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Objectives

To assess impact and sensitivity of 
various design input on pavement 
response and distress
To develop and optimize calibration, 
sensitivity study is necessary.

•Outline here



Inputs and Variations

Constant (typical Indiana inputs): 
traffic, climate, and unbound layers
HMA layer thickness: 1-4-8,1.5-3.5-
8, 2-4-7, 2-4-8
Air voids: 3.5%-10%
Asphalt binder: AC-20, AC-20G*, PG 
64-22, PG 76-28
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Presentation Notes
A reference design input file was created in which the values of all the design inputs (traffic, climate, structure, and materials) were typical in designing for pavements located on major interstate and U.S. highways in the northwest region of Indiana. In the subsequent runs, the values of the HMA material inputs were varied to represent the design used for pavements constructed in different regions of Indiana.
The design level of inputs was not preselected; rather, it varied from one parameter to the other on the basis of the data available and that currently used for design by INDOT.



Distresses

AC Rutting
Fatigue Cracking
Longitudinal Cracking
Thermal Cracking
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Presentation Notes
The variation in the distresses at the end of a 20-year design life with the change in design input is based on the comparison of distresses resulting from the design inputs in the reference file. It was assumed that no maintenance or rehabilitation occurs within the 20 years of service life.
The major key distresses experienced in HMA pavement sections include rutting (permanent deformation), fatigue bottom-up cracking, longitudinal top-down cracking, and reflective cracking. The M-E design guide currently does not evaluate a reflective cracking distress. For that purpose, the effect of particular design inputs on all the key distresses, excluding reflective cracking, will be evaluated.




HMA Layer Thickness 
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Presentation Notes
The increase in longitudinal cracking occurs with the increase in surface layer thickness with no particular trend observed for the other stresses. When the total thickness was increased, both rutting and fatigue cracking decreased, whereas the longitudinal cracking increased.




Air Voids
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In most HMA projects in Indiana, the as-constructed air voids content of pavements averages 6%. Several AV contents delivered by paving contractors were investigated with a maximum content of 10%, a value that is above the maximum tolerance of an 8% AV content according to INDOT’s specifications.

It confirms the expected trend of increase in distresses as the AV content increases from 4% to 10%. However, there is a significant exponential increase in longitudinal cracking as the AV content exceeds 7%.





Asphalt Binder
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Selecting AC-20 as a reference binder, three other binder inputs were investigated. In two of the trial designs, the Level 3 binder type input was PG 64-22 and PG 76-28. In the other trial, the shear modulus (G*) and phase angle (δ) of a rolling thin-film oven AC-20 binder were input. Such design input meets the Level 1 and Level 2 design input requirements.

• There is a significant difference in distress resulting from Level 1 inputs for AC-20 compared with those of Level 3, and
• There is a decrease in fatigue and rutting when a PG 76-28 is used (an expected result).




Thermal Cracking
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Preliminary trials showed that the performance of thermal cracking is greatly influenced by the mixture creep compliance D(t), mixture indirect tensile strength (IDT), and mixture coefficient of thermal contraction, with the latter exhibiting the most effect. Several program runs were made to evaluate the effect of those properties on the thermal cracking performance. The binder grade also was studied because it affects the creep compliance and IDT strength when design input Level 3 is chosen.

Chart shows the variation in thermal cracking resulting from (a) design inputs Level 1 [mix-specific D(t) and IDT strength] obtained from experimental testing, (b) typical values from research data and literature, and (c) M-E design guide default values (Level 3) derived using regression equations an empirical relationship from mixture and binder properties. 
Finding: Thermal cracking performance is significantly affected by the level of input parameters and coefficient of thermal contraction.




Indiana HMA MEPDG 
Initiative

Generate a database for dynamic 
modulus, creep compliance, and IDT 
strength of common HMA mixtures.
Redesign existing LTPP and other test 
sections using the M-E design guide, and 
compare predicted performance to the 
measured. Determine distress model 
calibration factors if necessary.
Validate calibrated models using INDOT 
accelerated pavement testing and the 
future Indiana mini-LTPP sections.
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Presentation Notes
The research results presented here are a subset of a more comprehensive study on the effect and sensitivity of material design inputs. The draft framework presented herein could be considered a road map to be followed in more a comprehensive and in-depth research work that would pave the way to a smooth transition for INDOT in implementing the M-E design guide. The following are the HMA pavement initiatives:
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