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New Pavement Design

» ADOT has used the AASHTO Design Guide for
Pavements as it basis for designing new pavements
AaAYOS A0 oFa FANBOG A&aadzsSR |
» Updates to the guide were made in 1972, 1981, 1986
and 1993.
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New Pavement Desigg AASHO Road Test

HIGHWAY RESEARCH BOARD
Special Report 61A

» The AASHTO Design
Guide is based on
the AASHO Road
Test from the late e 7 N
MdppnQa e

The AASHO Road Test

History and Description of Project

National Academy of Scdences—
National Rescarch Council
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New Pavement Desigg AASHO Road Test

» Consisted of six, twadane loops constructed along the
future alignment of Interstate 80 in Ottawa, lllinois.

» The pavement structure within each loop wasried.

» Each loop was loaded with a specific vehicle type and
weight sothat the interaction between vehicle loads
and pavement structure could be investigated.

» The outcome of this road test was a general equation
which relates the loss in pavement serviceability to the
pavement structure and load applications.
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New Pavement Desigg AASHTMesign Guide

Design equation for Flexible pavements:

e DPSI g
log,, 7=
gl°84.2-1.5H
0.40+ 10945 9
(SN+1)>

Log,,(W,,) = Z, 3 S, +9.36% log,,(SN+1)-0.20+

+2.32 log,,(My)-8.07
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New Pavement Desigg AASHTMesign Guide

SN =gb, + aD,m, + aD;m;

Asphalt T Aggregate Subbase
Aggregate Base

5" AC 5X044 = 220

6" AC 6 X044= 264

" 12 X 0.14= 1.68
9" AB 9X0.14= 1.26 12°AB 3.88
3.90

SN =3.90 SN =3.88
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New Pavement Desigg AASHTO Design Guide

» The AASHTO Design Guide was used to design much of
the original InterstateHighway System

» Most of these pavements lasted the expected 20 years
while carrying traffic volumes in excess of those
predicted at the time of design.

» After nearly 6 decades since the completion of the
AASHO Road Test, the design procedure continues to
serve as the cornerstone for both PCC and HMA
pavements.
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New Pavement Desigg 1993 Design Guide
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for new pavement is A\ Design of

still the 1993 A\ Pavement
AASHTO Design Q-
Guide. B )
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New Pavement Design

e
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procedure has many shortcomings.
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1993DesignGuide Shortcomings

» Only one soil type

» Only one climate

» AC thickness between one and six inches
» Limited traffic (1 Million Axle Load Cycles)
» Only one set of materials

» Can only predichPSI

» Virtually every pavement design we conduct today
using the 1993 AASHTO Guide is an EXTRAPOLATION!
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Pavement Rehabilitation

» ADOT has used the Structural Overlay Design for
Arizona (SODA) method for pavement rehabilitation
aAYyO0OS GKS SINIeée ynQa
» The method was developed using regression analysis of
Hn 20SNI & LINRP2S0OGa O2yailND:
» hOSNI e GKAOlYySaa Aa | Fdzy O
deflections, SVF, milling depth, and roughness

» Despite successful use for many years, it has many
shortcomings
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SODA Shortcomings

» Materials qt{ality, constructionvaethods, etc. have )
OKIy3aISR O2yaARSNl}Iofé aiAyos

» The average overlay thickness for projects used to
RSOSt 2L 0KS YSUK2R ¢+ a I LN

» Projects were overlayed only without any milling

» S0, most pavement rehabilitation designs conducted
usingthe SODA method ian EXTRAPOLATION!




I
2 KSNE 9SQONB |0 y29
Implementation of the MEPDG

» ADOT has been in the process of implementing the
a9t 5D aAyOS GKS fF0S dnQao
» Allows for a more accurate prediction of pavement

performance over time (better decisions relative to |He
cycle cost and cash flow).

A Ultilizes both mechanistic and empirical principles.

A Accounts for variations in materials and
construction.

A Utilizes more representative inputs for climate and
vehicle loading.
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» Mechanisticq relationship supported by laws of
mechanics.
» Empiricalg relationship supportedby experiment or
observation.

» MechanisticEmpirical Pavement Design Guide
(MEPDG) Pavement design methodology developed
under NCHRP-37a.

» AASHTOWarPavement MEDesign¢ Pavement design
software used to analyze and design pavements based
on M-E principles developed under NCHRB7a.
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AASHTOWare Pavement ME
Overview

» State-of-the-practice tool for the design and analysis of
new and rehabilitated pavements, based on
mechanisticempirical (ME) principles.

» Pavement ME calculates pavement response (stresses

strains, and deflections) and used those responses to
compute incremental damage over time.

» Predicts multiple performance indicators and provides
a direct tie between materials, structural design,
construction, climate, and traffic.
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Pavement ME

INPUTS
PrOceSS FIOW Chart Traffic Climate Materials
TRIAL 1[;E5IGH 5
. . : !
» Define the traffic, climate and MECHANISTIC RESPONSE MODELS
materials property inputs e e
» Select a trial design to analyze EEZEESEEE.TEE? %ﬁfﬁné";”"m
— Distresses (e.g., rutting
» Analyze the pavement response —"==% §
» Empirically relate pavement S c
. PERFORMANCE CRITERIA i
response to distress ~ Cracking (various types) a
- ing

— Faulting, punchouts, others

» Adjust predicted distresses for the |- smoothness
specified design reliability

» Compare predicted distress
against design limits FINAL DESIGN

Mo

MEETS CRITERIA?
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Pavement ME
Inputs

» Design method incorporates a hierarchical approach for
specifying all design inputs.

» Approach is based on the philosophy that the level of
engineering effort exerted in determining design inputs
should be commensurate with the relative importance,
size and cost of the project.

» Three levels are provided in the NCHRB A
procedure.




Pavement ME
Inputs (cont.)

» Level 1c Provides the highest accuracy and lowest
uncertainty. Typically requires project specific field or
laboratory evaluation (e.g. FWD, triaxis&sting).

» Level 2¢ Provides an intermediate level of accuracy.
Typically derived from a limited testing program or
estimated via correlations, or agency specific database
(e.g. M estimated from Rvalues, ADOT Materials
Libraries).

» Level 3¢ Lowest level of accuracy. Derived from local
or National default values (e.g. Mbased on soil class).
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Pavement ME
Implementation Efforts to Date

» SPR402: Development of Performance Related
Specifications for Asphalt Pavements in the State of
Arizona. (ASU, 1992006)

» Phase k Development of Work Plan.

» Phase Ik Characterization of Material (Binders, AC
Mixtures, Unbound Materials).

» Phase lIk Local Calibration of MEPDG, and
Development of Performance Related Specifications




Pavement ME
Implementation Efforts to Date

» SPR606: Calibration and Implementation of the
AASHTO Mechanistempirical Pavement Design Guide
In Arizona. (ASU/ARA, 2002012)

» Calibrate and Validate the MEPDG, and accompanying
software, for Arizona conditions.

» Develop an ADOT Users Guide for the MEPDG.
» Provide training in the use of the MEPDG




Pavement ME
Implementation Efforts to Date

» SPR672: Development of a Traffic Data Input System in
Arizona for the MEPDG. (ARA, 2002010)

» Developed default recommendations or Level 2/3
statewide traffic inputs for Arizona.

» Developed and action plan for future work to obtain
Level 1 traffic inputs.




Pavement ME
Implementation Efforts to Date

» Since completing the local calibration in 2012, ADOT
has been performing parallel designs on all major new
construction and rehabilitation projects.




Design Example

US93 MP 116.8 119.7 (1993 Design Guide)

v v Vv v v

ESALE 10,998,000
Rvalue-40

SV 1.5

Mr ¢ 19,150 psi
Reliability ¢ 99%

> SN 4.31
» TE€ 1/ 20SNI o
» SN C4.34




Design Example
US93 MP 116.8119.7 (Pavement ME)

US 93 Carrow

File Name: C:\My DarwinME\US 93 Camrow.dgpx

Distress Prediction Summary

Distress Type

Distress @ Specified

Reliab

Design Inputs
Design Life: 20 years Base construction: May, 2017 Climate Data 35.259, -113.937
Design Type: Flexible Pavement Pavement construction:  June, 2017 Sources (Lat/Lon)
Traffic opening: September, 2017
Design Structure Traffic
Layer type Material Type | Thickness (in.): |Volumetric at Construction: Age (year) |Heavy Trucks
Flexible 34-in Marshall 416 9.0 Effective binder 0.8 Lo
tent (%) ) initi
— AB (Aggregate n 2017 (initial) 1,528
NonStabilized 11.0 ir VO
Base) ____[AIrvoids (%) -6 2027 (10 years) | 2,879,110
Subgrade A-2-6 Semi-infinite 2037 (20 years) 6,748,380
Design Outputs

Criterion

Satisfied?

Target Predicted Target  Achieved
Terminal IRI {(in/mile) 150.00 142.53 97.00 98.48 Pass
Permmanent deformation - total pavement (in.) 0.50 0.53 97.00 94.26 Fail
AC bottom-up fatigue cracking (percent) 10.00 10.62 97.00 96.17 Fail
AC thermal cracking (ft/mile) 1000.00 3941 97.00 100.00 Pass
AC top-down fatigue cracking (ft/mile) 2000.00 1520.30 97.00 99.34 Pass
Permanent deformation - AC only (in.) 0.50 0.44 97.00 99.59 Pass




Design Example
US93 MP 116.8119.7 (Pavement ME)

Distress Charts
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Design Example
US93 MP116.3¢ 119.7

» Mmdppo 58aA3dy DdZARS AYRAOI (Sa
(SN = 4.34)
» t I OSYSYlO a9 AYRAOLFLOUSa 6S yS
(SN = 5.5

What do we do???




Design Example
US93 MP116.3¢ 119.7

» In general, Pavement ME results for new flexible
pavement have been more conservative than our 1993
Design Guide results.

» We have had a number of 1993 Design Guide projects
that have not met their 20year design life.

» We should be able to have significant confidence in our
Pavement ME results due to the fact that we have
performed a local calibration.

» Performed a verification on an adjacent project
constructed in 2008.
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Design Example
Verification Project(US93)

» 2006 Pavement design, based on 93 AASHTO Design
DdzA RSX NXIljdzZANBR cé¢ !/ 20SNJ

» Construction completed in 2008 {@ear old pavement).

» 2016 Photolog shows extensive alligator cracking
Including pumping of fines.




Design Example
Verification of Adjacent Project (US93 MP 119.8)
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