
Rail Steel as part of a Low 
Carbon Transport Network
Research challenges from a steelmaker’s perspective



• Decarbonisation – reducing embedded and whole-life carbon of the 
network.

• Rail in Service – supporting customers in their use of our product.

• New Solutions – development, introduction and validation.

These all work together:

• A longer lasting rail with less maintenance requirements doesn’t just sell 
better, it has lower whole-life carbon. 

• A modal shift to rail as part of a low carbon transport network means even 
greater importance of reliability and dependability.

• We need to resolve these challenges both with current technologies, and 
by introducing the solutions of the future.

I aim to showcase some of how our current research supports these goals.
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Introduction: Research Challenges



Context of our business – the 
Humber region represents 40% 
of UK industrial emissions.
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Decarbonisation

We have a legal, and a moral duty to decarbonise.

We also face a commercial pressure to do so –
customers are increasingly incorporating carbon 
metrics into their procurement requirements.
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EAF/Blast Furnace

Accumulation of residuals in scrap 

(especially Cu) presents a challenge 

to EAF steelmaking routes in steels 

like rail with strict composition 

requirements – this presents a 

research challenge to eg SUSTAIN

Worldwide scrap supply is insufficient 

to support primarily EAF steelmaking

British Steel plan to move to a hybrid EAF/Blast 
Furnace model in coming years.

This change will help our carbon footprint, but 
there remain significant challenges, both for 
British Steel and globally:

EAF is currently 29% of world 

steelmaking capacity – increasing this 

will require time and cost

Routes to decarbonise the blast furnace route, and 
extend product life, are required to bridge the gap.
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Zero Carbon Humber

The Humber industrial cluster 

represents 40% of UK industrial 

emissions – and could become net 

carbon negative…



Why is rail key to a low carbon transport network?

Rail currently circa 2% of UK surface transport emissions

One of the greenest transport methods per passenger mile

76% emission reduction for rail freight compared to road

A modal shift to rail is an important means of decarbonising 
our transport network and economy

Why is steel important?

Steel (rails, clips, rebar in sleepers) is 58% of embedded carbon 
of track infrastructure

Maintenance is 70% of whole life carbon  reduced 
maintenance requirements are a big deal

Reducing need for replacement gives significant benefits
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Rail as part of a low carbon economy



We wish to quantify the whole-life carbon 
benefits of premium products with extended 
service life. But this is not the whole picture.

Rail exists as part of a system – what does a 
UK transport network look like with higher 
and lower modal share of rail (and hence 
steelmaking to make the rail)?

How does manufacturing route and scrap 
cycle play into this?

We are sponsoring EngD student Jacob 
Whittle to explore these questions.
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Life Cycle

Research by sponsored student Jacob 

is looking into whole life benefits of 

steel sleepers as well as rail

Jacob’s work is in collaboration with researchers 

looking into other UK foundation industries



Introduction of premium rail has rail 
life, maintenance, and associated 
whole-life carbon benefits.
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Premium Rail

Development of new markets in heavy 

haul is a major objective – hence 

development of HP350

Twin disc data showing lower wear 

rate for HP335 than R350HT

Adam Wilby, Contact Mechanics 2022

HP335

HP335 is an as-rolled 

premium rail steel, 

getting its strength 

from metallurgical 

engineering rather 

than heat treatment

(HP335 delivers 3x better wear resistance 

and 2/3 reduction in grinding, resulting in 

60% lower whole life costs).

Challenges:

• Models are not up to date for 

these harder grades.

• Demonstrating customer 

benefit to drive adoption of 

HP335.

• Troubleshooting issues 

arising with premium 

installations.

• Exploring maintenance 

requirements.

• Understanding mechanism of 

improved performance.

• The future – new grades?

Premium rails are not the only 

product requiring validation data to 

aid adoption: we have developed a 

custom test rig to show steel 

sleepers can provide excellent lateral 

resistance.



Models developed with past 
generation of rail steel.

Impact of surface roughness 
underexplored – ties in with 
grinding!

Twin disc testing work 
(Adam Wilby) to develop 
updated models of surface 
deformation that match up 
with reality in premium 
steels.

New technologies 
introduced to characterize 
surface behaviour.

How do wear flakes form?
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Understanding Wear and RCF

A new optical monitoring system can 

observe wear and RCF develop 

without interrupting twin disc tests.

Adam Wilby, WCRR 2022

Roughness driven orthogonal shear 

stress near the surface of rail

David Fletcher, Contact Mechanics 2022

Combining high throughput 

nanoindentation mapping and 

infinite focus microscopy to 

better understand near-surface 

behaviour.
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Squat Characterization

Ground surface near squat –

Alicona infinite focus microscope

3D laser scan showing squat

Alicona IFM scan showing crack3D laser scan showing crack

We propose to use the suite of 
characterization equipment 
obtained via the UK Rail Research 
Innovation Network (UKRRIN) to 
build up a library of data on 
squats, enabling patterns to be 
identified and guiding research.



Cracks in the vicinity of grinding-
induced White Etching Layer 
(WEL) observed in premium rail in 
multiple networks.
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Grinding of Premium Rail

3D laser scan showing recently ground rail

Our sponsored student Lucas has been 

visiting the Universidad Nacional de 

Colombia in Medellin, working on grinding 

research with great access to Medellin’s 

extensive metro system

Our Rail Technologies team have been 

investigating examples on customer networks

We are developing a custom test rig to 

help us determine a process window for 

grinding of premium rail grades – photo 

from M. Mesaritis



Microstructural Approach

Materials: R260 and HP335

Vary heat treatment and cooling to 
impact prior austenite grain size

Reheated and air cooled

Reheated and force cooled

As rolled

Extend to Bainitics?
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Towards Understanding Rail Wear – Project Proposal

Wear Flake Approach

Twin Disc with Optical 
Monitoring

Optical Data Processing

Wear Flake capture and 
characterization

Alicona Surface Scans

SEM/TEM of very surface 
looking for flake evolution

Greater 
Understanding?

Model of wear 
flake generation

Prediction of wear 
rates

Target 
microstructure for 

reduced wear



• How can we 
optimise bainitic 
compositions for 
ease of 
manufacture and 
supply?

• How do bainitic 
rails generate wear 
and RCF? 

• Can we understand 
and improve on this 
behaviour?
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Bainitics Development – Project Proposal


