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Rural roads are mostly undivided highways with high speed, two-way traffic. 

These factors coupled with inattentive driver behavior increase the risk of frontal and 

sideswipe collisions.  Widening of roads and installation of barriers or medians are 

expensive improvement options.  Centerline Rumble Strips (CLRS) are a cost-

effective countermeasure for reducing head-on and sideswipe crash types by warning 

distracted drivers of lane departures that lead to an intrusion onto the adjoining lane 

through tactile stimuli. 

 This study documents the state-of-the-practice pertaining to CLRS across the 

U.S. and attempts to establish a selection criterion for identifying locations that 

warrant CLRS installations.  Using this selection criterion in the Critical Analysis 

Reporting Environment (CARE) software, candidate segments warranting CLRS 

installations in the State of Alabama were identified.  Further, an economic analysis

 iv
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was conducted to determine the benefit to cost ratio for the selected locations by 

attaching a monetary value to individual crash types, namely fatal, injury, and property 

damage only (PDO) and comparing them to the cost of a CLRS installation.  A 14% 

reduction in the number of crashes was the expected tangible benefit of CLRS.  This 

value was selected from the Insurance Institute of Highway Safety (IIHS) study of 2003.  

According to this study, “reliable” data from 7 states with a total 210 miles of CLRS was 

analyzed and it was concluded that sites treated with CLRS had an overall reduction of 

14% in lane crossover crash types.  Therefore, the number of crashes represented by the 

14% were determined for every segment.  The savings in crash cost due to the 14% 

crashes that would be prevented was the expected benefit of CLRS.  The monetary 

amount incurred due to the installation of CLRS was the only cost that was associated 

with CLRS.  Some other factors which may affect the cost of installation could be the 

cost of traffic control and speed at which the CLRS installation is performed.   Cost of 

installation from the surveys was found to be $0.55/linear foot and was the only cost that 

was associated with CLRS in this report.  The value of the benefit to cost ratio was found 

to be 16.5 which establishes CLRS as a cost-effective crash countermeasure.  Finally, the 

segments were prioritized based on the crash rates experienced on the individual 

segments. 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Background 

 
 Rural roads in the U.S. account for almost 40% of all motor vehicle travel and 

carry 20% of the national traffic.  However, rural roads also account for 60% of all fatal 

crashes, out of which 90% occur specifically on two-lane rural roads.  The high 

percentage of crashes may be explained by the fact that rural roads are high speed routes, 

generally two-lane and without any physical barrier to separate the two-way traffic.   

Widening of roads and constructing physical barriers are possible crash countermeasures, 

but these are expensive options.  With rural roads accounting for almost 77% of the 

nation’s highways, such an undertaking will come at a premium.  Centerline Rumble 

Strips (CLRS) have been steadily emerging as a crash countermeasure targeted towards 

reducing lane departure crossover type crashes.  CLRS have the potential to significantly 

reduce the occurrence of these crash types, improving the status of highway safety 

nationwide.  In the U.S. some states have installed CLRS while several other states are 

actively researching their effectiveness. 
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1.2 Objectives 

The objectives of this report are: 

• To explore the current state-of-the-practice of regarding the use of CLRS.  

• Establish a selection criteria that defines the locations or segments that warrant 

CLRS. 

• Identify the sections in the State of Alabama that warrant CLRS. 

• Conduct an economic analysis to determine the expected benefits of installing 

 of CLRS in these selected locations.   

 

This report does not focus on design procedures associated with CLRS, such as, 

specifying the dimensions and installation techniques.  However, the material developed 

through this study may be a useful reference for practitioners when deciding if CLRS are 

an appropriate crash countermeasure. 

 

1.3 Scope 

This study is targeted towards estimating the potential, tangible benefits of CLRS 

in terms of crash cost savings and the actual number of crashes prevented by their 

installation on two-lane rural routes in Alabama.   

An initial and a follow-up survey explored the state-of-the-practice of CLRS 

across the U.S.  Based on the responses obtained, a set of selection criteria identifying 

locations for CLRS deployment was established.  This set of criteria was queried in the 
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Critical Analysis Reporting Environment (CARE) software and a list of candidate 

segments for CLRS installation was extracted from the crash database.   

The potential tangible benefits of CLRS installations on the suggested sections of 

the Alabama routes were determined through an economic analysis.  Additionally, the 

economic analysis also attempted to establish unit crash costs for fatal, injury, and 

property damage only (PDO) crash types.   

The results of this study are specific to the state of Alabama.  However, the 

criteria established and the methodology used for the selection of  segment locations that 

warrant the installation of CLRS may be used by other states working towards expanding 

their existing CLRS projects or by states contemplating the installation of CLRS from 

scratch.   

 

1.4 Organization of Thesis 

This thesis has been organized into seven chapters, Chapter 1 being the current 

chapter.  Chapter 2 is the literature review to summarizing the state-of-the-practice in 

reference to CLRS installations in various states across the U.S.  The information 

obtained from the literature review also formed the basis for the preliminary and follow-

up surveys conducted for further data collection which have been briefly discussed and 

summarized in Chapter 3.   

Chapter 4 describes the data analysis procedures developed to identify the 

candidate segments for CLRS installations in Alabama.  This chapter also has a brief 

discussion on the CARE software used for data collection and its application in this 

thesis.  The economic analysis conducted to evaluate the potential tangible benefits of 



 4

CLRS in comparison to the costs associated with them, which is the cost of installation in 

this report, and the results of benefit to cost analysis have been described in Chapter 5.   

Chapter 6 contains the conclusions from this study followed by recommendations 

based on the findings from this research and recommendations for future research on 

CLRS in Chapter 7.  
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CHAPTER 2 

 LITERATURE REVIEW 

 
 

Shoulder rumble strips (SRS) have been used as a crash countermeasure for a 

long time, both in urban and rural settings.   SRS are an inexpensive and efficient method 

to alert inattentive drivers, drifting off the shoulder of the roadway, through auditory and 

vibratory stimuli, so proper corrective action can be taken by the driver.  In urban areas 

where opposing direction traffic is separated by either a concrete or grass median, the 

chances of head-on collisions and sideswipes are low, even during nighttime driving.  

However, in a rural setting where the roads are two-laned, narrower and with a lack of 

non-traversable physical traffic control measures such as wide medians or physical 

barriers, to separate opposing direction traffic, the possibility of head-on collisions and 

sideswipes is much higher.  The fatality rate per 100 million vehicle miles of travel on 

rural roads is 2.3 and urban is 1.0 (Persaud et al., 2003) 

Centerline Rumble Strips (CLRS) are similar to SRS in their appearance but are 

installed in the center of the road to separate two-way traffic.  SRS were first installed on 

the New Jersey Garden State Parkway in 1955 (Noyce et al., 2004) and because they have 

proven to be successful in reducing run-off-the-road (ROR) crashes by almost 60% 

(Russel et al., 2003) CLRS have also been in active consideration.  CLRS are 
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installed along the centerline of undivided highways to warn drivers that they are drifting 

out of their designated lane of  travel.  Currently, 20 Department of Transportation 

(DOTs) out of a total of 50 DOTs across the U.S. and some provinces in Canada are 

actively using CLRS.  Research indicates an overall decrease of approximately 21% in 

head-on and opposing direction sideswipes due to lane crossovers in rural areas when 

CLRS was present (Russell et al., 2005).  The remaining majority seems to have concerns 

regarding CLRS such as:  

i) The noise generated by them especially in residential areas, 

ii) Pavement deterioration 

iii) Collection of water in the grooves and then freezing during winter months, 

iv) Collection of debris in the grooves in arid regions, and 

v) Safety of motorcycle and bicycle riders.   

 

According to the Insurance Institute for Highway Safety (IIHS), CLRS data 

examined for 210 miles of two-lane roads in the seven states of California, Colorado, 

Delaware, Maryland, Minnesota, Oregon and Washington revealed 15% reduction in 

injuries, 21% decrease in head-on and sideswipe crashes, and a 14% reduction overall in 

crash rate (Persaud et al., 2003).   

 In  the fall of 1999, Kansas Department of Transportation (KDOT) conducted a 

small scale phone survey to collect and analyze information regarding the CLRS 

configuration in use and concerns, if any, associated with them (Russell et al., 2003).  

The survey included the states of Colorado, Arizona, California, Pennsylvania, Oregon, 

and Washington; and inquired about basic CLRS information.  It formed the basis of the 
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next survey conducted by KDOT, focusing on the current practices regarding CLRS, 

across all 50 states in the U.S. and all Canadian provinces. The responses received for the 

latter survey indicated that California, Washington, Oregon, Arizona, Massachusetts, 

Pennsylvania, Colorado, Connecticut, and Alberta had CLRS installed at various 

locations.  The survey response from Alberta, Canada stated that a recent synthesis report 

revealed that residents were complaining of noise generated due to vehicles traversing 

over CLRS.  Therefore, testing was conducted on various CLRS designs, varying only 

the groove depth, to determine the tactile responses due to a vehicle traversing over the 

CLRS installation.  Test vehicles for this study included tractor-trailers, pick-up trucks,  

and motorcycles.  Based on the results, recommendations were made on the CLRS 

configuration considered most suitable for implementation in Canada.  The report 

concluded that, based on the testing, the most suitable shape would be rounded with 300 

mm spacing between the strips.  A groove depth of 8 mm +/- 2 mm, strip width of 300 

mm with painted lines and a length of 175 mm +/- 25 mm would provide the necessary 

stimuli without excessive external noise. 

Another survey conducted by KDOT in 2000, regarding the construction and 

placing of CLRS and associated noise generated, revealed issues associated with the 

deployment of CLRS (Russell et al., 2003).  These issues included: 

i) CLRS can cause confusion if continued through ‘Passing Zones’, 

ii) Inattentive drivers may overcorrect (towards left ) into the travel lane and lose 

control, and 



iii) Others may not have an understanding of the auditory and vibratory stimuli   

possibly due to the lack of awareness of CLRS and may steer off into the 

adjoining opposing-direction traffic lane.  

 
Therefore, KDOT decided to test 12 patterns which were suitable candidates for 

CLRS.  In May 2000, KDOT went ahead and milled in the test patterns on I-135, over ¼ 

mile stretches, separated by 200 ft gaps.  They tested three sets: (i) continuous 12 inch 

center to center (c/c), (ii)continuous 24 inch c/c, and iii) alternating 12 inch and 24 inch 

c/c.  Each of these patterns consisted of four different widths of 5 inches, 8 inches, 12 

inches and 16 inches respectively.  A depth of ½ inch was maintained across all 

configurations.  Seven vehicle types were used at 60 mph which is the posted speed limit 

in Kansas.  Background noise was eliminated as much as possible.  Interior noise levels 

and steering wheel vibrations were collected through Quest Technologies Q-300 Noise 

Dosimeter and External Microphone and the MicroDAQ SA-600 3-Axis Accelerometer, 

respectively as shown in Figure 2.1. 

 
 

Figure 2.1  Dosimeter and Accelerometer (Russell et al. 2003). 
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The Dosimeter collects data at the sampling rate of 32 samples per second and 

displays the highest decibel reading taken during any one-second period.  It was found 

that the maximum audible response was between 80 dB and 94 dB at 60 mph by the 

continuous 12 inch c/c spacing followed by alternating 12 inch and 24 inch c/c spacing 

and the continuous 24 inch c/c.  Overall, it was theorized that patterns with higher 

densities of indentations produced higher average decibel levels (Russell et al., 2003).  

Steering wheel vibrations were collected through an accelerometer, taped to steering, at 4 

readings per second.  Drivers were instructed to maintain a minimum but safe contact 

with the steering wheel.  This time however, the alternating 12 inch and 24 inch c/c 

pattern produced maximum vibratory stimuli followed by the continuous 12 inch c/c and 

continuous 24 inch c/c.   

 Based on the results of the testing the following two configurations were chosen 

for further testing on the highway  in summer 2003, the results of which have yet to be 

announced.  

i.) The 12 inch c/c continuous, L = 12 inches,  and  

ii.) The alternating 12 inch & 24 inch, L = 12 inches. 

In the above stated configurations, ‘L’ represents the length of the CLRS 

perpendicular to the centerline of the roadway.   

 In August 2001, Colorado DOT (CDOT) published a report on 17 miles of CLRS 

on the winding, mountainous, 2-lane State Highway 119 with limited sight distance 

(Outcalt, 2001).  The solid double yellow striping was the only traffic control device 

being used on the chosen segment of the highway.  The CLRS were milled through “No 



Passing” zones only and discontinued at intersections.  The cost of the CLRS installation 

was approximately $0.87/ linear foot, which included all traffic controls, replacement of 

pavement marker materials and milling costs.  Data acquisition was carried out for the 

duration of 44 months before and after the installation of CLRS.   

This report published by CDOT noted that the number of crashes per million 

vehicles for head-on type reduced by 34% and sideswipes by 36.5%.  The 18% increase 

in AADT when included made the “reductions become even more impressive” (Outcalt, 

2001).     

 

 

Figure 2.2  Centerline Rumble Strips on State Highway 119 in Boulder  
           Canyon, Colorado, (Report CDOT-DTD-R-2001-8).   
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Figure 2.3 Dimensions of CLRS installation, State Highway  

                     119, Boulder Canyon, Colorado 
 

   

There were concerns regarding the safety of motorcycle and bicycle riders in 

mountainous regions with no shoulders.  Findings indicated that dirt and sand that 

accumulates in the grooves gets damp during cool weather but as the pavement surface 

begins to dry up, so does the sand, such that by the time  pavement surface is completely 

dry, there  is no water in the grooves.   Also, the passing traffic causes air movement that 

assists the quick drying of grooves.  The auditory and vibratory signals remained 

unaffected by the build-up in grooves.  Though no deterioration of asphalt was noted, it 

was observed that the pavement marking paint tends to wear out faster, due to the traffic 

traversing over the CLRS.   

Studies were conducted for a 2.9 mile section of US 301 with CLRS, in Delaware 

as shown in Figure 2.4 (DelDOT, 2001). 
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Figure 2.4 Centerline Rumble Strips, the Delaware experience (DelDOT,2001) 

 
 

 

This was a before-and-after study which compared the average yearly crashes in 

occurring in a three year period before installation to the average yearly crashes occurring 

in the seven years duration, post-installation.  The study revealed that though the 

percentage of injury and PDO crashes increased by 4% and 13% respectively, there was a 

95% decrease in head-on collisions, 60% decrease on cross-overs, along with a 4% 

increase in AADT.  No fatal crashes were reported during the seven year after-installation 

period.  The cost of installation ranged from $0.20/ linear foot to $0.60/ linear foot, 

depending on the miles of installation (i.e. more miles resulted in lowered installation 

costs).  An overall benefit to cost (B/C) ratio was calculated to be 110 (Delaware DOT, 

2001).  The values obtained for crash reduction in this case are much higher than 

reductions reported from other states with CLRS installation.  These observations may be 
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attributed to the fact that this was the only section with CLRS in Delaware and may not 

be reflective of the typical crash reductions observed due to installation of CLRS.   

The California DOT tested the effects of CLRS in no passing zones and, after a 

review of three years of before and after data, found that crashes decreased by 11% and 

fatalities decreased by a staggering 71%(Russell et al., 2005). 

As none of the previous studies and evaluations had documented driver behavior 

and reactions towards CLRS, the University of Massachusetts at Amherst developed 

simulations models to mimic real conditions and observed the distracted motorist’s 

reflexive reaction to CLRS under varying environmental scenarios (Noyce et al., 2004).  

Both male and female drivers were selected across a range of age groups.  Different 

scenarios that the drivers encountered included (i)the presence of CLRS, (ii) presence of 

SRS, (iii) passing zones, (iv) no passing zones, (v) curves and (vi) straight stretches.  

Drivers were distracted by being asked to read billboards and look out for the letter “V”.  

The roadway was shifted in the simulator to make sure that the rumble strip, CLRS or 

SRS, was encountered.  A combination of foggy, nighttime environment and driver 

distraction created an extreme situation where the driver’s reflexive reactions would be 

evaluated and hence the final results obtained would be reflective of the actual driver 

reactions on the road.  

After analyzing the data, the authors determined that drivers took about 125 

milliseconds more to return back into the lane with the presence of CLRS in comparison 

with the absence of CLRS.  They also noted that the return time value decreased as 

encounters with CLRS increased.  Drivers, on average, took 250 milliseconds more to 

return into the travel lane after running over SRS as compared to CLRS.   



Results pertaining to the driver’s direction correction, once the CLRS were 

traversed, indicated that 28% corrected left initially, when encountering CLRS for the 

first time.  Also, 27% corrected left instead of correcting right, 37% corrected left (in 

curve and in no passing zones, 27% corrected left in curve and in passing zones and 

between 20 and 23% corrected left on straight segments of the roadway.  No opposing 

traffic was used in any of the simulations.  Gender differences were not significant.  

However, no right direction corrections were made by the drivers traversing SRS.  This 

could mean that drivers are more comfortable with SRS due to previous experiences 

(Noyce et al., 2004). 

 
Figure 2.5  Driving simulator at the University of Massachusetts, 

                 Amherst (Noyce et al., 2004). 
                 

 

A before-and-after observational study was conducted in Pennsylvania 

documented the effect of CLRS the lateral placement of vehicle (Mahoney et al., 2004).   

The study defines lateral placement as the “location of vehicle’s longitudinal axis relative 

to a longitudinal road reference system”.  For this study, the longitudinal axis was 

assumed to run through the centriod of the vehicle and the longitudinal road reference 

 14



 15

system was the centerline of the road.  Data was collected at four two-lane rural sites in 

two distinct phases, each separated by a period of about four months.  CLRS was 

installed at two locations with 11 foot and 12 foot lanes, after the first phase of data 

collection was complete.  These were called the ‘treatment’ sites.  Each treatment site had 

a corresponding ‘comparison’ site for purposes of before and after data comparison, to 

identify the influence of factors other than the CLRS, if any, on lateral vehicle placement 

and speeds of the vehicles.  The study concluded that CLRS affected both the mean and 

variance of lateral placement of vehicle. The shift in vehicle placement was 7.5 inches to 

the right of the centered vehicle path for 12 foot lane and 3 inches for the 11 foot lane 

after CLRS were installed; as compared to 2 inches and 6 inches to the right of the 

centred vehicle path before the CLRS installation.  The variance in lateral vehicle 

placement was also found to decrease significantly post CLRS installation.  The study 

also analysed speed data and no conclusion was drawn between the speeds and presence 

of CLRS.   

A study was recently completed in Japan which worked towards establishing the 

monetary and safety benefits of CLRS by comparing it with other safety measures being 

used to prevent head-on collisions (Hirasawa et al., 2005).  The development of optimal 

CLRS configuration and assessment of the safety benefits on the rural two-lane national 

highways of Hokkaido, which were experiencing fatal head-on collisions, was done 

through field testing of various configurations of CLRS.  This study was conducted to 

arrive at a configuration that would provide sufficient vibratory and auditory responses in 

an effort to reduce head-on crash occurrence.  Three distinct patterns of groove depths 9 

mm, 12 mm and 15 mm were tested at 40, 60, 80 and 100 km/h.  It was observed that 



pattern 3 with 15 mm groove depth provided the highest auditory and vibratory stimuli.  

Also, all three patterns produced sound levels which were 15 dB higher than the sound 

generated inside the vehicle on pavements without such warning facilities.  Subjective 

evaluations of the danger felt by the motorists, including bicycle and motorcycle riders 

was also used in determining the optimal configuration.  Observations were made to 

check the effect of CLRS on driving speeds of vehicles compared to other safety 

improvements which were the median strip, center poles and chatter bars or traffic bars as 

shown in        .   

 

 

 
Figure 2.6 Countermeasures Installed on a Section of National Route 5 in Japan 
(Hirasawa et al., 2005) 
 
 

 
        

 

These four improvements were installed over a single stretch, in succession, for a 

total length of 4.6 km.  The differences in the speeds of the vehicles in one direction only, 

were noted and it was found that they were within 2km/hr of each other. Hence it was 

assumed that the different safety measures did not affect driving speeds of the vehicles.  
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Sound and vibration levels were also measured on winter roads.  With slushy road 

surfaces and CLRS not visible, the sound levels were 75 to 80 dB as compared to 60 to 

65 dB in the absence of CLRS and vibrations were 95 to 105 dB when traversing the 

strips as compared to 90 to 95 dB on smooth pavement.  Therefore, the stimuli were 

found adequate on compacted-snow surface and slushy road surface.  A reduction of 

55.2% was noted after the CLRS were installed.  The study recommended the 12 mm 

groove depth with 150 mm longitudinal width and 350 mm transverse width.  As of 

March 31, 2005, 111.9 km of CLRS have been installed at 61 locations on Japan’s 

National Route 5.   

From the various studies, the reduction, observed and documented across all crash 

types, after CLRS had been installed in 20 out of 50 states in the U.S. is substantial 

evidence regarding the credibility of CLRS.  Findings of the literature review indicate 

that research is currently in progress across the U.S. and Canada to arrive at a 

configuration for CLRS which provides optimal auditory and vibratory stimuli; however, 

the CLRS dimensions are still not standardized.  Studies in Japan noted the optimal 

CLRS configuration based on combined results of field testing driver inputs.  Overall, the 

results from the various studies conducted, look positive for the potential of CLRS in 

crash reduction and cost effectiveness at the same time.  Though the transportation 

agencies across the U.S. do have concerns regarding settling of debris, pooling of water 

in grooves, pavement deterioration, noise generated by vehicles traversing the CLRS and 

safety of motorcycle and bicycle riders; the reports from field evaluations of CDOT and 

Japan found some of these concerns invalid. 

 A survey was therefore conducted by the Auburn University’s Highway Research 
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Center in early 2005 which attempted to explore the current state of practice and collect 

information on CLRS with regard to concerns, challenges, and costs associated with 

CLRS.  
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CHAPTER 3 

 STATE OF PRACTICE SURVEYS 

 
3.1 Preliminary Survey 

A preliminary survey for this study was conducted aimed at obtaining information 

regarding the state-of-the-practice of CLRS across the U.S., including an estimate of cost 

of installation and concerns associated with CLRS.  The preliminary questionnaire 

consisted of sixteen questions sent out to all fifty states in December 2004.  A response 

rate of 52% (i.e. 26 out of 50) which included the states as listed below in  

Table 3.1.  The complete questionnaire is available in Appendix A. 

 
Table 3.1  Preliminary Survey Respondents. 

Arizona  Arkansas  Colorado  Florida  

Hawaii Idaho Iowa Louisiana 

Maine  Michigan  Minnesota  Mississippi  

Missouri  Montana  Nebraska  New Jersey  

Oklahoma  Oregon  Pennsylvania  South Carolina  

Texas  Vermont  Virginia  Washington  

Wisconsin  Wyoming      
 

The complete results of the survey have been tabulated in Appendices B1 through B3.  

The responses are briefly summarized as follows.   
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1) Does your state use the Centerline Rumble Strips?  

  26 out of 50 states responded to the survey (52%).  Out of these 26 states, 13 were 

using CLRS on actual highway settings (50%).  Florida, Missouri and South Carolina had 

project installation sites for CLRS installed for research purposes and not subjected to the 

action of traffic (12%) and 10 were not using them at all (38%).  In a unique installation, 

Oklahoma reported that the only application they had of CLRS was on a five lane 

highway, along the margins of the two-way left turn lane, when speeds exceeded the 

posted speed limit of 45 mph.   

 

2) What criteria were used to determine the installation location?  

  15 out of 26 states indicated that candidate locations for CLRS installations would 

be those with higher than average crash history of head-on, sideswipe,  and crossover 

crash types.  All of these 15 states have CLRS installed on actual highway settings 

(58%).  Of the remaining 11, 9 states were not using CLRS and two had experimental 

project installations with evaluations in progress to check the effectiveness of CLRS.   

 

3) What pattern is being currently used? Rolled/Milled/Corrugated/Raised?  

  Fourteen out of the twenty six states that responded to the survey, experimental 

installations included, are actively using the milled method of construction (54%).  

Colorado and New Jersey indicated using both rolled and milled.  Virginia had used the 

rolled pattern for 1.5 miles for their pilot site for tested in 1999 but had discontinued its 

future usage.  Florida reported having an experimental project installation using the 

raised type CLRS.   



 

4) Please provide the detailed dimensions currently being used for Centerline 

Rumble Strips OR enclose a copy of the standards / specifications used, with the survey 

response.   

Out of the 26 states that responded to the survey, the continuous 12 inch c/c 

pattern is in use in 11 states (43%), followed by continuous 24 inch c/c in four states 

(15%).  The configuration of transverse width of 12 inches and longitudinal width of 7 

inches is in use on actual highway settings or experimental projects in five states (19%).  

The configuration of transverse width of 16 inches and longitudinal width of 7 inches is 

in use on actual highway settings or experimental projects in 7 states (27%).  However, 

by itself, 12 inches is in use in 9 states (35%) and 16 inches in 8 states (38%).  14 out of 

26 states use 7 inch as the longitudinal width (54%).  13 out of 26 states were using 

minimum groove depth of ½ inch (50%).   

 

 
Figure 3.1  CLRS Dimension Nomenclature 
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5) Does the design configuration vary across the state? (e.g.  Topography, rural / 

urban)? 

 This question was aimed at getting an estimate on whether location of installation 

makes an impact on the design of CLRS.  Minnesota, Washington and Pennsylvania 

reported that CLRS design was varied based on location of installation.  Configurations 

remained unchanged in the remaining states.   

 

6) How many miles have been installed and when did the installation commence? 

 The lengths were reported to vary from a small test section of approximately 5 

miles in Wyoming to 1500 miles of CLRS spread out over 250 locations across the state 

of Pennsylvania.  The date of commencement of the first CLRS installation in each state 

was also requested, to get an estimate of how long CLRS have been in use across the 

states.  The oldest installation, as noted from survey results, was in 1996 in Washington 

State and the latest in spring 2005.  Evidently, CLRS have been in use for at least a 

decade.   

 

7) Is the cost of installation of Centerline Rumble Strip included along with other 

contract bid items or is it a separate item? What is the typical cost or range of costs? 

Whether CLRS are included as a separate bid item in construction contracts or 

along with other items is a decision of the state.  9 states listed the installation of CLRS 

as a separate bid item.  The cost was typically around $0.20/linear foot.  However, there 

were states where the cost of installation was as high as $1.50/ linear foot.  The highest 

unit cost for the installation of CLRS was in the state of New Jersey at $4.50/ linear foot.   
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8) What are the evaluation criteria for effectiveness of Centerline Rumble Strips? 

(Safety /Cost /Road Geometrics /Weather /Driver inputs / Other /Evaluation underway/ 

No evaluation done)? 

The 8 options provided to describe the effectiveness of CLRS installations are 

explained as follows:  

i) Safety: Crash reduction following the installation of CLRS. 

ii) Cost: Savings in crash costs following the installation of CLRS. 

iii) Road Geometrics: If CLRS were installed in specific locations, such as no 

passing zones or curves.  

iv) Weather: If weather in the region had any influence on the performance of 

CLRS.  

v) Driver Inputs: These were direct feedbacks from the motorists. 

vi) Other: If the sate had a method of evaluation other than those listed. 

vii) Evaluation Underway: State conduction research or field evaluation of CLRS 

viii) No Evaluation done: No evaluation of any sort has been done till date, to 

evaluate the effectiveness of CLRS. 

 

  In 8 out of 26 states that responded, the primary evaluation criterion was safety 

(31%), followed by costs in six states (23 %).  Michigan reported to relying on driver 

inputs and influence of weather for evaluation.  Four states reported having no evaluation 

carried out though all four of these were actively using CLRS as seen in Appendix B3.   
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9) Have the auditory and vibratory levels produced by the chosen pattern been 

measured? 

For CLRS design to be effective, it must be able to generate noticeable vibratory 

and auditory stimuli, louder than the background noise in a vehicle and higher than 

vibrations due to the engine of the vehicle.  At the time of this survey, from the data 

collected, Colorado, Pennsylvania and Michigan were the only states that reported having 

documented the auditory and vibratory response data.  However, this data was for SRS.  

CDOT had measured the auditory and vibratory responses of 14 patterns tested with four 

different vehicle classes at the 55 mph and 65 mph.  Sound measurements were 

conducted on a smooth pavement to observe the changes in sound level when vehicles 

traverse over CLRS.  The auditory responses varied from about 60 dB to 80 dB.  CDOT 

also tested these 14 patterns for the development of bicycle friendly SRS at speeds of 5, 

10, 15 and 20 mph.  29 bicyclists evaluated and compared the SRS sections according to 

comfort and maneuverability.  Vibration levels were measured with an accelerometer 

mounted on the bicycle.  It was concluded that motor vehicles and bicycles have very 

different requirement with respect to the rumble strip configurations.  CDOT 

recommended using the standard 12 inch continuous pattern with a 12 inches transverse 

width, 7 inches longitudinal width at a groove depth of 3/8 inch (± 1/8 inch).  They found 

that this depth provided a relatively high level of sound and vibration in motor vehicles 

and the bicycles could safely traverse across this groove depth without any loss of 

control.  Field evaluations by Pennsylvania DOT revealed that highest average auditory 

response of 83 dB was recorded at 65 mph.  None of the other states reported having 

measured the auditory or vibratory stimuli.   
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10) What were the challenges and/or concerns faced during installation (if any)? 

  Challenges and concerns regarding CLRS varied widely across the states, from 

difficulties in traffic control to maintaining the required uniform depth of CLRS while 

milling.  Complete results have been tabulated in Appendix B1.   

 

11) Have any warrants, policies, or guidelines been created which are directed 

towards the installation of the Centerline Rumble Strip? 

Colorado, Pennsylvania and Oregon reported having active guidelines for CLRS, 

at the time of this survey.  Missouri, Washington State and Virginia were working 

towards developing guidelines or policies, while the remaining 20 states did not have any 

because they either had only experimental installations or were not using CLRS.   

 

12) Were any special signs developed to alert the motorists about the presence of 

the Centerline Rumble Strips ahead-on the road? If yes, please describe in detail or 

include figure.   

Colorado, Idaho and Michigan reported that they had developed signs to alert the 

motorists about the CLRS installations.  Idaho placed a portable message sign trailer at 

the two ends of each installation indicating “NEW CENTERLINE RUMBLE STRIPS 

NEXT XX MILES”.  Michigan DOT installed a yellow warning sign stating 

“CENTERLINE RUMBLE STRIPS AHEAD”.  Colorado DOT installed the yellow 

warning signs, shown in Figure 3.2 and Figure 3.3. 



 
Figure 3.2  Sign developed by CDOT to alert the motorists.   

 
 

 
Figure 3.3  Sign developed by CDOT to alert the motorists. 

 
 
13) How were the general public, made aware of this ‘new’ installation? 

Out of the 26 states, 6 actively made the public aware of the ‘new’ installation 

though public meetings, media services and public service announcements (23%).  Two 

states let motorists ‘discover’ the CLRS by themselves; seven states reported that no 

additional attempt was made to make the general public aware of the presence of the 

newly installed CLRS.  No additional information was provided regarding initial impact 

of CLRS.   
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14)  Did regional factors have any effect on performance of Centerline Rumble 

Strips? (e.g.  Snow in the northern regions, debris buildup in the grooves in dry, arid 

regions or any other related factors). 

Though the installation locations of CLRS vary from mountainous terrain to 

deserts and urban to rural, nine states (out of the 26 that responded) which were actively 

using CLRS, as reported in the survey responses, did not find any influence of regional 

factors on CLRS (35%).   

 

15) Was any special consideration given to bicycle or motorcycle traffic during the 

design or selection of installation locations?  

Apart from Wyoming, none of the states have expressed concern for bicycle and 

motorcycle riders.  Maine had noted concern for motorcycles.  Wisconsin and Missouri 

are reviewing the effect of CLRS on bicyclists and motorcyclists.  However, bicycle 

riders are not of particular concern presently. 

 

16) Any additional comments?  

This question made room for any additional comments from the DOT responding 

to the survey about CLRS.  Comments from the state DOTs have been included in 

Appendix B1.   

The complete results of the preliminary questionnaire are as tabulated in 

Appendices B1, B2 and B3.  The major concerns across the states, as noted through this 
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survey, are associated with noise, maintenance, accumulation of debris in grooves, 

pavement deterioration and concern for motorcyclists.   

 

3.2 Follow-up Survey  

Amongst the states that responded to the preliminary survey, since only some of 

the states are actively using CLRS in a real highway setting, the next step was to focus on 

those states and obtain more specific and detailed information pertaining to CLRS.  

Based on the responses received from the preliminary survey, 13 states which reported 

having active CLRS installations (i.e. installations on actual highway settings were 

chosen for the follow-up survey). However three states could not be reached. The ten 

states contacted to further information on CLRS installations are as tabulated in Table 3.2  

The states were contacted between March and early May 2005. 

 
Table 3.2 Candidate States for the Follow–up Survey.   

Arkansas Colorado Michigan Minnesota 

Nebraska Oregon Pennsylvania Virginia 

Wisconsin Wyoming   

 

For the follow-up survey the person in charge of CLRS installations for the 

respective state was directly contacted.  The complete results of the survey have been 

included in Appendix C.  Arkansas DOT could not be reached via e-mail or telephone.  

The responses to the questions for the follow-up survey are briefly summarized as 

follows.   

1) How were the dimensions for CLRS decided upon? 
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Since design configurations of CLRS are analogous to SRS,  it would be 

informative to know the methods that the sates were adopting to arrive at the patterns and 

dimensions being used.  At the time of survey, Pennsylvania was the only state that 

reported to having done extensive research to come up with their design.  No response 

was obtained from Arkansas, Michigan and Wyoming.  The remaining seven states have 

dimensions based off SRS.   

 

2) According to the state’s response, no values for auditory/vibratory stimuli have 

been provided.  If no tests have been conducted, how was the depth of the grooves 

decided? 

Though this question was covered in the preliminary survey, none of the 

respondents, except Colorado, reported to having measured the tactile stimuli, though, for 

bicycle friendly SRS.  Of the ten states that were contacted, Colorado, Minnesota, 

Nebraska and Wisconsin reported that auditory and vibratory responses of the groove 

depth of SRS were considered acceptable.  Pennsylvania and Virginia reported that the 

CLRS groove depth in use was determined through research and field testing of various 

groove depths and measuring the tactile stimuli responses.   

 

3) What audible levels were considered “noise” by the residents? 

During the preliminary survey, several states had expressed concern for noise 

generated by vehicles traversing over the CLRS.  Colorado, Oregon, Pennsylvania and 

Wyoming responded that noise was not a concern.  Minnesota had guidelines to stay 

within noise levels in residential areas.  Minnesota was one of the three states that 
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reported having the design configuration vary across the state as response for question 

number five in the preliminary survey.  Nebraska reported “any noise at all” to be noise 

but did not report following any guidelines for installations to mitigate the noise.  None 

of the states provided an exact value for sound levels considered “noise”.  

 

4) How was the depth of the groove measured while milling? 

Achieving the correct groove depth is essential for providing the right amount of 

tactile stimuli.  This question was targeted towards exploring the methods applied to 

make sure the groove depth is milled to the designed groove depth.  These methods 

included performing manual checks at regular length intervals or at the end of the day 

and using electronic devices installed on-board the milling equipment which permit a   

+/- 5% margin of error during milling operations. Also, from the preliminary survey 

responses, it was observed that more states had provided a margin of error for groove 

depth than the other two dimensions.  For example, the design for CLRS groove depth in 

New Jersey is ½ inch +/- 1/8 inch as compared to only one state having tolerance for the 

longitudinal and transverse width.  This means that the grooves are required to be milled 

to ½ inch depth and the +/- 1/8 inch in the design accounts for variations in groove depth, 

that are likely to occur when the actual milling of CLRS takes place.  None of the states, 

with the exception of Wisconsin, reported having any margin for the dimensions of 

transverse or longitudinal width.  The complete results have been tabulated in Appendix 

C.   

 

5) Do the installation locations cover both rural and urban?  
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 In response to this question, 6 of the 10 states that participated in the follow-up 

survey reported using the CLRS in rural areas (60%).  Out of these six states, three had 

CLRS installed strictly in the rural area and three sates reported having CLRS installed 

mostly in rural areas.  Out of the remaining four, one (i.e. Virginia) had CLRS installed in 

both rural and urban settings.  No responses could be obtained from three states.   

 

 The findings of the two surveys helped in identifying the variables that must be 

included in the selection criterion when identifying locations that warrant CLRS 

installation (e.g. locations with high crossover crash history, two lane and high speed 

routes) and also those factors whose inclusion is optional in the selection criterion were 

also noted (e.g. presence of passing zones, no passing zones, rural, urban and presence of 

traffic control devices).  The survey was helpful in collecting the cost information for 

CLRS installations.  Concerns and challenges associated with CLRS maintenance and 

installations were also noted though the surveys (e.g. build-up of debris in the grooves, 

pavement deterioration, wearing off of the pavement marker material and safety of 

motorcycle and bicycle riders).  However, further investigation on these concerns is 

beyond the scope of this report.   An application of CLRS, not found  previously in any of 

the reports in literature review were reported by the state of Okalahoma, which uses only 

uses CLRS on the margins of the two-way left turn lane on five lane highways, where 

speeds exceed 45 mph.   
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CHAPTER 4  

DATA ANALYSIS 

 

Based on the survey responses, the criteria defining the locations in Alabama 

warranting the installation of CLRS were identified.  Using the Critical Analysis 

Reporting Environment (CARE) software, a filter was constructed to incorporate the 

criteria with some additions and modifications to them, to retrieve the required dataset, 

from the CARE crash database.  A ‘filter’ represents a specific set of attributes / criteria 

against which all data are compared and only matching data are retrieved from the crash 

database.  These filters can be those predefined in the software or created by the user to 

retrieve specific datasets.  CARE software provides 250 variables to choose from to 

construct a user-defined filter.  A variable is defined as “a discrete attribute of the events 

or objects in a CARE database” (CARE User Manual, version 7.5.9).  The result was a list 

of 73 segments.  The crash rate for each segment was calculated and the list was 

prioritized based on the crash rates experienced on individual segments.   

 

4.1 Critical Analysis Reporting Environment (CARE) 

The CARE software was developed by a research group in the Department of 

Computer Science at the University of Alabama.  First developed in 1982, CARE 

originally stood for Cities Accident RAPID Evaluation.  Constant updates are being 

worked into the software so that the latest version will take advantage of technological 
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advancements.  CARE is a sophisticated data analysis tool with its own proprietary 

database structures.  Though it was primarily designed for the analysis of traffic 

accidents, it has the capability to analyze most of the crash data once that is imported into 

the CARE database.  The CARE crash database for Alabama is based on the information 

obtained from the crash reporting Alabama Uniform Traffic Accident Report (AUTAR) 

forms.  The AUTAR forms are completed by law enforcement personnel across the state 

of Alabama at the site of a crash.  This information is then entered into the crash database 

by the state Department of Public Safety.   

The following points need to be noted about the coding scheme for roadways in 

CARE (CARE User Manual, version 7.5.9): 

i) All major highways, for example, the interstates, are mileposted.   

ii) Urban streets and roads and less-used rural roads use a link-node scheme, where 

each intersection has a node number and each road has a link number.   

iii) Node numbers are unique to each county, but not necessarily statewide.   

Presently Dr. David B. Brown from the Department of Computer Science at the 

University of Alabama heads the research and development of CARE.   

 

4.2 Segment Characteristics 

 CLRS are targeted towards reducing the head-on and sideswipe crashes that occur 

due to centerline crossovers.  Though the possibility of CLRS reducing the run-off-the-

road (ROR) crashes cannot be overlooked in CARE, however, filter criteria could not be 

established that would make a clear distinction between the left ROR (e.g. centerline 
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crossover) from right ROR crashes (e.g. vehicle running off the lane on the right hand 

side).  Based on the literature review, survey responses and the data availability in 

CARE, the following set of criteria was established which defined the sites to be included 

in this analysis:  

i) The route must be a federal or state highway only; 

ii) Only those crashes occurring along the route should be included; 

iii) Crashes occurring at intersections should not be included; 

iv) The posted speed limit must be between and inclusive of 45 mph to 55 mph; 

v) The crash types as defined in CARE must only be ‘head-on’ or ‘left front 

angle’ or broadside left’; and 

vi) Segments must be a two-lane roadway;  

 

4.3 CARE Filter Development 

The 1994 to 2003 Alabama crash data for CARE version 7.5.9 was used for data 

extraction in this study.  The software works on the principle of filters, which is a 

querying technique to retrieve the relevant data from a dataset.  This means that a set of 

criteria needs to be defined and data in the entire database is compared with these criteria.  

The data is selected and retrieved only if it matches the criteria.  Since, a very specific 

dataset was required for analysis, it was necessary to construct a filter specific to the 

analysis.  The following variables available in CARE matched the above mentioned 

criteria and were therefore used in the development of the filter: 

 



i) (V 010) Highway class: Federal, State; 

ii) (V 011)  Intersection: Not intersection related; 

iii) (V 062) Speed limit posted (mph): 41-45, 46-50, 51-55; 

iv) (V 063) Initial impact : head-on or left front angle or left broad side only; and 

v) (V 082) Two – lane only. 

 

The number in parentheses (e.g. (V 010)) represents the code or the designation 

assigned to the variable in CARE, followed immediately by the variable name (e.g. 

‘highway class’).  The values following the variables (e.g. ‘federal, state’), are further 

options available within the variable.  From this point onwards, throughout this report, 

the term head-on refers to ‘head-on or left front angle’ crash types and sideswipe refers to 

‘left broad side only’ crash type as shown in Figure 4.1.   

 

 
Figure 4.1 Impact Points on the Vehicle 

 

 

 35



To construct the filter, the chosen variables were first combined within 

themselves with ‘OR’ logic.  For example, for the highway class category, the route 

would have to be either state OR federal in order to be selected.  Then, all variables were 

combined with each other using the ‘AND’ logic.  Figure 4.2 is a simplified 

representation of the filter constructed in CARE which has been used in this study.   

 

 
Figure 4.2  Simplified version of the CARE filter. 

 
 

This means that when the data retrieval process started, a particular dataset would 

have had to satisfy one option listed for each of the five variables (OR logic) and thus 

satisfy all five variables combined together (AND logic) which represents the selection 

criteria.  To make sure that the retrieved data set was correct the following validation 

check was performed.   

 

Filter Validation Check 

Three separate filters were created.  Filter A, would determine the number of 

crashes occurring for the crash type ‘head-on only’.  The Filter B would determine the 

number of crashes occurring for the crash type ‘sideswipes only’.  The sum of crashes 

from these two filters was compared with the number of crashes resulting from Filter C, 

which determined all the crashes that occurred under the ‘head-on or left front angle or 

left broadside’ crash types.   
 36
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To construct each of these filters, all four variables as previously mentioned were 

used; changing only the crash type for ‘(V063) Initial Impact’ depending on the filter 

being constructed. 

 

1. Criteria  for Filter A, head-on only:  

• (V 063) Initial impact: head-on or left front angle; 

 

2.   Criteria for Filter B sideswipe only:  

• (V 063) Initial impact: left broad side only;   

 

3.   Criteria for Filter C, head-on or sideswipe:  

• (V 063) Initial impact: head-on or left front angle or left broad side; 

 

The number of crashes filtered through Filter A and Filter B, respectively, were 

summed and the total was compared with the number of crashes obtained from Filter C.  

The values returned were: 

• Filter A (81,377) + Filter B (4,684) = 86,061 crashes 

• Filter C = 86,061 crashes 

The sum of Filters A and B was equal to Filter C, therefore validating the filter for 

data extraction process to make sure data extracted is correct and inclusive.  It is to be 

noted that Filters A and B were constructed for the purpose of the validation check only.  

Filter C was the only filter used in CARE for all crash data extraction purposes. 
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It was observed, from the survey results, that CLRS have been installed mostly in 

rural and selected urban environments.  Therefore, in the construction of Filter C, both 

rural and urban locations were considered.  Also, no traffic control unit was specified 

since some routes may not have any control; therefore it is possible that some crashes 

may be excluded from the dataset, which may be a limitation of the filter.  Both ‘Passing’ 

and ‘No Passing’ zones have been considered since the survey responses indicated that 

CLRS have been installed in both passing and no passing zones.   

 

4.4 Identifying Candidate Segments 

The next step was to determine the locations that warrant the installation of 

CLRS.  This study utilizes 10 years (i.e. 1994 to 2003) worth of Alabama crash data.  The 

filter was set to Filter C.  The ‘Location’ module available in CARE finds high accident 

location for any subset, by allowing the user to specify the number of accidents to define 

a high crash location.  Therefore, before generating the list of segments, the maximum 

and minimum values for the number of crashes occurring on a segment need to be 

specified and only those segments that fell within a specific range would be selected.  

The default values for maximum and minimum were ‘unlimited’ and 25, respectively.  

For the purpose of this analysis; the default values were taken without making any 

changes.  Segments with fewer than 25 crashes were not considered for data analysis.  

The ‘Hotspots – Segments’ option available within the ‘Locations’ module was found 

most suitable in retrieving the required dataset because, this option identified a crash 
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location based on its milepost data. Therefore, using the ‘Hotspots-segments’ option 

available within the ‘Locations’ module or menu, the required dataset was retrieved. 

The list comprised of 73 locations for the State of Alabama, sorted by total ‘head-

on’ and ‘sideswipe’ crash types, identified first by the county, followed by the area or 

city that the segment passed through and lastly by the beginning and an ending node.  

Finally, the link number (e.g. S-53) and brief description of the link were also available.  

The total numbers of crashes were further categorized by fatal, injury, and PDO for each 

segment, in the CARE output.  The beginning and ending mileposts for a segment were 

identified and have been included in Appendix E. 

The number of crashes meeting the criteria, occurring on these 73 segments, 

summed to 2,659 compared to the 86,061 crashes all across Alabama, obtained initially.  

This difference is explained by the fact that the list was truncated at segments with a 

minimum of 25 crashes.  The remaining segments had fewer than the specified minimum 

number of crashes and fell outside the specified range and therefore were not considered. 

 

4.5 Candidate Segment Prioritization 

The next task was to prioritize the segments.  At first glance, the number of 

crashes occurring on the segment would seem to be the deciding factor.  However, for 

total number of crashes on a segment to be the method of prioritization, the segment 

lengths would have to be equal.  Using the milepost data obtained previously, the 

individual segment lengths were determined.  No milepost data was available for several 

segments located in urban areas. This is because some of the crashes on segments 



through urban areas are reported as mileposted, while others are reported as non-

mileposted with only the beginning and ending nodes.   

The segment lengths were obtained by taking the difference between the 

mileposts, when the data was available.  The missing milepost data was obtained from the 

Alabama Department of Transportation (ALDOT).  The term ‘Link’ used in CARE 

represents the segment between two intersections which are marked by two nodes as seen 

in Figure 4.3.  

 
Figure 4.3  Illustrations of Segment Terminologies in CARE. 

 
In this report, however, the term ‘Segment’ refers to the section between the 

mileposts for which segment length was calculated.  The ends of the segment may not 

necessarily coincide with the two nodes that define a link in CARE as seen in Figure 4.4
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Figure 4.4  Illustrations of Modified Segment Terminologies. 

 

The segment lengths were compared and found to be of varying lengths. 

Therefore the first approach of prioritizing the segments based purely on total number of 

crashes occurring on the segment would no longer be considered.  The new prioritization 

approach was to calculate a crash rate for individual segments.  This approach normalized 

the crash data by eliminating the bias that arose due to the non-uniformity of segment 

lengths.  The following standard formula developed by Garber and Hoel was used to 

determine the crash rate (crashes/ million vehicle miles of travel (MVMT) : 

 

              Crash Rate = ⎥
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       (4.1) 

 

Where, 

NC = number of crashes on the segment; 

L = length of the segment (miles); and 

Nveh = total number of vehicles (Garber and Hoel, 2001). 
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The traffic data required to determine the ‘total number of vehicles’ on the 

segment was obtained from the ALDOT 2004 Traffic Statistics website.  Once the 

beginning and ending mileposts of segments were identified in CARE, the traffic data 

was taken off the counters located between the two mileposts as previously described in 

Figure 4.3 and Figure 4.4 previously.   

A majority of the segments had traffic counters within the beginning and ending 

milepost.  However, for segments where traffic counters were not found within the 

segment but immediately outside of the segment, the traffic data from that counter was 

taken under the following assumptions.  This is illustrated in Figure 4.5 : 

i) No route merged with or diverged from, between the segment end and the 

counter which was outside the segment.   

ii) If there was more than one traffic counter immediately before or immediately 

after the segment with very close values of annual average daily traffic 

(AADT), then the average of the two counters was taken.   

 

Figure 4.5 is an illustration of the ALDOT’s 2004 traffic statistics website. The 

example segment which has been drawn over the map, shown in the figure, is segment 

number 27 as noted in Appendix E. As seen, the actual segment is between mileposts 

1.58 and 1.21, but no traffic counters, which are represented by the yellow dots, can be 

found within the segment.  There is a traffic counter immediately outside of the segment.  

Between milepost 1.58 and the traffic counter, there are no routes merging with or 



diverging from the route.  Therefore, according to the first assumption, the traffic data 

from that counter can be taken for the purpose of this study. 

 
Figure 4.5  Illustration of ALDOT’s 2004 Traffic Statistics Webpage 

 

If the counters were outside of the segment and were not found to satisfy either of 

the above stated criteria, no traffic data was collected from those counters.  Traffic data 

from counters was gathered for the years 1994 through 2003 to maintain consistency with 

the CARE data.  To determine the AADT in case of multiple traffic counters within a 

segment, the AADT for each year was summed and then the algebraic average was taken.  

The averages were then added up to arrive at the cumulative AADT for a segment, over a 

ten year period.  This was done for all the years from 1994 through 2003 for every 
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segment (Appendix F).  An example calculation is shown below for segment number 58, 

which is State route 15 (Lee Rural) in Lee County.   

 

Table 4.1 Traffic Data for Example Segment # 58 

 

AADT 
1994 

AADT 
1995 

AADT 
1996 

AADT 
1997 

AADT 
1998 

AADT 
1999 

AADT 
2000 

AADT 
2001 

AADT 
2002 

AADT 
2003 

Total 
AADT 

 4140 4250 4350 4530 4960 5260 5310 5140 5230 5200  

 4610 4740 4930 4760 5310 5190 5220 4990 5120 5130  

Avg. 
AADT 4375 4495 4640 4645 5135 5225 5265 5065 5175 5165 49185 

 

The AADT values for the years 1994 through 2003 were obtained from the 

Alabama traffic statistics website.  The segment had two traffic counters hence the two 

rows of AADT for the ten years.  The average AADT was the arithmetic average of 

yearly AADT volumes.  The total AADT was found to be 49,185.  This value was 

multiplied by 365 to arrive at total number of vehicles which was 17,952,525.  Segment 

length in miles and total number of crashes, obtained from CARE, were 18.8 and 27, 

respectively.  Using the formula stated in equation 4.1, the crash rate was calculated to be 

0.08 for this segment. 

 

4.6 Results and Findings 

The results of the segment prioritization, based on the crash rate, are listed in 

detail in Appendix G.  The following plot shows the distribution of crash rates on the 55 



segments.  The histogram of crash rates reveals a positively skewed distribution as crash 

rates are comparatively high on certain segments, as seen in Figure 4.6.   

 

 
Figure 4.6  Distribution of Crash Rates 

 
 
 

Crash rates could not be determined for two segments i.e. # 28 and # 30 due to the 

unavailability of milepost data.  Though segment lengths for most of the segments were 

available from ALDOT, the beginning and ending milepost information was unavailable 

for 18 segments as listed in Table 4.2.  These segments were excluded from data analysis. 
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Table 4.2 Segments Excluded From Analysis 
Sl 
No.   

Segment 
# County City State 

Route 
Missing 
Data type 

1 3 Lee Opelika S-169 Traffic 
2 9 Shelby Pelham S-261 Traffic 
3 11 Tuscaloosa Northport S-13 Traffic 
4 13 Shelby Pelham S-261 Traffic 
5 19 Walker Jasper S-4 Traffic 
6 26 Jefferson  Hoover S-150 Traffic 
7 28 Elmore Wetumpka S-14 Milepost 
8 30 Shelby Alabaster S-119 Milepost 
9 32 Shelby Pelham S-261 Traffic 
10 33 Lee Opelika S-1 Traffic 
11 42 Colbert Muscle Shoals S-133 Traffic 
12 51 Elmore Millsbrooke S-14 Traffic 
13 52 Baldwin Spanish Fort S-225 Traffic 
14 64 Mobile Saraland S-158 Traffic 
15 69 Etowah Rainbow City S-77 Traffic 
16 70 Walker Jasper S-118 Traffic 
17 72 Jefferson Hoover S-150 Traffic 
18 73 Jefferson Hoover S-150 Traffic 

 

With milepost information unknown, it was not possible to determine the location 

of these segments on their respective links and therefore traffic counters could not be 

located either.  Without any traffic data, crash rate could not be calculated and therefore 

they were discarded from the final list of 55 segments which were prioritized based on 

crash rate.  The next task was to conduct an economic analysis on these 55 segments to 

determine the unit crash costs for fatal, injury, and PDO crash types and therefore 
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determine the expected benefits of CLRS installation in terms of savings in crash costs 

due to the crashes prevented.  
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CHAPTER 5  

ECONOMIC ANALYSIS 

 

 The goal of carrying out an economic analysis was to establish the benefit to cost 

ratio to identify the potential benefits for a CLRS installation to justify the economic 

feasibility of CLRS.  Similar analyses have been conducted in the past to evaluate the 

monetary benefits of SRS.  One such case was the evaluation of SRS for a New York 

State Throughway (Perrillo, 1998).  Crash data from before (1991) and after (1997) the 

installation of the SRS was used to determine the savings in crash costs due to crashes 

prevented.  The life of SRS, which was assumed to be about 6 years, was also factored in 

to calculate the benefits.  Costs associated were the cost of milling the SRS, sweeping 

and discarding of the excess asphalt and maintenance and protection of traffic.  

For this analysis in this report, the unit cost of each fatal, injury, and PDO crashes 

type was determined  An expected reduction of 14% in the number of crashes following 

the CLRS installation was applied.  This estimated reduction was selected from the IIHS 

study of 2003.  This study analyzed all crash data considered ‘reliable’ from 7 states with 

210 miles of CLRS and concluded that sites treated with CLRS had overall crash were 

reductions of 14%.  The expected savings in crash costs (benefits) had the CLRS been in
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place were calculated.  No assumptions were made for the expected life for CLRS as no 

data was available regarding the same (probably because CLRS have not been in use on 

highways as long as SRS).  The installation cost for CLRS was determined from the 

responses obtained from survey of state transportation agencies.  CLRS would be 

considered cost-effective if the benefit to cost ratio is greater than 1.   

 

5.1 Unit Crash Costs 

As seen previously in Appendix E, each of the segments had the total number of 

crashes broken down into fatal, injury and PDO.  However, ‘Injury’ can range from being 

a bruise to being a critical injury requiring immediate medical assistance.  The National 

Highway Traffic Safety Administration (NHTSA) report Economic Impact of Motor 

Vehicle Crashes 2000 uses the Modified Abbreviated Injury Scale (MAIS) to sub-classify 

the ‘Injury’ crash type into six distinct slots to differentiate the injury levels and to 

classify an injury due to accidents for analysis and economic evaluation purposes. The 

MAIS injury categories are as follows:   

MAIS 0: Uninjured 

MAIS 1: Minor injury 

MAIS 2: Moderate injury 

MAIS 3: Serious injury 

MAIS 4: Major/multiple 

MAIS 5: Unsurvivable 
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PDO is used to describe those crashes in which nobody was injured in any 

manner.  MAIS 5 represents an ‘Unsurvivable’ injury crash type which is different from 

the fatal crash type.  The MAIS 5 describes a crash type in which the occupant or 

occupants of the vehicle have been critically injured due to the crash, but the crash would 

not have killed the occupant or occupants immediately, at the crash site.  Fatal describes 

the crash type which resulted in immediate death of the occupant or occupants.   

The unit cost of injuries, as shown in  

Table 5.1 was obtained from the NHTSA report Economic Impact of Motor Vehicle 
Crashes 2000 which estimates the crash costs for the year 2000.  Number of crashes 

for the year 2000, also obtained from the same report, are as shown in  
Table 5.2.  Though the report provided both reported and unreported crashes, it 

did not specify how the numbers of unreported crashes were obtained.  Therefore, for the 

purpose of this study, only the crash numbers for reported crashes were used.   



Table 5.1  Unit Crash Costs for the Year 2000, (NHTSA, 2002).  
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Table 5.2 Total Number of Crashes in the Year 2000 (NHTSA, 2002)  

 
 

The following procedure was developed to determine the single representative 

cost of injury across the MAIS scale.  The number of injuries in each MAIS category 

were divided by the sum of injuries across all MAIS categories and then multiplied by 

their respective cost.  For example, the total numbers of injury occurring in year 2000 

were 6,133,070 out of which, MAIS 0 accounts for 2,002,667 injuries or 0.3265 of the 

total number of injuries.  This percentage was multiplied with $1,962; the cost of MAIS 0 

in year 2000 to arrive at the weighted average cost of $640.66 for MAIS 0.  This was 

done for each category and the resulting values were summed to obtain a weighted 
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average cost, representative of the cost of an injury crash type.  This was calculated to be 

$18,160 as tabulated in Table 5.3.   

 
Table 5.3  Representative Cost of Injury.   

Injury Scale Crash Cost in 
year 2000 ( $ )

#Reported  
Injuries in year 

2000 

Weighted average 
Crash cost per MAIS 

category ($) 

MAIS 0 1,962 2,002,667 640.66 

MAIS 1 10,562 3,599,995 6,199.69 

MAIS 2 66,820 366,987 3,998.34 

MAIS 3 186,097 117,694 3,571.21 

MAIS 4 348,133 36,264 2,058.46 

MAIS 5 1,096,161 9,463 1,691.32 

 Total 6,133,070 18,160 
 

The injury costs stated in the report were on a per-person basis and it is very 

likely that more than one person was involved in the crash.  The number of people 

involved in the head-on or sideswipe crash types was retrieved from the CARE database 

and it was determined that on average (weighted average), for the head-on and sideswipe 

crash types occurring on the original 73 segments, there were approximately 1.7 

vehicles/crash and 1.5 occupants/vehicle.  Occupants per vehicle were converted to 

occupants per crash by simple multiplication of the two factors:  

 

[1.5 occupants/veh] *  [1.7 veh / crash] =  2.55 occupants / crash                 (5.1) 

 

This average value of 2.55 occupants / crash was factored into the calculation of 

cost per unit-crash for fatal and injury crash types.  As the CARE crash database being 
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used for this analysis extends over a period of ten years (1994 to 2003), the dollar value 

calculated for the year 2000 would not be a representative value for the crashes spanning 

across ten years.  A monetary value midway across the analysis period, which may be 

more representative of the crash cost, was determined.  According to the Bureau of Labor 

Statistics, the Consumer Price Index had a 3% yearly inflation rate during the 1994 to 

2003 period.  Using the 3% per year inflation rate, the 2000 dollar value was deflated by 

4.5% to arrive at a unit cost midway between 1998 and 1999 which marks the midpoint 

of the ten year analysis period.   

This procedure is illustrated in the following calculation of the unit cost of an 

injury crash type.  The weighted average unit cost of injury crash type for the year 2000 

was found to be $18,159.  This value was deflated by 4.5% (at the rate of 3% deflation 

per year) to arrive at the dollar value midway between the years 1998 and 1999 which 

was found to be $17,342.  This value was then multiplied with 2.55 to factor in the 

average number of people involved in an injury crash type to arrive at $44,223.   

 Unit crash costs for fatal and PDO were taken directly from the NTHSA report 

mentioned previously and the 2.55 occupants/crash and 1.7 vehicles / crash were then 

factored in the costs. The costs were deflated by 4.5 % and the final values of per-crash 

costs for fatal, injury, and PDO, respectively, have been summarized in Table 5.4.   
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Table 5.4  Final Unit Crash Cost per Crash Type 

Crash Type Cost  per unit crash type 
($) 

Fatal 2,426,407 

Injury 44,223 

PDO 4,110 

 

5.2 Benefit to Cost Ratio 

 The estimated 14% reduction was applied to determine number of crashes 

prevented, following the installation of CLRS.  Savings in crash costs due to number of 

crashes prevented was the expected benefit of CLRS.  The costs associated with CLRS 

included the cost of installation only. 

 

5.2.1 Costs 
 

 The cost of installation was determined from the preliminary survey responses.  

The cost of installation as reported in the survey ranged from $0.10/ linear foot to $1.52/ 

linear foot.  No definitive relationship could be established between the cost and miles of 

installation because more miles did not consistently translate into reduced installation 

costs and vice versa.  Hence, the representative cost of installation of CLRS was 

determined through the arithmetic mean.  The average cost was found to be $0.55/ linear 

foot and this value was used for calculations in establishing installation costs associated 

with CLRS.  Cost of installation of CLRS in New Jersey was reported as $4.50/ linear 

foot compared to the next lower cost of installation, which was $1.52/ linear foot as 



reported in the survey.  Therefore, this value was considered an outlier, which is shown 

by an asterisk towards the upper end in Figure 5.1.  This value was therefore not included 

in the calculation of cost of installation.  The boxplot from MiniTab also shows the 75th 

percentile cost, the median or 50th percentile and 25th percentile. These values have been 

used later in the report for sensitivity analysis.   

Also, for the calculation of costs associated with CLRS, only the cost of 

installation was taken into account.  

 

 
Figure 5.1 Cost Data for CLRS Installation 

 

5.2.2 Benefits 

The benefits were the savings in crash costs due to the installation of CLRS.  It 

has been reported that up to a 14% overall reduction was observed in head-on and 

sideswipe crash types due to the installation of CLRS (Persaud et al., 2003).  This study 

analyzed all crash data considered ‘reliable’ from 7 states with 210 miles of CLRS and 
 56
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concluded that sites treated with CLRS had overall crash were reductions of 14%.  

Therefore, numbers of crashes represented by the 14% were determined for every 

segment.  Then this number was broken down by weighted average into fatal, injury, and 

PDO.  The cost of fatal, injury, and PDO were calculated these were summed up to arrive 

at a total cost for each of the three crash types.  This procedure was done for each of the 

55 segments (Appendix H).  Also, it was assumed that crash severity index does not 

change on a particular segment across the years and across the crash types for the entire 

analysis period (1994 to 2003).   

 

5.3 Results and Findings 

The cost of installation at $0.55/ linear foot for a total of 224.67 miles was found 

to be $676,167.  These miles did not include the segments for which data was 

unavailable.  The benefits or cost savings in terms of crashes prevented was found to be 

$7,727,380.  The benefit to cost ratio was calculated using the following formula: 

 
                               B/C ratio = Cost savings due to crashes prevented                   (5.2) 

                    Cost of installation of CLRS 
 

The costs incurred did not include the crash costs because the remaining 86% of 

the crashes would be expected to have occurred, regardless of the presence of the 

countermeasure.  The benefit to cost ratio was found to be 16.5.   
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5.4 Sensitivity Analysis 

Since the cost of installation and reductions observed, following the deployment 

of CLRS have the big impact on the benefit to cost ratio, a sensitivity analysis was 

conducted to observe: 

i) The impact of cost of installation of CLRS on the benefit to cost ratio; and 

ii) The impact of percentage reduction in number of crashes on the benefit to cost 

ratio.  

 

5.4.1       Cost of Installation of CLRS vs. Benefit to Cost ratio 

The costs of installation chosen for the analysis are as shown in Table 5.5 and the 

corresponding plot in Figure 5.2.  The percentile costs were obtained form the boxplot in 

Figure 5.1.   

It is seen from the plot that by as that as cost of installation increases, the B/C 

ratio decreases.  Benefits calculated remained unchanged for this calculation. The 

estimated crash reduction of 14% was applied when calculating the benefits for the given 

values of installation costs.   

 

 

 

 

 

 

 



Table 5.5 Cost Values for Sensitivity analysis 

Benefit($) Cost, $/ L.F. Cost ($) B/C 

Lowest cost reported 
from survey 0.10 118625.8 92.4 

25th percentile 0.20 237251.5 46.2 

50th percentile 0.26 308427 35.5 

Arithmetic average 0.55 652441.7 16.5 

75th percentile 1.51 1803112 6.0 

10,961,898 
 

Highest cost reported 
from survey 1.52 1791249 6.0 
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Figure 5.2 Sensitivity of Benefit to Cost Ratio (B/C) to CLRS Installation Cost 
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5.4.2 Crash Reduction vs. Benefit to Cost ratio 

 The crash reduction following the installation of CLRS, documented from 
the studies discussed in the literature review, were applied to this hypothetical study 

to observe the effects of crash reductions on the overall benefit to cost ratio.  The 
reductions applied and the corresponding study where these reductions were 

observed are shown in  
Table 5.6 and the values have been plotted in Figure 5.3. The cost of installation was 

kept constant at $0.55/ linear foot for this part of analysis. 

 
Table 5.6 Overall Crash Reductions Observed 

SOURCE OBSERVED 
REDUCTION B/C 

IIHS  14% 16.5 

IIHS 21% 25.2 

Minnesota 40% 48.0 

Washington State 50% 60.0 

Japan 55.2% 66.2 

Delaware  60% 72.0 
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Figure 5.3 Sensitivity of B/C ratio to Overall Crash Reductions 

 
It is observed, both from the values in  

 60



 61

Table 5.6 and Figure 5.3, that benefit to cost ratio demonstrates an almost linear 

relationship with percentage crash reductions observed.   
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CHAPTER 6 
 

CONCLUSIONS 

 

The results of both the survey of current practice and economic analysis indicate 

that CLRS are a cost-effective countermeasure for reducing the head-on and sideswipe 

crash types.  Studies documenting the influence of traffic volumes observed that the 

changes in traffic volume had a pronounced effect on the crash reductions by CLRS.  

Higher AADT volumes resulted in increased crash reduction, provided that the number of 

crashes did not increase proportionately with increase in traffic volumes, as shown in 

equation 4.1.  Since CLRS installations are targeted on reducing collisions due to lane 

crossovers, their deployment focuses primarily on two-lane rural routes and selected 

urban areas.   

 

6.1 State-of-the-Practice 

Though the safety of motorcyclists is of concern, the majority of the states have 

not directly considered bicycle riders.  This may be attributed to the fact that bicycle 

riders tend to ride towards the outer edge of the traveled way or within the designated 

lane and it is less likely that bicycles will traverse across the CLRS as compared to 

vehicles traversing across them.  The noise generated by vehicles traversing over the 

CLRS is not a concern in most states, most probably because CLRS is being installed
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mostly in rural areas, as reported in the surveys.  It was noted that out of the 26 states that 

responded to the survey, 10 states (38%) specify a tolerance in the dimensions of groove 

depth.  It may therefore be inferred that during milling operations it is tougher to achieve 

the exact groove depth than it is to achieve the other two dimensions.  The state-of-the-

practice surveys also reveal that CLRS dimensions vary both within the state and 

between the states.  

 

6.2 Crash Reporting and Crash Data Management  

The CARE software, used in identification and prioritization of the candidate 

segments, proved to be very efficient in the extraction of the required data from the 

CARE crash database.  The software provides 250 variables to choose from to construct 

the filter in order to retrieve specific crash data.  Accuracy of these filters was reinforced 

through a filter validation check. 

The manner in which data has been coded in the crash database may be a limiting 

factor when retrieving crash data.  For example, a head-on or sideswipe type crash with 

another vehicle may not be differentiated from a head-on collision or sideswipe with a 

fixed object because the crash reporting form, which is the basis for data in the CARE 

crash database, does not provide the option to do so.  

 

6.3 Potential CLRS Benefits 

The IIHS study of 2003 reports that a 14% overall reduction has been observed in 

the number of crashes, following the CLRS installation across seven states in the U.S.  
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The expected crash reduction of 14% applied to this study, estimates that there would be 

almost no fatal crashes on the candidate segments, once the CLRS are installed; as seen 

in Appendix H.  At $0.55/ linear foot, which is the cost estimate derived from the survey 

results; the cost of installation is low.  In addition to this, the CLRS can be retrofitted to 

most of the existing pavement.  The (hypothetical) economic analysis reveals a benefit to 

cost ratio of 16.5 for installation of CLRS on candidate segments in Alabama, which 

reinforces the advantages of CLRS.   

Thus, positive findings are evident from the surveys and economic analysis 

conducted herein.  Based on the survey responses, 13out of the total 50 states (26%) 

across the U.S. were actively using the CLRS while five out of 50 states (10%) were 

conducting research and field tests to evaluate the effectiveness of CLRS, at the time of 

the survey.  Due consideration needs to be given towards widespread application of 

CLRS on two-lane roadways and other areas where there are higher than average 

incidences of head-on and sideswipe type crashes.   

Finally, though the results of this study are specific to the state of Alabama, the 

procedure for selection of candidate locations and data analysis can be applied to almost 

any state to determine locations that warrant CLRS.  This methodology does not account 

for variations in road geometrics and may therefore be making the benefit to cost ratio 

indicative of the effectiveness of CLRS for a variety of road profiles.   
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CHAPTER 7 

RECOMMENDATIONS 

 

7.1 Data Entry in Crash Reporting Forms 

The crash reporting forms certainly need to be updated to either include more 

variables in order to accurately categorize a crash or some means should be provided 

within the form for the law enforcement officer to enter details of the crash.   

The crashes are reported based on their milepost location in rural areas and based 

on nodes in an urban area which results in a non-uniform crash database.  The manner in 

which the location of a crash is entered in the crash reporting form needs to be 

standardized.   

 

7.2 CLRS Installations 

The benefit to cost ratio of 16.5 together with an estimated crash reduction of 

14% in head-on and sideswipe type crashes, which would almost eliminate fatal crashes 

are strong indicators of the advantages of CLRS.  Therefore, installation of CLRS on the 

candidate segments is strongly recommended.  Appendix G is the complete list of 

candidate segments, prioritized based on their crash rates in the state of Alabama. 
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7.3 Recommendations for Future Research 

Applications of CLRS are still in their early stages, which leaves plenty of room for 

future investigations and research.  The following are a few of the areas recommended 

for further study pertaining to CLRS applications.   

 

• ALDOT should conduct a pilot project on selected locations followed by a study 

of installation effects aimed towards suggesting a ‘best’ dimension for CLRS.  

The locations and number of segments chosen for trial installations is a decision 

of ALDOT.  Data should be collected on tactile responses and noise generated.  A 

study should also document driver responses, impact of CLRS on motorcycles 

traveling at high speeds and impact of CLRS on bicyclists.   

• It is recommended that ALDOT establish guidelines and warrants for CLRS 

installations for the state of Alabama.   

• The changes in traffic volumes must be documented along with changes in the 

number of crashes following CLRS installation, to get a better estimate of the 

impact of CLRS on crash reduction. 

•  Work needs to be done in documenting the impact of alignment and road 

geometrics, such as curves, on the performance of CLRS. 

• A study that takes into account other traffic control measures, such as pavement 

markings, in conjunction with CLRS is also strongly recommended.   
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Auburn University Highway Research Center Study of Transportation 

Agencies Regarding Centerline Rumble Strips Practices 

 
1. Does your agency use the Centerline Rumble Strips? Proceed if yes. If no, please 

explain briefly if there were any specials concerns. Are the Center Line Rumble 

Strips in consideration for future? 

 

 

 

 

2. What criteria were used to determine the installation location? 

 

 

 

 

3. What pattern is being currently used? Check the applicable. 

   Rolled  

   Milled 

   Corrugated 

   Raised 

 

4. Please provide the detailed dimensions currently used in Centerline Rumble Strip 

OR enclose a copy of the standards / specifications used, with the survey response 

 

 

 

 

5. Does the design configuration vary across the state? (e.g. topography, rural/urban) 
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6. How many miles have been installed, and when did the installation commence? 

 

 

 

7. Is the cost of installation of Centerline Rumble Strip included along with other 

contract bid items or is it a separate item? What is the typical cost or range of 

costs? 

 

 

 

8. What are the evaluation criteria for effectiveness of Centerline Rumble Strips: 

 Safety (e.g. Crash data, statistics) 

 Costs (e.g. benefit to cost ratio) 

 Road Geometrics 

 Weather 

 Driver inputs 

 Other _______________________ 

 Evaluation underway 

 No evaluation done 

 

9. Have the auditory and vibratory levels produced by the chosen pattern been 

measured? 

 

 

 

 

10. What were the challenges and/or concerns faced during installation (if any)? 
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11. Have any warrants, policies or guidelines been created which are directed towards 

the installation of the Centerline Rumble Strip? 

 

 

 

 

 

12. Were any special signs developed to alert the motorists about the presence of the 

Centerline Rumble Strips ahead on the road? If yes, please describe in detail or 

include figure. 

 

 

 

 

13. How were the general public made aware of this “new installation”? 

 

 

 

 

 

14. Did regional factors have any effect on performance of Centerline Rumble Strips? 

(E.g. snow in the northern regions, debris buildup in the groves in dry, arid 

regions or any other related factors.) 

 

 

15. Was any special consideration given to bicycle or motorcycle traffic during the 

design or selection of installation locations? 
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16. Any additional comments? 

 

 

 

 

 

17. Who may we contact if follow up information on Centerline Rumble Strips is 

needed? 

 

 

 

 

 

Thank you for your time! 

Please return the completed survey in the postage-paid envelope provided, or send it to: 

Dr Rod E. Turochy, 

Department Of Civil Engineering, 

Harbert Engineering Center, 

Auburn University, 

AL 36849-5337 

Ph: (334) 844-6271 

E-mail: rturochy@eng.auburn.edu  
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PRELIMINARY SURVEY RESPONSES 
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APPENDIX D 

FILTER CONSTRUCTION IN CARE 

 

 

The logic for filter C as constructed in CARE was: 

 

 

(((((HIGHWAY CLASS==FEDERAL) | (HIGHWAY CLASS==STATE)) & 

(INTERSECTION==NOT INTRSCTN RELATED)) & (((INITIAL IMPACT - VEH 

C==HEAD ON CENTER) | (INITIAL IMPACT - VEH C==LEFT FRONT ANGLE)) | 

(INITIAL IMPACT - VEH C==BROADSIDE LEFT))) & (((SPEED LIMIT - VEH 

C==41-45 MPH) | (SPEED LIMIT - VEH C==46-50 MPH)) | (SPEED LIMIT - VEH 

C==51-55 MPH))) & (TRAFFIC LANES - UNIT C==TWO LANES) 

 

 

Where: 

| = OR logic 

& =   AND logic 

UNIT C /VEH C= Driver or vehicle that caused the crash according to the police officer. 
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APPENDIX E 

LIST OF SEGMENTS WARRANTING CLRS INSTALLATIONS 
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APPENDIX G
SEGMENT PRIORITIZATION BY CRASH RATES

Sl. No Segment # County City State 
Route

Seg ln 
(miles) Crash rate 

1 7 Cullman Cullman S-157 0.06 22.88

2 6 Walker Jasper S-4 0.42 17.78

3 14 Cullman Cullman S-157 0.12 9.19

4 2 Tuscaloosa Northport S-13 0.32 6.90

5 8 Dekalb Fort Payne S-7 0.36 6.87

6 39 Dekalb Fort Payne S-7 0.46 2.99

7 27 Butler Greenville S-245 0.37 2.77

8 49 Limestone Athens S-127 0.61 2.01

9 17 Shelby Pelham S-261 0.38 1.87

10 67 Perry Perry Rural S219 4.25 1.67

11 44 Tuscaloosa Northport S13 0.52 1.64

12 16 Calhoun Calhoun Rural S204 1.88 1.28

13 53 Etowah Etowah Rural S 179 2.6 1.24

14 1 Madison Madison Rural S53 2.8 1.07

15 15 Montgomery Montgomery S3 0.74 1.03

16 71 Chilton Clanton S3 0.76 1.02

17 40 Coosa Coosa Rural S 22 4.3 0.73

18 18 Saint Claire Moody S25 0.93 0.69

19 62 Cullman Cullman S157 0.98 0.65

20 57 Montgomery Montgomery S3 0.55 0.64

21 31 Autaga Autaga Rural S3 2 0.63

22 66 Blount Blount Rural S3 3.1 0.63

23 23 Chilton Chilton Rural S 22 4.3 0.58

24 5 Shelby Pelham S261 1.84 0.54

25 25 Mobile Mobile Rural S 217 2 0.51

26 36 Dallas Dallas Rural S 41 2.65 0.45

27 61 Mobile Mobile Rural S 188 2.5 0.45

28 29 Coosa Coosa Rural S 38 1.5 0.42

29 68 Dallas Dallas Rural S14 2.25 0.40

30 46 Autaga Autaga Rural S 6 2.55 0.38

31 45 Walker Walker Rural S 257 2.7 0.37

32 47 Walker S 69 Walker Rural S 69 4.7 0.34

33 59 Autaga Pratville S14 3 0.34

34 20 Shelby Shelby Rural S119 2.8 0.33

35 65 Cherokee Cherokee Rural S9 4.7 0.29

108



Sl. No Segment # County City State 
Route

Seg ln 
(miles) Crash rate 

36 35 St. Claire  St. Claire S53 5.5 0.28

37 48 M'gmry Montgomery Rural S-48 4.43 0.27

38 43 Geneva Geneva Rural S-52 5.8 0.26

39 38 Pike Pike Rural S-87 7.4 0.24

40 55 MadiSon Madison Rural S-53 2.8 0.22

41 50 Elmore Elmore Rural S-14 4.4 0.22

42 22 Celeburne Celeburne Rural S-1 7.8 0.22

43 10 Mobile Mobile Rural S-42 3.9 0.21

44 56 Montgomery Montgomery Rural S-3 8.44 0.17

45 24 Russel Russel Rural S-8 5.6 0.17

46 21 Mobile Mobile Rural S-16 5 0.16

47 12 Autaga Autaga Rural S-6 10.2 0.15

48 41 Tuscaloosa Tuscaloosa Rural S-6 4.7 0.14

49 54 Russel Russel Rural S-1 6.7 0.14

50 4 Mobile Mobile Rural S-16 9.5 0.09

51 58 Lee Lee Rural S-15 18.8 0.08

52 60 Lee Lee Rural S-38 11.4 0.07

53 34 Montgomery Montgomery Rural S-3 13.9 0.07

54 63 Baldwin Baldwin Rural S-42 14 0.06

55 37 Mobile Mobile Rural S-16 8.4 0.05
Total miles = 224.67
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