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RESEARCH PLAN 
Introduction and Research Idea Statement 

Some eighty years ago, the Marshall stability and flow test and Hveem stabilometer and 
cohesiometer devices were developed to supplement asphalt binder purchase specifications and 
volumetrics-based mix design methods with ‘tests on the mix.’  In both cases, tests were 
developed to provide bookends on high and low temperature asphalt pavement performance, i.e., 
rutting and durability/cracking, although it was too difficult to test in the low in-service temperature 
range in that era, or to reliably measure fundamental material properties.  In the late 80’s and 
early 90’s, the Strategic Highway Research Program (SHRP) undertook an ambitious program to 
radically improve asphalt binder purchase specifications, aggregate requirements, mixture 
compaction, and performance-based mixture tests with associated models.  The SHRP program 
created ‘Superpave’ products such as the PG Binder specification, new collections of aggregate 
consensus and source property tests, a new standardized asphalt gyratory compactor, and 
provided minor changes and national standardization of mixture volumetric design principles and 
use of the AASHTO T-283 tensile strength ratio test to evaluate moisture damage.  After much 
painstaking debate early in SHRP, it was agreed that fundamental tests were the key to moving 
forward form the shortcomings of past, empirical, strength-of-materials, and torture test 
approaches.  For instance, one cannot use binder penetration (PEN) values in a finite element 
model to relate binder properties to low-temperature cracking.  However, creep stiffness from the 
bending beam rheometer is a fundamental measure and has been used in mixture and pavement 
models to develop Superpave binder specification limits.  The advanced mixture tests and models 
that were developed and used to calibrate and validate the Superpave PG binder specification, 
on the other hand, were found to be unsuitable to serve as replacements for the Marshall stability 
and flow test or the Hveem mixture tests.  For instance, two of the tests: the Superpave Shear 
Tester and Superpave IDT, were far too expensive, cumbersome, time consuming and variable 
to be practically used in mixture design. 

More than 20 years has passed since the completion of the SHRP program, and although 
the asphalt community has produced PG-plus binder tests and has conducted extensive research 
to investigate simpler mixture performance tests (such as tests developed in NCHRP 1-37A for 
use with the M-E Pavement Design Guide), a national consensus on mixture performance tests 
to supplement volumetric mixture design still does not exist.  In terms of permanent deformation, 
a few tests have gradually been adopted by agencies for routine mix design of heavy volume 
roadways, including the asphalt pavement analyzer, Hamburg wheel tracking test, and flow 
number test.  Advances in applying fracture mechanics principles to asphalt concrete mixtures 
has led to the development of new, robust fracture tests, which show promise as tools that can 
accompany volumetric mix design to limit pavement cracking.  Adding to this scene are a number 
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of newly developed or re-vamped empirical mix cracking tests.  Thus, there are a number of 
fundamental and empirical cracking tests being proposed at this time, which include the disk-
shaped compact tension test (ASTM D7313), the Texas overlay test, several tests stemming from 
the semi-circular bend test geometry (fracture toughness, fracture energy, and flexibility index), 
and several revamped IDT-based tests, such as the NCAT IDT Nflex factor test [48].  A brief 
review of the current literature is included in Appendix B.  But as a recently-completed NCHRP 
Synthesis 492 states: “some agencies have investigated performance specifications for asphalt 
mixtures,” but a full performance specification has not been completed by any agency.  The Illinois 
Tollway is among those agencies that has investigated performance-related specifications for 
asphalt pavements, and has benefitted from their use in initial trials where these tests have 
supplemented volumetric mixture design.  A forthcoming NCHRP study on mixture performance 
tests has evaluated a number of asphalt mixture cracking performance tests, with an emphasis 
on evaluating the repeatability, practicality, degree of standardization, and ability to predict various 
cracking modes (NCHRP 9-57).  

While the rutting test debate has settled down with the successful implementation of the 
Hamburg wheel tracking test in many states, a number of interconnected factors have 
undoubtedly clouded the national debate on mixture performance tests on the pavement cracking 
side of the docket.  These include: 1) the existence of many cracking forms, including single event 
low-temperature (thermal) cracking, thermal fatigue cracking, block cracking, top-down cracking, 
bottom-up (traditional) fatigue cracking, reflective cracking (which is further clouded by the 
important role of the underlying pavement in the development of this distress), and interface 
debonding and cracking; 2) the differing mechanisms behind each of these cracking forms; 3) the 
differing pavement configurations, climatic conditions, and traffic conditions nationwide, leading 
to differences in cracking types observed and subsequent selection of cracking performance 
tests; 4) the moving target resulting from constant changes in binder refining, recycled material 
types and amounts, use of additives such as warm-mix, antistrip, rejuvenators, and REOB, and; 
5) adjustments to Superpave mix design volumetrics that have been proposed to address higher 
recycling amounts, such as lowering the target air voids, use of a binder availability factor for 
recycled asphalt shingles, and/or raising the required VMA or volume of effective binder for 
mixtures with higher binder replacement.   

The Tollway currently uses the IDOT method-related mix design process (or a special 
provisions version) which incorporates only a few tests (TSR and Hamburg wheel tracking), which 
have had mixed success in controlling pavement performance.  With the Tollway’s emphasis on 
constructing and maintaining high volume expressways, high performing asphalt mixtures are 
needed to ensure that the Tollway is building durable, long-lasting pavements.  The use of 
performance-related specifications (PRS) to develop high performance mix designs for Tollway 
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pavements would lead the way to more durable pavements, which require less maintenance and 
less interruption to Tollway users.  Any performance-related specification test methods must be 
repeatable, practical, commercially available and sufficiently standardized in order for the asphalt 
industry to adopt them, and they must directly relate to the most critical distresses to be deterred 
by them in order to arrive at the desired performance level versus time for mixes placed on Tollway 
pavements in various applications (surface mixes, binder course mixes, shoulder mixes).  In 
theory, a benefit arising from adoption of performance-related mixture specifications is the ability 
to provide additional mix designer flexibility by relaxing or removing any over-constrained method-
based requirements (gradation bands, dust-to-asphalt ratio range).  This should be 
simultaneously investigated to shorten the PRS development and implementation cycle, saving 
time and money. 

This study will address these shortcomings through a comprehensive literature review, 
laboratory and field investigation, consultation with Tollway and area practitioners, a survey of 
related agencies, analysis and ranking of tests based on numerous metrics, and development of 
a performance-related mixture testing specification to improve volumetric asphalt mixture design 
with the inclusion of mechanical tests and improved and streamlined mix volumetric requirements. 

The objectives of this research study will include:  
1. A comprehensive review of the literature and relevant project reports and a survey to identify 

the state-of-the-art for asphalt mixture performance-related testing methods, and recent 
adjustments to Superpave mixture volumetric targets aimed at ensuring sufficient binder 
content for mixture durability.  

2. Evaluating available performance tests used to predict or measure the resistance of asphalt 
mixtures to distresses such as rutting, low-temperature cracking, fatigue cracking, and 
moisture damage.  

3. Developing a performance-related asphalt mix design specification, incorporating 
specification limits for Tollway mix designs based on the testing of samples obtained from 
existing Tollway pavements, and reviewing existing performance and testing data. 

4. Updating the Tollway with quarterly briefings of progress-to-date.   
5. Summarizing all efforts in a comprehensive final report that will include, as an appendix, a 

recommended performance-related specification for Tollway asphalt mixtures. 
In carrying out the tasks described in the following section, the questions that will be 

answered by the proposed research will include: 
• What are the most critical flexible pavement or asphalt overlay distresses to be controlled by 

a new performance-related mixture specification to be used by the Tollway? 
• Based on the distresses to be controlled, which mixture performance tests and associated 

limits or ranges can be used to most reliably and effectively control these distresses over the 
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design life in the a cost-effective and practical manner? 
• Has the Hamburg device successfully eliminated the need for AASHTO T-283? 
• Which test devices have the versatility to be adapted and used to obtain other fundamental 

properties and performance measures for research/forensic purposes, and possibly for the 
development of future performance measures as materials, recycling, and pavement 
practices evolve?  

And within the strong national debate on the relative merits of numerous proposed mixture 
cracking tests lies several unanswered questions that will need to be addressed, including: 
• Can all of the critical cracking forms be controlled by a single test, or are multiple tests 

needed?  
• If only one cracking test can be employed from a practical standpoint, should it be at 

intermediate temperature or low temperature?   
• If a low temperature test is selected, would cracking at intermediate temperatures also be 

sufficiently controlled by the test, or would changes in mixture volumetrics be needed to fill 
the gap?   

• If an intermediate temperature test is selected, how would low temperature cracking be 
controlled, such as by testing of the recovered binder for mixtures, particularly when higher 
recycling levels are used? 

• Finally, can any mixture volumetric criteria be eliminated or relaxed in light of the mixture 
performance tests?  In theory, the use of mixture performance tests should open the door 
for mix design flexibility and innovation, which might mean relaxing dust proportion 
requirements, VTM target range, and VFA.  To be truly performance-based, method-based 
specification aspects should in theory be eliminated.  Practically, method-based 
specification aspects should be minimized and/or relaxed as appropriate. 
 

Research Approach/Work Plan 
In order to address the aforementioned study objectives and research questions, the 

following four research tasks will be performed. 
Task 1: Literature Review 

A thorough review of the available literature and ongoing project documentation will be 
carried out by the research team to determine the current state-of-the-practice for asphalt 
mixtures testing and to identify those asphalt mixture performance tests that may be included in 
a performance-related specification for asphalt mixtures. Appendix B provides a preview of the 
available current literature in the area of asphalt mixture performance tests and specifications. 
Some of the subtasks proposed to be performed within Task 1 include: 
• Comprehensive search of journal papers, conference papers, technical reports, theses, 
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agency and industry websites. 
• Development and deployment of a brief, targeted survey to be administered to state 

highway, toll authorities and other related agencies in the US.  The survey will provide an 
updated snapshot of the asphalt tests and specifications being used, developed or 
considered by relate agencies, along with information regarding the objectives of the PRS, 
including: which distresses are being addressed, and how; what test procedures and limits 
are being used; what recent changes in Superpave mixture volumetric design have been 
used, and why; how the PRS is being developed and validated, implications of added cost 
for mixture design and asphalt bid prices and expected life extension and overall life cycle 
savings, and; lessons learned during PRS development and implementation. 

• Compilation of draft and final literature search and survey synopses, after synthesizing, 
analyzing, interpreting, and organizing the findings. 

• Meeting with the Technical Review Panel to review findings and to discuss approach for 
developing the first draft of the PRS.  The desired scope of the study moving forward will 
also be discussed, for instance, to determine how much relative emphasis to place on SMA 
surface mixes, and dense-graded mixes for lower lifts and shoulders.  A robust PRS should 
be equally applicable to SMA and dense-graded mixes, although volumetric and 
performance test limits will differ between these mixes due to the differences in their 
composition, usage (riding surface vs. structural or shoulder use), the key distresses to be 
controlled, types and levels of recycled materials to be incorporated, and mixture 
economics. 

Task 1 deliverables: Draft synopsis, final synopsis (incorporating Tollway comments and 
suggestions for draft document). 
Task 2: Draft PRS 

 A draft performance-related specification for Tollway SMA and dense-graded asphalt 
mixtures, complete with sampling, testing and mix volumetric target and range recommendations 
for implementation on near-term Tollway rehabilitation and reconstruction projects will be 
developed.  A number of subtasks will be conducted and factors will be considered in the 
development of the draft specification, including: 
• Review of past experiences and availability of performance test results from previously 

designed and constructed Tollway asphalt mixture sections, and information garnered from 
the literature review and survey.  

• Key distresses to be controlled in the PRS, possibly including: rutting, single event low-
temperature cracking, thermal fatigue cracking, block cracking, fatigue cracking (top-down 
and traditional bottom up), reflective cracking, raveling, moisture damage, and interface 
debonding.  Obviously, it is not anticipated that a practical, first-generation PRS will be able 
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to directly address all of these common asphalt distress types.  However, the intentional 
prioritization and strategic selection of a suite of tests and associated limits based on the 
identified priorities will lead to the most effective and efficient first-generation PRS.  Directly 
or indirectly, the performance tests and mixture volumetric design changes proposed will 
mitigate or significantly deter many of the listed distresses.  

• A narrowly-focused and aggressively-scheduled laboratory study will be performed in the 
first half of the study, designed to answer some of the critical research questions, namely:  
the number and type of mixture cracking tests needed in the PRS; if and how adjustments to 
Superpave mixture volumetrics can be used along with a single selected mixture cracking 
performance test to effectively control multiple forms of pavement cracking, and; if low 
temperature binder tests on the recovered binder are needed as part of mix design in light of 
the selected mixture cracking performance test and adjusted volumetric targets.  Anticipated 
tests to be performed (hereafter referred to as ‘Performance Test Suite’), with adjustments 
as needed from Task 1 and input from the TRP  include: 

• Hamburg wheel tracking (AASHTO T324) 
• Disk-shaped compact tension test (ASTM D7313-07) 
• IL-SCB, or ‘i-FIT’ (ITP-405) 
• Reference/alternate cracking test, to be approved by the TRP, for instance, 4-pt 

flexural fatigue test (ASTM D7460-10), or Indirect Tension Test (NCAT IDT Nflex 
factor method) 

• Extraction and recovery and Superpave binder testing, including MSCR testing 
(AASHTO T350, M320) 

• Mixture volumetrics and TSR (AASHTO T166, T209, T283) 
• Results will be reviewed in conjunction with the Technical Review Panel (TRP), and a draft 

PRS will be developed and fine-tuned by working with the TRP. 
Task 2 deliverables: Draft specification for performance-related asphalt mixtures and 

appendix containing results of supporting laboratory investigation. 
Task 3: Project Shadowing with PRS 

 Laboratory testing will be performed on samples obtained from Tollway projects to collect 
data on actual projects to obtain performance indicators that can be expected as part of asphalt 
mixture production.  Sample collection and materials testing will be performed as a shadow-type 
monitoring activity during asphalt mixture production on Tollway asphalt projects.  Parallel tests 
on lab-produced specimens that relate to the corresponding field mix designs will also be 
conducted.  These activities will include: 
• Working closely with the mixture designer on Tollway asphalt projects to develop several 

candidate mix designs for selected mixtures on selected projects, to generate more 
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laboratory data to support finalization of the PRS, and to open the door for the construction 
of long-term monitoring test sections (side-by-side comparisons of mixes designed to meet 
the candidate PRS, but with significantly different design approaches). 

• Conducting laboratory testing on samples collected on these shadowed projects (and 
corresponding lab-produced specimens), with an eye towards resolving any unanswered 
research questions, and to develop more data on inter-laboratory repeatability of the 
proposed performance tests.  Testing will follow the Performance Testing Suite shown in 
Task 2, with some narrowing of performance tests based on the results of Task 2, in 
consulation with the TRP (for instance, elimination of the reference/alternate mix 
performance test if further data is deemed unnecessary). 

• Documenting designs, field trials and associated laboratory tests to maximize what can be 
learned from the sections developed with the new PRS as they perform under traffic and 
environmental loading in the years that follow. 

• Analysis of results and in-depth discussions with the Technical Review Panel to determine if 
any adjustments to the asphalt PRS are needed. 

Task 3 deliverables: Report documenting design, construction and field test sections 
established, along with laboratory results obtained from materials sampled on shadow monitoring 
projects of ongoing Tollway asphalt projects, along with results from parallel laboratory-prepared 
mix testing.  A revised PRS, which will also be included in the appendix of the final report. 
Task 4: Final Report 

A comprehensive final report will be compiled, documenting the laboratory results 
obtained, initial field performance observations for pavements where mixtures were subjected to 
the shadow monitoring effort, and will include a revised performance-related specification based 
on the data collected.  

Task 4 deliverables: Draft Final Report (submitted 45 days prior to the end of the project) 
and a Final Report (incorporating Tollway comments and suggestions on the Draft Final Report). 

Deliverables that will be provided throughout this project will include:  
• Quarterly progress reports, in electronic format, containing a summary of effort performed 

during the quarter and expected progress for the following quarter. 
• A comprehensive literature review, resulting from completion of Task 1. 
• A draft performance-related specification (PRS) for Tollway SMA and dense-graded asphalt 

mixtures and supporting lab data, resulting from the completion of Task 2. 
• An interim report documenting data collected during the shadow monitoring activities, along 

with recommended adjustments to the draft PRS (Task 3). 
• Final report, in electronic format, summarizing the results and recommendations developed 

as a result of this research effort (Task 4). A draft final report will be submitted 45 days prior 
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to the end date of the research contract. After the Tollway reviews and provides comments 
and feedback (expected within 15 days of submission of the draft final report) the research 
team will address the comments and questions, make revisions, and resubmit the final 
report within 30 days.  

• Two hard copies and one electronic copy (pdf) of the final report will be provided.  
• A one-page technical briefing document summarizing the results of the research effort will 

be provided. 
 
Anticipated Research Results 

Following the proposed testing plan, the research results are expected to provide definitive 
data that will support the development of an effective performance-related asphalt mixture design 
specification for the Tollway.  This will be accomplished by learning from past experiences and 
data available on Tollway projects and related agencies, by  addressing a number of critical 
research questions as outlined earlier through a focused and effective experimental design 
utilizing both field and lab produced mixtures, and through consultation with the Tollway and other 
experts on the Technical Review Panel.  A PRS will be developed, implemented in the field, 
studied, and revised during the course of the 30-month study.  The results are also expected to 
produce long-term benefits, by carefully documenting projects that can be revisited later to 
validate and improve the developed PRS. 

 
Applicability of Results to Illinois Tollway Practice 

The proposed research is designed to be readily used and implemented by the Tollway, 
and successful completion of Tasks 1-4 will in fact produce a first-generation PRS, which will be 
implemented by project shadowing and validated/adjusted as needed to produce a second-
generation PRS by the end of the project, along with well-documented field trials.  This will place 
the Tollway well along the path to having a robust, field-validated PRS for modern asphalt mixture 
SMA and dense-graded mixture design.  The proposed approach will allow the Tollway to 
continue to be a national leader in asphalt mixture recycling and sustainability, by having a PRS 
that pays particular attention to the volumetric and mixture performance properties that, when 
met, lead to the design of high performance, high ABR mixes and which allow for the optimized 
use of other innovative recycled materials, such as ground tire rubber.  It has been shown by 
researchers at TAMU that transportation research can produce a 20-fold or more return on 
investment (ROI).  It is strongly believed that the proposed research would yield an ROI at this 
level or higher, based on the mix tons placed by the Tollway, ability to increase recycling levels 
with confidence, and expected life extension resulting from implementing the new PRS. 
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QUALIFICATIONS AND ACCOMPLISHMENTS OF THE RESEARCH TEAM 
Principal Investigator 

William G. Buttlar, PhD, PE 
Professor and Glen Barton Chair in Flexible Pavements 
Department of Civil and Environmental Engineering 
University of Missouri-Columbia 
Adjunct Professor, University of Illinois at Urbana-Champaign 

Bio 
Dr. Buttlar earned his Ph.D. in Civil Engineering at Penn State University in the area of 

Pavements and Materials in 1996. Dr. Buttlar was recently named as the Glen Barton Chair in 
Flexible Pavement at the University of Missouri-Columbia, where he oversees the new Mizzou 
Asphalt Pavement and Innovation Lab (MAPIL), funded in part by the Missouri Asphalt Pavement 
Association (MAPA).  His research and professional interests include: analysis, asphalt 
performance test development, modeling and design of asphalt pavements, thermal and reflective 
cracking studies, fracture testing and modeling in asphalt materials and composite pavements, 
smart city infrastructure evaluation and management, and sustainable pavement materials.  Dr. 
Buttlar has been working extensively on asphalt mixture performance tests and models for the 
past 25 years, starting his career as a research engineer for the Strategic Highway Research 
Program (SHRP) and responsible for development of the Superpave IDT (AASHTO T-322), and 
collaborated on development of the BBR, DTT, and TC-Model. Recent work in Dr. Buttlar’s group 
has led to the development of a new fracture test for asphalt concrete at low temperatures, called 
the disk-shaped compact tension test, or DC(T), which is now specified in ASTM D7313-07.  His 
recent paper on the use of nonlinear ultrasonics to assess asphalt pavement surface damage led 
to the 2016 Best Paper award by the American Society for Nondestructive Testing. Dr. Buttlar has 
over 250 publications in the area of asphalt materials and pavements (including 65 journal 
papers directly related to this proposal (see Appendix B)), and over 50 invited presentations 
and keynote lectures presented throughout the US, Europe and in China.  He has been active on 
a number of national and international committees, including TRB AFK-50, AFK-50(1), AFK-50(2), 
RILEM SIB, and FHWA Models Expert Task Group.  He chairs the RILEM committee, TC-MCD, 
Mechanisms of Cracking and Debonding in Asphalt and Composite Pavements, and was co-chair 
of the 8th RILEM International Conference on the Mechanisms of Cracking and Debonding in 
Asphalt Pavements.  He serves on the Board of Directors for AAPT, and is a member of the 
Council of Trustees for ASCE. 

Prior to his endowed faculty appointment at Mizzou, Dr. Buttlar was on the faculty at UIUC 
for 20 years, and had recently served as the Associate Dean in the Graduate College at the 
University of Illinois at Urbana-Champaign, and as Associate Dean for Graduate, Professional 
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and Online programs in the College of Engineering.   He retains an adjunct faculty position at 
UIUC in the department of CEE. 

In addition to developing asphalt mixture cracking performance tests and models, Dr. 
Buttlar has worked with a number of agencies to prototype or develop PRS systems, including: 
the IHSTA, AASHTO (implemented TC-Model in the ME-PDG), the Federal Highway 
Administration (National Pooled Fund study on Low-Temperature cracking), the Federal Aviation 
Administration, IDOT, CDOT, MnDOT, MoDOT, and industry.  He assisted Test Quip, Inc. in the 
development of a mixture performance test device capable of running multiple cracking tests, 
including the DC(T), SCB, OLT, cyclic DCT, and DCT creep.  His work with IDOT on analyzing 
End-Result asphalt construction specifications led to a TRB Best Paper award (Fred Burggraf 
award). 
Selected Research Projects 

• 2015-2016, Laboratory Investigation of Illinois Tollway Stone Matrix Asphalt Mixtures 
With Varied Levels of Asphalt Binder Replacement, Illinois Tollway 

• 2016-2017, Laboratory and Field Investigation of Tollway Asphalt Mixtures: Phase II – 
GTR Study on I-88, Illinois Tollway 

• Performance of Modern Recycled Asphalt Mixes in Missouri (Ground Tire Rubber, 
Recycled Roofing Shingles, and Rejuvenators), USDOT MTC/MoDOT 

• 2010-2012, GOALI: Hybrid Failure Approach using Digital Image Correlation for 
Functionally Graded Thin-Bonded Overlays, National Science Foundation 

• 2011-2013, Laboratory Support of Warm-Mix Project at Chicago ORD, OMP 
• 2009-2012, IDOT R27-79A, Designing, Producing & Constructing Fine-Graded HMA in 

IL, IDOT-ICT 
• 2011-2012, Crack Resistance and Bonding Optimization Methods for UTBWC, Road 

Science, LLC 
• 2012-2015, Testing, Modeling, and Support for FAA Reflective Cracking Study, FAA 
• 2014-2017, Performance of Green Approaches in Airfield Pavements: OMP-ORD 

 
Co-Principal Investigator: Henry Brown 
Bio 

Mr. Henry Brown is a Research Engineer in the Department of Civil and Environmental 
Engineering at the University of Missouri-Columbia. During his four years at MU and prior 14 
years working as a Highway Engineer at the Indiana Department of Transportation (INDOT), Mr. 
Brown has gained significant experience with pavement preservation, project management, 
handling project coordination with various stakeholders, and preparing and reviewing plans and 
specifications for road and bridge projects.  He is currently active on a project to develop 
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Pavement Management Plans for the general aviation airports in Missouri and previously led a 
project aimed at helping the city of Grandview, Missouri to implement a pavement management 
system utilizing a mix of fixes approach with the right treatment at the right time.  He also 
contributed to a study that investigated the economic benefits of harvesting energy from 
pavements and led two FHWA pooled fund projects that included both online and phone surveys 
of state DOTs and other stakeholders regarding their best practices for safety and operations in 
work zones.  During his tenure at INDOT, Mr. Brown was responsible for preparing and reviewing 
plans, cost estimates, and specifications for various road and bridge projects, including several 
freeway projects.  He obtained his BSCE and MSCE degrees from Purdue University and is a 
registered Professional Engineer (P.E.) in the states of Indiana and Missouri.   
 
Co-Principal Investigator: James Meister 
Bio 

Mr. James Meister is a Research Engineer in the Department of Civil and Environmental 
Engineering at the University of Missouri-Columbia Having recently joined MU, Mr. Meister has 
been responsible for purchase and installation of the testing equipment in the new Missouri 
Asphalt Pavement and Innovation Lab (MAPIL).  He is also responsible for training all student 
researchers on proper equipment usage and applicable test standards.  Prior to joining MU, Mr. 
Meister worked for 10 years as a research engineer and then senior research engineer at the 
University of Illinois’s Advanced Transportation Research Engineering Laboratory (ATREL) at the 
Illinois Center for Transportation (ICT). 

At ATREL, Mr. Meister worked in a number of areas to keep the laboratory operational 
and physical research projects on schedule.  He also assisted on all field site visits required by 
research at ICT and contributed to the collection of field data.  He traveled to Colorado and Alaska 
to apply ground penetrating radar technology to ballast fouling, visited 9 states and Canada for 
each of 3 years for a crack sealant evaluation study, and conducted many other field site visits in 
Illinois and other states.  He was responsible for the operation and maintenance of the 
Accelerated Transportation Loading Assembly (ATLAS), a full scale loading machine used to 
apply decades of traffic to full scale pavement systems in a few months of operation.  

Mr. Meister was a part of the University of Illinois research team prior to the inauguration 
of the Illinois Center for Transportation.  He created and continually updated the lab safety 
program for ATREL.  He was also instrumental in ATREL attaining the rating of an IDOT approved 
testing laboratory and performed proficiency testing, standards updating, and on-site test 
evaluations.  For instance, Mr. Meister oversaw and performed test evaluations for ATREL's 
AMRL accreditation. 
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OTHER COMMITMENTS OF THE RESEARCH TEAM 
The current and proposed commitments of the key members of the research team are 

summarized in the following table. 

Staff Company 2017-2019 Commitments Availability 

Bill Buttlar University of 
Missouri 

MTC-MoDOT RAP, RAS, Rubber, 
Rejuvenator Project 

O’Hare Research Project 
MoDOT AFAD Evaluation 
Teaching CV_ENG4/7104 

Advising and service to campus, AAPT, 
RILEM and ASCE  

 20% 

Henry Brown University of 
Missouri 

MoDOT Airport Pavements (sub to ARA) 
NCHRP Bridge Element Inspection 

USDOT Post Tensioned Bridges 
FHWA Work Zone Safety Grant 

MoDOT AFAD Evaluation 
FHWA SWZDI Safety Assessment Tool 

FHWA SWZDI Moving Work Zones 

30% 

James Meister University of 
Missouri 

MTC-MoDOT RAP, RAS, Rubber, 
Rejuvenator mix evaluation 

MAPIL lab operations 
CV_ENG4/7104 lab sections 

40%  

 
EQUIPMENT AND FACILITIES 
MU Pavement Laboratories 

The Principal Investigator, Dr. Bill Buttlar, is also the Director of the new Missouri Asphalt 
Pavement and Innovation Laboratory (MAPIL), which features cutting-edge research at the 
interface of pavement materials and intelligent infrastructure.  The MAPIL facility, which opened 
in the December 2016 in the newly renovated Lafferre Engineering Building on the MU campus, 
features cutting-edge asphalt binder, mixture, and sustainable infrastructure materials labs, 
alongside an intelligent infrastructure sensor development and computing laboratory.  The binder 
lab features the full suite of Superpave binder tests, along with an advanced Anton Paar dynamic 
shear rheometer, a fourier transform infrared spectrometer, and an acoustic emission 
embrittlement analyzer.  The mixture performance testing lab features the Superpave mixture 
design specimen preparation and testing equipment, alongside advanced performance tests such 
the Superpave Indirect tension test (AASHTO T-322) and Disk-Shaped Compact Tension Test 
(ASTM D7313), the former two devices having been originally developed by Professor Buttlar and 
colleagues, Hamburg wheel tracking (AASHTO T324), IL-SCB, or ‘i-FIT’ (ITP-405), 4-pt flexural 
fatigue test (ASTM D7460-10), E* master curve and flow number (ASTM D3497), Indirect Tension 
Test (NCAT IDT Nflex factor method), extraction and recovery and Superpave binder testing, 
including MSCR testing (AASHTO T350, M320), and mixture volumetrics and TSR (AASHTO 
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T166, T209, T283).  The intelligent infrastructure laboratory provides a collaboration space where 
students and faculty researchers can work together to develop new sensing devices, techniques, 
and computing hardware and software for future roads and cities.  Additional laboratory space on 
and off campus (the Remote Test Facility, or RTF) are also used to receive, store, and process 
materials, and to conduct routine infrastructure materials tests (aggregate fractionation and sieve 
analysis, multiple methods for binder content determination, material splitting, etc.). 
MU NDE Laboratory 

The MU Nondestructive Evaluation (NDE) laboratory is equipped with state-of-the-art NDE 
equipment for condition assessment of civil structures.  The NDE laboratory is housed on the MU 
campus and is comprised of 1500 sq. ft. of NDE laboratory space and 4000 sq. ft. of high-bay 
space for structural testing.  The NDE laboratory includes cameras for performing Infrared 
Thermography (IRT), Ground Penetrating Radar (GPR) systems, and Impact Echo (IE) systems 
for evaluation of corrosion damage in concrete structures.   
Other Facilities 
• The MU Remote Testing Facility (RTF) is a large, off-campus facility used to conduct large- 

and full-scale experiments on structures. The facility has been used to conduct state-of-the-
art research regarding blast-resistant design and bridge design and will also be used to 
support the new MAPIL operations. 

• The MU laboratories are supported by Engineering Technical Services (ETS), a full-service 
academic and research technical support facility located in the MU College of Engineering. 
ETS utilizes a wide variety of equipment to design and fabricate specialized research 
instrumentation and apparatuses. The unit also installs, configures, maintains, and repairs 
electronic, computational, and mechanical equipment and systems.  
 

COOPERATIVE FEATURES 
We anticipate working closely with Tollway contractors and partners to collect the data 

and field samples needed to carry out the proposed study.  For instance, Dr. Buttlar has a proven 
track record of working with engineers at Applied Research Associates over the span of his 21 
years as a faculty member, including close collaboration during his two recent studies with the 
Tollway as a subcontractor under ARA.  In those studies, he has also worked extensively with 
S.T.A.T.E. Testing LLC to obtain and comparatively test performance test specimens in support 
of the research.  It is expected that senior engineers from ARA and/or S.T.A.T.E. may also be 
invited to serve on the project Technical Review Panel.  Dr. Buttlar along with his co-PIs (Brown 
and Meister) will benefit from their many contacts at agencies throughout the Midwest and US as 
they conduct the proposed survey in Task 1. 
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Task 1. Literature Review 
1a. Literature search                                                             
1b. Survey                                                             
1c. Draft synopsis                                                             
1d. Final synopsis                                                             
1e. Meet with TRP                                                             

Task 2. Draft PRS 
2a. Review past results                                                             
2b. Identify key distresses                                                             
2c. Laboratory study                                                             
2d. Prepare draft PRS                                                             

Task 3. Project Shadowing with PRS 
3a. Develop mix designs                                                             
3b. Laboratory testing                                                             
3c. Document designs and tests                                                             
3d. Analyze results                                                             
3e. Revise PRS                                                             

Task 4. Final Report 
4a. Prepare draft report                                                             
4b. Prepare final report                                                             
                                                              

 

  Planned work 
  Deliverable due at end of month 
  Quarterly report due at end of month 

 
Proposed monthly schedule for the project “Development of a Performance-Related Asphalt Mix Design Specification” 
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ITEMIZED BUDGET 
Proposal Title: Development of a 
Performance-Related Asphalt Mix Design 
Specification 
Project Dates: 9/1/2017 – 3/1/2020   

 9/01/17 
 -  

8/31/18  

 9/01/18  
 -  

8/31/19  

9/01/19 
- 

8/31/20   

Expense Category 
Sh Cr 
% aka 

RIF 

 Year 1             
12 

months  

 Year 2           
12 

months  

 Year 3            
6 

months   Total  
         
A.  Senior Personnel (indicate # mo AY & # mo SS )        
     1.  PI - William Buttlar, 1:1:.5 mo/year 90%  21,744   22,396   11,534   55,674  
     2.  Res. Engineer - Henry Brown, 1:1:.5 mo/year10%  6,763   6,966   3,587   17,316  
     3.  Res. Engineer - Jim Meister, 3:2:1 mo/yr 0%  20,600   14,145   7,285   42,030  
Total A 100%  49,107   43,507   22,406   115,020  
         
B.  Student Personnel # each       
     1.  GRA (M.S.)        
          0.5 FTE, 12 months 0  -     -     -     -    
     2.  GRA (Ph.D.)        
          0.5 FTE, 12 months 1  24,036   24,757   12,750   61,543  
     3.  Undergraduate Employees 2  3,000   2,000   -     5,000  
Total B   27,036   26,757   12,750   66,543  
         
                            Total A + B    76,143   70,264   35,156   181,563  
         
C.  Fringe Benefits        
     1.  FRINGE Benefits on Full-time*   17,890   16,324   8,660   42,874  
     2.  Tuition for GRAs ($469.9/ch +3% ann inc)   10,648   10,967   11,296   32,911  
     3.  Medical Insurance for GRAs ($2,628/yr +3% ann inc)  2,707   2,788   2,872   8,367  
Total C   31,245   30,079   22,828   84,152  
         
                     TOTAL  A + B + C    107,388   100,343   57,984   265,715  
         
E.  Travel        
      Domestic   4,000   4,000   2,000   10,000  
         
F.  Materials and Supplies   5,000   4,000   1,000   10,000  
         
G.  Publications       -    
         
Total Direct Costs    116,388   108,343   60,984   285,715  

Modified Total Direct Cost Base (formula, NO subaward)  105,740   97,376   49,688    
Facilities & Administrative (F&A) Costs (55% MTDC)  58,157   53,557   27,328   139,042  
Total Project Costs    174,545   161,900   88,312   424,757  
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APPENDIX A: BUDGET JUSTIFICATION 
 
Personnel 

Senior Personnel:  Salaries for the Principal Investigator and Co-Investigator(s) are based 
on their current 2016-2017 academic year salaries (Dr. Buttlar is a 9-month appointment while 
Mr. Brown and Mr. Meister are 12-month appointments).  The University of Missouri typically 
grants salary increases on September 1 of each year. Increase percentages vary from year to 
year and by employee category and merit based upon guidelines issued by the University of 
Missouri System. For estimation purposes, salaries are estimated to increase by 3% at the 
beginning of each year proposed.   

Student Personnel:  Graduate Research Assistant (GRA) salaries range from $1,530 to 
$2,200 per month, depending upon the scholastic level of the student (M.S., Ph.D., or Ph.D., past 
comprehensive exams). These salaries represent 0.5 FTE for the portion of the time the students 
are at UMC.  Salary rate for GRAs are set by the PI based on skills and qualifications needed for 
the project work.  Support is requested for one GRA, a PhD level student at the 0.5 FTE level, 
with a salary of $2003 per month for 12 months per year. 

Undergraduate Employees will be hired to work at a rate of $1,000 per semester.  Support 
requested is for three undergraduate students in the first full year of the project (one semester 
each), and two undergraduate students in the second full year of the project (one semester each). 

 
Fringe Benefits 

Full-time:  Fringe benefit rates for full-time University employees are subject to change as 
approved by our federal cognizant agency, DHHS. The approved FY17 fringe benefit for full-time 
Campus employees is 36.43% on non-federal agreements, including 7.65% FICA. Fringe rates 
are estimated to be adjusted by the cognizant agency annually.  Multiple year proposals show an 
increase of 3% per subsequent year. Upon award, the actual approved rates will be applied. 

Tuition Charges:  The University of Missouri-Columbia has an educational fee remission 
program in which tuition for graduate students who are working on grant/contract projects is paid 
directly from the grant/contract. Estimates are based on 9 credit hours per semester (winter/fall) 
and 4 hours (summer) for each student. The per-credit hour fee for Fall Semester 2016 is $469.90 
with a 3% increase per subsequent year.  

 
Medical Insurance:  Coverage at a cost of $2,628 for academic year 2016-2017 is provided 

for Graduate Research Assistants with a 3% yearly increase estimated in the budget thereafter. 
 
Equipment Costs 

No equipment is proposed for purchase under this project. 
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Travel 
Airfare and ground transportation for trips to conferences, meetings, and site visits, etc. 

will be at the lowest possible rate available at time of travel. Mileage reimbursement for use of 
one's personal vehicle is $0.51/mile, effective Jan 1, 2016. Cost estimates provided are based on 
previous travel.  If meals are included in conference registrations, covered by other University 
payments, or paid by others, the traveler is responsible for making appropriate deductions to the 
per diem amount when submitting their reimbursement request. 

Travel costs will be minimized for Dr. Buttlar by leveraging his travel to Illinois for his 
collaborative work with UIUC on other projects (MoDOT, Midwest Transportation Center, O’Hare 
research), and as an adjunct faculty member at UIUC, where he frequently visits campus to advise 
graduate students.  A number of trips to Chicago for the conduct of meetings and field work for 
this proposed Tollway project will originate and return to Champaign, IL.  Besides in-state travel 
in Illinois, travel funds have been allocated for the PI, co-PIs, and graduate student to make 
conference presentations in state and regional asphalt conferences (approximately 3 person-
conference trips per year), plus some travel funds have been allocated to facilitate travel to 
Chicago for picking up field sampled asphalt cores (first and second year of project). 

Foreign and Domestic (outside the state of Missouri) Meal Allowance:  For domestic travel 
outside the state of Missouri and for foreign travel, reimbursement is allowed at the per diem rate 
prescribed by the U.S. Department of Defense "Per Diem, Travel and Transportation Allowance 
Committee."  This information can be accessed online at:  
http://www.defensetravel.dod.mil/site/perdiemCalc.cfm 
 
Other Direct Costs 

Materials and Supplies:  Materials and supplies are defined as tangible personal property, 
other than equipment, costing less than $5,000.  Funds requested for materials and supplies 
include materials, laboratory supplies and other consumables directly related to the proposed 
work.  These supplies will be used solely to accomplish the aims of this project. 

 
Facilities and Administrative Costs 

The University of Missouri-Columbia last negotiated an indirect rate agreement with the 
U.S. Department of Health and Human Services (DHHS), Region VII on 7/7/2016.  The indirect 
rate for on-campus research is 55% MTDC for the period 7/1/2016-6/30/2020.  The DHHS contact 
is Arif Karim, phone 214-767-3261. 

Modified Total Direct Costs (MTDC):  Equipment valued over $5,000, participant support, 
animal per diem costs, and tuition costs are exempt from F&A costs. F&A charges are applied on 
the first $25,000 of subcontracts. 
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Appendix B: REVIEW OF CURRENT LITERATURE 
Review of Existing Practices for Asphalt Performance Testing 

This section presents a summary of the currently prevalent asphalt mixture performance 
tests incorporated by state DOT’s and transportation agencies in their asphalt mixture 
manufacturing process. The review categorizes the tests according to the parameters and/or the 
distresses they address. 
Complex modulus 

Complex modulus is one of the major inputs in the Pavement ME software. Complex 
modulus is calculated in accordance with AASHTO TP62-07. The procedure uses asphalt 
concrete specimens of 150 mm height and 100 mm diameter. The test is performed at 
temperatures -10, 4.4, 21.1, 37.8, and 58.4 oC, and at frequencies of 0.1, 0.5, 1, 5, 10, and 25 Hz. 
This is a stress-controlled test and the strains are limited to a range of 50 to 150 microstrains. 
The Asphalt Mixture Performance Tester (AMPT) has gained immense popularity in recent years 
as a preferred method to obtain the complex modulus and develop the master curves in 
accordance with AASHTO PP 61 [1], [2]. Nearly 26% of state DOTs have reported the use of this 
parameter for mixture acceptance and pay factor assignment [3]. 
Rutting and moisture sensitivity 

Wheel tracking tests are the most common method used to determine the rutting 
resistance. The Hamburg Wheel Tracking Test (HWTT) (AASHTO T324) and Asphalt Pavement 
Analyzer (APA) (AASHTO TP63) are the most commonly used devices for conducting the tests. 
Both simulate real traffic conditions by passing standardized steel/aluminum wheels on top of 
asphalt mixture specimens. The tests measure rut depth versus the number of wheel passes. 
HWTT has been widely used by researchers in determining the rutting susceptibility as well as 
the moisture sensitivity of asphalt mixtures, with and without modification [4]. The APA test can 
simulate the effect of tire pressure on rutting and was shown to be well-correlated with the field 
results [5]. Rutting characterization can also be done by correlation with flow number and complex 
modulus, both measured by AMPT [6]–[8]. Moisture sensitivity is most commonly measured by 
the Tensile Strength Ratio test (AASHTO T283). Samples are conditioned in hot water bath to 
simulate field conditions and the ratio of tensile strength of unconditioned and conditioned 
samples is reported as the TSR value. Nearly 63% of state DOT’s use these tests for mixture 
acceptance and pay factor assignment [3]. 
Fatigue cracking 

Fatigue cracking is predominantly associated with repeated traffic loads. Several tests 
have been used to characterize fatigue cracking. Ghulzan and Carpenter used Indirect Tensile 
Test (ITT) to evaluate the fatigue characteristics of asphalt mixes. They used the 
phenomenological or the Stress vs. number of cycles approach [9]. Huang et al. and S. Saadeh 
used flexural Beam-Fatigue (BF) test (AASHTO T321), which is a four point loading test wherein 
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small beams (380x50x63 mm) are subjected to repeated loads, to characterize asphalt mixture 
specimen in terms of fatigue life [10], [11]. The push-pull fatigue test, developed by Richard Kim 
at NCSU, characterizes the fatigue damage in an asphalt mixture specimen using a simple 
uniaxial test and Viscoelastic Continuum Damage (VECD) principles [2]. Cong et al. used surface 
energy concept of asphalt mixture to characterize the fatigue behavior. They used a uniaxial 
strain-controlled cyclic tensile test to determine the dissipated pseudostrain energy and 
determined the final number of cycles to failure for different asphalt mixtures [12]. The Texas 
Overlay Test (OT) (Tex-248-F), applies a cyclic triangular waveform with a constant maximum 
displacement of 0.64 in. simulating the opening and closing action of joints. This test records the 
number of cycles to failure and the data obtained is used to determine the crack initiation and 
propagation potential of the mixture [13], [14]. Approximately 37% of state DOT’s use these tests 
for mixture acceptance and pay factor assignment [3]. 
Thermal cracking 

Thermal cracking is one of the primary distresses of asphalt pavements in cold climates. 
The Thermal Stress Restrained Specimen Test (TSRST) (AASHTO TP 10) is a simple test 
wherein a rectangular asphalt mixture specimen is allowed to cool but is restrained on shorter 
edges, leading to development of thermal stresses within the specimen and ultimately cracking 
when the thermal stresses exceed the tensile strength of the specimen. It was used by 
researchers in various studies with modified asphalt mixture specimen being tested for cracking 
potential and fatigue life [15], [16]. The Indirect Tensile Strength test (IDT) (AASHTO T322) 
measures tensile strength and creep properties of asphalt mixture specimen. The fracture energy 
of the specimen is determined by measuring the vertical strain at the center of a diametrically 
loaded cylindrical specimen. The relaxation modulus data, obtained by converting the creep 
compliance data, is used to estimate the thermal stresses and calculate the critical cracking 
temperature [17].  

The Disk-Shaped Compact Tension test (DCT) (ASTM D7313-13) measures the low-
temperature cracking potential of the asphalt mixtures. The specimen is pulled through the drilled 
holes, forcing the crack to propagate in perpendicular direction through a pre-fabricated notch. 
The test is conducted at a constant Crack Mouth Opening Displacement (CMOD) rate of 1in./min. 
The area under the Load-CMOD curve, normalized by the fracture area of the specimen, is the 
reported as the fracture energy of the asphalt mixture specimen. Marasteanu et al. conducted 
various thermal cracking tests in a national pooled fund study funded by FHWA, and reported 
DCT as the most effective test [18], [19]. Researchers have used DCT tests to capture the effects 
of modifiers and aging in asphalt specimen [20]. 

The Semi-Circular Bending (SCB) test utilizes a simple three-point bending mechanism to 
determine the cracking resistance of the asphalt mixture specimen by calculating the fracture 
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energy. The test uses a semi-circular specimen, and the load is applied at the center of specimen 
periphery. In 2016, Ozer et al. introduced the IL-SCB method for cracking resistance 
characterization. Based on previous experiences, the researchers found that it is difficult to 
correctly discriminate the asphalt mixtures based only on fracture energies. They observed that 
the post-peak slope of the load-displacement curve from the SCB test was sensitive to the 
changes in the composition of asphalt mixture and used this to develop the Flexibility Index (FI). 
Ozer et al. used IL-SCB method to evaluate and discriminate the mixes with increasing high 
asphalt binder replacement (30%-60%) through addition of RAP/RAS [2], [21]. 

The Acoustic Emission-based test (AE) characterizes the low-temperature cracking 
potential of asphalt mixtures. Upon rapid cooling, the specimen releases strain energy in the form 
of transient stress waves due to onset of micro-cracks. The waves, beyond a set threshold, 
indicate an onset of damage due to thermal stresses and can be picked up by short-range AE 
piezoelectric sensors [22]. Dave et al. used this test for low-temperature fracture characterization 
of four different mixes and it showed excellent co-relation with the Superpave PG low temperature 
grade [20].  

At present, only 26% of DOT’s use these tests for mixture acceptance and pay factor 
assignment [3]. 
Tools based on performance tests 

Illi-TC, developed by Dave et al. at the University of Illinois, Urbana Champaign (UIUC), 
primarily uses DCT fracture energy, IDT tensile strength, and IDT creep compliance results to first 
predict the number of critical events that would cause thermal cracks in the pavement and then 
goes on to perform a viscoelastic FE analysis for predicting the amount of thermal cracking 
(m/500m) [23]. The Thermal Cracking Analysis Package (TCAP) is a newly developed model at 
University of Nevada, Reno, in 2015 by Alavi et al. The model takes into account more variables 
of asphalt mixture, like aging, temperature dependent coefficient of thermal expansion and 
contraction (CTEC), than its predecessors. At this point, the model only predicts the number of 
critical events for a particular simulation of asphalt pavement at a location [24]. Buttlar et al. 
developed the Performance-Space diagram, a graphical interactive tool suitable to capture the 
high- and low-temperature mixture performance test results in a single visual. The DCT fracture 
energy results are plotted in the X-axis scale versus the Hamburg Wheel Tracking Test results in 
a reverse Y-axis scale [25]. Al-Qadi et al. developed a similar interaction plot by using the results 
of Flexibility Index, plotted on Y-axis, and Hamburg Wheel Tracking Test, plotted on X-axis [2]. 
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DOT Asphalt Performance Specifications 
DOTs currently use a variety of asphalt performance specifications. A summary of the 

current state of the practice regarding asphalt performance specifications is provided below. 
• New Jersey DOT (NJDOT) uses APA (AASHTO T340), Flexural Beam Fatigue (AASHTO 

T321), and Overlay tester (TEX 248-F) for its mix design [26] 
• Alabama DOT (ALDOT) uses the Asphalt Pavement Analyzer for testing rutting susceptibility 

of SMA mixes and accepts mixes with rutting less than 4.5mm. The test is done in 
accordance with ALDOT-401 [27]  

• The National Center of Pavement Preservation (NCPP) prepared a pilot specification on the 
AASHTO TSP2 website listing the mixture performance tests required to address the 
changes in the asphalt paving industry. Agencies from New Hampshire, Vermont, 
Massachusetts, Rhode Island, New Jersey, Maryland, and Pennsylvania were involved in 
this study. The study aims at providing specifications to develop pavements with high 
polymer modification and includes provisions that would address the possible performance 
issues like thermal cracking, fatigue cracking, reflective cracking, and rutting. The included 
tests are Texas Overlay tester, Bending Beam fatigue test, and APA test. Additionally, two 
more tests, the Semi Circular Bend test (SCB) and Hamburg rutting test, were added by 
three state DOTs (Minnesota, New Hampshire, Vermont) that have already placed test 
sections for the study to make the specifications more universal [26].  

• IDOT has begun implementing the IL-SCB specifications in its 11 newly constructed pilot 
projects (AASHTO RAC-Sweet 16 High Value Research projects). IDOT has set a 
specification of FI greater than or equal to 8.0 for acceptance. In addition, IDOT’s document 
for HMA Mixture Design Verification and Production modified for pilot projects only (revised 
Jan 2016) adopts four performance tests: IL Modified AASHTO 324 (Hamburg Wheel Test), 
IL Modified AASHTO T283 (TSR), Illinois Test Procedure (ITP) 405 I-FIT (AASHTO TP-
124), ASTM D7313 (DCT) [28] 

• The Arkansas State Highway and Transportation Department (AHTD) specifies the Wheel 
Tracking Test according to AHTD 480 with rut depth varying from 8 mm to 5 mm depending 
on the design gyrations [29].  

• Wisconsin DOT (WisDOT) requires Hamburg and DCT test results for acceptance, and SCB 
(AASHTO TP105-7) results for information only. All the test procedures have been modified 
by WisDOT [30].  

• The DCT spec is being currently implemented by Minnesota DOT (MnDOT) (Minnesota 
DCT), WisDOT, Iowa DOT, Chicago DOT, and Illinois Tollway [31]. 

• Several DOTs have made commitments for “Implementation of the Asphalt Mixture 
Performance Tester for Superpave Validation” [32]. 
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• Oregon DOT (ODOT) includes APA testing (rutting) in their mix designs. ODOT’s pavement 
design guide also includes IDT as a possible laboratory performance test for existing HMAC 
[33], [34]. 

• NCDOT performs rutting tests using APA and TSR testing in accordance with NCDOT-T-
283 [35]. 

• Utah DOT (UDOT) uses Hamburg tests in its mixture design specs [36].  
• Virginia DOT (VDOT) performs Rut testing according to its own standard VTM-110. [37]. 
• Texas DOT (TxDOT) specifies a rutting test according to Tex-242-F, IDT according to Tex-

226-F, when required, and an overlay test according to Tex-248-F [38].   
• Washington DOT (WSDOT) performs both - rutting test (AASHTO T324) and IDT test 

(AASHTO D6931) but they do so with slight variations in the test methods to suit their 
requirements. They also determine the stripping potential using TSR values (AASHTO 
T283) [39]. 

Table B.1 shows the various state DOT’s that currently include performance test 
specifications in their HMA mixture design or are involved in national-level studies for performance 
test specifications.  
 
Table B.1. DOT's that currently include or plan to include performance-based 
specifications* 

Asphalt Mixture Performance 
Tests 

States currently including or planning to include test in mix 
design 

Rutting and moisture sensitivity test 
(Hamburg Wheel Tracking Test, 
Asphalt Pavement Analyzer, or 
TSR) 

Arkansas, Alabama, Nevada, Oregon, South Carolina, South Dakota, 
Georgia, New Jersey, Colorado, Louisiana, Illinois, Wisconsin, North 
Carolina, Utah, Virginia, Washington 

Thermal Cracking tests (DCT, 
SCB, TSRST, IDT) 

New Jersey, New Hampshire, Vermont, Minnesota, Iowa, Illinois, 
Wisconsin, Oregon, Washington, Nebraska, Kansas  

Fatigue (OT, push-pull, etc.) New Jersey, New Hampshire, Vermont, Massachusetts  
Complex Modulus (and other 
parameters through APMT) ** 

Alabama, Colorado, Connecticut, Florida, Georgia, Illinois, Kansas, 
Kentucky, Maine, Maryland, Nebraska, New Hampshire, New Jersey, 
New York, North Carolina, Oregon, Pennsylvania, Tennessee, Utah, 
Virginia, West Virginia, Wisconsin, Wyoming 

*The table is not exhaustive and effort has been made to include as much data as possible 
**The DOTs listed are a part of National Pooled Fund study for ‘Implementation of Asphalt Mixture 
performance Tester for Superpave validation’, with FHWA as the lead agency  [3], [26]–[47] 
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develop guidelines to improve the quality of element level bridge inspections.  He also 
contributed to a study that investigated the economic benefits of harvesting energy from 
pavements and led two FHWA pooled fund projects that included both online and phone 
surveys of state DOTs and other stakeholders regarding their best practices for safety 
and operations in work zones. 
 
During his tenure at INDOT, Mr. Brown was responsible for preparing and reviewing 
plans, cost estimates, and specifications for various road and bridge projects, including 
several freeway projects. He also participated in various public hearings, field meetings, 
and partnering workshops and handled project coordination with many different 
stakeholders.  He obtained his BSCE and MSCE degrees from Purdue University.  He is 
a registered Professional Engineer (P.E.) in the states of Indiana and Missouri.  He 
currently serves as a member of three standing committees of the Transportation 
Research Board including the Committee on Emerging Design and Construction 
Technologies.  
 
RELATED PROJECT EXPERIENCE 
Asset Management Experience 
• Implementation of Asset Management in Grandview, Principal Investigator 
• Runway Condition Index Study for State Funded Airports (sub to ARA), Research 
Engineer 
• Development of Bridge Maintenance Program for Columbia, Missouri, Research 
Engineer 
• NCHRP 12-104: Guidelines to Improve the Quality of Element-Level Bridge 
Inspection Data, Research Engineer 
 
Other Research Experience 
• Maintenance of Traffic for Innovative Geometric Designs, Smart Work Zone 
Deployment Initiative (SWZDI), Principal Investigator 
• Safety Assessment Tool for Construction Zone Phasing Plans, SWZDI, Principal 
Investigator 
 
Design and Review Experience at INDOT 
• US 24 new alignment, Designer 
• SR 641 new alignment, Designer 
• SR 56 bridge replacement, Designer 
• US 27 added travel lanes, Project Reviewer 
• SR 26 partial reconstruction, Project Reviewer 
• I-64 interstate rehabilitation, Project Reviewer 

PROJECT ROLE 
Research Engineer 
 
YEARS OF EXPERIENCE 
18 
 
EDUCATION 
B.S., Civil Engineering, Purdue 
University  
M.S., Civil Engineering, Purdue 
University 
 
REGISTRATION 
PE (Civil), Missouri and Indiana 
 
SPECIALIZATION 
►14 years of DOT experience 
with preparing and reviewing 
plans and specifications for 
road and bridge projects 
►Experience with collecting 
pavement inventory data and 
developing pavement 
preservation plans 
►Project management 
experience with both design 
and research projects 
 
RELEVANT PUBLICATIONS 
►”Decision Methodology for 
Temperature Control of 
Pavements,” Transportation 
Research Record 
 
AFFILIATIONS 
►APWA Missouri Chapter, 
Invited Conference Speaker 
►Missouri Valley ITE, Invited 
Conference Speaker 
►TRB Committee on 
Emerging and Design 
Construction Technologies, 
Member 
►TRB Committee on 
Operational Effects of 
Geometrics, Member 
►TRB Committee on 
Transportation Planning for 
Small and Medium Sized 
Communities, Member and 
Committee Research 
Coordinator 
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JAMES MEISTER 
Research Engineer 
 

Mr. James Meister is a Research Engineer in the Civil and Environmental Engineering 
Department at the University of Missouri-Columbia (MU).  Having recently joined MU, he 
has been responsible for purchase and installation of the testing equipment in the new 
Missouri Asphalt Pavement and Innovation Lab (MAPIL).  He is also responsible for 
training all student researchers on proper equipment usage and applicable test 
standards.  Prior to joining the MU, James worked for 10 years as a research engineer 
and then senior research engineer at the University of Illinois’s Advanced Transportation 
Research Engineering Laboratory (ATREL) at the Illinois Center for Transportation (ICT). 
 
At ATREL, Mr. Meister worked in a number of areas to keep the laboratory operational 
and physical research projects on schedule.  He also assisted on all field site visits 
required by research at ICT, using many years of experience to keep student 
researchers safe in dangerous work zones as well as contributing to collecting on site 
data.  He traveled to Colorado and Alaska to apply ground penetrating radar technology 
to ballast fouling, visited 9 states and Canada for each of 3 years for a crack sealant 
evaluation study, and conducted many other field site visits in Illinois and other states.  
He was responsible for the operation and maintenance of the Accelerated Transportation 
Loading Assembly (ATLAS), a full scale loading machine used to apply decades of traffic 
to full scale pavement systems in a few months of operation. 
 
Mr. Meister was a part of the University of Illinois research team prior to the inauguration 
of the Illinois Center for Transportation.  He created and continually updated the lab 
safety program for ATREL.  Upon completion of the safety program he then instructed 
those students whose research required use of test equipment on the proper standards 
guiding their testing and the proper use of the equipment to perform the tests.  
 
Mr. Meister was also instrumental in ATREL attaining the rating of an IDOT approved 
testing laboratory, participating in IDOT’s annual round robin testing program as well as 
biannual inspections.  ICT’s lab accreditation by AMRL was achieved under Mr. Meister’s 
guidance.  He also performed proficiency testing, standards updating, and on-site test 
evaluations.  
 
RELATED PROJECT EXPERIENCE 
Transportation Materials Lab Management Experience 
AASHTO Materials Reference Laboratory accreditation experience  
• Familiar with operations and maintenance of a wide variety of transportation 
materials testing equipment: servo-hydraulic, servo-pneumatic, electro-mechanical 
• Familiar with AASHTO test methods for asphalt mixture, asphalt binder, 
aggregates. 
• Sampled from field locations cores, loose mix, liquid binder, aggregates and soils 
on a large number of projects.  

 

PROJECT ROLE 
Research Engineer 
 
YEARS OF EXPERIENCE 
10 
 
EDUCATION 
B.S., Civil Engineering, 
University of Illinois Urbana-
Champaign 
 
 
 
SPECIALIZATION 
►Managed lab operations at 
the Illinois Center for 
Transportation: Soil, binder, hot 
mix, full scale accelerated 
testing and accompanied many 
field projects. 
►Initiated and maintained 
ICT’s AMRL accreditation for 
hot mix and aggregates as well 
as being an Illinois Department 
of Transportation approved 
testing lab. 
►Created ATREL’s lab safety 
program, and taught the safety 
training to each researcher at 
ATREL 
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