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Safety Support System 
for Highway Rail Grade 
Crossings

the ISSUE
Crashes at highway-rail grade crossings (HRGCs) often result in severe injuries and fatalities. 
Transportation decision makers and agencies need an efficient decision-making framework 
to predict crash occurrence and severity likelihoods and identify contributing factors to those 
crashes and quantify their effects. That framework should also quantify proposed geometric and 
countermeasures’ safety improvement effectiveness, and rank the priorities for the crossings in terms 
of their safety improvement needs.

the RESEARCH
The research focused on providing tools and knowledge on the following four issues: 1) integrated 
grade-crossing crash frequency and severity prediction models, 2) marginal effectiveness of 
countermeasures, 3) geometric factors’ contribution to crash frequency and severity, and 4) 
integrated hazard rankings of North Dakota grade crossings.

The research proposed an innovative statistical method, competing risk modeling (CRM), to identify 
the contributors, quantify marginal effects of geometric factors and control devices, and predict 
crash occurrence and severity simultaneously. Traffic exposure variables such as annual average daily 
traffic, day through-train, night through-train, train speed, and percentage of trucks are all significant 
contributors. Type of train services, commercial power availability, and train detection technologies 
are also identified as significant contributors. Moreover, the research also further quantified the four 
geometric contributors’ effects and conducted detailed marginal effectiveness analysis for traffic 
control devices considering the pre-control conditions. The four geometric factors are: distance 
between a crossing and its nearest intersection, crossing angle as a continuous variable, number of 
lanes, and number of tracks. These geometric factors are spatially calculated with GIS software if they 
are not readily available. The research also investigated use of the effectiveness and prediction results 
to rank and prioritize crossings based on safety hazard.
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the FINDINGS
The applied approach suggests:

1. A hazard index should include both crash severity and crash 
occurrence likelihoods 

2. A prediction model should be able to predict both crash 
severity and crash occurrence simultaneously to account for 
unmeasurable variance with the same set of predictors 

3. Some contributors can be found significant to certain level of 
crashes but not significant to others 

4. One contributor can have a positive impact on certain levels of 
crashes but a negative impact on others

5. The dependency between competing risks exists so the 
prediction model should consider such dependency. 
The independent censoring assumption could result in 
underestimated contributors’ effects. 

6. Marginal countermeasure effectiveness should be dependent on 
the pre-existing status.

7. Adding a traffic control device to a crossing does not always 
result in improved safety performance 

Adding a traffic control device to a crossing may result in 
positive improvement on a certain level of crashes but have a 
negative impact effect on others 

the IMPACT
The research showed that an innovative computer modeling 
technique can help transportation agencies identify highway-rail 
grade crossings that are most likely to experience severe crashes. 
The modeling technique can also help identify contributing factors 
to crashes and identify and rank possible countermeasures. Results 
are being disseminated by the USDOT to help local agencies 
conduct analyses for making at-grade crossing safety improvement 
decisions.

For more information on this project, download the Main report at 
https://www.ugpti.org/resources/reports/details.php?id=1119

Lead Investigator(s)

Pan Lu 
pan.lu@ndsu.edu

Co-Investigator(s)

Denver Tolliver 
denver.tolliver@ndsu.edu

Research Assistant(s)

Zijian Zheng, GRA, PhD 
Amin Karamati, GRA, PhD 
Xiaoyi Zhou, GRA, PhD 
Yihao Ren, GRA, PhD

Project Title

Safety Support System for 
Highway Rail Grade Crossings

Sponsors | Partners

USDOT, Research and 
Innovative Technology 
Administration

For more information or additional copies, visit the Web site at www.mountain-plains.org, call (701) 231-7767 or write to Mountain-Plains Consortium, 
Upper Great Plains Transportation Institute, North Dakota State University, Dept. 2880, PO Box 6050, Fargo, ND 58108-6050.

This publication was produced by the Mountain-Plains Consortium at North Dakota State University. The contents of this brief reflect the views of the authors, who are responsible for facts and the accuracy of the information 
presented herein. This document is disseminated under the program management of the USDOT, Office of Research and Innovative Technology Administration in the interest of information exchange. The U.S. Government 
assumes no liability for the contents or use thereof. 

NDSU does not discriminate in its programs and activities on the basis of age, color, gender expression/identity, genetic information, marital status, national origin, participation in lawful off-campus 
activity, physical or mental disability, pregnancy, public assistance status, race, religion, sex, sexual orientation, spousal relationship to current employee, or veteran status, as applicable.  Direct 
inquiries to Vice Provost, Title IX/ADA Coordinator, Old Main 201, 701-231-7708, ndsu.eoaa@ndsu.edu.

mailto:ndsu.eoaa@ndsu.edu



Accessibility Report


		Filename: 

		Safety Support System for Highway Rail Grade Crossings_brief_202302_REM.pdf




		Report created by: 

		Nellie Kamau, Catalog Librarian, Nellie.kamau.ctr@dot.gov

		Organization: 

		DOT, NTL




 [Personal and organization information from the Preferences > Identity dialog.]


Summary


The checker found no problems in this document.


		Needs manual check: 0

		Passed manually: 2

		Failed manually: 0

		Skipped: 1

		Passed: 29

		Failed: 0




Detailed Report


		Document



		Rule Name		Status		Description

		Accessibility permission flag		Passed		Accessibility permission flag must be set

		Image-only PDF		Passed		Document is not image-only PDF

		Tagged PDF		Passed		Document is tagged PDF

		Logical Reading Order		Passed manually		Document structure provides a logical reading order

		Primary language		Passed		Text language is specified

		Title		Passed		Document title is showing in title bar

		Bookmarks		Passed		Bookmarks are present in large documents

		Color contrast		Passed manually		Document has appropriate color contrast

		Page Content



		Rule Name		Status		Description

		Tagged content		Passed		All page content is tagged

		Tagged annotations		Passed		All annotations are tagged

		Tab order		Passed		Tab order is consistent with structure order

		Character encoding		Skipped		Reliable character encoding is provided

		Tagged multimedia		Passed		All multimedia objects are tagged

		Screen flicker		Passed		Page will not cause screen flicker

		Scripts		Passed		No inaccessible scripts

		Timed responses		Passed		Page does not require timed responses

		Navigation links		Passed		Navigation links are not repetitive

		Forms



		Rule Name		Status		Description

		Tagged form fields		Passed		All form fields are tagged

		Field descriptions		Passed		All form fields have description

		Alternate Text



		Rule Name		Status		Description

		Figures alternate text		Passed		Figures require alternate text

		Nested alternate text		Passed		Alternate text that will never be read

		Associated with content		Passed		Alternate text must be associated with some content

		Hides annotation		Passed		Alternate text should not hide annotation

		Other elements alternate text		Passed		Other elements that require alternate text

		Tables



		Rule Name		Status		Description

		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot

		TH and TD		Passed		TH and TD must be children of TR

		Headers		Passed		Tables should have headers

		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column

		Summary		Passed		Tables must have a summary

		Lists



		Rule Name		Status		Description

		List items		Passed		LI must be a child of L

		Lbl and LBody		Passed		Lbl and LBody must be children of LI

		Headings



		Rule Name		Status		Description

		Appropriate nesting		Passed		Appropriate nesting






Back to Top
