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Modified Asphalt Binder Research

Activities
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 Modified Asphalt Binder Research
Activities
— MSCR
— Linear Amplitude Sweep (LAS)
— Mixing and Compaction Temperatures

— Laboratory Performance of Mixtures
Containing RAP and Modified Asphalt Binders
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Test Procedure - AASHTO TP70
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e Multiple Stress Creep Recovery (MSCR) Test of
Asphalt Binder Using a Dynamic Shear
Rheometer (DSR)

— Shear Stress Levels
e 0.1 kPa
e 3.2 kPa

— Output
* Recovery

e Jnr
o Stress Sensitivity (Jnr-Diff)




Test Procedures — PG-Plus Tests

asphalt ‘ institute

» Elastic Recovery
— AASHTO T301
— Output
« Calculated Recovery at 25°C
* Ring & Ball Softening Point
— AASHTO T53

— Output
e Average Temperature




Test Procedures — PG-Plus Tests
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e Ductility
— AASHTO T51
— Original and RTFO-aged Binder
— Output
 Measured Ductility at 4°C
e Toughness & Tenacity
— ASTM D5801

— Output
 Toughness and Tenacity at 25°C




2013 PCCAS ILS
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e Sixteen (16) Labs
— 8 Users

— 5 Producers
— 3 Others




2013 PCCAS ILS
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* Five Asphalt Binders
— PG 76-28 (Binder A)
— PG 70-22ER (Binder B)
— PG 64-28NV (Binder C)
— PG 64-28PM (Binder D)
— PG 58-34PM (Binder E)

« Two RTFO-Aged Binders (MSCR-only)

— Aged by Asphalt Institute
PG 76-28 (Binder A-Al)
PG 58-34 (Binder E-Al)




2013 PCCAS ILS
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e Testing Program

— Randomized test sequence

e Three replicate tests for each asphalt binder/test
temperature (MSCR only)

— Technicians
e Familiar with test

* Prefer one technician for each of three replicates
— Can use second technician for different asphalt binder
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2013 PCCAS ILS
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Binder A

Binder A-Al 64

Binder B 64,70 25

Binder C 58,64 4 4 25
Binder D 58,64 25 X 25
Binder E 58 25 X 25
Binder E-Al 58

MSCR, ER tests performed on RTFO-aged binder
R&B Softening Point, Toughness and Tenacity tests performed on original binder
Ductility tests performed on both original and RTFO-aged binder
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Binder B (PG 70-22ER):

Jnr-3.2 at 64°C (all data)
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Consistency Analysis
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e Purpose

— Identify potential outliers in data set
e Reproducibility
e “n” value
— Identify inconsistency within testing lab
* Repeatability
e “K” value
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Consistency Analysis
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h
Critical Value = 2.49 2.44 2.41 2.38 2.49 2.41 2.49 2.41

Jnr (3.2 kPa)

Material
Lab No. Lab Name Binder A Binder B Binder C  Binder A-Al  Binder D Binder E-Al Binder E

1 0.68 -0.54 -0.08 0.71 -0.46 -0.07 0.01
2 1.26 -0.07 -1.67 -0.35 -0.20 -0.67 -0.71
3 -0.01 -0.30 0.09 -1.76 2.05 0.95 0.60
4 -0.44 0.36 1.17 -0.44 0.61 0.41 -0.11
5 -2.38 3.09 -1.74 -2.14 1.51 1.82 0.44
6 -0.60 -0.45 0.76 1.06 -0.16 0.41 -0.35
7 1.41 -0.71 -0.75 1.11 -0.93 0.25 -1.28
8 -0.13 0.20 0.90 0.07 0.44 -0.19 -0.86
9 0.95 -0.14 0.45 1.31 -1.25 -1.38 -0.76
10 0.11 -0.63 0.16 -0.20 1.17 1.57
11 0.63 -0.68 0.64 0.80 -1.41 -0.77 1.40
12 -0.05 0.41 -1.59

13 -0.72 0.42

14 -0.76 -1.32

15 -0.27 0.34 0.89 0.68 0.32 -0.56 -1.28
16 -1.16 -0.47 -0.65 -0.12 -0.32 1.13 1.34
17

18

19

20

21

22

23

24

25

26

27

28

exceeds h A
exceeds h-0.5
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Consistency Analysis
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Jnr (3.2 kPa): h - Materials within Laboratories
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Binder B (PG 70-22ER):

Jnr-3.2 at 64°C (outlier removed)
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Effect on Repeatability (r) and
Reproducibility (R)?

asphalt institute

Binder B: Jnr-3.2 w/Lab 5 w/o Lab 5

Average 0.333 0.311
1s (within lab) 0.018 0.013
d2s (within lab) 0.049 0.035
d2s% (within lab) 14.8% 11.4%
1s (between labs) 0.086 0.035
d2s (between labs) 0.241 0.097
d2s% (between labs) 72.3% 31.3%
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Outlier Analysis: Excluded Labs
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none none none Lab 5 Lab 12
A-Al 16 none none none none none
B 13 Lab 5 Lab 5 Lab 5 Lab 5 Lab 5
C 12 none none none none none
D 13 none none none none none
E 13 none none none none none
E-Al 16 Lab 12 none Lab 12 none Lab 12
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Repeatability and Reproducibility

Estimates (after removal of outliers)

Jnr (0.1 kPa)

ID Binder
A PG 76-28

B PG 70-22ER
C PG 64-28NV
A-Al PG 76-28

D PG 64-28PM
E-Al PG 58-34PM
E PG 58-34PM

X-bar
0.06832
0.25900
0.31328
0.06168
0.20026
0.37354
0.38778

Sx-bar
0.04350
0.02498
0.04090
0.04299
0.01718
0.02659
0.06351

Sr
0.02345
0.00890
0.04173
0.02722
0.00779
0.02324
0.01864

SR
0.04752
0.02602
0.05323
0.04840
0.01832
0.03267
0.06531

r

0.06565
0.02493
0.11684
0.07623
0.02181
0.06508
0.05220

R

0.13307
0.07285
0.14905
0.13551
0.05128
0.09148
0.18286

Repeatability
1s% d2s%
34.3% 96.1%
3.4% 9.6%
13.3% 37.3%
44.1% 123.6%
3.9% 10.9%
6.2% 17.4%
4.8% 13.5%

halt ‘ institute

Reproducibility

1s%
69.6%
10.0%
17.0%
78.5%

9.1%

8.7%
16.8%

d2s%
194.8%
28.1%
47.6%
219.7%
25.6%
24.5%
47.2%

A
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Repeatability and Reproducibility

Estimates (after removal of outliers)

Jnr (0.1 kPa)

ID Binder
A PG 76-28

B PG 70-22ER
C PG 64-28NV
A-Al _PG 76-28

D PG 64-28PM
E-Al PG 58-34PM
E PG 58-34PM

X-bar
0.06832
0.25900
0.31328
0.06168
0.20026
0.37354
0.38778

Sx-bar
0.04350
0.02498
0.04090
0.04299
0.01718
0.02659
0.06351

Sr
0.02345
0.00890
0.04173
0.02722
0.00779
0.02324
0.01864

SR
0.04752
0.02602
0.05323
0.04840
0.01832
0.03267
0.06531

r

0.06565
0.02493
0.11684
0.07623
0.02181
0.06508
0.05220

R

0.13307
0.07285
0.14905
0.13551
0.05128
0.09148
0.18286

Repeatability
1s% d2s%
34.3% 96.1%
3.4% 9.6%
13.3% 37.3%
44.1% 123.6%
3.9% 10.9%
6.2% 17.4%
4.8% 13.5%
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Reproducibility

1s%
69.6%
10.0%
17.0%
78.5%

9.1%

8.7%
16.8%

d2s%

194.8%
28.1%
47.6%
219.7%
25.6%
24.5%
47.2%

A
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Repeatability and Reproducibility

Estimates (after removal of outliers)

Jnr (0.1 kPa)

ID Binder
A PG 76-28
B PG 70-22ER
C PG 64-28NV
A-Al _PG 76-28
PG 64-28PM
G 58-34PM
G 58-34PM

X-bar
0.06832
0.25900
0.31328
0.06168

.20026

Sx-bar
0.04350
0.02498
0.04090
0.04299
0.01718
0.02659
0.06351

Sr
0.02345
0.00890
0.04173
0.02722
0.00779
0.02324
0.01864

SR
0.04752
0.02602
0.05323
0.04840
0.01832
0.03267
0.06531

r

0.06565
0.02493
0.11684
0.07623
0.02181
0.06508
0.05220

R

0.13307
0.07285
0.14905
0.13551
0.05128
0.09148
0.18286

Repeatability
1s% d2s%
34.3% 96.1%
3.4% 9.6%
13.3% 37.3%
44.1% 123.6%
3.9% 10.9%
6.2% 17.4%
4.8% 13.5%
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Reproducibility

1s%
69.6%
10.0%
17.0%
78.5%

9.1%

8.7%
16.8%

Ca4.5%)
@&

d2s%
194.8%
28.1%
47.6%
219.7%
690
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Repeatability and Reproducibility

Estimates (after removal of outliers)

Jnr (3.2 kPa)

ID Binder
A PG 76-28

B PG 70-22ER
C PG 64-28NV
A-Al PG 76-28

D PG 64-28PM
E-Al PG 58-34PM
E PG 58-34PM

X-bar
0.74765
0.31097
0.44802
0.76755
0.22736
0.50642
0.53192

Sx-bar
0.24396
0.03317
0.06917
0.29522
0.01803
0.05447
0.07799

Sr
0.11529
0.01263
0.06077
0.20365
0.00846
0.03327
0.02204

SR
0.26149
0.03474
0.08513
0.33883
0.01930
0.06087
0.08004

r

0.32281
0.03538
0.17016
0.57023
0.02368
0.09317
0.06172

R

0.73218
0.09727
0.23836
0.94872
0.05405
0.17043
0.22410

Repeatability
1s% d2s%
15.4% 43.2%
4.1% 11.4%
13.6% 38.0%
26.5% 74.3%
3.7% 10.4%
6.6% 18.4%
4.1% 11.6%

halt ‘ institute

Reproducibility

1s%
35.0%
11.2%
19.0%
44.1%

8.5%
12.0%
15.0%

d2s%
97.9%
31.3%
53.2%
123.6%
23.8%
33.7%
42.1%

A
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Repeatability and Reproducibility

Estimates (after removal of outliers)
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Recovery (0.1 kPa)
Repeatability Reproducibility
ID Binder X-bar Sx.bar Sy SR r R 1s% d2s% 1s% d2s%

A PG 76-28 88.51823 5.50877 2.31179 5.82319 6.47302 16.30492 2.6% 7.3% 6.6% 18.4%
B PG 70-22ER  66.64153 1.81929 0.66924 1.89958 1.87386 5.31883 1.0% 2.8% 2.9% 8.0%
C PG 64-28NV  67.89339 4.20319 3.63383 5.14490 10.17474 14.40571 5.4% 15.0% 7.6% 21.2%
A-Al PG 76-28 90.01160 5.24616 3.22069 5.86834 9.01792 16.43134 3.6% 10.0% 6.5% 18.3%
D PG 64-28PM  74.99253 1.06392 0.56261 1.15885 1.57531 3.24479 0.8% 2.1% 1.5% 4.3%
E-Al PG 58-34PM 85.32803 1.12050 0.84137 1.31432 2.35582 3.68010 1.0% 2.8% 1.5% 4.3%
E PG 58-34PM  84.95645 2.80493 0.59762 2.84706 1.67334 7.97177 0.7% 2.0% 3.4% 9.4%

A

We're driven. . RUAAEEUEUTHGEOT ERTL]



Repeatability and Reproducibility

Estimates (after removal of outliers)
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Recovery (3.2 kPa)
Repeatability Reproducibility

ID Binder X-bar Sx.bar Sy SR r R 1s% d2s% 1s% d2s%

A PG 76-28 32.61388 9.77607 5.97846 10.92701 16.73969 30.59562 18.3% 51.3% 33.5% 93.8%
B PG 70-22ER  59.69611 2.26340 0.82426 2.36134 2.30791 6.61175 1.4% 3.9% 4.0% 11.1%
C PG 64-28NV  57.25127 5.90752 4.56446 6.98486 12.78050 19.55761  8.0% 22.3% 12.2% 34.2%
A-Al PG 76-28 39.14691 18.39142 10.17235 20.17991 28.48257 56.50374 26.0% 72.8% 51.5% 144.3%
D PG 64-28PM  73.10170 0.86664 0.43358 0.93616 1.21403 2.62124 0.6% 1.7% 1.3% 3.6%

E-Al PG 58-34PM  79.78481 2.13462 0.88477 2.25355 2.47735 6.30993 1.1% 3.1% 2.8% 7.9%

E PG 58-34PM  79.00384 3.44039 0.82022 3.50496 2.29663 9.81390 1.0% 2.9% 4.4% 12.4%

A
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Repeatability and Reproducibility

Estimates (after removal of outliers)
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Jnr, Diff
Repeatability Reproducibility

ID Binder X-bar Sx-bar Sr SR r R 1s% d2s% 1s% d2s%
A PG 76-28 1156.76130 632.87279 224.71206 658.93220 629.19376 1845.01015 19.4% 54.4% 57.0% 159.5%
B PG 70-22ER 19.95906 2.93360 1.21229 3.09609 3.39441 8.66905 6.1% 17.0% 15.5% 43.4%
C PG 64-28NV 42.41569 8.06038 6.32307 9.57204 17.70458 26.80171 14.9% 41.7% 22.6% 63.2%
A-Al PG 76-28 1649.86033  1128.38420 459.16004 1189.03442  1285.64811  3329.29638 27.8% 77.9% 72.1% 201.8%
D PG 64-28PM 13.73926 5.68585 3.47623 6.35492 9.73345 17.79377 25.3% 70.8% 46.3% 129.5%
E-Al PG 58-34PM 37.41642 6.46850 8.16990 9.29191 22.87571 26.01735 21.8% 61.1% 24.8% 69.5%
E PG 58-34PM 37.79233 7.18935 4.53436 8.08664 12.69621 22.64259 12.0% 33.6% 21.4% 59.9%

We'’'re
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Multi-Lab Precision Estimates from
Al ILS Studies
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ILS Multi-Lab Multi-Lab
Rec-3.2 Jnr-3.2

ETG 2009 18.1% 22.0-42.6%
NEAUPG 2010 18.7% 33.7%
SEAUPG 2011 9.8% 28.0%
NEAUPG 2012 7.6% 33.0%
PCCAS 2013 13.8% 36.8%

'\

We're driven. . RUAAEEUEUTHGEOT ERTL]



Jnr-Recovery Curve
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Jnr-Recovery Curve
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Repeatability and Reproducibility

Estimates (no removal of outliers) _
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ER
Repeatability Reproducibility
ID Binder X-bar Sx.bar Sy SR r R 1s% d2s% 1s% d2s%
PG 76-28 87.39091 5.50457 3.24948 6.11062 9.09853 17.10973 3.7% 10.4% 7.0% 19.6%

A

B PG 70-22ER 78.38333 1.08960 1.24136 1.48813 3.47582 4.16678 1.6% 4.4% 1.9% 5.3%
C PG 64-28NV

D PG 64-28PM 86.20909 1.13459 1.73642 1.81587 4.86197 5.08445 2.0% 5.6% 2.1% 5.9%
E PG 58-34PM 90.69697 1.85677 0.67560 1.93698 1.89169 5.42355 0.7% 2.1% 2.1% 6.0%

11 Labs

A
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Repeatability and Reproducibility

Estimates (no removal of outliers) _
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R&B Softening Point

Repeatability Reproducibility
ID Binder X-bar Sx.bar Sy SR r R 1s% d2s% 1s% d2s%
PG 76-28
PG 70-22ER
PG 64-28NV

PG 64-28PM  138.71000 3.24037 1.65690 3.51144 4.63933 9.83204 1.2% 3.3% 2.5% 7.1%
PG 58-34PM  187.02963 5.47452 1.47020 5.60459 4.11655 15.69284  0.8% 2.2% 3.0% 8.4%

10 (9) Labs

moO®>

Toughness

Repeatability Reproducibility
ID Binder X-bar Sx.bar Sy SR r R 1s% d2s% 1s% d2s%
A PG 76-28
B PG 70-22ER
C PG 64-28NV 81.19333 8.75263 7.93881 10.89151 22.22866 30.49623  9.8% 27.4% 13.4% 37.6%
D PG 64-28PM  128.96667 27.55502 5.04090 27.86071 14.11452 78.01000 3.9% 10.9% 21.6% 60.5%
E PG 58-34PM  79.77333  8.58543 3.31803 9.00273 9.29049 25.20766 4.2% 11.6% 11.3% 31.6%
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Repeatability and Reproducibility

Estimates (no removal of outliers) _
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Ductility (O)
Repeatability Reproducibility
ID Binder X-bar Sx.bar Sy SR r R 1s% d2s% 1s% d2s%
A PG 76-28
B PG 70-22ER
C PG 64-28NV 91.41667 24.00560 5.85051 24.47627 16.38142 68.53357 6.4% 17.9% 26.8% 75.0%
D PG 64-28PM
E PG 58-34PM
10 Labs
Ductility (R)
Repeatability Reproducibility
ID Binder X-bar Sx.bar Sy SR r R 1s% d2s% 1s% d2s%
A PG 76-28
B PG 70-22ER
C PG 64-28NV 49.67407 16.63203 3.45878 16.87009 9.68458 47.23624  7.0% 19.5% 34.0% 95.1%
D PG 64-28PM
E PG 58-34PM

We're driven. . RUAAEEUEUTHGEOT ERTL]



2013 PCCAS ILS
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ER | R&B SP | Ductility (O) | Ductility (R)

Binder A 32.6 87.4

Binder A-Al 39.1

Binder B 59.7 78.4

Binder C 57.3 91.4 49.7 81.2
Binder D 73.1 86.2 138.7 129.0
Binder E 79.0 90.7 187.0 79.8

Binder E-Al 79.8

MSCR, ER tests performed on RTFO-aged binder
R&B Softening Point, Toughness and Tenacity tests performed on original binder
Ductility tests performed on both original and RTFO-aged binder

'\
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Binder A-Al: Jnr-0.1

asphalt institute
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Binder A-Al: Rec-0.1

asphalt institute
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Binder A-Al: Jnr-3.2

asphalt institute
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Binder A-Al: Rec-3.2

asphalt institute
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Binder A-Al: Inr-Diff

asphalt institute
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PCCAS 2013 ILS
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e Summary

— Preliminary analysis of MSCR results after outlier
removal indicated similar precision as in other
studies

— High variablility seen with Binder A
e Test results indicate highly stress-sensitive binder
 Meets MP19 criterion for PG64V-28
e Meets Elasticity Evaluation by Jnr-Recovery curve
— Some improvement in variability noted when
aging was conducted by a single lab (Al)

» Expected response since there is some inherent
variability in RTFO procedure

'\
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PCCAS 2013 ILS

institute

e Summary

— PG-Plus tests not correlated directly with
MSCR Rec-3.2
* ER directionally correlated for 3 of 4 binders
e Binder A indicated high ER value with low MSCR
Rec-3.2
— All binders analyzed to date plot above the
Jnr-Recovery curve

A




MSCR Guidance

asphalt institute

e Informational Documents

— “Implementation of the Multiple-Stress Creep-
Recovery Test and Specification”

— “Guidance on the Use of the MSCR Test with
the AASHTO M320 Specification”

— “The Multiple Stress Creep Recovery (MSCR)
Procedure”

—“Use of MSCR Recovery to Replace PG Plus
Tests in the Southeast Asphalt User-Producer
Group”




MSCR Guidance

institute

e |Informational Documents

— “Implementation of the Multiple-Stress Creep-
Recovery Test and Specification”
e April 2010
 Joint effort between Al TAC and FHWA

e Purpose of the document is “...to provide guidance
to the asphalt industry, users and producers,
regarding the implementation of the new high
temperature binder test and specification using the

MSCR test.”
y N




MSCR Guidance

asphalt ‘ institute

e |Informational
Documents

— “Implementation of the
Multiple-Stress Creep-
Recovery Test and NG o —
Specification ! B S AN -

Implementation of the Multiple

Stress Creep Recovery Test
and Specification

Thee purpose of this document is to provide of an asphalt binder after short-temm aging. Itis
guidance to the asphalt industry, users and the Asphalt Institute’s opinion that the MSCR
producers, regarding the implementation of the  test and specification represent a technical
niew high temparature binder test and adhvancement over the cument PG specification
specification using the Multiple Stress Cresp that will allow for better characterization of the
Recovery (M5CR) test. The MSCR test replaces high tempearaturs performance-relstad

the existing AASHTO M320 Dynamic Shear properties of an asphalt binder.

Rheometer (D5R) test used for charactenzing

the high temperature performance properties !

www.asphaltnstitute.org aspha“ institutle

We're driven. . RUAAEEUEUTHGEOT ERTL]




MSCR Guidance

asphalt ‘ institute

e “Implementation of the
Multiple-Stress Creep-
Recovery Test and
Specification”

— “It Is the Asphalt Institute’s
opinion that the MSCR test
and specification represent a . = N
tﬁchnical a;dF\)/gncem_ef_nt ct)_ver A" -
the curren specification " ‘ B ¢
that will allow forpbetter Asphalt Insttuta Guidance Document ‘L
characterization of the high aglementation of the Multiple
temperature performance- SEESERL - MG e T

and Specifichadign

related properties of an i b

. ” guidance to the asphalt industry, users and
aS p h alt b I n d e r prodwcers, reganding the implementation of th
] niew high temparature binder test and

specification using the Multiple Stress Cresp
Recovery (M5CR) test. The MSCR test replaces
the existing AASHTO M320 Dynamic Shear
Rheometer (D5R) test used for charactenzing
the high temperature performance properties

B an asphalt binder after short-tem aging. 1t
the Asphalt Institute’s opinion that the MSCR
test and specification represent a technical
adhvancement over the cument PG specification
that will allow for better characterization of the
high tempearaturs performance-relstad
properties of an asphalt binder.

www.asphaltnstitute.org aspha“ institutle

We're driven. . RUAAEEUEUTHGEOT ERTL]




MSCR Guidance

institute

e |Informational Documents

— “Implementation of the Multiple-Stress Creep-
Recovery Test and Specification”
e Background
« MSCR Test and Specification

—Why Is it an improvement compared to
AASHTO T315 and G*/sin 67

» J.,, better correlated with rutting potential
» Works for both unmodified and modified

binders
y N




MSCR Guidance

institute

e |Informational Documents

— “Implementation of the Multiple-Stress Creep-
Recovery Test and Specification”
« MSCR Test and Specification

—Why Is it an improvement compared to
AASHTO T315 and G*/sin 67

» Criterion to eliminate binders that are overly
stress-sensitive

A




MSCR Guidance

institute

e |Informational Documents

— “Implementation of the Multiple-Stress Creep-
Recovery Test and Specification”
« MSCR Test and Specification

—Why Is it an improvement compared to
AASHTO T315 and G*/sin 67

» MSCR Recovery faster/easier than other
PG Plus tests and does better job of
characterizing polymer modification

» Conducted at actual pavement temperaturs

institute.or




MSCR Guidance

institute

e |Informational Documents

— “Implementation of the Multiple-Stress Creep-
Recovery Test and Specification”
* Implementation
— Become familiar with the MSCR test
— Become familiar with the specification
— Conduct transitional testing as needed
— Transition regionally and uniformly




MSCR Guidance

institute

e |Informational Documents

— “Implementation of the Multiple-Stress Creep-
Recovery Test and Specification”
* Implementation

—Use MSCR Recovery if there is a need to
Identify elastomeric modification in an asphalt
binder...

— ...and eliminate the use of other PG Plus tests

A




MSCR Guidance

institute

e |Informational Documents

— “Guidance on the Use of the MSCR Test with
the AASHTO M320 Specification”
 December 2010
o Al Technical Advisory Committee

 Recognize that many user agencies would prefer
to use MSCR In conjunction with AASHTO M320

'\

We're driven. . RUAAEEUEUTHGEOT ERTL]



MSCR Guidance

asphalt | institute

e Informational Documents ... . 4A

The AspntInstitts (A1) Implementation Guidance Documsrt, Impismentation of he MUl
271 pronidies quidance 1o the E{H‘ﬂr 'ﬂl.‘ElI'p' LsErs and
EMFLETS, regarang T Impementatian of ihe few nigh binder t25t — the Muttiple Siress

4 - ) 1
Gu|dance on the | |Se Of ohiers egaring e Inicmentaon ofthe ew g empecaure Biver et e Uit Sres,
MSCR test and speciicaion resresant a technical advancemeant over the curment F‘E‘WE—M

(PG asphait Dinder specification, AASHTO M320, which will allow for better charactenization of the high
temparaiure perfonmance-relabad E:FE’UEE-ITI aEpnalt bindar.

= Although the Impiementation of the reviset parformance graded asphait binder specification
t e I\/I S R est Wlt 't e [Which 1525 J.. from the MSCR best Instaad of RTFO Gsh 5) IS 5t the uitimabs goal, fe Asphalt
( : I nstrarte Technical Advisory Commities (AFTAC) T1at many user agencias woukd simply prafer
10 Use e MSCR test In conjuncton win the ARSHTO M320 spectication rmiter than transtioning to a
S}'SlE‘"T'n'E'LBEE- m&’Eﬂ'm"ﬂﬂ'ﬁS In this case, the AFTAC would I'B}J'T'ﬂ'E"I:t’ErCI|WI'lg

mFEGTULEE’BF{'EEE o considar
AA: 5 I I I O M :3 2 O L2 the MSCR tesl (AASHTO TPTD) a5 a replacement PG-PILS test for modified asphait bingers
that curmenity require an “siastclty evaluaton” Pius te6t such as Basic Recovery. Tasing can

als0 ba conduciad on standand, unmodified asphalt inders I desired.
= (Conduct the MSCR test on the RTFO-aged asphalt binder following the procedunas in AASHTO

L] L ! L]
1 TR To have useful Information, testing must be conducted on RTFC-aged materal at the
Althouoh TABLE 1 provides IRty test temperatures, the 525 ralanilty high P from LTPREInG

a0=ncy ks In doub? about the proper test l2mparature. & 95% rellabilly high PG map Is shown In
FIGURE 1 a5 a reference.

+  FOIOWING AASHTO TRTD, dStenmine the J, values & 0.1 and 3.2 KPa shear siess and the
comespondng MSCR Recovery valuss 3 Me same Elress levals.

= Lking the data from the 2.2 kPa shear siress portion of the fest, plol e MSCR Recvery as a
funcion of J., ard f0 FIGURE 2 below. Data points above the cunve are considersd o
have suMident deiaysd elastc response fr an eiastomeric-modited asphal binder,

+  Calcuate the siress senstvity DArAMEE, J . DY USNG the SqURON Ju e = [Jraies — dusema)
+Jee 4 . [T e @D |5 greater than 0.75 then the asphal binder |5 conskderad siress sansiiive.
I AASHTC MP15, 3 maximum ratio of 0.75 |s Ferrﬁaa If using the MSCR with AASHTO M320,
It s SuggEsted that the i, - valle be reported and noted | the criisrion s not met.

(%]

Az sated In the |mplementgtion o B = e pecification, Al
TecoemiTEnds thal I the MSCR Racovery is used DE\GlJﬂE"I’EE{Ej’Eﬂ EBSHGI'EEHTSSEEITU'E asphal
pinder, then oiher PG-PILE tests with 3 similar purpose — such 3s Basic Recovery, Fome Ducity, and
Toughness and Tenachy 265 — should be aiminated. This saves tasing time for both the usar and
supplier. If the curment PG-Pius tesis are not eliminated, then the Sme savings 15 ksl In s Instance,
e MSCR Racovery 26! should not be added

50N 26ting betwean the MSCR Recovery value and Te values of the cument PE-Plus
fests Wil no e . Howeyer, technologists should be cautioned not to expect 3 sinong
comelation becaise of the different fest conditlons that are used. Al has conducted some mited
comparson besing between the MSCR Recovery and other PG-PIUs tests and may be able o provide
qguidance on appropriaie values 1o consider.

Please contact Mike Anderson of the Asphait Instiute (mandersongdasphalinsiie. org) with any
speciic questions or comments regardng this guidance.

Asphaft institite Technical Atvisory Commitiee
2 December 2010

EXECUTIVE OFFICES & RESEARCH CENTER
2508 RESEAR.CH PARK DRIVE
LESINGTON, KENTUCKY 40511

[BSMCER-408D - FAX (SSUBA-40N0




MSCR Guidance

institute

e |Informational Documents

— “Guidance on the Use of the MSCR Test with
the AASHTO M320 Specification”

* Recommendations

—Use the MSCR test (AASHTO TP70) as a
replacement PG-Plus test for modified asphalt
binders that currently require an “elasticity
evaluation” Plus test such as Elastic Recovery.

'\
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Informational Documents

— "“Guidance on the Use of the MSCR Test with
the AASHTO M320 Specification”
e Recommendations

— Conduct the MSCR test on the RTFO-aged
asphalt binder following the procedures in
AASHTO TP70.

» Some guidance on temperature provided



Informational Documents

— "“Guidance on the Use of the MSCR Test with
the AASHTO M320 Specification”
e Recommendations

— Conduct the MSCR test on the RTFO-aged
asphalt binder following the procedures in
AASHTO TP70.

» Some guidance on temperature provided



e |Informational Documents

— “Guidance on the Use of the MSCR Test with
the AASHTO M320 Specification”

* Recommendations

— Conduct the MSCR test on the RTFO-aged
asphalt binder following the procedures in
AASHTO TP70.

» “...the 98% reliability high PG from
LTPPBInd 3.1 provides the most accurate
representation of the climatic conditions and
should be used if the agency is in doubt
about the proper test temperature.”



e |Informational Documents

— “Guidance on the Use of the MSCR Test with
the AASHTO M320 Specification”

* Recommendations

— Determine J,, and Recovery at 0.1 and 3.2 kPa
stress

— Plot Rec-3.2 versus Jnr-3.2 and determine if
data point plots above the curve. Data points
above the curve are considered to have
sufficient delayed elastic response for an
elastomeric-modified asphalt binder.



e |Informational Documents

— "“Guidance on the Use of the MSCR Test with
the AASHTO M320 Specification”
e Recommendations

— Calculate the stress sensitivity parameter and
determine If the ratio is less than 75%.



MSCR Guidance

institute

e |Informational Documents

— “Guidance on the Use of the MSCR Test with
the AASHTO M320 Specification”

* Recommendations

—if the MSCR Recovery is used to evaluate the
elastic response of the asphalt binder, then
other PG-Plus tests with a similar purpose —
such as Elastic Recovery, Force Ductility, and
Toughness and Tenacity tests — should be

eliminated.
A




e |Informational Documents

— “Guidance on the Use of the MSCR Test with
the AASHTO M320 Specification”

* Recommendations

— Comparison testing between the MSCR
Recovery value and the values of the current
PG-Plus tests will no doubt be conducted.

— Technologists are cautioned not to expect a
strong correlation because of the different test
conditions that are used.



e |Informational Documents

— “Guidance on the Use of the MSCR Test with
the AASHTO M320 Specification”

100 v~V
Thecurvestopsatd, =2kPa'.J  values greater than 2 kFa™
ap - are not required to have any minimum value of%Recovery .

80 o
70 A
60
20 A
40 A
30 A
20 A
10
0

Recovery, %

0.00 0.50 1.00 1.50 2.00
Jor, kPa"

FIGURE 2: Companson of MSCR Jor and Recovery to Assess Delayed-Elastic Response



e |Informational Documents

—“The Multiple Stress Creep Recovery (MSCR)
Procedure”
e April 2011
« FHWA

* Provide an overview of the intent of the Superpave
MSCR procedure to evaluate asphalt binder and
Its relation to asphalt pavement performance



e |Informational
Documents

— “The Multiple Stress

Creep Recovery
(MSCR) Procedure”

— FHWA-HIF-11-038

=

Brie
The Asphalt Pavement
Technology Program is an
integrated, national effort to
improve the long-term
performance and cost
effectiveness of asphalt
pavemnents. Manzged by the
Federal Highway Administration
through partmerships with State
highway agencies, Industry and
scademia the program's
primary goals are to reduce
congestion, improve safety, and
foster technology innovation.
The program was estzhlished to
develop and implement
puidelines, methods,
procedures and other tools for
use in asphalt pavement
maternaks selection, micture
design, testing, construction
and quality control.

Office of Pavernent Technology

FHWA-HIF-11-038

April 2011

f THE MULTIPLE STRESS CREEP RECOVERY

(MSCR) PROCEDURE

This Technical Brief provides an overview of the intent of the
Superpave MSCR procedure to evaluote asphalt binder and
its relation to asphalt pavement performance.

Rationale for MSCR Procedure

The Multiple Stress Creep RBecovery (MSCR) test is the [atest
improwement to the Superpave Performance Graded [PG) Asphalt
Binder specification. This new test and spedification — listed as
AASHTO TPT0 and AASHTO MP1S — provide the user with 3 new high
temperature binder specification that more accurately indicates the
rutting performance of the ssphalt binder and is blind to modification.
A major benefit of the new M3CR test is that it eliminates the need to
run tests such as elastic recovery, toughness and tenacity, and force
ductility, procedures designed specfically to indicate polymer
maodification of asphalt binders. A single M3CR test can provide
information on both performance znd formulztion of the asphakt
brinder.

Overview

50 what exactly is the MSCR test? The MSCR test uses the well-
estshlished creep and recovery test concept to evaluate the binder's
potentizl for permanent deformation. Using the Dynamic Shear
Rheomaeter [D5R], the same pisce of equipment used today in the
existing PG specification, a one-second creep load is applied to the
asphalt binder sample. After the 1-second load is removed, the
sample is allowed to recowver for 9 seconds. Figure 1 shows typical
datz for a polymer modified binder. The test is started with the
application of 2 low stress (0.1 kP3| for 10 creep/recovery cycles then
the stress in increased to 3.2 kPa and repeated for an additional 100
cycles.

The material response in the MS5CR test is significantly different than
the response in the existing PG tasts. In the PG system, the high



e |Informational Documents

—“Use of MSCR Recovery to Replace PG Plus
Tests in the Southeast Asphalt User-Producer
Group”

o April 2012
« AITAC

* Provide specifics on how the MSCR should be
performed (64°C) and offer possible criterion
based on Al testing.



Usze of MSCR Recovery to Replace PG Plus Tests
In the Southeast Asphalt User-Producer Group

[ ]
I I Ifo r I I I atl O I I aI To ensure polymer modification In premiem asphalt binders, many usar agencles reguire that

ane of more "PG Ples® tests be performed as supplemental tests to the requirements of the
cuTent performance-graded (PG} asphait binder specification, AASHTO M320. In the SEAUPG,

for premium asphalt binders [Le., PG TO-2E, PG 76-22, and PG 75-23) many user agencles
require that the asphalt Hnder elher mest a minimum elastic recovery valus (usualy performed
on RTFO-aged binder) or maximum DSR phase angle (Lsually performed on unaged tnder).

There are two major advantages to using the MECR Recovery wersus the cument PE-Plus tests.
Firs1, whlle It k5 slmilar o Elasiic Recovery In that It indicates the presence of an elastomernc

(14 madifier, testing has Indicated that the MSCR Recovery may be more discriminating In
—_— l | S e O e C Ove r assessing how the palymer Retwork I perfoming within ihe asphalt binder. Second, the MSCR
test is much guicker, reguiring no additional equipment, less preparation time, and less effort
than nmning a separate sample for Elastic Recovery by elther AASHTO T 301 or ASTM D
G0E4, while losing none of the reliabiiity. Although the D3R phase angle determination does not
t R require any addiional tme (since the valwe Is determined as @ normal part of the AASHTO T315
O e p aC e u S procedura), the Elastic Recovery proceture (either AASHTO T301 or ASTM DEDE4) can take

several hours to complete.

Touse the MECR Recovery value a5 a replacement PE-Plus tast for premium asphalt binders

Tests In the Southeast - =i

1. Perfom the MSCR test (AASHTO TPTD) on RTFO-aged asphall binder at 64%C.
2. Use the awerage MSCR Recovery value calculated from the test at 3.2kPa shear

Asphalt User-Producer T, A

vata from the Asphalt InsiRule’s research suggests the following:

" o I using the Elastic Recovery (AASHTO T301) vale at 25°C, an appropriate
ro u MSCR Rec-3.2 criterion at 64°C Is 15 percentage points kess than the cument
Elastic Recovery oriterlon. For examiple, 3 wser agency that has a minkmum
requirement of 75% for Elastic Recovery would Instead require a minimem
MSCR Rec-3.2 value of 60%.

o [ he Blastc Recovery value is basad on testing performed at 107C, a
limified analysls by Al suggests that an appropriate MSCR Ree-3.2
criterian at 64°C Is 5% less than the current Elastic Recovery crilefon.

o Wusing DSR Phase Angle [AASHTO T315) of the Original {unaged) asphalt
oinder, with a requirement that the phase angle be a maximwm of 75 degrees, an
appropriate minlmem MSCR Rec-3.2 value at 64°C 16 55%.

The Asphalt Institute also suggests that the average MSCR Creep Compliance (J.) value
calculated from the test at 3.2kPa shear stress (lermed M3CR Jnr-3.2) be determined and wsed
with the MSCR Rec-3.2 value bo generate a data point on the Recovery-J. curve In AASHTO
TPTO (shown In Figure 1 below). This paint provides an Indieation of the delayed elashic
response af the modified asphalt binder and should be above the curve.



e |Informational Documents

—“Use of MSCR Recovery to Replace PG Plus
Tests in the Southeast Asphalt User-Producer
Group”

« Recommendations

— Perform the MSCR test (AASHTO TP70) on
RTFO-aged asphalt binder at 64°C.

— Use the average MSCR Recovery value
calculated from the test at 3.2kPa shear stress
(MSCR Rec-3.2).



e |Informational Documents

—“Use of MSCR Recovery to Replace PG Plus
Tests in the Southeast Asphalt User-Producer
Group”

« Recommendations

— Compare the MSCR Rec-3.2 value to the
suggested criterion



Informational Documents

—“Use of MSCR Recovery to Replace PG Plus
Tests in the Southeast Asphalt User-Producer
Group”

« Recommendations

— For states using ER at 25°C, set criterion for
MSCR Rec-3.2 at 15% less than the ER
criterion

» Based on analysis of modified binders from 2007-
2011

» GTR-modified binders not included (suggested
values may not be appropriate)
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User 1 Source 3
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MSCR Implementation



Multi-Lab Precision Estimates from

Al ILS Studies

ILS Multi-Lab
Rec-3.2

ETG 2009
NEAUPG 2010

SEAUPG 2011
NEAUPG 2012
PCCAS 2013

Multi-Lab
Jnr-3.2

22.0-42.6%
33.7%
28.0%
33.0%
36.8%




AMRL PSP Analysis
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Multi-Lab Precision Estimates from
Al ILS Studies (with AMRL PSP)

ILS Multi-Lab Multi-Lab
Rec-3.2 Jnr-3.2

ETG 2009 22.0-42.6%
NEAUPG 2010 33.7%
SEAUPG 2011 28.0%
NEAUPG 2012 33.0%

PCCAS 2013 36.8%

AMRL PSP
(2009-2011) 45.1%
(2012-2013) 30.1%




MSCR Fatigue Study
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Fatigue Study: Asphalt Binders

Jnr-3.2 Rec-3.2 | FD Ratio ER o)




Fatigue Study: Asphalt Binders

Jnr-3.2 Rec-3.2 | FD Ratio ER o)
79.8 83
38.6 73

Same Base Binder
Same Modifier 30% less polymer

Different Concentration




Fatigue Study: Asphalt Binders




Flexural Beam Fatigue (IPC)




Flexural Beam Fatigue Fixture
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Flexural Beam Fatigue Test

[fitetrnial Micto-crack Crack

Heating Formation Formation



Fatigue Study: Effect of Modifier
Concentration

ASTM 4760 4-point Flexural Fatigue
Cycles*Stiffness Analysis
20°C Test Temperature
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Fatigue Study: Effect of Modifier
Concentration



Fatigue Study: Effect of Modifier
Type/Concentration

ASTM 4760 4-point Flexural Fatigue
Cycles*Stiffness Analysis
20°C Test Temperature
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; @ 736 Mix

0736 Binder
¢ 735 Mix
> 735 Binder

1.00E+06 ¢

1.00E+05 <+

Cycles to Failure, (Ny)

i

1.00E+04 +

1.00E+03
1100 1200

Microstrain



Fatigue Study: Effect of PG Plus
Formulation

ASTM 4760 4-point Flexural Fatigue
Cycles*Stiffness Analysis
20°C Test Temperature
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Fatigue Study: Effect of Modifier
Concentration



Laboratory Mixing and Compaction
Temperatures



Laboratory Mixing and Compaction
Temperatures



Laboratory Mixing and Compaction
Temperatures



Laboratory Mixing and Compaction
Temperatures



Associlation of Asphalt Paving
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