
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Research Annual Report
STATE PLANNING & RESEARCH PART II PROGRAM

2013 At-A-Glance       JANUARY 1, 2013 – DECEMBER 31, 2013 

This report presents a summary of the Maryland State Highway Administration’s State Planning & Research 
(SPR) Part II Program. The funding statistics are provided for the FY 2013 Research Work Program in the 
following charts. The tables on pages 2 through 5 list all SHA-funded research projects by subject area that were 
active or completed during 2013. Three completed projects during the year are highlighted in the third section. 

In addition to administering the annual Research Work Program, in 2013 the Research Division focused on 
providing access to SHA research reports, encouraging SHA employees’ technology transfer activities, and on 
improving existing programs and processes. All SHA research reports since Year 2000 can be accessed online: 
http://www.roads.maryland.gov/pages/oprreports.aspx?pageid=367. Visitors to the page can search by keywords 
or browse by subject areas. 
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Maryland SHA 2013 Research 
TABLES ARE ORGANIZED BY SUBJECT AREAS: 

 

 Safety 

 

 Mobility/Congestion Relief 
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 Planning 

 

 Administrative 

 

 System Preservation/Maintenance 
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 Customer Service 

 

 Environmental Stewardship 

 

 Managing Resources 
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 Technical Assistance from Universities 

 

 National Initiatives 

 

 Transportation Pooled Fund Studies 
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2013 Research Highlights 
SP209B4M – AUTOMATED LOW-COST AND REAL-TIME TRUCK PARKING INFORMATION SYSTEM 
 
Lack of available truck parking is a significant safety concern nationwide. Commercial drivers seeking to comply with the 
Federal Motor Carrier Safety Administration’s Hours of Service regulations often park illegally on freeway shoulders and 
ramps when parking in a truck parking facility is either not available, or the availability is not easily known. The Maryland 
State Highway Administration (SHA) has an interactive emergency truck parking map, but real-time parking availability 
information is not yet provided. 
 
The main objective of this project was to develop an inexpensive and scalable wireless sensor network prototype, which 
encompasses a cost-effective and reliable architecture for real-time detection of trucks and other vehicles in truck parking 
facilities. 
 

 
 
The vehicle detection system consists of four main components: sensing, collecting, processing and user interface (UI). The 
sensing component refers to networks of magnetic sensors that measure the magnetic field at parking spots. The sensors 
are enabled by a microcontroller using IEEE 802.15.4 protocol, and wirelessly communicate with the collectors, and are 
powered by two 1.5 volts triple-A batteries. The collecting component using the same microcontroller collects the data 
measured by the sensors, and is powered by solar panels and lithium acid batteries as backup. A cellular broadband 
component is used to forward the collected data to remote servers. A camera can optionally be utilized to capture ground 
truth images from empty and occupied spots for validation purposes.  
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The processing component consists of a central database located at remote stations. A TCP/IP data logger application is 
designed for receiving the incoming packets from collectors and saving data in the database. The processing application 
connects to the database, processes the data, and updates the status of each spot in real time. The UI component enables 
remote connection to the servers and parking availability updates in real-time. The UI can be customized for any type of 
internet enabled device on various operating platforms. 
 
The SHA deployed and tested the system at the I-95 Northbound Welcome Center from January 2013 to May 2013. Several 
experiments were conducted and ground truth information was also collected to measure the system performance. The 
overall error rate during the experiment was 3.75%, and can potentially be lowered by using more sensors at each spot and 
employing repeaters to avoid signal blockings. 
 
Unlike imagery based methods, magnetic truck detection is completely anonymous and privacy of drivers is maintained. It is 
also independent of parking layout. In addition to providing real-time parking availability information to truckers, analyzing 
historical facility usage data could facilitate efficient operations. If all truck parking facilities in Maryland were equipped 
with such a system, truckers could be directed to the closest available facility and utilization of all facilities could be 
optimized. 
 
 
SP009B4N – SLOPE FAILURE INVESTIGATION MANAGEMENT SYSTEM 
 
Highway slopes are exposed to a variety of environmental and climatic conditions, such as deforestation, freeze-thaw cycles, 
and heavy storms.  Over time, these climatic conditions, in combination with other factors such as geological formations, 
slope angle and groundwater conditions can influence slope stability. These factors contribute to slope failures that are 
hazardous to highway structures and to the traveling public, and are extremely expensive to repair. Consequently, it is 
crucial to have a management system that tracks, records, evaluates, analyzes, and reviews the soil slope failure and 
remediation data so that cost effective and statistically efficient remedial plans may be developed.  
 

 
 
In this project, SHA created a Soil Slope Failure Reporting database that can be expanded to cover all geohazards on SHA 
Rights-of-Way.  The Office of Materials Technology (OMT) implemented the database in the SHA eGIS Portal, a web-based 
mapping application.  
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Once slope failures are reported by various technical offices and districts in eGIS, OMT slope failure team is notified via 
email. The team is responsible for reviewing and approving reported slope failure and assigning them for remediation. 
SHA’s eGIS system allows engineers to quickly search for slope failures geographically and by attribute while presenting 
failure statistics and summary charts to senior managers. The geospatial and tabular information captured in eGIS can help 
to identify slope failure trends over time. OMT will use the information collected to direct design and construction policy 
changes to reduce the number of slope failures in the future. 
 

 
 
Benefits:    
 
Prior to the implementation of the Slope Failure Investigation Management System, few analyses were conducted on 
historical slope failures and remediation costs. The database tracks slope failure projects starting from failure identification 
stage, through construction and maintenance stages. It documents post-construction data including as-built plans, total 
cost, and pictures. With the current data on 60 (and counting) slope failures in the system, trends in geographic 
distributions, soil and hydraulic conditions of slope failure areas can be identified and incorporated in future earthwork 
designs. Geotechnical engineers are also using relevant content in the eGIS system such as geology maps and highway as-
built plans in conjunction with the slope failure content for project level studies for future projects. 
 
Long term Benefits:   
 
Most slope failures are progressive in nature and get worse with time. With the database, it is anticipated that more slope 
failures will be reported, and the cost of repairs will be reduced by allowing the right repairs to be conducted at the right 
time before the failures progress to a critical stage. Once more slope failure data is collected, statistical analysis can be 
conducted to identify the likely failure causes for a given area. These types of studies will inform policy changes in design or 
construction to minimize future slope failures in the same geographical area. Quantitative slope failure prediction models 
and hazard maps can then be developed by incorporating factors such as location, geology, climatic conditions and slope 
geometry. 
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SP209B4N – DEVELOPMENT OF A FRAMEWORK FOR TRANSIT-ORIENTED DEVELOPMENT (TOD) 
 
Transit-oriented development is a type of development that encourages public transit and a transit-friendly urban 
environment.   In general TOD provides an environment where residents live within walking distance of one or more major 
transit stations and other amenities such as places to shop thanks to mixed and higher density land use patterns.  In theory 
they can significantly reduce the need to drive, increase multimodal mobility, reduce air pollution and greenhouse gas 
emissions, and reduce long-term highway infrastructure needs.   
 
When planning, designing, and assessing TODs, their impact on travel behavior, mobility and sustainability should be 
considered and incorporated into the decision-making process.  However, there currently are no guidelines on how to 
successfully develop TODs or standard tools for TOD evaluation in Maryland.  The objective of this project was to perform a 
comprehensive analysis of TODs in the Washington D.C. and Baltimore metropolitan areas, and to investigate if they reduce 
automobile travel and encourage transit as well as walking and bicycling.  A better understanding of these issues will lead to 
improved guidance and tools for decision makers. 
 
Description:    
 
The research team developed statistical models to analyze the relationship between TOD, land use development patterns, 
and travel behavior, including the amount of driving or vehicle miles traveled (VMT), trip generation, trip lengths, and mode 
choice (at household and trip levels), in the Washington D.C. and Baltimore metropolitan areas based on observed data.  
These models employ different statistical methods, including comparative analysis, hypothesis testing, multiple regression, 
fixed and random effect methods and environmental impact analysis.   
 
In order to estimate the models, a number of data sources were used including the most recent Household Travel Survey 
data, land-use data with geocoded population and employment information at the Transportation Analysis Zone (TAZ) level, 
geocoded rail and bus transit station data, Census block and TAZ shapefiles, and the Maryland Statewide Transportation 
Model (MSTM).  The research team also developed several innovative data processing, geo-coding, merging, and 
enhancement tools to combine the aforementioned datasets for this research project. 
 
Results:   
 
The findings from two in-depth case studies and statistical models covering the whole study area are consistent, and show 
that TOD land-use planning is associated with an overall lower level of household VMT, increased transit ridership, and 
reduced traffic congestion and environmental impacts.  The VMT model shows that after controlling for several land-use 
factors, living in TOD areas results in an additional 20 percent reduction in VMT in the Washington D.C. metropolitan area 
and an additional 21 percent reduction in the Baltimore region.   
 
These VMT reduction percentages appear to be high, which may be because the models were estimated without controlling 
for possible self-selection effects.  The self-selection effect is a highly debated issue in land use and transportation-related 
research areas. Reduction in auto ownership and VMT and increased transit ridership in TOD areas could be in part because 
those who are in favor of non-motorized travel choose to move to TOD areas where they can easily access transit. However, 
it is yet to be determined how large the effect of self-selection is and what methods can be used to measure this effect.  In 
this analysis, the research team did not capture the self-selection effect due to data limitations.  However, socio-
demographic variables were included in the models to partially address this issue.        
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In summary, the research team believes that programs and policies that are effective at reducing VMT, encouraging transit 
use, and consequently reducing congestion and pollution in urban areas such as TOD, should be strengthened.  Future 
research may examine issues such as appropriate parking supply in TODs, built-environment factors that make certain TODs 
more successful than others, and implementation of the TOD analysis framework developed in this research project. 
 
With an improved understanding on the relative effectiveness of different policy tools in improving transit ridership and 
reducing congestion and emissions, policy and decision makers will be able to allocate resources more appropriately and 
efficiently toward the ultimate goal of making urban areas more sustainable, livable, and economically viable for all 
residents and businesses.  As a result of this study, SHA will also be able to incorporate the effect of TOD on a 
transportation system into the trip generation, distribution and model choice steps of the Maryland Statewide 
Transportation Model. 
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Email us with your inquiries: research@sha.state.md.us  
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