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1 Executive Summary 

1.1 Introduction 

All railway infrastructure rail needs to be renewed at planned intervals and ideally this work needs to be 
carried out at all times of the year. Due to seasonal ambient temperature changes it therefore follows that 
it is also necessary to install new rail in cold conditions. However any continuous welded rail (CWR) that 
had been previously installed, outside an accepted temperature range (such as low ambient 
temperatures), may be prone to distortion and ultimate buckling during subsequent periods of very warm 
weather. GrayBar Ltd was instructed by RSSB to develop a form of rail heating system that would enable 
rail welding and stressing to be carried out throughout the year including low ambient conditions. To 
minimize any potential incidence of distortion of the rail, it is therefore necessary to stress the rail to 
ensure that it is installed within its optimum stress free temperature (SFT) range and this is normally 
carried out by hydraulic rail stressing on plain line CWR.  

1.2 Development 

On switches and crossings it is impossible to artificially stress the rail using hydraulic equipment due to 
the complexity of the track therefore an alternative method of stressing the rail to its SFT has had to be 
found.  This project developed the concept of achieving the ability to install and weld rail, within an 
acceptable stress free temperature range, under all ambient temperature conditions on both plain line 
CWR and switches and crossings. This report describes the latest works phase of this development on 
site North of Spencer Bridge in Northampton in May 2008. 

1.3 Early Trials 

GrayBar was selected to develop a rail heating system for stressing rail due to its considerable experience in 
heating track for railway infrastructure. Early trials were carried out by GrayBar to heat both a sample of rail 
section BS113A FB and the rails of a half set RT60 switch, with a heavier rail section, using specially designed 
heating blankets in order to achieve an acceptable rail temperature range of 21-27deg.C. This rail temperature 
would ensure that the rail would be within its SFT ready for welding to be carried out. These trials proved that a 
heating blanket system was a viable method of adequately heating rail to its optimum SFT even under cold 
ambient conditions.  

A further proving heating trial was then carried out on a ballasted Switchpoint trial layout under low, 
ambient temperature conditions and the rails were successfully welded. Further details of these trials can 
be found on the RSSB website (see research projects, Report T331).      

1.4 Current Phase 

The next development phase was to prove the viability of using this blanket heating system on Network 
Rail infrastructure and it was utilized on a crossing that could not be effectively stressed by hydraulic 
means. The track was due for renewal at Northampton in May 2008 on a site just North of Spencer 
Bridge Road and the opportunity was taken use this method of stressing rail.  
This report details the results of using the rail heating blanket system for rail stressing the diamond-
crossing layout and includes the conclusions of GrayBar, see separate report from Network Rail.    
These works were carried out in connection with the renewal of 3 common ‘crossings’ and 2 obtuse 
crossings and associated rails over the May bank holiday weekend 3rd, 4th and 5th May 2008.  
The diamond-crossing layout off the down Northampton line is effectively located in continuously welded 
rail track. Given the complexity of the site (See Photo Fig 1, Section 4.7 and App. DRO 739 - 1416 As-
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built drawings) and the ambient temperature conditions having to be within acceptable limits and with 
only limited track possession time allowed, the only way of stressing all rails was to raise the rail 
temperature to achieve the optimum rail stressing conditions by the use of the rail heating blankets. 
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2 Report 

2.1 Process  

The heating blanket is designed as a system, comprising of, a single controller, a number of heating 
blankets, rail temperature probes, associated cables and a 3-phase power supply. The system was 
transported to site in readiness for the first shift works. This whole package was delivered in a Transit van 
to the site location.  
 
At the commencement of the track possession the blankets were placed in position at the trackside 
location. Prior to fitting the blankets it was necessary to remove the old track and place the new track in 
position with all the rail ends cut ready for welding. The heating blankets were then placed in position 
around the rail sections to be welded as part of the stage works. The heater blanket cables and the rail 
temperature probes were laid out and connected between the controller and the blankets. Where it was 
necessary to run cables across adjacent tracks, they were run under the rail in the sleeper bed, to ensure 
that any rail traffic would not damage the cables. 
 
 A standby generator 3-phase power supply and the controller were energized at a nearby position and a 
functionality test was carried out. A backup was also provided for use in the event of failure of main 
generator. A portable laptop computer was connected to the controller via an RS232 port, to measure, 
monitor and record the raw data. 
 
The rail temperature probes consist of a probe within an insulated block with integral magnets. These 
were attached to the rail web section of the rail to be heated. 
The electric blankets, were placed either side of each joint (covering the probes) at a distance 
approximately 1 metre either side of the cut rail (See site set up drawing – Fig 14 & Fig 8) to be welded in 
turn.  
 
The blankets envelop each rail section and include Velcro straps to retain them in place in windy 
conditions. The controller provides the power to the heaters and monitors the rail temperature throughout 
the heating process. The heating cycle and the rate of cooling the rail can be programmed into the unit. 
The controller menu, see illustration below:  
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This is used to programme the heating cycle, to heat a section of rail with the aim of raising the 

temperature of the rail to within the stressing temperature range of a nominal 27C.  
 

 

  
 

 
The controller includes the circuit protective devices and an LCD menu screen, to display temperature of 
each individual rail temperature probe. The controller was designed, so that it could be operated easily by 
the welding team to heat and hold the rail at a steady state in preparation for welding. The heating control 
can be adjusted to allow the rail to cool and for the blankets to be relocated onto the next welding stage.  
 
During this live trial phase a site support heating blanket team set up and operated the controller working 
under the direction of the Network Rail site welding team.    
For the Northampton site works, the old crossing was cut out, removed and the new crossing laid into 
position. Following instructions from the welding team and in accordance with the programme of works, 
the rail heating blankets were wrapped around the rails on either side of the rail gap, connected to a 
generator and a controller, cables were connected and the system energized.  
 
The welds were to take place in a programmed order at each of the gaps between the old and new rail 
section and this planned programme is detailed in Appendix 1416 bar chart 05/02/08. The first weld took 
place in accordance with rail stage 1 (See DRO 739 –1) and was completed in a time frame as detailed 
in stage 1 graph. The works comprised of a number of welds and insulated block joints (IBJ) on rails that 
had to be stressed. 
 
 The controller also displayed the rail temperature setting and gave an accurate indication to the weld 
team that the rail temperature was raised to the correct level and within acceptable limits. A print off 
record could be taken and used for providing information for later analysis. The blanket team set up the 
heating system, the welders carried out the work welding the rail joint gaps and the works were 
successfully completed within the timeframe allowed.  
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Using the Rail-warming blankets in this application demonstrated that this system of heating the rail for 
the purpose of stressing the rail achieved the required rail temperature within the critical time frames 
allowed for the scope of works. 

2.2 Site Mobilization 

Track possession, was taken by Network Rail on the 3/5/02008 at 10.00 hours. The standby generator, 
controller and blankets were taken to the trackside location by rail trolley and off loaded into a the 
trackside location just north of Spencer Bridge road, between the down slow and the up slow near no 3 
Junction, also known as Junction 3 SB (old site).  
 
The generator and controller power cables were connected and energized to carry out a functionality test. 
The 110volt heater power cables were laid out along with the rail temperature probes. 
 
The Portable laptop was connected to the controller via an RS232 port and tested. The laptop 
continuously recorded the 5 Stages of rail heating in real time.  
 
The GrayBar site support staff waited in attendance while the old track was removed and the new track 
placed in position, with welds cut and prepared. In accordance with stage works blanket and probes were 
positioned and energized. 

5.12.3 Resource Management for Heating Blanket System 

For the Northampton Trail, Network Rail provided the resources for carrying out the welding works. In 
support of this GrayBar supplied a team of operatives consisting of 4 persons per shift, to monitor, set up 
and reposition blanket as and when required by network rail for the welding team. The personnel could 
quite easily become part of the welding team, and aid the programme of works within the planning 
schedule. 
 

GrayBar Welding Support Team 

Shift Shift Period Heating Stage No of Operatives 

3/5/08 Day - Saturday 14.00 – 00.00 Stage 1 4 

4/5/08 Night – Sat/Sun 00.00 – 10.00 Stage 2 4 

4/5/08 Day - Sunday 10.00 – 20.00 Stage 3 & 4 4 

4/5/08 Night – Sun/Mon 20.00 – 06.00 Stage 5 4 

5/5/08 Day - Monday 06.00 – 14.00 Works Completed  

2.4 Stage 1 Works 

 
Under the direction of Network Rail and in accordance with project 1416 bar chart, issued by NR: - The 
blankets were placed in position ready to heat the rail sections and switched on. The rail achieved 
temperature by 20.00hours on the Saturday evening. The rail temperature was maintained until the Stage 
1 weld took place, at approximately 01.40 hours early Sunday Morning. During this heating stage the 
controller maintained the rail section at a steady state within the pre set maximum and minimum 
temperature ranges. Following the Stage 1 weld completion the rail temperature was gradually reduced, 
prior to blanket removal.  

Formatted: Bullets and Numbering
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2.5 Stage 2 Works 

The blankets were relocated to the new position for Stage 2 and the rails heated to the pre set maximum 
and minimum temperature ranges. Ready for the weld to take place at 03.00 hours 04/05/02008. 
Following the weld Stage 2 the rail temperature was gradually reduced, prior to blanket removal. 

2.6 Stage 3 Works  

The blankets were relocated to the new position for Stage 3 and the rails heated to the pre set maximum 
and minimum temperature ranges. Ready for the weld to take place at 18.00 hours 04/05/02008. 
Following the weld Stage 3 the rail temperature was gradually reduced, prior to blanket removal. 

2.7 Stage 4 Works  

The blankets were relocated to the new position for Stage 4 and the rails heated to the pre set maximum 
and minimum temperature ranges. Ready for the weld to take place at 22.00 hours 04/05/02008. 
Following the weld Stage 4 the rail temperature was gradually reduced, prior to blanket removal. 

2.8 Stage 5 Works 

The blankets were relocated to the new position for Stage 5 and the rails heated to the pre set maximum 
and minimum temperature ranges. Ready for the weld to take place at 03.30 hours 04/05/02008. 
Following the weld Stage 5 the rail temperature was gradually reduced, prior to blanket removal. 

22.9 Results 

During the trial raw data was extracted and down loaded on to a portable laptop and this data consisted 
of the following: 
 

 Rail temperature 

 Ambient temperature 

 Real time record 

 Heated rail temperature  

 Cold rail reference temperature 
 

From these records the resultant information was extracted and interpreted into graphical format (see 
Appendices), with the welding times added from the information provided from the Network Rail Welding 
team. Each of the five work stages are detailed and provide a record of the rail temperature within its SFT 
at the time, of the weld taking place. 

The results clearly demonstrated that the rail could be practically heated to 27C using electric rail 
heating blankets, within the time frame provided and the prevailing weather conditions at the time. The 
weather conditions during the live works were favorable with no obvious adverse elements, apart from a 
short period of light rain.   
During the dayshift, the rail temperature only needed to be raised by a few degrees using the heating 
blankets, to reach optimum temperature for the welds to take place. The blankets were also essential on 
the nightshift, when the ambient air temperature and therefore the rail temperature had fallen outside the 
SFT range set by Network Rail, to allow rail welding to take place. 
Network Rail site personnel subsequently agreed that the work could not have been completed in the 
timeframe allowed without the aid of the rail heating blanket system. Details of the welding process 
should be viewed on the Network Rail report. 
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2.10 Photographs – whole site 

 Fig 1 - Arial View of site 

 
 
 
General overview of the site works looking North. Generator / Controller is located on the right of photo, 
with the back-up generator located next to it. The new crossing is in place and first stage welding works 
have been completed. 
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2.10.1 Photographs - Stage 2  

 
 

Fig 2 - Stage 2 Blanket Position 

The Heating Blanket is shown fitted in position on one side of the weld ready for rail stressing. 
The temperature probe cable and the blanket power cable are both shown connected. Looking in North 
direction on the UP Northampton line. 
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2.10.2 Photographs - Stage 2  

 

 
 

Fig 3 – Weld Close Up 

Close up of weld showing end of each blanket and one metre either side of weld; rails are cut ready for 
welding. 
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2.10.3 Photographs - Stage 1 & 2   

 

 
 

Fig 3 – Stage 1 & 2 Blanket in position looking north 

 

On far right of picture Stage 2 blankets in position for rail stressing. Weld completed on Stage 1 Cv 
Switch on the DN Northampton, looking north. 
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2.10.4 Photograph – Stage 5 

 

 
 

Fig 4 – Night Welding 

Stage 5 – Final weld taking place during the night shift (5th May 2008), looking South. 
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2.10.5 Photograph – Stage 4 

 

 
 

Fig 5 – View of completed weld Stage 4 

Stage 4 – The finished weld completed on UP Northampton line. 
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2.10.6 Photograph – Stage 5 

 

 
 

Fig 6 – Stage 5 Looking North 

Stage 5 – Crossing in place looking - North on the UP Northampton, IBJ’s fitted shown prior to all 
remaining blankets being fitted.  
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2.10.7 Photograph – Stage 3 

 

 
 

Fig 7 – Stage 3 Track cut prior to weld 

Stage 3 - View of track showing cut rail at weld T9 prior to fastening rail with pandrol clips. 
 
NB: Rail had a final cut after rail temperature had been reached prior to welding taking place 
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2.10.8 Photograph – Cut Rail Ready 

 

 
 
  

Fig 8 – Blankets in position 

Blankets in position on UP Northampton line to stress rail to the optimum temperature  
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2.10.9 Photograph – Heating Supply Generator 

 

 
 

Fig 8 - Heating Blankets & Generators 

View of the heating blankets warming the rail sections. Heating supply power generator shown in 
background 
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2.10.10 Photograph – Stage 1  

 

 
 

Fig 9 – Stage 1    Looking South      

 

View looking South on the DN Northampton Line. The first crossing is laid in place ready for heating 
blanket to be attached. 
 
The Diamond crossover is shown half assembled with heating blankets in position.                         
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2.10.11 Photograph – Night weld 

 

 
 

Fig 10 – Stage 4 Positioning Blankets 

Stage 4 – Positioning heating blankets prior to night weld 
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Fig 11 - The controller showing plug configuration 

Fig 12 – Controller with lid in open position 

Fig 13 – Top view of control panel 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Fig 11 

Fig 12 

Fig 13 
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3 Future Development & Recommendations 

3.23.1 Cables - Power  

The biggest problem experienced was the pulling of the heavy duty 110-volt power cables that are 
connected between the heating controller and each of the blankets. They are not easy to manipulate 
because of the conductor size required and flexibility was limited for the same reason. Following 
extensive discussion, de-brief session, we propose that the system should be supplied as a kit of parts. 
The heavy-duty power cables should be wound on individual cable drums with an integral socket 
mounted on the side of the drum, to enable 3-persons to operate the controller and pull the cables. We 
have also considered short length cables, that plug in as extensions but a maximum of two is all that 
could be used. To prevent excessive volt drop the total length of the cables is limited, by the amount of 
current being drawn by the heaters. Voltage at the heater terminals has a maximum of 4% volt drop 
tolerance, between the controller and the blanket in accordance with BS7671.  
 

3.2 Rail Temperature Probe Data Cables 

The probe data cables could be reduced in size to aid site handling. In the event of accidental damage an 
easy quick repair could be made in situ if this was the case. It would be beneficial for these cables to be 
drawn form individual cable spools, again with an integral socket.  
 

3.3 Splitters 

To improve the cable management on site a splitter could be used as an option, to feed two blankets 
from one cable. However for accurate rail temperature control each blanket needs to be individually 
temperature monitored. 
 

3.4 Controller 

 

The controller although bulky, is easy to handle and, once in position, does not need to be moved until 
works are completed. However a reduction in overall size and possibly split into two parts (Control and 
Power) would prove beneficial to handling. 
The menu could quite easily be simplified, as only some of the features available were used. After 
discussion it was concluded that a temperature “set point” could be assigned. The set point is the 
temperature programmed into the controller and is the optimum stressing temperature required for 
welding. This heating blanket system could be designed for operation by the welding team, rather than an 
electrical team of operators.  
 
To improve the controller display a set of Green LED showing that a pre set temperature has been 
reached and is ready to go. Also a recommended improvement to the display would be a Red LED to 
show rail heating is ON. These additions would be relatively simple to achieve and visually give 
representation as to the status of the rail temperature, rather that using the data logging LED read out. 
The current display proved difficult to read in practice in the railway environment. 
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The Lid of the controller could be fitted with time scale schedule chart showing approximate times for 
guidance of the heating stages. If a heater had tripped out, this could easily be visually demonstrated by 
the use of an Orange LED. 

3.5 Data Storage & Logging  

The data storage could be integrated into the controller, as part of the package rather than a laptop 
computer. This would avoid the need for an additional item of kit that could be easily removed on site or 
damaged. 
The purpose of the data logging was to provide evidence of the specific rail temperatures achieved prior 
to the welding being carried out. The raw data is downloaded and stored onto a dedicated lap top 
computer. The data consisted of a record of the individual rail temperature with a record of the time and 
date. The data was stored in “real time format”. For the purposes of illustrating the results more clearly 
the raw data was subsequently converted into graphical form and these are also attached as an 
appendix. For clarity the graphical readings have also been shown as individual graphs for each of the 5 
stages. The information shows a max & min rail temp setting and the actual rail temperature. 
The time period for heating each stage is also shown with the specific welding time indicated. 

3.6 Blankets 

The blankets suffered no burnouts or weld damage. The number of Velcro straps could be reduced, only 
really needed to hold in situ if weather conditions required. The sensors for the blanket were easily 
attached to the rail by integral magnets. 

3.7 Generators 

The system would probably only require a 50Kva generator or suitable power supply, with a 110-volt 
controller supply as standard. A 60Kva generator was used for this project, with the addition of 
transformers to step down to a 110-volt supply. This again entailed more cabling, over complicating site 
works. But, is an acceptable solution if no other supply is available.  

3.8 System 

Recommendations for the system as a whole set of parts: are, that a designated vehicle i.e. transit van or 
possibly its own rail/road rolling vehicle is supplied. A full set of blanket heating systems would then be 
kept at several locations and moved to work sites as needed. They could then be set up in readiness for 
the welding team to arrive. The benefits of this are that the kit of parts is contained in a controlled 
environment ready to be mobilised. The system can be used either by the weld teams or a designated 
blanket team. 
 

33.9 Conclusions 

The rail-warming jacket demonstrated that this system of heating the rail to the point of stressing to the 
optimum temperature of 27°C was successful, within the time frames allowed for the scope of works. 
 
 Once the cable had been pulled in to position, the blankets were installed ready for heater activation. 
They could easily be installed, removed and transported in under 5 minutes to a new rail section for 
heating, providing the cable were already in situ. The generators that were used on the project, only 
needed to generate about half power rating, because of the particular site requirement stage works i.e. 
not all blankets were energized at once. 

Formatted: Bullets and Numbering



Project: RSSB Welded Rail Heating Development 
Report GrayBar 

Doc No: Q/1530A  Issue:  1 Date: 01/10/2008  Category:  Design 

 
 

GrayBar Limited Tel:  0044 (0) 1933 676700 Fax: 0044 (0) 1933 676800 

Page 26 of 29   
 

By using this method of raising rail temperature, work on the railway infrastructure could proceed in all 
weathers. In the event of an urgent welding requirement the equipment could be easily transported to 
site. 
The works as anticipated were successful, as shown in previous trials see RSSB report T331 before this 
welding programme took place. 
The data information that was gathered from the laptop, demonstrated visually the length of time taken to 
heat the rail including the air and rail temperatures and the time taken to achieve this.  
 

3.10 System Site Set - Up Drawings 

 
 
Fig 14 – Site Set-up for a full set 
 
This example is illustrates the heating blanket layout attached to a full set of D type switch for welding six 
welds. This layout would effectively full stress all rails within the same time constraint, however the weld 
operation and the blanket position can be carried out in stages. For the Northampton works described in 
this report the heating blanket positions were placed according to the welding stages and in accordance 
with the site programme. 
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4 Constraints and Exclusions 

 

4.1 Project Closure Synopsis 

Given all the information from the previous trials, throughout the different phases, this system has proved 
that it provides a solution to the problem of welding rail throughout the calendar year. 

With a few improvements to the controller by way of repositioning of the data socket and the use of LED’s 
as mentioned earlier in this report, the equipment would be ready for further production development. 
Further trials should be carried out in more extreme weather conditions to further demonstrate the 
effectiveness of the system. In general terms the management of the cables needs to be reviewed to 
make the system easier to handle on site. 
 

5.24.2 Issue Management 

During the course of the work it is important that the welding support team closely liaise with the Network 
Rail Operatives, to ensure a smooth transition between shifts. The future projects would benefit from a 
Network Rail liaison supervisor. This would prevent any potential for delay in the programme. 
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75 Appendices 

The following drawings illustrate the stage heating layout and the location of the controller in relation to 
the track being heated. A set of drawing is shown without bearers for clarity; 
 
DRO 739 – Crossing to be changed 
DRO 739 – Stage 1  
DRO 739 – Stage 1 No Sleepers 
DRO 739 – Stage 2 
DRO 739 – Stage 2 No Sleepers 
DRO 739 – Stage 3 
DRO 739 – Stage 3 No Sleepers 
DRO 739 – Stage 4 
DRO 739 – Stage 4 No Sleepers 
DRO 739 – Stage 5 
DRO 739 – Stage 5 No Sleepers 
 
The following graphs show the heating cycle for each stage and the welding times; 
 
Graphical representation of Heating Blanket Stage 1 
Graphical representation of Heating Blanket Stage 2 
Graphical representation of Heating Blanket Stage 3 
Graphical representation of Heating Blanket Stage 4 
Graphical representation of Heating Blanket Stage 5 
 
The following graph includes all the information down loaded from the temperature probes; reference 
should only be made to the individual graphs shown above.  
Graphical representation of Heating Blanket Stage All Stages (Probes and operational Bands) 
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Example full Set 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14 - System Trial Site Set-up 
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Work Example:  Replace Full Set of D Switches 

Estimated set-up time:  2 hours 

Possible application for rail heating in connection with replacement of full set of S&C  


