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1. A Study of the Effects of Pavement Widening, Rumble Strips, and Rumble Stripes on Rural Highways in Alabama 

The objectives of this study are as follows: 1. Document the state of the practice and results of prior research; 2. Estimate 
reduction in run-off-road (ROR) crashes, by severity, based on the data, applying both Empirical Bayes (EB) and equivalent 
property damage only (EPDO) methods; 3. Develop crash modification factors for the following five treatments: Paving 2 to 4 
ft of unpaved shoulders on two-lane rural roads; Combined effect of paving 2 to 4 ft of unpaved shoulder and adding rumble 
strips on two-lane rural roads; Combined effect of paving 2 to 4 ft of unpaved shoulder and adding rumble stripes on two-
lane rural roads; Paving 2 to 4 ft of unpaved shoulders on four-lane divided rural roads; and Combined effect of paving 2 to 4 
ft of unpaved shoulder and adding rumble strips on four-lane divided rural roads; 4. Quantify the benefits and costs of the 
Alabama Department of Transportation (ALDOT) policy; and 5. Make recommendations for future application. 
Full text available online at:   https://rosap.ntl.bts.gov/view/dot/32193 
 

2. Safety Effects of Widening Shoulders on Rural Multilane Roads: Developing Crash Modification Functions with 
Multivariate Adaptive Regression Splines 
The presented study used crash modification (CM) factors and CM functions to assess the safety effectiveness of widening 
shoulders. The study first evaluated CM factors for widening shoulders on rural multilane roadways with the empirical Bayes 
(EB) observational before–after method to check the overall safety effects. Second, the CM factors were calculated for each 
aggregated break point according to roadway characteristics such as the original shoulder widths of treated sites in the 
before period and the actual increased widths. Finally, CM functions were developed with multiple linear regression and 
multivariate adaptive regression splines (MARS) models to determine the variation of CM factors. The results indicated that 
widening the shoulders resulted in a 12% crash reduction for total crashes (all severities), 18% for injury crashes, and 21% for 
severe crashes on rural multilane roadways for all types of crashes. For run-off-roadway crashes, the overall crash reductions 
of the treatment were 25% for total crashes, 28% for injury crashes, and 31% for severe crashes. Moreover, the results 
showed that the safety effects varied across sites, depending on roadway characteristics. In particular, the original shoulder 
widths of treated sites in the before period and the actual increased width were significant parameters that affected the 
variation of CM factors. Moreover, it was found that the MARS models showed more reliable estimates than normal 
regression if the variation of CM factors with specific parameters had nonlinear relationships and interaction effects. The 
proposed CM functions provide general insights into roadway design and selection of sites for increasing shoulder width for 
reducing crashes.  

 
3. The influence of shoulder characteristics on the safety level of two-lane roads: A case-study 

Constructing proper shoulders may improve road safety on two-lane roads. Previous research reported crash reductions 
following shoulder widening. This study aimed to examine the relationship between shoulder characteristics and crash 
occurrences on two-lane rural roads in Israel. The study database combined information on crash numbers, traffic volumes 
and road infrastructure characteristics of 3594 road sections. To examine a relationship between shoulder characteristics and 
crashes, given other road characteristics, two types of statistical models were developed: case-control and negative-binomial 
regression models, for several crash types. The authors found that the impacts of shoulder width and other road 
characteristics on crashes were generally consistent across various models and crash types, where a non-monotonous link 
between the shoulder width and crashes was typically observed. For various crash types, the models showed an increase in 
crash risk with an initial extension of the total shoulder, up to 2.2 m, and a consequent decrease in crashes with a further 
shoulder widening, over 2.2 m, by 2–6% and 1–4%, respectively, for each 0.1 m of shoulder extension. An increase in the 
width of unpaved shoulders, over 0.9 m, was associated with increased crash risk, in injury and total crashes, by 5% for each 
0.1 m of shoulder extension. Lowest crash risks were found for total shoulder widths of about 3 m or more, but also for 
narrow total shoulders, below 1 m. Conversely, medium total shoulders, of 1.8–2.4 m in width, and unpaved shoulders of 
over 1 m, were associated with an increase in crash risk and, hence, are not recommended for use. The tools developed in 
the study may assist in decision-making during the design stages of a new road or upgrading existing road sections, on two-
lane local roads. 
By: Gitelman, Victoria, Doveh, Etti, Carmel, Roby, Hakkert, Shalom 
Accident Analysis and Prevention, vol. 122, January 2019, pp. 108-118. 
Full text available by contacting the Library. 
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4. Development of Crash Modification Factors and Functions for Widening Shoulder Width on Rural Two-Lane Roadways (SH 
note: this study is 6 years old) 
This study assesses the safety effectiveness of widening shoulder width in reducing crashes on roadway segments. Generally, 
a crash modification factor (CMF) represents the overall safety performance of specific treatment in a single value. Although 
many researchers have estimated CMFs for various treatments (or countermeasures), there is a lack of prior studies that 
explored the variation of CMFs with different roadway characteristics among treated sites. Therefore, the study develops 
crash modification functions (CMFunctions) to determine the relationship between safety effects and different roadway 
characteristics among treated sites. This study first evaluates the CMFs for widening shoulder width using the observational 
before-after with empirical Bayes (EB) method to check overall safety effects. Secondly, the CMFs were calculated for each 
treated site based on different roadway characteristics such as original shoulder width of treated sites in before period and 
actual widened width. Lastly, the variation of CMFs was determined through developing CMFunctions. Crash and roadway 
characteristic data was collected for rural two-lane roadways in Florida, and the Florida-specific full SPFs for different crash 
types and severity levels were developed and used for the observational before-after with EB estimation. 
By: Park, Juneyoung, Abdel-Aty, Mohamed, Wan, Jung-Han 
Presented at the 25th World Road Congress, Seoul, South Korea, November 2015. 
Full text available by contacting the Library. 
 

5. Development of adjustment functions to assess combined safety effects of multiple treatments on rural two-lane 
roadways 
Numerous studies have attempted to evaluate the safety effectiveness of specific single treatment on roadways by 
estimating crash modification factors (CMFs). However, there is a need to also assess safety effects of multiple treatments 
since multiple treatments are usually simultaneously applied to roadways. Due to the lack of sufficient CMFs of multiple 
treatments, the Highway Safety Manual (HSM) provides combining method for multiple CMFs. However, it is cautioned in the 
HSM and related sources that combined safety effect of multiple CMFs may be over or under estimated. Moreover, the 
literature did not evaluate the accuracy of the combining method using CMFs obtained from the same study area. Thus, the 
main objectives of this research are: (1) to estimate CMFs and crash modification functions (CM Functions) for two single 
treatments (shoulder rumble strips, widening (1–9 ft) shoulder width) and combination (installing shoulder rumble strips + 
widening shoulder width) using the observational before–after with empirical Bayes (EB) method and (2) to develop 
adjustment factors and functions to assess combined safety effects of multiple treatments based on the accuracy of the 
combined CMFs for multiple treatments estimated by the existing combining method. Data was collected for rural two-lane 
roadways in Florida and Florida-specific safety performance functions (SPFs) were estimated for different crash types and 
severities. The CM Functions and adjustment functions were developed using linear and nonlinear regression models. The 
results of before–after with EB method show that the two single treatments and combination are effective in reducing total 
and SVROR (single vehicle run-off roadway) crashes. The results indicate that the treatments were more safety effective for 
the roadway segments with narrower original shoulder width in the before period. It was found that although the CMFs for 
multiple treatments (i.e., combination of two single treatments) were generally lower than CMFs for single treatments, they 
were getting similar to the roadway segments with wider shoulder width. The findings indicate that the combined safety 
effects of multiple treatments using HSM combining method are mostly over-estimated and the accuracy of HSM combining 
method vary based on crash types and severity levels. Therefore, it is recommended to develop and apply the adjustment 
factors and functions to predict the safety effects of multiple treatments when the HSM combining method is used. 
By: Park, Juneyoung, Abdel-Aty, Mohamed. 
Accident Analysis and Prevention, vol. 75, 2015, pp. 310-319.  
Full text available by contacting the library 
 

 

6. Analysis of the Shoulder Widening Need on the State Highway System 
In many rural Texas areas, pedestrians and cyclists have limited trip options and so these travelers often use rural low-speed 
highways. If these corridors do not have adequate roadway shoulders available, the pedestrians and cyclists cannot travel on 
the shoulder and instead must occupy an active travel lane. Consequently, the overall objective of this project was to define 
the criteria for roadway shoulder suitability for pedestrians and bicycles, apply these criteria to Texas highways to determine 
candidate locations that merit shoulder improvements, identify high use or high demand locations, and develop a candidate 

mailto:library.dot@state.mn.us
mailto:library.dot@state.mn.us


 LRRB Research Need Statement   
 

6 of 6 
 

LRRB-7 

list of potential target locations, coupled with the suitability criteria, to be incorporated into a Strategic Corridor 
Development Plan. 
 

7. Safety Performance of Shoulder Rumble Stripes on Rural Roadways 
Roadway departure crashes are most common on rural, two lane roads. The Missouri Department of Transportation used a 
combination of shoulder rumble strips, shoulder widening, and pavement resurfacing as countermeasures on more than 400 
centerline miles of rural roads. Crash modification factors (CMFs) were calculated for the treatment as a before and after 
study using the Empirical Bayes method. CMFs for 20 different crash categories were calculated. Findings indicated that the 
treatment is effective in decreasing the number of roadway departure crashes on rural, two lane roads. 
By: Zhao, Jiguang, Polk, Chad, Ritter, James, Silverman, Kim Kolody 
ITE Journal, vol. 87:3, 2017, pp. 44-48. 
Full text available by contacting the Library. 
 

8. Implementation of Wyoming Rural Road Safety Program.  (SH Note:  This study is 6 years old) 
Recent transportation legislation contains language indicating that state departments of transportation (DOTs) will be 
required to address safety on local and rural roads. It is important for state, county, and city officials to cooperate in 
developing a comprehensive plan to improve roadway safety. This legislation provides an opportunity to implement a more 
cohesive and comprehensive approach to local road safety in Wyoming. The Wyoming Technology Transfer Center–Local 
Technical Assistance Program coordinated an effort in cooperation with the Wyoming DOT, the Wyoming Division of FHWA, 
as well as Wyoming counties and cities to identify low-cost safety improvements on high-risk rural roads in the state. In the 
past few years, low-cost safety projects were implemented in several Wyoming counties. These projects included pavement 
markings, advance warning signs, guardrails, and shoulder widening. The Wyoming DOT approved the Wyoming Rural Road 
Safety Program (WRRSP) and recommended statewide implementation in 2008. In addition, the Wyoming DOT and the 
FHWA division office approved the WRRSP for eligibility to receive funding from the High Risk Rural Road Program. 
Implementation of the WRRSP has resulted in better cooperation between local governments, the Wyoming DOT, and FHWA 
to address safety on rural roadways in Wyoming. Before the WRRSP was approved, no counties in Wyoming were applying 
for safety funding. Now more than half of the counties have received road safety improvement money. The WRRSP has 
developed a step-by-step procedure to receive funding and expertise in roadway safety. The Wind River Indian Reservation 
has implemented a similar program, which has led to the funding of low-cost safety improvements on the Indian reservation 
road network. 
 

9. Waste Management of Highway Right of Way Areas in Southeast Georgia 
Maintenance of highway right of way (ROW) areas has become challenging during the last years due to the high cost, and 
little to no economic return associated with disposing vegetation waste generated on highways across Georgia. In response, 
a study was done to examine the feasibility of using ROW areas to generate biomass for energy production. Particularly, this 
study included an analysis of the ROW current vegetation potential for energy production, the development of a site 
selection process for the establishment of bioenergy crops, a pilot study that quantified biomass and energy production from 
three feedstocks, and an economic assessment. Results revealed that replacing existing ROW vegetation with bioenergy 
crops is a feasible alternative because most of the existing vegetation has no potential for energy production. Specifically, 
results showed that switchgrass, big bluestem, and woodland sunflower adapted well to the ROW conditions, which included 
a high soil density due to compaction, acidic sandy soils, low nutrient conditions, and variable weather patterns. Switchgrass 
and big bluestem produced biomass and energy values comparable to similar feedstock produced in better environments. 
From an economic standpoint, results revealed that growing switchgrass and big bluestem from seeds was the most cost-
effective option over a longer period. Overall, results demonstrated that ROW areas can be used for green energy 
production. However, each option considered (e.g., crop type, planting method, recovery period, etc.) will present 
advantages and limitations based on Georgia Department of Transportation (GDOT) immediate needs and requirements. 
Full text available at:  https://rosap.ntl.bts.gov/view/dot/54697 
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