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Helstu niourstéour

e Megin tilgangur pessa verkefnis var ad kanna moguleika a framleidslu a kaldblondudu malbiki
med 100% endurunnu malbiki hér & landi. Préfadar voru nokkrar tegundir af bikpeytu sem
henta vid kaldblondun a endurunnu malbiki.

e Framleidslan fér fram med bunadi sem er til hér 4 landi og gekk vel. Medferd og geymsla
efnisins var skodud og adferdir sem pekktar eru vid Gtlogn a heitu malbiki henta vid utlogn a
efninu.

o Framleidd hafa verid rim 1800 tonn og |6gd a Krisuvikurveg og géngustiga i Grindavik.

e Megin nidurstodur eru paer ad ur 100% endurunnu malbiki ma gera gott slitlag sem hentar a
umferdarminni vegi, gongustiga og plon. Einnig gaeti efnid hentad vel sem undirlagsmalbiks.

o Verd a 100% endurunnu malbiki verdur mun lzegra en a nyju heitblondudu malbiki.

o [verkefninu hefur verid préad malbik sem er framleitt kalt og bindiefnid er bikpeyta. Med
bunadi sem hitadi efnid ad einhverju leyti upp (volgt malbik) ma hugsa sér ad enn betra
slitlag faist sem jafnvel gaefi nyju malbiki ekkert eftir i styrk og st6dugleika. Med 6drum
iblondunarefnum er einnig hugsanlegt ad na slikum ahrifum fram en pad myndi haekka verdid
nokkud.
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1) Inngangur
Malbikunarstédin Hladbaer Colas hf (MHC), hefur um arabil tekid & méti malbiksafgéngum og
upprifnu og fraestu malbiki. Fyrstu arin var efnid eingdngu notad i fyllingar en a seinni arum hefur allt
malbik sem til fellur med pessum haetti verid endurunnid yfir vetrartimann med steinbrjétum og
harpad i 0-11 mm endurunnid malbik. Fyrir rimlega aratug héf MHC ad gera tilraunir med ad blanda
endurunnid malbik i nytt heitblandad malbik og pegar ny verksmidja var reist arid 2008 var med
henni sérstakur banadur sem gerir kleyft ad blanda allt ad 25% endurunnié malbik i heitblandad
malbik.

Vid efnahagshrunid hér a landi haustid 2008 drdst eftirspurn eftir heitu malbiki hratt saman og er nu
rumlega fjérum arum sidar enn adeins um helmingur pess sem telja verdur edlilegt 4 markadssvaedi
MHC.

betta asamt pvi ad skil 4 upprifnu og freestu malbiki hafa stéraukist eftir ad bannad var ad urda pad
med 66rum jardefnum hefur leitt til pess ad endurunnid malbik sem verdur til 4 hverju ari er verulega
meira en hagt er ad nyta i heitblandad malbik. Pad veeri pvi mikill akkur i pvi ad geta nytt endurunnid
malbik i adrar verdmaetar vorur og ef endurunna malbikid nytist 100% er pad mikill avinningur.

Avinningurinn er peningalegur en ekki sidur mikill fyrir umhverfid par sem verdmaet hraefni sparast.
2) Bakgrunnur verkefnis

2.1 Endurvinnsla
Fimm megin adferdir hafa verid skilgreindar vid endurvinnslu & malbiki.!

e Yfirbordsjofnun / fraesing (e: Cold Planing CP)

e Heit endurvinnsla (e: Hot Recycling HR)

¢ Heit endurvinnsla & stadnum (e: Hot In-Place Recycling HIR)
e Kold endurvinnsla (e: Cold Recycling CR)

e Festun og styrking (e: Full Depth Reclamation FDR)

Innan pessara fimm adferda eru nokkrar undiradferdir eins og:
e Undir flokknum heit endurvinnsla 4 stadnum (HIR) er:

- Endurhitun og pjoppun (e: Surface Recycling, Resurfacing)

- Endurbléndun (e: Remixing)

- Endurmalbikun (e: Repaving)

Allt eru petta adferdir sem eru Utfeerdar med langri lest taekja sem hita upp, endurmata, skrapa eda
teeta upp eldra malbik og leggja nidur aftur ymist med eda an nys malbiks.

1 Federal Highway Administration, ARRA, “Basic Asphalt Recycling Manual” USA 2001
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e Undir flokknum kaldri endurvinnslu (CR) er:

- Kéld endur vinnsla & stadnum (e: Cold In-Place Recycling CIR)

- Kéld endurvinnsla i st6d (e: Cold Central Plant Recycling CCPR)

bessi sidastnefnda adferd er su sem notud var og préud i pessu verkefni.

Bakgrunnur pessa verkefnis er pvi fyrst og fremst sa ad leita leida til ad nyta verdmaett hrdefni sem
fellur til vid vegagerd hér a landi og hefur verid endurunnid.

Mynd 1. Endurunnidé malbik

2.2 Kaldblandad malbik

A undanférnum dratugum hafa ymsar vérur og adferdir verid préadar sem flokkast undir kaldblandad
malbik. | pessu sambandi hafa Bandarikin verid framarlega i préun 4 bikbundnum burdarlégum,
kaldbléndudu slitlagi og mikrémalbiki (e: micro surfacing) eins og Slurry seal. [ Evrépu hefur einnig
verid unnid mikid préunarstarf med bikpeytur og paer notadar i ymsar kaldblandadar vorur og
klaedingar. Segja ma ad markadur med kaldblandad malbik sé ad fullu préadur med pekktar vorur og
stadla. A allra sidustu arum hefur préunin verid su ad nyta teeknina i kringum kaldblandad malbik &
100% endurunnid malbik sem hrdefni. Naegir ad nefna Ceka Arkema Group? og Colas i Sviss sem hafa
préad kaldblandad malbik dr 100% endurunnu malbiki. Nyjustu rannséknir ganga svo Uta ad
framleida svokallad volgt malbik (semi- warm mix) ar 100% endurunnu efni og til deemis med
jurtaoliu sem vidbdtar bindiefni. Einnig er verid ad proa ymis iblondunarefni sem virkja gamla
bindiefnid i endurunna malbikinu.

A islandi hefur fyrirtaekid Arnardalur sf unnid med kaldblandad malbik i rima tvo aratugi og medal
annars blandad burdarlog og slitlog med nyju steinefni og bikpeytu og einnig unnié med
mikromalbik- adferd sem nefnist Ralumac. Arnardalur hefur yfir ad rada kaldbléndunarst6d med
einfoldum pvingunarblandara og 1a beinast vid ad fa fyrirtaekid i samstarf um petta verkefni.

Einnig var fengid til samstarfs fyrirtaeki a irlandi, Atlantic Bitumen sem er hluti af Colas samstaedunni,
sem sérhafir sig i framleidslu a bikpeytu og hefur yfir ad rada fullbdinni rannséknarstofu til ad

2 Http://www.aema.org/index.php?option=com doman&task=doc view&gid=517&Itenid=211 Af vef
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rannsaka og proa bikpeytur og kaldblandad malbik. Pangad voru send syni af endurunnu malbiki og
nokkrar tegundir af bikpeytu préfadar sem kynnu ad henta i kaldbléndun pess.

3) Rannso6knir og préun
Arid 2011 var hafist handa og verkefnid skilgreint. Markmidid var ad préa kaldblandad malbik sem
eingongu nytti endurunnid malbik sem igildi steinefna. Endurunnid malbik inniheldur bindiefni sem
er a bilinu 5-6%. bad er po ekki ndg til ad efnid myndi hardan massa eda slitlag ef pad er notad
6medhondlad. bad purfti pvi ad finna Ut hvad haegt vaeri ad komast af med litid vidbotarbindiefni en
jafnframt velja pad magn bindiefnis sem naegjanlegt veeri svo efnid geeti flokkast sem slitlag (mikill
burdur, litil holrymd). Jafnframt pyrfti nyja efnid ad vera medfeerilegt vid Utlogn med hefdbundnum
teekjum, geymast haefilega lengi en brotna og hardna fljétt eftir Gtlogn og henta vid islenskar
adstaedur.

Akvedid var ad hefja préunarvinnuna med bikpeytu og voru send syni af endurunnu malbiki til irlands
til ad fa mat a hvada tegundir af bikpeytu gaetu hentad i verkefnid. Starfsmenn Atlantic Bitumen (AB)
gerdu ad tillégu sinni ad préfa fjdrar pekktar tegundir sem notadar eru 4 irlandi i kaldbléndun (sja
toflu 1). Blandad var 1,5% bikpeytu af hverri gerd Gti endurunna malbikid & rannsdknarstofu og ur
blondunni steyptir kjarnar til rannsékna og pakning metinn.

Byrjad var a ad skoda kornakurfu og bikinnihald 4@ endurunnu malbiki og reyndist bik vera ad
medaltali 6,1% og medalrakastig 4,1%. Kornakurfan var deemigerd 0-10 mm malbikskdrfa med frekar
miklu finefnainnihaldi eda 10-15% undir 0,063 mm (sja mynd 2).
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Mynd 2. Daemigerd kurfa af endurunnu malbiki

pakningarprof syndi ad allar tegundirnar af bikpeytu sem préfadar voru nddu 100% pakningu a
endurunna efnid med adeins 1,5% bikpeytu sem gerir um 1% restbik. Akvedid var ad gera 150 mm
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kjarna ur blondu af endurunnu efni med 4,2% raka og 1,5% bikpeytu og meela stifleika ( e. Stiffness
Modulus) vid 20°C og gera vatnsnaemniprof med pvi ad maela og reikna Duriez gildi.

Stiffness Modulus | Duriez Wet | Duriez Dry Duriez
Emulsion at 20 °C Strength Strength Ratio
1
(MPa) (kN) (kN)
Grave 2000L 1593 209 33 0.63
Grave 2005 SBP 891 18.5 293 0.63
Grave W5+Peral 417 [1038 15.9 28.8 0.55
Grave 2000 Ethon Diamine 1265 15.3 29 0.53

Tafla 1. Nidurstodur fjogurra tegunda af kaldblondun 4 100% endurunnu malbiki

Starfsmenn AB bentu a ad styrkurinn vaeri gédur og stifleiki einnig. Duriez hlutfallid milli styrks kjarna,
purr og blautur veeri pé undir kréfum. Franskur stadall segir til um ad hlutfallid sé haerra en 0.7 en
bad bendir til ad efnid lokist naegjanlega vel.

Nidurstada Atlantic Bitumen var ad mala med svokalladri Grave emulsion (haegbrotnandi bikpeytu
sem hentar i kaldbléndun) sem syndi mesta styrk®. Akvarda pyrfti frekar um magn bikpeytu og adrar
adferdir.

4) Framkvemd
Kaldbléndun (CCPR adferd) byggist upp a pvi ad fraest og upprifid malbik er endurunnié med moélun
og horpun og pannig sett a lager hja blondunarst6d. Nytt steinefni er til stadar ef baeta parf pvi vid i
uppskriftina en um slikt var ekki ad raeda i okkar tilfelli. Bikpeyta sem hentar steinefninu er framleidd
og flutt i tankbil ad st6d. Kaldblondunarstdd er buin vigt 4 feeribandi og litramaeli fyrir bindiefni dsamt
moguleika a ad baeta vid réttu hlutfalli af vatni til ad fa stodugt rakastig. Framleitt malbik fer beint af
faeribandi 4 bil eda i haug.

Hér a landi er til banadur til kaldbléndunar i eigu Arnardals sf. sem var fengid til samstarfs i pessu
verkefni. Kaldblondunarstddin er med svokolludum pvingunarblandara.

Mynd 3. Kaldbléndun { st60. Tankur med bindiefni { baksyn.

3 Emulsions for cold-mix ex-situ recycling, Atlantic Bitumen Asphalt Laboratory, Feb 2012
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Akvedid var ad framleida bikpeytu sem er hénnud fyrir kaldbléndun og hefur verid notud hér & landi.
Um er ad raeda haegbrotnandi 64% bikpeytu ur stungubiki SB160/220 med 1% fluxefni.

Fyrsta tilraunabléndun var gerd i september 2011. Akvedid var ad nota 100% endurunnid malbik eda
ekkert nytt steinefni, annarsvegar med 3% af bikpeytu og hinsvegar med 3,5% (samsvarar 1,92% og
2,24 % restbindiefni pegar vatn er rokid ur). Vegkafli til tilraunautlagnar var valin og vard ur ad lagt
var @ malarveg utan vié MHC i Hafnarfirdi. Blondun fér fram & 168 MHC svo mjog stutt var ad fara
med efnid sem blandad var beint a bila og ekid med i utlagningarvél, hefdbundna malbikunarvél.
Utlégn og voltun gekk vel og sést ekki teljandi munur & kéflum med 3% eda 3,5% bikpeytu. Vid
sjénmat eftir voltun og pegar reynt var ad meta bindingu efnis 4 vegi var pd talid ad efnid med meira
bindiefnismagni veeri ivid stodugra og var akvedid ad vid framhald tilrauna skyldi nota 3,5% bikpeytu.

Eftir vel heppnada tilraun arid 2011 var sétt um rannsdknarstyrk til ad halda afram med verkefnid.
Eins var leitad til veghaldara til ad ,kaupa” verkefnid, en pegar farid er i tilraunaframleidslu i stérum
skala parf varan sem slik ad seljast & ad minnsta kosti kostnadarverdi. For svo ad Vegagerdin a SV-
svaedi féllst 4 ad taka patt i verkefninu og var akvedid ad blanda og leggja ut & 1 km langan kafla a
Krysuvikurvegi vid Seltun. Vegarkaflinn er ekki fjélfarinn en pé er vaxandi umferd ferdamanna um
svadid a sumrin. Til samanburdar var 16g6 hefébundin tvofold kleeding. Samhlida pessari dkvoréun
ték Grindavikurbaer pa akvordun ad kaupa efnid i stad hefdbundins malbiks a téluvert magn af
gongustigum i sveitarfélaginu. Um var ad reeda stiga i frjalsu landi 1,5-2 metra breidir og voru peir
lagdir ut med litilli malbikunarvél og pjappadir med litlum 1,7 tonna valtara. Akvérdun
Grindavikurbaejar byggdist 8 umhverfisstefnu bajarins sem vill studla ad notkun umhverfisvaenna
vara eins og mogulegt er.

Eftir reynslu arsins 2011 var dkvedid ad blanda 3,5% bikpeytu i malbikid og for framleidslan fram i lok
agust og byrjun september. SGmu teeki og a6ur voru notud vid bléndun og sdému taeki vid utlégn a
Krysuvikurvegi og arid adur i fyrsta tilraunakaflanum. Framleidd voru 836 tonn af kaldbléndudu
malbiki med 3,5% bikpeytu og 16gd ut a Krysuvikurveg & 2 dégum i lok agust. Framleidd voru 1050
tonn af sama efni og lagt Ut 4 nokkra mismunandi géngustiga i Grindavik @ 4 dégum i byrjun
september. Hluti af pvi efni sem lagt var Gt i gdngustiga var lagerad i haug eftir blondun i prja
solarhringa og hafdi pad litil dhrif 4 gaedi utlagnar.

Mynd 4. Yfirbord gongustigs eftir voltun
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Mynd 5. Utlogn i Krysuvik hefst

Eins og 4dur sagdi gekk utlégn i 6llum tilfellum vel. Utlogd pykkt var nokkud mikil eda um og yfir 7 cm
en utreiknad magn reyndist vera um 135 kg/m2 pjappad. Lagt var beint & heflad og pjappad pukk en
hluti verkefnisins fyrir Vegagerdina gekk uta ad leggja bundid slitlag med pessari adferd fyrir sama
einingaverd og annars veeri fyrir j6fnunarlag og tvo |16g af kleedingu. Vegna groéfleika i undirlagi er
liklegt ad utlogn hafi ordid heldur ésléttari en hefdi annars getad ordid. Sérstaklega pegar leid a
utlégn seinni akreinar par sem pukkid hafdi keyrst nokkud uppur veginum vegna umferdar. Pjéppun
gekk vel en valtad var med hefdbundnum malbiksvalta med gdmmihjélum ad framan.

Mynd 6. Yfirbord a seinni akrein vard nokkud groft vegna umferdar

A Krysuvikurvegi er nokkur umferd og var pvi akvedid ad yfirsprauta slitlagid med 200-250 kg/m?2 af
venjulegri limingarbikpeytu til ad tryggja lokun yfirbordsins. Var pad gert nokkrum dégum eftir
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utlogn. A gongustiga & ekki ad vera porf a slikri yfirbordsmedhondlun en verdur metid eftir fyrsta
vetur, hvernig yfirbord litur at.

Mynd 7. Yfirsprautun med bikpeytu { gangi

5) Nidurstoéour
Tekin voru nokkur syni af hinu kaldblandada efni. Hluti syna var sendur til irlands en hluti pess nyttur
til rannsdkna a rannséknarstofu MHC i Hafnarfirdi. Borkjarnar voru teknir dr malbikinu sem lagt var
2011 ari seinna og voru peir péttir og lokadir og nadust upp i fyllri pykkt eda um 5 cm. Reynt var ad
taka borkjarna ur malbikinu sem lagt var Ut haustid 2012 tveimur vikum eftir Utlogn en malbikid hafdi
pa ekki tekid sig (hardnad) nema um 1,5-2 cm frd yfirbordi. bad verdur ad teljast edlilegt par sem
kaldblandad malbik med bikpeytu parf nokkrar vikur til ad taka endanlegan styrk og pvi lengur sem
kaldara er i vedri. Par sem efnid var lagt frekar seint Ut ad hausti var fullur styrkur ekki kominn fram
pegar borkjarnar voru teknir. Teknir verda borkjarnar @ ny sumaridé 2013 til rannsékna.

Mynd 8. Borkjarnar ur utlogn i Krysuvik 2012
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5.1 Kaldblandad malbik

Helstu nidurstddur rannsékna Atlantic Bitumen (AB) a kaldblandada efninu voru paer ad bikinnihald
veeri alls 8,1% sem er meira en askilegt er. Rakastig maeldist 4,4% sem er deemigert fyrir slikt efni.
Edlispyngd maeldist 2400 kg/m3. Efniskarfan vaeri i heildina frekar finefnarik midad vid t.d franska
stadla um kaldblandad malbik.*

pa voru gerdar kjarnar til rannsdkna a stifleika og vatnsnaemi og pad borid saman vid rannséknir fra
arinu adur.

Stiffness Modulus | Duriez Wet | Duriez Dry Duriez
Emulsion at 20 °C Strength Strength Rati
(MPa) (kN) (kN) atie
2012 Iceland RAP mix 660 15.2 20.2 0.75
French Specification - 215.1 20.7
t Grave 2000L 1593 209 33 0.63
v O
= o
c g "8” Grave 2005 SBP 891 18.5 29.3 0.63
<30
@ g =z Grave W5+Peral 417 1038 15.9 28.8 0.55
= =
@ Grave 2000 Ethon Diamine 1265 153 29 0.53

Tafla 2. Nidurstodur islenskrar kaldblondunar med 100% RAP fra 2012 { samanburdi vio
profanir fra arinu 2011

[ toflu 2 sjast nidurstddur maelinga a stifleika og vatnsnaemni fyrir kaldblandad malbik sem blandad
var hér 4 landi haustid 2012 og sent til irlands. Samanburdur er vid bléndur Ur samskonar efni, pad er
endurunnu malbiki sem sent var til irlands haustid 2011 en blandad par & rannséknarstofu vid fjérar
mismunandi bikpeytur. Sérstaklega ber ad athuga ad irsku bléndurnar eru adeins med 1,5% bikpeytu
su islenska 3,5% midad vid pyngd.

Helstu nidurstédur dr rannséknum a kjornum sem gerdir voru Ur efninu fra 2012 voru pzer ad stifleiki
(e: Stiffness Modulus) maeldist adeins 660 MPa sem telst vera i laegri kantinum. Mun lzegra en arid
adur i tilraunabléndum. Astaedan er liklega su ad bikinnihaldid er mjog hatt eda 8,1% og finefni frekar
mikil. Hér parf ad hafa i huga ad 3,5% bikpeyta i blondunni skilur eftir 2,2% svokallad rest- bindiefni
og endurunnid malbik hefur maelst med 4 bilinu 4-6% bindiefni. Synid sem var sent til irlands er pvi
nalaegt hamarksbindiefnisinnihaldi.

Engar krofur eru i irskum stodlum um lagmarks gildi a stifleika. Mat starfsmanna AB var pad ad pratt
fyrir lagt gildi gaeti pessi kaldbléndun hentad vel fyrir islenskar adsteedur (vedur) og litla umferd.
Einnig bent a ad lagur stifleikastudull bendi til aukins sveigjanleika efnisins til deemis gagnvart

4 Ex-situ recycled Cold-mix Asphalt, Atlantic Bitumen Asphalt Laboratory, Nov 2012
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A COLAS /mm Kaldblandad malbik med 100% endurunnu malbiki

frostsveiflum og pannig gegn sprungumyndun. Athuga parf betur hvort adrir stadlar gefi upp
lagmarksgildi fyrir stifleika.

Vatnsnamniproéfid var gert @ sama hatt og arié adur med Duriez profi a styrk kjarna, purrum og
blautum. Duriez hlutfallid reyndist vera 0,75. Hér eru til franskir stadlar um kaldblondun sem hagt er
ad bera sig saman vid en par er krafa um lagmarksgildi 0,7. Styrkur ( Duries purr styrkur) er yfir 20kN
en lagmarkskrafa i franska stadlinum er >15.1. Sj4 toflu 2. Nidurstada AB ad kaldblandada efnid veeri
med hatt vionam gagnvart skemmdum vegna vatnsalags.

Heildarnidurstada peirra er pvi ad efnid geti verid gott efni sem slitlag 4 vegi med litla umferd. En
vegna mikils bikinnihalds og finefna vaeri pé haetta a hjélfaramyndun vid mikla pungaumferd.

5.2 Borkjarnar pjappadir d rannséknarstofu
A rannséknarstofu MHC i Hafnarfirdi voru pjappadir kjarnar til skodunar og geymslu ur kaldblandada
efninu. Efnid var pjappad kalt og svo annars vegar hitad ad 50°C og hinsvegar 100°C fyrir pjoppun.

Nidurstodur (sjdonmat) voru nokkud athyglisverdar. Allir kjarnar voru péttir, heilir og mjog
sannfaerandi sem syni Ur slitlagi en eftir pvi sem efnid var heitara vié pjoppun urdu kjarnarnir lokadri.

Kjarnar pjappadir eftir hitun uppi 100°C eru mjog péttir og lokadir og likjast helst kjornum ar
heitblondudu 8 mm slitlagsmalbiki (SL8)

Mynd 9. Kjarnar pjappadir vid 10°C
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Mynd 11. Kjarnar pjappadir eftir 100°C upphitun

betta er visbending um ad sé endurunna malbikid hitad upp, fyrir eda eftir iblondun a nyju bindiefni
verdi pad ennpa likara venjulegu malbiksslitlagi. Petta i takt vid préun erlendis til deemis i Sviss par
sem volgt malbik er framleitt Gr 100% endurunnu efni . Ahugavert veeri ad halda afram med verkefnid
a pessum notum. Bzedi parf ad kynna sér adferdir vid upphitum 3a volgu malbiki og yfirfeera peaer a
islenskar adstaedur og kanna hvernig efnid polir flutninga og utlogn.

Einnig parf ad skoda ny efni sem eru komin & markadinn sem ,endurlifga“ gamla bikid i endurunna
malbikinu en slik efni hafa litid sem ekkert verid reynd hér 4 landi.
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COLAS Kaldblandad malbik med 100% endurunnu malbiki

5.3 Uttekt d yfirbordi mars 2013

Eftir veturinn 2012-2013 var farin vettvangsferd til skodunar & astandi kafla sem lagdir voru ut
haustid 2012. Skodun var eingdngu sjonmat og for fram i lok mars 2013. Vid skodun & géngustigum i
Grindavik kom i ljos ad yfirbordid er jafnt og allt dskemmt, pad er ordid mjog hart og likt venjulega
malbiki.

Vid skodun a vegarkafla i Krysuvik i mars 2013 kom i ljés ad malbikid er ordid mjog hart og hefur tekid
fullan styrk. Hluti kaflans litur mjog vel Ut og yfirbordid eins a heitblondudu venjuleg malbiki.
Hinsvegar komu einnig i 1jés nokkrar skemmdir & hluta vegarkaflans liklega eftir snjétonn.

Sérstaklega eru skemmdir dberandi 4 kafla sem var désléttari en aeskilegt var eftir utlégn og pjéppun,
eda a vinstri akrein horft fra Krysuvik til Hafnarfjardar. Pukkid (undirlagid) a peirri akrein sem lagt var
a seinni daginn var ordid nokkud yft vegna umferdar eins og adur hefur komid fram. Eftir utlégn var
yfirbordid dsléttara en aeskilegt er og hugsanlegt ad snjorudningsteeki hafi nad ad skemma yfirbordid

vegna pess.

Mynd 12. Heilt og pétt yfirbord Mynd 13. Skemmdir { yfirbordi
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6) Umraeda
Nidurstada verkefnisins er ad einfalt er ad blanda og leggja ut kaldblandad malbik med bikpeytu hér a
landi. P4 er einsynt ad kaldblandad malbik ur 100% endurunnu efni getur verid édyr og gdd lausn.
Ljost er ad efnid sparar notkun a nattdrulegu hraefni, eda allt ad 100% af steinefni og 60-70% af
bindiefni sem annars pyrfti ad nota i sambaerilegt verkefni. Synt hefur verié fram a ad kaldblandad
malbik hentar vel i gdngustiga og einnig & umferdarminni vegi en skoda parf betur astaedur skemmda
a yfirbordi utlégn i Krysuvik a6ur en lengra er haldid.

Takmarkanir eru po & hversu hagkvaem notkunin er og midast i raun eingéngu vid hofudborgar-
svadid eins og stadan er nuna. Safna parf saman malbiki til endurvinnslu & einn stad og vinna pad
begar magn er ordid naegjanlegt svo vinnslan sé hagkveem. betta er hinsvegar vel haegt ad gera og
rétt ad hvetja sveitarfélog til ad huga ad pvi ad safna 4 einn stad malbiksurgangi. Leggja ber dherslu a
ad nyta malbiksurgang, ef ekki i ny burdar- eda slitlog, pa ad minnsta kosti malad nidur i efra
burdarlag undir nytt slitlag. bar sem hagt er ad nyta endurunnid malbik i nytt heitt malbik verda pd
verdmaetin mest.

Besti timinn til ad blanda og leggja kaldblandad malbik er fyrrihluti sumars vegna edlis bikpbeytunnar
sem parf nokkurn tima vid seemilega hatt hitastig (> 10°C) til ad brotna og binda sig alveg og par med

na upp fullum styrk.

Helstu samstarfsadilar verkefnisins voru Arnardalur sf, Colas Danmark, Colas irland, Grindavikurbaer
og Vegagerdin og eru peim faerdar bestu pakkir fyrir samstarfid.

31. mars 2013, Sigpdr Sigurdsson
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7) Heimildir

1 Federal Highway Administration, ARRA, “Basic Asphalt Recycling Manual” USA 2001
2 http://www.aema.org/index.php?option=com_docman&task=doc_view&gid=517&Itemid=211 af vef
3 Emulsions for cold-mix ex-situ recycling, Atlantic Bitumen Asphalt Laboratory, Feb 2012

4 Ex-situ recycled Cold-mix Asphalt, Atlantic Bitumen Asphalt Laboratory, Nov 2012
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1.0 Introduction

Cold ex-situ recycling is the process used to recycle asphalt plannings or RAP using a
bitumen emulsion binder. Colas Iceland requested Cold Chon (Galway) Ltd. and Atlantic
Bitumen to design and recommend an emulsion that they can use to recycle their
exiting RAP stockpile.

Samples of the RAP stockpile were sent to the Atlantic Bitumen Asphalt Laboratory for
analysis and testing. Four different emulsions were designed by Cold Chon (Galway) Ltd.
and representative samples were produced for this lab study.

The laboratory tests that were performed include:
a) Binder content and aggregate grading analysis of the RAP material;
b) Coating tests;
c)Stiffness modulus of the recycled material; and —
d) Duriez water sensitivity tests of the recycled material.

The results of the lab tests are contained in this report. .

2.0 Analysis of the RAP material

The RAP material was delivered in three drums. It appeared to be already coated with
binder (see Figure 1 overleaf). However, on inquiry with Colas Iceland, we were told that
the material was planed/milled from the pavement.

The material was analysed and the existing binder content was found to be 6.1 % on
average with an average moisture content of 4.1 % (see Table 1 below). The aggregate
had a 0/10 mm fine grading (see full analysis report in Annex A).

Binder Moisture
Container Content Content
(%) (%)
A 5.5 3.6
B 6.0 4.1
C 6.8 4.7

Table 1: Binder content and moisture content of RAP material
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Figure 1: The RAP material from Iceland

The density of the RAP material was measured in accordance with EN 1097-6 and found
to be 2.43 Mg/m’ (see Annex A).

3.0 Coating tests with emulsion

Coating tests were performed using four different emulsion supplied by Cold Chon
(Galway) Ltd. For all four emulsions, 100 % coating was achieved by adding 1.5 %
emulsion (i.e. 1 % added bhitumen).

3.0 Stiffness Modulus

150 mm diameter cylindrical specimens were manufactured using the four emulsions for
determination of the stiffness modulus in accordance with EN 12697-26. Three
cylindrical specimens were compacted for each RAP + emulsion combination. The
specimens were produced at a target moisture content of 4.2 % and 1 % added bitumen.
All specimens were conditioned in the laboratory before being tested. The conditioning
regime consisted of curing the specimens for 3 days at 60 °C in a ventilated oven. The
results are presented in Table 2 overleaf.

4.0 Water sensitivity (Duriez) Test

The water sensitivity of the recycled material made using the four different emulsions
was tested in accordance with NF P 98-251-4. The results are presented in Table 2
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below. Once, again, the specimens were produced at a target moisture content of 4.2 %

and 1 % added bitumen. (The full Duriez reports are contained in Annex B.)

Stiffness Modulus | Duriez Wet | Duriez Dry Duriez
Emulsion at 20 °C Strength | Strength Ratio
(MPa) (kN) (kN)
Grave 2000L 1593 20.9 33 0.63
Grave 2005 SBP 891 18.5 298 0.63
Grave W5+Peral 417 1038 15.9 28.8 0.55
Grave 2000 Ethon Diamine 1265 153 29 0.53

Table 1 - Results of Stiffness Modulus and Water Sensitivity Tests

5.0 Conclusion

Based on the results achieved, we would recommend use of the Grave 2000L emulsion.
However, there may be instances were one of the other emulsions will be more
suitable, for example if the mixed material is to be stockpiled or laid by hand instead of

by paver.

Atlantic Bitumen Asphalt Laboratory
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| EN933-1:1997
|

Tests for geometrical properties of aggregates -

Part 1: Determination of particle size distribution - Sieving method

Laboratory ID:

Atlantic Bitumen Asphalt Laboratory

i

Aggregate Source: Iceland Sample No.
Fraction size = 0/10 Found Binder Content:
| Test date: 29/08/11 Found Moisture Content: :
|
Sample Weight = 1577.0¢g Weight after washing & drying, M,= 1388.2g E
1
Oven dried, M, = 1577.0g Removed by washing, M,-M,=  1888¢g :
i I
| Sieve Size (mm) Weight Retained (g) % Retained % Passing 1
20 0 0.0 100
14 0 0.0 100
{ 12.5 0 0.0 100 !
} 10 38.7 25 98 !
8 105.8 6.7 91
6.3 118.2 7.5 83
4 | 264 . 16.7 67
II Passing 4.0 mm 861.5 54.6 !
Riffled to: 861.5 |
2.00 3394 215 45
i 1.00 205.3 13.0 32 i
| 0.500 108.4 6.9 25 1
0.250 78 49 20 !
0.125 68 4.3 16
0.063 52 33 12.6
I Pan 10.4 1256 1
I I
Difference = 0.0 1
Grading Curve
I 100 i — ]
I ]
| EEA :
I 80 el Sample A 7
| 70 A
| bo /
11 £ 60 i
| @ /
Il & s0
1| a /,_( 1
3 40 M M
30 1
| 20 R— =
{ - [ :
| 0 i
001 0.1 1 10 100 | !
Sieve Size (mm)
: Notes
|
! !
Figure Al: Analysis of Sample A
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EN 933-1:1997 Tests for geometrical properties of aggregates -
| Part 1: Determination of particle size distribution - Sieving method
1
. . I
Laboratory ID: Atlantic Bitumen Asphalt Laboratory !
| Aggregate Source: Iceland Sample No.
i
| Fraction size = 0/10 Found Binder Content: I
Test date: 29/08/11 Found Moisture Content:

i Sample Weight = 16803 ¢g Weight after washing & drying, M, = 14745¢g |

i 1

I Oven dried, M, = 16803 g Removed by washing, M;-M,=  205.8g :

I

{ Sieve Size (mm) Weight Retained (g) % Retained % Passing

| 20 0 0.0 100 :

14 0 0.0 100 1
12.5 0 0.0 100

i 10 16.4 1.0 99

| 8 54.9 33 96

| 6.3 89.9 5.4 90 i

4 | 2492 . 14.8 76 i
Passing 4.0 mm 1064.1 63.3
: Riffled to: 1064.1 |
! 2.00 420.9 25.0 51 ]
1.00 2674 159 35 I
0.500 128.8 1.7 27

i 0.250 89.6 5.3 22

} 0.125 78.5 4.7 17

I 0.063 63.4 3.8 13,2 1

| Pan 155 13.2 i

I

1 Difference = 0.0

I I

' Grading Curve L

100 -2 —b I
. EEN v

I 80 ==l Sample B A

I /{

I 70 i
) 4 1
£ 60 v [
v
g 50 /

il & a0

1| X

| 30 | :”y/

]
20 T i
10 | 1
0
I 0.01 0.1 1 10 100
= Sieve Size (mm)
1
Notes: I
1
1

Figure Al: Analysis of Sample B
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| EN933-1:1997 Tests for geometrical properties of aggregates -
' part 1; Determination of particle size distribution - Sieving method
Laboratory ID: Atlantic Bitumen Asphalt Laboratory !
I Aggregate Source: Iceland Sample No. |I|
Fraction size = 0/10 Found Binder Content:
i
- Test date: 29/08/11 Found Moisture Content: :
I
i Sample Weight = 1746.2 g Weight after washing & drying, M, = 14673 g
I i
I Oven dried, M = 1746.2 g Removed by washing, M, -M,= 27898 :
| I
| Sieve Size (mm) Weight Retained (g) % Retained % Passing
20 0 0.0 100
14 0 0.0 100 1
: 12.5 0 0.0 100 i
! 10 6.1 03 100 !
8 322 1.8 98
6.3 _ 44.8 2.6 95
i 4 I 167.9 . ._. 9.6 86 !
I Passing 4.0 mm 1216.3 69.7 I
Riffled to: 1216.3 |
2.00 3243 18.6 67
| 1.00 347.4 19.9 47 )
I 0.500 217.7 12.5 35 |
0.250 141.7 8.1 27
0.125 1011 5.8 21
0.063 73.4 42 16.6
| Pan 10.7 166 i
| I
Difference = 0.0 :
I
Grading Curve .
| 100 — i I
| LTI ] !
I 90 = I
20 | s Sample C / /
70 7
o i
| 2 e A -
| 2 s / i
< 40 AT
x |4
30 I
I . il i
[ 10 i
0
0.01 01 1 10 100
Sieve Size (mm)
I Notes I
I i
! n
Figure Al: Analysis of Sample C
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EN 1097-6:2000

Tests for mechanical and physical properties of aggregates -

Part 6: Determination of particle density and water absorption

Amnex A; Determination of pre-dried particle density of aggregate

Sample No: 2011022 Nominal Size: 0/10
Date of Test: 05/09/2011 Mass of Dry sample (test1): 889.3¢g
Method Used: Pyknometer
Test 1: Mass A D
Gas Jar & Lid M, 869.3 g 8493 g
Gas Jar + Lid + Water N/A N/A
Water Temp. °C N/A N/A
_Temperature Correction Factor _ N/A N/A
Vol of Gas Jar 1282.6 ml 1242.0 ml
Mass of Aggregate 4373 ¢g 4520 g
Gas Jar + lid + Aggregate M, 1306.6 g 13013 g
Gas Jar + lid + Aggregate + Water| M; 24072 g 23554 g
Mass of Water 1100.6 g 10542 g
Water Temp. °C 20.0 20.0
Temperature Correction Factor 0.9982 0.9982
Vol of Aggregate 180.0 ml 186.0 ml
Aggregate Density Pa | 2429 Mg/ | 2430 Mg/n?
Avg. Aggregate Density 2.43 Mg/m?
Figure A4: Density of RAP material
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Annex B

Duriez Test Reports
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Duriez Test - Specimen Testing - Grave 200L NF P 98-251-4
Mix Reference Number: 2011022 Iceland Recycling Test Date: 19-Sep-2011
dded Binder Content = 1.0%
Agg [RAP Density = 2430.0 kg/m® Mix m.c. before compaction = 4.20%
Binder Density = 1020.0 kg/m? Specimen Diameter = 0.08m
Max Dry Density = 2396.9 kg/m® Area = 0.0050 m?
NE P 98-251-4 Curing Conditions: Place all specimens in incubator for 7 days at 18 °C, 50 % R.H. Remove and soak the Wet Set in water at
18 * C for a further 7 days. Test the Wet and Dry Sets at 18 °C.
" = i
Uricompscted Eompacted Alrured -7 ddys H Volume | B MixBulk | Total Voids | 5 Vidsin F;?:’\_i:h
Specimen Moisture Moisture Avg Density Content | Mineal Agg.

No. Wet Mass | Dry Mass | Wet Mass Contenit Mass Content Binder

MO MDs,rl m'C'Da‘fl Moa;a m'c'Da,'B MVR Vgeu VJ‘J‘A VFB
1) 10434 | 10013 1025.3 239% 1010.7 0.93% 84.08 | 042cm?® | 2369kg/m* | 1.15% 3.46% 66.85%
2 10436 | 10015 1025.2 236% 1012.1 1.05% 8326 |042cm®| 2393kg/m®| 0.16% 2.50% 93.5%
3 10433 | 10012 1027.3 2.60% 10122 1.09% 8370 |0.42cm?®| 2380ke/m? | 0.71% 3.03% 76.6%
4 10422 | 10002 1025.6 2.54% 10109 1.07% 8392 |042cm®| 2371kg/m® | 1.07% 3.39% 68.4%
5 10433 | 10012 10265 2.52% 1012.3 1.10% 8429 | 042cm’ | 2363 kg/m’ | 1.40% 3.71% 62.2%
6 1044 1001.9 1026.2 2.42% 1012.6 1.07% 84.11 | 042cm? | 2370 kg/m* | 1.12% 3.44% 67.3%
Avg. = 10433g | 10012g | 10259g 2.46% 10118¢g 1.05% 8381 0.42 ¢cm? | 2377 kg/m? 0.84% 3.16% 74.51%

Average Moisture content of Dry specimens = 1.06% Upper Limit: 2424 kg/m?
T Average Molsture content of Wetspecimens =" 101% “towertimit: 2329 kg/m*~ o’
Wet Samples Dry Samples

Specimen | Mass, R, (Wet) Specimen | Mass, re (Dry)

No. Mo, 15 M-Cozais VEE" Load,c (kN) MPa No. Mesis M-C.psyrs VEED Loady, (kN) MPa

1 10318 | 3.04% 1.15% 2121 4.2 2 1010.1 0.86% 0.16% 33.28 6.6

3 10288 | 275% 0.71% 2220 4.4 4 1008.8 0.86% 1.07% 3318 6.6

5 10302 | 2.89% 1.40% 19.26 3.8 6 10105 0.86% 1.12% 3250 6.5

Avg.= 10303 | 2.89% 1.09% 20.9 4.2 Avg.= 1009.8 0.86% 0.79% 33.0 6.6

r % Water Absorption = 1.88% | rJ/R.= 0.63
Figure B1: Duriez Report for Grave 2000L
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Duriez Test - Specimen Testing - Grave 2005 SBP NF P 98-251-4

Mix Reference Number; 2011022 Iceland Recycling Test Date: 3-Nov-2011
dded Binder Content = 1.0%
Agg /RAP Density = 2430.0 kg/m* Mix m.c. before compaction = 4.20%
Binder Density = 1020.0 kg/m? Specimen Diameter = 0.08 m
Max Dry Density = 2396.9 kg/m* Area = 0.0050 m?

NF P 98-251-4 Curing Conditions: Place all specimens in incubator for 7 days at 18 °C, 50 % R.H. Remove and soak the Wet Set in water at
18 ° C for a further 7 days. Test the Wet and Dry Sets at 18 °C.

Hneomipacted Conpaited AlF cien - Tidays Dry Mix Bulk | Total Voids | % vaidsin [ * VYo%
Specinen Wet Mass| Dry Mass | Wet Mass Moisture Mass Moisture HA"E Yelume Density Content | Mineal Agg. F“;d:“h
No. Content Content cer
Mg Mpayr | MCipays | Mpae M.C.psa MVR Vieo Viia Vg
1 1043.1 | 10011 1030.9 2.98% 1014.3 1.32% 8432 | 042cm® | 2362 kg/m* | 1.46% 3.77% 61.2%
2 10423 1000.3 1029.3 2.90% 1014.7 1.44% 84.28 0.42 cm?® | 2361 kg/m? 1.48% 3.79% 60.8%
3 10434 | 10013 10314 3.00% 1015.1 1.37% 84.62 | 0.43em® | 2354kg/m® | 1.78% 4.08% 56.4%
4 10438 | 10017 1030.1 2.83% 1015.4 1.36% 8464 | 043cm®| 2355kg/m* | 1.77% 4.07% 56.5%
5 10431 | 1001.1 1031.1 3.00% 1015.5 1.44% 84.24 | 0.42cm® | 2364 kg/m? | 1.37% 3.67% 62.8%
6 10432 | 10012 1031.1 2.99% 1015.5 1.43% 84.05 | 042cm’ | 2370kg/m* | 1.13% 3.45% 67.1%
Avg.= | 10432g| 10011g [ 10305g | 294% [ 101515 [ 1.40% 8438 | 042cm® | 2360kg/m?® [ 1.53% 383% | 6041%
| Average Moisture content of Dry specimens = 1.40% Upper Limit: 2408 kg/m?
Average Moisture content of Wet specimens = 1.35% Lower Limit: 2313 kg/m?
Wet Samples Dry Samples
Spe::en :::iz M.C.py s VEEO Load,., (kN) th(n“:':ﬂ Sp‘::len ::::: 1 18 oS Vieo Load,,, (kN) r‘aic::)
1034 3.29% 1.46% 19.06 3.8 2 10119 1.16% 1.48% 29.21 5.8
3 10358 3.44% 1.78% 1791 3.6 4 10092 0.82% 1.77% 29.35 5.8
5 10355 3.44% 1.37% 18.67 3.7 6 1012.8 1.16% 1.13% 29.45 5.9
Avg. = 1035.1 339% 1.54% 18.5 3.7 Avg. = 10115 1.05% 1.46% 29.3 5.8

% Water Absorption = 2.04% r/R.= 0.63

Figure B2: Duriez Report for Grave 2005 SPB
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Duriez Test - Specimen Testing - Grave W5+Peral 417

NF P 98-251-4

Mix Reference Number:

2011022 Iceland Recycling

dded Binder Content = 1.0%
Agg /RAP Density = 2430.0 kg/m*
Binder Density = 1020.0 kg/m?
Max Dry Density = 2396.9 kg/m?

Test Date: 2-Nov-2011
Mix m.c. before compaction = 4,20%
Specimen Diameter = 0.08m
Area= 0.0050 m*

NF P 98-251-4 Curing Conditions: Place all specimens in incubator for 7 days at 18 °C, 50 % R.H. Remove and soak the

18 ° C for a further 7 days. Test the Wet and Dry Sets at 18 °C.

Wet Set in water at

i . % Void
Uncompacted Compacted. Ar cured -7 days H Volume Dry Mix Bulk | Total Voids | % Voldsin Filledc\'\.'i:h
SPECimen | et pass Dry Mass | Wet Mass Wisisthen Mass Moisture g Density Content | Mineal Agg. Binder
No. Content Content '
M, Mosys | MCopsys | Mosyz | M-Conaya MVR Veeo Via Vs
1 1043.0 1001.0 10371 3.61% 1020 1.90% 85.10 0.43 em® | 2340 kg/m? 2.38% 4.66% 49.0%
2 1043.6 10015 1037.7 3.61% 1021 1.94% 85.36 0.43 cm?® | 2334 kg/m? 2.61% 4.89% 46.6%
3 10434 | 10013 10369 3.55% 10183 169% 8602 | 043cm’ | 2316kg/m® | 3.38% 5643 40.1%
4 1042.6 1000.6 10343 3.37% 10155 1.49% 84.80 043 cm?® | 2347 kg/m? 2.07% 4.36% 52.65%
5 1043.0 1001.0 1035.7 3.47% 1016 1.50% 84.92 0.43 cm® | 2345 kg/m? 2.17% 4.45% 51.4%
6 1043.0 1001.0 1035.1 3.41% 1016.7 1.57% 85.06 0.43cm? | 2341 kg/m’? 2.32% 4.61% 49.6%
Avg.= | 1043.1g| 10011g | 10362 3.51% | 10179g | 1.68% 8527 |043cm® | 2336 kg/m?® | 2.55% 4.83% 47.57%
Average Moisture content of Dry specimens = 1.72% “Upper Limit: 2382 kg/m® e
Average Moisture content of Wet specimens = 1.80% Lower Limit: 2289 ke/m?
Wet Samples Dry Samples
Specimen | Mass, R, (Wet) Specimen [ Mass, i 1. (Dry)
No. Mo ss M.C.gy s Voo |loadea (kN) WAPa Mo Moot M.Couyis Vgeo Load.., {kN} o
1 10449 | 439% 2.38% 16.62 3.3 2 10183 167% 2.61% 28.42 5.7
3 10431 4.17% 3.38% 15.42 3.1 4 1012.7 1.21% 2.07% 28.82 5.7
5 10405 3.95% 2.17% 15.62 3.1 6 10138 1.28% 2.32% 29.12 5.8
Avg. = 10428 4.17% 2.64% 15.9 3.2 Avg.= 10149 1.39% 2.33% 28.8 5.7
| % Water Absorption = 237%
Figure B3: Duriez Report for Grave W5+Peral 417
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Duriez Test - Specimen Testing - Grave 2005+Ethon Diamine

NF P 98-251-4

Mix Reference Number:

2011022 iceland Recycling

dded Binder Content = 1.0%
Age./RAP Density = 2430.0 kg/m®
Binder Density = 1020.0 kg/m®
Max Dry Density = 2396.9 kg/m?

Test Date: 4-Nov-2011
Mix m.c. before compaction = 4.20%
Specimen Diameter = 0.08m
Area = 0.0050 m?

NF P 98-251-4 Curing Conditi

Wet and Dry Sets at 18 °C.

ons: Place all specimens in incubator for 7 days at 18 °C, 50 % R.H. Remove and soak the
18 ° C for a further 7 days. Test the

Wet Set in water at

i - % Vold
Uncompacted Compzcted. Air cured - 7 days . ke Dry Mix Bulk | Total Voids | % Voids in B Wi:h
Specimen Wet Mass| Dry Mass | Wet Mass Moisture Mass Moisture e Density Content | Mineal Age. Bind
No. Content Content inger
Mg Mpsyi | MCopaya | Moy | MCopaye MVR Veeo Vi Vig
1 10426 1000.6 10313 3.07% 1015.0 1.44% 84.11 042 em? | 2367 kg/m? 1.26% 3.57% 64.8%
2 10433 1001.2 1030.2 2.89% 10155 1.42% 83.73 042 ecm?® | 2379 kg/m? 0.75% 3.07% 75.7%
3 10434 10013 10324 3.10% 1015.1 1.37% 84.62 0.43 cm?® | 2354 kg/m? 1.78% 4.08% 56.4%
4 1042.7 1000.7 1029.6 2.89% 1012.1 1.14% 84.24 0.42 em® | 2363 kg/m? 1.41% 3.72% 62.1%
5 10419 $99.9 1027.4 2.75% 10i04 1.05% 84.18 0.42 cm?® | 2363 kg/m* 1.41% 3.71% 62.1%
6 1042.0 1000.0 1027.7 2.77% 1009.0 0.803% 84.21 042 cm? | 2363 kg/m? 1.43% 3.74% 61.7%
Avg. = 10427g | 10006 | 10302¢g 2.94% 10128¢ 1.22% 8418 | 042cm’ | 2365ke/m* | 1.32% 363% 64.13%
Average Moisture content of Dry specimens = 1.28% Upper Limit: = 2412 kg/m*®
Average Moisture content of Wet specimens = 1.41% Lower Limit: 2318 kg/m*
Wet Samples. Dry Samples
Specimen Mass, R, (Wet) Specimen | Mass, r. (Dry)
Ne. Mans M.Cup; s Voo |Load,. (kN) MPa No. Wigic M.Cupypis Vies Load,,, (kN) MPa
1 1036.5 3.59% 1.26% 1521 3.0 2 1011.7 1.04% 0.75% 295 59
3 1035.7 3.43% 1.78% 15.68 3.1 4 1008.4 0.77% 1.41% 282 5.6
5 1035.8 3.59% 1.41% 15.07 3.0 6 1004.8 0.48% 1.43% 2921 5.8
Avg.= 1036.0 3.54% 1.48% 15.3 3.0 Avg. = 1008.3 0.77% 1.20% 29.0 5.8
% Water Absorption = 2.13% r/R.= 053

Figure B4: Duriez Report for Grave 2000 Ethon Diamine
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1.0 Introduction

Cold ex-situ recycling is the process used to recycle asphalt planings or RAP using a
bitumen emulsion binder. Colas Iceland produced a 0/10 mm cold-mix asphalt using
recycled asphalt planings (RAP) and an emulsion supplied by an Icelandic emulsion
manufacturer,

Samples of the mixed material were sent to the Atlantic Bitumen Asphalt Laboratory for
analysis and testing.

The laboratory tests that were performed include:
a) Binder content and aggregate grading analysis of the RAP material;
b) Stiffness modulus of the recycled material; and
c) Duriez water sensitivity tests of the recycled material.
The results of the lab tests are contained in this report and are compared with values
specified in the French Standard NF P 98-139 for cold-mix asphalt surface course
mixtures. The values obtained are also compared with the values that were obtained in
the laboratory study reported in Atlantic Bitumen Report No. 012.

2.0  Analysis of the Cold-mix Asphalt

The RAP material was delivered in two drums. It appeared to be uniform and well
coated with binder. The material was analysed and the existing binder content was
found to be 8.1 % on average. The typical maximum binder content for this type of
material is 6.5 %.

The moisture content of the material was found to be 4.4 %. This is a typical value for
such cold-mix asphalts.

The material was found to have a very close graded (i.e. fine or dense) 0/10 mm
aggregate grading (see full analysis report in Annex A). The % passing the 6.3 mm and
2.0 mm sieves was found to be 80 and 47 %, respectively. The French Standard NF P 98-
139 recommends 65 and 35 % passing on these two sieves respectively.

The density of the RAP material was measured in accordance with EN 1097-6 and found
to be 2.40 Mg/m? (see Annex B).
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Figure 1: The RAP material from Iceland

3.0 Stiffness Modulus

Three 150 mm diameter cylindrical specimens were manufactured for determination of
the stiffness modulus in accordance with EN 12697-26. The specimens were compacted
to a height of 70 mm using a gyratory compactor in accordance with EN 12697-31. All
specimens were conditioned in the laboratory before being tested. The conditioning
regime consisted of curing the specimens for 3 days at 60 °C in a ventilated oven. The
stiffness modulus was determined at 20 °C and the results are presented in Table 1
overleaf.

The average Stiffness Modulus was found to be 660 MPa. This below the values
achieved for the lab specimens tested in Atlantic Bitumen Report No. 012. However, the
lower stiffness modulus is probably due to the higher binder content of 8.1 %, compared
to 6.1 %.

There is no stiffness modulus requirement in NF P 98-139 or in the Irish Standards for
cold-mix surface course mixtures. A stiffness modulus of 660 MPa may be satisfactory
for the area of application in Iceland. However, if a higher stiffness modulus is required,
consideration would have to be given to reducing the total binder content of the
mixture and/or using a different emulsion formulation (e.g. a lower penetration grade
bitumen, a lower flux oil content or a different emulsifier.)
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4.0 Water sensitivity (Duriez) Test

The water sensitivity of the recycled material was tested in accordance with NF P 98-
251-4. The results are presented in Table 1 below. (The full Duriez report is contained in

Annex B.)

The results of the Duriez Test comply with the requirements of the French Standard NF
P 98-139 for cold-mix asphalt surface course mixtures made using 160/220 pen base
hitumen emulsion.

For comparison purposes, the results of our laboratory study performed with four other
emulsifiers (see Report No. 012) are also presented in Table 1 below.

Stiffness Modulus | Duriez Wet | Duriez Dry Biuifiaz
Emulsion at 20°C Strength | Strength Ratlo
(MPa) (kN) (kN)
2012 Iceland RAP mix 660 15.2 20.2 0.75
— — French Specification ————— 215.1 20.7
£ Grave 2000L 1593 20.9 33 0.63
o O
g § g Grave 2005 SBP 891 18.5 29.3 0.63
E g g Grave W5+Peral 417 1038 159 28.8 0.55
@ Grave 2000 Ethon Diamine 1265 15.3 29 0.53

5.0 Conclusion

Table 1 — Results of Stiffness Modulus and Water Sensitivity Tests

Based on the above results, the Iceland Recycled Cold-mix Asphalt material should
perform well as a surface course material for low volume roads. It has a high resistance
to damage by water, as indicated by a Duriez Wet/Dry ratio of 0.75. The Duriez Dry
Strength is also well above the specified minimum of 15.1 kN (i.e. 3.0 MPa).

The stiffness modulus of the material is not very high at 660 MPa but may be sufficient
for its area of application in Iceland. In addition, a material with a low stiffness modulus
will tend to be more flexible and, consequently, more crack resistant at low ambient

temperatures.

Because of the dense (fine) aggregate grading and relatively high binder content, the
material may be prone to permanent deformation in the form of ruts, especially under
channelized traffic conditions. Due to time constraints, resistance to rutting has not
been assessed in this laboratory analysis.
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Annex A

Results of Mix Analysis
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|
|

Part 1: Determination of particle size distribution - Sieving method

=
| EN933-1:1997 Tests for geometrical properties of aggregates -
|
|
|
I
i

Laboratory ID: Atlantic Bitumen Asphalt Laboratory @
Aggregate Source: Iceland Sample No. lj
Fraction size = 0/10 Found Binder Content:
I
I Test date: 15/10/12 Found Moisture Content: !
1
Sample Weight = 1345.7 g Weight after washing & drying, M, = 11745¢g
| Oven dried, M, = 1345.7 ¢ Removed by washing, M, -M,= 171.2g
I
! Sieve Size (mm) Weight Retained (g) % Retained % Passing French Spec :
20 0 0.0 100
14 0 0.0 100
i 12.5 3.6 0.3 100
i 10 50.3 3.7 96 !
| 8 1114 8.3 88 1
| 6.3 108.8 8.1 80 65 !
. a L 2188 16.3 63
_Jr. - Passing4.0mm— | 681.8 —50:7 — r
! Riffled to: 681.8 | {
2.00 2141 15.9 47 35
1.00 161.4 12.0 35
0.500 109.9 8.2 27
| 0.250 83.2 6.2 21 |
I 0.125 69.3 5.1 16 :
0.063 27.5 2.0 13.9 7 1
Pan 16.2 13.9 i
| I
: Difference = 0.2 I
I 1
Grading Curve L
100 £
r's
% L L]
| === Sample A 4 1
| i / {
w 70 4 |
S 60
a A
w 50 /{
| S 40
[ - pr
30 — I
"] 1
20 R = I
10 l 1
0
I
I 0.01 0.1 1 10 100
; Sieve Size (mm)
Notes:

The aggregate grading is very fine,

Figure Al: Analysis of Iceland Recycled Cold-mix
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EN 1097-6:2000
Tests for mechanical and physical properties of aggregates -
Part 6: Determination of particle density and water absorption
Annex A: Determination of pre-dried particle density of aggregate
Sample No: Iceland Nominal Size: 0/10
Date of Test: 16/10/2012 Mass of Dry sample (test1):
Method Used: Pyknometer
Test 1: Mass A D
Gas Jar & Lid M, 8693 g 8493 ¢g
Gas Jar + Lid + Water N/A N/A
Water Temp. °C N/A N/A
————em—. —Temperature Correction Factor || N/A | NA [
Vol of Gas Jar 1282.6 ml 1242.0 ml
Mass of Aggregate 480.5 g 504.1g
Gas Jar + lid + Aggregate M, 13498 g 13534 ¢
Gas Jar + lid + Aggregate + Water | M, 24315 ¢ 23822 ¢
Mass of Water 1081.7¢g 10289 ¢
Water Temp. °C 20.0 20.0
Temperature Correction Factor 0.9982 0.9982
Vol of Aggregate 198.9 ml 211.3 ml
Aggregate Density Pa | 2.415Mg/nP 2.385 Mg/m?
Avg. Aggregate Density 2.400 Mg/m?

Figure A2: Density of Iceland Recycled Cold-mix
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Annex B

— Duriez Test Report
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Duriez Test - Specimen Testing NF P 98-251-4
Mix Reference Number: 2012010 Iceland Recycling Test Date: 2-Nov-2012
dded Binder Content = 0.0 %
Aga./RAP Density = 2400.0 kg/m* Mix m.c. before compaction = 4.40%
Binder Density = 1020.0 kg/m? Specimen Dizameter = 008m
Max Dry Density = 2400.0 kg/m? Area= 0,0050 m?
NF P 98-251-4 Curing Conditions: Place all specimens in incubator for 7 days at 18 °C, 50 % R.H. Remove and soak the Wet Set in water at
18" Cfor a further 7 days. Test the Wet and Dry Sets at 18 °C.
. % Void
Uncompacted Compacted Aircured - 7 days i inforn Dry Mix Bulk | Total Voids | 5 voids in Fiﬁsdn‘:[.:h

Specimen Malsture Molsture Ave Density Content | Mineal Agg. '
No. Wet Mass | Dry Mass | Wet Mass Contait Mass Cottent Binder
M, Mpsys | MeCopayr | Mpays M.C.payz MVR Vero Vi Vg

1 10440 | 10000 1027.7 277% 10116 1.16% 8479 | 043cm® | 2346kg/m? | 2.23% 2.23% 0.0%

2 i044.0 1000.0 1029.7 2.97% 10118 1.18% 85.03 043 em? | 2340 kg/m?* 2.51% 251% 0.0%

3 10440 | 10000 10288 2.88% 10122 1.22% 84.75 | 043em® | 2348kg/m? |  2.19% 2.19% 0.0%

4 10440 | 1000.0 1026.6 2.66% 1011 1.10% 8475 | 043em’ | 2347 ke/m? | 2.19% 2.19% 0.0%

5 10440 1000.0 102839 2.89% 10117 1.17% 83.97 0.42 em? | 2369 kg/m? 1.28% 1.28% 0.0%

[ 1044.0 1000.0 10278 2.78% 10104 1.04% 85.01 043 ecm® | 2340 kg/m? 2.49% 2.49% 0.0%
Avg.= | 1044.0g | 10000g | 1028.1g 2.81% 10115g | 1.15% 84.86 | 043cm’ | 2344ke/m* | 2.32% 232% 0.00%

Average Moisture content of Dry specimens = 1.14% Upper Limit: 2391 kg/m*
Average Moisture content of Wet specimens = 1.19% —LowerLimiti—2297.kg/m®
Wet Samples Dry Samples
Specimen Mass, R, (Wet) Specimen Mass, r.(Dry)
d N G

No. Meais M.Cpus Veeo Load, ., [kN) MPa No. Mouss M.Cpy s Veeo Load,., (kN) 1

it 10266 2.66% 2.23% 1487 3.0 1007.9 0.79% 2.51% 20.17 4.0

3 10279 | 279% 2.19% 15.25 3.0 1007.3 0.73% 2.19% 19.73 3.9

5 10276 | 276% 1.28% 15,54 3.1 10065 0.65% 2.49% 20.66 4.1

Avg. = 10274 2.74% 1.90% 15.2 3.0 Avg 1007.2 0.72% 2.40% 20.2 4.0

% Water Absorption = 1.55% r/R 0.75
. . .
Figure B1: Duriez Report for Iceland Recycled Cold-Mix
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100% endurunnio malbik . Stiffness Modulus | Duriez Wet | Duriez Dry i
S L O - Emulsion at20°c Strength | Strength Bl
(hzegt ad endurvinna allt steinefni og bik tir vegakerfinu) (MPa) (kN] lm)
3,5% umhverfisvan bikpeyta
(heegbrotnandi bikpeyta, 64% stungubik og vatn) Grave 20001 1593 20'9 3 0.63
Grave 2005 58P 891 185 293 0.63
Hagkveemt _
Grave WhtPeral 417 [1038 159 288 0.55
. Sparar hrdefni (100% steinefni og allt ad 60% af bindiefni)
. Sparar orku (allt ad 50% midad vid heitt malbik) Grave 2000 Ethon Diamine 1265 153 29 053
. Minnkar flutninga a hraefnum

. 100 l l
—_— = -4 4 4148 ..
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A5t . 4 e I ] THT
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] i 5 Z 1
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Table 1~ Results of Stiffness Modulus and Water Sensitivity Tests
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Malbikunarsttdin Hladbeaer-Colas

Gullhella 1
221 Hafnarfjérdur

L/ f. &TC?\\/\ ),-(_,: ,3

<Colas>

Ravareanalyse Genbrug

Udskrevet:

06-03-2012

Betegnelse: Endurunnid Malbik

Fraktion: 0/11

Ravaretype: 8
Leverandgr: MHC

Ravare nr: 6600008

Geeldende fra:

07-04-2011

Analyse nr: 11542
Laboratorium: MHC

Udtaget dato:
Praveleverandgr: Fabrik

01-03-2012 Modt.dato:

01-03-2012 Signeret: GEY

Materialedata: Resultat Spec.  |Nedre tol.|Nedre ac.|@vre ac. |@vre tol. |Analysemetode
Stendensitet,Mg/m3: 2,927 DS/EN 1097-6
\Granit, %: 100 DS 405.1
Flint, %:
Kalk, %:
Lette Korn, %:
Spradhedstal %:
Flisethedstal:
Ctc/Cc/Cr/Ctr:
K & R-genindv, T 49,5 DS/EN 1427
Bindemiddel indh.% 4,3 4,8 DS/EN 12697-39
Penetration,1/10mm 69 DS/EN 1426
Vand, %:
Gennemfald %
Sigte Resul- Spec. Nedre Nedre @vre @vre . .
mm  tat tol. ac. ac. tol. I/
45 100,0 100 ¥
31,5 100,0 100 5 /
224 100,0 100 /|
16 100,0 100 o /
112 97,7 99 : /
95 923 92 - /
8 81,8 833 P d
56 66,7 705 8 . /
4 554 60,7
2 40,4 447 0
1 30,1 326 . A
05 234 246 T
0,25 18,1 19,3 i
0,125 14,2 14,7 !
0,063 10,3 10,9 Y A L e v
Bemaerkning: FR12001 - Osplittad syni

HIT




Malbikunarstddin Hladbaer-Colas
Gullhella 1
221 Hafnarfjérdur

Ravareanalyse Genbrug
Udskrevet:  06-03-2012

Betegnelse: Endurunnid Malbik Ravaretype: 8 Ravare nr: 6600008
Fraktion: 0/11 Leverandgr: MHC Geeldende fra:  07-04-2011
Analyse nr: 11543 Udtaget dato:  01-03-2012 Modt.dato: 01-03-2012 Signeret: GEY
Laboratorium: MHC Preveleverandgr: Fabrik

|Materialedata: Resultat Spec.  |Nedre tol.|Nedre ac.|@vre ac. |@vre lol. |Analysemetode

Stendensitet,Mg/m3: 2,927 DS/EN 1097-6

Granit, %: 100 DS 405.1

Flint, %:

Kalk, %:

Lette Korn, %:
Spradhedstal %:
Flisethedstal:

Ctc/Cc/Cr/Ctr:

|K & R-genindv, C 49,5 DS/EN 1427
Bindemiddel indh.% 5,1 4,8 ~ |DS/EN 12697-39
Penetration, 1/10mm 69 DS/EN 1426
Vand, %:

Gennemfald %

Sigte Resul- Spec. Nedre Nedre @vre @vre i

mm  tat tol. ac. ac. tol. y
45 100,0 100 =
31,5 100,0 100
224 100,0 100
16 100,0 100 .

11,2 99,8 99 /
95 97,0 92
8 92,2 83,3
56 80,17 705

>

&8

€

Gennomfald (%)

4, / 1

4 689 607 //

2 50,9 447 L, L
1 366 326 i

05 276 246 =

025 20,8 19,3 N el

0,125 16,1 14,7 o

Brelos 11'8 109 0.063 025 1 2 4 8 11,2 224 45

0125 05 Sigter jmem] 56 a5 16 315

Bemeerkning: FR12002 - Synataka TAK

#IT



Malbikunarstodin Hladbzer-Colas

Gullhella 1
221 Hafnarfjordur

<cColas>

Ravareanalyse Genbrug

Udskrevet:  06-03-2012

Betegnelse: Endurunnid Malbik

Fraktion: 0/11

Ravaretype: 8
Leverandgr: MHC

Ravare nr: 6600008
Geeldende fra: 07-04-2011

Analyse nr: 11544
Laboratorium: MHC

Udtaget dato:
Praveleverandgr: Fabrik

01-03-2012 Modt.dato:

06-03-2012 Signeret: GEY

Materialedata: Resultat Spec.  |Nedre tol.|Nedre ac.|@vre ac. |@vre tol. |Analysemetode
Stendensitet, Mg/m3: 2,927 DS/EN 1097-6
|Granit, %: 100 DS 405.1
Flint, %:
Kalk, %:
Lette Korn, %:
Spredhedstal %:
Flisethedstal:
Ctc/Cc/Cr/Ctr:
K & R-genindv, T 49,5 DS/EN 1427
Bindemiddel indh.% 4,5 4,8 DS/EN 12697-39
Penetration,1/10mm 69 DS/EN 1426
Vand, %:
Gennemfald %
Sigte Resul- Spec. Nedre Nedre @vre @vre S oo
mm  tat tol. ac. ac. tol. I
45 100,0 100 = —
31,5 100,0 100 o / '
224 100,0 100 /
16  100,0 100 0 /
1,2 982 99 /
95 908 92 . //
8 80,9 83,3 ] =
56 66,7 705 g . ,/
4 56,1 60,7
2 41,8 447 » ’/
1 31,4 326 . ]
0,5 24,6 246 L—T
025 19,1 19,3 N el
0,125 14,9 14,7 , |
0'063 10’8 10,9 0063 025 1 2 4 8 112 224 45
0125 05 Sigter fmem} 56 a5 16 315
Bemaerkning: FR12003 - Splittad syni

#IT



Malbikunarstédin Hladbaer-Colas

Gullhella 1
221 Hafnarfjérdur

<colas>

Ravareanalyse Genbrug
10-07-2012

Udskrevet:

Betegnelse: Endurunnid Malbik

Fraktion: 0/11

Ravaretype: 8
Leverandgr: MHC

Ravare nr: 6600008

Geeldende fra:

07-04-2011

Analyse nr: 11948
Laboratorium: MHC

Udtaget dato:
Proveleverandegr: Fabrik

06-07-2012 Modt.dato:

06-07-2012 Signeret: GEY

Materialedata: Resultat Spec. Nedre tol.|Nedre ac.|@vre ac. |@vre tol. |Analysemetode
Stendensitet,Mg/m3: 2,927 DS/EN 1097-6
Granit, %: 100 DS 405.1
Flint, %:
Kalk, %:
Lette Korn, %:
Spradhedstal %:
Flisethedstal:
Cte/Ce/Cr/Ctr: N
K & R-genindv, T 49,5 DS/EN 1427
Bindemiddel indh.% 5,3 4,8 DS/EN 12697-39 N
|Penetration,1/10mm 69 DS/EN 1426
'Vand, %: 1,2
Gennemfald %
Sigte Resul- Spec. Nedre Nedre @vre @vre i % G
mm  tat tol. ac. ac. tol.
45 100,0 100 /
31,5 100,0 100 o
22,4 100,0 100 /
16 100,0 100 w /
11,2 97,7 99 G /
95 929 92 =
8 867 833 P /
56 752 705 S //
4 64,2 60,7 L/
2 46,5 447 //
1 32,9 326 .
05 248 246 il
0,25 189 19,3 0
0,125 14,5 147 .
0‘063 10’2 10'9 0.063 025 1 2 4 8 11, 224 45
0,125 05 Sigter fmm| 56 95 16 315
Bemaerkning: FR12004: Splittad og rakamaelt
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