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Purpose Statement

This webinar will introduce the concepts needed to complete a design and highlight how agencies are applying

them to design perpetual highway asphalt pavements. Presenters will also share how one agency developed an
experimental plan to support the construction of perpetual airfield asphalt pavement.

Learning Objectives

At the end of this webinar, participants will be able to:
(1) Describe key concepts required to complete a perpetual pavement design
(2) Apply perpetual pavement design principles to highway asphalt pavement projects

(3) Outline how an agency developed and implemented an experimental plan to construct a
perpetual airfield asphalt pavement
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Questions and Answers

* Please type your questions into your webinar
control panel

« We will read your questions out loud, and
answer as many as time allows
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Questions

No questions yet

Cluestions you send and answers from the staff

will appear here

Enter your question

Your question will be sent to staff
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Structural Pavement Design
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Structural Pavement Design Evolution

Pre 1950°’s 1980
Experience Initic
1960’s Mechan
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Development of Methc
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What is a Perpetual Pavement?

35+ years of service

Minimal structural improvements (<4” AC gain)
Resurfacing infrequently (>13 years)
No deep structural distresses

Structural Rutting




Design to Deep Structural Distresses




Perpetual Pavement Awards

* By PERFORMANCE

* Existing pavements
 >35vyearsold

* Minimal structural improvements
* Infrequent rehabilitation

B

PERPETUAL PAVEMENT
- By DESIGN | I T I
* Purposefully designed according to perpetual pavement criteria w

« By CONVERSION

* Converting existing pavement, through rehabilitation, into a perpetual pavement



By Performance Award Winners through 2024

e 217 Awards
* 36 States
* Age Range

e 34to 102 Years

* Average Age
* 50.43 Years



https://www.driveasphalt.org/awards/perpetual-by-performance
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Typical Perpetual Pavement Cross-Section
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Mechanistic-Empirical Pavement Design
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Mechanistic-Empirical Pavement Design
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Fatigue Endurance Limits for Asphalt Concrete

http://www.pavementinteractive.org/wp-content/uploads/2011/07/Devicel.jpg

Tensile Microstrain

10,000

1,000

An endurance limit is a threshold response below
which damage does|not occur.

Number of Cycles to Failure



Fatigue Endurance Limits for Asphalt Concrete
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Rutting Endurance Limit — Vertical Strain Criteria
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Perpetual Pavement Design Tools

Welcome to PAVE

= Logn 8 Create Account

: hift+F1 = pop-up help.

Urban Collector A




Perpetual Pavements & Maximum Thickness

AC Thickness, in.
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Perpetual Pavements —
Practical Implementation

16.57

For PG 64-22, PG 70-22, PG 76-22,
and PG 76-28 binder grades, read
limiting strain  criterion  design
thickness off of map. For PG 64-28
and PG 70-28 binder grades, the
thickness should be corrected
according to Section 54-5.01(i)8a.

17

Mote. Thickness values based upon Mean Monthly Pavement Temperature at 4 in.
/ DOI 2010 depth correlated to July Mean Monthly Air Temperature, axle load of 20,000 Ib, strain of
70 ue, and Eg of 2 ksi.




Perpetual Pavements — Practical Implementation

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 15.5 14 14.0 12.5-15.5
5 50 12 15 14 13.7 12-15
5 100 12 14 13.5 13.2 12-14
10 30 10.5 14 12 12.2 10.5-14
10 50 10.5 13 12 11.8 10.5-13
10 100 10 12 11 11.0 10-12
20 30 9 12.5 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

Tran, et al., 2015
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lllinois Tollway
Perpetual Pavement
Design Strategies

Bill Vavrik
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> Design strategies to meet the local needs

» Knowing pavement conditions
» Knowing the pavement design inputs

» Understanding what is possible in perpetual pavement design

« Stagged construction
* Rubblization

* New construction

27
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Must test and understand existing conditions
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y Must understand existing conditions
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A

v Traffic is a key pavement design input

» Truck Classification
» Counts & Locations
» Load Spectrum

» Basic Weight Impacts
* Single & Multiple Unit
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Daily Truck Traffic
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A

y Current legal truck is the design truck




A

y Tollway load spectra does not match national data
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Added in larger truck weights for resilient design
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> Staged Rubblization Pavement Design

» Innovative Design Approach
» Saves up-front construction cost
* Delays second stage of construction
-What if traffic does not grow or shrinks?
- Time-value of money

» The Concept
*Place 6.0” of polymer-modified HMA on top of the rubblized concrete
*In 10 years, remove 2.0" of HMA and place 6.0 HMA
-During first 10 years, limited bottom-up damage occurs
*Net thickness of 10.0” of HMA on top of rubblized concrete



A

v Monthly fatigue damage accumulation

10-year Fatigue 10-year Fatigue
Damage % Damage %
Updated IDOT Model IDOT Rubblization Model
January 0.23% 0.66%
February 0.31% 0.87%
March 0.39% 1.07%
April 0.73% 1.83%
May 1.45% 3.35%
June 2.15% 4.73%
July 3.04% 6.41%
August 2.35% 5.10%
September 1.57% 3.59%
October 0.77% 1.92%
November 0.41% 1.12%
December 0.26% 0.75%

TOTAL 13.7% 31.4%




> Rubblized concrete grew stiffer over time

700,000

mEB m\WB

600,000

500,000

400,000

300,000

200,000

100,000

0

2006 2007 2008 2010 2011 2012 2013 2014



A

v Asphalt modulus maintained stiffness

700,000

600,000

mEB  mWB
500,000
400,000
300,000
200,000
100,000
0

2006 2007 2008 2010 2011 2012 2013 2014




> Calculated strain in the asphalt is low

- Eastbound Westbound
Microstrains Microstrains
Year g, 109 in/in g, 109 in/in
2006 71.8 74.0
40.3 47.7
54.9 47.2
2010 43.7 45.2
2011 33.7 28.4
2012 20.4 35.6
37.4 30.0
2014 37.1 22.6

Expected to need strain less than 70 microstrain (ue, 10- in/in)



> lllinois Tollway designs for long and resilient life

» Understand existing conditions
» Use pavement design inputs that meet current and potential future
» Allow innovation in materials

* Optimize material properties for where they are used in the pavement

» Stagged construction — It works!
» Rubbilization — It works!

» New construction — It works!

44



Perpetual pavements for
airfields

Designing for Performance in
Perpetual Asphalt Pavements

Presented to: TRB Webinar
By: Navneet Garg, Ph.D., F.ASCE
Date: March 19, 2026
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Outline

Introduction

* Objectives

* Airport Pavement Design

Full-Scale Tests at NAPTF - CC7 & CC9

 Summary
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© 2016 Google

Research conducted at the FAA William J. Hughes
Technical Center, Atlantic City, NJ, USA.

Sponsor: FAA Office of Airport Safety and Standards
(AAS110), Washington, DC.

Provide support for development of FAA pavement
standards (Advisory Circulars).

Googleearth
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National Airport Pavement Test Facility (NAPTF

- Located at the FAA's William J. Hughes

Technical Center in Atlantic City, NJ, USA.

- 75,000 lbs (335 kN) max. load per wheel.
- 2.5 to 5 mph (4 to 8 km/h) traffic test speed.

National Airport Pavement Test Facility (NAPTF

Federal Aviation
Administration



FAA Full-Scale Test Facilities
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Outline

 Objectives
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Objectives

— Develop Perpetual Pavements Design criterion for airport pavements.
— Vertical strain threshold in the HMA layer to limit rutting.

— Horizontal strain threshold in the HMA base layer to prevent bottom-up
fatigue cracking.

— Relationship between laboratory fatigue strain threshold and measured
field HMA strains.

— Study strain distribution in the HMA layer.

— Verify/Refine/Modify fatigue model based on the ratio of dissipated
energy change (RDEC)
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Outline

« Airport Pavement Design

Inputs:
o Material Characterization

—>| Structural Model ]4—

v

=
«  Paving Materials Pavement Responses 2
+ Subgrade Soils g,¢ A g
i I £
o Climate _— — %
o Traffic L~ : o0
Transfer Functions [
\ l o
Y
Design Reliability L Pavement Distress / |
Performance

Final Design
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Design Charts — FAA AC 150/5320-6D
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CBR
8 7 8910 15 20 30 40 50

e T T T
DUAL TANDEM GEAR

- Airport Pavement Design i
and Evaluation (1995)

. i :'.E’ % ot
« Contained nomographs for G R

==—-1
B

=
— ===

o

&

. [ | Ia‘?ﬂa‘, f%‘gl}:?fﬂ_\ /’a, i
single-wheel, dual, dual- i

Y

tandem and specific large | H el 4
aircraft (including B747). ery

1 e -
11b = 0.454 kg “ ]
1 TITETITe, h I
| T . M
LI g ] H
| [ fﬁ M |
] 1~ A ]
1 il .Q"}.. 1.200 1
1 Y 3,000 H
1] és’ 1 &.000 T
1LY [T 15,000 T
25, t
ditaadll i 000 Il rrickvess HOT MIX
oh JIATIH ASPHALT SURFACES
vl [1]] 4-IN. CRITICAL AREAS iy
s T 3-IN. NONCRITICAL AREAS
1 1 LI | T 1

3 4 5 8 7 80910 15 20 30 40 50
™ THICKNESS, IN.

FIGURE 3-4 FLEXIBLE PAVEMENT DESIGN CURVES, DUAL TANDEM GEAR

%\ Federal Aviation
Administration




FAARFIELD 2.0

EXPLORER TOOLBAR FUNCTION RUN OPTIONS HELP
SELECTION

(© FAARFIELD 2.0.0 Ba 22 January 2020 / ) }
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Failure Models in FAARFIELD e[ S
B ?terg:vmz:ar;:;f;z:;atlon Pavement Responses §
L B . N L. . * Subgrade Soils 0,£A S
« This is the “empirical” part of mechanistic-empirical. o Clmale /l/—T——f—t_t'\ =
{ ransier runctions &
— Derived from full-scale traffic tests at NAPTF and previous APT. °

— Relates strain or stress to allowable coverages (fatigue). Design Reliabilty (> o'pe Doressl

— Tied to CDF through P/C ratio.

 Flexible:

— For subgrade rutting, the failure model is based on limiting the vertical strain on top of subgrade.

5 f > ' .
logyo (€) = (Siese +Ina|.=..mq,_:":“ﬂ:| s, W hen C > 1000 cov crages, and

¢ = 25101, Wwhen C < 1000 coverages

£y

C = number of coverages to failure

¢, = vertical strain at the top of the subgrade
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HMA Fatigue - FAARFIELD

— Old HMA Fatigue Model: Heukelom & Klomp [1962]
l0g4,(C) = 2.68 — 5 x log4y(g,,) — 2.665 x 10g44(Ep)

Coverage (C) - one coverage occurs when a unit area of the pavement experiences the
maximum response (stress for rigid pavement, strain for flexible pavement) induced by a given
airplane
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HMA Fatigue - FAARFIELD

— New HMA Fatigue Model: Carpenter et.al. [1997, 2000, 2001, 2007]

N; = 0.4801 x PV-0-2007
PV = 44.422 x g, 514 x S2993 x \/P185 x (GP-0.4063

where PV is the estimated value of RDEC
plateau value (dimensionless),

I 11

S is HMA flexural stiffness (psi), 2
&n IS horizontal strain at the bottom of the asphalt layer, =
VP is the volumetric parameter, and ;
GP is gradation parameter. Platean Tale Plateau Stage _ Nlm

G

A

Load Cvcles

%\ Federal Aviation
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HMA Fatigue - FAARFIELD

VP =V, /(V,+V,)

GP (PNMS_PPCS)/PZOO

where
V, is air voids,
V, is asphalt content by volume,
Pnus is the % of aggregate passing the nominal maximum size sieve,
Ppcs is the % of aggregate passing the primary control sieve, and
P.oo is the % of aggregate passing the #200 (0.075 mm) sieve.
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Outline

 Full-Scale Tests at NAPTF - CC7 & CC9
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CC-7 Perpetual Pavements

Tensile Strain at Bottom of P-401
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C-7 Pavement Instrumentation
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CC-7 Fiber Optic Strain Plate

S50 mm

—
TTe. @ @ @ & © @ O Tam
I [ Ensnsn nen i i ot

475 mm ”s‘

8" AC:A=203mm /B=101.5mm/C=76.5 mm 10" AC: A=254 mm / B=127 mm / C=102 mm
12" AC:A=305 mm /B=1525mm /C=127.5mm 15" AC: A=381 mm / B=190.5 mm / C=165.5 mm
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CC-7 Traffic Tests

19& 20
1&2

43 & 44

35 & 36
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15 & 16

65 & 66
53 & 54
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39 & 40

31 & 32
13 & 14
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49 & 50

25 & 26
7&38

37 & 38
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27 &28
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6-wheel gear
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1449

1372

X
I
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Standard NAPTF wander pattern
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Pavement Monitoring

— Straight Edge Rut Depth Measurements
— Surface profiles
— Crack maps
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CC-7 Transverse Strains at HMA Surface

300 S U U O Y O O O
|| =LFP-4N (20.3 cm HMA) |~
250 | =——LFP-3N (25.4 cm HMA) [ ]
Ll —LFP-2N (30.5cm HMA) |-
U N Gtemm) |
£
£ 150
g
= S SO0 OO0 OO0 DU UM OUO 00/ \ 0/ 0 e ot 0000 NN OO HDDOO TS SO i o s e, S A
S e N NN
g 100 ———— b —
&
7]
§ 50
T N T N e e
e s S | S e s s s
-50
100 b—>——— 1
0 5 10 15 20 25 30

Time, seconds

Federal Aviation

Administration




CC-7 Transverse Strains at Bottom of HMA
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CC-7 Straight Edge Rut Depth Measurements
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CC-7 Crack Monitoring
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CC-7 Transverse Strains at Bottom of HMA (H-Bar

Strains @ Bottom of HMA Layer, microstrain
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CC-7 Layer Profiles

Pavement Layer Thicknesses LFP1-N (West Wall) Pavement Layer Thicknesses LFP2-N (West Wall)
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CC-7 Layer Profiles

Pavement Layer Thicknesses LFP3-N (West Wall) Pavement Layer Thicknesses LFP4-N_LFC4-S (West Wall)
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CC-7 Predicted & Observed Fatique Life

Test HMA Strain Pass to Coverage| N;from FAARFIELD N from Full-Scale APT | Ratio (N¢apr/
Section | (from FAARFIELD) PV (P/C) Ratio Passes | Coverages Passes Coverages N¢ FaaRFIELD)

PP-1 0.000524 2.14E-06 0.650 40000 61538 NO CRACKS OBSERVED

PP-2 0.000657 6.86E-06 0.730 15385 21075

PP-3 0.000781 1.67E-05 0.790 7407 9376 21450 27152 2.90

PP-4 0.000932 4.14E-05 0.860 3636 4228 11814 13737 3.25
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Results — CC7

— Thicker test sections LFP-1N and LFP-2N did not show any evidence of
fatigue cracks, whereas LFP-3N and LFP-4N showed severe fatigue
cracking.

— All the cracks were found to be top-down cracks.

— By increasing HMA thickness from 10 in (25.4 cm) to 12 in (30.5 cm)
fatigue cracking was eliminated during the duration of testing (almost
38,000 passes).

— Observed fatigue life is about three times the predicted fatigue life.
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CC-9 Perpetual Pavements
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CC-9 HMA Cracking in Fatigue Sections
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Results — CC9

— Fatigue cracking observed in LFS-1S and LFS-2S (HMA thickness 9 in).
— No signs of fatigue cracking in LFS-1N and LFS-2N (HMA thickness 11 in)

— Measurable surface cracks did not develop until late in the test and, when
they did, they affected the south test items (thinner HMA) much more than
the north test items.

— No signs of fatigue cracking were observed in LFS-1N or LFS-2N after more
than 75,000 passes, even after the load was increased (at 48,313 passes)
to 65,000 Ib per wheel.

— Test sections LFS-1S and LFS-2S (9 inch thick HMA surface) showed
higher rutting that LFS-1N and LFS-2N (11 inch thick HMA surface).
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Outline

« Summary
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Summary

— All the HMA cracks were found to be top-down cracks.
— Observed HMA fatigue life is about three times the predicted fatigue life.

— Rutting observed in test sections is more sensitive to P401 HMA
thickness than P209 thickness.

— Pavement performance in rutting is not as sensitive to subbase
thickness as predicted by FAARFIELD design models.

— Sections constructed on P-209 subbase (CC-9) showed slower
progression in pavement fatigue cracking compared to sections
constructed on P-154 subbase (CC-7).
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