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1.0
1.1

INTRODUCTION

WHO WE ARE

The goal of the Research Section is to foster innovation within the Oregon Department of
Transportation (ODOT) by researching, developing, testing, and evaluating new and innovative
transportation products, materials, methods, and processes.
Research and development has been an integral part of our business for nearly a century. The
Federal Aid Highway Act of 1921 created the Research and Technology program within what is
now the Federal Highway Administration (FHWA). The same bill earmarked resources to create
what would become the Highway Research Board (now the Transportation Research Board TRB) within the National Academy of Sciences. Section 11 of the Hayden Cartwright Act of
1934 laid groundwork for the Highway Planning and Research (HP&R) program in all state
departments of transportation by designating that “1/2 per centum of the amount apportioned for
any year to any State...may be used for surveys, plans, and engineering investigations....”
Largely because of the HP&R (later SP&R) program, research has been an integral activity at
ODOT and in most other states for nearly 85 years.
Historically, research efforts in ODOT have been primarily focused in areas relating to highway
materials and construction. Only to varying degrees have these activities been distinct from other
engineering and testing work done within ODOT’s materials laboratory. In fact, until sometime
in the 1980s, the titles of the State Materials Engineer and the State Research Engineer were held
by the same person. The agency’s transition from a Highway Department to a Department of
Transportation in 1969 and the Inter-modal Surface Transportation Efficiency Act of 1991 have
brought about a gradual diversification of ODOT’s research agenda. Research has changed from
a focus on highways and construction materials to a much broader agenda that includes a greater
diversity of highway topics as well as other modes of surface transportation. In 1996, the
Research program was moved from the Highway Division to the Policy Data and Analysis
Division, in part to consolidate administration of the SP&R program, but also to better serve a
broader customer base within the agency.
Since that time, the Research Section has expanded, diversifying its research projects to include
the following general categories:
•

Active and Sustainable Transportation,

•

Construction and Maintenance,

•

Freight and Economic Analysis,

•

Geotechnical Hydrology Environmental Science and Engineering
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•

Pavement and Materials,

•

Structures,

•

Traffic Safety and Human Factors,

•

Transportation Operations Technology

The ODOT Research Section oversees transportation research projects and, through the
Technology Transfer (T2) Center, provides transportation-related information to local agencies
throughout Oregon. The mission of the section is to contribute to improvement in the
performance of the transportation system by studying ways to enhance processes, methods, or
materials in use. The section also works with technical experts and agency personnel to support
research implementation.
The staff includes the Research Manager, the T2 Center Director, the T2 Center Training
Coordinator, eight research coordinators, an executive support assistant, three part-time trainers,
and a limited duration, part-time Safety Circuit Rider.

1.2

THE WAY WE DO BUSINESS

ODOT research projects seek to address identifiable problems or issues with the goal of
providing significant benefits to the department by: reducing costs, increasing efficiency,
addressing environmental concerns, enhancing safety, improving productivity, improving the
mobility of Oregonians, or providing better service. Transportation problems or issues may be
identified by anyone and are formally presented to the Research Section as problem statements.
Each year these statements are reviewed by the section and other agency personnel to determine
priorities for projects. Top projects receive research funding in order of priority.
The majority of direct funding for ODOT research projects is provided by the FHWA State
Planning and Research (SPR) Program, Part 2. In recent years, a small portion of SPR planning
funds have also been utilized. A few additional projects are financed entirely using state highway
funds. Indirect costs, including facilities, office supplies and equipment, employee training,
utilities, etc. are also paid for with state funds.
Project collaboration is an important element of the research program, and most research projects
involve many levels of collaboration, not just funding. A small percentage of ODOT research
projects are conducted in-house by Research Section staff. The section more often works with
external principal investigators, most frequently those affiliated with universities. While the
majority of research is performed by an outside organization, Research Section staff provide
management and coordination services. Project coordination involves collaboration between the
principal investigator, other researchers, and technical specialists within the agency. The project
coordinator manages a technical advisory committee, composed of knowledgeable individuals
from FHWA, ODOT, other state agencies, and the private sector.
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1.3

CONTENTS OF THIS REPORT

For Fiscal Year 2021 this report documents the research projects we completed (Section 2); a
review of the implementation of projects completed 5 years ago (Section 3); research
publications, progress, and spending (Section 4); other research activities (Section 5). Length
limitations preclude an in-depth description of every research project. Instead, the focus of this
report is on projects of general interest, representative of a range of topics, and expected to be of
the highest value to ODOT.
If you have questions about the contents of this report or about any aspect of research at ODOT,
please feel free to contact the Research Section as follows:
ODOT Research Section
555 13th Street NE
Salem, OR 97301-6867
Telephone: 503-986-2700
Website: oregon.gov/ODOT/Programs/Pages/Research.aspx
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2.0

COMPLETED PROJECTS

Pursuant to 23 CFR 420.209 (a)(6), the State must have procedures for documenting RD&T
activities through the preparation of final reports. Each completed research project results in a
report that documents the data collected, analyses performed, conclusions, and recommendation.
This section lists the projects completed in Fiscal Year 2021. Table 2.1at the end of this section
lists the published report number and publication date. All completed projects listed below
resulted in a final report that is available online at:
https://www.oregon.gov/ODOT/Programs/Pages/Research-Publications.aspx
SPR 784 Seismic Retrofits for Square Reinforced Concrete Columns Using Titanium Alloy
Bars
Large numbers of reinforced concrete (RC) bridges were built in the past that are now
recognized as seismically deficient. Two of the most common causes of seismic deficiencies in
older RC columns are inadequate transverse reinforcing steel and poorly detailed lap lengths at
the footing to column joint location. Seismic hazards are a threat to the resiliency of these bridge
lifelines; however, complete replacement of seismically deficient bridges is not practical due to
limited resources. Alternatively, rehabilitation and renewal of aging and deficient infrastructure
is a most feasible approach. Many alternative materials and techniques are available to retrofit
deficient RC columns, and each has advantages and disadvantages. A new material for civil
infrastructure that offers unique potential for seismic retrofitting is titanium alloy bars (TiABs).
To explore their potential for seismic retrofitting of seismically deficient reinforced concrete
columns using titanium alloy bars (TiABs), experimental tests were undertaken in the laboratory
using full-scale specimens. The specimens were designed to have vintage details and proportions
that are widely recognized as being seismically deficient. Some specimens were retrofitted with
TiABs to increase the confinement and provide alternate load paths for flexural resistance. Soilstructure interactions were considered for spread footing and timber pile supported footing.
Specimens were subjected to reversed cyclic lateral loading and the results of these experiments
are reported. Analytical methods were used to predict the individual specimen response and to
conduct nonlinear time-history response analyses of bridge models with and without TiAB
retrofits. The results and studies indicate that TiAB retrofits effectively improve the seismic
performance of poorly detailed RC columns.
SPR 801 Development of a Balanced Mix Design Method in Oregon
In Oregon, asphalt cracking is the major distress mode, necessitating costly rehabilitation and
maintenance at intervals of less than half of the intended design lives in some cases. For this
reason, it is necessary to accurately quantify the impact of increasing the recycled asphalt content
on the structural cracking and rutting resistance of the pavement through use of low-cost and
efficient testing and design procedures that can easily be implemented. Surveys conducted prior
to this project of State Departments of Transportations (DOTs) and asphalt contractors, indicated
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that commonly used asphalt mixture properties are not directly reflecting the long-term
performance of asphalt mixtures. In addition, there are several new additives, polymers, rubbers,
and high-quality binder types incorporated into asphalt mixtures today. Volumetric mixture
design methods are not capable of capturing the benefits of using all these new technologies on
asphalt mixture performance. Furthermore, the interaction of virgin binders with reclaimed
asphalt pavement (RAP) mixtures with high binder replacement contents and the level of RAP
binder blending into the asphalt mixture are still not well understood. Due to all these
complications related to the more complex structure of today’s asphalt mixtures, simple
volumetric evaluations to determine the optimum binder content may not result in reliable
asphalt mixture designs. Two volumetrically identical mixtures may provide completely different
rutting and cracking performance according to laboratory tests. For all these reasons, in this
study, a procedure to incorporate performance tests for rutting and cracking (with a new longterm aging protocol developed in this study) into current asphalt mixture design methods was
developed to be able to validate or revise the optimum binder content determined by the
volumetric mix design method. Developed balanced mix design method is expected to improve
the long-term performance of asphalt-surfaced pavements in Oregon.
SPR 802 Seismic Performance Design Criteria for Bridge Bent Plastic Hinge Regions
The main objective of this research was to quantify the material strain limits for seismic
assessment of existing sub-standard reinforced concrete bridge bents considering operational
performance design criteria. Limited confidence exists in the current material strain limit state
for operational performance criteria due to lack of experimental results considering the typical
detailing of Oregon bridges and the cumulative damage effect resulting from an anticipated longduration Cascadia Subduction Zone (CSZ) event. Component details for bridge bents such as
geometry and reinforcing details were determined through a statistical analysis of available
bridge drawings built prior to 1990 in the State of Oregon. Three full-scale bridge bent columnfooting subassembly specimens were constructed and subjected to reverse cyclic lateral
deformations utilizing a traditional loading protocol and a protocol representing the demands
expected from a CSZ earthquake. The tests were designed so that variable axial loading could be
applied in order to simulate the secondary effects experienced in a column that is part of a multicolumn bent during an earthquake event. Material strains along with global and local
deformation quantities were measured with a suite of external and internal sensors mounted to
and embedded in the specimens. Despite having sub-standard seismic detailing, all three
specimens exhibited ductile behavior under reverse cyclic lateral loading, achieving a minimum
displacement ductility of 8.0. The obtained results also suggest that the material strain limits
currently used for the seismic evaluation of existing bridges in Oregon considering operational
performance criteria are conservative but may still require further experimental validation.
Finally, strain limits based on previous research at Portland State University (PSU) were
compiled and combined with the results from this study to propose recommended strain limit
values.
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SPR 805 Performance of High Strength Steel Reinforcement in Shear Friction
Applications
The use of high strength steel reinforcement has the potential to provide economic and
constructability benefits when used in reinforced concrete structures. Current design provisions
limit the nominal yield strength of reinforcing steel bars to 60 ksi (420 MPa) for many bridge
design applications. This report presents results from a laboratory testing program designed to
evaluate the performance of concrete interface shear reinforced with ASTM A706 Grade 60 (420
MPa), ASTM A706 Grade 80 (550 MPa), ASTM A615 Grade 100 (690 MPa), and ASTM
A1035 Grade 120 (830 MPa) reinforcing steel bars. Results are reported on the influence of
reinforcing steel bar size, reinforcing steel bar spacing, shear interface surface preparation, and
nominal concrete strength on shear friction performance. This report provides a summary of
previous research regarding shear friction theory, a description of the test specimen design, and
an overview of the materials used. Results indicate that using high-strength steel reinforcing bars
did not have a significant impact on the peak loads reached, however they did allow for the
development of greater post-peak sustained loads due to dowel action in the post-peak stage of
the test specimen responses. Significant variation was observed when analyzing the effect of
surface preparation. Additionally, in some cases, an exposed aggregate surface preparation
enhanced the aggregate interlock and allowed it to contribute to the post-peak shear capacity.
Overall, the results presented indicate that an increase in allowable nominal yield strength to 80
ksi (550 MPa) maintains a conservative design per AASHTO and ACI 318-14 code provisions.
SPR 809 Predicting Seismic-Induced Rockfall Hazard for Targeted Site Mitigation
This research develops methods to predict seismic rockfall hazard areas by integrating two recent
complementary research products (1) a lidar database of terrestrial surveys of rock slopes that
span multiple earthquake events in Canterbury, NZ, and (2) a streamlined lidar-based rockfall
hazard assessment method called RAI. Models were developed from those products to estimate
increases in rockfall activity and magnitude with time as a result of seismic events. First, a
simplified framework called the Rockfall Activity Rate System enables a statewide analysis for
identifying sites for mitigation priority or detailed assessments. Next, a seismic version of the
RAI framework was developed with scale factors for activity rates and failure depths to identify
vulnerable sections of highway adjacent to the slope at a site. Third, a logistic regression model
enables detailed analysis highlighting portions of a slope likely to fail in a seismic event. In
addition to the models, a software package called Rambo enables efficient change analysis
between point cloud datasets, surface modeling, morphological analysis, RAI analysis, as well as
implementation of the seismic RAI and logistic regression analysis techniques developed in this
research. Finally, several key findings from this research provide important context for seismic
resilience of ODOT infrastructure. We estimate that rockfall activity may increase by 1-2 orders
of magnitude in the days and weeks following an earthquake. Depending on the magnitude of
shaking and geological conditions at a site, it might take several years to return to approximately
to baseline levels of rockfall risk. Use of the knowledge and tools developed herein may help
transportation planners prioritize sites and estimate maintenance needs for debris removal.
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SPR 810 A Framework to Evaluate Causes and Effects of Truck Driver At-Fault Crashes
This study presents the analysis of truck driver-at-fault crashes, providing a framework to assess
such crashes moving forward. This was accomplished through a series of analyses. First, an
agency survey was administered to local, state, federal, and law enforcement agencies
throughout the U.S. to gather opinions on truck driver-at-fault crashes and truck driver
distractions in their respective jurisdiction. Next, a survey was administered to drivers of large
trucks whose trips originate or are destined to the Pacific Northwest; namely, drivers who use
Oregon freight highways. The focus of the driver survey was to gain driver perceptions on
various truck-related issues, including safety and distracted driving. Following the surveys, an
analysis of data obtained from an Oregon Motor Carrier pilot program was conducted.
Specifically, the analysis investigated the relationship between driver-at-fault crashes and truck
inspection frequency on Oregon highways. The next data analysis used Oregon crash data to
generate a series of crash severity models to determine significant contributing factors to driverat-fault crash severity. Finally, using data obtained from the Oregon Motor Carrier pilot program,
the estimated savings due to driver-at-fault crash reduction was determined. This report
concluded by providing a comprehensive summary that is accompanied by specific
recommendations as it pertains to the framework presented in the current study.
SPR 813 Nonmotorized Traffic Monitoring and Crash Analysis
This report documents the collaboration between ODOT and Bend MPO to develop and execute
a nonmotorized traffic data collection program. Using automated technology and data processing
techniques, this research demonstrates a least cost path to developing a nonmotorized traffic
count program for a small urban community. Data processing techniques are developed to ease
the burden of labor on staff through automatic data retrieval, processing and quality control using
open source tools. The research also demonstrates how to utilize collected data for system wide
monitoring using various data fusion techniques. Finally, these estimates of activity are used to
demonstrate the disparate risk to nonmotorized users by performing crash analyses. The program
and related elements in this report should highlight a nonmotorized data collection model for
other urban areas to follow.
SPR 814 Best Practices for Installation Of Rectangular Rapid Flashing Beacons With And
Without Median Refuge Islands
Over the last decade, Oregon jurisdictions have systematically installed pedestrian crossing
enhancements (PCEs) at crosswalks including Rectangular Rapid Flashing Beacons (RRFBs),
which have been widely used in many jurisdictions, typically at mid-block locations. However,
the design details vary widely. The objectives of this research are to develop guidance that
practitioners need about the placement of RRFB beacons in combination with median refuges on
three-lane roadways by exploring the effect of refuge medians mounted RRFB displays on driver
yielding behavior. This study also developed methods for pedestrian volume estimation at
midblock locations and reanalyzed the SPR 778 RRFB data to produce more robust estimates of
the safety effectiveness of RRFBs. This study explored driver and pedestrian behavior at 23
RRFB sites with and without median islands and beacons. Generally, high yielding rates were
observed at all sites and these rates provide evidence that the RRFB is a useful tool alerting
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drivers to the presence of pedestrians at crosswalks. The data and analysis do generally indicate
that the yielding rates increase with the addition of the median beacons. However, the difference
is not a large increase (<5%) and is also not statistically significant. The findings suggest that a
median refuge beacon could be considered optional on 3-lane roadways with volumes < 12,000
ADT. Similarly, the data generally show that for the > 12,000 ADT groups, the addition of the
median refuge increases yielding. In addition to driver yielding behavior, there are other reasons
to install median islands including pedestrian comfort which should be considered. A linear
regression model for estimating pedestrian demand was developed and significant predictors
included the percent of low wage workers at the home and work locations, intersection density in
terms of multi-modal intersections having four or more legs per square mile, intersection density
in terms of auto-oriented intersections per square mile, gross population density, and proportion
of census block group employment within ¼ mile of transit stop. Crash Modification Factors
(CMF’s) were developed for pedestrian and rear-end crashes. With the simple-before analysis,
CMF’s of 0.84 (standard error=0.25) and 1.42 (standard error=0.12) were obtained for pedestrian
and rear-end crashes respectively. A CMF of 0.71 (standard error=0.20) and a CMF of 1.11
(standard error of 0.06) were obtained for pedestrian and rear-end crashes using the empirical
Bayes method.
SPR 815 Bridge Deck Asphalt Concrete Pavement Armoring
Deterioration of the concrete bridge deck is one of the most significant problems affecting the
service life of bridges in the United States. Moisture penetration into the asphalt overlay and
standing water on the concrete bridge deck result in expansion and contraction at the interface on
the bridge deck during freeze-thaw cycles. This causes debonding at the interface and results in
an increased rate of deterioration for the asphalt concrete overlay. Additionally, the deicing salts
permeate into the deck and cause corrosion of the steel reinforcement, weakening the structural
integrity of the bridge. Waterproofing membranes with an asphalt overlay were developed as a
strategy to protect concrete bridge decks. The main goals of this study were to provide the
industry and Oregon Department of Transportation (ODOT) with better insight on the failure
mechanisms of asphalt overlays on concrete bridge decks and establish field and laboratory
experiments to evaluate the performance of these overlays. The most effective deck
waterproofing systems and overlay strategies (in terms of both cost and performance) were
determined for concrete bridge decks in Oregon. By determining the most effective
waterproofing methods and strategies, this research will serve to decrease repair and replacement
costs, and increase the service life of asphalt overlays on concrete bridge decks in Oregon.
SPR 817 Concrete Bridge Deck Performance Data and Metrics for the State of Oregon
This report reviews the research on data and metrics related to concrete bridge deck performance
for the state of Oregon. With guidance from the literature and ODOT personnel, two datasets
were created with data currently available through ODOT and the NBI to evaluate concrete
bridge deck performance. Using these datasets, a survival analysis was performed to predict
concrete bridge deck performance and identify the parameters that drive bridge deck
deterioration. To improve concrete bridge deck performance monitoring in the future, a list of
parameters that can be collected by ODOT was identified by combining the results from the
survival analysis with the responses from a survey on bridge deck performance.
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SPR 818 Implementation of ODOT Tack Coat Technologies and Procedures to Improve
Long-term Pavement Performance
Asphalt emulsion, commonly known as tack coat, is the bituminous material applied between
asphalt concrete pavement layers that facilitates interlayer bonding. This material is an interlayer
membrane which serves as a glue between pavement layers, allowing successive pavement
layers to adhere together and behave as a monolithic structure. The major purpose of this study
was to develop methods and technologies to improve the performance of tack coat bonding
between pavement layers in Oregon. Improved tack coat bond performance is expected to
significantly improve the longevity of pavements in Oregon.
Using direct shear testing, this study quantified the impact of new emulsions from three
companies on bond strength as compared to emulsions traditionally used in Oregon.
Additionally, this study focuses on developing and implementing a more robust set of
specifications and QC provisions for tack coats. By improving upon and implementing the
OreTackBond (formerly known as OFTT), a rigorous in-situ test for tack coat quality is validated
for large-scale implementation as part of the highway construction inspection process. In this
study, a wireless scale system that can be controlled from a tablet computer, (OreTackRate) was
also developed to measure application rate accuracy and uniformity during construction. A field
test procedure using OreTackRate was also developed to determine tack coat curing time to
avoid tracking during construction. Using the OreTackRate system, a distributor truck
certification and validation process was also developed. A construction surface cleanliness test
(OreTackClean) and a test procedure were also developed in this study to reduce tracking and
achieve more uniform tack coat distributions that will ultimately improve long-term tack coat
performance.
Implementation of all developed tests, procedures, and technologies are expected to improve the
tack coat uniformity during construction and improve the overall longevity of the pavement
structures in Oregon. Developed procedures and technologies may also be used to reward
contractors who complete projects with high tack coat application uniformity, accuracy, and
strength in the first bonding-based pay factor analysis in the U.S.
SPR 821 Develop New Methods to Use ODOT Weigh-in-Motion Data for Predicting
Freight Flow and/or Commodity Patterns
This study presents the results of a detailed analysis of Oregon WIM data. First, a quality control
analysis was conducted considering ODOT Class 11 (FHWA Class 09 trucks). Next, a set of
descriptive analyses were conducted, one focusing on all WIM stations and one focusing on
select WIM stations. In both analyses, the primary focus was on truck volume and average
monthly observed combined (truck and cargo) weight. For the select WIM stations, average
monthly percentages, day-of-week trends, annual growth rates, and summaries of truck volume,
cargo weight, and empties were provided. Following the descriptive analysis, data comparisons
were made to Freight Analysis Framework (FAF) and ODOT traffic counts. Finally, using
EROAD data, industry types, distance traveled, and origin-destination locations were analyzed
relative to select WIM stations. This report concludes by providing a comprehensive conclusion
and specific recommendations as it pertains to WIM data and corresponding analyses in Oregon.
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SPR 825 Assessment of Bicycle Detection Confirmation and Countdown Devices
This research examined alternate designs for bicycle detection feedback confirmation devices.
The research used quantitative data from a video review and responses from surveys to study
how the information provided by the confirmation and feedback device affects the overall
cycling experience. An online survey was conducted to determine comprehension rates of blue
light feedback systems and countdown timers. The findings from the online survey (1,048
responses) revealed that the comprehension of the blue light detection confirmation devices by
themselves was generally poor. Comprehension improved when a supplemental sign explaining
the blue light was added. The countdown timer elicited high comprehension. Following the
online survey, blue light detection confirmation systems were installed at six intersections farside
and one nearside. A bicycle signal countdown timer was installed at one intersection. Video has
recorded and analyzed, and intercept surveys were conducted. A total of 2,428 persons on
bicycle were analyzed and 234 intercepted persons were surveyed. Findings from the farside
installations suggest that the design where the blue light was embedded in the sign was more
visible to cyclists and observed by higher proportions of cyclists in the field. Findings from the
nearside location were limited due to the single location. Results from the countdown timer
indicate high comprehension rates. At all locations, cyclists indicated that the devices improved
their waiting experience. There were changes to bicycle compliance and waiting location, but
they were site-specific. Observations at the nearside locations were conducted during the
COVID-19 pandemic.
SPR 827 Update to Methodology for Setting Speed Limits in Urban Areas
Many cities in Oregon are requesting a comprehensive review of speed zoning guidelines and
existing procedures for streets with high volumes of active travelers. The main goal of this
research is to develop recommendations for alternate criteria for setting speed zones on roadways
with a high percentage of active travelers. Literature pertaining to factors affecting operating
speed, speed and safety, speed management, and current speed zone practices is reviewed. The
selection of the site and performance criteria is discussed. Qualities and characteristics of the
speed data utilized are given. Distinctions between neighborhood and non-neighborhood
greenways are noted. A before and after analysis of speeds and hypothesis testing are performed.
Factors affecting operating speeds are identified by linear correlation and regression analysis.
The study finds a high degree of variability in the outcomes of Posted Speed limit (PSL)
changes. However, PSL reductions are more likely to reduce speeds on neighborhood
greenways, and motorized traffic volume and presence of a bike lane are key variables for
predicting mean speeds.
SPR 828 Addressing Oregon’s Rise in Deaths and Serious Injuries for Senior Drivers and
Pedestrians
The research reviewed best practices, identified overrepresentations of serious crashes involving
older drivers and pedestrians using Oregon crash data, and mapped the best practices and
countermeasures. From 2013 to 2016, there were 884 older driver and 112 older pedestrian fatal
and serious injury crashes. Older driver fatal and serious injury crashes most often occurred
between 3 to 6 p.m., on Mondays, on rural principal arterials, at intersections, and within 20
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miles of a driver’s home. Fixed-object, turning-movement crashes were the most frequent crash
types. Not at fault, not yielding the right-of-way, and speeding too fast for conditions were the
most frequent driver-level causes. Older pedestrian fatal and serious injury crashes most often
occurred between 3 to 6 p.m., on Friday, at intersections. Crossing between intersections and
crossing at an intersection without a traffic signal was the most frequent pedestrian action. Crash
proportions were statistically different for the time of day, day of the week, roadway
classification, and various participant-level crash causes. A population-based crash rate analysis
found county-level differences in older driver fatal and serious injury crashes in Oregon
(Harney) and for pedestrians (Baker, Morrow, Curry, Hood River, Umatilla, and Washington).
Using a comprehensive list of potential countermeasures and input from key stakeholders at a
workshop, specific recommendations were generated to improve older driver and pedestrian
safety. The priority focus areas were identified for older drivers as intersections, rural principal
arterials, and licensing and education. For older pedestrians, treatments to improve pedestrian
visibility and illumination, manage left turns, and to shorten crossing distances were
recommended.
SPR 304/821 Updated Survey Standards and Control Guidance for Improved Operations
The objective of this research was to enable modernization of ODOT’s survey control protocols
by integrating NRTK methodologies for increased cost efficiency and quality standardization
across all ODOT projects. Two control survey networks, observed via a traditional survey
campaign and NRTK surveying campaign, were established at two independent study areas. To
assess the performance of different surveying scenarios, a least squares adjustment was applied
to all available traditional survey and NRTK data to create a reference dataset for each project
site. Key findings: 1) When four 5-minute independent NRTK observations are made per point
and the resulting baselines are adjusted using the Hybrid Network Methodology, a network
accuracy of 1.8 cm in the vertical and 1.0 cm in the horizontal at a 95% confidence level is
achievable. 2) Two hours between repeat observations is recommended to achieve fully
independent solutions. 3) Total station (TS) observations improve overall horizontal accuracy of
the network. 4) If vertical accuracies less than 1.8 cm at a 95% confidence level are required,
then differential leveling should be performed. 5) When TS and differential leveling survey is
required, not all stations need to be occupied with NRTK. 6) When NRTK observations are
suitable for a project, static GNSS may not be required. 7) It is not recommended to hold the
RTN published coordinates as a constraint in the adjustment. 8) It is recommended that RTN
network managers ensure the published coordinates for the RTN base stations align with the
NSRS. 9) Observing control stations with NRTK removes the requirement of having a minimum
of 2 GNSS receivers observing points simultaneously.
TPF 5(307) Validation of Tsunami Design Guidelines for Coastal Bridges
This paper details a Transportation Pooled Fund Study, TPF-5(307), that included Alaska,
California, Hawaii, Oregon, Washington, and the Federal Highway Administration. The research
goal was to update guidelines as a foundation for review by the respective AASHTO subcommittee(s). This report focused on bridges for the Western United States. Five major efforts
were completed: 1. Updated probabilistic tsunami hazard mapping to include wave-heights,
velocities, and inundation levels at the 1000-year recurrence interval. This was completed for all
12

aforementioned states at varying detail (10m through 60m); 2. Uncertainties and bias between
models were examined to find areas where they agree and potential areas where the study could
identify conservative estimates for optimization. 3. Analysis of site-specific tsunami hazards was
developed. Two methods (level 1 and level 2) are presented to detail local tsunami
hydrodynamics; 4. Loading are detailed and recommendations for equations presented based on
research findings. Three load cases, including conditions showing upward lift were modeled and
equated. Bridge skew, slope, and super-elevation were examined. Debris was considered. 5.
Geotechnical considerations were also discussed.
TPF 5(307) Tsunami Loads on Straight and Skewed Bridges
These reports detail technical details generated by the Transportation Pooled Fund Study, TPF5(307), that included Alaska, California, Hawaii, Oregon, Washington, and the Federal Highway
Administration.
– Part 1: Experimental Investigation and Design Recommendations
This report presents the results of a large-scale experimental investigation of tsunami
impact on straight and skewed bridges. The 1:5 scale specimens had realistic structural
components and dynamic properties and were subjected to a range of simplified unbroken
solitary waves and more realistic bores. The authors developed two simplified methods
that can be used for the tsunami design of bearings and other structural components
necessary for the survival of straight bridges. While the above findings are applicable to
straight bridges, skewed ones witness more complex loads, including significant roll and
yaw moments, which should be considered in their design. These moments lead to nonuniform distribution of the tsunami loads to the two supports of the deck and the
individual bearings with (i) one abutment having to sustain up to 96% of the total
horizontal force, and the other one up to 146% of the total uplift, and (ii) the bearings of
the offshore obtuse corner attracting 95% of the total deck uplift.
– Part 2: Numerical Investigation and Design Recommendations
Despite the documented vulnerability of coastal bridges in recent tsunami events, no
formal guidance exists to date for the tsunami design of such structures. To contribute to
the development of such guidelines, this report presents the results of a numerical
investigation into tsunami-induced loads on bridges. Following extensive validation of an
incompressible hydrodynamic solver, three existing bridges owned by the Oregon
Department of Transportation, are investigated, including open-girder and box-girder
superstructures. To assist bridge designers, the report presents a simplified methodology
for the tsunami design of skewed bridges, and performance criteria for bridges in
tsunami-prone areas, based on (i) two tsunami levels, (ii) three bridge operation
categories, and (iii) three performance levels to quantify the criteria.
SPR TNIS

FY 2021 Oregon Transportation Needs and Issues Survey

The Oregon Transportation Needs and Issues Survey was first conducted in 1993 and has been
done roughly every two years. The latest survey was completed in Summer 2018 (State fiscal
year (FY) 2019). This report summarizes the results of the FY 2019 survey. For some
reoccurring questions, results are also compared to past surveys.
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STIC GTFS-ride: Transit Ridership Data Standard Ecosystem Development
This report documents the results of a research project whose objective was to build on the
results of project SPR 803 to identify the value proposition for adoption of the GTFS-ride data
standard and to continue to develop an ecosystem of supporting software tools. By completing
this project, the current state of practice, level of technical capabilities, and challenges related to
ridership data faced by Oregon transit agencies are now better understood. Although it is
recognized that the GTFS-ride data standard has the potential to solve many ridership data
challenges, Oregon transit agencies are hesitant to implement the GTFS-ride data standard
without integration into the software tools they currently use. With only slightly over a year in
existence, the GTFS-ride data standard is still in its infancy, and additional education and
dissemination efforts are needed in the future to achieve its widespread use. Despite these
challenges, this project accomplished significant progress toward the goal of furthering the use of
the GTFS-ride data standard. With improved supporting software tools and website, salient data
conversion pilot case studies, interested stakeholder group creation, and extensive discussion and
presentation, the project’s dissemination efforts significantly increased the awareness and
interest of the GTFS-ride data standard within public transit industry. With additional resources
and strategic partnerships, there are great opportunities for furthering the adoption and expansion
of the GTFS-ride data standard and for the realization of its benefits.
STIC Phase IV: Development of Transit Network Tools, Standards, and Processes
The main objectives in phase IV of the project were to (1) continue to enhance the visualization
and reporting features of the Transit Network Analysis (TNA) software tool, and (2) to ensure
that the TNA software tool can be used, modified, and developed by others. To fulfill these
objectives, several tasks aimed at incorporating new visualization and reporting features;
documenting the server-side and client-side code; and automating the data import and
management processes were completed. The contents of the final report have two main
audiences. The first audience is the ODOT project sponsors with the objective of providing a
comprehensive overview the TNA software tool architecture and the functional enhancements
completed in phase IV. The second audience is the community of open source developers. For
these developers, the goal of this report is to provide sufficient documentation so that when used
in combination with documented source code, and available open source framework component
documentation, the development of TNA software tool extensions is accessible.
STIC Implementation Phase of SPR 777 study and Guidance for a Chip Seal Performance
Specification
This report outlines the development and implementation phase of chip seal performance
specification for Oregon. Two chip seal workshops were held to involve chip seal stakeholders
including a variety of Oregon Department of Transportation (ODOT) personnel and contractors.
A voluntary survey about the potential specification changes was developed and results are
presented. A series of specification meetings were held with ODOT and industry to re-evaluate
the specification and potential changes line-by-line. The specifications developed as a result of
the specification meetings are presented and specification guidance is provided. Flow charts
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were developed aid in specification processes and action items. This report also contains followup work from research in SPR 777.
Table 2.1: Research Reports Published in FY 2021
Report No.
Report Title
FHWA-OR-RD-20-01
FHWA-OR-RD-20-02
FHWA-OR-RD-20-03
FHWA-OR-RD-20-04
FHWA-OR-RD-20-05
FHWA-OR-RD-20-06
FHWA-OR-RD-20-07

Quantifying the performance of low-noise transverse
rumble strips
Concrete Bridge Deck Performance Data and Metrics for
the State of Oregon
Implementation of ODOT Tack Coat Technologies and
Procedures to Improve Long-term Pavement
Performance
Bridge Deck Asphalt Concrete Pavement Armoring
Seismic Retrofits for Square Reinforced Concrete
Columns Using Titanium Alloy Bars
Best Practices for Installation of Rectangular Rapid
Flashing Beacons With And Without Median Refuge
Islands
Addressing Oregon’s Rise in Deaths and Serious Injuries
for Senior Drivers and Pedestrians

FHWA-OR-RD-21-08

Nonmotorized Traffic Monitoring and Crash Analysis
FHWA-OR-RD-21-09 Validation of Tsunami Design Guidelines for Coastal
Bridges
FHWA-OR-STIC-21-10 GTFS-ride: Transit Ridership Data Standard Ecosystem
Development
FHWA-OR-STIC-21-11 Phase IV: Development of Transit Network Tools,
Standards, and Processes
FHWA-OR-RD-21-12 Tsunami Loads on Straight and Skewed Bridges – Part 1:
Experimental Investigation and Design
Recommendations
FHWA-OR-RD-21-13 Tsunami Loads on Straight and Skewed Bridges – Part 2:
Numerical Investigation and Design Recommendations
FHWA-OR-RD-21-14 Updated Survey Standards and Control Guidance for
Improved Operations
FHWA-OR-RD-21-15 A Comprehensive Literature Review Detailing the
Methods for Setting Speed Limits in Urban Areas
FHWA-OR-RD-21-16 Update to Methodology for Setting Speed Limits in
Urban Areas
FHWA-OR-STIC-21-17 Implementation Phase of SPR 777 study and Guidance
for a Chip Seal Performance Specification
FHWA-OR-RD-21-18 Assessment of Bicycle Detection Confirmation and
Countdown Devices
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Date Published
8/14/2019
10/23/2019
2/27/2020
3/30/2020
5/8/2020
5/20/2020
6/29/2020
1/8/2021
1/12/2021
1/21/2021
1/21/2021
2/25/2021
2/26/2021
3/18/2021
3/22/2021
3/25/2021
4/8/2021
6/16/2021
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3.0

FIVE YEAR REVIEW OF PAST PROJECTS

The Oregon DOT works to actively implement appropriate research findings and should
document benefits to track the active implementation of appropriate research finding, projects
completed five years ago are identified in this section. Where appropriate, findings and benefits
are discussed. In particular this each project is assessed for the following implementation actions:
•

Updates to ODOT documentation (e.g. policy, procedures, specifications, or other
implementation documents) that have been updated as a result of this research.

•

Use of the research to inform ODOT’s position regarding any state statutes or
administrative rules?

•

Support of the work of national partners such as AASHTO, FHWA, to update
national standards or guidance?

•

Creation of a new program, position, or organizational unit?

This section of the report is part of Oregon’s compliance with 23 CFR 420.209 (a)(5) , to
determine the utilization of the State DOT's RD&T outputs, and of 23 CFR 420.209 (a)(6)
documenting the department’s efforts to implement appropriate research findings and benefits of
our work.
All the completed projects listed below are available online at:
https://www.oregon.gov/ODOT/Programs/Pages/Research-Publications.aspx
SPR 741 Bridge Seismic Retrofit Measures Considering Subduction Zone Earthquakes
This research was primarily focused on the effects of the long-duration earthquakes (i.e.
Cascadia Subduction Zone Earthquake) on bridge columns with poor confinement detailing. This
is a unique situation for most of the western states, including California, Oregon, Washington,
Alaska, and Hawaii. ODOT Bridge Section has delivered several presentations highlighting the
results of this projects and the benefits offered by the retrofit strategy evaluated in this research
project, with the largest venue being the 2021 Western Bridge Engineers Seminar.
Since this project was completed the ODOT Bridge Design Manual (BDM) has been updated to
provide strain limits for existing bridge columns with poor confinement detailing. Additionally,
the Seismic Bridge Criteria (currently under development) will be including the seismic retrofit
strategy evaluated under this project (Buckling Restrained Brace systems (BRB)) as one of the
main retrofit options for multi-column bridge bents on grade-separation structures.
The seismic retrofit concept evaluated in this research project was implemented in a pilot
seismic retrofit project and it was proven to be a very cost effective solution for retrofitting
multi-column bridge bents. Two bridges carrying Interstate 5 were selected for the pilot project.
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The design was performed by the ODOT staff. Portland State University, who conducted the
SPR 741 project, provided significant help during the project development by reviewing part of
the design or providing critical guidance for certain design parameters or construction
specifications. Besides being cost effective, the retrofit strategy used in this project provided for
a minimal environmental and traffic impact.
SPR 750 Methods for Strengthening Reinforced Concrete Bridge Girders Containing
Poorly Detailed Flexural Steel Using Near-Surface Mounted Metallics
This research project addressed the fact that many of ODOT’s older reinforced concrete deck
girder (RCDG) bridges contain straight-bar terminations of reinforcement without special
detailing. Modern design code provisions and heavier trucks produce insufficient bridge load
ratings of these existing bridges. The objective of this research was to develop strengthening
methods that would be much more economical than bridge replacement.
As a result of this research ODOT has updated the ODOT Bridge Design Manual Section
1.30.2.5 Near Surface Mounted System and adopted a new Standard Boilerplate 00567 Titanium
Alloy Reinforcement System. Since 2015, ODOT and consultant designers have considered and
used the strengthening method on three STIP projects (Mosier, I-205 Main St Bridge, D-RiverSchooner Creek-Siltcoos) and four maintenance projects (Mill Creek, McKercher, Arthur Street,
I-5 Terwilliger On-ramp).
This research has had a national impact and has been incorporated into the “AASHTO Guide for
Design and Construction of Near-Surface Mounted Titanium Alloy Bars for Strengthening
Concrete Structures”. Since publication of the AASHTO guide, a number of states, such as
Texas, Pennsylvania, New Mexico, Virginia, Louisiana, etc., have contacted Oregon for more
information. The states were interested in implementing the strengthening method and some of
the states actually employed the method for their bridges.
SPR 756 Improved Safety Performance Functions for Signalized Intersections
Due to the high percentage of crashes occurring at signalized intersections, considerable
attention is given to selecting improvements that result in the greatest reduction in crashes for
dollars invested. This research project developed more reliable ways to assess signalized
intersection safety in Oregon, allowing ODOT and other agencies to allocate funding toward
effective intersection safety configurations for both new and existing facilities. To do this,
signalized intersection safety performance functions were developed that explicitly consider
approach speed as a direct input in safety assessment of the location.
The ability to reliably predict the expected signalized intersection safety performance enables
transportation professionals to make informed decisions about anticipated safety tradeoffs at
these intersections
SPR 758 Design Guide for Roadside Infiltration Strips in Western Oregon
Roadside infiltration strips, also called vegetated filter strips, have the ability to decrease the
immediate impact of road runoff on nearby streams and agricultural fields. Though there is a
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rich history of research on the chemical and physical filtering capabilities of these structures,
total infiltration capacity is often not the focus of these research efforts. By using dimensional
analysis of a varied infiltration capacity dataset, this research developed a new design equation
and subsequent design chart to simplify and streamline the infiltration strip design process.
Given that the parameters and variables used in this design process are freely available in map
form, a preliminary analysis of all roads within the western corridor of Oregon could be
performed in GIS for future filter width design. Implementation is waiting on the ODOT
Hydraulics Manual is updated to include the use of the Guide.
SPR 760 Multi-Modal Performance Measures in Oregon: Developing a Transportation
Cost Index Based upon Multi-Modal Network and Land Use Information
Transportation Cost Index is a performance measure for transportation and land use systems. It is
intended to fill important niches of existing similar measures in term of policy areas covered and
type of applications. The goal of this research project is to move TCI from prototype towards
implementation and application by establishing robust definitions of travel market baskets and
robust methods for calculating transportation costs. While this research advanced our
understanding of the concept additional work will be needed to implement the concept.
SPR 764 Preparing a Possible Oregon Road Map for Connected Vehicle/Cooperative
Systems Deployment Scenarios
The goal of this project was to lay the groundwork for Oregon to be prepared to lead in the
implementation of a connected vehicle/cooperative systems transportation portfolio, and to avoid
being caught by surprise as developments in this area evolve quickly. The project assessed
ODOT’s internal mechanisms for addressing connected vehicle/cooperative systems, scanned,
reviewed, and assessed the technical maturity of potential connected vehicle/cooperative system
applications, developed preliminary goals, linked to prospective connected vehicle/cooperative
systems applications, and refined/ranked/prioritized those that fit with potential ODOT role in
advancing/leading these initiatives. The project identified opportunities for linking ODOT’s
current programs with national and international connected vehicle/cooperative system
research, testing and deployment initiatives, and recommended a final shared vision and “road
map” for Oregon's priority connected vehicle/cooperative system applications.
This work came at a time when we were trying to understand and prepare for connected vehicle
technology. It is likely that this effort helped lay some of the groundwork for the Automated
Vehicle Task Force. This research was used in developing the Connected and Automated vehicle
section of the Statewide ITS Architecture and Operational Concept Plan. ODOT now has
Connected Vehicle Engineer on the ITS team and the Connected Vehicle Ecosystem project is
called out in the current Strategic Action Plan, and we have funding in hand to move forward
with this project. This project was an important starting point for ODOT in this area, and it
helped launch other efforts that have us where we are today.
SPR 766 Effective Measures to Restrict Vehicle Turning Movements
This study evaluated alternatives to raised/non-traversable medians on driveways and
approaches. Raised medians are often considered as an effective technique to limit direct leftturns that may be due to a significant number of conflict points. The raised medians provide an
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added benefit of improved corridor aesthetics. This research effort specifically reviewed a
variety of turn restriction alternatives to determine how effective they may be in addressing the
safety and operational needs of the transportation network while still considering contextual
sensitivities. The turn restrictions evaluated in this report are broadly separated into three
categories: turn restrictions located only at the access point, turn restrictions located only in the
roadway (typically some sort of median configuration), and combined turn restriction
configurations. The literature review also identified the jug handle and roundabout design that
could be considered to restrict turning maneuvers, but this research did not extend to these two
infrastructure alternatives. The research team performed field evaluations in Oregon and Texas
to determine the effectiveness of various turn restriction configurations. For the Oregon
locations, the research team also evaluated recent crash histories to determine if turn restrictions
were linked to observed crashes. In addition, the research team performed microsimulation
evaluations to identify the operational impacts of the various turn maneuver restrictions. This
work adder to our knowledge of the topic. Additional work will be needed to implement the
findings.
SPR 767 Towards Effective Design Treatment for Right Turns at Intersections with Bicycle
Traffic
The overall goal of this research was to quantify the safety performance of alternative traffic
control strategies to mitigate right-turning vehicle-bicycle crashes at signalized intersections in
Oregon. The ultimate aim was to provide useful design guidance to potentially mitigate these
collision types at the critical intersection configurations. A total of 504 right-hook crashes were
identified from vehicle path information in the Oregon crash data from 2007-2011, mapped and
reviewed in detail to identify the frequency and severity of crashes by intersection lane
configuration and traffic control. Based on these efforts, a two stage experiment was developed
in the OSU high-fidelity driving simulator to investigate the causal factors of right-hook crashes
at signalized intersections with a striped bike lane and no right-turn lane, and to then identify and
evaluate alternative design treatments that could mitigate the occurrence of right-hook crashes.
In response to this research, ODOT has increased our use of dotted line extensions across
intersections and a bike stencil at the right-hook conflict point improves driver searching and
crash avoidance of this crash type. A dotted line extension also adds a path guidance for drivers
and cyclist though skewed intersections, intersections with horizontal curves, and long
intersections. The Traffic Line Manual was updated in 2018 with additional guidance on line
extensions for bike lanes through intersections and the use of green colored pavement within
extension lines. A Future update of Sign Design Manual will look into recommendations from
this research related to signing.
SPR 768 Evaluating the Use of Crowdsourcing as a Data Collection Method for Bicycle
Performance Measures and Identification of Facility Improvement Needs
This research developed a smartphone application called ORcycle to collect cyclists’ routes,
users, and comfort levels. ORcycle combines GPS revealed route data collection with new
questionnaires that try to elicit cyclists’ attitudes as well as comfort levels and factors that
influence their perceived comfort and route choice. The new questionnaires were developed to
better understand how cyclists’ comfort levels are affected by route characteristics, route
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stressors, safety reports, cyclists’ demographics, and cyclists’ cycling attitude. Preliminary
results show that many trip characteristics, route choice factors, route stressors and demographic
variables are correlated with comfort levels. ORcycle is the first statewide deployment of a
smartphone application to collect bicycle specific safety and crash data in addition to travel and
comfort data. Potential applications that can take advantage of the ORcycle data include comfort
and route models, prioritization of network improvements, and crash and injury risk models.
SPR 768, demonstrated that valuable safety data can be gathered utilizing the ORcycle
smartphone app. The ODOT communications section started a pilot effort to provide ORcycle
users will have the option to swiftly submit their safety reports to AskODOT by email. These
emails will contain the GPS location of the issue as well as information regarding the type of
issue, the urgency of the issue, and any other comment that the user would like to provide. In
addition, users could upload a picture of the safety issue or concern. Subsequent technological
advances in smartphone operating systems have led to the obsolesce of this specific application,
however, the concept has led to an increased social media and collaborative efforts using newer
technologies.
SPR 771 Risk Factors Associated with High Potential for Serious Crashes
Crashes are random events and low traffic volumes therefore don’t always make crash hot-spot
identification possible. This project has used extensive data collection and analysis for a large
sample of Oregon’s low volume roads to develop a risk index that expresses the crash risk for
different road geometries and roadside features as well as crash history and traffic exposure. This
crash risk index can then be a proactive means of identifying potentially risky locations where
safety treatments might be best targeted. The economic analysis completed as part of this effort
can be used in conjunction with the risk index when determining which safety treatments may
result in the highest return on investment for agency safety improvement funds.
After this research was published and the All Roads Transportation Safety Program kicked off,
the agency programmed several curve warning projects for enhanced curve warning signs and
delineation (chevrons, post mounted or guardrail mounted) on entire highway segments that had
overrepresentation of “curve” and “grade” crashes. We also developed a standard of practice for
design and safety enhancements based on curve thresholds to maintain consistency on all our
highways. This research continues to influence safety on low volume roads.
SPR 772 Investigation of Bicycle and Pedestrian Continuous and Short Duration count
Technologies in Oregon
While motorized traffic counts are systematic and comprehensive, bicycle and pedestrian counts
are often unknown or inaccurate. This research presents recommendations to increase bicycle
and pedestrian count accuracy while integrating bicycle and pedestrian counting with existing
ODOT traffic counting. Three bicycle counting technologies – pneumatic tubes, inductive loops
and thermal cameras – were tested in a controlled environment as well as mixed traffic condition.
Test results indicate that all bicycle counting technologies are adequate to count bicycles under
controlled, favorable conditions. However, in mixed traffic conditions only the pneumatic tubes
were able to count bicycles with less than 20% error. Bicycle counts in mixed traffic conditions
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with pneumatic tubes are more accurate when bicycle-specific vehicle classification schemes are
used and when counting bicycle traffic within 10 feet tube length of the counting device. Two
pedestrian counting technologies – passive infrared and pedestrian phase actuations – were tested
and attained satisfactory results. According to the 2016 Oregon Bicycle and Pedestrian Plan,
work is underway to develop a consolidated bicycle and pedestrian count archive in Oregon, this
research supports these efforts.
SPR 773 Smart Red Clearance Extensions to Reduce Red-Light Running Crashes
Red-light running is a safety hazard at signalized intersections in Oregon and around the United
States. Red-light running crashes occurring during phase transitions at signalized intersections
can be addressed through the use of Red Light Extension (RLE) systems. This research project
evaluated the accuracy, efficiency, and operations of three RLE system alternatives in Oregon. A
field study was conducted at five intersections in Oregon with high rates of RLR vehicles. To
understand driver behavior in response to the onset of the yellow change interval (on major
approaches) or the green indication (on minor approaches), 149 hours of video data were
transcribed. Together with signal timings, geometries, peak volumes, and operating speeds, the
video data were used to calibrate hardware-in-the-loop simulation of one intersection. The HIL
simulation was used to code and evaluate the performances of three alternative RLE systems.
This continues to be an evolving field. This research has been referenced in several internal
conversations over the last 5 years. ODOT is currently in the process of updating our policy and
guidelines and those intervals are being discussed.
SPR 774 Road User Charge Economic Analysis
The overall objective of this research is to provide ODOT with up-to-date information on the
economic impact of various Road User Charge (RUC) alternatives on the stakeholders in the
state of Oregon. Of particular concern to policymakers were the perceived differences the
implementation of a RUC might have on different regions of the state. Major concerns over the
adoption of this RUC are that it could increase costs for rural households relative to urban
households and that the costs would fall disproportionately on lower income groups. Further,
there could be significant differences due to locational distinctions other than simply the
urban/rural split. This research built a model that with the model assumptions found that on
average, statewide households will pay 5 cents more daily under a RUC than the current fuel tax
(since the 1.5 cent per mile RUC actually would produce more gross revenue than the current
fuel tax). However, the increase for rural regions is less than the statewide average while regions
with more urban areas will pay slightly more than the statewide average. Further, the report
found that the distributional impact of imposing this at 1.5 cent RUC on all households in the
OHAS data set differs depending on the region of the state examined. The research also
reproduces the results using a revenue neutral per-mile fee.
This research is intended to inform but not dictate state policy. This work provides background
information supporting the ODOT Strategic action plan in the areas Equity and Sufficient and
Reliable Funding.
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4.0

PUBLICATIONS, ACTIVITY, AND SPENDING

The following section summarizes activities of the Research Section, including the status of
active projects, cost information.

4.1

RESEARCH PROJECT STATUS

The status of 133 research projects initiated from FY 2010 through FY 2021 is summarized in
Table 4.1. The reports published in FY 2021 are discussed in detail in Section 2 above. Table 4.2
summarizes the major projects that completed in FY 2021, and Table 4.3 documents the major
projects continuing past FY 2021. Major projects are defined as those that were selected by the
Research Advisory Committee or had a budget of at least $70,000 and lasted at least one year.
Table 4.4 summarizes all other research projects and related activities and includes the Research
Discretionary Fund and miscellaneous continuing activities.
Table 4.1: Project Status Summary, FY 2010 – FY 2021
Inactive
Fiscal Year
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
Total

Complete
8
12
8
13
11
11
14
9
10
6
0
0
102

Cancelled

Active

On Schedule
0
0
0
0
0
0
0
1
0
3
7
11
22

2
0
0
0
1
0
1
0
0
1
0
0
5
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Behind
Schedule
1
0
0
0
0
0
0
0
1
1
2
0
5

Total New
Projects
11
12
8
13
12
11
15
10
11
11
9
11
134

Table 4.2: Expenditures and Status for Major Projects Ended During FY 2021
Project
No.

Project Title

Spent in
FY'2021

Publication
Status

Status

801

Development of a Balanced Mix Design Method in Oregon

$1,746

Published

Complete

802

Seismic Performance Design Criteria for Bridge Bent Plastic Hinge Regions

$2,848

Published

Complete

805

Performance of High Strength Steel Reinforcement in Shear Friction Applications

$2,986

Published

Complete

809

Predicting Seismic-Induced Rockfall Hazard for Targeted Site Mitigation

$3,567

Published

Complete

810

A Framework to Evaluate Causes and Effects of Truck Driver At-Fault Crashes

$1,856

Published

Complete

813

Nonmotorized Traffic Monitoring and Crash Analysis

$13,485

Published

Complete

821

Develop New Methods to Use ODOT Weigh-in-Motion Data for Predicting
Freight Flow and/or Commodity Patterns

$16,682

Published

Complete

825

Assessment of Bicycle Detection Confirmation and Countdown Devices

$28,114

Published

Complete

827

Update to Methodology for Setting Speed Limits in Urban Areas

$38,842

Published

Complete

Pooled Fund Study: Validation of Tsunami Design Guidelines for Coastal Bridges

$8,940

Published

Complete

5(307)
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Table 4.3: Expenditures and Status for Ongoing Major Projects FY 2021
Project
No.
719
807
808
812
816
820
822
823
824
826
827
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845

Spent in
FY'2021

Project Title
Continuing Projects
Climate Change Impact on Coastal River Estuaries in Oregon
Coastal Landslide and Bluff Retreat Monitoring for Climate Change Adaptation
Automated Landslide “Hot Spot” Identification Tool for Optimized... Resiliency Planning
Modeling Chloride Accumulation in Streams from Winter Road Salt Application for Federal
Resilient and Rapid Repair Measures for Seismically Vulnerable Bridges…
Development of Reliable Geotechnical Standards in Diatomaceous Silt
Speed Variation and Safety in Work Zones
Improving Constructability and Durability of Concrete Pavements
Cascadia Ground Motion Estimates in Comparison to ODOT Design Criteria
Constructing High Performance Asphalt Pavements by Improving In-Place Density
Update to Methodology for Setting Speed Limits in Oregon
Rumble strip design analysis and the durability of inlaid stripEs
Exploring Seismic Soil-Pile-Superstructure Interaction
Leveraging Numerical Modeling for Development of Design Criteria for Gabion Rockfall…
Expanding the Oregon Motor Carrier Safety Action Plan: Best Return on Investment
Impacts of Intersection Treatments and Traffic Characteristics on Bicyclist Safety
Enhancing Design and Maintenance of Horizontal Landslide Drain…
Implementation of a Laboratory Conditioning and Testing Protocol… Asphalt Mixtures
Prioritizing Wildlife Collision Mitigation Zones for Long Range Planning Efforts
Automated Detection of Traffic Sensor Malfunctions
Center Line Rumble Strip Effects on Pavement Performance
Work Zone Safety During Traffic Control Setup, Removal, and Changes
Safest Placement for Crosswalks at Intersections
Pedestrian Equity Analysis
Constructing High-Density Longitudinal Joints to Improve Pavement Longevity
Vulnerability and Risk Prioritization for Coastal Highway Erosion Areas of Concern
Evaluation of Curb Ramp Compliance
Optimizing Maintenance Priorities for Driving Safety
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Expected
End Date

7/31/2022
$76,834
9/29/2024
$25,726
7/14/2021
$60,365
9/29/2022
$39,212
9/30/2021
$142,199 9/29/2022
$57,817
7/6/2021
$102,216 1/11/2022
$53,203
5/30/2022
$69,063
8/30/2021
$38,842
3/25/2022
$68,683
3/31/2022
$175,258 12/30/2023
$154,796 9/29/2022
$113,936 5/1/2022
$140,852 5/30/2022
$154,355 11/29/2023
$148,139 4/30/2022
$73,574
8/29/2023
$112,663 10/29/2021
$65,811
10/30/2021
$41,256
4/1/2023
$95,757
1/29/2023
$105,803 12/20/2022
$101,177 6/29/2023
$122,006 2/29/2024
$87,003
7/31/2023
$14,542 7/31/2023

Status
Pre-Publication
Continuing
Published FY22
Continuing
Published FY22
Continuing
Published FY22
Published FY22
Published FY22
Published FY22
Continuing
Pre-Publication
Continuing
Continuing
Pre-Publication
Continuing
Continuing
Pre-Publication
Continuing
Continuing
Continuing
Continuing
Continuing
Continuing
Continuing
Continuing
Continuing
Continuing

846
847
848
849

Last Mile Delivery: Impact of More Delivery Vehicles on Safety and Congestion
Alternative Bridge Deck Overlays
Trucking Platooning Impact on Bridge Loading – Policy and Regulatory Implications
Improved Systematic Analysis to Predict Roadway Safety Performance
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$52,897 12/19/2023 Published FY22
$49,181 7/31/2023 Pre-Publication
$55,622 7/31/2022 Started
$62,377 3/3/2024 Started

Table 4.4: Other FY 2021 Research Activities
Project #
Project Title
SPR Project Selection and Development
301-000
302-000
SPR Implementation
304-401
Northwest Transportation Conference
304-481
AASHTO Technology Implementation Group
304-121
National Research Liaison and NCHRP Activity
304-801
MSE Walls
304-821
GNSS Surveying methods
304-841
Fish Presence
304-851
Test Hydraulic Design
304-861
NITC(UTC) Support
304-871
NITC(UTC) VE BIKE
Auto Sig PM Timings
304-881
Shear Responses of Soils using CPT Based
304-911
Methods
304-921
Improved Erosion Control Performance
304-931
Real-Time Scour Monitoring
State Information Requests (State funded)
500-040

4.2

Spent FY 2021
$386,900
$36,795
$0
$6,000
$11,744
$0
$26,323
$4,917
$31,672
$2,496
$43
$7,093

Status
Ongoing
Ongoing
Ongoing
Ongoing
Ongoing
Complete
Continuing
Continuing
Continuing
Continuing
Continuing
Continuing

$9,299

Continuing

$90
$1600
$68,591

Continuing
Continuing
Ongoing

BUDGET AND FUNDING

Research funding originates from several sources:
Federal State Planning and Research (SPR)
SPR program funding is set at two percent of each state’s FHWA highway funding under 23
U.S.C. 307(c). Of that two percent, at least 25 percent (i.e., 0.5%) is specifically identified for
Research, Development, and Technology Transfer (RD&T). For Oregon, in recent years this
amounts to roughly $2.2 million per year. SPR RD&T funds support a large share of direct
expenditures on research projects. In addition to those funds specifically earmarked for research,
in recent years the Research Section also has drawn research project and T2 program funds from
the planning portion of SPR.
Local Technical Assistance Program (LTAP)
FHWA LTAP funding is targeted for technical assistance and training for local agency public
works programs. These funds provide half the funding for the programs and activities of the T2
program.
Oregon Highway Fund
These funds are used in several ways. The Research Section uses state highway funds to cover
indirect costs. In addition, with some specific exceptions, SPR funds require 20% local

27

participation. In most cases, the source of these “matching” funds is the Oregon Highway Fund.
Finally, a few research projects are carried out entirely with state highway funds.
Local Government
LTAP funding requires 50 percent local participation. Most of these required matching funds are
provided by the Association of Oregon Counties and the League of Oregon Cities. Members of
these organizations are the primary recipients of T2 services.
Table 4.5 summarizes expenditures by program area and by source of funds.
Table 4.5: Expenditures Summary by Program and by Source of Funds
Federal
Oregon
Program
SPR Research
Program
State Research
Program
LTAP Program
TRB Subscription
NCHRP
Pooled Fund Led
by Oregon
External Pooled
Fund
Research &
Library Indirect
LTAP Indirect
TOTAL

SPR
Research

LTAP

State Funds

Local
Government

Total

$2,741,200

$0

$685,300

$0

$3,426,500

$0

$0

$68,592

$0

$68,592

$0
$120,706
$594,034

$38,563
0
0

$19,282
0
0

$19,282
0
0

$77,126
$120,706
$594,034

$137,209

0

0

0

$137,209

$281,677

0

0

0

$281,677

0

0

$616,641

0

$616,641

0

0

$51,290

0

$51,290

$3,874,826

$38,563

$1,441,104

$19,282

$5,373,774
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5.0

OTHER 2021 RESEARCH ACTIVITIES

In addition to major research projects, the ODOT Research Section is responsible for a number
of ongoing programs and activities, smaller projects, and the annual selection of new research
projects.
These include:
•

the Oregon Technology Transfer (T2) Center, Oregon’s Local Technical Assistance
Program (LTAP);

•

research project selection;

•

small, discretionary projects;

•

specific activities to support research implementation;

•

selection of and participation in pooled fund projects with other states; and

•

serving as ODOT’s point of contact for regional and national transportation research
activities.

The next few pages present activities and accomplishments in some of these areas.

5.1

OREGON TECHNOLOGY TRANSFER CENTER (T2)

The T2 Center provides transportation-related information to local agencies throughout Oregon.
The Center is jointly funded by FHWA, local agencies, and ODOT. Oregon’s T2 Center is one
of 53 centers in the nation that make up FHWA's Local Technical Assistance Program (LTAP)
and Tribal Technical Assistance Program (TTAP).
The T2 Center provides the following services:
•

a lending library of audio/visual materials;

•

a program of free and low cost seminars, training classes, and workshops;

•

a “Circuit Rider” service that includes annual technical assistance and informational
visits to local road agency customers;

•

responses to customer inquiries relating to transportation technology;

•

a newsletter on transportation-related topics of general interest.
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The T2 Center strives to make local road agencies aware of the latest and most effective
transportation technologies. T2 does this by acting as an information and training resource to
encourage and strengthen communication between government agencies at all levels and through
the delivery of “low-cost seminars, training classes and workshops” to local road agency
employees.
The center’s training program is its most visible service. It consists of three elements: 1) short
courses, which are delivered by Circuit Riders and focus on roadway and workplace safety; 2) a
training program, which delivers six or more events per year in partnership with organizations
such as the Oregon Chapter of the American Public Works Association (APWA); and 3) a twolevel Roads Scholar certification program with 18 core classes taught by in-house and contract
trainers. The Roads Scholar program is the most formalized aspect of the center’s training
services and continues to be very successful.

5.2

RESEARCH PROJECT SELECTION

Project selection begins in the fall with modifications and updates to published research
priorities. (Priorities for Fiscal Year 2021 are posted online at:
https://www.oregon.gov/odot/programs/pages/research.aspx#step8. The process ends in the
spring with the annual project selection meeting.
Research project selection is carried out in two stages. Expert Task Groups (ETGs), with support
and coordination from the Research Section staff, make initial recommendations. The ODOT
Research Advisory Committee (RAC) makes the final decision, selecting projects to go forward
from the pool of ideas nominated by the ETGs.
A list of the new research projects selected for FY 2021 is shown in Table 5.1: New Projects
Selected for Fiscal Year . Figure 5.1: ODOT research project selection timetable, provides a
schematic of the project selection timetable.

5.3
SMALL, QUICK RESPONSE, AND DISCRETIONARY
PROJECTS
Small Projects
Each year the Research Section conducts small projects, typically totaling $50,000 or less each.
Funds are set aside for these types of projects so that money may be quickly allocated once a
proposal is approved. These quick response or discretionary projects may be funded using SPR
funds or using state funds entirely.
Information Requests
Divisions, sections, and units of ODOT will periodically request information from the Research
Section. Information requests typically consist of requests for literature searches, statistical
analyses, or small compilation reports. The section also responds to requests from other states
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about ODOT practices. On occasion, local transportation agencies have requested information, as
well.
Though information requests are not tracked individually, it is estimated that the research staff
spent 1820 hours responding to requests in Fiscal Year 2021, addressing a wide range of topics.
Table 5.1: New Projects Selected for Fiscal Year 2022
Project
Project Title
Sponsor(s)
No.
850
51
852
853
854
855
856

857
858

859
860

Automating LIDAR Data to
Develop and Manage Active
Transportation Asset Inventories
Evaluation of Electronic
Enforcement of Motor Carrier
Compliance and Safety
Implementation of Balanced Mix
Design Methods in Oregon to Meet
Long-Term Performance Goals
Predicting Near Real-Time PostFire Landslide Debris Flows Along
ODOT Corridors
Validation of the New Speed
Zoning Method in Terms of Speed
Compliance and Safety Outcomes
Removing Residual Lane Markings
to Reduce Driver Confusion
Automated Methods for Correcting
ODOT's Real-Time GNSS Network
for Surveying and Post Disaster
Recovery
Active Transportation Counts from
Existing On-Street Signal and
Detection Infrastructure
Development of Procedures and
Technologies for Chip Seal
Construction Quality Control in
Oregon
Real-Time Continuous Bridge
Scour Monitoring for Improved
Safety and Cost Savings
Piloting Smart Work Zone
Technologies to Improve Oregon
Highway Safety and Mobility

ODOT Asset Management
and Integration
ODOT Active Transportation
ODOT Motor Carrier

06/2024

Total
Project
Budget
$282,000

06/2024

$206,000

ODOT Construction and
Pavement Services

12/2024

$344,000

ODOT Geo Environmental

03/2025

$457,000

ODOT Traffic and Roadway
Section

06/2024

$236,500

ODOT Traffic and Roadway
Section
ODOT Geometronics Unit

06/2024

$233,000

04/2025

$291,400

ODOT Traffic and Roadway
Section
ODOT Active Transportation
ODOT Construction and
Pavement Services

08/2023

$156,000

06/2024

$268,000

ODOT Bridge Section

06/2025

$378,000

ODOT System Operations &
ITS

06/2024

$225,000
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Scheduled
End Date

Figure 5.1: ODOT research project selection timetable
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5.4

POOLED FUND PROJECTS

The Research Section has committed to working with other states to fund research through the
Transportation Pooled Fund (TPF) program. This program offers significant advantages.
One advantage is cost sharing. For every ODOT dollar invested in these pooled fund projects,
about $15 is leveraged from other organizations. A second advantage is that TPF projects are
approved for 100% federal funding, which means participating states do not need to use state
matching funds. In Fiscal Year 2021, ODOT led three and contributed to eight pooled fund
projects (Table 5.2). Oregon commits a mix of SPR and state funds to these projects. ODOT
Research continues to monitor fourteen ongoing-pooled fund projects from previous years.
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Table 5.2: Transportation Pooled Fund Project Summary
Number:

Fund
Lead Agency
Source

Title:

TPF-5(178) Implementation of the Asphalt Mixture Performance Tester (AMPT) for
Superpave Validation
TPF-5(241) Western States Rural Transportation Consortium (WSRTC)

ODOT
FY 21

Total
Project
ODOT

FHWA

SPR B
State

TPF-5(255) Highway Safety Manual Implementation

Washington
State
FHWA

State

$80,000

TPF-5(260) Next-Generation Transportation Construction Management (TCM)

Colorado

State

$25,000

TPF-5(264) Passive Force-Displacement Relationships for Skewed Abutments

Utah

SPR B

$30,000

TPF-5(272) Evaluation of Lateral Pile Resistance Near MSE Walls at a Dedicated
Wall Site
TPF-5(283) The Influence of Vehicular Live Loads on Bridge Performance

Utah

State

FHWA

SPR B

$50,000

TPF-5(288) Western Road Usage Charging Consortium

Oregon

State

$175,000

TPF-5(299) Improving the Quality of Pavement Surface Distress and Transverse
Profile Data Collection and Analysis
TPF-5(301) Support Services for Peer Exchanges

FHWA

SPR B

Oregon

SPR B

$-

TPF-5(313) Tech Transfer Concrete Consortium

Iowa

State

$ 8,000

TPF-5(316) Traffic Control Device (TCD) Consortium

FHWA

State

$60,000

TPF-5(334) Enhancement to the Intelligent Construction Data Management System
(Veda) and Implementation
TPF-5(338) Simplified CPT Performance-Based Assessment of Liquefaction and
Effects
TPF-5(343) Roadside Safety for MASH

Minnesota

SPR B

Utah

SPR B

Washington
State
Utah

State

$50,000

State

$12,000

TPF-5(349) Western Alliance for Quality Transportation Construction (WAQTC)
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$105,000
$10,000

$30,000

$90,000

$75,000
$44,000
$300,000
$75,000

Number:

Title:

Lead Agency

Fund
Source

TPF-5(350) Development of NGL Database for Liquefaction-Induced Lateral Spread Utah

State

TPF-5(353) Clear Roads Phase II

Minnesota

SPR B

TPF-5(355) Stormwater Testing and Maintainability Center

Oregon

State

TPF-5(357) Connecting the DOTs: Implementing ShakeCast Across Multiple State
Departments of Transportation for Rapid Post-Earthquake Response
TPF-5(358) Wildlife Vehicle Collision Reduction and Habitat Connectivity

Caltrans

State

Nevada

SPR B

ODOT
FY 21

Total
Project
ODOT
$20,000

$25,000

$125,000
$-

$15,000

$105,000

$20,000

$100,000

TPF-5(367) Evaluation and Full Scale Testing of Concrete Prefabricated Bridge Rails Iowa

State

TPF-5(369) Collaborative Development of New Strategic Planning Models

FHWA

SPR A

TPF-5(371) Developing "Highway Capacity Manual" Capacity Adjustments for
Agency Connected and Autonomous Vehicle Operational Planning
Readiness under Varying Levels of Volume and Market Penetration
TPF-5(384) Nontraditional Methods Vehicle Volume

Oregon

SPR B

FHWA

SPR B

TPF-5(386) Gravel-Bed River Assessment Tool for Improved Resiliency of
Engineering Design
TPF-5(398) Moving Forward with the Next Generation Travel Behavior Data
Collection and Processing
TPF-5(399) Improving the Quality of Pavement Surface Distress and Transverse
Profile Data Collection and Analysis Phase II
TPF-5(433) Behavior of Reinforced and Unreinforced Lightweight Cellular Concrete
for Retaining Walls
TPF-5(437) Technology Transfer Concrete Consortium (FY20-FY24)

Washington
State
FHWA

SPR B

FHWA

SPR B

Utah

SPR B

Iowa

State

$8,000

$40,000

TPF-5(440) Support for Urban Mobility Analyses

Texas

SPR A

$25,000

$50,000

TPF-5(442) Transportation Research and Connectivity

Oklahoma

SPR B
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SPR A

$60,000
$50,000

$125,000

$10,000

$93,930
$10,000

$5,000

$15,000

$25,000

$85,000

$15,000

$75,000
$40,000

$50,000

TPF-5(447) Traffic Control Device (TCD) Consortium (3)

FHWA

State

$15,000

Total
Project
ODOT
$30,000

TPF-5(451) RUC West

Oregon

State

$25,000

$50,000

TPF-5(456) EconWorks - Improved Economic Insight

Arkansas

SPR A

$4,000

$20,000

TPF 5(470) Traffic Signal Change and Clearance Interval Pooled Fund Study

FHWA

SPR A

$15,000

$30,000

Number:

Title:

Lead Agency
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Fund
Source

ODOT
FY 21

5.5

REGIONAL AND NATIONAL RESEARCH PROGRAM
COORDINATION

ODOT participates directly or indirectly in a number of national research programs and
initiatives. In general, the role of ODOT Research is that of liaison, or point of contact. Among
the responsibilities carried out by ODOT Research in Fiscal Year 2021 are the following:
Transportation Research Board
The Research Section Manager is the Oregon DOT representative to the Transportation Research
Board (TRB). This responsibility involves a range of duties that relate to coordination of
communication and services between ODOT and TRB.
AASHTO Research Advisory Committee (RAC)
The Research Section Manager is also a member of the AASHTO Research Advisory Committee
(RAC). The RAC has several important functions within AASHTO and in setting the national
transportation research agenda, as well as serving as the principal point of contact for
transportation research between states.
The RAC meets annually. In addition, RAC members meet regionally via bi-monthly conference
calls. Specific functions and duties of the Research Advisory Committee include the following.
•

Review and rating of projects submitted to the National Cooperative Highway
Research Program (NCHRP) Every year; problem statements are submitted to
NCHRP for funding. The TRB, on behalf of AASHTO and the state Departments of
Transportation, allocates approximately $37 million each year for research benefiting
highways. The AASHTO RAC member in each state is responsible for submitting an
advisory ballot, used to select projects for funding.

•

Nomination of NCHRP project panel members Each NCHRP project is managed
by a panel of experts. Many of those panelists are drawn primarily from the 50 state
Departments of Transportation. AASHTO RAC members are responsible for
nominating panel members from their respective states.

•

Coordination of synthesis data collection One component of NCHRP is a subprogram called NCHRP Synthesis, which consists of small studies of the state of
knowledge and current practice in a particular area of highway technology. Each
synthesis project includes a questionnaire survey of current practice by state
Departments of Transportation. The AASHTO RAC members are responsible for
coordinating that data collection within their own departments.

•

Other support for NCHRP RAC members pay their state’s annual NCHRP
contribution, provide assistance to DOT employees who wish to submit problem
statements, and disseminate NCHRP research results within their departments.
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•

National RAC listserv Members of the Committee are members of an electronic
mail listserv, which is used to communicate on a variety of topics. A key use that has
evolved is the gathering of information about practices in other states, particularly
with regard to the applications of new technology. ODOT Research coordinates
hundreds of such requests for information from other states every year.

University Transportation Centers
In addition to providing full project funding, ODOT Research Section funds are also used to
leverage funds contributed by other organizations and centers to jointly sponsor research
projects. University Transportation Centers (UTCs), including the Portland State University led
Transportation Research and Education Consortium (TREC), Pacific Northwest Transportation
Consortium (PacTrans) in which Oregon State University is a full member, and Western
Transportation Institute have been important partners in funding research.
Title VI of the Civil Rights Act
The Oregon Department of Transportation ensures compliance with Title VI of the Civil Rights
Act of 1964; 49 CFR, part 21; related statutes and regulations to the end that no person shall be
excluded from participation in or be denied the benefits of or be subjected to discrimination
under any program or activity receiving federal financial assistance from the U.S. Department of
Transportation on the grounds of race, color, sex, or national origin.
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