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DISCLAIMER STATEMENT

This document is disseminated in the interest of information exchange. The contents of this report reflect the
views of the authors who are responsible for the facts and accuracy of the data presented herein. The contents do
not necessarily reflect the official views or policies of the State of California or the Federal Highway
Administration. This publication does not constitute a standard, specification or regulation. This report does not

constitute an endorsement by the Department of any product described herein.

For individuals with sensory disabilities, this document is available in Braille, large print, audiocassette, or
compact disk. To obtain a copy of this document in one of these alternate formats, please contact: the Division
of Research and Innovation, MS-83, California Department of Transportation, P.O. Box 942873,
Sacramento, CA 94273-0001.

PROJECT OBJECTIVES

The goal of this project is to support development and implementation of a new mix design procedure for
hot/warm mix asphalt for California using AASHTO “Superpave” mix design principles. This will be achieved
through completion of the following objectives:

1. A literature review on recent national Superpave mix design and mix design test equipment—related
research, including rutting and cracking performance, and moisture sensitivity.

Creation of a laboratory testing matrix considering key variables identified in the literature review.
Collection of aggregates, binders, and current Hveem or rubberized mix designs for them.

Development of Superpave volumetric mix designs and comparison with current mix designs.

wkwDe

Preparation and laboratory testing of RSCH and RLT specimens and analysis of the results:
a. To compare expected rutting resistance of Superpave and Hveem mix designs;
b. To compare results of RSCH and RLT testing.

6. Recommendations for changes in preliminary new mix design procedure.

7. Evaluation of comparison of RSCH and RLT results and required changes in Cal/ME to use RLT testing
to produce design inputs.

8. Preparation and laboratory testing for different performance-related tests for rutting, cracking, and
moisture sensitivity for possible use in a new mix design method.

9. Recommendations for performance-related tests for use in a new mix design procedure.

10. Preparation of reports documenting the study and study results.

This technical memorandum documents the results of Objectives 1, 2, 3, and 4, and recommendations for

volumetric mix design as part of Objective 6.

UCPRC-TM-2012-03 il



iv

UCPRC-TM-2012-03



TABLE OF CONTENTS

List of Tables vii
LSt Of FiGUIES .uveiereicssarescercssnrisssnisssarcssssisssassssasesssssossasessssssssassssnsssssssossassssssssse ix
Specifications Cited in the Text testesssstesatesntessnstessstesatesnstosssteseasessstesestesasesssttesentesastesatesen xii
List 0f ADDIeviationsS......ccueiiinsinsicsicsinsenssenssinnsnnnsseessecsseessesssesssesssesssesssesssasssasssasssess xiii
1 INEFOAUCHION waueeeeeeerinviiriiiiiiiseiceicstcsueesatssnsssssssssisssssssssssssssssssssssssssssssses 1
1.1 BACKGIOUNM. ... .oiiiiiiiiieciie ettt e ettt e et e et e e st e e etaeessseeassaeessaeansseessseesnsaesnseeessessnsennnes 1

1.2 Project GOoal and ODJECLIVES .....c.eevuierieriieiiieieeie et et et e stee st e s te et e et e bt e eeesseesaeesanesnseeaseenseeseenneennes 3

1.3 Structure and Content of this Technical Memorandum............coceeiieiieiieniiniene e 4

2 Mix Selection and Design Method........cceceicivnrissrercssnrcscnnisssnrssssssssssssssssesssssosssssssssssssssssssssssssssssssssens 5
2.1 SElECtiON OF IMIXES ....eeuvieuieiiitieiesteeitete ettt ettt et et e et s he et e st est et e sbeemeesbesat e e e eneentetesbeenseseeeneens 5

2.2 Materials ACGUISTEION ...eciuvieeiiieiiieeitieesiteesteeetteeeteeebeeetreessseeessaeesssaeassaeessseessseeasssaessseesssssesssesaseennes 7

2.3 SUPETPAVE MIX DESIZI ...eeviiiiiieiiiieeieesiteeestesie e ettt e steesteeseaessbeesseesseesseessaesssessseesseessaessaessnesssenns 7

2.3.1  Overview of Superpave MixX Design ProCess ........cccvviiriieriiiiiiieiieeerie e e 7

2.3.2  Modified SUPEIPAVE PIOCESS ......eevuiieiieiiiiieiieciie ettt ettt st et e et e et e saeesaneens 9

3 Specimen Fabrication and TeSting........ccceevercercsvaressersssarcscnesssasessasssssascsens 11
3.1 Specimen Fabrication PrOCESS ......c.ccciiviiiriiiiieiiiiie ettt ettt e teestaesveseveesbeesseesaesssessnesssesssessseans 11

3.1.1  Preparation Of AZEIEEALES .....cccuieitieitieriieriieeiie ettt et et e st e stesteeteebe e bt e beesseesaeesaeesnneenseens 11

3.1.2  Mixing and Compaction PrOCESS .........ccceriiriiriiiiieeiitesieesiie sttt ettt st seeeeaeeeeens 11

3.2 Data ANALYSIS PTOCESS ....viiiiiiiiiieeiiiecite ettt ettt e et e et e e et eesabeessbaeesseeesbaeesseessseeansseensseesnseeas 12

3.2.1 Determining Superpave OBC for Unmodified and Polymer-Modified Mixes..................... 15

3.2.2  Determining Superpave OBC for Rubber-Modified MiXes ..........ccecveriierveneernennenieniens 15

4 Results from Superpave OBC Determination 16
4.1 Test Results for Unmodified Binder IMIXeS........cceeuieriiiriiiiienieniieiee ettt 18

O U Y/ Q- OO R PSPPSRSO 18

O N\, Q= J TSRS 23

O U Y/ 0 QO TSRS 28

O Y] G D TSRS 33

O s Y/ Q& SRS 38

O O T\, G S TSRS UURRSRT 43

O R Y, G SO O T U TSUURSUSRTR 48

O U LY, ' SRRSO 53

UCPRC-TM-2012-03 v



4.2 Test Result for Rubber-Modified BINder IMIXES..... .. eeeseeenees 58

A.2.1 MIX Lttt b ettt ettt s h et bttt be et et 58

A.2.2  MIX J et ettt h et h e e h et e bt et e bt et e tesaeenten 63

N T\, U G S TSRS 69

A.2.4  MIX Lottt ettt ettt e he et e ae et e bt neetesaeeneen 74

425 MIX Mottt ettt a e ettt e teehe et e he et e bt eneeteneeeneen 80

4.3 Test Results for Polymer-Modified Binder MiXes .........cccecceerierirniiiiieieeieesieeseeeee e 86

O T B\, 0 TS T PP SRUSSTOR 86

432 MIX Ottt ettt ettt e he et e been e e te et e et eteententeene et e st enteteereennens 91

5 Summary and Recommendations . . . 96
5.1 Summary of Changes to Hveem OBC and Gradation to Meet Superpave Specifications ................ 96

5.2 Summary of Final Recommended Specimen Preparation and Testing Procedures and Time

ESIMALES. ...ttt ettt ettt b e b e s bt e sa et et e e bt e bt e ehteea b e bt e eaeeeateenbeetean 98
5.3 Summary of Other Recommendations for Changes to Draft Superpave Specifications ................. 101
References . 102

vi UCPRC-TM-2012-03



LIST OF TABLES

Table 2.1: Superpave Implementation Phase 1: List of 15 Selected Mixes with Aggregate and Binder

INEOTIMALION. ...ttt ettt s b et e bt st e bt e bt e e e ebeea e e tesae e st et e sbe et e beeatenteebeeneas 6
Table 3.2: Hot Mix Asphalt Mix Design Requirements from Section 39...........ccoooeiiriiininnncninneneeeeeeene 14
Table 4.1: Summary of Design Properties: Hveem Design Versus Superpave Design ........ccocceeevveeviecvienieenneennen. 17
Table 4.3: Aggregate Gradation Table fOr MIX A ........cccieiieiieiiieiieeiiere ettt et sressreebeesveesaessaesssessseesseessens 18
Table 4.4: Summary of Design Properties fOr MIX A ......cccicoieiiiieiieiieiieieesee st eve e ereeieesaeseresereesseesseesneas 19
Table 4.5: Compaction and Volumetric Properties for Superpave OBC for MiX A ......cooeevvvevivevienienrieieereenn, 20
Table 4.6: Aggregate and Binder Type for MIxX B .......ooioiiiiiiiiicieeeere ettt sv e s esr e 23
Table 4.8: Summary of Design Properties for MiX B ........ccccioviiiiiiiiiiiccieee ettt e 25
Table 4.9: Compaction and Volumetric Properties for MiX B ........c.ccooiiiiiiiiiiiiciiccieece e 25
Table 4.10: Aggregate and Binder Type fOr MIX C ......c.ooiiiiiiiiiiiieiie ettt svee et sve e s vaeeseveesaree s 28
Table 4.12: Summary of Design Properties fOr MiX C .......c..cociiiiiieiiiieeiie ettt siee e eeeaeeseveeesaveesevee s 29
Table 4.13: Compaction and Volumetric Properties for Superpave OBC for Mix C .......ccccovvevvieviieeciieeieeenenn 30
Table 4.14: Aggregate and Binder Type for MiX D .....ccooiiiiiiiiiiiieieeieeete ettt 33
Table 4.16: Summary of Design Properties for Mix D .......ccocoviiiiiiiiiicceee et 34
Table 4.17: Compaction and Volumetric Properties for Superpave OBC for Mix D .....c..coceviniiiiininnnincnene. 35
Table 4.18: Aggregate and Binder Type for MiX E ........cooiiiiiiiiiiie e 38
Table 4.20: Summary of Design Properties for MixX E.........cccooiiiiiiiiniiniiceciteeeeeee e 39
Table 4.21: Compaction and Volumetric Properties for Superpave OBC for Mix E.........ccccovvvevievciincinncienieenen, 40
Table 4.22: Aggregate and Binder Type for MiX F........ccoooiiiiiiiiiciiiiicicceese ettt 43
Table 4.24: Summary of Design Properties for MixX F.......c.ccovvviiiiiiieiieeeeeeeee et 45
Table 4.25: Compaction and Volumetric Properties for Superpave OBC for Mix F........cccccovvvvvieviiinciiniinieenen, 45
Table 4.26: Aggregate and Binder TyPe fOr MiX G.....cccociiiiiiiieiicieeiieeesee st ere et steesaeseveseveesneessaesneas 48
Table 4.28: Summary of Design Properties for MIxX G .......ccccevcvieciiiiieiieiieseesie st ere e eve e sseeseressneesreesneas 50
Table 4.29: Compaction and Volumetric Properties for Superpave OBC for Mix G .......ccccceevveeveevierieieenreennen, 50
Table 4.30: Aggregate and Binder Type for MiX H......ccooiiiiiiiiiiicicccesece et 53
Table 4.32: Summary of Design Properties for MiX H .......c.ccoooiiiiiiiiiiiiiiccee et 54
Table 4.33: Compaction and Volumetric Properties for Mix Ho..........cccooviiiioiiiiiiiciicce e 55
Table 4.34: Aggregate and Binder Type for MIX L......cccoiviiiiiiiiiiiiiie ettt e ebe e s 58
Table 4.36: Summary of Design Properties for MiX L.........cccooiiiiiiiiiiiiiic ettt e 60
Table 4.37: Compaction and Volumetric Properties at Different Gyrations for Mix I.........ccccccvvvvviiiiiiienieeenenn. 60
Table 4.38: Calculation Sheet for SPOBC?, Compaction and Volumetric Properties for Mix L.........ccccccoeeunee. 60
Table 4.39: Aggregate and Binder Type fOr MiX J .....cccioiiiiiiiiieiiceeieeee ettt 63

UCPRC-TM-2012-03 vii



Table 4.41: Summary of Design Properties fOr MiX J .......ccooociiiiiiiiiieecie ettt seve e eaae e s 65

Table 4.42: Compaction and Volumetric Properties at Different Gyrations for Mix J........ccccoeevvevviiiicieenciiennenn. 65
Table 4.43: Calculation Sheet for SPOBC?, Compaction and Volumetric Properties for Mix J.........cccccovenee.e. 66
Table 4.44: Aggregate and Binder Type for MiX Ko........oooiiiiiiiiiiiieeee et 69
Table 4.46: Summary of Design Properties for Mix K ........ccccooiiiiiiiiiiiieeecs et 71
Table 4.47: Compaction and Volumetric Properties at Different Gyrations for Mix K.........c.ccoocveiiiiieiinnennen. 71
Table 4.48: Calculation Sheet for SPOBC?, Compaction and Volumetric Properties for Mix K ...........cccovenee. 71
Table 4.49: Aggregate and Binder Type for MiX L .....ccoooiiiiiiiiiiiciieeeeee et s 74
Table 4.51: Summary of Design Properties for MixX L.......ccccccvevieiiiniienierieciesiccieeieee et 76
Table 4.52: Compaction and Volumetric Properties for MiX L .........cccccvveviiniiiiiiiiieeieeeeseesee e 77
Table 4.53: Calculation Sheet for SPOBC*, Compaction and Volumetric Properties for Mix L............cccocue...... 77
Table 4.54: Aggregate and Binder Type fOr MiX M .......ccociiiiiiiiiiiciieiieiieeesee e eneaes 80
Table 4.56: Summary of Design Properties for MIX M ........cocoviiiiiiienieiiesiecieere et re v v s e esreesneas 82
Table 4.57: Compaction and Volumetric Properties at Different Gyrations for Mix M..........ccccevvevvveviienieenneennen. 82
Table 4.58: Calculation Sheet for SPOBC*, Compaction and Volumetric Properties for Mix M..............c.cuc...... 83
Table 4.59: Aggregate and Binder Type for MiX N ......cccooiiiiiiiiiieiieiieieiesee et ste e ae v v sneesraesnaas 86
Table 4.61: Summary of Design Properties fOr MiX N .......ccccccviiiiiieiiieeiieeeiee e sreeeeeeeereeeseeeeseseeeseseesavees 88
Table 4.62: Compaction and Volumetric Properties for Mix N.......ccccoiiiiiiiieiiiiiieciie et e e 88
Table 4.63: Aggregate and Binder Type for MIX O ......coiiiiiiiiiiiiiiie ettt vee et ve e beeesaveesevee s 91
Table 4.65: Summary of Design Properties for MiX O .......c.ccociiiiiieiiiieeiii et sree e aveesevaeeeveesevee s 92
Table 4.66: Compaction and Volumetric Properties for MixX O........ccccuiiiiiiiciiiiiiieiiie et eseeesveeevae e 93
Table 5.1: Mix OBC Summary CompariSOn TabIe..........ccceiiiiiiiiiiiiieieiete ettt 97

Table 5.3: Steps in Superpave Mix Design, Time Required, Notes and Recommendations for Rubber and
POLYMET BINAET IMIXES .. ..eeutiiiieiieiiieeie ettt ettt et ettt et e st e sat e sateeabeeabeenbe e seesseesneesnseenseenseenseas 100

viii UCPRC-TM-2012-03



LIST OF FIGURES

Figure 4.1: Aggregate gradation chart fOr MIX AL ....oc.iiiiiiiiiieiee ettt 19
Figure 4.2: Mixture density versus number of gyrations for MiX A. ......ccccooiiirienininiiereeee e 20

Figure 4.3: Selection of Superpave OBC based on percent air-void content versus percent asphalt binder

(0 LY QL OO OSSR PR 21
Figure 4.4: Percent VMA versus percent asphalt binder for MiX A. ......cccccoiviiiiiiiiiieeeeeeeeeeree e 21
Figure 4.5: Percent VFA versus percent asphalt binder for MIX A........ccooveiiiiieiiiiieeie e v sneseve e 22
Figure 4.6: Dust proportion versus percent asphalt binder for MiX A. ......ccccoooiiiiiirieniiieee e 22
Figure 4.7: Aggregate gradation chart for MixX B.........occoiiiiiiiiie e 24
Figure 4.8: Mixture density versus number of gyrations for MixX B. .......cccccccoiiiiiiiiiiiiiic e 25

Figure 4.9: Selection of Superpave OBC based on percent air-void versus percent asphalt binder for Mix B. ... 26

Figure 4.10: Percent VMA versus percent asphalt binder for MiX B........c.ccccccoiiiiiiiiiiiiiiiceeeeee e 26
Figure 4.11: Percent VFA versus percent asphalt binder for Mix B.........cccoooviiiiiiiiiiiiiiee e 27
Figure 4.12: Dust proportion versus percent asphalt binder for Mix B. ........ccccoooviiiiiiiiiiicic e 27
Figure 4.13: Aggregate gradation chart for MiX C........cccoiiiiiiiiiiiiieieeieee ettt st e 29
Figure 4.14: Mixture density versus number of gyrations for MiX C. ........ccocceeviiriiiieniiieieeeeeeee et 30

Figure 4.15: Selection of Superpave OBC based on percent air-void content versus percent asphalt binder

110 ALY 1 SO RRSUSR 31
Figure 4.16: Percent VMA versus percent asphalt binder for MixX C.........ccccooiiiininiieninieieneneeeeeeeeeenee 31
Figure 4.17: Percent VFA versus percent asphalt binder for MixX C. .......cccoocoiviiiininiininineeeeeeseeeee e 32
Figure 4.18: Dust proportion versus percent asphalt binder for Mix C. ........cccooiririiiiininieiinieeeseeeeene 32
Figure 4.19: Aggregate gradation chart for MiX D. ......cccooiiiiiiiiiiieeeeee e 34
Figure 4.20: Mixture density versus number of gyrations for MixX D. .......ccccoooiriirininiininieeeeesee e 35

Figure 4.21: Selection of Superpave OBC based on percent air-void content versus percent asphalt binder

207 LY £ ST 36
Figure 4.22: Percent VMA versus percent asphalt binder for Mix D. ......cccoeviiiiiiiiiiienicniccee e 36
Figure 4.23: Percent VFA versus percent asphalt binder for MiX D.......ccccccoveviiiiiiiiiiieneeeeieciesee e 37
Figure 4.24: Dust proportion versus percent asphalt binder for Mix D. .......ccccoooviiiiiiiiiiieciieceeeecee e 37
Figure 4.25: Aggregate gradation chart for MIX E.........ccoooiiiiiiiiiii ettt 39
Figure 4.26: Mixture density versus number of gyrations for MixX E........c.ccccccivviiiiiiiiiiecc e 40

Figure 4.27: Selection of Superpave OBC based on percent air-void content versus percent asphalt binder

TOT MIIX Bttt ettt st et b e e bttt s b e e bbbt b et sa et e b bt et beeae e 41
Figure 4.28: Percent VMA versus percent asphalt binder for Mix E.........ccccooiiininiininniieceeee 41
Figure 4.29: Percent VFA versus percent asphalt binder for MixX E. .......cccccoooiiiiiiiiiiiniieece e 42

UCPRC-TM-2012-03 ix



Figure 4.30: Dust proportion versus percent asphalt binder for Mix E..........cccccooiiiiiiiiiiiiniireeeee e 42
Figure 4.31: Aggregate gradation chart for MIX F.........ccoooiiiiiiiiiic e 44
Figure 4.32: Mixture density versus number of gyrations for MiX F........c.ccccciiiiiiiiiiiiniiice e 45

Figure 4.33: Selection of Superpave OBC based on percent air-void content versus percent asphalt binder

110 ALY 1 USSR 46
Figure 4.34: Percent VMA versus percent asphalt content for MiX F........ccccooiiiiiniiiinininecceee 46
Figure 4.35: Percent VFA versus percent asphalt binder for MixX F. .......cccccooiiiiiiiiiiiiieeceee e 47
Figure 4.36: Dust proportion versus percent asphalt binder for MiX F.........cccccoccvvviiiiiiiiiniienieieeeceeeeeeeenn 47
Figure 4.37: Aggregate gradation chart for MIX G. .......cccccviiiiiiiiiiiiieiieiieseesee ettt ssseenseenseennees 49
Figure 4.38: Mixture density versus number of gyrations for MiX G. .......cccccceevierierieniieenieeieeiesee e seesene e 50

Figure 4.39: Selection of Superpave OBC based percent air-void content versus percent asphalt binder

TOT IMIIX Gl -ttt ettt e h et e bt et e bt st et sh e et e b e e bt et e e bt ea e et e b e et e bt ea e et e eheenaenbeeaeenee 51
Figure 4.40: Percent VMA versus percent asphalt binder for Mix G. ......ccccoccvviiiiiiinieniieniesiesre e 51
Figure 4.41: Percent VFA versus percent asphalt binder for MiX G.......cccccceveviiiieiieiieenieenecseesiesee e evesve e 52
Figure 4.42: Dust proportion versus percent asphalt binder for MiX G. .......ccoceeieiieiieiiiieeeeeee e 52
Figure 4.43: Aggregate gradation chart for MixX H. .......ccooiiiiiiiiie e 54
Figure 4.44: Mixture density versus number of gyrations for Mix H. .........cccccooviiiiiiiiiiiiiniie e 55

Figure 4.45: Selection of Superpave OBC based percent air-void content versus percent asphalt binder

TOT IMIIX HL. ettt ettt b e s bbbt esa e bt e bt et esa e eae et sbeeanenbeeanenee 56
Figure 4.46: Percent VMA versus percent asphalt binder for MixX H. ..........cccccooviiiiiiiniiicieeceeee e 56
Figure 4.47: Percent VFA versus percent asphalt binder for Mix H.........c.ccooviiiiiiiiiiiniiece e 57
Figure 4.48: Dust proportion versus percent asphalt binder for Mix H. ........ccoocoiiiiiiiiiiniineeeeeee, 57
Figure 4.49: Aggregate gradation chart for MiX L .......ccccooiiiiiiiiiiiie e 59
Figure 4.50: Mixture density versus number of gyrations for MiX L........cccccociviiiiiiiiiiniienieneee e, 61
Figure 4.51: Percent air-void content versus percent asphalt binder for Mix L ........ccccovvievieniienieniiiieieeieeen, 61
Figure 4.52: Percent VMA versus percent asphalt binder for Mix L ........ccooooiiiiiiiniiieeee 62
Figure 4.53: Percent VFA versus percent asphalt binder for Mix L. .......cccoooiiiiiiiiniinieeeeee 62
Figure 4.54: Dust proportion versus percent asphalt binder for Mix L........cccocoiininiiiiinniieeeec 63
Figure 4.55: Aggregate gradation chart for MiX J......c.cooioiiiiiiiiniieee e 64
Figure 4.56: Mixture density versus number of gyrations for MiX J........cccocciiiiiiinininiiininieee e 66
Figure 4.57: Percent air-void content versus percent asphalt binder for Mix J.......c.cccccevveviiinieniencieciieieeieen, 67
Figure 4.58: Percent VMA versus percent asphalt binder for Mix J........coccovviiiiiiiiiiiiiienieeeeeeceesee e 67
Figure 4.59: Percent VFA versus percent asphalt binder for MiX J.......cccoovviiiiiiiiiiieeeeeeeeiesee e 68
Figure 4.60: Dust proportion versus percent asphalt binder for MixX J........cccooiiiiiniiiiiinieeeeeeeeeee 68

X UCPRC-TM-2012-03



Figure 4.61: Aggregate gradation chart for MIx K. .......c.cooiiiiiiiiiiiiii et 70

Figure 4.62: Mixture density versus number of gyrations for Mix K. .........cccccoooiiiiiiiiiiiiiiriie e 72
Figure 4.63: Percent air-void content versus percent asphalt binder for Mix K. .........cccccoeeeiiiiiiiniiiiciecieeee, 72
Figure 4.64: Percent VMA versus percent asphalt binder for Mix K. .......ccccooiiiininiininneecceee 73
Figure 4.65: Percent VFA versus percent asphalt binder for Mix K........cccccoooiiiiiiiiiiinieieeeeree e 73
Figure 4.66: Dust proportion versus percent asphalt binder for Mix K. ........ccoociiiiiiiiiiiiniinieeeeeeeeen 74
Figure 4.67: Aggregate gradation chart for MiX L. .......cccoooiiiiiiiiiiiiieeeee et 75
Figure 4.68: Mixture density versus number of gyrations for MiX L........cccccocvvviiiiiiinieniienieneeie e 78
Figure 4.69: Percent air-void content versus percent asphalt binder for Mix L........c.cccoevvevieniieniieniienieeieeieennenn 78
Figure 4.70: Percent VMA versus percent asphalt binder for Mix L.........ccccoviiiiiiinnienienierie e 79
Figure 4.71: Percent VFA versus percent asphalt binder for MixX L. ......ccccccoveiiiciiiiiinienieniecie e 79
Figure 4.72: Dust proportion versus percent asphalt binder for MiX L........cccccocvriiiiiiiiienierieieieseeeee e, 80
Figure 4.73: Aggregate gradation chart for MIX M.........cccceiiiiiiieiiieiieicetesee e eve e eaestaesereesseesraesneas 81
Figure 4.74: Mixture density versus number of gyrations for MiX M.........ccccceveiiiiiiiiieniecnieseeciecre e 83
Figure 4.75: Percent air-void content versus percent asphalt content for MiX M. ........ccccevieviencienciiccrieieeieennn, 84
Figure 4.76: Percent VMA versus percent asphalt binder for Mix M.........cccocvviiiiiiiiiienieniecie e 84
Figure 4.77: Percent VFA versus percent asphalt binder for Mix M. .......ccccccoiiiiiiiiiieniiecie e 85
Figure 4.78: Dust proportion versus percent asphalt binder for MiX M.........cccccociiiiiiiiiiieciieciceieeciee e 85
Figure 4.79: Aggregate gradation chart for MIX N. .....cccciiiiiiiiiiiiiie ettt ee et e sev e e b eeeebeesaree s 87
Figure 4.80: Mixture density versus number of gyrations for MixX N. ......c..cccccieriiiiiiiiiiie et 88

Figure 4.81: Selection of Superpave OBC based on percent air-void content versus percent asphalt binder

110 ALY €0 A R USSR 89
Figure 4.82: Percent VMA versus percent asphalt binder for Mix N. .......ccocoiviiiininiinininiinceececeeeeene 89
Figure 4.83: Percent VFA versus percent asphalt binder for MixX N........ccccovoiiiiiiiiiieiieeeeseeee e 90
Figure 4.84: Dust proportion versus percent asphalt binder for Mix N. .......cccoooiiiiiiiiiiiinienieeese e 90
Figure 4.85: Aggregate gradation chart for MiX O. .......ccocciiiiiiiiieciieiieiiertesee sttt e e sseesssessseenseeneees 92
Figure 4.86: Mixture density versus number of gyrations for MiX O. ........ccccceevieriiiiieeiieeieeieeeeree e see e 93

Figure 4.87: Selection of Superpave OBC based on percent air-void content versus percent asphalt binder

TOT IMIX O, ittt e a et e h et e bt e a et e s bt et e bt e bt et e e bt e st et eb e et e et e en e et e sheenee bt eaeenee 94
Figure 4.88: Percent VMA versus percent asphalt binder for Mix O. .......ccccoooiiiininiiininineneeeeeeeeeeeene 94
Figure 4.89: Percent VFA versus percent asphalt binder for MiX O.........cccovviiiiiiiirieenieenieeeesiesee e eveseve s 95
Figure 4.90: Dust proportion versus percent asphalt binder for MixX O. .......cccceiiiirieiiiieeeeeeee e 95

UCPRC-TM-2012-03 xi



SPECIFICATIONS CITED IN THE TEXT

AASHTO T2 Standard Method of Test for Sampling of Aggregates
AASHTO T 11A Standard Method of Test for Materials Finer Than 75-pum (No. 200) Sieve in
(wet sieve) Mineral Aggregates by Washing
AASHTO T 27 Standard Method of Test for Sieve Analysis of Fine and Coarse Aggregates
(dry sieve)
AASHTO T 166 Standard Method of Test for Bulk Specific Gravity (G) of Compacted Hot Mix
Asphalt (HMA) Using Saturated Surface-Dry Specimens
AASHTO T 209 Standard Method of Test for Theoretical Maximum Specific Gravity (Gy,) and
Density of Hot Mix Asphalt (HMA)
AASHTO T 269 Standard Method of Test for Percent Air Voids in Compacted Dense and Open
Asphalt Mixtures
AASHTO T 275 Standard Method of Test for Bulk Specific Gravity (G,,;,) of Compacted Hot Mix
Asphalt (HMA) Using Paraffin-Coated Specimens
AASHTO T 283 Standard Method of Test for Resistance of Compacted Hot Mix Asphalt (HMA) to
Moisture-Induced Damage
AASHTO T 312 Standard Method of Test for Preparing and Determining the Density of Hot Mix
Asphalt (HMA) Specimens by Means of the Superpave Gyratory Compactor
AASHTO T 320 Standard Method of Test for Determining the Permanent Shear Strain and
Stiffness of Asphalt Mixtures Using the Superpave Shear Tester (SST)
AASHTO T 321 Standard Method of Test for Determining the Fatigue Life of Compacted Hot-Mix
Asphalt (HMA) Subjected to Repeated Flexural Bending
AASHTO T 324 Standard Method of Test for Hamburg Wheel-Track Testing of Compacted
(Modified) Hot Mix Asphalt (HMA)
CT 371 Method of Test for Resistance of Compacted Bituminous Mixture to

Moisture Induced Damage

Xii UCPRC-TM-2012-03



LIST OF ABBREVIATIONS

AASHTO
AMPT
CT

DME

DP

DWA
FHWA
%Gmm
HMA

HV
HWTT
IMF

OBC
PPRC SPE
RAP
RHMA
RLT
RSCH
SHRP

SP
SPOBC
STOA
Superpave
TSR
TWM
VFA
VMA
UCPRC

UCPRC-TM-2012-03

American Association of State Highway and Transportation Officials

Asphalt Mixture Performance Tester
Caltrans Test Method

District Materials Engineer

Dust Proportion

Dry Weight of Aggregate
Federal Highway Administration
Percent Mixture Density
Hot-mix Asphalt

Hveem Design Method
Hamburg Wheel-Track Test

Job Mix Formula

Optimal Binder Content

Partnered Pavement Research Center Strategic Plan Element

Recycled Asphalt Pavement
Rubberized Hot-Mix Asphalt
Repeated Load Triaxial

Repeated Shear Constant Height
Strategic Highway Research Program
Superpave Design Method
Superpave Optimal Binder Content
Short-term Oven Aging

SUperior PERforming asphalt PAVEment
Tensile Strength Ratio

Total Weight of Mixture

Voids Filled with Asphalt

Voids in Mineral Aggregate

University of California Pavement Research Center

xiii






1 INTRODUCTION

1.1 Background

Since the Hveem mix design procedure was developed in the 1950s, the California Department of
Transportation (Caltrans) has used it, and its associated aggregate gradations, to determine optimum binder
content (OBC) for conventional dense-graded asphalt mixes. Over the years, refinements and adjustments have
been made to the basic Hveem procedure for determining OBC, which is based on the stability determined with
a Hveem stabilometer and measurement of laboratory compacted air-void content. Other changes to the basic
Hveem method extended its capabilities to polymer-modified mixes, and a modified version was developed so it
could be used for gap-graded rubberized mixes. A retained tensile strength test CT 371 (which is similar to
AASHTO T 283) is currently used to assess moisture sensitivity, another specified part of mix design. However,
few other U.S. states currently use the Hveem procedure and as a consequence the equipment used in the tests
has become increasingly difficult to acquire and maintain—specifically the kneading compactor and the Hveem

stabilometer.

The Superpave (SUperior PERforming Asphalt PAVEments) mix design procedure was developed as part of the
first Strategic Highway Research Program (SHRP) in the early 1990s to “give highway engineers and
contractors the tools they need to design asphalt pavements that will perform better under extremes of

temperature and heavy traffic loads.” (/)

The Superpave procedure developed during SHRP included a binder specification (for conventional and
polymer-modified binders, but not for rubberized asphalt binder), a volumetric mix design method, and a set of
performance-related tests to be performed on the mix resulting from the volumetric design. The performance-
related testing included flexural fatigue and frequency sweep tests (both of which became AASHTO T 321),
repeated simple shear tests (AASHTO T 320), a low-temperature cracking test, short-term and long-term aging
procedures, and a moisture sensitivity test that was later replaced by AASHTO T 283. Between the end of SHRP
and the year 2005, most U.S. state highway agencies had adopted either all or part of the Superpave volumetric

mix design procedure, nearly always with refinements to suit local conditions, practices, and requirements.

The current Superpave system consists of three interrelated elements:

e An asphalt binder specification (implemented by Caltrans in 2005).
e A volumetric mix design and analysis system that is based on gyratory compaction.
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e Performance-related mix analysis tests and a performance prediction system that includes environmental
and performance models. (This last element has been implemented inconsistently on the national scale,
with different states using a variety of tests and performance-prediction methods. Several states have
chosen not to use any performance-related testing other than a moisture sensitivity test (AASHTO T 283);
however, interest has grown in a switch from that test to the Hamburg Wheel Track Test (HWTT) for
assessing both moisture sensitivity and rutting. Additionally, many states are using both AASHTO T 324
and T 283 or their own versions of those tests.

Between 1992 and 2005, a number of major changes were made to the Superpave volumetric mix design
procedure, most significantly the elimination of the “restricted zone” in aggregate gradations. Another important
change was the simplification of the Ngeen tables. The original implementation of Superpave volumetric design
generally recommended use of Superpave Coarse gradations (that is, those passing below the restricted zone) for
locations with increased risk of rutting. However, results from the WesTrack project (1995 to 1999) and
experience in several states showed potential risks for rutting, compaction, and permeability with Superpave
Coarse gradations, and as a result their use has decreased in some states. When the original Superpave method
was developed, one determination with special significance for California was that nearly all the Hveem
aggregate gradations that Caltrans had been using successfully were able to pass through the original Superpave

specification’s restricted zone.

As part of its current effort to implement Superpave mix design, Caltrans is interested in evaluating the changes
in OBC and gradation that result from redesigning current Caltrans-approved Hveem-designed mixes with the
Superpave method, and in determining the best approach for performance-related testing. To accomplish this, in
summer of 2011 Caltrans asked the University of California Pavement Research Center (UCPRC) for assistance
in evaluating the Superpave volumetric mix design for Caltrans mixes and performance-related tests. This work
is being performed as Partnered Pavement Research Center Strategic Plan Element (PPRC SPE) 3.18.3,

“Implementation of the Superpave Asphalt Mix Design Procedure in California.”

It is anticipated that none of these items will change significantly in the transition from Hveem to Superpave
mix designs:

e The current aggregate gradations for dense- and gap-graded mixes
e The current binder performance grade (PG) usage map

e The rubber binder specification.

It is anticipated that the new mix design procedure will need to consider these:
e Mix designs including up to 25 percent RAP

o The use of warm-mix additives and the effect of lower mixing temperatures.

It is assumed that low-temperature cracking is sufficiently addressed using the California PG binder

specification and that no further considerations are needed in the mix design procedure.
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1.2 Project Goal and Objectives

The goal of this project is to support development of a new mix design procedure for hot/warm-mix asphalt for
California using AASHTO Superpave mix design principles. This will be achieved through completion of the
following objectives, which are intended to answer four key questions. The objectives will be completed in two
project phases. Phase I of the project has been divided into parts A and B. Phase IA will include comparison of
the Hveem and Superpave mix designs, and Phase IB will assess the relative rutting performance of the two mix
designs and compare Repeated Shear Constant Height (RSCH) and Asphalt Mix Performance Test/Repeated
Load Triaxial (AMPT/RLT) results. Phase II will compare other performance-related tests.

Objectives of Phase IA

1. A literature review of recent national Superpave mix design and mix design test equipment—related
research, including rutting and cracking performance, and moisture sensitivity.

2. Creation of a laboratory testing matrix that considers key variables identified in the literature
review.

3. Collection of aggregates, binders, and current Hveem or rubberized mix designs for them.

4. Development of Superpave volumetric mix designs and comparison with current mix designs.

Objectives of Phase IB

5. Preparation and laboratory testing of RSCH and RLT specimens and analysis of the results:
a. To compare the expected rutting resistance of the Superpave and Hveem mix designs;
b. To compare the results of RSCH and RLT testing.
6. Recommendations for changes in preliminary new mix design procedure.
7. Evaluation of a comparison of RSCH and RLT results and of required changes in Ca/ME to allow
use of RLT testing to produce design inputs.

Objectives of Phase 11

8. Preparation and laboratory testing of different performance-related tests for rutting, cracking, and
moisture sensitivity for possible use in a new mix design method.

9. Recommendations for performance-related tests to use in a new mix design procedure.

10. Preparation of reports documenting the study and study results.
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This technical memorandum documents the work completed for Phase IA and the volumetric mix design part of
Objective 6, and answers the following key questions:
1. What are the main questions that Caltrans faces based on the literature review?
2. What are the changes in OBC and gradation required for revising existing Hveem mix gradations to
meet Caltrans draft Superpave specifications?
3. What are the appropriate the numbers of gyrations and pressure levels for Caltrans mixes with different
binder types (conventional, rubberized, and polymer-modified), aggregate types, and gradations?

4. What are any potential adjustments required to the draft specifications?

1.3 Structure and Content of this Technical Memorandum

This technical memorandum documents the evaluation of changes in job mix formula (JMF) required for 15
Hveem mix designs to meet draft Caltrans Superpave volumetric mix design specifications, and adjustments to
those specifications. The 15 mix designs were taken from throughout the state and include a variety of binder
types, binder sources, and aggregate sources. This memo contains the detailed results of optimum binder content
(OBC) determination by the Superpave mix designs and comparisons with the original Hveem mixes. These
results are based on laboratory tests to produce JMFs that meet the draft Superpave specifications and the
adjustments needed to both the mix designs and specifications.

e Chapter 2 provides a summary of the key questions found from the literature review, a summary of the
Superpave mix design procedure used, a summary experimental factorial, and a description of materials
selected and acquired to allow comparison between Hveem OBC versus Superpave OBC.

e Chapter 3 describes the specimen fabrication and testing processes for the HMA and RHMA specimens
for each mix.

e Chapter 4 provides test results for all 15 mixes and shows each of the adjusted mix designs and the
adjustments made.

e Chapter 5 summarizes changes to the Hveem OBC and gradation to meet Superpave specifications, final
recommended specimen preparation and testing procedures, and other recommendations for changes to

the draft Superpave specifications.
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2 MIX SELECTION AND DESIGN METHOD

2.1 Selection of Mixes

To ensure that representative mix designs were tested in this research, Caltrans district materials engineers
(DMEs) throughout California were contacted by the Caltrans Division of Pavement Management, which asked
them to select mixes used widely in their districts and to recommend which mixes should be evaluated as part of
Superpave implementation. After input from the DMEs was received and analyzed, 15 Hveem HMA designs
were selected for this project. Among the selections were PG-graded and rubber-modified mixes, including ones
from different climate regions and with different aggregate types (mineralogy and source). Table 2.1 presents
the materials details of the 15 mixes chosen for the Phase I experiment. (Note: The table also shows the five

mixes selected for Phase II of the experiment.)
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Table 2.1: Superpave Implementation Phase 1: List of 15 Selected Mixes with Aggregate and Binder Information

Asphalt Agg. Binder
Binder Mix Name NMAS RAP | Agg. Type Quarry Location Sampled Binder Sampled
Type Date Date
A® 3/4 in. Alluvial Northern California Dec. 2011 | Refinery 1 PG 64-16 Dec. 2011
B* 3/4 in. Basalt Central California Apr. 2012 | Refinery 2 PG 64-16 Apr. 2012
T C 3/4 in. Granite Central California Nov. 2011 | Refinery 2 PG 64-16 Nov. 2011
% D 3/4 in. Alluvial Northern California Dec. 2011 | Refinery 2 PG 64-16 Dec. 2011
E E 3/4 in. Alluvial Northern California Dec. 2011 | Refinery 1 PG 64-16 Dec. 2011
- F 3/4 in. 15% Alluvial Northern California Dec. 2011 | Refinery 1 PG 64-16 Dec. 2011
G 1/2 in. Basalt Central California Apr. 2012 | Refinery 2 PG 64-16 Apr. 2012
H 3/4 in. Granite Central California Aug. 2012 | Refinery 1 PG 70-10 Jul. 2012
g I’ 1/2 in Basalt Central California Apr. 2012 | Refinery 2 PG 64-16 Rubber Jul. 2012
% J 3/4 in. Granite Southern California Jun. 2012 Refinery 3 PG 64-16 Rubber Jun. 2012
z 3/4 in. Alluv. Fan Southern California Aug. 2012 | Refinery 3 PG 70-10 Rubber Jul. 2012
% L 1/2 in. Granite Central California Nov. 2011 | Refinery 2 PG 64-16 Rubber Nov. 2011
~ 3/4 in. Granite Central California May 2012 | Refinery 3 PG 64-16 Rubber Jul. 2012
, N* 1 in. Granite Southern California Jun. 2012 Refinery 3 PG 64-28 PM Jun. 2012
g g (0) 1 in. 15% | Alluv. Fan Southern California Aug. 2012 | Refinery 3 PG 64-28 PM Jun. 2012
s E

Selected by Chief, Office of Roadway Materials Testing, Co-Chair, Superpave Task Group for Phase II Testing.
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2.2 Materials Acquisition

The two steps that followed mix selection were to obtain the Hveem mix JMFs for each of the selected mixes
and to acquire the necessary materials. The Caltrans-approved JMFs (Caltrans CEM-3511 and 3512 forms)
obtained from contractors were updated in 2011 or 2012 for the most current paving projects. Calculations were
made to determine the amount of material needed for each mix. Suppliers were contacted and the aggregates and
binders shown in each of the JMFs were acquired via common carrier or by UCPRC staff plant pickup.
Aggregates were either sampled hot from mixer screens or sampled cold from stockpiles. Aggregates were
loaded in drums and buckets sorted by bin size and delivered to UCPRC for processing. All the binders obtained
were stored in a 25°C temperature-controlled room until laboratory mixing and testing. The sample dates appear

in Table 2.1.

2.3 Superpave Mix Design

Caltrans plans to implement use of the Superpave mix design process by July 2014, with modifications made
through research and early pilot projects. A brief overview of the Superpave mix design process is presented

below, followed by the modified process utilized by UCPRC for Caltrans implementation.

2.3.1 Overview of Superpave Mix Design Process

As noted earlier, the Superpave mix design was developed by SHRP to replace the older Hveem and Marshall
design methods. Superpave primarily addresses two pavement distresses: permanent deformation (rutting),
which results from inadequate shear strength in the asphalt mix, and low temperature cracking, which occurs
when an asphalt layer shrinks and the tensile stress exceeds the tensile strength. The Superpave system consists
of three interrelated elements:

1) An asphalt binder specification (implemented by Caltrans in 2005).

2) A volumetric mix design and analysis system based on gyratory compaction.

3) Performance-related mix analysis tests and a performance prediction system that includes environmental
and performance models. (There has been no national consistency of implementation of this last element,
with a variety of tests and performance prediction methods being used by different states, and a number
of states not using this element at all except for a moisture sensitivity test [AASHTO T 283]).

Like the Hveem method, the Superpave mix design method considers density and volumetric analysis, but
unlike the Hveem method Superpave also considers regional climate and traffic volume in the aggregate and
binder selection processes. Superpave uses the SHRP gyratory compactor for production of cylindrical test
specimens. Its compaction load is applied on the sample’s top while the sample is inclined at 1.25 degrees. This

orientation is aimed at mimicking the compaction achieved in the field using a rolling wheel compactor.

UCPRC-TM-2012-03 7



A typical Superpave mix design consists of the following general steps. Caltrans may or may not utilize all these

steps upon introduction of the Superpave process in 2014 (see Section 2.3.2):

(1) PG Binder Selection

A binder grade is first selected by geographic area, pavement temperature, or air temperature. Caltrans has
published a map designating PG binder grades for different climate regions in California, with boundaries
on each route in the state defined by post mile. If traffic volume is heavy, an adjustment is made to a higher

binder grade.

(2) Aggregate Selection

An acceptable aggregate structure has to first meet the so-called “consensus properties” (those originally
developed based on a consensus of experts involved in the SHRP project and later revised by the FHWA
Mix Expert Task Group) including coarse aggregate angularity, flat and elongated particle percentage, fine
aggregate angularity, and clay content. A trial compaction is then performed to estimate volumetric
properties and dust proportion to check against the criteria. An estimate of binder content is also calculated

for specimen preparation.

(3) Specimen Preparation and Compaction
A minimum of two specimens are prepared at each of these four binder contents (by total weight of mixture
[TWM]): estimated binder content, estimated binder content +£0.5%, and estimated binder content +1.0%.

These specimens are compacted to Nipay.

(4) Data Analysis
Compaction densities at different levels of gyration are backcalculated from the measured bulk specific
gravity. Volumetric properties (%VMA and %VFA) and dust proportion are calculated at Ny and plotted

versus the four binder contents tested.

(5) Optimal Binder Content Selection
The binder content at 4 percent air-void content is selected as the OBC. Volumetric properties, dust
proportion, and compaction density at Ni,; and Ny, are determined and then verified regarding whether they

are met at the OBC.

(6) Moisture Susceptibility
Specimens are compacted to 7 percent air-void content to be tested for indirect tensile strengths and rutting

according to AASHTO T 283 and AASHTO T 324, respectively.
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2.3.2  Modified Superpave Process

Caltrans is interested implementing the Superpave mix design method but also in keeping aggregate gradation
specifications similar to those in the current Hveem mix design process. In this project, some Hveem aggregate
gradations did not have enough dust content to meet the dust proportion specification of the Superpave process.
Thus dust contents for these mixes were increased to meet the specification. The modification was kept to a
minimum so the modified gradation curve stayed close to the original curve and wherever possible within the
existing upper and lower band limits. This process is presented for each mix individually in Chapter 4. Moisture

susceptibility testing was not included in the Phase I experiment, but will be conducted in Phase II.

This modified Superpave process focused primarily on determining the OBC using the new gyratory compactor
and achieving associated density and volumetric requirements. The Superpave design method was originally
developed for HMA using unmodified binders. Several mixes using polymer-modified and rubber-modified
binders were included in this project in an attempt to check the feasibility of adapting the Superpave mix design
to these materials, which are commonly used in California but which are not necessarily used extensively in

other states (particularly rubber-modified binders and gap gradations).
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3 SPECIMEN FABRICATION AND TESTING

3.1 Specimen Fabrication Process

3.1.1 Preparation of Aggregates

Aggregates were dried in the laboratory oven overnight at 110°C upon receiving and sampling (AASHTO T 2).
Then the aggregates were loaded into barrels or buckets by bin size for storage in the warehouse. Some barrels
were held outdoors and covered with tarps to keep their contents dry. The aggregates not put into storage were
sieved on bulk sieve shakers (Gilson TS-1) with standard size screens from 25 mm (1 in.) to 0.075 mm (#200),
then collected in buckets by individual screen size. Laboratory aggregate “batches” were produced by
recombining the aggregates according to JMF size requirements. This individual-size batching method ensured
greater accuracy and tighter gradation control compared to bin batching. Aggregates from the same source and
of the same type (rock or rock dust) were then combined in sieving and batching. A small portion of sand from
the sand bin was added to some of the mixes; this sand had been bin-batched and did not significantly alter the
gradation and mixing interaction due to the small quantities (<10%) present. Individual aggregate batches were

placed in plastic cylinders until use.

Prior to producing batches for mixing, a sieve analysis was performed according to AASHTO T 11A (wet sieve)
and T 27 (dry sieve). Two 2,500-gram samples were prepared according to the JMF combined gradation. For
some mixes, the dust content was increased from the JMF gradation in order to meet Superpave dust proportion
specification (see the individual mix results in Chapter 4). A comparison of the original JMF gradation and a
sieve analysis gradation is presented for each individual mix in Chapter 4. For compacted specimens that were
used for the Superpave mix design, the standard size of 150 mm diameter and 115+5 mm height required

approximately 4,600 to 4,700 grams of aggregate (2).
3.1.2  Mixing and Compaction Process

HMA mixing was conducted in a Cutler Hammer rotary mixer. Mixing and compaction temperature were
determined from the temperature-viscosity charts provided by the binder supplier depending upon the binder

grade and type. A list of mixing, aging, and compaction temperatures is shown in Table 3.1.

The aggregate temperature for each mix was set 15°C higher than the binder mixing temperature (2) for
unmodified binders. For polymer-modified and rubber-modified mixes, the aggregate was heated up to the
temperature previously determined based on binder viscosity. During the mixing process, bowls, spoons, and
spatulas were heated to maintain temperature. After mixing, all mixtures were short-term aged at 135°C for four

hours (2) to simulate mixing, compaction, and the first several years of field aging.
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Each mix was prepared at four binder contents to determine the Superpave OBC (2). For each binder content,
one mix batch was prepared to determine the maximum specific gravity (AASHTO T 209). Two mix batches

were prepared for gyratory compaction (AASHTO T 312).

For unmodified and polymer-modified binder mixes, the standard gyratory compaction used a compaction
pressure of 600 kPa and compaction internal angle 1.16 degrees. Although Caltrans will be testing with
85 gyrations for N design (Ng.s), all specimens were compacted to 195 gyrations. This was performed to retrieve

sufficient data points to evaluate specimen densities at all levels, including high levels of gyration.

For rubber-modified binder mixes, a gyratory compaction pressure of 825 kPa was used to facilitate the
compaction of these stiffer binders. The compaction internal angle was 1.16 degrees and specimens were also

compacted to 195 gyrations.

Specimens mixed with unmodified and polymer-modified binder were cooled by an external fan for five
minutes before extraction to prevent undue distortion. Specimens mixed with rubber-modified binder were
squared (held at a constant height) by the gyratory compactor for 1 hour and 30 minutes. This was to prevent

possible expansion due to the elasticity of rubber-modified binder at high temperature.

3.2 Data Analysis Process

After specimens were extracted, bulk specific gravities were measured per AASHTO T 166. The densities for
any gyration level were then backcalculated (Chapter 5 in Reference [2]). Percent voids in mineral aggregate
(VMA), percent voids filled with asphalt (VFA), and dust proportion (DP) were also calculated for all four
binder contents. Table 3.2 shows the HMA mix design requirement specified by Caltrans in SP Section 39 —
SSP 12-29-11 (4). The requirement for unmodified binder mixes is well established while the requirement for
rubber-modified binder mixes is still in development. Due to the different specification requirements for
unmodified binder mixes and rubber-binder mixes, the process of determining OBC is presented in two separate

sections.
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Table 3.1: Mixing and Compaction Temperature and Compaction Pressure Settings

Mixing
Binder Mix 5 Timp. STOA Compaction | Compaction Helgl.lt
Type Name Binder O Temp. Temp. (°C) Pressure Squaring
P (Binder/ | (°C)’ p- Time
Agg))
A? Refinery 1 PG 64-16 145/160 135 140 600 kPa n/a
B’ Refinery 2 PG 64-16 145/160 135 140 600 kPa n/a
T C Refinery 2 PG 64-16 145/160 135 140 600 kPa n/a
% D Refinery 2 PG 64-16 145/160 135 140 600 kPa n/a
=]
£ E | Refinery 1 PG 64-16 145/160 135 140 600 kPa n/a
o)
F Refinery 1 PG 64-16 145/160 135 140 600 kPa n/a
G Refinery 2 PG 64-16 145/160 135 140 600 kPa n/a
H Refinery 1 PG 70-10 160/175 135 150 600 kPa n/a
1 hr
- I’ Refinery 2 PG 64-16 Rubber 170/170 135 163 825 kPa 30 min
] 1 hr
=
'~§ J? Refinery 3 PG 64-16 Rubber 170/170 135 163 825 kPa 30 min
= 1 hr
% K Refinery 3 PG 70-10 Rubber 170/170 135 163 825 kPa 30 min
= 1 hr
=
é L Refinery 2 PG 64-16 Rubber 170/170 135 163 825 kPa 30 min
1 hr
M Refinery 3 PG 64-16 Rubber 170/170 135 163 825 kPa 30 min
N* Refinery 3 PG 64-28 PM 166/166 135 150 600 kPa n/a
(o) Refinery 3 PG 64-28 PM 166/166 135 150 600 kPa n/a

Polymer-
Modified

a  Selected by Chief, Office of Roadway Materials Testing, Co-Chair, Superpave Task Group for Phase II Testing.

b  STOA: Short-term oven aging
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Table 3.2: Hot Mix Asphalt Mix Design Requirements from Section 39
(Page 3, SP Section 39-SSP 11-01-12)
Quality Characteristic Test Method HMA-SP
Type A RHMA-SP-G
Air voids content (%) AASHTO Ninitiar 8.0
T 269° Nesign 4.0 Nesign
Npax 2.0 Naesign Specification
Gyration Compaction AASHTO Ninitial 8
(number of gyrations) T312 Nesion 85 Nesign 30 — 150
Nupax 130
Voids in mineral aggregate (% min.) SP-2
1/4" grading Asphalt 18.0 --
3/8" grading Mixtures 16.0 --
1/2" grading Volumetrics® 14.5 19.0-24.0°
3/4" grading 13.5 19.0-24.0°
Voids filled with asphalt (%) Sp-2
1/4" grading Asphalt 65.0-75.0 Report Only
3/8" grading Mixtures 65.0-75.0
1/2" grading Volumetrics® 65.0-75.0
3/4" grading 65.0-75.0
Dust proportion SP-2
1/4" and 3/8" gradings Asphalt 09-2.0 Report Only
1/2" and 3/4" gradings Mixtures 0.6-1.3
Volumetrics®
Hamburg wheel track AASHTO
(minimum number of passes at 0.5 T 324
inch average rut depth) (Modified)®®
PG 58 10,000 15,000
PG 64 15,000 20,000
PG-70 20,000 25,000
PG-76 or higher 25,000
Hamburg wheel track AASHTO
(inflection point minimum number T 324
of passes)” (Modified)™®
PG 58 10,000 10,000
PG 64 10,000 10,000
PG-70 12,500 12,500
PG-76 or higher 15,000
Moisture susceptibility AASHTO
(minimum dry strength, psi) T 283¢ 120 120
Moisture susceptibility AASHTO
(tensile strength ration, %) T 2834 70 70

* Calculate the air-void content of each specimen using AASHTO T 275 to determine bulk specific gravity AASHTO T 209 Method A to
determine theoretical maximum specific gravity. Under AASHTO T 209 use a digital monometer and pycnometer when performing
AASHTO T 209.

®Voids in mineral aggregate for RHMA-G-SP-G must be within this range.

“Measure bulk specific gravity using AASHTO T 275.

4 Test plant produced HMA.

°Test as specified in Section 39-1.01D(1).

Freeze thaw is not required.
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3.2.1 Determining Superpave OBC for Unmodified and Polymer-Modified Mixes

For the unmodified binder and polymer-modified mixes, the method for determining OBC followed the typical
Superpave mix design. At Ny of 85 gyrations, air-void contents were backcalculated and plotted versus binder
content. The percent VMA, percent VFA, and dust proportions were also plotted versus binder content. From a
best-fit curve, the binder content at four percent air-void content was selected as the Superpave OBC. Mixes at
this Superpave OBC then needed to meet several density, volumetric, and dust proportion requirements as
shown below:

(1) Compaction density less than 92 percent at N;,; of 8 gyrations

(2) Compaction density greater than 98 percent at Ny, of 130 gyrations

(3) Percent VMA greater than 13.5 (for % inch or larger size mixes)

(4) Percent VFA in between 65 to 75 (for % inch or larger size mixes)

ust proportion between 0.6 to 1.3 (for % inch or larger size mixes
5)D ion b 0.6 to 1.3 (for % inch or 1 1 '

If the mix did not pass all five criteria, it was modified.

3.2.2  Determining Superpave OBC for Rubber-Modified Mixes

Caltrans has established a testing range of 50 to 150 gyrations to compact rubberized mixes to four percent
target air-void content. To determine the Superpave OBC, specimen densification data was plotted versus the
number of gyrations. Four curves were created representing the four tested binder contents to show compaction
densities at different levels of gyration. The following steps were used as a general guideline to determine
Superpave OBC for rubber-modified binder mixes.
(1) Determine whether binder content at 50 gyrations is less than 94 percent, and invalidate mixes that
exceed that percentage.
(2) Determine whether binder content at 150 gyrations is greater than 96 percent, and invalidate mixes with
density lower than that percentage.
(3) Based on steps (1) and (2), determine the OBC range using the upper and lower values of binder content
that can be compacted to 4 percent air-void content at or before 150 gyrations.
(4) Within the OBC range determined from step (3), verify that the percent VMA is between 19 and 24. This
may further narrow the OBC range.
(5) Evaluate the percent VFA and dust proportion, which are reported values rather than specified values.

(6) Select a desired Superpave OBC based on the density, volumetric, and dust proportion properties.
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4 RESULTS FROM SUPERPAVE OBC DETERMINATION

This chapter shows detailed findings for all 15 mixes prepared using modified Superpave methods to determine
OBC. Table 4.1 summarizes the test results for all 15 mixes. The chapter sections and subsections that follow
the table describe each mix and any repeated mix designs, and the changes made in each iteration of the mix
design. Unmodified binder mixes are presented in Section 4.1, rubber-modified binder mixes in Section 4.2, and
polymer-modified binder mixes in Section 4.3. Detailed results for each individual mix are presented following

the order shown in Table 4.1.
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Table 4.1: Summary of Design Properties: Hveem Design Versus Superpave Design

Hveem Mix Design Properties

Superpave Mix Design Properties

Binder |\ r. Name Binder Type LENAYIES ]‘?A?s;sgilrl %VMA | %VFA DP PIAUEC ]")Afszlsgi’lrl %VMA %VFA DP
Type (TWM) Void (TMW) Void
Design Specification for Unmodified Binder 4.0%0.5 >13 65-75 Report 4.0+0.5 >13.5 65-75 0.6-1.3
A? Refinery 1 PG 64-16 4.8 4.0 15.5 73.0 1.2 52 4.0 15.5 74.4 1.1
B? Refinery 2 PG 64-16 49 4.0 13.6 70.9 1.0 59 4.5 18.5 74.9 0.8
- C Refinery 2 PG 64-16 52 4.0 14.2 72.8 0.8 6.1 4.0 154 74.0 0.5
% D Refinery 2 PG 64-16 4.6 4.0 13.1 69.0 1.0 52 4.0 14.0 71.2 1.4
§ E Refinery 1 PG 64-16 4.6 4.0 13.1 69.0 1.0 52 4.0 13.5 71.2 1.5
F Refinery 1 PG 64-16 4.8 4.0 13.0 69.0 0.9 5.8 4.5 18.6 74.6 0.7
G Refinery 2 PG 64-16 5.8 42 16.5 74.9 0.9 6.5 43 16.9 74.6 1.0
H Refinery 1 PG 70-10 49 4.0 16.0 76.0 1.1 55 4.0 18.1 73.9 0.9
Design Specification for Rubberized Binder - 18-23 Report Report 4.0+0.5 19-23 Report Report
3 I* Refinery 2 PG 64-16 Rubber 7.4 4.5 19.1 76.0 0.5 7.7 4.0 19.1 79.5 1.0
% J? Refinery 3 PG 64-16 Rubber 6.7 5.4 18.8 713 0.5 8.1 4.0 16.7 74.9 1.0
i K Refinery 3 PG 70-10 Rubber 6.9 4.9 18.4 733 0.3 7.5 4.0 18.9 79.4 0.9
§ L Refinery 2 PG 64-16 Rubber 7.2 42 18.9 77.8 0.3 7.4b 4.0 19.3b 78.5b 0.2
M Refinery 3 PG 64-16 Rubber 6.5 5.0 20.1 75.0 0.3 9.2 4.0 21.0 80.3 0.1
Design Specification for PM Binder 4.0%0.5 >13 65-75 Report 4.0+0.5 >13.5 65-75 0.6-1.3
N? Refinery 3 PG 64-28 PM 4.8 5.3 15.1 64.5 0.7 6.0 43 17.6 74.9 1.0
0 Refinery 3 PG 64-28 PM 4.7 4.9 14.9 67.2 1.1 4.6 4.0 13.8 71.3 1.4

Polymer-
Modified

a  Selected by Chief, Office of Roadway Materials Testing, Co-Chair, Superpave Task Group for Phase II Testing.

b  These values were calculated by linear extrapolation and are not reliable recommendations.
¢ Optimum Binder Content (OBC) is calculated by Total Weight of Mixture (TWM).
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4.1 Test Results for Unmodified Binder Mixes

4.1.1 Mix A

Table 4.2 shows the basic aggregate and binder information for Mix A. Table 4.3 presents the aggregate
gradation used for both the Hveem and Superpave mix designs. Figure 4.1 presents the same information on the

0.45 power gradation chart.

Table 4.2: Aggregate and Binder Type for Mix A

Mix ID Mix A

NMAS 3/4 inch

RAP % 0

Aggregate Type Alluvial

Quarry Location Northern California
Binder Supplier Refinery 1

Binder Grade PG 64-16

Table 4.3: Aggregate Gradation Table for Mix A

Gradation of Aggregate Blend (Cumulative Percent Passing)
. : Contractor Test . UCPRC
Sieve Size Result JMF o;l;e:l?;ng Lab Test Result
(mm) (in.) Combined Gradation Sieve Analysis
25 1 100.0 100 100.0
19 3/4 99.0 94 -100 99.4
12.5 1/2 85.0 79 -91 86.1
9.5 3/8 71.0 71.0
4.75 #4 50.0 43 - 57 49.2
2.36 #8 36.0 31-41 33.5
1.18 #16 27.0 24.8
0.6 #30 20.0 16 —24 18.5
0.3 #50 14.0 12.6
0.15 #100 10.0 8.2
0.075 #200 6.0 4.0-8.0 5.3

18 UCPRC-TM-2012-03



#200 #30 #8 =4 3/8" 12" 34"
100 — : : : i
90
80
o 70
£
7z 60
&
= 50
S
o 40 : -
e - < | JMF Combined Gradation
&~ 30 ) .
—e— UCPRC Sieve Analaysis
20
10 - « = Maximum Density Line
- - ) H
0 - L | a g | L | - TR L | T S O S B T | -
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50
Sieve Size (mm) Raised to the 0.45 Power

Figure 4.1: Aggregate gradation chart for Mix A.

Table 4.4 shows a comparison of design properties for the Hveem versus the Superpave mix design. For
Superpave mix design, mixture properties are evaluated for four asphalt binder contents by using the
densification data at Nj,; (8 gyrations), Ng.s (85 gyrations), and Ny, (130 gyrations). Table 4.5 shows the
mixture’s compaction and volumetric properties. Figure 4.2 illustrates the specimen densification versus number
of gyrations. Graphs of air-void content, percent VMA, percent VFA, and dust proportion are shown in
Figure 4.3 to Figure 4.6. The Superpave OBC was found to be 5.2 percent by total weight of mixture (TWM).
The value of each of these properties at the Superpave OBC is indicated by the arrow in each of the figures for

this mix, and all other mixes.

Table 4.4: Summary of Design Properties for Mix A

‘ ‘ ) Contractor JMF UCPRC Lab Testing Superpave Design
Mix Design Properties Hveem Des1gn Superpave Des-lgn OBC Specification
OBC Properties Properties
Hveem %0OBC (DWA) 5.0 5.5
Hveem %OBC (TWM) 4.8 5.2
% Air Void Content 4.0 4.0 4.0
% VMA 15.5 15.5 >13.5
% VFA 73.0 74.4 65-75
Dust Proportion 1.2 1.1 0.6-1.3
%Gmm @ N;,=8 n/a 87.4 <92
%Gmm @ N,,=130 n/a 97.2 <98
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Table 4.5: Compaction and Volumetric Properties for Superpave OBC for Mix A

20

%AC Compaction Properties Volumetric Properties Dust
(TWM) %Ginm %Gimm %G @ Nges = 85 Proportion
@ N=8 @ N=85 @ N=130 %AirVoids %VMA %VFA
Criteria <92 96 <98 4.0 >13.5 65-75 0.6-1.3
4.3 85.8 93.7 94.9 6.3 15.9 60.6 1.3
4.8 86.4 94.7 95.9 5.3 15.8 66.4 1.2
5.2 87.8 96.3 97.5 3.7 15.2 75.5 1.1
5.7 88.1 97.0 98.2 3.0 15.8 80.9 1.0
100.0 Nim'_S Ndes:‘g‘-s N,.M,CZLS’O
E o
98.0 . ; 13% A
! oA o o
96.0 o4 o+
E LA 5 T4t | B-5T%AC
94.0 . ;Ef o
: E"’” o ! ; ——5.2%AC
g 920 : 755 Do —
£ 1 E. [z ’._y"' 1 | 4.8% AC
3 900 e T
£ P oA P —+—4.3% AC
s> 88.0 g—o* ‘ :
v O//* ' :
86.0 ¢+ -
84.0 —
82.0 - b
80.0 - b b -
1 10 100 1000
Number of Gyrations

Figure 4.2: Mixture density versus number of gyrations for Mix A.
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Figure 4.3: Selection of Superpave OBC based on percent air-void content versus percent asphalt binder for Mix A.
(Note: The arrow in the figure shows the Superpave OBC selected based on the 4 percent air-void content criterion.)
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Figure 4.4: Percent VMA versus percent asphalt binder for Mix A.
(Note: The arrow in the figure indicates the value of percent VMA at the Superpave OBC.)
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Figure 4.5: Percent VFA versus percent asphalt binder for Mix A.
(Note: The arrow in the figure indicates the value of percent VFA at the Superpave OBC.)

2.0
1g SPOBC (TWM) = 5.2%
1 DP=1.1

1.6 -

=
S

Dust Proportion
> L

0.8

— Minimum 0.6
0.6 tmmmmecece——tec—————————t———————— el ccccccccccctccccceee———
0.4 - :

3.8 4.3 4.8 5.3 5.8 6.3

Percent Asphalt Binder (TWM)

Figure 4.6: Dust proportion versus percent asphalt binder for Mix A.
(Note: The arrow in the figure indicates the dust proportion value at the Superpave OBC.)
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412 MixB

Table 4.6 shows the basic aggregate and binder information for Mix B. Table 4.7 presents the aggregate

gradation used for both the Hveem and Superpave mix designs. Figure 4.7 presents the same information on the

0.45 power gradation chart.

Table 4.6: Aggregate and Binder Type for Mix B

Mix ID Mix B

NMAS 3/4 inch

RAP % 0

Aggregate Type Basalt

Quarry Location Central California
Binder Supplier Refinery 2

Binder Grade PG 64-16

Table 4.7: Aggregate Gradation Table for Mix B

Gradation of Aggregate Blend (Cumulative Percent Passing)
Sieve Size Contractgll‘vI ’l;:est Result OI}’::; ;ieng LabUT(iftl}{(isult
(mm) (in.) Combined Gradation Sieve Analysis
25 1 100.0 100 100.0
19 3/4 98.0 93 -100 96.9
12.5 1/2 82.0 76 — 88 82.1
9.5 38 71.0 70.9
4.75 #4 50.0 43 -57 49.3
2.36 #8 34.0 29 -39 34.0
1.18 #16 23.0 22.8
0.6 #30 17.0 13 -21 16.8
0.3 #50 12.0 12.7
0.15 #100 6.0 6.6
0.075 #200 4.2 22-6.2 5.1
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Figure 4.7: Aggregate gradation chart for Mix B.

Table 4.8 shows a comparison of design properties for the Hveem versus the Superpave mix design. For

Superpave mix design, mixture properties are evaluated for four asphalt binder contents by using the

densification data at Nj,; (8 gyrations), Ny (85 gyrations), and Ny, (130 gyrations). Table 4.9 shows the

mixture’s compaction and volumetric properties. Figure 4.8 illustrates specimen densification versus number of

gyrations. Graphs of air-void content, percent VMA, percent VFA, and dust proportion are shown in Figure 4.9

to Figure 4.12. The Superpave OBC was found to be 5.9 percent by TWM. The value of each of these properties

at the Superpave OBC is indicated by the arrow in each of the figures for this mix,

At design air-void content of four percent, percent VFA was above 75. With a +£0.5 percent tolerance for a

laboratory mixed and compacted specimen, the Superpave OBC of 5.9 percent was found at a design air-void

content of 4.5 percent to meet the specification.
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Table 4.8: Summary of Design Properties for Mix B

Contractor JMF UCPRC Lab Testing Superpave Desion
Mix Design Properties Hveem Design OBC Superpave Design IS) eIc)iﬁca tiong
Properties OBC Properties P
Hveem %OBC (DWA) 52 6.3
Hveem %OBC (TWM) 4.9 59
% Air-void Content 4.0 4.5 4.0
% VMA 13.6 18.5 >13.5
% VFA 70.9 74.9 65-75
Dust Proportion 1.0 0.8 0.6-1.3
%Gmm @ Ny, =8 n/a 85.9 <92
%Gmm @ N, = 130 n/a 96.7 <98
Table 4.9: Compaction and Volumetric Properties for Mix B
% AC Compaction Properties Volumetric Properties Dust
(TWM) %Ginm %Ginm %Ginm @ Naes =85 Proportion
@ N=8 (@ N=85 @ N=130 | %AirVoids %VMA %VFA
Criteria <92 96 <98 4.0 >13.5 65175 0.6-1.3
4.5 82.1 90.2 914 9.8 19.0 48.4 1.3
4.9 82.7 91.1 92.3 8.9 19.2 53.6 1.1
54 84.0 92.8 94.1 7.2 18.7 61.5 1.0
5.8 86.0 95.4 96.7 4.6 18.6 75.5 0.8
Npi=8 Nyes=85 Nyr=130
100.0 nrl des : :rm
98.0 m =2
96.0 ' o a-
' A oAb E-5.8%AC
94.0 ' 5ot EE 5
; o A Lo | 5 54%AC
= 92.0 0 o - U-C‘j_ﬂ-"
£ i o AT 4.9% AC
o 900 : B ore : .
=t 88.0 : B— o :
86.0 B 5 o £ ?
-y :
84.0 &k ‘ f
¢ 4 :
82.0 :"
80.0 - ' L
1 10 100 1000
Number of Gyrations

Figure 4.8: Mixture density versus number of gyrations for Mix B.
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Figure 4.9: Selection of Superpave OBC based on percent air-void versus percent asphalt binder for Mix B.
(Note: The arrow in the figure shows the Superpave OBC selected based on the 4.5 percent air-void content

criterion.)
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Figure 4.10: Percent VMA versus percent asphalt binder for

Mix B.

(Note: The arrow in the figure indicates the value of percent VMA at the Superpave OBC.)
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Figure 4.11: Percent VFA versus percent asphalt binder for Mix B.
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Figure 4.12: Dust proportion versus percent asphalt binder for Mix B.
(Note: The arrow in the figure indicates the dust proportion value at the Superpave OBC.)
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4.1.3 MixC
Table 4.10 shows the basic aggregate and binder information for Mix C. Table 4.11 presents the aggregate
gradation used for both the Hveem and Superpave mix designs. Figure 4.13 presents the same information on

the 0.45 power gradation chart.

Table 4.10: Aggregate and Binder Type for Mix C

Mix ID Mix C

NMAS 3/4 inch

RAP % 0

Aggregate Type Granite

Quarry Location Central California
Binder Supplier Refinery 2

Binder Grade PG 64-10

Table 4.11: Aggregate Gradation Table for Mix C

Gradation of Aggregate Blend (Cumulative Percent Passing)
Sieve Size Contractgll‘v[ T;St Result Ofl’:::l‘ :eng LabUT(éftl}isult
(mm) (in.) Combined Gradation Sieve Analysis
2 ! 100.0 100.0
19 3/4 98.0 97.9
12.5 1/2 89.0 88.9
9.5 3/8 79.0 79.1
4.75 #4 55.0 55.8
2.36 #8 40.0 38.5
1.18 #16 28.0 26.9
0.6 #30 19.0 18.1
0.3 #50 10.0 101
0.15 #100 5.0 45
0.075 #200 3.5 22
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Figure 4.13: Aggregate gradation chart for Mix C.

Table 4.12 shows a comparison of design properties for the Hveem versus the Superpave mix design. For
Superpave mix design, mixture properties are evaluated for four asphalt binder contents by using the
densification data at Nj,; (8 gyrations), Ng.s (85 gyrations), and Np.x (130 gyrations). Table 4.13 shows the
mixture’s compaction and volumetric properties. Figure 4.14 illustrates specimen densification versus number of
gyrations. Graphs of air-void, percent VMA, percent VFA, and dust proportion are shown in Figure 4.15 to
Figure 4.18. The Superpave OBC was found to be 6.1 percent by TWM. The value of each of these properties at
the Superpave OBC is indicated by the arrow in each of the figures for this mix.

Table 4.12: Summary of Design Properties for Mix C

) ) . Contractor JMF UCPRC Lab Tes.ting Superpave Design
Mix Design Properties Hveem Demgp Superpave Des.lgn Specification
OBC Properties OBC Properties
Hveem %OBC (DWA) 5.5 6.5
Hveem %OBC (TWM) 5.2 6.1
% Air Void Content 4.0 4.0 4.0
% VMA 14.2 15.4 >13.5
% VFA 72.8 74.0 65-75
Dust Proportion 0.8 0.5 0.6-1.3
%Gmm @ N;,=8 n/a 87.7 <92
%Gmm @ Np,,=130 n/a 97.2 <98
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Table 4.13: Compaction and Volumetric Properties for Superpave OBC for Mix C

% AC Compaction Properties Volumetric Properties Dust
(TWM) %Gimm %G %G @ Nge; = 85 Proportion
@ N=8 @N=85 | @N=130 | %AirVoids | %VMA %VFA
Criteria <92 96 <98 4.0 >13.5 65—175 0.6-—1.3
4.8 85.1 92.7 93.9 7.3 15.6 53.5 0.6
5.2 86.5 94.3 95.5 5.7 154 63.2 0.5
5.7 86.7 94.7 95.9 5.3 15.7 66.2 0.5
6.1 87.8 96.1 97.4 3.9 15.4 74.6 0.5
100.0 Mm'_g Nde::85 Nnm‘:130
98.0 § ] e
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Figure 4.14: Mixture density versus number of gyrations for Mix C.
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Figure 4.15: Selection of Superpave OBC based on percent air-void content versus percent
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(Note: The arrow in the figure shows the Superpave OBC selected based on the 4 percent
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Figure 4.16: Percent VMA versus percent asphalt binder for Mix C.
(Note: The arrow in the figure indicates the value of percent VMA at the Superpave OBC.)
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Figure 4.17: Percent VFA versus percent asphalt binder for Mix C.
(Note: The arrow in the figure indicates the value of percent VFA at the Superpave OBC.)
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Figure 4.18: Dust proportion versus percent asphalt binder for Mix C.
(Note: The arrow in the figure indicates the dust proportion value at the Superpave OBC.)
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4.1.4 MixD
Table 4.14 shows the basic aggregate and binder information for the Mix D. Table 4.15 presents the aggregate
gradation used for both the Hveem and Superpave mix designs. Figure 4.19 presents the same information on

the 0.45 power gradation chart.

Table 4.14: Aggregate and Binder Type for Mix D

Mix ID Mix D

NMAS 3/4 inch

RAP % 0

Aggregate Type Alluvial

Quarry Location Northern California
Binder Supplier Refinery 2

Binder Grade PG 64-16

Table 4.15: Aggregate Gradation Table for Mix D

Gradation of Aggregate Blend (Cumulative Percent Passing)
Sieve Size Contractgrl'v[ ’l;:st Result OII'::I? ;ieng Labq[(é:)tli{(; ult
(mm) (in.) Combined Gradation Sieve Analysis
25 1 100.0 100 100.0
19 3/4 99.0 94 -100 97.7
12.5 1/2 82.0 76 — 88 83.5
9.5 3/8 71.0 70.1
4.75 #4 47.0 40-54 46.2
2.36 #8 34.0 29 -39 325
1.18 #16 24.0 23.0
0.6 #30 18.0 14-22 16.6
0.3 #50 12.0 11.1
0.15 #100 8.0 7.3
0.075 #200 5.8 3.8-78 5.8
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Figure 4.19: Aggregate gradation chart for Mix D.

Table 4.16 shows a comparison of design properties for the Hveem versus the Superpave mix design. For

Superpave mix design, mixture properties are evaluated for four asphalt binder contents by using the

densification data at Nj,; (8 gyrations), Ng.s (85 gyrations), and Ny, (130 gyrations). Table 4.17 shows the

mixture’s compaction and volumetric properties. Figure 4.20 illustrates specimen densification versus number of

gyrations. Graphs of air-void content, percent VMA, percent VFA, and dust proportion are shown in Figure 4.21

to Figure 4.24. The Superpave OBC was found to be 5.2 percent by TWM. The value of each of these properties

at the Superpave OBC is indicated by the arrow in each of the figures for this mix.

Table 4.16: Summary of Design Properties for Mix D

) . . Contractor JMF UCPRC Lab :l"esting S e

Mix Design Properties Hveem De51g.n Superpave Desolgn OBC S T e
OBC Properties Properties

Hveem %OBC (DWA) 4.8 5.5
Hveem %OBC (TWM) 4.6 52
% Air Void Content 4.0 4.0 4.0
% VMA 13.1 14.0 >13.5
% VFA 69.0 71.2 65-175
Dust Proportion 1.0 1.4 0.6-1.3
%Gmm @ N;,=8 n/a 87.2 <92
%Gmm @ Np,,=130 n/a 97.2 <98
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Table 4.17: Compaction and Volumetric Properties for Superpave OBC for Mix D

0T Compaction Properties Volumetric P_r operties Dust
(TWM) %G mm 9% Gmm % Gmm @ Nges = 85 Proportion
@N=8 | @N=85 | @N=130 | %AirVoids | %VMA %VFA
Criteria <92 96 <98 4.0 >13.5 65—75 0.6-1.3
4.1 85.2 93.1 94.3 6.9 14.3 51.5 1.9
4.6 85.4 93.8 95.1 6.2 14.2 56.6 1.7
5.0 86.9 95.5 96.8 4.5 14.0 67.9 1.5
5.5 87.7 96.7 97.9 33 14.0 76.3 1.3
100.0 Np=8 Nys=85 Npp=130
’ ; oo @
: : =
98.0 | é_m.@_é,a
96.0 - i BA/AA e
: 8,7 g9t | E-SS%AC
94.0 e . i
; T oA —4—5.0%AC
g 920 ! D'”’A oA
= i a7 S 4.6% AC
5 900 L oA 9./52» .
2 = -~ ' : —+—4.1% AC
=880 oa % o
86.0 ¢ Q”"Q/
. (',p/' i I
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80.0 i L :
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Figure 4.20: Mixture density versus number of gyrations for Mix D.
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Figure 4.21: Selection of Superpave OBC based on percent air-void content versus percent

asphalt binder for Mix D.

(Note: The arrow in the figure shows the Superpave OBC selected based on the 4 percent

air-void content criterion.)
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Figure 4.22: Percent VMA versus percent asphalt binder for Mix D.
(Note: The arrow in the figure indicates the value of percent VMA at the Superpave OBC.)
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Figure 4.23: Percent VFA versus percent asphalt binder for Mix D.
(Note: The arrow in the figure indicates the value of percent VFA at the Superpave OBC.)
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Figure 4.24: Dust proportion versus percent asphalt binder for Mix D.
(Note: The arrow in the figure indicates the dust proportion value at the Superpave OBC.)
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415 MixE

Table 4.18 shows the basic aggregate and binder information for the Mix E. Table 4.19 presents the aggregate

gradation used for both the Hveem and Superpave mix designs. Figure 4.25 presents the same information on

the 0.45 power gradation chart.

Table 4.18: Aggregate and Binder Type for Mix E

Mix ID Mix E

NMAS 3/4 inch

RAP % 0

Aggregate Type Alluvial

Quarry Location Northern California
Binder Supplier Refinery 1

Binder Grade PG 64-16

Table 4.19: Aggregate Gradation Table for Mix E

Gradation of Aggregate Blend (Cumulative Percent Passing)
Sieve Size Contractgrl'v[ ’l;:st Result OII’::: ;ieng Labq[(é:)tli{(; ult
(mm) (in.) Combined Gradation Sieve Analysis
25 1 100.0 100 100.0
19 3/4 99.0 94 -100 97.7
12.5 1/2 82.0 76 — 88 83.5
9.5 3/8 71.0 70.1
4.75 #4 47.0 40-54 46.2
2.36 #3 34.0 29-39 23.5
1.18 #16 24.0 23.0
0.6 #30 18.0 14-22 16.6
0.3 #50 12.0 11.1
0.15 #100 8.0 7.3
0.075 #200 5.8 3.8-78 5.8
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Figure 4.25: Aggregate gradation chart for Mix E.

Table 4.20 shows a comparison of design properties for the Hveem versus the Superpave mix design. For

Superpave mix design, mixture properties are evaluated for four asphalt binder contents by using the

densification data at N, (8 gyrations), Ng.s (85 gyrations), and N, (130 gyrations). Table 4.21 shows the

mixture’s compaction and volumetric properties. Figure 4.26 illustrates specimen densification versus number of

gyrations. Graphs of air-void content, percent VMA, percent VFA, and dust proportion are shown in Figure 4.27

to Figure 4.30. The Superpave OBC was found to be 5.2 percent by TWM. The value of each of these properties

at the Superpave OBC is indicated by the arrow in each of the figures for this mix.

Table 4.20: Summary of Design Properties for Mix E

) ) . Contractor J'MF UCPRC Lab Tes.ting S D

Mix Design Properties Hveem Demgp Superpave Des.lgn Specification
OBC Properties OBC Properties

Hveem %OBC (DWA) 4.8 5.5
Hveem %OBC (TWM) 4.6 5.2
% Air Void Content 4.0 4.0 4.0
% VMA 13.1 13.5 >13.5
% VFA 69.0 71.2 65175
Dust Proportion 1.0 1.5 0.6-1.3
%Gmm @ N;,=8 n/a 87.3 <92
%Gmm @ Np.,=130 n/a 97.3 <98

UCPRC-TM-2012-03
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Table 4.21: Compaction and Volumetric Properties for Superpave OBC for Mix E

40

%AC Compaction Properties Volumetric Properties Dust
(TWM) %Gmm %Gmm %Gmm @ Naes = 85 Proportion
@ N=8 (@ N=85 @ N=130 %AirVoids %VMA %VFA
Criteria <92 96 <98 4.0 >13.5 65 —75 0.6—-1.3
4.1 85.4 93.1 94.3 6.9 14.4 51.7 1.9
4.6 86.7 95.2 96.4 4.8 13.6 64.7 1.6
5.0 87.5 96.2 97.5 3.8 134 71.7 1.5
5.5 87.5 96.4 97.7 3.6 13.9 74.1 1.4
N, =8 N;p=85 N,yu=130
100.0 ini : des : ?rm
98.0 | e
E H ).;.E: ? O
96.0 ; A 5@
: o A —B-55%AC
. & o ’
94.0 , o i
92.0 y,f' ; ——5.0% AC
e ™ AT —4.6% AC
o 900 5
£ : —+—4.1% AC
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Number of Gyrations

Figure 4.26: Mixture density versus number of gyrations for Mix E.
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Figure 4.27: Selection of Superpave OBC based on percent air-void content versus percent

asphalt binder for Mix E.

(Note: The arrow in the figure shows the Superpave OBC selected based on the 4 percent

air-void content criterion.)
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Figure 4.28: Percent VMA versus percent asphalt binder for Mix E.

(Note: The arrow in the figure indicates the value of percent VMA at the Superpave OBC.)
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Figure 4.29: Percent VFA versus percent asphalt binder for Mix E.

(Note: The arrow in the figure indicates the value of percent VFA at the Superpave OBC.)
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Figure 4.30: Dust proportion versus percent asphalt binder for Mix E.

(Note: The arrow in the figure indicates the dust proportion value at the Superpave OBC.)
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416 MixF

Table 4.22 shows the basic aggregate and binder information for the Mix F. Table 4.23 presents the aggregate

gradation used for both the Hveem and Superpave mix designs. Figure 4.31 presents the same information on

the 0.45 power gradation chart.

Table 4.22: Aggregate and Binder Type for Mix F

Mix ID Mix F

NMAS 3/4 inch

RAP % 15

Aggregate Type Alluvial

Quarry Location Northern California
Binder Supplier Refinery 1

Binder Grade PG 64-16

Table 4.23: Aggregate Gradation Table for Mix F

Gradation of Aggregate Blend (Cumulative Percent Passing)
Sieve Size St OII’::;;“g T T
(mm) (in.) Combined Gradation Sieve Analysis
25 1 100.0 100 100.0
19 3/4 98.0 93 -100 98.2
12.5 1/2 84.0 78 -90 86.4
9.5 3/8 75.0 73.9
4.75 #4 52.0 45-59 51.8
2.36 #8 34.0 29 -39 33.7
1.18 #16 22.0 229
0.6 #30 15.0 11-19 15.0
0.3 #50 9.0 9.8
0.15 #100 6.0 6.5
0.075 #200 3.8 1.8-58 4.1

UCPRC-TM-2012-03
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Figure 4.31: Aggregate gradation chart for Mix F.

Table 4.24 shows a comparison of design properties for the Hveem versus the Superpave mix design. For
Superpave mix design, mixture properties are evaluated for four asphalt binder contents by using the
densification data at N, (8 gyrations), Ng.s (85 gyrations), and N, (130 gyrations). Table 4.25 shows the
mixture’s compaction and volumetric properties. Figure 4.32 illustrates the specimen densification versus
number of gyrations. Graphs of air-void content, percent VMA, percent VFA, and dust proportion are shown in
Figure 4.33 to Figure 4.36. The Superpave OBC was found to be 5.8 percent by TWM. The value of each of
these properties at the Superpave OBC is indicated by the arrow in each of the figures for this mix.

At design air-void content of four percent, percent VFA was above 75. With a 0.5 percent tolerance for a

laboratory mixed and compacted specimen, the Superpave OBC of 5.8 percent was found at a design air-void

content of 4.5 percent to meet the specification.
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Table 4.24: Summary of Design Properties for Mix F

‘ ) ) Contractor JMF UCPRC Lab Tes.ting Superpave Design

Mix Design Properties Hveem Des1g.n Superpave Des.lgn Specification
OBC Properties OBC Properties

Hveem %OBC (DWA) 5.0 6.2
Hveem %OBC (TWM) 4.8 5.8
% Air Void Content 4.0 4.5 4.0
% VMA 13.0 18.6 >13.5
% VFA 69.0 74.6 65-75
Dust Proportion 0.9 0.7 0.6-1.3
%Gmm @ N;,=8 n/a 86.3 <92
%Gmm @ N,,,,,=130 n/a 96.7 <98

Table 4.25: Compaction and Volumetric Properties for Superpave OBC for Mix F

% AC Compaction Properties Volumetric Properties Dust
(TWM) %Ginm %Ginm %Ginm @ Nge; = 85 Proportion
@ N=8 @ N=85 @N=130 | %AirVoids %VMA %VFA
Criteria <92 96 <98 4.0 >13.5 65 —75 0.6-1.3
43 82.4 90.7 92.0 9.3 19.2 51.7 0.9
4.8 83.6 92.0 933 8.0 19.0 58.0 0.8
5.2 85.5 94.2 95.5 5.8 18.5 68.6 0.7
5.7 85.7 94.8 96.1 5.2 18.6 71.9 0.7
100.0 Mm:g ‘Nde.s:gj Nma;\':]-;o
96.0 § § EEA
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94.0 : o 2 Y
: A o0 A £—5.2% AC
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Figure 4.32: Mixture density versus number of gyrations for Mix F.
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Figure 4.33: Selection of Superpave OBC based on percent air-void content versus percent asphalt binder for Mix F.
(Note: The arrow in the figure shows the Superpave OBC selected based on the 4.5 percent air-void content
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Figure 4.34: Percent VMA versus percent asphalt content for Mix F.
(Note: The arrow in the figure indicates the value of percent VMA at the Superpave OBC.)
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Figure 4.35: Percent VFA versus percent asphalt binder for Mix F.
(Note: The arrow in the figure indicates the value of percent VFA at the Superpave OBC.)
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Figure 4.36: Dust proportion versus percent asphalt binder for Mix F.
(Note: The arrow in the figure indicates the dust proportion value at the Superpave OBC.)
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4.1.7 Mix G

Table 4.26 shows the basic aggregate and binder information for the Mix G. Table 4.27 presents the aggregate

gradation used for both the Hveem and Superpave mix designs. Figure 4.37 presents the same information on

the 0.45 power gradation chart.

Table 4.26: Aggregate and Binder Type for Mix G

Mix ID Mix G

NMAS 1/2 inch

RAP % 0

Aggregate Type Basalt

Quarry Location Central California
Binder Supplier Refinery 2

Binder Grade PG 64-16

Table 4.27: Aggregate Gradation Table for Mix G

Gradation of Aggregate Blend (Cumulative Percent Passing)
Sieve Size St OII’::;;“g T T
(mm) (in.) Combined Gradation Sieve Analysis
25 1 100.0 100 100.0
19 3/4 100.0 100 100.0
12.5 1/2 99.0 93-100 99.0
9.5 3/8 90.0 84— 96 90.1
4.75 #4 59.0 52 -66 60.0
2.36 #8 45.0 40-50 44.4
1.18 #16 31.0 304
0.6 #30 22.0 18 —26 22.0
0.3 #50 14.0 16.3
0.15 #100 7.0 7.8
0.075 #200 5.1 3.1-7.1 5.4
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Figure 4.37: Aggregate gradation chart for Mix G.

Table 4.28 shows a comparison of design properties for the Hveem versus the Superpave mix design. For
Superpave mix design, mixture properties are evaluated for four asphalt binder contents by using the
densification data at N, (8 gyrations), Ng.s (85 gyrations), and N, (130 gyrations). Table 4.29 shows the
mixture’s compaction and volumetric properties. Figure 4.38 illustrates the specimen densification versus
number of gyrations. Graphs of air-void content, percent VMA, percent VFA, and dust proportion are shown in
Figure 4.39 to Figure 4.42. The Superpave OBC was found to be 6.5 percent by TWM. The value of each of
these properties at the Superpave OBC is indicated by the arrow in each of the figures for this mix.

At design air-void content of four percent, percent VFA was above 75. With a 0.5 percent tolerance for a

laboratory mixed and compacted specimen, the Superpave OBC of 6.5 percent was found at a design air-void

content of 4.3 percent to meet the specification.
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Table 4.28: Summary of Design Properties for Mix G

) ) . Contractor JMF UCPRC Lab Tes.ting Superpave Design

Mix Design Properties Hveem Demgp Superpave Desolgn Specification
OBC Properties OBC Properties

Hveem %OBC (DWA) 6.2 6.8
Hveem %OBC (TWM) 5.8 6.4
% Air Void Content 4.15 4.3 4.0
% VMA 16.5 16.9 >13.5
% VFA 74.9 74.6 65-175
Dust Proportion 0.9 1.0 0.6-1.3
%Gmm @ N;,=8 n/a 86.6 <92
%Gmm @ N,,,,=130 n/a 97.0 <98

Table 4.29: Compaction and Volumetric Properties for Superpave OBC for Mix G

% AC Compaction Properties Volumetric Properties Dust
(TWM) %Ginm %Ginm %Ginm @ Nge; = 85 Proportion
@ N=8 @ N=85 @N=130 | %AirVoids %VMA %VFA
Criteria <92 96 <98 4.0 >13.5 65—175 0.6-1.3
5.4 84.6 92.9 94.0 7.1 17.0 58.0 1.3
5.8 85.5 94.2 95.4 5.8 17.0 65.7 1.1
6.3 86.5 95.4 96.7 4.6 16.9 73.1 1.0
6.7 87.0 96.3 97.6 3.7 16.9 78.2 1.0
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Figure 4.38: Mixture density versus number of gyrations for Mix G.
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Figure 4.39: Selection of Superpave OBC based percent air-void content versus percent asphalt binder for Mix G.

(Note: The arrow in the figure shows the Superpave OBC selected based on the 4.3 percent air-void content
criterion.)
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Figure 4.40: Percent VMA versus percent asphalt binder for Mix G.
(Note: The arrow in the figure indicates the value of percent VMA at the Superpave OBC.)
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Figure 4.41: Percent VFA versus percent asphalt binder for Mix G.
(Note: The arrow in the figure indicates the value of percent VFA at the Superpave OBC.)
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Figure 4.42: Dust proportion versus percent asphalt binder for Mix G.
(Note: The arrow in the figure indicates the dust proportion value at the Superpave OBC.)
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418 MixH

Table 4.30 shows the basic aggregate and binder information for Mix H. Table 4.31 presents the aggregate

gradation used for both the Hveem and Superpave mix designs. Figure 4.43 presents the same information on

the 0.45 power gradation chart.

Table 4.30: Aggregate and Binder Type for Mix H

Mix ID Mix H

NMAS 3/4 inch

RAP % 0

Aggregate Type Granite

Quarry Location Central California
Binder Supplier Refinery 1

Binder Grade PG 70-10

Table 4.31: Aggregate Gradation Table for Mix H

Gradation of Aggregate Blend (Cumulative Percent Passing)
. : Contractor Test . UCPRC
Sieve Size Result JMF Ollf:;;zng Lab Test Result
(mm) (in.) Combined Gradation Sieve Analysis
25 1 100.0 100.0
19 3/4 100.0 99.3
12.5 1/2 87.0 85.9
9.5 3/8 70.0 70.1
4.75 #4 50.0 50.3
2.36 #8 38.0 37.9
1.18 #16 28.0 26.1
0.6 #30 18.0 18.0
0.3 #50 12.0 12.2
0.15 #100 8.0 8.3
0.075 #200 5.0 5.0
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Figure 4.43: Aggregate gradation chart for Mix H.

Table 4.32 shows a comparison of design properties for the Hveem versus the Superpave mix design. For

Superpave mix design, mixture properties are evaluated for four asphalt binder contents by using the

densification data at N, (8 gyrations), Ng.s (85 gyrations), and N, (130 gyrations). Table 4.33 shows the

mixture’s compaction and volumetric properties. Figure 4.44 illustrates the specimen densification versus

number of gyrations. Graphs of air-void content, percent VMA, percent VFA, and dust proportion are shown in

Figure 4.45 to Figure 4.48. The Superpave OBC was found to be 5.5 percent by TWM. The value of each of

these properties at the Superpave OBC is indicated by the arrow in each of the figures for this mix.

Table 4.32: Summary of Design Properties for Mix H

) ) . Contractor J'MF UCPRC Lab Tes.ting S D

Mix Design Properties Hveem Demgp Superpave Des.lgn Specification
OBC Properties OBC Properties

Hveem %OBC (DWA) 5.1 5.9
Hveem %OBC (TWM) 4.9 5.5
% Air Void Content 4.0 4.0 4.0
% VMA 16.0 18.1 >13.5
% VFA 76.0 73.9 65—-175
Dust Proportion 1.1 0.9 0.6—-1.3
%Gmm @ N;,=8 n/a 87.0 <92
%Gmm @ Np,,=130 n/a 97.2 <98
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Table 4.33: Compaction and Volumetric Properties for Mix H

%AC Compaction Properties Volumetric Properties Dust
(TWM) %G %G %G @ Noes = 85 Proportion
@ N=8 @N=85 | @N=130 [ %AirVoids | %VMA %VFA
Criteria <92 96 <98 4.0 >13.5 65—175 0.6-1.3
4.4 83.6 91.6 92.8 8.4 18.8 54.5 1.2
4.9 85.1 93.5 94.8 6.5 18.7 59.6 1.1
5.3 86.2 95.0 96.3 5.0 18.3 68.7 0.9
5.7 87.3 96.4 97.6 3.6 17.9 77.1 0.9
100.0 Mm:=8 Ndes=8:5 N?nax=]30
: O |
98.0 i E D_E?E A
: LA A
96.0 s g7 &% o
040 | o A &7 | TEST%AC
' | o & oY A | —as53%Ac
= 920 : & /A" o /*'_,,»-"" :
2 . )= - B —4.9% AC
o 900 : D.'” yigs = —
2 D oo —+—4.4% AC
s> 88.0 EI,/,A o 5
86.0 Koot i
¢ A '
84.0 _i_/* : 5
82.0 § ;
80.0 ‘ ‘
1 10 100 1000
Number of Gyrations

Figure 4.44: Mixture density versus number of gyrations for Mix H.
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Figure 4.45: Selection of Superpave OBC based percent air-void content versus percent asphalt binder for Mix H.
(Note: The arrow in the figure shows the Superpave OBC selected based on the 4 percent air-void content criterion.)
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Figure 4.46: Percent VMA versus percent asphalt binder for Mix H.

(Note: The arrow in the figure indicates the value of percent VMA at the Superpave OBC.)
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Figure 4.47: Percent VFA versus percent asphalt binder for Mix H.
(Note: The arrow in the figure indicates the value of percent VFA at the Superpave OBC.)

2.0 q

-
(=]
!

'
(=2
|

=
=

Maximum 1.3

Dust Proportion
i

SPOBC (TWM) = 5.5%
DP=0.9

1.0 +
0.8 -

- Minimum 0.6
[ T —— L—
0.4

3.8 4.3

4.8 5.3 5.8
Percent Asphalt Binder (TWM)

6.3

Figure 4.48: Dust proportion versus percent asphalt binder for Mix H.
(Note: The arrow in the figure indicates the dust proportion value at the Superpave OBC.)
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4.2 Test Result for Rubber-Modified Binder Mixes

4.2.1 MixI

Table 4.34 shows the basic aggregate and binder information for Mix I. Table 4.35 presents the aggregate

gradation used for both the Hveem and Superpave mix designs. Figure 4.49 presents the same information on

the 0.45 power gradation chart. The gradation for the Superpave mix design was intentionally made with a

higher dust content (percent passing #200 sieve). The purpose of this increase was to reach a four percent target

air-void content for a rubberized mix and to generate a higher dust proportion for a future study of

specifications.
Table 4.34: Aggregate and Binder Type for Mix I
Mix ID Mix I
NMAS 1/2 inch
RAP % 0
Aggregate Type Basalt
Quarry Location Central California
Binder Supplier Refinery 2
Binder Grade PG 64-16 Rubber-Modified
Table 4.35: Aggregate Gradation Table for Mix I
Gradation of Aggregate Blend (Cumulative Percent Passing)
o e Contractor Test . UCPRC
Result JMF Operating | Lab Test Result
(mm) (in.) Combined Gradation g Sieve Analysis
25 1 100.0 100 100.0
19 3/4 100.0 100 100.0
12.5 172 98.0 92 - 100 97.5
9.5 3/8 84.0 78 — 90 84.5
4.75 #4 38.0 31-45 39.9
2.36 #3 21.0 16 26 23.2
1.18 #16 15.0 17.8
0.6 #30 12.0 15.0
0.3 #50 9.0 12.4
0.15 #100 4.0 7.6
0.075 #200 3.0 1-5 6.6
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Figure 4.49: Aggregate gradation chart for Mix I.

Table 4.36 shows a summary of the Hveem and Superpave mix design properties. OBC was selected following
the steps laid out in Section 3.2.2. Table 4.37 shows the compaction and volumetric properties at different levels
of gyration. These data generated Figure 4.50 to Figure 4.54, which show mixture density versus number of
gyrations, and air-void content, percent VMA, percent VFA, and dust proportion versus binder content,
respectively. Caltrans initially established a design gyration range of 50 to 150 to compact rubberized mixes to a
four percent target air-void content. To meet this requirement, a range of OBC from 6.8 percent to 8.0 percent
was also determined from step 3 in Section 3.2.2. A spreadsheet was then set up using this range to linearly
interpolate percent Gmm, percent VMA, and percent VFA from binder content to the nearest 0.1 percent, as
shown in Table 4.38. The Superpave OBC was found to be 7.5 percent, as illustrated by the plus signs (“+7)
shown in Figure 4.51 to Figure 4.54.

For this mix, OBC selection was based on meeting the percent VMA requirement of 19 percent. OBC of
7.5 percent was selected because any binder content lower than that would render a percent VMA value lower
than the specification minimum. However, since there is no required VFA specification, it would be possible to
select a higher OBC to increase percent VFA. In the end, a 7.7 percent Superpave OBC was selected, the

minimum that would result in a mix that met all volumetric requirements.
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Table 4.36: Summary of Design Properties for Mix I

Mix Design Properties

Contractor JMF
Hveem Design

UCPRC Lab Testing
Superpave Design

Superpave Design

OBC Properties OBC Properties S L G
Hveem %OBC (DWA) 8.0 8.3
Hveem %0OBC (TWM) 7.4 7.7
% Air Void Content 4.5 4.0 4.0
% VMA 19.1 19.1 19-23
% VFA 76.0 79.5 Report only
Dust Proportion 0.5 1.0 Report only
Gyrations needed to compact to 4% n/a 101 50-150
%Gmm @ N=50 n/a 93.5 <94
%Gmm @ N=150 n/a 97.4 >96

Table 4.37: Compaction and Volumetric Properties at Different Gyrations for Mix I

%Gmm %Air Void
N=50 | N=65 | N=85 | N=115 | N=150 || N=50 | N=65 | N=85 | N=115 | N=150
7.0%AC | 923 93.3 94.3 95.3 96.2 7.7 6.7 5.7 4.7 3.8
7.4% AC | 93.6 94.7 95.7 96.8 97.6 6.4 53 4.3 32 24
7.8% AC | 93.6 94.7 95.7 96.8 97.7 6.4 53 4.3 32 23
83%AC | 94.0 95.0 96.1 97.0 97.8 6.0 5.0 3.9 3.0 2.2
%VMA %VFA Dust
N=50 | N=65 | N=85 | N=115 | N=150 | N=50 | N=65 | N=85 | N=115 | N=150 | Proportion
7.0% AC | 20.8 20.0 19.1 18.2 17.5 62.9 66.4 70.2 74.3 78.3 1.1
7.4% AC | 20.5 19.6 18.8 17.9 17.2 69.0 72.9 77.2 81.9 85.9 1.0
7.8% AC | 21.5 20.6 19.8 18.9 18.2 70.5 74.4 78.4 82.9 87.1 1.0
83% AC | 21.8 21.0 20.1 19.3 18.6 72.6 76.4 80.4 84.5 88.3 0.9
Table 4.38: Calculation Sheet for SPOBC?, Compaction and Volumetric Properties for Mix I
Enter Des. values | SP Design Spec 50—-150 | 19-23 | Report | Report <94 >96
Des. %AV | OBC | Properties LN(N) N VMA VFA DP GpumNS0 | GpiN150
4.0 7.7 | Calculated Values 4.61 101 19.1 79.5 1.0 93.5 97.4
Calculation of %Gmm, % VMA and %VFA at different gyrations
N 8 13 20 32 50 65 85 115 150 195
LN(N) 2.08 2.56 3.00 3.47 3.91 4.17 4.44 4.74 5.01 5.27
%Gmm 85.4 87.6 89.5 91.6 93.5 94.5 95.5 96.6 97.4 98.1
%VMA 28.1 26.2 24.6 22.8 21.2 20.4 19.5 18.7 17.9 17.3
%VFA 47.9 52.5 57.3 63.2 69.3 73.1 77.1 81.5 85.4 89.1

*SPOBC = Superpave Optimum Binder Content
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Figure 4.50: Mixture density versus number of gyrations for Mix I.
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Figure 4.51: Percent air-void content versus percent asphalt binder for Mix L.

(Note: The “+” sign indicates the Superpave OBC selected based on the

criterion of the minimum binder content that meets all volumetric requirements.)
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Figure 4.52: Percent VMA versus percent asphalt binder for Mix L.
(Note: The “+” sign indicates the Superpave OBC selected based on the
criterion of the minimum binder content that meets all volumetric requirements.)
100.0 ~ I \
SPOBC (TWM) = 7.7%
VFA =79.5%
90.0
I I
- | —&| A%VFAN=115
S
S 800 4 4+ 4+ ®| e%VFAN=S5
2 A '/,——-””’ * %VFA N=65
8 /}// 0 -
E 70.0 - e #+ OBC from step (6)
*
60.0
K C Range Determined From Step (3 i
50.0 OP mﬁl
6.4 6.9 7.4 7.9 8.4 89
Percent Asphalt Binder (TWM)

Figure 4.53: Percent VFA versus percent asphalt binder for Mix I.
(Note: The “+” sign indicates the Superpave OBC selected based on the

criterion of the minimum binder content that meets all volumetric requirements.)
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Figure 4.54: Dust proportion versus percent asphalt binder for Mix I.
(Note: The “+” sign indicates the Superpave OBC selected based
on the criterion of the minimum binder content that meets all volumetric requirements.)

4.2.2 MixJ

Table 4.39 shows the basic aggregate and binder information for Mix J. Table 4.40 presents the aggregate
gradation used for both the Hveem and Superpave mix designs. Figure 4.55 presents the same information on
the 0.45 power gradation chart. The gradation for the Superpave mix design was intentionally made with a
higher dust content (percent passing #200 sieve) than the original Hveem mix design. The purpose of this
increase was to reach a four percent target air-void content for a rubberized mix and to generate a higher dust

proportion for a future study of specifications.

Table 4.39: Aggregate and Binder Type for Mix J

Mix ID Mix J

NMAS 1/2 inch

RAP % 0

Aggregate Type Granite

Quarry Location Southern California

Binder Supplier Refinery 3

Binder Grade PG 64-16 Rubber-Modified
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Table 4.40: Aggregate Gradation Table for Mix J

Gradation of Aggregate Blend (Cumulative Percent Passing)
Sieve Size Contractor Test Result . UCPRC
JMF Oll’g:t?g Lab Test Result
(mm) (in.) Combined Gradation g Sieve Analysis
25 1 100.0 100.0
19 3/4 97.0 97.0
12.5 12 83.0 86.0
9.5 3/8 69.0 73.1
4.75 #4 37.0 40.3
2.36 #8 18.0 19.0
1.18 #16 11.0 12.4
0.6 #30 8.0 9.3
0.3 #50 5.0 7.3
0.15 #100 4.0 6.2
0.075 #200 3.0 5.6
#200 #30 48 #d4 38" 127 34
100 : :
90
80
o 70
=
z 60
&
= 50
=
S 40 - - : :
5 ---x--- JMF Combined Gradation
&~ 30 . _
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20
10 4 - - = Maximum Density Line
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50
Sieve Size (mm) Raised to the 0.45 Power

Figure 4.55: Aggregate gradation chart for Mix J.

Table 4.41 shows a summary of the Hveem and Superpave mix design properties. OBC was selected following
the steps laid out in Section 3.2.2. Table 4.42 shows the compaction and volumetric properties at different levels
of gyration. These data generated Figure 4.56 to Figure 4.60, which show mixture density versus number of
gyrations, and air-void content, percent VMA, percent VFA, and dust proportion versus binder content. Caltrans
initially established a design gyration range of 50 to 150 to compact rubberized mixes to a four percent target

air-void content. To meet this requirement, a range of OBC from 8.1 percent to 8.7 percent was also determined
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from step 3 in Section 3.2.2. A spreadsheet was then set up using this range to linearly interpolate percent Gmm,
percent VMA, and percent VFA from binder content to the nearest 0.1 percent, as shown in Table 4.43. The
Superpave OBC was found to be 8.1 percent, indicated by the “+” shown in Figure 4.57 through Figure 4.60.

For this mix, the estimated range of OBC fell outside of the testing range of binder content. This indicates the
difficulty of compacting to a four percent target air-void content using the gyratory compactor for a cubic,
completely crushed granite mix. The existing aggregate structure required a richer binder content to fill in the
air-voids that occur with cubic, rough granite aggregates. The binder content’s sensitivity to variation in dust
proportion was comparable to most of the mixes tested, and was not a major factor in the difficulty in
compacting the mix. However, with the selected Superpave OBC of 8.1 percent, percent VMA reached 16.7,

which is well under the 19 percent minimum specification.

Table 4.41: Summary of Design Properties for Mix J

) . ‘ Contractor JMF UCPRC Lab Tes.ting Superpave Design

Mix Design Properties Hveem Des1g.n Superpave Des.lgn Specification
OBC Properties OBC Properties

Hveem %OBC (DWA) 7.2 8.8
Hveem %0OBC (TWM) 6.7 8.1
% Air Void Content 54 4.0 4.0
% VMA 18.8 16.7 19-23
% VFA 71.3 74.9 Report only
Dust Proportion 0.5 1.0 Report only
Gyrations needed to compact to 4% n/a 140 50—150
%Gmm @ N=50 n/a 93.0 <94
%Gmm @ N=150 n/a 96.0 >96

Table 4.42: Compaction and Volumetric Properties at Different Gyrations for Mix J

%Gmm %Air Void
N=50 | N=65 | N=85 | N=115 | N=150 || N=50 | N=65 | N=85 | N=115 | N=150
6.7% AC | 90.7 91.4 923 92.9 93.7 9.3 8.6 7.7 7.1 6.3
7.1% AC | 91.6 92.4 933 93.9 94.7 8.4 7.6 6.7 6.1 5.3
7.6% AC | 919 92.6 93.5 94.1 94.9 8.1 7.4 6.5 5.9 5.1
8.0% AC | 929 93.6 94.5 95.2 95.9 7.1 6.4 5.5 4.8 4.1
%VMA %VFA Dust
N=50 | N=65 | N=85 | N=115 | N=150 | N=50 | N=65 | N=85 | N=115 | N=150 | Proportion
6.7% AC | 18.6 18.0 17.1 16.6 15.9 49.9 52.1 55.1 57.4 60.5 1.3
7.1% AC | 18.7 18.1 17.3 16.7 16.0 553 57.7 61.0 63.6 67.0 1.2
7.6% AC | 19.2 18.6 17.9 17.3 16.6 58.0 60.4 63.4 65.8 69.1 1.1
8.0% AC | 19.2 18.6 17.8 17.2 16.5 63.1 65.7 69.3 71.9 75.5 1.0
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Table 4.43: Calculation Sheet for SPOBC?, Compaction and Volumetric Properties for Mix J

Enter Des values | SP Design Spec 50-150 19-23 Report | Report <94 >96
Des %AV | OBC | Properties LN(N) N VMA VFA DP GumN50 | GuN150
4.0 8.1 | Calculated Values 4.94 140 16.7 74.9 1.0 93.0 96.0
Calculation of %Gmm, % VMA and %VFA at different gyrations
N 8 13 20 32 50 65 85 115 150 195
LN(N) 2.08 2.56 3.00 3.47 3.91 4.17 4.44 4.74 5.01 5.27
%Gmm 85.9 87.9 89.7 91.4 93.0 93.7 94.6 95.2 96.0 96.5
%VMA 25.5 23.7 22.2 20.6 19.3 18.7 17.9 17.4 16.7 16.2
%VFA 44.6 49.0 53.5 58.6 63.8 66.3 69.8 72.4 76.0 78.8
* SPOBC = Superpave Optimum Binder Content
N=50 N=150
100.0 : .
98.0 j
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. . AT+
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Figure 4.56: Mixture density versus number of gyrations for Mix J.
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Figure 4.57: Percent air-void content versus percent asphalt binder for Mix J.
(Note: the “+” sign indicates the Superpave OBC selected based on the
criterion of the minimum binder content that meets all volumetric requirements.)
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Figure 4.58: Percent VMA versus percent asphalt binder for Mix J.
(Note: The “+” sign indicates the Superpave OBC selected based on the
criterion of the minimum binder content that meets all volumetric requirements.)
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Figure 4.59: Percent VFA versus percent asphalt binder for Mix J.
(Note: The “+” sign indicates the Superpave OBC selected based
on the criterion of the minimum binder content that meets all volumetric requirements.)
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Figure 4.60: Dust proportion versus percent asphalt binder for Mix J.
(Note: The “+” sign indicates the Superpave OBC selected based on the
criterion of the minimum binder content that meets all volumetric requirements.)
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423 MixK

Table 4.44 shows the basic aggregate and binder information for Mix K. Table 4.45 presents the aggregate

gradation used for both the Hveem and Superpave mix designs. Figure 4.61 presents the same information on

the 0.45 power gradation chart. The gradation for the Superpave mix design was intentionally made with a

higher dust content (percent passing #200 sieve). The purpose of this increase was to hit a four percent target

air-void content for a rubberized mix and to generate a higher dust proportion for a future study of

specifications.
Table 4.44: Aggregate and Binder Type for Mix K
Mix ID Mix K
NMAS 1/2 inch
RAP % 0
Aggregate Type Alluvial Fan
Quarry Location Southern California
Binder Supplier Refinery 3
Binder Grade PG 64-16 Rubber-Modified
Table 4.45: Aggregate Gradation Table for Mix K
Gradation of Aggregate Blend (Cumulative Percent Passing)
Sieve Size Contractgxl*v[ "l;::st Result OII’::I? ;ieng Labl;(i;lﬁsult
(mm) (in) Combined Gradation Sieve Analysis
25 1 100.0 100.0
19 3/4 100.0 100.0
12.5 172 96.0 97.8
9.5 3/8 85.0 86.7
4.75 #4 31.0 34.8
2.36 #8 15.0 19.1
1.18 #16 10.0 14.0
0.6 #30 7.0 11.2
0.3 #50 5.0 8.4
0.15 #100 3.0 6.9
0.075 #200 1.7 5.7
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Figure 4.61: Aggregate gradation chart for Mix K.

Table 4.46 shows a summary of the Hveem and Superpave mix design properties. OBC was selected following
the steps laid out in Section 3.2.2. Table 4.47 shows the compaction and volumetric properties at different levels
of gyration. These data generated Figure 4.62 to Figure 4.66, which show mixture density versus number of
gyrations, and air-void content, percent VMA, percent VFA, and dust proportion versus binder content,
respectively. Caltrans initially established a design gyration range of 50 to 150 to compact rubberized mixes to a
four percent target air-void content. To meet this requirement, a range of OBC from 6.8 percent to 7.5 percent
was also determined from step 3 in Section 3.2.2. A spreadsheet was then set up using this range to linearly
interpolate percent Gmm, percent VMA, and percent VFA from binder content to the nearest 0.1 percent, as
shown in Table 4.48. The Superpave OBC was found to be 7.5 percent, as illustrated by the “+” shown in
Figure 4.63 through Figure 4.66.

For this mix, any binder content that lower than 7.5 percent would result in percent VMA falling below the

19 percent minimum specification. A binder content higher than 7.5 percent would result in a percent

Gmm @ 50 gyrations increase to above the specification of maximum of 94 percent.
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Table 4.46: Summary of Design Properties for Mix K

) . ‘ Contractor JMF UCPRC Lab Tes.ting Superpave Design

Mix Design Properties Hveem Des1g.n Superpave Des.lgn Specification
OBC Properties OBC Properties

Hveem %OBC (DWA) 7.4 8.1
Hveem %OBC (TWM) 6.9 7.5
% Air Void Content 4.9 4.0 4.0
% VMA 18.4 18.9 19-23
% VFA 73.3 79.4 Report only
Dust Proportion 0.3 0.9 Report only
Gyrations needed to compact to 4% n/a 94 50-150
%Gmm @ N=50 n/a 94.0 <94
%Gmm @ N=150 n/a 97.5 >96

Table 4.47: Compaction and Volumetric Properties at Different Gyrations for Mix K

%Gmm % Air Void
N=50 | N=65 | N=85 | N=115 | N=150 | N=50 | N=65 | N=85 | N=115 | N=150
6.5% AC | 91.5 92.4 93.5 94.3 953 8.5 7.6 6.5 5.7 4.7
6.9% AC | 92.3 93.2 94.3 95.1 96.1 7.7 6.8 5.7 4.9 3.9
73% AC | 94.0 | 94.8 95.9 96.6 97.5 6.0 5.2 4.1 34 2.5
7.7% AC | 94.3 95.2 96.2 97.0 97.8 5.7 4.8 3.8 3.0 2.2
% VMA %VFA Dust
N=50 | N=65 | N=85 | N=115 | N=150 | N=50 | N=65 | N=85 | N=115 | N=150 | Proportion
6.5% AC | 20.3 19.5 18.6 17.9 17.0 582 | 61.1 65.0 68.1 72.4 1.1
6.9% AC | 20.3 19.6 18.7 18.0 17.1 624 | 654 | 694 72.7 77.0 1.0
7.3% AC | 20.3 19.5 18.6 18.0 17.3 70.2 | 735 | 77.8 81.2 85.5 0.9
7.7% AC | 20.8 20.0 19.2 18.6 17.9 72.8 | 76.1 80.3 83.7 87.6 0.8
Table 4.48: Calculation Sheet for SPOBC*, Compaction and Volumetric Properties for Mix K
Enter Des values | SP Design Spec 50-150 19-23 Report | Report <94 >96
Des %AV | OBC | Properties LN(N) N VMA VFA DP GuuN50 | GuN150
4.0 7.5 | Calculated Values 4.54 94 18.9 79.4 0.9 94.0 97.5
Calculation of %Gmm, % VMA and %VFA at different gyrations
N 8 13 20 32 50 65 85 115 150 195
LN(N) 2.08 2.56 3.00 3.47 391 4.17 4.44 4.74 5.01 5.27
%Gmm 86.1 88.3 90.2 92.2 94.0 94.9 95.9 96.7 97.5 98.1
%VMA 27.3 25.5 23.8 22.1 20.6 19.8 19.0 18.3 17.6 17.1
%VFA 48.9 53.8 58.8 64.9 71.0 74.4 78.6 82.0 86.0 89.1

*SPOBC = Superpave Optimum Binder Content
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Figure 4.62: Mixture density versus number of gyrations for Mix K.
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Figure 4.63: Percent air-void content versus percent asphalt binder for Mix K.
(Note: The “+” sign indicates the Superpave OBC selected based on the
criterion of the minimum binder content that meets all volumetric requirements.)
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Figure 4.64: Percent VMA versus percent asphalt binder for Mix K.
(Note: The “+” sign indicates the Superpave OBC selected based on the
criterion of the minimum binder content that meets all volumetric requirements.)
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Figure 4.65: Percent VFA versus percent asphalt binder for Mix K.
(Note: The “+” sign indicates the Superpave OBC selected based on the
criterion of the minimum binder content that meets all volumetric requirements.)
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Figure 4.66: Dust proportion versus percent asphalt binder for Mix K.
(Note: The “+” sign indicates the Superpave OBC selected based on the
criterion of the minimum binder content that meets all volumetric requirements.)

424 MixL

Table 4.49 shows the basic aggregate and binder information for Mix L. Table 4.50 presents the aggregate
gradation used for both the Hveem and Superpave mix designs. Figure 4.67 presents the same information on

the 0.45 power gradation chart.

Table 4.49: Aggregate and Binder Type for Mix L

Mix ID Mix L

NMAS 1/2 inch

RAP % 0

Aggregate Type Granite

Quarry Location Central California

Binder Supplier Refinery 2

Binder Grade PG 64-16 Rubber-Modified
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Table 4.50: Aggregate Gradation Table for Mix L

Gradation of Aggregate Blend (Cumulative Percent Passing)
Sieve Size Contractor Test . UCPRC
Result JMF Ollf::t‘e“g Lab Test Result
(mm) (in.) Combined Gradation g Sieve Analysis
25 1 100.0 100 100.0
19 3/4 100.0 100 100.0
125 172 98.0 92 — 100 97.9
9.5 3/8 83.0 77-89 83.6
4.75 #4 37.0 3044 36.8
2.36 #8 16.0 11-21 14.5
1.18 #16 12.0 10.1
0.6 #30 8.0 7.7
0.3 #50 5.0 5.8
0.15 #100 3.0 3.1
0.075 #200 2.0 0—-4 13
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100 : o — — —
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80
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Figure 4.67: Aggregate gradation chart for Mix L.

Table 4.51 shows a summary of the Hveem and Superpave mix design properties. OBC was selected following
the steps laid out in Section 3.2.2. Table 4.52 shows the compaction and volumetric properties at different levels
of gyration. These data generated Figure 4.68 to Figure 4.72, which show mixture density versus number of

gyrations, and air-void content, percent VMA, percent VFA, and dust proportion versus binder content,
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respectively. Caltrans initially established a design gyration range of 50 to 150 to compact rubberized mixes to a
target four percent air-void content. To meet this requirement, a range of OBC from 7.1 percent to 8.3 percent
was also determined from step 3 in Section 3.2.2. A spreadsheet was then set up using this range to linearly
interpolate percent Gmm, percent VMA, and percent VFA from binder content to the nearest 0.1 percent, as
shown in Table 4.53. The Superpave OBC was found to be 7.4 percent, as illustrated by the “+” shown in
Figure 4.69 through Figure 4.72.

For this mix, the OBC selection was based on meeting the percent VMA requirement of 19 percent. OBC of
7.4 percent was selected because any binder content lower than that would render a percent VMA lower than the
specification minimum. However, since there is no required VFA specification, it would be possible to select a
higher OBC that would increase percent VFA. In the end, a 7.4 percent Superpave OBC was selected, the

minimum that would result in a mix that met all volumetric requirements.

Table 4.51: Summary of Design Properties for Mix L

) . . Contractor J.MF UCPRC Lab Tes.ting S

Mix Design Properties Hveem Des1gn Superpave Des.lgn Specification
OBC Properties OBC Properties

Hveem %OBC (DWA) 7.8 8.0
Hveem %OBC (TWM) 7.2 7.4
% Air Void Content 4.2 4.0 4.0
% VMA 18.9 19.3 19-23
% VFA 77.8 78.5 Report only
Dust Proportion 0.3 0.2 Report only
Gyrations needed to compact to 4% n/a 130 50150
%Gmm @ N=50 n/a 92.3 <94
%Gmm @ N=150 n/a 96.5 >96
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Table 4.52: Compaction and Volumetric Properties for Mix L

%Gmm %Air Void
N=50 | N=65 | N=85 | N=115 | N=150 || N=50 | N=65 | N=85 | N=115 | N=150
7.0% AC | 91.5 92.4 93.6 94.6 95.8 8.5 7.6 6.4 5.4 4.2
7.4% AC | 925 934 94.5 95.4 96.5 7.5 6.6 5.5 4.6 3.5
7.8% AC | 93.1 94.0 95.1 96.0 97.1 6.9 6.0 4.9 4.0 2.9
83% AC | 93.9 94.9 96.1 96.9 98.0 6.1 5.1 39 3.1 2.0
%VMA %VFA Dust
N=50 | N=65 | N=85 | N=115 | N=150 | N=50 | N=65 | N=85 | N=115 | N=150 | Proportion
7.0% AC | 22.4 21.5 20.5 19.7 18.7 61.8 64.9 69.0 72.5 77.5 0.2
7.4% AC | 22.2 21.4 20.4 19.7 18.8 66.2 69.3 73.3 76.7 81.5 0.2
7.8% AC | 22.5 21.7 20.8 20.1 19.2 69.2 72.4 76.6 80.1 84.8 0.2
8.3% AC | 228 21.9 21.0 20.3 19.3 73.2 76.7 81.2 84.9 89.9 0.2
Table 4.53: Calculation Sheet for SPOBC*, Compaction and Volumetric Properties for Mix L
Enter Des values | SP Design Spec 50-150 19-23 Report | Report <9%4 >96
Des %AV | OBC [ Properties LN(N) N VMA VFA DP GunN50 | GyN150
4.0 7.4 | Calculated Values 4.87 130 19.3 78.5 0.2 92.3 96.5
Calculation of %Gmm, %VMA and %VFA at different gyrations
N 8 13 20 32 50 65 85 115 150 195
LNN) 2.08 2.56 3.00 3.47 3.91 4.17 4.44 4.74 5.01 5.27
%Gmm 84.0 86.3 88.3 90.4 923 93.3 94.4 95.3 96.5 97.3
%VMA 29.3 27.5 25.8 24.0 22.4 21.6 20.6 19.8 18.9 18.2
%VFA 45.6 50.0 54.5 59.9 65.6 68.8 73.0 76.4 81.3 85.2
*SPOBC = Superpave Optimum Binder Content
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Figure 4.68: Mixture density versus number of gyrations for Mix L.
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Figure 4.69: Percent air-void content versus percent asphalt binder for Mix L.
(Note: the “+” sign indicates the Superpave OBC selected based on the
criterion of the minimum binder content that meets all volumetric requirements.)
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Figure 4.70: Percent VMA versus percent asphalt binder for Mix L.
(Note: The “+” sign indicates the Superpave OBC selected based on the
criterion of the minimum binder content that meets all volumetric requirements.)
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Figure 4.71: Percent VFA versus percent asphalt binder for Mix L.
(Note: The “+” sign indicates the Superpave OBC selected based on the
criterion of the minimum binder content that meets all volumetric requirements.)
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Figure 4.72: Dust proportion versus percent asphalt binder for Mix L.
(Note: The “+” sign indicates the Superpave OBC selected based on the

criterion of the minimum binder content that meets all volumetric requirements.)

425 MixM

Table 4.54 shows the basic aggregate and binder information for Mix M. Table 4.55 presents the aggregate

gradation used for both the Hveem and Superpave mix designs. Figure 4.73 presents the same information on

the 0.45 power gradation chart.

Table 4.54: Aggregate and Binder Type for Mix M

Mix ID Mix M

NMAS 3/4 inch

RAP % 0

Aggregate Type Granite

Quarry Location Central California

Binder Supplier Refinery 3

Binder Grade PG 64-16 Rubber-Modified
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Table 4.55: Aggregate Gradation Table for Mix M

Gradation of Aggregate Blend (Cumulative Percent Passing)
Sieve Size Contractor Test Result . UCPRC
JMF Ollf::t‘e“g Lab Test Result
(mm) (in.) Combined Gradation g Sieve Analysis
25 1 100.0 100 100.0
19 3/4 100.0 95 -100 100.0
12.5 12 84.0 78 —90 86.9
9.5 3/8 70.0 64— 76 70.2
4.75 #4 28.0 21-35 27.5
2.36 #8 14.0 9-19 13.2
1.18 #16 9.0 8.4
0.6 #30 6.0 5.8
0.3 #50 4.0 34
0.15 #100 3.0 2.0
0.075 #200 1.8 0-3.8 1.1
#200 #30 #8 #4 3/8" 12" 34"
90
80
sp 70
£
z 60
&
= 30
s
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Figure 4.73: Aggregate gradation chart for Mix M.

The Superpave optimum binder content (SPOBC) for this mix could not be reliably determined from the test
data since specimens made using the Hveem mix design gradation and the four binder contents tested could not
be compacted to the target air-void content. These specimens did not receive sufficient compaction to achieve
the appropriate volumetric requirements in Superpave specification. At N=150 the four binder contents

compacted yielded air-void contents ranging from 7.1 percent to 9.6 percent, which were much higher than the
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target air-void content of 4.0 percent. An extrapolation value of OBC was calculated, but it was not

recommended. Modifications could have been made to the existing mix design but time constraints prevented

this. Table 4.56 shows a summary of the Hveem and Superpave mix design properties.

Table 4.57 shows the compaction and volumetric properties at different levels of gyration. Table 4.58 shows the

calculation of the extrapolated mix property values. These data generated Figure 4.74 to Figure 4.78, which

show mixture density versus number of gyrations, and air-void content, percent VMA, percent VFA, and dust

proportion versus binder content, respectively.

Table 4.56: Summary of Design Properties for Mix M

Contractor JMF UCPRC Lab Testing
Mix Design Properties Hveem Design Superpave Design Superpave Specification
OBC Properties OBC Properties
Hveem %0OBC (DWA) 7.0 10.1
Hveem %OBC (TWM) 6.5 9.2
% Air Void Content 5.0 4.0 4.0
% VMA 20.1 21.0 19-23
% VFA 75.0 80.3 Report only
Dust Proportion 0.3 0.1 Report only
Gyrations needed to compact to 4% n/a 151 50-150
%Gmm @ N=50 n/a 91.9 <94
%Gmm @ N=150 n/a 96.0 >96

Table 4.57: Compaction and Volumetric Properties at Different Gyrations for Mix M

%Gmm %Air Void
N=50 | N=65 | N=85 | N=115 | N=150 | N=50 | N=65 | N=85 | N=115 | N=150
7.0%AC | 87.0 | 878 | 88.8 89.5 90.4 13.0 | 122 | 112 10.5 9.6
74%AC | 88.1 | 889 | 89.9 90.6 91.6 119 | 11.1 | 10.1 9.4 8.4
7.8% AC | 882 | 89.0 | 90.0 90.9 91.9 11.8 | 11.0 | 10.0 9.1 8.1
83%AC | 893 | 90.1 | 91.1 91.9 92.9 107 | 99 8.9 8.1 7.1
%VMA %VFA Dust
N=50 | N=65 | N=85 | N=115 | N=150 | N=50 | N=65 | N=85 | N=115 | N=150 | Proportion
7.0%AC | 234 | 227 | 218 21.2 20.4 444 | 462 | 48.6 50.4 53.0 0.2
74%AC | 232 | 225 | 21.7 21.0 20.2 48.8 | 50.7 | 53.3 55.4 58.5 0.2
78%AC | 23.7 | 229 | 221 213 20.5 50.0 | 52.1 | 548 57.2 60.3 0.2
83%AC | 23.7 | 230 | 221 21.5 20.6 548 | 569 | 59.9 62.3 65.7 0.2
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Table 4.58: Calculation Sheet for SPOBC?, Compaction and Volumetric Properties for Mix M

Enter Des values | SP Design Spec 50-150 19-23 Report | Report <94 >96
Des %AV | OBC | Properties LN(N) N VMA VFA DP GumN50 | GuN150
4.0 9.2 | Calculated Values 5.02 151 21.0 80.3 0.1 91.9 96.0
Calculation of %Gmm, % VMA and %VFA at different gyrations
N 8 13 20 32 50 65 85 115 150 195
LN(N) 2.08 2.56 3.00 3.47 3.91 4.17 4.44 4.74 5.01 5.27
%Gmm 84.1 86.2 88.0 89.9 91.9 92.8 93.9 94.8 96.0 96.7
%VMA 30.8 29.1 27.6 26.0 24.4 23.6 22.7 21.9 21.0 20.4
%VFA 48.7 52.9 56.9 61.8 67.2 70.0 73.6 76.9 81.3 84.4

* SPOBC = Superpave Optimum Binder Content
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= 920 B A
a7 A =—T7.4% AC
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3 T —+—7.0% AC
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82.0
80.0 —
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Figure 4.74: Mixture density versus number of gyrations for Mix M.
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Figure 4.75: Percent air-void content versus percent asphalt content for Mix M.
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Figure 4.76: Percent VMA versus percent asphalt binder for Mix M.
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Figure 4.78: Dust proportion versus percent asphalt binder for Mix M.
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4.3 Test Results for Polymer-Modified Binder Mixes

4.3.1 MixN

Table 4.59 shows the basic aggregate and binder information for Mix N. Table 4.60 presents the aggregate

gradation used for both the Hveem and Superpave mix designs. Figure 4.79 presents the same information on

the 0.45 power gradation chart.

Table 4.59: Aggregate and Binder Type for Mix N

Mix ID Mix N

NMAS 3/4 inch

RAP % 0

Aggregate Type Granite

Quarry Location Southern California

Binder Supplier Refinery 3

Binder Grade PG 64-16 Polymer-Modified

Table 4.60: Aggregate Gradation Table for Mix N

Gradation of Aggregate Blend (Cumulative Percent Passing)
Sieve Size Contractzll'v[ 'lifst Result Oll;e:: ;ieng Lab{;i;]ﬁ e
(mm) (in.) Combined Gradation Sieve Analysis
2 ! 100.0 100.0
19 3/4 93.0 92.5
12.5 1/2 75.0 75.2
9.5 3/8 63.0 63.9
4.75 #4 38.0 398
2.36 #8 25.0 26.3
1.18 #16 16.0 17.8
0.6 #30 10.0 11.7
0.3 #50 7.0 9.1
0.15 #100 4.0 7.0
0.075 #200 3.0 5.8
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Figure 4.79: Aggregate gradation chart for Mix N.

Table 4.61 shows a comparison of design properties for the Hveem versus Superpave mix designs. For
Superpave mix design, mixture properties are evaluated for four asphalt binder contents by using the
densification data at Nj,; (8 gyrations), Ng.s (85 gyrations), and N, (130 gyrations). Table 4.62 shows the
mixture’s compaction and volumetric properties. Figure 4.80 illustrates specimen densification versus number of
gyrations. Graphs of air-void content, percent VMA, percent VFA, and dust proportion are shown in Figure 4.81
to Figure 4.84. The Superpave OBC was found to be 6.0 percent by TWM. The value of each of these properties
at the Superpave OBC is indicated by the arrow in each of the figures for this mix.

At a design target air-void content of four percent, percent VFA was above 75 percent. With a +0.5 percent

tolerance for a laboratory mixed and compacted specimen, a Superpave OBC of 6.0 percent was selected with a

design air-void content of 4.3 percent to meet the specification.
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Table 4.61: Summary of Design Properties for Mix N

Contractor JMF UCPRC Lab Testing Superpave Desion
Mix Design Properties Hveem Design Superpave Design IS) eIc)iﬁca tiong
OBC Properties OBC Properties P
Hveem %OBC (DWA) 5.0 6.4
Hveem %0OBC (TWM) 4.8 6.0
% Air Void Content 53 4.3 4.0
% VMA 15.1 17.6 >13.5
% VFA 64.5 74.9 65-75
Dust Proportion 0.7 1.0 0.6-1.3
%Gmm @ N;,=8 n/a 86.4 <92
%Gmm @ N,,,,=130 n/a 96.9 <98
Table 4.62: Compaction and Volumetric Properties for Mix N
Compaction Properties VLTSS LS P_ropertles
e @ No =85 Dust
¢ %G %G, %G, % Air Proportion
mm mm mm (1} o,
@ N=8 @ N=85 | @ N=130 Voids 7 VMA 7 VEA
4.8 83.9 92.7 93.9 7.3 16.7 56.2 1.5
52 84.6 93.9 95.1 6.1 16.9 63.6 1.3
5.7 85.1 94.2 95.5 5.8 17.5 67.2 1.2
6.1 87.0 96.2 97.6 3.8 17.6 78.6 1.0
100.0 Mml=8 -Ndes=8.5 N?r!m'=]3o
98.0 i E Eg =52
96.0 | o o
‘ i = é é —5—-6.1% AC
94.0 : o ‘ér g
o A A ——5.7% AC
£ 92.0 : a8 6‘6 - :
£ 90.0 ; o . vl ; 5 5.2% AC
:\2 88.0 e -zﬁﬁé‘*’ 5 T 48%AC
' gy B :
86.0 a e :
84.0 @ * |
82.0 § §
20.0 - H I :
| 10 100 1000
Number of Gyrations
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Figure 4.80: Mixture density versus number of gyrations for Mix N.
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Figure 4.81: Selection of Superpave OBC based on percent air-void content versus percent

asphalt binder for Mix N.

(Note: The arrow in the figure shows the Superpave OBC selected based on the 4.3 percent

air-void content criterion.)
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Figure 4.82: Percent VMA versus percent asphalt binder for Mix N.

(Note: The arrow in the figure indicates the value of percent VMA at the Superpave OBC.)
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Figure 4.83: Percent VFA versus percent asphalt binder for Mix N.

(Note: The arrow in the figure indicates the value of percent VFA at the Superpave OBC.)
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Figure 4.84: Dust proportion versus percent asphalt binder for Mix N.

(Note: The arrow in the figure indicates the dust proportion value at the Superpave OBC.)
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4.3.2 Mix O

Table 4.63 shows the basic aggregate and binder information for Mix O. Table 4.64 presents the aggregate
gradation used for both the Hveem and Superpave mix designs. Figure 4.85 presents the same information on

the 0.45 power gradation chart.

Table 4.63: Aggregate and Binder Type for Mix O

Mix ID Mix O

NMAS 3/4 inch

RAP % 0

Aggregate Type Alluvial Fan

Quarry Location Southern California

Binder Supplier Refinery 3

Binder Grade PG 64-28 Polymer-Modified

Table 4.64: Aggregate Gradation Table for Mix O

Gradation of Aggregate Blend (Cumulative Percent Passing)
Sieve Size Contractgrl'v[ ’l;:st Result OII’::: ;ieng Lab%(é:)tlﬁsult
(mm) (in.) Combined Gradation Sieve Analysis
25 ! 100.0 97.9
19 3/4 89.0 92.9
12.5 12 74.0 779
9.5 3/8 67.0 703
4.75 #4 51.0 51.9
2.36 #8 38.0 38.4
1.18 #16 28.0 28.5
0.6 #30 20.0 207
0.3 #50 13.0 15.3
0.15 #100 8.0 9.7
0.075 #200 4.9 6.0
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Figure 4.85: Aggregate gradation chart for Mix O.

Table 4.65 shows a comparison of design properties for the Hveem versus Superpave mix design. For Superpave

mix design, mixture properties are evaluated for four asphalt binder contents by using the densification data at

Nini (8 gyrations), Ngyes (85 gyrations), and Ny, (130 gyrations). Table 4.66 shows the mixture’s compaction and

volumetric properties. Figure 4.86 illustrates specimen densification versus number of gyrations. Graphs of air-

void content, percent VMA, percent VFA, and dust proportion are shown in Figure 4.87 to Figure 4.90. The

Superpave OBC was found to be 4.6 percent by TWM. The value of each of these properties at the Superpave

OBC is indicated by the arrow in each of the figures for this mix.

Table 4.65: Summary of Design Properties for Mix O

) ) - Contractor J-MF UCPRC Lab Tes.ting Superpave Design

Mix Design Properties Hveem Des1gn Superpave Des'lgn Specification
OBC Properties OBC Properties

Hveem %OBC (DWA) 4.9 4.8
Hveem %OBC (TWM) 4.7 4.6
% Air Void Content 4.9 4.0 4.0
% VMA 14.9 13.8 >13.5
% VFA 67.2 71.3 65-75
Dust Proportion 1.1 1.4 0.6—1.3
%Gmm @ N;,=8 n/a 88.8 <92
%Gmm @ N,,,,=130 n/a 97.0 <98

92
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Table 4.66: Compaction and Volumetric Properties for Mix O

Compaction Properties MU P_ropertles
0 AC @ Ndes =85 Dust
@ o ) ) 0/ A+ P .
@ND | @Nms | @Ne0 | veds | WYMA | %vEA | TEOPOTER
4.5 88.6 95.8 96.8 4.2 13.8 69.5 1.5
4.9 89.8 97.0 97.9 3.0 13.7 78.1 1.3
5.4 90.6 97.8 98.6 2.2 13.9 84.4 1.2
5.8 92.6 99.5 100.1 0.5 14.2 96.7 1.0
100.0 Mmizg Nges =5E§ _E:}Af?m-ié.s()
980 - | a8 448
' B A BOT -t
96.0 i -l ; ™
: : =5 o 4T —5-5.8%AC
94.0 P a0 :
! B :
- A o7 A ‘ ——5.4% AC
= 920 Ao A :
E 900 g_/g o i - 4.9%AC
g 480 _i_,f'" 5 ——4.5% AC
s . : :
86.0 | i
84.0 ; i
82.0 ' :
80.0 : et
1 10 100 1000
Number of Gyrations
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Figure 4.86: Mixture density versus number of gyrations for Mix O.
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Figure 4.87: Selection of Superpave OBC based on percent air-void content versus percent

asphalt binder for Mix O.

(Note: The arrow in the figure shows the Superpave OBC selected based on the
four percent air-void content criterion.)

18.5

17.5

16.5 -

15.5

SPOBC (TWM) = 4.6%
VMA = 13.8%

14.5

Percent VMA

Minimum 13. 5%~

13.5

__./"

12.5
4.0

4.5

5.0 5.5 6.0 6.5
Percent Asphalt Binder (TWM)

Figure 4.88: Percent VMA versus percent asphalt binder for Mix O.
(Note: The arrow in the figure indicates the value of percent VMA at the Superpave OBC.)
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Figure 4.89: Percent VFA versus percent asphalt binder for Mix O.
(Note: The arrow in the figure indicates the value of percent VFA at the Superpave OBC.)
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Figure 4.90: Dust proportion versus percent asphalt binder for Mix O.

(Note: The arrow in the figure indicates the dust proportion value at the Superpave OBC.)
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S SUMMARY AND RECOMMENDATIONS

This technical memorandum presents the results of a study in which Superpave mix designs were performed on
a select number of Caltrans mixes from different parts of the state. These mixes included a range of aggregate
types, as well as conventional, rubberized, and polymer-modified binders. An evaluation compared Superpave
and Hveem optimum binder contents (OBCs), gradations, and volumetrics. Table 5.1 contains a summary of

these properties and design parameters.

This memorandum also includes a series of recommended specimen preparation and testing procedures based on

information gathered during this project.

5.1 Summary of Changes to Hveem OBC and Gradation to Meet Superpave Specifications

In order to meet the Superpave specifications, adjustments were made to each of the initial approved Hveem mix
designs. Table 4.1 shows a summary of the contractor-measured Hveem mix OBC (shown as HV) and the
UCPRC-measured Superpave mix OBC (shown as SP) for each mix tested in Phase I. The unmodified binder
Superpave mix OBC increased on average by 0.7 percent with a range from 0.4 percent to 1.0 percent. Dust
proportions for these same Superpave mixes were sometimes higher and sometimes lower than the Hveem mix
designs with the same materials. For rubber-modified binder mixes, the Superpave OBC increased on average
by 0.6 percent compared with that of the Hveem mix design procedure. Dust proportions for the rubber mixes
were typically very low for the Hveem mix designs. Dust proportion is a reported value only in the specification,
and dust proportions for several mixes (Mixes I, J, and K) were increased to meet the minimum 0.6 value
required for unmodified-binder and polymer-modified binder mixes. Time and budget precluded changing the
mix designs for two rubberized-binder Superpave mixes (Mixes L and M) with low dust proportion values.
Performance differed within the set of polymer-modified mixes: when moving from Hveem to Superpave, the
OBC for Mix J increased 1.3 percent while the OBC for Mix N remained nearly identical. In some cases, the
dust contents were increased to maintain the dust proportion (DP) within specification as binder contents

increased.

Most of the mixes were able to achieve the design air-void content, typically four percent, and still meet
volumetric requirements (VMA, VFA). In 4 of the 15 mixes (Mixes B, F, G, and N) it was necessary to work
with the tolerance in design air-void content of +£0.5 percent in order to achieve volumetrics in the laboratory.
For these four mixes, percent VFA was slightly higher than the maximum specified value of 75 percent.
Increasing the design air-void content to 4.5 percent lowered the OBC determined by up to 0.2 percent and this

lowered percent VFA to within the specified range of 65 to 75 percent.
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Table 5.1: Mix OBC Summary Comparison Table

Optimal Binder Content Dust Proportion
B;l;,gzr Mix Name Binder Type %‘;;énz,lp‘ifﬁ;l + ]z;s;f&,?BC C(l:fn(;e DeIs-Ii;lele]I)nust Iilrlsli)ge;pgl‘;:t
(TWM) Proportion Proportion

A? Refinery 1 PG 64-16 4.8 5.2 +0.4 1.1 1.2

B* Refinery 2 PG 64-16 4.9 59 +1.0 1.0 0.8

S C Refinery 2 PG 64-16 5.2 6.1 +0.9 0.8 0.5
% D Refinery 2 PG 64-16 4.6 52 +0.6 1.0 1.4
£ E Refinery 1 PG 64-16 4.6 52 +0.6 1.0 1.5
= F Refinery 1 PG 64-16 4.8 5.8 +1.0 0.9 0.7
G Refinery 2 PG 64-16 5.8 6.5 +0.7 0.9 1.0

H Refinery 1 PG 70-10 4.9 55 +0.6 1.1 0.9

g I’ Refinery 2 PG 64-16 Rubber 7.4 7.5 +0.1 0.5 1.0
% J Refinery 3 PG 64-16 Rubber 6.7 8.1 +1.4 0.5 1.0
z Refinery 3 PG 70-10 Rubber 6.9 7.5 +0.6 0.3 0.9
2 L Refinery 2 PG 64-16 Rubber 72 7.4 0.2 0.3 0.2
a Refinery 3 PG 64-16 Rubber 6.5 n/a n/a 0.3 0.1

. N* Refinery 3 PG 64-28 PM 4.8 6.0 +1.2 0.7 1.0
E é o Refinery 3 PG 64-28 PM 4.7 4.6 -0.1 1.1 1.4

<%
Selected by Chief, Office of Roadway Materials Testing, Co-Chair, Superpave Task Group for Phase II Testing.
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5.2 Summary of Final Recommended Specimen Preparation and Testing Procedures and Time Estimates

The following recommended general guidelines for preparation of Superpave mix designs specimens are based
on the work performed in this investigation, particularly those pertaining to compaction pressures, post-
compaction holding (squaring) time, and number and range of gyrations. Table 3.1 details the values used for

each mix.

Recommendations for Specimen Preparation
Mixing, short-term oven-aging, and compaction temperature:

Unmodified
e Mix binder temperature as directed by binder viscosity chart or at supplier-
recommended temperature.
e Mix aggregate at temperature 15°C higher than binder.
e Short-term oven age for four hours at 135°C.
e Compact mixture at temperature as directed by binder viscosity chart.

Rubber- and polymer-modified
e Mix binder temperature as directed by per binder viscosity chart or at supplier-
recommended temperature.
e Mix aggregate at temperature 15°C higher than binder.
e Short-term oven age for four hours at 135°C.
e Compact mixture at temperature as directed by binder viscosity chart.

Compaction pressure varies depending on binder type:

e Unmodified and polymer-modified: 600 kPa (1.16° internal angle)
e Rubber: 825 kPa (1.16° internal angle)

Fan-cooling or holding (squaring) time postcompaction or prior to specimen removal:
e Unmodified and polymer-modified: 5-min. fan cooling, no squaring
e Rubber: 90-min. squaring with constant height control

Number and range of gyrations:

e Unmodified and polymer-modified: = N Design = 85, check mixture density at N Initial = 8
and N Maximum = 130.
e Rubber: N Design = 50 to 150, check mixture density at N=50 and N=150.

Unmodified-binder mixes posed few problems during the mix design process and these mixes could consistently
be compacted to the desired air-void content. With the small number of polymer-modified mixes, mixing and
compacting temperatures were adjusted slightly higher to achieve the desired mixture density. For the polymer-
modified mixes, it is recommended that materials and compaction molds be transferred quickly to the gyratory

compactor to prevent temperature reduction. Rubber-modified mixes proved the most problematic of the three
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binder types. These gap-graded mixes were generally difficult to compact to the target four percent air-void
content. In addition, because of rebound in the specimens’ volumes after removal of the compactor’s
compressive load, it is recommended that specimens be held (“squared”) in the gyratory compactor for

90 minutes with constant height control before they are taken out.

The productivity rates at which Superpave mix designs can be performed vary by binder type because of
variations in the specimen preparation process. However, a typical mix design process and the time needed for

each step are shown in Table 5.2.

Table 5.2: Steps in Superpave Mix Design, Time Required, Notes and Recommendations
for Unmodified Binder Mixes

Days
Major Steps Notes and Recommendations Neeg ed
Prepare samples at four binder contents. For each binder
content, prepare one mixture for RICE (T 209) and two
1. Mixing mixtures for gyratory compaction (T 312).
Stagger each mixture by 15 to 20 minutes when mixing
to accommodate the time needed for compacting.
2. Short-term aging | Stir mixture every hour when short-term aging in oven.
Requires approximately 15 to 20 minutes to complete the I day
compaction procedure (transferring the mixture into a
3. Compaction compacting mold, compacting the mix in the gyratory
device, and cooling it for five minutes by fan) for one
mixture.
4. Specimen No holding (squaring) needed. Specimens can be
Extraction removed when cooling is complete.
o Determine RICE (T 209). 1 to 2 days
> ?\;[:;s(:;ferigient Measure air-void content via concurrent test method from
Caltrans (T 166 was used in this project).
1d
) Refer to Chapter 5 in Superpave Series No.2 (SP-2) for o
6. Data Analysis data analysis.

Following compaction, rubber mixes require holding (squaring), an extra step that significantly lengthens the
procedure time. Expected productivity rate for mixes with rubber- and polymer-modified binders are shown in

Table 5.3.
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Table 5.3: Steps in Superpave Mix Design, Time Required, Notes and Recommendations

for Rubber and Polymer Binder Mixes

Major Steps

Notes and Recommendations

Days
Needed

1. Mixing

Prepare samples at four binder contents. For each binder
content, prepare one mixture for RICE (T 209) and two
mixtures for gyratory compaction (T 312). Put each mix
in individual labeled pans to prepare for short-term aging
(curing) and compaction. Reserve two ovens for the
aging and compaction processes to be performed the next
day. It is recommended that one oven be pre-set to warm
up to curing temperature 4 hours before the next workday
is to begin. Place first pan of mix to be compacted into
this oven.

1 day

2. Short-term aging

Just prior to completion of the 4-hour (preferably
overnight) curing, set the second oven to compaction
temperature.

Once the first text mix pan has completed the curing
process, move it to the second oven and heat mix until it
reaches compaction temperature.

Stagger the curing and compaction of each remaining
mixture by 1 hour-and-45 minutes to 2 hours to
accommodate the time needed for compaction and
squaring.

3. Compaction

Compaction of each mixture takes approximately 15 to
20 minutes. The process requires transferring the mixture
to a compaction mold, compacting the mix in the
gyratory device, and fan-cooling it for 5 minutes.

4. Specimen
Extraction

After compaction is complete, set the gyratory compactor
to perform a 90-minute squaring post-compaction with
constant height control. Specimens can be removed after
squaring.

2 to 3 days

5. Air-void Content
Measurement

Determine RICE (T 209)

1 to 2 days
(can be
performed
concurrently
during the
compaction

day)

Measure air-void content via concurrent test method
from Caltrans (T 166 was used in this project).

6. Data Analysis

Refer to Chapter 5 in Superpave Series No.2 (SP-2) for
data analysis.

1 day
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5.3 Summary of Other Recommendations for Changes to Draft Superpave Specifications

Specimens in this study were produced following draft Superpave specification guidelines (4). Based on the

results, no changes are recommended to the specification at this time.
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