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Executive Summary

The goal of this project was to identify and update the tests and specifications in Item 300 as
needed to ensure that the test methods and specifications are relevant, not redundant, and up-to-
date.

To that end, the current test procedures were reviewed for relevance, applicability, accuracy, and
practicality, and recommendations were made for improving the tests. Recommended changes
along with the adoption level were developed.

New test procedures were developed, as identified, to fulfill needed changes.

Data for new proposed test procedures was generated and analyzed to develop suggested
specification limits. This data explored the agreement between laboratories, developed test
conditions, and facilitated round-robin experiments.

For the 2024 Ttem 300 (with inclusion of existing Special Provision 300- 003), suggested
changes were made for each table of the material specifications.

Additionally, an extra study of binder aging of PG binders was performed. This includes short-
term aging and PAV20, which are currently included in the specifications, and even longer-term
aging termed PAV40, as well as a new procedure termed Thin Film PAV20. The Thin Film
PAV20 was found to produce similar binder aging as the PAV40, but only required 20 hours of
aging time. This Thin Film PAV20 is outlined in a proposed test procedure, based on the
Pressure Air Vessel with modified test and specimen conditions.

This entire work is presented for evaluation and possible update of Item 300, “Asphalts, Oils,
and Emulsions.”



Table of Contents

Chapter 1. INtrOAUCIION .......eieiiieeiie ettt e et e e et e e s bee e sabeeesaseeesaseeesseeesaeesnnseeennes 1
1.1 StUAY ODBJECHIVES ..uvveeeiiiieciieeeiieeeieeeetee et eesteeestteeetaeeesaeesssaeesssaeessseeessseeessseeesseessseennssens 1
L1, O ANIZALION. ... .eieiiiieiiieiieetteeieette et e et e ete et e s teebeeesbeestessseeseeenseensaesnseenseeanseenssesnsaenseeenns 1

Chapter 2. Back@round ..........ccuoiiiiiiiiii ettt et e st e e e e av e e esaeeenaeeennseeenees 2
B B VA T 10 13 1 A ST RS 2

2.1.1. AASHTO T201 “Standard Method of Test for Kinematic Viscosity of Asphalts
(Bitumens)” and T202 “Standard Method of Test for Viscosity of Asphalts by Vacuum

CaPIllary VISCOMELET™ .....eiiiiiiiieeiietieeieeeiee et et e et e st e ebeesteeesbeessaeesseessseesseesssesnseensseesseensnas 2
2.1.2. T72 SAYbOIt VISCOSIEY .uveruririiiiiiiiniteieeterit ettt ettt ettt et st 5
2.1.3. T316 Viscosity Determination of Asphalt Binder Using Rotational Viscometer......... 7
2.1.4. ASTM D2196 Rheological Properties of Non-Newtonian Materials by Rotational
VISCOIMETET ...ttt ettt ettt et ettt e sttt et e s et e eabeeeateeaeeesateeabeesaseenseeembeenseeenbeeseesaseenneeenne 8
2.2, SHFINESS TESS .eeuvieueieiietieie ettt ettt ettt et et e bt et st e bt et e eatesbeeneesaee e 10
2.2.1. T49 Penetration of Bituminous MaterialS...........cccceeeuerieniriinieniiieneeieeieeceee e 10
2.2.2. T53 Softening POINt ........cocoeiiiiiiiiiiiierteeceeee et 12
2.3. Ductility and Elastic RECOVETY TEStS .....cccuiiiriiiiiiiiieiiie ettt 13
2.3.1. T51 Ductility of Asphalt MaterialS ..........cccccveeriiiiniiiieiiieeie e e 13
2.4, INEEETTLY TESES ..cueiiiiieieeiieeit ettt sttt et sb et st sb et et e b e e 15
2.4.1. D44-14 Solubility in TCE TeSt.....cccoiieeiiieeiieeeiie ettt eereeesvee e ree e 15
2.4.2. Tex-509-C Spot Test of Asphaltic Materials...........cceevueeiriiieiniieeiieeiee e 17
2.5, SATEEY TESES ..ttt ettt ettt et a et sttt et 18

2.5.1. AASHTO T48 “Flash Point of Asphalt Binder by Cleveland Open Cup” and T79
“Flash Point with Tag Open-Cup Apparatus for Use with Material Having a Flash Point

Less Than 93°C (200°F )7 ....ue oottt ettt ettt e s eae s 18
2.6, EMUISION TESLS ...ttt ettt ettt e bt e e beeneeeeaneens 20
2.6.1. T 50 FLIOAE TSt ...eevieieeiieiiiieeitesteete ettt ettt st e sbe e 20
2.6.2. T59 “Standard Method of Test for Emulsified Asphalts- Recovery by Distillation and
EVAPOTAION ...ttt ettt ettt et e et e et e e bt este e eabeeeateenbeentaeenneen 22
2.6.3. T59 “Standard Method of Test for Emulsified Asphalts- Sieve Test” ..........cccc...... 25
2.6.4. T59 “Standard Method of Test for Emulsified Asphalts- Miscibility™....................... 26
2.6.5. T59 “Standard Method of Test for Emulsified Asphalts- Demulsibility & Cement
1A €1 <SSP 27
2.6.6. T59 “Standard Method of Test for Emulsified Asphalts- Coating Ability and Water
RESISTANCE™ ...ttt ettt ettt ettt e b bbbt st sbe et bt e beebesaee e 29
2.6.7. T59 “Standard Method of Test for Emulsified Asphalts- Storage Stability” ............. 30

Vi



2.6.8. T59 “Standard Method of Test for Emulsified Asphalts — Freezing Test™................. 32

2.6.9. T59 “Standard Method of Test for Emulsified Asphalts — Particle Charge™.............. 33
2.6.10. Tex-542-C “Determining Breaking Index for Asphalt Emulsions” ......................... 33
B O 11T o) G I £ 34
2.7.1. DOS5 “Water CONLENT........cooiiiiiiiiieiieete ettt sttt et sbeesanee s 34
2.7.2. T78 “Distillation of Cutback Asphalt Products” ............cccceeriieviieniiiiienieeiiecie e 36
B T o ] £ SRS RRR 37

2.8.1. T313 “Determining the Flexural Creep Stiffness of Asphalt Binder Using BBR” .... 37
2.8.2. T314 “Determining the Fracture Properties of Asphalt Binder in Direct Tension

[0 ) SRS 38
2.8.3. T315 “Determining the Rheological Properties of Asphalt Binder Using DSR-Fatigue
0101 (1 1<) SRR 40
2.8.4. T315 “Determining the Rheological Properties of Asphalt Binder Using DSR-
RULtING PATamETET”.....c..eiiiiiiiieiie ettt et ettt et s et eebe e saeenneens 41
2.9. Polymer Modification TeSES........c.ueiuieriiiiiieiieiie ettt ettt et 42
2.9.1. Tex-533-C “Determining Polymer Additive Percentages in Polymer Modified
ASPRAIt COMENTS™ ...ttt sttt ettt sbe et et sbe et 42
2.9.2. Tex-540-C Polymer Separation TeSt .........cccveerciieeriiieeriieeriee e e 44
2.10. Rubber Modification TESES .......c.ceviiiiiiirieiiieiieeiieeiie ettt et 46
2.10.1. Tex-544-C Rubber Content for Rubber-Asphalt Crack Sealant................ccccceuenee 46
2.10.2. D5329 “Standard Test Methods for Sealants and Fillers, for Joints and Cracks in
Asphalt Pavements — Bond Test” ......cccviiiiiiiiieeieceie et 47
2.10.3. ASTM D5329 “Standard Test Methods for Sealants and Fillers for Joints and Cracks
in Asphalt Pavements - Resilience Test” .......cc.oevviiieiiiiiiieieieecee e 48
2110 AGINE TESES .ottt et sttt et b et sttt et 50
2.11.1. T179 “Effect of Heat and Air on Asphalt Materials (Thin-Film Oven Test)”.......... 50
2.11.2. T240 “Effect of Heat and Air on a Moving Film of Asphalt Binder (Rolling Thin-
Film Oven Test)” and Tex-541-C “Rolling Thin Film Oven Test for Asphalt Binders” ..... 51
2.11.3. R28 “Accelerated Aging of Asphalt Binder Using a Pressurized Aging Vessel
(P A Y ) ettt ettt h b et b et eb e b et 53
2,12, SUMMATY ...eiiiiieeiiie ettt ettt e st e et e e tb e e e et eeebbeeesbaeessbteesabeeennseesnnseesnseeesanee 55
Chapter 3. New Test Procedures and Proposed Changes for Item 300 ...........cccccceevvveiiiiieennenne 57
3.1. Tex-540-C Polymer Separation in Modified Asphalt Systems ..........ccccceververienennennenne. 57
B L1 GOl et sttt 57
312, PATAmMELETS ....eeieiieee ettt st 57
3. 1.3 New teSt MEthOd .....oouiiiiiiiiiei e 57

vii



T8 B € [ | OSSO URRP 57

R I o | ¢ 11 L] 1<) & OSSR 58
3.2.3. NeW test METHOA ..ooeviiiiiieee e e e e e e aaeeeeaeas 58
3.3. AASHTO T201 Kinematic Viscosity of Asphalts and AASHTO T72 Saybolt Viscosity 58
20 T B € [ | RSP SEURPUUSRRPRR USRI 58

I T o 110 11 1<) o TP UURRRUPPRRR 59
3.3.3. New teSt MENOM ....eeeeiieiiieiiieiieee et e e e enne 59
3.4. 8mm DSR for low temperature testing of PG binders............cccoevveeciienieeiiieniieieenieeieens 59
R TR 20 R € 10 -1 USRS 59

R IR B o v 11 L] 1<) & USSR 59
3.4.3. New teSt MENOM .....eeciiieiiieiieiiece ettt eebeeenee e 59
3.5. Poker-chip test for intermediate temperature testing of PG binders............cccccceveeninnins 59
T T B € 1 | USSP URURRPR 59
RN o | v 11 L] 1<) £ OO RUSRTSR 59
3.5.3. NeW teSt METNOA ..oc.vviiiiiiiciie e e e s 60
Chapter 4. Development of the New Test procedures in Item 300..........c.ccoeeveeeviiieinieeinieeeinene 61
4.1. Tex-540-C Polymer Separation in Modified Asphalt Systems ...........cccccveevciieiniieeenieennne. 61
0 R € (Y | BTSSP TUURRPSRRPRRTIO 61
N B 11 ) o T OO OO PRROPRPR 61
G TR A 71 L1218 10 o RS PRR 62
4.1.4. Results and DISCUSSION ......cccuueeeuiieeiiiieeiieeeieeeereeeereeesreeesseeesareeessseeesseeesaseessseeennns 66
4.1.5. Conclusion and Recommendation ............ccccveeeiiieeiieiiiie e 72
4.2. AASHTO T59 and T78 Emulsion and Cutback Recovery..........cccevvreririeenciieeniieeieenne, 73
A.2.1. GOl et et e et e b e et eebeeeateebeentaeenneens 73
N (¢ o T OO OO SRRPRPR 73
G T B 71 L1218 10 o RS PS 74
4.2.4. ReSults and diSCUSSION .......eeuvieriiiiiieiiieieesite et estte et esieeeteesitesbeeseeesseesaeeenseensaesnseens 82
4.2.5. CONCIUSION ..ottt et ettt e ettt e et e e s aeeesbeesseeenseeeaeeenseensaesnseens 96
4.3. AASHTO T201 Kinematic Viscosity of ASphalts.........ccccceevviieiiirniiieniieeeiie e 96
B30 GOl et sttt b et 96
G TN ¢ o T OO 97
4.3.3. Evaluation Method.........c..oooiiiiiiiiiciieee ettt 97
4.3.4. Results and DISCUSSION ......ccuieruieiiiieriiieieesite et eeite et sieeeteesteesbeeseeesseesaeeeseensaeenseens 98



4.4. AASHTO T72 SayDOIt VISCOSILY ..eeevieeuiieiieeieeiieeiiesiieeteeieeeteesieesreenteeenreesenesnseessneenne 100
A4.1. GOl ettt ettt et es 100
O 110 ) o PSS 100
4.4.3. Evaluation Method..........cocuoiiiiiiiiiiiieieee et 101
4.4.4. Results and DISCUSSION ...ec.eeruiiriirieniieiiniiesieeieete ettt et ees 102

T B )L T TSRS 103
A.5.1. GOl ettt sttt es 103
4.5, 2. SCOPC . .eee ettt etee et ettt e ettt e ettt e ettt e st e e st e e et e e e et e e et ee e nbeeeanbee e nbeeenbeeenaeeenteeeaaeeens 104
4.5.3. Alternative Method .........c..oooiiiiiiiiice et 104
4.5.4. CONCIUSION «..covtiiiiiiieieeteee ettt ettt ettt et et e e eaeenees 104

4.6. 8mm DSR for low temperature testing of PG binders............cccvevveeciienieecieenieeieeee, 105
O S T G o | TP 105
O I 1T ) o TR 105
4.6.3. EVAIUATION ..ottt ettt ettt et sttt et et e neas 105
4.6.4. Results and DISCUSSION .....eecueiiiieiiieiieeie ettt ettt ettt e e e e 106
4.6.5. Low Temperature DSR Round Robin..........cccceeciiiiiiiiniiiiiieecee e 109
4.6.6. CONCIUSION ...ttt ettt ettt e bt e eabeenaees 113

4.7. Poker-chip test for intermediate temperature testing of PG binders........c..ccccceeeviennenne. 114
g TR € [ | DO SO S PP STRPRRPSI 114
A7 2. SCOPEC et eeteeeitee ettt e ettt e ettt e et e e e tte e e taeeestteeeaeeeeateeasseeeasseeeasseeenbeeeanbeeesaeeenneeenaeeans 114
4.7.3. EVAIUATION 1.ttt ettt ettt ettt e nneas 114
4.7.4. Results and DISCUSSION .....cccueieiieiiieiiieeie ettt ettt et e e e e snees 117
4.7.5. Conclusions and Recommendations ............cooueeeeniiiiienieiieenie et 122

Chapter 5. Draft of Revised Item 300 ..........coocuiiiiiiiiiiiiiiiieeeee e 124

5.1. Table 2 Asphalt CemENLt........c.cccuiiiiiiiieeieeiieete ettt ettt et teebeessaeenseens 124

5.2. Table 3 Polymer-Modified Asphalt Cement............c.cocvieeiiiieiiiieniie e 125

5.3. Table 4 Rapid-Curing Cutback Asphalt (RC-250 is the only remaining RC Cutback)... 126

5.4. Table 5 Medium-Curing Cutback Asphalt............ccoccuieviiniiiiiiiiieiee e 128

5.5. Table 6 Special-Use Cutback AsSphalt .........c.ccoouiieiiiiiiiieiiieeeeee e 130

5.6. Table 7 Emulsified ASPhalt .........cccueeiiiiiiiiiiiiiiiiciee e 132

5.7. Table 8 Cationic Emulsified Asphalt............ccoooiiiiiiiiiniiiiieeeee e 134

5.8. Table 9 Polymer-Modified Emulsified Asphalt............ccceoviiiiiiiinciiiieceeeee e 136

5.9. Table 10 Polymer-Modified Cationic Emulsified Asphalt..........c.ccccoeeiiniiiinniieienen. 137

X



5.10. Table 10A Non-Tracking Tack Coat EMulsion ...........ccccecvuveeiiieeiciieeniie e 139
5.11. Table 10B Spray Applied Underseal Membrane Polymer-Modified Emulsion (EBL). 140

5.12. Table 10C Full-Depth Reclamation Emulsion (FDR EM) .......ccccoeciiviiiiniiiiiiiireieenee. 142
5.13. Table 11 Specialty EMUISIONS.......cc.ccoiiiieiiieeiiie ettt 143
5.14. Table 11A Hard Residue Surface Sealant (HRSS) .......c.ccooviiiiiiiiiiiieecee e 145
5.15. Table 12 Diluted CSS-TH ......cooiiiiiiiiiiiieeeeese ettt s 147
5.16. Table 12A DIluted AE-P........coooiiieiee ettt 149
5.17. Table 13 Recycling Agent and Emulsified Recycling Agent ........cccceoevieviineniencennene 150
5.18. Table 14 CRM Gradations .........cccceeeerueeierienieeienieesteetesitesteeneesieesteeseseesseesesneesseensens 150
5.19. Table 15 Polymer-Modified Asphalt-Emulsion Crack Sealer.........c...ccceeeriiinienennene 150
5.20. Table 16 Asphalt-Rubber Crack Sealer ..........c.ccvuveiiiiniieiieniieiieeeeee e 151
5.21. Table 17 A-R BINAELS .....eoiiiiiiiiiiiiieieeieeet ettt sttt 152
5.22. Table 18 Performance-Graded Binders ...........ccccccveieiiiieiiiiieeieeeee e 153
Chapter 6. Evaluation of New Generation of Aging Protocol...........cceevvevviieviinciiiiienieeieene. 155
6.1. Evaluating the Accelerated Long-term Aging Protocol for Asphalt Binder.................... 155
0.1.1. GOAL...ceieeee ettt et b e ettt e et aeeenbeeneas 155

LT B0 10 ) 1 TSRS 155
6.1.3. EVAIUATION ..eoutiiiiiiiiceieeeeeee ettt 155
6.1.4. Results and DISCUSSION .....eeuieriiieiieiiieiie ettt ettt et seeeste e e eneeneeas 161
6.1.5. SUMIMATY ...eoiiiiiiiieee ettt st 170

6.2. Evaluating the Accelerated Long-term Aging Protocol for Asphalt Mixture.................. 171
0.2.1. GOAL...cniie ettt et b e et e et naeeenbeeneas 171
6.2.2. EVAIUATION ..eoutiiiiiiiii ettt ettt ettt et sttt e et e st eeaeeenneeneas 171
6.2.3. Results and DISCUSSION .....eiuuieriiiiiieniiieiiesiie ettt ettt st 176
0.2.4. SUIMIMIATY ..euevieiiiieeiiee et ee et ee et e ettt e ettt e et e e s bt e e sabaeesabeeesasteesabeesesbeessseesnteesneeesanee 188
Chapter 7. Summary and ConclUSIONS..........cccuieiiiiriieiieiie ettt 190
Value 0f RESCATCH .....couiiiiii e 191
RETETEICES ...ttt et sttt et sbe et s enbe et 192
ADPPENAIX A Lottt ettt e ettt e e bt e e b e e st e et e e eheeenbeenteeenteenneeenne 197
F N 08157 116 ' 5 TR 199
FaN 0] 0153116 U PSSP 204
APPENAIX D .t et ettt e e be et e e be e teeebe e aeeenbeensaeensaens 206
F N 08157 116 G SRR 208



List of Tables

Table 2.1 Flash Point Test SUMMATY. ......cc.eeeiiiieiiieeieecie ettt e e e e e e eeseaeeea 19
Table 2.2. Recommended Test Method Changes. ...........cccvevvieiienieiiiieniecieecie e 56
Table 4.1. Polymer separation testing load based on LIMS data. ..........ccceevveieeiieinieeiiieeeiee 61
Table 4.2. Testing program for separation test showing number of replicates tested at different

10Cations fO1 TEX-540-C. ..ottt ettt et e st e bt e e beesbeesaneens 65
Table 4.3. Testing program for separation test showing number of replicates tested at different

locations fOr ASTM D7 173, ..ottt ettt et ettt e b siaeebeens 66
Table 4.4 Emulsion and cutback residue recovery testing load based on LIMS data .................. 73
Table 4.5. GCMS test results from RC250 and MC30 cutback distillation ...........cccceeveeviennnee. 86
Table 4.5. Surrogate CI by Cutback Grade..........c.cooviiiiiiiiiiiiieiierie et 89
Table 4.6 Kinematic viscosity testing load based on LIMS data........c..ccccoeveniininiiniinenncneene. 97
Table 4.7 Saybolt viscosity testing load based on LIMS data .........ccccceeveeriieniienieeieenieeieeen. 100
Table 4.8. G* Round Robin Data...........c.coiiiiiiiiiiiiieeeee e 109
Table 4.9. Phase Angle (8) Round Robin Data..........cccceeoiieiiiiiiiiiiiecceeeeeee e 110
Table 4.10. G* and Phase Angle (0) Statistics With and Without Outliers.............ccccceevveenneen. 112
Table 4.11. Round Robin Data with Outliers Removed. .............ccccoviiiiiiiiiieee, 112
Table 6.1 DSR testing temperatures for different binders. ..........cccoeevveerciiiniiiiniiiie e, 159
Table 6.2 Summary of mixture testing Plan...........cocceveriiriiiiiiinieeee e 175

Xi



List of Figures

Figure 2.1. Classification of Item 300 TeStS. ......cccvieiiiiieiiieeciie et 2
Figure 4.1. "Cigar Tubes" in @ Stand. ..........ccceeieriiiiiiiiiieeeeeeee e 63
Figure 4.2. Sample being poured into the cigar tUbe. ..........cevviieiiiieiiiecieecee e 63
Figure 4.3. Cigar tube with sample; top of the tube is folded and crimped by hand to seal the

SF 10110 TSR 63
Figure 4.4. Cigar tube is cut into three after removing from the freezer (left: before cutting,
middle: after being cut into three parts, right: top and bottom parts placed in cans).................... 64
Figure 4.5. Left: aluminum tube is removed from heated can; middle and right: the residual
binder is transferred to a mold for further testing. ...........cooceeiiiiiiiiiiiii e, 64
Figure 4.6. Comparison of Tex-540-C combined with softening point results (% difference) from
MTD and tWo ProdUCET 1aDS. .......ccuviiiiuiieiiiieciie ettt e e e e st e e sbee e saveeenaeesnseeens 67
Figure 4.7. Comparison of Tex-540-C and Softening Point with ASTM D7173 and G*/sin § at
high PG temperature or 64C for AC DINAETS. .....ccceeviiiiiiiniiiirieceeeceeee e 68
Figure 4.8. Comparison of Tex-540-C and Softening Point with ASTM D7173 and MSCR
Elastic Recovery at 0.1 kPa at high PG temperature or 64C for AC binders. .......cc.cccceeveevuennnene. 69
Figure 4.9. Comparison of Tex-540-C and Softening Point with ASTM D7173 and MSCR
Elastic Recovery at 3.2 kPa at high PG temperature or 64C for AC binders. .......cc.cccceereevuennnene. 69
Figure 4.10. Comparison of Tex-540-C and Softening Point with ASTM D7173 and Jnr from
MSCR test at 0.1 kPa at high PG temperature or 64C for AC binders. .......c..coceveevenieneenennene. 70
Figure 4.11. Comparison of Tex-540-C and Softening Point with ASTM D7173 and Jnr from
MSCR Test at 3.2 kPa at high PG temperature or 64C for AC binders. ........cccevcevverieneenennene. 70
Figure 4.12. Comparison of separation measured using the two replicates based on Elastic
Recovery from MSCR test at 0.1 KPa. .......ooouiiiiiiiiiieiieeeeeeee e 71
Figure 4.13. Comparison of separation measured using the two replicates based on Elastic
Recovery from MSCR test at 3.2 KPa. ......coooiiiiiiiiiieiieee et 71
Figure 4.14. Comparison of separation measured using the two replicates based on Jnr from
MSCR test at 0.1 KPa. ....oouiiiiiiiiieieee ettt et 72
Figure 4.15. Comparison of separation measured using the two replicates based on Jnr from
MSCR tESt At 3.2 KPa. ..ottt 72
Figure 4.16. Cutback sample being stirred thoroughly...........ccoooviieiiiieiiiieiee e, 74
Figure 4.17. Empty can for cutback residue recovery being weighed on scale.........c..ccocceuenneee. 75
Figure 4.18. Required amount of cutback sample being poured in the can............cccceeeevieennnne 75
Figure 4.19. Cutback sample being spread in the can to get a uniform layer............ccccceeeiennee. 76

Figure 4.20. Cutback sample in vacuum oven under the required pressure for residue recovery. 76

Xii



Figure 4.21. Cutback residue being weighed after the specified time in vacuum oven. .............. 77

Figure 4.22. Scraping the cutback residue for testing in DSR.........c.cooovveiiiiiiiiieniiiieeeee, 78
Figure 4.23. Emulsion sample being stirred thoroughly...........cccccieeiiiieiiiiiiiieeeece e, 78
Figure 4.24. Empty container for emulsion residue recovery being weighed on scale. ............... 79
Figure 4.25. Required amount of emulsion sample being poured in the container. ..................... 79
Figure 4.26. Emulsion sample being spread in the container to get a uniform layer.................... 79
Figure 4.27. Emulsion sample in vacuum oven under the required pressure for residue recovery.
....................................................................................................................................................... 80
Figure 4.28. Emulsion residue being weighed after the specified time in vacuum oven. ............ 80
Figure 4.29. Scraping the emulsion residue for testing in DSR..........ccccoooiiviiiiiieniiiiiciecieee, 80
Figure 4.30. Comparison of mass loss during residue recovery between two labs (the line shown
1S 121 1iNE fOT TEREETEICE). c.veiviiiiieeiiietie ettt ettt e ettt e st e e b e e staeenbeesaseesseensnesnsaens 82
Figure 4.31. Comparison of G*/sin 6 parameter of the cutback residue between two labs (the line
Shown 1S 1:1 1iNe fOr TefEreNCE). .....ccoviiiiiiiiiii e e et 83
Figure 4.32. Comparison of G*/sin 6 parameter of the cutback residue between two replicates
(the line shown is 1:1 line for referenCe). .......ccvevuiieiiiiiiiiiieieeeere e 83
Figure 4.33. Comparison of G*/sin 6 parameter between two labs at 64°C for (i) base binder, (ii)
MC 30 cutback, and (ii1) RC 250 cutback. .........cccceveriiiiiiiieiiecieeceeee e 84
Figure 4.34. Comparison of G*/sin 6 parameter between two labs at 25°C for (i) base binder, (ii)
MC 30 cutback, and (ii1) RC 250 cutback. .........cccceeeriiiiiiiieiiecieeeeeee e 84
Figure 4.35. Mass loss data for the round-robin testing for cutback residue recovery................. 85
Figure 4.36. G*/sin d results from the round robin testing for cutback residue recovery. ........... 85
Figure 4.37. Total Ion Chromatograms of All RC250 Cutback Distillations Tested. .................. 87
Figure 4.38. Comparing Compositions of RC250 Cutbacks, Gasoline and Kerosene. ................ 87
Figure 4.39. k-Values with Temperature with all k-values used. ...........ccoceeveriniininiiniinenne. 89
Figure 4.40. k-Values with Temperature, excluding points above 600°F. ..............cccceevrvieennenne 89

Figure 4.41. Comparison of G*/sin 6 parameter of the emulsion residue between two labs (the
line shown 1S 1:1 1INE fOr TETRIENCE). ..veveiiiiieiiiieeiieceece e e e 91

Figure 4.42. Comparison of G*/sin 6 parameter of the emulsion residue between two replicates
(the line shown is 1:1 line for TEfETENCE). ....cccuviieiiieeiiieceeeeeee e s 92

Figure 4.43. Comparison of mass loss percent during emulsion residue recovery between two
labs (the line shown is 1:1 line for referenCe). ........ceevuiiieiiiiieiiiieeiieeee e 93

Figure 4.44. Comparison of G*/sin 6 parameter of the emulsion residue between two labs at high
temperature (the line shown is 1:1 line for reference). ........ccccveeeriiieciieecieece e 93

Figure 4.45. Comparison of G*/sin 6 parameter of the emulsion residue between two replicates at
high temperature (the line shown is 1:1 line for reference). ........ccccoevveeeiiieecieceie e 94

Xiii



Figure 4.46. Comparison of G*/sin 6 parameter of the emulsion residue between two labs at

intermediate temperature (the line shown is 1:1 line for reference). .........cccceecvevervenieneencnnenne. 94
Figure 4.47. Comparison of G*/sin 6 parameter of the emulsion residue between two replicates at
intermediate temperature (the line shown is 1:1 line for reference). .........cccceevveverienieneeniennenne. 95
Figure 4.48. Mass data for the round-robin testing for emulsion residue recovery...................... 95
Figure 4.49. G*/sin 0 results from the round robin testing for emulsion residue recovery. ......... 96
Figure 4.50 Comparison of rotational viscometer measurements between the two labs.............. 99
Figure 4.51. Comparison of rotational viscometer measurements from lab at UT with kinematic
VISCOSILY . +eeuttetieeitiette et ettt et e ettt et e sttt et e e e at e et eesateeabeeenbeenseesnbeenbeeeabeebeeeabe e bt e enbeeanteeabeennteenbeennees 99
Figure 4.52. Comparison of rotational viscometer measurements from lab at TTI with kinematic
VISCOSILY . eeuuiteutieeittetee ettt e e ettt et e et e bt e e bt e bt e eabe e bt e e ateesbeeabeeseesateenbeeenbeeseeenbeeebeeenbeenseeenbeenneeenne 100
Figure 4.53. Comparison of rotational viscosity data obtained from UT lab with the Saybolt
VISCOSILY . eeuutteuiieiuttetee et et e et e et e et e e bt e e bt e bt e eabe e b eeeat e e b eeeabeeseesateenbeeenbeeseeenbeeebeeenbeenneeenbeenneeenne 102
Figure 4.54. Comparison of rotational viscosity data obtained from TTI lab with the Saybolt
VISCOSILY . eeutiteuiieeittette ettt e e et et e et e bt e e bt e bt e eabe et eesat e e bt e eabe e seesateenbeeenbeaseeeabeebeeenbeeeseeenbeenneeenne 102
Figure 4.55. Comparison of rotational viscosity between the two labs. ........cc.ccecevieiiiiinennen. 103
Figure 4.56. Comparison of rotational viscosity between two replicates. .........ccccceveevuervenennnenn 103
Figure 4.57 Stiffness VErsus ATC. c...coiiiiiiiiiiiieieee e 104
Figure 4.58. A plot showing G* from DSR low temperature testing against the stiffness values
from BBR TESTINE. ..c..eitiiiiiiieiiieete ettt st 107
Figure 4.59. A plot showing phase from DSR low temperature testing against the m-value from
BBR EESTINEZ. «.veeutetieieeiteeteee ettt ettt b ettt b et nbe et 108
Figure 4.60. A plot showing G* values obtained from two replicates (solid line is 1:1 line for

1051 1) (<) 11o1<) TR USSP 108
Figure 4.61. A plot showing phase angle values obtained from two replicates (solid line is 1:1
1INE fOT TETETEICE). ...eiiiiii ittt e e e e et e et e e e e ab e e e sabeeeeaseeeaseeenaeeennneas 109
Figure 4.62. Round Robin G* for all samples. .........cccooiiiiiiiiiiiiiiiieeceeee e 110
Figure 4.63. Round Robin Phase Angle for all samples. ..........ccccoeviieiiiniiiiiiniiciee e, 111
Figure 4.64. Round Robin G* Data with Outliers Removed with Suggested Specification Limit.
..................................................................................................................................................... 113
Figure 4.65. Round Robin Phase Angle (d) Data with Outliers Removed with Suggested
SPECITICAION LAMIE...cutiiiieiiieiieeiieeie ettt ettt e et e et e sebe e tteeabeesseesnseesseesnseensnas 113
Figure 4.66. Asphalt binder poured inside the silicone mold. ..........cccceeeeveeviiiencieenie e, 114

Figure 4.67. Bottom plates for five poker-chip samples (left) and one bottom plate with a binder
sample placed 1N 1t (TIZNL). .ooeveieeiieeeiie et e et e e e e ssbe e e sreeesseeenseeens 115

Figure 4.68. Bottom plates for five poker-chip sample discs with binder samples (left) and one
bottom plate with the three spacer dowels dropped on top of the binder surface (right). .......... 115

X1V



Figure 4.69. A poker-chip sample that sandwiches the binder specimen between the top and
bottom pieces that are aligned using three pins (left); five complete discs ready for temperature

conditioning and testing (TIZN)........cccuiieiiiieiiieee e e 116
Figure 4.70. Typical stress-strain curve with the two parameters of interest (i) tensile strength
AN (11) AUCHIIIEY ..eeevieeeeee et e e tee e st e e sttt e e sabeeessbeeesbeeesaseeesnseesnseesnneeas 117
Figure 4.71. Comparison of strength parameter from poker-chip test between UT lab and TTI lab
(Orange line shows the 1:1 line for reference).........cccveeeviiieciiieciieecee e 118
Figure 4.72. Comparison of strength parameter from poker-chip test between TxDOT lab and
TTI lab (Orange line shows the 1:1 line for reference). ........ccccoeevvvevieievciieeniieecee e, 118
Figure 4.73. Comparison of strength parameter from poker-chip test between TxDOT lab and UT
lab (Orange line shows the 1:1 line for reference).........coccoeveeeiiiiiiniiiiieiieeee e, 119
Figure 4.74. Comparison of ductility parameter from poker-chip test between UT lab and TTTI lab
(Orange line shows the 1:1 line for reference).........coevueeriiiiiieiiiiiieceeeee e 119
Figure 4.75. Comparison of ductility parameter from poker-chip test between TxDOT lab and
TTI (Orange line shows the 1:1 line for reference). .........ccoeceeriieiiiniiiiiiiiiee e, 120
Figure 4.76. Comparison of ductility parameter from poker-chip test between TxDOT lab and
UT (Orange line shows the 1:1 line for reference). .........occeevieriiieiiiniiiiniieeeeee e 120
Figure 4.77. Effect of temperature on poker-chip test strength parameter. ...........ccccceeeeveennneen. 122
Figure 4.78. Effect of temperature on poker-chip ductility parameter. ..........c..cecevevverieneennenn 122
Figure 6.1 Leveling calibration. ...........ccoceoiiiiiiiiiiiiiiiiceeee e 157
Figure 6.2 The typical binder distribution conditions after PAV20. ..........ccccooiviiniiiiiniinennnns 159
Figure 6.3 DSR results at high PG temperature: (a2) G*, (D) 0...ocovvvveviieeiieeieeeeeeee e, 162
Figure 6.4 DSR results at intermediate PG temperature: (a) G*, (b) 8...c.cevvevveriineencniieneenns 163
Figure 6.5 DSR results at low PG temperature: (a) G*, (D) 0...ccevveeervieriiiieiieeeie e, 164
Figure 6.6 Ranking of DSR G*sin(d) at 25C Across Aging Protocols. ........cccccecevvervinicnennns 165
Figure 6.7 BBR results at low PG temperature: (a) Stiffness, (b) m-value. ........c.cccceeveneenneen. 166
Figure 6.8 Ranking of BBR m-value at -12C Across Aging Protocols. ........cccccecvevervcrienennns 167
Figure 6.9 FTIR results: (a) C=0 index, (b) S=O INdEX. ......cccverriiieiiieeiieeeiie e 168
Figure 6.10 Poker-chip test results: (a) Tensile strength, (b) Ductility. .......c.cocevevienieiiiennnnnnn. 169
Figure 6.11 Ranking of Poker-chip ductility at 25C Across Aging Protocols............cceceeneenee. 170
Figure 6.12 IDEAL-CT Load-Displacement CUIVe. ........c.cccoceevuiriinieiieniineiieeieneeie e 173
Figure 6.13 Maximum load VErSuS CYCIES. .......coiiiiiiiiiiiiiiiie et 174
Figure 6.14 HySteresis LOOP. .....oiiiriiriiiieieeiesieete ettt sttt 175
Figure 6.15 Mixture gradations: (a) Superpave-D with gravel; (b) Superpave-C with limestone.
..................................................................................................................................................... 176
Figure 6.16 DSR results at high PG temperature: (a) G*, (b) 0...ccceevveeeviiieniieeeie e 177

XV



Figure 6.17 DSR results at intermediate PG temperature: (a) G*, (b) 0...cvevvevveevcveeeeiieeieeeee, 178

Figure 6.18 DSR results at low PG temperature: (2) G*, (D) 0. .coovvveiieniiiiieieeieecee e 179
Figure 6.19 Poker-chip test results: (a) Tensile Strength, (b) Ductility.........cccceeevveevciererieennnnen. 180
Figure 6.20 DOA2o for DSR parameters at three PG temperatures: (a) G*, (b) 0. ...cccvvevvennnnne. 182
Figure 6.21 DOA» for Poker-chip test parameters: (a) Peak stress, (b) Ductility. .................... 183
Figure 6.22 DOA4 for DSR parameters at three PG temperatures: (a) G*, (b) 0. ...cccvvevvennnnne. 184
Figure 6.23 DOA4o for Poker-chip test parameters: (a) Peak stress, (b) Ductility. .................... 185
Figure 6.24 IDEAL-CT testing results at multiple aging conditions: (a) Bar chart, (b) Line chart.

..................................................................................................................................................... 187
Figure 6.25 OT testing results at multiple aging conditions: (a) Bar chart, (b) Line chart......... 188

Xvi



Chapter 1. Introduction

TxDOT standard specification Item 300, “Asphalts, Oils, and Emulsions”, includes more than 48
different test procedures or conditioning procedures for Asphalt Cement (AC) graded binders
(12), cutbacks (8), emulsified binders (17), crack sealers (3), asphalt rubber binders (3), recycling
agent, and Performance Graded (PG) binders (11+) used in different pavement construction and
maintenance applications. This does not include testing requirements for recycling agents, crack
sealants, or asphalt rubber binder. TxDOT routinely performs many of these tests on a regular
basis for quality management or quality assurance purposes. This presents a challenge for the
binder lab to maintain test procedures, acquire and maintain test equipment, calibrate equipment,
and train personnel. Some specification tests are legacy tests that once were the state-of-the-art
and thought to be related to asphalt binder performance. However, many of these legacy tests are
no longer used in more recently developed specifications as other tests are now available that are
better correlated with performance.

1.1 Study Objectives

The main goal of this project is to update Item 300, as needed, to ensure that the test methods
and specifications are relevant, not redundant, and up-to-date. In order to achieve this goal, each
test in the Item 300 specifications was reviewed for relevance, applicability (i.e., whether the test
was intended to assess safety, performance, or constructability), accuracy (i.e., ability to predict
intended parameters), and practicality (i.e., cost of capital equipment; time taken for sample
preparation and other activities before, during, and after the test; and environmental
considerations such as use of solvents). The test data from a 12-month window from the TxDOT
LIMS (Laboratory Information Management System) was also reviewed to identify current
workload and consequently areas for prioritization.

1.1. Organization

This report includes seven chapters. Chapter 1 provides problems statement and objectives.
Chapter 2 presents the background on the tests included in Item 300 specifications. It also
categorizes the recommended changes in Item 300 based on the level of adoption. Chapter 3
compiles the new test methods developed during this project which includes step-by step
procedures. Chapter 4 presents the data collected for the new test methods developed during this
research. Chapter 5 presents the revised Item 300 specifications. Chapter 6 presents an extension
of aging testing to investigate a long-term aging procedure. Chapter 7 is a short summary and
conclusions of the overall research.



Chapter 2. Background

This chapter consists of a summary from the literature review of the different tests included in
Item 300. A classification of these tests based on the general purpose of the tests or the type of
materials they cover is presented in Figure 2.1 below. Tests were reviewed for relevance,
applicability, accuracy, and practicality, and recommendations for improving the tests. A
detailed review of each test is presented in this chapter. After taking the pros and cons of each
test, as well as input from TxDOT and industry, into consideration, the changes to the current
Item 300 specifications were proposed. These tests have been categorized on the basis of level of
adoption and have been summarized towards the end of this chapter.
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Figure 2.1. Classification of Item 300 Tests.

2.1. Viscosity Tests

2.1.1. AASHTO T201 “Standard Method of Test for Kinematic Viscosity
of Asphalts (Bitumens)” and T202 “Standard Method of Test for
Viscosity of Asphalts by Vacuum Capillary Viscometer”

2.1.1.1. Other Equivalent or Closely Similar Standards
T201

e ASTM D2170
T202

e ASTM D2171



2.1.1.2. Applicable Materials and Test Conditions
T201 uses:

e RC, MC, and Special-Use Cutbacks (Tables 4, 5, 6) at 140°F
T202 uses:

e AC, Polymer-Modified AC, (Tables 2, 3) at either 140°F (AC Only: TFOT residue; AC)
OR 275°F (AC and Polymer-Modified AC both: Unaged)

e RC and MC Cutback, Polymer-Modified Emulsions and Cationic Emulsions, Specialty
Emulsions (Tables 4, 5, 9, 10) at 140°F (distillation residue)

2.1.1.3. Utility and Background of Test
T201

This test method measures the kinematic viscosity of liquid asphalts, road oils, and distillation
residues of liquid asphalts, all at 140°F, and of liquid asphalt binders at 275°F. It is applicable to
asphalt binders having viscosities in the range from 30 to 6000 cSt.

In summary, this test measures the time required for a fixed volume of the liquid to flow through
the capillary of a calibrated glass capillary viscometer under an accurately reproducible head and
at a closely controlled temperature. The kinematic viscosity in cSt is then calculated by
multiplying the efflux time in seconds by the viscometer calibration factor.

T202

This test method measures the apparent viscosity of asphalt binders at 60°C. It is applicable to
asphalt binders having viscosities in the range 0.036 to over 200 000 P.

In summary, this test measures the time required for a fixed volume of a liquid to be drawn up
through a capillary tube by means of vacuum, under closely controlled conditions of vacuum and
temperature. The viscosity in Pascal-seconds is calculated by multiplying the flow time in
seconds with a calibration factor unique to the viscometer tube.

Some findings from the literature pertinent to the scope of work are summarized below:

e In 1994, Zacharias et al. investigated the application of the Brookfield viscometer
(ASTM D4402) in South African road grade bitumen specifications and found a good
correlation between the Brookfield measurements and the capillary viscometer
measurements (ASTM D2171) [1]. However, it was observed that the capillary viscosity
values were consistently higher than those from the Brookfield viscometer.



In 1995, Bahia and Anderson [2] measured the viscosity of a large number of asphalt
binders that varied in their source and grade through conventional and new testing
methods. The results obtained from the capillary tubes and the rotational viscometer
showed that the latter was more suitable to modified binders.

Li et al. [3] discussed the use of shear rate sweep test to evaluate the viscosity of high
viscosity asphalt binders (HVAB) at 60°C and proposed a low shear viscosity at 0.01 s™!
as the viscosity evaluating indicator of HVABs. Their findings also indicated that the
capillary viscosity of HVABs was 3-8 times higher than zero shear viscosity (ZSV).

Another study on unmodified and modified binders to evaluate their rheological
measurements revealed that for modified binders, the capillary viscometers showed an
opposite behavior to that of a Dynamic Shear Rheometer (DSR). The reason was that,
when using the capillary viscometers, it is assumed that a full shear flow is developed
within the tube, and if it is not fully developed when testing modified binders, extensional
thickening characteristics may result and provide misleading readings [4].

2.1.1.4. Advantages and Limitations of Test

Advantages:

The test is simple and easy to carry out.
The test itself is fast and requires typically 5 to 6 minutes to carry out.

The results are ready for use directly and do not require any additional analysis or
interpretation by the operator.

Limitations:

This test method is suitable for use at other temperatures, but the precision is based on
60°C.

This test method is not suitable for modified/conditioned/recovered asphalt binders due to
their non-Newtonian behavior at this temperature. In fact, T202 explicitly warns this at
the beginning of the standard, whereas the test is used in Item 300 for certain polymer
modified binders.

Different types of viscometers may result in slightly different measurements (i.e. the
viscosity measured in a CMVV (Cannon Manning Vacuum Viscometer) may be from 1
to 5 % lower than either the AIVV (Asphalt Institute Vacuum Viscometer) or MKVV
(Modified Koppers Vacuum Viscometer) having the same viscosity range).



e The sample preparation and cleanup take a considerable amount of a technician’s time
and consumables/solvents.

e The only two parameters obtained from this test are flow time and viscosity. However,
the shear rate corresponding to different viscosity measurements cannot be obtained
through this test method.

2.1.2. T72 Saybolt Viscosity

2.1.2.1. Other Equivalent or Closely Similar Standards
ASTM D7226

2.1.2.2. Applicable Materials and Test Conditions
e All emulsions (Tables 7, 8, 9, 10, 11) at either 77°F OR 122°F

e Recycling agents (Table 12) at 77°F

2.1.2.3. Utility and Background of Test

According to ASTM D7496 Note 1, this test can be replaced by other tests that are more
preferred (T201 and D445), and recommendations are provided to replace the values.
Specifically, ASTM D7496 states that "7201 and ASTM D445 are preferred for the
determination of kinematic viscosity. These methods require smaller samples and less time and
provide greater accuracy. Kinematic viscosities may be converted to Saybolt viscosities by use of
the tables in ASTM D2161. It is recommended that viscosity indexes be calculated from
kinematic rather than Saybolt viscosities.”

ASTM D2397 also states that the viscosity of emulsified asphalts can be determined in
accordance with either ASTM D7496 (Saybolt viscometer) or ASTM D7226 (Rotational paddle
viscometer).

Some findings from the literature pertinent to the scope of work are summarized below:

e Salomon, in his review of new viscosity standards, noted some advantages, such as lower
operational costs and smaller equipment footprint for using the rotational paddle
viscometer as a replacement for the Saybolt viscometer [8].

o Kee et al. [9] investigated the use of yield stress value to possibly replace the Saybolt
grading procedure due to higher consistency in the test results. The preliminary results of
their study suggested that the yield stress grading using the slotted plot technique was
preferable to other techniques, such as Saybolt viscometer.



e Islam et al. [10] investigated the use of a rotational viscometer in lieu of the Saybolt
viscometer and found two ideal test conditions to evaluate the steady-state viscosity of
the emulsions. The proposed conditions are listed as 50 rpm at 30 °C, and 30 rpm at
60°C. They also suggested that current specifications for the quality control and quality
assurance of low and high viscous emulsions using Saybolt viscometer can be replaced
by those of rotational viscometer. Their proposed range is 730 cP and 5-90 cP at 50 rpm
and 30 °C for high and low viscous emulsions, respectively.

2.1.2.4. Advantages and Limitations of the Test

In the case of seal coat binders, this test serves as an indicator for the ability to place the material
on the surface (shootability).

Advantages:
e The test is simple and easy to perform.

e The duration of the test is short, and measurements are obtained in typically 5 to 6
minutes.

e The test results are direct and do not require any additional analysis or interpretation by
the operator.

Limitations:

o The sample preparation and cleanup easily occupy more than 90% of a technician’s time
(minimum of 1 hr.) to determine the viscosity of a sample.

e Ancillary equipment, such as ovens and water bath, are needed for sample preparation.

e From preparation to application, emulsions experience a history of shear rates. Therefore,
it is essential that the viscometer can simulate their behavior at different shear rates. This
could be the main drawback of the Saybolt viscometer, which does not have the shear
rate adjustments.

¢ During the Saybolt viscosity test, several time-consuming precautions should be taken to
ensure correct measurements. The precautions include checking the level of the bath
liquid, the air leakage through the cork, the temperature of the sample outside the
viscometer before pouring, etc. [11]

e Saybolt viscosity measurements are not associated with the common viscosity units,
which makes it difficult to perform direct comparisons with other viscosity test results.

e From a practical perspective, emulsions transported to a laboratory for quality testing are
prone to breaking during the transportation and storage process by the time they are
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subjected to a test. This often results in Saybolt numbers that are not representative of
the state of the material when it is being used in the field at the time of construction.

2.1.3. T316 Viscosity Determination of Asphalt Binder Using
Rotational Viscometer

2.1.3.1. Other Relevant Standards
ASTM D4402

2.1.3.2. Applicable Materials and Test Conditions
PG binders (Table 17) at 135°C

2.1.3.3. Utility and Background of Test

The apparent viscosity of asphalt binder at application temperatures can be determined through
this test method. The measured viscosity can be used in further analysis, such as developing
temperature viscosity charts for estimating mixing and compaction temperatures. It is also a
measure of constructability and whether the binder can be handled properly at the refinery,
terminal, or hot mix asphalt facility.

According to Item 300, “This requirement may be waived at the Department’s discretion if the
supplier warrants that the asphalt binder can be adequately pumped, mixed, and compacted at
temperatures that meet all applicable safety, environmental, and constructability requirements.
At test temperatures where the binder is a Newtonian fluid, any suitable standard means of
viscosity measurement may be used, including capillary (T 201 or T 202) or rotational
viscometry (T 316).”

2.1.3.4. Advantages and Limitations of Test
Advantages:

e Rotational viscometers are most useful for determining the viscosity of non-Newtonian
binders (although specification requirements may not always correctly specify test
conditions appropriate for non-Newtonian binders) due to their ability to cover a wide
range of shear rates for a single sample.

e Other important binder properties, such as temperature susceptibility and mixing and
compaction temperatures, can be determined using a single sample and obtaining
viscosity measurements at multiple temperatures.

e The test equipment is not unique to asphalt binder testing, and it is widely available.



Limitations:

e The current PG specifications do not use rotational speeds that accurately reflect the
shear rates experienced by the asphalt binder during the mixing and compaction process.
This is generally not an issue for unmodified binders, but it predicts artificially inflated
mixing and compaction temperatures in the case of modified asphalt binders [12].

e Throughput is constrained by the time to get to temperature, so multiple sets of
equipment may be needed for a high production lab.

2.1.4. ASTM D2196 Rheological Properties of Non-Newtonian
Materials by Rotational Viscometer

2.1.4.1. Other Equivalent or Closely Similar Standards
ASTM D4402, ASTM D6114, ASTM D7741

2.1.4.2. Applicable Materials and Test Conditions
AR binders (Table 16)

2.1.4.3. Utility and Background of Test

The apparent viscosity, shear thinning, and thixotropic properties of non-Newtonian asphalt
binders can be determined through this test method.

ASTM D6114 is exclusively published in specifications for AR binders. This standard requires
the viscosity measurements to be performed at 175°C. In addition to the different rotational
elements suggested in ASTM D2196, ASTM D6114 allows the use of other rotational
viscometers, such as the DSR for determining the apparent viscosity, following the
manufacturer’s recommendations.

ASTM D6114 provides some guidance with regard to different sizes of rubber materials. For
rubber particles larger than mesh No.8, ASTM D7741 is recommended to determine apparent
viscosity. For rubber particles smaller than mesh No.50, ASTM D4402 is recommended with the
following modifications: (i) stirring the AR binder sample vigorously before starting the test, (ii)
acclimating the appropriate spindle in the sample for at least 1 min before testing, and (iii)
stirring again immediately before starting spindle rotation. For rubber particles larger than mesh
No.50 and smaller than mesh No.8, test method D7741 is recommended as written, and modified
D4402 is recommended with the following instructions: the gap between the outer wall of
spindle and the inner wall of cup should be at least Smm.

Some other pertinent information from the literature is summarized below:



e According to many studies, the consistency of rubber-modified asphalt binders during a
particular test can be largely affected by the size, shape, and surface area of the rubber
particles.

e Leng et al., in their study on the feasibility of using wax-based additives in warm asphalt
rubber, used a rotational viscometer to measure the workability of the binders and found
substantial impact of the CRM particle characteristics on the viscosity results. Therefore,
they recommended not to use rotational viscometers to determine the true workability of
asphalt rubber binders, and instead, they suggested further investigation of the viscosity
of liquid phase of asphalt rubber as a measure of workability [13].

e Ding et al. [14] used a Brookfield viscometer with different spindle sizes and different
rotational speeds to measure the viscosity of AR binders with different crumb rubber
contents (0-25%) at 180°C. Their findings suggested that when the rubber content is
small, the effect of different sizes of spindles and rotational speeds on the viscosity
measurements is relatively low; however, at high rubber contents, the differences
between measurements become more significant.

e Lo Presti et al. designed and manufactured a dual helical impeller (DHI) that can be used
with a rotational viscometer to have a more realistic viscosity measurement of asphalt
rubber. The device was created in such a manner to create a convective-like flow, thus
minimizing phase separation. They concluded that in the case of neat bitumen, DHI
provides similar results than the standard cylindrical spindle. However, in the case of
rubber-modified bitumen, they obtained lower values of apparent viscosity with a more
stable trend [15]. In a later study, they developed a computational fluid dynamics (CFD)
model to qualitatively compare the viscosity results from DHI and standard spindle, and
found that the absence of vertical components of velocity with cylindrical geometry
causes the misleading viscosity measurements [16].

e In 2012, Baumgardner and D’Angelo evaluated DSR testing geometry for performance
testing of asphalt rubber binders and stated that geometries, such as coaxial cylinder or

cup and bob, can better measure the impact of larger particles of crumb rubber modifiers
[17].

e Nill and Golalipour [18] also listed a number of advantages for the cup and bob geometry
over the parallel plate geometry along with one main disadvantage which is the
prolonged thermal equilibrium due to larger sample size.

2.1.4.4. Advantages and Limitations of Test
Advantages:



e The Brookfield rotational viscometer is currently being used by experts as the most
common device to measure the viscosity of asphalt binders and its accuracy and
reproducibility have been examined extensively compared to other test methods.

Limitations:

e The variability of the results obtained from this test method may be high for asphalt
rubber binders with large particles.

2.2. Stiffness Tests

2.2.1. T49 Penetration of Bituminous Materials

2.2.1.1. Other Equivalent or Closely Similar Standards
ASTM D5/D5-M

2.2.1.2. Applicable Materials and Test Conditions
e AC (Tables 2, 3) at 77°F (100 g, 5 sec, unaged)

e Special-use cutbacks (Table 6) 77°F (100 g, 5 sec, unaged)

e Emulsions, Cationic emulsions, Polymer-modified emulsions, Polymer-modified cationic
emulsions, (Tables 7, 8, 9, 10) 77°F (100 g, 5 sec, unaged)

e Crack sealer (Table 14) at 77°F (100 g, 5 sec, unaged) and Rubber crack sealers (Table
15) at 77°F (150 g, 5 sec, unaged), 32°F (200 g, 60 sec, unaged)

e AR binder (Table 16) at 77°F (100 g, 5 sec, unaged) and 39.2°F (200 g, 60 sec, aged &
TFOT-aged)

2.2.1.3. Utility and Background of Test

Generally, the penetration test is used to quantify the fluidity or consistency of asphalt binders by
releasing a needle of precise weight into a cup of binder and measuring the needle’s depth of
penetration.

According to Asphalt Institute, “While this system is no longer commonly used in the United
States, the penetration test is still a valuable indicator of consistency of source or process.”[101]

Some findings from the literature pertinent to the scope of work are summarized below:

e The results from the penetration test are highly empirical and most of the previous efforts
to express these measurements in fundamental units have been unsuccessful [22].
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The penetration index obtained from this test method is still being used in many countries
as a quality control measure and a temperature susceptibility parameter. However, several
publications have appeared in recent years documenting some concerns regarding the
validity of this parameter [23].

Sybilski [24] studied the relationship between three binder properties (penetration depth,
softening point, and zero-shear viscosity (ZSV) at 60°C) and the rutting resistance Nio
parameter. First, a simple regression analysis was performed on each binder property, and
the results indicated poor correlation for the penetration depth and the softening point,
while a strong correlation for the ZSV. Next, a multiple regression analysis was
conducted with the three binder properties as independent variables, and the results
showed much better statistical correlation than those of simple regression.

Davis [25] discussed penetration as it relates to stiffness or viscosity of asphalt and
developed a method to calculate an equivalent viscosity from penetration. This
calculation gives the viscosity of an asphalt binder at the temperature at which the
penetration test is performed. This led to development of Tex-535-C, “Calculating
Viscosity from Penetration” [26], which can be used to suggest DSR limits for replacing
penetration with DSR requirements.

2.2.1.4. Advantages and Limitations of Test

In the context of binders used for seal coats, the penetration test results also serve as an indicator

of flushing resistance.

Advantages:

The test is simple, easy to conduct, fast, and requires low capital cost in terms of
equipment.

The results produced by the test are directly used and no additional data analysis or
interpretation is required to be performed by the operator.

The test is mainly performed at 25°C (77°F), which is close to the average pavement
service temperature.

Limitations:

The only two results obtained from this test are the penetration depth and the penetration
index, both of which fail to be expressed in fundamental units.

The penetration index parameter obtained from this test is calculated based on the
changes in binder properties over a relatively small range of temperatures, and therefore,
these results may be misleading if extrapolated to temperature extremes.

11



e Slight variations while performing this test can cause large differences in the results.
Errors are usually due to: (i) sampling and sample preparation, (ii) variations in
temperature, and (ii1) condition of the apparatus (straightness of the needle, cleanliness,
etc.) [27].

2.2.2. T53 Softening Point

2.2.2.1. Other Equivalent or Closely Similar Standards
ASTM D36

2.2.2.2. Applicable Materials and Test Conditions

e Polymer-modified AC (Table 3)

e Polymer-modified cationic emulsions (Table 10)

¢ Polymer-modified emulsion crack sealers (Table 14)
e Rubber crack sealer (Table 15)

e AR binder (Table 16)

2.2.2.3. Utility and Background of Test

This test is primarily used as a consistency check for modified asphalt binders. Two samples of
bitumen cast in shouldered brass rings are heated at a prescribed rate in a liquid bath. The
softening point is reported as the mean of the temperatures at which the two samples soften
enough to fall a distance of 25 mm through a hole that is plugged using the bitumen sample.

Asphalt binders with higher softening points are preferred in warmer places, and those with
lower softening points are preferred in colder climates.

Some findings from the literature pertinent to the scope of work are summarized below:

e According to Bahia and Anderson [2], softening point is an empirical single-point
measurement which cannot be expressed in engineering units and cannot be directly
related to the rheology of asphalt binders.

e Sybilski [24] studied the relationship between three binder properties (penetration depth,
softening point, and zero-shear viscosity (ZSV) at 60°C) and the rutting resistance Nig
parameter. First, a simple regression analysis was performed on each binder property, and
the results indicated poor correlation for the penetration depth and the softening point,
while a strong correlation for the ZSV. Next, a multiple regression analysis was
conducted with the three binder properties as independent variables, and the results
showed much better statistical correlation than those of simple regression.
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e This test method is useful for testing materials to be used as joint and crack sealers,
because it serves as a surrogate indicator for the resistance of the material to bleeding and
tracking.

2.2.2.4. Advantages and Limitations of Test
General:

e In the case of crack seal materials, this test also serves as an indicator of tracking
potential.

¢ In the case of seal coat binders, this test also serves as an indicator of flushing resistance
during summer.

Advantages:
e The test is simple and easy to perform.

e The results from this test method are directly available and do not need any additional
analysis or interpretation by the operator.

o This test method can serve as an indicator for the efficiency of crack-sealers to prevent
cracking.

Limitations:

e Empirical measurements, such as softening point, use different loading modes, different
loading rates, and sometimes different temperatures, which makes it difficult to combine
and relate them to the fundamental rheological properties [2].

e Performing this test, as well as the sample preparation and the cleanup procedures,
consume a significant amount of an operator’s time and attention.

o This test is very sensitive to extraneous factors, such as vibrations, rate of heating, and
the leveling of the instrument.

2.3. Ductility and Elastic Recovery Tests

2.3.1. T51 Ductility of Asphalt Materials

2.3.1.1. Other Equivalent or Closely Similar Standards
ASTM D113/ASTM D6084/Tex-539-C
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2.3.1.2. Applicable Materials and Test Conditions

e AC (Table 2), RC & MC cutback (Tables 4 and 5), Emulsified and Cationic Emulsified
asphalt (Tables 7 and 8), Polymer Modified (PM) emulsified asphalt (Table 10) at 77°F,
5 cm/min

e PM AC (Table 3), Special-use cutback asphalt (Table 6), PM Emulsified asphalt (Table
9) at 39.2°F, 5 cm/min

e PG binders (Table 17)

2.3.1.3. Utility and Background of Test

This test method measures the ductility of asphalt materials by the distance to which they will
elongate before breaking when the two ends of the material are pulled apart at a uniform speed.
The elastic recovery of PG binders can also be assessed through this test.

Ductility tests at 77°F (25°C) are primarily performed to identify the cohesion of the asphalt
binder, while those at 39.2°F (4°C) are performed to measure binder modification.

Some findings from the literature pertinent to the scope of work are summarized below:

e The conventional ductility test at low temperatures is still being used in some
specifications as a performance indicator for asphalt modification. A review of the
literature suggests that some correlation exists between the binder ductility and the
cracking behavior of the pavements, provided that the measurements are obtained at the
appropriate temperature.

e In 1958, in an attempt to find correlations between binder characteristics and the actual
pavement behavior, Doyle tested the ductility of binders at two temperatures, 55°F and
77°F, and found a fairly good correlation with the pavement performance at 55°F, but no
correlation at 77°F [29] .

e In 1976, Anderson et al. found some correlation between force ductility and transverse
cracking [30].

e In 1984, Kandhal and Koehler evaluated those properties of asphalt binders that are
associated with aging and their relationship to pavement performance. Their study
suggested that among penetration at 77°F, viscosity at 140°F, and ductility at 60°F, only
the ductility appeared to be consistent with pavement performance after ten years [31].

e In a study performed on the reliability of the ductility test for modified binders,
Tabatabaee et al. [32] reported no fundamental relationship between ductility and
cracking damage, nor with the percent recovery and Ju: values of asphalt binders. To
address these issues, the authors proposed a specialized DSR procedure designed to
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measure the true ductility of modified binders at 39.2°F. It should be noted that for neat
asphalt binders, the results from the conventional and the DSR ductility tests matched up
relatively well.

2.3.1.4. Advantages and Limitations of Test

Advantages:

e Lack of sophistication, easy operation, and fast measurement are the major advantages of
this test method.

e The results from this test method need no interpretation by the operator.
Limitations:

e Performing this test, as well as the sample preparation and the cleanup procedure, involve
a significant amount of an operator’s time.

e The amount to which asphalt binder extends during the ductility test is a function of the
interaction between the test temperature, temperature susceptibility, pulling rate and
sample geometry, and perhaps other parameters. Therefore, unless the main effect of each
of the influencing factors is not independently evaluated, the test results may be
misleading [32], [33].

2.4. Integrity Tests

2.4.1. D44-14 Solubility in TCE Test

2.4.1.1. Other Equivalent or Closely Similar Standards
ASTM Designation: Previously D5546 (using Toluene); now replaced with D2042

2.4.1.2. Applicable Materials and Test Conditions
e Asphalt Cement (Table 2)

e Rapid-Curing (Table 4), Medium Curing (Table 5) and Special-Use Cutback Asphalts
(Table 6): Tested on T78 distillation residue

e Emulsified Asphalt (Table 7), Cationic Emulsified Asphalt (Table 8) Polymer-Modified
Emulsified Asphalts (Table 9), Polymer-Modified Cationic Emulsified Asphalt (Table
10), and Specialty Emulsions (Table 11): Tested on T59 distillation residue
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2.4.1.3. Utility and Background of Test

Two grams of test material are first dissolved in 100 ml of Type I trichloroethylene (TCE) or
1,1,1 trichloroethane. The solution is then filtered through a glass microfiber filer pad (32, 35 or
37 mm), leaving behind insoluble particles that did not pass through the filter paper. These
particles are washed, dried, and weighed until they achieve constant weight.

Some findings from the literature pertinent to the scope of work are summarized below:

e Previous studies have indicated that the solvent n-Propyl Bromide might serve as a safer
alternative to trichloroethylene [38].

e Asphalt Institute [2] conducted a survey about the use of this test for asphalt binders. The
survey included questions about the types of binders that were tested for solubility, the
frequency of such tests, the standards followed, and the types of solvents used (88%
TCE, 10% Toluene, 2% Others). Some pertinent comments were:

0 “We have been concerned that makers of tire-rubber modified binders like AC-
15-5TR have proposed solubility as a way to scare off competition.”

o “Itis an artifact that no longer serves a purpose and the users simply need to be
educated to that fact so they can remove the test from the specs.”

e Bowers et al. [3] investigated sequential dissolution of asphalt binder in TCE,
decahydronaphthalene (decalin), tetrahydrofuran (THF), and toluene, and found toluene
not as effective as the other three.

2.4.1.4. Advantages and Limitations of Test
General:

In a broad sense, this test is used to detect contamination of asphalt binder with excess amount of
extraneous, insoluble components or particulates.

Advantages:

e The sample preparation method is easy to follow (prepare a solution) and execute (filter,
heat, and weigh).

e The parameters measured from this test are straightforward, with higher % insoluble or

lower % solubility as a sign of possible contamination or non-asphalt materials in the
binder.

e The test does not require a substantial amount of time to conduct.
e The capital cost of the equipment is low (approx. $100).
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Limitations:

e The T59 test for cutback asphalts or T78 test for emulsified asphalts must be run before
this test.

e Trichloroethylene and 1,1,1 trichloroethane in the presence of heat and moisture can form
acids, which are extremely harmful to health if inhaled. It would be better to use a
relatively safer solvent (such as Toluene) or an analytical method (such as FTIR) to
detect the presence of impurities in asphalt binder.

Similar Tests:

AASHTO T111 ash test [39], Sequential approach [39], [40]

2.4.2. Tex-509-C Spot Test of Asphaltic Materials

2.4.2.1. Other Equivalent or Closely Similar Standards
AASHTO T102

2.4.2.2. Applicable Materials and Test Conditions
e AC (Table 2)

e Rapid curing and medium curing cutback asphalts (Tables 4, 5)

2.4.2.3. Utility and Background of Test

According to the AASHTO T102, the spot test is used to detect overheating of asphaltic
materials during processing, as well as to indicate the compatibility of the components of an
asphalt binder. A “negative” result indicates no overheating and good compatibility, while a
“positive” result indicates some level of damage due to overheating and poor compatibility. Tex-
509-C is similar to AASHTO T102 with note for use of “In lieu of the standard naphtha, perform
all testing using a blend of 65% heptane and 35% xylene.”

This test is performed on the original form of AC binders and on the cutback residue from the
distillation test. Some other pertinent information from the literature is summarized below:

e According to the literature, due to the recent advancements in the refining practices that
prevents “breaking” of asphalt binders, the spot test is no longer being performed on a
routine basis.

2.4.2.4. Advantages and Limitations of Test
Advantages:
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e Simple procedure and easy operation are the major advantages of this test method.
e The results from this test method need no interpretation by the operator.

Limitations:

e The sample preparation and cleanup easily occupy more than 90% of a technician’s time
(minimum of 1 hr.).

2.5. Safety Tests

2.5.1. AASHTO T48 “Flash Point of Asphalt Binder by Cleveland Open
Cup” and T79 “Flash Point with Tag Open-Cup Apparatus for Use with
Material Having a Flash Point Less Than 93°C (200°F)”

2.5.1.1. Other Equivalent or Closely Similar Standards
ASTM D92, ASTM D1310

2.5.1.2. Applicable Materials and Test Conditions
T48
¢ AC and Polymer-modified AC (Tables 2, 3)
e Polymer-modified cationic emulsions and specialty emulsion (Tables 10, 11)
e Recycling agents and emulsified recycling agents (Table 12)
e Rubber-Asphalt crack sealer (Table 15)
e AR binders (Table 16)
e PG binders (Table 17)
T79
e Rapid curing, medium-curing, and special-use cutback asphalt (Tables 4, 5, 6)

2.5.1.3. Utility and Background of Test

Flash point is defined as the lowest temperature of the test specimen at which application of the
test flame causes the vapors of the specimen to ignite. Both AASHTO T48 and T79 standards are
used to determine the flash point of asphalt binders for safety purposes. The main difference
between them is that the Cleveland open cup tester (T48) is used to determine the flash point of
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asphalt binders within the range of 219°C (426°F) and 400°C (750°F), while the Tag open cup
tester (T79) is used for binders having flash points below 93°C (200°F). The test cup in T48 is
made of brass or another metal of similar conductivity, while in T79, it is made of molded clear

glass. Some features of these two testers and test conditions are compared in Table 2.1 below.

Table 2.1 Flash Point Test Summary.

Test Method | Test cup outside Test cup Bath media Rate of increase in temperature
diameter (mm) depth (mm) (°C/min)
T48 67.5-69.0 32.5-34.0 - In}uﬁégig_go’
Usp 5p (iri[ia;t : Water/ water
T79 o 47.6£1.6 glycol 1.0+£0.3
Lower part: solution
50.8+1.6

Some other pertinent information from the literature is summarized below:

e ASTM D7094 states “Flash point by modified continuously closed cup tester” is intended
to determine the flash point of fuels including diesel/biodiesel blends, lube oils, solvents,
and other liquids. It is suitable for materials having a flash point from 35°C to 225°C.
The closed cup procedure in this test method prevents the escaping of vapors; therefore,
the measured flash point is usually a few degrees lower than that of an open cup, which
eventually ensures a safer practice. This test method can be a potential replacement for

T48 and T74 due to some benefits, such as safer procedures and a smaller amount of
material to be tested. It is worth noting that in December 2013, this test method was

officially accepted as an alternative method for measuring the flash point of fuel oils,
diesel fuel oils, gas turbine fuel oils, and Kerosene.

e Itis stated in ASTM D7094 that the flash point values are not a constant material
property and could be a function of some factors, such as the apparatus design, the
operational procedures carried out, and the condition of the apparatus used. Therefore, it

is essential to specify which standard test method was used for measuring the flash point
of a specimen.

e Another continuously closed cup flash point tester, ERAFLASH, produced by Eralytics,
has been recently used by researchers in studies on engine oil [41]. This technology can
cover a temperature range of -25°C to 420°C and is equipped with a significantly faster
cooling down system compared to other closed cup testers. The ERAFLASH apparatus
also features a contamination prevention technology which minimizes any required

cleaning.
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2.5.1.4. Advantages and Limitations of Test
Advantages:

e Compared to other standard test methods, AASHTO T48 and T79 have more widely
been practiced in the asphalt industry.

Limitations:

e Compared to the closed cup methods, the results from the open cup methods are more
likely to be influenced by outside elements in the laboratory, such as the ambient
pressure.

2.6. Emulsion Tests

2.6.1. T 50 Float Test

2.6.1.1. Other Equivalent or Closely Similar Standards
ASTM D139-16 except with two new additions:

e One new section immediately before Section 2.1, which replaces the references for
ASTM D244 and ASTM D6997 with the reference to AASHTO T59 (distillation test)
alone, and

e Two new sentences at the end of Section 7.3, which provide an option for pouring the
T59 distillation residue directly into a container and maintaining it at the “proper
temperature” for use in float test. (Note: Section 7.3 also includes a reference to Section
26 of ASTM D244, which essentially recommends the pouring the distillation residue
into the collar at or near 260°C; AASHTO T50 does not specify exact value of “proper’

b

pouring temperature.)
2.6.1.2. Applicable Materials and Test Conditions
Applicable Materials: T59 distillation residue of
e Emulsified Asphalt (Table 7): Min. 1200 sec. for HFRS-2 and AES-300

e Polymer-Modified (PM) Emulsified Asphalt (Table 9): Min. 1200 sec. for HFRS-2P,
AES-150P, AES-300P, and AES-300S

e Polymer-Modified Cationic (PMC) Emulsified Asphalt (Table 10): Min. 1800 sec. for
CHFRS-2P

e Specialty Emulsions (Tablel1): 50-200 sec. for AE-P
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Test Conditions:

e Emulsified Asphalt, PM Emulsified Asphalt, PMC Emulsified Asphalt: Conditioned in
water bath at 5°C; Tested in a water bath at 60°C (140°F)

e Specialty Emulsions: Conditioned in water bath at 5°C; Tested in a water bath at 50°C
(122°F)

2.6.1.3. Utility and Background of Test

Asphalt emulsion is poured into a brass collar, forming a plug at its center. The collar is
conditioned at 5°C in a water bath for 15 to 30 min and then screwed into an aluminum float at
its center. The float-and-collar assembly is again conditioned at 5°C in the same water bath for
one minute and then placed another water bath at 60°F or 50°F as dictated by the binder type.
The time taken by water to break through the plug after the binder gets softer in this water bath is
recorded as the float value for the binder.

The Float Test is used for two applications. The first application is for materials that are very
fluid and possibly too fluid to measure viscosity conveniently (AE-P is the only material in this
category). Otherwise, it is used to measure the High Float (HF) gel structure introduced by the
high float property that is exclusive to emulsions using these emulsifiers. These HF emulsions
have been anionic in the past, but later CHFRS-2P was also included in the materials relevant for
this test. It is unclear whether this property is an artifact of distillation of the emulsion. Some
industry experts suggest that this property can be developed while curing on the pavement
surface, but it occurs over a longer period of time.

Some findings from the literature pertinent to the scope of work are summarized below:

e Suda [42] recently used the float and DSR tests to investigate rtheological properties of
one regular PG 58-28 asphalt and two asphalt emulsion distillation residues. Based on
these tests, the researcher determined that, unlike regular asphalt, the high-float asphalt
emulsions are non-linearly elastic in nature, and exhibit yield stress during stress-ramp
tests. The researcher concluded this test and parameter can potentially replace the float
test.

2.6.1.4. Advantages and Limitations of Test
General:

The test serves as measure of consistency [42] or resistance to bleeding (flow) at an elevated
temperature through the formation of a gel-structure.

Advantages:
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e The test method is straightforward, and easy to follow and execute.

e The measured parameters are obtained directly (read the time from a stopwatch) and are
straightforward to interpret (%longer time = high float).

e The capital cost of equipment associated with this test is low (float + collar= approx.
$200).

Limitations:
e T59 distillation residue is needed to prepare the test sample.
e The measured parameter (i.e., time) is not a mechanical, but an empirical indicator.
¢ Pouring temperature is not well defined.

e Chances of errors due to variations in temperature: The 1-minute-long conditioning of
binder at 5°C may not be enough to compensate the drop in temperature that happens
while attaching the collar into the float.

2.6.2. T59 “Standard Method of Test for Emulsified Asphalts-
Recovery by Distillation and Evaporation”

2.6.2.1. Other Equivalent or Closely Similar Standards

2.6.2.1.1. Distillation:
e ASTM D6997
e ASTM D7403
2.6.2.1.2. Evaporation:
e AASHTO PP72

e ASTM D6943

2.6.2.2. Applicable Materials and Test Conditions

2.6.2.2.1. Distillation:

e Emulsified asphalt, cationic emulsified asphalt, PM emulsified asphalt, PM cationic
emulsified asphalt, and Specialty emulsions (Tables 7, 8, 9, 10, 11)

22



2.6.2.2.2. Evaporation:
e Specialty emulsions (Table 11)

e Recycling agent and emulsified recycling agent (Table 12)

e PM asphalt-emulsion crack sealer (Table 14)

2.6.2.3. Utility and Background of Test

Both distillation method and evaporation method can be used for quantitative determination of
residue in an emulsified asphalt. The distillation method can also determine the oil distillate in
the emulsion.

In the distillation method, 200 gram of an emulsion is poured into the distillation pot and heat is
applied until the completion of distillation. The total distillation must be completed in 60£15 min
from the first application of heat. Inmediately after that, the mass of the distillation pot and
accessories is determined, and the percentage of residue is recorded. The percentage of oil
distillate is also calculated by recording the volume of the condensed vapors collected in a
graduated cylinder. If further testing is needed, the residue is poured into any suitable mold or
container.

In the evaporation method, 200 g of an emulsion is poured into four beakers (50 g/beaker), and
the beakers are placed in an oven for two hours at a temperature of 163°C. The beakers are then
removed from the oven; the residue is stirred thoroughly; and the beakers are replaced in the
oven for an additional one hour. After that, the beakers are removed from the oven and allowed
to cool at room temperature. The mass of the beakers is determined, and the percentage of
residue for each beaker is calculated. The average of these four values is the percentage of
residue by evaporation for the emulsion sample.

T59 states that “The method for residue by evaporation tends to give an asphalt residue lower in
penetration and ductility than the distillation method.” It also states that “If residue by
evaporation fails to meet the requirements for properties specified for residue by distillation, the
tests shall be repeated using the distillation method.”

Some findings from the literature pertinent to the scope of work are summarized below:

e The AASHTO PP72 standard covers two methods (A and B) for recovering the residue
from emulsions using low-temperature evaporative techniques. In section 3 of this
standard, it is stated: “Use this practice in place of recovery techniques such as those in T
59; the temperatures used in that standard may negatively affect the residue.” In general,
compared to T59, this test method uses lower temperatures and longer testing periods to
provide conditions that are very close to that of application techniques for these materials.
However, as reported by Reinke in a TRB workshop in 2013 [43], procedure A was not
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suitable to a production environment due to the extended time of testing (>48 h), and
Procedure B was found to result in residues that were substantially stiffer than the base
binder from which the emulsion had been produced.

e The ASTM D7403 standard determines the percentage of residue in emulsions by
applying a minimum vacuum of 88 kPa at a temperature of 135°C in 60 minutes. This
test method is not recommended to be used for buy/sell purposes until a precision
statement is available for it.

e The ASTM D7404 standard uses a moisture analyzer balance (MAB) to rapidly
determine the percentage of residue in emulsified asphalts and is applicable to all
nonsolvent-containing emulsion types. This method requires a minimum of 1 g and up to
3 g of emulsified asphalt. The sample of emulsion is placed in an open sample tray and
heated to a preset temperature, which in no case exceeds 163°C, and the residue is

automatically calculated by the instrument. A good correlation is found between this
method and the ASTM D6943 method [43].

e The major issue with the T59 test method is the high temperature involved in the
procedure which could lead to degradation of the polymer network in the emulsion. This
problem was addressed by the ASTM D7497 standard which is equivalent to AASHTO
PP72 procedure A. Studies conducted on strain tolerance, elastic recovery, and total
accumulated strain showed that this method does not degrade the polymer [44], [45].

e In recent years, the use of vacuum to accelerate the recovery of emulsions at lower
temperatures has been investigated. In a TRB workshop on progress towards
performance-graded emulsified asphalt specification [43], Reinke suggested replacing the
forced draft oven with a vacuum oven and reducing the testing time from the 6 hr.
required by AASHTO PP72 to 2 hr. without negatively impacting the residue. This
approach was later evaluated by researchers and appeared feasible. For instance, Islam et
al. [46] proposed a method called vacuum drying in which the pressure inside the oven is
lowered to a point that oxidation is minimized, and the residue is cured enough after 3 hr.
at 60°C.

e In the TRB workshop, Salomon proposed an extension to the ASTM D7404, using a
MAB to recover the residue. In his method called MAB-DSR, the recovery is performed
in the DSR silicon mold, and directly placed on the parallel plates for further testing [43].

2.6.2.4. Advantages and Limitations of Test
Advantages:

e The results produced by the test are directly used, and no additional data analysis or
interpretation is required to be performed by the operator.
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Limitations:

e In the case of polymer modified emulsions, the high temperature involved in the T59
procedure may cause a degradation in the polymer network.

e One major limitation of the T59 evaporation procedure is that the sample of emulsion is
held in an open beaker for 2 hr. at a high temperature, and this causes oxidative aging for
the emulsion residue.

2.6.3. T59 “Standard Method of Test for Emulsified Asphalts- Sieve
Test”

2.6.3.1. Other Equivalent or Closely Similar Standards
ASTM D6933, ASTM D244

2.6.3.2. Applicable Materials and Test Conditions

e Emulsified asphalt, cationic emulsified asphalt, PM emulsified asphalt, PM cationic
emulsified asphalt, and Specialty emulsions (Tables 7, 8, 9, 10, 11)

e Recycling agent and emulsified recycling agent (Table 12)

e PM asphalt-emulsion crack sealer (Table 14)

2.6.3.3. Utility and Background of Test

This test is used to verify that the emulsions do not contain excessive amount of particles
remaining on a No. 20 sieve, which may cause problems in handling and application of the
materials.

The first step in this test is to determine the appropriate testing temperature based on the Saybolt
viscosity. This can be done by review of the specification limits for an emulsion and not based
on performing the test. 1000 g of the emulsion is poured through a sieve and washed with
distilled water. The sieve is placed on a pan, and the assembly is heated in an oven for 2 hr. at
163°C. The assembly is then cooled in a desiccator, and the percentage of the residue retained on
the sieve is reported.

2.6.3.4. Advantages and Limitations of Test
Advantages:

e This test is simple, easy to conduct, fast, and requires low capital cost in terms of
equipment.
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e The results produced by this test are directly used, and no additional data analysis or
interpretation is required to be performed by the operator.

Limitations:

e Performing the test results in test equipment that must be cleaned, generally with
solvents.

2.6.4. T59 “Standard Method of Test for Emulsified Asphalts-
Miscibility”

2.6.4.1. Other Equivalent or Closely Similar Standards

ASTM D244, ASTM D6999

2.6.4.2. Applicable Materials and Test Conditions
e Emulsified asphalt, PM emulsified asphalt, and Specialty emulsions (Tables 7, 9, 11)

e Recycling agent and emulsified recycling agent (Table 12)

2.6.4.3. Utility and Background of Test

This test method is applicable to Medium Setting (MS) and Slow Setting (SS) emulsions. 50 mL
of emulsion is gradually diluted with 150 mL distilled water at a testing temperature of 21°C to
25°C, and allowed to stand for 2 hr. The mixture is then examined for the presence of any
coagulation or separation of the asphalt which are an indication of breaking. If no breaking is
observed, the emulsion passes the test.

ASTM D6999 specifies a temperature of 25+3°C for both the emulsion sample and the water to
be added. This standard also states that prior to the test, emulsions with viscosity testing
requirements of 50°C (122°F) shall be heated to 50+£3°C to achieve homogeneity.

Table 11 of Item 300 specifies that the specialty emulsions shall be diluted with 350 mL of
distilled or deionized water. Table 12 requires a calcium chloride solution in place of water for
testing the miscibility of emulsified recycling agents.

2.6.4.4. Advantages and Limitations of Test
Advantages:

e This test is simple, easy to conduct, fast, and requires low capital cost in terms of
equipment.
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e The results produced by this test are directly used, and no additional data analysis or
interpretation is required to be performed by the operator.

Limitations:

e The test relies on subjective evaluation of damage to the emulsion.

2.6.5. T59 “Standard Method of Test for Emulsified Asphalts-
Demulsibility & Cement Mixing”

2.6.5.1. Other Equivalent or Closely Similar Standards

e Demulsibility
ASTM D6936

e Cement mixing
ASTM D6935

2.6.5.2. Applicable Materials and Test Conditions

e Demulsibility
Emulsified asphalt, cationic emulsified asphalt, PM emulsified asphalt, PM cationic
emulsified asphalt, and Specialty emulsions (Tables 7, 8, 9, 10, 11)

e Cement mixing
Emulsified asphalt, cationic emulsified asphalt (Tables 7, 8)

2.6.5.3. Utility and Background of Test
Demulsibility

The stability in terms of chemical breaking of Rapid Setting (RS) and MS anionic and cationic
emulsions can be measured through the demulsibility test method. The amount of available
asphalt that is broken from the emulsion is measured, and the type of emulsion RS or MS is
identified. For anionic and cationic emulsions, the solutions used to break the emulsion are
calcium chloride and dioctyl sodium sulfosuccinate, respectively.

100 g of the emulsion residue is poured into a beaker, and the appropriate solution is added
within approximately 2 min. Then, the contents are stirred continuously and vigorously to ensure
thorough mixing of the solution and the emulsion. The mixture is decanted on a wire cloth and
placed in a beaker with a metal rod. The assembly is placed in an oven for 1 hr. at 163°C
(325°F), then removed and allowed to cool, and the demulsibility is calculated as the percentage
of the mass of demulsibility residue over the mass of the emulsion residue.

Cement Mixing
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The stability of a SS or CSS emulsion in terms of their ability to mix with a finely divided, high
surface area material without breaking can be measured through this test method. The emulsion
is diluted with distilled water to a residue of 55%, as determined by distillation or evaporation
for 3 hr. at 163°C. 100 mL of the diluted emulsion is added to 50 g of a cement passing the
No.80 sieve, and the mixture is stirred at once with a steel rod for 1 min. Then, 150 mL distilled
water is added, and stirring is continued for 3 min. The mixture is poured through a No.14 sieve
and placed in the oven at 163°C. The mass of the residue is determined and reported as the

percentage of break in the cement mixing test.

2.6.5.3.1. Literature on Demulsibility and Cement Mixing

Some findings from the literature pertinent to the scope of work are summarized below:

To characterize the stability of RS emulsions, Banerjee et al. [47] developed a simple
quantitative test method based on electrokinetic techniques. This method determines the
rate at which an asphalt emulsion breaks when subjected to an electric field and
differentiates between formulations of the same emulsions at different dilution rates. The
test can record the current flow in real time and has shown its potential as an alternative
to the conventional test methods.

Kadrmas, in his paper published in a TRB circular in 2006, stated that even though the
cement mixing test is an important laboratory test for emulsions, especially in cold mix
applications, the actual stability in the field needs to be verified with the materials to be
used [48].

2.6.5.4. Advantages and Limitations of Test

Advantages:

These tests are simple, easy to conduct, and require low capital cost in terms of
equipment.

The results produced by these tests are directly used, and no additional data analysis or
interpretation is required to be performed by the operator.

Limitations:

Due to the difficulties associated with the breaking and sieving of the materials, these
tests are not typically performed in the field [47].
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2.6.6. T59 “Standard Method of Test for Emulsified Asphalts- Coating
Ability and Water Resistance”

2.6.6.1. Other Equivalent or Closely Similar Standards
ASTM D244

2.6.6.2. Applicable Materials and Test Conditions
e Emulsified asphalt, cationic emulsified asphalt, PM emulsified asphalt (Table 7, 8, 9)

2.6.6.3. Utility and Background of Test

This test method covers the determination of the ability of an asphalt emulsion (MS or SS) to (/)
coat an aggregate thoroughly, (2) withstand a mixing action while remaining as a film on the
aggregate, and (3) resist the washing action of water after completion of the mixing. The
aggregate used in this test is typically coarse-graded calcareous; however, if other types of
aggregates are used, laboratory washing, air drying, and mixing the aggregates with calcium
carbonate shall be omitted throughout the test.

The test is conducted at 75£10°F. There are two procedures available in the standard: (i) test
with dry aggregate, and (ii) test with wet aggregate. 4.0 g of CaCOs is added to 461 g of the air-
dried aggregate and mixed for 1 min to obtain a uniform film of the Ca COs3 dust on the
aggregate. 35 g of emulsion is added to the mix and vigorously mixed for 5 min. At the end of
mixing period, the excess emulsion is drained by slightly tilting the pan. Approximately one half
of the mixture is removed and placed on an absorbent paper to evaluate the coating. The coating
ability is recorded as “good,” “fair,” and “poor,” where good is an indication of fully coated
aggregates, fair indicates a condition of more area of coated than uncoated, and poor is an
indication of more uncoated area than coated. In the next step, the other half of the mixture
remaining in the pan is sprayed with water; water is poured off; and the procedure is repeated
until the overflow water runs clear. Water is drained from the pan, and the aggregates are
transferred to an absorbent paper to visually determine the coating ability. In the final step, the
evaluation is repeated after the mixture has been dried in the laboratory at room temperature.

Some findings from the literature pertinent to the scope of work are summarized below:

e Swiertz et al. [49] in their study to evaluate the laboratory coating of cold mix asphalts
used an image analysis technique as a more objective and reliable method than visual
observation. This technique can differentiate between coated and uncoated particles
based on the contrast of pixel intensities. This method was further refined in a later study.
The authors developed quantitative models to predict the level of aggregate coating more
precisely by isolating the most significant factors influencing the coating ability, such as
emulsion content, aggregate moisture, and aggregate gradation. Overall, this procedure
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was found reliable and could introduce performance-based limits on cold mix asphalts in
terms of aggregate coating [50].

2.6.6.4. Advantages and Limitations of Test
Advantages:

e The results produced by the test are directly used, and no additional data analysis or
interpretation is required to be performed by the operator.

Limitations:

e The visual estimation of coated/uncoated area can be highly subjective if multiple
operators perform the test.

2.6.7. T59 “Standard Method of Test for Emulsified Asphalts- Storage
Stability”

2.6.7.1. Other Equivalent or Closely Similar Standards
e ASTM D244, ASTM D6930

2.6.7.2. Applicable Materials and Test Conditions

e Emulsified asphalt, cationic emulsified asphalt, PM emulsified asphalt, PM cationic
emulsified asphalt, and Specialty emulsions (Tables 7, 8, 9, 10, 11)

e PM asphalt-emulsion crack sealer (Table 14)

2.6.7.3. Utility and Background of Test

This test method determines the ability of emulsions to remain as a uniform dispersion during
storage. It is applicable to all types of emulsions listed in Item 300, except MS polymer-modified
cationic emulsions and SS specialty emulsions.

The T59 is similar, but not identical to the ASTM D6930 procedure. Both tests require the
emulsion to be placed in undisturbed simulated storage for one day prior to testing. The
difference in percent residue between two samples of the emulsion — one from the top and one
from the bottom — is determined and reported in percentage as the storage stability. Both tests
use the evaporation method to recover the residue. The slight variations between the two tests are
listed below:

e T59 does not specify any heating and stirring of the emulsion before testing to achieve
homogeneity. ASTM D6930, however, has two requirements based on the Saybolt
viscosity testing temperatures: (1) emulsions with viscosity testing requirements of 50°C
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(122°F), shall be heated to 50+£3°C in their original container and stirred to ensure
homogeneity, and (2) emulsions with viscosity testing requirements of 25°C (77°F), shall
be stirred or mixed in their original container to achieve homogeneity.

T59 uses two 500-mL cylinders and tests two representative samples from the emulsion,;
whereas, ASTM D6930 uses only one cylinder. The storage stability result reported from
T59 is the average of the two individual cylinder results.

Some findings from the literature pertinent to the scope of work are summarized below:

The stability of asphalt emulsions can be evaluated by various techniques, such as
rheology tests, particle size measurements, and optical microscopy.

Zhai et al. [51] used a temperature sweep test to predict the storage stability for different
emulsions. Changes in the G* and phase angle of multiple emulsions were measured, and
the differences in the crossover temperatures (6=45°) were used to explain the relative
rate of breaking. Overall, they concluded that this method can be used as a useful tool to
predict the stability of asphalt emulsions.

Hou et al. [52] evaluated the stability of four different asphalt emulsions using the storage
stability test and laser particle size analyzer (LPSA) and found a linear relationship
between the second power of particle size and the storage stability of asphalt emulsions.
They also used a differential scanning calorimetry (DSC) to evaluate the thermal stability
and temperature susceptibility of asphalt emulsions through measuring their enthalpy
change, and found no consistent ranking between storage stability and thermal stability.

Wang et al. [53] also used a laser diffraction technique to study the variation in D90
(droplet diameter for the 90" cumulative mass percentile) with respect to temperature and
storage time, and found this method promising to provide a fast stability prediction
method.

2.6.7.4. Advantages and Limitations of Test

Advantages:

This test is simple, easy to conduct, fast, and requires low capital cost in terms of
equipment.

The results produced by this test are directly used, and no additional data analysis or
interpretation is required to be performed by the operator.

Limitations:
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e According to the standard, the only function of this test is to measure the permanence of
the dispersion as related to time, and it shall not be used as a measure of other stability
aspects involved in use. If rheological tests, such as temperature sweep, can be used as an
alternative, the emulsions can not only be characterized for their workability, but also for
their performance.

2.6.8. T59 “Standard Method of Test for Emulsified Asphalts —
Freezing Test”

2.6.8.1. Other Equivalent or Closely Similar Standards
ASTM D6929

2.6.8.2. Applicable Materials and Test Conditions
e Emulsified asphalt (Table 7)

2.6.8.3. Utility and Background of Test

This test method evaluates the homogeneity of asphalt emulsions that are desired to be used,
stored, or transported under less-than-ideal weather conditions. Item 300 specifies that this test
applies only when the engineer designates material for winter use.

Approximately 400 g of the emulsion is placed in a container and exposed to an air temperature
of -18+5°C for a minimum of 12 hr. (ASTM D6929: 12 to 18 hr.). At the end of freezing period,
the emulsion is placed in the ambient temperature to thaw, and the freeze-thaw procedure is
repeated for two other cycles. After the third cycle, the emulsion is either “homogenous” or
“broken” if the separated distinct layers cannot be rendered homogeneous by stirring at ambient
temperature.

2.6.8.4. Advantages and Limitations of Test
Advantages:

e The results produced by the test are directly used, and no additional data analysis or
interpretation is required to be performed by the operator.

Limitations:

e Each freeze-thaw cycle in this test requires at least 12 hr. to complete. Therefore, a total
of at least 36 hr. is needed to complete this test, which consumes a significant amount of
an operator’s time and attention.
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2.6.9. T59 “Standard Method of Test for Emulsified Asphalts — Particle
Charge”

2.6.9.1. Other Equivalent or Closely Similar Standards
ASTM D7402

2.6.9.2. Applicable Materials and Test Conditions

e Cationic emulsified asphalt, polymer-modified cationic emulsified asphalt (Tables 8§, 10)

2.6.9.3. Utility and Background of Test

This practice is used to verify whether an emulsion is cationic. Prior to testing, T59 requires the
emulsions to be heated to 50+3°C and stirred thoroughly to ensure homogeneity. ASTM D7402
specifies an additional requirement for emulsions with viscosity testing requirements of 25°C to
be heated and stirred at 25+3°C. The emulsion is poured in a 250-mL beaker up to a height that
will allow the electrodes to be suspended approximately 25 mm in the emulsion. The electrodes
are connected to a DC source, and the current is adjusted to at least 8 mA with a variable resistor.
After 30 min from the start of the test or when the current drops to 2 mA, the current source is
disconnected, and electrodes are washed with distilled water. The electrodes are observed for a
discernible amount of asphalt deposit on them, and any evidence of a clearly discernible deposit
on the cathode compared with the anode indicates that the emulsion will pass the test.

2.6.9.4. Advantages and Limitations of Test
Advantages:

e This test is simple, easy to conduct, fast, and requires low capital cost in terms of
equipment.

e The results produced by this test are directly used, and no additional data analysis or
interpretation is required to be performed by the operator.

Limitations:

e Asstated in T59 standard, this test method requires subjective evaluation of the test
results, and no precision and bias statements are specified for this test method thus far.

2.6.10. Tex-542-C “Determining Breaking Index for Asphalt
Emulsions”

2.6.10.1. Other Equivalent or Closely Similar Standards

None.
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2.6.10.2. Applicable Materials and Test Conditions
e PM emulsified asphalt, PM cationic emulsified asphalt (Tables 9, 10)

2.6.10.3. Utility and Background of Test

This test is an indication of the stability of RS emulsified asphalts. The amount of a siliceous
filler to break 100 g of the emulsion is measured and reported as the breaking index.

2.6.10.4. Advantages and Limitations of Test
Advantages:

e This test is simple, easy to conduct, fast, and require low capital cost in terms of
equipment.

e The results produced by this test are directly used, and no additional data analysis or
interpretation is required to be performed by the operator.

Limitations:

e No correlation has been found between the breaking index values obtained from
laboratory tests and the actual breaking process in the field.

2.7. Cutback Tests

2.7.1. D95 “Water Content”

2.7.1.1. Other Equivalent or Closely Similar Standards

American Petroleum Institute’s Manual of Petroleum Measurement Standards, Chapter 10.5
2.7.1.2. Applicable Materials and Test Conditions
Applicable Materials:

e Rapid-Curing (RC), Medium Curing (MC) and Special-Use (SU) Cutback Asphalts
(Tables 4, 5, and 6 of Item 300)

Test Conditions:

e Use aromatic liquids (such as petroleum or coal tar Naphtha; industrial grade Xylene;
20% industrial grade Toluene + 80% industrial grade Xylene) that can dissolve asphalt,
bitumen, tar, and related products (Table 1 of D95).
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2.7.1.3. Utility and Background of Test

The test material and a water-immiscible (but asphalt-miscible) solvent is heated together in a
glass or a metal still. The evaporated solvent and water are condensed back to liquid state by a
reflux condenser and collected in a glass trap. The volume of water is read from the graduated
section of the trap and used to calculate %water.

This test is typically used with cutbacks to ensure that there is no water contamination. Water
would create foaming when you heat a cutback for application. Foaming can be a safety hazard if
the cutback is being heated for application. This test is rarely performed from a quality assurance
perspective. In fact, if a distillation test is conducted on a water contaminated cutback, the
material will also foam during the test due to the presence of water.

2.7.1.4. Advantages and Limitations of Test

General:

Identifies excess water content that might cause a foaming-related safety hazard.
Advantages:

e Sample preparation (preparing a solution) and testing steps (heat, condense and collect)
are straightforward and easy to follow and execute.

e The parameter obtained from the test is easy to measure (the volumes are read directly
from graduated trap) and interpret (higher %water = chance of foaming).

e The capital cost of the equipment is not very high (heater + still + condenser + receiver =
approx. $1500).

Limitations:

e The test method does not specify the exact amount test material to be dissolved in the
solvent. It only specifies the exact amount of solvent.

e Safety Issues:

o Industrial grade Xylene is flammable and has harmful vapor.

o Petroleum or coal tar Naphtha is extremely flammable and has a harmful vapor.
e Chances of errors in %water calculation:

o The volatile components of the test material might be soluble in water and might
artificially increase its value.
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o The water droplets that adhere to the surfaces of the condenser, the receiver, etc.,
might artificially decreasing its value.

o The water content of the solvent can artificially increase its value. [To avoid it,
determine the water content of the solvent using the exact method without asphalt
in it and subtract its contribution to total water content. ]

2.7.2. T78 “Distillation of Cutback Asphalt Products”

2.7.2.1. Other Equivalent or Closely Similar Standards
ASTM D402

2.7.2.2. Applicable Materials and Test Conditions

¢ Rapid curing, medium curing, and special use cutback asphalts (Tables 4, 5, 6)

e Specialty emulsions (Table 11)

2.7.2.3. Utility and Background of Test

This method is used to measure the amount of volatile constituents in cutback asphalts. 200 mL
of the cutback is distilled at a controlled rate to a temperature of 680°F, and the volume of the
distillate is measured at different temperatures to calculate the distillate fraction. The residue
content in volume percent is also calculated as the difference between the original sample
volume and the total distillate recovered up to 680°F. The test is also used to secure a sample of
residual binder for testing.

2.7.2.4. Advantages and Limitations of Test
Advantages:

e The results produced by the test are directly used, and no additional data analysis or
interpretation is required to be performed by the operator.

Limitations:

e [tis stated in AASHTO T78 that the presence of silicon in the cutback may affect the
distillation residue by retarding the loss of volatiles after the residue has been poured into
the residue container.

e Performing this test (including counting drops, temperature corrections, and recording
volume of the distillate at various stages), as well as the sample preparation and the
cleanup procedures, consume a significant amount of an operator’s time and attention.
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e [tis likely that the formation of skin on the surface of the residue entraps vapors, and
therefore causes higher penetration results. In such cases, T78 recommends to gently
push aside the skin; however, this procedure may cause considerable disturbance to the
sample.

e The test is a safety concern as the solvent (distillate) is naphtha/gasoline or kerosene
boiling range solvent.

2.8. PG Tests

2.8.1. T313 “Determining the Flexural Creep Stiffness of Asphalt
Binder Using BBR”

2.8.1.1. Other Equivalent or Closely Similar Standards
ASTM D6648

2.8.1.2. Applicable Materials and Test Conditions
e Polymer-modified AC (Table 3)

e PG binders (Table 17)
2.8.1.3. Utility and Background of Test

According to the AASHTO T313 standard, this test method determines the flexural creep

stiffness or compliance of RTFO and PAV-aged asphalt binders by means of a bending beam
rheometer. It can be used with unaged binders or with binders aged in accordance with AASHTO
T240 or AASHTO R28, or both. The testing temperature ranges from -36°C to 0°C.

Some other pertinent information from the literature is summarized below:

e Recent studies have shown that the 4-mm parallel plate geometry for DSR can be used to
obtain the BBR equivalent stiffness and m-value. The use of a DSR has been
demonstrated as a useful method to characterize the low temperature behavior of asphalt
binders due to improved efficiency and use of a significantly smaller amount of asphalt
binder sample (25 mg) compared to the BBR method (15 g).

e The 4-mm parallel plate geometry is found to be reliable, fast, and simple to obtain the
low-temperature rheological properties of the asphalt binder compared to the BBR
method [55]. However, one major issue associated with this test method is that at low
testing temperatures (below 5°C), the machine compliance can cause errors in
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determining the correct modulus of asphalt binders [56]. This problem was resolved by
including a correction for machine compliance, allowing testing asphalt binders to -40°C
[57].

Another issue with the 4-mm parallel plate method is the conversions that need to be
made on the shear modulus to be comparable to BBR flexural measurements. This
concern has been addressed by proposing some empirical functions that are based on the
linear viscoelastic theory. Hajj et al. [58] showed that the DSR method can be used as
surrogate for the BBR, provided that some caution be used in assuming the Poisson’s
ratio.

The research team has also collected data to demonstrate that the BBR based stiffness and
m-value can be replaced directly with the G* and delta parameter from the DSR test. The
use of the DSR based parameters in lieu of converting these parameters to the BBR
equivalent stiffness and m-value can significantly reduce time and errors in interpreting
the test results.

2.8.1.4. Advantages and Limitations of Test

Advantages:

The test duration is short (2 min from the start of loading time).

Although the test requires some interpretation of the creep data to determine the stiffness
and slope of the creep curve at 60-seconds, these analyses are typically automated and
included in the software provided by most commercial manufacturers of BBR.

Limitations:

This test method requires a relatively large amount of asphalt binder which may
sometimes be difficult to obtain especially in the case of recycled and reclaimed
materials. The sample size is also a constraint when considering the use of samples
recovered from emulsions using methods, such as the moisture analyzer balance.

The specimen pre-molding, the conditioning time in the bath, and the cleaning procedure
occupy a significant amount of an operator’s time and attention.

2.8.2. T314 “Determining the Fracture Properties of Asphalt Binder in
Direct Tension (DT)”

2.8.2.1. Applicable Materials and Test Conditions

PG binders (Table 17)
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2.8.2.2. Utility and Background of Test

In this test method, a direct tension device is used to apply a constant rate of elongation (1
mm/min) to the asphalt specimen and measure the failure stress and failure strain. When the
binder specimen fails by fracture, the strain at failure is identified as the strain at peak load.
When it fails without breaking, the strain at failure is the one corresponding to the maximum
stress. If the failure strain is greater than 10%, the binder meets the requirements of AASHTO
M320 for determining the critical cracking temperature.

In Item 300 (as well as in the original Superpave PG specifications), this test is recommended in
certain situations where the binder has failed the stiffness criteria, but passed the m-value
requirement from the BBR test, and the creep stiffness is between 300 and 600 MPa. In such
situations, the direct tension failure strain requirement can be used instead of the creep stiffness
requirement, as long as the m-value requirement is satisfied. The BBR based stiffness
requirement is intended to ensure that when the service/environment temperature drops, the
tensile stresses remain below a certain limit and do not exceed the tensile strength of the binder.
However, if this requirement is not met, then it would be necessary to use the direct tension test
to demonstrate that the tensile strength of the binder is higher than typical values, and therefore
capable of withstanding the higher tensile stresses.

Some other pertinent information from the literature is summarized below:

e The direct tension test was originally developed and included in the specifications to
address fracture properties for asphalt binders [59]. However, due to the numerous
complications associated with the repeatability of the test, the most recent versions of PG
specifications have made this test optional [60].

e Over the past decade, possible alternatives to this test have been proposed, such as the
single-edge notch bending (SENB) test to better capture the damage resistance behavior
of binders at low temperature. For instance, Tabatabaee et al. [61] found that the
deformation at maximum load and fracture energy measurements from the SENB test can
be good indicators for the low temperature behavior.

2.8.2.3. Limitations of Test

e High variability: This test requires a total of six specimens to be tested. The two lowest
values of failures strain and stress are discarded, and the mean and standard deviation
values from the remaining four specimens are calculated and reported. The need for this
procedure arises because according to AASHTO T314, these two parameters are
inherently variable for asphalt binders.

e Performing this test, as well as the sample preparation and the cleanup procedure, occupy
a significant amount of an operator’s time and attention.
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2.8.3. T315 “Determining the Rheological Properties of Asphalt Binder
Using DSR-Fatigue parameter”

2.8.3.1. Other Equivalent or Closely Similar Standards
ASTM D7175

2.8.3.2. Applicable Materials and Test Conditions
e PG binders (Table 17)

2.8.3.3. Utility and Background of Test

According to AASHTO T315, this test method is used to determine the complex shear modulus
and the phase angle of RTFO and PAV-aged asphalt binders using the parallel plate test
geometry of the DSR in dynamic (oscillatory) mode. These two rheological properties are used
to determine the performance grade of asphalt binders in accordance with AASHTO M320. The
fatigue parameter, G *sin §, is associated with intermediate temperature stiffness, and the
intermediate temperature grade of an asphalt binder is determined based on the highest
temperature that the fatigue parameter is less than 5000 kPa.

Some other pertinent information from the literature is summarized below:

e Because the Superpave fatigue parameter is only measured within the linear viscoelastic
range of asphalt binders and after a much smaller number of load cycles than what
pavement sections experience, many experts have argued that it cannot reliably predict
the binder fatigue performance, and there is a substantial need for a test that can apply a
sufficient amount of cycles to induce damage in order to obtain more realistic fatigue
characterization [35]. In addition, the selection of this parameter was based on controlled
strain conditions relevant for thin pavement layers.

e To overcome the limitations of the current specifications, NCHRP in 2001 [62]
introduced the time sweep (TS) test, allowing for measuring the fatigue behavior of
binders beyond the linear viscoelastic range (LVE). A serious drawback with this test is
the time-consuming procedure associated with the repeated cyclic loading at a fixed
amplitude. This limitation led experts to investigate a new procedure, stress sweep, that
applies an incrementally increasing repeated cyclic loading to the binder specimen, thus
accelerating the damage accumulation, and reducing the test duration [63].

e 1In 2010 [64], a newly developed test, linear amplitude sweep (LAS), coupled with the
simplified viscoelastic continuum damage (S-VECD) theory, was proposed to estimate
the fatigue life of asphalt binders at any strain amplitude of interest [65]. This test applies
systematically increased loading amplitudes to the binders, thus inducing damage, and
providing better prediction of the fatigue life. Over the last few years, this test has been
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evaluated by many researchers, and the results are controversial. In some cases, the
results seems to be reasonable, but in other cases, the results are counterintuitive [66],
and a reliable fatigue parameter is still needed.

2.8.3.4. Advantages and Limitations of Test
Advantages:

e This parameter can fairly evaluate the effect of aging on the stiffness and loss modulus of
asphalt binders.

Limitations:

e This test is conducted at a fixed frequency (10 rad/s), and a relatively small number of
load cycles within the LVE range, which does not reflect the actual fatigue performance
in the non-LVE range.

2.8.4. T315 “Determining the Rheological Properties of Asphalt Binder
Using DSR- Rutting Parameter”

2.8.4.1. Other Equivalent or Closely Similar Standards
ASTM D7175

2.8.4.2. Applicable Materials and Test Conditions
e Polymer-modified AC (Table 3)

e PG binders (Table 17)

2.8.4.3. Utility and Background of Test

According to AASHTO T315, this test method is used to determine the complex shear modulus
and the phase angle of asphalt binders using the parallel plate test geometry of the DSR in
dynamic (oscillatory) mode. These two rheological properties are used to determine the
performance grade of asphalt binders in accordance with AASHTO M320. The rutting
parameter, G*/sin §, is associated with high temperature stiffness, and the high temperature
grade of an asphalt binder is determined based on the lower of the two temperatures that meet the
M320 criterion for unaged (G*/sin § > 1.0 kPa) and RTFO-aged (G*/sin 6>2.2 kPa) binders.

Some other pertinent information from the literature is summarized below:

e An increasing number of studies have found that the permanent deformation index
currently used in the Superpave specification (G*/sin §) is not sufficient to characterize
the performance of modified binders, and also does not provide accurate ranking of such
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binders due to its deficiency in capturing the nonlinear response of the binders [7], [62].
To address this issue, researchers attempted to develop a new binder test, multiple stress
creep recovery (MSCR), that can predict the binder performance more accurately in both
linear and nonlinear regions, regardless of the modification type.

e Several studies have been performed to investigate the correlation of the Superpave
rutting parameter and the MSCR test with the rutting behavior of mixtures, and all of
those have demonstrated better coefficients of correlation for the latter, specifically for
polymer modified binders. For instance, Laukkanen et al. [67] studied the capability of
different rheological binder rutting indicators in predicting asphalt mixture rutting
behavior, and found a stronger correlation between the non-recoverable creep compliance
parameter (Jur3200 ) from the MSCR test and the b exponent parameter derived from the
power law model obtained from wheel tracking test on the mixtures. Hajj et al. also
reviewed various new methods as alternatives to the current Superpave specification and
reported acceptable consistency between the MSCR test results on the binders and the
Hamburg Wheel Tracking Device test results on the mixtures [68].

2.8.4.4. Advantages and Limitations of Test
Advantages:
e The G*/sin 6 parameter works well with characterizing the rutting susceptibility of

unmodified asphalt binders.
Limitations:

e Several studies have reported poor correlation between this parameter and the rutting
performance of certain binders, particularly polymer-modified binders, as well as the
accumulated permanent strain in their respective mixtures. [69]

e This test is conducted at a fixed frequency (10 rad/s) within the LVE range which does
not reflect the actual rutting that usually occurred in the non-LVE range.

2.9. Polymer Modification Tests

2.9.1. Tex-533-C “Determining Polymer Additive Percentages in
Polymer Modified Asphalt Cements”

2.9.1.1. Other Equivalent or Closely Similar Standards
AASHTO T302

2.9.1.2. Applicable Materials and Test Conditions
e PM-AC (Table 3)

42



PM emulsified asphalt, PM cationic emulsified asphalt (Tables 9, 10)

2.9.1.3. Utility and Background of Test

This test method uses Fourier Transform Infrared Spectroscopy (FTIR) and Attenuated Total
Reflectance (ATR) techniques to determine the concentrations of various polymers in asphalt
binder including: Styrene-Butadiene-Rubber (SBR), Styrene-Butadiene-Styrene (SBS) rubber,
Ethylene Acrylic Acid (EAA), and Ethylene Vinyl Acetate (EVA).

Some other pertinent information from the literature is summarized below:

In a Federal Highway Administration (FHWA) project conducted by Diefenderfer [70],
the authors compared the FTIR method with the elastic recovery method (AASHTO
T301) using a ductilometer and found both methods suitable to verify the presence of
polymer with relatively low variability among the results. His study also showed that the
elastic recovery results were more repeatable than the FTIR results.

Kosinska et al. used a high-performance gel permeation/size-exclusion chromatography
(GPC/SEC) technique to determine the modifier contents in polymer-modified binders
and confirmed the viability of this technique as an alternative to FTIR while offering
lower relative standard deviation (RSD) for the results [71].

Ratajczak and Wilmanski evaluated the accuracy of two FTIR measurement modes: (1)
transmission, and (2) attenuated total reflectance (ATR) in determining the polymer
content of lab produced SBS modified binders and found that the former resulted in lower
mean errors [72].

Hofko et al. [73] investigated the repeatability and sensitivity of FTIR ATR spectra
analysis by taking eight different analysis methods into consideration and found the
smallest coefficient of variation for a method based on original spectra using the absolute
baseline. They also concluded that in the case of SBS modified binders, the interference
between the sulfoxide and butadiene band due to proximity impacts the analysis of
changes in the sulfoxide structures.

2.9.1.4. Advantages and Limitations of Test

Advantages:

The FTIR spectroscopy is a well-known technique and is widely used for different
purposes in the asphalt industry.

While other FTIR methods may be more accurate, the ATR method is faster for
production testing.
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Limitations:

e Accurate estimates can only be obtained using the method of standard addition, which
requires preparation and laboratory blending of the base binder with a similar polymer in
different concentrations. This process can be extremely labor- and time-consuming, and
sometimes, it is very difficult to get the base binder.

2.9.2. Tex-540-C Polymer Separation Test

2.9.2.1. Other Equivalent or Closely Similar Standards
e ASTM D7173-16 (Polymer separation)

e AASHTO T 53 (softening point) and ASTM D36 (softening point)

2.9.2.2. Applicable Materials and Test Conditions
e Polymer-Modified Asphalt Cement (48 hours)

2.9.2.3. Utility and Background of Test

Approximately 350 grams of asphalt binder in a lidded can is removed from the oven after
heating for 48 hours at 325°F. First, the upper surface of the binder is disturbed with a spatula,
and the skimming or clumping of polymer are inspected. Second, the spatula is inserted all the
way to the bottom of the can, and its consistency is inspected. Third, the sample is cooled down,
the bottom of the can is cut, and the specimens sampled from the top and the bottom of the can
are tested for softening points using AASHTO T53. The difference in their values is used to
judge if there was polymer separation.

Asphalt binders that show significant clumping, skimming, and other changes during visual
inspection and have significant differences in softening points at the top and bottom of the can
have a higher tendency for polymer separation and vice versa.

Some findings from the literature pertinent to the scope of work are summarized below:

e Bahia and Anderson [2] suggested that softening point is an empirical single-point
measurement.

e Yin etal. [74] used the samples obtained from the cigar tubes and the softening point
values obtained from the ring-and-ball tests to study the storage stability (phase
separation) of asphalt binders modified with recycled plastics [mainly recycled
polyethylene (RPE) materials] with or without reactive copolymers. They found that RPE
binders with certain dosages of copolymers passed the separation tests, while those
without these copolymers failed the separation tests.
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Kim and Lee [75] used the samples obtained from the cigar tubes and the G*/sind values
obtained from the DSR tests to investigate the phase separation of crumb rubber modified
asphalts (CRMA) obtained from 12 different locations in 11 different storage conditions.
They showed that the percent difference in G*/sind (a measure of phase separation) was
sensitive to rubber concentration.

2.9.2.4. Advantages and Limitations of Test

General:

The test is used to evaluate phase separation (storage instability) in modified asphalt binders,
especially those modified with latex rubber, SBS copolymers, ground tire rubber, or other
alternative modifiers.

Advantages:

The test method is easy to follow in terms of sample preparation (heat a can of binder for
48 hours, and cut the bottom of the can after cooling) and testing (run softening point test
on the specimens obtained from the top and the bottom of the can).

The measured parameter is straightforward to interpret (higher difference in softening
point implied higher chance of polymer separation).

The capital cost of equipment required to run this test is very low.

Limitations:

Visually inspecting both the skimming or clumping of polymer in the upper layer of
binder after disturbing it with a spatula and the consistency of binder after inserting the
spatula all the way to the bottom is subjective.

Softening point is not a fundamental rheological property of asphalt binder.

Heating the sample for 48 hours, testing with spatula, letting it cool down to be able to
cut the can at the bottom, performing softening point test, and then cleaning test
apparatus (despite being easy task) all demand a significant amount of an operator’s time
and attention.

A lot of material sample is required to conduct this test.

The first part of the test is subjective, while the second part of the test is quite sensitive to
extraneous factors such as vibrations, rate of heating, and the leveling of the instrument.
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2.10. Rubber Modification Tests

2.10.1. Tex-544-C Rubber Content for Rubber-Asphalt Crack Sealant

2.10.1.1. Applicable Materials and Test Conditions
e RA crack sealers (Table 15)

2.10.1.2. Utility and Background of Test

This test method covers the determination of the percentage of tire rubber in rubber-asphalt crack
sealers. Cores (31.75-38.10 mm in diameter) are drilled from the sealant sample using a core drill
device and heated to a temperature of 350°F in a metal beaker. 300 mL of trichloroethylene is
added to the sample and allowed to stand at room temperature for at least 4 hr., or until a
complete separation between the asphalt and the rubber is seen. Then the sample is poured onto a
No. 200 sieve, washed with clean trichloroethylene, and allowed to sit in a well-ventilated area
for at least 30 min. The sieve is then placed in a 140°F oven for 30 min, and cooled down at
room temperature for 15-20 min. The rubber content is then calculated as the difference between
initial and final weight of the sieve divided by weight of the sample.

Some findings from the literature pertinent to the scope of work are summarized below:

e Zanetti et al. developed two different procedures to determine the crumb rubber (CR)
content of asphalt rubber (AR) binders: (1) a comparative analysis of the chemical
composition focused on the content of cobalt and antimony, and (2) analysis of the
combustion products of the AR binders. They concluded that although both procedures
provided satisfactory levels of accuracy and precision, considerable effort is still needed
to perform calibration tests and minimize the sources of measurement errors [76].

2.10.1.3. Advantages and Limitations of Test
Advantages:

e The test is simple, easy to conduct, and requires low capital cost in terms of equipment.

e The results produced by the test are directly used, and no additional data analysis or
interpretation is required to be performed by the operator.

Limitations:

e Trichloroethylene in the presence of heat and moisture can form acids, which are
extremely harmful to health if inhaled. This risk is in addition to the inherent risks
imposed by TCE if inhaled. It would be better to use a relatively safer solvent to
determine the rubber content.
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2.10.2. D5329 “Standard Test Methods for Sealants and Fillers, for
Joints and Cracks in Asphalt Pavements — Bond Test”

2.10.2.1. Other Equivalent or Closely Similar Standards
o Tex-525-C

e AASHTO TP85

2.10.2.2. Applicable Materials and Test Conditions
e AR crack sealers (Table 15)

2.10.2.3. Utility and Background of Test

This test method is used to evaluate the adhesive failure of crack sealants. Mortar blocks are
fabricated, placed on treated brass or TFE-fluorocarbon spacer strips, and spaced at the required
width to form an opening for pouring the crack sealant. After sufficient cooling and removal of
the excess material, the specimens are placed in a cold cabinet at the required temperature (20°F)
for not less than 4 hr. Then the spacer blocks are removed, and the specimens are placed in an
extension machine with a uniform extension rate of 3.0+0.3 mm per hour. Immediately after the
extension, the specimens are examined for obvious separations within the sealant and between
the sealant and the blocks.

Item 300 (Table 15, footnote 4) specifies that no crack in the sealing materials or break in the
bond between the sealer and the mortar blocks over % in. deep for any specimen is allowed.

Some findings from the literature pertinent to the scope of work are summarized below:

e Huetal. [75] argued that the ASTM D5329 procedure is not only time consuming and
usually takes several days to complete, but also, the pass/fail criterion is based on visual
observation and the correlation between the bond test and the performance in the field is
either weak or non-existent. To address these issues, they proposed a new laboratory
method using an overlay tester (OT), and tested a total of 13 sealants for their adhesive
behavior under cyclic loading (5 s loading time + 5 s unloading time). The results of their
study indicated that the OT method can effectively differentiate between poor and good
adhesive sealants; however, no field validations were performed to evaluate the
correlation. Moreover, it was found that due to the temperature sensitivity of the crack
sealants, the repeatability of the test protocol needed to be improved.

e Al-Qadi et al. [78] developed three laboratory testing approaches to measure the adhesion
of cack sealers: (A) measuring the free energy of the bond, (B) using the direct tension
tester (DTT) machine, and (C) using tests in conjunction with fracture mechanics to
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compute metrics that are indicative of the adhesive bond strength. In summary, the DTT
method was found to be the most practical method for routine use.

e In an attempt to establish better correlations between the lab results and the field
measurements, and due to the limited availability of the DTT device in many DOTs,
Sawalha et al. [79] developed an improved version of the existing crack sealer adhesion
tester (CSAT) proposed by Al-Qadi et al. [78]. They introduced a change in the fixture
geometry and showed consistent results with sufficient repeatability.

2.10.2.4. Advantages and Limitations of Test
Advantages:

e The test method is simple with a reasonable capital cost.

Limitations:

e The sample preparation and test duration occupy a considerable amount of a technician’s
time and elapsed time.

e The pass/fail criterion for this test is determined through visual observation [77].

e There is no evidence that the results of this test pertain to field performance.

2.10.3. ASTM D5329 “Standard Test Methods for Sealants and Fillers
for Joints and Cracks in Asphalt Pavements - Resilience Test”

2.10.3.1. Other Equivalent or Closely Similar Standards
This document covers the resilience test portion of ASTM D5329 applicable for AR Binders.

2.10.3.2. Applicable Materials and Test Conditions
e AR Binders (Table 16)

2.10.3.3. Utility and Background of Test

This test method measures the ability of a sealant to recover after a steel ball has been forced into
the surface. The standard penetrometer used for the penetration test can be used for this test. The
only exception is that the needle is replaced with a ball penetration tool. The test is performed at
77°C. Similar to the penetration test, the ball penetration tool is released from the contact surface
for 5 min, and the penetration is recorded. In the next step, the ball is pressed down into the
specimen for an additional 100 units (10mm) at a uniform rate in 10 s and held constant on the
specimen surface for an additional 5 s. Then the ball is released, and the specimen is allowed to
recover for 20 s. The final dial reading is recorded, and the procedure is repeated at two other
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points equally spaced from the first point. The percent recovery is computed, and the resilience is
reported as the average of the three recovery measurements.

Some findings from the literature pertinent to the scope of work are summarized below:

In a study on laboratory evaluation of crumb rubber modified binders and mixtures,
Estakhri et al. pointed out that this test is typically used for joint sealants, and the
relevancy of this test for AR binders is uncertain. They suggested that the resilience or
“recoverability” offered by the aggregate and CR can be measured by a recovery test
immediately following a creep test [80].

The ability of an AR binder to recover from loads can also be evaluated by means of
some recently developed rheological methods, such as a repeated creep test or an MSCR
test. The MSCR test has been found to be a suitable method to evaluate the rutting
potential of rubber modified binders at high temperatures [81].

At intermediate temperatures, the fatigue behavior of AR binders can be characterized by
the failure energy, which is measured as the area under the stress-strain curve of the
linear amplitude sweep (LAS) test. The LAS test has been shown to be a simple and
reliable technique for ranking the fatigue performance of different binders [82].

2.10.3.4. Advantages and Limitations of Test

Advantages:

The test is simple, easy to conduct, fast, and requires low capital cost in terms of
equipment.

The results produced by the test are directly used, and no additional data analysis or
interpretation is required to be performed by the operator.

The test is mainly performed at 25°C (77°F), which is close to the average pavement
service temperature.

Limitations:

Slight variations while performing this test can cause large differences in the results.
Errors are usually due to: (1) sampling and sample preparation, (ii) variations in
temperature, and (ii1) condition of the apparatus (straightness of the ball penetration tool,
cleanliness, etc.).
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2.11. Aging Tests

2.11.1. T179 “Effect of Heat and Air on Asphalt Materials (Thin-Film
Oven Test)”

2.11.1.1. Other Equivalent or Closely Similar Standards
e ASTM D1754

2.11.1.2. Applicable Materials and Test Conditions
e AC (Table 2)

e PM cationic emulsions, rejuvenating agents (Table 10)

¢ AR binders (Table 16)

2.11.1.3. Utility and Background of Test

The thin film oven (TFO) test simulates the aging process which asphalt binder undergoes during
the conventional hot mixing. The test is performed on thin asphalt films for 5 hr. at 163°C.

Some findings from the literature pertinent to the scope of work are summarized below:

e The TFOT test was first introduced by Lewis and Welborn to simulate the aging of
asphalt binders during plant mixing. Later, this test method was criticized by researchers
due to major limitations, such as excessive film thickness and nonuniform aging [83]. To
address these issues, several methods were proposed by researchers, including the RTFO
test developed by the California Division of Highway that gained considerable attention
and was incorporated into the Superpave PG specification to simulate short-term aging of
asphalt binders [84].

e Shiau et al. [85] conducted a study to assess the effect of RTFOT and TFOT on 20
commonly used asphalt binders in Florida. The study included penetration, absolute
viscosity, and infrared spectroscopy tests on the binders before and after aging, and
comparisons were made at three temperature levels (285°F, 325°F, 365°F). Results from
the penetration and the viscosity tests indicated that aging simulated by RTFOT was
relatively more severe at 285°F and 325°F; however, no significant difference was
observed at 365°F. Moreover, the carbonyl ratio values obtained using the infrared
spectroscopy test indicated that there was no significant difference due to aging at 285°F
and 325°F; while at 365°F, the TFOT appeared to result in slightly more severe aging.
This apparent anomaly could be due to the fact that rheological indicators represent the
combined effect of both loss of volatiles and oxidative aging, whereas carbonyl area from
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FTIR spectroscopy reflects only the effect of oxidation. In the case of short-term aging,
both loss of volatiles and oxidation contribute to aging, and therefore, it is likely that the
results based on rheological indices are more accurate.

e In another experimental study conducted by Lu and Isacsson [86], the differences
between these two aging methods were investigated in terms of the chemistry and the
rheology of seven different bitumen, and the results indicated a strong correlation
between the two methods.

2.11.1.4. Advantages and Limitations of Test
Advantages:

e Compared to the RTFO method, this method results in less waste of the residue (scraping
is eliminated).

e In cases where the mass loss/gain is within the acceptable range (<0.4%), the TFOT pans
can be directly placed in the PAV apparatus for further aging.

e The TFOT can also be used to age binders that have a very low viscosity at the aging
temperature and are prone to flowing out of the bottle.

Limitations:

e The 5-hour testing period, compared to the 80 min RTFO test, is the major limitation of
this test method.

e It has been reported that sometimes the binder being aged through this test method forms
a skin over the sample, thus reducing the homogeneity and inhibiting the aging process.

2.11.2. T240 “Effect of Heat and Air on a Moving Film of Asphalt
Binder (Rolling Thin-Film Oven Test)” and Tex-541-C “Rolling Thin
Film Oven Test for Asphalt Binders”

2.11.2.1. Other Equivalent or Closely Similar Standards
ASTM D2872

2.11.2.2. Applicable Materials and Test Conditions

2.11.2.2.1. T240
e PM cationic emulsified asphalt (Table 10)
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2.11.2.2.2. Tex-541-C

PM AC (Table 3)
PM emulsified asphalt (Table 9)

PG binders (Table 17)

2.11.2.3. Utility and Background of Test

The Tex-541-C procedure is similar but not identical to the T240 procedure. The main function
of both procedures is to simulate aging of asphalt binder during plant mixing and to provide
residue for additional testing. The slight variations between the two procedures are listed below:

According to T240, a cooling period of a minimum of 60 min and a maximum of 180 min
is needed after pouring the asphalt samples into the bottles and before loading them into
the carriage. However, Tex-541-C requires the bottles to be loaded in the carriage as soon
as possible after pouring.

The air flow to the oven is set to 4+0.3 L/min in T240, while in Tex-541-C, it is set to
4+0.2 L/min.

The test temperature in T240 is 163+1.0°C, while in Tex-541-C, it is 163%0.5°C.

The test duration in T240 is strictly set to 85 min, while Tex-541-C allows a 5 min
tolerance. This is because according to T240, the containers shall be removed from the
oven one at a time while the remaining containers are still rotating in the carriage and the
air and heat are continually being applied. Tex-541-C, however, leaves the carriage off
after removing the first non-mass-change bottle from the oven.

If the mass change is being determined, T240 requires a cooling period of at least 60 min
and no more than 180 min for the designated bottles. Tex-541-C only states a safe
handling temperature as a requirement.

Some findings from the literature pertinent to the scope of work are summarized below:

Several publications have appeared in recent years documenting the shortcomings of the
RTFO method to simulate short-term aging for polymer-modified asphalt (PMA). Many
of these studies suggested that the aging temperature should be increased to an extent that
the high viscosity PMA binders have a low viscosity that will allow them to roll and age
uniformly in the bottles [87].

Other studies proposed new test methods such as Modified German Rotating Flask
(MGREF) [88], Stirred Air Flow Test (SAFT) [89], and Rotating Cylinder Aging Test
[90]. Later, NCHRP [91] investigated the viability of MGRF and SAFT as potential
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replacements of the RTFO and concluded that MGRF could be considered as an
acceptable replacement.

A number of studies have also been conducted to propose modifications to the existing
RTFO test method. For instance, Bahia [92] suggested two modifications: (1) using a
number of steel spheres, and (2) using a steel rod to force the spreading of binder.
Although both methods appeared to be viable alternatives to the conventional RTFO
method, later studies indicated that the problem with uniform aging was not completely
resolved [93].

2.11.2.4. Advantages and Limitations of Test

Advantages:

The RTFO test is still the most commonly used standard test to simulate the short-term
aging of binders. Compared to the thin film oven test (TFOT), it is faster and more
efficient procedure.

Other procedures, such as MGRF, may improve accuracy and uniformity of aging, but do
not really provide any substantial advantage in terms of ease of aging, time required to
age, or preparatory work before and after aging. Additionally, the MGRF can only age
one binder at a time, while the RTFO can hold eight bottles and consequently age several
different binders simultaneously.

Limitations:

In the case of high-viscosity binders such as polymer modified binders, this test has
appeared to provide insufficient and non-uniform aging.

2.11.3. R28 “Accelerated Aging of Asphalt Binder Using a Pressurized
Aging Vessel (PAV)”

2.11.3.1. Other Equivalent or Closely Similar Standards
ASTM D6521

2.11.3.2. Applicable Materials and Test Conditions

PG binders (Table 17)
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2.11.3.3. Utility and Background of Test

This test method is used to simulate the in-service oxidative aging of asphalt binders by means of
pressurized air and elevated temperatures, and is intended for use with residue from T240
(RTFO) test.

A specified amount of RTFO residue (50 g) is placed in stainless steel pans and aged at 100°C
for 20 hr. at an air pressure of 2.10 MPa. At the completion of this test, the residue is vacuum
degassed and ready for further testing.

Some findings from the literature pertinent to the scope of work are summarized below:

e Inthe SHRP-A-369 report, Anderson et al. performed a field validation study to verify
that the changes in the physical and chemical properties of PAV-aged binders are similar
to the changes that occur during long-term aging in the field. Their study included a large
number of sections varying in location and type of asphalt used. They concluded that
temperature was the most influential factor that controls the rate of aging in both
scenarios; therefore, the PAV testing temperature should be selected in a manner to
reflect the climate conditions [94].

e In 2005, Glover et al. [36] proposed a new aging procedure using the PAV with thinner
film thickness (0.86 mm) and longer aging time (32 hr.). They demonstrated that any
change in the length of the test, as well as the temperature and pressure, will change the
relative rankings of asphalt binders; therefore, replacing long-term aging in the field with
a laboratory test at higher temperatures and pressures may result in false rankings. To
address this issue, they simulated the long-term aging in an environmental room held at
60°C (close to Texas road conditions during summer) and 1 atm air, and compared all
other aging conditions using PAV as to relative ranking with results from the
environmental room. The results showed that 32 hr. at 90°C and 20 atm air in PAV
corresponded well to 122 days aging in the environmental room. The current PAV
protocol also agreed well with 38 days of aging in the environmental room.

e Glover et al. in their literature review on evaluation of binder aging and its influence on
aging of HMA pointed out that the 20 hr. period of PAV oxidative aging may not
necessarily correspond to in-service aging time due to the effect of other factors, such as
climate, binder kinetics, and mixture properties, that are not considered during laboratory
long-term aging. Therefore, they recommended development and calibration of a
laboratory test that ages binders to a level that can better represent the long-term aging in
the field [95].

e Kaveh and Hesp used infrared techniques to study the effect of variations in the PAV test
temperatures, aging time, film thickness, and the presence of moisture on the relative
degree of chemical aging in seven asphalt cements. They compared the carbonyl,
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sulfoxide, and butadiene indices for the RTFO+PAV aged binders with those for the
binders which were recovered after eight years of service, and found that using a reduced

film thickness or extended aging time could better resemble changes due to aging in the
field [96].

2.11.3.4. Advantages and Limitations of Test

Advantages:

This test is simple, efficient, and easy to conduct.

Limitations:

As stated in AASHTO R28, the aging of asphalt binders during service is affected not
only by the temperature and the climatic conditions, but also by various mixture-
associated variables, such as aggregate properties and permeability of the mix, which are
not accounted in this method.

Previous research on the PAV film thickness has shown that, due to diffusion resistance,
samples may not achieve uniform aging, and thus may not accurately represent the long-
term aging in the field [36][97].

2.12. Summary

The background on the tests included in Item 300 specifications has been presented in this

chapter. Based on the review and discussions/workshops with the industry, changes to the Item
300 were recommended. Researchers categorized the recommended changes in the following
three levels for adoption:

Level 1: Proposed changes that have adequate evidence based on the review of the
literature, data analysis, and stakeholder input shall be recommended for immediate
adoption.

Level 2: Proposed changes that have substantial evidence based on the findings from the
previous task, but that_ require revised parameters or specification limits shall fall into this
category. For example, a different but well-established or recognized method may be
used to measure or replace viscosity measurement for a specific product in Item 300. This
shall entail change in the specification limits provided in Item 300 to match the proposed
method. For such scenarios, a testing plan shall be developed_with materials from diverse
sources of the specific product to generate data that can inform or validate the
specification limits based on the proposed parameter.

Level 3: Proposed changes that require additional data/evidence for adoption, as well as
validated specification limits, shall fall into this category. For the proposed and
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prioritized changes in this category as identified in Task 2 with the Receiving Agency,
the researchers shall develop a detailed testing plan to collect data that can be used to
develop informed specification limits.

A summary of the recommended changes along with the adoption level is shown in Table 2.2.

Table 2.2. Recommended Test Method Changes.

Test method Standard Category Readiness Level
Stiffness Penetration AASHTO T49 Remove/ 3
Replace
Softening Point AASHTO T53 Replace 3
Ductility and AASHTO T51 @ Remove 1
Elastic Recovery 39.2°F
AASHTO T51 @ Replace 3
77°F
Viscosity Kinematic AASHTO T201 Replace 2
Viscosity
Apparent AASHTO T202 Replace 2
Viscosity
Saybolt Viscosity AASHTO T72 Replace 1
Apparent ASTM D2196 Replace 3
Rotational
Viscosity
PG Tests BBR (stiffness, AASHTO T313 Retain/ 2
m-value, ATc) Renovate
Direct Tension AASHTO T314 Remove 1
DSR fatigue AASHTO T315 Renovate 3
parameter
Polymer Polymer Tex-540-C Replace 2
Modification Separation
Aging Thin Film Oven AASHTO T179 Remove 1
Test
Emulsion Emulsion AASHTO T59 Replace 3
Tests Recovery
Cutback Tests Cutback AASHTO T78 Replace 3
Recovery

The next chapter summarizes the drafts of the new test methods developed (adoption level 2 and
3) during this project, and Chapter 4 discusses and analyzes the data collected using these test

procedures.
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Chapter 3. New Test Procedures and Proposed
Changes for Item 300

This chapter summarizes the draft of the new test procedures developed during this project.
3.1. Tex-540-C Polymer Separation in Modified Asphalt Systems

3.1.1. Goal

The main goal of this exercise was to replace Tex-540-C with ASTM D7173 or a similar method
in combination with a DSR based parameter in lieu of the softening point parameter. This test is
currently being performed on polymer modified AC binders (Table 3) and PG binders with UTI
greater than 86 (Table 17). According to Table 3 of Item 300, the allowable separation is “None”
when testing using Tex-540-C. In practice, the pass/fail limit for the percentage difference in
softening point (per Tex-540-C) between a sample obtained from the top and bottom of a can
after conditioning is set as 5%. Samples showing more than this difference are considered to
have failed the separation test. However, when shifting to a DSR based parameter, there is a need
to identify the appropriate parameter as well as the acceptable difference based on the acceptable
variability of the parameter.

3.1.2. Parameters

After evaluating various DSR based parameters, G*/ sin & was identified to be the most
appropriate parameter to quantify the separation.

3.1.3. New test method

The draft version of the new test procedure can be found in Appendix A.

3.2. AASHTO T59 and T78 Emulsion and Cutback Recovery

3.2.1. Goal

The main goal of this exercise was to research, develop, and establish residue recovery methods
that can be used with cutbacks and emulsions. This method is intended to provide a sample of the
binder for further performance testing. It is not intended to provide a compositional analysis, as
is the case with other typical methods used with cutbacks.
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3.2.2. Parameters

Testing of the residue obtained from the procedure described in the next section was performed
using a DSR using the following protocol:

e Test emulsion residues using a DSR and 25 mm parallel plate (perform all tests below on
the same sample in the order described below):

o G*/sin d at 64°C (300 s equilibration time) at 10% strain and 10 rad/s for ten
cycles

0o MSCR at 64°C (only for polymer modified emulsions)

o G*/sin d at 25°C (300 s soak time and 600 s equilibration time) at 1% strain and
0.1 rad/s for ten cycles

e Test cutback residues using a DSR and 25 mm parallel plate using the following protocol
(perform all tests below on the same sample in the order described below):

o G*/sin d at 64°C (300 s equilibration time) at 10% strain and 10 rad/s for ten
cycles

o G*/sin d at 25°C (300 s soak time and 600 s equilibration time) at 1% strain and
0.1 rad/s for ten cycles

The average value of G*/sin d parameter obtained from the last five cycles at 64°C and 25°C was
reported. For polymer modified emulsions, MSCR parameters along with the G*/sin d parameter
was reported.

3.2.3. New test method

The draft version of the new test procedure can be found in Appendix B.

3.3. AASHTO T201 Kinematic Viscosity of Asphalts and AASHTO
T72 Saybolt Viscosity

3.3.1. Goal

The main goals of this exercise were to:

e Replace T201 with rotational viscometer. This test is currently being performed at 140°F
on RC, MC, and special-use cutbacks (Tables 4, 5, 6), as well as rejuvenating agents
(Table 10).
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e Replace T72 with rotational viscometer. This test is currently being performed at 77°F or
122°F on all type of emulsions (Tables 7 to 11), and at 77°F on recycling agents and
emulsified recycling agents.

3.3.2. Parameters

Average viscosity obtained at three one-minute intervals by using the procedure as described in
the developed test procedure was reported.

3.3.3. New test method

The draft version of the new test procedure can be found in Appendix C.

3.4. 8mm DSR for low temperature testing of PG binders

3.4.1. Goal

The main goal of this exercise was to track the use of G* and 6 at low temperatures measured
using an 8 mm DSR as a potential alternative to BBR S and m values.

3.4.2. Parameters

Average of G* and 6 from the last five cycles at the PG low temperature grade plus 10°C was
reported.

3.4.3. New test method

The draft version of the new test procedure can be found in Appendix D.

3.5. Poker-chip test for intermediate temperature testing of PG
binders

3.5.1. Goal

The main goal of this exercise was to track the poker chip strength and ductility parameter at
intermediate temperature in order to use them as a potential alternative to G*sin(d) fatigue
parameter at intermediate temperature.

3.5.2. Parameters

Poker chip strength and ductility values obtained from the developed test procedure were
reported.
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3.5.3. New test method

The draft version of the new test procedure can be found in Appendix E.
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Chapter 4. Development of the New Test procedures
in Item 300

This chapter presents and analyses the data collected for the new test procedures developed in
this project.

4.1. Tex-540-C Polymer Separation in Modified Asphalt Systems

4.1.1. Goal

The goal for developing this new test procedure, was stated in 3.1.1. This section describes the
work performed to develop/modify a test procedure and method of determining unacceptable
separation of polymer.

4.1.2. Scope

The method is intended to be applied to the materials listed below. The numbers included in the
third column indicate the approximate testing load based on a 12-month analysis of the LIMS
data).

Table 4.1. Polymer separation testing load based on LIMS data.

TABLE ITEM TESTS/YR**

Table 3: PM AC AC-15P 54
AC-20XP 43
AC-10-2TR 8
AC-20-5TR 64
AC-12-5TR* 6

Table 17: PG binders 64-22 1
64-28 54
64-34 4
70-22 198
70-28 75
76-22 193
76-28 62
82-22 10

* AC-5+SBR and AC-10+SBR are not shown because these were slated to be removed; AC-12-
5TR is shown because it was added in Table 3 of Item 300.

** Based on 2020 LIMS data.
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4.1.3. Evaluation

4.1.3.1. Method

The separation test was carried out using the cigar tube test according to ASTM D7173. The
main steps in the test method are summarized below:

1.

“Cigar tubes” are basically aluminum shell casings for packaging applications. The tubes
are 5.5 inches in height and 1 inch in diameter and are available commercially'. A tube
rack is used to hold the tubes in vertical position (Figure 4.1) during conditioning®. Figure
4.1 shows tubes and a tube rack.

The binder sample is heated in the oven at 163 + 5°C until it is sufficiently fluid to pour.
The sample is then stirred thoroughly in the container, and 50+0.5 g of the sample is
poured into each tube (Figure 4.2).

The tubes are then sealed by folding the excess tube over two times and crimping tightly
(Figure 4.3).

The sealed tubes are then immediately placed in the oven at 163 + 5°C for a period of 48
+ 1 hour. At the end of the conditioning period, the tubes are removed from the oven and
immediately placed in a freezer at -10 = 10°C for a minimum of 4 hours.

The tubes are then removed and cut into three portions of approximately equal length.
The center portion is discarded, and the top and bottom portions are placed in separate
covered containers (Figure 4.44.).

The containers are placed in the oven at 163 + 5°C until the sample is sufficiently fluid to
remove the pieces of aluminum tube but no longer than 30 minutes.

The aluminum pieces are removed, and the samples are stirred thoroughly before being
used for DSR or other testing (Figure 4.5).

! One possible source for tubes that was used in this study:

https://www.hmalabsupply.com/products/5-50-x- 1 -diameter-aluminum-tube-box-of-144-tubes

2 One possible source for tube rack that was used in this study:
https://www.amazon.com/dp/BO0T57R09S/ref=sspa_dk detail 1?psc=1&pd rd i=BO0T57R09
Sp13NParams&spLa=ZW5jcnlwdGVKkUXVhbGlmaWVyPUE3NThaT1daTVY5SMOMmZW5jcn
IwdGVKSWQIQTASNTIZMTIxTUIBUTUWTTdHMIMOJmVuY3J5cHRIZEFKSWQ9QTAyNz
cyNjZINOFHTIVFNVpBMjMmd21kZ2VOTmFtZT 1 zcF9kZXRhaWwyJmFjdGlvbj 1jbGljalJIZG
lyZWNOJmRvTmM90TGInQ2xpY2s9dHI1ZQ==#customerReviews
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https://www.hmalabsupply.com/products/5-50-x-1-diameter-aluminum-tube-box-of-144-tubes
https://www.amazon.com/dp/B00T57R09S/ref=sspa_dk_detail_1?psc=1&pd_rd_i=B00T57R09Sp13NParams&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUE3NThaT1daTVY5M0MmZW5jcnlwdGVkSWQ9QTA5NTIzMTIxTU9BUTUwTTdHMlM0JmVuY3J5cHRlZEFkSWQ9QTAyNzcyNjZIN0FHTlVFNVpBMjMmd2lkZ2V0TmFtZT1zcF9kZXRhaWwyJmFjdGlvbj1jbGlja1JlZGlyZWN0JmRvTm90TG9nQ2xpY2s9dHJ1ZQ==#customerReviews
https://www.amazon.com/dp/B00T57R09S/ref=sspa_dk_detail_1?psc=1&pd_rd_i=B00T57R09Sp13NParams&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUE3NThaT1daTVY5M0MmZW5jcnlwdGVkSWQ9QTA5NTIzMTIxTU9BUTUwTTdHMlM0JmVuY3J5cHRlZEFkSWQ9QTAyNzcyNjZIN0FHTlVFNVpBMjMmd2lkZ2V0TmFtZT1zcF9kZXRhaWwyJmFjdGlvbj1jbGlja1JlZGlyZWN0JmRvTm90TG9nQ2xpY2s9dHJ1ZQ==#customerReviews
https://www.amazon.com/dp/B00T57R09S/ref=sspa_dk_detail_1?psc=1&pd_rd_i=B00T57R09Sp13NParams&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUE3NThaT1daTVY5M0MmZW5jcnlwdGVkSWQ9QTA5NTIzMTIxTU9BUTUwTTdHMlM0JmVuY3J5cHRlZEFkSWQ9QTAyNzcyNjZIN0FHTlVFNVpBMjMmd2lkZ2V0TmFtZT1zcF9kZXRhaWwyJmFjdGlvbj1jbGlja1JlZGlyZWN0JmRvTm90TG9nQ2xpY2s9dHJ1ZQ==#customerReviews
https://www.amazon.com/dp/B00T57R09S/ref=sspa_dk_detail_1?psc=1&pd_rd_i=B00T57R09Sp13NParams&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUE3NThaT1daTVY5M0MmZW5jcnlwdGVkSWQ9QTA5NTIzMTIxTU9BUTUwTTdHMlM0JmVuY3J5cHRlZEFkSWQ9QTAyNzcyNjZIN0FHTlVFNVpBMjMmd2lkZ2V0TmFtZT1zcF9kZXRhaWwyJmFjdGlvbj1jbGlja1JlZGlyZWN0JmRvTm90TG9nQ2xpY2s9dHJ1ZQ==#customerReviews
https://www.amazon.com/dp/B00T57R09S/ref=sspa_dk_detail_1?psc=1&pd_rd_i=B00T57R09Sp13NParams&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUE3NThaT1daTVY5M0MmZW5jcnlwdGVkSWQ9QTA5NTIzMTIxTU9BUTUwTTdHMlM0JmVuY3J5cHRlZEFkSWQ9QTAyNzcyNjZIN0FHTlVFNVpBMjMmd2lkZ2V0TmFtZT1zcF9kZXRhaWwyJmFjdGlvbj1jbGlja1JlZGlyZWN0JmRvTm90TG9nQ2xpY2s9dHJ1ZQ==#customerReviews

Figure 4.1. "Cigar Tubes" in a stand.

Figure 4.2. Sample being poured into the cigar tube.

————

{J’

Figure 4.3. Cigar tube with sample; top of the tube is folded and crimped by hand to seal the sample.
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Figure 4.4. Cigar tube is cut into three after removing from the freezer (left: before cutting, middle: after
being cut into three parts, right: top and bottom parts placed in cans).

Figure 4.5. Left: aluminum tube is removed from heated can; middle and right: the residual binder is
transferred to a mold for further testing.

4.1.3.2. Materials and Tests

A range of polymer modified AC and PG binders were selected for this study. The asphalt
producers were also requested to provide samples that were intentionally designed to potentially
exhibit separation. A list of these binders is provided below.

e PG 70-28 x 1 different source x 2 different propensities to separate (Sample IDs: PS03,
06)

e AC-15P x 1 source x 1 condition (Sample ID: PS07)

e AC-20-5TR x 2 different sources x 2 different propensities to separate (Sample IDs:
PS09, 10, 11, 12)

e Two random samples from the QM stream that failed Tex-540-C (Sample IDs: A, B).

The materials were contributed by producers who typically supply materials for projects within
the state of Texas. Each binder was split into separate quart cans for each participating
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laboratory. In the case of the two random samples that were obtained from the QM stream and
failed separation test (Tex-540-C), the sample obtained was from the leftover material from QM
testing. This sample was heated, thoroughly stirred, and split into two parts, one for each
participating laboratory.

Table 4.1 and Table 4.2 present the laboratories that participated and the parameters that were
collected by each laboratory using the two different separation methods (Tex-540-C and ASTM
D7173) and subsequent tests for separation (softening point and DSR based parameters). The
tests were performed after allowing the separation for 5 hours and 48 hours, respectively. Only
results from the 48-hour separation tests are presented here.

Table 4.1. Testing program for separation test showing number of replicates tested at different
locations for Tex-540-C.

Agency 2 TxDOT Lab 1 Lab 2 Lab 3 Lab 4
MTD (Producer) (Producer) (Research) (Research)

Test Tex-540-C + Softening Point

Performed 2>

PG 76-22 2 2 2

PS01

PG 76-22 2 2 2

PS02

PG 76-22 2

PS03

PG 76-22 2

PS04

PG 70-28 2

PS05

PG 70-28 2

PS06

AC 15-P 2

PS07

AC-20-5TR 2 2 2

PS09

AC-20-5TR 2 2 2

PS10

AC-20-5TR 2 2 2

PS11

AC-20-5TR 2 2 2

PS12

PG 76-22 A 2"

PG 76-22 B 2"
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Table 4.2. Testing program for separation test showing number of replicates tested at different
locations for ASTM D7173.

Agency 2> TxDOT Lab 1 Lab 2 Lab 3 Lab 4
MTD (Producer) (Producer) (Research) (Research)

Test ASTM D7173 +

Performed - G*/sin d; Jnr and Elastic Recovery from MSCR test at 0.1 and 3.2 kPa*

PG 76-22 2 2 2 2

PS01

PG 76-22 2 2 2 2

PS02

PG 76-22 1 2 2

PS03

PG 76-22 1 2 2

PS04

PG 70-28 1 2 2

PS05

PG 70-28 1 2 2

PS06

AC 15-P 2 2 2

PS07

AC-20-5TR 2 2 2 2

PS09

AC-20-5TR 2 2 2 2

PS10

AC-20-5TR 2 2 2 2

PS11

AC-20-5TR 2 2 2 2

PS12

PG 76-22 A 2 2

PG 76-22 B 2 2

* Tests were performed at 64C for AC binders and high temperature grade for PG binders

4.1.4. Results and Discussion

In all cases, the results are expressed as the percentage difference (from the average) in the
measured value between the top and bottom tubes calculated as shown below:

|Top — Bottom|
(Top + Bottom)/2

% Difference =

Figure 4.6 compares the results (% difference) from the current Tex-540-C and softening point
from MTD versus independent measurements from two different producers. This figure shows
that for this set of binders, the results were mostly consistent across the different laboratories.
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For the remainder of this discussion, results from Tex-540-C measured at MTD will be used as
the basis.

20%
olab1  Olab?2
15%

10%

5% =

Tex-540-C + Softening point (Other)

0,80 o

0% B B
0% 5% 10% 15% 20%
Tex-540-C + Softening point (MTD)

Figure 4.6. Comparison of Tex-540-C combined with softening point results (% difference) from MTD and
two producer labs.

Figure 4.7 through Figure 4.11 compare the results (% difference) from ASTM D7173 and five
different parameters (G*/sin 9, Elastic Recovery at 0.1 and 3.2 kPa, and Jnr from 0.1 and 3.2 kPa
from the MSCR test) to the results measured using Tex-540-C at MTD. A cut-off at 5% is shown
for the results from Tex-540-C based on the current practice, and a cut-off at 20% is shown for
the other parameters being compared. The latter is tentative and only intended to facilitate the
discussion. Replicate data was not averaged and is shown as-is in these figures. A few important
observations are as follows:

e Data in the top-right and bottom-left quadrants are for binders that fail or pass in both
scenarios consistently, respectively.

e Considering ASTM D7173 and G*/sin ¢ as the parameter, the results show that most
binders pass or fail consistently across both parameters. A few data fall in the bottom
right quadrant, i.e., binders that fail the Tex-540-C, but do not fail the proposed G*/sin o
(Figure 4.7).

e (Considering ASTM D7173 and Elastic Recovery at 0.1 kPa from the MSCR test as the
parameter, the results show that most binders pass or fail consistently across both
parameters, although a few data fall on the 20% border for the MSCR parameter (Figure
4.8). A few data in the bottom right quadrant correspond to PS09. Interestingly, this
binder showed low separation across all rheological indices and only showed some
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difference in the softening point parameter. Further, about four points fall on the top-left
quadrant, i.e., fail the elastic recovery requirement, but pass softening point. There was
no systematic trend for these points (two points were from one lab, whereas three labs
consistently showed that there was separation based on elastic recovery, and the other
two points were isolated replicates). However, when this same comparison is made with
Elastic Recovery at 3.2 kPa from the MSCR, there were several binders that failed the
elastic recovery requirement, but passed the softening point, i.e. points in the top-left
quadrant (Figure 4.9). A closer examination of the data revealed that these points
correspond to the AC binders with very low elastic recovery (<10%). As such, even small
variations in the measured elastic recovery resulted in large percentage difference.
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Figure 4.7. Comparison of Tex-540-C and Softening Point with ASTM D7173 and G*/sin 6 at high PG
temperature or 64C for AC binders.
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Figure 4.8. Comparison of Tex-540-C and Softening Point with ASTM D7173 and MSCR Elastic Recovery
at 0.1 kPa at high PG temperature or 64C for AC binders.
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Figure 4.9. Comparison of Tex-540-C and Softening Point with ASTM D7173 and MSCR Elastic Recovery
at 3.2 kPa at high PG temperature or 64C for AC binders.

Figure 4.10 and Figure 4.11 present comparisons of results from Tex-540-C with the ASTM
D7173 and Jnr from the MSCR test at 0.1 and 3.2 kPa, respectively. The results from this
parameter were similar to the results from the elastic recovery parameter.
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Figure 4.10. Comparison of Tex-540-C and Softening Point with ASTM D7173 and Jnr from MSCR test at
0.1 kPa at high PG temperature or 64C for AC binders.
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Figure 4.11. Comparison of Tex-540-C and Softening Point with ASTM D7173 and Jnr from MSCR Test
at 3.2 kPa at high PG temperature or 64C for AC binders.

Figure 4.12 through Figure 4.15 compare the results from two replicates for the four parameters
measured using the MSCR test. These comparisons also illustrate that the Elastic Recovery at 0.1
kPa parameter from the MSCR test is the most repeatable compared to other three parameters.
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Figure 4.12. Comparison of separation measured using the two replicates based on Elastic Recovery
from MSCR test at 0.1 kPa.
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Figure 4.13. Comparison of separation measured using the two replicates based on Elastic Recovery
from MSCR test at 3.2 kPa.
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Figure 4.14. Comparison of separation measured using the two replicates based on Jnr from MSCR test
at 0.1 kPa.
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Figure 4.15. Comparison of separation measured using the two replicates based on Jnr from MSCR test
at 3.2 kPa.

4.1.5. Conclusion and Recommendation

Overall, based on the data collected from this exercise, it is recommended to use ASTM D7173
for the separation test with G*/sin o as the parameter to screen for whether separation has
occurred. A percentage difference value of 10% can be used as a threshold for acceptance.
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4.2. AASHTO T59 and T78 Emulsion and Cutback Recovery

4.2.1. Goal

The goal for developing this new test procedure, was stated in 3.2.1. This section describes the
work performed to develop/modify a test procedure and method to establish residue recovery
methods that can be used with cutbacks and emulsions..

4.2.2. Scope

The method is intended to be applied to the materials listed below in Table 4.4. The numbers
included in the third column indicate the approximate testing load based on a 12-month analysis
of the LIMS data).

Table 4.4 Emulsion and cutback residue recovery testing load based on LIMS data

TABLE ITEM TESTS/YR**
Table 4: Rapid curing cutback asphalt RC-250 179
RC-800 0
RC-3000 0
Table 5: Medium curing cutback asphalt MC-30 168
MC-800 19
MC-3000 10
MC-250 0
Table 6: Special use cutback asphalt SCM 1 14
MC-2400L 0
Table 7: Emulsified asphalt HFRS-2 43
MS-2 28
SS-1 81
SS-1H 82
AES-300 0
Table 8: Cationic emulsified asphalt CRS-2 202
CMS-2 13
CSS-1 37
CSS-1H 336
CRS-2H 0
CMS-28 0
Table 9: Polymer modified emulsified asphalt HFRS-2P 52
RS-1P 0
AES-150P 0
AES-300P 0
AES-300S 0
SS-1P 0
Table 10: Polymer modified cationic emulsified CRS-1P 11
asphalt CRS-2P 193
CHRFS-2P 113
CMS-1P 24
CMS-2P 36
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CSS-1P 29

Table 11: Specialty emulsions AE-P 195
EAP&T 23

PCE 20

** Based on LIMS data from 2020

4.2.3. Evaluation

4.2.3.1. Method

Several trial tests were conducted between the two research labs to develop method(s) that would
result in repeatable and accurate results from both cutbacks and emulsions. These trials included
variations with different substrate forms and materials (e.g. use of silicone molds, PAV trays,
disposable aluminum weighing pans),temperatures used during vacuum recovery, and duration
of recovery. After several different variations, two separate methods were finally recommended
for residue recovery of cutbacks and emulsions. The next two subsections summarize these
methods.

4.2.3.1.1. Cutback residue recovery

The vacuum oven was set to 140°C for cutbacks. The oven was preheated for a minimum of 24
hours to ensure temperature consistency and uniformity.

The cutback asphalt was stirred thoroughly for 1 minute using a spatula (Figure 4.16).

Figure 4.16. Cutback sample being stirred thoroughly.

The empty sample container® was weighed, and the mass (A) was recorded (Figure 4.17).
Typical 4-o0z size asphalt cans are recommended as a sample container, because the base of these

3 An example of containers for cutback residue recovery:
https://www.uline.com/Product/Detail/S-17906SIL/Retail-Boxes/Deep-Metal-Tins-Round-4-o0z-
Solid-Lid-Silver
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containers is flat and the walls provide rigidity, which in turn ensures that a uniform film is
formed.

Figure 4.17. Empty can for cutback residue recovery being weighed on scale.

The balance was zeroed, and a syringe was used to transfer the required amount of cutback from
the sample source to the sample container. Typically, two containers were used to produce two
replicate residue samples for each cutback sample. The mass poured in the sample container (B)
was recorded (Figure 4.18). The sample amount is different for each viscosity grade of cutback
to adjust for the binder content. The following sample amounts were used: for MC-30 use 2.70 g
+ 0.05 g, and for RC-250 use 2.00 g + 0.05 g. It is important to note here that these weights were
based on a container diameter of 6 cm. If the diameter of the container being used is slightly
larger or smaller, this mass can be adjusted accordingly to achieve similar film thickness.

2

Figure 4.18. Required amount of cutback sample being poured in the can.

The sample container was swirled to spread the cutback to get a uniform thickness of the cutback
asphalt layer, as shown on Figure 4.19.
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Figure 4.19. Cutback sample being spread in the can to get a uniform layer

Sample containers were placed in the vacuum oven (Figure 4.20) at 140°C £ 2°C, and a vacuum
pressure of 90 mbar + 10 mbar (absolute pressure) was applied for the specified time. For Rapid
Curing Cutbacks, three hours of vacuum oven curing time was used, and for Medium Curing
Cutbacks, four hours of vacuum oven curing time was used.

Figure 4.20. Cutback sample in vacuum oven* under the required pressure for residue recovery.

After the specified curing time under vacuum, the samples were removed from the oven and the
sample containers were weighed immediately, as shown in

Figure 4.21, and the mass was recorded (C) to calculate the mass loss ((A+B-C)*100/B).

4 An example of vacuum oven: https://www.acrossinternational.com/250c-ul-certified-1-9-cf-
vacuum-oven-5-sided-heat-sst-tubing.html
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Figure 4.21. Cutback residue being weighed after the specified time in vacuum oven.

A clean spatula was used to scrape the residue from the can to create a DSR sample for
performance testing (Figure 4.22).
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Figure 4.22. Scraping the cutback residue for testing in DSR.

4.2.3.1.2. Emulsion residue recovery

The vacuum oven was set to 70°C for asphalt emulsion. The oven was preheated for a minimum
of 24 hours to ensure temperature consistency and uniformity.

The emulsion was stirred thoroughly for 1 minute using a wooden spatula as shown in Figure
4.23.

Figure 4.23. Emulsion sample being stirred thoroughly.

The sample container’® (Figure 4.24) for emulsion residue recovery was weighed, and the mass
(A) was recorded.

> An example of the container for emulsion residue recovery:
https://www.mcmaster.com/17805T82/
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Figure 4.24. Empty container for emulsion residue recovery being weighed on scale.

The balance was zeroed, and then a syringe was used to transfer 5.20 g = 0.05 g of asphalt
emulsion to the sample container. Typically, two replicate containers for each emulsion were
used. The mass poured in the sample container was recorded (B) as shown in Figure 4.25.

Figure 4.25. Required amount of emulsion sample being poured in the container.

The sample container was swirled to spread the emulsion in the mold to get a uniform thickness
of the emulsion layer (Figure 4.26).

Figure 4.26. Emulsion sample being spread in the container to get a uniform layer.
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Sample containers were placed in the oven at 70°C + 2°C, and a vacuum pressure of 90 mbar +
10 mbar (absolute pressure) was applied for two hours (Figure 4.27).

Figure 4.27. Emulsion sample in vacuum oven under the required pressure for residue recovery.

After two hours under vacuum, the samples were removed from the oven, and the containers
were weighed immediately as shown in the Figure 4.28. The mass (C) was recorded to calculate
the mass loss ((A+B-C)*100/B).

Figure 4.28. Emulsion residue being weighed after the specified time in vacuum oven.

A clean spatula was then used to scrape the emulsion residue from the container to a DSR
sample for performance testing (Figure 4.29).

Figure 4.29. Scraping the emulsion residue for testing in DSR.
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4.2.3.2. Materials and Tests

The following materials were used for evaluation. These materials cover cutbacks (RC and MC),
and emulsions (slow-setting, rapid-setting, and high float). The materials were supplied by
producers for the state of Texas.

e RC-250 x 3 suppliers

e MC-30 x 3 suppliers

e CRS-2P x 3 suppliers

e CHFRS-2P x 1 suppliers
e SS-1 x 3 suppliers

Dynamic shear rheometer (DSR) was used for performance testing on the residues obtained from
cutbacks and emulsions. The residues were tested within 24 hours of obtaining the residues and
preparing the DSR samples. Note that the same DSR test method was used both for cutback
residues and emulsion residues. The DSR test is summarized below:

e Condition the sample at 64°C.
e Oscillate at 10% strain rate, 10 rad/s for ten cycles.
e Condition the sample at 25°C.
e Oscillate at 1% strain rate, 0.1 rad/s for ten cycles.

The parameter G*/sin 6 from the last five cycles was averaged both at 64°C and 25°C. This
parameter was used as a rheological indicator for the rheological properties of the cutback and
emulsion residues. Note that the testing at 64°C using DSR is intended to serve as a rheological
property index in lieu of the viscosity test requirement at high temperature (140°F) and the test at
25°C is intended to serve as a rheological index in lieu of the ductility or the penetration test
requirement at intermediate temperature (77°F). The residue recovery procedure was developed
based on the testing in two different labs on two different DSR brands. The results obtained are
discussed in the subsequent section.
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4.2.4. Results and discussion

4.2.4.1. Cutbacks

4.2.4.1.1. Testing.

Several trials were run to develop the procedure summarized in the previous section. Different
containers, sample quantities, duration in vacuum oven, etc., were used to develop the current
procedure. The next paragraphs discuss the results from the penultimate procedure and the latest
procedure for the cutback residue recovery. Replicate data was not averaged and is shown as-is
in these figures.

Figure 4.30 shows the percent mass loss during residue recovery of cutbacks between the two
labs using the penultimate procedure. It can be observed from the figure that the repeatability of
solvent between the two labs is very good. Figure 4.31 and Figure 4.32 show the G*/sin 6
parameter at 64°C between the two labs and between the two replicates, respectively. It can be
seen that except for one cutback, the data align well with the line of equality both between the
labs and between the replicates, showing a good inter-lab and intra-lab repeatability using this
procedure. However, this procedure was further refined to improve the repeatability.

50

40
)
[42]
o
» 30
[42]
@©
;\% o RC (3 sources)
o~ 20 a MC (3 sources)
E —1:1 line

10

0
0 10 20 30 40 50

Lab 1 (% mass loss)

Figure 4.30. Comparison of mass loss during residue recovery between two labs (the line shown is 1:1
line for reference).
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Figure 4.31. Comparison of G*/sin & parameter of the cutback residue between two labs (the line shown
is 1:1 line for reference).
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Figure 4.32. Comparison of G*/sin & parameter of the cutback residue between two replicates (the line
shown is 1:1 line for reference).

Two different cutbacks: MC 30 and RC 250 and a base binder for these cutbacks were obtained
from a supplier to refine the procedure for cutback residue recovery. The containers for cutback
residue recovery were changed, and the thickness of the cutback film was increased. Figure 4.33
and Figure 4.34 show the G*/sin d parameter with the latest procedure (discussed in previous
section) at 64°C and 25°C, respectively. It can be seen from these figures the repeatability
between the two labs, as well as the repeatability between replicates, is very good at both high
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temperature and intermediate temperature. It can also be observed that the residues are stiffer
than the base which means that some of the lighter fractions were lost during the residue
recovery.
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Figure 4.33. Comparison of G*/sin & parameter between two labs at 64°C for (i) base binder, (ij) MC 30
cutback, and (iii) RC 250 cutback.
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Figure 4.34. Comparison of G¥/sin & parameter between two labs at 25°C for (i) base binder, (ij) MC 30
cutback, and (iii) RC 250 cutback.

A round robin was conducted with several participating labs. RC-250 from two suppliers and
MC-30 from two suppliers were used for this exercise. The results from the testing are shown in
Figure 4.35 and Figure 4.36 below.
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Figure 4.35. Mass loss data for the round-robin testing for cutback residue recovery.
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Figure 4.36. G*/sin & results from the round robin testing for cutback residue recovery.

It can be observed from the above two figures that there is good repeatability between labs for
mass loss during the recovery. A large variability was observed for one MC-30 due to the use of
a very stiff base used to produce this cutback.
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4.2.4.1.2. Compositional Analysis

As stated in 4.2.1, the vacuum recovery is not intended to provide a compositional analysis, as is
the case with the distillation test used with cutbacks. The information about the distillate, to
determine RC versus MC for instance, cannot be obtained with vacuum recovery. Several
investigations were carried out to determine if this information could be easily obtained by
another method. A summary of these investigations follows.

Gas Chromatograph/Mass Spectroscopy (GC/MS)

An approach to differentiate between RC and MC cutbacks was explored using a portable gas
chromatography and mass spectrometry (GC/MS) system, designed to analyze chemical
components. A new method was developed to detect and differentiate gasoline, kerosene, and
diesel (the solvents usually used in the manufacture of cutback asphalts). By employing a vapor
sampling method, the portable GC/MS test provides results within ten minutes. The Total lon
Chromatogram (TIC) from the test results is used to identify peak intensities of specific
compounds unique to each solvent, based on their respective elution times. Solvent identification
is then achieved by analyzing the intensity ratios of two selected compounds.

Following this method, a series of RC and MC cutback samples were tested. The raw intensity
data from the TIC graph was processed through a series of steps to determine which of the three
solvents were present.

The expected composition for different cure cutbacks is as follows:
e RC: Naphthalene/Gasoline
e MC: Kerosene
e SC: Diesel

Initial trials showed that the new method works effectively, although some RC cutbacks were
incorrectly identified as kerosene. Further analysis revealed that the components and intensity of
the misidentified RC cutbacks were very similar to kerosene, rather than gasoline, which was the
expected result (Table 4.5).

Table 4.5. GCMS test results from RC250 and MC30 cutback distillation

Classification GCMS Detection
RC250 2824 Kerosene
RC250 2928 Kerosene
RC250 3512 Gasoline
RC250 3553 Kerosene
RC250 3722 Gasoline
MC30 2449 Kerosene
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MC30 2661 Kerosene
MC30 3973 Kerosene
MC30 3723 Kerosene

The Figure 4.37 shows the Total Ion Chromatograms of the RC250 cutback distillations. As
shown, the composition of samples 2824, 2928, and 3553 are similar to one another but differ
significantly from samples 3512 and 3722.

RC250

—RC250-3512
RC250-3722

/J\ —RC250-3553
cy —RC250-2824
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»
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Figure 4.37. Total lon Chromatograms of All RC250 Cutback Distillations Tested.

Gasoline/naphtha has a higher volatility than kerosene; therefore, it is expected to contain more
of the lighter hydrocarbons. As a result, the chromatogram’s intensity should be skewed towards
the left compared to solvents that consist more of heavier hydrocarbons. Figure 4.38 compares
the compositions of gasoline, kerosene, and the three misidentified RC250 cutbacks. The
comparison reveals a strong similarity between the RC250 cutbacks and the composition of
kerosene.

RC250 vs Gasoline vs Kerosene
C10

—RC250-3553

—RC250-2824
RC250-2928

—Kerosene

Gasoline

Figure 4.38. Comparing Compositions of RC250 Cutbacks, Gasoline and Kerosene.
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Because of the misidentifications, this GC/MS work was not definitive in determining the type of
cutback, so an additional correlation to use with the GC/MS was investigated.

Curing Index

Tex-517-C, “Test for Curing Index of Cutback Asphalts” is a TxDOT test procedure to calculate
a curing index (CI). This CI is an indication of the speed of cure for a cutback. Lower CI values
represent a faster curing cutback. The procedure uses data from the distillation test with “k”
factors (constants depending on the boiling point of ranges of collected distillate) along with the
volume of distillate collected at specific temperature intervals (Initial Boiling Point, 320°F,
347°F, 374°F, 437°F, 500°F, 600°F, and 680°F).

CI was investigated as data to use along with the GC/MS data to identify RC versus MC
cutbacks.

The research team requested TxDOT data for the distillation of cutback samples contained in
their Laboratory Information Management System (LIMS), and this information was delivered in
a spreadsheet. On review, the data only contained distillation data at 437°F, 500°F, 600°F, and
680°F. This was not enough data to use Tex-517-C.

The team analyzed the data using a Surrogate CI that only used the data available in the TxDOT
LIMS.

During the analysis, it appeared that the k-values in Tex-517-C for temperatures above 600°F
were not correct. They did not fit the rest of the data. Including the two points in the test
procedure that are above 600°F creates a best fit polynomial with an R2 of 0.6467, shown in
Figure 4.39. If these two points are excluded the k-value data plots as a second order polynomial
with an R2 0f 0.9878 as shown in Figure 4.40. It was decided that the k-values above 600°F were
not correct, and the polynomial fit determined without them would be used to estimate new k-
values that fit the rest of the data.
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Figure 4.39. k-Values with Temperature with all k-values used.
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Figure 4.40. k-Values with Temperature, excluding points above 600°F.

The k-values (including estimated values for temperatures above 600°F ) were used with the
truncated TxDOT data from LIMS to calculate the Surrogate CI. These are summarized in
Table 4.5.

Table 4.5. Surrogate Cl by Cutback Grade

Surrogate CI
Grade | Min Avg Max
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RC-
250 101 217|335
MC-30 | 397 645 931
MC-
800 223 439 568
MC-
3000 | 360 367 381
SCM-1 | 402 | 493 640

If one compares the CI within a grade, higher CIs belong to cutbacks with higher amounts of
solvent. While this holds for the same grade on average, the spreads from high to low overlap to
make an individual test not to distinguish a grade. Also, across grades show the same overlap
that precludes making a distinction between RC and MC. The maximum CI of the RC-250 is
335, and the minimum CI of MC-800 is 223.

This work does not result in a measure that can be used with GC/MS to distinguish RC versus
MC. Additionally, if one relied only on the vacuum recovery, the distillation data would not be
available anyway.

Conclusions

While this exercise did not result in a measure to be used to determine RC versus MC cutbacks,
additional review of the vacuum recovery test itself, along with testing of the residue recovered
from that procedure offers a solution.

The vacuum oven procedure uses different time durations at 140°C for recovery, RC for 3-hours
and MC for 4-hours. These times were determined to by experimentation as required to remove
the solvent of different volatiles.

The most probable problems with cutbacks could include:

e Cutback Contamination (almost all contamination would be with higher boiling
materials, with diesel or hydraulic fluid being the most common),

e Sample Mislabeling (RC is really an MC or MC is really an RC), or
e Cutbacks are Partially cured out (old sample of mistreated sample).
For these situations,

e Contamination would result in a cutback residue that would be much softer than
expected.

e Sample mislabeling would result in residue either too stiff or much softer than expected.
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e Partial curing would not result in too soft or hard residue, but would result in a cutback
that would not meet the cutback viscosity requirements.

Thus, the most common ways for cutbacks to exhibit problems will produce test results that raise
suspicion. Since the research team does not recommend deleting the AASHTO T78 procedure,
but to have it available for forensic analysis or referee testing, cutback samples that raise
suspicion can be evaluated using AASHTO T78 to verify that there is a problem.

4.2.4.2. Emulsions

Similar to the development of cutback residue recovery procedure, development of emulsion
residue recovery procedure also required many trial procedures. Variables, such as temperature,
duration in vacuum oven, and sample containers, were evaluated during the development of the
test procedure. The following paragraphs discuss the results from the penultimate test procedure
and the latest test procedure. Replicate data was not averaged and is shown as-is in the figures.
Note that two research labs participated in the testing.

Figure 4.41 shows the comparison of G*/sin o parameter between the two participating labs. It
can be observed that the values lie very close to the line of equality showing good repeatability
between two labs. Recall that the two labs had different brands of vacuum ovens and DSRs.

—1:1 Line
O CHFRS-2P (1 source)
A CRS-2P (3 sources)
© 88-1 (3 sources)

0 1 2 3 4
Lab 1 (G*/sin &)

Figure 4.41. Comparison of G*/sin & parameter of the emulsion residue between two labs (the line shown
is 1:1 line for reference).

Figure 4.42 compares the G*/sin 6 parameter between two replicates. The values are very close
to the line of equality showing a good repeatability within the lab with same operator. These
results are based on the penultimate procedure in which silicone containers were used as samples
containers. However, in case of some emulsions it was observed that the emulsions do not spread
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uniformly on silicone containers due to surface tension. This procedure was modified by using
aluminum containers.

w
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Figure 4.42. Comparison of G*/sin & parameter of the emulsion residue between two replicates (the line
shown is 1:1 line for reference).

The results from the latest procedure using aluminum containers are shown in Figure 4.43 to
Figure 4.47. Figure 4.43 shows the mass loss during the emulsion residue recovery between the
labs. The results are very close to the line of equality showing a good repeatability in mass loss
between the two labs. Figure 4.44 and Figure 4.45 show repeatability in G*/sin & parameter at
high temperature (64°C) in between the two labs and within the lab, respectively. Results for all
three emulsions are close to line of equality in both plots showing both good repeatability within
the lab as well as between the labs at high temperature. Figure 4.46 and Figure 4.47 show the
repeatability of G*/sin d parameter at intermediate temperature (25°C) in between the two labs
and within the lab, respectively. Data in both the plots is close to line of equality showing good
inter-lab and intra-lab repeatability at intermediate temperature.
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Figure 4.43. Comparison of mass loss percent during emulsion residue recovery between two labs (the
line shown is 1:1 line for reference).
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Figure 4.44. Comparison of G*/sin & parameter of the emulsion residue between two labs at high
temperature (the line shown is 1:1 line for reference).
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Figure 4.45. Comparison of G*/sin & parameter of the emulsion residue between two replicates at high
temperature (the line shown is 1:1 line for reference).

25C

20
18
16
14
12
10

055

< CHFRS

G*/sin d [kPa] for Lab 2

[T S LA ]

ACRS

0 2 4 6 8 10 12 14 16 18 20
G*/sin d [kPa]for Lab 1

Figure 4.46. Comparison of G*/sin 6 parameter of the emulsion residue between two labs at intermediate
temperature (the line shown is 1:1 line for reference).
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Figure 4.47. Comparison of G*/sin & parameter of the emulsion residue between two replicates at
intermediate temperature (the line shown is 1:1 line for reference).

A round-robin testing with industry participation is being conducted with CRS-2P from two
suppliers and HFRS-2P from one supplier. The results obtained from this round robin testing is
shown in the Figure 4.48 and Figure 4.49 below.
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Figure 4.48. Mass data for the round-robin testing for emulsion residue recovery.
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DSR Results at 64 C
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Figure 4.49. G*/sin & results from the round robin testing for emulsion residue recovery.

A good repeatability for mass loss data can be observed between the six labs. Also, a good
repeatability can be seen for the DSR G*/sin o parameter. The variability in the G*/sin &
parameter was observed to be more in the case of HFRS-2P as compared to CRS-2P. Note that
the base binder was softer than the recovered binder. In this case, according to the producer, the
polymer was introduced during emulsification and is therefore present in the recovered binder,
but not in the base binder.

4.2.5. Conclusion

Two separate test procedures were developed for the residue recovery of cutbacks and
emulsions. The data collected so far shows a good repeatability within the lab as well as between
different labs at both high and intermediate temperatures. A round robin was conducted with
several participating labs from the industry. Results from the round robin show good
repeatability between the labs.

4.3. AASHTO T201 Kinematic Viscosity of Asphalts

4.3.1. Goal

The main goals of this exercise were to:

e Replace T201 with rotational viscometer. This test is currently being performed at 140°F
on RC, MC, and special-use cutbacks (Tables 4, 5, 6), as well as rejuvenating agents
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(Table 10) and Residue of specialty emulsions (Table 11). The test is also being
performed at 275°F on recycling agents and emulsified recycling agents (Table 12).

o Some adjustment to the spec limit may be required to convert kinematic to
absolute viscosity.

o Some methods to measure this in the field are also being considered.

e Replace T201 (kinematic viscosity using a viscometer tube) for residue of specialty
emulsions at 140°F (Table 11) with a DSR parameter.

o Tests on residue also tie into a more efficient residue recovery process that yields
a smaller sample size.

o The shift to replacing a viscosity-based consistency measure with DSR is
consistent with multiple instances throughout Item 300.

o Table 3 already sets a precedent for the use of DSR and G*/sin 6.

4.3.2. Scope

The method is intended to be applied to the materials in Table 4.6 below. The numbers

included in the third column indicate the approximate testing load based on a 12-month analysis
of the LIMS data).

Table 4.6 Kinematic viscosity testing load based on LIMS data

TABLE ITEM TESTS/YR**
Table 4: MC cutbacks (140°F) RC-250 179
Table 5: MC cutbacks (140°F) MC-30 168
MC-800 19
MC-3000 10
Table 6: Special-use cutbacks (140°F) SCM 1 14
Table 10: PM Cationic emulsions (140°F) CRS-2P 192
CHFRS-2P 112
CMS-1P 1
CMS-2P 1
Table 11: Specialty emulsions (140°F) PCE 21

** Based on LIMS data from 2020

4.3.3. Evaluation Method

4.3.3.1. Methods
AASHTO T201

AASHTO T316
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Calculate Density to convert the kinematic viscosity to absolute viscosity

4.3.3.2. Materials

Materials used for data collection were as follows:
e RC-250 x 3 different sources
e SCM I x 1 different sources

e MC-30 x 3 different sources

4.3.3.3. Kinematic Viscosity Test
e Test was conducted at 140°F.

e Tubes were placed in the bath for 20 minutes, then asphalt was poured into the tubes, and
the test was started after 20 minutes.

e Time of flow was recorded, and viscosity was calculated by multiplying the recorded
time by the tube constant.

4.3.3.4. Rotational Viscosity Test
e Testis conducted at 60°C.

e Samples were placed in the viscometer for ten minutes, then the spindle was turned on for
an additional ten minutes. This procedure was subsequently refined.

e Three readings were taken, and the average is reported.

4.3.4. Results and Discussion

Two laboratories participated to test the cutbacks with the rotational viscometer. Figure 4.50
presents a comparison of rotational viscosity results obtained between the two labs. It can be
seen that the data aligns very well with the line of equality showing very good repeatability
between two labs. Each group of data in the form of clusters represents a different type of
cutback.

The correlation observed between the results from these two tests provides preliminary evidence
to consider replacing tube viscometers with rotational viscometers for cutback materials, without
applying any significant changes to the current specifications.
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Figure 4.50 Comparison of rotational viscometer measurements between the two labs.

Figure 4.51 and Figure 4.52 presents the comparison of rotational viscosity and kinematic
viscosity from the two labs, respectively. It can be seen that data aligns very close to the line of

equality showing the limits used for kinematic viscosity can be used with rotational viscosity
measurements.
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Figure 4.51. Comparison of rotational viscometer measurements from lab at UT with kinematic viscosity.
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Figure 4.52. Comparison of rotational viscometer measurements from lab at TTI with kinematic viscosity.

4.3.5. Conclusion

Data suggests that for cutback materials, the rotational viscometer can be used in lieu of the tube
viscometers with only minor, if any, revisions to the current parameters or specification limits.

4.4. AASHTO T72 Saybolt viscosity

4.4.1. Goal

The main goal of this exercise was to replace T72 with rotational viscometer. This test is
currently being performed at 77°F or 122°F on all type of emulsions (Tables 7 to 11), and at
77°F on recycling agents and emulsified recycling agents.

4.4.2. Scope

The method is intended to be applied to the materials as listed in Table 4.7 below. The numbers
included in the last column indicate the approximate testing load based on a 12-month analysis
of the LIMS data).

Table 4.7 Saybolt viscosity testing load based on LIMS data

TABLE ITEM TESTS/YR
Table 7: Emulsions 77°F SS-1 81
SS-1H 83
122°F HFRS-2 43
MS-2 28
Table 8: Cationic emulsions 77°F CSS-1 37
CSS-1H 333
122°F CRS-2 198
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CMS-2 13
CSS-1H 1
Table 9: PM emulsions 122°F HFRS-2P 52
Table 10: PM Cationic 77°F CMS-1P 24
emulsions CSS-1P 29
122°F CRS-1P 11
CRS-2P 192
CHFRS-2P 113
CMS-2P 35
Table 11: Specialty emulsions 77°F EAP&T 1
PCE 17
122°F AEP 195

4.4.3. Evaluation Method

4.4.3.1. Method
AASHTO T72
ASTM D7226
4.4.3.2. Materials
Materials used for data collection were as follows:
e (SS-1H x 2 different sources
e SS-1 x 2 different sources
e (CRS-2P x 3 different sources
e (CRS-2 x 3 different sources
e HFRS-2P x 2 different sources

4.4.3.3. Saybolt Viscosity Test
Test is conducted at 77°F (25°C) or 122°F (50°C) depending on the grade.

4.4.3.4. Rotational Viscosity Test

Test is conducted at 60°C. The spindle was lowered for ten minutes in the sample; then the
spindle was turned on for an additional ten minutes; and finally, the average of three readings
was recorded.
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4.4.4. Results and Discussion

Two labs participated in the testing. Saybolt viscometer results are compared with the rotational
viscometer results in Figure 4.53 and Figure 4.54. It can be seen from these figures that the
Saybolt viscosity test itself is very variable for most of the rapid setting emulsions. Hence, it was
not possible to obtain a linear correlation between the two tests.
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Figure 4.53. Comparison of rotational viscosity data obtained from UT lab with the Saybolt viscosity.
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Figure 4.54. Comparison of rotational viscosity data obtained from TTI lab with the Saybolt viscosity.

Figure 4.55 and Figure 4.56 show the comparison of rotational viscosity data between two labs
and between two replicates, respectively. A good repeatability can be observed with this new test
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both between labs and between the replicates. Average d2s% between labs for Saybolt viscosity
test was 28% with a minimum d2s% of 5% and a maximum d2s% of 86% for the material used
in this exercise. On the other hand, the average d2s% for the rotational viscometer test on the
same material was 16% with a minimum d2s% of 0% and maximum d2s% of 41%. This shows
the repeatability improves significantly with the rotational viscosity test method.
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Figure 4.55. Comparison of rotational viscosity between the two labs.
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Figure 4.56. Comparison of rotational viscosity between two replicates.

4.5. Delta Tc

4.5.1. Goal

Current specification for evaluating the cracking behavior of asphalt binders requires stiffness
and m-value testing at multiple (=3) temperatures. The main goal of this exercise is to minimize
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the propagation of errors arising from the compound variability from multiple measurements in

the current spec by triggering a minimum stiffness requirement of S> 155 MPa when m-value
falls below 0.32.

4.5.2. Scope

Currently, a requirement exists as a Special Specification in TxDOT SS3070 SuperPave
Mixtures-Balanced Mix Design - PG Binders (Table 17).

4.5.3. Alternative Method

Figure 4.57 presents data from previous research on the feasibility of using the minimum BBR
stiffness (S) requirement approach as a surrogate to ATc parameter. ATc and stiffness values
were measured for a variety of asphalt binders from in and around the state of Texas. The

proposed criterion is to require a minimum value of S (e.g. S > 155 MPa) when the value of m
falls below a threshold (e.g. m < 0.32).
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Figure 4.57 Stiffness versus ATc.

4.5.4. Conclusion

Based on current preliminary data from the BBR measurements, a new specification limit has
been already proposed.
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4.6. 8mm DSR for low temperature testing of PG binders

4.6.1. Goal

The main goal of this exercise is to track the use of G* and o at low temperatures measured using
an 8 mm DSR as a potential alternative to BBR S and m values.

4.6.2. Scope

No current requirement exists on this method using the DSR; however, the test is intended to
serve as a surrogate for BBR.

4.6.3. Evaluation

4.6.3.1. Method and Test

The steps used for the low temperature testing of PG binders using the DSR are summarized
below.

e The DSR temperature chamber was preheated to 70°C.

e The asphalt binder sample was transferred to one of the test plates, and the sample was
tested at intermediate temperature according to AASHTO T315.

e After completion of 8 mm intermediate temperature testing, and without removing the
sample, the temperature from the intermediate temperature was lowered to the low PG
temperature plus 10°C, and the axial force adjustment of 0.3N (+ 0.1N) in compression
was used.

e The sample was conditioned at the test temperature (low PG grade temperature plus
10°C) for 2100 s.

e The specimen was tested at 0.1% strain rate and 0.2 rad/s angular frequency for ten
cycles.

e The average G* and d from the last five cycles at the PG low temperature grade plus
10°C was recorded.

It can be observed from the above procedure that this DSR procedure does not require an extra
asphalt binder sample for low temperature testing. In fact, DSR procedure for intermediate
temperature can be modified and programmed to add low temperature testing step to execute the
low temperature testing on the same asphalt binder sample.
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4.6.3.2. Materials

A variety of PG binders from different suppliers were used for the testing. They were as follows:

e FEight PG 64-22 binders

e Four PG 70-22 binders

e Seven PG 76-22 binders

e Two PG 58-28 binders

e Two PG 64-28 binders

e Four PG 70-28 binders

e One PG 76-28 binder

Three research labs participated in the testing: UT, TTI, and TxDOT. All the above-mentioned
binders were tested in one of the research labs. Four asphalt binders were tested in all three labs:
two PG 64-22 binders, one PG 70-22 binder, and one PG 76-22 binder. In most cases, two
replicates were tested, but, in some cases, only replicate was tested.

4.6.4. Results and Discussion

Replicate data was not averaged and is shown as-is in the following figures. Figure 4.58 shows
the G* values from DSR low temperature testing against stiffness values from BBR testing. The
plot shows a good correlation between the stiffness values and G* values. Based on this
correlation and using the BBR specification limit of 300 MPa a specification limit for G* can be
obtained which corresponds to about 250 MPa. Quadrants were created in this plot based on
these limits. Green quadrant (G*<250 MPa and BBR stiffness <300 MPa) corresponds to
binders that pass both BBR stiffness test and DSR G* test. Red quadrant (G*>250 MPa and
BBR stiffness >300 MPa) corresponds to binders failing both BBR stiffness test and DSR G*
test. The remaining space corresponds to binders failing one of the two tests. Following
observations can be made from this plot:

o All the binders tested fall into green quadrant. This shows that if the binders are passing
the BBR stiffness test, they are also passing the DSR G* test, which means that DSR G*
can be used as a parameter for low temperature performance testing.

e A more conservative limit of 220 MPa can be proposed where no BBR testing is required
for DSR G* values less than 220 MPa for routine low temperature testing.

e BBR testing might only be required for binders with G* values greater than 220 MPa, as
they are borderline cases which might lead to false positives or negatives.
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Figure 4.58. A plot showing G* from DSR low temperature testing against the stiffness values from BBR
testing.

Figure 4.59 shows the phase angle (8) value with BBR m-value. It can be observed that there is
a good correlation between phase angle and BBR m-value. Using the specification limit for m-
value of 0.3 and the correlation between phase angle and BBR-value, a specification limit on
phase angle can be obtained as 22 degrees. Similar to the BBR stiffness and DSR G* plot, all
binders falling in green quadrant (6 > 22 degrees and m-value > (.3) pass both DSR phase angle
and BBR m-value tests. All binders falling in red quadrant fail both tests (6 <22 degrees and m-
value < 0.3). Binders falling in the rest of the space fall one of the two tests. Based on the plot,
following observations can be made:

e With the exception of one asphalt binder, all binders fall into the green quadrant, showing
that if the binders are passing the BBR m-value test, they are also passing the DSR phase
test. This means that DSR phase angle can be used as a parameter in the place of BBR m-
value for low temperature performance testing.

e One asphalt binder that did not into the green quadrant, passed the DSR phase angle test,
but failed the BBR m-value test in all the three labs (the points correspond to the same
binder tested in three labs). An important note here is that this binder was very close to
the pass/fail boundary.

e A conservative limit of phase angle > 22 degrees can be proposed for no BBR m-value
testing to avoid false positives and negatives.

e BBR testing might be needed when the phase angle specification limit is not met.
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Figure 4.59. A plot showing phase from DSR low temperature testing against the m-value from BBR
testing.

Figure 4.60 and Figure 4.61 show the plot of G* and phase angle of one replicate against the
second replicate, respectively. It can be observed in both the plots that the data is close to the line
of equality (1:1) showing good repeatability between the replicates both in G* and phase angle at
low temperatures.
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Figure 4.60. A plot showing G* values obtained from two replicates (solid line is 1:1 line for reference).
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Figure 4.61. A plot showing phase angle values obtained from two replicates (solid line is 1:1 line for
reference).

4.6.5. Low Temperature DSR Round Robin

A round robin was conducted with ten laboratories participating and eight different binder
samples tested. Some labs conducted two separate tests, while some conducted only one test,
resulting in sixteen data points for each binder (one sample was missing the results from two labs
resulting in only 14 data points for that sample). The binders were chosen so that some met the
PG grade easily, while others were borderline failing. The PG 76-28 was mislabeled and was
actually a PG 76-22, but this represented testing a binder beyond its limits and it should have
shown as not meeting the suggested specification limits.

All G* round robin datapoints for each binder are shown in Table 4.8.

Table 4.8. G* Round Robin Data.

G*(kPa)

PG
Binder grading T(°C) R1 R7

2467 PG64-22 | -12 [129989 |134207 | 137380 |126164 144882 | 143676 | 97380 |127300 |134971 74000 (102656 | 93715 121463 |135110

2930 PG70-22 | -12 | 80575 | 78171 | 82239 | 64029 | 76575 | 93982 | 89964 | 84670 | 76950 | 91626 | 87326 | 38600 | 65808 | 56681 | 71745 | 84942

2939 PG76-22 -12 1119531 |111759 |114909 |115468 |119091 | 138666 | 130064 (107400 [115900 (133719 (121260 | 56700 | 81790 | 80017 | 94519 (124510

1017(2605)| PG76-22 | -12 (117286 |129050 | 123852 | 93814 |106375 [ 131859 | 130733 |128350 124470 [125171 |114202 | 65800 | 98469 | 72013 |115512 |126790

1423 PG64-28 -18 1220136 | 214070 | 232319 |198535 |209742 | 252060 | 247517 (212000 211800 (224976 (235167 | 86700 |118466 |148694 (206917 (231640

3467 PG64-28 -18 185729 | 164656 [187220 |161253 |101660 | 184796 | 181967 |160200 |121600 (183172 |193160 | 45000 (103456 | 104882 (122550 | 189950

2534 PG70-28 -18 131682 | 158830 |156314 |158713 |147176 | 173026 | 178377 155400 (137800 (153871 (143105 | 60600 | 85219 | 90466 (122146 (159090

0970 PG76-28 -18 211621 | 225956 | 243578 |174368 |236140 | 243705 | 250221 |192900 |211500 [223257 (216017 |111000 |132506 | 138057 |199980 | 239200

Figure 4.62 shows all test results for all samples for G*. A suggested specification limit of
220,000 kPa line is also shown. This would be a suggested maximum specification limit.
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Figure 4.62. Round Robin G* for all samples.
All Phase Angle (8) round robin datapoints for each binder are shown in Table 4.9.

Table 4.9. Phase Angle (8) Round Robin Data.

Binder

grading

2467 PG64-22 -12 26.1 |25.8 | 252 |25.2 24.8 1248|257 125.8125.5 30.7 | 27.0 127.2 |1 26.0 | 24.8

2930 PG70-22 -12 22.8 123.2 12241226 (22512251225(229(22922.7122.7125.8 (23.5]24.223.1]22.2

2939 PG76-22 -12 (2541257 | 250 25.0|25.0|24.6 (247 (256|256 |250|24.9]31.3]27.3(27.6(27.9|24.4
1017(2605) | PG76-22 12 (2251221 122212231223 122.1 (221 (225226223 |22.4]126.6]23.2(23.1(22.4(21.8
1423 PG64-28 -18 (22.2 1220209 (21.6|21.9]20.8(20.8(22.1122.3|21.3|21.2131.0]26.7(25.9(22.1|20.6
3467 PG64-28 -18 [26.7 128.8 12701252 125.1124.724.8 (273255252253 (41.132.4|34.4(27.9(24.2

2534 PG70-28 -18 (2541243 (2372401243 123.5(23.4(248|249|23.8|23.9]31.5]28.5(28.6(24.8]23.7

0970 PG76-28 -18 |19.2(18.418.0|18.8|18.7 (18.118.2|19.0|19.0 (18.6 (18.4|23.7 |21.1|21.1(18.8(17.9

Figure 4.63 shows all test results for all samples for phase angle. A suggested specification limit
of 22 degrees is also shown. This would be a suggested minimum specification limit.
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Figure 4.63. Round Robin Phase Angle for all samples.

The G* was met for some labs and failed for others. The & did not meet the suggested limits
across the board, except for one lab showing a higher 5. This was by design according to the
materials selected for the round robin.

One can see that there are some data points, both high and low and for G* and 9, that appear to
be outliers. There were some labs that were consistently high or low. These may have had
systematic issues, such as temperature calibration. Results were analyzed to calculate averages,
standard deviations, z-scores (how many standard deviations away from the average), and
coefficients of variation (standard deviation divided by the mean). Data points that appeared to
be outliers because of z-scores were removed, and the statistics recalculated. This information is
shown in Table 4.10.
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Table 4.10. G* and Phase Angle () Statistics With and Without Outliers

Statistics With and Without Outliers
2930 2939 [017(2605] 1423 3467

Binder 2467 2534 0970
PG

grading
T(°C) -12

PG64-22 | PG70-22 | PG76-22 | PG76-22 | PG64-28 | PG64-28 | PG70-28 | PG76-28

-12 -12 -12 -18

-18

-18

-18

G*(kPa) All Data
UCEG 121635 76493 110331| 112734| 203171 149453| 138239| 203125
SIS 21324 14480  21863|  20505|  46088| 43983 33158| 43032
cov 17.5%

Statistics

19.8%
Pa) Statis
Mean 133514 83230| 118984 122804| 222837| 179210( 154449| 224506

18.2% 22.7% 29.4% 24.0% 21.2%

tics Outliers Removed

StDev 7475 6759| 11499 7790 16140| 12323| 13343| 18479
cov 5.6%

8.1% 9.7%

5(°) Statistics (All Data)

6.3% 7.2% 6.9% 8.6% 8.2%

5(°) Statistics (Outlier
25.41 22.83 25.07 22.27 21.53 25.99 24.19 18.53

s Removed)

0.48 0.50 0.42 0.23 0.61 1.41 0.61 0.41

1.9% 2.2% 1.7% 1.0% 2.8% 5.4% 2.5% 2.2%

This analysis was the basis for removing the outlier data as shown in Table 4.11 and replotting
the remaining data for G* and 9 in Figure 4.64 and Figure 4.65. Removing the outliers reduced
the COV for G* by a factor of 2 to 4 and the COV for Phase Angle (d) by a factor of 2 to 7.

Table 4.11. Round Robin Data with Outliers Removed.

PG grading T(°C) R9 R10 R11 R12 R13 R14 Ri15 R16

G*(kPa)
2467 PG64-22 12 129989 [134207 | 137380 | 126164 -144882 143676 127300 | 134971 - 121463 | 135110
2930 PG70-22 <12 | 80575 | 78171 | 82239 76575 | 93982 | 89964 | 84670 | 76950 | 91626 | 87326 71745 | 84942
2939 PG76-22 -12 119531 | 111759 | 114909 | 115468 | 119091 | 138666 |130064 |107400 |115900 | 133719 [121260 94519 |124510
1017(2605) PG76-22 -12 (117286 | 129050 | 123852 106375 | 131859 130733 |128350 | 124470 | 125171 114202 115512 | 126790
1423 PG64-28 -18 220136 | 214070 | 232319 | 198535 | 209742 | 252060 | 247517 |212000 |211800 | 224976 |235167 206917 | 231640
3467 PG64-28 18 [185729 | 164656 | 187220 | 161253 184796 |181967 |160200 183172 |193160 189950
2534 PG70-28 -18 131682 | 158830 | 156314 | 158713 | 147176 | 173026 |178377 |155400 |137800 | 153871 [143105 159090
0970 PG76-28 -18 [211621 | 225956 | 243578 236140 | 243705 | 250221 |192900 [211500 | 223257 |216017 199980 | 239200

5(°)
2467 PG64-22 -12 26.1 25.8 25.2 25.2 - 24.8 24.8 25.7 25.8 25.5 - 26.0 24.8
2930 PG70-22 -12 22.8 23.2 22.4 226 22,5 225 22,5 22.9 229 22.7 22.7 23.1 22.2
2939 PG76-22 -12 25.4 25.7 25.0 25.0 25.0 24.6 24.7 25.6 25.6 25.0 24.9 24.4
1017(2605) PG76-22 -12 22.5 221 22.2 22.3 223 221 221 22,5 22.6 223 22.4 224 21.8
1423 PG64-28 -18 22.2 22.0 20.9 21.6 21.9 20.8 20.8 22.1 223 21.3 21.2 22.1 20.6
3467 PG64-28 -18 26.7 28.8 27.0 25.2 25.1 24.7 24.8 27.3 25.5 25.2 25.3 27.9 24.2
2534 PG70-28 -18 25.4 24.3 23.7 24.0 243 23.5 23.4 24.8 24.9 23.8 23.9 24.818| 23.7
0970 PG76-28 -18 19.2 18.4 18.0 18.8 18.7 18.1 18.2 19.0 19.0 18.6 18.4 18.8 17.9

- No Data Supplied

Removed as Outlier
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Figure 4.64. Round Robin G* Data with Outliers Removed with Suggested Specification Limit.
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Figure 4.65. Round Robin Phase Angle (d) Data with Outliers Removed with Suggested Specification
Limit.
The data show good repeatability with low COVs when the few labs showing as outliers are

eliminated. It is believed that the outlier problem is mainly due to temperature calibration issues
and an unfamiliar test procedure. Results are expected to improve with experience in performing

the test.

4.6.6. Conclusion

Overall, a good correlation of G* and phase angle was observed with BBR stiffness and m-value,
respectively. A good repeatability between the labs was observed. From the data collected,
specification limits of G*< 220 MPa and ¢ > 22 degrees are suggested for routine screening of
PG binders for low temperature testing in place of BBR. BBR testing is required in case the
binders do not meet these specification limits.
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4.7. Poker-chip test for intermediate temperature testing of PG
binders

4.7.1. Goal

The main goal of this exercise is to track the poker chip strength and ductility parameter at
intermediate temperature in order to use them as a potential alternative to the G*sin(d) fatigue
parameter at intermediate temperature.

4.7.2. Scope

No current requirement exists on this method, but it is intended to replace ductility requirements
and surrogate ductility requirements, such as elastic recovery.

4.7.3. Evaluation

4.7.3.1. Method and Test

The poker-chip test sample preparation steps are summarized below:

1. Asphalt binder sample is heated in an oven to 320 + 5°F (160 + 3°C) for 15 to 20 minutes
until the binder is fluid enough to be poured.

2. The binder sample is stirred thoroughly to ensure it is homogenous. 4.5 £ 0.05 g of the
asphalt binder is poured inside the silicon mold as shown in Figure 4.66, and it is then
allowed to cool at room temperature for about 20 minutes.

Figure 4.66. Asphalt binder poured inside the silicone mold.

3. The top and bottom parts of the poker chip mold and the spacer dowels are preheated in a
conventional oven at 160 + 3°C for at least three hours.
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4. The pre-weighed dollop of the asphalt binder is then removed from the silicon mold and
placed in the bottom part of the poker chip mold (Figure 4.67). The bottom part of the
mold is then placed back in the oven at 160 + 3°C for 15 minutes or until the dollop of
asphalt binder is completely molten and spread over the entire bottom surface of the
poker chip mold.

s‘:”» - -
b4 ap
V9

F e I

/7

Figure 4.67. Bottom plates for five poker-chip samples (left) and one bottom plate with a binder sample
placed in it (right).

5. Three spacer dowels are placed approximately at 120 degrees apart and about halfway
radially out from the center of the bottom poker-chip sample disc (Figure 4.68).

Figure 4.68. Bottom plates for five poker-chip sample discs with binder samples (left) and one bottom
plate with the three spacer dowels dropped on top of the binder surface (right).

6. The bottom part of the poker chip mold is placed back in the oven again for another 15 to
20 minutes to allow the spacer dowels to sink and submerge in the binder.

7. The bottom part and the pre-heated top part of the molds are taken out from the oven.
Two alignment pins are then inserted in the bottom part of the mold. The top part of the
poker chip mold is slowly lowered through the alignment pins and firmly pressed at the
center. The third alignment pin is inserted to ensure proper alignment (Figure 4.69).
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Figure 4.69. A poker-chip sample that sandwiches the binder specimen between the top and bottom
pieces that are aligned using three pins (left); five complete discs ready for temperature conditioning and

8.

testing (right).

The poker-chip assembly is then placed in the oven at 160 + 3°C for another 20 to 25
minutes.

9. The poker-chip assembly is taken out of the oven and allowed to cool to room

temperature on a level platform for at least 30 min.

10. The poker-chip assembly is placed inside a temperature-controlled chamber at 25 + 0.5°C

until the specimen has reached the temperature. The poker-chip sample is then tested
within 48 hours of conditioning.

Poker-chip sample testing is summarized in the step below:

1.

The load frame is programmed to run the following sequence: 1) Apply tension in
displacement-controlled mode of 1 mm/minute until a tensile load of 40 N is reached. At
this point, ii) switch to load-controlled mode and apply a tensile load of 2 N/second until
the sample fails.

The alignment pins from the specimen are gently removed while holding the bottom of
the specimen. Then, the bottom of the poker chip assembly is locked in the loading
frame.

The loading axis is gently lowered until the clevis rod end hole aligns with the hole in the
ball joint rod. A dowel is gently inserted through the clevis rod end and the ball joint rod,
locking the two in place. Once the sample is locked in place, the programmed test is
executed.

The load and displacement at a rate of at least two points per second are recorded during
the test.
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5. The two parameters of interest that are extracted and evaluated in this study are (i)
Strength parameter: tensile strength of the binder, and (ii) Ductility parameter: elongation
or percentage strain of the binder when it reaches 80% of post peak stress (Figure 4.70).

Tensile Strength="T [-----=----—==
0.8%T |-----7F---mmmmmmmmmmmmmmm 3 )

Stress

Ductility Parameter
Strain

Figure 4.70. Typical stress-strain curve with the two parameters of interest (i) tensile strength and (ii)
ductility.

4.7.3.2. Materials

Twelve asphalt binders were used for round robin testing in three research laboratories: UT, TTI
and TxDOT. The asphalt binders were of the following grade:

e PG 64-22 from two different sources
e PG 70-22 from two different sources
e PG 76-22 from two different sources
e PG 64-28 from two different sources
e PG 70-28 from three different sources

e PG 58-28 from one source

4.7.4. Results and Discussion

The strength and ductility parameters obtained from the poker-chip test on RTFO aged binders
were compared from the three participating labs. Please note that the round-robin testing was
conducted at room temperature in the TTI and TxDOT labs. In case of the UT lab, the samples
were conditioned overnight at 25°C and tested at room temperature.
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4.7.4.1. Strength and ductility parameter

Figure 4.71 to Figure 4.73 show the comparison of poker-chip test strength parameter between
the three participating labs. It can be observed in all three figures that the data is close to the line
of equality (1:1), showing an overall good repeatability of strength parameter between the
participating laboratories. Figure 4.74 to Figure 4.76 show the comparison of poker-chip
ductility parameter between the participating labs. Similar to poker-chip strength data, poker-
chip ductility data is also close to the line of equality, showing an overall good repeatability
between the three labs.
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Figure 4.71. Comparison of strength parameter from poker-chip test between UT lab and TTI lab (Orange
line shows the 1:1 line for reference).

Strength (kPa)

450.0

400.0 o &

350.0 Y

300.0 ® °

250.0 L

200.0

150.0

100.0
50.0

0.0
0.0 50.0 1000 1500 2000 250.0 300.0 350.0 4000 450.0

TxDOT data

TTI data

Figure 4.72. Comparison of strength parameter from poker-chip test between TxDOT lab and TTI lab
(Orange line shows the 1:1 line for reference).
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Figure 4.73. Comparison of strength parameter from poker-chip test between TxDOT lab and UT lab
(Orange line shows the 1:1 line for reference).
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Figure 4.74. Comparison of ductility parameter from poker-chip test between UT lab and TT/ lab (Orange
line shows the 1:1 line for reference).
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Figure 4.75. Comparison of ductility parameter from poker-chip test between TxDOT lab and TTI (Orange
line shows the 1:1 line for reference).
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Figure 4.76. Comparison of ductility parameter from poker-chip test between TxDOT lab and UT (Orange
line shows the 1:1 line for reference).

4.7.4.2. Variability in strength and ductility parameters

4.7.4.2.1. Variability between replicates

The d2s% (absolute value of the difference of two values x 100/average of the two values) was
calculated for the replicates in all three laboratories for poker-chip strength and ductility
parameters. The following observations can be made from the d2s% values:

e The variability in ductility parameter is more as compared to the strength parameter.
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The d2s% within replicates for strength parameter is within 30% with one exception.

The d2s% within replicates for ductility is typically below 20% with a few exceptions.
Usually, a higher variability in ductility is observed in modified asphalt binders due to
very high ductility values.

4.7.4.2.2. Variability between labs

The inter-laboratory variability in poker-chip strength and ductility parameter was also
evaluated. Minimum and maximum d2s% were calculated using all the combinations of inter-
laboratory tests. This allowed for observation of the range of d2s% possible for tests between

labs. The following observations can be made from the d2s% values:

The inter-laboratory variability for strength parameter is less than the ductility parameter,
similar to within-replicates variability.

The minimum variability for both strength and ductility parameters is close to zero.

The highest d2s% observed for strength parameter is around 60%, but in most cases, it
was below 30%.

The highest d2s% observed for ductility parameter is around 140%, but in most cases, it
was below 30%. A high variability in ductility parameter is generally observed in the
case of modified binders due to very high ductility values (with one exception).

4.7.4.3. Effect of temperature on poker-chip test

The poker-chip test was conducted at different temperatures to observe the effect of temperature
on the strength and ductility parameter. This testing was conducted at the UT lab only. For this
testing, the samples were conditioned for the corresponding temperature overnight and tested at
the same temperature. PG 64-28 binder was used for this testing. The testing was conducted with
two replicates at five different temperatures: 20°C, 23°C, 25°C, 27°C, and 30°C. Figure 4.77 and
Figure 4.78 show the strength and ductility parameter, respectively. The following observations
were made from these figures:

A clear pattern of strength parameter going down with the increase in temperature can be
observed from Figure 4.77.

No pattern was observed for ductility parameter with temperature. Due to very high
values in ductility of the modified binder used in the testing, the pattern in ductility
parameter is not observed.

The variability in ductility parameter within replicates is high due to very high values of
ductility in the modified asphalt binder.
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Figure 4.77. Effect of temperature on poker-chip test strength parameter.
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Figure 4.78. Effect of temperature on poker-chip ductility parameter.

4.7.5. Conclusions and Recommendations

Overall, a good repeatability was observed between the three participating labs. The repeatability
between two replicates was also good. The effect of temperature on strength parameter is more

significant compared to the ductility parameter. Suggested ductility parameter specification
limits for RTFO-aged binders are:

e 70-22 and 76-22 = 400%
e 64-28 and 70-28 = 600%

122



o 76-28 =800%
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Chapter 5. Draft of Revised Item 300

The recommended specification limits in the following sections are based on limited data or
extrapolations. In particular, DSR values for cut back and emulsion residues need to be further
evaluated, and values for Saybolt viscosity do, as well. Additionally, the low temperature DSR
test has been codified in Tex-554-C, and vacuum oven recovery for emulsions and cutbacks has
been codified in Tex-555-C.

The suggested table-by-table changes in the Item 300 specifications are described in the sections

below.

5.1. Table 2 Asphalt Cement

Delete unused columns.
For original and RTFOT aged binder:

Replace Absolute Viscosity at 140°F and 275°F with Rotational Viscosity at 140°F and
275°F.

Replace AASHTO T 202, “Standard Method of Test for Viscosity of Asphalts by
Vacuum Capillary Viscometer” with AASHTO T 316, “Standard Method of Test for
Viscosity Determination of Asphalt Binder Using Rotational Viscometer.” This is both
for original and RTFO aged binder.

Additional data gathering is required to recommend specification thresholds for different
grades.

For original binder:

Eliminate Penetration (given that these grades are used to produce cold patch mixes).

Table 2 of Item 300 after the proposed changes is below:
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Table 2

Asphalt Cement
Viscosity Grade
Property :,‘rff:e wre | AC06 AC-1.5
Min 1 Max | Min i Max
Viscosity
140°F, Pa's T 316 40 180 | 1001200
275°F, Pa's 0.04 1 - 0.07 1 -
Flash point, C.0.C., °F T48 425 | - 425 | -
Solubility, % T 44 9 1i- 9 -
Spot test Tex-509-C Neg. Neg.
'Igt_ars;:tsé?_n residue from T 240
piscosiy, 140°F, T316 ~ 1300 [~ 11000
Poker Chip, Ductility, % * TP 150 200 | - 200 | -

1. Need to validate.

5.2. Table 3 Polymer-Modified Asphalt Cement

1.

Delete Absolute Viscosity at 140°F.

These materials, except AC-15P, all have a DSR requirement already. Absolute viscosity
at 140°F is a redundant test.

For AC-15P and AC-12-5TR, add a requirement for DSR of 1.0 at 58°C.

Delete Penetration altogether — PG binders do not have this requirement, only DSR at
intermediate temperature on RTFO+PAV residue.

Replace Elastic Recovery with MSCR, T350, Recovery, 0.1 kPa, at DSR High
Temperature, % Min.

Replace Tex-539-C “Measurement of Elastic Recovery of Tensile Deformation using a
Ductilometer” with AASHTO T350 “Standard Method of Test for Multiple Stress Creep
Recovery (MSCR) Test of Asphalt Binder Using a Dynamic Shear Rheometer (DSR).”
This would measure the recovery at 0.1kPa, as tested at the DSR test temperature.
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e Additional data gathering is required to recommend specification limits. Tentatively,
these may be the same as for PG binders.

4. Add 8mm, Low Temperature DSR as surrogate for BBR.

e Add Tex-55X-C, “Low Temperature DSR as a Surrogate for S and M-value” (Actual title
to be determined). This would be 8mm DSR at PG Low + 10°C (in this case, -18°C) with
phase angle > 22.0 degrees and G* <220,000 kPa. Add a footnote that a binder must
meet either low temp DSR requirements or BBR S and m-value.

Table 3 of Item 300 after proposed changes is below:

Table 3
Polymer-Modified Asphalt Cement
Test Polymer-Modified Viscosity Grade
Property Procedure AC-12-5TR NT-HA! AC-15P AC-20XP AC-10-2TR AC-20-5TR
Min | Max Min | Max Min | Max Min | Max Min | Max Min | Max
Polymer TR - SBS SB3 TR TR
Tex-133C

Polymer content, %
fsolids basis) or Teg'553’ e e e R B e 2 - 5 -
Dynamic shear,
G*'zin(d), Min,
1.00 kPa, Test THA 58 a2 58 A4 58 fid
temperaturs @ 10
radizec., °C
MSCR Recovery, 0.1 ] i i j ) j
Pz, DSR Temperaturs, T340 0 | n . - n . - N . - n o, -
% Min : : : : : :
Viscosity, 219°F, Pas T36 - 0% - 1 40 - 03 - 1 0% - 1 08 - 1
PoymerseparEion. | TeeSC | 0| 40 | - | - | 0| #0 | 0| a0 | 0 | w0 | 0 | «0
Flash point, C.O.C., °F T48 425 425 425 v - 5 0 - 25 v - a5 v -
Tests on residue from T240 . X . . . .
RTFOT aging and ! ! ! ! ! !
preszUre aging: and R 28 | | : : : :

Creep stiffness 2 TH3 ' | ' ' . .
5,-18°C, MPa - - - - 0| - 30 - 30 .
mevalue, -18°C o R R N O A I K I E

L T ram 1 I 1 1 1 1

DaR g0z | TexdiC ! ! ! ! ! !
[Pﬁ*;ag:;’;{if 20 | - - | 2o 20 | 20 | 20 |
G*, MPa v |- - ) L0 L0 920

1. Thisis a hot-applisd TRAIL product.
2. FRTFO-PAV aged binder meets Low Temperature D3R, Creep Stiffness testing is not required.

5.3. Table 4 Rapid-Curing Cutback Asphalt (RC-250 is the only
remaining RC Cutback)

1. Delete Columns not used.
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Replace Kinematic Viscosity with Rotational Viscosity.

Replace AASHTO T 201, “Standard Method of Test for Kinematic Viscosity of Asphalts
(Bitumens)” with AASHTO T 316, “Standard Method of Test for Viscosity
Determination of Asphalt Binder Using Rotational Viscometer.” Additional data are
being gathered to recommend a specification limit. The current suggestion is to leave the
same limits. These are slightly different than ¢St old units, but are related by the specific
gravity. Producers may make slight modifications to materials to meet these limits.

Additional data gathering is required to recommend specification limits.
Keep Distillation as reserve test and not for routine testing.
Add Vacuum Oven for standard testing of residue % and testing of residue.

Add Tex-555-C, “Recovery of Asphalt Residue from Asphalt Emulsion and Cutback
Asphalt by Vacuum Oven.”

For Vacuum Recovery of Residue:
Replace Absolute Viscosity with DSR.

Replace AASHTO T 202, “Standard Method of Test for Viscosity of Asphalts by
Vacuum Capillary Viscometer” with AASHTO T 315, “Standard Method of Test for
Determining the Rheological Properties of Asphalt Binder Using a Dynamic Shear
Rheometer (DSR).”

Conditions and criteria/thresholds for different grades need to be developed.
Delete Ductility.

Delete AASHTO T51, “Standard Method of Test for Ductility of Asphalt Materials.”

Table 4 of Item 300 after proposed changes is below:

Table 4
Rapid-Curing Cutback Asphalt
Property Pro.l;:zsdtu re Type-Grade
RC-250
Min Max
Viscosity, 60°C, cP T316 250 400
Water, % D95 - 0.2
Flash point, T.0.C., °F T79 80 -
Distillation test: * T78

127



Distillate, percentage by volume
of total distillate to 680°F
to 437°F 40 75
to 500°F 65 90
to 600°F 85 -
Residue from distillation, volume
9 70 -
0
Vacuum Recovery Test Tex-555-C
Residue from VVacuum Recovery 70
0,
Test, volume %
Tests on Vacuum Recovered
residue:
Dynamic shear, G*/sind, 58°C, 10 T315 0.50 3.00
rad/s, kPa
Solubility, % T 44 99 -
Spot test Tex-509-C Neg.

1 The distillation test is reserved for testing as needed or forensic purposes.

5.4. Table 5 Medium-Curing Cutback Asphalt

1.

2.

Delete Columns not used.

Delete MC-800 and MC-3000 materials. This leaves MC-30 as the only remaining
Medium Curing Cutback.

Additionally for MC-30:

3.

Replace Kinematic Viscosity with Rotational Viscosity.

Replace AASHTO T 201, “Standard Method of Test for Kinematic Viscosity of Asphalts
(Bitumens)” with AASHTO T 316, “Standard Method of Test for Viscosity
Determination of Asphalt Binder Using Rotational Viscometer.” Additional data are
being gathered to recommend a specification limit. Current suggestion is to leave the
same limits. These are slightly different than cSt old units but are related by the specific
gravity. Producers may make slight modifications to materials to meet these limits.

Additional data gathering is required to recommend specification limits.
Keep Distillation as reserve test and not for routine testing.
Add Vacuum Oven for standard testing of residue % and testing of residue.

Add Tex-555-C, “Recovery of Asphalt Residue from Asphalt Emulsion and Cutback
Asphalt by Vacuum Oven.”

For Vacuum Recovery of Residue:
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Replace Absolute Viscosity with DSR.

Replace AASHTO T 202, “Standard Method of Test for Viscosity of Asphalts by
Vacuum Capillary Viscometer” with AASHTO T 315, “Standard Method of Test for
Determining the Rheological Properties of Asphalt Binder Using a Dynamic Shear
Rheometer (DSR).”

Additional data gathering is required to recommend specification limits.
Delete Ductility.

Delete AASHTO T51, “Standard Method of Test for Ductility of Asphalt Materials.”

Table 5 of Item 300 after proposed changes:
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5.5. Table 6 Special-Use Cutback Asphalt
1.

Table 5

Medium-Curing Cutback Asphalt

Test Type-Grade
Property Procedure MC-30
Min Max
Viscosity, 60°C, cP T316 30 60
Water, % D95 - 0.2
Flash point, T.0.C., °F T79 95 -
Distillation test: ! T78
Distillate, percentage by volume
of total distillate to 680°F
to 437°F - 35
to 500°F 30 75
to 600°F 75 95
Residue from distillation, volume 50
0 _
0
Vacuum Recovery Test Tex-555-C
Residue from Vacuum Recovery
o 50
Test, volume %
Tests on Vacuum Recovered
residue:
Dynamic shear, G*/sind, 52°C,
10 radls, kPa T315 050 300
Solubility, % T44 99 -
Spot test Tex-509-C Neg.

1 The distillation test is reserved for testing as needed or forensic purposes.

Delete Columns not used.

For SCM-I, the only remaining material in this table:

2. Replace Kinematic Viscosity with Rotational Viscosity.
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Replace AASHTO T 201, “Standard Method of Test for Kinematic Viscosity of Asphalts
(Bitumens)” with AASHTO T 316, “Standard Method of Test for Viscosity
Determination of Asphalt Binder Using Rotational Viscometer.”

Additional data are being gathered to recommend a specification limit. Current
suggestion is to leave the same limits. These are slightly different than ¢St old units but
are related by the specific gravity. Producers may make slight modifications to materials
to meet these limits.




3. Keep Distillation as reserve test and not for routine testing.
e Add Vacuum Oven for standard testing of residue % and testing of residue.

e Add Tex-555-C, “Recovery of Asphalt Residue from Asphalt Emulsion and Cutback
Asphalt by Vacuum Oven.”

4. Replace Penetration with DSR at 46°C.

e Replace AASHTO T49, “Standard Method of Test for Penetration of Bituminous
Materials” with AASHTO T315, “AASHTO T 315, “Standard Method of Test for
Determining the Rheological Properties of Asphalt Binder Using a Dynamic Shear
Rheometer (DSR).”

5. Delete Polymer Content.

e While in the table, there are no requirements. This is a holdover from other deleted
material.

6. Delete Ductility at 39.2°F.

e While in the table, there are no requirements. This is a holdover from other deleted
material.

Table 6 of Item 300 after proposed changes:
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Table 6
Special-Use Cutback Asphalt

Test Type-Grade
Property Procedure SCM1
Min Max
Viscosity, 60°C, cP T316 500 1,000
Water, % D95 - 0.2
Flash point, T.0.C., °F T79 175 -
Distillation test: ! T78
Distillate, percentage by volume of
total distillate to 680°F
to 437°F - -
to 500°F - 0.5
to 600°F 20 60
Residue from distillation, volume % 76 -
Vacuum Recovery Test Tex-554-C
Residue from Vacuum Recovery 76
Test, volume %
Tests on Vacuum Recovered
residue:
Dynamic shear, G*/sind, 46°C, 10 9 9
radfs, kPa 2 1315 05 20
Solubility, % T 44 99 -
Spot test Tex-509-C Neg.
1 The distillation test is reserved for testing as needed or forensic
purposes.
2 Temperature and limits are place holders that need to be evaluated in
the future.

5.6. Table 7 Emulsified Asphalt

1.

2.

Delete Columns not used.
Replace Saybolt Viscosity with Rotational Viscosity and change test temperature.

Replace T72, “Standard Method of Test for Saybolt Viscosity” with AASHTO T 316,
“Standard Method of Test for Viscosity Determination of Asphalt Binder Using
Rotational Viscometer.”

Additionally, perform all tests at 60°C, replacing testing at 25°C and 50°C.
Replace Distillation with Vacuum Oven for residue % and testing residue.

Add Tex-555-C, “Recovery of Asphalt Residue from Asphalt Emulsion and Cutback
Asphalt by Vacuum Oven.”
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4. Replace Residue Penetration with DSR at 58°C.

e Replace AASHTO T49, “Standard Method of Test for Penetration of Bituminous
Materials” with AASHTO T315, “AASHTO T 315, “Standard Method of Test for
Determining the Rheological Properties of Asphalt Binder Using a Dynamic Shear
Rheometer (DSR).”

5. Delete Residue Ductility.
e Delete AASHTO T51, “Standard Method of Test for Ductility of Asphalt Materials.”

6. Float Test — This test appears to capture an artifact of the distillation process. It is
unclear whether this test adds additional value at this time and it should be investigated
further.

Table 7 of Item 300 after proposed changes:
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Table 7

Emulsified Asphalt
Type-Grade
Test Rapid-Setting Medium-Setting Slow-Setting
Property Procedure
HFRS-2 MS-2 §8-1 $S-1H
Min Max Min Max Min Max Min Max
Viscosity, 60°C, cP T316 320 850 210 650 40 210 40 210
Sieve test, % T59 - 0.1 - 0.1 - 0.1 - 0.1
Miscibility T59 - - Pass Pass
Cement mixing, % T59 - - - - - 2 - 2
(Ez)ggltzj!sol/!l))lllty, 35mL of 0.02 N 159 50 B B 30 B B B B
Storage stability, 1 day, % T59 - 1 - 1 - 1 - 1
Freezing test, 3 cycles! T59 - Pass Pass Pass
Distillation test: !
Residue by distillation, % by wt. T59 65 - 65 - 60 - 60 -
SASIlssitg:fte’ % by volume of B 05 B 05 B 05 B 05
Vacuum Recovery Test Tex-555-C
\;vasidue by vacuum recovery, % by 65 65 60 60
Tests on vacuum recovered
residue:
?g”amic shear, G/sind, 58°C, | 1345 052 | 202 052 202 052 | 202 | 052 | 202
rad/s, kPa 2
Solubility, % T 44 97.5 - 97.5 - 97.5 - 975 -
Float test, 140°F, sec. T 50 1,200 - - - - - - -

1. The distillation test is reserved for testing as needed or forensic purposes.
2. Temperature and values are placeholders that need to be evaluated in the future.

5.7. Table 8 Cationic Emulsified Asphalt

1. Delete all empty columns.

2. Replace Saybolt Viscosity with Rotational Viscosity and change test temperature.

e Replace T72, “Standard Method of Test for Saybolt Viscosity” with AASHTO T 316,
“Standard Method of Test for Viscosity Determination of Asphalt Binder Using
Rotational Viscometer.”

e Additionally, perform all tests at 60°C, replacing testing at 25°C and 50°C.

3. Replace Distillation with Vacuum Oven for residue % and testing residue.
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e Add Tex-555-C, “Recovery of Asphalt Residue from Asphalt Emulsion and Cutback
Asphalt by Vacuum Oven.”

4. Replace Residue Penetration with DSR at 58°C.

e Replace AASHTO T49, “Standard Method of Test for Penetration of Bituminous
Materials” with AASHTO T315, “AASHTO T 315, “Standard Method of Test for
Determining the Rheological Properties of Asphalt Binder Using a Dynamic Shear
Rheometer (DSR).”.

5. Delete Residue Ductility.
e Delete AASHTO T51, “Standard Method of Test for Ductility of Asphalt Materials.”

Table 8 of Item 300 after proposed changes:

Table 8
Cationic Emulsified Asphalt
Type-Grade
Test Rapid-Setting Medium-Setting Slow-Setting
Property Procedure CRS-2 CMS-2 CSS-1 CSS-1H

Min Max Min Max Min Max Min Max
Viscosity, 60°C, cP T316 320 850 210 750 40 210 40 210
Sieve test, % T59 - 0.1 - 0.1 - 0.1 - 0.1
Cement mixing, % T59 - - - - - 2 - 2
Coating ability and water resistance:

Dry aggregate/after spray T59 - Good/Fair - -

Wet aggregate/after spray - Fair/Fair - -
P S L NI R I I R R e
Storage stability, 1 day, % T59 - 1 - 1 - 1 - 1
Particle charge T59 Positive Positive Positive Positive
Distillation test: !

Residue by distillation, % by wt. T59 65 - 65 - 60 - 60 -

Srlllnjillssit(l)lllate, % by volume of _ 05 _ 7 _ 05 _ 05
Vacuum Recovery Test Tex-555-C

Residue by vacuum recovery, % by wt. 65 65 60 60
Tests on vacuum recovered residue:

?ayd’}:’mkig:';ea“ Glsind, S8°CA0 1 1345 | 052 | 202 | 052 | 202 | 052 | 202 | o052 | 202

Solubility, % T44 97.5 - 97.5 - 97.5 - 97.5 -

1. The distillation test is reserved for testing as needed or forensic purposes.
2. Temperature and values are placeholders that need to be evaluated in the future.
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5.8. Table 9 Polymer-Modified Emulsified Asphalt

1. Delete all empty columns.
Note: HFRS-2P is the only remaining material in the table.
2. Replace Saybolt Viscosity with Rotational Viscosity and change test temperature.

e Replace T72, “Standard Method of Test for Saybolt Viscosity” with AASHTO T 316,
“Standard Method of Test for Viscosity Determination of Asphalt Binder Using
Rotational Viscometer.”

e Additionally, perform all tests at 60°C, replacing testing at 25°C and 50°C.

3. Replace Distillation with Vacuum Oven for residue % and testing residue.

e Add Tex-555-C, “Recovery of Asphalt Residue from Asphalt Emulsion and Cutback
Asphalt by Vacuum Oven.”

4. Replace Residue Penetration with DSR at 58°C.

e Replace AASHTO T49, “Standard Method of Test for Penetration of Bituminous
Materials” with AASHTO T315, “AASHTO T 315, “Standard Method of Test for
Determining the Rheological Properties of Asphalt Binder Using a Dynamic Shear
Rheometer (DSR).”

5. Replace Absolute Viscosity with DSR at 60°C or 64°C.

e Replace AASHTO T 202, “Standard Method of Test for Viscosity of Asphalts by
Vacuum Capillary Viscometer” with AASHTO T 315, “Standard Method of Test for
Determining the Rheological Properties of Asphalt Binder Using a Dynamic Shear
Rheometer (DSR).”

6. Replace Ductility and Elastic Recovery with MSCR Recovery.

e Replace AASHTO T51, “Standard Method of Test for Ductility of Asphalt Materials”
and Tex-539-C “Measurement of Elastic Recovery of Tensile Deformation using a
Ductilometer” with AASHTO T350 “Standard Method of Test for Multiple Stress Creep
Recovery (MSCR) Test of Asphalt Binder Using a Dynamic Shear Rheometer (DSR).”
This would measure the recovery at 0.1kPa, tested at the DSR test temperature.

e Additional data gathering is required to recommend specification limits.

7. Float Test — This test appears to capture an artifact of the distillation process. It is
unclear whether this test adds additional value at this time and it should be investigated
further.
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Table 9 of Item 300 after proposed changes:

Table 9
Polymer-Modified Emulsified Asphalt
Type-Grade
Test Rapid-Setting
Property Procedure
HFRS-2P
Min Max
Viscosity, 60°C, cP T316 320 850
Sieve test, % T59 - 0.1
Demulsibility, 35 mL of 0.02 N CaClz, % T59 50 -
Storage stability, 1 day, % T59 - 1
Breaking index, g Tex-542-C - -
Distillation test: 1.2
Residue by distillation, % by wt. T59 65 -
Oil distillate, % by volume of emulsion - 05
Vacuum Recovery Test Tex-555-C
Residue by vacuum recovery, % by wt. 65
Tests on vacuum recovered residue:
Polymer content, wt. % (solids basis) Tex-533-C 3 -
Dynamic shear, G*/sind, 58°C, 10 rad/s, kPa 3 T315 053 208
0,
M?FSR Recovery, 0.1 kPa, DSR Temperature, % 350 303
Solubility, % T44 97.5 -
Float test, 140°F, sec. T50 1200 -
1. The distillation test is reserved for testing as needed or forensic
purposes.

2, Exception to T 59: Bring the temperature on the lower thermometer
slowly to 350 £ 10°F. Maintain at this temperature for 20 min.
Complete total distillation in 60 £ 5 min. from the first application of
heat.

3. Temperature and values are placeholders that need to be evaluated
in the future.

5.9. Table 10 Polymer-Modified Cationic Emulsified Asphalt

1. Replace Saybolt Viscosity with Rotational Viscosity and change test temperature.

e Replace T72, “Standard Method of Test for Saybolt Viscosity” with AASHTO T 316,
“Standard Method of Test for Viscosity Determination of Asphalt Binder Using
Rotational Viscometer.”

e Additionally, perform all tests at 60°C, replacing testing at 25°C and 50°C.
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2. Replace Distillation with Vacuum Oven for residue % and testing residue.

e Add Tex-555-C, “Recovery of Asphalt Residue from Asphalt Emulsion and Cutback
Asphalt by Vacuum Oven.”

3. Delete Residue Penetration.
4. Replace Absolute Viscosity with DSR.

e Replace AASHTO T 202, “Standard Method of Test for Viscosity of Asphalts by
Vacuum Capillary Viscometer” with AASHTO T 315, “Standard Method of Test for
Determining the Rheological Properties of Asphalt Binder Using a Dynamic Shear
Rheometer (DSR).”

e Additional data gathering is required to recommend specification limits.
5. Replace Ductility and Elastic Recovery with MSCR Recovery.

e Replace AASHTO T51, “Standard Method of Test for Ductility of Asphalt Materials”
and Tex-539-C “Measurement of Elastic Recovery of Tensile Deformation using a
Ductilometer” with AASHTO T350 “Standard Method of Test for Multiple Stress Creep
Recovery (MSCR) Test of Asphalt Binder Using a Dynamic Shear Rheometer (DSR).”
This would measure the recovery at 0.1kPa, tested at the DSR test temperature.

e Additional data gathering is required to recommend specification limits.

6. Float Test — This test appears to capture an artifact of the distillation process. It is
unclear whether this test adds additional value at this time and it should be investigated
further.

Table 10 of Item 300 after proposed changes:
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Table 10

Palymer-Modified Cationic Emulsified Asphalt

Property Test Rapid-Setting Medium-Setting Slow-Setting
Procedure CRS-2P CHFRS-2P CRS-2TR* CMS-1p= CM3-2p= C551P

Min © Max | Min + Max | Min @ Max | Min @ Max | Min i Max | Min 1 Max

Viscosty, §0°C, ¢f, T36 320 v 850 200 v a3l 320 0 100 20 210 100 v 850 4 v 20

Siews test, % T59 -, n - 01 - 01 -, - 01 - 0 01

Demulsibiity, 35 ml of 0. 8% sodium diocty 150 no wol o | om o o o
sulfosuccinate, % 1 1 | | 1 |

Storage stability, 1 day, % THY - - - A1 - 1 - - 1

Breaking index, g Tex-542-C -0 - -0 - - 4 - - 0 - -0 - -0 -

Particle charge T59 Pasitive Positive Positive Positive Positive Pasitive

Distillation test: %2 . . X X . X

Residue by distillation, % by wt. T59 B . - B5 + - | 65 . - noo- B0 - | B2 . -

il distillate, % by volume of emulsion - 05 - 05 - 3 - 05 - 05 - 05
acuum Recovery Test Tex-H05-C . . X X . X

Residue by vacuum recavery, % by B5 Vo 65 Vo B5 Vo 0 — B0 b g2 Vo
weight ! ! ! ! ! !
Tests on residue from wacuum recovery: , , i i , i

Polymer content, wi. % (solids basis) Tex-533C I - 30 - 5 1 - - - -4 - 30 -
Dynamic shear, G*=in(), Min, ' ' ! ! ' !

1.00 kPa, Test temperature @ 10 T35 e - B - M - M - Bs . - M -
radisec,, =0 % : : . . : :

o NN I I R I [ I I I I B R

Ty ool I e A M S I S R L N Tl M
Float test, 140°F, sec. T50 - 1§ = 1800, - - 0 - - - - 1 - |

Solubility, % T44 ar v - oo - [ - - - - a9 o -

1. The distillation test is reserved for testing as necded or forensic purposes.

2. Exception to T 59: Bring the temperature on the lower thermometer slowly to 350 + 10°F. Maintain at this temperaturs for 20 min. Complete total distillation in 60 £ 5 min.

fram the first application of heat.

3. With all precertification samples of CM3-1P or CMS-2P, submit certified test reports showing the type and percant of rejuvenator andfor latex added. Submit samples of
these raw matenals if requested by the Engineer.

o

Modier type i= TR, Determined in accordance with Tex-553-C.
Temperature and values are placsholders that need to be evaluated in the future.

5.10. Table 10A Non-Tracking Tack Coat Emulsion

1. Replace Saybolt Viscosity with Rotational Viscosity and change test temperature.

e Replace T72, “Standard Method of Test for Saybolt Viscosity” with AASHTO T 316,

“Standard Method of Test for Viscosity Determination of Asphalt Binder Using

Rotational Viscometer.”

e Additionally, perform all tests at 60°C, replacing testing at 25°C.

2. Replace Distillation with Vacuum Oven for residue % and testing residue.

e Add Tex-555-C, “Recovery of Asphalt Residue from Asphalt Emulsion and Cutback

Asphalt by Vacuum Oven.”

3. Replace Residue Penetration with DSR at 82°C.
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e Replace AASHTO T49, “Standard Method of Test for Penetration of Bituminous
Materials” with AASHTO T315, “AASHTO T 315, “Standard Method of Test for
Determining the Rheological Properties of Asphalt Binder Using a Dynamic Shear
Rheometer (DSR).”

e Delete Penetration.

Table 10A of Item 300 after proposed changes:

Table 10A
Non-Tracking Tack Coat Emulsion'
Property Pro.lc-:isdtu re NT-HRE NT-RRE NT-SRE
Min Max Min Max Min Max

Viscosity, 60°C, cP T 316 30 - 30 - 20 210
Storage stability, 1 Day, % T59 - 1 - 1 - 1
Settlement, 5-day, % T59 - 5 - 5 - 5
Sieve test, % T59 - 0.3 - 0.3 - 0.1
Distillation test; 2.3 T59

Residue by distillation, % by wt. 50 - 58 - 50 -

Oil distillate, by volume of emulsion - 1 - 1 - 1
Vacuum Recovery Test Tex-554-C

Residue by vacuum recovery, % by weight 50 58 50
Test on residue from vacuum recovery:

%@:Tlc shear, G*/sin(3), 82°C, 10 rad/s, T315 104 B 104 B 104 B

Solubility, % T 44 97.5 97.5 97.5

1. These are emulsion-based TRAILs. Due to the hardness of the residue, these emulsions should be heated to 120-140° F prior
to thorough mixing as the emulsion is being prepared for testing.

The distillation test is reserved for testing as needed or forensic purposes.

Exception to T 59: Bring the temperature on the lower thermometer slowly to 350 + 10°F. Maintain at this temperature for
20 min. Complete total distillation in 60 + 5 min. from the first application of heat.
4. Temperature and values are placeholders that need to be evaluated in the future.

5.11. Table 10B Spray Applied Underseal Membrane Polymer-
Modified Emulsion (EBL)

This table only covers EBL.

1. Replace Saybolt Viscosity with Rotational Viscosity and change test temperature.
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4,

Replace T72, “Standard Method of Test for Saybolt Viscosity” with AASHTO T 316,
“Standard Method of Test for Viscosity Determination of Asphalt Binder Using
Rotational Viscometer.”

Additionally, perform test at 60°C, replacing testing at 25°C.
Conditions and criteria/thresholds for different grades need to be developed.
Replace Distillation with Vacuum Oven for residue % and testing residue.

Add Tex-555-C, “Recovery of Asphalt Residue from Asphalt Emulsion and Cutback
Asphalt by Vacuum Oven.”

Replace Residue Penetration with DSR.

Replace AASHTO T49, “Standard Method of Test for Penetration of Bituminous
Materials” with AASHTO T315, “AASHTO T 315, “Standard Method of Test for
Determining the Rheological Properties of Asphalt Binder Using a Dynamic Shear
Rheometer (DSR).”

Replace Elastic Recovery with MSCR Recovery at temperature of DSR above.

Table 10B of Item 300 after proposed changes:
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Table 10B
Spray Applied Underseal Membrane Polymer-Modified Emulsions (EBL)

Property Pro.lc-:zsdture Min Max

Viscosity, 60°C, cP T316 40 210
Storage Stability ', % T59 - 1
Demulsibility 2
Anionic emulsions — 35 ml of 0.02 N CaCl2, % T59 55 _
Cationic emulsions — 35 ml 0.8% sodium dioctyl
sulfosuccinate, %
Sieve Test 3, % T59 - 0.05
Distillation Test; 4.5
Residue by distillation, % by wt. T59 63 -
Oil portion of distillate, % by vol. - 05
Vacuum Recovery Test Tex-555-C

Residue by vacuum recovery, % by weight 63 -
Test on residue from vacuum recovery:
MSCR Recovery, 0.1 kPa, 58C, % Min T350 30 -
Dynamic shear, G*/sind, 64°C, 10 rad/s, kPa T49 05 2.0

1. After standing undisturbed for 24 hr., the surface must be smooth, must not exhibit a white or
milky colored substance, and must be a homogeneous color throughout.

2. Material must meet demulsibility test for emulsions.
3. May be required by the Engineer only when the emulsion cannot be easily applied in the field.
4. The distillation test is reserved for testing as needed or forensic purposes.

5. The temperature on the lower thermometer should be brought slowly to 350 + 10°F and
maintained at this temperature for 20 min. The total distillation should be completed in 60 + 5 min. from
the first application of heat.

6.  Temperature and values are placeholders that need to be evaluated in the future.

5.12. Table 10C Full-Depth Reclamation Emulsion (FDR EM)
This table only covers FDR EM materials.

1. Replace Saybolt Viscosity with Rotational Viscosity and change test temperature.

e Replace T72, “Standard Method of Test for Saybolt Viscosity” with AASHTO T 316,
“Standard Method of Test for Viscosity Determination of Asphalt Binder Using
Rotational Viscometer.”

e Additionally, perform all tests at 60°C, replacing testing at 25°C.
2. Replace Distillation with Vacuum Oven for residue % and testing residue.

e Add Tex-555-C, “Recovery of Asphalt Residue from Asphalt Emulsion and Cutback
Asphalt by Vacuum Oven.”
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3. Replace Residue Penetration with DSR at 64°C.

Replace AASHTO T49, “Standard Method of Test for Penetration of Bituminous
Materials” with AASHTO T315, “AASHTO T 315, “Standard Method of Test for
Determining the Rheological Properties of Asphalt Binder Using a Dynamic Shear

Rheometer (DSR).”

Table 10C of Item 300 after proposed changes:

Table 10C
Full-Depth Reclamation Emulsion (FDR EM)
Test Standard Yield (SY) High Yield (HY)?
Property Procedure Min Max Min Max
Viscosity, 60°C, cP T316 40 210 40 210
Sieve test, % T59 - 0.1 - 0.1
Cement mixing, % T59 - 2 - 2
% Storage stability, 1 day, % T59 - 1 - 1
Distillation test: *2 T59
Residue by distillation, % by wt. 60 - 63 -
Oil portion of distillate, % by vol. - 0.5 - 0.5
Vacuum Recovery Test Tex-555-C
Residue by vacuum recovery, % by weight 60 - 63 -
Test on residue from vacuum recovery:
Dynamic shear, G*/sind, 64°C, 10 rad/s, kPa * T315 054 204 054 2.04

1. The distillation test is reserved for testing as needed or forensic purposes.

2. The temperature on the lower thermometer should be brought slowly to 350 + 10°F and maintained at this
temperature for 20 min. The total distillation should be completed in 60 % 5 min. from the first application of heat.

3. Provide a manufacturer’s certificate of analysis (COA) with the type and percent of rejuvenator added.
4. Temperature and values are placeholders that need to be evaluated in the future.

5.13. Table 11 Specialty Emulsions

1.

Replace Saybolt Viscosity with Rotational Viscosity and change test temperature.

Replace T72, “Standard Method of Test for Saybolt Viscosity” with AASHTO T 316,

“Standard Method of Test for Viscosity Determination of Asphalt Binder Using

Rotational Viscometer.”

Additionally, perform all tests at 60°C, replacing testing at 25°C and 50°C.

Replace Distillation with Vacuum Oven for residue % and testing residue.
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e Add Tex-555-C, “Recovery of Asphalt Residue from Asphalt Emulsion and Cutback
Asphalt by Vacuum Oven.”

3. For AEP, Vacuum Oven replaces both the emulsion and cutback distillation procedures.
4. For PCE, Replace Evaporation with Vacuum Oven.

e Replace T59, “Standard Method of Test for Emulsified Asphalts, Section 7 - Emulsified
Asphalt Residue by Evaporation” with Tex-555-C, “ Recovery of Asphalt Residue from
Asphalt Emulsion and Cutback Asphalt by Vacuum Oven.”

5. Replace Kinematic and Absolute Viscosity at 140°F with Rotational Viscosity at 140°F.

e Replace AASHTO T 201, “Standard Method of Test for Kinematic Viscosity of Asphalts
(Bitumens)” and AASHTO T 202, “Standard Method of Test for Viscosity of Asphalts by
Vacuum Capillary Viscometer” with AASHTO T 316, “Standard Method of Test for
Viscosity Determination of Asphalt Binder Using Rotational Viscometer.”

e Additional data gathering is required to recommend specification limits.
6. Replace Float with Rotational Viscosity at 140°F.

e For AE-P, replace Float Test with AASHTO T 316, “Standard Method of Test for
Viscosity Determination of Asphalt Binder Using Rotational Viscometer.” Threshold
needs to be developed. Suggest 300-1200 Pa-s like MC-30.

Table 11 of Item 300 after proposed changes:
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Table 11
Specialty Emulsions

Test Type-Grade
Procedure Medium-Setting Slow-Setting
Property
AE-P EAP&T PCE!
Min Max Min Max Min Max
Viscosity, 60°C, cP T316 30 320 20 210 20 210
Sieve test, % T59 - 0.1 - 0.1 - 0.1
Miscibility? T59 - Pass Pass
Demulsibility, 35 mL of 0.10 N CaClz, % T59 - 70 - - - -
Storage stability, 1 day, % T59 - 1 - 1 - -
Particle size,5 % by volume < 2.5 um Tex-238-F 3 - - 90 - 90 -
Asphalt emulsion distillation to 500°F followed by T598T78

Cutback asphalt distillation of residue to 680°F: ©

Residue after both distillations, % by wt. 40 - - - - -
Total oil distillate from both distillations, %

by volume of emulsion 25 40 B B B B
Residue by distillation, % by wt. 8 T59 - - 60 - - -
Residue by evaporation, % by wt.* 6 T59 - - - - 60 -
Vacuum Recovery Test Tex-554-C

Residue by vacuum recovery, % by wt. 40 - 60 - 60 -
Test on residue from vacuum recovery:

Viscosity, 60°C, Pas T316 300 1200 80 - 10 35

Flash point C.0.C., °F T48 - - - - 400 -

Solubility, % T44 97.5 - - - - -

1. Supply with each shipment of PCE:

W a copy of a lab report from an approved analytical lab, signed by a lab official, indicating the PCE formulation does not meet any
characteristics of a Resource Conservation Recovery Act (RCRA) hazardous waste;

| a certification from the producer that the formulation supplied does not differ from the one tested and that no listed RCRA
hazardous
wastes or Polychlorinated Biphenyls (PCBs) have been mixed with the product; and

B a Safety Data Sheet.

2. Exception to T 59: In dilution, use 350 mL of distilled or deionized water and a 1,000-mL beaker.

3. Use Tex-238-F, beginning at “Particle Size Analysis by Laser Diffraction,” with distilled or deionized water as a medium and no
dispersant, or use another approved method.

4. Exception to T 59: Leave sample in the oven until foaming ceases, then cool and weigh.
5. PCE must meet either the kinematic viscosity requirement or the particle size requirement.
6. The distillations and evaporation testing are reserved for testing as needed or forensic purposes. Vacuum recovery is standard test.

5.14. Table 11A Hard Residue Surface Sealant (HRSS)

1. This table only covers HRSS material. This material may be deleted depending on the
current use history.
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Replace Krebs Viscosity with Rotational Viscosity.

Replace ASTM D562, “Standard Test Method for Consistency of Paints Measuring
Krebs Unit (KU) Viscosity Using a Stormer-Type Viscometer” with AASHTO T 316,
“Standard Method of Test for Viscosity Determination of Asphalt Binder Using
Rotational Viscometer.”

Replace Evaporation with Vacuum Oven.

Replace ASTM D 2939, “Standard Test Methods for Emulsified Bitumens Used as
Protective Coatings — Section 8, Residue by Evaporation” with Tex-555-C, *“ Recovery of
Asphalt Residue from Asphalt Emulsion and Cutback Asphalt by Vacuum Oven.”

Replace Softening Point (Tex-505-C) and Penetration with DSR.

Replace both with DSR at an elevated temperature, possibly 82°C. This has to be
investigated.

Additional data gathering is required to recommend specification limits.

Table 11A of Item 300 after proposed changes:
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Table 11A

Hard Residue Surface Sealant (HRSS)

Property Pro.lc-:zsdture Min Max
Viscosity, 60°C, cP T316 140 750
Uniformity D 2939 Pass?
Resistance to heat D 2939 Pass®
Resistance to water D 2939 Pass*
Wet flow, mm D 2939 - 10
Resistance to Kerosene (optional)® D 2939 Pass®
Ultraviolet exposure, UVA-340, 0.77 W/m2, 50°C chamber, 8 hr. UV
lamp, 5 min. spray, 3 hr. 55 min. condensation, 1,000 hr. total G 154 Pass?
exposure’
Abrasion loss, 1.6 mm thickness, liquid only, % 'SS1AOOT B- ; 1
Vacuum Recovery Test Tex-555-C
Residue by vacuum recovery, % by weight 33 -
Tests on residue from vacuum recovery:
Dynamic shear, G*/sind, 82°C, 10 rad/s, MPa 9 T315 05°9 20°
Flash point, Cleveland open cup, °F T48 500 -
Tests on base asphalt before emulsification
Solubility, % T44 98 -

1. Cure the emulsion in the softening point ring in a 200 + 5°F oven for 2 hr.
2. Product must be homogenous and show no separation or coagulation that cannot be overcome by moderate

stirring.
3. No sagging or slippage of film beyond the initial reference line.
4. No blistering or re-emulsification.

5.Recommended for airport applications or where fuel resistance is desired.
6. No absorption of Kerosene into the clay tile past the sealer film. Note sealer surface condition and loss of

adhesion.

7. Other exposure cycles with similar levels of irradiation and conditions may be used with Department approval.
8. No cracking, chipping, surface distortion, or loss of adhesion. No color fading or lightening.

9. Temperature and values are placeholders that need to be evaluated in the future.

5.15. Table 12 Diluted CSS-1H
This table only covers diluted CSS-1H.

1.

Replace Saybolt Viscosity with Rotational Viscosity and change test temperature.

Replace T72, “Standard Method of Test for Saybolt Viscosity” with AASHTO T 316,

“Standard Method of Test for Viscosity Determination of Asphalt Binder Using

Rotational Viscometer.”
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e Additionally, perform all tests at 60°C, replacing testing at 25°C.

e For this material, this requirement is only to report. There is no specification limit as only
a maximum makes sense.

2. Replace Distillation with Vacuum Oven for residue % and testing residue.

e Add Tex-555-C, “Recovery of Asphalt Residue from Asphalt Emulsion and Cutback
Asphalt by Vacuum Oven.”

3. Replace Residue Penetration with DSR at 64°C.

e Replace AASHTO T49, “Standard Method of Test for Penetration of Bituminous
Materials” with AASHTO T315, “AASHTO T 315, “Standard Method of Test for
Determining the Rheological Properties of Asphalt Binder Using a Dynamic Shear
Rheometer (DSR).”

e Additional data gathering is required to recommend specification limits.
4. Delete Residue Ductility.
e Delete AASHTO T51, “Standard Method of Test for Ductility of Asphalt Materials.”

Table 12 of Item 300 after proposed changes:
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Table 12

Diluted CSS-1H

Type-Grade
Property Test Diluted Slow-Setting
Procedure CSS-1H 50/50 CSS-1H 40/60 CSS-1H 30/70
Min | Max | Min | Max | Min | Max
Viscosity, 60°C, cP T316 Report Only Report Only Report Only
Distillation test: !
Residue by distillation, % by wt. T59 30 - 24 - 18 -
Oil distillate, % by volume of emulsion - 05 - 0.5 - 0.5
Vacuum Recovery Test Tex-554-C
Residue by vacuum recovery, % by weight 30 24 18
Tests on residue from vacuum recovery:
Egge;mic shear, G*/sind, 64°C, 10 rad/s, 7315 052 902 052 902 052 202
Solubility, % T44 97.5 - 97.5 - 97.5 -

1. The distillation test is reserved for testing as needed or forensic purposes.
2. Temperature and values are placeholders that need to be evaluated in the future.

5.16. Table 12A Diluted AE-P
This table only covers diluted AE-P.

1. Replace Saybolt Viscosity with Rotational Viscosity and change test temperature.

e Replace T72, “Standard Method of Test for Saybolt Viscosity” with AASHTO T 316,
“Standard Method of Test for Viscosity Determination of Asphalt Binder Using
Rotational Viscometer.”

e Additionally, perform all tests at 60°C, replacing testing at 25°C.

e For this material, this requirement is only to report. There is no specification limit as only
a maximum makes sense.

2. Replace Distillation with Vacuum Oven for residue % and testing residue.

e Add Tex-555-C, “Recovery of Asphalt Residue from Asphalt Emulsion and Cutback
Asphalt by Vacuum Oven.”

3. Replace Float with Rotational Viscosity at 140°F.

e For AE-P, replace Float Test with AASHTO T 316, “Standard Method of Test for
Viscosity Determination of Asphalt Binder Using Rotational Viscometer.”
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e Additional data gathering is required to recommend specification limits.
e Suggest 300-1200 Pa-s like MC-30.

Table 12A of Item 300 after proposed changes:

Table 12A
Diluted AE-P
Test Type-Grade
Procedure Diluted Slow-Setting
Property
AE-P 50/50 AE-P 40/60 AE-P 30/70
Mn | Max | Min | Min | Max | Min

Viscosity, 60°C, cP T316 Report Only Report Only Report Only
Asphalt emulsion distillation to 500°F followed T598
by Cutback asphalt distillation of residue to T78
680°F: 1

Residue after both distillations, % by wt. 20 - 16 - 12 -

il dieti ich 1 0,

Total oil distillate frqm both distillations, % 125 20 10 16 75 12

by volume of emulsion
Vacuum Recovery Test Tex-554-C

Residue by vacuum recovery, % by wt. 20 - 16 - 12 -
Tests on residue after vacuum recovery:

Solubility, % T44 97.5 - 97.5 - 97.5 -

Viscosity, 60°C, Pa-s T316 300 1200 300 1200 3000 1200

1. The distillations and evaporation testing are reserved for testing as needed or forensic purposes. Vacuum recovery is the
standard test. If distillation is required, tests on vacuum recovery apply.

5.17. Table 13 Recycling Agent and Emulsified Recycling Agent

1. Since this specification has no requirements on recycling and rejuvenation, we suggest
deleting the entire table.

5.18. Table 14 CRM Gradations

No changes.

5.19. Table 15 Polymer-Modified Asphalt-Emulsion Crack Sealer

1. Change Rotational Viscosity Test Procedure.
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e Change Rotational Viscosity test procedure from D2196, Method A to AASHTO T 316,
“Standard Method of Test for Viscosity Determination of Asphalt Binder Using

Rotational Viscometer.”

e This material is used at room temperature, so it makes sense to keep the test temperature

at 77°F as in the current requirement.

2. Replace Penetration at 77°F, Softening Point, and Ductility at 39.2°F with DSR and

MSCR Recovery.

Table 15 of Item 300 after proposed changes:

Table 15
Polymer-Modified Asphalt-Emulsion Crack Sealer
Property Pro.l;:?:itu re Min Max

Rotational viscosity, 77°F, cP hADet2h1o%6A 10,000 25,000
Sieve test, % T59 - 0.1
Storage stability, 1 day, % T59 - 1
Vacuum Recovery Test Tex-554-C

Residue by vacuum recovery, % by weight 65 -
Tests on residue from vacuum recovery:

Dynamic shear, G*/sin(d), Min, 1.00 kPa, Test 7315 701

temperature @ 10 rad/sec., °C !

MSCR Recovery, 0.1 kPa, DSR Temperature, % T 350 20

Min

1. Temperature and values are placeholders that need to be evaluated in the future.

5.20. Table 16 Asphalt-Rubber Crack Sealer

This table is for Rubber-Asphalt Crack Sealer.

1. Penetration and Softening Point can be replaced by DSR; however, there needs to be
investigation into how the DSR functions with this material that has granulated rubber
particles in it. These Pen tests are cone penetrometer which is not a standard penetration.
Suggest leaving this the same, unless additional data is gathered to use DSR.

e Additional data gathering is required to recommend specification limits.

Table 16 of Item 300 after proposed changes:

Table 16

Rubber-Asphalt Crack Sealer

Property

Class A

Class B
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Pro.lt-:ﬁlture Min Max Min Max
CRM content, Grade A or B, % by wt. | Tex-544-C 22 26 - -
CRM content, Grade B, % by wt. Tex-544-C - - 13 17
Virgin rubber content,! % by wt. - - 2 -
Flash point,2 C.0.C., °F T48 400 - 400 -
Penetration,® 77°F, 150 g, 5 sec. T49 30 50 30 50
Penetration,® 32°F, 200 g, 60 sec. T49 12 - 12 -
Softening point, °F T53 - - 170 -
Bond Test, non-immersed, 0.5 in
;gggi“men, 50% extension, 3 cycles, D5329 - Pass

1. Provide certification that the Min % virgin rubber was added.

2. Agitate the sealing compound with a 3/8- to 1/2-in. (9.5- to 12.7-mm) wide, square-end metal spatula to
bring the material on the bottom of the cup to the surface (i.e., turn the material over) before passing the test
flame over the cup. Start at one side of the thermometer, move around to the other, and then return to the starting
point using 8 to 10 rapid circular strokes. Accomplish agitation in 3 to 4 sec. Pass the test flame over the cup
immediately after stirring is completed.

3. Exception to T 49: Substitute the cone specified in D 217 for the penetration needle.

4. Allow no crack in the crack sealing materials or break in the bond between the sealer and the mortar blocks
over 1/4 in. deep for any specimen after completion of the test.

5.21. Table 17 A-R Binders
This table is for Asphalt-Rubber Binders.

1.

This specification is based on the ASTM specifications for A-R Binders and should be
considered before modification.

If modified, Penetration and Softening Point could be replaced by DSR, and Resilience
could be replaced by MSCR recovery. Tests on RTFOT residue for retained penetration
ratio may be able to be measured by a DSR aging ratio or max DSR.

This would require more work. Conditions and criteria/thresholds for different grades
need to be developed.

Table 17 of Item 300 after proposed changes:
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Table 17

A-R Binders
Test Binder Type
Property Procedure Type Type ll Type lll
Min Max Min Max Min Max
Apparent viscosity, 347°F, cP MDeﬂc?gA 1,500 5,000 1,500 5,000 1,500 5,000
Penetration, 77°F, 100 g, 5 sec. T 49 25 75 25 75 50 100
Penetration, 39.2°F, 200 g, 60 sec. T49 10 - 15 - 25 -
Softening point, °F T53 135 - 130 - 125 -
Resilience, 77°F, % D5329 25 - 20 - 10 -
Flash point, C.0.C., °F T48 450 - 450 - 450 -
Tests on residue from RTFOT: T 240
e I R I R I R

5.22. Table 18 Performance-Graded Binders

This table is for PG binders.

1. Retain MSCR Recovery.

2. Add 8mm, Low Temperature DSR as surrogate for BBR.

e Add Tex-554-C, “Low Temperature DSR as a Surrogate for S and M-value” (actual title
to be determined). This would be 8mm DSR at PG Low + 10°C with phase angle > 22.0
degrees and G* < 220,000 kPa. Add a footnote that a binder must meet either low temp

DSR requirements or BBR S and m-value.

3. Replace ER with Poker Chip or add Poker Chip.

e Replace Tex-539-C “Measurement of Elastic Recovery of Tensile Deformation using a
Ductilometer” with AASHTO TP 150, “Poker Chip Test of Asphalt Binder”. Use the

limits of:
o 70-22,76-22, and 82-16 = 400%
o 64-28,70-28, and 82-22 = 600%
o 64-34,70-34, 76-28, 82-28 = 800%
o 76-34=1000%

4. Delete Direct Tension.

153




e Delete AASHTO T 314, “Standard Method of Test for Determining the Fracture
Properties of Asphalt Binder in Direct Tension (DT).” It is not currently performed, and

the equipment has not proven to be robust.

Table 18 of Item 300 after proposed changes (and according changes enacted in SP 300-003):

Table 18
Performance-Graded Binders

Property and Test Method

Performance Grade

PG 58

PG B4

PG T

PG TE

PG 52

]

T |

F 2] E] H

T 2] F ]

H

-18

T %]

=

T 2 |

-28

Average T-day max pavement design
{emperature, “C1

B4

70

76

82

Min pavernent design temperature, °C°

7]

6

B E] B A

=] &

-18

%]

=

16 |

7]

-28

Original B

nder

Flash poinL. T 45, Min, °C

230

Viscosity, T3162 %
Max, 3.0 Bg3, test temperature, *C

135

Dhymamic ghear, T 3153%

G*ein(&), Min, 1.00 kPa, Max, 2.00
kP&,

Test ternperature @ 10 radlesc, °C

64

70

Elastic recovery, 08084, 50°F, % Min®

30

[ - [ 30

30

[ 30 ] 0

G0

30

i

Poker Chip, TP 150, Ducaiy, Min

[ - [&w

800

[0 [ w00

800

&00

Rolling Thin

Film Oven (RTFO) [T 240)
T

Mazs change, T 240, Ma, %

0

Dhymamic ghear, T 315

G¥izin(&), Min, 2 20 kPa, Max, 5.00
kP&,

Test temperature @@ 10 radises. °C

70

MSCR, T350, Recovery, 0.1 kPa, High
Temperature, % Mn?

HE

30

20

El

Preasure Aging

Vessel (PAV) Residue (R 28}

DAV aging tempeeztes, °C

100

Dhymamic shear, T 215

*.gin(8), Max, 5,000 kPa

(Ma, 6,000 kPa for & 242°)

Test temperature @@ 10 radisec., °C

2

Dynamic shear, Tex-354-C7

&*, Max, 220 MPa

&, min. 22°

(Test termperature @@ 0.2 radissc. *0)

-4

24

-12

-18

24

A2 18

-4

12

Cresp siffness, T 2138
5, max, 300 MPa,
m-wzlue, Min, 0,300

-12

-18

1

4

A2 | 18

1

-6

12

-18

1

4

A2 18

4

-6

-12

-18

Test iemperaturs @ 60 sec., *C
1

Pavement temperatures are estmated

3. Viscosty at 135°C is an indicator of mixing and compaction temperatures that can be expected in the lab and figld. High values may indicate high mixing and

from air temperatures and using an algorithm contained in a Deparment-supplied computer program, may be provided by
the Department, or may be obtained following the procedures outlined in AASHTO MP 323 and R 25.

2. This requirement may be waved at the Department's discretion if the suppher warrants that the asphalt binder can be adequately pumped, mixed, and compacted
at temperatures that meet all applicable safety, environmental, and constructability requirements. At test temperatures where the hinder is a Newtanian fluid, any
suitable standard means of vizcosity measurement may be used, including capillary (T 201 or T 202) or rotational viscometry (T 316).

compaction temperatures. Additionally, significant vanation can cccur from batch to batch. Contractors should be aware that variafion could significantly impact

their mixing and compaction operations. Contractors are thersfors responsible for addressing any constructability issues that may arise.
4. For quality control of unmodified asphalt binder production, measurement of the viscosity of the origingl asphalt binder may be substituted for dynamic shear

measurements of G%'zin(S) at test temperatures where the asphalt is 8 Newtonian fluid. Any suitable standard means of wiscosity measurement may be used,

including capillary (T 201 or T 202) or rotationa! viscometry (T 316).

5. Max values for unaged and RTFO-aged dynamic shear apply only to materials used as substitute binderz, as described in [tem 3471, “Dense-Graded Hot-Mix
Asphalt® and ltem 344, *Superpave Mistures.”
Elastic recovery (DB084) is not required unless MSCR (T 350) is less than the Min % recovery. Elastic recovery will be used for the acceptance criteria in this

=]

instance.

7. Bending beam rheometer, BBR (T313) is not required unless the low. temp. D3R (Tex-554-C) do not meet the afore specified requirements. BBR will be used for

the scceptance chiteria in this instance.
Silicone beam molds, as described in AASHTO TP 1-83, are acceptable for use.
Temperaturs and values ars placeholders that need fo be evaluated in the future.

o 0s
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Chapter 6. Evaluation of New Generation of Aging
Protocol

6.1. Evaluating the Accelerated Long-term Aging Protocol for
Asphalt Binder

6.1.1. Goal

Currently, asphalt binder aged in a pressure aging vessel with 3.2 mm film thickness (50 + 0.5 g)
at 100°C for 20 hrs. (PAV20) is used to simulate long-term aging in the field. However, it was
reported that the PAV20, at best, simulates the aging that occurs during the first four to eight
years of pavement service life [98]. A recently completed national study-NCHRP 9-61
recommended a 40-hr. PAV (or PAV40) aging procedure to simulate approximately ten years of
field aging. Additionally, NCHRP 9-61 also recommended an alternative long-term aging
procedure: PAV20 with a much thinner film: 0.8 mm, which can also simulate the near-surface
field aging of ten years within a 20-hr. period. The main goal of this exercise is to:

e Evaluate the feasibility of using PAV20 with a 0.8 mm film thickness (Thin Film
PAV20) in lieu of PAV40 as a more severe long-term aging procedures for asphalt binder
and to propose a more practical test protocol for Thin Film PAV20.

e Evaluate the impact of the Thin Film PAV20 and PAV40 aging procedures on asphalt
binder properties.

6.1.2. Scope

The proposed method was evaluated using asphalt binders with PG grades of PG64-22, PG70-
22, PG76-22, PG70-28, and PG76-22.

6.1.3. Evaluation

6.1.3.1. Aging protocol

Four laboratory aging protocols were employed, including Rolling Thin-Film Oven (RTFO) to
simulate short-term aging of asphalt binders, and PAV20, PAV40, and Thin Film PAV20 to
simulate long-term aging.
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6.1.3.1.1. RTFO, PAV20, and PAV40

The RTFO aging method is intended to simulate short-term aging of the binder during the
mixture production at the asphalt mix plant, the storage and transport to the construction site, and
compaction at the site. The test involves a moving film of asphalt binder in an open bottle placed
in a rotating circular rack in an oven for 85 minutes at 163°C with heated air blowing into each
bottle at the rate of 4000 mL/min at the lowest point of travel. In this study, the AASHTO T 240
(2023) procedure was followed for the RTFO aging process.

The PAV20 and PAV40 aging methods are intended to simulate long-term aging of the binder
experienced through the service life of the pavement. The oxidation that the binder will
experience is simulated by placing 50 g of RTFO-aged binder as a Thin Film in a steel pan. The
pan is placed in the PAV under 2.1 MPa of pressure for 20 hours or 40 hours at the temperature
specified in AASHTO M 320 (normally 100°C). In this study, the AASHTO R 28 (2021)
procedure was followed for the long-term aging process.

6.1.3.1.2. Modified Thin Film PAV20

The Thin Film PAV20 aging protocol was proposed in NCHRP 9-61 (2021) to simulate the ten
years of field aging at a depth of 0.75 in (19 mm) for the pavements. To achieve a film thickness
of 0.8 mm, the mass of binder in each PAV pan is reduced to 12.5 + 0.5 g. In addition, to ensure a
uniform film distribution, the pans are conditioned in an airtight oven at 135 °C under a nitrogen
atmosphere prior to PAV aging, allowing the binder to flow and cover the flat portion of the pan.
The pans are then placed in a leveled PAV and conditioned under standard PAV aging
conditions for 20 hours. The PAV-conditioned residue is then vacuum degassed before binder
testing.

However, in preliminary testing conducted in this study, the procedure revealed that the main
challenge of Thin Film PAV20 lies in maintaining continuous and uniform film thickness.
Unmodified binders such as PG64-22 were able to form a uniform film consistently, but
modified binders, particularly PG76-22, often failed to fully cover the pan surface after the
sample was placed in the oven. This issue may be related to the flatness of the PAV pan and the
vacuum oven, as well as to the heating temperature and duration used in the vacuum oven. It was
also observed that binder flow typically ceases after around 30 minutes of conditioning in the
vacuum oven. Additionally, it was found that using commercially available stainless-steel pans
with a thickness of 1.0 mm instead of the 0.635 mm required in R 28 helps prevent warping
during high-temperature conditioning and facilitates the formation of a uniform asphalt film.
Based on these experiences, and after a series of modifications and trials, a modified Thin Film
PAV20 aging protocol is proposed as described below:

1. Before each run, verify the flatness of the pans in the pan holder when installed in the
vacuum oven and in the PAV using a precision machinist level. Check flatness along
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perpendicular axes as shown in Figure 6.1. Adjust as necessary to achieve a level plane
within 0.025 degrees.

Figure 6.1 Leveling calibration.

. Before each run, preheat the vacuum oven with the pan holder without the pans at 163°C
and maintain the temperature for a minimum of 12 hours to ensure temperature
consistency and uniformity.

Condition the asphalt binder in accordance with T 240 (RTFO).

. After combining the RTFO residue into a single container and blending as specified in T
240, perform one of the three following actions.

a) Pour the hot residue directly into the stainless-steel pans for immediate conditioning
in the PAV beginning at Step 5 below; or

b) Pour the hot residue into the stainless-steel pans according to Steps 5 and 6, then
cover and set aside for conditioning at a later time beginning at Step 7; or

c) Allow the residue to cool in the single container for conditioning at a later time
beginning at Step 5. If the residue is stored in a single container, heat the residue, stir
gently, and pour the heated residue into the pans.

. Preheat the PAV pans (preferably 1 mm thick rather than the 0.635 mm specified in R 28)
in a 163 °C oven for ten minutes to facilitate asphalt flow and distribution.

. Place each stainless-steel pan on the balance and add 12.5 + 0.1 g of RTFO residue to
each pan. This amount of binder will yield a film thickness of approximately 0.8 mm.

. After RTFO residue has been added to all pans, remove the pan holder from the vacuum
oven and load it with the pans having 12.5 g of RTFO residue. Place the pan holder with
loaded pans into the 163°C vacuum oven and close the vacuum oven.
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8. Using the vacuum system to reduce the pressure in the vacuum chamber to 15 £ 2.5 kPa
absolute in 2.5 minutes or less and then introduce nitrogen through the vent port.
Condition the pans at 163°C for 30 + 5 minutes.

9. Open the vacuum oven and remove the pans from vacuum chamber. It is acceptable to
manually and uniformly adjust the angle of pans immediately after removal in order to
promote a more uniform distribution of the binder.

10. Place the pans into the PAV and close the PAV.
11. Start the standard PAV20 aging according to R 28.

12. Open the PAV, remove the PAV pans and transfer them to an oven set at 170°C for ten
minutes, and then immediately scrape it into containers.

13. Transfer the containers to a vacuum degassing oven and start the vacuum degassing
procedure.

14. Remove the containers from the vacuum degassing oven and gently stir the binder to
blend the residue.

15. Prepare test specimens directly from the residue in the containers; subdivide the residues
into smaller containers for future testing or set the containers aside for future testing.

The typical binder distribution conditions after PAV20 are shown in Figure 6.2:

PG64-22 PG70-22 PG76-22

PG64-28 PG70-28
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Figure 6.2 The typical binder distribution conditions after PAV20.
6.1.3.2. Method and tests

6.1.3.2.1. DSR test

Dynamic shear rheometer (DSR) was used for performance testing to compare the rheological
properties of binders subjected to different aging protocols. The temperature sweep test was used
to test binders at high and intermediate PG temperatures. The 8 mm DSR test (proposed
replacement for BBR) was used to test binders at low PG temperature (not applicable for RTFO
binder). The parameter G* and 6 from the last five cycles was averaged. Both parameters were
used as the rheological indicator. RTFO, PAV20, and PAV40 were tested with two replicates,
while thin-film PAV20 was tested with three replicates. Error bars represent half the range
between two replicates and the standard deviation for three replicates. This approach ensures a
consistent representation of variability across different sample sizes, given the limited number of
replicates. The DSR test procedures were summarized below, and the corresponding testing
temperatures for different binders were shown in Table 6.1.

DSR Procedure

1. Condition the sample at the high PG temperature: Oscillate at 10% strain rate, 10 rad/s
for ten cycles.

2. Condition the sample at the intermediate PG temperature: Oscillate at 1% strain rate, 10
rad/s for ten cycles.

3. Condition the sample at the low PG temperature: Oscillate at 0.1% strain rate, 0.2 rad/s
for ten cycles.

Table 6.1 DSR testing temperatures for different binders.

Binder High PG T Intermediate PG T Low PG T
() (@S (@)
PG 64-22 64 25 -12
PG 70-22 70 25 -12
PG 76-22 76 25 -12
PG 64-28 64 22 -18
PG 70-28 70 22 -18
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6.1.3.2.2. Bending Beam Rheometer (BBR) test

BBR was used to measure the creep stiffness (S) and m-value (slope of the stiffness versus
temperature log-log plot) at 60 seconds, which can be used to evaluate the binder's ability to
resist stress and relax internal stresses to prevent thermal cracking. The device used for this study
was the Cannon TE-BBR (Thermoelectric Bending Beam Rheometer), and the test was
performed according to AASHTO T313 (2022), using a binder beam with a length of 127.0 mm,
a height of 12.5 mm, and a thickness of 6.255 mm. The load applied has a magnitude of 980 mN,
and the deflection response of the beam was measured upon application of the load. All BBR
tests were conducted at the low PG temperature as shown in Table 6.1. Two replicates were
conducted, and error bars were represented by half the range between the two replicates.

6.1.3.2.3. Poker-chip test

The Poker-chip test was used to compare the cracking performance between binders subjected to
different aging protocols. The strength and ductility parameters obtained from the poker-chip test
were adopted. The sample preparation procedures and detailed experimental protocols are
described in the preceding sections. Two replicates were evaluated, and error bars were
represented by half the range between two replicates.

6.1.3.2.4. Fourier-transform infrared (FTIR) spectroscopy

FTIR spectroscopy was utilized to evaluate the chemical aging condition of asphalt binders with
different aging protocols. The attenuated total reflection geometry (ATR) mode was used. The
FTIR spectra of each asphalt binder was recorded over a wavenumber range of 600 cm™ to
4000 cm™. The absorbance areas of two oxidation-related bands, the carbonyl (C=0O) and
sulfoxide (S=0) functional groups, were calculated. The areas under the C=0 absorption band
(16661746 cm™), the S=0O absorption band (944-1066 cm™"), and the denominator region
(1350-1525 cm™) were determined using full baseline integration. The carbonyl index (C=0
index) and sulfoxide index (S=O index) were calculated as the ratio of the corresponding
absorption area to the denominator area. Specifically, the C=0 index was defined as the ratio of
the C=0 band area (1666—1746 cm™) to the area of the 1350—1525 cm™! region, and the S=0O
index was defined as the ratio of the S=O band area (944—1066 cm™) to the same denominator
area. Prior to each measurement, a background spectrum was collected using a clean and empty
ATR crystal to ensure spectral accuracy. For each binder, four replicates were conducted, and the
average values were reported. Standard deviations were calculated and presented as error bars to
reflect data variability.

6.1.3.3. Materials

A total of eight binders with a variety of PG binders from different suppliers were used for the
exercise. The specific supplier names were abbreviated, and the binder list is as follows:
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* PG64-22 A
* PG64-22 H
* PG70-22C
* PG70-22V
* PG76-22 M
* PG76-22 W
* PG64-28 ]

* PG70-28 E

6.1.4. Results and Discussion

6.1.4.1. DSR test results

Figure 6.3 to Figure 6.5 present the DSR parameters of eight binders tested at high-,
intermediate-, and low-PG temperatures after different aging protocols. Overall, under the
conventional aging sequence from unaged to PAV40, the G* gradually increases while 6§
decreases, which aligns with the commonly observed rheological behavior of asphalt binders.
This behavior is attributed to oxidative aging, which enhances binder stiffness and reduces its
viscous response.

As to the Thin Film PAV20, it is observed that under three temperatures, all binders exhibit
significantly higher G* and lower 6 compared to those aged under standard PAV20. Moreover,
Thin Film PAV20 consistently produces rheological parameters comparable to those of PAV40.
These results demonstrate the effectiveness of using the Thin Film PAV20 aging procedure in
inducing extreme aging conditions in asphalt binders.

A detailed comparison between Thin Film PAV20 and PAV40 reveals that, at the high PG
temperature, Thin Film PAV20 generally results in higher G* and lower 6 than PAV40. At the
intermediate PG temperatures, it produces values of G* and o that are very close to those of
PAV40. At the low PG temperatures, Thin Film PAV20 yields higher G* while maintaining a
similar 8. Overall, Thin Film PAV20 and PAV40 exhibit comparable effects on the rheological
properties of asphalt binders, with slight differences depending on the temperature.
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Figure 6.5 DSR results at low PG temperature: (a) G*, (b) 6.

To better illustrate the impact of long-term aging on binder performance, the intermediate
temperature parameter G*sin(d) of six asphalt binders at 25 °C was calculated. Although existing
studies suggest that G*sin(0) may not fully capture the actual cracking performance of asphalt
binder and pavement, it can still serve as a rheology-based performance indicator for reference.
A bump chart was constructed to visualize changes in performance ranking with increasing aging
severity, as shown in Figure 6.6. It can be seen that the ranking of G*sin(5) shows considerable
variation from RTFO to PAV20, while the changes from PAV20 to PAV40 and Thin Film
PAV20 are less pronounced. This indicates that long-term aging may have a significant impact
on the performance of asphalt binders, highlighting the necessity of evaluating binder properties
under extended aging conditions.
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6.1.4.2. BBR test results

Figure 6.7 presents the low-temperature rheological indices, stiffness and m-value, obtained from
the BBR test at the low PG temperature. The results indicate that at low temperatures, Thin Film
PAV20 leads to higher stiffness and lower m-value compared to PAV20. When compared to
PAVA40, it produces slightly higher stiffness and a similar m-value. These findings demonstrate
that Thin Film PAV20 protocol can effectively accelerate binder aging with respect to low-
temperature properties and induce an aging condition comparable to that of PAV40.
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Figure 6.7 BBR results at low PG temperature: (a) Stiffness, (b) m-value.

Since the m-value reflects the binder’s ability to relax stress at low temperatures and consistently
serves as a critical parameter in determining the low-temperature PG grade, it is used as an
indicator of low-temperature cracking performance. A bump chart was constructed based on the
m-value to illustrate changes in the ranking of low-temperature cracking performance from
PAV20 to PAV40 and Thin Film PAV20, as shown in Figure 6.8. It is observed that from
PAV20 to PAV40 and Thin Film PAV20, the ranking of binder m-values changes significantly.
This indicates that the degradation of low-temperature performance under long-term aging is
inherently nonlinear, rather than a simple extension from PAV20. Therefore, it is necessary to
adopt PAV40 and Thin Film PAV20 protocols which truly represent long-term aging when
evaluating low-temperature performance.
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Figure 6.8 Ranking of BBR m-value at -12C Across Aging Protocols.

6.1.4.3. FTIR spectroscopy results

Figure 6.9 illustrates the variation trends of oxidation-related functional group indices in asphalt
binders as determined by FTIR spectroscopy. Specifically, the carbonyl index (C=0) and
sulfoxide index (S=0) were calculated to reflect the formation of oxidative products. The
increase in these indices during the aging process is directly associated with the accumulation of
the corresponding structural groups resulting from oxygen uptake in the asphalt bulk.

The results show that from RTFO to PAV40, both the C=0 index and S=0 index exhibit an
overall increasing trend. Thin Film PAV20 yields higher oxidation indices than PAV20. A
comparison between Thin Film PAV20 and PAV40 further reveals that the C=0O index of Thin
Film PAV20 is generally higher than that of PAV40, whereas the S=O index does not
consistently follow this pattern. Additionally, Thin Film PAV20 exhibits greater variability in
oxidation indices, which may be related to the uniformity of film thickness in PAV pans.
Overall, Thin Film PAV20 and PAV40 produce comparable oxidation levels. These findings
confirm the effectiveness of Thin Film PAV20 in accelerating long-term oxidative aging of
asphalt binders from the perspective of chemical functional groups.
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Figure 6.9 FTIR results: (a) C=0 index, (b) S=0 index.

6.1.4.4. Poker-chip test results

As shown in Figure 6.10, the poker chip test results indicate a progressive increase in tensile
strength and a corresponding decrease in ductility from RTFO to PAV40, demonstrating a
significant deterioration in cracking performance with aging. In comparison, Thin Film PAV20
exhibits notable differences from PAV20 in both parameters: its tensile strength consistently
exceeds that of PAV40, while its ductility is similar to that of PAV40. This suggests that, from

the perspective of cracking performance, Thin Film PAV20 can effectively simulate long-term
aging.

168



An additional observation is that the ductility of modified binders declines sharply from RTFO to
PAV20, whereas the two unmodified PG64-22 binders do not exhibit such deterioration. From
PAV20 to PAV40 and Thin Film PAV20, ductility continues to decline significantly across all
binders. This progression reduces the performance gap between modified and unmodified

binders and leads to changes in the relative ranking of cracking performance among different
binders.
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Figure 6.10 Poker-chip test results: (a) Tensile strength, (b) Ductility.

To further demonstrate the necessity of using PAV40 and Thin Film PAV20 as the long-term
aging procedure, ductility was selected as the parameter for cracking evaluation, and a bump
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chart was constructed as shown in Figure 6.11 to show the ranking of cracking performance at
different aging protocols. It can be observed that from RTFO to PAV20, the ductility ranking of
the eight binders undergoes significant changes, indicating that the effect of long-term aging on
cracking performance is nonlinear and complex. Furthermore, from PAV20 to PAV40 and Thin
Film PAV20, the performance ranking changes again. This suggests that the effects of extended
aging are not simply a continuation of the trends observed under PAV20, but rather involve
further differentiation and reordering of cracking performance across binders. Besides that, it is
shown that the cracking performance rankings under PAV40 and Thin Film PAV20 show
minimal differences, which indirectly supports the conclusion that both aging protocols induce a
similar level of aging. As such, evaluating long-term cracking behavior requires aging protocols
beyond PAV20 to capture this evolving material response, which emphasizes the importance and
necessity of using PAV40 and Thin Film PAV20 protocols.

) .><. ‘ ‘
2 @ .\
= 3 (] \. @ W
24 @ [ ] @) PG64-22 A
7
Z \
jun} e
s ® O @ rcro-22v
1 <
E
&6 @ o (@] @ rcTe-2)
" .< /. @ romn
8 ®
RTFO PAV20 PAV40 Thin film PAV20

Aging Protocols

Figure 6.11 Ranking of Poker-chip ductility at 256C Across Aging Protocols.

6.1.5. Summary

In this part of the study, the accelerated long-term aging protocol for asphalt binder was
presented. DSR and BBR tests were employed to compare the rheological properties of asphalt
binders under different long-term aging protocols at high, intermediate, and low temperatures.
FTIR spectroscopy was used to evaluate the influence of each aging protocol on oxidative aging
from the perspective of chemical functional groups. The poker chip test was conducted to
investigate binder cracking performance at intermediate temperatures. The conclusions are as
follows:
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1. In terms of all the rheological, chemical, and cracking performance, the Thin Film
PAV20 aging protocol induces significantly more advanced aging conditions in asphalt
binders compared to traditional PAV20, while exhibiting aging effects comparable to
those of PAV40.

2. By comparing the ranking of cracking performance of asphalt binders under different
aging conditions, it is evident that substantial changes occur from RTFO to PAV20,
highlighting the necessity of employing long-term aging protocols to evaluate cracking
resistance. Furthermore, the transition from PAV20 to PAV40 and Thin Film PAV20
results in additional noticeable changes, indicating that the effects of extended aging are
not simply a continuation of the trends observed under PAV20, but rather involve further
differentiation and reordering of cracking performance across binders. This confirms the
importance of using PAV40 and Thin Film PAV20 as the representative long-term aging
protocols.

6.2. Evaluating the Accelerated Long-term Aging Protocol for
Asphalt Mixture

6.2.1. Goal

Although asphalt binder properties are important, it is the asphalt mixture that ultimately
influences field performance of asphalt pavements. The goal of this exercise is to track the
accelerated aging protocol for loose mixes and explore the influence of long-term aging on the
cracking performance of asphalt mixture.

6.2.2. Evaluation

6.2.2.1. Aging protocol

Four aging condition levels for asphalt mixture, which rely on increasing the aging temperature
instead of aging time, were applied to age each loose mix before preparing mixture specimens
for cracking tests, as described below:

1. Standard short-term aging in Texas: 2-hr. at compaction temperature.
2. Long-term aging [99]:

1) 20-hr. at 100 °C

2) 20-hr.at 110 °C

3) 20-hr. at 120 °C
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Three aging condition levels for asphalt binder were applied to each binder to fabricate loose
mix:

1. Standard short-term aging: RTFO.

2. Long-term aging:
1) PAV20

2) PAV40

6.2.2.2. Evaluation procedure and test method

Step 1: Three binders with different performance grading and different suppliers were selected
for laboratory binder aging (RTFO, PAV20 and PAV40). The same binders were also used to
prepare loose mixes using the same aggregate and gradation, which were subjected to mixture
aging (short-term aging and three long-term aging: 20hr. at 100°C, 20hr. at 110°C, and 20hr. at
120°C).

Step 2: The asphalt binder was extracted and recovered for each loose mix after long-term aging.

Step 3: DSR and poker-chip tests were used to compare the aging conditions between laboratory-
aged binders and extracted and recovered binders.

Step 4: Three more groups of asphalt mixtures with different binders, RAP contents, and
aggregate types were prepared in the lab and subjected to short-term and long-term aging
conditions.

Step 5: IDEAL Cracking Test (IDEAL-CT) and Overlay Test (OT) were conducted for each
group of mixtures to explore the cracking performance after long-term aging.

6.2.2.2.1. Binder extraction and recovery

A centrifuge extractor was used with toluene as the solvent to recover the asphalt binder in a
solvent from a sample of the loose asphalt mixture. The rotary evaporator method was used to
recover the asphalt binder from the solvent following the method described in AASHTO TP2
(1999).

6.2.2.2.2. DSR test

The DSR was used for performance testing and to compare the rheological properties between
laboratory-aged binders and extracted and recovered binders. A temperature sweep test was used
to evaluate binder properties at high and intermediate PG temperatures. The 8 mm DSR test
(proposed replacement for BBR) was used to test binders at low PG temperature (not applicable
for RTFO binder). Two replicates were used for each measurement. The parameter G* and 6
from the last five cycles was averaged. Both parameters were used as the rheological indicator.
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The DSR test procedures are the same shown in Section 6.1.3.2.1 using the corresponding testing
temperatures for different binders as shown in Table 6.1.

6.2.2.2.3. Poker-chip test

Poker-chip test was used to compare the cracking performance between laboratory-aged binders
and extracted and recovered binders. The strength and ductility parameters obtained from the
poker-chip test were used for this comparison. The sample preparation procedures and detailed
experimental protocols are described in the preceding sections. Two replicates were used for
each sample.

6.2.2.2.4. IDEAL-CT: Monotonic Cracking Test

The IDEAL-CT (Tex-250-F) is a monotonic cracking test for determining the cracking tolerance
index (CTindex) of compacted asphalt mixtures. A higher CTindex indicates better resistance to
cracking in the asphalt mixture. The test is cast with a loading rate of 50 mm/min at 25°C. For
each mix scenario, five IDEAL-CT specimens were molded using a Superpave gyratory
compactor to achieve a consistent air void level of 7 + 0.5%. These specimens have a diameter of
150 mm and a height of 62 mm. Prior to testing, each specimen was conditioned in a temperature
chamber for two hours at 25°C. Five replicates for each set were averaged. The determination of
the CTindex involved analyzing the load-displacement curves recorded during the testing process,
as depicted in Figure 6.12, and applying the equation below for the calculation.

) t s G
CTindex = 2% X |m:5| x 10°
—Post peak slope
Peak load
o Pre-Peak Load Curve
\ Post-Peak Load Curve
A 65% Peak load

® 75% Peak load
® 85% Peak load

0 2 4 6 8 10
Displacement (mm)

Figure 6.12 IDEAL-CT Load-Displacement Curve.
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6.2.2.2.5. Overlay Test: Cyclic Cracking Test

The Overlay Test (OT) (Tex-248-F) is a cyclic cracking test for evaluating the susceptibility of
asphalt mixtures to fatigue or reflective cracking. The key parts of the apparatus consist of two
steel plates, one fixed and the other which moves horizontally to simulate the opening and
closing of joints or cracks in old pavements beneath an overlay. The OT is conducted in a cyclic
triangle displacement-controlled mode with a maximum opening of 0.025 inch at room
temperature of 25°C and at a loading frequency of 0.1 Hz (ten seconds per cycle). The OT
specimen has a dimension of 6-inch-long by 3-inch-wide by 1.5-inch-high cut from Superpave
gyratory compacted samples.

To estimate the number of cycles to failure, the 93% load reduction method was applied. This
involves plotting the peak load for each cycle against the number of cycles, as illustrated in
Figure 6.13. The Crack Progression Rate (CPR) is determined by fitting a power equation to the
peak load versus the number of cycles curve, as depicted in Figure 6.13. This index serves as an
indicator of the mix's cracking resistance, with lower values indicating superior performance in
terms of crack resistance. In addition, critical fracture energy can be obtained by calculating the
area under the load vs. displacement curve as shown in Figure 6.14.

350 b
2300 T y=dX ,
=250 i b is Crack Progression Rate
<
3200
’j o Test cycle load
%150 = = Power Curve

0 200 400 600 800 1000 1200
Number of Cycles

Figure 6.13 Maximum load versus cycles.
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Figure 6.14 Hysteresis loop.

6.2.2.3. Materials

Three binders and corresponding loose mixes (limestone, SP-C) were used to compare the aging
conditions between laboratory-aged binders and extracted and recovered binders:

* PG64-22 A

* PG70-22 C

* PG76-22 M

Three groups of asphalt mixtures as shown in Table 6.2 were further prepared and aged to study
the effect of long-term aging on the cracking performance of asphalt mixture. The two most used
mixtures in Texas are 12.5 mm Superpave-C and 9.5 mm Superpave-D. Two aggregates (crushed
limestone and gravel) and associated gradations (SP-C and SP-D) are included in the study to
ensure that the research findings are meaningful and applicable. The gradation details are shown
in Figure 6.15.

Table 6.2 Summary of mixture testing plan

Binder Conlt{eﬁf (%) Aggregate | Aging Conditions Cl:;:sktlsng
2hrs at compact
1 temperature
PG 64-22 A 20 (;r;w]; 20h@100C IDEAL
20h@110C cracking test
20h@120C (IDEAL-CT)
2hrs at compact and Overlay
PG 70-22 C 0 Limestone temperature test (OT)
with P25 SP-C 20h@100C
20h@110C
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20h@120C
2hrs at compact
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Figure 6.15 Mixture gradations: (a) Superpave-D with gravel; (b) Superpave-C with limestone.
6.2.3. Results and Discussion

6.2.3.1. Comparison of the degree of aging

Figure 6.16 to Figure 6.18 present the raw DSR data for three binders tested at high-,
intermediate-, and low-PG temperatures. The RTFO through PAV40 represent laboratory-aged
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binders, while Extraction 20hr. at 100°C, Extraction 20hr. at 110°C, and Extraction 20hr. at
120°C refer to binders extracted and recovered from aged loose mixes.

In general, it is evident that at all PG temperatures, extending PAV aging duration and increasing
the aging temperature for loose mixes significantly increases the G* and reduces the 8, which
aligns with general expectations. It confirms that increasing the aging temperature of asphalt
mixture can effectively accelerate the aging condition of asphalt binder.

In addition, when compared to PAV?20, it is observed that the G* values of Extraction 20hr. at
100°C are closely aligned with those of PAV20 across all three temperatures, while the 6 of
Extraction 20hr. at 110°C appear to be similar to those of PAV20 at intermediate and low
temperatures. In comparison with PAV40, the rheological parameters of Extraction 20hr. at
120°C are found to be comparable. A detailed comparison is provided in the following section.
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Figure 6.16 DSR results at high PG temperature: (a) G*, (b) 6.
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Figure 6.17 DSR results at intermediate PG temperature: (a) G*, (b) o.

178



(a)

203.2 212.6 210.4 212.0

200 185.8
155.8
151.6 150.356-4 156.8
150 135.442:3 137.3 134.139.8
=3
& 100
50
0
PAV20 PAV40 Extraction Extraction Extraction
20h@100C 20h@110C 20h@120C

mPG64-22 A mPG70-22C mPG76-22M

(b)
25 24.2
23.6
22.622. 22.7
> 22.0 21.8 22.1
213 21.4<"
206207 20.520.3
~ I 19.8
i I I I I
| I
15
PAV20 PAV40 Extraction Extraction Extraction
20h@100C 20h@110C 20h@120C

mPG64-22 A mPG70-22C mPG76-22M

Figure 6.18 DSR results at low PG temperature: (a) G*, (b) 6.

Figure 6.19 shows the results of the poker chip test. For laboratory-aged binders, aging from
RTFO to PAV40 leads to a consistent increase in tensile strength and a corresponding decrease
in ductility. For the extracted and recovered binders, an overall trend is observed in which higher
aging temperatures result in increased tensile strength and reduced ductility. This is consistent
with the known effects of aging on the cracking performance of asphalt binders. Exceptions
include the highest tensile strength of PG70-22 C at Extraction 20hr. at 110°C, and the lowest
ductility of PG64-22 A at Extraction 20hr. at 100°C. This trend indeed deviates from typical
expectations. And PG70-22 and PG76-22 show little change in ductility from Extraction 20hr. at
110°C to 120°C, possibly due to the nonlinear effect of aging temperature on the cracking
performance of modified binders. However, due to the limited amount of extracted and
recovered binder, additional replicate tests could not be conducted. Further validation may be
required in future.
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As to the comparison, Extraction 20hr. at 100°C and PAV20 exhibit similar cracking
performance, while Extraction 20hr. at 120°C shows comparable cracking parameters to PAV40.
A detailed comparison is provided in the following section.
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Figure 6.19 Poker-chip test results: (a) Tensile Strength, (b) Ductility.

To better compare the impact of different aging protocols on the performance of asphalt binders,
all DSR and Poker-chip test results are expressed as the percentage difference between extracted
and recovered binders and laboratory-aged binders. A new index, Difference of Aging (DOA),
has been proposed to identify which long-term aging procedure of mixture (20hr. at 100°C, 20hr.
at 110°C, 20hr. at 120°C) is mostly close to long-term aging procedure of binder (PAV20 or

PAVA40).

Difference of Aging (DOA) compared to PAV20 (%) is calculated as shown below:
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Xy — Xpav2o

DOAZO ES X 100

XPAVZO

Difference of Aging (DOA) compared to PAV40 (%) is calculated as shown below:

Xy — Xpavao

DOA4_O ES X 100

XPAV4O

X represents any testing metric under specific aging condition and now are designated in Poker-
chip parameters at intermediate temperature and DSR parameters at high, intermediate, and low
PG temperature.

y represents the aging procedure of mixture (20hr. at 100°C, 20hr. at 110°C, and 20hr. at 120°C).

For example, a positive value of DOA»o indicates that the selected parameter under a given aging
condition is aged more compared to PAV20 aging. The closer the DOA2o value is to zero, the
more similar the parameter is between the two aging protocols.

Figure 6.20 and Figure 6.21 present the DOA»o values for DSR and poker chip test parameters.
Overall, Extraction 20hr. at 100°C exhibits smaller DOA»o values compared to other conditions,
indicating a similar level of aging to PAV20. Specifically, for the DSR parameters, G* at high,
intermediate, and low temperatures under Extraction 20hr. at 100°C are very close to those under
PAV20, suggesting comparable binder stiffness. In contrast 6 shows a different trend: at high
temperatures, Extraction 20hr. at 100°C aligns more closely with PAV20, whereas at
intermediate and low temperatures, Extraction 20hr. at 110°C provides a better match. This
suggests that the influence of aging temperature of loose mixes on binder viscoelastic properties
may vary slightly across temperature range. For the poker chip test parameters, except for the
ductility of PG64-22 A, all other cases show lower DOA» values for Extraction 20hr. at 100°C.
This indicates that, in terms of binder cracking performance, Extraction 20hr. at 100°C can
produce a comparable aging effect to that of PAV20.
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Figure 6.20 DOAyo for DSR parameters at three PG temperatures: (a) G*, (b) o.
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Figure 6.21 DOA2o for Poker-chip test parameters: (a) Peak stress, (b) Ductility.

Figure 6.22 and Figure 6.23 present the DOA4o values for the DSR and poker chip test

parameters. Overall, the indicators under Extraction 20hr. at 120°C exhibit smaller DOA4o

values, suggesting an aging level comparable to that of PAV40. Specifically, for the DSR

parameters, both G* and 6 under Extraction 20hr. at 120°C closely match those of PAV40 across
high, intermediate, and low temperatures, indicating similar rheological behavior. For the poker
chip test parameters, the influence of increased aging temperature on cracking performance does
not always follow a consistent or expected trend. While Extraction 20hr. at 110°C and Extraction
20hr. at 120°C generally result in more severe cracking than Extraction 20hr. at 100°C, the
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DOA4 values between Extraction 20hr. at 110°C and 120°C show no clear dominance, varying

from case to case.
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Figure 6.22 DOA4 for DSR parameters at three PG temperatures: (a) G*, (b) 0.
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Figure 6.23 DOA4 for Poker-chip test parameters: (a) Peak stress, (b) Ductility.

6.2.3.2. Effect of the long-term aging on asphalt mixture cracking resistance

The testing results for mixtures with PG64-22, PG70-22, and PG76-22 binders are shown in

Figure 6.24 and Figure 6.25. The data indicates the following trends:
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The CTindex decreased, and CPR increased as the aging term progressed and aging
temperature increased, showing that the mixture’s cracking resistance weakened with

aging.

The aging rate varies among these three mixtures, since the slopes of the mixtures versus
aging temperature are different. The mixture aging rate is sensitive to aging temperature.
For example, the mixture with PG64-22 and 20% RAP has a higher aging rate when the
aging temperature increased from 100°C to 120°C.

Furthermore, the ranking of mixture cracking resistance at the short-term aging is
different from that at the long-term aging, as shown by the lines crossing over each other
in Figure 6.24 and Figure 6.25. Therefore, mixture long-term aging must be considered at
mix design and even in the stage of mix plant production.
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Figure 6.24 IDEAL-CT testing results at multiple aging conditions: (a) Bar chart, (b) Line chart.
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6.2.4. Summary

In this section, the accelerated long-term aging protocol for asphalt mixtures was presented.
Binder extraction and recovery tests were used to extract asphalt binders from loose mixtures,
and DSR and poker chip tests were conducted to investigate their performance relationship with
laboratory-aged binders. Subsequently, IDEAL-CT and OT cracking tests were employed to
evaluate the impact of long-term aging on the cracking performance of asphalt mixtures.

The results indicate that increasing the aging temperature of loose mixes leads to a more severe
aging level of the asphalt binder. Extraction 20hr. at 100°C can result in G* across different
temperatures, high-temperature o, and poker-chip ductility that are more comparable to those of
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PAV20. Extraction 20hr. at 110°C produces intermediate- and low-temperature o closer to
PAV20. Extraction 20hr. at 120°C generally yields rheological and cracking parameters that
align more closely with those of PAV40. The results also clearly demonstrate that long-term
aging significantly degrades the cracking resistance of asphalt mixtures, with increased aging
time and temperature correlating to lower CTindex values and higher CPR values. It also clearly
shows the consideration of long-term aging asphalt mixes at the stages of mix design, trial batch,
and plant production is necessary. To practically address the impact of long-term aging on
asphalt mix properties, a representative long-term aging was recently recommended by
researchers [100].
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Chapter 7. Summary and Conclusions

This work began with the main goal of identifying and updating the tests and specifications in
Item 300 as needed to ensure that the test methods and specifications are relevant, not redundant,
and up-to-date.

Chapter 2 describes a review of the current test procedures for relevance, applicability, accuracy,
and practicality, as well as recommendations for improving the tests. Recommended changes
along with the adoption level were developed.

Chapter 3 developed new test procedures as identified to fulfill needed changes. Test procedures
were developed in TxDOT format and included in appendices.

Chapter 4 generated and analyzed data collected for the new test procedures developed in this
project. This data explored the agreement between laboratories, developed test conditions, and
round-robin experiments. This data helped inform decisions for recommended specification
limits for the new tests.

Chapter 5 suggests changes to 2024 Item 300 (with inclusion of existing Special Provision 300-
003). A revised draft of each table in Item 300 is presented, with a discussion on the changes.
The revised draft of Item 300 specifications has been organized based on the tables in the current
Item 300 specifications.

Chapter 6 details an extra study of binder aging of PG binders. This includes short-term aging
and PAV20, which are currently included in the specifications, an even longer-term aging termed
PAV40, and a new procedure termed Thin Film PAV20. The Thin Film PAV20 was found to
produce similar binder aging as the PAV40, but only requiring 20 hours of aging time. This Thin
Film PAV20 is outlined in a proposed test procedure, based on the Pressure Air Vessel with
modified test and specimen conditions.

This work is presented to the Receiving Agency for their evaluation and possible update of Item
300, “Asphalts, Oils, and Emulsions.”
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Appendix A

Test Procedure for

MEASUREMENT OF POLYMER SEPARATION ON HEATING IN s
MODIFIED ASPHALT SYSTEMS s
TxDOT Designation: Tex-540-C l-,'_-_—_.,

Effective Date: Draft

1.

11

12

SCOPE

This procedure descrbes a method of predicting the degree of phase separation such as settlement that may
occur when modified asphalt systems (those containing latex rubber. SBS block copolymer, tire rubber, or
other medifiers) are heated and stored.

The values grien in parentheses (if prowded) are not standard and may not be exact mathematical
conversions. Use each system of units separately. Combining values from the two systems may resuit in
nonconformance with the standard.

21.
22

APPARATUS

All equipment necessary. to perform the testing described in ASTM D7173.
All equipment necessary. to perform the testing described in AASHTO T 315.

31
32

33

34

PROCEDURE

Prepare the samples from the top and bottom portion of sluminum tubes as described in ASTM D7173.

Perform dynamic shear theometer tests on the top and the bottom matenials using 259-mm paraliel plats
geometnes in accordance with AASHTO T 315 and determine their G*sin 8 values at 12% strain, 10 rad/sec
by averaging the last 10 out of 20 cycles. Use the test temperature as follows:

= 58°Cfor PG 38-XX

= 84°C for PG 64-XX and Polymer-Modified Asphalt Cements as identified i ltem 300 Table 3.
= 70°C for PG 70-XX,

= 76°C for PG76-XX, and

»  82°Cfor PG 82-XX.

Calculate the difference in top and bottom resuits (D) as 3 percentage of the average values.
= D =[(G*sin &)_top- (G*/sin 5)_bottom]*100/ [{G*/sin 8)_top + (G™sin 5)_botiom}2

Report results (in the nearest of 0.1) as:
s fElifD>10.0%, or
= passifD<100%
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35.

Repeat Sections 3.1 through 3.4 using any other test procedure appropriate or that is called for by the
specific material specification.
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Appendix B

Test Procedure for

RECOVERY OF ASPHALT RESIDUE FROM ASPHALT EMULSION d_' )
AND CUTBACK ASPHALT BY VACCUM OVEN I=

TxDOT Designation: Tex-55C-C
Effective Date: Draft

1. SCOPE

1.1. Use this procedure to recover asphalt residue from asphalt emulsions and cutback asphalts. Residue may be subsequently evaluated for
material characteristics.

1.2. The values given in parentheses (if provided) are not standard and may not be exact mathematical conversions. Use each system of units
separately. Combining values from the two systems may result in nonconformance with the standard.

2. APPARATUS

2.1. Vacuum oven. An example vacuum oven is shown in Figure 1.

2.1.1. Size commensurate with the number of samples for concurrent testing. Recovering emulsions and cutbacks in separate runs or separate
ovens is a good practice.

2.1.2. Minimum vacuum rating of 80 mbar (60 mmHg) absolute pressure (vacuum).

2.1.3. Capable of maintaining 70°C +/- 2°C for emulsion recovery and 140°C +/- 2°C for cutback asphalt recovery.

Note 1. Examples of a vacuum oven can be found at:

https:/fhydrobuilder. com/across-international-accutemp-0-8-cf-vacuum-oven-5-sided-heat-sst-tubing-ul-csa-certi-
fied html?opts=eyJhdHRyaWJ1dGUSMDciQiloMzg4In0=

and

https:/iwww.acrossinternational.com/250¢-ul-certified-1-9-cf-vacuum-oven-5-sided-heat-sst-tubing_html
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Figurs 1. An 2xample vazuum oven

22 Vacwsm Pump. Capabie of providing at least 50 toer (30 mbar) of absolute pressure (vacuwum)
Not= 2 Sxamples of 3 pump can be found st

SUCTS WEIC

23 Volafies tsp 1o prevent watsr (from emulsions) and solvert [from cutback asphalt) from enterirg the vacuum
oump.
24 Sample containars for uss with asphalt emulsions. Aluminum Weighing Dishes, 140 ml capacity, 3.75-inch

(0525 om) basz 1 D 0 75-inch (1.905 om) haight. Tests are performead in duplicats, so at least 2 sanples
contSiners 3 required per sample. An example 5 shown in Figare 2.

Not= 3. Examples of 3 sample contamsr can be found st hitps www momaster com/1 T805TE2/

Figue 2 Aluminum sample dshes for asphalf emulsion.
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25. Samgpie containers for use with cutback asphalt Use round | 4oz, metsl tirs. sppeoimately 2375 inch (G cm)
nside dismetse and 1-11/10 inck (4.3) cm height. as shown ir Figues 3 (no ids sre used) Tess ae
performed in duplicate. so 3t least 2 tins sre required per sarple.

Notz £ An example of £ oz metal tn can be found at Iifps v uline comProduct Detsil'S-
179065 Retzi-Boxes Decp-Meak- Tins-Round-4-oz-Solid-Lid-Siver

Figuee 3 4oz Metal Tins.

26. Syrnges for transfeming samples mto the malds. A 10 mi syrnge kas been found adequats

27. Spatula for stemng asphsit samples to enswe unformity.

28 Balance Class G1 m accordance with Tex-201-K minmum capactty of 500 g, and the shiity o hold 3
sample mold.

3. MATERIALS

31 Asphsit emulsion.

32 Cutback asphalt

4 PROCEDURE

L1 Set the vacuum oven 1o T0°C for asphalt emulsion and 140°C foe cuthack ssphat Prehestthe ovenfora
mirimum of 12 howrs 1o ensure fempershee consistsncy and uniformity. Srswre the oven s 5t e peoper
{=mperature befors procesding.

L2 Defermine the vacuum gage setiing nesded.

£21 If the vacuum oven pressure 030S reads sbsolute pressure, the seting showld be for 30 mbar <~ 10 b
{67.5 mmHg +- 7.5 mmHg) sbsclude pressure for testing.

L4272 If the vacuum oven pressure gaos reads relative to atmosphenc pressurs, uss the Tollowirg squation o

detsrmine the pressure seting 1 use fortesting.
P igogni = P a1 = P ey

Where P jgen 15 the vacuum oven pressune gage setiing.
P (s 15 the cument ambiert barometrc presswe, and
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44,

4419

243

443

244

F g i fhe bsolufe pressure desired for festing,
For asphalt enulsion:
Sitir the: ermudsion thoroughly for 1 minute w=ing a spatula.
Wieigh the sample corfainer and record the mass (A).

Tarz the balamce ard tramsfer 3.20 g +- 0.03 g of a=phalt emulsion to the sample container. Record the
mass poured in the maold (B).

Repeat 4.3.2 and 4.3.3 to generals a tolal of bwvo duplicabe samples for residue reoovery

Cap the emulsion cortainer mmedistely after frarsfzmng the emulsion mto the sample container to ensure
rnirimum loss of watsr from container for futurs uss.

Tip the sample contaner from side to side fo spread the emulsion in the mold to get & uriform thickress of
the emulsion layes.

Wkile spreading the emulsion in the sample container, kesp the walls of the mold diean.

Place the sample containets in the oven af TOPC +- 2°C and apply vacwam for 2 kours,

Siteet the timer once the target vacuwem pressure i reached and do not open the door duing the fest.
After 2 hows +- 5 minutes under vacuam, release the vacuum in mo more than 3 minutes.

Femove the samples from the oven and immedistely weigh the =ample contamers and record the mass (Z]
{o caloulste the mass loss.

If residue t2sting is desired, scrape the residue from the sample container ws=ing a spatula and test the
residue within 24 hours from when the samples are removed fom the owen.

For cuthack asphalt
Sitir the cuthack asphalt thoroughly for 4 minwz using a spatula.
WWeigh the emply sample container and recoed the mass (A).

Tarz the balamce ard tramsfer the required amount of cutback asphalt to sample contamer. Record the mass
poured in the mold [E)

The sample amownt is different for each viscosity grade of culback o adjust for the binder content. Use the
following sample amounts:

MC-30wze 270 g #- 003 g.

RIC-230 or MC-250 v=e 200 g H-0.03 g

MIC-3000 use 1.80 g #~ .03 g (tentatvely included in this procadure)
MIC-E00 wse 2,00 +- 0.05 g (fentafvely included in this proceduee).

Hepest 4.4 7 and 4.£.3 to generals a totsl of bwvo duplicabe samples for residue reoovery
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445

Cap te cutback asphalt container immediately after ransfering the cwiback asphalt o the sample
contsiner io ensure miMimuam loss of sohvent from conrtainer for future use

4405 Tip the sample container from side to side fo spread the cuthack o pet 3 wiform thicknzss of the cuthack
asphalt layer. Slight wasming may be receszary for higher viscosity grades.

247 ‘While spreading the cutback a=phall in the sample cortainer, keeg the wals of the pan clean.

448 Place the sample containers in the oven at 140°C +/- 2°C and apply vacuum for the specified fime.

444 For Aapid Curng Cwtbacks u=e 3 howrs of vacwum oven curing fime For Medium Cudng Cufhacks use 4
bowurs of vacuum oven curing fime.

4440 Steet the timer once the target vacuwm pressure is resched and do not open the door dunng the test.

4411, After the specified cumng fime under vacuum, release the wacuum in ro more than 5 mintes,

L4942 Aemiove the samples from the oven ard immediatzly weigh the =ample contaimers and record fhe mass [Z)
fo caloulste the mass loss.

4443 If residue =sting is desired, scrape the residue from the sample container w=ing a spatva and test the
residue within 24 hours from when the samples are removed fom the oven.

5. REPORT

51 Aepoet the mass loss (%) as [(C-B-A1 0UE], fo the nearest 0.1 percant
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Appendix C

Test Procedure for

VISCOSITY DETERMINATION OF ASPHALT EMULSION AND CUTBACK #ﬂ
ASPHALT USING ROTATIONAL VISCOMETER ﬁ_

TxDOT Designation: Draft
Effective Date: Dyaft

1. SCOPE

11. This procedure outiines fhe procedune for messwirg bhe viscosity of asphslt emulsions snd culack ssphait
using 3 Fiotsional Viscometer spoarsius.

1.2 The walues given in parenthesss (if provided) are not standard and may rot be exsct mathematicsl
comversions. Use sack sysiem of umits separstely. Combiring values from the b sysims may resultin
noncorformance with the stEndard.

2 APPARATUS

21 All sguigment necessary o pesfioem te fesiing descrbed im AASHTO T3A.

3 PROCEDURE

a1 Hesd snd urdsrstand e informaton in the rotstionsl viscometsr marufaciurer's cpersting manual before
orocesding.

32 Prepare and calibrsie the apparsius s descibed in ASTM D773

i3 Prekast the sample kolder with the sample chamber and the sliected cyindrics] spindle =18 accosdieg o the
manwiEcuers recommendstion.

34 Sef the proporticnal fempessture controlles io 60°C.

13 Wiker the propodionsl tempersturs cortrlles reads B07C, remove te samole hoider, and pour the regquired
amowtt of asphak emulision/'cutback ssprak =5 recommendad by the manufaciursr in e samclke holider for
i=sting.

6. Inzest the sampie kholder ivdo e fempershee confrolize unit

arT. Inzest 5 prekested spinde and sitach it o the viscometer using the necessary coupling. Gently kower e

spindle info the asphsit emulsionicuthack asphalt, =0 that te binder covers the upper comical porfon of e
spindle. This procedars may vary based on the manwscharers recommendstions.
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38

L

AN

ERL

Beng the s=phait emulsion/cuhack aspihslt sampis i 607 C within sppeoximaisly 30 min. 52t fhe viscometsr
spead gt 20 rpm and ==t fhe display fo read e viscosily in cesf-Poize (07, The viscometes speed may be
et gher than 20 rpm F £ B expedied faat fhe obsenved inrgpue will be ot of renge &t 20 pm

Aliows the sampie to equibrsis & fhe desred ==t Empessiure for & miremum of 10 mie. B=ge the spindie
rotston during the 1-min Empershre cqulibrsiion penod. Allow fhe readings o siabilize before recording
ey viscnsity messurements. [ the obssaved foeqee & out of renge for the selecied spinde and speed,
change the spindle or spesd bassd on fhe mamfachesrs recommendations for the andcipsied viscosty s
difeseet spede 5 weed resisrt the o il 5 new 3T

St e fest Fier the asphalt binder sampis kas resched the specfied Empersive and equilibesizd and the
visCosity readegs kave siabilized 3= reguired i the provious o Si=0s

Weszure the viscosity at 1-mie intenials for 3 ol of 3 mie

L1

REPORT

Racort fhe folowing information:

The daie and fime o the fest

The fext smpersturs to fhe nesrest 1°C;
The spead in mpe

The size of the spindie used:

The forgue in percent. and

The sverags viscosily B o™

205



Appendix D

Test Procedure for

LOW TEMPERATURE DSR TESTING OF ASPHALT
BINDER

=t

o Dot

TxDOT Designation: Tex-33A-C
Effective Date: Drafi

1.1

SCOPE

Usze this tzst method, based on AASHTO T313, to evaluate the low temperahune propesties of birdzes with 3
Cymamic Shear Rhaometer [DER]. This proceduse exferds T35 after DER mtermediate femparahae testing
using PAY aged binder to measure GF and & at low PG grade temparatune, Low tempersture limits on G*
ard & are uzed to detemine specification compliance instead of 5 and m from the Bending Baam
Aheometer (BER).

The walues given in parentheses (if provided) are nof stamdard and may rot be exact matkematical
conversions, Use each system of urilts separstely. Combiring valies from the two systems may result in
nonconformance with the stamdard.

21

APPARATUS

Uze all apparatus descrbed in AASHTO T35 with 3 DER that can condition and fe=i samples at low PG
femperatae plus 10°C. Addforaly, the DSR skhauld have the ability to adjust the adal force fo
accommodate the temperature transition from intermediaie to low terperature. For messurements at low
temperahae, DSE mackine compliance may be not 3 concem if operafing in & range of less than 20% of
iz forguee. Typical DERs with @ maximum forgue of 200 mM-m will b2 operating at approximately 10%
of the maximum forgus.

ER N

MATERIALS

Test asphalt binders that have been corditiored with the RTFOD and PAV-20ke to sinulaiz a lorg-ismm aging
siabe.

41

L2

PROCEDURE
Przkeat the DS temperabune chambes to 70 °C.

Tramsfer the asphalt binder samphe to one of the fest plates and fe=t the sample &t ntermediate temparabuns
accortding bo AASHTO T35

After completion of & mm intermediatz iemperature t2sting and without removing the samgple, kower the:

temperahae from the intzmmediaiz erperature fo e low PG temperahee plus 1070 and v=e the axial foce
adjustment at 03N (+- 0LIN) i compression

206



Mote The axisl force adjustment is required to accommodats the wolume change of the specimen as the
femperature = reducad from internediste to low temperaturs to prevent debonding of the specimen from the
D5R plate or platen.

L3 Condifion the sample at the test termnparstune (low PG grade tempersture plus 10°C) for 2100 =
44 Test the specimen &t 1% strain rate and 0.2 radis angular frequency for 10 cycles

L REPORT

34 Hepoet the average GF and & from the last 5 oycles atthe PG low tempersture grade plus 1072
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Appendix E

Test Procedure for
POKER CHIP TEST OF ASPHALT BINDER =t
TxDOT Designation: TEX-55B-C l"‘“‘-—-‘-‘-"-

Effective Date: Draft

1. SCOPE

1.1. This test metihod svalustes the ersile fElue chascizrsics of an asphall birder wndes 3 siate of sress that
induces high inaxalty in the asphalt binder, whick modelz 3 realisic siress steis imiar fo asphait bindee
corfined between o sggrenates. This fest metkod i= relievant for SSigue o thermal craciong in aspkalt
mixhures and can be used with matensl aged w=ing T 240 (RTFOT) and A 28 [FAV).

1.2 The values given in parentheses (if provided) are not standard and may rot be exact matrematicsl
corversions. |se sach sysiem of uris separsiely. Combiring valuss from the b sysiems may esulin
noAcoioAmance with the standard.

L APPARATUS

21. Testing Machine — The tesiag machire or load frame, as skhowm in Fig. 1, should kave e capability of

apphang t=rsion in displacemeri-cortolled mods, fhen switching o load-controll=d mode wnil the sampis
fails, and recording load and displacement durng tis ime

MNote 1 - A servo npdraulic f=sing machine with 3 funclion genergior capsble of producng the desired
displacemert-confrolled or load-controlied mode kas been shown o be suishie for uss in ension =sing.

Cier commercially avsilsble dlectric motor aciuaior and load frame with &t lesst 200 b (2000 N) losd c=ll
car also be used.

L

Figure 1 - Tezting Mackine (Isft: overall view of the load frome, right: clocer view of the load cell).
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214

212

14

Note 2 — The device shouid be capable of apphying a displacement rate o a least 3.0 infminate (150
s

The losd frame must be ==t up o spoly =msion i deplscement-conirolizd mode of 004 mfmiets (1
mmimirsis] el 5 tensie losd of 51620 ) = reached. Al s point the load frame must swiich o 3 load-
coriroled mode o apply 5 fensie load of 025 Ibisecond (2 Nisecond) undll $he sample fals. Dunng this
fme, fhe load snd displescement are recorded = 3 rels of = least 7 points per second.

The Esiing machine must be coupled with sn sulbmaic cut off system thet can be programmed w=ing a
digitsl cortrnlier o sinp fre equipment i c3se of emergency.

lesmreren 300 Recorming Spsem — The sysiem should inchuds sersors for messurng and
werticsl defoemations. The sysiam showdd be cspabie of messwing vertical deformations wilh 3 resolution of
it ket (U000 . (2001 mm). Loads shouid be measured and recosded wilh 3 resolufion of at lesst 00225

B 01 N)

The verics] defoamston cam be messursd by 3 Inesr vanisble dfzrentisl tramsducer (LVIT) or other suitsble
devices The ssesivity and type of messwrement devics should be selected b peovids the deformstion
rescout eguired in 22

The losd should b= messwed with an slechoeic load cell capabls of ssiisfying the specified eouFement= for
ol messweTerE R 22

Rsfer ip Te mamuEcheers specifizaiions for system calbestiion amd acouracy

Tempermure-Gortoied Chamber for GondiSioning Specimen — The iempershee-controlded chamber shiouid
be capstie of maitaning 3 empersies of 77 £ 19F (25 £ 0.5°C). The chamber should be lerps enough o
hold =t les=t f=n specmens for 3 pesind of = most 24 b paor o iesing.

iOven — The owen murst be capable of martaning & empersiee of 320 £ 5°F (180 £ 3°C).
Sfamless-5iesd Miold — The poli=r chip sample i prepared v=ing & ivo-part mold (iop and botioen) aad shal
b= similer i desion o that shown im Fig. 2 and 2 The moid shal be made of slaniess-sizel and the
demessions of the assamitied mold shall be 3= shown in Fig. 2 and 3, wilh e peemiesble vanaioes
rdicaied Two pars of e mold, 3= shown in Fig. 4, are usad i prepare 3 fhim film specimen.

Mote 3 — Micld $vead size and depih may vary based on e mouning system of the iesiing machine.
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Figure 2 — Stainless-Stesl Mold Top part of the poker-chip mold (all dimensions in inches).
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Figure 3 — Stainless-Stesi Mold. Bottom part of the poker-chip mold (all dimencions in inchss).
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Frgure 4 — Poker chip sroinlecs-rres] mold o laboraory-molded perimen benwesn the top ard bomom

26

27

2140

211

212

213

Pirs are shown io the left ond an azsemblied mold with the binder somple iz chown fo the right).

Aligrment pins — Thie shpnment pies cam be machmed of purchassd direclly Fom 5 hardvare supplier. The
pirs shall be made of sianiess-sizel and should be 00122 £ 00002 m (3.1 20,005 mm) diamsisrand 2 3200
(13285 mim) lengih. These pirs are e Saounh fhe thres holes in e top and botiom of fhe poker chip
specamen minkd o emsure proper aipament of fhe bvo parts. Thiree shigrmest pies are reeded for each
pokes-chip mokd.

Sipacer Diowels — The spacer dowesls cam be machimed o purchassd direclly from 3 hardnare suppler. The
spacer doweks shal be mads of alioy sie=d and should be 145 £ 0.0003 in (00025 £ 1.12E05 mm) dametes
and 12 in (0.005 mm) length. Thess spacer dowsts are dropped in e iguid asphalt bimder fo achisve the
f=rpet fackssss when placing e fop part of the poker chip mold.

Eal Jormt Rod End — The ball joest rod end can be machined or purchissed drecily from s hardware supplier
and shall be made of Slioy si== with 3 ball joint =nd fype This ball joint rod end = used on fhe top part of the
peoies Chiip moid o commect o e load Fame using an appeopaste clevis pin and dowel

Siicone Ligkds — The siicons molds showld be made of food grade siicone, bisphennl A (BPA) fres, non-
shck and fexibis o easiy reieass the asphsit bimder from the molds. Typically, the =mperahee tolesance
rampe of s matznEl i from -840 i 455°F 20 o 249°C). The dmensions of 2ach cavily are 1.0l (234
mim) dameier and 14 i [5.35 mm) depth. Thess dimensions hold appeomaisly 0138 oz (4.5 g) of asphakt
binder propesly.

20 Degres Bant Nose Pz — The Sl-degres beet mose plizr = 3 vanisbon of resdie rose plises. | feshees
mon-serraisd Eoesed jans e o bemt 3t 3 Sl-depees angie. 3 Som the fip. This allows e @S fo oA
e spacer downsls.

Stamiess-Res Trays — The sianless-sea] bays chould Rave s s of 1320521 m (33022 24132 204
mimi) wih 3 fist rigid base i accommodais up o 110 moids and cary them in and out of fhe oven or
Empersturecomtrolied chamber

Acstons - Acstone cam be wsed To dean and remows dust fom the suface of the steinkess-stes] ey and
silicore moids.

Dy wipes — Diry paper S=sus wipes provids an essy way o wipe up bgeid and dust fom the surfacs of the
sEeless-sies ravs and Sicoee molds
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Balance — Balance confomming to the reoguirements of AASHTO M 231, Cla== G2.

215 Stainless-Stesl Moo Spatula — The stainless-stesl spatula that = 22.5 cm (90 in] length and 5 20.78 cm (2
= 0.31 in) fiat ends and miroe-oz firish.

2146 Subile Lewel - The bubble level can be used to indicalz whether the surace of the stainkess-sizel frays
coptaining the poker-chip molds are korzontal [levsl).

1. MATERIALS

1. Asphalt Bimder Specimen — The a=phali binder can be aged wusing T 240 (RTFOT) or R 28 (PAV], or bodh.

iz Secovered Specimen — The recovered asphialt binder from an asphalt mixhure or reclaimed asphali
pawement [FAT) can be tesizd in an “as i=° condition or if can be aged using R 28 (PAV)L

4 SPECIMENS

41. Lzhoratony-Molded Specimen — Cordition the asphali binder in accordance with ARSHTO T 240 or TeDOT
Tex-341-C (RTFOT). If long term aped asphalt birder is to be tesied, obtam test sample according to
AASHTO H 28 (PAY). Two arcular specimers of 2.0 in (30.5 mm) diameter with 2 146 in {15873 mm)
thickress, are prepared wsing the stairless-stesl mold descrbed i the section shove.
Note 4 - The asphalt bindzr is heated irsids an oven wilil the maberal is sufficiently fluid. Typcaly, a
femperghee of 320 £ 3°F (160 £ 3°C) & sdeguate. Modified asphalt birders may be heated to kigher
iemperatues i materal does ot powr easily.

5. PROCEDURE

i1 Asphalt Bimder Sample Preparstion:

311 Heat 3 2 oz (&0 mi) metsl can, cortsining the asphalt binder sample, in an oven o 320 £ 3°F (160 £ 3°C) for
13 o 20 mirwtes urdl the binder is flvid encugh to be poured. During the kealing process, the sample should
e covered.

a1z Siir the sample thorwghly o enswe it is homogenous. Svoid mircducieg bubbles in the a=phalt bindzr whilz
sdiming

313 Pour 0.159 £ 0.0018 oz (4.5 £ 005 g) of the: asphalt binder inside the siicon mold, 5= shoan in Fig. 3, label

the mald and sllow it to cool &t room izmperature after pourng for a pendcd of not less than 20 mir. Prepare
the poker chip sample within 48 hours of pourng.

MNote 6 - The same amownt of asphalt binder sample can be poured directy into a cleam pre-heated bothom

part of the polkar chip mold. However, the balance used must be insuaizd to profect the weighing plate from
the pre-heated bofiom par of the poker chig mold.
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3.25.

Figwre 5 - Asphalt bindsr poursd inside the zilicons mold.

Laboratory-Molded Specimens Preparation:

Wipe and clean the top and bottom test f3ces of the poker chip mold using acefons.

Place the three algnmeant pins in the bottom part of the poker chip mold.

Preheat the top and bottom parts of the poker chip mold and the spacer dowels in a conventional oven at
320 £ 5°F (170 £ 3°C) for at lzast 3 hours (preheating overrignt is recommendszd). The poker chip molds
can 3lso be left ovemight in the oven

Note 7 - Stanless-sizel frays can bz used o frarspodt the poker chip molds. Enswe that the oven bays
are level using a bubble level pror to use

Remove the pre-weighed dolop of the asphalt bindar from the silicon mold and place it in the bottom parnt of
the poker chip mold. Place the bottom part of the mold back in the owen at 320 £ 5°F (170 £ 3°C) for 15
minutes or until the dollop of asphalt binder 5 completaly molten and spread over the entire bottom swufacs
of the poker chip mold.

Place three spacer dowels approximaiely at 120 degrees apart and about halfway radidly out from the center
of the bottom poker-chip sample disc, as shown in Fig. 6.

Note 8 — S0-degree bent nose pliers can be wsed to grp the spacer dowels.

213



5.26.

527

5.28
528

5.2.10.

53

£ |

P~ Spnaoer i o om toge i the cxpliclt bivslar

Place the bottom part of the poker chip mold back in the oven for ancther 15 10 20 mirviss © slow the
spacer dowels 1o sink and submesge in the binder.

Note 9 — The spacer dowels wil be partidly submerged dus fo the swface tersion of asphakt bindes
Remove the tottom part and the pre-heatsd top part of the mold from the oven Flace tao slignment pies in

the lowesr part of the mold. Lower the top part of the poksr chip mold slowly through the sligrment pins and
femly press it 5t the center 10 ensee 3 comect et Flace the third alignment pin 1 ensure proper siigrment.

Note 10 - Exercise caution. Piates are hot ard the asphalt binder s fuid. Suddesly dropping the top
pokerchip sample disc may cuse the ligwd binder o splash cut

Place the poksr chip assembly in the oven at 320 = 5°F (170 = 3°C) for ancther 20 o 25 minutes.

Remove the poksr chip sssembly from the oven sed et # cool to soom tempersturs on 3 level plsform o a
penicd of rot less than 30 min or undl 3sphalt binder 5 completely soidfed.

Note 11 - ¥ the asphait binder spilled over, disconfinue the procedure and discard the specimen.
Place the poksr chip assembly inside the tempersture-controlied chamber 3t 77 = 1°F (25 2 0 5°C) urdi the

specimen kas reachad the tSrget tempersture (conditicning overright is recommendsd) Test the poker chip
sample withn 43 hows of condiioning. Ensure that the poker chip assembly i= level using 3 butbie level

Note 12 - I room tempsarsturs is within = 1.0°F (£ 0.3°C) of tamst tempershus the poker chip assembly
c3n be cooled at room fempershae.

Mouréing ard Tesing Labcratory-hicided Specimens in the Testing Machine
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Erzure st the load cel of e fesing machire & zesoed out with just the fop part of the poker chip mold
suspended fom e badng =0=.

Program e ioad freme o an e Dliowing sequence: 1) apply fersion iIn displacement-controled mods of

002 infmirsi= [1 mmiminuis] wnll & tensie load of O 67 (40 N) & reached, & fhis point i) switch to load-
coriroled mode and apply & fensie load of (.25 Ibfsecond (2 Nisecond) undl e sample f&Eils.

Tak= fhe specimen and panlly remiove the slipment pins whilie holding the boliom of the specimen.

Hote 13 — Do st uss force to remove thie Slignment pies; F hey appesr shack for any reason, pendy 5p
using fhe back of 3 screwdever and iry D vpgle e

Check Sas lip of the boSiom of e specimen in ersure that thare = o binder that spiled ovar;, this would
i that The specimen was mof cooled on 3 e plaffoem.

Lok fine boSinm of fhe poker chilp assembly in fhe loading frame.
Theesd in fie ball joint rod o e fop of fhe poler chip mold and ensure it & finger fight but do mot apply oo
mucH inepue o avoid damaging the specimen

Lower fre oading == gendly unil fre cievis rod end hole aliges with fhe hoke in the ball joint rod. Gendly sids
5 dowed fwough fhe clevis rod end and fhe ball joist rod lockang e o in place. Onoe e sample = locksd
" place. rum the programimed Bt

St the test vaing the programimed sequence acoording o seclion 5032 The iesiing device automatically
si=ris The ==t when The load Fame has achisved & temsie load F B I (2D M)

Riecord the oad and displscement &t 3 e of 2 kst 2 ponts per second dusing fhe f2st Fig. T shows 3
typizal pokeschip test oulbut dsts.

Jﬂ-

oo

Siroas (KPa)

o8 8888 8 4 8

0% 200% 400% &00% BD0%
Sirain %)

Figure 7 — Tupical Poker—chip Tect Ougput Data
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6. CALCULATIONS
6.1 Calculate the maximum stress, £y, o, recorded 3= fhe feasile strength as follows:
Srmax = J::::‘f
whape:
By =wulfimate appled load reguired to fall specimen, (B (or M), and
D = diameter of specimen, in {or mm)
a2 Caloulate the strain & 80% of the madmum stress, &y gy, 85 the ductility.
Mote 14 — This parameter is calculaizd when 50% of the maximem t2rsile siress is eached afer the
ultimate applied load. Interpalabe &= necessary bebwean data points.
I
MiSrmar — 3
whare:
a = displacement at 0% afier the Wiimaiz applied load, n (or mm), ard
t =fhizkness of specimen in {or mm)
7. REPORT
AR Sepoet the following for 2ach |aborsfory-rolded specimen:
= asphalt bindzr grads;
»  festizmpershes;
" ENIIL 5SS, Sroan
* duchity, £y sy,
= addifioral comments.
8. PRECISION
a1 The precision of this test method kas rot been esiablshed.
9. FOR INFORMATION IN DRAFT DOCUMENT ONLY
4.1. The 30 parts for the mold, accessories and an irsirictional video can be found in the link below
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9.2

Inttprs:itdoi. ong 0. 1 8T3E T TONWH

I you wiouwld like fo onder molds, these can be ordened Srom hittos: s xomedry com

Please contact a-bhasinimal wtexas. eduy for more detsils on crdering from Xometry.
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