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Practical research: Improve whole 
life cost through materials 
innovation– Next generation of road surfacing
– Pavement construction automation 
– Smart pavement infrastructure
– Surface characteristics and safety policy 
– Specification for road and airfield pavement
– Concrete pavement asset management
– High temperature resistant concrete for vertical 

landing aircraft
WRA UK Award for “Automation in 
Construction”, Westminster Abbey, London 
2019
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Climate resilience and innovation in materials

Low energy construction

Promoting sustainability with higher recycle contents

Case studies



Rural roads in the UK
Classification: major roads and minor roads outside urban areas (but excluding motorways) and 
having a population of less than 10 thousand.

Annual average daily flow (AADF) is the number of vehicles estimated to pass a given point on the road in a 24 hour period on an average day in the year
https://www.gov.uk/government/statistics/road-lengths-in-great-britain-2020
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/524848/annual-methodology-note.pdf



Rural roads in the UK
Design:
• Drainage: adequate? close or open?
• Surface condition: sealed or unsealed?
• Structure (thickness), dimension (width)
• Single lane or dual lanes?
• Single carriageway or dual carriageways?
Traffic condition, very low to very high:
• Volume
• Load 
• Speed



Climate 
resilience and 
innovation in 
materials



Climate resilience - challenges

Source: ALARM 2022



Recent innovation in materials

Source: ALARM 2022



Low energy 
construction 



Low Temperature Asphalts (LTA) to reduce emission and energy

Widyatmoko (2016),  “Chapter 14: Sustainability of Bituminous Materials”, in 
Sustainability of Construction Materials 2nd Edition,  Khatib eds., Woodhead 
publisher. doi: 10.1016/B978-0-08-100370-1.00014-7

Low Temperature Asphalts
(CM, HWA, WMA)

Energy 
use

– The environment: less energy needed and less emissions

– The paving operations: better workability, extending the 
construction season and earlier opening of the road

– Asphalt workers: reduced potential for exposure to fumes 
and odours and a cooler working environment

– Economical issues: Less fuel needed

https://doi.org/10.1016/B978-0-08-100370-1.00014-7
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Broad approach to manufacturing WMA
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– The main criteria the same as hot 
mix asphalts but with additional 
requirements

– Specification for Highway Works
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Performance requirements
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https://www.standardsforhighways.co.uk/ha/standards/mchw/vol1/index.htm
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Promoting 
sustainability with 
higher recycle 
contents



Binder modifier

• Crumb Tyre Rubber
• Waste plastic
• Waste cooking oil
• Waste engine oil
• Recycled shingles

Mixture additive

• Power station wastes
Pulverised fly ash 

(PFA)
Furnace bottom ash 

(FBA)
• Domestic wastes (IBA)
• Waste paper

Aggregate replacement

• Reclaimed aggregate
• Reclaimed asphalt
• Reclaimed concrete
• Rubber & plastic waste
• Concrete & demolition 

waste

Artificial (processed) aggregate

• Steel slags:
BOS – basic oxygen slags
EAF – electric arc furnace

• Blast furnace slags, including 
GBBS (granulated)

• Non-ferrous slags
Phosphorous slags
ISF – aluminium/zinc slags

• Geopolymer aggregate

Waste derived materials

Papers dan reports are 
available from:
https://www.researchgate.net
/profile/Daru-Widyatmoko

https://www.researchgate.net/profile/Daru-Widyatmoko
https://www.researchgate.net/profile/Daru-Widyatmoko


Challenges with waste derived materials
 Waste = risk = liability = ownership
 New process = risk = liability = 

ownership
 Environmental regulation, 

permitting, licensing
 Risk averse approach?

 Quality requirements not less 
than natural aggregate

 Physical and chemical 
characteristics

 Leaching potential

Physical/chemical 
properties

Carbon footprint

Durability

Location and 
coverage

Environmental 
impact Local availabilityProcessing cost

End of Waste

Consistency of 
stockpile/supply

Track records

Permitting / 
certification

Limitations & 
benefits
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Refs: 
1. Thom and Dawson (2019). “Sustainable Road Design: Promoting Recycling and Non-Conventional Materials”. doi: 10.3390/su11216106
2. Widyatmoko (2016). “14 - Sustainability of bituminous materials”. doi: 10.1016/B978-0-08-100370-1.00014-7
3. Lacalle H, Tuck J, Widyatmoko I, Hudson-Griffiths R, Khojinian A, Simms M and Giles (2021). “Filtering protocol for innovative paving 

materials, including waste derived materials”. Proceedings of the 7th Eurasphalt & Eurobitume Congress.

https://doi.org/10.3390/su11216106
https://doi.org/10.1016/B978-0-08-100370-1.00014-7
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Use of rubber and RA in warm mix asphalt
• Bypass improvement schemes on the A426 at Blaby, 

the A6 at Market Harborough and the A47 at Hinckley
Rubber modified warm mix asphalt 

• 500 - 750 tyres per kilometre of road
• 5,000 recycled tyres, preventing them going to landfill
• carbon emission savings from a reduction in the energy 

used, typically 8% lower than the equivalent conventional 
asphalt mixture

3,700 tonnes of RA
• 25% RA in base
• 10% RA in surface course

• Higher recycle contents on major highways, M3 
Hampshire
1,800 tonnes of reclaimed asphalt (RA)

• 70% RA in base
• 50% RA in surface course

“Across all three bypass projects, 
Leicestershire County Council is saving a 
total of 32 tonnes of carbon, estimated to 
be the equivalent of the emissions 
generated by travelling over 165,000 miles 
in a standard car.”

Source: www.asphaltuk.org 

Climate resilience

Sustainability



Performance 
comparison

Compaction Durability Stiffness Rutting resistance
Source: Tarmac

Laboratory tests shows the performance of rubber modified asphalt  
compared to equivalent standard asphalt mixes

Climate resilience

Sustainability



Retread Cold in situ recycling
• One of the oldest in situ recycling techniques (since 1948). 

Currently in BS 434-2.
• Retread is a cold recycling process for pavements with low 

traffic or sidewalks for pedestrians
• If the existing road construction is suitable, then it is 

scarified to a specified depth to produce a uniformly 
graded material. 

• Usually, the surface layer is crushed to a depth of about 
75mm, then levelled, and scattered emulsion bitumen 
along with some new/additional rocks, re-mixed and 
compacted before finishing it by surface dressing.

Sustainability

Source: Troeger, J and Widyatmoko, I. “Development in Road Recycling”, 11th Annual International Conference on 
Pavement Engineering and Infrastructure, Liverpool, 15 – 16 February 2012. ISBN 978-0-9571804-0-6. 



Retread



• Requirements for the production, installation, 
testing and conformity of hydraulically bound 
materials (HBM) conforming to BS EN 14227 for 
pavement applications, whether constructed by 
the ex-situ or in-situ methods. 

• Requirements for preliminary work at the laying 
site, needed to ensure that the substrate is fit to 
receive the HBM.

• HBM is the generic term to describe the wide 
range of materials comprising aggregates or 
soil, hydraulic binders and water; including: 
 roller compacted concrete (RCC), 
 hydraulically bound granular material (HBGM),
 hydraulically stabilized soils (HSS), 
which are available for use in the construction 
and the maintenance of roads and other paved 
areas.

In situ and ex situ recycling methods – HBM

Download Link

https://aecom.com/uk/wp-content/uploads/2018/06/report_highways-england_spats_lot-1_ref-1-087_subtask-4.pdf


• Requirements for materials conforming to BS 
EN 14227 for pavement applications, 
 processed with either bituminous 

emulsion, foamed bitumen or  hydraulic 
material, including their design and 
composition, production, installation and 
performance testing. 

 includes requirements for mixtures 
prepared using bituminous binders that 
may also contain hydraulic material

• Describes a number of processes and methods 
by which existing material in the road or other 
paved areas is either processed in-situ or uses 
recycled material processed ex-situ.

In situ and ex situ recycling methods – Bituminous Mixtures

Thom and Dawson (2019). “Sustainable Road Design: Promoting 
Recycling and Non-Conventional Materials”. doi: 10.3390/su11216106

https://doi.org/10.3390/su11216106
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