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Sammanfattning

Provvdg E6 Geddeknippeln-Kallsds byggdes 2004-2006 i syfte att utvdrdera nyttan av
polymermodifierade asfaltlager jamfort med konventionella. Detta projekt utfordes parallellt
med VTI:s och Nynis ldngtidsuppfoljning. Projektets forsta delsyfte var att pdvisa nyttan med
PMB och utreda om det &dr kostnadseffektivt. Det andra delsyftet &r att undersoka hur vil den
kontinuerliga nedbrytningen i vigkroppen kan modelleras nédr polymermodifierade material
ingdr.

En stor del av modelleringen innebar att bestimma hogkvalitativ indata som omfattar
materialegenskaper, trafikkarakterisering och  klimat. En av de  viktigaste
materialegenskaperna dr asfaltbeldggningarnas styvhetsmoduler, dven kallade dynamiska
moduler. Detta utfordes med uppborrade provkroppar i laboratorium genom press-dragprov.
Trafiken karakteriserades genom féltmdtningar med Weigh-In-Motion (WIM) och
trafikflodesmétningar for att extrahera data sasom trafikflode, arlig 6kning, andel fordon per
fordonsklass, axellastspektrum, antal axlar per fordonsklass. Klimatdata bestaimdes utifrdn
data fran SMHI dar variabler sasom lufttemperatur, vindhastighet, solstrdlning, molnticke och
nederbord kartlades.

Utvérderingen visade att skillnaden i uppmétt spardjup mellan vidgobjekt med och utan
polymermodifierade asfaltlager var liten. Den konventionella vigkonstruktionen hade nagot
hogre initial sparbildning men det arliga tillskottet var litet, vilket kan bero pa efterpackning
eller produktionsrelaterade skillnader.

De berdknade spardjupen frain AASHTOWare var generellt mer dn dubbelt s& hoga som de
uppmatta och hade relativt liten inbordes skillnad mellan vagobjekten. Korrelationen mellan
de berdknade och uppmitta spardjupen var relativt god. De berdknade spardjupen var 2,4-2,8
génger storre dn de uppmitta. Det innebdr att AASHTOWare Overpredikterade spérdjupet
grovt och behover kalibreras fore anvandning.

Det beriknade spardjupet var minst for den helt konventionella referensstrickan Refl och
storst for 1b som enbart hade polymermodifierade asfaltlager. Orsaken till att de berdknade
spardjupen blev stérre vid polymermodifiering dr skillnader i styvhetsmoduler. Skillnader i
fasvinkel ingar for narvarande inte som indata i AASHTOWare.

Vigobjekt 1a med polymermodifierat asfaltgruslager hade en livslingdsokning pa 6 % som
inte Oversteg merkostnaden for PMB pa 13 %. Vigobjekten 1b och 2a visade en
prognosticerat negativ livslangdsfordndring pa -14 % respektive -12 %, vilket inte motiverar
merkostnaden av PMB pa 27 % respektive 14 %. Sammantaget ger denna studie inte stod for
antagandet att polymermodifierat bitumen &r kostnadseffektivt med avseende pa spérbildning.
Andra kdnda fordelar sésom motstdnd mot sprickbildning och aldring utvéirderades dock inte.
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1 Bakgrund

1.1 Syfte med provvagar

Byggnation och lngtidsuppfoljning av provvégar utfors for utvirdera hur vigkroppen bryts
ned under verkliga trafik- och klimatforhallanden. De flesta provvégar bestar av ett antal
vigsektioner som skiljer sig at i ndgot avseende. Betydelsen av skillnaderna i material eller
lagerstruktur kan utvirderas direkt eftersom trafik och klimat dr likartade nir sektionerna
ligger geografiskt samlat och utan pa- eller avfarter emellan. Tidigare har flera andra
provvigar foljts upp inom SBUF-projekt, som exempelvis “Uppfoljning av E4:an vid
Mitstation Eket” (Nilsson, 2004), och “Provning av bundna bédrlager, E6 Fastarp-Heberg”
(Said & Hakim, 2008).

1.2 Syfte for Provvag E6 Uddevalla

Provvdgen beldgen pa E6 vid Geddeknippeln-Kallsas (dven kallat Kalsas) byggdes for att
utreda effekterna av det polymermodifierade bituminet i asfaltlagren under verkliga
forhallanden. 1 framtiden fOrvintas en Okning 1 anvidndningen av polymermodifierade
asfaltbeldggningar eftersom de kan 6ka motstandskraften mot nedbrytning. Den funktionella
forbattringen maste balanseras mot den extra kostnad som polymerinblandning medfor.
Sammantaget forvdntas polymermodifiering ha stor potential att vara samhéllsekonomiskt
lonsam dér 16sningen anvédnds. En samhéllsekonomisk kalkyl forutsitter att effekterna av
polymermodifiering har studerats genom dokumentation och uppfoljning. Modellering kan
anvéndas for att delvis extrapolera en del av nedbrytningsforloppet.

Provvdgar medverkar dven till utvecklingen av nedbrytningsmodeller. Modellering kan
anvdndas vid dimensionering av nya vdgar och vid underhéll for att upprétthilla en viss
funktion till ldgsta mdjliga ekonomiska och miljoméssiga kostnad. Genomforandet av
funktionsentreprenader &r helt beroende péa att tillforlitliga modeller kan forutse
nedbrytningen vid olika val av material och lagerstruktur. Modellering kan dven anvéndas till
att uppskatta restvérdet nér tiden for funktionsentreprenaden har 16pt ut.

I dagslidget saknar det svenska dimensioneringsprogrammet PMS Objekt modeller for
berdkning av spardjup 1 asfaltbeldggningar trots att denna nedbrytningmekanism &r vanlig i
Sverige och en av de framsta enligt COST 333 (1999). Diarmed finns ett behov att validera
och vidareutveckla spardjupsmodeller. En av de mest spridda spardjupsmodellerna ingar i
dimensioneringsprogrammet AASHTOWare Pavement ME Design v2.2 (tidigare kallad
DARW:in och dessforinnan M-E PDG). AASHTOWare implementeras just nu i ett flertal
amerikanska stater. Den grundar sig pa analytiska principer men &r dven faltkalibrerad pa ett
stort antal vdgar spridda 6ver Nordamerika. Modellen har visat lovande resultat inom ett
doktorandprojekt, “Deformationer i asfaltbeldggningar” av Erik Oscarsson, som varit
finansierat av SBUF/Trafikverket (Oscarsson, 2011). Aven modellering av andra
nedbrytningsmekanismer, exempelvis sprickbildning, underlédttas genom synergieffekter
eftersom stora delar av indataméingden dr gemensam for modellerna.
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1.3 Byggnation av provvagen

Provvégen dr en del av motorvidgen E6 beldgen norr om Uddevalla mellan Geddeknippeln
(58.37377, 11.78395) och Kallsas (58.40515, 11.73919) ca 64 m over havet enligt Figur 1.
Provvédgens sektioner i sodergdende korriktning byggdes med olika kombinationer av
polymermodifierade och konventionella asfaltbeldggningar. Dessutom belades ett antal
sektioner i1 norrgdende riktning med olika polymermodifierade slitlagerbeldggningar. Denna
rapport behandlar enbart provsektionerna i sodergéende riktning.

Figur 1. Karta 6ver provvigens ldige nira Geddeknippeln och Kallsas.

Fore byggnation av provvigen utfordes en forundersdkning inom ett SBUF projekt
tillsammans med Trafikverket (Nordgren et al., 2007). Férundersokningarna syftade till att
identifiera olika bitumen som kunde forbittra asfaltbeldggningarnas egenskaper. Arbetet
utfordes genom bade bindemedelsanalyser och provning av funktionella egenskaper pa
tillverkade asfaltprovkroppar. Resultatet var ett antal rekommenderade recept for
konventionella och polymermodifierade asfaltmassor som lag till grund for belaggningsvalet.

Vigsektionernas asfaltgruslager och bindlager lades under 2003 och 2004 (Ulmgren &
Aksell, 2005). Direfter oppnades vdgen for trafik 2004-06-24 enligt Klickbara kartan
(Trafikverket, 2014) fram tills laggningen av slitlagret mellan 2006-09-14 och 2006-09-21
(Malmgqvist & Aksell, 2006). Trafiken antas ha sléppts pa igen i bérjan av oktober 2006.

Byggrapporter finns frdn 2004 nér vdgen Oppnades for trafik. Det &r forst nu, efter flera érs
trafik, som det dr givande att borja utvérdera resultaten. Det aktuella SBUF-projektet dr en del
av den utvardering som utfors av VTL.
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2 Syfte och mal

Uppfoljningens Overgripande syfte &dr att utreda effekterna av det polymermodifierade
bituminet 1 asfaltlagren. Det forsta delsyftet dr att pdvisa nyttan med PMB och utreda om det
ar kostnadseffektivt. Det andra delsyftet dr att underséka hur vél den kontinuerliga
nedbrytningen 1 végkroppen kan modelleras nir polymermodifierade material ingér. Det
tredje delsyftet dr att 6ka kompetensen inom branschen genom samverkan.

En stor del av syftena kommer att uppnas inom VTI:s och Nynis flerariga uppfoljning som
finansieras av Vagverket och Nynés. Detta projekt syftar till att utdka utvirderingen genom
ytterligare modellering med AASHTOWare.
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3 Lagerindelning och material

De typsektioner som studerades i detta arbete ligger pd den sodergdende delen. Dessa
vigkonstruktioner omfattar flera kombinationer av konventionella och polymermodifierade
slit-, bind- och asfaltgruslager, som alla péverkar framvéxten av spérbildning. Utifran de
s0dergéende sektionerna i1 Figur 2 valdes vdgobjekten Ref 1 (referens), 1a, 1b och 2a av flera
skdl. Pa dessa objekt aterfinns varje beldggningstyp 1 tva sektioner dir Ovriga
beldggningstyper skiljer sig at. Darmed blir det mgjligt att jamfora vilken inverkan
polymermodifieringen har nir &vriga beldggningstyper dr desamma. Det gor &dven att
materialprovningens omfattning begrdnsas. Ytterligare en anledning ar att VTIL:s uppfoljning
fokuserar mer pa dessa sektioner dn pa de 6vriga (Said, 2011).

Figur 2. Oversikt 6ver testsektioner och bindemedelstyper i dess asfaltlager (Lu et al., 2013).

3.1 Asfaltbundna lager

Samtliga valda sektioner har identisk lagerfoljd med 40 mm slitlager av ABS16, 50 mm
bindlager av ABb22 och 100 mm bundet bérlager av AG22 lagt i tva skikt (Larsson, 2009).
Skillnaden mellan de utvalda sektionerna var istdllet de bitumentyper som anvindes i
respektive lager enligt Figur 3 (Ulmgren och Aksell, 2005; Malmqvist & Aksell, 2006;
Nordgren et al., 2007; Larsson, 2009). Stricka Ref 1 har enbart konventionella material,
stricka la har konventionellt slit- och bindlager men polymermodifierat asfaltgruslager,
stracka 1b har enbart polymermodifierade lager, och stricka 2a har polymermodifierat slit-
och bindlager men konventionellt asfaltgruslager. Didrmed kan effekten av
polymermodifiering i slit- och bindlager respektive asfaltgruslager utviarderas separat.

Polymeren som anvéndes till slitlager i sektion 1b och 2a var styren-butadien-styren (SBS) av
radiell typ (R). SBS tillhoér gruppen termoplastiska elastomerer som har den huvudsakliga
funktionen att oka elasticiteten genom att forskjuta balansen mellan elastistisk och viskos
respons (Read & Whiteoak, 2003). Nar responsen blir mer elastisk, och ddrmed mindre
viskds, minskar den permanenta deformationen om tdjningen &r ofordndrad. Bindlagret i
sektionerna 1b och 2a modifierades med Etylenvinylacetat (EVA). EVA tillhoér gruppen
termoplastiska polymerer som ofta kallas plastomerer. Dessa polymerer 6kar materialets
totala styvhet, vilket minskar den totala t6jningen och dirmed de permanenta deformationerna
(Read & Whiteoak, 2003). I det bundna birlagret i sektionerna la och 1b bestod
polymermodifieringan av den linjara typen (L) av SBS. Arbetsrecepten for varje
beldggningslager redovisas 1 sin helhet 1 Bilaga 1 (Ulmgren och Aksell, 2005: Malmqvist och
Aksell; 2006). Bindemedelshalt, halrum och mjukpunkt enligt recept utgdér indata i
modelleringen, och visas i1 Tabell 1. For dvriga indata sdsom dynamisk och kinematisk
viskositet samt specifik densitet antogs standardviarden. Dessa indata paverkar framforallt
berdkningen av sprickbildning men har ingen paverkan pa berdkning av sparbildning.

10
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Vagsektioner

Ref 1 1a 1b 2a
0/300-0/700 0/700-0/975 0/975-1/250 1/250-1/374
0 _ | | |
20 2 AG22, 100/150-75 SBS 6% L
40
0AG22, 100/150
60
'g 80 mABb22, 50/70-53 EVA 6%
E 100 —
(=} 120 | mABb22, 50/70
140
mABS16, 50/100-75 SBS 4% R
160 -
180 1| mABS16, 70/100
200

Figur 3. Beldggningstyp per asfaltlager i varje sektion.

Tabell 1. Bindemedelshalt och halrum fér varje beliggningstyp.

11

ABS16 ABb22 AG22
Bindemedel Poreae | 501100-75 | 885221 50/70.53| S22 1100/150-75
SBS 4% R EVA 6% SBS 6% L
Bindemedelshalt [vol-%)] 6,3 % 6,3 % 52% | 52% 45% 45%
Halrum [vol-%)] 3,0% 3,0% 35% | 3,5% 45 % 45 %
Mjukpunkt [°C] 46 98 50 66 43 90
Antagen dynamisk viskositet
vid 60 °C [Pas] 200 200 200 200 200 200
Antagen kinematisk viskositet
vid 135 °C [cSt] 300 300 300 300 300 300
Antagen specifik densitet [kg/dm3] | 1.023 1.023 1.023 1.023 1.023 1.023
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3.2 Obundna lager

Under de asfaltbundna lagren pa totalt 190 mm ligger 80 mm obundet barlager, 1200 mm
forstarkningslager och till sist ett miktigt lager siltig lera (Enocksson, 2012) enligt Figur 4
nedan. Enligt AASHTOs klassificeringssystem for obundna material uppskattades det
obundna bérlagret motsvara materialklass A-1-a (Non-stabilized base) med E-modul
276 MPa. Pa samma sitt uppskattades forstirkningslagret motsvara A-1-a (Crushed rock)
med E-modul 207 MPa och lerlagret A-7-5 (Subgrade) med E-modul 69 MPa.

Vagsektioner
Ref 1 1a 1b
0 _ 1

200 —

FLAE
Py

OSiltig lera

400
600
800
1000
1200
1400

1600 ]
1800 ||| mAsfaltlager

@ Foérstarkningslager

Djup [mm]

@ Obundet barlager

2000 —

Figur 4. Lagerindelning per materialtyp.
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4 Materialprovning

Asfaltbeldggningarnas materialegenskaper bestdmdes parallellt genom laboratorieprovning
och berdkning utifrdn materialens sammanséttning och komponenter. Den viktigaste
materialparametern vid modellering av spardjup ér asfaltbeldggningarnas dynamiska moduler,
dédr hoga dynamiska moduler ger motstandskraft mot sparbildning. De dynamiska modulerna
presenteras ofta grafiskt i form av en masterkurva. Den dynamiska modulen beskriver den
viskoelastiska asfaltbeldggningens styvhet som funktion av belastningsfrekvens och
temperatur.

4.1 Provtagning och korrektioner

Provkroppar inhdmtades 2011-06-30 genom borrning pa den befintliga vigen. Borrkdrnorna
togs upp vid flera olika sektioner for att dess materialegenskaper skulle kunna anses
representativa for hela strackan. Riktpunkterna for borrningarna var ca 3 m fran de sektioner
diar VTLs tvérprofil utférs med jimna mellanrum. De slutliga sektionerna dir borrning
utfordes redovisas 1 Tabell 2. Dir visas att borrning endast utférdes pé strickorna Refl och
1b. Borrkédrnorna innehdll samtliga asfaltlager av intresse. Dérfor antogs att varje asfalttyp
hade samma egenskaper oavsett vilken stricka den kom fran.

Tabell 2. Sektioner diir borrning utfordes.

Stracka Ref 1 1b
Borrkarna | Ref1-1a | Ref1-2a | Ref1-3b | Ref1-3a | 1B-1a 1B-2a 1B-3b 1B-3a
Sektion 397 547 660 660 1057 1138 1218 1218

Vid modellering anvénds de initiala materialegenskaperna som modellen direfter korrigerar
med avseende pé dldring och nedbrytning under végens livsldngd. Nar provkropparna borras
upp flera ér efter att vigen ppnades har en del av denna utveckling redan skett. Darfor maste
de materialegenskaper som uppmatts for gamla provkroppar korrigeras for att erhdlla de
initiala materialegenskaperna. I detta fall borrades provkropparna mellan hjulsparen for att
minimera nedbrytning orsakad av trafik. Korrigering av uppmatta styvhetsmoduler med
avseende pa aldring utférdes med ekvationen nedan, som dr ett empiriskt samband frdn ATB
Vig (2005). Det ska dock tillaggas att ekvationen baseras pa studier av konventionella
asfalttyper och att polymermodifiering normalt 6kar aldringsbestindigheten. Resultaten visas i
Tabell 2 som baseras pa ungefarliga medelvédrden for 14ggnings- och provningsdatum.

1.313
E(do) = E(dl) 0.08
dl
dar

E: Dynamisk modul [MPa]
do: Initial alder (30 dagar)
di: Aktuell alder [dagar]

13
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Tabell 3. Styvhetsjustering fran liggning till provning.

Lager Laggningsdatum | Provningsdatum | Styvhetsjustering
Slitlager 2006-09-20 2012-03-01 1,40
Bindlager 2004-07-01 2012-03-01 1,44
Barlager 2003-01-01 2012-03-01 1,46

AASHTOWares justering av langtidsaldring, baserat pa bituminets viskositet och
beldggningens halrumshalt, 4r en integrerad del av den slutna programvaran. Darmed kan inte
AASHTOWares langtidsaldring kontrolleras pa ett direkt sitt.

4.2 Dynamiska styvhetsmoduler

Bestimning av dynamiska styvhetsmoduler utférdes genom press-dragprov pa uppborrade
provkroppar med diameter 150 mm och tjocklek 40 mm. Det anses viktigt att anvinda
uppborrade provkroppar for att bestimma beldggnings verkliga egenskaper 1 filt.
Beldggningslagrens begrinsade tjocklek medfor dock att de uppborrade provkropparna kan bli
maximalt 40-50 mm hoga. Darmed kan uniaxialforsok inte utforas eftersom det kréver
150 mm hoga provkroppar. Enaxiell provning dr annars det materialtest som rekommenderas
for bestimning av dynamisk styvhetsmodul inom AASHTOWare (NCHRP, 2004). Kim
(2004) har darfor utvecklat en viskoelastisk berdkningsmetod for att ersétta uniaxialforsok
med press-dragprov, och resultaten har visat god teoretisk och praktisk Overensstimmelse.
Darfor bestimdes de dynamiska styvhetsmodulerna genom press-dragprov.

Tre provkroppar fran varje beldggningstyp belastades med sinusformade belastningscykler vid
10 frekvenser och 4 temperaturer. Vid var och en av temperaturerna -10 °C, 5 °C, 20 °C och
35 °C utfordes ett frekvenssvep med belastningsfrekvenserna 25, 20, 10, 5, 2, 1, 0.5, 0.2, 0.1
och 0.01 Hz. Fore mitning vid varje frekvens foOrbelastades provkroppen med 10
belastningscykler foljt av 10 testcykler. Provning vid 0.01 Hz och 35 °C utférdes inte
eftersom det ger ogiltiga resultat och medfor skador pd bade provkropp och provutrustning.
Hogre temperaturer dn 35 °C anvindes inte av samma skdl. Fore varje provning tilléts
temperaturen att stabiliseras under minst 4 timmar. Dessutom utférdes kontrollmdtning med
en givare som var integrerad i en extra provkropp for att halla temperaturens noggrannhet
inom £0.5 °C. T6jningen holls inom intervallet 40-60 microstrain for att f4 en klar métsignal
utan att riskera att hamna utanfor materialets linjart viskoelastiska omréde.

Styvhetsmoduler frdn métningar déar berdknade Poissons tal och/eller fasvinklar angavs med
teoretiskt omojliga varden rensades bort. For att uppskatta den statistiska spridningen av
styvhetsmodul mellan provkroppar berdknades den relativa standardavvikelsen, det vill sdga
standardavvikelsen for tre provkroppar delat med medelvérdet. Relationen mellan relativa
standardavvikelsen och medelvérdet visas 1 Figur 5. Spridningen mellan provkroppar ér stor, i
synnerhet vid ldgre medelviarden for styvhetsmodul. Det beror ofta pa att en provkropp
uppvisar konsekvent avvikande styvhetmoduler. For att i framtiden minska den relativa
standardavvikelsen foreslas att fler provkroppar testas, f6ljt av strykning av extremdata enligt
Trafikverket (2011).
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Figur 5. Relativ standardavvikelse som funktion av medelvirde.

De kvarvarande uppmiétta styvhetsmodulerna korrigerades med tidigare ndmnda
aldringsmodell och modellerades dérefter som sid kallade masterkurvor genom
sigmoidalfunktionen i AASHTOWare (NCHRP, 2004) vid referenstemperaturen 20 °C:

_ a
10g|E [I] =0+ | + B Vios()
dar
|E*|: Dynamisk modul [MPa]
f. Reducerad frekvens

a, B, y, 6: Konstanter

Sigmoidalfunktionens enda variabel dr reducerad frekvens, som i sig &r en funktion av
belastningsfrekvens och temperatur. Enkelt uttryckt ger kan en 1&g dynamisk modul orsakas
av en frekvenssidnkning eller en temperaturhdjning. Spérbildning uppstar nér de dynamiska
modulerna dr laga, exempelvis under mycket varma sommardagar och/eller nir trafiken ror
sig langsamt vid busshéllplatser eller trafikljus. Sigmoidalfunktionens konstanter bestimdes
genom minsta-kvadratmetoden, ddr konstanterna anpassas tills sigmoidalkurvan motsvarar
uppmidtta korrigerade virden med minsta mojliga avvikelse.
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Tabell 4. Konstanter i den sigmoidala ekvationen for samtliga asfaltbeldggningar.

5[MPa] | o [MPa] B y
ABS16, 70/100 1.003 3.17 0.0133 0.509
ABS16, 50/100-75 SBS 4% R 1.134 3.01 0.0134 0.500
ABb22, 50/70 0.573 3.65 0.0136 0.455
ABb22, 50/70-53 EVA 6% 0.748 3.43 0.0136 0.429
AG22, 100/150 0.687 3.47 0.0209 0.430
AG22, 100/150-75 SBS 6% L 0.939 3.18 0.0133 0.398
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10000 PR e
‘-{r"‘-’
l,r‘,“
T &
nEI_-. 1000 V a
fu
100 = ABS16, 70/100
—ABS16, 70/100, sigmoidal
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10 T T T T T T T
-8 -6 -4 -2 0 2 4 6 8
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Figur 6. Masterkurvor for slitlagervid Tr.r 20 °C.
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Figur 7. Masterkurva for bindlager vid Trer 20 °C.
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Figur 8. Masterkurva for asfaltgruslager vid Trer 20 °C.

4.3 Materialdata for AASHTOWare

4

6

8

De aldringskorrigerade dynamiska styvhetsmodulerna riknades om till ett format som passar

for inmatning i AASHTOWare enligt Tabell 5 till Tabell 10.

Tabell 5. Aldringskorrigerade dynamisk styvhetsmoduler [MPa] for ABS16 70/100.

TrC f [Hz]
0.1 1 10 25
-10.0 8620 10565 12012 12457
4.4 3164 5364 7742 8634
21.1 500 1213 2588 3335
37.8 99 236 592 847
54.4 40 78 178 255

Tabell 6. Aldringskorrigerade dynamisk styvhetsmoduler [MPa] for ABS16 50/100-75 SBS 4% R.

TrC f [Hz]
0.1 1 10 25
-10.0 9775 11144 12098 12382
4.4 3908 6051 8164 8920
21.1 593 1350 2718 3435
37.8 125 282 666 930
54.4 60 118 262 368
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Tabell 7. Aldringskorrigerade dynamisk styvhetsmoduler [MPa] for ABb22 50/70.

T[] f [Hz]
0.1 1 10 25
-10.0 10715 12554 13928 14357
4.4 4790 7235 9644 10517
21.1 914 2027 3833 4717
37.8 151 390 968 1348
54.4 43 101 259 378

Tabell 8. Aldringskorrigerade dynamisk styvhetsmoduler [MPa] for ABb22 50/70-53 EVA 6%

TrC f [Hz]
0.1 1 10 25
-10.0 9324 10928 12164 12558
4.4 4030 6044 8092 8856
21.1 779 1636 3029 3724
37.8 147 339 775 1055
54.4 49 102 233 326

Tabell 9. Aldringskorrigerade dynamisk styvhetsmoduler [MPa] for AG22 100/150.

TrC f [Hz]
0.1 1 10 25
-10.0 9969 11280 12250 12553
4.4 4911 6904 8778 9445
21.1 1111 2205 3807 4553
37.8 223 523 1156 1538
54.4 76 171 404 564

Tabell 10. Aldringskorrigerade dynamisk styvhetsmoduler [MPa] for AG22 100/150-75 SBS 6% L.

T[] f [Hz]
0.1 1 10 25
-10.0 7710 9108 10234 10606
4.4 3217 4792 6464 7111
21.1 668 1305 2329 2846
37.8 153 313 644 850
54.4 61 114 228 305
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5 Trafikkarakterisering

Trafiken karakteriserades genom féltmétningar av trafikflode och med Weigh-In-Motion
(WIM). Trafikflodesmédtningarna registrerar antalet ldtta och tunga fordon separat eftersom
enbart det senare anvinds vid modellering. Mitning med WIM innebér att axlarna pa varje
fordon vdgs ndr den fast monterade maitanordningen passeras. Det goOr att trafikens
sammansattning kan karakteriseras 1 form av ett axellastspektrum. AASHTOWare forutsétter
att trafiken forst delas in i ett antal fordonsklasser baserat pa axelgruppering enligt definition
av Federal Highway Administration (NCHRP, 2004).

5.1 Fordonsrakning

Frekvensen av tunga fordon uppmattes genom induktiva slingor dver vdgbanan. Dessa data
inhdmtades genom webbtjdnsten Klickbara kartan (Trafikverket, 2014) for helarspunkten
9613 beldgen norr om Torp for K1 i sddergdende riktning. Dessa data korrigerades med hjilp
av WIM-data eftersom slingmétningarna registrerar en del litta fordon med lang hjulbas som
lastbilar. Diarmed rensades 6.2 % av de slingmétta fordonen bort. Det uppmatta flodet av
tunga fordon visas 1 Figur 9 dir man tydligt kan se skillnad mellan hogt trafikflode pé
vardagar (6vre sviarmen) och ldgre pa helgdagar (undre svirmen). Medelvérdet av trafikflodet
under varje vecka modellerades med en enkel sinusmodell for senare anvidndning i
spardjupsmodellerna. Arsmedelflodet i korfilt 1 vid dppningen den 24 juni 2004 var 968
tunga fordon per dag, den drliga tillvixten var 3,24 % och sdsongsamplituden var +17.1 %.
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Figur 9. Uppmitt och modellerat flode av passerande tunga fordon per dag.

5.2 WIM-matning

WIM-mitning utfordes vid Ljungskile i sodergaende korriktning av Trafikverket (2007). Data
som fanns tillgdngliga omfattar datumen 2007-09-27 till 2007-10-01 och dven nagra timmar
under 2007-10-08. Dessa data dr ndgot bristfilliga eftersom de inte omfattar veckans alla
dagar och dven for att flera dagar inte &r kompletta enligt Tabell 11. Trafikens flode och
sammansittning kan inte antas vara lika under vardagar och helgdagar. Om dessa data skulle
anvéndas utan korrektion skulle helgtrafiken ha fatt en relativt storre paverkan dn normalt. For
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att avhjilpa problemet anvindes data fran vardagarna dubbelt upp, vilket gav ritt proportioner
mellan vardagar och helgdagar. Trafikens sammansittning av axellaster antogs vara konstant
under vigens livsldngd dven om det dr mojligt att viss variation forekommer inom varje ar
och vecka.

Tabell 11. WIM-miitningarnas omfattning.

Datum | Veckodag | Uppmatt tid
[h/dag]

2007-09-27 | Torsdag 10.65
2007-09-28 Fredag 24.00
2007-09-29 Lordag 24.00
2007-09-30 Séndag 24.00
2007-10-01 Mandag 19.65
2007-10-08 | Mandag 5.10

5.3 Trafikdata for AASHTOWare

Utifrdn uppmatta trafikfloden och WIM-mitningar extraherades ett antal typer av trafikdata.
Generell trafikdata visas 1 Tabell 12. Genom analys av WIM-data delades trafiken upp i
fordonsklasser enligt definition av Federal Highway Administration (NY DOT, 2006) i Figur
10. Fordelningen mellan olika fordonsklasser visas i Tabell 13 tillsammans med uppskattad
arlig Okningstakt utifran trafikflodesmétningar. Antalet enkel-, dubbel-, trippel- och
fyrlingaxlar for varje fordonklass bestimdes utifrain WIM-data enligt Tabell 14.

Tabell 12. Generell trafikdata.

Initial two-way AADTT 1936
Number of lanes 1

Percent trucks in design direction 50.0%
Percent trucks in design lane 100.0%
Operational speed [km/h] 89.1

Figur 10. Fordonsklasserna 1-13 enligt FHWA:s definitioner (NY DOT, 2006).
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Tabell 13. Andel och érlig 6kning for varje fordonsklass.

Vehicle | Distribution Compound
class [%] growth rate [%]
4 0.0 3.2
5 16.4 3.2
6 9.9 3.2
7 0.6 3.2
8 7.3 3.2
9 30.6 3.2
10 9.9 3.2
11 10.8 3.2
12 6.3 3.2
13 8.2 3.2

Tabell 14. Antal enkel-, dubbel-, trippel- och fyrlingaxlar.

Vehicle class | Single | Tandem | Tridem | Quad
4 2 0 0 0
5 2 0 0 0
6 1.7 0.65 0 0
7| 0.76 0.64 0.66 0
8 2 1 0 0
9| 1.96 0.09 0.96 0
10| 1.33 3.34 0 0
11 3.56 0.45 0 0
12| 212 1.24 0.47 0
13| 2.23 2.09 0.25 0

Bestdmning av axellastspektrum innebdr att varje axel klassas utifran vilken last den har.
Antalet axellastklasser i AASHTOWare ér ca 30 st och utfors for enkel-, dubbel-, trippel- och
fyrlingaxlar. Fyrlingaxlar anvénds dock inte i Sverige och utgér dirfor. Axellastspektrum for
enkel-, dubbel- och trippelaxlar visas 1 Figur 11, Figur 12 respektive Figur 13.
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Figur 13. Axellastspektrum for trippelaxlar.
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6 Klimatfaktorer

Karakterisering av klimatfaktorer dr viktiga eftersom asfaltbeliggningens materialegenskaper
ar temperaturkdnsliga. AASHTOWare anvénder sig av klimatmodellen EICM (Enhanced
Integrated Climate Model) som berdknar det endimensionella flodet av virme och fukt utifran
klimatfaktorer sdsom lufttemperatur, vindhastighet, solstrdlning, molnticke och nederbord.
Temperaturen berdknades i varje lager av védgkonstruktionen och for varje timme under ett
fem &r.

Klimatdata i form av temperatur, solstrdlning, vind och nederboérd inhdmtades frdn Sveriges
meteorologiska och hydrologiska institut (SMHI, 2011). Denna information behandlades och
forpackades 1 en ICM-fil som beskriver klimatet timme for timme. Filen anvindes direkt i
varje simulation med AASHTOWare, i vilken EICM ingdr som en komponent. En
sammanfattning av klimatdata visas i Tabell 15. Klimatdata for Geddeknippeln-Kallsas.

Tabell 15. Klimatdata for Geddeknippeln-Kallsas.

Minimum annual air temperature (°C) -23.60
Maximum annual air temperature (°C) 30.30
Mean annual air temperature (°C) 7.29
Mean annual precipitation (mm) 1020.32
Average annual number of freeze/thaw cycles | 63.57
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7 Resultat och diskussion

7.1 Uppmaitta spardjup

Det totala spardjupet uppmattes med vigytemétbil och hdmtades fran PMSV3 (Trafikverket,
2015). Genomgaende anviandes medelvirden for sparbildning uppmétt med 17 lasrar, vilket ar
lampligt for breda motorvdgar. Uttaget av data frdin PMSV3 i Tabell 16 anvédndes for att
tilldela viagytedata till respektive vigobjekt enligt Tabell 17. Vigobjekten hade identiska
uppbyggnader med undantag av att olika asfaltlager var polymermodifierade eller
konventionella. Refl konstruerades utan polymermodifierade asfaltlager, la med
polymermodifierade asfaltgruslager, 1b med polymermodifierade slit- och bind- och
asfaltgruslager, och 2a konstruerades med polymermodifierade slit- och bindlager.

Tabell 16. Uttag av data fran PMSV3.

Lan: Vastra Goétaland (O, 14)
Vagnr: 6.00

Lépandelangd: 90500 - 96000

Riktning: Mot

Matdata: 2003-01-01 - 2015-12-01
Beldggnings- och vagdata — senast géllande data sett fran: 2015-12-01

Data hamtat fran strackindelning: Homogena strackor

Tabell 17. Tilldelning av viigytedata fran PMSV3 till respektive vigobjekt.

Stracka Ref1 1a 1b 2a
Langd 400 275 275 125
Start 93334 93734 94009 94284
Slut 93734 94009 94284 94409

Vigobjektens spardjup utvdrderades baserat pa jimforelse over hela tidsintervallet och inte
vid slutet av intervallet, dir enstaka punkter motsédger den generella trenden. Referensobjektet
Refl hade som véntat dverlag storst spardjup enligt Figur 14 nedan. De vdgobjekt som var
konstruerade helt eller delvis med polymermodifierade asfaltlager hade en likartad utveckling
med en knapp millimeter mindre spardjup @n referensobjektet under storre delen av den
observerade tiden. Skillnaden i1 spardjup beroende pa polymermodifiering av asfaltlager ar
saledes liten. Skillnaden uppstar tidigt och bestir under den observerade tiden, vilket kan bero
pa efterpackning eller produktionsrelaterade skillnader. A andra sidan antogs att spardjupet
enligt samma métmetod var lika med noll vid trafikoppning, ndgot som inte dr belagt.
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Figur 14. Uppmiitt spardjupsutveckling for varje vigstricka.
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7.2 Beraknade spardjup

De berdknade spardjupen frain AASHTOWare var generellt mer dn dubbelt s& hoga som de
uppmatta och hade relativt liten inbdrdes skillnad mellan vigobjekten enligt Figur 15. Under
det forsta aret okar spardjupet relativt snabbt pd grund av berdknad efterpackning alternativt
initiala produktionsrelaterade skillnader. I det intervallet &r skillnaderna mellan vigobjekten
obefintliga. Fullstdndiga berdkningsutskrifter aterfinns i Bilaga 2. Kurvan &r synbart ndgot
oharmonisk vid ca 4 érs alder, vilket enbart beror pd merparten av berdknad deformation
utvecklas pd sommaren samt att motsvarande faltmdtning utfordes sent pa hosten istillet for
mitt pd sommaren som de andra. Det beriknade spédrdjupet var minst for den helt
konventionella referensstrackan Refl och storst for 1b som enbart hade polymermodifierade
asfaltlager. De berdknade resultaten star i motsats till bAde de uppmétta och vad som hade
forviantats. Den relativa motsatsen &dr tydlig d&ven om den absoluta skillnaden &r liten.
Polymermodifiering innebdr en hdgre kostnad men forvéntas ge langre livsldngd genom o6kad
motstdndskraft mot  sparbildning savdl som  sprickor, aldring och andra
nedbrytningsmekanismer. Dérfor behdver en dimensioneringsmetodik kunna rdkna hem
nyttan av polymermodifiering, vilket inte var fallet med AASHTOWare.

Orsaken till att de berdknade spardjupen blev storre vid polymermodifiering dr skillnaden 1
styvhetsmoduler, eftersom det dr den enda skillnaden i indata mellan végobjekten. Enligt
Figur 6, Figur 7 och Figur 8 innebdr samtliga asfaltlagers polymermodifiering att
styvhetsmodulen minskar vid 14g temperatur och/eller hog belastningsfrekvens och okar vid
hog temperatur och/eller 1ag belastningsfrekvens. Med andra gor polymermodifiering att
styvhetsmodulen blir mindre beroende av temperatur och belastningsfrekvens.
Berdkningsresultaten indikerar att lag temperatur och/eller hog belastningsfrekvens har varit
vanligare dn motsatsen. Nar styvhetsmodulerna for polymermodifierade lager har varit ldgre
har de beréknade sparbildningen blivit hdgre. Det visar att AASHTOWare dnnu ej kan pavisa
nyttan med polymermodifiering, vilket kan begrdnsa anvindningen av bade AASHTOWare
och polymerer. For att i framtiden kunna tillgodogéra sig polymerernas forbdttrande
egenskaper foreslas att AASHTOWares nedbrytningsfunktion utvecklas eller kalibreras
ytterligare.

Polymermodifiering kan minska spérbildningen pd tvd olika sétt. Antingen anvénds
plastomerer for att 0ka asfaltlagrets totala styvhet, vilket minskar den totala t6jningen och
ddrmed de permanenta deformationerna. Alternativt anvinds elastomerer for att oka
asfaltlagrets elasticitet, vilket leder till mindre permanent deformation om tdjningen é&r
densamma (Read & Whiteoak, 2003). AASHTOWare saknar framforallt mdjlighet att pavisa
nyttan med elastomerer eftersom fasvinkeln inte anvinds vid berdkning.
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Figur 15. Beriiknad spardjupsutveckling for varje vigstricka.

7.3 Beraknad fordelning mellan lager

Spardjupet pa ytan beror av permanent deformation som uppstar i asfaltlager, obundna lager
och undergrund. Modellens berdknade fordelning av spardjup mellan olika lager visas i Figur
16 till Figur 18. Berdknad andel spéardjup fran asfaltlager ar generellt 1&g 1 bérjan for att senare
oka. For obundna lager dr den 18g under vidgens livslingd. Berdknad andel spardjup fran
undergrund &r generellt hog 1 borjan for att senare minska.

Trots liknande fordelningar for vigobjekten kan vissa skillnader noteras. Végobjekten med
polymermodifierade slit-och bindlager (1b och 2a) hade storre andel i asfaltlager och mindre i
undergrund jdmf{ort med referensobjektet Refl. Samtliga vigobjekt hade samma egenskaper i
obundna lager och undergrund, vilket medfor att alla skillnader beror av asfaltlagren.
Forklaringen till skillnaden i fordelning &r séledes att de konventionella asfaltlagren i Refl
hade generellt hogre styvhetsmodul vid de temperaturer och belastningsfrekvenser som vigen
utsattes for.
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Figur 17. Beriiknad andel av totalt spardjup i obundna lager.
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Figur 18. Beriiknad andel av totalt spardjup i undergrund.

Samtidigt 4r undergrunden identisk mellan sektionerna och enbart asfaltlagren skiljer sig ét.

7.4 Korrelation

Korrelationen mellan de berdknade och uppmaitta totala spardjupen var relativt god enligt
Figur 19 nedan. I absoluta tal skiljde sig dock berdknade och uppmétta spardjup mycket,
vilket visar sig som en linjelutning avsevért hogre dn 1 och ett intercept avsevirt hogre én 0.
For referensobjektet Refl var lutningen ca 2,17 och intercept 1,08 medan den for de helt eller
delvis polymermodifierade végobjekten (la, 1b och 2a) var lutningar pa 2,21-2,37 och
intercept pa 1,92-2,69. Det innebér att AASHTOWare 6verpredikterade spardjupet grovt. For
att rakna ritt &r programmet darfor 1 stort behov av lokal kalibrering enligt AASHTO (2010).
Overprediktionen var storre for de helt eller delvis polymermodifierade vigobjekten #n for
den helt konventionella Refl, vilket aterigen visar att AASHTOWare inte pavisar den nytta
med polymermodifiering som faltmétningar visar och som erfarenhetsmissigt forvéntas.
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Figur 19. Korrelation mellan beriknad och uppmiitt spardjupsutveckling for varje vigstricka.
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7.5 Spardjupsprognos
For att avgora huruvida PMB é&r kostnadseffektivt med avseende pa motstdnd mot
sparbildning behdver ett antal antaganden goras:

1. Vigstrackornas livslangder begridnsas av det totala spardjupet.

Accepterat maximalt spardjup dr 10 mm.

3. Spardjupsutvecklingen rdknat 1 mm/ar ar konstant frén ca 1,5 ars élder tills accepterat
maximalt spardjup dr uppnatt.

4. Berikningsmodellen AASHTOWare kan i dagsldget inte prognosticera vdgobjektens
livsldngd enligt tidigare resultat. Istdllet anvénds linjdr extrapolering av uppmitta
spardjup.

Utifrdn dessa antaganden extrapolerades det uppmitta spardjupet tills att 10 mm hade
uppnatts enligt Figur 20. Det resulterade i livsldngder pa 18,0 ar for Refl, 19,1 ar for 1a,
15,5 ar for 1b och 15,9 ar for 2a. Végobjekt Ref 1 med enbart konventionella asfaltlager
berdknas alltsé inte ha kortast livsldngd, vilket beror pa att den arliga 6kningen av spardjup
faktiskt dr l4gst bland véigobjekten.
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=
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= =
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2 |
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1 ‘ ‘ |
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0 T
0 1 2 3 4 5 6 7 8 9 10

Alder [ar]
FIgUr Zv. LINjar trend av nvsiangd uuiran uppmatta sparajup.
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7.6 Kostnadsberakning

Prisberdkningen baserades pd antagna prisuppgifter for asfaltlager, merkostnad f{or
polymermodifierat bitumen (PMB) samt hélrum enligt Tabell 18. Det mdjliggjorde berdkning
av merkostnaden for PMB for varje lager. Det bor understrykas att berdkningen géller for
aktuella priser for bitumen och PMB. Dessa priser kan fordndras mycket och snabbt dver tid.
Resultaten tyder pa att polymermodifiering kostar. Dessutom beror kostnaden for utliggning
pé hur ofta det utfors. Med dessa forbehall uppskattas merkostnaden for polymermodifiering
till ca 30 %.

Tabell 18. Prisberikning for konventionella och polymermodifierade asfaltlager.

Egenskap ABS16 |ABb22 |AG22
Allmant Tjocklek [mm] 40 50 100
Antagen yta [m?] 1 1 1
Kompaktdensitet asfalt [ton/m?3] 2,5 2,5 2,5
Asfalt Vikt asfalt [ton/m?] 0,10 0,13 0,25
Antaget pris asfalt [kr/ton] 500 475 450
Pris asfalt [kr/m?] 50 59 113
Bindemedelshalt 6,30% 5,20% 4,50%
. Antaget pristilldagg PMB [kr/ton] 2500 2500 2500

Bindemedel o

Pristillagg PMB [kr/m?] 15,75 16,25 28,13
Pristillagg for PMB av asfaltpris [kr/m?] 32% 27% 25%

Prisberdkning utfordes sedan for respektive viagobjekt utifran vilka av dess lager som var
konventioenella respektive polymermodifierade enligt Tabell 19. Vigobjekt la med
polymermodifierat asfaltgruslager hade en livslingdsokning pd 6 % som understeg
merkostnaden for PMB pa 13 %. Viégobjekten 1b och 2a visade en prognosticerat negativ
livslangdsforandring pa -14 % respektive -12 %, vilket inte motiverar merkostnaden av PMB
pd 27 % respektive 14 %. Sammantaget ger denna studie inte stdd for hypotesen att
polymermodifierat bitumen dr ett kostnadseffektivt sdtt att minska sparbildning.

Tabell 19. Prisberikning for varje vigobjekt.

Vagobjekt

Ref1 1a 1b 2a
Lutning k 0,419 0,427 0,560 0,556
Koefficient m 2,45 1,85 1,34 1,14
Krav [mm] 10 10 10 10
Livsldangd [ar] 18,0 19,1 15,5 15,9
Livslangdsokning 0% 6% -14% -12%
Pris asfalt [kr/m2] 222 250 282 254
Kostnadso6kning 0% 13% 27% 14%
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8 Slutsatser

I denna studie har foljande slutsatser dragits:

1.

Skillnaden 1 uppmatt spardjup mellan vigobjekt med och utan polymermodifierade
asfaltlager var liten. Den konventionella véigkonstruktionen hade négot hdgre initial
sparbildning men det arliga tillskottet var litet, vilket kan bero pa efterpackning eller
produktionsrelaterade skillnader.

De berdknade spardjupen frain AASHTOWare var generellt mer dn dubbelt s hoga som
de uppmatta och hade relativt liten inbordes skillnad mellan vdgobjekten. Korrelationen
mellan de berdknade och uppmitta spardjupen var relativt god. De berdknade
spardjupen var 2,4-2,8 ganger storre dn de uppmatta. Det innebédr att AASHTOWare
overpredikterade spardjupet grovt och behdver kalibreras fore anvéndning.

Det berdknade spardjupet var minst for den helt konventionella referensstrickan Refl
och storst for 1b som enbart hade polymermodifierade asfaltlager. Orsaken till att de
berdknade spdrdjupen blev storre vid polymermodifiering &r skillnader i
styvhetsmoduler. Skillnader 1 fasvinkel ingar for ndrvarande inte som indata i
AASHTOWare.

Vigobjekt 1a med polymermodifierat asfaltgruslager hade en livslangdsdkning pa 6 %
som inte oversteg merkostnaden for PMB pa 13 %. Vigobjekten 1b och 2a visade en
prognosticerat negativ livsldngdsforandring pd -14 % respektive -12 %, vilket inte
motiverar merkostnaden av PMB pa 27 % respektive 14 %. Sammantaget ger denna
studie inte stod for antagandet att polymermodifierat bitumen ar kostnadseffektivt for att
minska sparbildning.

Vid provning av dynamiska styvhetsmoduler var spridningen mellan provkroppar stor, 1
synnerhet vid 1aga styvhetsmoduler. Det beror ofta pi att en provkropp uppvisar
konsekvent avvikande styvhetmoduler. For att i framtiden minska den relativa
standardavvikelsen foreslas att fler provkroppar 4n tre testas.
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E6GK_Refl
File Name: \\sto236.skanska.org\Programs\Citrix\AppSettings\AASHTOWare Data\My ME Design\Projects\E6 Geddeknippeln-Kallsas\E6GK_Ref1.dgpx
Design Inputs
Design Life: 20 years Base construction: June, 2004 Climate Data
Design Type: Flexible Pavement Pavement construction: September, 2006 Sources (Lat/Lon)
Traffic opening: October, 2006
Design Structure Traffic
Layer type Material Type Thickness(mm) olumetric at Construction: Heavy Trucks
: - Age (year) lati
Flexible Default asphalt concrete 40.0 Effectlveoblnder 6.3 (cumulative)
Flexible Default asphalt concrete 50.0 Zci)rn\t/z?(;s( f;/) ) 5 2006 (initial) 1,936
(o] .
Flexible Default asphalt concrete 100.0 2016 (10 years) 4,090,720
NonStabilized A-1-a 80.0 2026 (20 years) | 9,696,000
Subgrade A-1-a 1200.0
Subgrade A-7-5 Semi-infinite
Design Outputs

Distress Prediction Summary

Distress @ Specified

Reliability (%)

Criterion

Distress Type Reliability : : Satisfied?
Target Predicted Target Achieved
Terminal IRI (m/km) 2.70 2.69 90.00 90.40 Pass
Permanent deformation - total pavement (mm) 19.00 22.80 90.00 56.78 Fail
AC bottom-up fatigue cracking (percent) 25.00 34.31 90.00 73.33 Fail
AC thermal cracking (m/km) 189.40 5.15 90.00 100.00 Pass
AC top-down fatigue cracking (m/km) 378.80 589.60 90.00 76.94 Fail
Permanent deformation - AC only (mm) 6.00 13.76 90.00 8.35 Fail
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Distress Charts

Thermal Cracking: Total Length vs. Time
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E6GK_Refl
File Name: \\sto236.skanska.org\Programs\Citrix\AppSettings\AASHTOWare Data\My ME Design\Projects\E6 Geddeknippeln-Kallsas\E6GK_Ref1.dgpx
| Traffic Inputs
I Graphical Representation of Traffic Inputs
Initial two-way AADTT: 1,936 Percent of trucks in design direction (%): 50.0
Number of lanes in design direction: 1 Percent of trucks in design lane (%): 100.0
Operational speed (kph) 89.1
g AADTT Distribution by ¥Yehicle Class Truck Distribution by Hour
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Tabular Representation of Traffic Inputs

Volume Monthly Adjustment Factors

E6GK_Refl

File Name: \\sto236.skanska.org\Programs\Citrix\AppSettings\AASHTOWare Data\My ME Design\Projects\E6 Geddeknippeln-Kallsas\E6GK_Ref1.dgpx

Level 3: Default MAF

Month Vehicle Class

4 5 6 7 8 9 10 11 12 13
January 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
February 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
March 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
April 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
May 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
June 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
July 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
August 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
September 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
October 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
November 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
December 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Distributions by Vehicle Class

Truck Distribution by Hour does not apply

. . "_\AD_TT Growth Factor
Vehicle Class | Distribution (%)
(Level 3) Rate (%) Function
Class 4 0% 3.2% Compound
Class 5 16.4% 3.2% Compound
Class 6 9.9% 3.2% Compound
Class 7 0.6% 3.2% Compound
Class 8 7.3% 3.2% Compound
Class 9 30.6% 3.2% Compound
Class 10 9.9% 3.2% Compound
Class 11 10.8% 3.2% Compound
Class 12 6.3% 3.2% Compound
Class 13 8.2% 3.2% Compound
Axle Configuration Number of Axles per Truck
Traffic Wander Axle Configuration Vehicle [Single|Tandem | Tridem | Quad
Mean wheel location (mm) 460.0 | [Average axle width (m) 26 Class [ Axle | Axle | Axle | Axle
Traffic wander standard deviation (mm) | 254.0 | |Dual tire spacing (mm) 305.0 | | Class 4 2 0 0 0
Design lane width (m) 3.7 Tire pressure (kPa) 827.4 Clzzs o 2 0 0 0
Class6 | 1.7 0.65 0 0
Average Axle Spacing | | Wheelbase does not apply Class 7 | 0.76 | 0.64 0.66 0
Tand_em axle 13 Class 8 2 1 0 0
spacing (m) Class 9 | 1.96 | 0.09 0.96 0
Tridgm axle 13 Class 10 | 1.33 3.34 0 0
spacing (m) Class 11| 3.56 | 0.45 0 0
Quad axle spacing 13 Class 12| 2.12 1.24 0.47 0
(m) Class 13| 223 | 2.09 | 0.25 0
DL/ 21 3015 6058 AM version: 2.2 Created ™ 25/05/2015 2:15 PM Approved ! 25/05/2015 2:15 PM Page 4 of 24
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AADTT (Average Annual Daily Truck Traffic) Growth

* Traffic cap is not enforced
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Climate Inputs

Climate Data Sources:

Climate Station Cities: Location (lat lon elevation(m))
no information -

Annual Statistics:

Mean annual air temperature (°C) 7.29
Mean annual precipitation (mm) 1020.32
Freezing index (°C - days) 137.3555555
55556  Water table depth 7.20
Average annual number of freeze/thaw cycles: 63.57 (m)
Monthly Climate Summary:
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E6GK_Refl

Hourly Air Temperature Distribution by Month:
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Design Properties

HMA Design Properties

Use Multilayer Rutting Model False Layer Name Layer Type Interface
- = Friction
Using G* based model (not nationally False L T Floxible - Dofault —
calibrated) oy e e - e ASPRAT Fiexible (1) 1.00
Is NCHRP 1-37A HMA Rutting Model True T 2 Floxdols - Dofault asorah
Coefficients ayer 2 rlexible - Lefault asphall fe0xible (1) 1.00
Endurance Limit - concrete
Layer 3 Flexible : Default asphalt Flexible (1 1.00
Use Reflective Cracking True concrete exible (1) 0
Structure - ICM Properties I__:yer4 Non-stabilized Base : A-1 Non-stabilized Base (4) [1.00
AC surface shortwave absorptivity 0.85 Layer 5 Subgrade : A-1-a Subgrade (5) 1.00
Layer 6 Subgrade : A-7-5 Subgrade (5) -
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Thermal Cracking (Input Level: 3)

Creep Compliance (1/GPa)

Indirect tensile strength at -10 °C (MPa) |3.96 Loading time (sec) .20 °C .20 °C 10 °C
Thermal Contraction 1 1.64e-002 1.64e-002 2.49e-002
Is thermal contraction calculated? True 1 2.49e-002 3.30e-002 3.30e-002
Mix coefficient of thermal contraction (mm/mm/°C) | - 2 1.81e-002 |1.81e-002  |2.93e-002
Aggregate coefficient of thermal contraction 9.06-006 2 2.93e-002 4.35e-002 4.35e-002
(mm/mm/°C) 5 2.066-002 |2.066-002 |3.636-002
Voids in Mineral Aggregate (%) 93 5 3.63e-002 |[6.28¢-002 |6.286-002

10 2.26e-002 2.26e-002 4.27e-002

gf/pfzr;zgoinse;t!;e; M Version: 2.2 Createdgzi 25/05/2015 2:15 PM Appro"edgzi 25/05/2015 2:15 PM Page 9 of 24
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HMA Layer 1: Layer 1 Flexible : Default asphalt concrete
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HMA Layer 2: Layer 2 Flexible : Default asphalt concrete
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HMA Layer 3: Layer 3 Flexible : Default asphalt concrete
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Analysis Output Charts
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Granular Base Sub-layer Modulus
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Layer Information

Layer 1 Flexible : Default asphalt concrete

E6GK_Refl

Asphalt General Info
Thickness (mm) 40.0
Name Value
Unit weight (kgfim”3) 12400.0 Reference temperature (°C) 21.1
Poisson's ratio Is Calculated? False . , P '
Ratio 035 Effective binder content (%) 6.3
: Air voids (%) 3
Parameter A - —
Thermal conductivity (watt/meter-
Parameter B - kelvin) 1.16
. Heat capacity (joule/kg-kelvin ) 963
Asphalt Dynamic Modulus (Input Level: 1)
T(°C) 0.1 Hz 1 Hz 10 Hz 25 Hz Identifiers
-10 8620 10565 12012 12457 Field Value
4.4 3164 5364 7742 8634 Display name/identifier |Default asphalt concrete
211 500 1213 2588 3335
37.8 99 236 592 847 Description of object
54.4 40 78 178 255
Author
Asphalt Binder Date Created 9/16/2010 7:00:00 AM
Approver
Parameter Value Date approved 9/16/2010 7:00:00 AM
Binder Grade Penetration/Viscosity Grade State
Softening Point (°C) at 1300 —
Pascal-sec 47.00 glstrlct
Absolute Viscosity (Pascal- ounty
sec) at 60 °C 200.00 Highway
Kinematic Viscosity . 300.00 Direction of Travel
(centiStokes) at 135 °C From station (km)
Specific Gravity at 25 °C 1.00

Penetration:

To station (km)

Province

Temperature (°C)

Penetration

User defined field 2

Brookfield Viscosity:

User defined field 3

Revision Number

Temperature (°C)

Brookfield Viscosity
(centiPoise)

Report generated on:
01/12/2015 8:58 AM

Version: 2.2

Createdby:

on: 25/05/2015 2:15 PM

Approvedby:

on: 25/05/2015 2:15 PM
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Layer 2 Flexible : Default asphalt concrete

E6GK_Refl

Asphalt General Info
Thickness (mm) 50.0 Name Value
Unit weight (kgf/m”3) [2400.0
- : . Reference temperature (°C) 211
Poisson's ratio Is Calculated? False ——
Ratio 035 Effective binder content (%) 5.2
- Air voids (%) 35
Parameter A - —
Thermal conductivity (watt/meter- 11
Parameter B - kelvin) 16
Heat capacity (joule/kg-kelvin 963
Asphalt Dynamic Modulus (Input Level: 1) pacity g )
T(°C) 0.1 Hz 1 Hz 10 Hz 25 Hz Identifiers
-10 8620 10565 12012 12457 Field Value
4.4 3164 5364 7742 8634 Display name/identifier |Default asphalt concrete
211 500 1213 2588 3335
37.8 99 236 592 847 Description of object
54.4 40 78 178 255
Author
Asphalt Binder Date Created 9/16/2010 7:00:00 AM
Approver
Parameter Value Date approved 9/16/2010 7:00:00 AM
Binder Grade Penetration/Viscosity Grade State
Softening Point (°C) at 1300 4700 District
Pascal-sec ) =
Absolute Viscosity (Pascal- ounty
sec) at 60 °C 200.00 Highway
Klnematlc Viscosity 300.00 Direction of Travel
(centiStokes) at 135 °C ' From station (km)
Specific Gravity at 25 °C 1.00

Penetration:

Temperature (°C)

Penetration

Brookfield Viscosity:

Temperature (°C)

Brookfield Viscosity
(centiPoise)

Report generated on:
01/12/2015 8:58 AM

Version: 2.2

Createdby:

on: 25/05/2015 2:15 PM

To station (km)

Province

User defined field 2

User defined field 3

Revision Number

Approvedby:

on: 25/05/2015 2:15 PM
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Layer 3 Flexible : Default asphalt concrete

E6GK_Refl

Asphalt General Info
Thickness (mm) 100.0 Name Value
Unit weight (kgf/m”3) [2400.0
- : . Reference temperature (°C) 211
Poisson's ratio Is Calculated? False . ,
Ratio 035 Effective binder content (%) 4.5
- Air voids (%) 4.5
Parameter A - —
Thermal conductivity (watt/meter- 11
Parameter B - kelvin) 16
Heat capacity (joule/kg-kelvin 963
Asphalt Dynamic Modulus (Input Level: 1) pacity g )
T(°C) 0.1 Hz 1 Hz 10 Hz 25 Hz Identifiers
-10 8620 10565 12012 12457 Field Value
4.4 3164 5364 7742 8634 Display name/identifier |Default asphalt concrete
211 500 1213 2588 3335
37.8 99 236 592 847 Description of object
54.4 40 78 178 255
Author
Asphalt Binder Date Created 9/16/2010 7:00:00 AM
Approver
Parameter Value Date approved 9/16/2010 7:00:00 AM
Binder Grade Penetration/Viscosity Grade State
Softening Point (°C) at 1300 4700 District
Pascal-sec ) =
Absolute Viscosity (Pascal- ounty
sec) at 60 °C 200.00 Highway
Klnematlc Viscosity 300.00 Direction of Travel
(centiStokes) at 135 °C ' From station (km)
Specific Gravity at 25 °C 1.00

Penetration:

Temperature (°C)

Penetration

Brookfield Viscosity:

Temperature (°C)

Brookfield Viscosity
(centiPoise)

Report generated on:
01/12/2015 8:58 AM

Version: 2.2

Createdby:

on: 25/05/2015 2:15 PM

To station (km)

Province

User defined field 2

User defined field 3

Revision Number

Approvedby:

on: 25/05/2015 2:15 PM
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Layer 4 Non-stabilized Base : A-1-a

Unbound

Layer thickness (mm) 80.0

E6GK_Refl

Poisson's ratio

0.35

Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

275.8

Use Correction factor for NDT modulus? |False

NDT Correction Factor: -

Identifiers

Field

Value

Display name/identifier |A-1-a

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (km)

To station (km)

Province

User defined field 2

User defined field 3

Revision Number

Report generated on:
01/12/2015 8:58 AM

Version: 2.2 Createdby

on: 25/05/2015 2:15 PM

Sieve
Liquid Limit 6.0
Plasticity Index 1.0
Is layer compacted? False
Is User
Defined?| Value
?I/'(g;‘/in’?k’g;‘ dry unit weight False 2038.2
(Sn::l/tﬁ:;ated hydraulic conductivity False 5.0546-02
Specific gravity of solids False 2.7
Coopglrgrirr(](yg)rawmetnc water False 74
User-defined Soil Water Characteristic Curve
(SWCC)
Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
0.075mm 8.7
0.150mm
0.180mm 12.9
0.250mm
0.300mm
0.425mm 20.0
0.600mm
0.850mm
1.18mm
2.0mm 33.8
2.36mm
4.75mm 44.7
9.5mm 57.2
12.5mm 63.1
19.0mm 72.7
25.0mm 78.8
37.5mm 85.8
50.0mm 91.6
63.0mm
75.0mm
90.0mm 97.6
Appro"edgzi 25/05/2015 2:15 PM Page 20 of 24
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Unbound

Layer thickness (mm) 1200.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5
Modulus (Input Level: 3)

. . [Modify input values by
CelEl LEs temperature/moisture
Method: Resilient Modulus (psi)
Resilient Modulus (psi)

275.8
Use Correction factor for NDT modulus? |False
NDT Correction Factor: -
Identifiers
Field Value
Display name/identifier |A-1-a
Description of object Default Material
Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (km)
To station (km)
Province
User defined field 2
User defined field 3
Revision Number 0
Report generated on: Version: 2.2 Createdby

01/12/2015 8:58 AM

on

1 25/05/2015 2:15 PM

Sieve
Liquid Limit 6.0
Plasticity Index 1.0
Is layer compacted? False
Is User
Defined?| Value
xg]’f/'::k‘é;‘ dry unit weight False 2038.2
(Srs/trl::;ated hydraulic conductivity False 1 54e-02
Specific gravity of solids False 2.7
Coopglr;rir?(y?)rawmetnc water False 74
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
0.075mm 8.7
0.150mm
0.180mm 12.9
0.250mm
0.300mm
0.425mm 20.0
0.600mm
0.850mm
1.18mm
2.0mm 33.8
2.36mm
4.75mm 447
9.5mm 57.2
12.5mm 63.1
19.0mm 72.7
25.0mm 78.8
37.5mm 85.8
50.0mm 91.6
63.0mm
75.0mm
90.0mm 97.6
Appro"edgzi 25/05/2015 2:15 PM Page 21 of 24



Bilaga 2, Sida 22 av 96

Layer 6 Subgrade : A-7-5

E6GK_Refl

File Name: \\sto236.skanska.org\Programs\Citrix\AppSettings\AASHTOWare Data\My ME Design\Projects\E6 Geddeknippeln-Kallsas\E6GK_Ref1.dgpx

Unbound

Layer thickness (mm) Semi-infinite
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5
Modulus (Input Level: 3)

. . [Modify input values by
CelEl LEs temperature/moisture
Method: Resilient Modulus (psi)
Resilient Modulus (psi)

275.8
Use Correction factor for NDT modulus? |False
NDT Correction Factor: -
Identifiers
Field Value
Display name/identifier |A-7-5
Description of object Default material
Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (km)
To station (km)
Province
User defined field 2
User defined field 3
Revision Number 0
Report generated on: Version: 2.2 Createdby

01/12/2015 8:58 AM

on: 25/05/2015 2:15 PM

Sieve
Liquid Limit 57.0
Plasticity Index 24.0
Is layer compacted? False
Is User
Defined?| Value
?l"(g]’f/':;k‘é;‘ dry unit weight False 1634.2
(Srs/trl::;ated hydraulic conductivity False 4.281¢-06
Specific gravity of solids False 2.7
Coopr:l[r;ir?(y?)rawmetnc water False 20
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 125.3117
bf 0.5772
cf 0.1052
hr 500.0000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
0.075mm 8.7
0.150mm
0.180mm 12.9
0.250mm
0.300mm
0.425mm 20.0
0.600mm
0.850mm
1.18mm
2.0mm 33.8
2.36mm
4.75mm 44.7
9.5mm 57.2
12.5mm 63.1
19.0mm 72.7
25.0mm 78.8
37.5mm 85.8
50.0mm 91.6
63.0mm
75.0mm
90.0mm 97.6
Appro"edgzi 25/05/2015 2:15 PM Page 22 of 24
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Calibration Coefficients

AC Fatigue
1 k2 Brz 1 kaBfa k1: 0007566
Ny = 0.00432+C* Bpiks (g) (5)  |k2:39492
k3: 1.281
o Bf1: 1
M =484 (V;‘_’Vb - 0.59) Ez :]]
AC Rutting

fp _ k3,4 10%: Thafra p\rksbrs

c, £, = plastic struiﬂ(mfm_)

ik = (Cy + C; + depth) » 0.3281962°P" &, = resilient strain(*/; )

€, = —0.1039 « HZ + 2.4868 « H, — 17.342 T = Dozt s

C, = 0.0172 « HZ — 1.7331 « H, + 27.428 N = number of load repetitions
Where:

H,. = total AC thickness(in)

AC Rutting Standard

Deviation 0.24*Pow(RUT,0.8026)+0.001

AC Layer

K1:-3.35412 K2:1.5606 K3:0.4791 Br1:1 Br2:1 Br3:1

Thermal Fracture

C, =400 *N(

IOg C ;’F hac ) k =refression coef ficient determined through field calibration

AC = (;( * ﬁr'r“ # 4k A K" o= thickness of asphalt layer(in)

4 . l 0(4_389_2_52*103( E*g,*n)  An=Fracture parameters for the asphali mixture

Cp = observed amount of thermal cracking(ft/500ft)

N() = standard normal distribution evaluated at()
o3 o = standard deviation of thelog of the depth of cracks in the pavments
C = crack depth(in)

AC = Change in the crack depth due to a cooling cycle
AK = Changa in the stress intensity factor due to a cooling cycle

E = mixture stif fness
oy = Undamaged mixture tensile strength
B = Calibration parameter

Level 1 K: 1.5 Level 1 Standard Deviation: 0.1468 * THERMAL + 65.027
Level 2 K: 0.5 Level 2 Standard Deviation: 0.2841 *THERMAL + 55.462
Level 3K: 1.5 Level 3 Standard Deviation: 0.3972 * THERMAL + 20.422
CSM Fatigue

by Bos C;_sr) Ny = number of repetitions to fatigue cracking

o, = Tensile stress(psi)

k g’
Nf =10 2Pcz M, = modulus of rupture(psi)
k1: 1 |k2: 1 [Bc1: 1 [Bc2:1
Report generated on: L by: by:
01/12/2015 8:58 AM Version: 2.2 Created - 25/05/2015 2:15 PM Approved . 25/05/2015 2:15 PM
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E6GK_Refl

Subgrade Rutting

8, = permanent deformation for the layer
o _(ﬁ)ﬁ N = number of repetitions
6, (N) = ﬁsi kie h (—) e | £, = average veritcal strain{(in/in)
Er £q. 3 p = material properties
£, = resilient strain(in/in)
Granular Fine
k1: 2.03 [Bs1: 1 k1:1.35 Bs1: 1

Standard Deviation (BASERUT)
0.1477*Pow(BASERUT,0.6711)+0.001

Standard Deviation (BASERUT)
0.1235*Pow(SUBRUT,0.5012)+0.001

AC Cracking

AC Top Down Cracking

AC Bottom Up Cracking

FC 6000 ( 1 )
= | —
14 E(ﬁ',_e:ﬂ',r_-l-rl'zsﬂ';ipgm(ﬂaiﬂl}}} 60

C
FCpop = ( 2 )* 10.56
1 + elCa—Cavlogso(Damage)) Ch = —2.40874 — 39.748 « (1 + h,, )~ 28%¢
Ci=—-2xCy
c1: 7 [c2:35  [c3:0 kc4: 1000 [c1: 1 [c2: 1 [c3: 6000

AC Cracking Top Standard Deviation

AC Cracking Bottom Standard Deviation

200 + 2300/(1+exp(1.072-2.1654"LOG10
(TOP+0.0001)))

1.13+13/(1+exp(7.57-15.5"LOG10
(BOTTOM+0.0001)))

CSM Cracking

IRI Flexible Pavements

FC —C + Cg 1 - Rutting 23 - Trangwerse Crack
cth - 1 1 n 303—15'4 { Denggey |2 - Fat,igue Crack 4 - Site Factors

C1: 1 |c2: 1 |[c3:0  |c4:1000 [|C1:40 [C2:04 [C3:0.008 |C4:0.015

CSM Standard Deviation

CTB*1
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Design Inputs
Design Life: 20 years Base construction: June, 2004 Climate Data
Design Type: Flexible Pavement Pavement construction: September, 2006 Sources (Lat/Lon)
Traffic opening: October, 2006
Design Structure Traffic
Layer type Material Type Thickness(mm) olumetric at Construction: Heavy Trucks
- - Age (year) lati
Flexible Default asphalt concrete 40.0 Effectlveoblnder 6.3 (cumulative)
Flexible Default asphalt concrete 50.0 Zci)rn\t/z?(;s( f;/)) 50 2006 (initial) 1,936
(o] .
Flexible Default asphalt concrete 100.0 2016 (10 years) 4,090,720
NonStabilized  [A-1-a 80.0 2026 (20 years) | 9,696,000
Subgrade A-1-a 1200.0
Subgrade A-7-5 Semi-infinite
Design Outputs

Distress Prediction Summary

Distress @ Specified

Reliability (%)

Criterion

Distress Type Reliability : : Satisfied?
Target Predicted Target Achieved
Terminal IRI (m/km) 2.70 2.74 90.00 88.49 Fail
Permanent deformation - total pavement (mm) 19.00 23.86 90.00 46.46 Fail
AC bottom-up fatigue cracking (percent) 25.00 37.61 90.00 65.15 Fail
AC thermal cracking (m/km) 189.40 5.15 90.00 100.00 Pass
AC top-down fatigue cracking (m/km) 378.80 671.25 90.00 71.30 Fail
Permanent deformation - AC only (mm) 6.00 14.47 90.00 6.61 Fail
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Distress Charts

Thermal Cracking: Total Length vs. Time
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| Traffic Inputs
I Graphical Representation of Traffic Inputs
Initial two-way AADTT: 1,936 Percent of trucks in design direction (%): 50.0
Number of lanes in design direction: 1 Percent of trucks in design lane (%): 100.0
Operational speed (kph) 89.1
g AADTT Distribution by ¥Yehicle Class Truck Distribution by Hour
=351
?_9, 30.6%
c 301
.0
s 254
£
+ 20 e This chart does not apply to the design type
= y
': 15 4
[m]
g 104
<
5 4
0.0%
0 . . .
5 6 7 8 9 10 11 12 13
Vehicle Class
.~ Growth Factor by ¥Yehicle Class - Axles perTruck by ¥Yehicle Class
3518 U U U U U U U U U L3N ET"’"’“'” = g
—_ = | %
aE 31 31 Tndem E
422.5- Ez.s- [ quaa g
o % = % 4
£ 1% ¢ B BE ’
z %2 1% |z %2 % = %
] 17 7% 7% 7% 7% = 7%
g1 S 1T 2
5 2 7 7 7 7 /
o % % % % %
1 1% 5 7 = 7
A A A A
2 1% |% %
7% 7% 7%
0.5 1 0.541% 7 7
% % %
7 7 7
A A A
0 - olZ 4 % y Z
4 5 6 7 8 9 10 11 12 13 4 5 6 7 8 9 10 11 12 13
Vehicle Class VYehicle Class
Traffic Volume Monthly Adjustment Factors
Class 10 | Class 11 | Class 12 | Class 13
Dec
Oct
Sep
Aug
Jul
Jun
May
Apr
Mar
Feb
Jan
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Tabular Representation of Traffic Inputs

Volume Monthly Adjustment Factors

Level 3: Default MAF

Month Vehicle Class

4 5 6 7 8 9 10 11 12 13
January 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
February 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
March 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
April 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
May 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
June 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
July 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
August 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
September 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
October 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
November 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
December 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Distributions by Vehicle Class

Truck Distribution by Hour does not apply

. . "_\AD_TT Growth Factor
Vehicle Class | Distribution (%)
(Level 3) Rate (%) Function
Class 4 0% 3.2% Compound
Class 5 16.4% 3.2% Compound
Class 6 9.9% 3.2% Compound
Class 7 0.6% 3.2% Compound
Class 8 7.3% 3.2% Compound
Class 9 30.6% 3.2% Compound
Class 10 9.9% 3.2% Compound
Class 11 10.8% 3.2% Compound
Class 12 6.3% 3.2% Compound
Class 13 8.2% 3.2% Compound
Axle Configuration Number of Axles per Truck
Traffic Wander Axle Configuration Vehicle [Single|Tandem | Tridem | Quad
Mean wheel location (mm) 460.0 | [Average axle width (m) 26 Class [ Axle | Axle | Axle | Axle
Traffic wander standard deviation (mm) | 254.0 | |Dual tire spacing (mm) 305.0 | | Class 4 2 0 0 0
Design lane width (m) 3.7 Tire pressure (kPa) 827.4 Clzzs o 2 0 0 0
Class6 | 1.7 0.65 0 0
Average Axle Spacing | | Wheelbase does not apply Class 7 | 0.76 | 0.64 0.66 0
Tand_em axle 13 Class 8 2 1 0 0
spacing (m) Class 9 | 1.96 | 0.09 0.96 0
Tridgm axle 13 Class 10 | 1.33 3.34 0 0
spacing (m) Class 11| 3.56 | 0.45 0 0
Quad axle spacing 13 Class 12| 2.12 1.24 0.47 0
(m) Class 13| 223 | 2.09 | 0.25 0
DL/ 1213015 6055 AM version: 2.2 Created ™ 25/05/2015 2:15 PM Approved ! 25/05/2015 2:15 PM Page 4 of 24
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AADTT (Average Annual Daily Truck Traffic) Growth

* Traffic cap is not enforced
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Climate Inputs

Climate Data Sources:

Climate Station Cities: Location (lat lon elevation(m))
no information -

Annual Statistics:

Mean annual air temperature (°C) 7.29
Mean annual precipitation (mm) 1020.32
Freezing index (°C - days) 137.3555555
55556  Water table depth 7.20
Average annual number of freeze/thaw cycles: 63.57 (m)
Monthly Climate Summary:
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E6GK_1a

Hourly Air Temperature Distribution by Month:

-25°C to -20°C | -20°C to -15°C | -15°C to -10°C | -10°C to -5°C | -5°Cto0°C | 0°Cto5°C | 5°C to 10°C
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# of Hours # of Hours # of Hours # of Hours # of Hours # of Hours # of Hours

10°C to 15°C | 15°C to 20°C | 20°C to 25°C | 25°C to 30°C | 30°C to 35°C | 35°C to 40°C | 40°C to 45°C
=
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Design Properties

HMA Design Properties

Use Multilayer Rutting Model False Layer Name Layer Type Interface
- = Friction
Using G* based model (not nationally False L T Floxible - Dofault —
calibrated) oy e e - e ASPRAT Fiexible (1) 1.00
Is NCHRP 1-37A HMA Rutting Model True T 2 Floxdols - Dofault asorah
Coefficients ayer 2 rlexible - Lefault asphall fe0xible (1) 1.00
Endurance Limit - concrete
Layer 3 Flexible : Default asphalt Flexible (1 1.00
Use Reflective Cracking True concrete exible (1) 0
Structure - ICM Properties I__:yer4 Non-stabilized Base : A-1 Non-stabilized Base (4) [1.00
AC surface shortwave absorptivity 0.85 Layer 5 Subgrade : A-1-a Subgrade (5) 1.00
Layer 6 Subgrade : A-7-5 Subgrade (5) -
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Thermal Cracking (Input Level: 3)

Creep Compliance (1/GPa)

Indirect tensile strength at -10 °C (MPa) |3.96 Loading time (sec) .20 °C .20 °C 10 °C
Thermal Contraction 1 1.64e-002 1.64e-002 2.49e-002
Is thermal contraction calculated? True 1 2.49e-002 3.30e-002 3.30e-002
Mix coefficient of thermal contraction (mm/mm/°C) | - 2 1.81e-002 |1.81e-002  |2.93e-002
Aggregate coefficient of thermal contraction 9.06-006 2 2.93e-002 4.35e-002 4.35e-002
(mm/mm/°C) 5 2.066-002 |2.066-002 |3.636-002
Voids in Mineral Aggregate (%) 93 5 3.63e-002 |[6.28¢-002 |6.286-002

10 2.26e-002 2.26e-002 4.27e-002
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HMA Layer 1: Layer 1 Flexible : Default asphalt concrete
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HMA Layer 2: Layer 2 Flexible : Default asphalt concrete
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HMA Layer 3: Layer 3 Flexible : Default asphalt concrete
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Analysis Output Charts
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5 AC Top-Down Cracking {Longitudinal)
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Granular Base Sub-layer Modulus
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Layer Information

Layer 1 Flexible : Default asphalt concrete

E6GK_1a

Asphalt General Info
Thickness (mm) 40.0
Name Value
Unit weight (kgfim”3) 12400.0 Reference temperature (°C) 21.1
Poisson's ratio Is Calculated? False . , P '
Ratio 035 Effective binder content (%) 6.3
: Air voids (%) 3
Parameter A - —
Thermal conductivity (watt/meter-
Parameter B - kelvin) 1.16
. Heat capacity (joule/kg-kelvin ) 963
Asphalt Dynamic Modulus (Input Level: 1)
T(°C) 0.1 Hz 1 Hz 10 Hz 25 Hz Identifiers
-10 8620 10565 12012 12457 Field Value
4.4 3164 5364 7742 8634 Display name/identifier |Default asphalt concrete
211 500 1213 2588 3335
37.8 99 236 592 847 Description of object
54.4 40 78 178 255
Author
Asphalt Binder Date Created 9/16/2010 7:00:00 AM
Approver
Parameter Value Date approved 9/16/2010 7:00:00 AM
Binder Grade Penetration/Viscosity Grade State
Softening Point (°C) at 1300 —
Pascal-sec 47.00 glstrlct
Absolute Viscosity (Pascal- ounty
sec) at 60 °C 200.00 Highway
Kinematic Viscosity . 300.00 Direction of Travel
(centiStokes) at 135 °C From station (km)
Specific Gravity at 25 °C 1.00

Penetration:

To station (km)

Province

Temperature (°C)

Penetration

User defined field 2

Brookfield Viscosity:

User defined field 3

Revision Number

Temperature (°C)

Brookfield Viscosity
(centiPoise)
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Layer 2 Flexible : Default asphalt concrete

Asphalt General Info
Thickness (mm) 50.0 Name Value
Unit weight (kgf/m”3) [2400.0
- : . Reference temperature (°C) 211
Poisson's ratio Is Calculated? False . ,
Ratio 035 Effective binder content (%) 5.2
- Air voids (%) 35
Parameter A - —
Thermal conductivity (watt/meter- 11
Parameter B - kelvin) 16
Heat capacity (joule/kg-kelvin 963
Asphalt Dynamic Modulus (Input Level: 1) pacity g )
T(°C) 0.1 Hz 1 Hz 10 Hz 25 Hz Identifiers
-10 8620 10565 12012 12457 Field Value
4.4 3164 5364 7742 8634 Display name/identifier |Default asphalt concrete
211 500 1213 2588 3335
37.8 99 236 592 847 Description of object
54.4 40 78 178 255
Author
Asphalt Binder Date Created 9/16/2010 7:00:00 AM
Approver
Parameter Value Date approved 9/16/2010 7:00:00 AM
Binder Grade Penetration/Viscosity Grade State
- —
Softening Point (°C) at 1300 4700 District
Pascal-sec =
Absolute Viscosity (Pascal- ounty
sec) at 60 °C 200.00 Highway
Klnematlc Viscosity 300.00 Direction of Travel
(centiStokes) at 135 °C ' From station (km)
Specific Gravity at 25 °C 1.00 -
To station (km)
Penetration: Province
Temperature (°C) Penetration User defined field 2
User defined field 3
Brookfield Viscosity: Revision Number 0
Brookfield Viscosity
(]
Temperature (°C) (centiPoise)
Report generated on: Version: 2.2 Createdby: Approvedby: Page 18 of 24
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Layer 3 Flexible : Default asphalt concrete

E6GK_1a

Asphalt General Info
Thickness (mm) 100.0 Name Value
Unit weight (kgf/m”3) [2400.0
- : . Reference temperature (°C) 211
Poisson's ratio Is Calculated? False . ,
Ratio 035 Effective binder content (%) 4.5
- Air voids (%) 4.5
Parameter A - —
Thermal conductivity (watt/meter- 11
Parameter B - kelvin) 16
Heat capacity (joule/kg-kelvin 963
Asphalt Dynamic Modulus (Input Level: 1) pacity g )
T(°C) 0.1 Hz 1 Hz 10 Hz 25 Hz Identifiers
-10 8620 10565 12012 12457 Field Value
4.4 3164 5364 7742 8634 Display name/identifier |Default asphalt concrete
211 500 1213 2588 3335
37.8 99 236 592 847 Description of object
54.4 40 78 178 255
Author
Asphalt Binder Date Created 9/16/2010 7:00:00 AM
Approver
Parameter Value Date approved 9/16/2010 7:00:00 AM
Binder Grade Penetration/Viscosity Grade State
Softening Point (°C) at 1300 4700 District
Pascal-sec ) =
Absolute Viscosity (Pascal- ounty
sec) at 60 °C 200.00 Highway
Klnematlc Viscosity 300.00 Direction of Travel
(centiStokes) at 135 °C ' From station (km)
Specific Gravity at 25 °C 1.00

Penetration:

Temperature (°C)

Penetration

Brookfield Viscosity:

Temperature (°C)

Brookfield Viscosity
(centiPoise)

Report generated on:
01/12/2015 8:55 AM

Version: 2.2

Createdby:

on: 25/05/2015 2:15 PM

To station (km)

Province

User defined field 2

User defined field 3

Revision Number

Approvedby:

on: 25/05/2015 2:15 PM
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Layer 4 Non-stabilized Base : A-1-a

Unbound

Layer thickness (mm) 80.0

E6GK_1a

Poisson's ratio

0.35

Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

275.8

Use Correction factor for NDT modulus? |False

NDT Correction Factor: -

Identifiers

Field

Value

Display name/identifier |A-1-a

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (km)

To station (km)

Province

User defined field 2

User defined field 3

Revision Number

Report generated on:
01/12/2015 8:55 AM

Version: 2.2 Createdby

on: 25/05/2015 2:15 PM

Sieve
Liquid Limit 6.0
Plasticity Index 1.0
Is layer compacted? False
Is User
Defined?| Value
?I/'(g;‘/in’?k’g;‘ dry unit weight False 2038.2
(Sn::l/tﬁ:;ated hydraulic conductivity False 5.0546-02
Specific gravity of solids False 2.7
Coopglrgrirr(](yg)rawmetnc water False 74
User-defined Soil Water Characteristic Curve
(SWCC)
Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
0.075mm 8.7
0.150mm
0.180mm 12.9
0.250mm
0.300mm
0.425mm 20.0
0.600mm
0.850mm
1.18mm
2.0mm 33.8
2.36mm
4.75mm 44.7
9.5mm 57.2
12.5mm 63.1
19.0mm 72.7
25.0mm 78.8
37.5mm 85.8
50.0mm 91.6
63.0mm
75.0mm
90.0mm 97.6
Appro"edgzi 25/05/2015 2:15 PM Page 20 of 24
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Unbound

Layer thickness (mm) 1200.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5
Modulus (Input Level: 3)

. . [Modify input values by
CelEl LEs temperature/moisture
Method: Resilient Modulus (psi)
Resilient Modulus (psi)

275.8
Use Correction factor for NDT modulus? |False
NDT Correction Factor: -
Identifiers
Field Value
Display name/identifier |A-1-a
Description of object Default Material
Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (km)
To station (km)
Province
User defined field 2
User defined field 3
Revision Number 0
Report generated on: Version: 2.2 Createdby

01/12/2015 8:55 AM

on

1 25/05/2015 2:15 PM

Sieve
Liquid Limit 6.0
Plasticity Index 1.0
Is layer compacted? False
Is User
Defined?| Value
xg]’f/'::k‘é;‘ dry unit weight False 2038.2
(Srs/trl::;ated hydraulic conductivity False 1 54e-02
Specific gravity of solids False 2.7
Coopglr;rir?(y?)rawmetnc water False 74
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
0.075mm 8.7
0.150mm
0.180mm 12.9
0.250mm
0.300mm
0.425mm 20.0
0.600mm
0.850mm
1.18mm
2.0mm 33.8
2.36mm
4.75mm 447
9.5mm 57.2
12.5mm 63.1
19.0mm 72.7
25.0mm 78.8
37.5mm 85.8
50.0mm 91.6
63.0mm
75.0mm
90.0mm 97.6
Appro"edgzi 25/05/2015 2:15 PM Page 21 of 24
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Unbound

Layer thickness (mm) Semi-infinite
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5
Modulus (Input Level: 3)

. . [Modify input values by
CelEl LEs temperature/moisture
Method: Resilient Modulus (psi)
Resilient Modulus (psi)

275.8
Use Correction factor for NDT modulus? |False
NDT Correction Factor: -
Identifiers
Field Value
Display name/identifier |A-7-5
Description of object Default material
Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (km)
To station (km)
Province
User defined field 2
User defined field 3
Revision Number 0
Report generated on: Version: 2.2 Createdby

01/12/2015 8:55 AM

on: 25/05/2015 2:15 PM

Sieve
Liquid Limit 57.0
Plasticity Index 24.0
Is layer compacted? False
Is User
Defined?| Value
?l"(g]’f/':;k‘é;‘ dry unit weight False 1634.2
(Srs/trl::;ated hydraulic conductivity False 4.281¢-06
Specific gravity of solids False 2.7
Coopr:l[r;ir?(y?)rawmetnc water False 20
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 125.3117
bf 0.5772
cf 0.1052
hr 500.0000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
0.075mm 8.7
0.150mm
0.180mm 12.9
0.250mm
0.300mm
0.425mm 20.0
0.600mm
0.850mm
1.18mm
2.0mm 33.8
2.36mm
4.75mm 44.7
9.5mm 57.2
12.5mm 63.1
19.0mm 72.7
25.0mm 78.8
37.5mm 85.8
50.0mm 91.6
63.0mm
75.0mm
90.0mm 97.6
Appro"edgzi 25/05/2015 2:15 PM Page 22 of 24
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Calibration Coefficients

AC Fatigue
1 k2 Brz 1 kaBfa k1: 0007566
Ny = 0.00432+C* Bpiks (g) (5)  |k2:39492
k3: 1.281
o Bf1: 1
M =484 (V;‘_’Vb - 0.59) Ez :]]
AC Rutting

fp _ k3,4 10%: Thafra p\rksbrs

c, £, = plastic struiﬂ(mfm_)

ik = (Cy + C; + depth) » 0.3281962°P" &, = resilient strain(*/; )

€, = —0.1039 « HZ + 2.4868 « H, — 17.342 T = Dozt s

C, = 0.0172 « HZ — 1.7331 « H, + 27.428 N = number of load repetitions
Where:

H,. = total AC thickness(in)

AC Rutting Standard

Deviation 0.24*Pow(RUT,0.8026)+0.001

AC Layer

K1:-3.35412 K2:1.5606 K3:0.4791 Br1:1 Br2:1 Br3:1

Thermal Fracture

C, =400 *N(

IOg C ;’F hac ) k =refression coef ficient determined through field calibration

AC = (;( * ﬁr'r“ # 4k A K" o= thickness of asphalt layer(in)

4 . l 0(4_389_2_52*103( E*g,*n)  An=Fracture parameters for the asphali mixture

Cp = observed amount of thermal cracking(ft/500ft)

N() = standard normal distribution evaluated at()
o3 o = standard deviation of thelog of the depth of cracks in the pavments
C = crack depth(in)

AC = Change in the crack depth due to a cooling cycle
AK = Changa in the stress intensity factor due to a cooling cycle

E = mixture stif fness
oy = Undamaged mixture tensile strength
B = Calibration parameter

Level 1 K: 1.5 Level 1 Standard Deviation: 0.1468 * THERMAL + 65.027
Level 2 K: 0.5 Level 2 Standard Deviation: 0.2841 *THERMAL + 55.462
Level 3K: 1.5 Level 3 Standard Deviation: 0.3972 * THERMAL + 20.422
CSM Fatigue

by Bos C;_sr) Ny = number of repetitions to fatigue cracking

o, = Tensile stress(psi)

k g’
Nf =10 2Pcz M, = modulus of rupture(psi)
k1: 1 |k2: 1 [Bc1: 1 [Bc2:1
Report generated on: L by: by:
01/12/2015 8:55 AM Version: 2.2 Created - 25/05/2015 2:15 PM Approved . 25/05/2015 2:15 PM
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E6GK_1a

Subgrade Rutting

8, = permanent deformation for the layer
o _(ﬁ)ﬁ N = number of repetitions
6, (N) = ﬁsi kie h (—) e | £, = average veritcal strain{(in/in)
Er £q. 3 p = material properties
£, = resilient strain(in/in)
Granular Fine
k1: 2.03 [Bs1: 1 k1:1.35 Bs1: 1

Standard Deviation (BASERUT)
0.1477*Pow(BASERUT,0.6711)+0.001

Standard Deviation (BASERUT)
0.1235*Pow(SUBRUT,0.5012)+0.001

AC Cracking

AC Top Down Cracking

AC Bottom Up Cracking

FC 6000 ( 1 )
= | —
14 E(ﬁ',_e:ﬂ',r_-l-rl'zsﬂ';ipgm(ﬂaiﬂl}}} 60

C
FCpop = ( 2 )* 10.56
1 + elCa—Cavlogso(Damage)) Ch = —2.40874 — 39.748 « (1 + h,, )~ 28%¢
Ci=—-2xCy
c1: 7 [c2:35  [c3:0 kc4: 1000 [c1: 1 [c2: 1 [c3: 6000

AC Cracking Top Standard Deviation

AC Cracking Bottom Standard Deviation

200 + 2300/(1+exp(1.072-2.1654"LOG10
(TOP+0.0001)))

1.13+13/(1+exp(7.57-15.5"LOG10
(BOTTOM+0.0001)))

CSM Cracking

IRI Flexible Pavements

FC —C + Cg 1 - Rutting 23 - Trangwerse Crack
cth - 1 1 n 303—15'4 { Denggey |2 - Fat,igue Crack 4 - Site Factors

C1: 1 |c2: 1 |[c3:0  |c4:1000 [|C1:40 [C2:04 [C3:0.008 |C4:0.015

CSM Standard Deviation

CTB*1

Report generated on:
01/12/2015 8:55 AM

- by: by:
2. Created
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Design Inputs
Design Life: 20 years Base construction: June, 2004 Climate Data
Design Type: Flexible Pavement Pavement construction: September, 2006 Sources (Lat/Lon)
Traffic opening: October, 2006
Design Structure Traffic
Layer type Material Type Thickness(mm) olumetric at Construction: Age (year) Heavy Trucks
Flexible Default asphalt concrete 40.0 Effective obinder 6.3 (cumulative)
Flexible Default asphalt concrete 50.0 Zci)rn\t/z?(;s( f;/)) 50 2006 (initial) 1,936
(o] .
Flexible Default asphalt concrete 100.0 2016 (10 years) 4,090,720
NonStabilized  |A-1-a 80.0 2026 (20 years) | 9,696,000
Subgrade A-1-a 1200.0
Subgrade A-7-5 Semi-infinite
Design Outputs

Distress Prediction Summary

Distress Type

Distress @ Specified

Reliability

Reliability (%)

Target Predicted Target Achieved
Terminal IRI (m/km) 2.70 2.82 90.00 85.76
Permanent deformation - total pavement (mm) 19.00 26.35 90.00 27.56
AC bottom-up fatigue cracking (percent) 25.00 39.11 90.00 61.14
AC thermal cracking (m/km) 189.40 5.15 90.00 100.00
AC top-down fatigue cracking (m/km) 378.80 667.14 90.00 71.60
Permanent deformation - AC only (mm) 6.00 16.86 90.00 1B
Report generated on: Version: 2.2 Createdby: Approvedby:

01/12/2015 8:56 AM

on: 25/05/2015 2:15 PM

on: 25/05/2015 2:15 PM

Criterion

Satisfied?

Fail
Fail
Fail
Pass
Fail
Fail
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Distress Charts

Thermal Cracking: Total Length vs. Time

250
£ 200 189.4
-
E
< 150 4
o
[
a
= 100 4
s
=]
- sp4
8:45
0 2 4 6 8 10 12 14 16 18 20
Pavement Age (years)
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| Traffic Inputs
I Graphical Representation of Traffic Inputs
Initial two-way AADTT: 1,936 Percent of trucks in design direction (%): 50.0
Number of lanes in design direction: 1 Percent of trucks in design lane (%): 100.0
Operational speed (kph) 89.1
g AADTT Distribution by ¥Yehicle Class Truck Distribution by Hour
5354
?_9, 30.6%
c 301
.2
5 254
=
+ 20 e This chart does not apply to the design type
= ¥
E 154
[m]
Q101
<
5 4
0.0%
0 . . v
5 6 7 8 9 10 1 12 13
Vehicle Class
.~ Growth Factor by ¥Yehicle Class - Axles perTruck by ¥Yehicle Class
3518 U U U U U U U U U L3N ET"’"’“'” = g
—_ = | %
aE 31 34 Tndem E
422.5- Ez.s- [ quaa g
o ot = P %
£ 1% ¢ B BE ’
g %2 1% |z 7% |7 = %
] 17 7% 7% 7% 7% = 7%
g1 S 1T 2
5 2 7 7 7 7 2
o % % % % %
1 1% 5 7 = 7
A A A A
2 1% |% %
7% 7% 7%
0.5 0.541% Z Z
% % %
7 7 7
A A A
0 olZ 4 % T Z
a 5 6 7 8 9 10 1 12 13 4 5 6 7 8 9 10 11 12 13
Vehicle Class VYehicle Class
Traffic Volume Monthly Adjustment Factors
Class 10 | Class 11 | Class 12 | Class 13
Dec
Oct
Sep
Aug
Jul
Jun
May
Apr
Mar
Feb
Jan
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Tabular Representation of Traffic Inputs

Volume Monthly Adjustment Factors

Level 3: Default MAF

Month Vehicle Class

4 5 6 7 8 9 10 11 12 13
January 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
February 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
March 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
April 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
May 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
June 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
July 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
August 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
September 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
October 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
November 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
December 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Distributions by Vehicle Class

Truck Distribution by Hour does not apply

. . "_\AD_TT Growth Factor
Vehicle Class | Distribution (%)
(Level 3) Rate (%) Function
Class 4 0% 3.2% Compound
Class 5 16.4% 3.2% Compound
Class 6 9.9% 3.2% Compound
Class 7 0.6% 3.2% Compound
Class 8 7.3% 3.2% Compound
Class 9 30.6% 3.2% Compound
Class 10 9.9% 3.2% Compound
Class 11 10.8% 3.2% Compound
Class 12 6.3% 3.2% Compound
Class 13 8.2% 3.2% Compound
Axle Configuration Number of Axles per Truck
Traffic Wander Axle Configuration Vehicle [Single|Tandem | Tridem | Quad
Mean wheel location (mm) 460.0 | [Average axle width (m) 26 Class [ Axle | Axle | Axle | Axle
Traffic wander standard deviation (mm) | 254.0 | |Dual tire spacing (mm) 305.0 | | Class 4 2 0 0 0
Design lane width (m) 3.7 Tire pressure (kPa) 827.4 Clzzs o 2 0 0 0
Class6 | 1.7 0.65 0 0
Average Axle Spacing | | Wheelbase does not apply Class 7 | 0.76 | 0.64 0.66 0
Tand_em axle 13 Class 8 2 1 0 0
spacing (m) Class 9 | 1.96 | 0.09 0.96 0
Tridgm axle 13 Class 10 | 1.33 3.34 0 0
spacing (m) Class 11| 3.56 | 0.45 0 0
Quad axle spacing 13 Class 12| 2.12 1.24 0.47 0
(m) Class 13| 223 | 2.09 | 0.25 0
DL/ e2f3015 6056 AM version: 2.2 Created ™ 25/05/2015 2:15 PM Approved ! 25/05/2015 2:15 PM Page 4 of 24
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AADTT (Average Annual Daily Truck Traffic) Growth

* Traffic cap is not enforced

Report generated on: L Creat dby: by:
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Climate Inputs

Climate Data Sources:

Climate Station Cities: Location (lat lon elevation(m))
no information -

Annual Statistics:

Mean annual air temperature (°C) 7.29
Mean annual precipitation (mm) 1020.32
Freezing index (°C - days) 137.3555555
55556  Water table depth 7.20
Average annual number of freeze/thaw cycles: 63.57 (m)
Monthly Climate Summary:

Report generated on: L Creat dby: by:
01/12/2015 8:56 AM Version: 2.2 1eaeCon: 25/05/2015 2:15 PM APPIOVed . 25/05/2015 2:15 PM Page 6 of 24
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E6GK_1b

Hourly Air Temperature Distribution by Month:

-25°C to -20°C | -20°C to -15°C | -15°C to -10°C | -10°C to -5°C | -5°Cto0°C | 0°Cto5°C | 5°C to 10°C

=

s 93 354
b & E 58 385
hs 29 162
. 1 - 117 1
— | [T — ?
5 208

h Bh 16 h

P 35 h Fé 183

1
3 - ] INDN S g g r 8 g 8 8 g: g 8 g g 3 g g g: g g 3 g g
# of Hours # of Hours # of Hours # of Hours # of Hours # of Hours # of Hours

10°C to 15°C | 15°C to 20°C | 20°C to 25°C | 25°C to 30°C | 30°C to 35°C | 35°C to 40°C | 40°C to 45°C
=
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Design Properties

HMA Design Properties

Use Multilayer Rutting Model False Layer Name Layer Type Interface
- = Friction
Using G* based model (not nationally False L T Floxible - Dofault —
calibrated) oy e e - e ASPRAT Fiexible (1) 1.00
Is NCHRP 1-37A HMA Rutting Model True T 2 Floxdols - Dofault asorah
Coefficients ayer 2 rlexible - Lefault asphall fe0xible (1) 1.00
Endurance Limit - concrete
Layer 3 Flexible : Default asphalt Flexible (1 1.00
Use Reflective Cracking True concrete exible (1) 0
Structure - ICM Properties I__:yer4 Non-stabilized Base : A-1 Non-stabilized Base (4) [1.00
AC surface shortwave absorptivity 0.85 Layer 5 Subgrade : A-1-a Subgrade (5) 1.00
Layer 6 Subgrade : A-7-5 Subgrade (5) -
Report generated on: Version: 2.2 Created?: Approvedby: Page 8 of 24
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Thermal Cracking (Input Level: 3)

Creep Compliance (1/GPa)
Indirect tensile strength at -10 °C (MPa) |2.50 Loading time (sec) .20 °C .20 °C 10 °C
Thermal Contraction 1 9.97e-003 9.97e-003 1.68e-002
Is thermal contraction calculated? True 1 1.68e-002 2.25e-002 2.25e-002
Mix coefficient of thermal contraction (mm/mm/°C) | - 2 1.05e-002  |1.05e-002 1.88e-002
Aggregate coefficient of thermal contraction 9.06-006 2 1.88e-002 2.69e-002 2.69e-002
o .

(mm/mm/°C) 5 1126002 [1.126-002  |2.196-002
Voids in Mineral Aggregate (%) 9.3 5 > 198002 3390002 3 398002

10 1.18e-002 1.18e-002 2.45e-002
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HMA Layer 1: Layer 1 Flexible : Default asphalt concrete
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HMA Layer 2: Layer 2 Flexible : Default asphalt concrete
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HMA Layer 3: Layer 3 Flexible : Default asphalt concrete
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Analysis Output Charts
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Granular Base Sub-layer Modulus
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Layer 1 Flexible : Default asphalt concrete

Asphalt General Info
Thickness (mm) 40.0
Name Value
Unit weight (kgfim”3) 12400.0 Reference temperature (°C) 21.1
Poisson's ratio Is Calculated? False . , P '
Ratio 035 Effective binder content (%) 6.3
: Air voids (%) 3
Parameter A - —
Thermal conductivity (watt/meter-
Parameter B - kelvin) 1.16
. Heat capacity (joule/kg-kelvin ) 963
Asphalt Dynamic Modulus (Input Level: 1)
T(°C) 0.1 Hz 1 Hz 10 Hz 25 Hz Identifiers
-10 9775 11144 12098 12382 Field Value
44 3908 6051 8164 8920 Display name/identifier |Default asphalt concrete
211 593 1350 2718 3435
37.8 125 282 666 930 Description of object
54.4 60 118 262 368
Author
Asphalt Binder Date Created 9/16/2010 7:00:00 AM
Approver
Parameter Value Date approved 9/16/2010 7:00:00 AM
Binder Grade Penetration/Viscosity Grade State
Softening Point (°C) at 1300 —
Pascal-sec 75.00 glstrlct
Absolute Viscosity (Pascal- ounty
sec) at 60 °C 200.00 Highway
Kinematic Viscosity . 300.00 Direction of Travel
(centiStokes) at 135 °C From station (km)
Specific Gravity at 25 °C 1.00

Penetration:

To station (km)

Province

Temperature (°C)

Penetration

User defined field 2

Brookfield Viscosity:

User defined field 3

Revision Number

Temperature (°C)

Brookfield Viscosity
(centiPoise)

Report generated on:
01/12/2015 8:56 AM

Version: 2.2

Createdby:

on: 25/05/2015 2:15 PM

Approvedby:

on: 25/05/2015 2:15 PM
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Layer 2 Flexible : Default asphalt concrete

E6GK_1b

Asphalt General Info
Thickness (mm) 50.0 Name Value
Unit weight (kgf/m”3) [2400.0
- : . Reference temperature (°C) 211
Poisson's ratio Is Calculated? False ——
Ratio 035 Effective binder content (%) 5.2
- Air voids (%) 35
Parameter A - —
Thermal conductivity (watt/meter- 11
Parameter B - kelvin) 16
Heat capacity (joule/kg-kelvin 963
Asphalt Dynamic Modulus (Input Level: 1) pacity g )
T(°C) 0.1 Hz 1 Hz 10 Hz 25 Hz Identifiers
-10 9775 11144 12098 12382 Field Value
4.4 3908 6051 8164 8920 Display name/identifier |Default asphalt concrete
211 593 1350 2718 3435
37.8 125 282 666 930 Description of object
54.4 60 118 262 368
Author
Asphalt Binder Date Created 9/16/2010 7:00:00 AM
Approver
Parameter Value Date approved 9/16/2010 7:00:00 AM
Binder Grade Penetration/Viscosity Grade State
- —
Softening Point (°C) at 1300 75.00 District
Pascal-sec o
Absolute Viscosity (Pascal- ounty
sec) at 60 °C 200.00 Highway
Kinematic Viscosity 300.00 Direction of Travel
(centiStokes) at 135 °C ' From station (km)
Specific Gravity at 25 °C 1.00

Penetration:

Temperature (°C)

Penetration

Brookfield Viscosity:

Temperature (°C)

Brookfield Viscosity
(centiPoise)

Report generated on:
01/12/2015 8:56 AM

Version: 2.2

Createdby:

on: 25/05/2015 2:15 PM

To station (km)

Province

User defined field 2

User defined field 3

Revision Number

Approvedby:

on: 25/05/2015 2:15 PM
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Layer 3 Flexible : Default asphalt concrete

E6GK_1b

Asphalt General Info
Thickness (mm) 100.0 Name Value
Unit weight (kgf/m”3) [2400.0
- : . Reference temperature (°C) 211
Poisson's ratio Is Calculated? False ——
Ratio 035 Effective binder content (%) 4.5
- Air voids (%) 4.5
Parameter A - —
Thermal conductivity (watt/meter- 11
Parameter B - kelvin) 16
Heat capacity (joule/kg-kelvin 963
Asphalt Dynamic Modulus (Input Level: 1) pacity g )
T(°C) 0.1 Hz 1 Hz 10 Hz 25 Hz Identifiers
-10 9775 11144 12098 12382 Field Value
4.4 3908 6051 8164 8920 Display name/identifier |Default asphalt concrete
211 593 1350 2718 3435
37.8 125 282 666 930 Description of object
54.4 60 118 262 368
Author
Asphalt Binder Date Created 9/16/2010 7:00:00 AM
Approver
Parameter Value Date approved 9/16/2010 7:00:00 AM
Binder Grade Penetration/Viscosity Grade State
- —
Softening Point (°C) at 1300 75.00 District
Pascal-sec =
Absolute Viscosity (Pascal- ounty
sec) at 60 °C 200.00 Highway
Kinematic Viscosity 300.00 Direction of Travel
(centiStokes) at 135 °C ' From station (km)
Specific Gravity at 25 °C 1.00

Penetration:

Temperature (°C)

Penetration

Brookfield Viscosity:

Temperature (°C)

Brookfield Viscosity
(centiPoise)

Report generated on:
01/12/2015 8:56 AM

Version: 2.2

Createdby:

on: 25/05/2015 2:15 PM

To station (km)

Province

User defined field 2

User defined field 3

Revision Number

Approvedby:

on: 25/05/2015 2:15 PM
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Layer 4 Non-stabilized Base : A-1-a

Unbound

Layer thickness (mm) 80.0

E6GK_1b

Poisson's ratio

0.35

Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

275.8

Use Correction factor for NDT modulus? |False

NDT Correction Factor: -

Identifiers

Field

Value

Display name/identifier |A-1-a

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (km)

To station (km)

Province

User defined field 2

User defined field 3

Revision Number

Report generated on:
01/12/2015 8:56 AM

Version: 2.2 Createdby

on: 25/05/2015 2:15 PM

Sieve
Liquid Limit 6.0
Plasticity Index 1.0
Is layer compacted? False
Is User
Defined?| Value
?I/'(g;‘/in’?k’g;‘ dry unit weight False 2038.2
(Sn::l/tﬁ:;ated hydraulic conductivity False 5.0546-02
Specific gravity of solids False 2.7
Coopglrgrirr(](yg)rawmetnc water False 74
User-defined Soil Water Characteristic Curve
(SWCC)
Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
0.075mm 8.7
0.150mm
0.180mm 12.9
0.250mm
0.300mm
0.425mm 20.0
0.600mm
0.850mm
1.18mm
2.0mm 33.8
2.36mm
4.75mm 44.7
9.5mm 57.2
12.5mm 63.1
19.0mm 72.7
25.0mm 78.8
37.5mm 85.8
50.0mm 91.6
63.0mm
75.0mm
90.0mm 97.6
Appro"edgzi 25/05/2015 2:15 PM Page 20 of 24
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Unbound

Layer thickness (mm) 1200.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5
Modulus (Input Level: 3)

. . [Modify input values by
CelEl LEs temperature/moisture
Method: Resilient Modulus (psi)
Resilient Modulus (psi)

275.8
Use Correction factor for NDT modulus? |False
NDT Correction Factor: -
Identifiers
Field Value
Display name/identifier |A-1-a
Description of object Default Material
Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (km)
To station (km)
Province
User defined field 2
User defined field 3
Revision Number 0
Report generated on: Version: 2.2 Createdby

01/12/2015 8:56 AM

on

1 25/05/2015 2:15 PM

Sieve
Liquid Limit 6.0
Plasticity Index 1.0
Is layer compacted? False
Is User
Defined?| Value
xg]’f/'::k‘é;‘ dry unit weight False 2038.2
(Srs/trl::;ated hydraulic conductivity False 1 54e-02
Specific gravity of solids False 2.7
Coopglr;rir?(y?)rawmetnc water False 74
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
0.075mm 8.7
0.150mm
0.180mm 12.9
0.250mm
0.300mm
0.425mm 20.0
0.600mm
0.850mm
1.18mm
2.0mm 33.8
2.36mm
4.75mm 447
9.5mm 57.2
12.5mm 63.1
19.0mm 72.7
25.0mm 78.8
37.5mm 85.8
50.0mm 91.6
63.0mm
75.0mm
90.0mm 97.6
Appro"edgzi 25/05/2015 2:15 PM Page 21 of 24
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Layer 6 Subgrade : A-7-5

E6GK_1b
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Unbound

Layer thickness (mm) Semi-infinite
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5
Modulus (Input Level: 3)

. . [Modify input values by
CelEl LEs temperature/moisture
Method: Resilient Modulus (psi)
Resilient Modulus (psi)

275.8
Use Correction factor for NDT modulus? |False
NDT Correction Factor: -
Identifiers
Field Value
Display name/identifier |A-7-5
Description of object Default material
Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (km)
To station (km)
Province
User defined field 2
User defined field 3
Revision Number 0
Report generated on: Version: 2.2 Createdby

01/12/2015 8:56 AM

on: 25/05/2015 2:15 PM

Sieve
Liquid Limit 57.0
Plasticity Index 24.0
Is layer compacted? False
Is User
Defined?| Value
?l"(g]’f/':;k‘é;‘ dry unit weight False 1634.2
(Srs/trl::;ated hydraulic conductivity False 4.281¢-06
Specific gravity of solids False 2.7
Coopr:l[r;ir?(y?)rawmetnc water False 20
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 125.3117
bf 0.5772
cf 0.1052
hr 500.0000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
0.075mm 8.7
0.150mm
0.180mm 12.9
0.250mm
0.300mm
0.425mm 20.0
0.600mm
0.850mm
1.18mm
2.0mm 33.8
2.36mm
4.75mm 44.7
9.5mm 57.2
12.5mm 63.1
19.0mm 72.7
25.0mm 78.8
37.5mm 85.8
50.0mm 91.6
63.0mm
75.0mm
90.0mm 97.6
Appro"edgzi 25/05/2015 2:15 PM Page 22 of 24
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Calibration Coefficients

AC Fatigue
1 k2 Brz 1 kaBfa k1: 0007566
Ny = 0.00432+C* Bpiks (g) (5)  |k2:39492
k3: 1.281
o Bf1: 1
M =484 (V;‘_’Vb - 0.59) Ez :]]
AC Rutting

fp _ k3,4 10%: Thafra p\rksbrs

c, £, = plastic struiﬂ(mfm_)

ik = (Cy + C; + depth) » 0.3281962°P" &, = resilient strain(*/; )

€, = —0.1039 « HZ + 2.4868 « H, — 17.342 T = Dozt s

C, = 0.0172 « HZ — 1.7331 « H, + 27.428 N = number of load repetitions
Where:

H,. = total AC thickness(in)

AC Rutting Standard

Deviation 0.24*Pow(RUT,0.8026)+0.001

AC Layer

K1:-3.35412 K2:1.5606 K3:0.4791 Br1:1 Br2:1 Br3:1

Thermal Fracture

C, =400 *N(

IOg C ;’F hac ) k =refression coef ficient determined through field calibration

AC = (;( * ﬁr'r“ # 4k A K" o= thickness of asphalt layer(in)

4 . l 0(4_389_2_52*103( E*g,*n)  An=Fracture parameters for the asphali mixture

Cp = observed amount of thermal cracking(ft/500ft)

N() = standard normal distribution evaluated at()
o3 o = standard deviation of thelog of the depth of cracks in the pavments
C = crack depth(in)

AC = Change in the crack depth due to a cooling cycle
AK = Changa in the stress intensity factor due to a cooling cycle

E = mixture stif fness
oy = Undamaged mixture tensile strength
B = Calibration parameter

Level 1 K: 1.5 Level 1 Standard Deviation: 0.1468 * THERMAL + 65.027
Level 2 K: 0.5 Level 2 Standard Deviation: 0.2841 *THERMAL + 55.462
Level 3K: 1.5 Level 3 Standard Deviation: 0.3972 * THERMAL + 20.422
CSM Fatigue

by Bos C;_sr) Ny = number of repetitions to fatigue cracking

o, = Tensile stress(psi)

k g’
Nf =10 2Pcz M, = modulus of rupture(psi)
k1: 1 |k2: 1 [Bc1: 1 [Bc2:1
Report generated on: L by: by:
01/12/2015 8:56 AM Version: 2.2 Created - 25/05/2015 2:15 PM Approved . 25/05/2015 2:15 PM
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E6GK_1b

Subgrade Rutting

8, = permanent deformation for the layer
o _(ﬁ)ﬁ N = number of repetitions
6, (N) = ﬁsi kie h (—) e | £, = average veritcal strain{(in/in)
Er £q. 3 p = material properties
£, = resilient strain(in/in)
Granular Fine
k1: 2.03 [Bs1: 1 k1:1.35 Bs1: 1

Standard Deviation (BASERUT)
0.1477*Pow(BASERUT,0.6711)+0.001

Standard Deviation (BASERUT)
0.1235*Pow(SUBRUT,0.5012)+0.001

AC Cracking

AC Top Down Cracking

AC Bottom Up Cracking

FC 6000 ( 1 )
= | —
14 E(ﬁ',_e:ﬂ',r_-l-rl'zsﬂ';ipgm(ﬂaiﬂl}}} 60

C
FCpop = ( 2 )* 10.56
1 + elCa—Cavlogso(Damage)) Ch = —2.40874 — 39.748 « (1 + h,, )~ 28%¢
Ci=—-2xCy
c1: 7 [c2:35  [c3:0 kc4: 1000 [c1: 1 [c2: 1 [c3: 6000

AC Cracking Top Standard Deviation

AC Cracking Bottom Standard Deviation

200 + 2300/(1+exp(1.072-2.1654"LOG10
(TOP+0.0001)))

1.13+13/(1+exp(7.57-15.5"LOG10
(BOTTOM+0.0001)))

CSM Cracking

IRI Flexible Pavements

FC —C + Cg 1 - Rutting 23 - Trangwerse Crack
cth - 1 1 n 303—15'4 { Denggey |2 - Fat,igue Crack 4 - Site Factors

C1: 1 |c2: 1 |[c3:0  |c4:1000 [|C1:40 [C2:04 [C3:0.008 |C4:0.015

CSM Standard Deviation

CTB*1
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Design Inputs
Design Life: 20 years Base construction: June, 2004 Climate Data
Design Type: Flexible Pavement Pavement construction: September, 2006 Sources (Lat/Lon)
Traffic opening: October, 2006
Design Structure Traffic
Layer type Material Type Thickness(mm) olumetric at Construction: Heavy Trucks
- - Age (year) lati
Flexible Default asphalt concrete 40.0 Effectlveoblnder 6.3 (cumulative)
Flexible Default asphalt concrete 50.0 Zci)rn\t/z?(;s( f;/)) 50 2006 (initial) 1,936
(o] .
Flexible Default asphalt concrete 100.0 2016 (10 years) 4,090,720
NonStabilized  [A-1-a 80.0 2026 (20 years) | 9,696,000
Subgrade A-1-a 1200.0
Subgrade A-7-5 Semi-infinite
Design Outputs

Distress Prediction Summary

Distress @ Specified

Reliability (%)

Criterion

Distress Type Reliability : : Satisfied?
Target Predicted Target Achieved
Terminal IRI (m/km) 2.70 2.76 90.00 87.84 Fail
Permanent deformation - total pavement (mm) 19.00 25.39 90.00 34.60 Fail
AC bottom-up fatigue cracking (percent) 25.00 35.61 90.00 70.22 Fail
AC thermal cracking (m/km) 189.40 5.15 90.00 100.00 Pass
AC top-down fatigue cracking (m/km) 378.80 602.18 90.00 76.11 Fail
Permanent deformation - AC only (mm) 6.00 16.25 90.00 3.79 Fail
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Distress Charts

Thermal Cracking: Total Length vs. Time

250
£ 200 189.4
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E
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| Traffic Inputs
I Graphical Representation of Traffic Inputs
Initial two-way AADTT: 1,936 Percent of trucks in design direction (%): 50.0
Number of lanes in design direction: 1 Percent of trucks in design lane (%): 100.0
Operational speed (kph) 89.1
g AADTT Distribution by ¥Yehicle Class Truck Distribution by Hour
=351
?_9, 30.6%
c 301
.0
s 254
£
+ 20 e This chart does not apply to the design type
= y
': 15 4
[m]
g 104
<
5 4
0.0%
0 . . .
5 6 7 8 9 10 11 12 13
Vehicle Class
.~ Growth Factor by ¥Yehicle Class - Axles perTruck by ¥Yehicle Class
3518 U U U U U U U U U L3N ET"’"’“'” = g
—_ = | %
aE 31 31 Tndem E
422.5- Ez.s- [ quaa g
o % = % 4
£ 1% ¢ B BE ’
z %2 1% |z %2 % = %
] 17 7% 7% 7% 7% = 7%
g1 S 1T 2
5 2 7 7 7 7 /
o % % % % %
1 1% 5 7 = 7
A A A A
2 1% |% %
7% 7% 7%
0.5 1 0.541% 7 7
% % %
7 7 7
A A A
0 - olZ 4 % y Z
4 5 6 7 8 9 10 11 12 13 4 5 6 7 8 9 10 11 12 13
Vehicle Class VYehicle Class
Traffic Volume Monthly Adjustment Factors
Class 10 | Class 11 | Class 12 | Class 13
Dec
Oct
Sep
Aug
Jul
Jun
May
Apr
Mar
Feb
Jan
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Tabular Representation of Traffic Inputs

Volume Monthly Adjustment Factors

Level 3: Default MAF

Month Vehicle Class

4 5 6 7 8 9 10 11 12 13
January 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
February 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
March 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
April 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
May 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
June 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
July 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
August 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
September 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
October 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
November 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
December 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Distributions by Vehicle Class

Truck Distribution by Hour does not apply

. . "_\AD_TT Growth Factor
Vehicle Class | Distribution (%)
(Level 3) Rate (%) Function
Class 4 0% 3.2% Compound
Class 5 16.4% 3.2% Compound
Class 6 9.9% 3.2% Compound
Class 7 0.6% 3.2% Compound
Class 8 7.3% 3.2% Compound
Class 9 30.6% 3.2% Compound
Class 10 9.9% 3.2% Compound
Class 11 10.8% 3.2% Compound
Class 12 6.3% 3.2% Compound
Class 13 8.2% 3.2% Compound
Axle Configuration Number of Axles per Truck
Traffic Wander Axle Configuration Vehicle [Single|Tandem | Tridem | Quad
Mean wheel location (mm) 460.0 | [Average axle width (m) 26 Class [ Axle | Axle | Axle | Axle
Traffic wander standard deviation (mm) | 254.0 | |Dual tire spacing (mm) 305.0 | | Class 4 2 0 0 0
Design lane width (m) 3.7 Tire pressure (kPa) 827.4 Clzzs o 2 0 0 0
Class6 | 1.7 0.65 0 0
Average Axle Spacing | | Wheelbase does not apply Class 7 | 0.76 | 0.64 0.66 0
Tand_em axle 13 Class 8 2 1 0 0
spacing (m) Class 9 | 1.96 | 0.09 0.96 0
Tridgm axle 13 Class 10 | 1.33 3.34 0 0
spacing (m) Class 11| 3.56 | 0.45 0 0
Quad axle spacing 13 Class 12| 2.12 1.24 0.47 0
(m) Class 13| 223 | 2.09 | 0.25 0
DL/ 21 3015 6058 AM version: 2.2 Created ™ 25/05/2015 2:15 PM Approved ! 25/05/2015 2:15 PM Page 4 of 24
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AADTT (Average Annual Daily Truck Traffic) Growth

* Traffic cap is not enforced

Report generated on: L Creat dby: by:
01/12/2015 8:58 AM Version: 2.2 1eaeCon: 25/05/2015 2:15 PM APPrOVed . 25/05/2015 2:15 PM Page 5 of 24



Bil 2, Sida 78 av 96
ilaga ida 78 av E6GK_2a

File Name: \\sto236.skanska.org\Programs\Citrix\AppSettings\AASHTOWare Data\My ME Design\Projects\E6 Geddeknippeln-Kallsas\E6GK_2a.dgpx

Climate Inputs

Climate Data Sources:

Climate Station Cities: Location (lat lon elevation(m))
no information -

Annual Statistics:

Mean annual air temperature (°C) 7.29
Mean annual precipitation (mm) 1020.32
Freezing index (°C - days) 137.3555555
55556  Water table depth 7.20
Average annual number of freeze/thaw cycles: 63.57 (m)
Monthly Climate Summary:
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E6GK_2a

Hourly Air Temperature Distribution by Month:

-25°C to -20°C | -20°C to -15°C | -15°C to -10°C | -10°C to -5°C | -5°Cto0°C | 0°Cto5°C | 5°C to 10°C

=

s 93 354
b & E 58 385
hs 29 162
. 1 - 117 1
— | [T — ?
5 208

h Bh 16 h

P 35 h Fé 183

1
3 - ] INDN S g g r 8 g 8 8 g: g 8 g g 3 g g g: g g 3 g g
# of Hours # of Hours # of Hours # of Hours # of Hours # of Hours # of Hours

10°C to 15°C | 15°C to 20°C | 20°C to 25°C | 25°C to 30°C | 30°C to 35°C | 35°C to 40°C | 40°C to 45°C
=
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Design Properties

HMA Design Properties

Use Multilayer Rutting Model False Layer Name Layer Type Interface
- = Friction
Using G* based model (not nationally False L T Floxible - Dofault —
calibrated) oy e e - e ASPRAT Fiexible (1) 1.00
Is NCHRP 1-37A HMA Rutting Model True T 2 Floxdols - Dofault asorah
Coefficients ayer 2 rlexible - Lefault asphall fe0xible (1) 1.00
Endurance Limit - concrete
Layer 3 Flexible : Default asphalt Flexible (1 1.00
Use Reflective Cracking True concrete exible (1) 0
Structure - ICM Properties I__:yer4 Non-stabilized Base : A-1 Non-stabilized Base (4) [1.00
AC surface shortwave absorptivity 0.85 Layer 5 Subgrade : A-1-a Subgrade (5) 1.00
Layer 6 Subgrade : A-7-5 Subgrade (5) -
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01/12/2015 8:58 AM

on: 25/05/2015 2:15 PM

on: 25/05/2015 2:15 PM



Bil 2, Sida 81 av 96
ilaga ida 81 av E6GK_2a

File Name: \\sto236.skanska.org\Programs\Citrix\AppSettings\AASHTOWare Data\My ME Design\Projects\E6 Geddeknippeln-Kallsas\E6GK_2a.dgpx

Thermal Cracking (Input Level: 3)

Creep Compliance (1/GPa)
Indirect tensile strength at -10 °C (MPa) |2.50 Loading time (sec) .20 °C .20 °C 10 °C
Thermal Contraction 1 9.97e-003 9.97e-003 1.68e-002
Is thermal contraction calculated? True 1 1.68e-002 2.25e-002 2.25e-002
Mix coefficient of thermal contraction (mm/mm/°C) | - 2 1.05e-002  |1.05e-002 1.88e-002
Aggregate coefficient of thermal contraction 9.06-006 2 1.88e-002 2.69e-002 2.69e-002
o .

(mm/mm/°C) 5 1126002 [1.126-002  |2.196-002
Voids in Mineral Aggregate (%) 9.3 5 > 198002 3390002 3 398002

10 1.18e-002 1.18e-002 2.45e-002
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HMA Layer 1: Layer 1 Flexible : Default asphalt concrete
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HMA Layer 2: Layer 2 Flexible : Default asphalt concrete
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HMA Layer 3: Layer 3 Flexible : Default asphalt concrete
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Analysis Output Charts
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AC Top-Down Damage
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Granular Base Sub-layer Modulus

70C-
E W GB4(7) h =78.7 mm
z
g
W
e
>
o
=
z
0 : . : : : : : : : . : : : : : - : . : ,
0.1 2.0 4.0 6.0 2.0 10.0 12.0 14.0 16.0 18.0 20.0
2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026
PavementAge (yearsfdate)
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Layer Information

Layer 1 Flexible : Default asphalt concrete

E6GK_2a

Asphalt General Info
Thickness (mm) 40.0
Name Value
Unit weight (kgfim”3) 12400.0 Reference temperature (°C) 21.1
Poisson's ratio Is Calculated? False . , P '
Ratio 035 Effective binder content (%) 6.3
: Air voids (%) 3
Parameter A - —
Thermal conductivity (watt/meter-
Parameter B - kelvin) 1.16
. Heat capacity (joule/kg-kelvin ) 963
Asphalt Dynamic Modulus (Input Level: 1)
T(°C) 0.1 Hz 1 Hz 10 Hz 25 Hz Identifiers
-10 9775 11144 12098 12382 Field Value
44 3908 6051 8164 8920 Display name/identifier |Default asphalt concrete
211 593 1350 2718 3435
37.8 125 282 666 930 Description of object
54.4 60 118 262 368
Author
Asphalt Binder Date Created 9/16/2010 7:00:00 AM
Approver
Parameter Value Date approved 9/16/2010 7:00:00 AM
Binder Grade Penetration/Viscosity Grade State
Softening Point (°C) at 1300 —
Pascal-sec 75.00 glstrlct
Absolute Viscosity (Pascal- ounty
sec) at 60 °C 200.00 Highway
Kinematic Viscosity . 300.00 Direction of Travel
(centiStokes) at 135 °C From station (km)
Specific Gravity at 25 °C 1.00

Penetration:

To station (km)

Province

Temperature (°C)

Penetration

User defined field 2

Brookfield Viscosity:

User defined field 3

Revision Number

Temperature (°C)

Brookfield Viscosity
(centiPoise)
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Layer 2 Flexible : Default asphalt concrete

E6GK_2a

Asphalt General Info
Thickness (mm) 50.0 Name Value
Unit weight (kgf/m”3) [2400.0
- : . Reference temperature (°C) 211
Poisson's ratio Is Calculated? False ——
Ratio 035 Effective binder content (%) 5.2
- Air voids (%) 35
Parameter A - —
Thermal conductivity (watt/meter- 11
Parameter B - kelvin) 16
Heat capacity (joule/kg-kelvin 963
Asphalt Dynamic Modulus (Input Level: 1) pacity g )
T(°C) 0.1 Hz 1 Hz 10 Hz 25 Hz Identifiers
-10 9775 11144 12098 12382 Field Value
4.4 3908 6051 8164 8920 Display name/identifier |Default asphalt concrete
211 593 1350 2718 3435
37.8 125 282 666 930 Description of object
54.4 60 118 262 368
Author
Asphalt Binder Date Created 9/16/2010 7:00:00 AM
Approver
Parameter Value Date approved 9/16/2010 7:00:00 AM
Binder Grade Penetration/Viscosity Grade State
- —
Softening Point (°C) at 1300 75.00 District
Pascal-sec o
Absolute Viscosity (Pascal- ounty
sec) at 60 °C 200.00 Highway
Kinematic Viscosity 300.00 Direction of Travel
(centiStokes) at 135 °C ' From station (km)
Specific Gravity at 25 °C 1.00

Penetration:

Temperature (°C)

Penetration

Brookfield Viscosity:

Temperature (°C)

Brookfield Viscosity
(centiPoise)

Report generated on:
01/12/2015 8:58 AM

Version: 2.2

Createdby:

on: 25/05/2015 2:15 PM

To station (km)

Province

User defined field 2

User defined field 3

Revision Number

Approvedby:

on: 25/05/2015 2:15 PM

Page 18 of 24



Bilaga 2, Sida 91 av 96

File Name: \\sto236.skanska.org\Programs\Citrix\AppSettings\AASHTOWare Data\My ME Design\Projects\E6 Geddeknippeln-Kallsas\E6GK_2a.dgpx

Layer 3 Flexible : Default asphalt concrete

E6GK_2a

Asphalt General Info
Thickness (mm) 100.0 Name Value
Unit weight (kgf/m”3) [2400.0
- : . Reference temperature (°C) 211
Poisson's ratio Is Calculated? False ——
Ratio 035 Effective binder content (%) 4.5
- Air voids (%) 4.5
Parameter A - —
Thermal conductivity (watt/meter- 11
Parameter B - kelvin) 16
Heat capacity (joule/kg-kelvin 963
Asphalt Dynamic Modulus (Input Level: 1) pacity g )
T(°C) 0.1 Hz 1 Hz 10 Hz 25 Hz Identifiers
-10 9775 11144 12098 12382 Field Value
4.4 3908 6051 8164 8920 Display name/identifier |Default asphalt concrete
211 593 1350 2718 3435
37.8 125 282 666 930 Description of object
54.4 60 118 262 368
Author
Asphalt Binder Date Created 9/16/2010 7:00:00 AM
Approver
Parameter Value Date approved 9/16/2010 7:00:00 AM
Binder Grade Penetration/Viscosity Grade State
- —
Softening Point (°C) at 1300 75.00 District
Pascal-sec =
Absolute Viscosity (Pascal- ounty
sec) at 60 °C 200.00 Highway
Kinematic Viscosity 300.00 Direction of Travel
(centiStokes) at 135 °C ' From station (km)
Specific Gravity at 25 °C 1.00

Penetration:

Temperature (°C)

Penetration

Brookfield Viscosity:

Temperature (°C)

Brookfield Viscosity
(centiPoise)

Report generated on:
01/12/2015 8:58 AM

Version: 2.2

Createdby:

on: 25/05/2015 2:15 PM

To station (km)

Province

User defined field 2

User defined field 3

Revision Number

Approvedby:

on: 25/05/2015 2:15 PM
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Bilaga 2, Sida 92 av 96

File Name: \\sto236.skanska.org\Programs\Citrix\AppSettings\AASHTOWare Data\My ME Design\Projects\E6 Geddeknippeln-Kallsas\E6GK_2a.dgpx

Layer 4 Non-stabilized Base : A-1-a

Unbound

Layer thickness (mm) 80.0

E6GK_2a

Poisson's ratio

0.35

Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

275.8

Use Correction factor for NDT modulus? |False

NDT Correction Factor: -

Identifiers

Field

Value

Display name/identifier |A-1-a

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (km)

To station (km)

Province

User defined field 2

User defined field 3

Revision Number

Report generated on:
01/12/2015 8:58 AM

Version: 2.2 Createdby

on: 25/05/2015 2:15 PM

Sieve
Liquid Limit 6.0
Plasticity Index 1.0
Is layer compacted? False
Is User
Defined?| Value
?I/'(g;‘/in’?k’g;‘ dry unit weight False 2038.2
(Sn::l/tﬁ:;ated hydraulic conductivity False 5.0546-02
Specific gravity of solids False 2.7
Coopglrgrirr(](yg)rawmetnc water False 74
User-defined Soil Water Characteristic Curve
(SWCC)
Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
0.075mm 8.7
0.150mm
0.180mm 12.9
0.250mm
0.300mm
0.425mm 20.0
0.600mm
0.850mm
1.18mm
2.0mm 33.8
2.36mm
4.75mm 44.7
9.5mm 57.2
12.5mm 63.1
19.0mm 72.7
25.0mm 78.8
37.5mm 85.8
50.0mm 91.6
63.0mm
75.0mm
90.0mm 97.6
Appro"edgzi 25/05/2015 2:15 PM Page 20 of 24



Bilaga 2, Sida 93 av 96

Layer 5 Subgrade : A-1-a

E6GK_2a

File Name: \\sto236.skanska.org\Programs\Citrix\AppSettings\AASHTOWare Data\My ME Design\Projects\E6 Geddeknippeln-Kallsas\E6GK_2a.dgpx

Unbound

Layer thickness (mm) 1200.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5
Modulus (Input Level: 3)

. . [Modify input values by
CelEl LEs temperature/moisture
Method: Resilient Modulus (psi)
Resilient Modulus (psi)

275.8
Use Correction factor for NDT modulus? |False
NDT Correction Factor: -
Identifiers
Field Value
Display name/identifier |A-1-a
Description of object Default Material
Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (km)
To station (km)
Province
User defined field 2
User defined field 3
Revision Number 0
Report generated on: Version: 2.2 Createdby

01/12/2015 8:58 AM

on

1 25/05/2015 2:15 PM

Sieve
Liquid Limit 6.0
Plasticity Index 1.0
Is layer compacted? False
Is User
Defined?| Value
xg]’f/'::k‘é;‘ dry unit weight False 2038.2
(Srs/trl::;ated hydraulic conductivity False 1 54e-02
Specific gravity of solids False 2.7
Coopglr;rir?(y?)rawmetnc water False 74
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
0.075mm 8.7
0.150mm
0.180mm 12.9
0.250mm
0.300mm
0.425mm 20.0
0.600mm
0.850mm
1.18mm
2.0mm 33.8
2.36mm
4.75mm 447
9.5mm 57.2
12.5mm 63.1
19.0mm 72.7
25.0mm 78.8
37.5mm 85.8
50.0mm 91.6
63.0mm
75.0mm
90.0mm 97.6
Appro"edgzi 25/05/2015 2:15 PM Page 21 of 24



Bilaga 2, Sida 94 av 96

Layer 6 Subgrade : A-7-5

E6GK_2a

File Name: \\sto236.skanska.org\Programs\Citrix\AppSettings\AASHTOWare Data\My ME Design\Projects\E6 Geddeknippeln-Kallsas\E6GK_2a.dgpx

Unbound

Layer thickness (mm) Semi-infinite
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

275.8

Use Correction factor for NDT modulus? |False

NDT Correction Factor: -

Identifiers

Field

Value

Display name/identifier |A-7-5

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (km)

To station (km)

Province

User defined field 2

User defined field 3

Revision Number

Report generated on:
01/12/2015 8:58 AM

Version: 2.2 Createdby

on: 25/05/2015 2:15 PM

Sieve
Liquid Limit 57.0
Plasticity Index 24.0
Is layer compacted? False
Is User
Defined?| Value
?l"(g]’f/':;k‘é;‘ dry unit weight False 1634.2
(Srs/trl::;ated hydraulic conductivity False 4.281¢-06
Specific gravity of solids False 2.7
Coopr:l[r;ir?(y?)rawmetnc water False 20
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 125.3117
bf 0.5772
cf 0.1052
hr 500.0000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
0.075mm 8.7
0.150mm
0.180mm 12.9
0.250mm
0.300mm
0.425mm 20.0
0.600mm
0.850mm
1.18mm
2.0mm 33.8
2.36mm
4.75mm 44.7
9.5mm 57.2
12.5mm 63.1
19.0mm 72.7
25.0mm 78.8
37.5mm 85.8
50.0mm 91.6
63.0mm
75.0mm
90.0mm 97.6
Appro"edgzi 25/05/2015 2:15 PM Page 22 of 24



Bilaga 2,

Sida 95 av 96 E6GK_2a

File Name: \\sto236.skanska.org\Programs\Citrix\AppSettings\AASHTOWare Data\My ME Design\Projects\E6 Geddeknippeln-Kallsas\E6GK_2a.dgpx

Calibration Coefficients

AC Fatigue
1 k2 Brz 1 kaBfa k1: 0007566
Ny = 0.00432+C* Bpiks (g) (5)  |k2:39492
k3: 1.281
o Bf1: 1
M =484 (V;‘_’Vb - 0.59) Ez :]]
AC Rutting

fp _ k3,4 10%: Thafra p\rksbrs

c, £, = plastic struiﬂ(mfm_)

ik = (Cy + C; + depth) » 0.3281962°P" &, = resilient strain(*/; )

€, = —0.1039 « HZ + 2.4868 « H, — 17.342 T = Dozt s

C, = 0.0172 « HZ — 1.7331 « H, + 27.428 N = number of load repetitions
Where:

H,. = total AC thickness(in)

AC Rutting Standard

Deviation 0.24*Pow(RUT,0.8026)+0.001

AC Layer

K1:-3.35412 K2:1.5606 K3:0.4791 Br1:1 Br2:1 Br3:1

Thermal Fracture

C, =400 *N(

IOg C ;’F hac ) k =refression coef ficient determined through field calibration

AC = (;( * ﬁr'r“ # 4k A K" o= thickness of asphalt layer(in)

4 . l 0(4_389_2_52*103( E*g,*n)  An=Fracture parameters for the asphali mixture

Cp = observed amount of thermal cracking(ft/500ft)

N() = standard normal distribution evaluated at()
o3 o = standard deviation of thelog of the depth of cracks in the pavments
C = crack depth(in)

AC = Change in the crack depth due to a cooling cycle
AK = Changa in the stress intensity factor due to a cooling cycle

E = mixture stif fness
oy = Undamaged mixture tensile strength
B = Calibration parameter

Level 1 K: 1.5 Level 1 Standard Deviation: 0.1468 * THERMAL + 65.027
Level 2 K: 0.5 Level 2 Standard Deviation: 0.2841 *THERMAL + 55.462
Level 3K: 1.5 Level 3 Standard Deviation: 0.3972 * THERMAL + 20.422
CSM Fatigue

by Bos C;_sr) Ny = number of repetitions to fatigue cracking

o, = Tensile stress(psi)

k g’
Nf =10 2Pcz M, = modulus of rupture(psi)
k1: 1 |k2: 1 [Bc1: 1 [Bc2:1
Report generated on: L by: by:
01/12/2015 8:58 AM Version: 2.2 Created - 25/05/2015 2:15 PM Approved . 25/05/2015 2:15 PM
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Bilaga 2, Sida 96 av 96

File Name: \\sto236.skanska.org\Programs\Citrix\AppSettings\AASHTOWare Data\My ME Design\Projects\E6 Geddeknippeln-Kallsas\E6GK_2a.dgpx

E6GK_2a

Subgrade Rutting

8, = permanent deformation for the layer
o _(ﬁ)ﬁ N = number of repetitions
6, (N) = ﬁsi kie h (—) e | £, = average veritcal strain{(in/in)
Er £q. 3 p = material properties
£, = resilient strain(in/in)
Granular Fine
k1: 2.03 [Bs1: 1 k1:1.35 Bs1: 1

Standard Deviation (BASERUT)
0.1477*Pow(BASERUT,0.6711)+0.001

Standard Deviation (BASERUT)
0.1235*Pow(SUBRUT,0.5012)+0.001

AC Cracking

AC Top Down Cracking

AC Bottom Up Cracking

FC 6000 ( 1 )
= | —
14 E(ﬁ',_e:ﬂ',r_-l-rl'zsﬂ';ipgm(ﬂaiﬂl}}} 60

C
FCpop = ( 2 )* 10.56
1 + elCa—Cavlogso(Damage)) Ch = —2.40874 — 39.748 « (1 + h,, )~ 28%¢
Ci=—-2xCy
c1: 7 [c2:35  [c3:0 kc4: 1000 [c1: 1 [c2: 1 [c3: 6000

AC Cracking Top Standard Deviation

AC Cracking Bottom Standard Deviation

200 + 2300/(1+exp(1.072-2.1654"LOG10
(TOP+0.0001)))

1.13+13/(1+exp(7.57-15.5"LOG10
(BOTTOM+0.0001)))

CSM Cracking

IRI Flexible Pavements

FC —C + Cg 1 - Rutting 23 - Trangwerse Crack
cth - 1 1 n 303—15'4 { Denggey |2 - Fat,igue Crack 4 - Site Factors

C1: 1 |c2: 1 |[c3:0  |c4:1000 [|C1:40 [C2:04 [C3:0.008 |C4:0.015

CSM Standard Deviation

CTB*1
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