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Figure 5 shows the effect of various network-disruption scenarios on percent change in
network accessibility. It is shown in the figure that the percent change in network accessibility
generally increases when more links are subjected to disruption. For example, the BN+C’s
percent decrease in network accessibility in the case of 2-link, 4-link, and 6-link disruption
events were 0.01, 0.18, and 0.3, respectively, indicating that the network accessibility may
decrease significantly as more and more links are disrupted due to natural and human-made
network disruption events. The BN+BC network also showed a decrease in network
accessibility as more links are disrupted with 4-link and 6-link disruption events causing a 0.01,
0.02, and 0.18 percent decrease in network accessibility. The BN+ABC network also showed a
decrease in network accessibility as more links are disrupted with the 2-link and 4-link disruption
events causing a 0.05 and 0.01 percent decrease in network accessibility. However, its 4-link
and 6-link disruption scenarios led to an equal percent decrease in network accessibility. This
result could be attributed to the implementation of multiple projects that may increase network
resilience for accessibility reduction.

It is interesting to see in Figure 5 that for the same number of link disruption scenarios, the
implementation of a higher number of LVR projects helps reduce network accessibility
reduction. For instance, the 6-link disruption events of BN+C, BN+BC, and BN+ABC networks
caused a 0.3, 0.18, and 0.01 percent decrease in network accessibility, respectively, compared
with the base network no-disruption scenario. This result shows the importance of the
simultaneous implementation of LVR projects in reducing the accessibility impacts of natural
and human-made events. The BN+BC network showed an increase in network accessibility even
after a 2-link disruption occurred, showing that LVR projects can help improve network
accessibility after the disruption events damaged the LVR network and facilitate rescue mission
in communities living inside the network influence areas.
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Figure 5. Percent change in network accessibility for various link disruption scenarios.
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For the BN+ABC network case, the 4-link and the 6-link disruption scenarios have brought a
lower reduction in network accessibility (i.e., 0.01%) compared to its 2-link disruption scenario
(i.e., 0.05%). This result helps infrastructure decision-makers recognize that a higher number of
disrupted links does not necessarily imply a higher percentage reduction in network accessibility.
The spatial locations of the disrupted links and the LVR projects in the network may also
determine the percent reduction in network accessibility.

6. SUMMARY AND CONCLUSIONS

This study presented a framework for prioritizing road projects based on their contribution to
network accessibility. The developed framework was demonstrated using a low-volume road
(LVR) network. The study results indicated that the spatial locations of LVR projects and
stakeholders’ preferences to the LVR projects affect the projects’ contribution to the overall
network accessibility.

An experimental network disruption simulation study was conducted considering different
network disruption scenarios. As the simulation results indicated, the network accessibility
could increase after network disruption events due to the implementation of LVR roadway
projects. These results help investment decision-makers justify the importance of selecting the
best LVR projects to maintain or even improve network accessibility after network disruption
events (such as flooding and earthquake) damaged LVR networks in areas where those
disruption events are widespread.

The developed framework is useful for prioritizing new roadway projects or roadway
maintenance or rehabilitation projects. The framework is beneficial for selecting the best LVR
projects for road networks such as rural road networks and low-volume road networks with a
lower degree of connectivity among network nodes because a single roadway link may play a
critical role in keeping the network connectivity and accessibility. In general, the study
framework helps transportation planners and investment decision-makers prioritize infrastructure
investments considering network accessibility and stakeholders’ preferences. Decision-makers
could also incorporate the developed framework into other multi-criteria decision-making
frameworks that do not consider the roadway projects’ accessibility impacts at the network level.

REFERENCES

AASHTO. (2003). User benefit analysis for highways. Washington, D.C.

An, M., and Casper, C. (2011). “Integrating travel demand model and benefit-cost analysis for
evaluation of new capacity highway projects.” Transportation Research Record.

Apronti, D., Ksaibati, K., Gerow, K., and Hepner, J. J. (2016). “Estimating traffic volume on
Wyoming low volume roads using linear and logistic regression methods.” Journal of Traffic
and Transportation Engineering (English Edition).

Bell, M. G. H. (2000). “A game theory approach to measuring the performance reliability of
transport networks.” Transportation Research Part B: Methodological.

Beria, P., Debernardi, A., and Ferrara, E. (2017). “Measuring the long-distance accessibility of
Italian cities.” Journal of Transport Geography.

Cambridge Systematics. (2000). A Guidebook for performance-based transportation planning.
Washington, D.C.

© ASCE

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/ASCE/134691373/International-Conference-on-Transportation-and-Development-2021-Transportation-Planning-and-Development?src=spdf

International Conference on Transportation and Development 2021 212

Cantarella, G. E., and Vitetta, A. (2006). “The multi-criteria road network design problem in an
urban area.” Transportation.

Canter, W. (1995). Environmental Impact Assessment. McGraw-Hill, New York.

Chacon-Hurtado, D., Kumar, 1., Gkritza, K., Fricker, J. D., and Beaulieu, L. J. (2020). “The role
of transportation accessibility in regional economic resilience.” Journal of Transport
Geography.

Chandran, S., Isaac, K. P., and Veeraragavan, A. (2007). “Prioritization of Low-Volume
Pavement Sections for Maintenance by Using Fuzzy Logic.” Transportation Research
Record: Journal of the Transportation Research Board.

Christopher, R. B., and Ian, D. G. (2001). Modelling Road User and Environmental Effects in
HDM-4. Paris.

Cohn, F., and McVoy, R. (1982). Environmental Analysis of Transportation Systems. Wiley,
New York.

Dehghani, M. S., Flintsch, G. W., and McNeil, S. (2013). “Roadway network as a degrading
system: Vulnerability and system level performance.” Transportation Letters.

Faiz, A. (2012). “The promise of rural roads: review of the role of low-volume roads in rural
connectivity, poverty reduction, crisis management, and livability.” Transportation Research
Record, (Transportation Circular E-C167).

Faiz, A., Weaver, C. S., and Walsh, M. P. (1996). “Air pollution from motor vehicles (Standards
and Technologies for Controlling Emissions).” Annals of the New York Academy of Sciences.

FEMA. (2019). “FEMA.”
<https://msc.fema.gov/portal/search? AddressQuery=northwestindiana#searchresultsanchor>.

FHWA. (2009). “Manual on Uniform Traffic Control Devices for Streets and Highways.” United
States Department of Transportation - Federal Highway Administration,
<https://mutcd.thwa.dot.gov/>(Aug. 28, 2020).

Forkenbrock, J., and Weisbrod, E. (2001). Guidebook for Assessing the Social and Economic
Effects of Transportation Projects. Washington, D.C.

Freiria, S., Ribeiro, B., and Tavares, A. O. (2015). “Understanding road network dynamics:
Link-based topological patterns.” Journal of Transport Geography.

FTA. (1995). Transit Noise and Vibration Impact Assessment. Washington, D.C.

Geurs, K. T., and van Wee, B. (2004). “Accessibility evaluation of land-use and transport
strategies: Review and research directions.” Journal of Transport Geography.

Gokey, J., Klein, N., Mackey, C., Santos, J., Pillutla, A., and Tucker, S. (2009). “Development of
a prioritization methodology for maintaining Virginia’s bridge infrastructure systems.” 2009
IEEE Systems and Information Engineering Design Symposium, SIEDS "09.

Guerre, J. A., and Evans, J. (2009). “Applying system-level performance measures and targets in
the Detroit, Michigan, metropolitan planning process.” Transportation Research Record.

Gurganus, C. F., and Gharaibeh, N. G. (2012). “Project selection and prioritization of pavement
preservation.” Transportation Research Record.

Gwilliam, K. (1997). The Value of Time in Economic Evaluation of Transport Projects — Lessons
from Recent Research. Washington, D.C.

Heggie, 1. (1972). Transport Engineering Economics. McGraw-Hill, New York.

Karlaftis, M., and Kepaptsoglou, K. (2012). Performance measurement in the road sector: A
cross-country review of experience.

Keller, G., and Sherar, J. (2020). “Low Volume Roads Engineering.” <https://www.fs.fed.us/t-
d/programs/forest_mgmt/projects/lowvolroads/>(Oct. 2, 2020).

© ASCE

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/ASCE/134691373/International-Conference-on-Transportation-and-Development-2021-Transportation-Planning-and-Development?src=spdf

International Conference on Transportation and Development 2021 213

Lin, X. (2019). “Multiple pathways of transportation investment to promote economic growth in
China: a structural equation modeling perspective.” Transportation Letters.

Marr, P., and Sutton, C. (2007). “Changes in accessibility in the Meseta Purépecha region of
Michoacan, Mexico: 1940-2000.” Journal of Transport Geography.

Martin, J. C., and Reggiani, A. (2007). “Recent methodological developments to measure spatial
interaction: Synthetic accessibility indices applied to high-speed train investments.”
Transport Reviews.

Morris, J. M., Dumble, P. L., and Wigan, M. R. (1979). “Accessibility indicators for transport
planning.” Transportation Research Part A: General.

Mouter, N., van Cranenburgh, S., and van Wee, B. (2017). “An empirical assessment of Dutch
citizens’ preferences for spatial equality in the context of a national transport investment
plan.” Journal of Transport Geography.

Novak, D. C., Sullivan, J. L., and Scott, D. M. (2012). “A network-based approach for evaluating
and ranking transportation roadway projects.” Applied Geography.

NYSDOT. (2002). Vulnerability Manuals for Bridge Safety Assurance Program. New York.

OECD. (2001). Performance Indicators for the Road Sector, Organization for Economic
Cooperation and Development. Paris.

Opus. (1999). Review of VOC-Pavement Roughness Relationships Contained in Transfund’s
Project Evaluation Manual. Lower Hutt.

Ortolano, L. (2001). Environmental Regulation and Impact Assessment. Wiley, New York.

Péez, A., Scott, D. M., and Morency, C. (2012). “Measuring accessibility: Positive and
normative implementations of various accessibility indicators.” Journal of Transport
Geography.

Reynaud, F., Sider, T., Hatzopoulou, M., and Eluru, N. (2018). “Extending the Network
Robustness Index to include emissions: a holistic framework for link criticality analysis for
Montreal transportation system.” Transportation Letters.

Rokicki, B., and Stepniak, M. (2018). “Major transport infrastructure investment and regional
economic development — An accessibility-based approach.” Journal of Transport
Geography.

van Rossum, G. (2012). The Python Language Reference. Python Software Foundation.

Santos, B., Antunes, A., and Miller, E. J. (2008). “Integrating equity objectives in a road network
design model.” Transportation Research Record.

Scott, D. M., Novak, D. C., Aultman-Hall, L., and Guo, F. (2006). “Network robustness index: A
new method for identifying critical links and evaluating the performance of transportation
networks.” Journal of Transport Geography.

Shiripour, S., and Nezam, M.-A. (2020). “Disaster relief on destructive transportation networks
using a circle-based approach.” Transportation Letters.

Sinha, K., and Labi, S. (2007). Transportation Decision Making: Principles of Project
Evaluation and Programming. John Wiley & Sons, Inc., Hoboken.

Sinha, K., Teleki, G., Alleman, J., Cohn, L., Radwan, E., and Gupta, A. (1991). Environmental
Assessment of Land Transport Construction and Maintenance. Washington, D.C.

Stopher, P., and Meyburg, A. (1976). Transportation Systems Evaluation. Lexington Books,
D.C. Health and Company, Lexington.

© ASCE

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/ASCE/134691373/International-Conference-on-Transportation-and-Development-2021-Transportation-Planning-and-Development?src=spdf

International Conference on Transportation and Development 2021 214

Sullivan, J. L., Novak, D. C., Aultman-Hall, L., and Scott, D. M. (2010). “Identifying critical
road segments and measuring system-wide robustness in transportation networks with
isolating links: A link-based capacity-reduction approach.” Transportation Research Part A:
Policy and Practice.

USDOT. (2004). FHWA Traffic Noise Model® User’s Guide. U.S. Department of
Transportation, Washington, D.C.

USEPA. (2002). User’s Guide to MOBILEG.0 Mobile Source Emission Factor Model. U.S.
Environmental Protection Agency.

Vandenbulcke, G., Steenberghen, T., and Thomas, 1. (2009). “Mapping accessibility in Belgium:
a tool for land-use and transport planning?”’ Journal of Transport Geography.

Wardman, M. (1998). “The value of travel time a review of british evidence.” Journal of
Transport Economics and Policy.

Woldemariam, W., Labi, S., and Faiz, A. (2019). “Topological Connectivity Criteria for Low-
Volume Road Network Design and Improvement.” 12th International Conference on Low-
Volume Roads, Transportation Research Board, Kalispell, 150-167.

Woldemariam, W. (2020). “Goal Programming Framework for Prioritization of Low-Volume
Road Projects Considering Network Accessibility and Stakeholders’ Preferences.”
Transportation Research Record: Journal of the Transportation Research Board.

Zaniewski, J. (1982). Vehicle Operating Costs, Fuel Consumption, and Pavement Type and
Condition Factors. Washington, D.C.

© ASCE

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/ASCE/134691373/International-Conference-on-Transportation-and-Development-2021-Transportation-Planning-and-Development?src=spdf

International Conference on Transportation and Development 2021 215

ODOT Involvement with the NCAT Test Track and Task Groups
Joshua Q. Lil; Kelvin Wang2; Stephen A. Cross® ; Wenyao Liu4; and Kevin Suitor’

! Associate Professor, School of Civil and Environmental Engineering, Oklahoma State Univ.,
Stillwater, OK. Email: giang.li@okstate.edu

2Professor, School of Civil and Environmental Engineering, Oklahoma State Univ., Stillwater,
OK. Email: kelvin.wang @okstate.edu

SEmeritus Professor, School of Civil and Environmental Engineering, Oklahoma State Univ.,
Stillwater, OK. Email: steve.cross @okstate.edu

*Ph.D. Student, School of Civil and Environmental Engineering, Oklahoma State Univ.,
Stillwater, OK. Email: wenyao.liu@okstate.edu

SBituminous Branch Manager, Oklahoma Dept. of Transportation, Oklahoma City, OK. Email:
ksuitor @odot.org

ABSTRACT

Oklahoma Department of Transportation (ODOT) has been sponsoring the National Center of
Asphalt Technology (NCAT) test track studies since its first inauguration cycle in 2000. In each
cycle, ODOT had direct involvement in constructing Oklahoma sections with clearly defined
research themes but also participated in group experiments. ODOT’s participation and the
benefits received from the track testing have been followed but not documented in a single place,
and the benefits received from the track testing also needs to be documented and reported. In this
paper, the ODOT’s detailed participation, materials testing results, research focus and
conclusions, potential benefits, and implementation of NCAT results in Oklahoma pavement
projects are particularly presented.

Keywords: Oklahoma Department of Transportation (ODOT), National Center of Asphalt
Technology (NCAT), test track, task group, benefits

1 INTRODUCTION

The NCAT Pavement Test Track has been successfully operated by the National Center for
Asphalt Technology (NCAT) for almost two decades. The test track is funded and managed as a
cooperative project, highway agencies, and industry sponsors with specific and shared research
objectives by constructing real-world testing sections and monitoring their performance under
accelerated trafficking, with the primary goal to improve their asphalt mix specifications,
construction practices, and pavement design methods.

Oklahoma Department of Transportation (ODOT) has been sponsoring the NCAT test track
studies since its first inauguration cycle in 2000. Thus far there were seven research cycles, 3
years per cycle. In each cycle, ODOT had direct involvement in constructing Oklahoma sections
with clearly defined research themes but also participated in group experiments. ODOT’s
contribution is approximately $500,000 per year. To date, ODOT’s participation has been
followed but not documented in a single place, and the benefits received from the track testing
also needs to be documented and reported.
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In this paper, a comprehensive summary of ODOT’s involvement at NCAT during the past
20 years is provided using data and information from ODOT Materials Division, NCAT
published reports and personal interviews.

2 NCAT TEST TRACK AND GROUP FINDINGS
2.1 Background of the Track

The 1.7-mile test track (Figure 1), consisting of 46 200-ft. test sections, is an accelerated
pavement testing facility that brings together real-world pavement construction with live heavy
trafficking for rapid testing and analysis of asphalt pavements (NCAT, 2002). Sections are
sponsored on three-year cycles. The first part of each cycle begins with building or replacing test
sections, which normally takes about six months. Trafficking is applied over two years using a
fleet of heavily loaded tractor-trailer rigs to provide the equivalent of 10 million 18,000-pound
single-axle loads (ESALs). During the trafficking phase, the performance of the test sections is
monitored using surface measurements and non-destructive structural response methods.
Samples of the mixtures obtained during construction are tested and analyzed in NCAT’s
laboratory.
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Figure 1 NCAT Test Track and Test Sections (NCAT, 2002)

2.2 Test Track Research Cycles

The first cycle began in 2000. Experiments in the inaugural cycle focused only on surface
mixtures. Test sections were built with Stone Matrix Asphalt (SMA), Superpave, and Hveem
mixes using a wide variety of aggregate types, gradations, and asphalt binders. The second cycle
began in 2003 and continued the evaluation of twenty-four of the original test sections. New
“structural experiments” included fourteen test sections with new surface layers and 8 sections
that were completely built from the subgrade up for pavement structure analysis. Strain gauges,
pressure plates, and temperature probes were built into the structural sections to monitor how the
different thicknesses and mix designs responded to traffic and temperature changes. The third
cycle of the track began in 2006. Twenty-two new test sections were built, including fifteen new
surface mix experiments, four new structural experiment sections, and three reconstructed
structural sections. Twenty-five new test sections (twelve mix performance and thirteen
structural) were built for the track’s fourth cycle in 2009.

The fifth cycle of the track began in 2012 and included twenty-one new experimental test
sections. Several experiments focused on the use of recycled pavement materials, porous friction
course (PFC) mixes, and pavement preservation. These test sections were built on the Test Track
and the Lee Road 159. The sixth cycle began a partnership with the Minnesota Department of
Transportation’s MnROAD facility in 2015, to address two national research needs: (1) to
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validate asphalt mixture cracking tests that are suitable for routine use in mix design and quality
assurance (QA) testing, with seven new test sections on the NCAT Test Track and eight rebuilt
test sections on MnROAD’s main-line test road; (2) to quantify the life-extending benefits of
pavement preservation treatments, by expanding the 2012 pavement preservation experiment
with an additional 34 preservation sections on U.S. Highway 280 near the Test Track and also
northern sections using the same treatments in Minnesota. The seventh (most recent) cycle that
began in 2018 was primarily focused on preservation, balanced mix design, cracking tests, and
rejuvenators.

2.3 Key Findings of the Overall Study

This section provides a summary of major test track research findings at NCAT that have
resulted in improved specifications, as well as more economical mixes and pavement designs.
These key findings are organized into six areas: (1) mix design, (2) aggregate characteristics, (3)
binder characteristics, (4) structural design and analysis, (5) relationships between laboratory
results and field performance, and (6) tire-pavement interaction (NCAT, 2002, 2006, 2009, 2012,
2015, 2018). A summary of the key findings is provided in Table 1.

Table 1 Key findings from NCAT Tracks

Research Area | Sub-area Key Findings
Mix Fine- vs. Coarse Fine-graded Superpave mixes perform as well as coarse-graded under heavy
Gradation traffic, which tend to be easier to compact, less prone to segregation, less
permeable, and quieter
Design Gyrations the Nycign levels specified in AASHTO R 35 are too high, and many states
significantly reduced their Nyeq, levels to 50 to 70.
SMA SMA maintained better performance while more economical. Smaller NMAS
SMA mixtures proved to be rut resistant and durable
High RAP Mix Equal or better performance as compared to traditional mixes with moderate
RAP contents. No benefit was observed for using polymer-modified virgin
binder in the mixes with 20% or 45% RAP.
Warm-Mix Asphalt WMA could hold up to extremely heavy traffic despite concerns of rutting
(WMA) raised by lab results.
4.75 mm NMAS Mix well-designed 4.75 mm mixes are a durable option for thin overlay pavement
preservation, with a low cost per mile.
Balanced Mix Design Validate and assist state DOTs in implementing asphalt mixture cracking tests
(BMD) for balanced mix design and acceptance testing.
Cold Central Plant Test sections performed well with no cracking, minimal rutting, and no
Recycling (CCPR) appreciable change in ride quality. Using a stabilized base may help control
tensile strains and help eliminate bottom-up fatigue cracking.
Interlayer for Reflective | Not been as effective as desired on the test sections.
Crack Prevention
Aggregate Polishing and Friction Blends of limestone and crushed gravel provided good performance. high-
friction surface treatment using an epoxy binder and calcined bauxite aggregate
provided excellent friction.
Restricted Zone Mixes with gradations through the restricted zone performed very well and
proved that the restricted zone was not necessary and removed.
Flat and Elongated Using aggregates with a less strict flat and elongated requirement in OGFC mix
improved drainage.
Aggregate Toughness Using aggregate with an LA abrasion loss that exceeded their specification limit
resulted in more break down but performed very well.
Alternative Aggregates The standard HFST using calcined bauxite aggregate maintained the highest
for HFST friction and macrotexture. Alternative aggregates did not provide the same
level of friction.
Binder Effect of Binder Grade A two-grade bump was recommended for heavy traffic projects, validating the
benefits of modified binders. The most influential factor in rutting was the
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binder's high-temperature performance grade.

Binder Modification

Excellent performance was observed in all mixes with modified binders
regardless of the modifier type.

Alternative Binders

Test sections with TLA and Thiopave pellets were structurally sound and
proved the engineering viability.

Asphalt Bound Surfaces | All sections performed well based on the measured friction and macrotexture.
Binder Modified GTR-modified binder provided the same performance as SBS modification.
with GTR

Delta S Rejuvenator

After 1.8 million ESALSs trafficking, the surface showed slippage cracks
possibly due to the lacking of any silo storage. After correction, no slippage
failures were observed, with good ride quality and rutting performance, and
comparable cracking performance.

Structural Asphalt Layer Recommended that the asphalt layer coefficient could be increased from 0.44 to

Design Coefficient 0.54, which would result in savings of construction costs.

& Analysis Perpetual Pavement The concept of limiting critical strains to eliminate bottom-up fatigue cracking
was validated in perpetual pavement design, which was more cost-effective in a
life-cycle cost comparison.

Measured vs. ME Pavement ME over-predicted rutting in the range of 70 to 100%. ME fatigue

Predictions cracking predictions with the default coefficients were also poor for the
majority of the sections. Local calibration of the performance models was
recommended.

Lab vs. Air Voids Rutting increased significantly when the air voids were less than 2.75% for the

Field neat mix. Other mixes containing modified binders or high recycled asphalt

Results binder ratios held up very well under the extreme traffic with air voids below
2.5%.

Asphalt Pavement APA test results and rutting on the Test Track and confirmed the 5.5 mm

Analyzer (APA) criterion.

Hamburg Wheel The Hamburg test following AASHTO T 324 at 50°C correlated reasonably

Tracking well with rutting measurements on the track.

Flow Number The recommended testing criteria and traffic level performance thresholds of
flow number were adopted in AASHTO TP 79-13

Lab Testing of Excellent correlations were established between the friction results in the lab

Friction and Texture and the field.

Tire Noise For lighter vehicles, the porosity of the surface was the dominant factor. For

Pavement heavier vehicles, the macrotexture and the positive texture has a greater

Interaction influence.

OGFC Mixes

OGFC surfaces, OR PFCs, eliminate water spray and provide excellent skid
resistance.

High-Precision
Diamond Grinding

Areas where diamond grinding was done had no performance problems.

3 ODOT’S DIRECT INVOLVEMENT WITH NCAT

ODOT has been sponsoring the NCAT Test Track studies since its first inauguration cycle in

2000.

3.1 CyclelI (2000-2002)

The first cycle of testing provided data sets to support the transition from Hveem to
Superpave mix designs. Along with nine other sponsoring agencies, Oklahoma was among the
first states to support this effort. In this cycle, the two ODOT testing sections were S12 (Hveem
section) and S13 (4>’ Superpave section). Although no detail was provided in the NCAT report
for the ODOT sites, the overall research findings supported that Superpave mix design could
achieve comparable or better performance than the Hveem mix design method, which has
provided ODOT with the confidence to move to the new Superpave design for statewide

implementation.
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3.2 Cycle II (2003-2005)

In the second cycle, the two test sections funded by ODOT in the first cycle were left for
continued evaluations. The rutting performance for the two original ODOT test sections was
excellent, with less than 7mm of the rutting (approximately % inch) after about 19 million
ESALs.

3.3 Cycle III (2006-2008)

In cycle 3, ODOT funded construction and testing of two new sections N8 and N9 (Figure 2)
using materials similar to what was frequently encountered in Oklahoma. Both sections were
fully instrumented to study the perpetual pavement concept and for ME analysis. Section N8 was
made up of ten inches of asphalt making a two-inch-thick bottom layer, six inches of Superpave
mix, and topped with a two-inch SMA layer. N9 had a total HMA thickness of 14 inches: the
bottom layer was three inches thick with an added three-inch Superpave lift. The rich bottom
layer (RBL) was a mix designed to 2% air voids instead of 4%. The net result was a 6% design
asphalt content within the rich-bottom. Both sections had SMA for the surface mixture and a rich
bottom layer (RBL).

Section N9 had asphalt strain gauges and temperature probes to measure thermal and strain
gradients with depth. The relationship between strain, temperature, and speed was used to assist
the design of perpetual pavements in Oklahoma. The outcome of these studies assisted the
validation of M-E pavement analysis and design.

Another objective of ODOT in cycle 3 was to examine the behavior of the two perpetual
pavement sections in an accelerated loading environment. Central to this effort was
characterizing a field-based threshold for structural design. Section N8, designed using ODOT’s
traditional pavement thickness design approach, had extensive cracking and considered a failed
section at the end of the cycle confirming expectations, while Section N9 may be determined a
perpetual pavement based on the beam fatigue performance in the lab, strain measurements on
the bottom and cracking measurements on the surface of the pavement.
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Figure 2 As-Built Pavement Cross Sections for N8 and N9 (NCAT, 2009)
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