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Year Title Author(s) 

2009 Considering PCC Slab Warping in the Context of 
Reliability Based Pavement Design   

Byrum PhD, PE, 
Christopher Ronald   

2009 Bitumen-Stabilized Materials: New Dimension in 
Flexible Pavements 

Collings, David Coppin   
 

2009 Application of Artificial Neural Networks for 
Estimating Dynamic Modulus of Asphalt 
Concrete   

Sakhaei Far, Maryam 
Sadat; Underwood, 
Benjamin Shane; Kim, 
Youngsoo Richard 

2009 LTPP Computed Parameter:  Dynamic Modulus Y. Richard Kim, 
Underwood B., Sakhaei 
Far M., Jackson N., 
Puccinelli, J 

2008 Backcalculation Analysis of Rigid Pavement 
Properties Considering Presence of Subbase 
Layer 

Fwa, T F; Setiadji, 
Bagus Hario 

2008 Effects of Design and Material Modifications on 
Early Cracking of Continuously Reinforced 
Concrete Pavements in South Dakota 

Johnston, Daniel P; 
Surdahl, Roger W. 
 

2008 Backcalculation of Dynamic Modulus from 
Resilient Modulus of Asphalt Concrete with an 
Artificial Neural Network 

LaCroix, Andrew T; 
Kim, Youngsoo 
Richard; Ranjithan, S 
Ranji   

2008 Subgrade Resilient Modulus Prediction Models 
for Coarse and Fine-Grained Soils Based on 
Long-Term Pavement Performance Data 

Malla, Ramesh B; Joshi, 
Shraddha 
 

2008 An Experimental Plan for Validation of an 
Endurance Limit for HMA Pavements   

Bonaquist, Ramon F. 

2007 Effectiveness of Crumb Rubber Materials as 
Modifiers in Paving Asphalts 

MacLeod, Daryl; 
Johnston, Art; Ho, 
Susanna 

2007 Resilient Modulus Prediction Models Based on 
Analysis of LTPP Data for Subgrade Soils and 
Experimental Verification 

Malla, Ramesh B; Joshi, 
Shraddha 

2007 Effect of Coefficient of Thermal Expansion Test 
Variability on Concrete Pavement Performance as 
Predicted by Mechanistic-Empirical 

Tanesi, Jussara ; Kutay, 
Muhammed Emin; 
Abbas, Ala Rebhi; 
Meininger, Richard C. 

2007 Quantification of Effect of Polymer-Modified 
Asphalt on Flexible Pavement Performance 

Von Quintus, Harold L; 
Mallela, Jagannath; 
Buncher, Mark S. 

2007 Predicting the Resilient Modulus of Asphalt 
Concrete from the Dynamic Modulus 

Lacroix, Andrew; 
Khandan, A. Ardalan 
Mosavi; Kim, Youngsoo 
Richard 
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2007 Study of Crumb Rubber Materials as Paving 
Asphalt Modifiers 

MacLeod, D; Ho, S; 
Wirth, R; Zanzotto, L. 

2007 Long Term Pavement Performance Project 
Laboratory Materials Testing and Handling Guide  

Simpson, Amy L; 
Schmalzer, Peter Nils; 
Rada, Gonzalo R 

2007 Subgrades and Subbases for Concrete Pavements American Concrete 
Pavement Association 

2006 Calibrating the Aging Difference between In-
Service Fatigue Performance of Flexible 
Pavements and Accelerated Pavement Testing 

Guo, Runhua; Prozzi, 
Jorge A.   
 

2006 Determination of Typical Resilient Modulus 
Values for Selected Soils in Wisconsin 

Titi, Hani H; et al 

2006 Effect of Design and Site Factors on Long-Term 
Performance of Flexible Pavements in SPS-1 
Experiment 

Chatti, Karim 

2006 Effects of Base Type on Modeling of Long-Term 
Pavement Performance Continuously Reinforced 
Concrete Sections 

Johnston, Daniel P.; 
Surdahl, Roger W.   

2006 Establish Subgrade Support Values for Typical 
Soils in New England 

Malla, Ramesh B; Joshi, 
Shraddha 

2006 Evaluation of Backcalculation Methods for 
Nondestructive Determination of Concrete 
Pavement Properties 

Fwa, T F; Setiadji, 
Bagus Hario 
 

2006 Evaluation of Resilient Modulus Model 
Parameters for Mechanistic–Empirical Pavement 
Design   

Elias, Mohammed B; 
Titi, Hani H.   

2006 Guidance on Minimum Roadway Placement 
Temperatures Technical Advisory 

Texas Department of 
Transportation, 
Construction Division 

2006 Guidelines for Review and Evaluation of 
Backcalculation Results 

Stubstad, R. N; Jiang, Y 
J; Lukanen, E. O. 

2006 Long-Term Pavement Performance Project 
Laboratory Materials Testing and Handling Guide

Simpson, A.L; 
Schmalzer, P.N; Rada, 
G.R. 

2006 LTPP Materials Reference Library (MRL)  
2006 Network-Level Evaluation of Specific Pavement 

Study-2 Experiment: Using a Long-Term 
Pavement Performance Database 

Buch, Neeraj; et al 

2006 Portland Cement Concrete Coefficient of Thermal 
Expansion Input for Mechanistic-Empirical 
Pavement Design Guide 

Tanesi, Jussara et al 

2006 Review of the Long-Term Pavement Performance 
Backcalculation Results Final Report 

Stubstad, R. N et al 

2006 Seasonal Variations in the Moduli of Unbound 
Pavement Layers 

Richter, Cheryl A. 

2006 Truck/Pavement/Economic Modeling and In-Situ Sargand, Shad; Wu, 
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Field Test Data Analysis Applications – Volume 
1: Influence of Drainage on Selection of Base 

Shin; Figueroa, J. 
Ludwig 

2006 Truck/Pavement/Economic Modeling and In-Situ 
Field Test Data Analysis App - Volume 1: 
Influence of Drainage on Selection of Base 

Sargand, Shad M; Wu, 
Shin; Figueroa, J. 
Ludwig 
 

2006 Truck/Pavement/Economic Modeling and In-Situ 
Field Test Data Analysis Applications – Volume 
3: Stiffness and Modulus Estimation for Different 
Soil Types Using FWD Deflection Criteria 

Sargand, Shad; Huntae, 
Kim 

2006 Verification of the Rate of Asphalt Mix Aging 
Simulated by AASHTO PP2-99 Protocol 

Zapata, Claudia E; 
Raghavendra, Suresh 

2005 Development of an Automated Procedure for 
Implementing Resilient Modulus Test for Design 
of Pavement 

Ping, W.V; Yang Z. 
 

2005 Development of a New Method for Assessing 
Asphalt Binder Durability with Field Validation.   

Glover, Charles J, et al 

2005 Effect of Seasonal Moisture Variation on 
Subgrade Resilient Modulus   

Salem, Hassan M. 
 

2005 Evaluation of PCC Joint Stiffness Using LTPP 
Data 

Khazanovich, Lev; 
Gotlif, Alex 

2005 
Long-Term Pavement Performance Materials 
Characterization Program: Verification of 
Dynamic Test Systems with an Emphasis on 
Resilient Modulus (Contract DTFH61-95-Z-
00086 Final Report) 

Groeger, Jonathan; Bro, 
Anders 

2005 LTPP Data Analysis: Influence of Design and 
Construction Features on the Response and 
Performance of New Flexible and Rigid 
Pavements   

Chatti, K; Buch, et al 

2005 Rapid Pavement Backcalculation Technique for 
Evaluating Flexible Pavement Systems   

Bayrak, Mustafa Birkan; 
Guclu, Alper; Ceylan, 
Halil 

2005 Sensitivity Analysis of Rigid Pavement Systems 
Using Mechanistic- Empirical Pavement Design 
Guide   

Guclu, Alper; Ceylan, 
Halil 

2005 Study of LTPP Pavement Temperatures Lukanen, E. O; 
Stubstad, R. N; 
Clevenson, M. I. 

2005 Survival Analysis of Fatigue Cracking for 
Flexible Pavements Based on Long-Term 
Pavement Performance Data 

Wang, Yuhong, et al 

2005 Synthesis of CalTrans Rubberized Asphalt 
Concrete Projects 

 

2005 Understanding the True Economics of Using Buncher, Mark; 
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Polymer Modified Asphalt Through Life Cycle 
Cost Analysis   

Rosenberger, Carlos 

2005 Verification for the Calibrated Permanent 
Deformation Models for the 2002 Design Guide 

El-Basyouny, Mohamed 
M, et al 
 
 

2004 Evaluation of Asphaltic Expansion Joints Mogawer, Walaa S; 
Austerman, Alexander J. 

2004 Evaluation and Analysis of LTPP Pavement 
Layer Thickness Data 

Selezneva, O. I; Jiang, 
Y. J; Mladenovic, G. 

2004 Laboratory Determination of Resilient Modulus 
for Flexible Pavement Design 

 

2004 Long Term Monitoring of Seasonal Weather 
Stations and Analysis of Data from SHRP 
Pavements 

Figeroa, J. Ludwig 
 

2004 LTPP SPS Materials Data Resolution:  Update 
and Final Action Plan 

FHWA & MACTEC 
Engineering and 
Consulting, Inc. 

2004 Predicting Elastic Response Characteristics of 
Unbound Materials and Soils 

Yau, A; Von Quintus, H. 
L. 

2004 Prediction of Resilient Modulus from Soil Index 
Properties 

George, K. P. 
 

2004 Researcher’s Guide to the Long-Term Pavement 
Performance Layer Thickness Data 

Jiang, Y. J; Selezneva, 
O. I; Mladenovic, G. 

2003 Assessment of Selected LTPP Material Data 
Tables and Development of Representative Test 
Tables 

Titus-Glover, L, et al 

2003 Automated Pavement Analysis in Missouri Using 
Ground Penetrating Radar 

Cardimona, S, et al 

2003 Effects of Excessive Pavement Joint Opening and 
Freezing on Sealants 

Lee, S. W; Stoffels, S. 
M. 

2003 Estimation of Pavement Layer Thickness 
Variability for Reliability-Based Design 

Jiang, Y; Selezneva, O; 
Mladenovic, G; Aref, S; 
Darter, M. 

2003 Evaluation of Seasonal Effects on Subgrade Soils Heydinger, A. G. 
 

2003 Long Term Pavement Performance: Guide for 
Determining Design Resilient Modulus Values 
for Unbound Materials 

 

2003 LTPP Data Analysis: Daily and Seasonal 
Variations in Insitu Material Properties 

Drumm, E. C; Meier, R. 
 

2003 Temperature Correction of Backcalculated AC 
Modulus 

Fernando, Emmanuel G. 

2003 Using LTPPBind VS.1 to Improve Crack Sealing 
in Asphalt Concrete Pavements 

Nieves, A. 
 

2003 Utilizing the Falling Weight Deflectometer in Tawfiq, K. 
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Evaluating Soil Support Values of Pavement 
Layers 

 

2002 Back-Calculation of Layer Parameters for LTPP 
Test Sections, Volume II: Layered Elastic 
analysis for Flexible and Rigid Pavements 

Von Quintus, H. L; 
Simpson, A. L. 
 
 

2002 Benefiting from LTPP - A State’s Perspective Hoffman, G. 
2002 Determination of Pavement Layer Stiffness on 

the Ohio SHRP Test Road Using Non-
Destructive Testing Techniques 

Sargand, Shad 

2002 LTPP Data Analysis: Feasibility of Using FWD 
Deflection Data to Characterize Pavement 
Construction Quality 

Stubstad, R. N.  
 

2002 Study of LTPP Laboratory Resilient Modulus 
Test Data and Response Characteristics 

Yau, A; Von Quintus, H. 
L. 

2002 Variability of Concrete Materials Data in the 
Long-Term Pavement Performance Program 

Tayabji, S. D; Wu, C-L. 

2001 Backcalculation of Layer Parameters for 
Performance / LTPP Test Sections, Volume I: 
Slab on Elastic Solid and Slab on Dense-Liquid 
Foundation Analysis of Rigid Pavements 

Khazanovich, Lev; 
Tayabji, Shiraz D; 
Darter, Michael I 

2001 Characterization of Mechanical Properties and 
Variability of PCC Materials for Rigid Pavement 
Design 

Mallela, J, et al 

2001 Evaluation of Moisture Sensitivity Properties of 
ADOT Mixtures on US 93. Volume I - Final 
Report 

Sebaaly, Peter E; Eid, 
Zein; Epps, Jon A. 

2001 Evaluation of Superpave Fine Aggregate 
Angularity Specification 

Chowdhury, A; Button, 
J; Kohale, V; Jahn, D. 

2001 Laboratory Characterization of Materials & Data 
Management for Ohio - SHRP Projects (U.S. 23) 

Masada, T. 
 

2001 LTPP Data Analysis: Factors Affecting Pavement 
Smoothness 

Perera, R.W; Kohn, S. 
D. 

2001 Parameter Study of Load Transfer and Curling 
Effects on Rigid Pavement Deflections 

Lee, Y-H; Sheu, R-S. 
 

2001 Test Method for Determining the Creep 
Compliance, Resilient Modulus and Strength of 
Asphalt Materials using the Indirect Tensile Test 
Devise 

LAW PCS 

2001 Washington State Department of Transportation 
Superpave Implementation 

Leahy, R. B; Briggs, R. 
N. 

2000 Characterizing Seasonal Variations in Pavement 
Material Properties for Use in a Mechanistic-
Empirical Design Procedure 

Ovik, J. M; Birgisson, 
B; Newcomb, D. E. 

2000 Computed Parameters: Moisture Content for 
Unbound Materials at Seasonal Monitoring 
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Program Sites 
2000 LTPP Rigid Pavement FWD Deflection Analysis 

and Backcalculation Procedure 
Khazanocich, L; 
McPeak, T. J; Tayabji, 
S. D. 
 
 

2000 Subgrade Characterization for Highway 
Pavement Design 

George, K. P; Uddin, 
Waheed 
 

2000 Temperature Predictions and Adjustment Factors 
for Asphalt Pavement 

Lukanen, E. O; 
Stubstad, R; Briggs, R. 

2000 Variations in Backcalculated Pavement Layer 
Moduli in LTPP Seasonal Monitoring Sites 

Briggs, R. C; Lukanen, 
E. O. 

1999 Computed Parameters: An Input for Moisture 
Calculations - Dielectric Constant from Apparent 
Length 

 

1999 Determination of Resilient Modulus for Maine 
Roadway Soils 

Smart, A. L; Humphrey, 
D. N. 

1999 Evaluation of In-Situ Moisture Content at Long-
Term Pavement Performance Seasonal 
Monitoring Program Sites 

Jiang, Y. J; Tayabji, S. 
D. 
 

1999 Evaluation of Rigid Pavement Joint Seal 
Movement 

Morian, D. A; Suthahar, 
N; Stoffels, S. 

1999 LTPPBind: A New Tool for Selecting Cost-
Effective SuperPave Asphalt Binder Performance 
Grades 

 

1999 Preliminary Evaluation of LTPP Continuously 
Reinforced Concrete (CRC) Pavement Test 
Sections 

Tayabji, S. D; 
Selezneva, O; Jiang, Y. 
J. 

1999 Selection and Evaluation of Performance-Graded 
Asphalt Binders for Virginia 

Prowell, B. D.  
 

1999 Videotapes Explain the How and Why of LTPP’s 
Revised Resilient Modulus Laboratory Tests and 
Procedures 

 

1998 Analyses Relating to Pavement Material 
Characterizations and Their Effects on Pavement 
Performance 

Von Quintus, H; 
Killingsworth, B. 

1998 LTPP Seasonal Asphalt Concrete (AC) Pavement 
Temperature Models 

Mohseni, A. 

1998 Seasonal Instrumentation of SHRP Pavements - 
The University of Toledo 

Heydinger, A. G; 
Randolph, B. W. 

1997 Backcalculation of Layer Moduli of LTPP 
General Pavement Study (GPS) Sites 

Killingsworth, B; Von 
Quintus, H. 

1997 Investigation of Modified Asphalt Performance 
Using SHRP Binder Specifications 

Bahia, Hussain U, et al 

1997 LTPP Materials Characterization Program: Alavi, S, et al 
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Resilient Modulus of Unbound Materials (LTPP 
Protocol P46).  Laboratory Startup and Quality 
Control Procedure 

1997 Seasonal Variation in Material Properties of a 
Flexible Pavement 

Watson, D K; 
Rajapakse, R.K.N.D. 
 

1994 Asphalt Concrete Synthetic Reference Sample 
Program and the LTPP Asphalt Concrete Core 
Proficiency Sample Program 

Steele, G. W. 
 

1994 Dynamic Linear Back Calculation of Pavement 
Material Parameters 

Uzan, Jacob 

1994 Influence of Stress Levels and Seasonal 
Variations on in Situ Pavement Layer Properties 

Noureldin, A. S. 

1994 Materials and Construction Variability Based on 
SHRP-LTPP Data 

Hadley, W. O; Irick, P; 
Anderson, V. 

1994 Round 1 Type I Unbound Granular Base Course 
Proficiency Sample Program 

Steele, G. W; Anderson, 
D A; Antle, C. E. 

1994 Round 1 Type II Unbound Cohesive Subgrade 
Soil Proficiency Sample Program 

Steele, G. W; Antle, C. 
E; Anderson, D. A. 

1994 Round 1 Hot Mix Asphalt Laboratory Molded 
Proficiency Sample Program 

Steele, G. W; Antle, C 
E; Anderson, D. A. 

1994 SHRP-LTPP Materials Characterization: Five-
Year Report 

Hadley, W. O; Groeger, 
J. L. 

1994 Strategic Highway Research Programs Long-
Term Pavement Performance (SHRP-LTPP) 
Asphalt Resilient Modulus Pilot Study 

Hadley, W. O; 
Anderson, V. 
 

1994 Type I Unbound Granular Base Synthetic 
Reference Sample Program 

Steele, G. W; Antle, C. 
E; Anderson, D. A. 

1994 Type II Unbound Cohesive Subgrade Soil 
Synthetic Reference Sample Program 

Steele, G.W; Antle, C. 
E; Anderson, D. A. 

1993 Portland Cement Concrete Core Proficiency 
Sample Program 

Steel, G. W. 

1993 SHRP’s Layer Moduli Backcalculation Procedure PCS/Law Engineering 
1993 Soil Moisture Proficiency Sample Program Steel, G. W. 
1992 Introduction to Strategic Highway Research 

Program--Long-Term Pavement Performance 
Asphalt Concrete Resilient Modulus Testing 
Program 

Hadley, W. O; Groeger, 
J. L. 

1991 An Overview of LTPP Materials Sampling and 
Testing.  Strategic Highway Research Program 
Products.  Proceedings of a Specialty Conference 
Sponsored by the Highway Division of the 
American Society of Civil Engineers and the 
Federal Highway Administration 

Pelzner, A. 

1989 Operational Guidelines on Test Pits  
 



Title:  Subgrades and Subbases for Concrete Pavements 
 
Author(s):  American Concrete Pavement Association 
 
Date:   2007 
 
Publisher:  American Concrete Pavement Association 
 
Abstract/Synopsis:  
This paper describes how the analysis of the Federal Highway Administration’s 
(FHWA”s) Long-Term Pavement Performance (LTPP) data reveals that a pavement’s 
foundation (base or subbase and subgrade) is one of the most critical design factors in 
achieving excellent performance for any type of pavement. For concrete pavements, the 
design and construction requirements of a roadbed or foundation structure may vary 
considerably, depending upon subgrade soil type, environmental conditions, and the 
amount of anticipated heavy traffic. In any case, the primary objective for building a 
roadbed or foundation for concrete pavement is to obtain a condition of uniform support 
for the pavement that will prevail throughout its service life. Drainage considerations are 
also important in the proper design and construction of a roadbed or foundation for 
concrete pavements. 
 
Application/Use:  The results from this project are applicable for new and reconstructed 
pavement construction and are useful for pavement designers.   
 
Contribution:  Cost Savings; Improvement in Knowledge, Lessons Learned. 
 
Present Benefit:  A more detailed understanding of the effects of subgrades and 
subbases on pavements is a valuable tool for pavement designers.  Proper consideration 
of the underlying materials supporting the pavement structure and providing adequate 
drainage will result in better performing pavements.  The LTPP database was a primary 
resource for determining the effect of the supporting pavement layers on overall 
pavement performance. 
  
Future Benefit:  Quantifying the effect of pavement materials will continue to assist 
pavement engineers in developing adequate pavement designs to accommodate for site 
conditions.  The LTPP program has been and will continue to be an integral part of 
further advancing the pavement industry.  
 



Title:  Long Term Pavement Performance Project Laboratory Materials Testing and 
Handling Guide   
 
Author(s):  Simpson, Amy L; Schmalzer, Peter Nils; Rada, Gonzalo R 
 
Date:   September 2007 
 
Publisher:  MACTEC Engineering and Consulting, Incorporated; Federal Highway 
Administration 
 
Abstract/Synopsis:  
The Long Term Pavement Performance (LTPP) Laboratory Materials Testing Guide was 
originally prepared for laboratory material handling and testing of material specimens 
and samples of asphalt materials, portland cement concrete, aggregates, and soils under 
the supervision of the Strategic Highway Research Program. This version of the Guide 
has been updated to provide a historical reference document for analysts of the LTPP 
data. It provides the basis for the quality control program used in performing the 
laboratory testing, the protocols used in testing the material samples, and the guidelines 
for handling these samples in the laboratory. Additionally, this document provides the 
guidelines used for identifying the pavement structure based on the material properties of 
the sampled layers. 
 
Application/Use:  The guide documents the LTPP processes and procedures in 
performing laboratory testing.  It can be utilized to ensure uniform testing by labs 
providing LTPP data.   
 
Contribution:  Cost Savings; Advancement in Technology; Implementation/Usage. 
 
Present Benefit:  In documenting the appropriate methodologies to be utilized in 
handling and testing LTPP materials specimens, the Guide allows the test results from 
various laboratories to be compared without applying adjustment factors.  The Guide also 
provides information on the codes utilized in the LTPP Information Management System 
(IMS) and the proper population of key testing tables in the IMS (i.e., TST_L05B).  
Furthermore, this Guide has been updated to provide a historical reference document for 
analysts of the LTPP data.   
 
Future Benefit:  The Guide will continue to be an important reference to any analyst 
studying LTPP testing data.    Should a researcher wish to recreate the testing on a site 
utilizing materials from the Materials Reference Library, or supplement the available data 
with newly sampled materials, the Guide provides the information necessary to do so. 
 
 



Title:  Study of Crumb Rubber Materials as Paving Asphalt Modifiers 
 
Author(s):  MacLeod, D; Ho, S; Wirth, R; Zanzotto, L. 
 
Date:   September 2007 
 
Publisher:  Canadian Journal of Civil Engineering Vol. 34 No. 10; National Research 
Council of Canada 
 
Abstract/Synopsis:  
Waste tire crumb rubber materials (CRM) were used to modify paving asphalts. The 
mixing time, hot-storage stability, Superpave grades, pumping and handling properties, 
phase separation tests, and repeated creep properties of the modified asphalts were 
studied using base asphalts of different hardness. Applying the Long-Term Pavement 
Performance (LTPP) program and the Transportation Association of Canada (TAC) 
model, optimal levels of CRM and suitable base asphalts were selected for the climatic 
conditions of Lethbridge, Alberta, Canada. High-temperature grade bumping protocol, 
regarding traffic volume and speed, was also considered. With joint efforts from the Tire 
Recycling Management Association of Alberta (TRMA), Husky Energy, and the City of 
Lethbridge, three test sections in different Lethbridge locations with various traffic 
volumes were paved from the years 2003 to 2005. So far, the City of Lethbridge is 
pleased with the initial performance of the test sections. 
 
Application/Use:  This is directly applicable to materials selection/pavement design in 
Canada, and can also be useful to pavement managers and rehabilitation engineers in 
general. 
 
Contribution:  Cost Savings; Lessons Learned; Advancement in Technology. 
 
Present Benefit:  Using the LTPP protocol process, three test sites were constructed in 
Canada to determine the overall performance of using crumb rubber as an asphalt 
modifier.  This experiment is useful to evaluate the practical implications of 
implementing crumb rubber as an optional asphalt modifier in pavements. 
  
Future Benefit:  As agencies continue to investigate the use of crumb rubber, this 
document will prove to be a valuable data source.  Performance data along with vital 
information on materials, construction, in situ conditions, and traffic will be an essential 
component to the evaluation of crumb rubber modifier applications.  The LTPP program 
protocol for test sections and data collection was a significant benchmark and assisted 
these researchers in developing adequate test sites for this experiment. 
 



Title:  Predicting the Resilient Modulus of Asphalt Concrete from the Dynamic Modulus 
 
Author(s):  Lacroix, Andrew; Khandan, A. Ardalan Mosavi; Kim, Youngsoo Richard 
 
Date:   2007 
 
Publisher:  Transportation Research Record: Journal of the Transportation Research 
Board No. 2001 
 
Abstract/Synopsis: 
The NCHRP 1-37A Guide for Mechanistic–Empirical Design of New and Rehabilitated 
Design Structures introduces the dynamic modulus as the material property to 
characterize asphalt concrete. This is a significant change from the resilient modulus used 
in the previous AASHTO pavement design guide. This paper presents an analytical 
method of calculating the resilient modulus from the dynamic modulus. It involves the 
application of multiaxial linear viscoelastic theory to linear elastic solutions for the 
indirect tension test developed by Hondros. The prediction method is verified by using 
three 12.5-mm surface course mixtures with different aggregate shapes and binder types 
and one 25.0-mm base mixture. Results show that the predicted and measured resilient 
modulus values are in close agreement. The results provide a forward model for the 
potential back-calculation of the dynamic modulus from resilient modulus databases 
already available in highway agencies, such as the Long-Term Pavement Performance 
Materials Database. 
 
Application/Use:  The results from this study are applicable to pavement engineers using 
the resilient modulus in pavement design.   
 
Contribution:  Cost Savings; Improvement in Knowledge 
 
Present Benefit:  The LTPP database has provided researchers and pavement engineers 
with information that has been used to improve current pavement design, evaluation, and 
rehabilitation methods.  As pavement design methods change, it is important that the 
LTPP database is able to accommodate for these changes.  The ability to relate the 
dynamic modulus to the resilient modulus is extremely useful to pavement engineers in 
being able to use the LTPP database and convert it to the desired moduli needed for 
design.  This will better ensure that pavement engineers will be able to fully capitalize on 
the benefits of the LTPP database to develop cost-effective strategies to achieve higher 
performing pavements.  
 
Future Benefit:  As pavement engineers continue to move toward mechanistic-empirical 
design methods, the dynamic modulus will become the dominant material property used 
to evaluate and design new and rehabilitated pavements.  Therefore, the ability to relate 
the resilient modulus to the dynamic modulus is important in utilizing the LTPP database. 



Title:  Quantification of Effect of Polymer-Modified Asphalt on Flexible Pavement 
Performance 
 
Author(s):  Von Quintus, Harold L; Mallela, Jagannath; Buncher, Mark S. 
 
Date:   2007 
 
Publisher:  Transportation Research Record: Journal of the Transportation Research 
Board No. 2001 
 
Abstract/Synopsis:  
Polymer-modified asphalt (PMA) mixtures are routinely used today in flexible pavement 
structures or overlays carrying high volumes of traffic. Although there have been 
numerous laboratory and field studies comparing the performance of PMA and 
conventional hot-mix asphalt (HMA) mixtures, for example, Superpave® and Marshall, 
there has not been a concerted effort to quantify the benefits of using PMA mixtures or to 
develop guidance on when the use of PMA mixtures is cost-effective. An investigation of 
nearly three dozen real-world pavement sections in North America was conducted to 
quantify the benefits of using PMA mixtures. The test sections used in performance 
comparisons included both roadway and accelerated pavement test sections. Performance 
data for the test sections were derived from published literature or other public sources 
such as the Long-Term Pavement Performance or the National Center for Asphalt 
Technology databases. On the basis of the performance comparisons made between PMA 
and conventional sections, it was found that PMA mixtures significantly enhance not 
only the rutting performance of flexible pavements but also their fatigue and fracture 
performance. The examples used in this study show an extended service life for deep-
strength HMA pavements of 5 to 10 years through the use of PMA mixtures, on the basis 
of the performance observations from the companion test sections, which were 
constructed mostly with older Marshall or Hveem mixtures. A definite bias exists 
between the predicted and measured distress values for the sections with PMA mixtures 
when using current mechanistic–empirical distress prediction models. This finding 
suggests a need for different calibration factors in PMA mixtures for use in rutting and 
fatigue cracking prediction equations. 
 
Application/Use:  The results from this study have been used by those interested in 
evaluating the cost-to-benefit ratio of using polymer modified binders. 
 
Contribution:  Cost Savings; Improvement in Knowledge. 
 
Present Benefit:  Data collected at LTPP test sections provides sufficient data to support 
studies of this nature.  The life cycle cost analysis conducted in this study provides 
information that allows agencies to make cost-effective policy decisions on the use of 
polymer modified binder. 
 
Future Benefit:  The decision to use polymer modified binder can have lasting effects on 
the pavement network in terms of overall condition and service to the public.  Therefore, 



it is important to use quality data and sound analysis methods when conducting 
evaluations of this type.  LTPP data will continue to support these analyses. 
 



Title:   Effect of Coefficient of Thermal Expansion Test Variability on Concrete 
Pavement Performance as Predicted by Mechanistic-Empirical 
 
Author(s):  Tanesi, Jussara ; Kutay, Muhammed Emin; Abbas, Ala Rebhi; Meininger, 
Richard C. 
 
Date:   2007 
 
Publisher:  Transportation Research Record: Journal of the Transportation Research 
Board No. 2020  
 
Abstract/Synopsis: 
The coefficient of thermal expansion (CTE) of concrete is a property that can affect the 
performance of the pavement and its service life and is one of the most important inputs 
in the Mechanistic–Empirical Pavement Design Guide (MEPDG). The CTE can be either 
estimated or measured in the laboratory. The test method used to determine this property 
is AASHTO TP 60, still a provisional test method and not yet evaluated for its precision. 
CTEs of more than 1,800 concrete specimens were measured at the Turner–Fairbank 
Highway Research Center. The specimens included cylinders that were cast in the 
laboratory as well as field cores obtained from the Long-Term Pavement Performance 
pavement sections. Approximately 150 of the specimens were tested individually several 
times for assessment of repeatability of the test method. An analysis is presented of test 
differences observed, as is a sensitivity analysis of the CTE test variability on predicted 
performance based on the MEPDG. The differences in predicted international roughness 
index (IRI), percent slabs cracked, and faulting due to test variability were determined for 
concretes with CTEs ranging from 4 to 7 × .000001 in./in./°F. It was observed that 
differences in test results may result in significant discrepancies in the predicted IRI, 
percent slabs cracked, and faulting. Thus, a single test result should not be used as 
representative of the CTE of a mixture due to the considerable impact of the test 
variability on the predicted pavement performance. Moreover, the specifications should 
state the minimum number of tests necessary for the CTE determination and the 
acceptable test variability. 
 
Application/Use:  The findings from this paper will be used by those interested in the 
effect of CTE on predicted performance in the MEPDG. 
 
Contribution:  Improvement in Knowledge 
 
Present Benefit:  Determining the variability in CTE provides valuable information to 
materials and pavement engineers.  Additionally, evaluating the interaction between CTE 
and other design parameters can offer insight into the MEPDG.  A benefit provided by 
LTPP is the availability of materials data that can be used in evaluation studies such as 
this.  
 
Future Benefit:  This study will be beneficial in the future as the MEPDG continues to 
be evaluated and implemented. 
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Abstract/Synopsis: 
This paper provides a guide for estimating the likely average slab curvature magnitude 
that will be present at a concrete pavement design site, from combined warping and 
curling and in the context of reliability based pavement design procedures. Measurements 
of the average slab curvature present in the FHWA LTPP GPS3 test sites are used to 
show that local annual precipitation can be used as a primary basis for establishing an 
estimate of the likely mean value of average slab curvature that will be present during the 
daytime. The actual slab curvature variability observed in the GPS3 sites is used to 
establish confidence intervals for possible variation from the overall likely mean value. It 
is also shown that warping variability is generally higher for normal heat of hydration 
cements versus low heat cements, higher for clay subgrades compared to granular 
subgrades, and is lower for sites with dowel bars at contraction joints. Adjustment factors 
to the confidence intervals are provided for these different design conditions. It is 
demonstrated how the average slab curvature value for a site can be attached to slab 
theory and transformed to other index values such as approximate equivalent thermal 
gradient in a flat slab that would match a design sites likely average curvature. On 
average, warping is shown to have effects similar to thermal gradient magnitudes of 
about 2 to 3 degrees F per inch (0.044 to 0.066 deg C per mm) in arid regions, and about 
-1 to 0 degrees F per inch (-0.022 to 0 deg C per mm) in regions with high annual 
precipitation. 
 
Application/Use:  Predicting warping in Portland Cement Concrete (PCC) slabs can be 
used by those responsible for pavement management and pavement design.   
 
Contribution:  Improvement in Knowledge 
 
Present Benefit:  The ability to effectively predict warping in PCC slabs is beneficial 
when determining the condition of PCC roadways and can assist pavement managers in 
being more strategic in for planning pavement rehabilitation on their road network.  This 
research was significantly based on findings from the LTPP program.   
   
Future Benefit:  The LTPP program will continue to be a resource to the concrete 
industry and will help agencies better predict conditions of PCC pavements. 



Title:  Bitumen-Stabilized Materials: New Dimension in Flexible Pavements 
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Abstract/Synopsis:  
This paper explains the nature of a bitumen stabilized material and why these materials 
are being used to an ever increasing extent in the construction and rehabilitation of 
flexible pavements, worldwide. The characteristics of a bitumen stabilized material are 
explained together with their performance capabilities and comparisons made with other 
commonly used pavement materials. As with most new technologies, however, research 
has tended to lag behind usage and bitumen stabilization is no different. Initially regarded 
as a “poor man’s” asphalt, field performance proved different and only recently have the 
non-continuous binding properties of these materials been appreciated. Results emanating 
from applied research efforts (primarily in South Africa, Holland and the USA) are now 
providing an understanding of the behavior of these materials (particularly the non-
continuously bonding) and their potential. The benefits of using bitumen stabilized 
materials in pavement structures are discussed. These include: ƒ{ their application to a 
wide range of materials, especially material recycled from existing pavements; ƒ{ 
immediate strength gain that allows the material to withstand early trafficking; ƒ{ energy 
savings; and ƒ{ durability aspects. These enhanced durability aspects have only recently 
been appreciated from long term pavement performance (LTPP) exercises. By selectively 
dispersing amongst the finer fraction only, the bitumen captures and immobilizes those 
particles that are susceptible to moisture. Additional benefits accrue from the 
hydrophobic nature of bitumen that prevents water from entering a layer of well-
compacted material. The acceptance of this technology by various countries has been 
largely dictated by culture and economic health. It has now been used successfully on all 
continents (except Antarctica) and is gaining popularity, primarily due to the substantial 
savings in cost and energy emissions coupled with the promise of being a candidate for 
“Perpetual Pavement Material” classification when good quality materials are stabilized. 
 
Application/Use:  This study is directly related to pavement managers and designers. 
 
Contribution:  Cost Savings; Improvement in Knowledge; Advancement in Technology 
 
Present Benefit:  Knowing the advantages and applications of bitumen-stabilized 
materials in flexible pavements is beneficial for pavement designers and pavement 
managers in selecting cost-effective pavements with a higher overall performance.  The 
LTPP program was essential in revealing the durability aspects of these materials in 
pavement designs.   
 
Future Benefit:  The LTPP program has been an invaluable resource in bringing 
advancements to the pavement industry.  The LTPP database will continue to allow 



researchers to obtain a greater understanding of how various materials perform in 
pavement applications and how to achieve high performance pavements in a cost-
effective manner.  
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Abstract/Synopsis:  
This paper presents a research effort to develop estimates of the dynamic modulus (|E*|) 
of hot mix asphalt (HMA) layers on Long-Term Pavement Performance (LTPP) test 
sections. The goal of the work is the development of a new, rational and effective set of 
dynamic modulus |E*| predictive models for HMA mixtures. These predictive models use 
Artificial Neural Networks (ANNs) trained with the same set of parameters used in other 
popular predictive equations, the modified Witczak and Hirsch models. The main 
advantage of using ANNs for predicting the |E*| is that an ANN can be created for 
different sets of variables without knowing the form of the predictive relationship a 
priori. The primary disadvantage of ANNs is the difficulty in predicting responses when 
the inputs are outside of the training database, i.e., extrapolation. To overcome this 
shortcoming, a large data set that covers the complete range of potential input conditions 
is needed. For this study, modulus values from multiple mixtures and binders are required 
and have been assembled from existing national efforts and from data obtained at North 
Carolina State University (NCSU). The data consist of moduli measured using two test 
protocols, the Simple Performance Test (SPT) and AASHTO TP-62, and at different 
aging conditions. Prediction models are developed using a portion of the data from these 
databases and then verified using the remaining data in the database. The results show 
that the predicted and measured |E*| values are in close agreement using these new ANN 
models. 
 
Application/Use:  The ability to estimate the dynamic modulus of asphalt concrete is 
directly applicable for pavement designers and rehabilitation specialists. 
 
Contribution:  Cost Savings; Improvement in Knowledge; Advancement in Technology  
 
Present Benefit:  The dynamic modulus of asphalt concrete plays a significant role in 
determining the overall pavement strength.  Thus, the ability to more accurately predict 
the dynamic modulus of asphalt pavements is a valuable asset to pavement designers and 
rehabilitation specialists, enabling them to more accurately predict the pavement strength 
and, therefore, more effectively identify the necessary strategies to maintain their 
network pavements.  The LTPP database was the foundation for these prediction models.  
They could not have been generated without the data from the LTPP program. 
   
Future Benefit:  As these prediction models are used more widely by state and federal 
pavement engineers, the future benefits include higher performance pavements and more 



cost-effective designs.  These benefits would not have been possible without the LTPP 
database.  Furthermore, the LTPP database will continue to be an essential resource 
providing the foundation for further pavement-related discoveries. 
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Abstract/Synopsis:  
This report documents the work completed in National Cooperative Highway Research 
Program (NCHRP) Project 9-44. The objective of NCHRP Project 9-44 was to prepare a 
research plan and associated cost estimate for a future study to validate the endurance 
limit for hot mix asphalt (HMA) and to improve mechanistic-empirical pavement design. 
The primary product of NCHRP Project 9-44 is the HMA Endurance Limit Validation 
Study Research Plan. The planned research is based on the hypothesis that the endurance 
limit for HMA is the result of a balance of damage caused by loading and healing or 
damage recovery that occurs during rest periods. Under this hypothesis the primary 
objective in designing a flexible pavement to resist bottom initiated fatigue cracking will 
be to make sure that the damage induced by loading remains small enough so that healing 
occurs and there is no accumulation of damage over the life of the pavement. This is a 
significant departure from current cumulative or incremental damage models, which 
assume that no healing occurs and that each load cycle uses up a portion of the finite 
fatigue life of the HMA. This research plan includes the framework for a design 
procedure that is based on layered elastic analysis and compatible with the Mechanistic-
Empirical Pavement Design Guide (MEPDG). It uses allowable strains to identify 
satisfactory conditions for full healing. The allowable strains are a function of the 
properties of the HMA, the pavement temperature, and the duration of rest periods 
between traffic loads. Five laboratory experiments that are needed to fully develop the 
procedure are described. Studies using data from completed accelerated pavement tests 
and test roads are proposed to verify critical aspects of the design procedure. Finally, an 
experiment to calibrate the design procedure using selected test sections from the Long 
Term Pavement Performance Program is presented. 
 
Application/Use: The research associated with this project is directly applicable to 
researchers and research investors with an inquiry on the endurance limit of HMA 
pavements. 
 
Contribution: Improvement in Knowledge 
  
Present Benefit:  As pavement designs continue to move toward a mechanistic-empirical 
approach, a better understanding of pavement behavior and its effect on pavement 
performance is critical.  This research paper shows the need to further study the 
endurance limit for HMA pavements in order to improve mechanistic-empirical 
pavement design and also lists the associated costs for undergoing this study.  In this 



proposed experiment, the LTPP database essential to calibrate the design procedure based 
on field data.   
 
Future Benefit: The LTPP database will continue to be a source of information for 
researchers to further understand pavement behavior and its effect on pavement 
performance.  As the LTPP program continues, it will further the advancement of the way 
pavements are designed, built, and maintained.   
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Abstract/Synopsis:  
Resilient modulus (M and subscript R) of subgrade soils is the elastic modulus based on 
the recoverable strain under repeated loads and depends on several factors such as soil 
properties, soil type and stress states. This paper presents the prediction equations to 
estimate (M and subscript R) from a set of soil physical properties for the unified soil 
classification system soil types namely coarse-grained and fine-grained subgrade soils. 
Data extracted from long-term pavement performance information management system 
database for 259 test specimens of reconstituted soil samples from 19 states in New 
England and nearby regions in the USA and two provinces in Canada were used in this 
study. Generalised constitutive model consisting bulk stress and octahedral shear stress 
was used to predict the M and subscript R of subgrade soils by developing equations for 
the regression coefficients (k-coefficients) in the constitutive model that relates them to 
various soil properties. Prediction models were developed by conducting multiple linear 
regression analysis using computer software SAS and superscript®. To verify the 
prediction models, a set of fresh laboratory M and subscript R tests were conducted on 
representative New England subgrade soils using AASHTO standards. The laboratory 
test results show that the developed models predict M and subscript R values fairly well 
for the soils with their properties values within the range used in developing the 
prediction models.  
 
Application/Use:  The results from this study are directly applicable to state agency 
pavement managers and highway engineers regarding soil properties within the range 
used in developing prediction models. 
 
Contribution:  Cost Savings; Improvement in Knowledge 
 
Present Benefit:  The ability to more accurately predict the resilient modulus for coarse 
and fine-grained materials is of great benefit to state agency officials and pavement 
managers.  Significant time and cost savings can be achieved by agencies knowing soil 
properties within the range used in developing the prediction models, as it will enable 
them to predict the resilient modulus with fewer field measurements.  This study was 
heavily dependent upon the LTPP database to generate the prediction models.   
 
Future Benefit:  Field testing is one of the largest cost factors in pavement management 
for agencies.  Therefore the ability to predict the subgrade moduli more accurately can 
result in significant cost savings.  As agencies utilize these methods, they will be able to 
better strategize maintaining their pavement network.  The LTPP database is an 



invaluable resource for researchers and engineers in developing cost-effective strategies 
to produce higher performance pavements.  The LTPP database will continue to be the 
foundation for advancements in the pavement industry.   
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