
 

 
 

12 Month Report: 

Intelligent Bolt Trials for Fishplates & Temporary Clamps 
 
 

  

 

 

 
 

Project:   E0102 v3   

Document ref:   
12 Month Report - 
December 2024   

Revision:   01   

Date of last revision:   13/12/2024  

Prepared:   David Cartledge   

Approved:   Dan Sapsford 



 13 December 2024 
  

 
StayƟte Ltd  
StayƟte House, Cressex Business Park,  
High Wycombe, Bucks, HP12 3RP  
www.stayƟte.com | info@stayƟte.com 

01494 462322              [1] 

12 Month Report: 

Intelligent Bolt Trials for Fishplates & Temporary Clamps 

  

Contents: 

 

Problem Statement 2 

Customer Statement 2 

Background 2 

ExecuƟve Summary 3 

Report Detail 4 - 21 

Appendices  

     E0102 - Trial Report Tenby, Oct ‘23  

     R-Tech report – ExaminaƟon of a fractured 8.8 bolt, 31/01/2024  

     E0102 Bolt Report, Oct’24  

     TATA Report – B829 DraŌ - Fishplate Lubricant, Laboratory TesƟng, 15/12/2011  

 

 

 

  



 13 December 2024 
  

 
StayƟte Ltd  
StayƟte House, Cressex Business Park,  
High Wycombe, Bucks, HP12 3RP  
www.stayƟte.com | info@stayƟte.com 

01494 462322              [2] 

Problem Statement: 

There are over 500,000 bolted rail joints in the network, which require opƟmum levels of clamp force to operate 
safely. There is a current lack of understanding of opƟmum levels for a joint to fish conƟnuously without the need for 
constant maintenance. The ability to monitor in track performance hasn’t been possible unƟl now. The ability of the 
Intelligent bolt to provide real Ɵme in track data is groundbreaking technology. Using Intelligent Bolt technology 
allows us to now understand the performance of ALL mechanically jointed connecƟons greater than M10 or ½” 
diameter bolts / studs in any applicaƟon.  

 

Customer Statement: 

Network Rail was looking for in-track reporƟng data to challenge the current status quo of maintenance of jointed 
track which has been in effect for over 50 years. This is a fundamental part of the modernising maintenance Network 
Rail has been driving through their business over the course of the previous control period. Enabling change to Predict 
and Prevent Maintenance regimes that make the infrastructure more resilient and reliable for traffic while increasing 
track worker safety with the removal of boots off ballast. 

The budgeted restricƟons of CP7 highlight the need to drive change through the Network Rail business that not only 
increase the safety and reliability of the network but also generate tangible cost benefits such as this project will 
demonstrate. 

 

Background:  

The iniƟal objecƟve was to simply confirm that the Hardlock Nuts performance in track is a superior and a cost-
effecƟve soluƟon compared to the current product used in the applicaƟon of fishplates. As the trials progressed 
several addiƟonal features and benefits became apparent. This report now provides conclusive data for Network Rail 
to improve the performance of their jointed track with the ability to use Risked Based Maintenance programs to 
potenƟally extend the frequency of Basic Visual InspecƟons. 

During the trial, the scope of work has been extended to include intelligent bolts into approved temporary rail 
clamps.  

The trial conƟnues to provide compelling data supporƟng the transiƟon to metric bolts with zinc coaƟng, Hardlock 
Nuts and Intelligent Bolts while simultaneously refining training protocols to embody industry best pracƟces.  
 
The trial conƟnues to gather data to provide quanƟfiable and accurate data which can give confidence and assist to 
curtail Basic Visual InspecƟons (BVI’s) by up to 75% through the strategic applicaƟon of Risk Based Maintenance 
(RBM).   
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ExecuƟve Summary:   

The following conclusions can be drawn, which Network Rail should consider for implementaƟon.   

1. Hardlock Nuts have been proven not to loosen under traffic, making this a predictable failure mode, 
whereas tradiƟonal nuts conƟnue to loosen and require conƟnuous maintenance making it impossible to 
predict failure. This is an important conclusion for the Risk Based Maintenance (RBM) program to remove 
boots off ballast and improve maintenance efficiency by reducing the Basic Visual InspecƟon (BVI) 
frequency. 

2. The exisƟng imperial bolt quality doesn’t comply with the correct specificaƟon. Network Rail should 
increase quality assurance in this key safety area.  

3. TradiƟonal installaƟon method/tools currently overload bolts, taking circa 33% of bolts beyond their yield 
strength.  

4. InstallaƟon process (2,3,4,1) needs to be repeated. IniƟal clamp force in bolts 2&3 reduces by over 30% 
when 4&1 are Ɵghtened thus leaving a potenƟally failed joint if only one Ɵghtening pass is made.  

5. Current Network Rail torque values for metric bolts, when installed in track, do not replicate the clamp 
force recorded in the Network Rail / Tata Steel approval process. 

6. The data recorded gives confidence to progress the conversion of all fishplated joints to metric bolts, with 
Hardlock Nuts and Interflon lubricaƟon, to improve the performance and reliability of jointed track. There 
is a supporƟng business case which shows financial benefit. An iniƟal £  investment is required 
to convert the enƟre network, with a payback of approximately 1.6 years. AŌer this, there is an ongoing 
annual saving of circa £  

7. There is an upgrade path for fishplate joint conversion, with an opƟon to complete in 1 to 4 years. The 
maximum efficiency is gained from either 12 or 24 month schedule. 

8. Tight Joints, RE/PW/853, was produced 21/01/2020 but not implemented as yet. There is an opportunity 
to improve Ɵght joints with Hardlock nuts and the trial data gives addiƟonal confidence. 

9. DefecƟve fishplates cannot be easily idenƟfied with RS Clare lubricaƟon. Use of Interflon EP allows clear 
visibility of fishplates and joints. 

10. Uncoated bolts rust resulƟng in failed bolts in service. An effect of the removal of RS Clare lubricaƟon is 
that bolts and threads lose the corrosion protecƟon side-effect that the RS Clare provided. Zinc coated 
bolts have very liƩle price variance against uncoated bolts and so all track bolts should be coated.  NB: All 
bolts that are converted to Intelligent bolts will be supplied with a coaƟng. 

11. Heat cycling – a variaƟon in recorded temperature has been recorded between RS Clare/Imperial and 
Interflon/Metric of ±10%. 

12. PPE, track worker safety and HAVs. Current Network Rail process of lubricaƟon with RS Clare is a dirty, 
laborious and arduous task, resulƟng in a risk to the physical well-being of track maintainers and damage 
to PPE. Use of heavy, petrol powered machinery increases risk of HAVS.  

13. Intelligent Clamps have been successfully trialled and the payback for Network Rail is around 10 days if 
daily inspecƟons are removed.  

14. ExisƟng ‘dumb’ clamp stock can simply, quickly and cost effecƟvely be converted to Intelligent clamps. 

15. Intelligent clamp derogaƟon is required to allow widescale roll out, measuring clamp force every 15 
minutes (or other defined Ɵme period) whilst moving dip and gap checks to weekly.  

16. Opportunity for Network Rail and Network Rail ConsulƟng to share knowledge to their clients worldwide. 

17. Interoperability – any bolt or stud above M10 or ½ “ diameter can be converted to give intelligence, 
allowing the technology to be used in all areas of track infrastructure and beyond. 
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1. Hardlock Nuts have been proven not to loosen under traffic, making this a predictable failure mode, whereas 
tradiƟonal nuts conƟnue to loosen and require conƟnuous maintenance making it impossible to predict failure. 
This is an important conclusion for the Risk Based Maintenance (RBM) program to remove boots off ballast and 
improve maintenance efficiency by reducing the Basic Visual InspecƟon (BVI) frequency.  

 

Hardlock Nuts have been installed in mulƟple railway infrastructures around the world. In the BriƟsh rail network, 
they have been installed over 20 years. There are circa 1.5 million Hardlock Nuts installed in the BriƟsh rail network 
with no known failures. An important part of the trial was to use technology to unequivocally demonstrate the 
robustness of the Hardlock Nut in track with scienƟfic data gathered from real world applicaƟons to support the 
laboratory test data.  In the graphs below you can see a real-world comparison of the Hardlock Nut and the current 
nut design used in Fishplates.  The graphs clearly highlight the discrepancies in performance when directly comparing 
the current imperial fasteners to the new metric fasteners. The erraƟc clamp force achieved during installaƟon, 
coupled with the inconsistency in the performance of the imperial fasteners, prevents any reliable predicƟons about 
failure. This lack of consistency creates uncertainty and makes it difficult to forecast outcomes with confidence. 

In contrast, the metric fasteners consistently demonstrate reliable data, which allows for robust failure predicƟons 
ahead of Ɵme. The stability of the metric fasteners' performance ensures that future failures can be anƟcipated more 
accurately, providing a significant advantage over the variability seen with the imperial fasteners. 

Further invesƟgaƟons are ongoing to finalise the opƟmum clamp force to ensure the fishing surfaces perform at their 
opƟmum.            

 

Imperial bolt with standard fastener      Metric bolt with Hardlock Nut 
Large variability in clamp load makes predicƟon difficult    Consistency of clamp load makes predicƟon possible 

 

Once joints are converted to metric bolts with Hardlock Nuts, data shows that there is now an even distribuƟon of 
clamp force across the whole joint, which improves joint integrity and eliminate spot loading and / or potenƟal 
bending forces on the fishplates. This should remove the risk of lateral faƟgue cracks and breaks, assuming all other 
track geometry is within standard. 

Evidence from significant lengths of track converted on Wales and Western is that joint gaps self-regulate under 
traffic.  
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2. The exisƟng bolt quality doesn’t comply with the correct specificaƟon. Network Rail should increase quality 
assurance in this key safety area.  

 

In line with ISO898-1 and ASME A193, the fasteners modified to intelligent bolts undergo a tensile load test on a 
batch basis. The number of bolts per batch that need to be tested is dependent on the bolt diameter and length but 
typically this is at least 1 in 100 bolts. Tensile load tesƟng is conducted by an external UKAS approved test house. The 
results are documented in a tensile load cerƟficate which is then used to update the overall EN10204 3.1 cerƟficate 
for the batch of bolts.  

During the conversion of bolts supplied by either Network Rail or the clamp supplier, significant failures were 
recorded. There was a failure rate on an average of 20% on fishplate bolts. This increased significantly to a failure rate 
above 50% when converƟng bolts for use in temporary clamps.  

 

 

 
Images show failed bolts under load test.  
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3. TradiƟonal installaƟon methods/tools currently overload bolts, taking circa 33% of bolts beyond their yield 
strength.  

 

During the installaƟon process, using the specified Network Rail tooling of a Bance wrench and breakback torque 
wrench, a large percentage of bolts yielded due to the uncontrolled power of the Bance and the lack of 
control/calibraƟon to torque values. This resulted in bolts being installed prone to early failure, exacerbated by the 
quality of the imperial bolts. 

Installing fishplates with metric bolts and Hardlock Nuts using improved, baƩery-operated, calibrated tooling could 
remove this failure mode from the applicaƟon.   

The use of the Bance wrench is a major contributor to HAVs in this applicaƟon. AddiƟonally, the need to transport 
flammable liquids to site can be removed by changing to baƩery powered tooling.  
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6. The data recorded gives confidence to progress the conversion of all fishplated joints to metric bolts, with 
Hardlock Nuts and Interflon lubricaƟon, to improve the performance and reliability of jointed track. There is a 
supporƟng business case which shows financial benefit and a reducƟon of boots on ballast. 

 

Upfront Costs: 

 IniƟal Upgrade Cost: £ (for the enƟre upgrade program over a control period) 

o This is the upfront investment Network Rail must make to purchase materials for the upgrade. This 
cost is over and above what is spent under the current process. 

Ongoing Benefits: 

1. Material Purchase Savings: 

o Annual savings: £  per year in material purchases aŌer the upgrade is complete. 

o This represents a direct, recurring reducƟon in costs related to material procurement. 

2. Man-Hour Savings (Track Access Time / Boots on ballast): 

o Annual savings: 125,000 man-hours saved per year due to the upgrade. 

o At £  per hour, this translates to £  in savings annually (£ * 125,000 hours). 

This is a significant saving in terms of labour costs for track access. 

3. AddiƟonal Costs (Other Departments): 

o It’s noted that the costs to other departments (involved in track access and coordinaƟon) could be 2 
to 3 Ɵmes the figures quoted for direct material and man-hour savings, which suggests a wider ripple 
effect on cost reducƟon across the business. 

However, since the exact addiƟonal costs are not quanƟfied, this would have to be factored in to get a complete 
picture of savings. 

Cost Neutrality: 

 The £  upfront cost for the upgrade is effecƟvely offset by the annual savings of £  in 
material purchases and £  in labour savings, totalling £ in annual savings. 

 Over Ɵme, the ongoing savings from reduced material purchases and labour costs will exceed the iniƟal 
investment. Given that the savings occur annually, the payback period for the iniƟal £  
is roughly 1.6 years (i.e., £  / £  per year). 

Conclusion: 

Based on this analysis, the upgrade program appears to be cost neutral or potenƟally even financially advantageous in 
the long term due to the recurring benefits. AŌer the iniƟal investment, Network Rail can expect to see net annual 
savings and reduced operaƟonal costs, parƟcularly in material purchases and labour Ɵme for track access. This would 
make it a worthwhile investment for Network Rail, especially considering the indirect benefits for other departments 
and the potenƟal for further operaƟonal improvements. 
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7. There is an upgrade path for fishplate joint conversion, with an opƟon to complete in 1 to 4 years. The 
maximum efficiency is gained from either 12 or 24 month schedule. 

 

The original fishplate upgrade program allowed for a 1 in 4 upgrade, with the remaining 3 joints being over-lubricated 
with Lube EP. One of the early adopters of this program was Dave Deeley from the Wales & Western route. Upon 
reviewing the 1 in 4 upgrade strategy, he pointed out that the primary benefit of the new maintenance program—the 
Ɵme and cost savings from 'oiling' upgraded fishplates—would not be fully realized by his route unƟl all joints were 
upgraded. 

As a result, they adopted the best pracƟce of upgrading 1 in 2 joints instead. The key benefit of this approach is 
straighƞorward: by upgrading more joints within the current maintenance cycle, they can begin realising Ɵme savings 
in year 3. This also allows for the redeployment of personnel to other criƟcal aspects of infrastructure maintenance. 
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8. Tight Joints, RE/PW/853, was produced 21/01/2020 but not implemented as yet. There is an opportunity to 
improve Ɵght joints with Hardlock nuts and the trial data gives addiƟonal confidence. 

 

Tight joints have mostly been replaced with ConƟnuous Welded Rail (CWR), but numerous sƟll remain in the track 
without being upgraded to include the replacement of imperial fasteners with metric ones, along with the use of 
Hardlock Nuts. Network Rail drawing RE/PW/853 was produced and released on January 21, 2020. However, there 
has yet to be a widescale rollout to upgrade these legacy in-track units or the adopƟon of the updated drawing by 
first-Ɵer manufacturers. 

The data presented in this report strongly supports the need to reignite this rollout. It is clear that the performance of 
the current imperial fasteners—by design similar to fishplate bolts—could significantly improve with the adopƟon of 
the updated fasteners. The torque values specified for this applicaƟon could be reviewed using data gathered from 
intelligent bolts to confirm that the appropriate values are being specified.  
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10. Uncoated bolts rust resulƟng in failed bolts in service. An effect of the removal of RS Clare lubricaƟon is that 
bolts and threads lose the corrosion protecƟon side-effect that the RS Clare provided. Zinc coated bolts have 
very liƩle price variance against uncoated bolts and so all track bolts should be coated.  

 

TradiƟonally black bolts have benefited from layers of black grease smeared across not just the fishing surfaces but 
also the bolts. The hidden benefit means that the old imperial bolts are not prone to rusƟng. Moving to the new 
lubricaƟon process of Lube EP from Interflon removes these layers of grease therefore the bolts are open to the 
elements and corrode over Ɵme, this is now a new failure mode that needs to be addressed. Grit has also 
contaminated the threads resulƟng in thread strip of the bolts requiring the use of disc cuƫng equipment to remove 
the seized components.   

The bolt shown in the photo below failed due to corrosion and not the material quality / specificaƟon. The track was 
also in poor condiƟon where the joint had known dip angle and voiding. This is fully explained in the independent test 
report included in the Appendices. 

To remove this failure mode Network Rail should consider moving to a zinc plated bolt in line with the finish of the 
Hardlock Nut ie. an already approved coaƟng. It is worth noƟng that the cost variance between a self-colour bolt and 
a zinc plated bolt is comparable. Network Rail tends to store products outdoors, in this scenario there is a high 
probability of self-colour bolts rusƟng prior to installaƟon. 

As a result of the trial, all new Intelligent bolts will be supplied with a zinc coaƟng. Without any form of corrosion 
protecƟon, the spread of the corrosion from the bolt head where the Cap is secured has the potenƟal to cause the 
connecƟon to fail. We have noted this in 4 bolts installed during the trial period.  

 

   
  Failed metric bolt due to corrosion   Bolt corrosion leading to seal failure and moisture ingress 
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11. Heat cycling – a variaƟon in recorded temperature has been recorded between RS Clare/Imperial and 
Interflon/Metric of ±10% 

 

The intelligent bolt not only records clamp force, but also monitors the internal temperature of the bolt, providing a 
core temperature rather than just a surface temperature. This offers a more accurate reflecƟon of rail temperature. 
From the data collected, it has been observed that imperial joints lubricated with RS Clare lubricant generate and 
retain, on average, approximately 7% more heat. 

Imperial          Metric 

 

 

While it’s currently difficult to provide definiƟve reasons for this heat increase, several factors could contribute. One 
possibility is that the higher clamp force required for imperial joints generates more heat. AddiƟonally, RS Clare 
lubricant in this applicaƟon may create a vacuum effect, which could also necessitate greater force to fish due to 
seized joints, contribuƟng to the elevated temperatures. 

Since heat buildup is a primary risk factor for track buckling this issue should be explored further, if funding from 
Network Rail can be made available.  

Network Rail requested that Tata Steel Rail Technologies (TSRT) conduct laboratory tesƟng (December 2011) on a 
range of fish plated joint lubricants in order to benchmark their performance and support the creaƟon of a new 
Network Rail product standard for fishplate lubricants. A copy of this report is aƩached in the Appendices. 

Extracted from this report ‘The load on the lubricated fishplate significantly reduced immediately aŌer the Interflon 
applicaƟon, thereaŌer the load remained constant. The dry fishplate resulted in a very low load of only 1.2kN aŌer 
258 cumulaƟve cycles. For the dry fishplate, over 80% of the load reducƟon following Interflon applicaƟon occurred in 
the first ten cycles’. The load reducƟon will have a significant impact on the forces required for the joints to fish which 
indirectly will reduce the retained heat within the joint. 
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12. PPE, track worker safety and HAVs. 

 

Current Network Rail process of lubricaƟon with RS Clare is a dirty, laborious and arduous task, resulƟng in a risk to 
the physical well-being of track maintainers and damage to PPE. Use of heavy, petrol powered machinery increases 
risk of HAVS.  

The current methodology places a significant strain on both personal protecƟve equipment (PPE) and the physical 
well-being of track maintainers. The task of lubricaƟng is not only dirty and labour-intensive but also results in stains 
on PPE and workers' hands. This compromises the reflecƟve capability of the PPE, which is essenƟal for safety during 
nighƫme operaƟons, raising concerns about the visibility and overall protecƟon of workers. 

AddiƟonally, the process requires the transportaƟon of heavy equipment powered by petrol. Network Rail has long 
been focused on eliminaƟng the need to transport and use petrol, both in vans and on-site. Although Network Rail 
has begun introducing baƩery-powered technologies, the current process sƟll involves the use of a Bance, a device 
that introduces significant hand-arm vibraƟon syndrome (HAVS) risk, limiƟng its usage to just 8 minutes per hour per 
operaƟve. 

By adopƟng and rolling out the fishplate upgrade program, the Ɵme spent on track at each joint will be reduced by 19 
minutes. This will significantly enhance track worker safety and eliminate the need to transport heavy equipment and 
flammable liquids to the site. Going forward, maintenance will only require a torque wrench and a backpack 
containing Interflon Lube EP, streamlining the process and improving both safety and efficiency. 
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13. Intelligent Clamps have been successfully trialled and the payback for Network Rail is around 10 days if daily 
inspecƟons are removed.  

 

Temporary rail clamps require visual/physical inspecƟon every 24 hours to check that the clamps are sƟll aƩached, 
that there is no voiding and that the gap in the rail remains in specificaƟon. This inspecƟon regime was introduced 
following various failures where clamps had fallen off in service presenƟng a serious derailment risk. The gap and dip 
measurements are incidental inspecƟons when the daily clamp inspecƟons take place as they do not provide an 
immediate derailment risk. 

Whilst one person is required to ‘kick the clamps’ there are many others involved in providing track access, safe 
system of work, permits, safe work pack, line blocks, train management etc.   

The intelligent clamps measure and report clamp force every 15 minutes, or any other Ɵme period specified, 
remotely via a portal, meaning that no track access is required to monitor the integrity of the clamps. This in due 
course will provide the opportunity to remove the requirement for a daily physical check of the clamps, removing 
boots off ballast whilst significantly reducing costs. If the track is handed back as per NR/L2/TRK/001 mod 13 table 7, 
the track should be in a compliant and stable condiƟon, which means there should be no voiding, dip angles or wide 
gaps. The most criƟcal inspecƟon is the integrity of the clamp, which is now remotely monitored on a conƟnuous 
basis. 

Based on the cost involved of clamp inspecƟons along with supporƟng back-office staff, the cost of the intelligent 
clamping system will see client payback in approximately 10 days.  

Further trials have been completed with use of a self-powered gateway which allows deployment anywhere in the 
field. The current self-powered gateway uses both baƩery and solar technology. Further developments conƟnue at 
pace to provide a full baƩery only variant with up to 45 days charge capacity.  
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14. Intelligent clamp derogaƟon is required to allow widescale roll out measuring clamp force every 15 minutes 
whilst moving dip and gap checks to weekly.  

 

Network Rail currently have a PIN listed for the development and supply of a Smart Rail Clamp, which measures the 
clamp force, dip and gap in a single device. Discussions with many experienced track engineers conclude that only the 
clamp force measurement is safety criƟcal. Clamps fiƩed with the intelligent bolt saƟsfy this requirement, however a 
derogaƟon will be required to allow wider scale to roll out. This would see physical inspecƟons changed from daily to 
weekly. As over 90% of temporary clamps are removed within 1 week this offers a huge opportunity to remove boots 
off ballast and significantly reduce costs. Measurements are recorded every 15 minutes, but this frequency can be 
increased if required. This offers a step change in the management of the risk of clamp failure.  

  

 
  Extract from Network Rail Bravo  
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15. ExisƟng ‘dumb’ clamp stock can simply, quickly and cost effecƟvely be converted to Intelligent clamps.  

 

One of the current suppliers of ‘dumb’ clamps (Henry Williams) noƟfied Network Rail of their intenƟon to close the 
forge in Q2 2024. As a result, Network Rail took a business decision to procure 7,200 clamps to ensure conƟnuity of 
supply whilst a new supplier is idenƟfied. These clamps are currently being delivered into the network. These provide 
a quick and cost-effecƟve opportunity for conversion to Intelligent clamps.  In addiƟon to this, extensive discussions 
have taken place with all Network Rail approved clamp suppliers to convert to Intelligent clamps. So far Codiun, Robel 
and Geismar clamps have been upgraded.  

The images below show a Temporary Intelligent Clamp installed at Park JuncƟon, Newport.  Intelligent Temporary 
Clamps upload telemetry to the cloud every 15 minutes providing 672 data points logged per week. There was no 
disrupƟon, or any concerns to the clamp and data transmission, under tamping. 

 

  
 

Data covering a 7 day installaƟon 
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16. Opportunity for Network Rail and Network Rail ConsulƟng to share knowledge to their clients worldwide.  

 
The first publicaƟon of the intelligent clamp via LinkedIn generated responses from over 35 countries expressing an 
interest. Network Rail ConsulƟng operates on a global basis providing best pracƟce to rail companies. As an early 
adopter of this product, they could take first mover advantage and gain significant tracƟon with both new and 
exisƟng clients. We are working with internaƟonal suppliers of clamps so the synergies for collaboraƟon are 
significant.  

 

   Single LinkedIn post gained over 65,000 impressions spanning 35 countries  
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17. Interoperability. 

 

The Intelligent Bolt is fully transferable for use in any applicaƟon where the bolt or stud diameter is greater than ½” 
or M10. It is important to note that any diameter under 1” or M24 will require a special head to allow the fiƫng of 
the Interbolt cap. As of the Ɵme of wriƟng this report, we have been approached for its use in chair screws, barrier 
crossings, axle counters, and various applicaƟons within Overhead Line Equipment (OLE). 

The widescale deployment of the Intelligent Bolt will enable conƟnuous remote condiƟon monitoring of both clamp 
force and temperature. The frequency of data recording is fully programmable, ranging from every 15 minutes to 
hourly. This flexibility allows for the collecƟon of extensive data, ensuring that the infrastructure is maintained to the 
highest standard at all Ɵmes. 

ApplicaƟons include: 

• OLE 

• Signalling (eg. Axle counters) 

• Temporary rail clamps – (Daily inspecƟons removed) 

• G Clamps 

• TelecommunicaƟons (masts etc) 

 

  



 13 December 2024 
  

 
StayƟte Ltd  
StayƟte House, Cressex Business Park,  
High Wycombe, Bucks, HP12 3RP  
www.stayƟte.com | info@stayƟte.com 

01494 462322              [22] 

Appendices:  

 E0102 - Trial Report Tenby, Oct ‘23 
 R-Tech report – ExaminaƟon of a fractured 8.8 bolt, 31/01/2024 
 E0102 Bolt Report, Oct’24 
 TATA Report – B829 DraŌ - Fishplate Lubricant, Laboratory TesƟng, 15/12/2011 
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Summary 
InterBolts were installed at Tenby on 10/10/23, fitted to both flat bottom and bull head rail types, 

using both metric and imperial fasteners.  

The purpose of the trial was to: 

- Confirm that the InterBolt system operated as expected in an operational rail environment

- Empirical characterise the performance of metric and imperial versions of fishplate bolting

To date, the system has operated as expected with good wireless connectivity between InterBolts, 

InterBolt Gateway and InterBolt Cloud. There are some dropped data packets between the 

InterBolts on the far side of the site and this is to be expected as the communication distance is over 

500m and there is no clear line of sight communication path. It is recommended to install a second 

Gateway towards the Whitlands end of the site to mitigate against any wireless black spots.  

The generated bolt load data to date has shown the following: 

- Imperial bolts are being overtightened at installation. This resulted in 33% of the imperial

bolts being yielded at installation. This increased fishplate loading could prevent the

fishplate/ rail interface from sliding, increasing the risk of track buckling. The k-factor of

imperial bolt is much lower than predicted which indicates that accidental lubrication is

likely to be occurring.

- Imperial bolts have a highly variable bolt load at installation, whilst metric bolts are

achieving a much more repeatable bolt load.

- Imperial bolts have an unpredictable bolt load over time when compared to metric

equivalents. This is likely to be a result of poor under-head surface condition of imperial

PEAR headed fasteners.

- Metric bolts are achieving 50% lower bolt load at installation, when compared to imperial

equivalents. This is a combination of a different installation torque being used for the two

fastener types and a variance in k-factor. For a metric fastener to have the same bolt load as

the imperial equivalent, the data suggests that its installation torque needs to be greater

than that used for imperial bolts (i.e. greater than 450Nm).

- Metric bolts have an average bolt load of 39kN after embedding and settling losses (72 hrs

of operation) have been taken into account. This is a low bolt load for this application and it

is likely to exacerbate vibration induced loosening.

- A significant amount of elastic interaction occurs in the fishplate which results in the first

bolt being tightened (Bolt 02) having a much lower bolt load after neighbouring bolts have

been tightened. A second torque pass was found to help address this.

The data clearly shows significant deficiencies associated with imperial fasteners which supports 

replacing this legacy technology with metric equivalents.  

The data to date has shown minor deficiencies with the installation procedure for metric fishplate 

bolts which results in a low bolt load being achieved at installation. Improvements to the installation 

procedure will result in a bolt load closer to the target load and a connection that is more resilient to 

effects of dynamic loading (vibration induced loosening, fatigue failures, etc.).  
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System Performance 
1.0 InterBolt -> InterBolt Gateway communications 
A LoRa wireless network is created between InterBolt and the InterBolt Gateway. The receive signal 

strength (RSSI) is measured at the receiver (InterBolt Gateway) to estimate the performance of the 

wireless link. An RSSI greater than -110dBm would result in a very good wireless link with negligible 

failed wireless transmissions.  

For most of the Tenby site, RSSI is averaging -105dBm but there are a few black spots, particularly 

towards the Whitlands end of the site, where there are frequent failed transmissions. This is to be 

expected since the communication distance is close to 500m and there is no clear line of sight. To 

address these black spots, a second Gateway should be installed towards the Whitlands end of the 

site. Placing the InterBolt Gateway higher on the relay room should also help this issue since the 

antennas are currently <5cm away from the metal structure of the relay room.  

3.0 InterBolt Gateway -> InterBolt Cloud communications 
3.1 Cellular survey 

During installation, a cellular survey conducted using Siretta cellular analyser. Results show good 

connectivity for several different networks across 3G and 4G networks.  

3.2 Cellular performance of installed Gateway. 

The cellular performance of the installation Gateway has been perfect to date with no outages. It is 

currently using a O2 4G network. The Gateway features an international SIM card so will 

automatically switch network provider if there are any prolonged outages.  

4.0 Installation 
4.1 Gateway installation 

Gateway installation very straightforward and unit was installed in less than 45 minutes. Important 

to photograph exact location of Gateway including where it is going to be powered from during pre-

installation site survey. This way E&P Engineers can be briefed as to the exact installation 

requirements and the correct equipment can be brought to site.  

4.2 InterBolt installation 

Installation of InterBolts straightforward. 

To prevent bolts from being yielded, it is thoroughly recommended to use the InterBolt Tablet and 

embedded LEDs on the InterBolts. This should form part of the toolbox talk prior to installations 

taking place.  
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2.0  K-factor estimation 
From the bolt load achieved at installation, the k-factor can be estimated. Note this is a very course 

estimate since the torque applied varied by 5-10% and the achieved bolt load was impacted by 

elastic interaction of the joint (so could have varied when other bolts on the connection were 

tightened). Bolts that were yielded have been assumed to reach an ultimate tensile load of 230kN.   

K factor estimate: 

Average 0.15 

Min 0.08 

Max 0.25 
Table 2. K-factor estimate from measured bolt load at installation IMPERIAL. 

Since the k-factor is much lower than the estimated value, it is likely that the threads or under-head 

surfaces have been accidentally lubricated.  

3.0  Bolt load over time 
The change in bolt load over time of some of the imperial fasteners is highly unpredictable. An 

example of this is ID 00538 (WHIT 2), see Figure 2 below.  

Figure 2. Bolt load over time of imperial bolt 00538. 

In Figure 2 it can be seen that the bolt load fluctuates quite significantly over time. This is believed to 

be a result of the under-head condition of the PEAR headed bolts (see picture of PEAR headed bolt 

below). Since there are prominent high points on the underside of the bolt head, when the fishplate 

slides, the load being surface changes so the bolt will see a fluctuation in bolt load (low point = 

reduce bolt load, high point = increase bolt load).  
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Figure 3. Under-head condition of PEAR headed bolt. 

4.0  Key Observations 

1) K-factor much lower than estimated, highlighting that accidental lubrication of threads or under-

head is likely to have occurred.

2) A large number of the bolts have yielded (33%) and are applying high loads to the fishplates which

may prevent movement.

3) Bolt load over time is unpredictable for some of the imperial bolts which is likely to be a result of

high points on the underside of the bolt head.
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Metric Bolts - Load Evaluation 
1.0  Bolt load at installation 
Metric HEX head M24 - tightened to 350 Nm (secondary nut tightened to 300 Nm) 

The bolt load achieved by the metric fasteners is much more consistent and predictable than 

imperial fasteners as seen in Figure 4. 

The average bolt load achieved at installation for metric fasteners is less than half that of imperial 

bolts (average 64kN when compared to 141kN). This is combination of using a different installation 

torque and the k-factor of the imperial bolts being lower.  

Figure 4. Bolt load achieved at installation METRIC. 

Average 64 kN 

Min 47 kN 

Max 96 kN 
Table 3. Average, min and max bolt load achieved at installation METRIC. 

A significant amount of elastic iteration in the bolted connection was observed. In particular it was 

found that bolt position 02 had a consistently low bolt load. Bolt 02 is the first bolt in the joint to be 

tightened and when neighbouring bolts are tightened, the residual bolt load drops significantly by up 

to 30%. Performing a second pass (reapplying a torque of 350 Nm to all bolts) was found to help 

address this issue.  

From previous discussions with the TA, we are led to believe that the installation torque for metric 

fasteners was based on achieving the same bolt load to imperial fasteners, i.e. a 350Nm torque on 

metric fasteners would result in the same bolt load as a 350 ftlb (450Nm) torque on an imperial 
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fastener. Since the imperial fasteners have a lower k-factor, the opposite is however true and a 

larger torque on metric fasteners would be required to get the same bolt load as imperial fasteners. 

2.0  K-factor estimation 
The k-factor estimation was closer to that estimated for the application (0.18 – 0.20 for dry). 

Average 0.23 

Min 0.15 

Max 0.31 
Table 4. K-factor estimate from measured bolt load at installation METRIC. 

3.0  Bolt load over time 
The change in bolt load over time for metric fasteners is much more predictable than imperial 

equivalents. An example of this is ID 00506 (WHIT 2), see Figure 2 below.  

Figure 5. Bolt load over time of metric bolt 00506. 

The data is typically characterised by an embedding and settling loss of approximately 15-25kN over 

the first 72 hrs of operation and then a relatively steady bolt load.  

There are a few exceptions to this: 

1) Both bolts on WHIT 6 reported a complete loss of bolt load after 12 hrs of operation (see

Figure 6). An inspection that evening found that the fishplate hadn’t been correctly seated.

Since the bolts were retightened, no further drop in bolt load has been observed. If the bolts

are tightened to a higher bolt load and a second pass is conducted, this may help seat the

fishplate and could prevent this from occurring.



E0102 Trial report Oct’23 Confidential 

Figure 6. Bolt load over time for metric bolt 00561. 

2) Some bolts are reporting a gradual decline in bolt load over time (see Figure 7). This is likely

to be a result of low bolt leading to the bolted connection seeing a greater amount of the

dynamic loading. This in turn will exacerbate vibration induced loosening. If the bolt has a

higher bolt load, it is likely that the severity of this would be significantly reduced. The

average bolt load of metric bolts after settling and embedding losses were taken into

account was 39kN which is around half that expected for the application.

Figure 7. Bolt load over time for metric bolt 00505. 
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4.0  Key Observations 

1) A significant amount of elastic interaction in the bolted connection was observed which led to the

bolt being tightened first (bolt 02) having a consistently low bolt load when the neighbouring bolts

were tightened. A second pass was found to help address this issue.

2) Metric bolts have an average bolt load of less than half that of imperial equivalents. It highlights

that metric and imperial bolts are not being tightened to the same bolt load.

3) One fishplate was found to not be seated correctly resulting in both bolts recording a zero bolt

load after 12 hrs of operation. A higher bolt load at installation could potentially help seat the

fishplate.

4) The bolt load over time of metric bolts is predictable.

5) The bolt load after settling and embedding losses (after 72 hrs of operation) have been accounted

for is 39kN which is approximately 50% of the estimated bolt load for the application. This is

believed to a contributing factor is the gradual decline in bolt load over time.
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Figure 1. Underhead condition of imperial bolt. 

 

Figure 2. Underhead condition of imperial bolt. 

 

Figure 3. Underhead condition of imperial bolt. 
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3) Threads damaged on imperial bolts. Threads damaged on several of the returned imperial 

bolts. The damage is still clean indicating it is a recent damage. Either caused by the nut, 

damage during removal or wear due to plate movement during service. No damage 

identified on metric bolts.  

 

Figure 4. Damaged threads on imperial bolt. 

 

Figure 5.Damaged threads on imperial bolt. 
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Figure 6. Damaged threads on imperial bolt. 

4) M24 bolt 00523 damaged due to use of incorrect tools for device removal.  

Bolt 00523 still operated correctly but was showing offline from the Tenby site because it 

was outside the wireless range of the existing mains powered Gateway.  

A ring spanner was wedged against the bolt head and it damaged the end cap during 

disassembly. A deep socket should be used over the bolt head or a head retaining plate 

should be fitted.  

5) Moisture ingress to end cap. Four imperial bolts and one metric bolts failed and were 

showing as ‘offline’ due to moisture ingress into the end cap. This is caused by corrosion to 

the bolt and/or the collar (same material and not coated like the bolts). These components 

should be coated going forwards.  

 

Figure 7. Bolt corrosion leading to seal failure and moisture ingress. 
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Summary 
The following recommendations are made: 

- Improve the method statement and training to ensure the correct tools are taken to site and 

used (do not use a ring spanner). Better still use a head retaining plate so that a reaction 

spanner is not required.  

- Coat bolts so they have a minimum of 700hr of salt spray resistance. This means that the 

end cap can be properly sealed against a known and repeatable bolt surface.  

- Imperial pear headed bolts have issues with both the threads and underhead condition 

which leads to inconsistent bolt load.  

- The existing installation and maintenance of imperial bolts results in them being significantly 

yielded and resulted in tight joints which will prevent the fishing surfaces from sliding freely. 
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1 Introduction 

Network Rail requested that Tata Steel Rail Technologies (TSRT) conduct laboratory 

testing on a range of fishplated joint lubricants in order to benchmark their performance 

and support the creation of a new Network Rail product standard for fishplate lubricants. 

 

Currently Network Rail has two approved products to lubricate fishplated joints as part of 

the hot weather preparations, which require reapplication every two years. To apply the 

product the fishplates have to be loosened such that the lubricant can be reapplied to the 

fishing surfaces and centre portion of the fishbolt thread. The fishbolts are then 

retightened to a set torque. This manual process is time consuming and therefore costly 

especially when long lengths of jointed track have to be maintained. 

 

A new lubricant product has been recommended by a supplier who claims that this 

particular lubricant can be applied without needing to loosen the fishplate and bolts. In 

addition, more modern products have been developed than those currently approved by 

Network Rail. These may offer better protection against the risk of track buckles by 

providing improved lubrication for longer periods of time or under greater compressive 

loads (e.g. if fishbolts are over-tightened). 

 

There is currently no product standard for fishplate lubricants so a programme of 

laboratory tests is required to benchmark the performance of the current products against 

those available from other suppliers. This report summarises the work undertaken in 

Phase 1 of proposal B829 “Proposal for fishplate lubricant laboratory testing” [1] which 

comprises two work packages: 

 

• Work Package 1 (WP1): Trial set-up and comparison testing of a dry and 

lubricated joint 

• Work Package 2 (WP2): Surface corrosion testing 

 

The objectives of WP1 are as follows: 

• To confirm that the test technique is suitable; 

• To confirm that the load vs. gap displacement can be used to differentiate 

between dry and lubricated joints; 

• To determine whether cyclic frequency affects the behaviour; 
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• To investigate how the “Interflon” lubricant affects the load vs. gap displacement 

behaviour post corrosion. 

 

The objectives of WP2 are as follows: 

• To ascertain the level of corrosion resistance for each lubricant. 

• To compare the corrosion resistance of each lubricant 

• To assess the affect of an unlubricated sample in a corrosive environment.
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2 Methodology 

In WP1, two fishplate specimens were tested: a dry and a lubricated joint. The 

methodology used to test each of the two specimens is summarised as follows: 

 

• Preparation of specimens for testing (Section 2.1); 

• Installation in test rig and application of 180 load cycles (Section 2.2); 

• Transfer to corrosion chamber for 150 hours (Section 2.3); 

• Re-installation in test rig and application of 4 load cycles (Section 2.4); 

• Removal from test rig to spray with Interflon lubricant (Section 2.5); 

• Reinstallation in test rig and application of 4 to 10 load cycles (Section 2.6). 

 

All load cycles were applied over a 15 minute period. In order to investigate whether 

loading frequency affects results, one load cycle was also applied over a 24 hour period.  

 

2.1 Specimen preparation and test set-up 

Two specimens were prepared and tested as part of WP1. Each test specimen 

comprised a standard four-hole fishplated joint prepared from two pre-drilled and 

machined 375mm lengths of 56E1 Grade 260 rail. TSRT sourced, machined and drilled 

all rail material. The bolts and fishplates were provided by Network Rail. Bolt holes were 

not cold bolt expanded (CBX) as it was assumed this would not affect the performance of 

the joint during testing.  

Both specimens were degreased to clean the fishing surfaces of the rail and fishplates. 

The fishing surfaces of one specimen (11TR205) were lubricated with RS Clare All-

Seasons P-Way Lubricant whereas the fishing surfaces of the other specimen (11TR204) 

were kept dry. The fishbolts were then tightened to a fixed torque of 475Nm. The gap 

between the rails was set at 6mm using a spacer block as per Network Rail standard 

NR/L2/TRK/2102, “Track construction standards for rail temperatures between 10 and 

23°C” [2]. The ends of each fishplate specimen were machined flat to enable gripping in 

the test machine, as shown in Figure 1. 
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2.4 Second set of loading cycles 

After the surface condition of the two fishplates was photographed, the specimens were 

reloaded in the test rig. Four load cycles were applied to each fishplate using the same 

loading cycle shown in Figure 3 with a cycle duration of 15 minutes. 

 

2.5 Interflon spray 

Each specimen was again removed from the test rig and sprayed with Interflon on each 

side without any loosening or tightening of the bolts. The amount of Interflon sprayed was 

estimated by timing how long each spray lasted, then spraying for the same length of 

time into a measuring container. Using this method it was estimated that approximately 

22ml was sprayed on each side of the specimens, resulting in 44ml in total for one full 

application. Two applications were conducted in total for each specimen, resulting in 44ml 

for each side, or 88ml in total for each specimen. A member of the interflon staff applied 

the product for testing. 

2.6 Third set of loading cycles 

After spraying with Interflon, each fishplate specimen was reloaded into the test rig. The 

same loading cycle was used as before, Figure 3. It had previously been agreed to 

subject the specimens to between 4 and 10 load cycles, but due to machine availability it 

was possible to leave each test running longer than originally agreed resulting in over 70 

load cycles being applied. 
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3 Results 

3.1 First set of loading cycles 

Selected results from the first set of 180 loading cycles are shown in Figure 5. Each cycle 

began at a gap displacement of 6mm (blue circle in Figure 5). As the gap was increased 

towards 9mm, the tensile load increased. Once 9mm was reached, the cycle reversed: 

the load rapidly dropped and became negative indicating that a compressive load was 

required to reduce the gap displacement and move the rails closer together. When the 

gap displacement had reduced to around 4mm, the load required increased. This is likely 

to be due to contact being established between one of the bolts and the edge of the hole 

in which it was located. As the rail gap was reduced closer to the minimum target value of 

1mm, additional step changes in the load were sometimes apparent, for example in cycle 

2. These are likely to be due to other bolts making contact with the edge of the hole in 

which they were located. 
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The values of load plateau are plotted as a function of the number of cycles in Figure 6 

and Figure 7.   
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Figure 6: Load plateau values plotted as a function of no. of cycles (first 25 cycles) 
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Figure 7: Load plateau values plotted as a function of no. of cycles (first 180 

cycles) 
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Plotting the test data in this way allows several observations to be made: 

• Initially the lubricated joint required a lower load to move the rails than the dry 

joint, but after five cycles this effect was reversed and for the majority of cycles the 

dry fishplate required a lower load than the lubricated fishplate; 

• The loads reduced with increasing numbers of cycles for both fishplates; 

• After the first few cycles, a difference in load became apparent between the 

compression and tension parts of the cycle, with a slightly higher load being 

required in compression than tension. 

 

3.2 Effect of cycle time 

After 180 cycles, the lubricated specimen was subjected to one cycle of 24 hours to 

investigate whether there is a significant effect of cycle time. The results are shown in 

Figure 8. The load plateau values in the 15-minute and 24-hour cycles are very similar 

indicating that there was no significant effect on the load plateau due to the two cycle 

times. The average load values for each load plateau varied by less than 3% between the 

24 hour cycle and 15 minute cycle. 
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Figure 8: Comparison of load vs. displacement behaviour for 15 minute and 24 

hour cycles for the lubricated specimen. 
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the running effect seen over the Q plate, this may result in the final thickness of the 

lubricant in these cases being less than originally measured in Table 14 above. 

4.2 Surface Corrosion test results 

The prepared samples along with two dry control samples were then place in a corrosion 

chamber where a neutral salt spray was applied to the test piece in a controlled 

environment according to ISO 9227 for approximately 150 hours. The test piece was then 

removed from the salt spray and the condition of the sample photographed to record its 

condition, the lubricant was then removed and the condition of the cleaned Q plate 

photographed for comparison as shown in figure 15 below. 

 

Photographs after exposure to corrosive 
salt spray environment. 

Photographs after cleaning with Methyl 
Ethyl Ketone. 

Control sample

Bio Naturail
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Graco AGU +

Fuchs SSM 

Fuchs WSP540 
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XL Fishplate oil 

Finlube, Interflon 

Condat Bio SP 

RS Clare All Seasons Pway
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Figure 15. Comparisons of samples after corrosion and after cleaning with Methyl Ethyl 
Ketone 

 

As show in the images above all the lubricants are generally performing well in all but two 

cases, Finlube (interflon) and XL fishplate oil where it is shown that after cleaning with 

Methyl Ethyl Ketone the corrosion has worked through on to the surface of the metal. In 

both cases, the lubricant used was low viscosity, which could mean that during the 

preparation of the samples the lubricant may have run off to leave a layer of lubricant too 

thin to offer a sufficient protection against corrosion. 

This also means there is variability in the thickness of lubricant applied, which may have 

a dramatic effect on results and the ability to accurately compare one product against the 

other, although this does however show the true nature of each product and how it will 

perform in track on application to the fishplated joints. 

 

RS Clare Enhanced Pway 

Kluber Stabrags 
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4.3 Results from surface corrosion 

To ascertain the severity of corrosion on each lubricated sample Standard ASTM D610-

08 Standard Practice for Evaluating Degree of Rusting on Painted steel surfaces[3] has 

been used to give an estimation of rust grade for each cleaned sample. 

The grading is explained in table 2 below. 

Rust grade Percentage of surface rusted 
(%) 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

≤ 0.01  

>0.01 up to 0.03 

> 0.03 up to 0.1 

> 0.1 up to 0.3 

> 0.3 up to 1.0 

> 1.0 up to 3.0 

> 3.0 up to 10.0 

> 10 up to 16.0 

> 16 up to 33.0 

> 33.0 up to 50.0 

> 50.0 

 

Table 2. Scale of rust rating 

 

From the grading table shown above each lubricant has been given a grade to establish 

the level of corrosion present and provides and indication of the corrosion protection they 

provide. 

 

 

 

 

 

 

 

Table 3 below shows the results of each sample. 
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Lubricant Rust grade Comments 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

10 

10 

8 

10 

0 

0 

10 

10 

10 

6 

Small areas of rust at edges 

Small areas of rust at edges 

Small areas of rust at edges 

Clear 

Approximately 95% corroded 

Approximately 85%corroded 

Small areas of rust at edges 

Small areas of rust at edges 

Clear 

Approximately 1% corroded 
 

Table 3. Lubricant sample rust grade 

 

In the majority of cases the lubricants have performed extremely well with only small 

areas around the edges having any corrosion present, this is most likely due to area not 

being as well covered as the rest of the sample. 

These lubricants all scored 10 on the rust grade assessment and include the following: 

Bio Naturail 

Graco AGU plus 

Fuchs WSP540 

Codant Bio 

RS .Clares All Seasons Pway 

RS Clares Enhanced Pway 

 

Two samples, which performed slightly less well, are the Fuchs SSM and Kluber Starbrag 

which exhibited rust on the outer edges of the Q plates of between 0.03 and 1% of the 

surface.  

The two poorest scoring lubricants both scored 0 as the level of rust was above 50% 

these were XL Fishplate oil and Finlube (Interflon). This is most likely due to the very thin 

layer of lubricant left on the Q plates after preparation, as they were low in viscosity and 

dripped off easily. 

It was thought that the better performing lubricants would be the ones that offered the 

most coverage against the corrosive environment, this would make the thicker products 

the better lubricants for corrosion resistance. This, however, is not always the case, as 

although this maybe a true relationship in the majority of the products there are a few 

exceptions.  Kluber Stabrags, which despite being an aerosol spray and quite low in 

viscosity it was one of the better performing products in terms of its rust grade, In contrast 
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to the Fuchs SSM which although was quite a thick grease, Did not perform as well as 

similar high viscous lubricant. 
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5 Conclusions/Recommendations 

5.1 First set of loading cycles 

The important part of the load vs. gap displacement graphs shown in Figure 5, in terms of 

measuring the lubrication between the rail and fishplate surfaces, is the first attainment of 

a load plateau. The load peaks that occur at the gap displacements of 9mm and 1mm are 

not used to characterise the lubrication of the fishing surfaces. Further testing in Phase 2 

has been proposed with maximum and minimum gap displacements of 8mm and 2mm 

respectively, with the aim of avoiding the load peaks that occur at high and low gap 

displacements and reduce the risk of overload. 

 

The overall results shown in Figure 6 and Figure 7 may appear counter intuitive at first. 

Although the lubricated fishplate required a lower load than the dry fishplate at low cycle 

numbers, after only five cycles the two specimens swapped over. For the remainder of 

the test the dry fishplate required much lower loads than the lubricated fishplate. A 

possible explanation is that the close contact between the rail and fishplate in the dry 

specimen enabled the two surfaces to rub against each other, leading to a polishing 

effect and a reduction in friction as the number of cycles increased. This effect may not 

have been able to occur to the same extent in the lubricated specimen due to the 

presence of RS Clare All-Seasons P-Way Lubricant preventing the two surfaces from 

rubbing against each other directly. 

 

Another effect seen throughout most of the tests is a difference between the load 

plateaus in tension and compression. Where a difference is observed, the compressive 

load is always slightly higher than the tensile load. A potential cause of this difference 

may be some form of misalignment within the fishplate.  Figure 14 is a schematic 

showing how tension and compression may lead to differences in measured load via this 

mechanism: tensile loading would tend to straighten out a misaligned joint by creating a 

turning moment, which tends to reduce the load (top right of Figure 14). The same 

misaligned joint loaded in compression would be subjected to a turning moment in the 

opposite direction, which would tend to increase the measured load (bottom right of 

Figure 14). For a perfectly aligned joint no difference would be expected between tension 

and compression. 
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however, that the fishplates had been removed from the test rig and moved to a separate 

laboratory for exposure to a corrosive atmosphere before being returned and reinstalled 

in the test rig. The observed change of behaviour in Figure 12 before and after corrosion 

may not necessarily be due to corrosion and may be due to changes in internal alignment 

that occurred during handling and transport of the specimen. However, it is difficult to 

draw firm conclusions on the basis of this result alone. Further repeat testing in phase 2 

may clarify the role of corrosion and misalignment on the differences between tensile and 

compressive loads. 

 

5.3 Loading cycles following application of Interflon 

Figure 12 and Figure 13 indicate that Interflon had a significant effect on both the 

lubricated and the dry corroded fishplate specimen. The lubricated specimen that had 

seen a significant increase in load following corrosion showed a significant reduction in 

load on the very first cycle after Interflon had been sprayed, back to pre-corrosion levels 

of around 20kN. However, additional cycles had very little effect. Conversely, the dry 

corroded specimen showed a gradual but sustained reduction in load after Interflon had 

been sprayed, eventually resulting in very low values just above 1kN which is even below 

that seen pre corrosion. The lubricated sample was also moved but does not show this 

feature 

 

The results indicate that the Interflon does penetrate and provide significant lubrication to 

the dry joint without any loosening of the bolts being required. Although the Interflon also 

penetrates the pre-lubricated joint, providing a reduction in load on the very first loading 

cycle, its beneficial effect is more limited than for the dry joint. 

 

The work undertaken in WP1 has achieved the initial objectives as follows: 

 

• The test technique has been broadly demonstrated as being suitable, although 

further development is recommended to optimise the interpretation of test results 

(e.g. to recommend whether tension or compression load is the most appropriate 

to report) and to check repeatability of the tests. 

• The load vs. gap displacement has been confirmed as being suitable for 

differentiating between dry and lubricated joints.  
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• The effect of cyclic frequency (24 hours vs. 15 minutes) has been shown to not 

have a significant effect on the load vs. gap displacement behaviour in laboratory 

environment. 

• When applied in a large quantity, Interflon has been shown to have a significant 

but slightly different load reduction effect on the behaviour of both dry and 

lubricated corroded joints. 

 

Further work is recommended as per the Phase 2 proposal to optimise the test conditions 

(e.g. applied displacements), optimise interpretation of the test results (e.g. tensile vs. 

compressive loads) and check repeatability of the tests. 

 

5.4 WP2 Surface corrosion testing 

Surface corrosion resistance testing, was conducted to establish the level of corrosion 

resistance each lubricant provided. It was predicted that the more viscous the lubricant 

the more corrosion resistance it would provide. Although this is true in most cases there 

are a few exceptions such as Kluber Stabrags, which despite being a low viscosity 

aerosol was one of the better performing products in terms of corrosion resistance, 

scoring a rust grade of 6. In contrast the Fuchs SSM lubricant which although was quite a 

viscous grease didn’t perform as well as similar high viscous lubricant. 

The most interesting point to acknowledge is the performance of Interflon in the corrosion 

test. Interflon does appear to lubricate without loosening the fishplate bolts. However 

corrosion results show that Interflon does not provide the same protection against 

corrosion compared to the similar low viscous lubricant Condant Bio SP or Kluber 

Stabrags. If it can be shown that this product also achieves lubrication without the need to 

loosen the fishplate bolts it may have an add advantage of also providing more corrosion 

resistance over the Interflon product. 
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