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« MOTIVATION to develop a mechanistic
test for HMA




Work on mechanistic test not finalized at
the end of SHRP research program

SST equipment and FSCH & RSCH tests
wer e available, test methods and analysis

proceduresto predict rutting not well
defined

Equipment was expensive, few units
available

Agencies & contractorswereinterested
INn answer sto short term questions
regarding relative performance of mixes




* Perception among user agencies and
suppliersthat SHRP PG grading system
did not adequately identify the
perfor mance benefits of polymersor
other additivesin binders

 Reasonsfor perception

— SHRP binder tests seemed to correlateto
mix performance for conventional binders

— SHRP PG grading system did not provide
tests capable of identifying superior
performing bindersin HMA




 Oneresponse wastheimplementation of
SHRP Plus binder specifications

— Forced suppliersto provide binderswith a
Known performance history

» Elastic Recovery (@ varioustemperatures & values)
e Force Ductility (@ varioustemperatures & values)
 Toughness & Tenacity (variousresults)

— In effect the binder specification became a
surrogate mixtur e performance specification

— Lack of correlation to mix performance has not
deterred use

 Obvious need for some mechanistic solution
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CUMULATIVE CREEP TEST RESULTS, RTFO, 58°C, 300 Pa STRESS
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Sample Preparatl on




Sample Prepar ation

Sample Size
—6mMmmx12mm x 50 mm
— 10mMm x 12 mm x 50 mm




Sample Test

« Dynamic Creep & Recovery Test
— 10 Second Cycles
“ e 1 Second Stress
e 9 Seconds Recovery
o Static Creep Test
o Stress Applied Until Failure

AUG 28 2001




MATERIAL STRAINS UNTIL IT FAILS

MNROAD CELL 3, A1, 15kPA, 58°C

CONSTANT STRESS IS APPLIED
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4.5538

CELL 18, MNROAD 1992 MIX, 58° C, 15 KPA CREEP RECOVERY

ANALYSIS OF 200 TH CYCLE

0 strain

Discrete retardation spectrum

JO: 2.8609E-6 m"™2/N

n0: 2.013E7 Pa.s

J1: 6.9100E-8 m"™2/N
t1: 0.1793 s

J2: 3.624E-12 m"™2/N
t2: 5.211E-3s
J3:1.7712E-8 m™2/N
t3: 0.02193 s

J4: 9.0565E-9 m™2/N
t4: 0.02447 s

J5: 2.7283E-9 m"™2/N
t5: 0.05063 s

J6: 1.0542E-8 m™2/N
t6: 0.03351 s

Je: 1.091E-7 m™2/N

standard error: 0.1475

End condition: Max. iterations exceeded
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e Rutting Prediction Results(MN & ALF)




MNROAD 1992 MIX INFORMATION

CELL # MIX TYPE & AVE RUT DEPTH
BINDER AUG 2000, mm

CELL 3 50 BLOW 6.21
MARSHALL, 120/150

CELL 4 GYRATORY 9.60

DESIGN, 120/150

CELL 17 75 BLOW 515
MARSHALL, AC-20

CELL 18 50 BLOW 506

MARSHALL, AC-20




MNROAD 1992 MIX RUT DEPTH VS. FLOWNUMBER
FROM REPEATED CREEP RECOVERY TEST
1 SEC CREEP LOAD, 2 SEC RECOVERY, 58 C, 15 KPA

10—CELL #4
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TESTING PERFORMED AT 58° C, 15 KPA STRESS

CELL #17H 75 blow AC-20

MN Road Testing

MNROAD 1992 MI X RUT DEPTH VS. % STRAIN
AFTER 200 CYCLES OF CREEP RECOVERY
1 SEC CREEP LOAD, 9 SEC RECOVERY

CELL #4

Y =-18.8522 + 4.20718X
EMS = 0.0421179
R =0.993

CELL # 50 blow 120/150
CELL #18 R
50 blow AC-20
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RUT DATA FROM ALF REPORT
TESTING PERFORMED @ 58° C

LANE BINDER 1994  Rutting Wheel  Rutting
i Rut, mMm @ 2730 passesto @ 10,000
whesd 15 mm whesd
passes rut depth passes
) AC-10, 58-28 27 23.2 946 39.3

7  STYRELF82- 18 3 2.55 E4 12
22
8 NOVAPHALT 9 3.5 1.75E6 4.4
, (6-22

9 AC-5, 52-34 22 37.4 340 438.1

10 AC-20, 36 20.1 980 36.3
64-22
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% strain
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WHEEL PASSESTO 15 mm OF RUT DEPTH
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FHWA ALF Testing

WHEEL PASSES TO 15 mm RUT DEPTH AS

FUNCTION OF MIX PERMANENT STRAIN @ 10 TEST CYCLES
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EMS = 0.282642

NOVAPHALT, 76-22 R =0.913

STYRELF, 82-22

AC-20, 6422 MlIES"

T
1E-01

1 10

MIX PERMANENT STRAIN @ 10 CYCLES
58° C. 68 KPa STRESS

=




RUT DEPTH AFTER 2730 WHEEL PASSES

FHWA ALF Testing

ALF RUT DEPTH AFTER 2730 WHEEL PASSES
AS FUNCTION OF MIX Mo @ 10 CYCLES, 58° C, 68 KPa

Log10(Y) = 1.46273 - 0.00728786X
EMS = 0.00883108

M ACS5, 5234 R?=0.961

NOVAPHALT, 76-22
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RUT DEPTH AT 10,000 WHEEL PASSES, 58° C

FHWA ALF Testing

RUT DEPTH AT 10,000 WHEEL PASSES AS
FUNCTION OF % STRAIN AT 10CYCLES
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Outline

* Resultscompared to SST testing
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SMA MIX - COMPARE SST TO DSR DYNAMIC CREEP RESULTS
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COMPAIRSON OF SMA MIXES USING MODIFIED BINDERS

PG 67-22, PG 76-22 USING REATIVE ETHYLENE TERPOLYMER & PG 76-22 USING SBS

10 BASED ON STRAIN FROM RSCH TEST USING SST
AND STRAIN FROM DSR DYNAMIC CREEP TEST

@ 50th DSR Cycle
B 5th DSR Cycle

B SST SMA PERM
STRAIN

Permanent % Strain DSR DYNAMIC CREEP

PG 67-22 PG 76-22 SBS PG 76-22 RET

MIE



MIX % STRAIN AT VARIOUS TEST CYCLES
68 kPa STRESS, 64° C TEST TEMP

CORRELATION BETWEEN MIX STRAIN AT VARIOUSTEST
CYCLESASA FUNCTION OF BINDER CUMULATIVE % STRAIN
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o Impact of Binder, Modifier & Gradation




MIXTURE STATIC CREEP TEST COMPARISON
ALL MIXESUSED THE SAME AGGREGATE
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TORSIONAL FLOWTIME OF MIX AT 67° C, 50 KPa STRESS

TORSIONAL FLOWTIME TO FAILURE OF MIX, 67° C, 50 KPa
CORRELATED TO CUMULATIVE STRAIN OF RTFO RESIDUE

DETERMINED AT 67° C & 50 Pa STRESS
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TORSIONAL FLOW TIME OF MIX AT 67 C

FLOW TIME TO FAILURE CORRELATED TO SHRP STIFFNE
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G*/SIN(8) FOR BINDERS AT 64° C

RELATIONSHIP OF G*/SIN§) TO THE PHASE ANGLE
OF THE BINDER DETERMINED AT 64° C & 10 RAD/SEC
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RELATIONSHIP BETWEEN CUMULATIVE STRAIN RESULTS AND
BINDER PHASE ANGLE DETERMINED FROM SHRP TEST
AT 64° C AND 10 RAD/SEC
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TORSIONAL FLOW TIME, 50 KPa, 67 C

CORRELATION BETWEEN MIX FLOW TIME TO FAILURE

AND THE CUMULATIVE % STRAIN OF THE BINDER
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Comparison of 2 aggregate structures

with 3 binders
« Mix types
e-3
/5 gyration @ Nyegign
] to <3 million ESAL’s
PG 58-28, PG 64-34, PG 70-28; 6.0% binder
*E-10
100 Gyrations @ Negign
e3t0 < 10 million ESAL’s
PG 58-28, PG 70-28; 5.4% binder content




CUMULATIVE CREEP TEST RESULTS, RTFO, 58°C, 300 Pa STRESS

@ PG 58-28 RTFO RESIDUE @ 58 C
@ PG 64-34, RTFO RESIDUE @ 58°C
@ PG 70-28 RTFO RESIDUE @ 58°C
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ING LOT 70-28 UNAGED, A-2, E-10, 3.5AV, 68 KPA, 58°C, CUM CRT

ImaTHY PA
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+MATHY PARKING LOT, 70-28 UNAGED 1C2, E-3, 35AV, 68 KPA, 58°C,
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% Strain at 30th Cycle

DSR Repeated Creep-Recovery Test

68 KPA, 58°C

8.51

1 sample, others
broke before 30th
cycl
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B 3.5% AV
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% Strain at 30th Cycle

DSR Repeated Creep-Recovery Test

@ 3.5% AV
m7.0% AV

68 KPA, 58°C
1 sample, others
broke before 30th
cycle
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MPL 58-28, E- MPL 58-28, E- MPL 64-34, E- MPL 70-28, E- MPL 70-28, E- STH72 64-34, USH35&54,
3 10 3 3 10 E-1 58-28, E-3
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Recommendations

Use 10 mm thick slicesto minimize testing variabilty

Test should be conducted at the appropriate climatic
temperature, not the PG Grade temperature

Use 68 kPa stress level whenever possible, lower
stress levels can be used but relationship to 68 kPa
resultsis not known

Dynamic creep testing should be used, especially for
polymer modified mixes




Conclusions
« The DSR dynamic creep test can identify

performance differ ences between

— AgQgregate structure

— Mix type

— Binder grades

— Impact of polymer or other additives (filler s/fibers)
— Service temperature variations

« The DSR dynamic creep test correlates well to
therutting behavior in thefield for the two test
road projectsinvestigated (MNROAD & ALF)

—E




CONCLUSION

« The DSR dynamic creep test resultscorrelate
well to SST RSCH resultsfor the project
Investigated

e Testing of field coresyieldslower response
values than testing lab specimens
— Duein part to differencesin air voids

 DSR creep testing of SM A mixes not yet as
robust astesting of Super pave mixes

— Dueto aggregate skeleton

— Inability to apply confining pressure




CONCLUSION

« THE BINDER CUMULATIVE STRAIN
RESULTSWERE PREDICTIVE OF DSR
CREEP RESULTSFOR MIXTURES

— BINDER CUMULATIVE STRAINS BEL OW
1500% MEASURED AT THE CLIMATE
TEMPERATURE USING 300 Pa OF STRESS
RESULTED IN MIXESWITH IMPROVED
DYNAMIC CREEP TEST RESULTS
COMPARED TO CONTROL BINDERS

— 1T ISSUGGESTED TO USE A BINDER STRAIN OF < 2000%
AS A STARTING POINT TO BEGIN EVALUATING THE
IMPACT OF BINDER STRAIN ON MIX PERFORMANCE




TO BE CONSIDERED

« The DSR dynamic creep test issuitableasa
mix design tool, however more study needsto
be conducted to deter mine appropriate
response levelsfor field performance

— Select atest response and monitor thefield
rutting behavior of mix

e TImeto 5% strain

« Compliance or % strain at 100 or 200 seconds
e Zero shear viscosity of mix at 100 or 200 cycles
 Flownumber totertiary failure




TO BE CONSIDERED

« The DSR dynamic creep test issuitableasa
HMA QC tool. Volumetric QC specimens
could be prepared for creep testing within a6
hr time period

— Creep response data available on the same day as
mix laydown. Match with mix design values

— Field lab installation is feasible, although most
logically used on major projects

— Equipment cost, including saws, Is approximately
$75,000
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