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State Notes
Population Population -- 2.2 million2.2 million
77thth LargestLargest-- 110,540 sq. mi.110,540 sq. mi.
Highest peak Highest peak -- 13,134 ft.13,134 ft.
42 summits 42 summits -- 11,000 ft. 11,000 ft. 
Most mountainous Most mountainous -- 314 ranges/hills314 ranges/hills



NDOT Facts & Figures

Center lane miles(95/5) Center lane miles(95/5) -- 5,472 miles5,472 miles
81% of all truck traffic81% of all truck traffic
Full time employees Full time employees -- 1,7301,730
2002 budget 2002 budget -- 424 M424 M
2006 budget 2006 budget -- 600 M600 M





Motivation for Use of PMA



Motivation (Cont.)



Motivation (Cont.)



Motivation (Cont.)
 

I-15 – ADT 235,700 



Motivation (Cont.)

Intersections ADT – 151,800 



Implementation
1974  pen graded to AR graded1974  pen graded to AR graded
1986  11986  1stst ACAC--20R project20R project
1988  AC1988  AC--20R specification 20R specification 
1989  AR graded to AC grading1989  AR graded to AC grading
1990  AC1990  AC--20R to AC20R to AC--20P20P



Implementation

1992  Full depth AC1992  Full depth AC--20P 20P 
1995  AC1995  AC--30 in Las Vegas30 in Las Vegas
2002  PG762002  PG76--22NV Las Vegas/South22NV Las Vegas/South
2004  PG642004  PG64--28NV North28NV North



A S P H A L T  U S A G E  R A T E S
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Specifications

PG64PG64--28NV28NV
Ductility @ 4Ductility @ 4°°C, 5 cm/minC, 5 cm/min 50 min.50 min.
SieveSieve passpass
Toughness, inchToughness, inch--lbslbs 110 min.110 min.
Tenacity, inchTenacity, inch--lbslbs 75   min.75   min.
RTFO ductilityRTFO ductility 25 min.25 min.
RTFO mass loss, %RTFO mass loss, % 0.50 max0.50 max..



Specifications

PG76PG76--22NV22NV
Dynamic Shear, G*/sin Dynamic Shear, G*/sin δδ 1.3 Min.1.3 Min.
Ductility @ 4Ductility @ 4°°C, 5 cm/minC, 5 cm/min 20 Min.20 Min.
SieveSieve PassPass
Polymer Content, % by massPolymer Content, % by mass 3.0 Min.3.0 Min.
RTFO RTFO DuctiltyDuctilty 10 Min.10 Min.
RTFO Mass Loss, %RTFO Mass Loss, % 0.50 Max.0.50 Max.



Specifications

PMA blend at source of supplyPMA blend at source of supply
Do not transport PMA by railroad carDo not transport PMA by railroad car
Sample location at hot plantSample location at hot plant
1 sample per 25 tons of binder1 sample per 25 tons of binder
NDOT performs all testingNDOT performs all testing
All tests have demerit scheduleAll tests have demerit schedule
NDOT NDOT HveemHveem mix designmix design



Binder Selection Chart



PMA Research
WesTrackWesTrack –– 19971997
II--80 Test Sections 80 Test Sections -- 19981998
II--15 Test Sections 15 Test Sections -- 20002000
ACAC--20P Research 20P Research -- 20032003



WesTrack - 1997

FHWA contractFHWA contract
Experimental road test facility Experimental road test facility -- NevadaNevada
Develop PRS for HMADevelop PRS for HMA
Field verification of SHRP Field verification of SHRP SuperpaveSuperpave



WesTrack – (Cont.)

Two NDOT replacement sectionsTwo NDOT replacement sections
ACAC--20P & PG6420P & PG64--2828
Result Result –– PMA outperformed PG62PMA outperformed PG62--2222



I-80 Test Sections 1998

Purpose was to verify performance of Purpose was to verify performance of 
WesTrackWesTrack under under ““real conditionsreal conditions””
Compare Compare HveemHveem mix design to Gyratory mix design to Gyratory 
mix designmix design
Compare polymer modified binder to neat Compare polymer modified binder to neat 
binderbinder
Use same materials from Use same materials from WesTrackWesTrack



I-80 Test Sections (Cont.)

4 4 –– 1000 1000 ‘‘ Test SectionsTest Sections
Binders Binders –– ACAC--20P &  PG6420P &  PG64--2222
HveemHveem & & SuperpaveSuperpave mix designsmix designs
Result Result ––

Verified Verified WesTrackWesTrack performanceperformance
PMA outperformed neat asphaltPMA outperformed neat asphalt



I-80 Lab Fatigue Properties
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I-80 Lab Fatigue Properties
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I-80 Field Rut Measurements
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I-15 Test Sections - 2000

Purpose Purpose ––
Evaluate field performance of PG grading Evaluate field performance of PG grading 
with ductility and T& Twith ductility and T& T
Evaluate the performance of different Evaluate the performance of different 
binder grades under the same traffic and binder grades under the same traffic and 
environmental exposure environmental exposure 
PG 76PG 76--16, PG7616, PG76--22S, PG7622S, PG76--28S28S



AC-20P Research - 2003

Purpose Purpose 
Determine physical propertiesDetermine physical properties
Determine lab performance differencesDetermine lab performance differences
Revise specifications based on Revise specifications based on 
performanceperformance
Use results to implement PG+ spec.Use results to implement PG+ spec.



AC20P Research (Cont.)

Five ACFive AC--20P binders20P binders
One PG64One PG64--22 (Unmodified)22 (Unmodified)
Single aggregate sourceSingle aggregate source



AC20P Research (Cont.)

Tests performedTests performed
PG binder testsPG binder tests
Conventional binder testsConventional binder tests
APA APA 
TSRSTTSRST
Beam fatigueBeam fatigue



AC-20P Research (Cont.)

Asphalt ProducerAsphalt Producer Temperature, Temperature, °°CC
# 3# 3 --42.542.5
# 4# 4 --38.238.2
# 5# 5 --35.935.9
# 2# 2 --34.334.3
# 1# 1 --32.232.2
# 6# 6 --26.026.0

TSRST Summary



AC-20P Research (Cont.)
TestsTests # 3# 3 # 4# 4 # 5# 5 # 2# 2 # 1# 1 # 6# 6

TSRST, TSRST, °°CC --42.542.5 --38.238.2 --35.935.9 --34.334.3 --32.232.2 --26.026.0

DT @ DT @ --1818°°CC 9.139.13 4.794.79 3.493.49 1.341.34 2.102.10 0.670.67

PG Grade (MPPG Grade (MP--1)1) 6464--3434 6464--2828 6464--2828 5858--2828 5858--2828 6464--2222

PG Grade (MPPG Grade (MP--1a)1a) 6464--3434 6464--3434 6464--2828 5858--2828 5858--2828 6464--2222

PG Low Limit Temp.PG Low Limit Temp. --34.734.7 --32.432.4 --30.130.1 --29.029.0 --28.628.6 --25.725.7
Critical Cracking Critical Cracking 
Temp.Temp.

--38.638.6 --35.235.2 --32.432.4 --28.428.4 --29.829.8 --26.026.0

Tcr+3Tcr+3°°CC 2.542.54 2.482.48 2.662.66 3.283.28 2.552.55 1.631.63

Asphalt Properties vs TSRST Summary



AC-20P Research (Cont.)
TestsTests # 3# 3 # 4# 4 # 5# 5 # 2# 2 # 1# 1 # 6# 6

TSRST, TSRST, °°CC --42.542.5 --38.238.2 --35.935.9 --34.334.3 --32.232.2 --26.026.0

OrigOrig Duct @ 4Duct @ 4°°CC 7070 8080 6969 7070 5757 N/AN/A

ResRes Duct @ 4Duct @ 4°°CC 3838 3838 3737 6262 3838 N/AN/A
PAV DSR @ 22PAV DSR @ 22°°CC 11251125 15381538 18051805 24992499 30743074 51505150

Mpa, Mpa, --1818°° C C 101.4101.4 132.0132.0 164.0164.0 346.5346.5 269.0269.0 367.0367.0

MM--Value @ Value @ --1818°°CC 0.3640.364 0.3410.341 0.3220.322 0.3130.313 0.3060.306 0.3640.364

Asphalt Properties vs TSRST Summary



AC-20P Research (Cont.)

APA Summary

Asphalt ProducerAsphalt Producer Rut Depth, mmRut Depth, mm
# 5# 5 2.32.3
# 1# 1 3.03.0
# 2# 2 3.83.8
# 4# 4 4.84.8
# 3# 3 6.16.1
# 6# 6 6.96.9



AC-20P Research (Cont.)
TestsTests # 5# 5 # 1# 1 # 2# 2 # 4# 4 # 3# 3 # 6# 6

APA DataAPA Data 2.32.3 3.03.0 3.83.8 4.84.8 6.16.1 6.96.9

Orig. DSR, kPa @ 64Orig. DSR, kPa @ 64°°CC 1.851.85 1.221.22 1.041.04 1.291.29 1.411.41 1.471.47

Phase Angle @ 64Phase Angle @ 64°°C, C, °°CC 69.269.2 72.972.9 69.369.3 73.573.5 68.268.2 87.487.4

PAV DSR, kPa @ 22PAV DSR, kPa @ 22°°CC 18051805 30743074 24992499 15381538 11251125 51505150

PG Grade, PG Grade, °°C (MPC (MP--1)1) 6464--2828 5858--2828 5858--2828 6464--2828 6464--3434 6464--2222

PG Grade, PG Grade, °°C (MPC (MP--1a)1a) 6464--2828 5858--2828 5858--2828 6464--3434 6464--3434 6464--2222

PG High Limit Temp., PG High Limit Temp., °°CC 66.966.9 62.662.6 59.759.7 64.964.9 66.466.4 67.167.1

Asphalt Properties vs APA Summary



AC-20P Research (Cont.)

TestsTests # 5# 5 # 1# 1 # 2# 2 # 4# 4 # 3# 3 # 6# 6
APA DataAPA Data 2.32.3 3.03.0 3.83.8 4.84.8 6.16.1 6.96.9

O. Visc. @ 135O. Visc. @ 135°°C, mmC, mm22 10481048 650650 541541 725725 848848 N/AN/A

R. Visc. @ 135R. Visc. @ 135°°C mmC mm22 12471247 686686 654654 988988 11621162 N/AN/A

O. Pen. @ 25O. Pen. @ 25°°C, dm C, dm 104104 106106 115115 112112 132132 N/AN/A

R. Pen. @ 25R. Pen. @ 25°°C, dmmC, dmm 6868 7272 8686 7575 8383 N/AN/A

Rot. Visc. @ 135Rot. Visc. @ 135°°C, PaC, Pa..ss 0.840.84 0.580.58 0.470.47 0.700.70 0.780.78 0.420.42

Asphalt Properties vs APA Summary



AC-20P Research (Cont.)

Repeat with another aggregate sourceRepeat with another aggregate source
Repeat with other binder gradesRepeat with other binder grades
Repeat with long term aged mixturesRepeat with long term aged mixtures



PMA Issues
Low temperature crackingLow temperature cracking
Moisture sensitivityMoisture sensitivity
Aging at elevated temperaturesAging at elevated temperatures
Increased binder stiffnessIncreased binder stiffness
Will not solve all problemsWill not solve all problems



PMA Construction Issues

SmokingSmoking
CoatingCoating
Hand workHand work
Elevated placement temperaturesElevated placement temperatures
““Tender ZoneTender Zone”” –– NoNo
Mix and compaction temperaturesMix and compaction temperatures



PMA Construction Issues (Cont.)

ItIt’’s always the s always the PMAPMA’’ss faultsfaults



PMA Performance

Stewart St. – ADT 13,400



PMA Performance (Cont.)

US 50 – ADT 13,000



PMA Performance (Cont.)

I-15 – ADT 139,000 



PMA Performance (Cont.)

I-15 Reflective Cracking - 2002



PMA Performance (Cont.)

US93 PG64-34 vs AC-20P



Condition of NDOT’s System

Very Very 
SmoothSmooth

SmoothSmooth FairFair MediocreMediocre PoorPoor

Entire Entire 
SystemSystem

4646 3131 2020 22 11

NHSNHS 7575 2020 33 22 00



Condition of NDOT’s System
P a v e m e n t  C o n d i t i o n  o n  t h e  S t a t e - M a i n t a i n e d  S y s t e m
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The John Lock Foundation Rating 
on Pavement Condition on Rural 
Interstate and Principal Arterials

YEARYEAR RANKRANK

19921992 3939

19961996 1717

20002000 1212

20042004 44



Combination of Changes

Preservation/prioritization programPreservation/prioritization program
Improved construction practicesImproved construction practices
Improved binders (PMA)Improved binders (PMA)
Addition of limeAddition of lime
Pavement recyclingPavement recycling
Improved specificationsImproved specifications



Future Issues
Field performance monitoringField performance monitoring
Construction issuesConstruction issues
PMA binder testsPMA binder tests
Technician trainingTechnician training
Contractor trainingContractor training
Optimize polymer type and percentOptimize polymer type and percent



Its not whether you can 
afford to use PMA but,

Can you afford not to use it.

Final Thought!



Thank You!

Questions?Questions?
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