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e, NMain Objective of this Study

] Explore the new pavement
design software program | AASHTOWare

Paveme

ME Design

[ Find suitable local calibration
factors for County conditions

J Implement the new design
method at Maricopa County
in the future
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NV URICOPURGOUNTY Design Procedure

| Traffic: AADT & % Trucks
converted to ESALs \\ A4SHTO GUIDE FOR
A Design of
B | AC and AB: @\ Pavement

- o\ Structures
a; and E

IIIIIIIIIIIIIII

A Subgrade:
! -~ R-Value, Sieve and |
‘ Pl correlated to Mg A T T s
AAS HYOWure :
"%e' * Mancopa County
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LOVEMENTAVIEN ESTG T curren' Pavemen' DQSign:
1) ey g Cuuslyy PI‘OS dhd Cons

Chapter 10

Roadway Cp o PROS

Desi MCDOT i i

eli/llil:]ual Pavement 0 Inexpensive testing
Adopted:  November 3, 1993 DeSIg n D Simple deSign
Updated February 2016 G U Id e .
O layer thicknesses

S A CONS

(0 Based on one AASHO Road
Test conducted in the late 1950s

L The latest update was in 1993

U

Uses empirical relations
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i Mleglgu e Cusls New Puvemen' ME DeSIQI'I
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d Pavement ME Design is built
upon Mechanistic-Empirical
Pavement Design Guide
(MEPDG)

@ @
d Reflects eight years of @g Q
research and development
by ASU and others @ ﬁ
d Continuous improvement ﬁ
under NCHRP, the FHWA and
State Agencies

Maricopa County
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New Pavement ME Design:
Pros and Cons

PROS CONS
[ Mechanistic behavior of O Expensive testing is required
structure is modeled
O The design process is not
[ Based on extensive research very simple

effort over many years

d The software is expensive to

Predicts pavement maintain
performance

[ Users should gain good
Hierarchical input levels knowledge to input data,

available

interpret analyses, and make
reasonable decisions

Possible to carry out local

calibrations
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Laboratory Testi

Binder Viscosity Testing

(J Penetration at 77 °F >

______________ Penetration
I i (0.1 mm units)
00g: ] = = 0 TerdnEweas n_
100g
BITUMEN os | gum
25°C 28+ c

Start— After 5 sec

(J Brookfield Viscosity
at 212, 250, 275, 300, —>
and 351 °F

J Softening Point

Maricopa County
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Viscosity-Temperature
Susceptibility (VTS)

1.20 - ‘
1.00 A y = -3.7955x + 11.3383
o\ R2 = 0.9989
= 0.80 - \o\
=
& 060 -
(s 14]
O 040 -
~o
0.20 -
0.00
2.70 2.75 2.80 2.85 2.90
log(T)

2.95

Regression
parameters

Ai (intercept) &
VTSi (slope)
describe the
Viscosity-
Temperature
relationship

For the plot shown:
Ai = 11.3383
VTSi = —3.7955
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Control:

Temperature T

Load Frequency f

Measure:

Stress O

Strain €

Maricopa County

Department of Transportation

Dynamic Modulus Test

Load

Load

2016 Arizona Pavements/Materials Conference November 17, 2016

3 &

)

S .

o SN



LOVEMENTAVIEN ESTG T
IO COPURCOUNTY

Dynamic Modulus, E*
of Visco-Elastic Material

Stress
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E* in kips/in?
Obtained after Testing

Max

E G Frequency (Hz)
Time (sec)
0.1 0.5 1 5 10 25
Temp (°F)
10 2 1 0.2 0.1 0.04
14 2,854 3,276 3,470 3,829 3,947 6,952
40 1,258 1,749 2,004 2,614 2,850 3,030
70 497 743 872 1,256 1,445 1,670
100 152 209 250 412 508 665
130 130 141 184 | 219 300
Min

1@* Mancopa County

Depar of Transpor

2016 Arizona Pavements/Materials Conference November 17, 2016



pavementiViEREsign M
il 0 Plotting E* and Master
I ATICOPHICOUntY; IR .
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Master Curve Function &

Shift Factor Function

St l>

1.E+07 +

Master Curve

—_
vy
2 1406 -

E*

Temperature (°F)

4
B 9
6 1 y = 1E-04x? - 0.0768x + 4.7842
R?=1

4 4
— e
=
® .
3 140

|E*| =8 +

(1 + eB+ylog t)

1.E+05 |

loga(T) = aT? +bT + ¢

1.E-06 1.E-05

1.E-04

1.E-03 1.E-02 1.E-01 1.E.+00 1.E+01 1.E+02 1.E+03 1.E+04
Time (sec)

1.E4+05

rivﬁ t Mancopa County
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'7' LVEMENTAVIERESTON Mﬂricopa coun'y ReSGﬂfCl‘l
‘ NV OTICOPUGCOUNTY 2006 'o 2009
(J ASU conducted a research

program for Maricopa County
from 2006 to 2009

d All pavements were flexible

avements
g > g 0o
\7
. Binder, AC mix, AB, and soil
samples from 15 road
construction projects were

collected for testing

w0
0.4, .
Q%,' )._Maricopa County
Count Department of Transportation
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et The Research Program

\E\mm\m ___________________________ Viscosity tests on asphalt binder

-~ Dynamic modulus on mixes
. | Ignition tests on mixes
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gi.& Bk R ] Spelclific Gravity, Proctor
“g‘g’?" e | ResilentModulus
Soil-Water Characteristic Curve (SWCC)

Maricopa County

Department of Transporta

2016 Arizona Pavements/Materials Conference November 17, 2016



LOVEMENTAVIEN ESTG T

MCDOT Test Roads

Project Name Project Termini R?ud Traffic On
Start End Align. Date

1 | EG | Ellsworth Road Germann Rd Pecos Rd NS Jan-07
2 | HH| Hawes Road Hunt Hwy Stacey Rd NS | Mar-07
3 | TQ | Tuthill Road Queen Creek Rd Pecos Rd NS | Aug-07
4 | 10 | Indian School Road Old Litchfield Rd Dysart Rd EW | May-08
5 | CM | Cotton Lane Cotton Ln Bridge | MC 85 NS | Nov-07
6 | CS | Chandler Heights Sossaman Rd Hawes Rd EW | Mar-08
7| MT | MC85 Turner Rd SR 85 EW | May-08
8 | ED | El Mirage Road Deer Valley Rd Loop 303 NS | Mar-09
9 | GC | Gavilan Peak Parkway | Cloud Rd Daisy Mtn Rd NS | May-09

Maricopa Cnunty

e
Department of Transportation
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OT Test Road Locations with 2016 Photos

Cotton Ln TuthillRd
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Transverse

Cracking

Top-Down
Fatigue

Rutting

Bottom-Up
Fatigue

Maricopa County
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Field Measurements
Distresses on Flexible Pavements

Wheel Path
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& Database

J MCDOT distress evaluations based on
LTPP Distress Identification Manual

L MCDOT Roadway Management System
(RMS) Database

MCDOT Distress Evaluation

anFed fo ™ Wchide cttar cima Saarch for Foade
e % ot ens witdoond
Eaerch Rasus | PRALSFFRNG | fp—— | T s | Live Wies | e |
I_Q__’__Jcc { |Fscen | lowar|  To | ome| )

IRI (International Roughness Index)
Pavement Condition Rating (PCR)
Sufficiency Rating

Traffic Data

Pavement Structure

Work History

bis’rREss
B ,{~ loemnc;\ﬁbn
SMANUAL e

-

= Lovg- erm Pavement

yb"’llf "', 1‘:'_-', -o".

. .
[’erformmfccl’ropﬂ’m“ KL,
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IRl Field Measurements

IO COPURCOUNTY

Laser Truck IRI Software Program

Maricopa County
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g Axle Configuration Inputs

Traffic data from MCDOT Traffic Wheel Base Width

Management group:

1. ADT counts over the past years
2. Vehicle class distribution

3. Operational speed

I

Tire Axle
Pressure Spacing
& Loads

‘-J.'"

Dual Tire Bl L]
Spacing IAxIe Widthl

7@? t Maricopa Coumy
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Arasaan s pran Ao vesany

Department of Transportation

Data Entry for Pavement
ME Design Program
Weather data over 20 year period

Latitude, Longitude, and Elevation
Depth to Groundwater Table

AADTT (Average Annual Daily Truck Traffic)
Class Distribution (Class 4 thru 13)

Axle Distribution (Single, Tandem, Tridem, & Quad)

Binder Viscosity
Asphalt Mix (E*, binder content, air voids)
Base material (Gradation, Pl)

Subgrade (Gradation, PI, R-Value, Resilient Modulus, SWCC)
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New Pavement ME Design
r. IO COPURCOUNTY cnmaie Ddiﬂ

(8 AASHTOWare Pavement ME Design 2.3.0

4

L &

.km%-; Egsge;%@;gg%”}@im@@

¥ )
ew Open Saw, import Export Undo Redo  Help

Y oot | FleibiNew ) 1 EG-ExCimate | 1 EG-EXTrafc |

=2 Projects

k 1EGE2 A=
Multiple Project Summary 4 Climate Station
4 Batch Run Elevation (fi) 1105
4 Tools Climate station PHOENIX AZ (23183)
[=}~[Z3 ME Design Calibration Factors Latitude (decimals degrees) 33.443 ' )
New Flexible Longitude (decimal degrees) -111.99 Mean ann
Rehabiltation Flexible Depth of water table {ft) Annual(150) Freezing in )
|54 New Rigid 4 Identibers Average annual number of freeze
et Dl Number of wet days
. 8/15/2016 P Mc).ntthTempa‘dlm —
E I evat I O n Gant Y. -«fr tempe ._.rsyr F,::_ru:-rr, ‘VVtiF,
8/15/2016 S re in February (deg F)
. . Maricopa —Iaxc—r e in l‘:/!arci' (
Climate Station Cimats St
NB A
. Climate il
Latitude .
Germann Rd ;
False ¥
1 Blisworth Road N
Longitude v A
M MY
Pecos Rd

Depth to Groundwater

User defined field 3

D0,

) paif) Maricopa County
Cou T\‘ Department of Transportation
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| New Pavement ME Design

LVEMENTAVIERESTON

f 1) N dglegde Cuysry Traffic Ddiﬂ
o)
—e e e e e

EZmaBE ol BDE 0

1802 Pt Flentiebion | 1 80-E2Comvate 1 EG-E2Teattic
bl vencie Clans Dormbosse wet Groutt

Number of Lanes
Operational Speed

Class Distribution
Growth Rate

Axle Configuration
Axles per Truck

pare B Clear Conpatinem

Prasct 1 a3 Conoyen Nateszs
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LIVEMENTAVIEESTYN New Pavemen' ME DeSign
Calibration Screen

IO COPURCOUNTY

I I )
A e i
Cracking Tt 2
:-M»s:rvr ;:;ﬂlq{lﬂﬂ?lm‘lm!ﬂ'ﬂ-ﬂﬂﬂlm )
k] N
AC =)
Fatigue oty )
0 (56 * Pew(RUT D 1745 + D001 \
AC 41"
Rutting oy
2!
AB & j ':;;u
Subgrade s
Rutting : &
NG —-'.‘!: ji 1’ t
e 82 Calibration

Parameters

Thermal
Fracture

t Maricopa County
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| 1l Mleglgu e Cusls compu'a'ion Process

Integrated Climatic Model
Thermal Cracking
Asphalt Damage

Asphalt Rutting & Fatigue
Asphalt IRI
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ment ME Design Input & Output

1 EG-E2
File Name: C:\Users\yasanayakeg\Desktop\! EG-E2.0gpx

AASH IM

[Design Inputs
Design Life: 20 years Base construction: September, 2006 Climate Data 33443 -111.08
Design Type: FLEXIBLE Pavement construction: December, 2006 Sources (LatlLon)
Traffic opening: January, 2007
 Design Structure Traffic
Layer type Material Type Thickness (in) Volumetric at Construction: Heavy Trucks
- , ~ Effective binde Agelyear) | mutative)
Flexible AC 3/4-inch Arterial EVAC 25 e bacer 142
Flexible AC 3/4-inch Arterial EVAC 3.0 :‘?"‘ef‘; { (;’) ——1 | 200 kil 1,628
ir voids i
NonStabilized AB MAG Specs 10.0 2017 (10 years) 3,623,480
Subgrade Silty Sand (SM) Semi-infinite 2027 (20 years) | 10.489.300
i -
‘Design Outputs
' Distress Prediction Summary
2 paRia Reliability (%
Distress Type Reliability WAED

Target Predicted Target Achieved
Teminal IRI (in/miie) 172.00 168.82 20.00 91.54
Permanent deformation - total pavement (in) 0.75 D82 90.00 72.67
AC bottom-up fatigue cracking (% lane area) 25.00 2247 g0.00 82,40
AC thermal cracking (ft/mile) 1000.00 2747 80.00 100.00
AC top-down fatigue cracking (ft/mile) 2000.00 3406.60 20.00 73.15
Permanent deformation - AC only (in) 0.25 052 20.00 3.29

unty
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Pavement ME Design Input: Master Curve & VTS

‘ u 1 EG-E2
;: File Name: C:\Users!yasanayakeg\ Desktop! 1 EG-ELdgpx
u HMA Layer 2: Layer 2 Flexible : AC 3/4-inch Arterial EVAC -
L3 -
Master Curve HWA Loyer 2 i
10000000 1.
‘l' 15
1000000 B
1000004 w14 oF
E 10000 W40 oF
-
Master Curve sl o
w 1000
& 100 oF
tocd » 130 OF
10
1
-7 -6 -5 -4 -3 -2 -1 ] 1 2 3 4
logiReduced Timeisec))
Shift Curve HMA Layer 2
=2
4
-
= + 14 °F
m =1
- H ' #* 40 °F
Shift Curve i - +ro
V- %100 oF
-z W 130 oF
-z
-4
10 20 20 40 S0 &0 10 20 El] Loc Lo 120 130
Tempersture [F)
Lot Yiscosity Curve HMA Layer 2
logilagiviscasty]) = &0 + ¥TSo0; Ao = 10.5158, YTSa = -3.500945
=
o
2
=
=
]
S \
I
=)
=
2
VTS = Viscosity-Temperature Susceptibility ,

2849 27 271 272 2.73 274 2,15 .76 207 278
LoofTermperature (98 1)

Maricopa County

Department of Transportation
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e e
vement esign Qutput: Distress Charts
L]
File Hame: ©:\Users!yasanayakey| Desktop) | BG-E2.dgpx
' Distress Charts
TRI TotalRut Depth { Permanent Deformation)
200 1
104 - Lyz 155,50 0.0 o
- _os W —
j— 164 - = awam®T E b
E IR et pe i = L b Jp—
= 144 L et 175,10 -E_ 0.6 e . -____..._---'
120, "__.._...,---" ~ m——"] s enen® — =
= Cmi® L ___-""--_ uon4 _+" _-ll""-.—
ST B R Y a o e
: -‘--'--—-_— LS a.3 -"r p-i"r
B {Tn i | g i
Inicial IRL1 63 0.2 e
&l 0.1 ==
L - - - - ' ' ' ' ' g - - - - -
1] 1 4 & E 1a 11 14 16 1E 20 a z A ] E 1d 11 14 16 1§ 20
Faverment fge [y=ars] Favement Age [y=ars]
AC Enttom-Up Cracking (Alligatar) Thermal Cracking: Total Length vs. Tine
- | 1200
F 5 | - 1000
o 25 =100
i FIE, L £ oo
== ui"‘“-l =
FETE e T &0t
3 e 3
E 191 g F
£ ot -
= 05 i 20 4
= e o 27 4
L] ___’-.—.'d--
a . ; - ' ————— ! N e R B Rl 8 8 B Rl ) 00
'] 1 1 & ] 1a 12 14 16 18 20 ] 2 4 ] -1 10 11 14 1& 1E 20
Pawverment Mge [y=ars) Pawement fge [y=ars]
= Threshold Value = @ SpecifiedReliability ==- @ S0% Rellability

Department of Transportation

2016 Arizona Pavements/Materials Conference November 17, 2016

30



LavEmMeEnaEDesign Local calibrdﬁon &
i alidation Procedure

W EYE]
Characterization

e Moy he

Local Calibeation of the
Mechanistic -Emp¥ical
Pavement Design Guide

Prediction of
Distresses

Field Monitoring

Predicted vs
Measured

Modify parameters to
eliminate any bias

oo
L
.
N
| rdmontorns_|
N
.
L
ST

Maricopa County

Department of Transportation
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| LOVEMENTAVIERD ESTON Local Culibru'ion:
widegrcows - Bias and Goodness of Fit

d Reduce bias (avoid over- R
designed and under- S
designed pavements) = - | °°z;/‘f,°

:- 568

d Goodness-of-fit criteria is E ,aoZ%_,%""
used to find the bestset | & | | oA
of calibration parameters ? °

&0 Q.

(d Method of least squares e
using linear regression S 5 =
analysis is adopted Measured IRI (in/mi)

1@* Mancopa County
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| vsseninzen,  Approach to Local Calibration
IMNVITICOPIRGCOUNTY and validaﬁon

Use split-sample
approach if the
sample size is large

Traditional
Split-Sample

Use jack-knife
IE[ G llilslsl approach if the
sample size is small

Wilo
04, .
§ ’5 )._Maricopa County
o 3\‘ Department of Transportation
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Model Validation
Jack-Knife Method

TQ

il
G)
=
I.l

| I

[ For “n-1 Jack-Knife”

=
>

"
O
L

{

(@
(")

VIl

L
\>

G)
(@

validation, remove one set of

data and calibrate the model

with remaining n-1 data sets

1 n =9 for this study

1 The 9 sites were grouped into

nine 1 | 8 groups as shown on
the table

[ The final calibration was
checked with each data set

W 0 N & 1 A W N &=
SOOI OO0 | 00
DI < OO0 OO0 (0
OO < 000 0|0

0O 0O o0O|< 00 0|00

OO0 |I<I0O0| 0|0

OO0 |0 | <0 0|0

OO OO0 0 (0| <

0O OO 000 0| < |0

ocNNeENesBEesREsREsBEsREes BE S

9.4, .
Maricopa County

Department of Transportation
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FOVEMENTAVIEND ESTgN Fleld Meusuremen's ﬂnd
| luilardespa Eovuiy Calibration and Validation

— L : :
Trivial Data to Rutting—no or little rutting

Analyze

| Fatigue Cracking—no or little fatigue
Trivial Data to

Analyze

_l Transverse Cracking—light to
Currently no :
predictions moderate thermal cracking
available

-l IRI—measured data available for all

Main distress used the test sites
in the calibration

2016 Arizona Pavements/Materials Conference November 17, 2016
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Whenb =0
and m=1:

Predicted
=Measured

R2 =1 gives
best goodness
of fit

S. - Standard Error

Statistical Parameters

S

Se = ?:1(8 - é)z

n—1

120 +

Predicted Parameter( ) )

20

Tb

g

Sample Plot

y=mx+b A
R2 |
o
..;eﬁog |
A m
\450

Measured Parameter ( X )

2016 Arizona Pavements/Materials Conference November 17, 2016
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[ ]
e, Galibrated Parameters

Parameter

C2 o BR1

Bottom Up
Cracking

BS1 BS1

Asphalt Rutting Base Rutting Subgrade Rutting

1.00 | 1.00

0.015

4.5 10.028| 0.69 | 0.14 | 0.37

2.0 (0.033| 0.69 | 1.00 | 1.00

2016 Arizona Pavements/Materials Conference November 17, 2016
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IRl Data Plot Three Calibrations

INNVCTICOY

Predicted IRI (in/mi)

160

140

120

100

IRI--MCDOT Calibration
| I
y = 1.0033x
R2 =0.7228 |
Do ’aé’ 8
‘6,00"11 o
08 S
Measured IRI (in/mi)

2016 Arizona Pavements/Materials Conference November 17, 2016
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LVEMENTAVIERESTON MOdel Vﬂlidﬂﬁorlt
nMaricopn Gounty
G Three Independent Sites

10 | GS | Gilbert Road South of Salt River | North of Salt River | Ns Jul-11
11 | ST | 7th Street Tanya Road Desert Hills Dr Ns | May-11
12 | EU | Ellsworth Road University Dr Adobe Road NS Feb-06
e @7“‘ Street

(] Data from 3 additional

roadway prOjECtS were g o o i w'f’m“”
. . o NUCKEYE PHOEMIX  FOUNTAIN HILES Rd

used for validation Gilbert Rd

J These three sites were
never used in the

calibration process v

Marlcopa County

Maricopa County

Department of Transportation
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Calibration and Validation — Summary
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Future Work

Continue monitoring the test sites and the
implementation pLoeegof Pavement ME Design

Prepare an interim MCDOT Pavement Design Guide af
start designing MCDOT pavements using it

Investigate the possibilities of modeling transverse
cracking

Provide useful suggestions to AASHTO and ARA to solve
the problems encontered while using the software
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Thank You!




