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What is Track Gauge
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Why is Track Gauge Important?
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Track Geometry Trends with Gauge

2020/21

P13 P01 P02 P03 P04 P05 P06 P07 P08 P09 P10 P11 P12 P13

Top 2.92 2.59 2.45 2.65 2.58 2.70 2.60 2.60 2.67 2.56 2.57 2.96 2.73 2.88

Line 7.99 8.12 7.98 7.94 8.05 7.94 8.33 8.06 7.98 8.06 8.05 7.71 7.90 7.31

Twist 5.67 5.30 5.51 5.59 6.08 6.06 6.15 6.15 6.20 5.96 6.60 6.95 6.31 6.13

Gauge 5.34 8.73 8.81 9.68 9.82 9.60 10.84 8.98 8.92 8.44 6.37 7.16 8.51 8.44

Track Geometry Faults per 100 km

2021/22
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Risk and Derailment Trends with Gauge Spread
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What we have learnt from these events?
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Causes/Contributing Factors
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Significant Instances of Gauge Spread Derailments
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Gauge Spread Risks
- Ineffective wood sleepers
- Pan 8 Lockspike fastenings
- F19 sleeper SHC broken hoops
- Longitudinal bearers failure
- Timber S&C broken screws
- Concrete S&C broken screws
- Concrete S&C broken housings
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F19 SHC Sleepers – Gauge Spread Failure Mechanism

- Increases forces on their adjacent sleeper hoops
- Rail ‘unzips’ causing gauge spread
- Wide gauge derailment risk

- Hoop fails and detaches from sleeper
- Increases forces on adjacent sleeper hoops
- Adjacent sleeper hoops subsequently fail

Nothing to prevent rail movement
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F19 SHC Hoop Failure Identification

Failed
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F19 SHC Tactile Inspection
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F19 SHC - PLPR

Can identify 
missing clips / 
broken hoops 
with missing 
clips

- Some examples of SHCs with a ‘Defective Housing’ defect class from the trial that 

were not identified are shown in the images below

Can’t identify 
broken hoops 
with clips and 
hoops still in 
place / broken 
off sleeper 
ends or defects 
with heavy 
ballast / broken 
or cracked 
sleepers with 
clips in-situ
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LBS Gauge Spread Derailment Risk
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Issues With LBS

- Unusual / bespoke 
designs / components

- Difficult to observe 
under traffic

- Difficult to measure 
dynamic movement

- Hidden elements
- Limited experience / 

knowledge
- Low familiarity with the 

asset
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Hidden Elements
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Progress With LBS
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Progress With LBS
- DELB
- Mod 1 – Fundamentals of LBS
- Mod 2 – Understanding Detailed Examination
- Mod 3 – Microdrill and application

- Boron gel timber life extension trial

- TRK/3038- LBS TWI Suite - Community of Practice



Page 19

Broken Screws In Timber S&C Layouts

- Sheffield
- East Somerset Jcn.
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Broken Screws In Timber Layouts
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Broken Screws In Timber Layouts

- RAB adjustment 
switch

- Pontsmill
adjustment switch
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Sheffield Derailment

Above: Wagon BCC10756 toppled on its side
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Sheffield Derailment

The track gauge had widened because a number of screws in the timber bearers had broken, allowing the rails to 
spread apart under load.
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Sheffield Derailment

The repeated lateral loading of the outer rail under the passage of loaded freight trains led to fatigue cracking of the 
screws and subsequent failure over an extended period, despite the track screws being compliant with standards. 
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Reverse Engineering

Reverse engineered components include: 

- PANV Baseplate

- Pandrol Clips

- AS Screw
- CEN56 Rail
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Sheffield Derailment

Assumptions
- No torsion stored in screws
- Constrained in z
- Contact Patch of Wheel 10mm

Forces
- Tensile force on Screws
- Toe load 6.5KN
- Friction coefficient between baseplate 

and sleeper 0.485
- Forces on Rail (see below)

x

y

z
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Broken Screws In Concrete Layouts - Kingsbury Junction
2009

2022



Page 28

Similar failures

Oxford Road - Reading

Pts 8806A

Pts 8808
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Content

Background to Eastleigh

Failure mechanism

Immediate response (SIN/191 + results)

Short-term actions (TRK/001 update + EV programme)

Medium/Long-term actions (RAIB recs, new housing, UT, NR60 Mark 1 bearers)
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• Eastleigh 450A points

• 28th January 2020

• Balfour Beatty RT60 S&C

• Failure of elevated housings leading to 
gauge spread

Background
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Background
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Mechanism of failure

Diagrams adapted from RAIB report 02/2021
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Visual Tell-Tale Signs

Tell-Tale 1

The housing has lifted away from the 
surface of the  bearer

Tell-Tale 2

Localised wear / signs of high wheel 
contact

Tell-Tale 4

Crushed or missing insulators

Tell-Tale 5

Concrete dust/fines formed around the 
housing
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Risk Factors

Short switches 
(such as C or D)

Outer rail 
between heel and 

crossing

Heavy freight 
traffic

<250m
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Action plan

Long Term

(ONGOING)

RAIB recommendation action plan

Medium Term

(COMPLETE)

TRK/001/mod05
Engineering Verification 

programme

Short Term

(COMPLETE)

Initial investigations SIN/191
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Action plan

Long Term

(ONGOING)

RAIB recommendation action plan

Medium Term

(COMPLETE)

TRK/001/mod05
Engineering Verification 

programme

Short Term

(COMPLETE)

Initial investigations SIN/191
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s
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North
West
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East
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and East
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Action plan

Long Term

(ONGOING)

RAIB recommendation action plan

Medium Term

(COMPLETE)

TRK/001/mod05
Engineering Verification 

programme

Short Term

(COMPLETE)

Initial investigations SIN/191
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Action plan

Long Term

(ONGOING)

RAIB recommendation action plan

Medium Term

(COMPLETE)

TRK/001/mod05
Engineering Verification 

programme

Short Term

(COMPLETE)

Initial investigations SIN/191
Recommendation 1

Network Rail should 
develop a strategy to 

assess and control the risk 
of failure of track fastening 

systems incorporating 
elevated shoulders in RT60 

switch and crossing 
layouts. 

Recommendation 2

Network Rail should 
review its arrangements 

for the dynamic 
measurement of track 

geometry on the parts of 
its infrastructure not 
covered by its track 

measurement trains. 
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Eastleigh Recommendations

Action 1.1

Undertake 
design 

assessment of 
BBRT60 
elevated 

housing and 
implement 
alternative 

design if 
necessary

November 
2022

Action 1.2 

Trial and 
implement use 

of NR60 
equivalent 

bearers as an 
alternative 

design at failed 
sites

Complete

Action 1.3

Undertake an 
assessment of 

CC RT60 
housings to 

understand if 
any failures 

have taken place 
at these sites

Complete

Action 1.4

Conduct a 
review into the 
use of drill-and-

glue as a 
manufacturing 
method for the 

shoulders

Complete

Action 1.5

Undertake 
feasibility study 

for NDT 
technologies to 
identify failed 

elevated 
housings

November 
2022

Action 2.1

Conduct a 
review of 

historic gauge 
spread 

derailments, 
including a 

review of the 
relevant bow-tie 

controls

Complete

Action 2.2

Undertake 
assessment of 

existing 
technologies / 

devices to 
monitor gauge 

spread

November 
2022

Action 2.3

Review existing 
standards on 

gauge 
measurement

July 2022

Recommendation 1 Recommendation 2
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Action 1.1

Undertake design 
assessment of BBRT60 
elevated housing and 
implement alternative 

design if necessary 

Planned completion

November 2022

Work in progress with 
OEM to undertake 

design assessment and 
investigate alternatives

FEA conducted on 
existing design in an 
attempt to emulate 

current failure modes

Optioneering study has 
selected optimal 

design modifications to 
improve resilience

Chosen modifications 
will be prototyped and 

mechanically tested 
before implementation 

in rail

Action 1.2 

Trial and implement use of 
NR60 equivalent bearers 

as an alternative design at 
failed sites 

Complete

Trial site identified at 
Eastleigh 451pts 

(diamond crossing)

Design work 
commissioned with 

Progress Rail (ex 
Balfour Beatty)

Installation over 
Christmas period 

successful

Additional sites 
identified, work to 

improve compatibility 
with 3rd rail ongoing

Action 1.3

Undertake an assessment 
of CC RT60 housings to 

understand if any failures 
have taken place at these 

sites

Complete

Comparative design 
assessment 

undertaken  - CCRT60 
vs BBRT60

Unlikely to be 
susceptible to the 
same failures seen 

with BBRT60 housings

Maintenance review 
of CCRT60 sites found 

no evidence of 
housing stem failures

Action 1.4

Conduct a review into the 
use of drill-and-glue as a 

manufacturing method for 
the shoulders

Complete

Circa 40% of Cemex 
bearers are drill and 

glue

Challenges moving to 
templated design are 
cost, lead times and 

non-standard bearers, 
lack of production 

capacity to run both 
D&G and templated

3rd bearer supplier will 
further lower D&G 

levels, but unlikely to 
be completely phased 
out in the near future

Action 1.5

Undertake feasibility study 
for NDT technologies to 
identify failed elevated 

housings

Planned completion 
(commencement of pilot 

programme)

November 2022

Trial conducted using 
ultrasonics to detect 

failed / partially failed 
housing stems

Proven in lab and 
tested on site, but no 
failed housings found 
on site during trials

Sourcing request 
raised to move 

technology to higher 
readiness state to use 

in a wider regional trial 
in Southern

Procurement ongoing 
– plans to use 3rd party 
to supply test probes 

and ancillary items and 
conduct initial 

programme of testing

Action 2.1

Conduct a review of 
historic gauge spread 

derailments, including a 
review of the relevant 

bow-tie controls

Complete

Review of bow-ties 
and historic 
derailments 
conducted

Bow-tie outcomes 
moved into Action 2.3 

work

Historic derailment 
outputs include 

manual geometry 
training development, 

new geometry 
technologies and 

improved standards

Action 2.2

Undertake assessment of 
existing technologies / 

devices to monitor gauge 
spread

Planned completion

November 2022

Work is ongoing for a 
Smart S&C strategy 

with links to the wider 
Intelligent 

Infrastructure 
programme

Additional 
assessments are 

ongoing for shorter-
term products / 

technologies available 
from existing proven 

suppliers

Market information 
request / expression 

of interest to be 
prepared to inform 

next steps

Action 2.3

Review existing standards 
on gauge measurement

Planned completion

July 2022

Reviews undertaken 
for TRK/001/mod11

Some evidence of lack 
of robustness in 

manual geometry 
inspections with 

controls in this area 
perceived to be thin

Updates to TO training 
for management of 

gauge have been 
approved by CDG, first 

cohort planned for 
Apr-Oct 2022

Links to Sheffield 
recommendations

Eastleigh Recommendations

Fatigue crack 
initiation

Finite Element Analysis of existing housing stem
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Action 1.1

Undertake design 
assessment of BBRT60 
elevated housing and 
implement alternative 

design if necessary 

Planned completion

November 2022

Work in progress with 
OEM to undertake 

design assessment and 
investigate alternatives

FEA conducted on 
existing design in an 
attempt to emulate 

current failure modes

Optioneering study has 
selected optimal 

design modifications to 
improve resilience

Chosen modifications 
will be prototyped and 

mechanically tested 
before implementation 

in rail

Action 1.2 

Trial and implement use of 
NR60 equivalent bearers 

as an alternative design at 
failed sites 

Complete

Trial site identified at 
Eastleigh 451pts 

(diamond crossing)

Design work 
commissioned with 

Progress Rail (ex 
Balfour Beatty)

Installation over 
Christmas period 

successful

Additional sites 
identified, work to 

improve compatibility 
with 3rd rail ongoing

Action 1.3

Undertake an assessment 
of CC RT60 housings to 

understand if any failures 
have taken place at these 

sites

Complete

Comparative design 
assessment 

undertaken  - CCRT60 
vs BBRT60

Unlikely to be 
susceptible to the 
same failures seen 

with BBRT60 housings

Maintenance review 
of CCRT60 sites found 

no evidence of 
housing stem failures

Action 1.4

Conduct a review into the 
use of drill-and-glue as a 

manufacturing method for 
the shoulders

Complete

Circa 40% of Cemex 
bearers are drill and 

glue

Challenges moving to 
templated design are 
cost, lead times and 

non-standard bearers, 
lack of production 

capacity to run both 
D&G and templated

3rd bearer supplier will 
further lower D&G 

levels, but unlikely to 
be completely phased 
out in the near future

Action 1.5

Undertake feasibility study 
for NDT technologies to 
identify failed elevated 

housings

Planned completion 
(commencement of pilot 

programme)

November 2022

Trial conducted using 
ultrasonics to detect 

failed / partially failed 
housing stems

Proven in lab and 
tested on site, but no 
failed housings found 
on site during trials

Sourcing request 
raised to move 

technology to higher 
readiness state to use 

in a wider regional trial 
in Southern

Procurement ongoing 
– plans to use 3rd party 
to supply test probes 

and ancillary items and 
conduct initial 

programme of testing

Action 2.1

Conduct a review of 
historic gauge spread 

derailments, including a 
review of the relevant 

bow-tie controls

Complete

Review of bow-ties 
and historic 
derailments 
conducted

Bow-tie outcomes 
moved into Action 2.3 

work

Historic derailment 
outputs include 

manual geometry 
training development, 

new geometry 
technologies and 

improved standards

Action 2.2

Undertake assessment of 
existing technologies / 

devices to monitor gauge 
spread

Planned completion

November 2022

Work is ongoing for a 
Smart S&C strategy 

with links to the wider 
Intelligent 

Infrastructure 
programme

Additional 
assessments are 

ongoing for shorter-
term products / 

technologies available 
from existing proven 

suppliers

Market information 
request / expression 

of interest to be 
prepared to inform 

next steps

Action 2.3

Review existing standards 
on gauge measurement

Planned completion

July 2022

Reviews undertaken 
for TRK/001/mod11

Some evidence of lack 
of robustness in 

manual geometry 
inspections with 

controls in this area 
perceived to be thin

Updates to TO training 
for management of 

gauge have been 
approved by CDG, first 

cohort planned for 
Apr-Oct 2022

Links to Sheffield 
recommendations

Eastleigh Recommendations

Proposed new design, including:

A. Movement of anti-rotation features away from the peak 
stress zone

B. Wall thickness increased, raising overall stiffness of the 
stem

A

B

Existing design
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Eastleigh Recommendations

Trial site photos from Eastleigh 465 SD

Action 1.2 

Trial and implement use 
of NR60 equivalent 

bearers as an alternative 
design at failed sites 

Complete

Trial site identified at 
Eastleigh 451pts 

(diamond crossing)

Design work 
commissioned with 

Progress Rail (ex 
Balfour Beatty)

Installation over 
Christmas period 

successful

Additional sites 
identified, work to 

improve compatibility 
with 3rd rail ongoing
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The risk isn’t going away…
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Ongoing Work In TA…

• Further PLPR development, local site risk assessments, switch to PLPR where suitable, continued manual inspection on 
risk sites

SHC sleepers

• DELB development, TWI suite development, timber preservative completion & national trial, Community of Practice 
Open Forums

LBS

• Sheffield recommendations, FEA

Timber layout screws

• Further analysis following findings from Sheffield FEA

Concrete layout screws

• RAIB recommendation actions

• Redesigned housing

• Baseplated bearers

• UT pilot

BBRT60 elevated housings 
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