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Abstract

There is a need for a method for assessing thétsdsom changes in the potential durability of domaterials
due to the inclusion of reclaimed and secondarypmmant materials in the manufacture of new roaceriads.

Such changes will have an effect on the cost ofttirestruction maintenance, both financially to tlient and
environmentally to society in general, and any sgsimay be transitory. A site trial has been Ididnxtures
with and without reclaimed asphalt and work statieagssess their durability from early-life projest The
trials are being monitored for their initial penfisence whilst laboratory trials are concentratingfencombined
effect of ageing and moisture damage on the pedoom of asphalt mixtures on the trial. All threestls are
being used to develop life-cycle analysis modelsustomise them for the effect of using alternati@eponent
materials on the availability of the network aneéithoverall financial and environmental cost, battial and

whole-life. The costs will be identified as beingedt (of the construction and maintenance) andréetl (on

society in general, such as congestion).
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Résumeé

Il existe un besoin de trouver une méthode pouluévdes résultats de la variation de la duréeideutentielle
de matériaux routiers en raison de l'inclusion degériaux de construction recyclés et secondaises da
fabrication de nouveaux matériaux routiers. Cesgaments auront un effet sur le co(t de I'entretieria
construction, a la fois financierement concernantclientéle et de l'environnement pour la socidtdes
économies réalisées peuvent étre éphémeéres. Urdassite a été fait avec des mélanges avec etesanbés et
des travaux ont été entrepris afin d'évaluer laualbilité et les propriétés en début de la vies kgsais sont
surveillés pour leur performance alors que lesigssa laboratoire se concentrent sur l'effet codnbiles
dommages causés par le vieillissement et de I'Htérsdr la performance des enrobés bitumineuxesprdces.
Les trois brins sont utilisés pour développer desgéfes d'analyse du cycle de vie pour les adagtetibisation
des matériaux des composants alternatifs sur lpodisilité du réseau et leur colt global financir
environnemental, que se soit pour I'état initiaé guour la vie entiére. Les codts seront identifiésime étant
directe (de la construction et de I'entretienndirects (sur la société en général, tels que hge&stion).

Mots-clé: Recyclage, Agrégats secondaires, Durabilité désscVie entiére.
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1. Introduction

The durability of road materials is an importardtéa influencing the service lifetime of the roatusture or parts
of it. Because of its effects on the frequency arténd on maintenance road works, the durabiléypan
important role on the environmental life-cycle penfiance of the road structure as well as on isdifcle costs.
The EARN project, on which this report is baseds wasigned to assess the effect that changes abitiyr of
road materials due to the inclusion of reclaimed s@condary component materials in the manufacturew
road materials will have on the cost of the cortdiom, both financially and with regard to the eowviment.

The project is building upon existing knowledgepglemented by limited site and laboratory studieslevelop
a specific model to look at this issue and to pevindicatory values for use in the model. Exgptimowledge
has been reviewed to determine the service lifetifnthe different pavement layers whilst a sitaltdections
mixtures with and without reclaimed asphalt hasnble#d to assess their durability from early-lifeoperties.
Laboratory trials are starting, concentrating oa tombined effect of ageing and moisture damagehen
performance of the asphalt mixtures in the sital.triAll three strands are being fed into life-ey@nalysis
models to customise them for the effect of usintgrahtive component materials on the availabilifyttee

network and their overall financial and environnambst.

2. Review of existing knowledge

2.1.Relevant parameters for pavement service life

Asphalt pavement durability is a key factor in detigming the performance of a pavement material asdsuch,
the pavement service lifetime together with the gmagnt maintenance requirements during its serviee |
Therefore, it plays an important role regardingehgironmental life-cycle of the road structure.

The durability of a pavement involves many releyaantameters that can be categorised as:

* The effects from traffic and weather as well asiemment and sub-base soil conditions.

» The parameters for unbound base layers, hydralylibalund base layers and bituminous bound base and
finally surface layers.

A summary has been produced (Mollenhaiel, 2013). However, many data sets are requireslabiate the effect

of one parameter on the service lifetime of theepgant. Furthermore, the modelling of a pavemeset'gice lifetime

is only possible if most of the parameters are kmastherwise, it is subjected to a wide range afautainty.

In pavement management systems (PMS), servicenidst and qualitative functions for relevant pavemen
distresses are already incorporated. One appuruaiders a general design lifetime of the pavesientture of a
defined time (e.g. 20 or 30 years) for a desidfiicrlbading. For pavement management, the adtman traffic
loading from the beginning of the service life &d for service lifetime prognosis. This approeshsiders the
pavement structure as a whole without utilisatiofayers and/or materials. Another approach isgbae national
guidelines already contain service lifetimes fdested pavement materials which are applied in PMSTable 1,
these assumed service lifetimes derived from vargmurces are summarised for different pavemerdriat.

2.2.Service life of low-temperature asphalt mixtures

Low-temperature asphalt mixtures were developedrdter to reduce the paving temperature, the enesgd
and greenhouse gases emitted. The developmenptvetemperature asphalt mixtures has been drivethdy
aim to reduce the temperature effect on asphalerpant production, laying and compaction, in order t
improve effect of asphalt production on the envinemt. Furthermore, low-temperature mix asphalt® lieeen
utilised to allow the recycling of existing paverteiat the end of their service life with reducednded for
material transport, heating energy and raw-matedasumption.

However, the low-temperature asphalt pavements alay result in shorter service life in comparison t
equivalent standard hot mix asphalt pavementds lielieved that this reduction occurs becausedifierent
mixing and paving technologies used in the productf low-temperature asphalt result in weaker raagdal
material properties as well as its resistance atjairacking.
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Table 1. General service life assumptions giveguiidlelines and specifications for pavement managesystems

Road layer Pavement material Germany (FGSV, | Netherlands (IVON, | UK (SWEEP, 2014)
2001) 2012)
>300 <300 Right Full Skid res. | Structural
ESAL/day | ESAL/day | hand lane| width lifetime lifetime
Surface Asphalt concrete (AC) 12 18 12 18 8 -
asphalt layers Very thin layer asphalt concrete — - - -
(BBTM)
Hot rolled asphalt (HRA) - - - -
Stone mastic asphalt (SMA) 16 22 11 17
Mastic asphalt (MA) 19 26 - -
Porous asphalt (PA) - - 10 18
Asphalt base | Asphalt concrete (binder layer) 26 30 - - - 20
layers Asphalt concrete (base layer) 55 75 * *
Other base layers
Hydraulically bound base layer 60 80 * *
Unbound base layer 55 75 * *
Rigid Concrete surface layer 26 30 * * - 40
pavement Hydraulically bound base layer 55 70 * *
Asphalt concrete base layer 50 65 * *
Unbound base layer 45 60 * *
Maintenance | Slurry surfacing 6 8 - - 8 -
materials Micro-surfacing 5 8 - -
Thin hot-mix asphalt layeron | 8 10 - -
sealing

* Highway maintenance in the Netherlands aimsraely strengthening the AC base layers and (sub)zaseshus, never
has to be replaced.

The WMA technologies can be classified in severaysv One way is to classify the technologies eydégree
of temperature reduction. Figure 1 shows the ifleg8on of asphalt mixtures according to the protion
temperature. Warm asphalt mixes are separated fralfawarm asphalt mixtures by the resulting migtur
temperature. Specifically, for the warm and hadirm asphalt mixtures the mixing, laying and comipacare
usually undertaken at 100 °C to 140 °C and at 70 D0 °C, respectively, whereas for the hot dsphiatures
the temperatures can reach 138 °C to 160 °C depgiodi the bitumen grade used.

9 -

8 -

7 4
Heating

, Latent heat of Hot
5 aten’ eat o Mix

Vaporisation
" \ Asphalt Vaporisation
1 Warm

Mix
Asphalt

Typical fuel useage in modern plant
(litres/tonne)

Cold Diying
11 mix
Asphalt

150 200
Temperature (°C)

Figure 1. Definition of low-temperature asphalt tanes (EAPA, 2010)

A large number of different products that can bedum lower temperature asphalt technologies areeotly
available in the market. The additives and/or psses used to produce them tend to be propriatadygts that
may not necessarily have data available that ipematle with that of other products. A list of @®ducts that
are, or have been, on the market in Europe andfwrita has been produced (Mollenhauer, 2013).

Despite economic and environmental benefits of WHdA technologies, there are still doubts aboutldsg
term performance (Prowedt al, 2007). Prowelet al recommended that further research is neededdier do



Nicholls et al. / Transport Research Arena 2014j$a 4

validate the expected field performance of WMA maifs, particularity in relation to mix compactibylirate of
gain of structural strength after construction. (cering), rutting, fatigue, moisture sensitivitpdathe effect of
different binder modifiers on the pavement desifgn |

The potential environmental and social benefitsnpsed by WMA technology will undoubtedly stimulate
interest for the wider use of WMA. It may be apmiate to give some advantage to green technolagitdse
procurement process in order to encourage their asevere used in the Greenroad project ratingesyst
(Soderlund, 2007). However, if the long-term parfance of WMA is inferior to HMA, this differenceoald
negate any long-term financial or environmentaldfigs. Therefore, European Asphalt Pavement Assioci
(EAPA) in its position paper on use of WMA (201@ated that WMA procurement should be subjectedife- L
Cycle Cost assessment in order to ensure that WaétAnblogies provide equivalent performance to HMA
technologies and that the appropriate maintenaceeasios are fully assessed. Holt (2008) demawestrinat,
with a good pavement life-cycle model, significamtonomic and energy saving can be achieved. He
demonstrated that, for highway and national roatht®aance cost, reductions can be made with cesdisced

by 12 % and CO2 emissions by 56 % on a large rcaidtemance project.

For selected asphalt pavements, the effect of dityaim a life-cycle analysis was evaluated duriRg-Road
project (Waymaret al, 2012a). The beneficial effect by applying wamix technologies can be outnumbered
by the effects from extended road maintenance niééuks durability of the pavement is influencedrsficantly.

3. Trial site

3.1.Need for full size trial

There are particular advantages that are uniqusdgceated with full-scale testing over simulateldotatory test
programmes (Hartmaat al, 2001). The effects of size, manufacturing, emrment, substructure and loading
represent can be better assessed from on-sitdiooadhan from what can be simulated directly wsithled models.
However, full-scale tests, which are generallyutdoor ambient conditions, do not permit tempeeatund moisture
to be controlled and, consequently, they are alwdyerent disparities relating laboratory and de-sst data.

Various pavement monitoring procedures exist (Hartet al, 2001), the most basic being the evaluation of
structural integrity though monitoring of cracktiation and propagation and permanent deformatiorthe
pavement surface and more complicated, in-depthluation being monitoring surface and subgradertaye
transverse and longitudinal strains, wheel loadstact pressures. On-site material propertiesbeaevaluated
by obtaining material cores from the road trial &@sting it the laboratory for stiffness, water siévity ageing
and fatigue. The falling weight deflectometer (F)WM&an be used to measure on-site surface deflectio
applying appropriate back calculating method st of the pavement layers can be determined.

3.2.Mixture design

The asphalt mixture investigated in this study was0 mm SMA typical of that used in Irish and Ewap
practice. The variations of the 10 mm SMA mixtare 0 % RA as control; 30 % RA and no additive%d®RA

and Cecabase RT 945 warm mix additive; and 30% RAGecabase RT 945 warm mix additive. The grading
curves for these mixtures are presented in Figuikugtrating the good agreement between the cbntixture
grading and those of the mixtures containing RAing the control mixture grading as the guidelilheveed the
best particle distribution for the mix designs, aotisequently the best mixture design as illugiratélable 2.

Table 2. Mixture designs

Mixture Proportional content (%)
No. RA 10 mm CRF * Filler Fresh Binden ~ Warm Mix Additive

1 0 65.9 21.8 6.7 5.6 0
2 28.6 43.8 17.0 5.7 4.9 0
3 38.1 34.4 17.1 5.7 4.7 0.5 **
4 28.6 43.8 17.0 5.7 4.9 0.5 **

* Crushed Rock Fines

**  \Warm mix additive added to Mixtures 3 & 4 at O/b of the total binder content in the mixture.
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Figure 2. Particle size distribution

3.3.Selection and construction of the test section

In collaboration with the Irish National Roads Aottity, a section of the N3 national road was idertdi as a
suitable road section for the site trial experimefthe site was located between Blanchardstown Glodee
Village, at the outskirts of the Dublin city. ThePG coordinates of the trial site are latitude 58° 19.35",
longitude -6° 24’ 30.55” to latitude = 53° 24’ &% longitude = -6 23’ 59.21”. The section was chosen because
the road section was due for resurfacing, it iselo the asphalt plant (c.60 km) and it is on enm@mmuter route
into Dublin city with an average daily vehicle frafcount, one direction only, of 15,480 vehiclesluding HGV
(http://nraextra.nra.ie/CurrentTrafficCounterDatdér.htm). Figure 3 illustrates a satellite image of thialt

section and surrounding area. The road is a duahge way with three traffic lanes on each shiles(lane and
two traffic lanes). The middle lane was chosethagest lane because it will be subjected to thet imafficking,
particularly from heavy goods vehicles. The traffirection is towards Dublin city. Figure 4 shoavschematic
layout of the trial section. The site was splibifour sections of varying lengths for the differenixtures.

Figure 3. Satellite image of the trial road section
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Figure 4. Schematic representation of the trailisec
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To cover the trial section area, it was estimaked fust over 230 tonnes of asphalt material wgsired. The
work started with removal of the existing surfacairse which was milled to a depth of 40 mm. Ariahi
regulating course was then laid to a depth of 20 nfrhe outer lane and bus lane (Figure 4) wererfased
with a standard SMA, containing no RA or warm mptdaive, to a depth of 40 mm. The test lane was
resurfaced with the materials described above.

The paving process started with laying Sectionobtfol mixture). The asphalt material was haulednfthe plant
to the site by truck and unloaded to the matemdaidfer vehicle before it was sent to the pavére gurpose of the
material transfer vehicle was to remix the matdrétbre sending it to the paver and laying it ahtoroad. Figure 5

shows the paving process.

The paving processeofStittion 1, passed as expected without any diféisu

However, Section 2 proved to be more difficult hessathe mixture was cooling down rapidly with th@sequential
reduction in workability of the mixture.

The pagirof Sections 3 and 4 passed without much difficult

highlighting the improved workability of the mix&s incorporating the warm mix additive, with upd®% RA.
The site work records are summarised in Tablevihgisection lengths, temperature and weight ofi @aixture.

Table 3 On-site work record of asphalt material

Figure 5. Paving process of the trial section

Mix | RA content | Containing warm| Load | Start Chainage| End Chainage| Discharge Rolling Weight
No. (%) mix additive No. (m) (m) temp. {C) | temp. f{C) | (Tonnes)
1 0 No 1 0 104 150 134 30.00
2 104 155 115 105 17.20
2 30 No 3 155 220 130 115 17.20
4 220 333 150 130 28.90
5 333 385 137 125 30.10
3 40 Yes 6 385 458 135 125 17.00
7 458 560 134 128 28.80
8 560 618 125 118 17.00
4 30 Yes 9 618 672 132 124 17.20
10 672 700 136 128 28.65
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3.4.Reclaimed asphalt feedback

The reclaimed asphalt feedstock was supplied fragiteaon the M1 motorway in North County Dublin aisd
derived from a single-source 14 mm porous asphaie material was milled and stored in a depot vejuired

on this project. The total amount of reclaimedhadippmaterial supplied was 170 tonnes. The quanofitthe
processed reclaimed asphalt material by size sngiv Table 4. The visual inspection revealed that>16 mm
material contained binder course material aggregdtberefore, the >16 mm and <6 mm reclaimed asphal
aggregate was screened out and not used for #hasphalt mixtures.

Table 4. The quantity of the processed RA matesiadibe

Size (mm) >16 16t012.5 12.5t0 6 <6
Quantity (T) 40 45 35 50
Proportion of total (%) 24 26 21 29

The binder content in the RA was determined acogrdd the EN 12697-39. Five samples of RA weretiak
and weighed. The samples were placed in the otv8B8G&°C for 30 min. Once the samples were codleely
were weighed again and proportion of binder inrtfieture calculated. The average binder content 5va$4.
Following the binder burn off procedure, the matkrparticle size distribution determined following
EN 12697-2. The reclaimed asphalt material agdeeg&ze distribution/grading is shown in Figure rigl ahe
binder contents were 5.2 %, 5.4 %, 4.8 %, 5.7 %5#d&6 with an average of 5.3 %.
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Figure 5. RA material grading after the binder reaiov

3.5.Testing

The asphalt mixture material was sampled from theep as shown in Figure 6a; this material is usad f
stiffness and water sensitivity testing at a latage. In addition, a total of 108 cores (27 feawh trial section)
were taken 24 hours after the construction was ¢etegh These cores will be used for subsequeiirdabry
moisture conditioning by the MIST device. The ogrprocedure is shown in Figure 6b & 6¢. The labany
testing procedures are further described in théid®@ed of this paper.

As part of the study the ride quality of the tdg svill be investigated. A number of tests will benducted to
allow evaluation of the international roughnessedIRIl), pavement conditioning index (PCI) and dski
resistance. At the time of writing, only the IRisting had been completed. Continuous measurerogifd
were acquired using the Road Surface Profiler (RSP data was collected at speeds of 70-80 kmdinder to
ensure that there was no delay or disruption fbewotoad users. The entire data collection proeessnon-
contact, using high-frequency lasers and acceldemnein conjunction with a very accurate distance
measurement system. The IRl measurements weragously measured in both inner and outer whedigat
and the values were recorded at 10 m intervalsbleT@ shows average IRI values for the test sestiofihe
average IRI value for each section is < 2 whichaghgood ride quality of the pavement surface.
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a) Material sampling b) Coring c) A core sample

Figure 6. Collection of samples from site

Table 6. Average IRI values of the test site.

Section IR1 (m/km)
Left Right Average
1 1.25 1.23 1.24
2 0.96 0.99 0.98
3 1.04 1.10 1.07
4 1.33 1.43 1.38

4. Laboratory testing

During their service life, the performance of adplpavements is greatly affected by different eomimental
factors such as moisture, oxygen, heat, pressutelahlight. Primarily in this work, moisture damagnd
ageing due to oxygen diffusion were assumed ttéertost important parameters that can shortenahenpent

life and accelerate pavement distresses. The f@isectaimed asphalt, secondary aggregates and lower
temperatures will affect the various factors irfetiént ways, further complicating an already comgiguation.
Presently laboratory trials are starting, conceimgaon the combined effect of ageing and moistiamage on

the performance of the asphalt mixtures in thetsié

Another important parameter that is consideredet@ Iserious cause for diminishing the long-ternfigperance

of asphalt concrete pavements is moisture dam&ggardless of the mix composition, asphalt mixtwéh
moisture will suffer from moisture damage at soineetduring their service life. At micromechanidavel,
moisture-induced damage is described as the lossarfgth and durability of the asphalt mixtureotigh loss of
adhesion between the asphalt binder and the aggeegess well as through loss of cohesive resistaficke
asphalt binder itself (Kiggundu and Roberts, 1988Ipisture diffusion, desorption of the asphaltdgn due to
fast water flows and cyclic pore pressure develognfieom entrapped water in the air voids (i.e. purgp
action) were identified as the physical and/or ramital processes that ultimately can lead to pawéme
distresses (Kringos and Scarpas, 2005, Krirgad, 2008).

In this project, moisture diffusion and pumpingi@ctwere identified as the dominant moisture damiadacing

mechanisms. However, the time frame over whicth @aechanism occurs in the field differs signifidgant
Moisture infiltration occurs over a longer timefranwhile excess pore pressure development takes plavery
short times. In order to address the individuahadge mechanisms associated with these two moidaurage
inducing processes, the test protocol utilized ists1®f a combination of two different conditioningethods: (a)
bath conditioning and (b) cyclic water pore pressapplication. Bath conditioning is performed kvated

temperatures so as to facilitate the infiltratidnwater into the asphaltic mixture and, conseqyent accelerate
the long-term degradation of the material propsrti€Cyclic pore pressure generation in the asphadture is

achieved by means of the Moisture Induced Sensifivester (MIST). The MIST was designed as an lacatd

conditioning device for the evaluation of the regise of an asphalt mixture to stripping by simotathe high

pressure fields which develop within an asphakitajue to traffic loading (InstroTek, 2009).
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In order to evaluate the material used on-sitegr&es of laboratory tests are planned, includirgy timdirect
tensile stiffness modulus (ITSM) test to EN 126%/-& water sensitivity test to EN 12697-12 andrttuésture
induced sensitivity test (MIST). The ITSM and wasensitivity test will be carried out at four sésgstarting
from the initial trial construction, with furthéesting scheduled for 3, 6, and 12 months. Thealrtiesting
stage is underway at the time of writing using mateollected from the paver during the constructprocess.
These are later compacted in the laboratory usiegyratory compaction procedure given by the EBROT231.

For MIST testing, cylindrical samples of 100 mmdiameter and 50 mm in thickness cored out fromsite
trials are obtained. The specimens first will bbjected to moisture infiltration by placing thema bath filled
with distilled water, at a temperature of @ At fixed time intervals of 0, 3 and 6 weekggeth specimens per
mixture are removed from the bath, placed in a a0 C for 2 hours and then stored at a climatic charaber
20 "C until tested for their strength using the indiremsion test (ITT). The rest of the samples farther
conditioned in the MIST device by applying 3500 legcof water pumping action at a temperature ofG@and

a pressure of 0.48 MPa. After MIST conditionirlge samples are placed into a water bath aC2and kept
there for 2 hours before ITT testing.

5. Assessment of life-cycle cost and carbon footprint

5.1.Assessment on a life-cycle basis

Life cycle cost and contribution to climate charafethe mixtures will both be assessed on a lifdecymasis.
The applicable standards will be followed for eassessment; ISO 14067:2013 for the carbon footpniat
ISO 15686-5 for the life cycle costing. In additjacalculation of the carbon footprint will be flitaited using an
updated version of the asphalt Pavement Embodiedo@arool (asPECT; Waymaet al 2012b); a tool that
meets to the appropriate standards and is specifiasphalt life cycle, providing the necessary leok
granularity to assess the impacts of the inclusiorecycled content, lower-temperature productiod gariable
durability. Cost and carbon impacts will be assdssver a 60 year analysis period, allowing for effects of
multiple asphalt renewal cycles to be observede rBtes of renewal will be directly informed by thboratory
assessment outlined in Section 4, and early obengaof the trial site. Furthermore, both assesgm will
consider multiple repetitions of raw material aaifion, through to product production, installation
maintenance and end-of-life.

5.2.Formulation of the carbon footprint

Whereas the life cycle cost assessment can beniefbrby data that is readily available to plant and
infrastructure managers, some of the data to inthiecarbon footprinting assessment needs to thected first
hand, while the asphalt production takes place.thi®end, minute-by-minute readings of energy oamation

at the Lagan Kinnegad production plant were takeimgd production of the four mixtures detailed iable 3, in
order to truly observe the consequences of loweptrature mixing with recycled content during aid¢gp
batch plant production cycle. Having observed emitected data from a typical batch production eyethere
the plant is heated only once from ambient tempegato produce all four mixtures consecutively,réhis a
need to apportion the overall energy consumptiath(lgas oil and electricity) equitably between thixtures
according to their particular characteristics, uithg the recycled asphalt content and heating ¢eatpre,
having first accounted for factors common to alktmies, such as the efficiency of the plant andassociated
heat loss. The outcome of this analysis will benethodology that can be applied to future trial tonigs
produced in a similar manner, a quick an easy ntettwo investigate the carbon footprints of trial low
temperature asphalts.

Plant energy consumptions will be one componerthefcradle-to-site carbon footprints of the matsrand
these will be combined with the contributions ofvrenaterials, transport and installation works. drah the
project, the durability of the materials will bectared in order to extend the analyses from cradnd-of-life.

6. Conclusions

This report describes the initial work of a projeztdevelop a model that can to assess the effatthanges in
durability of road materials due to the inclusiof reclaimed and secondary component materials @ th
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manufacture of new road materials will have ondbst of the construction, both financially and wiggard to
the environment. The work has not been complet@teatime of writing, but the data necessary tddbthe
model is being collected.
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