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Project Details

e Advisor: Professor William Buttlar
e Graduate Student Advisor: Md Shahidul Islam

e Research in asphalt binders and asphalt
pavements

e Emphasis on thermal cracking, IRl and relation
to user costs
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Goals of Internship

Evaluate predictions of the Mechanistic-
Empirical Pavement Design Guide (MEPDG)

Determine when/where asphalt binders reach
threshold of thermal cracking

Evaluate default MEPDG asphalt binder data
Provide data for Md Shahidul Islam’s research
Update the University of lllinois” IDT database
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Asphalt Pavements

e Superpave Performance Grading System

e Distresses
— Thermal (Transverse) Cracking
— Rutting
— Longitudinal Cracking
— Alligator (Fatigue) Cracking
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Thermal (Transverse) Cracking

e Occurs during low
temperatures

e Most severe in coldest
climates

e Contraction of asphalt
binders leads to
stresses in pavement
and crack formation

E Transverse Cracking (From: Pavement Interactive)
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MEPDG

Mechanistic-Empirical Pavement Design Guide

Inputs: Traffic, Climate, Materials, Pavement
Structure

Outputs: Predicted level of distresses, IR

TC MODEL
EICM
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MEPDG Input Screen

! Project [CADG2002\Projects\FullDepthbd-22.dgp]
... General Information

O Site/Project Identification

O Analysis Parameters

. Vehicle Class Distribution
.[@ Hourly Truck Distribution
.. @ Traffic Growth Factor

[ | Axle Load Distribution Factors
=0 General Traffic Inputs

. [@ Number Axles/Truck
-.[[ Axle Configuration

. Wheelbase

----- O Climate

=- 0 Structure

‘.. @ HMA Design Properties
Layers

[ Layer1 - Asphalt concrete
[0 Layer2-A-7-6

i .M Layer3-A-7-6

‘.. @ Thermal Cracking

-; Inputs [ Results

E|- Tratfic EI! Input Summary
= 0 Traffic Volume Adjustment Factors [ Project
[ Monthly Adjustment -l Traffic

. Clirmatic

Design

Layer

Output Summary
Flexible Surmmary
Layer Modulus
AC Modulus (plot)
Fatigue Cracking

Surface Down Damage (plot)
Surface Down Cracking (plot)
Bottom Up Damage (plot)
Bottorn Up Cracking (plot)
Thermal Cracking

Crack Depth (plot)

Thermal (C-h] (plot)

Crack Length (plot)

Crack Spacing (plot)

Rutting

Rutting (plot)

IFI (plot)

Analysis Status:

Analyzis % Complete
A Traffic 100%
[ Climatic 100%
[ Thermal Cracking 1002
[ AC Analysis 1002
B Surnmary 100%

General Froject Informatiorn;

Farameter | Y alue

Type Mew Flexible

Dezign Life 20 Years

Climate CADG2002%Projectshehampaign.icm

Construction Date  9/2006
Traffic Open Date  10/2008
Initial A40TT 10000

Properties

Setting J " alue

Urits US Customary
Analysiz Type  Probabilistic
Output Type  HTML Pages
W arnings Enabled
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Levels of Analysis

e Level1l
— User-input creep compliance and tensile strength
— Data directly obtained from experiments
— Most accurate output

e Level3

— Default MEPDG creep compliance and tensile
strength

— Least accurate outputs
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Level 1 Inputs

,
Thermal Cracking I. %
i+ Levell
" Level 2 Average tenzile strength at 14 °F [pai): I483.51
" Level 3
Loading| Creep Compliance (1/psi)
Time | |owTemp (°F) | Mid Temp (°F) | High Temp (°F)
i 4 14 32
1 2 AT272E_07 3.12229E-07 4 71791E-07
2 2 501 77E-07 3.34883E-07 5 28918E-07
[ Import 3 2 63967E-07 3.70341E-07 | 6.42187E-07
H il 10 2 TRTT1E-07 4 DGTB4E-07 7 B008E-07
20 2 9253F_07 4 AG182E-07 0 50477E-07
50 3.20109E-07 5 26943E-07 1.2893E-06
100 3.40793E-07 6.14609E-07 1 6T441E-06

Data
obtained
from
Superpave
Indirect

Tension Test
(IDT)

Experimental
data from
testing at the
University of
lllinois
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Test Parameters

e 3 Climates

— International Falls, MN (cold)

— Champaign, IL (intermediate)

— Flagstaff, AZ (warm)
* Asphalt Binders

— PG 64-22, 58-28, 70-16, 52-34, 76-16, 46-40
e Pavement Structure

— Full depth, thick, medium, and thin pavements
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Total Length (ft/mi)

MEPDG Thermal Cracking Output

Thermal Cracking: Total Length Vs Time

2000

1800 -

1600 -

1400 A

1200 -

1000

800 -

600 A

400 -

200 A

0 24 48 72 96 120 144 168 192 216 240 264
Pavement Age (month)

Full Depth, 15” AC Pavement: PG 64-22, Intermediate Climate

=—e—Thermal Crack
Length

=o—Crack Length at
Reliability
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Level 3 Analysis Results

International Falls, MN (Cold)

Project Binder |Cracking @ 1Year Cracking @ 10Years Cracking @ 20 Years
InternationalFalls1.1 PG 64-22 3.149 155.543 163.043
InternationalFalls1.2 PG 58-28 0.0172 115.742 128.589
InternationalFalls1.3 PG 70-16 16.147 165.932 171.650
InternationalFalls1.4 PG 52-34 0.000 0.365 2.620
InternationalFalls1.5 PG 76-10 2.720 157.478 164.813
InternationalFalls1.6 PG 46-40 0.000 0.000 0.000

Champaign, IL (Intermediate)

Project Binder |Cracking @ 1Year Cracking @ 10 Years Cracking @ 20 Years
Champaignl.1 PG 64-22 0.000 0.638 5.818
Champaignl.2 PG 58-28 0.000 0.0033 0.022
Champaign1.3 PG 70-16 0.000 4.266 31.170
Champaignl.4 PG 52-34 0.000 0.000 0.000
Champaignl.5 PG 76-10 0.000 0.575 6.237
Champaignl.6 PG 46-40 0.000 0.000 0.000

15” AC Pavement on A-7-6 Subgrade
Cracking Units: ft/500 ft
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Presenter
Presentation Notes
Note that Warm climate showed no thermal cracking with level 3 analysis


Level 1 Analysis Results

International Falls, MN (Cold)

Project Binder |Cracking @ 5 Years Cracking @ 10 Years Cracking @ 15 Years Cracking @ 20 Years
InternationalFalls64-22 PG 64-22 157.746 177.045 180.136 182.813
InternationalFalls70-22 PG 70-22 |Max out: 200 @ 3.419186 months
InternationalFalls64-28 PG 64-28 0.044 2.494 9.249 22.94111

Champaign, IL (Intermediate)
Project Binder |Cracking @ 5 Years Cracking @ 10 Years Cracking @ 15 Years Cracking @ 20 Years
Champaign64-22 PG 64-22 11.067 67.022 83.291 87.552
Champaign70-22 PG 70-22 |Max out: 200 @ 15.32058 months
Champaign64-28 PG 64-28 0.000 0.001 0.002 0.004
Flagstaff, AZ (Warm)

Project Binder |Cracking @ 5 Years Cracking @ 10 Years Cracking @ 15 Years Cracking @ 20 Years
Flagstaff64-22 PG 64-22 0.004 0.041 0.159 0.405
Flagstaff70-22 PG 70-22 72.154 92.194 96.704 102.4796
Flagstaff64-28 PG 64-28 0.000 0.000 0.000 0l

15” AC Pavement on A-7-6 Subgrade
Cracking Units: ft/500 ft
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Level 3 vs. Level 1 TC Results

USING MEPDG DEFAULT CREEP COMPLIANCE DATA

Project Binder |Cracking @ 5Years Cracking @ 10 Years Cracking @ 15 Years Cracking @ 20 Years

Champaign64-22.1 |PG 64-22 0.245 4.077 12.572 23.917
Champaign70-22.1 |PG70-22 0.072 1.212 3.735 7.290
Champaign76-22.1 |PG76-22 0.019 0.337 1.022 1.972
Champaign64-28.1 |PG 64-28 0.002 0.028 0.079 0.149
Champaign70-28.1 |PG 70-28 0.000 0.009 0.026 0.050
Champaign76-28.1 |PG 76-28 0.000 0.004 0.013 0.024

USING IDT DATABASE DATA

Cracking @ 5Years Cracking @ 10 Years Cracking @ 15 Years Cracking @ 20 Years

Project Binder

Champaign64-22 PG 64-22
Champaign70-22 PG 70-22
Champaign76-22 PG 76-22
Champaign64-28 PG 64-28
Champaign70-28 PG 70-28
Champaign76-28 PG 76-28

38.199 145.688 172.767 177.920
Max out: 200 @ 15.32058 months -
0.000 0.001 0.002 0.004

15” AC Pavement on A-7-6 Subgrade

Cracking Units: ft/500 ft




Tests for Shahidul’s Project

IRI vs. time (in regards to thermal cracking)
Climate: Champaign, IL

3 Pavement Structures

— Full depth AC, 1.5” AC overlay, 2” AC overlay

Asphalt binders: PG 64-22, PG 70-22, PG 76-
22, PG 64-28
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Cost, $/mile
Thousands

Shahidul’s Preliminary Results:
User Cost

m User_TC _initial 63 in/mile m User_TC _initial 70 inch/mile
Alt. 1 Expenditure B Alt. 2 Expenditure
400+ Alt. 3 Expenditure W User Cost Haugodehard

350 -

B User Cost Zaniewski & Barnes

300 - P
250 A
200 -+
150 A
100 A

50 o

-50 -

Year

=
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Conclusions

MEPDG is a powerful tool for transportation
engineers to predict pavement distresses

MEPDG default creep compliance and tensile
strength values are unconservative

Default MEPDG creep compliance and tensile
strength data must be verified with more tests

MEPDG should be calibrated regionally, rather
than nationally

i1s.edu
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Possible Further Steps

Use of full MEPDG software

Perform indirect tension tests for additional
ninders

|
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Questions?
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