Table of Contents

ACKNOWIEAZEMENL........c.cuveriiiieieeeniteieereete et eseeeeseaesesteseset s sese s sesesesseseseassaesessssesesensns 1
KUFZEASSUNE ..ttt et s bbb bbbt s sttt sttt st et taeas 2
ADSITACE ...ttt bbb S
Table Of CONLENLS .....covoviiiriiriciiiciteer s sac e s senes 1
ADBDIEVIAtION ...ttt \%
LSt Of FIGUIES ...cuvveveniirieiieniiieiestnieseseestesestseeseestssesesestesesesnesssesesessssesessssssesesesssensasssesenssseses VIl
LiSt Of TabIES....c.ciiuimiiiiiiiiiicccc e X1
LiSt Of EQUALIONS ...cveviuietiiiieicrircietrcetcte ettt st sae e sse s s e as s et esne s sennes XII
I INEFOAUCHION .ottt ettt s b s e s st s sssessnnene 1
1.1 Research Background............cccovieueioinnirininiicninennieiieiccisnseiesessssssssessessssssess 1
1.2 Research OBJECHIVES ......coeiriiieriiiiiiiciiiictccte st snenes 4
1.3 RESCArCh SCOPE...cooimeuiriiiiiientccttcctsct s sre st sas s sens 5

2 LIterature REVIEW ....ccceceuiueveeieieieintniecieeeieietsieseeeseesessssssssent e sesesesssssseseanesssessssssssessssssens 8
2.1  Deflection MEaSUrEMENL.........cccouvviuiiririeriiniiiiicinisneeiisessissesssesesessssssesesesssessssessssane 8
2.1.1  The Benkelman Beam ... s 8
2.1.2  The Dynaflect SYStem .......cceceeurueuererereecerenreesisnereseseenenesens 10
2.1.3  The Falling Weight Deflectometer (FWD) .......cccccevvveevivinincccinicincnininccennenes 11
2.1.4  Traffic Speed Deflectometer (TSD).....cccccoueenriniriniiiicnniiiiicieicereiescienn 14

2.2 Methods of Prediction Model...........coveieeininiiiininiiniiiiciniciisee e 15
2.3 Temperature Models of Pavement............covueueemeviiiniiuiininicnccinenesisesesesessesesenns 19
2.4  Thermal properties of asphalt pavements...........ccccoueevuevirvcnieiienieicnieeeeeeeeenenes 23
2.5 SUMMALIES ..ecvevveerereuereieeeieeeeeteesestesetesstesesessassesesssssesssessassessssssssssnssssssesssssssssssssssnes 26

3 Methodology ....ccoeeveieeeieeniiiicreicicecceenneen ettt et nenne 28
3.1  Accelerated Loading Tests by MLS30 ......cccccuviviiinmnininicieiieereeceeesteeenceenens 28

Bibliografische Informationen ‘E
http://d-nb.info/1194503551 digitalisiert durch 1

BLIOTHE


http://d-nb.info/1194503551

3.2 Data Analysis MEthOA-PCA .........c.oouimimimeeieeieeeeeeeeeeee oo 29
3.3 Back-calculation AIZOTIthIMS .......c..vevueierieiececeeeceeee et see e e 33
3.4 Heat Transfer ANALYSIS .......c.ocurieeieuinrecieiieieee e eeeeesee s ess s ses s 37
3.4.1  Heat Transfer TREOTY ....c.ccevoverereunrenreciecteeeeececeeee e seeeeeseeseessssessessssessens 38
3.4.2  Boundary Conditions........ceceueeeurueeueruerneesereessseseeeseeseeseseseesssessseesessessssesses 39
3.5 SUMMATIES ...ocovviiviiiiieieriieeseieseeeieee st es s st se e e s seseseeee e seessas e 41
The Back-calculation of Pavement Moduli.............cueereececuceieieeieeeeeeeeees s 43
4.1 Introduction t0 the TSt TIACK ......cevevrrerreererersirecee e iseseeeeseaeses e ses e eseseens 43
4.1.1  The Test Track in BASE ....c.coioiiiiiieececeteeet et seneas 43
4.1.2  The Measurement GEOPRONE............ceuevuecuererirerircteee st eeeeee e eeeesseeesaenes 44
4.2 The Measured Deflection of PAVEMENL .......c.cvueveerervrrerereeree e 46
4.2.1  The Analysis 0f Deflection CUIVE..........covuevruererrerereceieeececvseaeeeessesseesneesans 46
4.2.2  The Factors of Deflection Shape..........cceuceueveueeerereereeeteeceeieseeeeseseseensseenne 47
4.3 The Deflection Basin Parameters ..........cocceeeuriereeerererneneeseseeeessssssesessssesesesensssens 52
4.4 The Measured Deflection Database...........ccvvueererrueerneeereresiseesesesesseesesessssenns 54
4.5  The Back-calculation MOdel ........c.ccccuvueurineininceninieninenincisseeesesesess e ssaesens 58
4.5.1  Components of GABP MOdEL .........cccceurrerrreenrersrneeneresesesrsseseseresesssssessessenes 58
4.5.2  Back-calculation Analysis for LAyers .......c.cccecevuvereererernnserenreresssesenesesessesenens 60
4.6 SUMMATIES ..o.coviiniiiniiiciniiiictesetniit e tsestese et st st e e s st esst s sasasessssnasassens 65
Macro-scale Temperature Model .........c.cocovveverieerinnereeeeneieeriseeees e sesesens 67
5.1  The Test Field in WEEDEIE ......ceuvveuirieereiirinieieieteseeereessesessss s s esesesenens 67
5.2 The Analysis of Measured Data ...........ccecvuevreruereeeeenennnistnsesesessseesesesessssssesssssesesens 70
5.2.1  Weather Parameters of Test Field .........ccccccoevininninrneeineennenenereeeeeeeee e 70
5.2.2  Pavement Temperature in Different Depths..........cccooruvueereeuririneneenernincnnennns 71
5.3  The Non-linear Regression of Measured Data .........c.coceeveueevcnereniceneenneennieeenneenes 76
5.4  FEM Pavement Temperature Model .........ccoeuiiuiiiivcncninniniiiereeeeeneeseeseseeeaenens 78
5.4.1  Input Data to SIMUIAtion ..........ccoceueiiiiniciiiiniiinniciiceiieresesessscseaesesenns 78



5.42  3-D FEM Temperature MOdel.........cceueueuereueuereuerirereieeeeereeeeeeseeeeeeeeeesesneeensnas 79

5.43  Model Analysis EICMENt .......ccocveuriirerieieeteieeceere et eae e easenens 80
5.5  The Result Analysis of the Temperature Model...............o.oveveeimiuerneenrereceeeeeererenens 82
5.5.1  Analysis Cloud IMAgE .........ccocoeueuriverrreeeeereiieee et eseeseeens 82
5.5.2  ReSult EITOr ANQLYSIS ...ccccucueeecueunerereniniisinieseesetes et ses s sessssssssssns 86
5.5.3  Verification of the Temperature Model ............ccoeueverererererirereeeneeineeeeeeseenee 90
5.6 SUMMATIES ..oovueeeiiiectii ettt et s et tsasssessa s se bbb e s srs st snssnns 93
6 Micro-scale Temperature MOdel........c.coeeverueiriniurinineseieieesiessse e sesesasse s sesasans 95
6.1  Raw Material and Sample Preparation ............c..cceveeeuevererereececneneencseesneseeseseseeneens 95
6.2 Thermal Physical Properties 0f Materials ..........c.coeveueierenrenreseessensssssseseseenesesenennes 97
6.2.1  Thermal Physical Parameters..........ceovvevvrererieciniscecsencsesencseseeseeseseseneeseeneens 97
6.2.2  The relationship among Thermal Properties ..........ccoeoeuevererererererenererseneveneenens 99
6.3 Thermal Model RECONSLIUCHION. .....c.c.cererrimecieiieeiieeneeee e et beesesenes 100
6.3.1  XCT-Scan TEChNOIOZY ......cccceuruiereurireserisissereressassessssaesesesssessssesesessessanaes 101
6.3.2  Reconstruction TEChNIQUES ........cccoeeeeruineerreserreereseeereseesesesesesesesesesenes 102
6.4  3-D FEM Thermal Model in Abaqus ........cccocvvereereersreereriereeieeeeeieeseseesesesessanns 103
6.4.1  Components of MOdEl........cccceueuiumrininnieieieniccesen s eresessssassesesesssenenes 104
6.4.2  Marshall MOdel ........c.oourieciiiiinieeneieeieeesesieesesesesesesesesesesesesessesesesesanes 106
6.43  Simulation CONItiONS.......cc.eureueerureuieirieieieirtrieieisteeieiee ettt sessassenes 106
6.5  Simulation Result ANALYSIS .....ccceerrierrieireinieieieieieinieinteisietete s astetssssss e sessssssssnsens 107
6.5.1  Temperature DiStribUtiOn ......c...ccoveeveieninnerenieeenirtee e e esesesesnnnes 108
6.5.2  Heat FIux DiStribUtion.........cceueveureeurirurieiririnieirtsirisisestssssssesseesesssesssesssesesesns 110
6.5.3  Deformation ANALYSIS ....c.cececererurierereereeririeeentnsssesesseseesaseeseessssesesesassesesennes 113
6.5.4  Thermal Stress AnNalysiS......cccceueeeieieinieenceinenennninineeesininssesiseesesesesssesesssssensassens 116
6.6 SUMMATIES c.cuvuvnieiiieiieinineitrtesstetsiete st sttt ststsessststssssestssassesssesesssssesessassssesssesns 117
7  Conclusions and Recommendations............ccocoeueueecurureceernescemeinescnnseeenensescsessmesesseneas 119
7.1 CONCIUSIONS .ttt seasenessas e bbb bsbssessssbesns 119



7.2 FULUIE STUAIES c.eovreiieceertitccctceeet ettt sese e e s sesenesens 122
7.2.1  Improvement of Finite Element Model.........cccccouerurneienecncrcneneenniceireaene 122
7.2.2  Deflection Measurement in TSD.......cccooviviviniiniiiiiicceenns 123

RELEICIICES «..eceeucuiriieiriiniciitre bbbt aee 125
Appendix A Supplementary Figures Associated to Thesis ..o 140

IV -



