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1. BACKGROUND

The Oregon DOT (ODOT) instrumented three pavement sites between 2004 and 2008 to
support efforts toward implementing mechanistic-empirical (M-E) pavement design. Though
data were collected as part of an earlier research project, data reduction and analysis was not
conducted and the response measurements are still considered to be in raw format. There is a
need to evaluate the usefulness of the data and assess whether it can be useful for M-E
design. There is also a need to develop user-friendly tools for ODOT to continue collecting
and analyzing data to support M-E design.

2. OBJECTIVES

The primary objective of this research is to process existing data sets and evaluate their
usefulness toward implementation of M-E design. A secondary objective is to develop user-
friendly processing schemes to facilitate future data processing and analysis.

3. WORK PLAN

The project will be completed in two phases, comprised of four tasks as enumerated below.
Since the status of the raw data is unknown, the first phase will focus on preliminary
assessment of the data. If the data sets are judged to be useful at the completion of Phase I,
all the data will be processed and evaluated in Phase II. Otherwise, the project will be
terminated. Figure 1 illustrates summarizes the proposed workplan.
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Figure 1. Proposed Workplan.

3.1 Phase | — Preliminary Evaluation

3.1.1 Task 1 — Data Procurement and Processing Development

This task will first focus on acquiring data from ODOT and developing a fundamental
understanding of how the data are organized and formatted. Collaborative discussions
will be held with ODOT regarding the important components of the raw data to extract
and store. This will be conducted through a site visit to ODOT at a mutually-agreeable
time. After the site visit, a customized scheme will be developed to process the data.
Figure 2 illustrates one such processing scheme, in the form of a template, that NCAT
developed for an instrumented pavement site on I-40 in New Mexico. The template
requires minimal user interaction after the data have been uploaded and automatically
detects peaks and creates a data table that stores key information. Figure 3 shows a
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magnified raw strain signal, with peak strains automatically detected by the processing
algorithms. Figure 4 shows the data table automatically generated for each axle hit over
the gauge array. It is important to note that these figures represent one example of a
processing scheme tailored specifically for the site conditions and research objectives of
the 1-40 project in New Mexico. A new processing scheme will be developed for the
ODOT sites, through collaboration with ODOT, that will focus on extracting useful
information from the raw data and compiling it into data tables in the most efficient
manner possible.
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Figure 2. 1-40 Processing Template.
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Figure 4. 1-40 Data Table.

3.1.2 Task 2 — Model Evaluation with Measured Data

Task 2 will focus on evaluating the quality of the measured data with respect to pavement
responses predicted through mechanistic modeling. At least one load application will be
simulated in a computer-based modeling program and the results will be compared



against the measured pavement response. It is anticipated that the simulation will utilize
layered elastic analysis which is the current standard-of-practice for flexible M-E design.
A key component to this activity will be the determination of the in-place material
properties (i.e., modulus and Poisson ratio) and thicknesses as primary inputs to the
mechanistic model. It is assumed that ODOT will make these data available from
existing data sets.

A Phase | report will be developed that details the work in Tasks 1 and 2. It is proposed that
the contents of the report be presented through another site visit to ODOT, at a mutually
agreeable time. The site visit will result in an official decision from ODOT whether to
proceed to Phase Il or terminate the project and allow for further discussion and possible
revisions to the proposed work in Tasks 3 and 4, as needed. Furthermore, a separate half-day
meeting will be conducted during the site visit to discuss ODOT’s implementation of
mechanistic-empirical design strategies.

3.2 Phase Il — Full Evaluation

3.2.1 Task 3 — Data Processing and Database Development

With approval to proceed, the primary goal of Task 3 is to build a comprehensive
database from all previously-collected data. The data processing scheme developed in
Task 1, with possible further refinements, will be the primary tool from which a
Microsoft Access® database will be created. The database will provide flexibility in
generating a variety of summary and detailed reports from the measured pavement
responses. The database will also be used as a basis of comparison with predicted
pavement responses through mechanistic modeling. Figure 5 shows one such example
from the NCAT Test Track (Barrett and Timm, 2005).
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Figure 5. Measured vs. Predicted Strain Responses (Barrett and Timm, 2005).

3.2.2 Task 4 — Processing Program and Technology Transfer

The final task focuses on technology transfer that will enable ODOT to collect, process,
store and analyze data collected in the future. The processing scheme developed in Task
1 and refined in Task 3 will go through further improvements to maximize usability and
efficiency. A user’s guide will be developed to accompany the scheme in addition to
describing how to populate and update the Access database.

A Phase Il report, in addition to the processing scheme and manual described above, will be
developed. The report will detail the results of Tasks 3 and 4. It is proposed that a final site visit
be conducted to present the report and include a processing/analysis workshop. The workshop
will also include discussion regarding integrating data collected from the ODOT sites in M-E
design implementation strategies.

4. BUDGET

To accomplish the work, Dr. Timm will serve as principal investigator with graduate student
support. The detailed budget provided in Table 1 includes personnel time in addition to
travel support for an initial site visit, a visit at the conclusion of Phase | and a final visit at the
conclusion of Phase Il. It is anticipated the first two visits will be made only by Dr. Timm
while the final visit, which includes a workshop, will be made by Dr. Timm and the graduate



research assistant. The official Auburn University direct, fringe, indirect and graduate
student tuition rates have been applied to each budget item.

Table 1. Proposed Budget

| Hours | Direct Cost | Fringe ‘ Personnel Indirect ‘ Tuition | Travel ‘

Work Activity |Timm]Grad student| Timm _ [Grad student| Timm _[Grad student| Timm _[Grad Student|Grad Student| Direct | Indirect | Subtotal

Phase | - Preliminary

1-Data Procurement and Processing Development 265 200 $17,535.05 | § 3,462.00 | § 5435.87 | § 83.09 | $11,026.04 | § 1,701.64 | & 346.20 | $2,000.00 | § 960.00 | § 42,549.89
2-Model Evaluation with Measured Data 50 50 $ 330850 % 1,557.90 | % 1025648 37.39|$ 208039 %  76574[$  155.79|$2,000.00 | $ 960.00 [$ 11,851.35
Phase | - Subtotal 315 290 $20,843.55 | § 501990 |3 6461.51 | § 12048 | $13,106.43 | § 246738 | §  501.99 | $4,000.00 | $1,920.00 | § 54,441.24

Phase Il - Full Evaluatio

n(3

3-Data Processing and Database Development 280 1250 $18,527.60 | $ 21,637.50 | $ 5,743.56 519.30 | $11,650.16 | $ 10,635.26 | $ 2,163.75 | § - $ - $ 70,877.13

4-Processing Program and Technology Transfer 190 310 $12,572.30 | § 5,366.10 | § 3,897.41 | § 128.79 | § 7,905.46 | § 2,637.55 |8 536.61 | $4,000.00 | $1,920.00 | § 38,964.22

Phase Il - Subtotal 170 1560 $31,099.90 | § 27,003.60 | $ 9,640.97 | §  648.09 | $19,555.62 | $ 13,272.81 | $ 2,700.36 | $4,000.00 | $1,920.00 | $109,841.35
Phase | &I

Total [ 785 ] 1850 [ $51,943.45[ § 32,023.50 | $16,02.48 [ §  768.57 [ $32,662.05 | $ 15,740.19 [ $ 3,202.35 | $8,000.00 | $3,840.00 | $164,282.59

Dr. Timm holds the Brasfield & Gorrie Chair of Civil Engineering at Auburn University
where he has been a faculty member since 2001. He has been engaged in asphalt pavement
research for the past twenty years and has authored and co-authored 120 technical documents
that include journal articles, conference papers, invited trade magazine articles and technical
reports. His primary areas of research emphasis are mechanistic-empirical (M-E) analysis
and design achieved primarily through full-scale accelerated pavement testing. Much of his
research is executed in cooperation with the National Center for Asphalt Technology
(NCAT). Since joining the Auburn University faculty, Dr. Timm has successfully completed
33 funded research projects exceeding $28 million in the capacity of Principal Investigator
(PI) or Co-Principal Investigator (Co-Pl). His research sponsors have included numerous
state departments of transportation, the Federal Highway Administration (FHWA), the
National Asphalt Pavement Association (NAPA) and private corporations. His research
projects have featured numerous instrumentation installations at the NCAT Test Track, in
China, Oklahoma and New Mexico. A central theme to his research program is developing
useful tools for use by practitioners. To that end, he has also been engaged in the asphalt
industry as a private consultant to both the NAPA and Asphalt Pavement Alliance (APA).
Key aspects of the consultancy have been the development of pavement design and analysis
computer programs dealing with perpetual pavements, life cycle cost analysis and pavement
cooling simulation software. Dr. Timm also strives to disseminate research results beyond
technical publications through the development and delivery of short courses, webinars and
active participation in research conferences, state asphalt pavement association meetings and
national level meetings. He is also active in the profession through membership on
Transportation Research Board (TRB) committees, both past (AFD60) and present (AFD40),
serves on the APA Field Resource Team and is a member of the Association of Asphalt
Paving Technologists (AAPT). Dr. Timm is a registered professional engineer in Alabama.
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