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1. Introduction  

VERSE® 

Vertical Rail Stress Equipment is an internationally accredited scientific instrument which is used to non-

destructively measuring the Stress Free Temperature (SFT) of Continuously Welded Rail (CWR). It is an essential 

tool in modern Rail Stress Management program to ensure management of track buckling and rail break risk.  

Taking a VERSE measurement involves unclipping a short length of rail track, raising that rail up onto two simple 

supports and then deflecting the rail using the VERSE equipment. As the VERSE system deflects the rail it 

accurately measures the force and displacement profile of the deflection. The higher the tension in the rail, the 

more force will be required to deflect the rail. Using this principle and recorded data, together with the known rail 

temperature at the time of measurement, the SFT can be evaluated directly with no damage caused to the rail. 

The VERSE system eliminates the need to cut the rail, significantly reducing the time and cost of evaluating track 

SFT. It also measures the SFT directly from the rail installed in track, and therefore requires no prior knowledge of 

the rail residual stress at the time of manufacture. 

The system ensures the highest level of accuracy through compensation for rail section geometric properties, rail 

wear, track curvature and by using a simple and easily followed user procedure. 

The handheld computer steps users through the measurement process with critical data being inputted by the user. 

It then guides the user through the rail deflection process and returns an instant SFT result trackside together with 

an evaluation of data quality. The lift data files can be stored on the handheld and transferred to a PC to be 

analysed and stored in the office space. 

The VERSE system is the recognised standard has been evaluated by a number of railway research institutes 

including; British Rail Research, Transportation Technology Centre Inc. (Subsidiary of Association of American 

Railroads) and Railway Research Institute, Czech Republic. 

The accuracy, repeatability, usability and benefit of VERSE has been recognised though Product Approval (Type 

Approval) with a wide range of railway authorities internationally. 

Through the use of VERSE and its non-destructive method of measurement, railway authorities are able to survey 

their railway in a fraction of the time of traditional methods allowing teams to focus on maintenance issues which 

carry the highest risk. Further to this, VERSE has also become a recognised method of evaluating the quality of 

contracted track laying by providing a convenient quality inspection tool that can save the contractor time and 

provides the client with piece of mine. 

The Pandrol (Vortok) Sales Team are available to discuss the application of VERSE and how it can be used to 

enhance your business safety and efficiency.  
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2. Management of Neutral Temperature in 
Continuous Welded Rail  

2.1  Introduction  

The avoidance of derailment, caused by either track buckles or rail breaks, is always at the forefront of priorities of 

railway companies and their track engineers. Maintenance of high levels of availability of the track, avoidance of 

unplanned repairs and raising standards of safety are all important to a railway but they are in conflict with the need 

to make savings to invest in other ways and of course keep the railway open.  

All railway maintenance involves technical and business risks, but these can be minimised by modern engineering 

and management techniques. This paper seeks to identify those risks with respect to neutral temperature (stress-

free temperature) and explain how they can be managed technically and commercially.  

2.2 Neutral Temperature of Rails  

When the temperature of a rail increases it wants to extend its length and when it decreases it wants to shorten. 

The rail fastenings, the sleepers and the ballast are all designed to prevent the rail from expanding or contracting 

so temperature changes result in the rail going into compression when the temperature goes up and into tension 

when the temperature goes down.  

If there is excess compression the track will buckle – if there is excess tension the rail will break, probably at a 

weld, as it is here that the rail is usually at its weakest. Both of these phenomena are dangerous, especially the 

buckle.  

Rails are usually installed at a temperature towards the lower end of the climatic spectrum and therefore to 

minimise the risk of either breaks or buckles, axial stresses are put into continuously welded rail at installation, rail 

renewal or repair to counter the effects of temperature changes on the rail from night-time lows in winter to daytime 

highs in the summer.  

The definition of Neutral Temperature (or Stress Free Temperature) in the British Railway Track, 6th Edition, p614, 

is that temperature at which the rail must be free of longitudinal thermal load. Put another way it is the temperature 

at which the rail is in neither tension nor compression.  

The appropriate neutral temperature is chosen by the track engineer and is usually 5° or so above the mid-point 

between the highest and lowest temperatures the rail is likely to reach. This will vary with the local climate. As with 

all such standards, a tolerance is applied both above and below the chosen temperature. The extent of the 

tolerance will vary even in similar climates depending on the rail type, sleeper and fastening system and also the 

type, speed density and weight of the traffic. For high speed lines this is often only ±2°C but for low speed is 

frequently ±5°C. 

 

  Type of failure 2013-14(r) 2014-15(r) 2015-16(r) 2016-17(r) 2017-18 

Mainline Broken rails 119 95 107 86 76 

Buckled rails 19 14 9 7 14 

Total 138 109 116 93 90 

LUL Broken rails 18 9 9 12 11 

Buckled rails 0 0 0 3 1 

Total 18 9 9 15 12 
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2.3 The benefits of well managed neutral temperature  

Companies who manage neutral temperature well will reduce temperature induced rack faults, thereby increasing 

availability, reducing safety risks and enhancing business potential. The use of a non-destructive neutral 

temperature measurement method will facilitate much more cost effect management than traditional methods. 

Good computerised databases will facilitate the long-term study of the behaviour of track and provide the engineer 

with the ability to plan his track maintenance more efficiently.  

The rail company will be able to maintain better detailed and up-to-date records to demonstrate to its own 

management, auditing and licensing bodies its diligence in   safety management and thereby reduce the 

opportunities for clams for negligence and litigation. 

Overall the adoption of modern measurement techniques will result in the business benefiting from improved 

operating performance, more effective maintenance investment and greater customer satisfaction and thus 

competitiveness and profitability  

2.4 The technical risks of incorrect neutral temperature  

Temperature forces can manifest themselves in a number of different ways, each of which poses a threat to safety. 

Each 10°C change in temperature will produce forces in the order of 18 tonnes. Let us consider each situation.  

Compression   

When a rail goes into compression it has the potential to behave in several ways depending on whether the track is 

straight (tangent) or curved, either horizontally or vertically or in a super-elevation transition.  The forces involved 

are very high indeed under these circumstances and continue to increase as the temperature rises above the 

neutral temperature.  

When tracks buckle or curves move, there are very serious safety implications.  The greatest risk is of derailment. 

A derailment is at best inconvenient but at worst, on high-speed lines, can result in substantial loss of life.  

 

                                                                           

                      

 

 

 

 

 

 

(Track buckle)   

 

Straight track 

If the track geometry is in excellent condition, along with the fasteners, sleepers and ballast then the rail will have 

nowhere to go and will not buckle until there are very high stresses. However, the slightest loss of straightness will 

result in the track buckling.  The vibration of an approaching train can trigger this. The pent up stresses are such 
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that the sideways movement can be more than a metre as the rail wants to reach its stress-free length. If the 

ballast shoulders are in poor condition the lateral stability of the track is low and the buckle will be horizontal.  

If the ballast shoulders are good the buckle can be vertical such that sleepers are lifted out of  the  ballast resulting 

in the track hanging in  the air, totally unsupported.  

Horizontal curve  

The compressive stresses will push the curve outwards, possibly to a point where there is little or no support to the 

track. As the track is already bent into the curve, track movement in these circumstances is likely to occur more 

readily than in straight track at similar excess temperatures above the neutral temperature.  

Vertical curve  

When a track is on a vertical curve, especially at a summit, it is possible that the compressive forces will result in 

the track being lifted out of the ballast but a horizontal buckle can occur under these circumstances too.  

Super-elevation transition 

Here the track is twisting as it enters a curve and a buckle under these circumstances can result in more complex 

movements in both the horizontal and vertical planes.  

Where the neutral temperature of one rail is significantly different to the other rail on the same track, the 

imbalanced force induces a bending moment in the track that will result in the track moving sideways under 

extreme conditions. Whereas this is unlikely to be so severe as when both rails are incorrect, it can still result in just 

as dangerous a condition, as the track will not be properly supported at its extreme thereby putting twist into the 

track. Slewing of the sleepers can also occur in imbalanced situations, creating undesirable forces on the fasteners 

and sleepers creating gauge spread as well.   

Tension 

When the rail goes into tension it can result in curve movement too, this time pulling the curves into the centre. 

However, by far the most common consequence of excess tension is for the rail to break. This is usually at a weld 

but can also be where there is a flaw in the rail or of course at a weak joint.  

2.5 Factors that can change neutral temperature  

It is a remarkably common assumption that once a rail is stressed to a certain value it will not change.  This is a 

fallacy – or a forlorn wish! Even though when installed the neutral temperature of the rail may be correctly set, there 

are several factors that can make it change. 

The prevention of problems is achieved by attention to the following basic design and maintenance factors:  

• Fastenings having good resistance to longitudinal rail creep  

• Sleepers of the appropriate design and spacing  

• Correctly filled and consolidated ballast beds with heaped shoulders  

• Sound and stable formations  

• Inclusion of breathers  

Traffic  

It is well known that ballast is a dynamic structure that moves with load and vibration, both elastically and 

plastically. When trains frequently brake or accelerate on the same section of track it will have the result, over time, 

of moving the rail ahead in braking and behind in traction. The effect of this is to increase the tension and hence 

the neutral temperature at one end of a section of track and decrease the neutral temperature at the other. The rate 

of change will depend on the type of traffic and the condition of the ballast, sleeper type, fasteners and their 

condition as well as train and traffic characteristics.  
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Gradients are similarly affected as trains apply brakes and traction. Likewise, curves can gradually move with 

vibration and loads, which can result in neutral temperature changes. Again, the rate of change will depend on 

track conditions and train characteristics.   

Mechanised track maintenance  

The vibrating action of tampers, especially in curves, can result in the curves moving, changing the rail length 

between the end points thereby changing the neutral temperature. Ballast cleaning, sleeper changing machines 

and ballast stabilisers and regulators all have the potential to change the neutral temperature as well.  

Track fastening degradation  

The tension is maintained in the rails by the rail fasteners transferring the loads to the sleepers and thence the 

ballast. If the fasteners do not apply sufficient toe load or rail anchors are incorrectly fitted or performing badly, they 

will be unable to contain the forces adequately and the neutral temperature will change. Pad wear, rail seat wear 

and rail foot gaul will have the same effect.  

Degrading ballast condition  

Ultimately, it is the ballast or track support that provides the reaction to the tensile and compressive forces in the 

rail.  Therefore, if it is in poor condition, the neutral temperature will inevitably change away from the ideal.  

Poor quality repairs  

If rails are re-welded without the correct re-tensioning, then the neutral temperature over greater lengths of rail can 

be adversely affected. Letting in new insulated joints or other rail sections without correct de-stressing can also 

cause problems.  

Extreme weather conditions  

Continuous cycling is believed to affect the neutral temperature of rail over long period but, until now, it has not 

been cost effective to study exactly how. Extra-ordinarily high or low temperatures can permanently change the 

neutral temperature too.  

Ground conditions  

The formation and its stability can also result in changes to the rail length.  Mining subsidence is well known to 

occur and will often result in increased tension. Heave can have the same effect.  

2.6 The business risks of incorrect neutral temperature  

Safety is always paramount for a railway business, no more so than with a passenger carrying company and this is 

even more so for those running trains at high speed. Both track buckles and rail breaks can be the cause of a 

derailment. With high-speed derailments there is a major risk of loss of life. Apart from the direct costs of 

compensation and repair there is also the serious risk of loss of business as the confidence of the travelling public 

suffers.   

The costs of a derailment include that of renewing the track and that alone is substantial but even the correction of 

a track buckle or rail break will result not only in the direct material and labour costs but more importantly, loss of 

availability of the track. The cost of delaying trains is better understood now than ever before. These costs can be 

as a consequence of individual journey contracts, by performance penalty regimes that exist in longer-term 

commercial contracts or indeed regulatory standards. Again, confidence in the ability of the train operator to 

provide a good service will be affected by poor availability. Even minor train delays such as TSRs have longer-term  

erosive effects on custom.  

All businesses now have to demonstrate to statutory bodies that they are managing safety diligently and 

professionally.  In the railway industry this can be tied to licenses affecting the fundamental right to operate at all.  
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Records need to be kept to demonstrate that neutral temperature is being appropriately managed.  Failure to do so 

could result in loss of licenses or actions in law of negligence in the case of serious incidents.  

2.7 Minimising risks and costs  

There are many costs involved in the maintenance of track but it is widely accepted in all engineering maintenance 

that prevention is more cost effective than repair.  Planning when and where any kind of maintenance should be 

carried out depends on knowing the state of the track and neutral temperature is just like any other track safety 

characteristic in this respect.  

The re-stressing of rail that is at its incorrect neutral temperature is disruptive, expensive and it introduces another 

weld, a risk in itself. It will usually involve 12-16 men, heavy hydraulic tensioning equipment and of course the 

welding equipment. As it is expensive, it is important to only undertake the work where and when it is necessary.  

To plan work to manage the neutral temperature can only sensibly be made possible by measuring the state of the 

track.  Until now this has meant cutting the rail, measuring the stress change and re-stressing the rail. As has 

already been described, this is costly. Where money is limited this is often one of the first things to be sacrificed 

and many railways admit privately that they have not checked some neutral temperatures in many, many years.  

Historically, many permanent way engineers, knowing that the track buckle is the more dangerous and that neutral 

temperature might well reduce over time (but not necessarily), have understandably erred on the side of caution 

and set the neutral temperatures even higher than the standard.   Despite modern rails being able to bear 

considerable tensile forces without breaking, the price of this tactic has been a higher frequency of costly and 

disruptive rail breaks. They may seek to find stronger and higher quality welding techniques but that will not change 

the thousands of welds already in track.  

If the neutral temperature is known, then appropriate action can be planned at locations of highest risk, thereby 

reducing the number of rail breaks yet still avoiding the track buckle.  

When new rail is installed either on brand new track or as replacement for worn or damaged rail, the last thing the 

track engineer wants to do is cut his new rail to check whether he, or his contractor, has done a proper job.  It is 

usually left unchecked, introducing another risk.  

Being pro-active and using a non-destructive technique to measure the actual state of the track, will thereby, 

enable these savings to be made and bring the extra confidence that safety is being managed professionally.  

2.8 Existing methods for the Establishment of the Neutral Temperature of 
the Rails as found  

The only way to date to measure the neutral temperature has been to cut the rail and measure the stress change 

and then re-stress the rail. For an accurate measurement, the fitment of strain gauges is necessary and this 

requires specialist technicians, preparation and equipment.  

Many companies have relied on measuring the relaxation distances of the cut rail ends but this is known to be at 

risk of large errors. 15°C errors have been seen, especially where the movements of the sleepers still attached to 

the fixed end of the rail are not measured as well. Measuring accurately over long distances is notoriously difficult 

too.  

Another technique that has been tried to establish the Neutral Temperature measures a phenomenon called 

Barkhausen noise. This noise is generated in a stressed body on the decay of a magnetic field but when taking 

such stress measurements in a railway rail, the accuracy is adversely affected by the residual stresses in the rail 

from the rolling mill.  Magneto-strictive-ultrasonic damping is another technique that has been tried but is also 

adversely affected by the residual stresses.  
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2.9 Proposed Method of Measurement of Neutral Temperature using 
VERSE® Apparatus   

The advent of a method which offers both fast and low cost measurement now makes SFT management more 

practical and financially viable. The VERSE® system, developed jointly by Pandrol (VORTOK) Ltd and AEA 

Technology, brings SFT measurement into the 21st century.    

 

 

 

              

 

 

 

 

 

 

 

 

 

 

(Schematic Drawing of the VERSE® Hardware) 

VERSE® is a non-destructive method that can be completed quickly and at less  

than 5% of the cost of traditional methods, all of which rely on cutting and re-welding the rail. VERSE® is a 

combined mechanical/software system that will produce initial results trackside from a handheld computer. One 

unique feature of VERSE® is its ability to measure SFT directly. The inherent stress and stress history of the length 

of rail is not required. Neither are measurements required to be taken at different rail temperatures. Provided the 

rail is at a temperature less that the SFT, then VERSE® will produce a result. This means, for instance, that 

VERSE® can be used during the cooler night and early morning temperatures so that special possessions are not 

necessarily required.  

VERSE® is supplied complete with both handheld and PC software, the latter incorporating a PC data base that 

will hold comprehensive data sets for a whole rail network - the crucial tools a modern railway needs to plan and 

manage effective re-stressing programmes.  

VERSE® has been designed for ease of use. Highly portable, it can be carried in a small estate car or medium 

hatchback, so it can be easily deployed on site.  
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           (SFT Measurement with VERSE®) 

Firstly, the rail must be at a temperature lower than its SFT so that the rail is in tension.  Taking a measurement 

requires around thirty metres of track to be unclipped which is normally done by two persons whilst another one 

sets up the VERSE® frame which sits on the sleeper and straddles the rail.  

VERSE® incorporates a clamp to the rail head which allows the rail to be lifted with its built-in hydraulic jack.  A 

measurement entails lifting the rail to 10 kN (monitored by a load transducer) and logging the load and 

displacement monitored by a displacement transducer at regular increments. The output from both transducers are 

routed via a dedicated signal condition system to a hand held computer.  

 

        

 

 

 

 

 

 

 

 

     (Hand Held Computer)                                                                     (VERSE® Measurement)  

 

Along with some other data such as ambient rail temperature, rail profile (a simple selection from a software menu) 

and height of the rail, the handheld software produces the SFT result. The height of the rail is included to take 

account of rail head wear and rail grinding which will naturally affect the stiffness of the rail.  Typical testing time will 

be 20 to 30 minutes for an experienced crew depending on the type of rail fastening. Downloading the site data 

sometime later to the PC software will allow further analysis of the data and enable the results to be added to the 

VERSE® database.  

 

 



 

PREVENTING BUCKLES & BREAKS  |  002  |  04th July 2019  

© Pandrol 2019 12 of 15 
 

Validation  

Validation of the VERSE® technique has been carried out by AEA Technology during the research phase of 

perfecting the technique which has taken place over several years. These tests show an accuracy of ± 0.2 °C and 

a standard deviation of 1.3°C when compared with strain gauges. Validation was carried out by using tensors to 

pull the rail to known tensions as read by strain gauges and then measuring using the VERSE® technique and by 

strain gauge and rail cut in service conditions.  

Further validation has been conducted by other organisations. Most recently the Transportation Technology Center 

Inc (TTCI), Pueblo, Colorado has conducted tests on large section American rails. Hydraulic rail tensors were set 

up in track to enable a range of SFT’s to be superimposed above the ambient rail temperature.    

2.10 Lessons already learnt  

Over the last three years some railways have started to implement this pro- active strategy with more than 15,000 

non-destructive neutral temperature measurements taken. In the UK, 19 sets of equipment are in service and many 

unnecessary re-stressing operations have been avoided, high-risk situations corrected before serious incidents 

have occurred and new, comprehensive records have been created. Valuable lessons have been learnt too about 

the state of the track and questions raised about standards and procedures.  

Some VERSE® users have taken as many as 1000 measurements in a matter of weeks allowing them to really 

understand the state of their track. This has allowed them to correct those sites where there are serious faults and 

plan the correction of less crucial ones when they can have access to the track or when other maintenance is 

required at the same location. 

Contractors have been shown to have laid new rails incorrectly in error or negligence and problems have been 

avoided by corrective action being taken before service commenced. Some contractors in the UK are already using 

this procedure to demonstrate to their customers that they have produced the correct quality of track.  

Some areas have found as many as 30% of the sites measured to have a problem. These can be significant 

differences of stress in one rail to the other in the same track or large variations between one section and another 

only 400m along the track.   This should be no surprise if track, ballast, fasteners and pads are all in good 

condition, as they will contain the variations in stress. These variations have always been there – we have just not 

seen it before. One contractor is now seeking to change the procedure for replacing one rail at a site such a neutral 

temperature measurement is made on the rail not to be replaced before work starts to help plan the stressing 

needs of the location.  

Canadian National Railways company is studying the effect on neutral temperature of ballast cleaning machines 

and other mechanical track   maintenance procedures. Dallas Area Rapid Transit is checking brand new track 

before commissioning and are finding problems with previously assumed stressing techniques. Railway companies 

in Finland, Italy and Sweden are also just starting, as are Union Pacific and Burlington Northern- Santa Fe, Illinois 

Central and Long Island Railway in the USA. Other railway companies in Europe are in the final stages of 

evaluating the strategy and many are expected to commit to it shortly.  

Stressing techniques, rigorously followed, have been shown to be flawed in their accuracy. On one newly laid track, 

greater than 5% variation has been found between one rail and the other and long used de-stressing methods are  

being shown to give inadequate results.   

This variation between the two rails has been shown to exist in many locations both in the UK and in Canada. It 

can be assumed that it will exist elsewhere too but the reasons why are not yet fully understood.  

One user has used VERSE® in conjunction with a tamper to correct the neutral temperature through a curve 

without conventional de-stressing by getting the tamper to move a curve outward to put the tension back and 

checking it with VERSE®.This is reported to make considerable savings. 
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On more than one railway safety margins and tolerances on the neutral temperature standards are being 

challenged.  

2.11 The Future  

We have a means now to research the behaviour of track that would have been totally impractical with techniques 

requiring cutting of the rail.  This gives us the opportunity to study the effects of time, traffic, maintenance, weather 

cycling and track component condition and better understand the long term behaviour and risks.  

We have the ability too, to challenge the standards and importantly, the techniques and procedures for the 

establishment of the correct neutral temperature.  

Pandrol (Vortok) now has a cost effective system for measuring the ongoing changes to the Neutral Temperature 

over time, particularly suited to braking zones, entrances and exits of stations, curves, switches and gradients. 

  

All it needs is the steady building of the database of measurements but there is the opportunity too to undertake 

specific research without damage to track and I would encourage the industry to embark on such a programme.  

In the long term, track engineers will be able to more accurately correlate the frequency of failures with actual 

neutral temperatures of their track, the rates at which the neutral temperatures have changed, the circumstances 

that made them change. They will then be able to refine their neutral temperature standards and tolerances to 

minimise these risks.  

Let us not forget that there was much research and development done in the 

1950s that could be brought up to date by validation with a non-destructive  

measuring technique.  

 

2.12 Summary  

The adoption of a more rigorous, pro-active, neutral temperature management regime is now possible because of 

the availability of an accurate, non-destructive measurement method. 

This strategy can bring real benefits of reduced dangerous incidents, increased track availability, improved 

understanding of the behaviour of the track, better maintenance planning, reduced risk of litigation and better 

maintenance expenditure. These are all powerful motivators in making the railway more competitive and cost 

effective and above all, safer. 
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