a huge loss to the safety of traveling public. 

AGRA-PALWAL section of North Central Railway happens to be part of New Delhi Chennai Golden Quadrilateral on which NEW DELHI-AGRA Shatabdi train runs at 150 kmph which is the highest commercial passenger service of Indian Railway. In addition, this is also one of the sections which carries highest traffic (62 GMT), thirdly this section also carries the freight trains at 100 kmph against the normal permissible speed of 75 kmph in most other sections, fourthly, the section also carries freight trains with the axle load of 22.82 T against 20.82 T, which had been the norm till recently on IR. Combination of all this factors takes a heavy toll on the rails. As such study of the rail fractures in this section with a view to find out the remedies to reduce the incidences of fractures will go a long way to ameliorate the situation in IR as a whole.

2. RAIL FAILURES

Analysis of rail fractures on AGRA-PALWAL section of North Central Railway revealed following distribution pattern:
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Figure- 1 Typical Rail Fracture Distribution Pattern

From the above, it is clear that fractures caused by inherent flaws are about 50% and in this category “Gauge Face Corner Crack” is one of the major factors contributing to it.
3. ROLLING CONTACT FATIGUE AND GCF:

During a typical Rail wheel interaction, contact pressure between them creates normal force and a longitudinal shear or tearing force, at the contact patch area of rail during rolling motion2. Severity of the contact pressure depends upon various contributory factors e.g., axle load, speed, track alignment, yield strength of rail material, wear profile of rail and wheel, etc. 

Rolling contact fatigue is the result of the progressive initiation and propagation of cracks initiated from micro cracks (μm to mm) translating into macro cracks (in mm) 3.  Propagation of these cracks is manifestation of extremely high contact stress caused by in-homogeneities in rail material coupled with local features and traffic pattern.

Rolling Contact Fatigue gives rise mainly to Surface and Sub surface initiated cracks and 

· Surface initiated cracks are further classified as:

· Head checks

· Squats and,

· Sub surface initiated are classified as:
· Shatter crack from hydrogen inclusion 

· GCC or shelling.

4. IR SCENARIO:

IR system has progressively introduced higher UTS Rails of 880 MPa from late 1980s onwards, starting with 52 kg and then 60 kg rail section from 1996 onwards on larger scale.

4.1 ERSTWHILE ULTRASONIC MECHANISM:
To identify and monitor the propagation of rail flaw, IR has adopted most effective and suitable technology available by using ultrasonic waves from 1960s. Initially periodic testing schedule of ultrasonic inspection of rails was prescribed which was subsequently, made dependent on the incidence of generation of defect rate in early 1990s. But even after introducing this “Need Based Concept” of ultrasonic inspection of rails, incidences of rail fracture had remained substantial. 

Ultrasonic rail testing equipments on IR use 1-00, 4 MHz and 2-700, 2 MHz (Forward and Backward) for detection of rail cracks with probe size of 20 mm x20 mm placed centrally on the rail head on a portable double rail tester4. Inspection is done manually at walking speed and with this arrangement approximate scanning is possible in 60% of head area, 100% of web area and part of flange area only, as illustrated in figure 2.
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Figure- 2 Scanned Area- Conventional

Since most of the flaws generated by RCF and Gauge Face Corner flaws are initiated in surface or sub-surface zone, it was therefore not possible to identify these flaws unless they propogate up to the scanning areas, and by this time, very little time would be left for taking any maintenance action, like rail replacement. Therefore, with this method of testing equipment, rail failure rate in year 2003-04 had been quite high by any standards.

To make matters worse, about 95 % of the fractures were at locations detected as normal in USFD testing. An intermediate solution to cater for detection of Gauge Face Corner flaws was made from Oct 2003 onwards by shifting probe towards gauge face by 8 mm so that scanning zone is shifted towards nuclei formation zone.  However, relief provided by this technique was inadequate since it omitted substantial head area during scanning.  Therefore this type of testing was to be carried out in addition to normal prescribed USFD test frequency, but it resulted in increase of workload to non-viable level.

4.2 HIGHER AXLE LOAD AND MODIFIED USFD METHOD:
With the advent of introduction of heavier axle load from 20.82 T to 22.82 T and with the passage of time, and as 880 MPa rails were approaching the fatigue life; rail fractures kept on increasing up to year 2005-06, as illustrated in table 3.

[image: image3.emf]2003-04

2004-05

2005-06

2003-04 2004-05

2005-06

0

20

40

60

80

100

120

140

52 Kg                                            60 Kg

No of Fracture

Earlier Axle Load

Higher Axle Load

Modified USFD

Method


Table- 3 Rail Fractures 2003-04 to 2005-06

Therefore from September 2006 onwards, it was decided to use latest available technique World wide like Sperry stick and carry out USFD testing by using similar probes (Normal, 4 MHz and 700, 2 MHz, Forward and Backward) aligned in such a way so as to cover 94% of head area as shown in figure 4. 
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Figure- 4 Area Scanned- Now

Defect criteria for “Rail replacement” and that for rails to be kept under “Observation” were kept same as that for “Need Based Concept” adopted earlier. In addition to it, provision of continuous recording of ultrasonic test response of the rail to the impulses of the testing transducers and test response in form of pulse amplitude versus time, of suspected/ defect location was also made.

Efficacy of testing was ensured by specifying following limits in various conditions5:

	Situation
	Probe
	Defect size
	Reliability

	A defect will always be detected
	700
	>10 mm 
	100%

	
	
	5-10 mm
	95%

	
	
	<2-5 mm
	90%

	The defect will be a false detection 
	any
	any
	Confined to 5% locations

	The defect will be incorrectly sized
	any
	any
	Confined to 10% locations


4.3 TESTING FREQUENCY:

Rail testing frequency prescribed on IR is based on time interval elapsed for various sections depending upon the traffic carried in the section i.e., GMT. Also rail testing is not required to be done for first 15% service life of the rail, which works out to 78.75 GMT and 90 GMT for 52 kg and 60 kg 880 MPa rails respectively4. Further testing is to be carried out at the following interval:

	Annual

 GMT
	< 5
	> 5 < 8
	> 8 < 12
	>12< 16
	>16< 24
	> 24<40
	> 40

	Periodicity of testing in months
	24
	12


	9


	6


	4


	3
	2


5. ANALYSIS AND OBSERVATIONS: 

Comparison of rail fracture merely in absolute terms over successive years does not lead to any observation for arriving at any management decision. Therefore, rail fractures have been studied for each 100 GMT bands, duly eliminating the effect of extra traffic carried in the intervening period and that of rail replacement works carried out in successive years6.  Accordingly, number of fractures/km has been selected as representative figure for analysis.  Similarly GC flaw and transverse flaw detected by USFD testing methodology per km have also been analyzed on these lines (Figure 5).

Such analysis reveals that:

· Fractures/km increase, with increase of GMT carried by the rails.

· In the initial service life span of rails, problem of GCF and transverse crack generation due to higher RCF is not predominant.

· Rail fractures had increased in year 2005-06. In this year, this section carried freight trains with CC+4+2 T as against the earlier stipulation of CC+2 T. Though the increase in fracture may not be directly attributable to the higher axle load, this factor may have contributed towards increase of fractures. 

· Rail fractures had come down substantially after introduction of modified testing technique (year 2006-07) after detection and removal of flawed rails.

· Rail fracture rate is significantly less up to 40% of the stipulated service life, gradually increasing between 40% and 50% and becoming substantially higher after 50% service life.

Therefore in the initial service lift of rail up to 40% which is 210 GMT in case of 52 Kg and 320 GMT in 60 Kg. rails advantage of modified USFD technique can be availed and test free period can be made up to 40% of service life of Rails.
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Figure- 5 Analysis of Rail Fractures -52 Kg
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Figure-6 Analysis of Rail Fractures -60 Kg

6. RECCOMENDATIONS: 

Analysis of rail fractures and rail flaws carried out in the preceding paragraphs reveals that there is need to rationalize USFD testing frequency, as discussed below:

6.1 TEST FREE PERIOD:

Test free period provided as of now on IR is 15% of the stipulated life of rail, which works out to 78.75 GMT in 52 kg and 90 GMT in 60 kg rails. This can be safely increased to 40 % i.e., 210 GMT in 52 kg and 320 GMT in 60 kg rails.

6.2 INCREASED TESTING FREQUENCY: 

There is need to increase the testing frequency after completion of 40% of the stipulated service life of rail, as evident from the table 86.

	No of Days Elapsed After Testing

(X)
	Approximate Traffic Passed in GMT
	Cumulative Fractures Taken Place
	Probable Reduction in Fractures by Carrying Testing at interval of “X” days (%) 

	0-5
	0.8
	3
	95.3

	6-10
	1.7
	5
	92.2

	11-15
	2.5
	8
	87.5

	16-20
	3.3
	15
	76.6

	21-25
	4.2
	17
	73.4

	26-30
	5.0
	24
	62.5

	31-35
	5.8
	28
	56.3

	36-40
	6.7
	31
	51.6

	41-45
	7.5
	35
	45.3

	46-50
	8.3
	45
	29.7

	51-60
	10
	64
	0.0


Table -8- Rail Fracture versus Days Elapsed of Testing

Analysis of fractures with respect to various level of passage of traffic reveals that with the present test specifications and rail replacement criteria, number of fractures can further be reduced to 50% by carrying out testing at an interval of 6 GMT (or 30 days).  Further increase in frequency will probably be economically prohibitive.

In the ultimate analysis, defect size requiring rail withdrawal at normal location is dependent on crack length and magnitude of discontinuity. Also condemning defect size and inspection frequency are related parameters and their rightful combination, determine the efficacy of flaw detection mechanism and thus prevention of failures. Therefore, rate of propagation of cracks under a given set of circumstances, is required to be studied for an economical and effective flaw detecting mechanism which evidently would also be influenced by the GMT carried by the rail.

In the light of the above it is observed that there is further scope for rationalizing the testing scheme by taking the advantage of improved methodology and improving the reliability of flaw detection thereby, elimination of rail fracture at the highest possible degree.

7. CONCLUSION

In conclusion it may be stated that increase in traffic and axle load has necessitated better methods of detection of rail flaws. The recent introduction of Sperry stick is one such measure. For making the best use of the resources of flaw detection and to get a safe and hiccup free service, rationalization of the frequency of testing depending upon the level of traffic carried by the rail, is a must. As is evident from the data, there is a huge scope for improvement through such rationalization, which has a potential of reducing the probability of fractures without perhaps spending a penny.

8. ABBREVIATIONS USED 

	IR
	Indian Railway

	GMT
	Gross Million Tonne

	SEJ
	Switch Expansion Joint

	GJ
	Glued Joint

	GCC
	Gauge Corner Crack

	UTS
	Ultimate Tensile Stress

	52 KG, 60 KG
	52 Kg Per Meter Rail Weight, 60 Kg Per Meter Rail Weight

	GCF
	Gauge Corner Flaw

	RCF
	Rolling Contact Fatigue

	USFD
	Ultra Sonic Flaw Detection

	RDSO
	Research Design and Standards Organization

	UIC
	International Union of Railways
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