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Effect of Polymer–Asphalt Binder 
Compatibility and Cross Link Density on 

Non-Recoverable Compliance in the Multi-
Stress Creep and Recovery Test Method
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Rutting in Asphalt LayerRutting in Asphalt Layer

original
profile

weak asphalt layer

shear plane
Movement and rotation of  aggregate creates very high 
strain in the binder.

Review of the Multi-Step Creep and 
Recovery Work
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Multi Step Creep and RecoveryMulti Step Creep and Recovery

Test using the 
DSR applying 
a 1 sec creep 
stress followed 
by 9 sec 
recovery.
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γu = Avg. un-recovered               
strain

Jnr = γu / τ

τ = stress applied during creep

Jnr = non-recoverable compliance 

Determination of Determination of JnrJnr

JnrJnr of the binder from Rut Tester Study of the binder from Rut Tester Study 
MSCR shows stress sensitivity of bindersMSCR shows stress sensitivity of binders
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The Stylink shows the most sensitivity to stress going from the most 
rut resistance to the least as indicated in the rut testers.

7 Asphalt Binders 7 Asphalt Binders 
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Relationship between Relationship between JnrJnr and ALF ruttingand ALF rutting
25.6kPa25.6kPa
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R2 = 0.8167
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High Temperature Binder Criteria High Temperature Binder Criteria 

Linear binder tests will not correlate with high Linear binder tests will not correlate with high 
temperature mix failure test unless the binder is a temperature mix failure test unless the binder is a 
viscous fluid at those temps.viscous fluid at those temps.
To accurately address  mix failure nonTo accurately address  mix failure non--linear linear 
binder properties have to be evaluated.binder properties have to be evaluated.
Creep & Recovery testing of the binder at different Creep & Recovery testing of the binder at different 
stress levels is needed to describe binder properties stress levels is needed to describe binder properties 
in the nonin the non--linear range.linear range.

Hamburg Rut testing  MINN Road mixesHamburg Rut testing  MINN Road mixes

Jnr 12.8kPa

y = 0.0398x - 0.0289
R2 = 0.9646
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y = 0.031x
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0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0 2 4 6 8 10 12
rut mm

Jn
r 

6 yr Jnr 3.2 kPa
binder mod true grad rut mm 70C

Ultrapave SBR 70-27 4.5 0.17
Styrelf SB 77-29 2 0.044
GTR 80 75-29 1.5 0.121
Sealoflex SBS 82-27 3 0.019
Multygrade 72-24 5 0.213
Cryo Rubber 75-28 7 0.162
Control 70-24 11 0.35

High Temperature Binder Criteria High Temperature Binder Criteria 

NonNon--recoverable compliance of the binder recoverable compliance of the binder 
describes the stress dependency of the binder.describes the stress dependency of the binder.
Creep and recovery testing done at multiple stress Creep and recovery testing done at multiple stress 
levels on one sample can be run to describe the levels on one sample can be run to describe the 
stress dependency of the binder.stress dependency of the binder.
Creep and recovery nonCreep and recovery non--recoverable compliance recoverable compliance 
can be correlated to mix testing done at different can be correlated to mix testing done at different 
stress conditions and related to performance. stress conditions and related to performance. 
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Affect of Affect of JnrJnr on Ruttingon Rutting

Reducing Reducing JnrJnr by half typically reduced rutting by by half typically reduced rutting by 
half.half.
This affect is seen on ALF sections and This affect is seen on ALF sections and 
Hamburg Rut TestingHamburg Rut Testing
But most importantly this is seen on the But most importantly this is seen on the 
Mississippi  I 55 sections.Mississippi  I 55 sections.

Determination of a Specification Determination of a Specification 
criteria.criteria.

The existing binder specification works very well The existing binder specification works very well 
for neat binders.for neat binders.
The grading for neat binders should not change.The grading for neat binders should not change.
Establish new Establish new JnrJnr criteria based on response of criteria based on response of 
neat binders at their continuous grade temp.neat binders at their continuous grade temp.
Evaluate the binders near the end of their linear Evaluate the binders near the end of their linear 
range. Most neat binders remain linear up to 3.2 range. Most neat binders remain linear up to 3.2 
kPakPa stress.stress.

Evaluation of Straight run bindersEvaluation of Straight run binders

0.4127530.412753averageaverage

0.4593350.45933564.864.864.864.8--29.629.66464--2828straightstraightMD projectMD project

0.4003450.40034561.361.361.361.3--30305858--2828straightstraightBBRS3BBRS3
0.4808550.48085571.471.471.471.4--24.824.87070--2222straightstraightBBRS3BBRS3

0.4440570.44405764.464.464.464.4--23.523.56464--2222straightstraightShandongShandong
0.2669120.26691268.368.368.368.3--25.125.16767--2222CSLCSLMiss IMiss I--5555

0.3029510.30295161.861.861.861.8--30.830.85858--2828straightstraightMinnMinn RoadRoad
0.4301650.43016560.760.760.760.7--31.431.45858--2828AshlandMAshlandMMN county rd 112MN county rd 112
0.5296470.52964759.559.559.559.5--29.829.85858--2828neat neat CitgoCitgoMN county rd 112MN county rd 112

0.3684450.36844560.860.860.860.8--33.433.45858--2828neat Valeroneat ValeroMN county rd 112MN county rd 112
0.4184490.41844966.166.166.166.1--27.327.36464--2222straightstraightBBRS3BBRS3

0.4391220.43912272.772.772.772.7--74.274.27070--2222ControlControlALF 6727ALF 6727
JnrJnr 3.2kPa3.2kPaTempTemptrue gradetrue gradeGradeGradeNameNameSample IDSample ID

Grade bumping recommendationGrade bumping recommendation

All testing should be done at the environmental All testing should be done at the environmental 
grade temp.grade temp.
The standard grade should be based on the The standard grade should be based on the JnrJnr
value of existing neat binders 0.4 .value of existing neat binders 0.4 .
For high traffic the For high traffic the JnrJnr value should be reduced value should be reduced 
by half at the grade temp  to 0.2 .by half at the grade temp  to 0.2 .
For standing traffic the For standing traffic the JnrJnr value should be value should be 
reduced by half again 0.1 .reduced by half again 0.1 .

New high Temp SpecNew high Temp Spec

PG 64 (Standard, Heavy, Very heavy) based on PG 64 (Standard, Heavy, Very heavy) based on 
traffic.traffic.

PG 64SPG 64S--XX   XX   JJnrnr =< 0.4=< 0.4
PG 64HPG 64H--XX XX JJnrnr =< 0.2=< 0.2
PG 64VPG 64V--XX XX JJnrnr =< 0.1=< 0.1
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C reep 1st cycle 70C  1000 Pa
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Comparison of 2% SBS and Comparison of 2% SBS and 
crosscross--linker and PPAlinker and PPA
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crosscross--linker and PPAlinker and PPA
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Comparison of Increasing % SBS Comparison of Increasing % SBS 
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Effect of XEffect of X--linking on ERlinking on ER
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BBRS StudyBBRS Study
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More MicrographsMore Micrographs
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New High Temperature Binder specNew High Temperature Binder spec

The new specification should be based on the nonThe new specification should be based on the non--
recoverable compliance on the binder.recoverable compliance on the binder.
All testing should be done at the pavement All testing should be done at the pavement 
environmental grade temp to reflect response at actual environmental grade temp to reflect response at actual 
operating temperatures.operating temperatures.
The test should be run at two stress levels 0.1 and 3.2 The test should be run at two stress levels 0.1 and 3.2 
kPakPa ten cycles at each level.  A comparison would be ten cycles at each level.  A comparison would be 
made to check how stress sensitive the binder is.made to check how stress sensitive the binder is.
Grade bumping should be done by halving the Grade bumping should be done by halving the JnrJnr
value.value.

ConclusionsConclusions

Blending and crossBlending and cross--linking process of the binder linking process of the binder 
polymer system does effect performance properties.polymer system does effect performance properties.
MSCR can identify how the polymer, binder and  MSCR can identify how the polymer, binder and  
processing will affect performance in one simple test.processing will affect performance in one simple test.
The use of PPA and xThe use of PPA and x--linker seem to work together to linker seem to work together to 
improve the performance properties of the binder as improve the performance properties of the binder as 
opposed to being used individually. opposed to being used individually. 

Thank YouThank You


