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PREFACE

The research reported herein reviews the state of the practice for rumble strips. The purpose of this work
is to provide updated guidance to the New Mexico Department of Transportation for rumble strips.

NOTICE

The United States Government and the State of New Mexico do
not endorse products or manufacturers. Trade or manufacturers’
names appear herein solely because they are considered essential
to the object of this report. This information is available in
alternative accessible formats. To obtain an alternative format,
contact the NMDOT Research Bureau, 7500B Pan American
Freeway NE, Albuquerque, NM 87109 (PO Box 94690,
Albuquerque, NM 87199-4690) or by telephone (505)-841-9145.

DISCLAIMER

This report presents the results of research conducted by the
author(s) and does not necessarily reflect the views of the New
Mexico Department of Transportation. This report does not
constitute a standard or specification.




ABSTRACT

The Western Transportation Institute (WTI) conducted research on behalf of the New Mexico
Department of Transportation (NMDOT) to document the current practice among transportation
agencies regarding the design, installation, and use of rumble strips. State-of-the-practice
information was collected and synthesized through a literature review. In addition, researchers
conducted interviews with NMDOT district traffic engineers to document the current use of
rumble strips throughout the state. Based on the information learned through these sources,
guidelines are proposed with regard to four types of rumble strip installations: shoulder,
centerline, centerline and shoulder (used in combination), and transverse. Where applicable, the
guidelines include recommendations to accommodate roadway usage by bicyclists.
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INTRODUCTION

The New Mexico Comprehensive Transportation Safety Plan 2010 Update indicates that 65% of
all fatalities and 44.5% of all serious injuries occurring on New Mexico roadways from 2004 to
2009 can be categorized as lane departure crashes (1). Low-cost safety measures are identified
as a potential strategy for addressing lane departure crashes. Rumble strips have been employed
as a low-cost safety measure to address lane departure crashes.

Transportation agencies install rumble strips as a countermeasure to alert drivers and help
prevent lane departure crashes. Four types of rumble strip applications are most frequently used:
the shoulder rumble strip, the rumble stripe, the centerline rumble strip, and the transverse
rumble strip. A midlane rumble strip has been proposed; however, no state department of
transportation has implemented it. Shoulder rumble strips have been in use for the longest period
of time, since about the 1990’s. Centerline rumble strips have become more prevalent since the
early 2000’s. Rumble stripes and transverse rumble strips seem to be more prevalent since the
mid-2000’s.

Each of the four commonly used rumble strips has a different purpose. Shoulder rumble strips
and rumble stripes are intended to mitigate run-off-the-road crashes. Centerline rumble strips are
intended to reduce the occurrence of head-on crashes or lane departure crashes to the left.
Transverse rumble strips are intended to alert a driver to an upcoming traffic control device,
tolling station, or unexpected geometric changes (i.e. sharp horizontal curve, steep hill, etc.).
The literature related to rumble strips can be contradictory as a result of various definitions for
rumble strip dimensions. Therefore, the following definitions, adopted from NCHRP Project
641, will be used in this report. A is defined as the offset. B is defined as the length. Cis
defined as the width. D is defined as the depth. E is defined as the spacing between each bar in
a rumble strip. F is the recovery area. G is the gap between applications of rumble strips. 1 is
the lateral clearance. Note that for a rumble stripe, A will be zero. For centerline rumble strips,
A, Fand I will not apply. Similarly, for transverse rumble strips, A, F, G and | will not apply.
These definitions will be highlighted in bold text with () around them throughout the document.
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FIGURE 1 Dimensions of shoulder rumble strips (Image source: NCHRP Report 641 [51])




The New Mexico Department of Transportation (NMDOT) currently provides standard drawings
for milled centerline rumble strips (approved in 2008), transverse rumble strips at intersection
approaches (approved in 2005), and milled rumble strips (shoulder rumble strips) (approved in
2006). These standards are presented in Appendix A for the reader’s reference. As the
popularity of rumble strips has grown, advancement in knowledge through research and
application has provided more recent guidance related to rumble strips. Additionally, cultural
shifts within the United States now require that a holistic consideration of users, like bicyclists,
be taken into account when designing roadways. Therefore, the NMDOT has funded this study
to review the literature available on current knowledge of the different rumble strip types and
applications. In addition, through this study, the NMDOT would like to gain a better
understanding of how each of the six districts throughout the state currently applies rumble
strips. The outcome of this study will be to provide guidelines that the NMDOT can use for each
type of rumble strip.

On December 14, 2012, the Western Transportation Institute team met with the project advisors
to gain a better understanding of the history of this research project. Bicyclist concerns with
rumble strips were identified as a driving force behind the project. Some of the questions that
developed as a result of the conversation include:

1. Should NMDOT recommend installing the rumble strip along the edgeline instead of in
the shoulder?

How does reducing the rumble strip width affect the surface type?

What does the current literature say about rumble stripes?

Do directional rumble strips exist?

Is milling in rumble strips the state of the practice?

arwN

A few points of clarification should be added with regard to the questions identified above.
Question two came about when considering the differences between concrete and asphalt
pavements. For question four, directional rumble strips were defined by the project advisor as
those that would help notify a driver who was traveling the wrong-way down a roadway.

The project advisors expressed an interest in having a final product in the form of a table that
featured components like average annual daily traffic (AADT), functional classification of
roadway, qualitative expression of bicycle use, percentage of heavy traffic, shoulder width, and
cost. They also wanted to obtain guidance related to bridge decks and transverse rumble strips.
When performing the literature review, it was requested that international experience be
incorporated. The project sponsors also indicated that they were interested in seeing examples of
standard drawings from other states. All of these considerations were taken into account and
addressed in the following sections.

The first section is the literature review, which presents individual studies on shoulder rumble
strips, rumble stripes, centerline rumble strips, and transverse rumble strips, followed by studies
that address more than one type of rumble strip. Within each of these subsections, the research
studies are organized chronologically. This order helps to illustrate how more recent research
results or knowledge may have changed compared to past results or conclusions.



The second section presents a summary of the interviews conducted with each of the district
traffic engineers. During the aforementioned meeting, the project advisors requested that each of
the district traffic engineers be contacted to gain more information about the current application
of rumble strips within the State of New Mexico. After reviewing the literature, the research
team developed a proposed list of questions to ask each district traffic engineer. The research
team then provided these to the project advisor for comment. After approval was received, the
research team approached each district traffic engineer to initiate the interview process.

The third section presents a summary based on the results of the literature review and interviews.
The summary specifically addresses the issues and questions that NMDOT had proposed at the
kick-off project meeting. In addition, this section identified the gaps that remain, and
recommendations for future research.

The fourth and final section presents the guidelines developed by the research team, based on the
results of this research.



LITERATURE REVIEW

SHOULDER RUMBLE STRIPS

Khan and Bacchus examined the economic feasibility of shoulder rumble strips for the Ontario
Ministry of Transport in 1995 (2). By considering the costs of rumble strip installation (type not
specified) and crashes versus the benefits from the potential reduction in crashes (and
corresponding crash costs), the researchers calculated a series of benefit-cost ratios. These ratios
ranged from 1.09 and 4.78, depending on crash history, facility type and traffic levels.

In 1998, Perrillo examined the use and effectiveness of continuous shoulder rumble strips for the
FHWA New York Division (3). Specifically, the work focused on the considerations, costs,
effects and benefits of shoulder rumble strips. Considerations for use/placement included:

Roadway environment (urban/rural);

Functional classification;

Environmental conditions (weather, pavement, etc.);
Noise effects; and

Effects on bicycles.

Based on experience following the installation of continuous shoulder rumble strips on the New
York State Thruway, the researcher calculated that they produced a benefit-cost ratio of 182.0.
The primary benefit of rumble strips was a reduction in crashes over a 6 year service life.
Collectively, continuous shoulder rumble strips installed throughout the state had reduced single
vehicle run-off-the-road crashes by 70 percent.

In 1999, Moeur completed a rumble strip gap study in Arizona. The purpose of the work was to
determine the optimum length for gaps in continuous shoulder rumble strips to allow bicyclists to
cross the rumble strip without having to enter the pattern (4). The rumble strips in use at the
time of the work (1999) were 12 inches in length (B), 7 inches in width (C), 0.50 inches deep (D)
and spaced on 12 inch centers (E). Volunteer bicyclists were asked to ride through different
rumble strip patterns and provide their observations and perceptions. A bicyclist speed of 25
mph was assumed when testing simulated rumble strips on a residential street in Phoenix. The
results of observations of bicyclist behavior and performance when riding through the different
gap patterns indicated the optimum gaps for rumble strips on non-controlled access highways
should be 12 feet in length (G) spaced at 40 to 60 foot intervals.

Elefteriadou, et al. sought to develop new rumble strip configurations for the Pennsylvania
Department of Transportation that decreased the level of vibrations experienced by bicyclists
(5, 6). This included evaluating Pennsylvania’s existing (2000) configuration and developing
new configurations that were bicycle friendly. Design configurations were evaluated through
simulation models and field tests. Test patterns that were evaluated included:

1) 16 inches length (B), 7 inches width (C), 0.50 inches depth (D) and 5 inch spacings
(Pennsylvania design then in use);
2) 16 inches length (B), 5 inches width (C), 0.50 inches depth (D) and 7 inch spacings;
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3) 16 inches length (B), 5 inches width (C), 0.375 inches depth (D) and 7 inch spacings;
4) 16 inches length (B), 5 inches width (C), 0.50 inches depth (D) and 6 inch spacings;
5) 16 inches length (B), 5 inches width (C), 0.375 inches depth (D) and 6 inch spacings;
6) 16 inches length (B), 5 inches width (C), 0.25 inches depth (D) and 5 inch spacings;

While pattern 6 was determined to be the most bicycle friendly, it produced the least amount of
warning noise for motorists. Consequently, testing found that pattern 5 produced adequate
motorist warning noise and did not produce discomfort for bicyclists. Therefore, pattern 5 was
recommended for use on non-freeways with low speed limits (45 mph or lower). Pattern 3 was
recommended for use on non-freeways with higher speed limits (ex. 55 mph). The provision of
gaps versus continuous shoulder rumble strips was not discussed by the researchers.

In 2001, Outcalt compared three styles of rumble strips to find a design that would provide
motorist warning and leave shoulders usable for bicyclists (7). The designs examined included:

e Colorado’s standard milled in asphalt rumble strip; 12 inches in length (B), 5 inches wide
(C), 0.375 inches deep (D), 12 inch gaps on center (E).

e A new two inch groove rumble strip; 12 inches in length (B), 2 inches wide (C), 0.50
inches deep (D), 7 inch gaps on center (E).

e Colorado’s standard concrete rolled in rumble strip; 18 inches in length (B), 2.375 inches
wide (C), 0.50 inches deep (D), 3.5 inch gaps on center (E) (7).

When non-continuous rumble strips were installed, twelve feet of rumble strip was interrupted by
a six foot gap (G). The different designs were evaluated by having volunteer bicyclists assess
and compare rumble strip sections based on comfort and controllability. Based on the tests,
Outcalt recommended that the bicyclist-preferred rumble strip was essentially the existing
Colorado design, with milled in grooves spaced 12 inches on center (E), a depth of 0.375 inches
(D) and 12 foot pattern gaps (G) provided every 48 feet. This design provided adequate sound
and vibration while also allowing a bicycle to cross without a loss of control.

In 2001, Bucko evaluated milled in and rolled in rumble strips for the California Department of
Transportation (Caltrans) to determine a design that was effective in preventing run-off-the-road
crashes while being bicycle friendly (8). As the result of instrumented and subjective testing at
Caltrans’ West Sacramento test facility, the report recommended that rumble strip dimensions
should be changed from the existing (2001) design. This included changes to a length of 12
inches (B), a width of 5 inches (C), and a depth of 0.3125 inches (D). Additionally, it was
recommended that a 5 foot shoulder should be present before installation of rumble strips is
considered in order to accommodate bicycles. The report also stated that the use of rumble strips
should be continued over bridge decks.

In 2001, Elefteriadou, et al. sought to develop approaches for placing rumble strips on roadways
with narrow or non-existent shoulders in Pennsylvania (9). This involved accounting for the
lateral width of the rumble strip and determining its placement. In looking at the roadway
environment, the researchers recommended the following placement criteria using roadside
hazard ratings:



e |f the roadside had a hazard rating of 5 or higher, rumble strips should be placed within
the roadway cross section to provide the greatest amount of recoverable area.

e If the roadside has a hazard rating of 4 or lower, rumble strips should be placed on the
outside (right) of the shoulder as far as possible without compromising the integrity of the
pavement.

In 2002, Daniel performed a review of then current literature on rumble strips and their safety
impacts to bicyclists for the New Jersey Department of Transportation (10). Based on the
observations made of this past work, a series of strategies for accommodating bicycles when
shoulder rumble strips were present was developed. These strategies included:

Minimum paved shoulder widths of 8 feet;

Provide at least a 4 foot continuous riding surface;

Provide an offset of 4 feet from the edge of the shoulder for bicycles;
Move the rumble strip as close as possible to the travel lane;

Use continuous rumble strips only on limited access facilities;

Use 12 foot gaps (G) spaced every 40 to 60 feet; and

Limit rumble strip width to 12 inches (C) (30).

Turochy performed a synthesis of then current (2003) practices and policies related to shoulder
rumble strips (11, 12). The researcher noted that several states had reported reductions in run-
off-the-road crashes of up to 70 percent. A survey of states completed as part of the synthesis
found that of 36 agencies responding, 90 percent used milled in rumble strips that had
dimensions consistent with those recommended by a 2001 FHWA technical advisory (length of
16 inches (B), width of 7 inches (C), 0.50 inched depth (D) and spaced 12 inches on center (E)).
Approximately 30 percent of respondent states also reported the use of centerline rumble strips
on rural, two lane roads.

In 2003, Marvin and Clark evaluated the effectiveness of shoulder rumble strips in reducing run-
off-the-road crashes in Montana (13). Analysis of three years of before and after installation
crash data from Interstate, National Highway System and primary highways showed a 14.0
percent reduction in run-off-the-road crashes had occurred that was attributable to shoulder
rumble strips. A reduction of severity rates of 23.5 percent was also observed during this time.
A benefit-cost ratio of 19.5 was calculated for shoulder rumble strip installations along
Interstates.

In 2005, Smith and lvan examined the effects of shoulder rumble strips on crash reduction in
Connecticut (14). Analysis found that shoulder rumble strips reduced single vehicle fixed object
crashes by 33 percent. Run-off-the-road crashes were also reduced throughout the state; the rate
of reduction ranged from 12.8 to 48.5 percent, depending on the location.

A 2007 study by Miles and Finley evaluated factors that impacted the effectiveness of shoulder
rumble strip design for the Texas Department of Transportation (TXDOT) (15). The focus of the
work was on how vehicle speed, vehicle type (passenger car, pickup and commercial vehicle),
pavement type (hot mix asphalt and chip seals), and rumble strip design (longitudinal and
transverse) impacted the sound change heard by drivers. Based on field studies along Texas
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highways, it was determined that all types of rumble strip designs produced adequate sounds to
alert drivers of passenger cars and pickups. However, only milled rumble strips 12 inches in
length or greater (B) provided enough sound to alert drivers of commercial vehicles.
Consequently, a more aggressive rumble strip design in terms of width may need to be
considered on routes with significant commercial traffic. Note that specific dimensions
associated with the different rumble strip types were not provided; only general dimensions were
listed as part of the research conclusions.

In 2008, Kirk evaluated the effectiveness of continuous shoulder rumble strips for the Kentucky
Transportation Cabinet (16). Dimensions for Kentucky’s shoulder rumble strips were 12 inches
length (B), 7 inches width (C), depths of 0.50 to 0.625 inches (D), and a 12 inch spacing on
center (E). An evaluation of crash data found that highway segments with rumble strips had a
lower crash rate than those without them. The researcher recommended that a minimum paved
shoulder width of one foot be present before using shoulder rumble strips to insure proper
installation. Interestingly, the guidance recommended that no accommodation was necessary for
bicyclists on rural two lane roads. Rather, since a bicyclist would be riding at the edge of the
travel lane, a vehicle could simply pass that bicyclist as it would any other type of vehicle.

In 2012, El-Basyoun and Sayed evaluated the effectiveness of shoulder rumble strips in British
Columbia. This included an estimation of both the immediate (one year) and permanent impacts
of the treatment on crashes through modeling. Results found that shoulder rumble strips
produced an immediate crash reduction of 24.9 percent one year after installation and a
permanent reduction of 19.2 percent over the lifetime of the treatment (17).

Abdel-Rahim and Kahn examined the potential crash reduction benefits of shoulder rumble strips in Idaho
(18). The researchers focused on two lane rural roadways, four lane rural roadways and rural freeways
when conducting their before and after installation evaluation of crashes. The dimensions of the rumble
strips in use in Idaho were not provided by the researchers. Based on different statistical analyses
performed, a number of conclusions were drawn from the work. On two lane rural roads, shoulder
rumble strips were found to reduce crashes by 15 to 23 percent, depending on the statistical approach
employed. Severe crashes on these roads were reduced by 74 percent. Shoulder rumble strips on two
lane rural road curves reduced crashes by 8 to 29 percent, depending on the design speed of the curve.

When the impact of rumble strips by traffic volume on two lane roads was examined, it was found that
road sections with AADTSs of less than 1,000 saw crash reductions of 33 percent. Roads with an AADT
of approximately 2,500 had a minimal crash reduction of 3 percent, while roads with an AADT of
between 3,500 and 4,000 saw reductions of 16 percent. Roads with an AADT of approximately 6,700
had a crash reduction of 24 percent.

On four lane rural roads, rumble strips produced crash reductions between 45 and 62 percent. Shoulder
rumble strips on rural freeways produced crash reductions of 29 percent for all run off the road crashes,
and reduced severe crashes by 67 percent. Finally, truck run off the road crashes on freeways were
reduced by 42 percent. Although these results indicate that shoulder rumble strips produced crash
reductions across the board, the researchers did not provide any guidance on future applications.



RUMBLE STRIPES

In 2006, Lindly and Narci evaluated rumble stripes in Alabama, looking at service life, life cycle
costs, and wet-night visibility. The rumble stripe used in Alabama was milled with a length of
16 inches (B), a width of 7 inches (C), a depth of 0.50 to 0.625 inches (D), and a spacing of 12
inches on center (E). Results of life cycle cost analysis found that for a five year pavement
marking life and an eight year life cycle, the cost per mile of rumble stripes was $2,424 (2006
dollars) (19). Wet retroreflectivity was also found to be acceptable, even after the rumble stripes
had been in service over the course of many years. Based on the findings of the work, it was
recommended that rumble stripes be implemented in the future on projects where paved
shoulders were constructed and where bicyclist issues and FHWA technical requirements could
be met.

In 2009, Hallmark, et al. evaluated rumble stripes on low volume rural roads in lowa (20).
Vehicle lane position was used as a surrogate measure of safety due to a short post-installation
period. The rumble stripes were milled in, with dimensions of 4 to 6 inches in width (C) and
0.625 inches depth (D). During field measurement, vehicle wheelpaths moved closer to the
centerline at all study sites by an average distance of 1.5 feet (21). Average and 85™ percentile
speeds were also observed to increase following rumble stripe installation, although it was not
clear why this occurred. Finally, qualitative assessment of pavement marking conditions two
years after installation showed markings flush with the pavement surface were highly worn,
while those in the milled areas were intact.

In 2012, Mitkey, et al. examined the retroreflectivity durability for rumble stripes versus painted
edgelines (22). A comparison of the two alternatives was made along a two lane section of
divided highway in Indiana before and after the winter season. The rumble stripe dimensions in
use were 16 inches length (B), 7.5 inches width (C), 0.5 inches depth (D) and 12 inch spacings
on center (E). Results of qualitative and quantitative analysis found that rumble stripes produced
improved wet and dry retroreflectivity compared to edgelines. After one winter season, the
coefficient of retroreflectivity for rumble stripes exceeded the painted edgeline by 95 percent for
white and 80 percent for yellow under dry conditions. The conclusion drawn by the work was
that rumble stripes provided improved durability against damage from winter plowing
operations.

CENTERLINE RUMBLE STRIPS

In 2001, Outcalt evaluated centerline rumble strips on a 17 mile section of two lane mountain
highway for the Colorado DOT (23). The centerline rumble strip had dimensions of 12 inches
length (B), 7 inches width (C), and 12 inch spacings on center (E) (no depth dimensions were
provided). In looking at 44 months of crash data from before and after installation, head-on
crashes decreased from 18 to 14 and sideswipe crashes fell from 24 to 18, while ADT increased
over the time period. Only slight increases in pavement marking wear were observed.

In 2003, Persaud, et al. examined the crash reduction of centerline rumble strips on rural two
lane roads (24). Data from 210 miles of roads in seven states were used to examine before and
after safety performance. The researchers found a 15 percent reduction in all injury crashes and
a 25 percent reduction in frontal and opposing direction sideswipe crashes had followed
centerline rumble strip installation. Based on these findings, they recommended that centerline



rumble strips be widely installed on rural two lane roads. Note that the design dimensions of the
centerline rumble strips for the various study states/sites were not provided in this work.

Porter, et al. evaluated the effects of centerline rumble strips on lateral vehicle placement and
speeds for the Pennsylvania DOT in 2004 (25). Lane widths examined by the study were 11 and
12 feet, and the centerline rumble strips had dimensions of 18 inches length (B), 7 inches width
(C), 0.50 to 0.625 inches depth (D), and spacing between pairs of strips of 2 and 4 feet (G).
Results of field data analysis found that for 12 foot lanes, vehicle placement shifted 5.5 inches
inward from the centerline when rumble strips were present. A similar shift of 3 inches was
observed for 11 foot lanes. An increase in mean vehicle speeds was observed at sites with 11
foot lanes, while no change in mean speeds was observed at 12 foot lane sites.

Noyce and Elango performed a safety evaluation of centerline rumble strips for the
Massachusetts Highway Department in 2004 (26). This included a simple before and after
comparison of crash trends at sites with centerline rumble strips installed, as well as a driving
simulator study to examine driver behavior changes in response to centerline rumble strips. The
crash comparison indicated that no change in crash frequencies had occurred following
centerline rumble strip installation. Results of the simulator study found that 27 percent of
participants made an initial leftward correction when encountering a centerline rumble strip. No
improper corrections were observed when a shoulder rumble strip was encountered. The
conclusion of the researchers was that consideration should be given to alternative configurations
of centerline rumble strips to produce a different tone and eliminate the potential for driver
confusion.

Russell and Rys summarized U.S. experiences with centerline rumble strips for the NCHRP
Synthesis 339 in 2005 (27). A survey of agencies found that a variety of dimensions were used
for centerline rumble strips at the time, including:

e Lengths between 5 and 30 inches (B);

e Widths between 6.5 and 7 inches (C);

e Depths between 0.50 and 0.63 inches (D);
e Spacings between 12 and 48 inches.

Usage in most states at the time was limited to no passing zones, although a limited number of
agencies used them in all types of locations. The researchers noted that the benefits of centerline
rumble strips had not yet been proven and that agencies were taking a cautious approach while
waiting for the results of further research on their effectiveness.

In 2005, Bahar and Parkhill synthesized the characteristics of centerline rumble strip applications
in Canada and internationally and provided recommendations on their installation based on that
information. The researchers observed that the most common centerline rumble strip dimensions
in use were a length of 12 to 15 inches (B), a width of 7 inches (C), a depth of 0.50 inches (D),
and a space of 12 inches (28). Focusing on dimensions used in North America, the researchers
recommended Canadian highway centerline rumble strips be 12 inches long (B), 6 inches wide
(C), 0.325 inches deep (D) and spaced 12 inches on center (E). Further, the researchers
indicated centerline rumble strip use should be discontinued within 650 feet of residential areas



and 200 feet in advance of bridge decks and intersections. The bridge deck restriction was based
on existing British Columbia guidelines, although the basis of these guidelines was not provided.

In 2005, Chen and Cottrell developed guidelines for the use of centerline rumble strips for the
Virginia Department of Transportation (29). Based on an evaluation of crash trends in the state,
the following guidance was developed:

e Centerline rumble strips should be used at:
o0 Locations where studies indicate a high number of cross over the centerline
crashes have occurred.
o Priority should be given to roads on the primary system because of their higher
functional classification.
e The use of centerline rumble strips should only be made under certain conditions,
including:
0 On asphalt pavements.
0 On roads at least 20 feet wide.
0 On roads with good structure and pavement.
e Centerline rumble strips should not be used under certain conditions, including:
o0 In passing zones, especially on two lane roads.
0 On bridge decks [Note, no rationale for this was provided.]
0 On subdivision streets.
o Within the limits of two way left turn lanes.

Furthermore, the researchers recommended that the decision to install centerline rumble strips
should take noise into account in residential areas, and should consider the impact of vehicle-
bicycle interactions.

In 2005, Hirasawa, et al. examined the development and use of centerline rumble strips in
addressing head on crashes in Japan (30). Three dimensions/patterns were examined, including:

e Length of 13.5 inches (B), width of 5 inches (C), depth of 0.354 inches (D) and spacing
of 6.8 inches;

e Length of 13.5 inches (B), width of 5.5 inches (C), depth of 0.50 inches (D) and spacing
of 6 inches; and

e Length of 13.5 inches (B), width of 6 inches (C), depth of 0.60 inches (D) and spacing of
5.5 inches.

Through experimental testing and field installation observations, the researchers found that
rumble strips would provide warning in a safer manner than centerline posts or chatter bars for
vehicles such as motorcycles while effectively reducing head on crashes. From field installation
observations, an extrapolation after the use of rumble strips began indicated that 18.8 crashes
could be expected over two years, compared to 42 crashes observed before installation. This
resulted in an expected crash reduction of 55.2 percent.

A 2005 study by Rasanen examined how the installation of a centerline rumble strip changed
lane keeping on a roadway curve in Finland (31). The rumble strip was milled with a length of
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12 inches (B), a width of 6 inches (C), a depth of 0.60 inches (D) and a spacing of 10 inches.
Observations at the site indicated the wheelpath of oncoming vehicles moved 6 to 8 inches closer
to the edgeline after installation. An added benefit of this shift was thought to be that it extended
the life of the pavement marking (less wear from tires hitting the markings).

In 2008, Miller examined the effects of centerline rumble strips on non-conventional vehicles
(motorcycles) for the Minnesota Department of Transportation (32). A review of crashes in the
state from the first installation of centerline rumble strips in 1999 indicated only 29 crashes
involving motorcycles had occurred at locations with rumble strips. A review of the reports
associated with these crashes found no mention of rumble strips being a primary or contributing
factor in the crash. Roadside observations conducted for 44 hours along rural roads showed no
unusual behavior or directional changes by motorcyclists that could be associated with centerline
rumble strips. Controlled test-track observations showed that riders needed no steering, braking
or throttle adjustments when crossing centerline rumble strips; in addition, when interviewed
after testing, riders expressed no concerns about crossing them. Based on the findings of this
work, it was concluded that centerline rumble strips pose no hazard to motorcycles.

A 2009 Public Roads article discussed findings from Arizona on the reduction of lane departure
crashes associated with centerline rumble strips (33). Fourteen highway segments on rural two
lane highways (AADT 800 — 14,000) had centerline rumble strips installed by 2002. Analysis of
three years of before and three years of after crash data found that the average rate for fatal and
serious injury centerline crossover crashes fell by 50 percent at the sites. Based on the findings
of the work, it was recommended that Arizona should install centerline rumble strips with
dimensions of 12 inches length (B) (no width or depth specified), spaced in pairs of 12 inches on
center (E) and 24 inches between pairs (G). This paired spacing would provide a differentiated
sound and sensation from shoulder rumble strips.

In 2011, Olson, et al. evaluated the effectiveness of centerline rumble strips (CLRS) for the
Washington State Department of Transportation (34). The dimensions of the centerline rumble
strips examined were 12 inches in length (B), 7 inches width (C), 0.50 inches depth (D) and 12
inch spacings on center (E). Of special note was the omission of centerline rumble strips within
25 feet of bridge approach slabs. A follow-up interview with the primary author determined that
the WSDOT discontinues centerline rumble strips over bridge approach slabs because they have
concerns that rumble strips may cause undesirable harmonic vibrations in a bridge structure. An
evaluation of crash data found that centerline rumble strips reduced crashes for all injury
severities by 24.9 percent and fatal and serious injury crashes by 37.7 percent. Centerline rumble
strips were also found to reduce cross centerline crashes by 59.0 percent on tangent roadway
sections and 26.8 percent on curves. One more notable figure from the study was a comparison
of centerline rumble strips miles per year versus the crossover crash rate. As the CLRS miles
increased over time, the crossover crash rate decreased.
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[34])

Based on the results of the analysis, it was recommended that centerline rumble strip installation
priority be given to sites with AADT less than 8,000, combined lane and shoulder widths of 12
to 17 feet, and speed limits of 45 to 55 mph. Unfortunately, the AADT value discussed within
the document comes with the disclaimer that, “The weighted VMTs or AADTS used in this
analysis are only specific to this analysis and should not be assumed to be valid for other uses or
analysis.” This statement is made because an AADT was developed for the segment. Therefore,
at certain points within a segment, it may not be representative of the actual AADT. Itisa
drawback of the analysis method.

A November 2011 FHWA Technical Advisory provided updated information and guidelines on
the design and installation of centerline rumble strips (35). Centerline rumble strips should be
used along two lane corridors where significant opposing direction and driver inattention crashes
have occurred. The dimensions recommended for use were 16 inches length (B), 7 inches width
(C), and a depth of 0.50 inches (D), with only milled in rumble strips used for centerline
applications (note these were the dimensions that were most commonly cited in the literature
examined by the FHWA). Pavement markings must be restored after the milling process. The
application of centerline rumble strips was suggested for the length of a corridor as opposed to
spot locations to maximize effectiveness. To address potential bicyclist issues, it was
recommended that 14 feet of pavement beyond the edge of the centerline rumble strip be
available.

In 2012, Rys, et al. examined shoulder and centerline rumble strip performance for the Kansas
Department of Transportation (36). This involved observations of driver behavior, as well as
before and after analysis of the safety effectiveness of centerline rumble strips using Bayesian
methods. Kansas uses both football-shaped and rectangular centerline rumble strips, although
the dimensions of these were not provided by the work. Results from observations of driver
behavior indicated that on roadways with narrow shoulders, drivers operated closer to the
centerline. When medium-width shoulders were present, drivers operated closer to the centerline
if shoulder rumble strips were not present and closer to the edgeline if they were present. On
roadways with wide shoulders, drivers operated near the centerline if only centerline rumble
strips were present and closer to the edgeline otherwise. Results of statistical analyses indicated
total crashes were reduced by 29.2 percent following the installation of centerline rumble strips,
while cross over crashes were reduced by 67.2 percent. Based on the results of the work, it was
recommended that shoulder rumble strips be used on all roads with AADT greater than 200
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vehicles per day and centerline rumble strips be used on roadways with AADT less than 5,750
vehicles per day. For roadways with AADT between 3,000 and 5,750 vehicles per day, both
shoulder and centerline rumble strips could be used together.

In 2012, Savolainen, et al. assessed the influence of centerline rumble strips on vehicle lateral
placement when passing bicycles (37). Data were collected in two field studies along high speed
rural two lane roads in Michigan; one roadway with centerline rumble strips and one without
them. The centerline rumble strip dimensions in use were a length of 16 inches (B), a width of 7
inches (C), a depth of 0.4375 inches (D) and a spacing of 5 inches. Four foot paved shoulders
were present at each study site. Study results found that the presence of centerline rumble strips
impacted the lateral placement of vehicles as they passed bicycles, with vehicles less likely to
cross over the centerline when rumble strips were present. The location of the bicyclist also was
a factor, particularly when the bicycle was riding on the edge of the travel lane/left of the
shoulder. In such cases, vehicles were more likely to cross the centerline rumble strip, unless
opposing traffic was present.

Savolainen, et al. evaluated the short term impacts of centerline rumble strips on pavement
performance in 2012 (38). This entailed a measurement of crack propagation over a two year
period on high speed rural two lane roads in Michigan. Pavement imagery data from the study
sites was compared to data from control segments where centerline rumble strips had not been
installed. When other factors including AADT, pavement age and geographic region were
accounted for, centerline rumble strips were not found to significantly impact the rate of crack
propagation.

In 2013, Kay, et al. evaluated the impacts of a “Share the Road” sign on vehicle behavior near
bicyclists in Michigan (39). This included an evaluation of a roadway segment with centerline
rumble strips and one without them. At the site with the centerline rumble strip present, vehicles
were found to reduce buffer distances (the distance between the vehicle and bicycle) and increase
the prevalence of crowding (passing with a buffer distance of 5 feet or less). The presence of
oncoming traffic at centerline rumble strip sites also produced these effects.

TRANSVERSE RUMBLE STRIPS

Gorrill completed a review of existing (2007) literature on transverse rumble strips for the
Minnesota Department of Transportation at stop controlled intersections (40). The primary
observations were that transverse rumble strips produced speed reductions of 1 to 5 mph and that
no study showed a link between transverse rumble strips and crash reductions. The synthesis did
not provide any specific dimensions or layouts for transverse rumble strips, but did note that they
should not be used on roadways with bicycle traffic unless a clear path of four feet was available
at the edge of the roadway.

In 2010, Srinivasan, et al. evaluated the effectiveness of transverse rumble strips on reducing
crashes at stop-controlled intersections in Minnesota and lowa (41). In Minnesota, up to five
sets of transverse grooves may be used, with a minimum of three recommended. The first set of
grooves was located approximately 250 feet in advance of the “Stop Ahead” sign, and the last set
was located approximately 500 feet ahead of the stop sign (see FIGURE 3). (Note: Minnesota
used metric dimensions.) The grooves were approximately 3.3 feet in width (B), placed in each
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wheelpath of a lane, with a space of approximately 3 feet between the wheelpaths left
ungrooved. The total length of each groove set was approximately 4.9 feet, with six inch
individual groove lengths (C), 0.40 inch depths (D) and 11.8 inch spacings on center (E).
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FIGURE 3 Minnesota transverse rumble strip layout (Image source: Srinivasan, et al. [41])

In lowa, three sets of transverse rumble strips were the standard, with the first set 200 feet ahead
of the Stop Ahead sign (see FIGURE 4), and the last set located 300 feet ahead of the stop line
(the center set spaced midway between these). Each panel was a total width of 12 feet (B) (or a
single lane width, depending on location), 24 feet in length, with 25 grooves spaced at one foot
intervals. An 18 inch width of pavement was left ungrooved at the outside edge of the pavement
to accommodate bicyclists. Individual groove lengths were 4 inches (C), with 12 inch spacings
on center (E) and a depth of 0.375 inches (D).
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FIGURE 4 lowa transverse rumble strip layout (Image source: Srinivasan, et al. [41])
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A before and after analysis of crashes found that for the combined sample of intersections for
both states, there was a 21 percent reduction in fatal, incapacitating injury and non-injury
crashes. When considering only fatal and incapacitating injury crashes, a larger reduction of 39
percent was found. However, with the reduction in injury crashes, there was an increase in
property damage only crashes. A limited economic analysis did indicate that there was still a
$6,600 reduction in crash harm per intersection per year resulting from the installation of
transverse rumble strips.

In 2011, Liu, et al. studied the impacts of transverse rumble strips in reducing vehicle speeds and
crashes at pedestrian crosswalks on low volume rural roads in China (42, 43). The dimensions
of the transverse rumble strips that were installed were a width of 6 inches (C), a depth of 0.35
inches (D) and a spacing of 17.7 inches (no length dimension was provided, although diagrams
indicated that the rumble strip was spread across the entire travel lane). The spacing of rumble
strip groups (three grooves per transverse set) was between 26 and 50 feet, with closer spacing of
groups when closer to the crosswalk. A total of seven sets of transverse rumble strips were used
on the approaches to crosswalks, with the initial set located 340 feet in advance of the crosswalk
and the final set located 50 feet from it. A before and after study at 366 sites found that the use
of transverse rumble strips reduced total pedestrian crashes by 25 percent (types of crashes were
not specified). Additionally, speed data collected at 12 sites with posted speed limits between 35
and 50 mph showed significant reductions in mean and 85™ percentile speeds. Mean speeds at
the study sites fell between 5.7 and 7.4 mph after installation, while 85" percentile speeds fell
between 5.6 and 7.5 mph.

MULTI-FOCUSED STUDIES

Although not specifically a research study, the FHWA discussed maintenance concerns
associated with rumble strips, particularly the potential for pavement deterioration to occur (44).
Based on observations and feedback from states, new pavements do not appear to deteriorate
when rumble strips are installed, nor do they present any issues with open graded pavements.
Older pavements that had rumble strips installed did degrade more quickly (although the speed
was not defined), but the rumbles continued to perform their function. Weather, particularly
freeze and thaw cycles and their interaction with rumble strip grooves, did not appear to play a
role in pavement durability issues. In only one case, Oregon in the later 1990s, were any issues
related to deterioration of pavements and rumble strips observed. However, this deterioration
appeared to stem from winter maintenance practices that were in use at the time. Specifically,
plow vehicles equipped with tire chains and a shoe on the plow board traveled with their right
steering and drive wheels on the rumble strip as standard practice. This resulted in deterioration
that was not observed in any other state. As this issue occurred in the 1990s, it is reasonable to
conclude it has been addressed in Oregon and not occurred elsewhere by the lack of discussion in
literature.

Harwood discussed the use of rumble strips to enhance safety in NCHRP Synthesis 191 (45). At
the time (1993) no studies had established the safety effectiveness of transverse rumble strips.
The survey of state agencies found a range of transverse rumble strip dimensions were in use,
including lengths typically covering a full travel lane, widths between 2 and 8 inches (C), depths
between 0.188 and 0.75 inches (D), spacings on center between 12 and 24 inches (E), and a
general placement of 100 to 1,550 feet in advance of the intersection. The number of bars in each

15



set ranged from 5 to 26. Note that varying layouts and spacing between transverse rumble strip
sets were employed based on different design situations. Shoulder rumble strips were found to
reduce run-off-the-road crashes by 20 percent at the time. Agencies indicated overuse of
shoulder rumble strips was not a concern, as they were only encountered by errant vehicles. The
use of shoulder rumble strips on bicycle routes did need to be carefully considered given the
potential to create control issues for riders. It was recommended that rumble strips be moved
two feet or more inward from the edge of the travelled way to accommodate bicycles, which
differed from existing practices. In general applications, it was recommended the edge of the
rumble strip should be placed one foot inward from the edge of the travelled way to minimize
interference with snow plowing.

Corkle, et al. conducted a synthesis on the effectiveness of rumble strips for the Minnesota
Department of Transportation (46). This entailed a survey of county engineers in the state, as
well as a driver simulation study. The county engineer survey found that at the time (2001), 56
counties had installed transverse rumble strips at intersections. Specific dimensions of these
transverse rumble strips were not provided by the researchers; however, it is likely that the
dimensions used were similar to those cited for the state in Srinivasan, et al. (41). The driver
simulator study found that drivers braked earlier and harder at intersections with transverse
rumble strips than at locations without them. With regards to shoulder rumble strips, at that
time, only a limited number of counties had installed shoulder rumble strips (note that counties
were not asked if shoulder rumble strips were in use by the survey). The primary conclusion
drawn from the work was that the effectiveness of shoulder rumble strips identified during a
literature search warranted their increased use by counties in the future.

In 2005, Anund, et al. evaluated the placement and design of centerline and shoulder rumble
strips in Sweden using a driving simulator (47). The focus of the work was on narrow roads
(less than 30 foot width), examining driver behavior in conjunction with different milled in
rumble strip designs and placements. Rumble strip designs included:

e A Pennsylvania rumble strip with a 20 inch length (B), a 6.7 inch width (C), a 0.50 inch
depth (D) and a 12 inch spacing;

e A Swedish rumble strip with a 20 inch length (B), a 12 inch width (C), a 0.40 inch depth
(D) and a 20 inch spacing;

e A "Malilla" rumble strip with a 13.7 inch length (B), a 6 inch width (C), a 0.40 inch
depth (D) and a 48 inch spacing;

e A Finnish rumble strip with a 6.8 inch length (B), a 0.75 inch width (C), a 0.60 inch
depth (D) and a 12 inch spacing.

The first simulated placement was a spacing of rumble strips 11.5 feet apart between the
centerline and shoulder rumble strip edges. The second placement location was 10.6 feet
between the centerline and shoulder rumble strip edges. Behavior data collected through the
simulation effort did not show any difference between the types of strips used and their
placement, but the researchers recommended the use of more aggressive rumble strip design
types (ex. Pennsylvania and Sweden). They also recommended that shoulder rumble strips be
placed further out on the shoulder to avoid the perception that the roadway was too narrow, and
to provide more room for bicycles in locations where shoulder width is limited.
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Miles, et al. looked at the traffic operational impacts of transverse, centerline and edgeline
rumble strips for the Texas Department of Transportation (48, 49, 50). This work entailed field
observations of driver behaviors in conjunction with each of these types of rumble strip. All of
the transverse rumble strips were used on rural roadways with posted speed limits between 55
and 70 mph to provide advanced warning at two and four way stop signs. The rumble strips
were raised pieces of white rubber consisting of three rumble “bumps” spaced three inches.
These sets of rumbles were placed in sets of five, with two foot spacing between each set of
rumbles (see FIGURE 5). The sets of rumbles were four feet in width, one inch in length, 0.4
inches in height, spaced 1.5 inches end to end and placed in each wheelpath. Two sets of
transverse rumble strips were used on each approach, with the first set located 250 feet ahead of
the intersection warning sign and the second located 500 feet beyond this set. Transverse
rumble strips at stop controlled intersections were found to produce only marginal speed
reductions (2-5 mph) but did not cause drivers to perform any erratic maneuvers. Their use at
horizontal curves produced similar results. In examining behaviors in areas with centerline
rumble strips, no erratic maneuvers were observed, nor were any other signs of changes in driver
behavior evident. Edgeline rumble strip observations indicated that shoulder encroachments
decreased by 50 percent after installation. The researchers recommended further study into the
safety performance of transverse rumble strips to determine if they were effective in providing
warning and reducing crashes. There was no evidence from field observations that current
installations of centerline or edgeline rumble strips should be removed. Finally, it was
recommended that centerline and edgeline rumble strips have different spacings to minimize the
potential for driver confusion in the future.
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FIGURE 5 General layout of experimental Texas transverse rumble strips (Images source:
Miles, et al.[48])

National Cooperative Highway Research Program (NCHRP) Report 641 provided guidance for
the design and application of shoulder and centerline rumble strips (51). This document details
the safety effectiveness of rumble strips on different roadway types, discusses the optimal
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dimensions of rumble strips, and presents application and design criteria. Collectively, the
information presented in the report provides practitioners with a comprehensive reference for the
state of the practice as well as critical considerations and guidance in the use of rumble strips.

The discussion of rumble strip safety impacts is divided between shoulder and centerline rumble
strips. A review of past literature indicated that shoulder rumble strips have reduced crash
frequencies between 10 percent and 80 percent, depending on the specific highway type on
which they were installed (51). Centerline rumble strips have reduced crash frequencies between
14 percent and 90 percent, once again depending on the highway type (51). These results show
that rumble strips are an effective safety countermeasure in a variety of settings.

Of interest to the current project is the summary of existing (2009) rumble strip practices and
policies in North America that was completed as part of the overall research. The summary was
compiled from a survey of agencies and a review of past survey results completed by other
projects. The work sought information on the typical dimensions and criteria used to guide
rumble strip installations. The survey responses indicated that a majority of agencies had
implemented a written rumble strip policy (25 of 31 responses), with most installations made on
urban and rural freeways (51). Agencies indicated that rumble strips were installed between zero
and 30 inches from the edgeline. Common determinants of offset distance were available
shoulder width, facility type, location (urban/rural), bicycle presence, and lateral clearance. The
minimum shoulder width for installations ranged from 2 to 6 feet, while lateral clearance
requirements ranged from 2 to 7 feet (51). Some agencies had minimum traffic volumes
required along a route before shoulder rumble strips were installed, which ranged from 400 to
3,000 vehicles per day (51). When gaps for bicyclists were used, their spacing ranged from 10 to
12 feet (G), with 40 to 60 foot cycles between gaps (51). The only recent changes to rumble
strip policy indicated by respondents was the discontinuance of rolled in rumble strips.

Most agencies did not have a written centerline rumble strip policy, although 14 out of 22
respondents did use that type of rumble strip. The majority of installations were made on rural,
undivided two lane roads with no minimum lane width or traffic volume requirements. Only 11
of 23 respondents used centerline rumble strips in conjunction with shoulder rumble strips.

In terms of rumble strip dimensions, the following information was established by the agency
survey. Offsets for rumble strips ranged from zero to 30 inches from the edgeline, with 6 to 12
inch offsets (A) being most common. Rumble strip dimensions were an average length of 16
inches (B) (ranging from 6 to 16 inches); an average width of 7 inches (C) (ranging from 5 to 8
inches); an average depth of 0.5 to 0.625 inches (D) (ranging from 0.375 to 0.625 inches); and an
average spacing of 12 inches (ranging from 11 to 18 inches) (51). Periodic gaps of 10 to 12 feet
(G) were often provided at intervals of 40 to 60 feet to accommodate bicyclists. Typical
dimensions for centerline rumble strips were an average length of 12 to 16 inches (B) (ranging
from 12 to 24 inches); an average width of 7 inches (C) (ranging from 5 to 8 inches); an average
depth of 0.5 inches (D) (ranging from 0.375 to 0.625 inches); and an average spacing of 12
inches (ranging from 10 to 48 inches) (51).

One of the more significant contributions of NCHRP Report 641 was the identification of
optimum dimensions for rumble strips. The report points out that the dimension identified in the
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survey that varies the most between agencies was length (6 to 18 inches for milled in and 5 to 8
inches for rolled in). The concern with narrow groove lengths was whether the rumble strip
would provide sufficient noise/vibration. To determine optimum rumble strip dimensions, the
researchers conducted field studies to collect noise data. With this data, they developed models
to predict noise responses within a passenger vehicle. Data were collected for milled and rolled
in rumble strips on the shoulder and centerline on asphalt and concrete pavements. A variety of
facility types and rumble strip dimensions were observed during the course of the field study.

Based on the results of the modeling effort, the following guidance was provided for rumble strip
dimensions on different facilities:

e Freeway shoulder rumble strips (55 to 65 mph)
0 Length-12 inches (B);
0 Width -6 inches (C);
0 Depth -0.375 inches (D);
0 Spacing — 12 inches (51).
e Rural two lane roadway shoulder rumble strips (45 to 55 mph)
0 Length -6 to 16 inches (B) (varies depending on rumble strip pattern);
0 Width -5 inches (C);
0 Depth -0.375 inches (D);
0 Spacing —11to 12 inches (51).
= Designed with bicycles in mind.
e Rural two lane roadway centerline rumble strips (35 to 55 mph)
0 Length -8 to 12 inches (B) (varies depending on rumble strip pattern);
Width — 5 inches (C);
Depth — 0.375 inches (D);
Spacing — 12 inches (51).

O OO

In general, these optimum dimensions provide a reasonable starting point for consideration when
determining the dimensions of different rumble strips on a road based on its characteristics.

The final aspect of rumble strips that NCHRP Report 641 covers is application and design
criteria. This includes discussion on the placement of shoulder rumble strips relative to the
edgeline, gap patterns, centerline rumble strip placement, and other topics. Based on an analysis
of past research findings, it was indicated that rumble strips placement on rural freeways should
be as close as possible to edgelines. However, on other roadways types, no evidence was
identified that suggested a specific offset distance had an impact on safety. Instead, factors such
as bicyclists should be considered, with a minimum offset of one foot between the rumble strip
and the travel lane/edgeline used (A), along with a 4 foot minimum lateral clearance from the
rumble strip to the outside edge of the paved shoulder (1) (51). This resulted in a total shoulder
width of five feet, not including the width of the rumble strip itself. To accommodate bicycles,
an intermittent gap of 10 to 12 feet (G) should be provided in 40 to 60 foot cycles (51).
Centerline rumble strip placement can vary, with the most common approach being the rumble
strip protruding into the travel lane.
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While NCHRP Report 641 is a comprehensive discussion of shoulder and centerline rumble
strips, there are some aspects of the subject that are not covered. This includes the use of rumble
strips on bridge decks. Additionally, rumble stripes and transverse rumble strips were not
discussed at any point in this work.

In 2010, Torbic et al. provided guidance on the design and application of rumble strips based on
the work of NCHRP Report 641. Based on that work, the paper made the following
recommendations:

e Place shoulder rumble strips as close as possible to the edgeline on rural freeways.

e Where it is desirable to provide lateral clearance for bicycles or when installing rumble
strips on narrow shoulders, rumble strips with a relatively narrow length (B) (6 inches)
may be used;

e The safety benefits of centerline rumble strips on curves and tangents are identical (52).

Aside from these points, the researchers noted that there was still a need to determine the optimal
placement of shoulder rumble strips on rural two lane roads and the safety effectiveness of dual
(centerline and shoulder) rumble strip applications.

In 2010, Sayed, et al. performed a before and after study of the safety performance of shoulder
and centerline rumble strips on rural, two-lane roads in British Columbia (53). Shoulder rumble
strips were found to reduce crashes by 22.5 percent, while centerline rumble strips reduced
crashes by 29.3 percent. When used together, shoulder and centerline rumble strips reduced
crashes by 21.4 percent.

A November 2011 FHWA Technical Advisory provided updated information and guidelines for
the design and installation of shoulder and edgeline rumble strips (54). The Advisory
documented that milled in, raised, rolled in and formed types of rumble strips were all in use at
the time. The most commonly cited edgeline and shoulder rumble strip dimensions cited in
literature were 16 inches length (B), 7 inches width (C), and 0.50 inches depth (D). Edgeline
and shoulder rumble strips with a narrow offset (A) (less than 9 inches) from the edgeline have
been found to be the most effective placement location. To accommodate all road users, a paved
shoulder at least four feet beyond the rumble strip edge (1) was recommended. Gaps for bicycles
of 10 to 12 feet (G) should be provided at 40 to 60 foot intervals. The use of edgeline or
shoulder rumble strips was recommended systemwide on rural freeways and highways with
speed limits of 50 mph or greater, as well as on corridors with a history of run-off-the-road
crashes.

The 2012 American Association of State Highway and Transportation Officials’ (AASHTO)
“Guide to Bicycle Facilities, 4™ Edition” provides guidance on how rumble strips can be
designed to accommodate bicyclists (55). It is recommended that a minimum of four feet of
paved shoulder be available beyond the edge of the rumble strip or five feet to a curb, guardrail
or other obstacle (). Twelve foot gaps (G) spaced at 40 to 60 foot intervals should be provided
to allow for bicyclists to enter or leave the shoulder. Wider gaps may be needed on downgrades
to account for higher bicycle speeds. In addition to spacing guidance, design dimensions for
bicycle-tolerable rumble strips are also provided. While no length dimension was provided, a
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width of 5 inches (C), a depth of 0.375 inches (D) and a spacing of 11 to 12 inches on center (E)
were recommended. When centerline rumble strips are present, shoulder rumble strips should
only be used where a six foot shoulder is available, or a four to five foot clear path from the edge
of the rumble strip to the shoulder edge is provided.
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INTERVIEWS

This section summarizes the findings from interviews conducted with NMDOT traffic engineers
to inventory the types of rumble strips in use, and how NMDOT currently uses them.

While reviewing the literature available on rumble strips, the research team identified gaps and
diverging approaches to applying rumble strips. As a result of this, the authors developed eleven
questions to document current usage of rumble strips in each of the six districts within NMDOT.
In addition, there was a general question asking the traffic engineers whether they would like any
additional guidance related to rumble strips. All six district traffic engineers were first emailed
with the questions that were developed. Subsequently, the research team followed up with the
district traffic engineers with a telephone call. Only one district traffic engineer elected to
respond to the questions via email only. Every district traffic engineer provided input, although
some provided more details. The questions along with the grouped responses are provided in
Appendix B. In some cases, multiple lines of the responses may have been from one district
engineer. An attempt was made to generalize the information so as to allow some anonymity
with regards to the responses. What follows is a summary of the responses that highlights key
findings.

QUESTION 1

When asked if there is a typical shoulder width required before rumble strips are applied, traffic
engineers provided a range of responses. One district indicated that due to concerns about the
pavement quality of the shoulders, rumble strips could not be applied along many roadways.
This does not include interstates. Another district reported 4 feet as the typical width for
installing rumble strips on shoulders, and yet another reported 6 feet as the minimum width.
Finally, one district addresses the issue only when safety concerns warrant it. In this case, the
district indicated that they would add shoulders as necessary as a part of the project.

During the course of the discussion regarding question one, many of the district traffic engineers
indicated that they generally follow the state guidelines.

The discussion related to question one also brought up an interesting point regarding the impact
of bicycles. Recent State of New Mexico rules have allowed bicyclists on rural interstates in
order to support bicycle touring (56). As a result, there are existing installations of continuous
rumble strips on freeways where bicyclists were previously not allowed. Therefore, there was
some discussion of the need to include the recommended gaps for bicyclists to cross over rumble
strips as facilities are rehabilitated.

QUESTION 2

The second question addressed the current practice of each district with regard to milling or
rolling in rumble strips. From the responses received, it appears that every district typically mills
in rumble strips. Most districts (although not all) require that the rumble strips be milled. In
addition, some rumble strips that were rolled in during earlier installations may still exist.
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QUESTION 3

The third question asked how each district applies rumble strips in different pavement types.
The districts reported that few have concrete roadways. Therefore, installing rumble strips in
concrete does not seem to be a concern. Where concrete was encountered in a span of rumble
strips, such as on bridges, the districts would stop the rumble strips at this point.

QUESTION 4

The fourth question asked if rumble strips were used in residential areas. Most districts reported
not using rumble strips in residential areas. One even reported a policy of not using rumble
strips when the speed limit was below 45 mph. One district did indicate that rumble strips were
applied on an interstate that traverses through a more urban area. However, the district indicated
that it did not receive any negative feedback from the residents.

QUESTION 5

The fifth question asked whether rumble strips were discontinued within a certain proximity to
residential areas. Two districts received complaints from residents regarding the installation of
rumble strips. In one example, the rumble strips in question were reportedly within 2 miles of
the residents. In the second example, the installation of the rumble strips was made at the
request of a local government entity. Therefore, the public feedback was directed to that entity.

QUESTION 6

The sixth question asked if areas of continuous rumble strips exist. Almost every district
reported the presence of some rumble strips that do not provide gaps. However, many of the
districts indicated that bicycling interest in the communities within their district is non-existent.
One of the districts indicated that they are replacing the continuous stretches of rumble strips
when projects allow.

QUESTION 7

The seventh question asked if sections of both centerline and shoulder/edgeline installations
existed. Two districts reported not having any centerline rumble strip installations. There were
only two roadways that were identified as having both centerline and shoulder/edgeline rumble
strips: US 550 and US 54.

QUESTION 8

The eighth question asked if the possibility of use by bicyclists was taken into account when
deciding whether or not to use rumble strips. Only one district reported not taking into
consideration bicyclist use when applying rumble strips; however, this district reported low
interest in bicycling. Other districts reported an increasing awareness of considering bicyclists
when installing rumble strips.

QUESTION 9

The ninth question asked if rumble strips were used on a bridge. The unanimous response from
districts regarding rumble strips on bridges was that they do not use them.
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QUESTION 10

The tenth question asked if transverse rumble strips were used in the district. One of the things
that districts seemed to have in common was that they all have implemented transverse rumble
strips. Many locations were identified when talking with the district traffic engineers.

QUESTION 11

The eleventh question asked if rumble stripes were present in the district. Two districts indicated
that they used rumble stripes. One district specifically identified the rumble stripe as being
applied on US 64.

QUESTION 12

The final question allowed district traffic engineers to provide input on additional guidance that
they need regarding rumble strips. Two district traffic engineers indicated that providing
guidance on whether rumble strips should be used based on the roadway classification would be
useful. One district traffic engineer indicated that guidance on the advantages and disadvantages
of rumble stripes and centerline rumble strips would be useful. This district traffic engineer also
provided a specific example where guidelines would be useful: on a three lane section, where
two lanes are in the uphill direction and one is in the downhill direction, are rumble strips needed
between the opposing directions and between the two uphill lanes? Another requested guidance
on whether centerline rumble strips should be carried through both passing and no-passing zones.
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SUMMARY
LITERATURE REVIEW FINDINGS
The following tables are summaries of the information presented previously in the Literature
Review. This will allow the reader to more easily see trends associated with each of the rumble
strip types. They are ordered in the same sequence as presented in the Literature Review section;
however, the Multi-Focused Studies are shown in blue within the tables.
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TABLE 1: Shoulder Rumble Strips

Year Authors B (in) | C(in) D (in) E (in)| G (ft) Crash Impact Benefit/Cost Ratios Notes

1993|Harwood ROR reduction = 20%

1995|Khan and Bacchus 1.09-4.78

1998 Perrillo SV ROR Reduced by 70% 182.0

1999| Moeur 12 7] 0.5 12 12|

5 16 5 0.375 6 Recommended for non-freeways with speed limits < 45mph

2000|Elefteriadou et al. 16 5] 0.375 7| Recommended for non-freeways with higher speed limits

2001|Outcalt 0.375 12 12 Bicycle preferred rumble strip

2001|Bucko 12 5 0.3125 Only install on roadways with shoulders > 5 feet; continue application through bridge decks

Roadsize hazard rating of > 5, place rumble strips within cross section; roadsize hazard rating of < 4,

2001{Elefteriadou et al. place rumble strips as far right as possible without degrating integrity of pavement

2003 Daniel 12 12|

2003 Turochy 16 7 0.5 12 36 agencies used 2001 FHWA Technical Advisory dimensions

. ROR Reduced by 14% 19.5 (for interstates)
2003 Marvin and Clark Severity Rate Reduced by 23.5%
. SV FO Reduced by 33%
2005(Smithand Ivan ROR Reduced by 12.8-48.5%
2005-2006] Miles et al Shoulder encroachments reduced = 50%

2007|Miles and Finley 12 Commerical vehicles

2008 Kirk 12 7[0.5-0.625 12]

2009|NCHRP Report 641 6-16 |5-8 0.375-0.625 |11-18 [10-12 |Frequency reduced = 10-80%

2010]Torbic et al. Place as close as possible to edgeline on rural freeways

2010fSayed et al Crashes reduced = 22.5%

s011)enwa Recommended systemwide on rural freeways and highways with speed limits > 50mph

16 7 0.5 Recommended on corridors with a history of ROR crashes

2012|AASHTO 5 0.375[11-12 12 Provide 4' veyond edge of rumble strip, or 5' to a curb, guardrail or other obstacle
Immediate crash reduction rate = 24.9%

2012{E+-Basyoun and Sayed Permanent crash reduction rate = 19.2%
Two-lane rural roads, crash reductions = 15-23%
Two-lane rural roads, severe crash reduction = 74%

; Two-lane rural roads, crash reductions on curves = 8-29%

2012{Abdel-Rahim and Kafn Four-lane rural roads, crash reductions = 45-62%
Rural freeways, crash reductions for all ROR = 67%
Freeway, truck ROR crash reductions = 42%

SV = Single Vehicle
ROR = Run-off-the-road
FO = Fixed Object
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TABLE 2: Rumble Stripes

Year Authors B (in)|C (in)) D (in) |E (in) Notes
2006 | Lindly and Narci 16 710.5-0.625|  12|Cost per mile of treatment = $2,424 (2006 $)
2009 | Hallmark et al. 4-6 0.625 Vehicle wheelpaths moved_ closed t(_) cetnerline on average by 1.5 feet
Average and 85th percentile speed increased
2009 |NCHRP Report 641 Crash frequency reduced = 14-90%
2012 |Mitkey et al. 16| 7.5 0.5  12|Coefficient of rumble stripes exceeded painted edgeline by 95% for white and 80% for yellow

27




TABLE 3: Centerline Rumble Strips

Year Authors B(n)| C(in)| D(in) |E(in) |G (ft) Crash Impact Notes
2001{Outcalt HO: decreased from 18 to14, SS: decreased from 24 to 18
All injury reduced 15%
2003|Persaud et al. 12 7 12 Frontal, opposing direction SS reduced 25%
2004l Porter et al. Vehicles shifted 5.5 inches and 3 inches inward for 12 and 11 foot lanes, respectively
18 7| 0.5-0.625 2-4 An increase and no-change in mean vehicle speeds for 11 and 12 foot lanes, respectively
2004{Noyce and Elango No change in crash frequency
2005{Russell and Rys 5-30| 6.5-7[ 0.50-0.63| 12-48 Survey of state use
Recommended dimensions
2005|Bahar and Parkhill Discontinue within 650" of residential areas
12 6 0.325 12 Discontinue within 200" of bridge decks and intersections
2005{Chen and Cottrell Guidelines developed for Virginia DOT
2005|Hirasawa et al. Crash reduction = 55.2%
2005{Rasanen 12 6 0.6 10 Wheelpath moved 6-8 inches closer to edgeline
2008|Miller No hazard to motorcycles
2009|Public Roads 12 12 2|Rate for fatal and serious injury centerline crossover crashes reduced by 50%
2009|NCHRP Report 641 Crash reduction = 14-90%
2010} Sayed et al Crash reduction = 21.4%
Al injury severity reduced 24.9% Discontinue within 25 feet of bridge approach slabs

K ni 0
2011lokon et al, Fatal and serious injury reduced 37.7%

Cross centerline, tangent reduced 59.0%

12

~

0.5 12 Cross centerline, curves reduced 26.8%

2011|FHWA 16

-~
o
o

14' pavement beyond edge of centerline rumble strip should be available

Total crashes reduced by 29.2%

2012|Rys et al.
ysetd Crossover crashes reduced by 67.2%

2012|Savolainen et al. 16 7] 0.4375 5

2012fSavolainen et al. Do not impact rate of crash propogation

2013|Kay et al. Vehicles reduced buffer distances

HO = head-on
SS = sideswipe
DOT = department of transportation
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TABLE 4: Transverse Rumble Strips

Year Author Crash Impact Speed Notes

1993|Harwood Were in use

2001|Corkle et al. 56 counties had installed them

Drivers braked earlier and harder

2005, 2006 |Miles et al. 2-5 mph reduction

2007|Gorrill 1-5 mph reduction

Fatal, incapacitating injury, non-injury, reduced 21%

Fatal and incapacitating injury, reduced 39%

2010|Srini tal i
rinivasan et a Property damage only, increased

Reduction of $6,600 crash harmvintersection/year

- > -
2011 Livetal. Total pedestrian crashes reduced 25% Mean speeds reduced 5.7-7.4 mph

85th percentile speeds reduced 5.6-7.5 mph

MILLED VS. ROLLED
During the project kick-off meeting, the project advisors posed several questions that they
wanted answers to as a result of the research. They were:

1. Should NMDOT recommend installing the rumble strip along the edgeline instead of in
the shoulder?

How does reducing the rumble strip width affect the surface type?

What does the current literature say about rumble stripes?

Do directional rumble strips exist?

Is milling in rumble strips the state of the practice?

oW

With regard to question one, it appears that for rural freeways and highways the best
recommendation at present is to install the rumble strips on or very near the edgeline. This has
conclusively been shown to produce the largest safety benefit. Unfortunately, there is scarce
literature available for other functional classes of roadways.

With regard to question two, literature was limited on the application of rumble strips in
concrete. However, in the study by Outcalt (7), the rumble strips that were tested were longer,
wider, and the rumbles spaced closer on center. Therefore, it would appear that a smaller rumble
strip can be applied on asphalt.

The majority of the current literature on rumble stripes investigates concerns related to the
retroreflectivity of the edgeline. Rumble stripe applications do appear to provide an advantage
with respect to maintaining retroreflectivity for a longer period of time. This is attributable to
the paint material placed within the milled groove, which helps preserve it from wear due to
traffic, plowing, and other factors. While paint on the roadway surface loses retroreflectivity
over time, the paint in the groove retains its reflective capacity, providing a measure of safety.
The lack of more detailed analysis into aspects of rumble stripes, such as safety performance, is
likely the result of the relative newness of this particular rumble application.

From what is shown in the literature, directional rumble strips do not exist. Both domestic and
international sources were considered. At this time, it appears that no agency or company has
sought to develop a rumble strip that makes different tones depending on the direction a vehicle
is traveling.
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Milling seems to be the state of the practice for installing rumble strips. This appears to be the
result of the greater accuracy of milling equipment to produce uniform rumble dimensions,
combined with the capability of milling to install rumble strips outside of the context of an
existing pavement rehabilitation project. The results would recommend requiring that all future
rumble strip installations in New Mexico use a milling process.

The NMDOT also requested guidance on whether or not rumble strips should be continued over
bridge decks. Only four studies mentioned rumble strips in relation to bridge decks. One of the
studies was on shoulder rumble strips. It recommended continuing the shoulder rumble strips
over the bridge decks. The other three studies were on centerline rumble strips. All three studies
recommended discontinuing rumble strips over bridge decks. However, little information was
provided as to how these recommendations were developed. A follow-up interview with a
Washington State Department of Transportation employee indicated that they had concerns that
harmonic vibrations of the structure might occur if rumble strips were installed over a bridge.
Therefore, the answer to whether or not rumble strips should be continued over bridge decks is
inconclusive and warrants further study.

As a result of the background information provided by the project sponsors, the authors
attempted to include information regarding rumble strip designs sensitive to bicyclists. During
the course of the research, they identified an existing “New Mexico Bike Routes” map. It can be
found at: http://dot.state.nm.us/content/dam/nmdot/BPE/2012-StateBikeRoutesMap.pdf. The
following routes were identified as existing New Mexico Bike Routes: 1, 1A, 2,5, 7, 9, 14, 15,
18, 20, 53, and 66. Special consideration should be taken when deciding whether and how to
implement rumble strips on these routes.

Appendix C provides examples of standard drawings for the installation of rumble strips within
other states. One of the most progressive states in implementing and evaluating their
installations of rumble strips is Washington. Washington also has an active bicycling
community. As a result, the information taken from this state is presented first, including some
information obtained through a discussion with Dave Olson, Design Policy, Standards, and
Research Manager for the Washington State Department of Transportation. Examples from the
remaining states are presented in alphabetical order.
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GUIDELINES
As a result of the literature review, the following guidance is recommended for NMDOT with
regard to the design, installation, and use of rumble strips. The recommendations cover the
following topics:

Milled vs. rolled rumble strips;

Designing for commercial vehicles;

Shoulder rumble strips;

Centerline rumble strips;

Shoulder and centerline rumble strips used in combination; and
Transverse rumble strips

The recommendations do not include guidance regarding AADT and percentage of trucks
because the available literature does not provide specific, sufficient, or conclusive information on
these issues. In addition to the guidance discussed here, the reader should refer to Appendix C,
specifically the information from Washington State, when considering an approach to the
application of rumble strips in different settings and accommodation of the bicycling community.
In general, a comparison of existing New Mexico rumble strip plan sheets shows many
similarities to the guidelines presented in the following sections. These similarities, as well as
differences, are discussed below.

MILLED VS. ROLLED

It is recommended that NMDOT no longer use rolled rumble strips. The use of milled in rumble
strips is preferable because it allows for consistent installation dimensions. This conclusion was
further supported by one of the NMDOT District Traffic Engineers who indicated that he had
problems with the installations of rolled rumble strips. The District Traffic Engineer indicated
that the depth was not consistent when using rolled rumble strips. Therefore, the rumble strips
may not provide the appropriate vibratory characteristics. This recommendation conforms with
current NMDOT design plan recommendations that indicate the use of milled rumble strips.

COMMERCIAL VEHICLES

Where bicyclists are not expected to use the facility and commercial vehicle use is expected,
rumble strips of 12 inches or wider are recommended. Note that this dimension is narrower than
the guidance provided by the FHWA'’s technical advisory, but it is consistent with what was
observed as being widely reported and in use by the literature. No additional results were
provided in the literature on how other dimensions (namely width and depth) of the rumble strips
may be affected; therefore, no additional guidance can be provided. This topic may suggest a
future research need.

SHOULDER RUMBLE STRIPS

For shoulder rumble strips, the literature only provided a definitive recommendation for rural
freeways and highways. When speeds are greater than or equal to 50 mph, installation of
shoulder rumble strips, as close to the edgeline as possible (i.e. rumble stripes if possible), are
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recommended. However, a sufficient shoulder width should be provided (5 feet where lateral
obstructions are present, 4 feet otherwise) to accommodate bicyclists.

The most recent Federal Highway Administration guidelines recommend a rumble strip with a
length of 16 inches, a width of 7 inches, and a depth of 0.5 inches. However, some of the more
recent literature recommends reducing the width to 5 inches and the depth to 0.375 inches on
roadways that might be utilized by bicyclists. A spacing of 12 inches on center between the
rumble strips is recommended. Providing a 12 foot gap with 40 to 60 foot cycles of rumble
strips is recommended. The reader should examine the information presented in Appendix C,
specifically that of Washington State, when considering different designs.

The recommended shoulder rumble strip dimensions of 16 inches length, 7 inches width and 0.5
inches depth for shoulder rumble strips based on those frequently employed in other states are
similar to those currently used in New Mexico (12 inch length, 7.5 inch width and 0.5 to 0.625
inch depth). The recommendation of placing the rumble grooves as close to the edgeline as
possible is a departure from current practice, which employs a 16 inch offset. This
recommendation should be considered in conjunction with the other aspects and needs of
pavement design and maintenance, such as the use of open graded friction courses.

CENTERLINE RUMBLE STRIPS

Centerline rumble strips should be applied where there is a history of opposing direction and
driver inattention crashes. The most recent FHWA guidelines recommend a rumble strip with a
length of 16 inches, a width of 7 inches, and a depth of 0.5 inches. These dimensions are nearly
identical to those already in use in New Mexico (aside from a current width of 7.5 inches).
When bicyclists are expected to use a roadway where centerline rumble strips are to be applied,
14 feet of pavement should be available beyond the centerline of the rumble strip. Centerline
rumble strips are not recommended in subdivisions or on roadways with two-way left-turn lanes.

The available literature presents some contradictory conclusions when considering no-passing
zones. Some literature recommends discontinuing the centerline rumble strips; others
recommend a continuation. The Washington State Department of Transportation continues their
centerline rumble strips through passing zones because the crashes that centerline rumble strips
are intended to address still occur in these zones. In light of the potential safety benefits that
centerline rumble strips offer in warning drivers in no passing zones, their continuation in such
locations in New Mexico is recommended.

SHOULDER & CENTERLINE RUMBLE STRIPS

Studies addressing a combination of shoulder and centerline rumble strips are still limited.
Therefore, the best guidance available at present is as follows. When both shoulder and
centerline rumble strips are utilized, a 6 foot shoulder is recommended, with a 4-5 foot clear path
from the edge of the rumble strip to the shoulder edge.

TRANSVERSE RUMBLE STRIPS

There are many gaps in the literature with regard to transverse rumble strips. Additionally, while
some studies conclude that there are safety benefits, others indicate that the results are
inconclusive. As the District Traffic Engineers throughout the state identified many locations
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with the application of transverse rumble strips, it is recommended that the NMDOT pursue
further research in this area, possibly teaming with other states in a pooled-fund study to examine
their effectiveness, particularly with regard to their safety benefits. Considering the limited
information provided by the current studies, when bicyclists are present, it is recommended that
at a minimum, 18 inches of pavement be left ungrooved at the outside edge of the pavement, or 4
feet be available beyond the edge of the roadway.

Current practice in New Mexico is the use clusters of twelve rumble strips/grooves over an 11
foot, 4 inch distance for each transverse section. These clusters are laid out in varying distances
from the stop bar, depending on the posted speed limit at a site. A review of literature found that
other agencies use different pattern variations and cluster spacings identified, with no preferred
pattern evident. Consequently, New Mexico should continue their use of the current cluster
pattern and spacing.
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APPENDIX A: NMDOT STANDARD DRAWINGS
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APPENDIX B: INTERVIEW RESPONSES

1. Isthere a typical shoulder width that you use on roadways where rumble strips are
applied? Do they vary by functional class of the roadway?

Have to be 4 feet or more. Has to be in good condition. In the old highways, they have
continuous rumble strips. As new projects are implemented, they include the gap. No idea of
the mileage. No inventory.

Ideally, they use a minimum of 6 feet. Yes, the application varies by roadway.

Rumble strips are mostly just on the interstates in this district. It’s typically 8 feet on the outside
and 4 feet on the inside. Most of their roads don’t have shoulders, or the quality of the pavement
is not good enough to install rumble strips on them. Installation is more defined by pavement
quality.

Minimum of 4 feet clear width for bicycles; six feet wide. Interstates all have continuous rumble
strips. Whenever they redo them, they put in the gaps for bicyclists. Quite a lot of mileage of
roadways need to be updated based on the current NMDOT guidelines. Out of the 1080 miles of
interstates in the district, they probably have about 800 miles of continuous rumble strips. They
are now allowing bicyclists on the interstates.

If they would determine that a road needed them for safety reasons, they would look at extending
the shoulder.

2. How are rumble strips installed within your district (rolled in, milled)?

Most of them are milled. Last longer with milled. It’s more pronounced. The majority of the
contractors do the milled.

Milled.

Milled. Typically what contractors do. May have some that are rolled, but the majority are
milled.

Older installations of rumble strips were allowed to be rolled in; however, now they’re milled.
They were having problems with getting the proper indentation in the pavement with the rolled
rumble strips.

From his understanding, their district likes to mill them in. From what the district traffic

engineer heard, it’s difficult when the asphalt is hot to press them in. The pay item is a milled
rumble strip.
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3. Do you have applications of rumble strips on both asphalt and concrete? If there
are applications on concrete, how are the rumble strips installed (i.e. rolled in or
formed by an attachment on the slipform machine)? Are any special considerations
made when applying them to one type of pavement over the other?

They don’t deal much with concrete because of the cost. The traffic engineer doesn’t have an
idea of how they are installed since the district hardly has any. The rumble strips stop and end
over the bridge. The concrete already has a groove diamond for the water.

We have minimal use of concrete in our District and no long line pavements with it.

Don’t have much concrete.

They don’t put them in concrete.

Anytime they go from asphalt to concrete, they don’t continue the rumble strips into the
concrete.

4. Are rumble strips used in residential areas?
No. Mostly all of their roads are rural.
Not to my knowledge, 45 mph or less, we don’t use.
On the interstates, they go through Raton and VVegas. No feedback from residents.
No.
No.

5. Is any consideration given to discontinuing the use of rumble strips within a certain
proximity to residential areas?

No rumble strips are present in the urban area. Therefore, it is not a concern for them.
Yes, 45 mph or less.

The district traffic engineer (within a more urban district) hasn’t gotten complaints from
residents.

No.

They get complaints from two miles from where the rumble strips were installed, especially at
night.

No. They haven’t run into that issue.
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6. Do areas of continuous rumble strips exist (i.e. areas where there is no gap for
bicyclists)?

Yes, there are areas with continuous rumble strips. The district is replacing them as projects
allow.

Yes, long lines between cities and open road.

They just use the standards. They definitely do have continuous rumble strips, those that were
installed before the current standards were provided. If they are not paving/repairing the
shoulders, they don’t touch the rumble strips. Only repave the driving lanes. Not much
bicycling interest in this District.

There are some on major roads. The district traffic engineer was not sure of the total mileage.
For the most part, they have gaps. Everything that the district traffic engineer has seen on their
roads has gaps. In addition, bicycling has not been a concern for this particular district.

7. Do any of your roadways have sections of both centerline and shoulder/edgeline
rumble strips? If so, how long?

There are no centerline rumble strips in the district.

No, not yet, but considering.

NM 550 has centerline in-ground rumble strips; it’s at the edge of their District. 1t’s mainly in
District 5. (Note: It is unclear if there are shoulder/edgeline rumble strips installed at this location

as well.)

Only one area with centerline rumble strips: US 54. They have shoulder rumble strips as well.
It’s at the Texas border. It’s approximately 20 miles in length.

Yes. US 550 going to Farmington. There are 154 miles. There are double rumble strips in the
median. Once you leave Rio Rancho, they have the rumble strips. Now that they are repaving it,
they are putting the gap to take into consideration bicyclists.

The district traffic engineer believes that they are present on US 550.

8. Do you take into account the possibility of use by bicyclists when you decide
whether or not to use rumble strips?

Yes. They need to accommaodate the bicyclists. In the Silver City area, Las Cruces area, they
have a lot of bicyclists. Areas like Lordsburg and Deming, they do not have a large population
of bicyclists at this time.

More and more.
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Yes.

Yes. They already consider them. When the shoulders are 4 feet; 8 foot shoulders or 10 foot
shoulder, they don’t put open grade friction surface across it.

They don’t.
9. Do you use rumble strips on a bridge?
No.
We don’t.
No.
No.
No.

10. Are transverse rumble strips used in your district? For example, does the district
have any application as warning on rural stop-controlled intersection approaches?

Just installed some transverse rumble strips at a roundabout, at the intersection of 404 and 213,
on all approaches.

Yes, we use both rumble strips milled and thinner profile thermoplast.

No rumble strips that the district traffic engineer is aware of. NM47 (4 lane facility — will be
done on SB approach only, there is a hill on a blind curve) approaching NM 147; near Isleta
Pueblo; passed the Casino and Travel Complex; want to do some advance warning because they
are experiencing higher crash rates. They’ll be putting them in in a couple of weeks. They tend
to shy away because they have snow plows that go through and they need to maintain the rumble
strips. The maintenance engineer has concerns about pavement maintenance when they install
transverse rumble strips in the ground. They feel it is not a very good solution.

Coors is theirs. They won’t re-implement the transverse rumble strips because they see
deterioration of the asphalt when rumble strips are present. This is the direction that the
maintenance engineer has asked the District to take.

A district received complaints with regards to some of the transverse installations. Tucumcari,
US 54 and Rte 66. By the K-Mart. The district put them in as a result of a request by the city.
They are only installed on US 54. Some of the cars weren’t stopping or coming too fast into the
signalized intersection. They’re by the “signal ahead” sign.
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Yes. There are transverse rumble strips at the intersection of 84 to 85/285; 285 is the minor
roadway. The transverse rumble strips are on 285. They also have them on the intersection of
60 with 41. 41 is the minor leg. It has the rumble strips. There may be others.

They put raised rumble strips on NM12 where it intersects with US 60. (This needs to be
verified.) The district traffic engineer is not sure if they reviewed the crash history prior to
installing the transverse rumble strips at this location. They received phone calls from people
who were concerned about the intersection.

11. Do you have any rumble stripes in your district (i.e. a rumble strip on an edgeline)?
If so, what is the length of the section, and what is the functional class of the
roadway?

No.

I am putting in a couple hundred miles of it in a safety grant project. Lane departure mitigation
effort.

No.

US 64. The rumble strip is closer to the travel lane to allow 4 feet for the bicyclist. It was
installed about 5 years ago. The rumble strip is on the edgeline (i.e. a rumble stripe).

No. The only district that has used these so far is District 4.
12. General questions/comments

This district traffic engineer was not really familiar with rumble stripes or centerline rumble
strips and the criteria that would recommend to use or not to use them. The district traffic
engineer would appreciate more information concerning the advantages and disadvantages of
these types of rumble strip applications.

The District Traffic Engineer sees the benefit of rumble strips, especially on the interstate,
particularly edgeline rumble strips. We have such a large number of run-off-the-road crashes. In
a more urban area, the maintenance part of it becomes a problem.

Only started to use centerline rumble strips recently, about 2 years ago, based on guidance from
the NMDOT. New Mexico 68 is where they applied the centerline rumble strips. They extend
from about MP 17 to MP 35 (for a total of about 18 miles). It’s just a centerline installation.

A district traffic engineer wanted to know whether or not centerline rumble strips should be
continued through both no-passing and passing zones. The district traffic engineer also wanted
to know if he/she should use rumble strips where there is a dashed line? The district traffic
engineer’s understanding was that they should only be used in no-passing zones. Therefore
he/she would like clarification.
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A district traffic engineer posed a specific example with regards to a question. For a 3 lane
section, where two lanes are traveling up-hill and one lane is downhill. Are rumble strips needed
along the centerline, between the two lanes that are going up-hill and on the lane line?

The district mostly has shoulder rumble strips which are offset from the traveled way.

The district traffic engineer is not familiar with the guidance provided by NMDOT. The district
traffic engineer would find guidance on what types of roads should be considered for
applications of rumble strips useful. Rumble strips only came up when they were doing work on
interstates. Rumble strip issues don’t typically come up on state roads.

It would be nice to have guidelines on which roads rumble strips would be recommended for,
and which roads they are not recommended for.
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APPENDIX C: RUMBLE STRIP INSTALLATION DRAWINGS

WASHINGTON STATE
Washington State’s rumble strip policy can be found
at: http://www.wsdot.wa.gov/Design/Policy/RumbleStrips.htm

Standard drawings can be found at: http://www.wsdot.wa.gov/Design/Standards/Plans.htm#SectionM

The section called, “What is the process for conducting an engineering analysis of shoulder
rumble strips along undivided highways as referenced in Design Manual Chapter 1600?”
provides a good process example.

Questions for Dave Olson of Washington State Department of Transportation
1/30/2013

360-705-7952

olsonda@wsdot.wa.gov

What is the difference between rumble strip types 1-4?
Type 1: divided highways
Type 2, 3, 4: undivided highways

Are bicyclists allowed on all facilities in Washington State?
Generally: permitted on most facilities unless signing indicates they are prohibited — typically
only in urban areas

Were all of the rumble strip design standards designed with bicyclists in mind?

For Types 2, 3, 4, yes. Type 1 shoulder rumble strip is on divided highway system, high speed
facilities, don’t see bicyclists in the traffic lanes here; they would ride outside of rumble strips;
with centerline rumble strips, they don’t see any need for bicyclists to be in the centerline; they
are discontinued in the vicinity of an intersection

Why do you omit centerline rumble strips over bridges? Is this because the horizontal offset is
insufficient?

Generally don’t install rumble strips in concrete; generally, it’s cost-prohibitive and they’re
unsure about the performance; they’re concerned it might result in harmonic vibrations in a
structure.

Is there a reason why rumble strip standard design drawings aren’t available for applications
where both edgeline and centerline are installed?

Concerns if they put on the same standard plan, it might cause confusion. System-wide
applications of centerline rumble strips are done, but not system-wide application of shoulders
due to concerns with bicyclists. They want to do a crash benefit before they impact bicyclists.
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The Washington State standards reference roadway rumble strips, which I’ve seen more often
described as transverse rumble strips. Is there a standard drawing for them?

No standard drawing. They’re working on it. They’re looking at placement for the advance
warning sign. They don’t typically use them a lot. They’re stepping up to a standard detail.
When a need is identified, they don’t have a standard drawing. They use them at a history where
people are going through stop signs, or roadway geometry is not readily visible on the approach.

Does Washington State install rumble strips systematically or based on a safety analysis?
Shoulder is not a programmatic approach. They look at run-off-the-road hot spots. Centerline
rumble strips are reprioritized based on crash experience.

Does Washington State continue rumble strips through passing zones?
Yes.

What has your experience been thus far with rumble stripes?

History has determined their use of 6”. Avoid some level of inadvertent contact. It still allows
some room for corrective action as well. FHWA technical advisory shoulder width of 4’ and 5°.
A couple of short segments have rumble stripes where shoulders a narrow.

Where did the requirement “Do not place shoulder rumble strips on downhill grades exceeding
4% for more than 500 feet in length along routes where bicyclists are frequently present,” stem
from?

Longer downgrade, higher speeds of bicyclists, not placing rumble strips at all.

SPECIFIC TO THE PAPER:

Locations with the highest B/C were chosen for centerline installation in Washington State. Do
you believe that the reductions observed as a result of the study could be a bit high considering it
seems like locations with higher crashes may have been chosen for application of centerline
rumble strips?

Likely to see greater crash reductions earlier in their program rather than at the tail end. They’re
addressing the worst locations first.

The statement, “The weighted VMTs or AADTSs used in this analysis are only specific to this
analysis and should not be assumed to be valid for other uses or analyses.” Does this imply that
the AADT is defined different than how AADT is traditional defined?

Determined what the VMT was for the segment. The AADT represents the entire segment.
Would have to develop a modified AADT for a segment in question; looking at centerline and
shoulder rumble strips in combination.

Report focused on undivided roadways
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WIDE LANE LINE
SINGLE-LANE OFF-CONNECTION
SHOULDER RUMBLE STRIP BEGIN RUMBLE STRIP ON
ON LEFT SHOULDER RIGHT SHOULDER AT END
OF WIDE LANE LINE
Ny

- ——
—

=

SHOULDER RUMBLE STRI
TYPE 1

FOR DIVIDED HIGHWAYS
STANDARD PLAN M-60.10-01

END RUMBLE STRIP ON RIGHT

SHOULDER AT BEGINNING OF WIDE LANE LINE

DECELERATION TAPER SHEET 2 OF 4 SHEETS
SINGLE-LANE OFF-CONNECTION APPROVED FOR PUBLICATION
FOR ONE LANE REDUCTION Pasco Bakotich i} 06-03-11
BTATE DESIGN ENGINEER DATE

=7 Sata
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DRAWN BY: LISA CYFORD

SHQULDER RUMBLE STRIP
ON LEFT SHOULDER

WIDE LANE LINE

END RUMBLE STRIP ON
RIGHT SHOULDER ADJACENT
TO BEGINNING OF ON RAMP
WIDE LANE LINE

SINGLE-LANE ON-CONNECTION

BEGIN RUMBLE STRIP ON
RIGHT SHOULDER AT END
OF ACCELERATION TAPER

SHOULDER RUMBLE STRIP

800 450 ON QUTSIDE SHOULDER
Fd

[ S
————

) C \

7
——
— —

¥i
SHOULDER RUMBLE STRIP = el o = 800 o
ON GUTSIDE SHOULDER
MEDIAN CROSSOVER
STRUCTURE OR OTHER FEATURE NECESSITATING
SHOULDER RUMBLE STRIPS A REDUCTION IN SHOULDER WADTH MECIAN SHOULDER

/’

Lol afu v 1oBuTowfof fod ol ] oo [ofo fof vl o ufof of o] ofof ofufef{of of fuTobeafufof §ofTofo odf ol o7 fof fof o ofof o] of o o fof o] fof v 1o efa

{RUMBLE STRIPS SHALL NOT BE PLAGED

ON BRIDGE APPROACH SLABS) 50' MIN.

5 MIN. YWATH BARRIER
QR GUARDRAIL AT
EDGE OF SHOULDER

OUTSIDE SHOULDER
SHOULDER TAPER DETAIL
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— SHOULDER RUMBLE STRI
TYPE 1

SHCULDER RUMBLE STRIPS
ON MEDIAN SHOULDERS

29115 o9
15TERY

=

FOR DIVIDED HIGHWAYS
STANDARD PLAN M-60.10-01

ﬁUUDDﬂUDUDUUDDDUDJUDUUUUHUD

]

SHEET 3 OF 4 SHEETS
£ MIN. ~ APPROVED FOR PUBLICATION
& MIN. WITH BARRIER , o
OR GUARDRAIL AT Pasco Bakotich ! 06-03-11
EDGE OF SHOULDER ETATE DESIGN ENGINEER TATE
% Stale




DRAWN BY: LISA CYFORD

MINOR ROAD

TERMINATE THE SHOULDER RUMBLE STRIPS AT
THE BEGINNING OF THE DECELERATICN TAPER.

IF A MEDIAN ACCELERATION TAPER IS INCLUDED, START
THE RUMBLE STRIP AT THE END OF THE TAPER.

TAPER

ACMIN. T _ IF AMEDIAN ACGELERATION TAPER IS INCLUDED, START
e THE RUMBLE STRIP AT THE END OF THE TAPER.

\ RADIUS POINT OF RIGHT

TERMINATE THE SHOULDER RUMBLE STRIFS AT
THE BEGINNING OF THE DECELERATION TARER.

e

TURN RADIUS (TYP )

RUMBLE STRIP PLACEMENT AT INTERSECTIONS

=

SHOULDER RUMBLE STRI
TYPE 1

FOR DIVIDED HIGHWAYS
STANDARD PLAN M-60.10-01
SHEET 4 OF 4 SHEETS
"APPROVED FOR PUBLICATION

Pasco Bakotich Ii! 06-03-11

BTATE DESIGN ENGINEER, TATE

=7 Sata
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DRAWN BY: FERN LIDDELL

@
& )
L 5 21T B o L 12" ~ TYPES 2 AND 4 |
7 T 18~ TYPE 3
J E . e
¢ [ K
- —— ;
4 v }

ISOMETRIC VIEW
TYPICAL SHOULDER INSTALLATION

SHOULDER

SHOULDER RUMBLE STRIF —._ _-~— SHOULDER RUMBLE STRIP

PERSPECTIVE VIEW

UNDIVIDED HIGHWAY
(TYPE 4 PATTERN SHOWN)

54

UNIT SECTION @ UNIT SECTION o

AGATATON 4 Y M B ATARES O PR,

SHOULDER RUMBLE STRIP
TYPES 2, 3, AND 4
FOR UNDIVIDED HIGHWAYS
STANDARD PLAN M-60.20-02
BHEET 1 OF 2 SHEETS
APPROVED FOR PUBLICATION

Pasco Bakotich Il 06-27-11

STATE DRSO ERGNEER naTE
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DRAWN BY: FERN LIDDELL

48 MILLED UNITS 12 OR 1B GAP 48 MILLED UNITS o EDGE OF PAVED SHOULDER ~ EPS
F /
— EDGE UNE
noooooogoos
b
— s \
“,  SHOULDER
* RUMBLE
STRIPS
—— '.'.
oA ETaesSFeaauaaaa i N
'~ EDGE LINE
N
TYPE 2 ~ 12 GAR ANDO 12" WIDE STRIP
TYPE 3 ~ 16 GAR AND 16" WIDE STRIP
|_ 28 MILLED UNITS _|_1z GAP_ _ ZBMILLEDUNITS _ 12 w_|_ 28 MILLED UNITS _| '~ EDGE OF PAVED SHOULDER ~ EPS
!
| | | | — EDGE LINE
u oo ungo f
e A
SHOULDER
# RUMBLE
STRIPS
—
(T SEEEEE000000000 [T EEE I
EDGE LINE
\.
TYPE 4 - 12 WDE STRIP - EP8
) B0 MIN. STRUCTURE OR OTHER FEATURE
[OSSy - - NECESSITATING
P A REDUCTION IN SHOULDER WIDTH
SHOULDER 1 A
o
—
A
T 100" MIN. RUMBLE STRIPS SHALL NOT B0 MIN.

100 MIN.

—

MAJOR ROAD

——

T -

TIa70a000000a00 .

s

MINOR ROAD

TERMINATE
STRIPS AT THE
OF

SHOULDER RUMBLE |
BEGINNING OR FND —~

EACH RIGHT TURN TAPER.

TERMINATE SHOULDER RUMBLE STRIFS
40 MINIMUM FROM THE BEGINNING OR
END OF EACH RIGHT TURN RADIUS.

‘\-.\\ -~
g N __ATMIN.
; ] '
RADIUS POINT OF RIGHT
TURN RADIUS (TYP.}
RUMBLE STRIP PLACEMENT
AT INTERSECTIONS
donae:

" SHOULDER
~ RUMBLE
STRIPS (TYP,)

AOATATSON 4 3 M B TR LG AU

@ NOT LESS THAN 4' ~ PROVIDE & WHEN
GUARDRAIL IS PLACED

AT EDGE OF SHOULDER

BE PLACED ON BRIDGE
APPROACH SLABS

SHOULDER TAPER DETAIL
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SHOULDCR

SHOULDER RUMBLE STRIP
TYP| D4

FOR UNDIVIDED HIGHWAYS
STANDARD PLAN M-60.20-02

BHEET 2 OF 2 BHEETS
APPROVED FOR PUBLICATION
Pasco Bakotich Il 06-27-11

STATE DRSO ERGNEER naTE
State




DRAWN BY: FERN LIDDELL

ISOMETRIC VIEW
TYPICAL INSTALLATION

SHOULDER

NOTES

1. Centeriine Rumble Strip installation requires a minimum distance
of 12 feet from Centerline to edge of paved shoulder.

2. When directed by the Engineer, Rumble Strips may be installed
along the tum pockst taper where thera is a history of rear-end
collisions in the tum pocket

SEGTION @ SECTION
I—AS— CENTERLINE

12 - " MIN. | 12 - 0" MIN.
SEE NOTE 1

DOUBLE CENTERLINE

SHOULDER

NOC-PASS LINE

EDGE LINE

CENTERLINE

CENTERLINE
RUMBLE STRIP

STANDARD PLAN M-65.10-02
SHEET 1 OF 2 SHEETS

PERSPECTIVE VIEW ‘APPROVED FOR PUBLICATION
Pasco Bakotich I} a5-11-11
UNDIVIDED HIGHWAY —— TwEomGNOENER GAE

=7 Sate
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DRAWN BY: FERN LIDDELL

RUMBLE STRIP OPTIONAL ~ S8EE NOTE 2

N\

TERMINATE AT END OF LEFT TURN

INSTALL RUMBLE STRIP

GHANNELIZATION STRIPING INTERSECTION WITH LEFT TURN CHANNELIZATION

APPROX. MIDWAY OMIT CENTERLINE RUMBLE STRIPS IN THIS AREA |

BETWEEN MILLED
BROQVES = 1'-0" RECESS LENGTH

%— e T —
MARKER/

MARKER RUMBLE (TYP.) RUMBLE

REFER TQO STANDARD PLAN M-20.30 FOR
RAISED PAYEMENT MARKER RECESSED PAVEMENT MARKER DETAIL

WHEN SPECIFIED IN CONTRACT
RECESSED PAVEMENT MARKER
WHEN SPEGIFIED IN CONTRAGT

LONGITUDINAL MARKING (TYP.)

RESIDENTIAL
RGAD APPROACH

SEE NOTE 1
(TYP}

A\
=

‘ RUMBLE STRIF USAGE AS

DIRECTED BY ENGINEER

DRIVEWAY

NON-COMMERCIAL ROAD APPROACHES AND DRIVEWAYS

RUMBLE

OMIT CENTERLINE RUMELE STRIPS IN THIS AREA

NV

P

BRIDGE APPROACH SLAB

agaao

BRIDGE

——88885880000(

7

RUMBLE STRIP (TYP)

BRIDGE

\ LONGITUDINAL MARKING {TYF.)

60012000000 83+980000CL 10 00BEEE58000

/ y LONGITUDINAL MARKING {TYP.)
0008800000000 0EEEE0UC 00000000 3%

TERMINATE RUMBLE STRIP AT
BEGINNING AND END QF
APPROACH OR INTERSECTION

57

UNCHANNELIZED INTERSECTIONS
AND COMMERCIAL ROAD APPROACHES

CENTERLINE
RUMBLE STRIP

STANDARD PLAN M-65.10-02

SHEET 2 OF 2 SHEETS

‘APPROVED FOR PUBLICATION
Pasco Bakotich I} a5-11-11
ETATE DESIGN ENGINEER DATE
% Stale




ARIZONA (source: http://www.azdot.gov/Highways/traffic/SMStds.asp)
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TYPE AB (BLACK) NON-REFLECTIVE
RAISED PAVEMENT MARKER

& OF STUSLE
YL_LIOW S RIPING

T &R T

TYPE AB RAISED PAVEMENT MARKER
TRANSVERSE RUMBLE STRIP

(NON SNOW ZONE)

L
CROGYT —,
. ‘ Y . OROADWAY
P U TR S SJRFAZE
t f" ‘ '\‘
I Ly
I
SECTION A-A
N RCATHAY

EGGE

CUT GROOVE TRANSWERSE
RUMBLE STRIP

(SNOW Z0ONE)

:’ e WATNING SIGN

Ch, SHA<-
NTTD T ATATICN

[ _Z
2e0 o1
ST MATCER TO7 175 1T
PLACEME 2ISTANZZ s
of ANvARG T wiiie 00 FT
SGNS. A0
125 FT
TYPICAL INSTALLATION
NOTES:
LSkl S710 wWo W 9 10 2 1 PAVEME N WALl 3 D TALS
z VP A3 2AS_D PAVIMLNT VYARMLNAS ANL BLATA ARD NCMN R_ILLC IWL.

2 ALN T WaARLLRE CONSIS] O A L&D TIRLD
FaNR A 47aT-SIRSE, 0PA0UF, 5 A7F S 37ACF
A0 SPATNG RITWITN RLMBI T S7RIPS MAY RO C-ANGTD A5 NIRTCTIN RY
HE ENGINzES.
R S T
SIGNATURES TRAFFIC SIGNING & MARKING TR
STANGARD DRAWINGS
EraHR M-21
TRANSVERSE RUMBLE STRIP DETAILS v
NOT TG SCALE ON FILE .

£ PM [T

WV SN VLl
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http://www.azdot.gov/Highways/traffic/SMStds.asp

et v st . oy
3) GRULL 5 167 4 LR CFARGL “i7on
DITYETIE aroH
FOR ON_ WAYT TRAFFIC, LLFT SI-0-_ iR 30" OF RJVOLE ST3IP, 10 GAP (SAP PATTZRNI
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1 “— GUARDRAIL OR
gy i 30 or BARRIER
WGLC STRP 5] A_MBC STRIP
. T CONG L] o AP 20" OF RJVDIF STIP, 0 GAP {34P PA~"=RYI
RUYBL- 5 1RIF MM S
16" G TYPICAL DIVIDED ONE-WAY TRAFFIC TYPICAL GUARDRAIL AND/OR BARRIER
AND HEAVY USE DRIVEWAY OR
INSTALLATION ON HIGHWAYS WITH CROSSROAD EXCEPTION DETAIL
UNGIVIDED TwWO-WaAY TRAFFIC
AND ND ACCESS CONTROL —
SORIART &
LE=" SFO__[C=R _EFT SHOU_DER T T OTAT T TATADITOTOT O T T TAn T T T O T T T T R St A i
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) / 1 6T AMIUE SR 10 GAP
1 ;

15154
FJYBLE STRIP

SN -k
SCOLONZITUCINAL 3 MB_E STRPS 2% RIGH™ SHCULDER

AGET SHEND GF

GAP SATTFRN

TYPICAL INTERSECTION, TURN LANE &
ACCELERATION LANE EXCEFTION DETAIL

NOTES:

I GNGII BUVL = 51805 SHALL 3 Qv Tk
CTING RGADWAYS, 53 OTHEZR [NTZ
vodbRFIN, ONCHE GR0Je00 2

M_Li

LN

EXISTS GR 5 ANTICIPATED,
SEILTEI WIDTE OF SCUR

1N

LMG_E $TRIZ

GAP ZATTFRA RAMP EXCEPTION DETAIL
ENTRANCE RAMP SIMILAR

T iz

QS" ARIZONA DEPARTMENT OF TRANSPORTATION
) INTERMODAL TRANSPORTATION DIVISION | 908

< N STANDARD DRAWINGS

SHEET 2 CF 2 LONGITUDINAL RUMBLE

NOT TO SCALE |& O\l STRIP EXCEPTION DETAILS W-22
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COLORADO (source: http://www.coloradodot.info/business/designsupport/standard-plans/2012-m-standards-plans/2012-m-standards-pdfs/46-
rumble-strips/m-614-1-rumble-strips)

GENERAL NOTES
1. RUNBLE STRIPS SHALL BE OMITTED AT TURN AND AUNILIARY LANES, 4. BEGIN RUMBLE STRIPS ON THE QUTSIDE EDGE OF THE TRAVEL LANE
ROAD APPROAGHES, RESIDENCES, 250 FT, BEFORE ROAD \NTEHCI'IONS. EDSE UNE.
AND OTHER INTERRUPTIONS AS DIRECTED BY THE ENGINEER.
5. DO NOT INSTALL RUNBLE STRIPS ON SHOULDERS LESS THAN & FT, WIDE

2. RUMBLE STRIPS MA“ HE NSTNJ.ED Br CRINDNG, ROLLING, OR FORMING WHEN GUARDRAIL IS PLACED ALONG THE EDGE OF THE SHOULDER.

ON CONCRETE P RINDING ONLY ON HMA PAYENENT.

RUMBLE STRIP MUIH SHN.L BE |2 IN. FOR CRIND-IN AND 18 IN. FOR 6. APPLY THE 60 FT. GAP PATTERN WHEN RUMBLE STRIPS (CRIND-IN)

FORMED OF ROLLED. ARE INSTALLED IN' CONCRETE PAVEMENT.

3. MMIMIZE THE OISTANCE BETWEEN RUMBLE STRIP AND EDGE LINE ON
CONCRETE PAVEMENTS WITH 14 FT. WIDE SLABS.

TRAVEL
I — — — % _ LANE WIDTH OF SHOULDER VARIES
TRANSVERSE SAW cu'r/} TRAFFTC PAVENENT .
0GE OF A e A wval LAE B e o ) G TRIVEL LAKE ARKING ’(‘%
RUMELE STRI _ pATTERN RUMBLE STRFS * RUWBLE STRP PATTERN RUMBLE STRIPS | - -
]]H\ Il HﬁﬁM\MHII R o N B l}\NI%lHHlH 1 0 1 RIS 1 %3 EXSTHG ASPFALT OR CONERETE PAVEHENT F\\
23 Nore 7 RUNBLE STR\P D (SEE NOTE 7) ‘
- SHOULDER —e—(  SHOUDER TYPICAL SECTION C—C
50° CYCLE FOR RUMBLE STRP AND 4P
INTERMITTENT RUMBLE STRIP CONTINUOUS RUMBLE STRIP
TWO—LANF ROADWAY (HMA) =

e
——7#/ \;/ +4:%
TYPICAL SECTION %
60" CYCLE FOR RUMBLE STRIP AND GAP

OF GRIND-IN 12" NI [RS—-—\-—WZ CENTERS-

RUMBLE STRIP
1”2 TYPICAL SECTIONS A—A AND B-B
RUMBLE STRIP PAY LENGTH
A A ounm ? B I —— FOR GRIND—IN RUMBLE STRIP
O A o e mee e I A IHWHWWHHWHWMNWHNWHH
17 17
(SEE NOTE ) PATTERN RUMBLE STRIPS - (SEE NOTE 2) et OF
- TRAVEL LANE TRANSVERSE, SAW CUT TRAFE | TRavEL LANE TOP OF SHOULDER
RUMRLE SR () | RUNELE STRP SURFACE AFTER TOP OF CONCRETE TRAVEL LANE
RUMBLE STRIF
——————————————————— — e e e e Rl COMPLETION 2% 1%
EDGE OF biaiid —=C EDGE OF TRAFFIG
RUNBLE STRE PATTERN RUMBLE STRPS TRAR A R"‘"“ﬁ SIRE a'% PATIERN RBLE STRPS) ———— | TRAEL LI 4
1 1O N I TN /SN T
3 48 ] 12 WA 3A4¢ 61
ISEENBTET)____RUELE_WEWEMGE_'Z I R EWEY | I D I
& o Prir TIPICAL SECTION OF THE

RUNBLE STRIPS (LAY VARY) — 4" CENTERS ——— 4" CENTERS —
60" CYCLE FOR RUNBLE STRIP AND G4P

INTERMITTENT RUMBLE STRIP CONTINUQUS RUMBLE STRIP TYPICAL SECTION B-B
— — FOR FORMED OR ROLLED ON CONCRETE PAVEMENTS ONLY
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reation_Dots: nitiols: ote: omments 2 4201 Enst Ark A

Last Modification Date: 07/04/06 Initials; LTA g g;nm,né%giu:%:n;gg&;;"w RUMBLE S I R IPS M—614—1

Full Fath: www.dot.state.co.us/Desi t/ = one: 2

Drawing File Nome. 614010103.dwg g Tl e Fox (303) 757-3620 . Sheet No. 1 of 3

CAD Ver.: MicroSlation V8 Scale: Net to Scals  Unita: Englsh Project Development Branch SRJ/LTA | Issued By. Project Development Branch on July 04, 2008 eet No. 1 o

60


http://www.coloradodot.info/business/designsupport/standard-plans/2012-m-standards-plans/2012-m-standards-pdfs/46-rumble-strips/m-614-1-rumble-strips
http://www.coloradodot.info/business/designsupport/standard-plans/2012-m-standards-plans/2012-m-standards-pdfs/46-rumble-strips/m-614-1-rumble-strips

SHOULDER ]
PANEMENT
MARKING —
TRAFFIC LANE
SAFE PASSING A A B B
pr— 2N ———=
12" — PR —_— !
[ ¢ FuwBLE_sTRIPS W TRAFFIC TRAVEL
DOUBLE YELLOW LINES — LANE
SECTION ONLY (TYP.)
(SEE NOTE 2)
PAVEMENT
HARKING | SHOULDER
TWO LANE HIGHWAY (HMA AND CONCRETE)
CONTINUOUS CENTER LINE RUMBLE STRIPS
SHOULDER
PAYEMENT
WARKING

TRAVEL TRAFFIC
LANE —_—

TRAYEL
LANE

TRAFFIC TRAEL
il

LANE

PAVEMENT
WARKING SHOULDER I

FOUR LANE UNDIMIDED HIGHWAY {HMA AND CONCRETE)
LONTINUQUS CENTER LINE RUMBLE STRIFS

NOTES
1. RUWBLE STRIP WIOTH SHALL BE 12 IN. FOR GRND=IN, FORMED, OR ROLLED.

2. CENTERLINE RUMBLE STRIPS WAY BE CONTINUDUS THROUGH PASSING 7ONES
A5 DETERMINED EY THE ENGINEER AND SHOWN ON THE PLANS.

N iy e gy
mmssmm \T'/ H-/‘E,,-

OF GRND-N 12" CENTERS————~f+———12" CENTERS———+ 4
RUMBLE STRIP
TYPICAL SECTIONS A—A AND B-B
FOR GRIND=IN RUMELE STRIP
DN EXISTING ASPHALT OR CONCRETE PAVEMENT
TOP OF TRAVEL . .
LN AFTER TP OF 2% 1%y
RUMBLE STRP  CONCRETE TRAVEL LANE
COMFLETION l
=== e
W A
TIPICAL SECTION OF +

FORWED' OR ROLLED
RUMBLE STRIPS (MAY ¥ARY)

— c:mns——f—-—a‘ CENTERS———

IYPICAL SECTION B-B

FOR FORMED OR ROLLED ON CONCRETE PAYEMENIS ONLY

DETAILS FOR CENTER LINE RUMBLE STRIPS
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_/2(5 &

— g

TRAVEL
((' LANE
=B
SHOULDER
)
1n'-+
WITH
12 GROOVES
| nwmEsme |
PAY LENGTH
TPICAL RUMELE STRIP CLUSTER

— PLACE RUMBLE STRIPS IN LANE
THAT IS TO_BE DISCONTINUED

\HIL ﬂ\‘L — _ _

ST | ———
{"P) -

T
|IT o A0
T T

[=——— BEGINHING OF TRANSITION WARKING

LANE REDUCTION TRANSITION

PAVEWENT WARKING %

I“THTWHTT
=TT . ]

CENTERS

RUMBLE STRIP GROOVES IN HWA OR OONCRETE SURFACE
12 STRIPS PER CLUSTER TYPICAL

NOTES

. GRODVED RUMEBLE STRIP SKEW OR CLUSTER SPACING SHALL BE MODIFED TO
AVOID LOCATING A GROOWE ON A CONCRETE PAVEMENT TRANSYERSE JDINT,

PERMANENT TRAVEL LANE RUMBLE STRIPS SHALL BE THE GROOVE DESIGN, AND
MAY BE CUT N BXISTING OR NEW HUA CR CONCRETE PAVEMENT. THE GROOVES
WAY BE CUT B SAWNC, CRINOING, OR OTHER METHOD AS APPROVED.

TEWPORARY RUMBLE STRIPS SHOULD NORMALLY BE THE RAISED DESIGN. THEY
IMY EE GRDCNS IF LOCATED IN A PAVEMENT THAT WILL BE

MENT COURSE BEFORE COMPLETION OF THE PROJECT.
TYHML UES GF TEIFORARY RUMBLE STRIPS ARE FOR LANE CLOSURES OR
AUGHMENT CHANGES IN CONSTRUCTIGN ZOKES.

THE HMA (RASED RUMBLE STRIPS) SHALL BE PLACED ON A CLEHN TH.‘K COATED
TREATED PAVEMENT IN 3 IN. HICH FORMS, THE FGRMS SHALL B

AND THE ASPHALT COMPACTED BY ROLLING ALONG THE STRIPS. EPOﬂ' MDRTAR
SHALL BE FORMED, TROWELED, AND LEVELED MITH A ROLLER AND THE TOP
EDGES ROUNDED, THERMOPLASTIC STRIPS SHALL BE APPLIED EY THE EXTRUSION
PROCESS. PREFURMED PLASTIC SHALL BE INSTALLED IN CONFORMAMCE WITH

THE INSTRUCTIONS OF THE MANUFACTURER.

d

“

Bl

Vit 34" BEFORE
MTER 16" COMPAC'N]N
COMPACTION 4

Hik (mnzmc e < /')

EDCES M B CENTERS CENTERS
EPOXY WORTAR, THERMOPLASTK

W’ERED /. or PREFDRMED vL.\s'nc

J oy L

F'HEFDRMED PLASTIC STRIPS SHALL BE SPACED ON 12 IN.

SECTION ENTERS AND NAY WARY FROM THE 4 IN. TYPICAL WIBTH,
- 12 STRIPS PER CLUSTER TYPICAL
{GROOVED) SECTICN
A=A
(Rasse)
TRAVEL. LANE ‘ J’m—‘ © 1 muses RuMBIE sTOR )
4" GRONVE (TYF) F——tReveL LME—‘
SECTION SECTION
B-B B-B
(GRODVEG) TRABED)
JIRAVEL LANE RUMBLE STRIPS
— C::np:;/aﬂ:;iﬁle Informn‘t!'lo_rll = oot Sheet szisionts Calorade Department of Transportation STANDARD PLAN NO.
reation Dote: nitials: oter omments .
Last Date: 07/04/06___ Inltials, LTA ED ‘fﬁlef.‘“ét.u&'ﬁé’ﬂg“ i RUMBLE STR.IPS M-614-1
Full Path: www.dot.state.ce.us /Desi t/ g - :hm.iaé;)?!‘)sgigsggﬁz - -
Drawing File Name: 614010303.dwg =D ST AT o - Sh N 3 f3
CAD Ver.s NleraStation V8 Seale: et v Scds  Unite Englhh Project Development Branch SRJ/LTA | Issusd By Project Development Branch on July 04, 2006 eet No. 3 0

62




IDAHO (source: http://www.itd.idaho.gov/design/StandardDrawings.htm)

L - 3Tarearz wrawing  ue-us

CONTINUOUS RUMBLE STRIPS—
ON LEFT SHOULDER

BEGIN GAPPED RUMBLE

/s
END RUMBLE STRIPS —
ON RIGHT EHEIULD‘R
AT BEGIM

DECELERAT[UN TAPER

GIRE STRIPE
SINGLE LANE OFF

CONTINJIUS RUMBLE STRIPS
ON LEFT SHOLLDER ™

BEGIN GAPPED
QN RIGHT
OF ACCELERAT

"~ GORE STRIPE

“— END RUMBLE STRIPS ON
REGHT SHOULDER ADJACENT
T0 BEGINNING CGF ON
GORE STRIPE

SINGLE LANE ON

CONTIMNUOUS RUMBLE STRIPS -
ON LEFT SHOULDER

RUMBLE_STRIPS —

SHOULOER AT END

{ON TAPER

{SEE NOTE WO 3)

BEGIN GAPPED RUM

SIRIPS ON RIGHT SHDULDER
AT END OF GDRE STRIPE
{SEE NOTE NO.

END RUMBLE STRIF‘S/
ON =RIGHT SFOULDER
AT BEGINNING OF
DECELERATION TAPER

GORE STRIPE

Two LANE OFF

BEGIN GAPPED RLIMBLE

CONTINUOUS RUMBLE STRIPS*
OM LEFT SHIULDER

END RUMBLE STRIPS
O RIGHT SHOUL DER
AT BEGINNING OF
DECE_ERATION TAPER
SINGLE LANE OFF (ONE LANE REDUCTION)

RUMBLE STRIP PLACEMENT FOR RAMP CONNECTION
COPTION A SHOWN)
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BO' SEQUENCE (48 STRIPS & SKIP 11 STRIPS) o

-5 GAP (SKIP L STPIFSJI- 48'-7" (49 STRIPS) _ LU-5" GA® (SKIR 11 STRIPS)

| |
_DBECEEEBEIEED BEfDBEREDEOBEDEREONEEODEEENNECHEEERREEEEEBBREERBEE EEBB@@E}@EEQ‘_

RIGHT EDGE STRIPE—""

TYPICAL GAPPING DETAIL

T a1 Yy

1 ! |
= ol Bl 4a]
B v N
N NI Vo WA, S s
.\'d—,t"ﬁ‘ Bogta grat
L - LB Ta e oA T

MIN. 2", Max, 35" .
E— WL.@
SECTION 8-B SECTION A-A

RUMBLE STRIP DETAILS
NOTES

OPTION B

TYPICAL SHOULOER INSTALLATION

1. RUMBLE STRIFS SHALL BE MILLED TO LEAVE A RECTANGULAR
SHAPE WITH UNIFORM EDGES. OAMAGE TO THE ADJACENT PAVEMENT
{ASPHALT/CCNCRETEY DURING THE MILLING PROCESS SHALL NOT BE
PERMITTED. RUMBLE STRIPS SHALL NOT BE PLACED OM PAVEMENT

|

|

|

i JOINTS.

. 2, ALL RICHT SHOULDER RUMBLE STRIPS ON INTERSTATE AND ONE
INSIDE SHOULDER | QUTSIDE SHOULDER WAT ROADWAYS SHALL BE GAPPED ACCORDING TO THE "TYPICAL
CASPHALT SHOWN) ™ . (CONCRETE SHOWNG GAPFING DETAIL '

o CAPPED RUNBLE STRIPS 3. ALL LEFT SHOULDER RUMBLE STRIPS ON INTERSTATE AND ONE

: WAt ROADWATS SH. N T

Z 7 O RIGHT SrOULDER DADWATS SHALL BE CONTINUOUS

3 — 4. IN AREAS WHERE BICYCLE TRAFFIC IS ANTICIPATED T CROSS-

- i OVER RUMBLE STRIPS,EITHER ON THE RIGHT OR LEFT SHOU_DER,

| / THE INSTALLATION OF & 'TO 12'GAP IN THE STRIPS IS

RECOMMENDED

CINTINUOUS RUMHLE

—-— .
STRIPS ON LEFT SHOULDER EDGE STRIPE

& v / kY
/ EDGE STRIPE - \\

5. WHEN THE SEQUENCE DF GAPPED RUMHLE STRIPS IS HALTED OR
INTERRUPTED RESTART THE SEQUENCE (48 STRIPS & SKIP 11 STRIPS)
EXCEPT FOR SKIPPING PAVENENT JOINTS

6. RUMBLE STRIPS ARE NOT ALLOWED ON STRUCTURES DR APPRGACH
SLABS.

FOUSE 1'-4" TO 1'-8" WIDE {TRAVERSE WIDTH) RUMBLE STRIPS ON
INTERSTATE HIGHWAYS AND DIVIDED HIGHWAYS

2. NOT 7O SCALE.

—_{ PAVEMENT JOINTS

I’rSEE NOTE NOS. T& 53

(SEE NOTE MNOS. 1 & 5

I
|
! SKIPPED RUMBLE STRIP——___
|
|
|

PERSPECTIVE VIEW (MULTI-LANE ROADWAY)
{OPTION A SHCWN)
REVISIONS / I 2 STANDARD DRAWING y
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- STRUCTURE OR OTHER FEATURE NECESSITATING ,
SHOULDER 50" Wik | A REDUCTION IN SHOULDER WIDTH 106° MIK. -
> [
—
—
SHOULDER | 100 HiK. RUMBLE STRIPS SHALL NOT BE PLACED 50 MIN.

@SEE DESIGN WANUAL FOR AFPROPRIATE SHOULDER

"N BRIDGE OR BRIDGE APPROACH SLABST

SHOULDER TAPERS

WIDTHS AND BICYCLE CONSIDERATIONS.

MINOR RDAD

N

TERMINATE SHOULDER RUMBLE SIRIPS
A WININUI INING OR

M FROM THE BEGINY
END OF EACH RADIUS. (TPl

SHEUI GF 2
RUM3I F
SIRIPR

A04004040000004806¢0805aBA0ADENE DO NEND 040¢ 0048456 0400688580800 400R0IDDN
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0000D0DD oo aau

: EOGE LINE

X EDGE LINE

! \ -

4 r \_FADFUS POINT OF RIGHT IOR00NDNO0000000000000000000000NCIRE00ADND ONOROONONDI0000EC00uE0000NoNnane N FELTTF T LT
TURN RADIUS (FYP.)
EDGE OF PAVED SHOULDER IEFSi-/ OPTION A SHOWN
RUMBLE STRIP PLACEMENT
AT INTERSECTIONS
—_
SHOULDER RUMBLE STRIP PLACEMENT FOR TWO-WAY ROADWAYS oD, .
aurtirs e,
3311 Wes? Stolm ) '/o/,
Bose, [dano /;’/;« ’2‘;;“{/
STANDARD DRAWING 7 R
NO. DATE . BY NE_E\I;'.{TSEmNBSY NO.| DATE | BY ARSEC‘;LDERS 115'}'4[;".‘:'7” IDAHO ORIGINAL SIGN BY: _CREN THIWAS Englls’l %“g@fﬁ‘%o
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DPTION A

CONTINUCUS RUMBLE
STRIPS ON SHOULDER

BO' SEQUENCE {48 STRIFS & SKIP 12 STRIFS)

12'-5" GAP i pDERD |
. (SKIP 12 STRIPS) 47'-7" (48 STRIPS} | |GROSSING!
! | B $ew |
AnssanunnnEnn AENRRNANNURNE RN NN ANRNNNANRRRENENS (1111]] [ ] |
T 1
RIGHT EDGE STRIPE—""
1eH ! TYPICAL GAPPING DETAIL 612
b3 CROSS
P WALK
A - 4
A L§
W " il P
= e T =N
i H L &0
L ififfli - il
: sl X
i I 'JI | & '
A I \
PLAN AR AR
’ 1
MIN, Yo", MAX, 35" ¥
S MIN. Y, MAX, 94"
- SECTION B-B SECTION A-A
TYPICAL SHOULDER INSTALLATION OPTION B
RUMBLE STRIP DETAILS
(CONCRETE ROADWAY & SHOULDER SHOWN)
NOTES
1. RUMBLE STRIPS SHALL BE MILLED TO LEAVE A

(ASPHALT SHOULDER SHOWN)

|
|
|
|
|
-
>
<
z
=1
e
=]
®
|

PAVEMENT JOINTS:
(SEE NOTE NO. 1}

EDGE

SKIFPED RUMBLE STRIF
NO. 1} _—

(SEE NOTE

LINE

DN SHODULDER

GAPPED RUMBLE STRIPS

2.

300

4.

RECTANGULAR SHAPE WITH UNIFORM
TO THE ADJACENT PAVEMENT (ASPHALT/CONCRETE}
DURING THE MILLING PROCESS SHALL NOT BE PERMITTED.

EDGES.DAMAGE

RUMBLE STRIPS SHALL NOT BE FLACED ON
JOINTS.

ALL RUMELE STRIPS ON TWD-WAY ROADWAYS SHALL BE
GAPPED ACCORDING TO THE "TYPICAL GAPPING DETAIL™.

N AREAS WHERE BICYCLE OR PEDESTRIAN TRAFFIC 1S
ANTICIPATED TO CROSS-OVER RUMBLE STRIPS THE
INSTALLATION OF A &' T0 12' GAP IN THE STRIPS 15
RECOMMENDED. REFER TO TYRICAL GAPPING DETAIL.

WHEN THE SEQUENCE OF GAPPED RUMBLE STRIPS IS
HALTED OR INTERRUPTED RESTART THE SEQUENCE

(48 STRIPS & SKIF 12 STRIPS) EXCEPT FOR SKIPRING
PAYEMENT JOINTS,

PAVEMENT

5. RUMBLE STRIP}?BSRE NOT ALLDWED ON STRUCTURES OR

APPROACH SL

B. USE 12" WIDE (TRAVERSE WIDTH) RUMBLE STRIPS ON

TWO-WAY ROADWAYS.

7. NOT TO SCALE.

G S U
PERSPECTIVE VIEW Hesaguerters o,
AR e,
P
REVISIONS p— IDAHG STANDARD DRAWING English | “%:h,
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BCCETINYY €25_091Lstd JRIGINAL SIGN BY: TOM COLE OPTIONS AB v
DRAWING DATE: BOSE IDAHO CHIZF ZNGINZER suEET 2 oF 2

66




RUMBLE STRIP DPTIONAL ~ SEE NOTE 3

/ EDGE OF OIL

\\-‘_
TERMINATE AT END OF LEFT TURN
CHANNEL LZATION STRIPING INTERSECTION WITH LEFT TURN GHANNELIZATION

OMIT CENTER LINE RUMBLE STRIPS [N THIS AREA

-

BRIDGE

BRIDGE APPROACH
SLAB

5

1

\- RUMBLE STRIP (TYP.} /

\DDUBLE YELLOW (NO PASSING
BRIDGE

EDGE OF OIL

/DGUELE YELLOW (NO PASSING)
i

/

TERMINATE RUMBLE STRIP AT
BEGINNING AND END OF

|
1
i |
APPROACH OR INTERSECTION !

_A/—RADIU‘S POINT (TYF.)

RESIDENTIAL
ROAD APPROACH

DOUBLE YELLOW (NO PASSING) —\

R< j—’/

PLANS OR DIRECTED BY ENGINEER

( \AJMBLE STRIP_USAGE AS _SHOWN ON

DRIVEWAY

PRIVATE ROAD APPROACHES

NOTES

1. CENTERLINE RUMBLE STRIPS SHALL NOT BE [NSTALLED IN PASSING
AREAS UNLESS SPECIFIED ON THE PLANS OR APPROVED BY THE ENGINEER.

2.RUMBLE STRIPS ARE NOT ALLOWED ON STRUCTURES OR APPROACH
SLABS.

3. WHEN DIRECTED BY THE ENGINEER, RUMBLE STRIPS MAY BE
INSTALLED ALOMG THE TURN POCKET TAPER WHERE THERE IS A HISTORY
OF REAR END COLLISIONS IN THE TURN POCKET.

4. NDT TO SCALE

PUBLIC ROAD APPROACHES S o
350 dent Satm o %,
Bose, [dana ‘;L?\ )Q;('{/
REVISIONS SCALES SHawN IDAHOG STANDARD DRAWING English | 0%,
S o [ T Y T T ey | TRANSPORT ATION DG SEGN B LOREN WS SRS GG W %0,
. DEPARTMENT HIGHWATS PROSRAM OVFRSIGHT FNGINFTR CENTERLINE RUMBLE STRIPS c-2-C % d‘,@j’ %
S?B?og%;glmi CRIGINAL 51GY BY: TOM GOLE FOR TWO-WAY ROADWAYS 90/,'(?')
iV oY BOISE 1DAHO CHIEF ENGINZER sHEET 1 oF 2
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CENTERLINE PAVEMENT MARKING
AND RUMBLE STRIP INSTALLATION

BT VRV
T

MIN. 5", MAX, 54"

SECTION H-B SECTION A-A

RUMBLE STRIP DETAILS

NOTES

HIGHWAY ¢

1. RUMBLE STRIFS SHALL BE MILLED TO LEAVE A RECTANGULAR
SHAPE WITH UNIFORM EDGES.

NOTES

L. MATCH (RETRACE) TO EXISTING PAVEMENT MARKING LOCATIONS,

2, AFTER THE RUMBLE STRIPS HAVE BEEN CLEANED, THE
RUMBLE STRIPS SHALL RECIEVE &N APPLICATION OF CSS-1
DILUTE EMULSIFIED ASPHALT AT THE RATE OF O.08 GAL/SY
THE COST OF THE APPLICATION SHALL BE INCIDENTAL TO
COST OF THE RUMBLE STRIPS,

3. PLACE PAVEMENT MARKINGS AFTER CENTERLINE RUMBLE STRIPS
ARE INSTALLED AND ALL DEBRIS [S CLEARED. PAVEMENT MARKINGS
PLACED UNDER STANDARD BID ITEM S900-6DA OR BY STATE FORCES.

4, NOT TO SCALE.

EXISTING
ESIGSETISNTGRIPE EDGE STRIPE

CENTERLINE RUMBLE STIP ‘ PERSPECTIVE VIEW (TWO-LANE ROADWAY) U:;;?é;;‘j%;:) o@o
Bo'se, [dano d‘{\)& ?:'“1/
REVISIONS SCALES SHOWN IDAHO STANDARD DRAWING English A’};Zp’mf-\:’o,f,
NO.. DA‘_(E . BY [NO. DATE | BY [NO| DATE [ BY | ARE FOR 11" X 17" DRIGINAL SIGN BY: LOREN THCMAS } @6‘4’%%%
1 09-11 " JDA PRINTS ONLY TRANSPORTATION AT, PROSRA DVFRSIGHT FUGNFIR CENTERLINE RUMBLE STRIPS STANDARD DRAWING WO 'P(,u\ J):,v &
GID0 ENE NnkE: DEPARTMENT i CRIBINA 16N BY: v COLE FOR TWO-WAY ROADWAYS c-2-C "%
iV oY BOISE 1DAHO CHISF ENGINZER SHEET 2 OF 2
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KANSAS (source: http://kart.ksdot.org/StandardDrawings/info.aspx)

) STATE PROJECT NO. YER SHEET WD, JOTAL]
Certerfine rumble sirips Ko Centerfing rumbte Sirips Conterfine rumbfe sfrips . :
Tty connecling fink or Urbamized (Ueinoorgorated eiy]

L - - - GENERAL NOTES
LRV ITAY 7 ¢ ] Canstruction of centerine rumbis strips

in asphalt pavement s paid
T ) under the &id ifem "Rumble Strips (Mifled Cenferiine)’. Afl work and mafer-

KANSAS

T als required fo construct the sirips fn accordance o fhese details ond
———————————— N 3 B e Special Frovisions dre ineluded in this ifem.

o8 - § See fypical sections for ofher surfocing deforls.
E § E § Do not construct rumbie Strip 00 bridges or concrets Bridge opprodchas.
e TYPICAL CITY CONNECTING LINK OR URBANIZED AREA N No variotion in spacing betwesn deptessicns wifl be permified.
EiH] Ele Either sumble strip shape is acoeplable with no mixing of shapes on
5 R4 a project uress approved by fhe enginesr.

= For Shoutder Rumble Strip details see Stondard drowing ROTOT.

Canieriing rumbia strips. | No Cenfertine rumble strips Canferting rumble sfrips

A L
0

rMinor Highway \or County Road

TYPICAL RURAL INTERSECTION WITH BYPASS LANES

Cenferting rumble sirips Mo Cenferiine rumble strips Centerling rumbie strips
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Plotted : D1-JUN-2011 10:48

File * id7063 dgn {td7062)

Crawn By : bert

) . : i} ) STATE PROJECT NO YER SHEET WO, ;:ETE"TLS
Rumble Strips (Edgeling) No Rumble Strips [Edgeline? Rumble Strips tEdgetine)

City connecling link or Urbanized {Unincorpargted cify)

- - = = R GENERAL NOTES

Construction of Rumbie SITips (Edgaline) in dsphalf pavement is paid
under the bid item *Rumbie Sfrips (Milted) (Edgelinel. Alf work and mofer-
———————————————————————————————————————————————————— iy igts required Yo construct the rumble SIrips in dctordance fo te defaits
and Standord Specificalions ore included in Wi iem.

Ses typical sections for ofher surfocing details.

Do et consiruct rumble strips on bridges or conerete bridge approgches.

No varfation in apacing batwean deoressions will be permified.

Efther rumble sirip shape fs gooeptabie with no mixing of shopes on
& project unless coproved ty the engineer.

For Rumble Strips fCenterline) details see Stondard drowing RGPOB.

Aumble Stri
(Edgeline)

€ Major thgmway~

KANSAS

Yrban baunda

5 5
= z
X N

Rumble Strips (Edgeline)

Aumbte Sird,
TEdgeline! =

FMinor sigmeay or Coualy Rood

TYPICAL RURAL INTERSECTION WITH BYPASS LANES

Rumble Strips (Edgeling |

Rumble Strips (Edgeiine)
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El T Wajor Hahwain i
5 !
3 |
Rumble Strips (Edgeline) | T e - %_h Rumbie Sirips {Edgeiing
1 X
g .
: — E] 2 ®
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: B | L
3 4] TYPICAL RURAL INTERSECTION WITH LEFT TURN LANES ¥ =
b e
o Shoulder- “ @ § o i
e SECTION A-A
— (Typical far bott: shapes)

£_Project |_—_|’ 2 ’_—_”?
—, ELEVATION 7T of pacement | { #Top of pavemen

e_r - ] ] T
RUMBLE STRIPS (EDGELINE) at TYPICAL MINOR SIBEROAD OR ENTRANCE Dfi 9‘5%
"J SEEESEE S &

SECTION B-B SECTION B-B (ALT. SHAPE)

T wey 4 =
Edge of trovel woy” PLAN Edge of fravel wey B

-
Froffic DETAILS OF DEPRESSION :

iz T evised NETeT EAE|

T‘_| | EamY e Tl

Nlenteriine of Undivided Highway NANGAS DEPARTAENT 0F TRANSFORTATIN

S — i% % % % % % % N MLLED FUMBLE STRPS ]

s A ] - ASPHALT SHOULDERS i
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T
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STATE PROJECT NO. YESR SHEET W, JOTAL

Canstruct rumdle strips on shoulder through passing or climbing lane
(Except for entrances, sidercads, end intersections)

KANSAS

GENERAL KOTES
Alwark and materials required for consiruction of rumbie strips in
aspholf or concrefe pavement ore paid under the bid item “Rumble Sfrips
Milled".

WL WE B SOm e T

i 7 See typical sections for other surfacing ond shoulder details.
Pl B T Do nof construct rumble steips on bridges or concrafe bridge eporocches.
® Consiruct rumble strips on directional romos and fopers.
TYPICAL PASSING OR CLIMBING LANES Ad fust the number of depressions when concrate pavemant contraction

Joiat spacing is fess than 15-(, Ng varighion in spacing befwesn de-
pressions s permified. Cleorance js 2~ tmin.) fo 3=0' tmox.) between
” ;. - 1 rochion it r ede )
Limit of l"umtlfe Strips. No rumble Sfrips T be constructed on ouiside shotider thieugh this orea Rumbie strips on outside showlder pﬁ;&ggﬁségsmmrzgﬂnm%,ﬂﬂ Joi Certe group or de~
o0 outside shoulder Either rumble $trip shape is dcceptable with no Mixing of shopes on
@ projfect uniess aporoved by INe engineer.

16 g
) 7 STop of pvement | 5Tnp o pivamam\ {

Nate to Designer: CONStruct rumbis Strips on tigh Speed and/or
tigh traffic volume romos on directiona! fepe inferchonges.

.
2%
i n &
I ] SECTION B-B SECTION
,,,,, jlbigd ¢
- . . . . ® T . .
Lismit of rumble strips o rumble sirips #o be constricted on astside shouider torough ibis area Romble strips on outside shoulder
on oufside shouider T |

TYPICAL INTERCHANGE RAMP ENTRANCE & EXIT
SECTION A-A

{Typicai Tor berh shopesi

%o %
depfh

Rumbis_strips on shoulder No rumble shrips fo be constructed on shoulder through this ared Rumile strips on_shouldar

(_ 12* Radius

ELEVATION

=

PLAN
DETAILS OF DEPRESSION
s

T

I
M

]

Rumble strips on shoulger No rumble strips to be consiructed on shautder through this orea Aumble strips on shaulder
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TYPICAL INTERSECTION
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e

Fumble strips on_shou'der No rumble strips {0 be constructed Rumbls strips on shoulder
through this area 5
% N | 10 Doprosstons |4 DETALS OF DEPRESSION tAltermate Shape!
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OKLAHOMA (source: http://www.okladot.state.ok.us/roadway/roadway99/pdf/m106f.pdf)

CONTINUGUS MLLED PATTERN 1Ot PATER 1ED PaTTRN
o BRDGEY
— r )
IR N RRREENRN O | [
< {
ERIDGE (O] P rererm— ) BHDGE BROGF oiecron or e |oe|(@ [ [T orecnon o wenc [ ] @)|  BRDOE
END_OF PRIDGE OR END_OF BRIDGE OR & oFm
APPROAGH SLAD ™, APPROACH SUAD DIRCTION OF TRATIC _’ IMEGTION GF “RAFFIC | mihe
- I D N e AR AR AN H H“'W”(H'D‘H'"(I”D“M”H””“
= LI i i T T ¥ 1
[ A A A A

(]

A A

aafers

12 m 815w
SHOULERS ONLY

——
L =75 LT 00478 CIC
i w0125 CC
1400 [NGM | |
R B - P 9=
Teso-15 L sovsrs e |

GENERAL LAYCUT — BRIDGE

Je0nc7s cc
00425 €/

DERS
SAFETY TREATMENT - SPACING [ METERS |
[FOR PATTERNS IN PAVING LANE )
G
DESEN km/h | DISTANCE SERES A B|C|DJ|E F S‘Tﬂgﬁ G&eﬁs
1 65 [ 4 m C/C ] 30 | 30 | 60 o "
2 75 | 4 CROURGIEO m G/ | 30 | 0 | &0 210 W
E] 85 |5 m o |20 | a0 | 60 773 &
4 ¥ |6 m o/C |20 | 30 [ é0 240 "
5 95 | 6 CROUM@ISOm C/C | 30 | 30 | &0 | &0 0 | ®
3 105 | ¢ GROUR®ISO m O | 20 |0 | o0 |60 | 60 | 0 | 2
7 115 | 6 crours@sd m oc | 50 [ 30 | é0 | &0 | 0 | 340 22

W SERIES TOTAL MEASURED FROM STOP BAR TO CENTER OF FIRST AFPROACH GROLP

_—EDGE OF SHOULDER

! TR

RTDT

o FDGE OF LANE

| -

5 GROOVES @300 {NOM, ) &/C -

LANE WIDTH VARKES

DGEOR

T DRECTIon L0 AT S T T
= Sorue
tVF—ams ; R SiGHAL
R | A | A ot oF souoe | |
&0 m 300 m 1 0 m Bom | Bem | 10w Hom
[C.EF) el T [L]) DISTANCE SERIES {A ) - SEE TABLE
FIRST B SERIES TOTAL 180 m
GROUP

GENERAL LAYOUT — INTERSECTION SAFETY TREATMENT

SECTION Ak
RAISED STRIP — TYPE B
RAISED STRP PATTERN TYPE B TO' BE USED BEYOND 1500 m FROM INTERSECTION

TH\CKNESE

_..,

>

w

. MILLED RUMBLE STRIPS, WHEN INSTALLED IN ASPHALT SURFACES, SHALL BE

[ee—— AEVSE)
EL ISl WAHETOC 1937 3WCE

Imprmgion Soley Feten & G
R wmiced Srip Dpx® WAl in Tpacs o B0
T Gon T Mo i £ T Toc 11793

GENERAL NOTES

ALL CONSTRUCTION AND MATIRIAL REQUIREMENTS SHALL BE IN ACCORDANCE
WITH THE 1999 METRC STANDARD SPECIFICATIONS.
AL ATROVED FUMBLE ST PATIERNS SHAL BF AFLED [Ny T2 Sane AANNER
WHEN CONSTRUCTED LANE — (AT ([ ROADHAYS OF TWO
LNE - ONE WY Q) EOATWATS O VkEN e e O 1 FANS:
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OREGON (source: http://www.oregon.gov/ODOT/HWY/ENGSERVICES/pages/details_traffic.aspx#permanent_traffic_markers)
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