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Global Roadway Infrastructure

* Nearly 40 million miles of roads on Earth (2013)
* Enough roads to circle Earth 1,600 times
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Global Roadway Mileage — Top 5 Countries
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U.S. Roadway Infrastructure

* 2,674,821 miles paved
* 1,417,901 miles unpaved
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U.S. Road Report Card (2013)

s 2013 REPORT CARD FOR AMERICA’S INFRASTRUCTURE ASCE
v NAVIGATION MENU

2013
Roads GRADE
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estimated $101 billion in wasted time and fuel annualry
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ong term. Currentry the Federal Highway Administration estimates that $170 billion in capital
invesiment would be needed on an annual basis to significantly improve conditions and performance. |

Forty-two percent of America's major urban highways remain congested, costing the economy an A = Exceplional m'sm
estimated $101 billion in wasted time and fuel annually. While the conditions have improved in the near B = Good +
term, and Federal, state, and local capital investments increased to $91 billion annually, that level of cq;?::;

investment is insufficient and still projected to result in a decline in conditions and performance in the F=Faifmg
long term. Currently, the Federal Highway Administration estimates that $170 billion in capital

investment would be needed on an annual basis to significantly improve conditions and performance.
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Dakota Report Cards (2013)
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e Estimates according to ARTBA

e Construct new 2-lane undivided road
e $2-53 million per mile in rural areas
e $3-$5 million in urban areas <=
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* Construct a new 4-lane hlghw
SZ[-$6 million per .. ;




Evolution of Pavement Thickness Design
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Flexible Pavement Design in the U.S. - State of the Practice

Pierce and McGovern, 2013
Pavement Design Methods NCHRP Project 20-05, Topic 44-06

28 |Empirical 3 Other ME

11 |Empirical & MEPDG

MEPDG Only
Empirical & Other ME




AASHTO Empirical Flexible Pavement Designh Method

APSI
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Empirical Method Based on AASHO Road Test

Figure 1. Looking east, Loops ‘i and 2 in foreground.
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HRB, 1962

Figure 92. Automatic batch-type plant used to produce binder course mixture;
dryers in tandem.



Specific Traffic and Climate

Figure 26. During periods of adverse weather traffic operatipns were governed by
safety considerations. Snow and ice conditions usually resulted in operating at reduced
speeds.

HRB, 1962

Figure 23. Test vehicles, showing typical axle arrangements
and loadings.




Flexible Pavement Design Curves
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AASHTO M-E Design Software

AASHTOWare Pavement ME Design 2.0

Database/Entemprise Login

|| Open ME Design with database connection.
Login: meri010
Password:

Instance:

OK

AASHTOWare

Pavem

ME Design

; ’.

About Pavement ME Design

AASHTOWare® Mechanistic-Empirical Pavement Design
Copyright; AASHTOWare® 2013

License status Standard (Expire at July 1, 2015)

Version 2.0 Build 2.0.19 Date: 01/23/2014

|| Reset ME Design to default screen position

‘ Cancel
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Major Limitations of M-E Design

* Pavement performance prediction

e Evaluation
e Calibration
e Verification

* Pavements are still designed to fail
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Long-Life (Perpetual) Pavements
* 35+ Year Service
* Minimal Improvements :gzgpiwgmﬁgﬂgimef

* No deep distress
* Problems only at surface




Perpetual Pavements Avoid Deep Structural Problems
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Perpetual Pavement Cross-Section

1)

Typical Depths : Materials
1.5- 3" R v o POFPAIEEIN High Quality AC
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Mechanistic-Empirical Perpetual Pavement Design

Log ¢

Thréshold
Strain

Log N
No Damage Accumulation




What is the endurance limit for asphalt concrete?

* 1972 — Monismith estimates about 70 ue
* 2001 —1-710 designed at 70 nue
* 2002 — 70 ue used by APA

* 2007 — NCHRP 9-38 Lab Study

* 100 pe for unmodified binders
* 250 ue for modified binders
e Lab conditions more severe than field

* 2007 — MEPDG uses 100 to 250 ue
e 2008 — Measurements at NCAT Test Track show higher strains




Measured Strains & Endurance Limit
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Strain Distributions NCAT Test Track
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Further Evaluation of Criteria —
Perpetual Pavement Award Winners
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Perpetual Pavement Metrics

Year Service Years Cumulative Traffic
Honored |(Time of award)] (Time of award)
m 1-80, MP 225.9 to 239.9 2002 32,000,000 ESAL

1-90 MP 439.33 to 445.4 2005 15,000,000 ESAL

Oklahoma 1-35, MP 185.6 to 192.6 2003 61,000,000 ESAL

1-40, MP 160.2 to 165.5 2002 60,000,000 ESAL
1-81, MP 318.4 to 324.9 2006 29,000,000 ESAL
I-65, Hart County 2009 76,000,000 ESAL
m I-22, Desoto County 2007 60,000,000 ESAL
1-65, MP 22.4 to 32.56 2002 25,800,000 ESAL




Further Evaluation Results — Fatigue Cracking
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Further Valuation Results — Rutting
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Example Designs with New Criteria

Subgrade Base Calculated AC Thickness (in.) Range of

Mr (ksi) Mr (ksi) | Minneapolis | Phoenix Baltimore | Average Maximum
(PG 64-34) | (PG 70-22) | (PG 64-22) Thicknesses (in.)

5 30 12.5 155 14 14.0 12.5-155
5 50 12 15 14 13.7 12-15
= 100 12 14 135 13.2 12-14
10 30 10.5 14 12 122 10.5-14
10 50 10.5 13 12 11.8 10.5-13
10 100 10 12 i 11.0 10-12
20 30 9 125 10 10.5 9-12.5
20 50 8.5 12.5 9.5 10.2 8.5-12.5
20 100 8 12 9 9.7 8-12




Design Comparison — M-E vs Perpetual
Minneapolis — 6” 30 ksi Agg Base — 5 ksi Soil

18

/-TT;-E
14
/I’/' —+—Perpetual
L —~ *

AC Thickness, ini.
[} [
oo o M

0 500 1000 1500 2000 2500

Axle Groups / Day




Need for Distribution-Based Design

* Pavements experience wide range of loading and

environmental conditions
e Results in wide range of strain responses

* Traditional M-E design uses transfer functions and Miner’s

Hypothesis to sum damage over time

* Fatigue transfer functions difficult to develop and may not provide
sufficient accuracy

* Transfer functions not needed with perpetual pavement design

* Designing with a strain distribution will limit fatigue cracking

and avoid transfer functions
* Also arrive at reasonable perpetual (maximum) pavement thicknesses



Long-Life Pavement Design Software

— PerRoadXPre Lﬁj
File Input Output Info
Preszz F1 to access full help file. Press Shift+F1 to access contest-senzstive pop-up help.
Functional Clazsification: | j
Twowap 84DT: 1000 (500 to 5000)

HTrmcks |1 (1 ta 20]
WGowte |1 (0t 3)

Design Trucks: Baaaz [Tatal Trucks in 30 Yearz)

Design ES&Ls: 18917  [Total ESéLs in 30 Years)

AASHTO Sal Clazsification: |A-1-a j

SOftwa re Ava i I a b I e @ S oil Modulug:  |29500 (10,000 to 30,000 psi]

E Agogregate Baze Thickness: |4 [Ota 100N

Hi4 Moduluysz; 800000 (400,000 to 1,000,000 pai)
CALCLULATE |
- Calculated HiA i,

https://goo.gl/rlyiwQ Design Hhia e e 025

http://www.eng.auburn.edu/users/timmdav/Software.html Exit | Help \




Cold Central Plant Recycled Perpetual Pavements

* RAP usage common
e 81.8 million tons used in 2016
* Majority used as HMA or WMA

* Opportunity to use RAP with cold recycling techniques
* Fewer virgin materials

* Less fuel consumption NAPA

——
* Fewer emissions B e Asphalt Pavement
* Faster construction time Industry Survey on

Recycled Materials and

e Cold RAP usage in 2016 = 0.2 million tons

Warm-Mix Asphalt Usage
2016

Information Series 138







Virginia DOT CCPR Experience

*2011: 1-81
* CIR, FDR & CCPR
* 6000 trucks/day

*2012: NCAT Test Track
* CCPR and Stabilized Base Sections
* 10 million ESALs/test cycle
2016: I-64
* CCPR and Stabilized Base



VDOT Sections at the NCAT Test Track




VDOT Test Sections
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Cracking Performance after 20 Million ESALs
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In-Place AC Modulus @ 68F
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ile Strain @ 68F
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Perpetual Pavement Analysis

Cumulative Percentile
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Additional Perpetual Analysis
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Stabilized Base? Use Caution!

Horizontal Microstrain
-200 -150 -100 -50 0 50 100 150

CCPR/Stabilized
Base Interface ™
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VDOT Implementation

* |-64 Williamsburg, VA
*7.08 miles

e 200,000 tons of RAP
* 510,000,000 savings

Original Recycled

depth, in.
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Future Challenges

AASHTOWare

i
Pv " Pavemegp

| ME Design

Database/Enterprise Login About Pavement ME Design

7 Opén ME Desiarwith databsse conriection AASHTOWare® Mechanistic-Empirical Pavement Design
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U.S. Asphalt Concrete Industry

Estimated WMA Tons
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Concluding Remarks

* Pavement thickness design in transition
* From empirical to mechanistic-empirical

* M-E desigh much more robust
 Better traffic/climate/materials/performance characterization
e Capable of adapting to new conditions

* Perpetual pavements are key to sustainable future
* Incorporation of sustainable materials is critical

* Innovative materials can achieve long-life
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Dakota Asphalt Pavement Association, Inc.

"“Dedicated to Quality Asphalt Paving Through Engineering, Research, and Education”
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