
EARN – Effects on Availability EARN – Effects on Availability 
of Road Network
EARN background data

Sachgebiet Bau und Erhaltung von Verkehrswegen
Dr.-Ing. Konrad Mollenhauer

Presented by Dr Cliff Nicholls (TRL)



• LCA study conducted during Re-Road:

– Durability has same effect as high recycling rate

– Benefits of recycling can be reverted in case of reduced durability

• Objectives and promised results: Empirical evaluati on of effects

on pavements durability

– Effect of high proportions of reclaimed road materials

– Road works conditions (weather, season, day/night)

Service lifetime and availability of road materials and structures
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– Road works conditions (weather, season, day/night)

– Materials with high contents of reclaimed and secondary materials

– Warm-mix asphalt

– Working time and availability effects of road maintenance
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1. Synthesis of relevant parameters affecting pavement s durability

2. Review of existing service lifetime estimations

3. Identification and analysis of databases for empiri cal 

assessment of durability effects of:

– RA use and 

– Construction work conditions

Methodology
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– Construction work conditions
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1. Parameters with relevance for durability
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Pavement 
structure

Bitumen stabilised 
base layers (cold 
recycling)

•… (see CoRePaSol project)

Asphalt layers

•Type of mixture

•Aggregate grading

•Binder type
•Binder content

•Volumetric properties

•Additives

•RA quality and content

•Construction conditions

•Performance properties

Traffic loading

•Tyre/axle load
•Axle number

•Traffic speed
•Axle configuration

Sub-base 
characteristics

•Bearing capacity

•Sub-base 
moisture/drainage

Pavement type and 
structure

•Flexible or rigid

•Number of layers
•Layer thicknesses

•Interlayer bonding

1. Parameters with relevance for durability
Asphalt layers

•Type of mixture

•Aggregate grading

•Binder type

•Binder content

•Volumetric properties

•Additives

•RA quality and content

•Construction conditions

•Performance properties

Asphalt layers

• Type of mixture

• Aggregate grading

• Binder type

• Binder content

• Volumetric properties

• Additives

• RA quality and content

• Construction conditions
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Unbound base layer

•Composition (grading, type of 
aggregates)

•Degree of compaction

•Moisture

•Bearing capacity

Hydraulically bound base 
layers

•Grading of aggregates

•Binder type
•Binder content

•Void content

•Stiffness

•Strength

•Construction conditions

Durability
Environmental 
effects

•Temperature

•Sun exposure
•Humidity

•Frost-thaw cycles

•High-depth frosting

•Interlayer bonding
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• Construction conditions

• Performance properties



…. Additives, e. g. for warm mix asphalt

• 2  Zeolite additives

• 4  Organic (wax) additives

• 2  Fatty acid derivatives

• 7  Chemical additives

• 2  Other specified additives
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• 2  Other specified additives

• 2  Emulsions

• 14  Foamed bitumen technologies

• 2  Other processes

In total, 35 WMA variations with distinct approache s

… how to generalise their effect on durability?



Pavement 
structure

Bitumen stabilised 
base layers (cold 
recycling)

•… (see CoRePaSol project)

Asphalt layers

•Type of mixture

•Aggregate grading

•Binder type
•Binder content
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•RA quality and content
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1. Parameters with relevance for durability
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Unbound base layer

•Composition (grading, type of 
aggregates)

•Degree of compaction

•Moisture

•Bearing capacity

Hydraulically base layers

•Grading of aggregates

•Binder type

•Binder content
•Void content

•Stiffness

•Strength

•Construction conditions

Durability
Environmental 
effects

•Temperature

•Sun exposure
•Humidity

•Frost-thaw cycles

•High-depth frosting

•Interlayer bonding
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• Who else needs to know about the durability of pave ments?

• Pavement Management Systems

– Require service life estimations

– Apply performance prediction models

– Widely applied data available

– Standardised approaches

2. Review of existing service lifetime estimations
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– Standardised approaches

• Network databases
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Life cycle assumptions in PMS
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• High scatter in model trimming data

– Result of high number of parameters

affecting the pavement 

performance & life

– High risk for mistakes

for individual road 

PMS background data
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for individual road 

structures

– Applicable only on 

network level
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• Direct-Mat project:
– Majority of laboratory and 

full-scale studies result in 
same or better 
performance when RA is 
applied  

• West et al. (2011):
– Cracking risk is higher for 

mixtures with RA 

Available data on 
durability effect of RA
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HAPMS database
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• Asphalt mix database in Lower Saxony

– 80.000 asphalt mixture data from contractual compliance tests

– Accurate binder properties, mix composition, binder content, type of 

aggregates, use of RA, …

– Data implemented by test laboratories

– Less accuracy regarding site location 

(manual localisation necessary for each dataset)

Asphalt mixtures and surface condition data in Lower Saxony

EARN – Background data CEDR Recycling Workshop. 24th September 2015

(manual localisation necessary for each dataset)

• Surface performance data

– Input for PMS models

– Regular assessment of surface properties

– Directly linked to actual pavement location
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Proportion of AC mixtures with RA (1990 -2013)
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• Majority of base layer asphalt contains RA

• Minority of surface layer asphalt contains RA

• For quantitative assessment of RA effect on perform ance, binder courses 

seems to be best for evaluation



Effect of RA in binder course on cracking
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Effect of RA in binder course on evenness
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Durability effects of consruction site conditions

• Weather effects

– Constraints for pavement works according to national specifications

• Paving season effect

– Consequence of insufficient compaction and missing interlayer bonding

– Proportion of insufficient compacted asphalt layers versus construction date

– Proportion of insufficient interlayer bonding versus construction date
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Allowed weather conditions for pavement works
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Allowed weather conditions for pavement works
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Effect of compaction quality on calculated lifetime
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Based on lifetime calculations by applying German 
mechanistic-empirical pavement design guide
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Void content difference:
y = -17,498x + 97,896

R² = 0,9833
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Data base analysis: Seasonal effect on compaction degree
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Data base analysis: Seasonal effect on compaction degree
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• Mean risk of insufficient compaction in winter
(Oct - Jan): 14,1 %

• Mean risk of insufficient compaction in summer:
(Apr - Sep): 10,7 %

(without PA)
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Data base analysis: Seasonal effect on interlayer bonding
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(Wellner et al. 2012):
Reduction of calculated service life by 
insufficient interlayer bonding : 
-33 % between surface and binder 
-75 % between binder and base layer

Increased rutting of surface layer:
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Results summerised in EARN D3

Deliverable D3:
Effects of constituent materials, recycled and 
secondary sources materials and construction 
conditions on pavements durability derived from 
literature and site data review 
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Konrad Mollenhauer, University of Kassel, Germany 
Cliff Nicholls, TRL, UK 
Katerina Varveri, Technische Universiteit Delft, Netherlands 
Amir Tabaković, University College Dublin 
Ciaran McNally, University College Dublin 
Amanda Gibney, University College Dublin 



General

• Pavement durability is affected by high number of p arameters

– Detailed analysis of general material-specific service lifetime from laboratory 

and modelling assessment not possible

• Reliable databases combining detailed on pavement structure and materials 

and long-term performance data not available

– Empirical data sources are limited in number and accuracy

Conclusions from background data analysis (1)
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– Empirical data sources are limited in number and accuracy

However…

Regarding the application of RA in hot-mix asphalt

• Empirical data identifies negative effect but with a large scatter

• Most international literature shows adequate materi al durability performance

• Some studies identified reduced durability

– Additional procedures (mix design, mix production) increases risk of reduced 

durability

– Increased demand for high-quality approach in all productions stages
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Regarding new additives and mix designs (e. g. WMA)

• Additional additives will increase demand for quali ty by additional 

risks (e.g. incompatibilities to specific binders)

• Feasible laboratory conditioning procedures are required in order to allow 

the estimation of long-term properties during the m ix design

• Laboratory test results with site-adapted laborator y tests will enable LCA and 

LCCA for single projects

Conclusions from background data analysis (2)

EARN – Background data CEDR Recycling Workshop. 24th September 2015

Regarding construction conditions

• Construction season effect by adverse weather condi tions

– Slightly increase the risk for insufficient compaction and interlaying bonding

– Significant reductions of pavement and/or road material service lifetime. 

– Service lifetime decrease of -2,2 % for pavements constructed in 

autumn/winter months (October to January)

> -1,7 % by non-sufficient compaction

> -0,5 % by insufficient interlayer bonding
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