_

i
L

lin

g

neel

Al

.

&

[

of S
i =
R S

(V1

grtment of C

pa

.

Wy i
BL GINN. o
e

LEG

GI"NEERI-'N &%

s
BURN

ad i
I-::'A.U
ik LY BR S

ﬂ'- -’*'-

»
ﬁ..
L ®
Y
k

.

]



What Is a Perpetual Pavement?

eep structural distress

{







Limit Cracking
to top-down



Goal of Perpetual Pavement Design
* Design so there are no deep structural distresses

— Bottom up fatigue cracking
— Strucyural rutting

o All distr‘esses can be quickly remedied from surface
e Result 1a st ucture Yith ‘Perpetual’ or ‘Long Life’
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Do Perpetual Pavements EXxist?

* Perpetual Pavements are NOT a new concept
— Full-depth
— Mill and inlay
— Deep strength

 Perpetual Pavement Award
— 35+ years
— No structural failures
— 13+ year rehab interval




Designing Perpetual Pavements

Wheel
Loads

Typical Depths Material

High Quality HMA/SMA/OGFC

Rut Resistant HMA

3 -4 inches Fatigue_Rjzsistant HMA

|{Compression

n High Modulus
Zone of High J

Maximum
Tensile Strain

Newcomb, 2001



M-E Perpetual Pavement Design

Log e

Threshold
Strain

No Damage Accumulation




Normal Range for
Fatigue Testing

100000 10000000 1.1E+08
Number of Loads to Failure

Normal Fatigue Testing Results Versus
Endurance Limit Testing



What i1s the Endurance Limit for HMA?

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

e 2007 — NCHRP 9-38 Lab Study
— 100 me for unmod binders
— 250 me for mod binders
— More severe than field

e 2007 — MEPDG uses 100 to 250 me

e 2008 — Field measurements show higher
strains




Field Strain - NCAT Test Track




N8 and N9

Section

\
SMA
PG 76-28

Dense Graded HMA
PG 76-28

o
o
!

Dense Graded HMA
PG 64-22

Rich Bottom Layé
G 64-22

6.4

Moisture Content = 10.8%

Unit Weight = 133.4 pcf Aggregate Base

(Track Fill)

M0|sture C(r)]ntent 18, O:A) Moisture Content = 12.9%
U”'t NeldoAze.2ne Unit Weight = 133.8 pcf

Subgrade
(A-7-6 Soil)
7
e

Depth From Pavement Surface, in.
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Strain Measurements
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Strain vs. Temperature
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N8 Strain = 21.249¢%033Temp

R?=0.9584 O

Section Axle Type

Single
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N9 Strain = 11.136e%92%%TemP
R? = 0.9309

100 120
Mid-Depth Pavement Temperature, F




Strain Distributions
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End Result

TEST  SECTION
NUMBER N-9

B oRcaon )




NCAT Test Track Results

—— N1 2003
-=- N2 2003
N3 2003
N4 2003
— - N5 2003
Rf — ﬁe;d/gzab —e— N6 2003
| —— N7 2003
— N1 2006
N2 2006
N3 2006
N4 2006
N8 2006
N9 2006
N10 2006
S11 2006
—+—S13 2000
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2003 Test Sections
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2006 Test Sections

Fatigue Cracking Occurred
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Probabilistic Design — Monte Carlo Simulation

Axle Weight

Sampling

»

Monte
|I# Carlo |I# Mechanistic
Randqm Model 1

Material Properties 4
\ P ; % Below Threshold

/ % Above Threshold

Pavement Response

A\ 4

Thickness



% Below Threshold

* Design should have high % below
threshold

f a
% Below Threshold

How much
‘damage’ does this
area correspond to?

-

Pavement Response



‘Damage Computation’

* For responses exceeding threshold, compute N
using transfer function

— User defined

e Calculate damage accumulation rate
— Damage / Maxles

f a
% Below Threshold

Damage
Million Axles

‘o
—

Pavement Response



Estimated Long Life

e Convert damage rate into an estimated
time
— Use traffic volume and growth
— Calculate when damage = 0.1



PerRoad 3.5

e Sponsored by APA
 Developed at Auburn University / NCAT
 M-E Perpetual Pavement Design and Analysis Tool

L PerRoad 3.5 @

File Input Output  Info




Structural and Seasonal Information (F1 for Help)

# of Lavers
2

v 3

Dwuration fweeks)

bdean Alr
Temperature, F |

" 4

&

bdatenal Type

FG Grade
bin bMadulus  (psi)

bAadulus (psi)

bdax Madulus (psi)
Foizzon's Ratio
kAin - bl e

Thickness (in)

=lip Candition Between Layers |Fu|l Bond j

Cancel Changes ‘

Season M Summer v E=b

Seasonal Information

— n
Env'\ronme“ta‘ -0

d‘\t'\O“S [ Spring2

Current Season

Summer j

‘?n |?I]

Lawer 1 Lavyer & Layer 3

Temperature
Corraction

Layer b

|AC j |Gran Base j |S|:|il j
70 ~| |2z -

50000 5000

|522953| ‘EIIIIIIIIIEI

4nnnnos rt'\es
prope€
Layer .45

ulb- 04 0.35- 045 02 - 05

Variability |

hresholds 1

Fonarmance
heris | Criteria

Jariability 209 T

=

FulBond  +| |

Accept Changes




Material Properties

Thickness

Input Vanability

Lawer: AL

tdodulus Varnability
Distribution Type

Coefficient of Vanation

Thickness Vanability
Distribution Type

Coefficient of Vanation

Cancel

Log-normal

a0 2%

ormmal

h Y




Performance Criteria

Layer Perfor

—

R\
0’0(\0‘\
\,O

Critetia

v Top ertical Deflecion milli-inch

[ Middle

: - Je-b 3.148
v Bottom Horizontal Strain j ricrostrain v | |

Mote: The following sign conwetion is used... Mote: The transfer functions are for strain only.
Megative = Tensian
Fositive = Compression

Detlection is Positive Dowward

Cancel




Loading Conditions (F1 for Help)

General Traffic Data
AT

Traffic Volume Input Load Spectra by
Axles Groups / Day Wehicle Type

Loading Configurations (Check All That Appl
¥ Singls ~ Ctaar Current Configuration

il EEEI [ Types of Axles I Single -

Current &xle Load Distribution

Auxle Ale
WY, S,
kip ' [ E kip
0-2 |0 ) H5-93
2-4 4.4k : . H5-100

46 [a13 N o ) 7678 [0 100-102
68 [1132 76-80 102-104
10 [1ags o gos2 0 104-106
12 255 - : s-60 [0 aesd [0 106108
12-14 1457 | GO-62 [0 @4ss [0 108-110
1446 [faz . B-64 [0 sess [0 110+

16-18 |3.84 B4-Bh 28-90
Total

18-20 |2.39 bb-bE 90-92
20-22 |1.37 k-7l 92-94

22-24 |0.68 70-72 94-9k

Cancel Changes Import Load Spectra Save Load Spectra Accept Changes




Vehicle Type Distribution (Press F1 for Help)

Rosdway Funcional . FUNCtional Classification

Awerage Mumber ot Axles Per Yehicle

“ehicle _ _
Classification  * AADTT single Tandem Tridem

m ' 1.2 162
i 9.4

e —
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Cancel Changes ‘ Accept Changes




Output & Design Module (F1 for Help)
Feliability Analysis

Ferfarm Analysis |

Ferpetual Favement Design Results

Lawyer | Location | Criteria | Threshold | IUnits | Fercent ... | Damage/Millian... | vears to D=0.1
1 Bottom Horizontal Str.. 710, micr... B4k 8.160ke-002 17512
3 Taop “erical Strain 200, micr... 577 [, A

4
Thickness Design Studio

Mumber of Fawvement Layers: IT

Layer 1 Layer 2 Layerh

baterial AL Gran Base |Sn:|il

Thickness, in. 10 110

Infirite

Disclaimer Cost Analysis ExpurtData‘ Leawe hdodule




g;'iDerRoadXPress — For Low Volume Roads

ROAD MAY BE:
SUBJECT TO SUDDEN
CATASTROPHIC



Methodology - Overview

Develop a set of boundary conditions

Execute PerRoad analysis to determine
required thickness for each “design”

Develop design regression equations

Guiding Principles
— Limit number of required inputs
— Make design procedure simple/efficient



Structural Cross Section

Layer Stiffness Poisson’s Ratio

Aggregate Base 20,000 psi

Infinite

10,000 psi to 30,000 psi
Subgrade Soil




Number of Simulations
# Simulations =

2 Highway Classifications
3 Traffic Volumes

3 Growth Rates

4 Percent Trucks

3 Soll Stiffnesses

3 HMA Stiffnesses

3 Base Thicknesses

X X X X X X

1,944 Pavement Designs



Design Equation

HMA = C, + C*AADT + C,*%Trucks +
C;*%Growth + C,*Soll Stiffness +
C;*Base Thickness + C,*HMA Stiffness

Parameter Urban Collector Rural Collector

Co (Intercept 10.1587 10.8162

Ci (AADT 6.281E-04 6.396E-04

Cs (%Trucks 0.1817 0.1861

Cy4 (Soil Stiffness -9.437E-05 -9.915E-05

Cs (Base Thickness -0.0780 -0.0743
Cs (HMA Stiffness -5.098E-06 -5.365E-06

R< 0.90 0.90

)
)
)
Cs (%Growth) 0.2264 0.2222
)
)
)




~vri NaQ ParRaad¥Pre
BDlda
Functional Classification:
Twoway AADT:
Traffic cneks
Zaronth:

Drezign Trucks:

Dezign ESALs:

AASHTO Sail Classification:

Saoll

Soil M odulus:

Ag g B aS e Aggregate Base Thickness:
Hida Modulusz:

H I\/I A Calculated HiA

Dezign HAMA

1000 (500 to 5000

1 (1 to 20]

1 [0to 3)

B34 [Total Trucks in 30 Yearz]

18917 [Total ESALz in 30 Years]

A-1-a |

23500 (10,000 to 30,000 pzi)

4 [0ta 10 n.]

gaooo (400,000 ka2 1,000,000 psi)

CALCULATE |
Irn.
Calculated thickness rounded
up to nearest 025"

Est | Hep |

X




http://www.eng.auburn.edu/users/timmdav/Software.htmi
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