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Dynamic Modulus Test –

Laboratory Evaluation and Future Implementation 

in the State of Washington
PROBLEM STATEMENT

There is now a national effort to implement performance tests as part of the Superpave mix design criteria for Hot Mix Asphalt (HMA). Recent findings of the National Cooperative Highway Research Program (NCHRP) projects emphasized the importance of the dynamic modulus test as a “Simple Performance Test” that correlates with the performance of HMA and complements the mix design criteria. The dynamic modulus is considered a key material characterization parameter in the design input of the 2002 Guide for Mechanistic-Empirical Design of New and Rehabilitated Pavements Structures that has been released recently by NCHRP (NCHRP Project 1-37A). Washington State Department of Transportation (WSDOT) is in the process of implementing the Superpave technology in their standard specifications for the design and construction of HMA. The implementation of the Superpave technology in the State of Washington and the release of the 2002 pavement design guide make it urgent to establish a database of dynamic modulus values for HMA mixes that are widely used in the State of Washington for the purpose of evaluation and implementation, and for future studies. 

BACKGROUND

The Strategic Highway Research Program (SHRP) was launched in the late 1980’s to develop new specifications and performance tests for asphalt binders and HMA. The outcome of this program was the Superior Performing Asphalt Pavements, the so-called Superpave, which has been implemented by the majority of the states in the U.S. The Superpave method consists mainly of three phases: 1) material selection for binder and aggregate; 2) aggregate blending; and 3) volumetric analysis of the compacted HMA specimens. However, the Superpave did not really include any strength test to evaluate the performance of the compacted material. Instead, it relied mainly on specifications for material selection and volumetric mix design to ensure the satisfactory performance (NCHRP Report 465). NCHRP Project 9-7 (NCHRP Report 409) concluded that the Superpave specifications for material selection and volumetric mix design do not ensure good performance, and that the HMA industry still needs a performance test to ensure the quality of the material produced (Brown et al., 2001). 

The Federal Highway Administration (FHWA) sponsored a work that began in 1996 at the University of Maryland to identify performance tests for the three major distresses that are known to cause failure in pavements, namely, rutting, fatigue cracking, and thermal cracking. This work was transferred in 1999 to task C of NCHRP Project 9-19, whose objective was to identify “Simple Performance Tests” (SPT) that can provide reliable information to predict the performance of the HMA and its durability. NCHRP Project 9-19 (NCHRP Report 465) evaluated several tests that are commonly used to determine material strength properties of HMA. Their evaluation of the SPT was based on the following criteria: 

· Correlation of the HMA response characteristic to actual field performance; 

· Reliability;

· Ease of use; 
· Reasonable equipment cost.
The material properties determined from these tests were correlated with performance data from accelerated pavement testing projects, namely, WesTrack in Nevada, MnRoad in Minnesota, and FHWA Accelerated Loading Facility (ALF). NCHRP Report 465 recommended the following material properties to address the three major distresses in HMA pavements: the dynamic modulus and phase angle determined from the triaxial dynamic modulus test, the flow time determined from the triaxial static creep test, and the flow number determined from the triaxial repeated load to address rutting phenomenon; the dynamic modulus to address fatigue cracking; and the creep compliance determined from the indirect tensile creep test to address thermal cracking. 

Recently, NCHRP Project 1-37A has been concluded with the delivery of the 2002 Guide for Mechanistic-Empirical Design of New and Rehabilitated Pavements Structures. The 2002 M-E pavement design guide has been developed based on mechanistic-empirical (M-E) numerical models calibrated with performance data from Long Term Pavement Performance (LTPP). The numerical models uses input data from traffic, climate, materials, and proposed structure to predict damage accumulation over the service life of the pavement (AASHTO Memorandum, 2004). It is anticipated that the 2002 M-E pavement design guide will be a major improvement over the AASHTO 1993 guide in terms of achieving cost effective pavement designs and rehabilitation strategies. The 2002 M-E pavement design guide includes a software for analyzing exiting pavements, identifying deficiencies in the past design, and predicting the pavement condition over time (AASHTO Memorandum, 2004).

NCHRP Project 1-37A emphasized the importance of the dynamic modulus as the prime candidate for HMA material characterization for pavement structural design. This material property is a key input material characterization parameter required for critical response computations in the 2002 M-E pavement design guide and in the SPT protocol that complements the volumetric mix design of HMA. It is envisioned that this SPT will play a major role in the quality control and acceptance of HMA, in selecting mixes with superior performance, and in improving the reliability of performance prediction.

The dynamic modulus test is considered one of the oldest and best documented of the triaxial compression tests (NCHRP Report 465). The test consists of applying a uniaxial sinusoidal compressive stress to a cylindrical HMA specimen. Due to the viscous nature of HMA, the strain lags behind the stress by an angle called the phase angle, and the dynamic modulus is mathematically defined as the ratio of the peak dynamic stress to the peak recoverable axial strain (e.g. NCHRP Report 465; Kaloush et al., 2003). The dynamic modulus test is typically conducted at different temperatures and frequencies to establish a master curve representing the values of the dynamic modulus over a range of temperatures and frequencies. 

OBJECTIVES

The primary objective of this project is to develop a database of dynamic modulus values of typical Superpave HMA mixes that are widely used in the State of Washington. The database will be used to investigate the sensitivity of the dynamic modulus to HMA mix properties and its relationship to field performance. It will also be used to evaluate the 2002 Guide for Mechanistic-Empirical Design of New and Rehabilitated Pavements Structures released recently by NCHRP Project 1-37A. 

BENEFITS

The deliverables of this research will include a database of the dynamic modulus values for Superpave HMA mixes that are widely used in the State of Washington. This will allow evaluating the 2002 Guide for Mechanistic-Empirical Design of New and Rehabilitated Pavements Structures in predicting performance based on the dynamic modulus of the material and provide WSDOT with a necessary input parameter required for HMA in the 2002 M-E pavement design guide. In addition, this database will provide WSDOT with valuable information to use the dynamic modulus in forensic studies and future research.  

PRODUCTS

The following products will be provided to the research sponsor:

· Quarterly progress reports.

· Draft final report.

· Camera-ready final report.

· One-page project summary

· Journal paper and a conference paper.

IMPLEMENTATION

This project will offer an evaluation of the 2002 Guide for Mechanistic-Empirical Design of New and Rehabilitated Pavements Structures for implementation in the State of Washington. In addition, this project will help WSDOT implement the dynamic modulus test in their laboratory as a performance test that complements the volumetric mix design of HMA. The research outcome will be disseminated through presentations at national conferences, publication in journals and/or conference proceedings, and the delivery of the final report to WSDOT and FHWA.

WORK PLAN

The activities of the proposed research will consist of seven tasks that will be carried out to achieve the objectives of the project. These tasks are described subsequently.

Task 1 – Identifying HMA Mixes

This task will identify several Superpave HMA mixes that are widely used in the design and construction in the State of Washington (or other states if necessary). This task will be coordinated with WSDOT to ensure that the selected HMA mixes meet the following criteria:

· Possess different properties due to different aggregate source, aggregate gradation, binder grade, binder content, or a combination of those.

· Availability of the HMA mixture, aggregates, and binder.

· Used in the construction of highway sections with available performance data including rutting, fatigue cracking, and thermal cracking.

Task 2 – Obtain Performance Data and Materials 

Obtain the performance data of the highway sections selected in Task 1 in terms of fatigue cracking, thermal cracking, and rutting. Also obtain the mix design and the materials of the HMA mixes used in the construction of these highway sections. This will include the HMA mixture as well as the aggregates and binders used in preparing these mixtures. 

Task 3 – Laboratory Testing

Conduct laboratory testing to establish a database of material properties for the HMA mixes selected in Task 1. These properties will include the dynamic modulus “E*”, phase angle “”, and Poisson’s “” ratio determined from the triaxial dynamic modulus test at different temperatures and frequencies in order to construct master curves for the selected HMA mixes. These properties are key material inputs required for response computations in the 2002 Guide for Mechanistic-Empirical Design of New and Rehabilitated Pavements Structures. The tests will be conducted at Washington Center for Asphalt Technology (WCAT), which is equipped with a MTS universal machine that is capable of applying a wide variety of loading conditions at different temperatures and frequencies. 

Task 4 – Evaluation of the Dynamic Modulus Vs Field Performance

This task will investigate the relationship between the dynamic modulus values determined in Task 3 and the field performance data obtained in Task 2. It will provide an evaluation of the dynamic modulus test as a “Simple Performance Test” that can predict the performance of HMA.  

Task 5 – Evaluation of the 2002 Guide for Mechanistic-Empirical Design of New and Rehabilitated Pavements Structures

The database developed in Task 3 will be used to evaluate the 2002 Guide for Mechanistic-Empirical Design of New and Rehabilitated Pavements Structures in predicting HMA response based on the dynamic modulus as a key material characterization input parameter. In addition, this task will also evaluate Witczak’s predictive equation for the dynamic modulus (Andrei et al., 1999).

Task 6 – Evaluation of the Sensitivity of the Dynamic Modulus to HMA Mix Properties

This task will evaluate the sensitivity of the dynamic modulus to the variation in the HMA mix properties due using different aggregates sources, aggregate gradation, binder grade, binder content, or a combination of those. This task will also evaluate the variability in the dynamic modulus values across the State of Washington. The HMA mixes in Task 1 will be selected such that they possess different properties and cover several regions in the State of Washington in order to accomplish Task 6.

Task 7 – Project Report and Publications

A draft and a camera-ready final report summarizing the findings of the proposed research will be submitted to the FHWA and WSDOT. The final report will document all the research results and activities undertaken.  It will include the following:

· A summary of all the materials used, performance data collected, and tests conducted.

· Database of the dynamic modulus values and other material properties for the HMA mixes investigated throughout this project.

· Evaluation of the sensitivity of the dynamic modulus to the variation in HMA mix properties and the relationship between the dynamic modulus and field performance.

· Evaluation of the 2002 Guide for Mechanistic-Empirical Design of New and Rehabilitated Pavements Structures in predicting HMA response based on the dynamic modulus of the material and an evaluation of the Witczak’s predictive equation for dynamic modulus.

In addition, a conference paper and a journal paper will be written to disseminate the major findings of this research project.

STAFFING PLAN

The principal investigator for this project will be Laith Tashman, Assistant Professor of Civil and Environmental Engineering at Washington State University. His research experience includes characterization of highway materials using non-destructive and imaging techniques, laboratory testing of HMA, and constitutive modeling of highway materials. He regularly teaches Transportation Engineering and will regularly teach Highway Materials Engineering and Advanced Characterization of Highway Materials beginning in the year of 2005.

A graduate research assistant will participate in all phases of this project. In addition, undergraduate students will be hired on an hourly basis to assist in the laboratory work plan and in the analysis of the test data.

LEVEL OF EFFORT

The charged level of effort in terms of number of hours for project personnel is provided for each task in the table shown below.

	 
	Task 1
	Task 2
	Task 3
	Task 4
	Task 5
	Task 6
	Task 7
	Total

	Laith Tashman
	80
	20
	240
	80
	80
	80
	116
	696

	Graduate student
	74
	40
	1280
	300
	300
	310
	480
	2784

	Undergraduate student
	
	
	1000
	200
	200
	40
	
	1440

	Total
	154
	60
	2520
	580
	580
	430
	596
	4920


FACILITIES AVAILABLE

The laboratory testing will be conducted at Washington Center for Asphalt Technology (WCAT). WCAT is equipped with all Superpave testing equipment for binder and HMA mixture including a Superpave gyratory compactor, a Corelok machine, and a MTS universal machine that is capable of applying a wide variety of loading conditions at different temperatures and loading frequencies. A complete listing of WCAT testing facilities can be found on the following web site address: http://www.ce.wsu.edu/WCAT/facilities.htm. WCAT has also purchased a pressure controlled core-drilling machine to core 4-inch diameter test specimens from 6-inch diameter HMA Gyratory compacted specimens for the purpose of the dynamic modulus testing. This machine will be available at WCAT in the next several weeks.  

SUPPORTING DATA

The experience and capabilities of the principal investigator are summarized in the STAFFING PLAN section of this proposal. Academic resume for the principle investigator will be provided to WSDOT and FHWA upon request.
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