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}Phones are being muted.

}Please post your questions in the Q&A box. 
This can be accessed by clicking on the 
WebEx Q&A button.

}The presenters will answer all questions at 
the end of the webinar/demonstration as 
time permits.

}Questions not answered, because of time, will 
be responded to separately.
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Prior experience with: 

}PMED software for new design of flexible 
and rigid pavements.

}Material testing and interpretation 
requirements for different pavement layers.



1. Demonstrate the overall impact on the 
residual error between using input level 3 
default properties and input level 1 material 
library properties.

2. Illustrate the impact of laboratory measured 
material/layer properties on distress 
predictions for:

a) Asphalt mixtures/layers

b) Portland cement concrete mixtures/layers

c) Unbound aggregate base materials/layers



Webinar Outline:
1. Introduction

2. Impact of Quasi - Input Level 1 XML Libraries on 
Residual Errors for the Predicted Distress

3. Examples:  Impact of Layer Properties on Distress 
Predictions

4. Summary and Takeaway Comments

5. Question and Answer Session



MEPDG Hierarchical Input Levels 
Defined:

MEPDG Manual of Practice, Under 
Section 4:
¶ òInput Level 1ïInput parameter is 

measured directly; it is site- or project-

specific. é

¶ Input Level 2ïInput parameter is estimated 

from correlations or regression equations. é

¶ Input Level 3ïInput parameter is based on 

ñbest-estimatedò or default values. éò

So, what about design, when the actual 

materials/mixtures are not commonly 

available for pavement design.



During the global calibration process, the òbestó 
input level was used to determine the inputs, but:

1. Not all mixtures/materials can be tested for 
projects used in design or calibration.

2. For calibration, most of the materials are 
unavailable for testing at the time of construction.

So, what do we mean by material libraries and quasi -
input level 1 for a pavement design project?



Quasi - Input Level 1 meaning:

} Input parameter is measured but does not 
represent a specific material/mixture. It represents 
the properties from a combined set of mixtures.

A material library for pavement design and 
calibration.

}Combined test results for similar materials 
designed and built in accordance with the agency 
guidelines and specifications.



Building material libraries:  A simplistic approach 
used by multiple agencies.

1. Identify/establish the common materials used; in 
accordance with an agencies design requirements and 
specifications.

2. Sample those materials from different projects during 
construction.

3. Test those materials in the laboratory using the 
AASHTO, or appropriate test methods.

4. Complete a clustered analysis to identify similar 
materials/properties ðsimilar performance.

The same steps or process apply and can be used for the 

traffic libraries.



So, what does a material library look like?

}Most material libraries have a decision tree format .

}But: the features or branches of the tree are 
agency dependent .

Some examples of material libraries for 
different layers/materials for new pavement 

design.



Example of a Material Library, Aggregate Base:

Aggregate 

Base

Crushed Stone, 

Mountainous Quarries, 

Western portion of State.

Processed Gravel, 

Silicious Material, Eastern 

portion of State.

Thin Flexible Pavement

Thick Flexible Pavement

Rigid Pavement

Thin Flexible Pavement

Thick Flexible Pavement

Rigid Pavement



Example of a Material Library, Asphalt Mixtures:

Asphalt Base

No RAP

High RAP

Limits on RAP

Asphalt 

Wearing 

Surfac

No RAP

High Rap

Limits on RAP

SMA

South Part of 

State

North Part of 

State

South Part of 

State

North Part of 

State

58-28 

S,H,V

58-34 

S,H,V

58-28 

S,H,V

58-34 

S,H,V

FAA: 43 to 45, >45

FAA: 43 to 45, >45

FAA: <43, 43 

to 45, >45

FAA: <43, 43 

to 45, >45

FAA: <43, 43 

to 45, >45

FAA: <43, 43 

to 45, >45



Example of a Material Library, Portland Cement 
Concrete:

PCC
Location; 

District

Limestone 

Aggregate

Granite 

Aggregate

Gravel 

Aggregate

Standard Mix

High Strength

Standard Mix

High Strength

Standard Mix

High Strength



}Establishing quasi - input level 1 libraries can be time 
consuming and requires valuable agency resources:  
staff time and costs.

}How do we know or quantify the benefit of the quasi -
input level 1 libraries and answer the questions: 

ƁDid they make a difference?

ƁIf there was a difference, was the difference beneficial or 
cost effective?
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1. Introduction

2. Impact of Quasi - Input Level 1 XML Libraries on 
Residual Errors for the Predicted Distress

3. Examples:  Impact of Layer Properties on 
Distress Predictions

4. Summary and Takeaway Comments

5. Question and Answer Session



To illustrate the impact of using 
quasi - input level 1 libraries, some 
examples from actual agency local 
calibration are used.

I. Distress Type

II. Test Method

III. Comparison of Measured versus 
Predicted Distress

a) Input Level 3 Default Properties

b) Quasi - Input Level 1 Properties



Examples included in webinar:
V Accuracy/Precision is defined by the 

residual errors between the predicted 
and measured distress values.

V Data is from an agency in the 
northern U.S. for asphalt pavements.

V XML libraries prepared by the agency 
for their common materials and 
highways.

The ones that follow, are 
from the better examples.



Total Rut Depth Prediction Comparison



Total Rut Depth Prediction Comparison
Material/Layer Property Test Method

Asphalt Layers Volumetric Various

Dynamic 
Modulus, E*

AASHTO T 
374/378

Plastic Strain: 
Kr1,Kr2,Kr4

NCHRP Report 
719

Unbound 
Layers: 
Aggregate 
Base & Soils

Volumetric Various

Resilient 
Modulus

AASHTO T 307

Plastic Strain 
Coefficient, K1

No Standard



Repeated Load Plastic Deformation, 

NCHRP Report #719

Result:  Kr1, Kr2, Kr3

Similar to AASHTO T 378, except 

confinement and conditioning 

cycles are needed.



Total Rut Depth Prediction Comparison

Input Level 3 ïDefault Values

Constant Kr1,Kr2,Kr3



Total Rut Depth Prediction Comparison

Quasi-Input Level 1 ïLab-Derived Values



Total Rut Depth 
Prediction Comparison

Input Level 3, 

Default Values

Quasi-Input Level 1, 

Lab-Derived Values

Statistical 
Term

Default 
Values

Lab- Derived 
Values

Bias 0.103 0.020

R- Squared 0.206 0.592

Se/Sy 0.932 0.535

Std. Dev. Of 
Residual

0.094 0.054

Number of Sections = 55

Number of Observations = 546



Transverse Cracking Prediction Comparison

Arizona Michgan



Transverse Cracking Prediction Comparison

Material/Layer Property Test Method

Asphalt Layers Volumetric Various

Creep Compliance, 
D(t)

AASHTO T 
322

Strength AASHTO T 
322



Transverse Cracking Prediction Comparison

Input Level 3 ï

Default Values



Transverse Cracking Prediction Comparison

Quasi-Input Level 1 ïLab-Derived Values



Transverse Cracking 
Prediction Comparison

Statistical 
Term

Default 
Values

Lab- Derived 
Values

Bias - 261.8 - 10,1

R- Squared 0.068 0.740

Se/Sy 0.509 0.542

Std. Dev. Of 
Residual

334.8 356.5

Quasi-Input Level 1, Lab-

Derived Values

Input Level 3, 

Default Values

Number of Sections = 52

Number of Observations = 470



Bottom - Up Fatigue Cracking Prediction 
Comparison



Bottom - Up Fatigue Cracking Prediction 
Comparison

Material/Layer Property Test Method

Asphalt Layers Volumetric Various

Dynamic 
Modulus, E*

AASHTO T 374, 
378

Fatigue Strength: 
Kf1,Kf2,Kf3

AASHTO T 321; 
ASTM D6931, 
NCHRP Report 
338

Unbound Layers; 
Aggregate Base 
& Embankments

Resilient 
Modulus

AASHTO T 307



Result:  Kf1, Kf2, Kf3

Fatigue Strength, AASHTO T 321

ASTM D6931



Bottom - Up Fatigue Cracking Prediction 
Comparison

Input Level 3 ïDefault Values

Constant Kf1,Kf2,Kf3



Bottom - Up Fatigue Cracking Prediction 
Comparison

Quasi-Input Level 1 ïLab-Derived Values



Bottom - Up Fatigue 
Cracking Prediction 
Comparison

Statistical 
Term

Default 
Values

Lab- Derived 
Values

Bias - 0.535 - 0.222

R- Squared 0.0001 0.904

Se/Sy 1.23 0.252

Std. Dev. Of 
Residual

14.3 1.89

Quasi-Input Level 1, 

Lab-Derived Values

Number of Sections = 45

Number of Observations = 460

Input Level 3, 

Default Values



Top - Down Fatigue Cracking Prediction 
Comparison



Top - Down Fatigue Cracking Prediction 
Comparison

Material/Layer Property Test Method

Asphalt Layers Volumetric Various

Dynamic Modulus, 
E*

AASHTO T 374

Creep Compliance, 
D(t)

AASHTO T 322



Top - Down Fatigue 
Cracking Prediction 
Comparison

Statistical 
Term

Default 
Values

Lab- Derived 
Values

Bias - 0.535 1.000

R- Squared 0.0001 0.0252

Se/Sy 1.23 1.345

Std. Dev. Of 
Residual

0.0153 1.915

Quasi-Input Level 1, 

Lab-Derived Values

Number of Sections = 45

Number of Observations = 460

Input Level 3, 

Default Values



Flexible IRI Prediction 
Comparison

Statistical 
Term

Default 
Values

Lab- Derived 
Values

Bias 9.40 7.63

R- Squared 0.606 0.630

Se/Sy 0.561 0.519 Quasi-Input Level 1, 

Lab-Derived Values

Input Level 3, 

Default Values

Number of Sections = 56

Number of Observations = 550



JPC Mid- Slab Cracking Prediction Comparison



JPC Mid- Slab Cracking Prediction Comparison

Material/Layer Property Test Method

PCC Layers Volumetric Various

Elastic Modulus, E ASTM C469

Flexural or 
Compressive 
Strength

AASHTO T 97 or 
T 22

Coefficient of 
Thermal 
Contraction

AASHTO T 336



PCC Mixture Library:  Strength versus Elastic Modulus



JPC Mid Slab Cracking 
Prediction Comparison

Statistical 
Term

Default 
Values

Lab- Derived 
Values

Bias 2.08 1.55

R- Squared 0.720 0.743

Se/Sy 0.600 0.500

Std. Dev. Of 
Residual

9.11 7.59

Number of Sections = 43

Number of Observations = 290

Input Level 3, Default Values

Quasi-Input Level 1, Lab-Derived 

Values



JPC Faulting Prediction Comparison



JPC Faulting Prediction Comparison

Material/Layer Property Test Method

PCC Layers Volumetric Various

Elastic Modulus, E ASTM C497

Coefficient of 
Thermal 
Contraction

AASHTO T 336

Resilient Modulus 
of Aggregate Base 
and Soil

AASHTO T 307



JPC Faulting Prediction 
Comparison

Statistical 
Term

Default 
Values

Lab- Derived 
Values

Bias 0.0067 0.0192

R- Squared 0.616 0.667

Se/Sy 0.905 0.715

Std. Dev. Of 
Residual

0.0225 0.0445

Number of Sections = 34

Number of Observations = 300

Input Level 3, 

Default Values

Quasi-Input Level 1, 

Lab-Derived Values



JPC IRI Prediction 
Comparison

Statistical 
Term

Default 
Values

Lab- Derived 
Values

Bias - 4.069 - 0.804

R- Squared 0.609 0.690

Se/Sy 0.563 0.691

Std. Dev. Of 
Residual

17.94 20.48

Number of Sections = 34

Number of Observations = 484

Input Level 3, 

Default Values

Quasi-Input Level 1, 

Lab-Derived Values
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Examples illustrate/compare difference between using 
input level 3 and quasi - input level 1 layer properties.

1. Asphalt layer properties.

2. Portland cement concrete layer properties.

3. Aggregate base layer properties.

All other layer properties and other inputs remain the 
same between the two simulations.



3. Impact of Laboratory Measured Layer 
Properties on Distress Predictions:

a) Asphalt Mixtures/Layers

b) Portland Cement Concrete Mixtures/Layers

c) Unbound Aggregate Base Materials/Layers



Location: Madison, Wisconsin

Traffic: AADTT = 3,500; TTC of 3

Asphalt: PG58- 28H

Aggregate, FAA: 43+

RAP Content: 5 to 15 percent

Design Structure Traffic

Layer type Material Type Thickness (in) Volumetric at Construction:
Age (year)

Heavy Trucks 

(cumulative)
Flexible

SurfaceMix_RAP_HT 58-

28H
2.0

Effective binder 

content (%)
11.4

2023 (initial) 3,500

Flexible BaseMix_RAP_HT 58-28H 5.0 Air voids (%) 7.0
2033 (10 years) 7,222,300

2043 (20 years) 15,200,200NonStabilized Crushed stone 10.0

Subgrade A-2-6 Semi-infinite



Comparison of predicted distress between default, input level 3, 
and lab - derived, quasi - input level 1.



3. Impact of Laboratory Measured Layer 
Properties on Distress Predictions:

a) Asphalt Mixtures/Layers

b) Portland Cement Concrete Mixtures/Layers

c) Unbound Aggregate Base Materials/Layers



Location: Phoenix, Arizona

Traffic: AADTT = 3,500; TTC of 3

Aggregate Type: Limestone blend

Mixture Design: Standard strength mix

Design Structure Traffic

Layer type Material Type Thickness (in) Joint Design:
Age (year)

Heavy Trucks 

(cumulative)
PCC JPCP 9.0 Joint spacing (ft) 15.0

2022 (initial) 3,500NonStabilized Crushed stone 6.0 Dowel diameter (in) 1.25

2032 (10 years) 6,299,030Subgrade A-2-7 Semi-infinite Slab width (ft) 12.0

2042 (20 years) 13,977,500



Location: Phoenix, Arizona

Traffic: AADTT = 3,500; TTC of 3

Aggregate Type: Limestone blend

Mixture Design: Standard strength mixture

PCC Strength:
15% Cracking 

Criterion



PCC 

Mixtures

For specific design conditions and criterion, a relationship exists between 

the 28-day compressive strength (flexural strength) and 28-day elastic 

modulus that result in the same amount of cracking.

15% Cracking 

Criterion



15% Cracking 

Criterion

Cluster used 
in example.



Comparison of predicted 
distress between default, 
input level 3, and lab -
derived, quasi - input 
level 1.

Area below line ð
exceeds crack 
criterion

Area above line ð
less than crack 
criterion



3. Impact of Laboratory Measured Layer 
Properties on Distress Predictions:

a) Asphalt Mixtures/Layers

b) Portland Cement Concrete Mixtures/Layers

c) Unbound Aggregate Base Materials/Layers



Location: Harrisburg, Pennsylvania

Traffic: AADTT = 1,000; TTC of 9

Aggregate Type: Crushed limestone

Design Structure Traffic

Layer type Material Type Thickness (in) Volumetric at Construction:
Age (year)

Heavy Trucks 

(cumulative)
Flexible

Mix5 12.5 mm PG76-22 

Wearing
3.5

Effective binder 

content (%)
10.7

2023 (initial) 1,000

NonStabilized Crushed stone 8.0 Air voids (%) 7.2 2033 (10 years) 2,072,790

Subgrade Stabilized A-2-6 Soil 6.0 2043 (20 years) 4,693,460

Subgrade A-6 Semi-infinite



Location: Harrisburg, Pennsylvania

Traffic: AADTT = 1,000; TTC of 9

Aggregate Type: Crushed limestone

Resilient Modulus:



Comparison of predicted 
distress between 
default, input level 3, 
and lab - derived, quasi -
input level 1.
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1. How do we know or quantify the benefit of the quasi - input 
level 1 libraries and answer the questions: 

ƁDid they make a difference?

ƁIf there was a difference, was the difference beneficial or cost 
effective?

Yes, use of quasi-input level 1 libraries (materials and 

traffic) can and do make a significant difference. 

Yes, the difference was positive.  Did not answer the 

question about cost benefit, but it should increase the 

confidence in the use of the libraries and PMED software. 



2. Use of quasi - input level 1 can reduce the bias 
(average of residual errors) and error (standard 
deviation of residuals).

3. XML libraries have been created using a clustered 
analysis because not every mix can be tested at 
the same time (aging) and not all mixtures are 
created or produced equal.



4. Asphalt:  Aging is important. Most XML libraries were 
created using short - term aging. Distresses heavily 
influenced by long - term aging are considered or 
adjusted through a calibration factor.
Å Assumption: Short - term and long - term aging are 

proportional.  Long - term aging can be estimated 
through short - term aging.

5. Aggregate Base:  Stress - sensitivity and strength of the 
material are important and affect pavement distress.

6. PCC:  Relationship between the strength (modulus of 
rupture or compressive strength) and elastic modulus 
is important.



7. Calibration of the transfer functions should be 
based on the inputs being used for design.  
Å If input level 3 were used for calibration and 

XML libraries are created after calibration, then 
XML libraries should be used to verify or adjust 
the calibration coefficients, if needed.  
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FY 2023 Webinar #3; Material Libraries

QUESTION AND 
ANSWER SESSION

We welcome comments & 

suggestions for future 

webinars; Send an email to 

pavementmedesign@ara.com.

mailto:pavementmedesign@ara.com


} Webinar 1 ïThe PMED Web Application: Part II 

ïAn Introduction
ƁAugust 16, 2022

}Webinar 2 ïIntegration of NCHRP 1-51 and 

Rigid Pavements Global Recalibration
ƁSeptember 13, 2022

}Slides, Q&A, and recording can be found at:
ƁAASHTOWare Pavement ME Design - Webinar 

Series (me - design.com)

https://me-design.com/MEDesign/Webinars.html


}Webinar 4 ïEnhancements Completed 

for FY 2023.
ƁMay 2023

Looking for webinar topics for FY 
2024 - Please submit any webinar 

topic suggestions.
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