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What is a Perpetual Pavement?
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« Minimal structural improvements
* No deep structural distresse
« Only surface remedies needed



Perpetual Pavements in the U.S.

Perpetual Award Winner
Non Award Winner
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Goal of Perpetual Pavement Design

» Design against deep structural distresses
Bottom up fatigue cracking Structural Rutting
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Results in a structure with Perpetual or Long-Life



Perpetual Pavement Cross-Section

Typical Depths ] Materials
1.5-3”

High Modulus,

4 -7 Rut Resistant AC

3-4" § 78 g ’~:‘__0 Fatigue Resistant AC
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Mechanistic-Empirical Pavement Design
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Mechanistic-Empirical Perpetual Pavement Design
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Mechanistic-Empirical Perpetual Pavement Design
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What is the Endurance Limit for AC?

1,000

An endurance limit is a threshold response
below which damage does not occur.
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History of Endurance Limits

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

« 2007 — NCHRP 9-38 Lab Study

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

« 2007 — MEPDG uses 100 to 250 pe

« 2008 — Measurements at NCAT Test Track show strains in perpetual
pavements well exceeding laboratory values



Measured Horizontal Strains and Endurance Limits
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Horizontal Strain Distributions at NCAT Test Track
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Evaluation of Perpetual Pavement Winners
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Award Winner Metrics

Year Service Years Cumulative Traffic
Honored |(Time of award)| (Time of award)

m -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 I-35, MP 185.6 to 192.6 2003 61,000,000 ESAL

Oklahoma 1-40, MP 160.2 to 165.5 2002 60,000,000 ESAL
I-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




Horizontal Strain Distribution — Simulation Results
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Award Winners — Vertical Strain Rutting Criteria
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Need & Justification for Distribution-Based Design

« Pavements experience range of loading and environmental conditions
« Results in wide range of strain responses

 Traditional M-E design uses transfer functions and sums damage vs. time
 Fatigue transfer functions difficult to develop and may not be accurate
« 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

« Data from NCAT Test Track and validated with Perpetual Pavement Award
Winners supports this approach

« Horizontal tensile strain distribution for fatigue cracking
« 200 ue compressive strain at the 50t percentile for rutting



Perpetual Pavement Design Tools

https://goo.gl/i3FMej

http://www.asphaltroads.org/perpetual-pavement/about-perpetual-pavements/

PerRoad¥Pre -

Presz F1 to access full help file. Press Shift+F1 to access contest-senstive pop-up help.

Functional Classification: | ﬂ
Twoiwiap 2aDT, 1000 (500 to 5000)
ZTrucks: |1 (1 o 20]
wGowth: |1 [Dto3)
Design Trucks; 63482 [Total Trucks in 30 Yearz)

Design ESALs: |'I 291y [Tatal ESALs in 30 Years)
AASHTO Saoil Classification: |.-'3.-1 -a -
Soil Modulus: |295':“:| (10,000 to 30,000 pzi)

Aggregate Base Thickness: |ij [0to 10 i)

Hi4A Modulus: 200000 (400,000 to 1,000,000 psi)
Calculated HiA Irn.
Design HM&, Calculated thickness rounded

up to nearest 025",

E it | Help |




Key Features of PerRoad 4.4

 Layered elastic analysis
* Up to 5 pavement layers

« User enters design criteria
« Strain distributions
 Single strain values and control percentiles
« Conventional M-E criteria with transfer functions

* Many built-in default parameters

« Material properties and variability
 Traffic and load distributions

* Program uses Monte Carlo simulation to simulate uncertainty in design



Design Example with PerRoad 4.4

* Interstate pavement

* 4 layer structure
« 76-22 AC
* 64-22 AC
« Granular Base
» Subgrade Saoll




Structural Inputs

[~ “Winter [~ Spring [ Spring2  Current Season

Duration (weeks) Summer -

kean Air Temperature
Temperature, F Carrection

,-"l"-,|: tbdaterial Type AC - AL -
2[5 Grade EL I B B4 =) |22 -

[N 5000 3000 3000

Cracked AC odulis  (psi) | [483770 351642 25000 [10000 [10000
P

Fubb PCC
Coand 5 PCC
B and 5 PCC
Gran Base

= oil
“Yariahili “Yarighili Warighili Warighili
Eock arighility ariability ariahility ariakility

ax Maodulus  (psi) 4000000 4000000 40000

hickness Infinite

D‘[h 2r Performance Pedormance Pedormance Perormance
Criteria Criteria Criteria Criteria

Cancel Changes | Accept Changes




Input Variability

Input Variability

Layer: AC

hModulus Yariability
Distribution Type

Coefficient of Variation

Thickness Variability
Distribution Type

Coefficient of Variation

Cancel Changes I

5 “

Normal Ll

Accept Changes

| —

Frequency Frequency

»

»

v

" Modulus, psi

Thickness, In




Performance Criteria — Fatigue Cracking

MNote: The transfer functions are for strain only.

Position Criteria Threshold Target Percentile Transfer Function k1 ke

[~ Top

I~ Middle

| Bottom

Note: The following sign convetion is used...

MNegative = Tension
Positive = Compression

Deflection is Positive Downward

Cancel Changes l Accept Changes




Performance Criteria — Fatigue Cracking

Layer: lé

MNote: The transfer functions are for strain only.
Position Criteria Threshold Target Percentile Transfer Function k1 ke
[~ Top
I~ Middle
v Bottom LI ID 50

Horizontal Stress
Yerical Stress
Principal Stress
Horizontal Strain
Yertical Strain
Note: The Principal Strain
Negative =Vertical Deflection

- e
e T W e T T
Honzontal Strair

Positive = EE

Deflection is Positive Downward

Accept Changes

Cancel Changes ‘




Performance Criteria — Fatigue Cracking

Layer: '2

MNote: The transfer functions are far strain only.

Position Criteria Threshold Target Percentile Transfer Function k1 ke
[ Top
I~ Middle
v Bottorm |Harizontal Strain Distribution L] Percentile  Microstrain
95th  |r257
g5th  [194
Note: The following sign convetion is used... 75th 158
MNegative = Tension B5th 131
Positive = Compression »
o ‘ 55th  [110
Deflection is Positive Downward

Load Default Distribution |

Enter Endurance Limit ‘

Cancel Changes ‘ Accept Changes ‘




Performance Criteria — Rutting

Layer Performance Criteria (Press F1 for Help) s

Layer: ‘4

Position Criteria Threshold Target Percentile Transfer Function k1 ke

LA s BN Be W. W I

MNote: The transfer functions are for strain only.

Vv Top |Vertical Strain ~| !200 microstrain 50 r

Note: The following sign conwvetion is used...
Negative = Tension
Positive = Compression

Deflection is Positive Downward

Cancel Changes ‘ Accept Changes




Traffic Inputs

Loading Conditions (F1 for H

General Traffic Data

Twoway AsDT (1000 % Trucks |10 % Trucks in Design Lane (30 g Input Load Spectra

36 2 Truck Grawth |4 Directional Distribution (50 % by Yehicle Type

Loading Configurations (Check All That Apply)
v Single v Tandem v Tridern [ Steer Current Configuration
UU U{] 50.43 % M B8 M 076 o i 5, |Single -

Current Axle Load Distribution

—

Axles Groups / Day

L

Axle Axle Axle Axle Axle
m % Axles m % Axles m % Axles m % Axdles m s
0-2 ’07 2425 [038 48-50 lui 7274 lni 96-95 ’07
9-4 ’r 26-28 luzi 50-52 lui 74-76 lni 95100 ’07
46 [913 28-30 |D17 5254 |E|7 76-78 |07 100-102 ’07
68 W 30-32 W 5456 |E|7 7660 |07 102-104 ’07
810 W 32-34 W BG4 |07 B0-62 |D7 104-106 ’07
10-12 [255 34-36 W 55-60 lui 5284 lni 106-108 ’07
12-14 ’F 36-38  [001 B0-62 lui 84-85 lni 108-110 ’07
1415 ’r 38-40 [0 B2-64 lui 86-88 lni 110+ ’07
1618 ’T 40-42 lui B4-66 lui 88-90 lni
1820 3 42 % N 2 Total |10
2022 [1 37 44-4 |07 B8-70 |E|7 92-94 |07
22-24 [0s8 45-48 lui 70-72 |0 94-96 [0

Cancel Changes Import Load Spectra | Save Load Spectra | | Accept Changes |




Vehicle Type Distribution

Roadway Functional Classification ’Rural Interstate ‘&l
. Average Number of Axles Per Vehicle
Yehicle
Classification % AADTT Single Tandem Tridem
4 ‘ 1.2 | 1.62 | 0.39 ’ 0
s [ s [ = [ 3 [ @
6 ‘ 3.3 | 1.02 | 0.99 ‘ 0
7 | 05 | 1 , 026 | 0.83
8 \ 7.4 | 2.38 \ 0.67 ‘ 0
g ’ 68.9 | 113 ‘ 1.93 ’ 0
10 ‘ 1.2 | 119 , 1.09 ‘ 0.89
11 \ B.1 | 429 l 0.26 ‘ 0.06
12 ’ 0.8 | 352 | 1.14 ’ 0.06
-}
' 13 ‘ 12 | 215 | 213 ‘ 0.35
]
Total 100
Cancel Changes 1 ’ Accept Changes |




Axle Types & Load Spectra

Loading Conditions (F1 for H

General Traftic Data,

Two-Way AADT 1000 % Trucks |10 % Trucks in Design Lane |30 % ErLeet SEecia

#xles Groups /Day  |136 % Truck Grawth |4 Directional Distribution |50 % byvehicle Type

Loading Canfigurations (Check All That Apply)
¥ Single W Tandem v Tridem [ Steer itz Ciain g reilein

gl 5043 % M aBE 5 076 % ’ui Single -

Axle Axle Axle

Wi, W, W,
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1012 [255
1416 W
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=
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B2-64 8E-88 110+

e
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PerRoad Thickness Design Module

Cutput & Design Module (F1 for Help)
Feliahility Analysis

Thickness Design
Mumber of Pavement Layers: ’T
SetMonte Carlo Cycles
Lawer 1 Lawer 3 Lawer 4 Lawers
|Gran Base |SDiI Soil -
Ferform Analysis

|5 |999 Infinite

Material

Thickness, in. |3

Monte Carlo Cycles _

=
a Save As
Savein: I! Desktop _:'J e B Ej( B~
- : o Number of Monte Carlo Cycles |SUUU
Name Size Item type Date modified =
|| = Libraries 1=
A David Ti
CiE o Cancel OK
' Computer
Qﬂ Network
Adobe CS6 Design Standard File folder 8/27/2014 4:32 PM
AFD60 2017 File folder 1/10/2017 11:08 AM -

File name: [Trial1]ds
LJ Cancel

Save as type: IPerRoad Raw Data ("xds)

| Leave Module

Disclaimer Cost Analysis ‘




Simulation Results

Ferpetual Fawvement Design Besults: Fercentile Responses

Layer | Location | Criteria Inits | Target“alue Target Fercentile Actual Percentile Fass/Fail’
Bottam Tensile Strain micr..  -257. 45 9h.2 Fass
-1494. 85 854 Fass
-158. /5 ba. Fail

-131. b5 h3.4 Fail

varical =traln micr.. 1.

« Pavement is NOT perpetual
* Failing in both bottom-up fatigue and rutting

« Change design thicknesses and analyze again




2"d Design Iteration

rOutput 8 Design Module (F1 for Help

Thickness Design Reliability Analhysis

MNumber of Pavement Layers: ’4—
SetMonte Carlo Cycles ‘

Lawer Laer2 Lawer 3 Layerd Layerh
i AC AC Gran Base Sail Soil
haterial | | | | Perfarm Analysis |
Thickness, in. |3 B G 229 Infinite:

Perpetual Pavement Design Results; Conventional Design with Transfer Functions

Layer | Location | Criteria Threshold | Lnits | Percent Below Critical Damage/Million Axle “ears to D=0.1 Years to D=1.0
e e 3
73
Ferpetual Favement Design Fiesults: Percentile Fesponses

Layer | Location | Criteria |Units |TargetVaIue Target Percentile Actual Percentil |PassfFaiI?

2 Bottom Tensile Srain - micr...  -257. 95 99.6 Pass
-194. 1 96 Pass
-168. 75 916 Pass
-131. B5 gz. Pass
-110. 55 64.8 Pass

4 Top Yertical Strain - micr.. 200, 50. B5.2 Pass

Export Formatted Data to EXCEL ‘

Leawve Module

Cost Analysis |

Disclaimer




Additional Design Examples

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
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




Design Comparison — Perpetual vs M-E

* Minneapolis

« 6” Aggregate Base
« 30 ksi

5 ksi soll
* M-E 35 year analysis

AC Thickness, ini.
8]

—=-M-E
—+—Perpetual
*

e * *

. , .
500 1000 1500 2000
Axle Groups / Day

2500




NCAT Test Track — Perpetual Experiments




Test Sections — Experiment 1

N3 (PG 67-22)

N4 (PG 76-22)

1.8 Upper Intermediate Mix 1.7
: : 2.3
2.7 Lower Intermediate Mix
1.8
2.1
2
1.3 Lower Base Mix

O 00 N O O B~ W N = O

O n Pavement Surface, in.

esignhed with 1993 AASHTO Guide to Fail after 10 Million ESALSs




In-Place Modulus vs Time
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Cracking Performance

Transverse Offset (feet)
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Forensic Trenching




Test Sections — Experiment 2

Section
N8 N9
00 1 : SMA N
(0 cm) Lift 1 % s PG 76.28 R :_ Lift 1
Lift 2 Pense Graded HMA Lift 2
= 50 - ~ PG 76-28
< (12.7¢m) Lift 3 Pense Graded HMA . Lift 3
£ . PG 64-22 ,
g Lift 4 Lift 4
8 100 - = «> ich Botto er
& (254cm) 64-22
it Lift 5
& >
£ 15.0 Aggregate Base | -
nai (38.1 ¢cm) (Track Fill)
=
<)
t 20.0
= (50.8 cm)
§ // Subgrade
(A-7-6 Sail) W / ///
250 / /4 / . /%
(63.5cm) e Temperature Probe €3> Asphalt Strain Gauge e Earth Pressure Cell




N8 Rehabilitation

Depth from Surface of Pavement, in.
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Original
SMA
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-------- De AC -

Stiff 5ti1:'f Stiff
________ Soil Soil Soil
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__________________________________________
Subgrade Subgrade Subgrade

Depth pf
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Section Performance - IRI
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Section Performance - Rutting
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N8 After 1st Rehabilitation @ 3.5 MESAL
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Life Cycle Cost Analysis — Cash Flow Diagram

450,000

93204 Increase Discount Rate = 2% |

400,000
ial Construction

350,000
8
300,000
o N8
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S 250,000 HPM mill
5 & inla
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Life Cycle Cost Analysis — Net Present Value

Net Present Value ($/lane/mile)

700,000

600,000 -

500,000 -

400,000

300,000

200,000 -

100,000 |

0

26% Savings

N8 (non-perpetual)

Section

N9 (perpetual)




Summary & Conclusions

* Perpetual pavements widely recognized across the U.S.

* Perpetual pavements don’t have deep structural problems
« Surface remedies make them an attractive option

 Perpetual pavements can be designed using mechanistic principles
« Strain distributions developed at NCAT Test Track and validated with award winners

* PerRoad incorporates strain distribution design & Monte Carlo simulation to
produce reasonable perpetual pavement cross-sections

 Can be used to find maximum thicknesses

» Case studies from Test Track highlight key features of perpetual pavement
« Tend to gain modulus over time

« Exhibit excellent performance
» Stable ride quality
* Minimal rutting
* No deep structural distresses

» Cost effective
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