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PREFACE

A vast storehouse of information exists on nearly every subject of concern to
highway administrators and engineers. Much of this information has resulted from
both research and the successful application of solutions to the problems faced by
practitioners in their daily work. Because previously there has been no systematic
means for compiling such useful information and making it available to the entire
highway community, the American Association of State Highway and Transportation Officials has, through the mechanism of the National Cooperative Highway
Research Program, authorized the Transportation Research Board to: undertake a
continuing project to search out and synthesize useful knowledge from all available
sources and to prepare documented reports on current practices in the subject areas
of concern.
This synthesis series reports on various practices, making specific recommendations where appropriate but without the detailed directions usually found in
handbooks or design manuals. Nonetheless, these documents can serve similar
purposes, for each is a compendium of the best knowledge available on those
measures found to be the most successful in resolving specific problems. The extent
to which these reports are useful will be tempered by the user's knowledge and
experience in the particular problem area.

FOREWORD

This synthesis will be of interest to traffic engineers, highway design engineers,
highway maintenance personnel, those responsible for toll plaza design and operation, and others concerned with the operation, safety, and design of the roadway
environment. Information is presented on the various applications of rumble strips
on the traveled way and on highway shoulders.
Administrators, engineers, and researchers are continually faced with highway
problems on which much information exists, either in the form of reports or in
terms of undocumented experience and practice. Unfortunately, this information
often is scattered and unevaluated and, as a consequence, is seeking solutions, full
information on what has been learned about a problem frequently is not assembled.
Costly research findings may go unused, valuable experience may be overlooked,
and full consideration may not be given to available practices for solving or alleviating the problem. In an effort to correct this situation, a continuing NCHRP
project, carried out by the Transportation Research Board as the research agency,
has the objective of reporting on common highway problems and synthesizing
available information. The synthesis reports from this endeavor constitute an NCHRP
publication series in which various forms of relevant information are assembled
into single, concise documents pertaining to specific highway problems or sets of
closely related problems.
This synthesis describes the state of the practice with respect to placement,
operational and safety effects, design, installation, and cost and service life of
rumble strips. This report of the Transportation Research Board also discusses the
effectiveness of rumble strips in preventing or reducing accidents. It provides infor-
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mation on the potential adverse effects of rumble strips, such as noise, motorist
use of opposing lanes to avoid rumble strips, maintenance problems, and concerns
of special users such as senior citizens, cyclists, and truckers. The need for signing
and public information support are also discussed. The synthesis presents several
recommendations for future research.
To develop this synthesis in a comprehensive manner and to ensure inclusion of
significant knowledge, the Board analyzed avaIlable information assembled from
numerous sources, including a large number of state highway and transportation
departments. A topic panel of experts in the subject area was established to guide
the researcher in organizing and evaluating the collected data, and to review the
final synthesis report.
This synthesis is an immediately useful document that records practices that were
acceptable within the limitations of the knowledge available at the time of its
preparation. As the processes of advancement continue, new knowledge can be
expected to be added to that now at hand.
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USE OF RUMBLE STRIPS TO
ENHANCE SAFETY

SUMMARY

Rumble strips are raised or grooved patterns placed on the pavement surface of
a roadway or traveled way. Their purpose is to provide motorists with an audible
and tactile warning that their vehicle is approaching a decision point of critical
importance to safety or that their vehicle has partially or completely left the road.
Rumble strips can be installed either in the traveled way of a roadway or on the
roadway shoulder.
Rumble strips placed in the traveled way may consist of transverse raised bars
or grooves. Exposed-aggregate rumble pads may also be used to create the same
- effect. Whatever their form, rumble strips in the traveled way are warning devices
intended to alert drivers to the possible need to take some action. Rumble strips
in the traveled way may be used:
On approaches to intersections;
On approaches to toll plazas;
On approaches to horizontal curves;
In the lane to be closed;
On the approach to a mainline lane drop; and
On approaches to or within work zones.
Signing may be used in conjunction with rumble strips to help the driver determine the appropriate action (e.g., STOP AHEAD sign, horizontal curve warning
sign, speed limit sign). Locating rumble strips so that either the upcoming decision
point or a sign identifying the action that may be required is clearly visible as the
driver passes over the rumble strip and allowing time for drivers to take that action
is essential.
The accident reduction effectiveness of rumble strips placed on intersection
approaches has not been precisely quantified, but studies suggest that rumble strips
can provide a reduction of at least 50 percent in the types of accidents most
susceptible to correction. These include rear-end accidents and accidents involving
running through a STOP sign or traffic signal. No similar accident reduction effectiveness estimates are available for other applications of rumble strips in the traveled
way.
Traveled-way rumble strips should not be overused. If rumble strips are used at
too many locations they may lose their ability to gain the motorists' attention.
Rumble strips placed in the traveled way are most desirable at locations where
there is a documented accident problem and where conventional treatments—such
as signing—have been tried and found to be ineffective. At a few locations, it may
be desirable to install rumble strips in the traveled way at a specific location, even
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when there is no documented accident history, if accident problems have been
encountered at similar locations.
Rumble strips are not generally effective as speed control devices. Their primary
function is to draw the driver's attention to traffic control devices or potential
hazards that unfamiliar drivers may fail to see. Where a substantial proportion of
drivers fail to see speed limit signs or roadway features at which they would normally
reduce speed, using rumble strips to call their attention to those signs or roadway
features may result in a reduction in vehicle speeds. However, rumble strips should
not be expected, in and of themselves, to reduce the speeds selected by drivers at
locations where there is no apparent reason to slow down.
In residential areas, rumble strips placed in the traveled way may be objectionable
to nearby residents because of the noise generated by vehicles continuously passing
over the rumble strips.
Shoulder rumble strips may consist of continuous rumble strip grooves in the
surface of an asphalt shoulder, rumble strip patterns at regular intervals on asphalt
or portland cement concrete shoulders, or rumble strip patterns at critical locations
along asphalt or portland cement concrete shoulders (such as at exit ramps, entrance
ramps, or on narrow bridge approaches).
Shoulder rumble strips are warning devices intended to alert drivers that they
are leaving (or have left) the traveled way and that a steering correction is needed
to return to the traveled way.
Continuous rumble strips on asphalt shoulders or rumble strips installed at regular
intervals along extended sections of asphalt or portland cement concrete shoulders
have generally been shown to reduce the rate of run-off-road accidents by 20 percent
or more. On highways with extremely monotonous driving conditions, such as
freeways in desert regions of the West, reductions in run-off-road accident rates
as high 50 percent may be expected. Because of these substantial accident reduction
benefits, shoulder rumble strips have been widely installed on freeways and other
types of rural highways by some highway agencies. No similar accident reduction
effectiveness estimates are available for shoulder rumble strips installed exclusively
at critical locations such as exit ramps, entrance ramps, and narrow bridge approaches.
Specific concerns that affect the designs for rumble strips and the locations where
rumble strip installation is appropriate include
Noise created by rumble strip installations,
Motorist use of opposing lanes to avoid rumble strips,
Maintenance problems,
Motorist concerns,
Bicyclist concerns, and
Motorcyclist concerns.
Each of these issues is addressed in this synthesis.
A public information program is recommended to educate motorists about the
purposes of rumble strips, including installations on both the traveled way and on
shoulders. It is most important that informational signs accompany the rumble
strips so that the driver can take action.
Future research should include a well-designed safety evaluation to quantify the
accident reduction effectiveness of rumble strips. Other potential research needs
include an evaluation to distinguish between the safety effectiveness of shoulder
rumble strips on the left and right sides of the traveled way, whether rumble strips
create control problems for bicyclists and motorcyclists, use of alternative methods,
(such as exposed aggregate) to create a rumble effect, methods to minimize noise
effects on adjacent properties, and attitudes of older drivers toward rumble strips.

CHAPTER ONE

INTRODUCTION

DESCRIPTION OF RUMBLE STRIPS

A rumble strip is a raised or grooved pattern placed on the
pavement surface of a roadway or shoulder. Rumble strips
are intended to provide motorists with an audible and tactile
warning that their vehicle is approaching a decision point of
critical importance to safety or that the driver has partially
or completely left the traveled way. An audible warning to
drivers is provided by the noise generated by the vehicle tires
passing over the rumble strip. A tactile warning to the driver
is provided by the vibration induced in the vehicle by the
rumble strip; the driver senses this vibration through contact
with the steering wheel and the vehicle seat. Rumble strips
have been applied on the approach to intersections where the
driver may be required to stop and on highway shoulders
where a driver may have inadvertently left the road. Rumble
strips are intended to alert drivers to potential decision points
or roadside hazards in their path in time for them to take
appropriate corrective action.
While rumble strips warn drivers that some action may be
necessary, they do not identify what action is appropriate.
Depending on the rumble strip application, the action desired
of the driver may be stopping, slowing, changing lanes, steer-

ing into a curve, or steering back onto the roadway. The
rumble strip alerts the driver that some action may be necessary and the driver must use visual cues to decide what type
of action is appropriate. Thus, rumble strips serve only to
supplement, or call attention to, information that reaches the
driver visually. Signing may be used in conjunction with rumble strips to communicate the desired action to the driver,
especially at locations where an upcoming decision point (such
as an intersection or horizontal curve) is not readily visible.
Rumble strips may be used to call special attention to regulatory or warning signs of particular importance.
Only those devices placed on the roadway or shoulder surface that function primarily by creating an audible or tactile
warning are considered to be rumble strips. The driver's attention is gained by hearing the sound of the vehicle tires passing
over the rumble strip or by feeling the vibration induced by
the vehicle tires passing over the rumble strip, or both. Other
names for rumble strips that have been used by highway agencies include "chatter strips" and "jiggle bars."
Rumble strips are not generally intended as speed control
devices, although they may be used to direct the driver's
attention to signs concerning regulatory or advisory speed
limits. In contrast, devices such as speed humps and speed
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FIGURE 1 Types of rumble strips (1).
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bumps that are intended to slow vehicles by creating a physical
obstacle that can be comfortably traversed only at low speeds
are not considered to be rumble strips. Speed humps and
speed bumps are intended to be seen so that the driver can
slow before reaching the hump or bump. Speed humps and
speed bumps are generally 3 to 4 in. high, while rumble strips
are typically less than 1 in. high. Speed humps typically have
lengths of at least 12 ft, while speed bumps are shorter (1 to
3 ft long) with a more abrupt rise that is intended to force
drivers to slow down. Since rumble strips operate by generating audible and tactile sensations, it is not necessary for a
driver to see a rumble strip in order for the rumble strip to
accomplish its purpose.
Figure 1 summarizes the common types of rumble strips in
current use. These include: (a) raised bars; (b) grooved bars;
(c) corrugated portland cement concrete; (d) concrete with
more widely spaced corrugations; and (e) overlays with exposed
coarse aggregate. Conventional rumble strips, like those shown
in parts (a) through (d) of Figure 1, consist of a pattern or
cluster of parallel bars or grooves spaced a short distance
apart. Highway agencies are currently experimenting with
rumble pads consisting of roadway or shoulder areas resurfaced with exposed-aggregate overlays (or chip-seal overlays),
like that shown in part (e) of Figure 1. Rumble pads of exposedaggregate overlays, typically about the size of a conventional
rumble strip pattern, can be used to create a rumbling effect
similar to a conventional pattern. In addition, rumble strips
can be formed with raised pavement markers (buttons) or
with strips of polycarbonate material glued to the pavement
surface with an epoxy material. Each of these types of rumble
strips is discussed in more detail later in the synthesis.

SCOPE OF THIS SYNTHESIS

This synthesis describes the application of rumble strips to
enhance highway safety. The scope of the synthesis is limited
to rumble strips, as defined above, and does not include devices
with other purposes, such as speed humps or speed bumps.
Subsequent sections of this synthesis describe applications for
which rumble strips have been used, operational and safety
effectiveness of rumble strips, potential adverse effects of
rumble strip usage, design and installation specifications for
rumble strips, and their estimated cost and service life.
A survey of state and local highway agencies and toll road
authorities was conducted during the preparation of this synthesis. The survey was conducted by means of a mail questionnaire sent to the 50 state highway agencies, 98 selected
local agencies, and 15 selected toll road authorities. For state
highway agencies, the questionnaire was sent to the headquarters office rather than to specific district or field offices.
A total of 123 responses to the questionnaire were received
for an overall response rate of 76 percent. Responses were
received from 92 percent of the state highway agencies (46
out of 50), 63 percent of the local agencies (62 out of 98),
and 100 percent of the toll road authorities (15 out of 15).
Appendix A of this synthesis presents the results of the
survey described above. Appendix B presents a typical specification for installation of rumble strips in the traveled way.
Appendices C and D present typical specifications for rumble
strip installation on asphalt and portland cement concrete
shoulders, respectively. Appendix E presents examples of typical rumble strip installations used in work zones.

CHAPTER TWO

RUMBLE STRIP APPLICATIONS

This chapter describes the applications of rumble strips used
by highway agencies to enhance safety. The reasons for using
rumble strips, the types of locations where rumble strips have
been applied by highway agencies, and the applications for
which rumble strips have been used in the traveled way and
on shoulders are discussed.
REASONS FOR USING RUMBLE STRIPS

The six basic reasons for rumble strips are to:
Warn drivers of the need to stop,
Warn drivers of the need to slow down,
Warn drivers of the need to change lanes,
Warn drivers of changes in roadway alignment, such as
horizontal curves,
Warn drivers that they are leaving (or have left) the traveled way, and
Warn drivers of other potentially unexpected situations,
such as a recent change in traffic control devices.
Rumble strips have been used by highway agencies in the
United States for each of these reasons since at least the 1950s.
As documented in the user survey results presented in Appendix A, rumble strips have been used by 98 percent of state
highway agencies, 87 percent of toll road authorities, and 24
percent of local agencies that responded to the survey. Exampies of specific rumble strip applications are presented below.
LOCATIONS WHERE RUMBLE STRIPS ARE USED

This section presents the locations where rumble strips are
used by highway agencies to enhance safety. The discussion
includes comments on the number of highway agencies that
have used each rumble strip application.
Rumble strip applications fall into two general categories,
those that are placed in the traveled way, and those placed
on roadway shoulders or other areas outside the traveled way.
Rumble strips placed in the traveled way are intended to
warn drivers of a specific upcoming condition on the traveled
way, such as an intersection, a horizontal curve, or a work
zone. Rumble strips on roadway shoulders are used to alert
drivers that they have left the traveled way and that a steering
correction is necessary to return to the traveled way. Each of
these applications is discussed below.

any unexpected condition is present. The survey results in
Appendix A indicate that, of highway agencies that have used
rumble strips, 91 percent of state agencies, 69 percent of toll
roads, and 47 percent of local agencies have used rumble strips
placed in the traveled way.
Since rumble strips in the traveled way alert drivers to
decision points of critical importance but do not tell drivers
what action to take, they must be placed so that either the
upcoming decision point, or a sign identifying the action that
may be required, is clearly visible as the driver passes over
the rumble strip. Thus, traveled way rumble strips should
never be used alone, but always in conjunction with traffic
control devices or visual cues that help the driver to identify
the potentially required action (e.g., stopping, slowing, or
changing path). Rumble strip locations should be selected to
provide adequate advance warning time for drivers to take
the potentially required action.
Approaches to Intersections
Rumble strips have been used extensively on approaches
to intersections and other junctions. The most common use
of rumble strips is on intersection approaches controlled by
a STOP sign, but they have also been employed on approaches
to signalized intersections, especially for isolated signals on
high-speed roadways where drivers may not expect the presence of a signal.
Rumble strips are most appropriate for installation on intersection approaches where, because of limited sight distance
or the undeveloped nature of the environment, drivers may
not expect to find an intersection. The use of a rumble strip
may alert drivers of the need to stop at the intersection and
may thus reduce right-angle accidents associated with running
though the STOP sign or signal and rear-end accidents associated with collisions between an approaching vehicle and a
vehicle stopped at the intersection. The survey in Appendix
A indicates that, of highway agencies that have used rumble
strips, 82 percent of state agencies and 47 percent of local
agencies have used them in the traveled way on intersection
approaches.
Figure 2 is a photograph of a typical rumble strip installation
on an approach to a STOP-controlled intersection. This particular example shows only one pattern or cluster of rumble
strips (raised bars, in this case) on the approach to the intersection, but a number of agencies use multiple rumble strip
clusters on intersection approaches (see the section of this
synthesis on rumble strip design and installation).

Rumble Strips Placed in the Traveled Way

Approaches to Toll Plazas
Rumble strips may be placed in the traveled way to alert
motorists approaching intersections, toll plazas, horizontal
curves, lane drops, work zones, or any other location where

Rumble strips have been used extensively on the approaches
to toll plazas for bridges, tunnels, and toll roads. Figures 3
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FIGURE 4 Raised pavement markers used as rumble
strips on the approach to a toll plaza.
FIGURE 2 Typical raised rumble strip in the traveled
way on an intersection approach.

and 4 are photographs of typical toll plaza approaches with
rumble strips installed. Figure 3 illustrates a rumble strip that
consists of a pattern of raised bars transverse to the direction
of vehicle travel, while Figure 4 shows the use of raised pavement markers to create the same effect.
Rumble strips may be appropriate on the approach to any
toll collection facility where drivers are required to stop. However, rumble strips are most needed at locations where motorists approach the toll plaza after long hours of monotonous
driving under open road conditions and where the appearance
of a toll plaza might be unexpected. For example. rumble
strips may be more appropriate on the approach to toll plazas
that extend across the main lanes of a toll road, as opposed
to exit ramps where toll plazas are more likely to be expected
by drivers.
Appendix A indicates that 27 percent of state highway agencies and 54 percent of toll road authorities have used rumble
strips in the traveled way on the approaches to toll plazas.

Approaches to Horizontal Curves
Rumble strips in the traveled way have been used by it few
agencies on the approaches to sharp horizontal curves, particularly curves with advisory speed limits and curves at the

end of long tangent sections. Rumble strip usage on the
approach to a horizontal curve is intended to reduce skidding
or run-off-road accidents involving drivers who do not see the
curve or who enter the curve at too high a speed. The Appendix A survey indicated that, of highway agencies that have
used rumble strips. 22 percent of state agencies, and 33 percent of local agencies have used them in the traveled way on
horizontal curve approaches.

Approaches to Lane Drop.s

A limited number of highway agencies have used rumble
strips in advance of locations where the right or left lane is
dropped on a mainline freeway. Rumble strips are placed in
the lane that will be dropped to alert drivers to the need
to vacate the lane. Two state highway agencies and two
local highway agencies reported using rumble strips for this
application.
Rumble strips are not well-suited for use in lanes that are
dropped at a freeway exit, because the warning conveyed by
the rumble strip is appropriate for only a portion of the drivers
in that lane. A rumble strip could be effective in alerting
drivers of through vehicles of the need to change lanes, however, the rumble strip would provide an unnecessary (and,
possibly, even it misleading) message to exiting drivers who
(10 not need to change lanes. Thus, rumble strips are potentially appropriate for use in advance of mainline lane drops,
but not in advance of lane drops at freeway exits.

Approaches to and Within Work Zones

FIGURE 3 Raised rumble strip on the approach to a toll
plaza.

Rumble strips in the traveled way have been used on
approaches to and within work zones to warn drivers of lane
closures or restrictions, width reductions, sharp detour transitions, or other conditions that might require drivers to change
their path or substantially reduce speed (1). Rumble strips
may be employed, as appropriate, on the approach to the
work zone or within the work zone on the approach to a
specific restriction or detour. Seventeen highway agencies.

including 11 state agencies, one local agency, and five toll
road authorities indicated that they have used rumble strips
in the traveled way within work zones.

Oilier Traveled Way Locations
Rumble strip usage in the traveled way may also be appropriate at other locations. Two highway agencies have reported
using rumble strips in the traveled way at the end of a freeway
where all of the mainline traffic is routed hack onto a conventional highway. One highway agency has reported using
rumble strips in the traveled way in advance of school crossings on high-volume roads. The user survey in Appendix A
indicates that rumble strips are not currently being used by
highway agencies in the traveled way on approaches to railroad-highway grade crossings and narrow bridges. however,
published literature indicates that rumble strips have been
used in the past at railroad-highway grade crossings in at least
four states (2,3) and rumble strips are being used on shoulders
on approaches to narrow bridges.
Rumble strips may be effective in calling attention to recent
changes in traffic control devices. For example, one state
highway agency is currently using rumble strips in the traveled
way, in conjunction with speed limit signing, at each location
where the 65-mph rural freeway speed limit is reduced to 55
mph upon entering an urban area. Temporary installation of
rumble strips may also be appropriate on intersection
approaches where a STOP sign or traffic signal has been installed
for the first time.
A unique application of rumble strips by one highway agency
is the placement of rumble strips along the centerline of twolane two-way rural highways for the specific purpose of alerting drivers when they inadvertently cross the roadway centerline. Another highway agency has reported the use of rumble strips to delineate center two-way left-turn lanes on arterial
streets and exclusive turn lanes at intersections.
I-Iighway agencies that routinely use raised pavement markers for traffic control markings are, in effect, providing rumble
strips. For example, some highway agencies routinely use
raised pavement markers to delineate highway centerlines,
lane lines, and edge lines. Raised pavement markers used for
such applications serve as rumble strips to alert motorists who
inadvertently cross these lines. However, raised pavement
markers are used extensively only in areas with little or no
snowfall, because snowplows tend to dislodge the markers.

Shoulder Rumble Strips Along Extended High way
Sections
Most rumble strip installations are at specific locations of
critical importance to the driving task. Uowever. a number
of state highway agencies have recently begun the practice of
providing rumble strips continuously or at specified intervals
along extended sections of major highways, particularly freeways. Intermittent rumble strip patterns may be formed into
portland cement concrete shoulders during finishing and continuous rumble strips may be placed into asphalt shoulders
with a special roller during compaction. Grooved rumble strips
may also be cut into existing shoulders by grinding or sawing.
Figure 5 shows a continuous application of rumble strips that
have been rolled into the surface of an asphalt shoulder. In
Figure 6, rumble strip patterns placed at regular intervals on
the portland cement concrete shoulder of a freeway are shown.
Figure 7 shows similar rumble strip installations in the portland cement concrete shoulders of freeway ramps.
While most rumble strip installations on shoulders use grooves
formed or cut into the pavement, a few highway agencies
have used raised pavement markers on the shoulder. This
type of rumble strip installation is illustrated in Figure 8.
Rumble strips on roadway shoulders are used to alert
motorists that they are leaving (or have left) the traveled way.
The audible and tactile sensation created by the rumble strip
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Rumble Strips Placed on Highway Shoulders
The use of rumble strips on highway shoulders to warn the
drivers of errant vehicles that they are leaving (or have left)
the traveled way is becoming increasingly common. This practice started with limited usage of corrugated areas of concrete
pavement or "chatter strips" in critical spots such as at the
gore areas of freeway off-ramps and in shoulder areas beyond
the end of lane drops. Some state highway agencies have, for
a number of years, used rumble strips on highway shoulders
on approaches to narrow bridges. Today, rumble strips are
being used by some highway agencies intermittently or continuously along extended sections of rural and urban freeways
and other major highways. These practices are described below.

FIGU RE 5 Continuous rumble strips on an asphalt
shoulder.
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FIGURE 6 Rumble strips placed at regular intervals on
portland cement concrete shoulder.

is intended to alert the driver that an unusual or unexpected
condition has occurred. The encounter with the rumble strip
is expected to help the errant driver realize that one or more
of the vehicle's tires has left the roadway and that a steering
correction must be made to return to the roadway.
The survey results presented in Appendix A indicate that
35 state highway agencies and nine toll road authorities have
provided rumble strips at intervals or continuously along
extended sections of highway. The survey responses indicate
that six state agencies have used shoulder rumble strips on
portland cement concrete shoulders only, It) states have used
shoulder rumble strips on asphalt shoulders only. and 23 states
have used rumble strips on both portland cement concrete
and asphalt shoulders. Of the highway agencies that have used
shoulder rumble strips, $2 percent report using them in new
construction or major reconstruction projects, while 35 percent report providing them in retrofitting projects on existing
highways. A few highway agencies have adopted a policy of
incorporating intermittent rumble strips in all new portland
cement concrete shoulders on freeways or providing continuous rumble strips in all asphalt shoulders on freeways whenever the shoulder is resurfaced.

FIGURE 7 Rumble strips placed at regular intervals on
portland cement concrete shoulders of freeway ramps.

Many miles of highway now have been built or resurfaced
with continuous or intermittent rumble strips on the shoulders. In addition to use on freeways, a substantial number of
highway agencies have also used shoulder rumble strips on
multilane divided nonfreeways, multilane undivided nonfreeways, and two-lane highways (see highway agency responses
in Appendix A).
A few highway agencies have used shoulder rumble strips
exclusively on the right or outside shoulders of divided highways, while most have placed rumble strips on both the right
(outside) and left (median) shoulders on divided highways.
Only one highway agency reported using shoulder rumble
strips exclusively on the left (median) shoulder of divided
highways.

Shoulder Rumble Strip.s on Narrow Bridge
Approaches
Seven state highway agencies have reported using shoulder
rumble strips specifically on the approaches to narrow bridges.
Shoulder rumble strips at narrow bridge sites are similar in
purpose to the intermittent and continuous shoulder rumble
strips described above. The rationale for using shoulder rumble strips just at narrow bridge approaches is that alerting
errant drivers is much more critical at locations where a fixed

.
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FIGURE 9 Shoulder rumble strips installed on narrow
bridge approaches.

to all freeway bridges where the bridge shoulder is narrower
than the approach shoulder. Figure 9 shows typical rumble
strip applications on narrow bridge approaches.
FIGURE 8 Typical installation of raised pavement
markers to provide shoulder rumble strips.
Other Applications of Shoulder Rumble

object, such as a bridge rail, is present, on the roadside than
at other locations. Thus, narrow bridge approaches are logically assigned a high priority for the application of shoulder
rumble strips. At least one highway agency has adopted a
policy of providing shoulder rumble strips on the approach

Strips

Other locations at which some highway agencies have applied
shoulder rumble strips include work zones, gore areas of freeway off-ramps, paved highway medians (especially narrow
medians), and outside shoulders of lane drops.
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CHAPTER THREE

OPERATIONAL AND SAFETY EFFECTS OF RUMBLE STRIPS

This chapter summarizes the known information on the
operational and safety effects of rumble strips, including rumble strips placed in the traveled way and rumble strips installed
on roadway shoulders. The discussion addresses the effects
of rumble strips on traffic accident experience, vehicle speeds,
and driver compliance with traffic control devices. Work zone
applications of rumble strips are discussed separately from
other applications.

EFFECT OF RUMBLE STRIPS ON TRAFFIC
ACCIDENT EXPERIENCE

The following discussion summarizes the results of research
concerning the effect on accident experience of rumble strips
placed in the traveled way (primarily on intersection approaches) and rumble strips installed continuously or at
regular intervals along roadway shoulders. The accident
reduction effectiveness of other rumble strip applications—
including rumble strips in the traveled way on approaches to
toll plazas and lane drops and shoulder rumble strips at point
locations such as entrance ramps, exit ramps, and narrow
bridge approaches has not been evaluated. Rumble strips in
the traveled way on horizontal curve approaches have been
evaluated in one British study, but have not been evaluated
in the United States.

Safety Effects of Rumble Strips in the Traveled Way

Operational experience of highway agencies shows that
rumble strips placed in the traveled way can be very effective
in reducing accidents. Most of the available accident studies
concern rumble strips placed on STOP-controlled approaches
to T-intersections and to four-way intersections with STOPcontrol on two approaches.
Safety evaluations in the literature generally show that the
installation of rumble strips is effective in reducing accidents
on intersection approaches (5-14). Table 1 summarizes the
results of these studies which show that the accident reduction
effectiveness of rumble strip installation in the traveled way
can range from 14 to 100 percent, for a variety of safety
measures of effectiveness. Howeer, the studies that document these results are generally small and vary greatly in
quality and completeness. Only two of the studies summarized
in Table 1 found a statistically significant accident reduction
from rumble strip installation. In both cases, these results
were statistically significant at the 95 percent confidence level.
All of the accident studies in Table 1 used the before/after
evaluation design. These studies were based on accident data
for periods of time both before and after rumble strip instal-

lation. However, several of these studies involved only a very
few rumble strip installations. Six of the 10 studies from Table
1 drew no conclusion about the statistical significance of the
evaluation results. Most of the remaining studies did not
incorporate features in the before/after evaluation design to
guard against the common threats to the validity of accident
studies (4). For example, only a few of the studies used control
sites, where no rumble strips were installed, for comparative
purposes. Control sites are used in the design of an experiment
to guard against mistaking a general time trend in accident
experience for an effect of an accident countermeasure, such
as rumble strip installation. Only two of the evaluations in
Table 1 took the elementary precaution of determining the.
traffic volumes both before and after rumble strip installation
and basing the evaluation on accident rates (per million vehicles traversing the rumble strips), rather than just on accident
counts. Several studies asserted that the traffic volumes in the
before and after periods were comparable, but did not document this assertion.
The greatest problem in assessing the validity of the accident studies in the literature is the lack of any detailed discussion of why the particular study sites were selected. If these
sites were selected because of high short-term accident rates,
this could potentially bias the evaluation. If an improvement
is made at a location whose accident experience is high during
the before study period solely due to random variation, then
lower accident experience would be expected in the after study
period, whether or not an improvement was made. This phenomenon, known as "regression to the mean," is a potential
threat to the validity of many of the studies cited in the literature.
On the other hand, if the study sites represent locations
with high long-term accident experience consisting of accident
types—such as rear-end and ran-STOP-sign accidents—that
are susceptible to correction by rumble strips, then rumble
strips would be expected to be particularly effective at such
locations. However, the evaluation results would then be
appropriate for estimating rumble strip effectiveness at other
locations with high long-term accident experience of types
that are susceptible to correction. The results would not, however, be applicable to estimating rumble strip effectiveness at
locations in general.
Despite the lack of rigor in their accident evaluation designs,
the study results in the literature generally indicate that rumble strip installation in the traveled way can be effective in
reducing accidents. However, the study results are not reliable
enough to quantify the expected accident reduction effectiveness. The available studies suggest that rumble strips in
the traveled way may be effective in reducing accident types
that are susceptible to correction by over 50 percent. Therefore, rumble strip installation in the traveled way should be
considered at locations where rear-end accidents and ranSTOP-sign accidents, involving an apparent lack of driver

TABLE 1
ACCIDENT REDUCTION EFFECTS OF RUMBLE STRIPS PLACED IN THE TRAVELED WAY

Study
and
Date
Kermit & Hem
(1962)
Kermit (1968)

Reference
Location
Number
California
(5)
(6)

California

Owens (1967)

(7)

Minnesota

Illinois (1970)

(8)

Illinois

TRRL (1977)

(9)

U.K.

Virginia (1981)

(10)

Virginia

Carstens (1982)

(11)

Iowa

Zaidel, Hakkert,
& Barkan (1986)
Moore (1987)

(12)

Israel

(13)

Louisiana

Penn DOT (1991)

(14)

Pennsylvania

Type
of
Sites
Intersection
approaches
Intersection
1
approaches
Intersection
2
approaches
Intersection
5
approaches
10
Intersection
approaches
Roundabouts
Horizontal curves
Small towns
Intersection
9
approaches

Number
of
Sites
4

21

Primary hwy
intersection
approaches
Secondary hwy
intersection
approaches
Intersection
1
approaches
Intersection
24
approaches

8

Intersection
approaches

Safety
Measures
Total accidents

Percent
Change
in Safety
Measure
-59 to -100

Statistically
Significant?
Not stated

Ran-STOP-sign accidents

-50

Not stated

Total accidents

-50

No

Total accidents
Ran-STOP-sign accidents
Total accidents
Related accidents

+5
-50
-39
-50

Not stated
Not stated
No
Yes

Total accidents
Fatal accidents
Injury accidents
P00 accidents
Total accident rate
Related accident rate
Total accident rate
Ran-STOP-sign accidents

-37
-93
-37
-25
-44
-89
-51
-38

Not stated
Not stated
Not stated
Not stated
Not stated
Not stated
Yes
No

Total accident rate
Ran-STOP-sign accidents

-1
+3

No
No

-50 to -67

No

Right-angle accidents
Total accidents
Fatal and injury accidents
Daytime accidents
Nighttime accidents
Total accidents
Ran-STOP-sign accidents

-29
-14
-14
-50
-40
-59

Not stated
Not stated
Not stated
Not stated
Not stated
Not stated
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attention, are prevalent. Care should be taken not to overuse
rumble strips by placing them in too many locations in the
traveled way. It may be the very unusual nature of passing
over a rumble strip that makes it effective in alerting inattentive motorists.
Several highway agencies have indicated their concern that
the effectiveness of rumble strips deteriorates over time. In
other words, a portion of the accident reduction effectiveness
of a rumble strip may be due to its novelty when first installed.
However, one study conducted in California (see the Contra
Costa County study, discussed below), found the opposite
effect; this study found, for one site, greater effectiveness in
the fourth and fifth years following rumble strip installation
than in the first. Overall, none of the data reported in the
literature are sufficiently reliable to make a valid determination of whether the accident reduction effectiveness of rumble strips changes over time.
Several of the research reports on rumble strips, and several
of the highway agencies that use them, have cautioned that
overuse of rumble strips in the traveled way could diminish
their effectiveness. Normally, placement of the rumble strips
in the traveled way should be considered only where a documented accident problem exists and only after more conventional treatments—such as signing—have been tried and
been found to be ineffective. Rumble strips may be effective
in reducing or eliminating accident patterns—such as accidents involving vehicles running a STOP sign—that are not
easy to eliminate by any other means.
The published accident evaluations each addressed slightly
different rumble strip designs. There is no reliable basis for
concluding from the data that any one particular design performs better than any other. The range of rumble strip design
currently in use by highway agencies in the United States is
documented in Chapter Five.
Each of the studies that has evaluated rumble strips placed
in the traveled way is discussed below.
Contra Costa County study: A 1962 study by Kermit and
Hem (5) evaluated rumble strip pads installed on the approaches
to four STOP-controlled intersections in Contra Costa County,
California. These installations involved 8 to 11 rumble strip
pads, each 25- to 30-ft long, spaced at 50- to 100-ft intervals,
installed on each intersection approach. These rumble strip
installations reduced accidents per year by 59, 76, 84, and 100
percent, respectively, at the four intersections. These results
were based on very small accident sample sizes—an average
of only three accidents per intersection per year during the
before study period and one accident per intersection per year
during the after study period. Only accidents classified by the
authors as susceptible to correction by rumble strips were
included in the study. Kermit and Hein drew no conclusions
concerning the statistical significance of their findings.
A later study by Kermit (6) in 1968 found that the frequency
of accidents that involved running through the STOP sign on
the STOP-controlled approach to a T-intersection in California was reduced by 50 percent from before to after rumble
strip installation. Furthermore, after the rumble strips had
been in place for just over 3 years, the intersection experienced an 18-month period with no accidents involving running
the STOP sign. This led Kermit to conclude that rumble strips
were effective in reducing accidents, and that their effective-

ness increased over time. Again, no conclusions were drawn
concerning the statistical significance of the observed findings.

Minnesota study: A Minnesota study by Owens (7), published in 1967, found a 50 percent reduction in accidents between
a 2-year before period and a 2-year after period on two rural
STOP-controlled approaches where rumble strips were
installed. However, this involved a reduction from four accidents in the 2-year before period to two accidents in the 2year after period. Owens concluded that this reduction in
accident frequency was not statistically significant. A second
location was not included in the safety evaluation because the
accident experience before rumble strip installation was considered to be unusually high.

Illinois study: A 1970 study by the Illinois Division of Highways (8) evaluated three different rumble strip designs and
layouts that were installed in the field in 1962. Of these, only
one design/layout combination had a large enough accident
sample size to develop significant accident statistics and was
also deemed adequate as a warning device. The rumble strip
installations of this type involved two rumble strips spaced 25
ft apart at 1,000 ft in advance of the intersection plus a rumble
strip pad covering the entire approach for the final 300 ft in
advance of the STOP sign. This pattern was installed at five
intersections on the state highway system.
Before/after comparisons of total accidents were made at
these locations. Of the five intersections, the accident rate
decreased at two intersections and increased at two others.
At the fifth location, the one with the highest accident rate,
the accident rate increased about 40 percent during the next
3 years after rumble strips were installed, then decreased
following installation of a flashing beacon. During the 3-year
period preceding the installation of rumble strips 93 accidents
occurred at the five intersections, while 98 accidents occurred
during the 3 years following rumble strip installation. Apparently rumble strips were considerably more effective at reducing accidents at four-way and one-way stops than at two-way
stops.
A comparison of accident types and severity before and
after rumble strip installation indicated a substantial reduction
in the proportion of injury accidents during the after period.
Control locations selected for comparison experienced a slight
increase in injury accidents during the same period. The only
consequential change in accident type was a 50 percent reduction in ran-stop-sign accidents. This study excluded all accidents "that were in no way influenced by the presence or lack
of rumble strips." The criteria used to make this determination are not explained.
The authors concluded that rumble strips are effective only
so long as they are startlingly different from the normal driving. The authors speculated that reaction to rumble strips
becomes less pronounced as drivers become more familiar
with them and that rumble strips should be used as a temporary method of alerting traffic to an unusual condition for
an interim period of time required to complete a more permanent correction of an existing hazard. The authors stated
that rumble strips are of little or no value as a permanent
installation and recommended that they should never be con-
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sidered as a part of the normal highway design for a permanent
installation.
The report recommended use of rumble strips only under
the following circumstances:
When the intersection is hidden from view by either a
horizontal or vertical curve,
When the intersection has a history of accidents caused
by failure to observe a traffic control device, or
When the traffic control device follows a long tangent.

TRRL study: The British Transport and Road Research
Laboratory (TRRL) (9) evaluated the effect on accidents of
rumble strips at 10 sites on main rural highways in the United
Kingdom. The sites included locations on the approaches to
roundabouts (traffic circles), four-way intersections, T-intersections, horizontal curves, and small towns at sites where
speed control and driver awareness were considered to be
critical. The study design used was a before/after analysis with
control sections. The length of the before and after study
periods ranged from 10 to 23 months.
The study found that total accident frequency at the 10 sites
decreased from 56 accidents in the before period to 34 accidents in a comparable after period. This decrease in accident
frequency was not statistically significant. However, the frequency of accidents related to high speed or lack of driver
awareness decreased from 44 in the period before rumble strip
installation to 22 in the period after rumble strip installation.
This difference was statistically significant at the 95 percent
confidence level.
There were no statistically significant differences between
daytime and nighttime conditions in the changes in accidents
at these sites.

Virginia study: An evaluation was conducted by the Virginia Department of Highways and Transportation (10) in
1981 of nine intersections in Virginia where rumble strips were
installed on STOP-controlled approaches. These installations
generally consisted of two patterns of transverse rumble strips
on each intersection approach, placed at varying distances in
advance of the STOP sign. The evaluation found that total
accident frequency was reduced by 37 percent, from 141 total
accidents to 89 total accidents, between 2-year study periods
before and after the rumble strip installation. Fatal accidents
were reduced by 93 percent, from 14 fatal accidents before
rumble strip installation to one fatal accident after rumble
strip installation. Injury accidents were reduced by 37 percent
and property-damage-only accidents were reduced by 25 percent.
Total accident rates were reduced by 44 percent from before
to after rumble strip installation.
Thirty-nine of the 141 accidents in the before period were
classified as being types susceptible to correction by rumble
strip installation— particularly rear-end accidents and ranSTOP-sign accidents. The accident rate for these accident
types was reduced by 89 percent.
No conclusions were drawn by the authors concerning the
statistical significance of these findings.

Iowa study: In a 1982 study for the Iowa Department of
Transportation, Carstens (11) evaluated the installation of
rumble strips on primary and secondary highway approaches
in Iowa. The installation evaluated consisted of three patterns
of four transverse rumble strips per pattern, on each intersection approach treated.
Carstens found that primary highway intersections where
rumble strips were installed experienced a statistically significant reduction in accident rate in the first year or two following their installation. The study included 10 four-way and
11 T-intersections for which before/after accident data were
available. Accident rate at these 21 study intersections decreased
by 51 percent for total accidents and by 38 percent for runSTOP-sign accidents between the before and after periods.
The largest accident reductions were found for primary highway intersections with before period accident rates more than
2.0 accidents per million entering vehicles, while there was
little or no change in accident experience at locations with
lower before-period accident rates. This indicates either that
rumble strips are most effective at locations characterized by
higher accident rates or that regression to the mean may be
responsible for all or part of the observed safety benefits. No
control sections were used to adjust for any general trends in
accident experience.
Carstens found no statistically significant change in accident
rate at 88 intersections on secondary roads where rumble
strips were installed. As in the case of the primary highway
intersections, the highest reductions in accident rate occurred
for intersections with the highest accident rates in the before
period, but the net reduction for secondary roads was not
statistically significant. Carstens concluded that rumble strips
are more effective at primary highway intersections than secondary road intersections for some or all of the following
reasons:
Primary highways serve a higher proportion of drivers
who are unfamiliar with the highway.
Trips tend to be longer on primary highways so that fatigue
and the monotony of driving may play a more important role
than on secondary roads.
Traffic volumes are higher on primary highways, so the
number of potential conflicts is greater.
The geometric layout of primary highway intersections is
often more complex than that of secondary road intersections.
Carstens made an interesting comparison of the daytime
and nighttime effects of rumble strips at the primary highway
locations. It was found that the daytime accident rate declined
by 51 percent at the lighted locations and by 83 percent at
the locations without lights. By contrast, the nighttime accident rate declined by 67 percent at the unlighted locations
and by only 6 percent at the lighted locations. Although the
sample size was quite small, these data suggest that rumble
strips may be more effective in reducing nighttime accidents
at unlighted intersections than at lighted intersections.

Israeli study: Zaidel, Hakkert, and Barkan (12) evaluated
the effect of rumble strips on traffic operations and accidents
on STOP-controlled intersection approaches in Israel.
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Initially, paint stripes were used to create a "visual speed
illusion" associated with a converging pattern of stripes. This
pattern was intended to give drivers the illusion that they were
speeding up so that they would respond by slowing down.
This approach was tried because paint stripes are substantially
less expensive than rumble strips. Later, the use of rumble
strips was evaluated on the same intersection approach.
An accident evaluation was conducted that included a study
period of 3 years before and 4 years after the installation of
the rumble strips. During the period before rumble strip
installation, the intersection experienced approximately two
to three right-angle accidents per year. During the 4 years
after rumble strip installation, the same location experienced
only one right-angle accident per year. While the numbers of
accidents are very small, and certainly no statistical significance can be attached to these results, they provide some
assurance that rumble strips on intersection approaches can
be effective in reducing accidents.

Louisiana study: A 1987 evaluation conducted by Moore
(13) for the Louisiana Department of Transportation and
Development considered the effectiveness of rumble strip
installations on STOP-controlled intersection approaches,
consisting of 13 aggregate surfaced areas or raised rumble
strips on each intersection approach treated. Moore found
that installation of rumble strips on 24 intersection approaches
resulted in a slight reduction in both the frequency and severity of accidents. Based on comparison of a 2-year period before
rumble strip installation and a 2-year period after rumble strip
installation, total accident frequency was reduced by 29 percent and fatal and injury accident frequency was reduced by
14 percent. Daytime accidents were reduced by 14 percent
and nighttime accidents were reduced by 50 percent. Unfortunately, no exposure data were used to investigate the effect
of any changes in traffic volumes between the before and after
periods.

Pennsylvania study: An unpublished study by the Pennsylvania Department of Transportation (14), evaluated rumble strip installations at eight locations where rumble strips
were installed on STOP-controlled approaches to intersections. Total accidents decreased by 40 percent and run-STOPsign accidents decreased by 59 percent from before to after
rumble strip installation. The statistical significance of these
changes in observed accident experience was not determined.

Safety Effects of Rumble Strips on Roadway
Shoulders

This section reviews the accident evaluations that have
been conducted for placement of rumble strips on roadway
shoulders.
The earliest experiments with shoulder rumble strips or
"singing shoulders" were conducted on the Garden State
Parkway in New Jersey in 1955 (15). Textured concrete rumble strips were constructed in Illinois during the mid 1960s
and were found to be effective in the opinion of people who

drove over them during field tests (16). Shoulder grooving
was tested in Arizona (17) in the early 1970s and Florida (18)
tried raised pavement markers as rumble strips on the highway
to Key West during the late 1970s.
Recent research on rumble strips placed continuously or at
regular intervals along roadway shoulders, especially the California and FHWA studies discussed below (19,20), has shown
that they can reduce run-off-road accidents by 20 to 50 percent. Both of these evaluations were based on accident rates,
rather than just accident counts, and both included test sites,
where rumble strips were installed, as well as control sites
where rumble strips were not installed. Thus, both evaluations
were generally better designed than the evaluations of rumble
strips in the traveled way discussed above.
In addition to the accident evaluations, casual field observation also supports the effectiveness of continuous shoulder
rumble strips. For example, the Wisconsin State Patrol has
indicated their strong support for continuous shoulder rumble
strips on freeways, because their officers have observed vehicles leave the traveled way and then recover successfully because
the drivers were apparently alerted by the rumble strip. Wisconsin uses shoulder rumble strips on both asphalt and portland cement concrete shoulders.
All of the safety evaluations of shoulder rumble strips found
in the literature address rumble strips placed continuously or
at regular intervals along the shoulders of extended highway
sections. There are no evaluations that address the accident
reduction effectiveness of shoulder rumble strips used only at
selected critical locations such as exit ramps, entrance ramps,
or narrow bridge approaches.
Each evaluation of shoulder rumble strips is described below.

California study: The California Department of Transportation (Caltrans) has used rumble strips extensively on asphalt
shoulders of rural freeways in desert regions of California.
Caltrans has given priority to use of shoulder rumble strip
projects in desert areas because drivers appeal.most prone to
lose their concentration in such areas of monotonous driving
conditions. Some projects have involved use of rumble strips
on the right shoulder only, while other projects have involved
rumble strips placed on both the right (outside) and left (median)
shoulder of the freeway. The rumble strips were placed on
the shoulders with a special roller during shoulder resurfacing.
An evaluation of the safety effects of continuous rumble
strips on asphalt shoulders was conducted by Caltrans (20)
for seven projects representing approximately 135 miles of
rural freeway. The safety evaluation focused on the effect of
rumble strips on run-off-road accidents, since this accident
type is closely related to driver inattention. An evaluation of
one year of accident data before and one year after installation
of the shoulder rumble strips found that run-off-road accident
rate was reduced by 49 percent (194 run-off-road accidents
in the before period vs. 100 run-off-road accidents in the after
period). This decrease in run-off-road accident rate was found
to be statistically significant at the 99 percent confidence level.
During essentially the same time periods, the number of runoff-road accidents for the corresponding control sites increased
by 20 percent (272 accidents in the before period vs. 326
accidents in the after period). The control sites for this study
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included seven sites on which shoulder rumble strips were not
installed and two sites on which shoulder rumble strips were
present during both the before and after periods.
Rumble strips on the right shoulder were found to reduce
run-off-road accidents by 63 percent, while rumble strips on
the left (median) shoulder reduced run-off-road accidents by
18 percent. The apparent lack of effectiveness of rumble strips
in reducing run-off-road accidents on the left (median) side
of the highway may result from data at one site where the
rate of run-off-road accidents increased substantially from
before to after rumble strip installation, for unexplained reasons.
The study was based on passenger car accidents only and
did not consider trucks. However, there were very few truck
accidents on the roads in question and it was believed that
rumble strips would have little effect on them.
In summary, the Caltrans study showed very substantial
accident reduction benefits from installation of continuous
shoulder rumble strips. The observed reduction of 49 percent
in run-off-road accident rate is equivalent to a reduction of
19 percent in total accident rate, so rumble strip installation
had a very substantial impact on the safety performance of
the 135 mi of desert freeway where the rumble strips were
installed. To express the safety benefits in a different form,
rumble strip installation for this 135 mi of freeway resulted
in an annual reduction of 10 fatal accidents, 52 injury accidents, and 26 property-damage-only accidents. Given the relatively low cost of rumble strip installation (a maximum of
$2,300 per mile for all four shoulders of a divided freeway,
for these projects), it is clear that installation of shoulder
rumble strips is a very cost-effective accident countermeasure.
FHWA study: A 1985 study conducted for FHWA by AMAF
Industries (20) was based on data from 24 sites in 11 states
(Arizona, California, Florida, Georgia, Mississippi, Nevada,
North Carolina, South Carolina, South Dakota, Utah, and
Wisconsin). The evaluation of accident experience before and
after rumble strip installation in this FHWA study was based
on detailed analysis of 10 sites located in Arizona, California,
Mississippi, Nevada, and North Carolina. Three of the test
sites from the California study described above were included
in this detailed analysis. The FHWA study found that, after
selected test sites were improved by placing rumble strips on
the roadway shoulders, run-off-road accident rates on the test
sites decreased by 20 percent, while run-off-road accident
rates on comparable control sites increased by 9 percent. The
observed decrease in test section accident rates was found to
be statistically significant at the 95 percent confidence level.
The observed accident reduction effectiveness varied widely
between the sites where shoulder rumble strips were installed,
from an increase in run-off-road accident rate of 9.3 percent
at one site in Nevada to a decrease in run-off-road accident
rate of 67.1 percent at another site in North Carolina. Such
large site-to-site variations are common for sites with small
accident sample sizes. Most of the observed changes in accident rate for individual sites were not statistically significant.
The FHWA study included rumble strips on both portland
cement concrete and asphalt shoulders, but did not distinguish
between them in the accident evaluation. Similarly, the accident evaluation did not distinguish betweenj.zin-off-road accidents on the right and left sides of the highway, although both
were included in the evaluation.

This FHWA study confirms the accident reduction effectiveness of shoulder rumble strips, although the quantitative
accident reduction effectiveness estimate was lower in the
FHWA study than in the California study (20 percent vs. 49
percent). It is likely that the desert sites evaluated by Caltrans
do, in fact, have a more serious run-off-road accident problem
than other, less monotonous sites. Therefore, the 20 percent
estimate from the FHWA study may be a more reasonable
value of the accident reduction effectiveness that could be
expected from broader use of shoulder rumble strips. Even
with only 20 percent accident reduction effectiveness, installation of shoulder rumble strips was found to be highly costeffective. The FHWA study found a benefit/cost ratio greater
than 50 for shoulder rumble strips when installed in conjunction with shoulder construction or resurfacing.

Washington State study: Shoulder rumble strips were installed
by the Washington State Department of Transportation (21)
at six locations between 1986 and 1990. Raised pavement
markers were used on the shoulder at one location, raised
12-in, wide rumble strips at another location, and grooves
rolled into the shoulder pavement were used at four additional
locations. An accident evaluation for five of the six locations
found a statistically significant decrease in accident frequency
at only one of the five locations. However, overall accident
frequency at the five sites, collectively, decreased by 18 percent from before to after rumble strip installation. The report
does not indicate whether this overall change in accident experience was statistically significant, but it is in agreement with
the findings of the FHWA study.
EFFECT OF RUMBLE STRIPS ON VEHICLE SPEEDS

This section describes the reported experience of rumble
strips on vehicle speeds, based on research performed by or
for highway agencies. These studies indicate that rumble strip
installation on intersection approaches does result in a small
reduction in vehicle speeds. Some vehicles are slowed more
than others, however, and it appears that speed variance on
the intersection approach may be increased. Rumble strips,
in conjunction with fixed and dynamic signing, were found to
be ineffective in producing speed limit compliance in a small
town.
Each study that has addressed the effect of rumble strips
on vehicle speeds is summarized below.

Contra Costa County: Kermit and Hem (5) found that rumble strips on the approaches to intersections resulted in more
gradual deceleration by drivers. To demonstrate this, Kermit
and Hein present speed data for an approach to a T-intersection where drivers must slow down to turn but are not
required to stop. Rumble strips were used on this approach
to encourage drivers to begin slowing down farther from the
intersection. Table 2 shows that rumble strip installation at
this location increased the deceleration rates used by drivers
between 450 and 1,000 ft from the intersection and decreased
the deceleration rates used by drivers within 450 ft of the
intersection.
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TABLE 2
STEPS AND ACCELERATIONS OF AN INTERSECTION APPROACH WHERE DRIVERS ARE REQUIRED TO SLOW
BUT NOT STOP (5)

Measurement
Location
85th percentile speed (mph) at 1,000 ft from the
A
intersection and before the first rumble strip
Average deceleration rate (ft/sec/sec) from
Location_A to_Location_B
85th percentile speed (mph) at 450 ft from the
B
intersection after three rumble strips have
been crossed
Average deceleration rate (ft/sec/sec) from
Location B to Location C
C
85th percentile speed (mph) at intersection
Minnesota study: In a study of rumble strips on the
approaches to rural intersections in Minnesota, Owens (7)
measured speeds of free-flowing vehicles at distances of 1,500;
1,000; 500; and 300 ft from the intersections on STOP-controlled
intersection approaches, both before and after rumble strips
were installed. The presence of rumble strips was found to
reduce average speeds by 2 to 3 mph at each of these observation points, which indicates that rumble strips are effective
in reducing vehicle speeds. Table 3 summarizes the effect of
the rumble strips on vehicle speeds at each selected distance
for the six intersection approaches combined.
While rumble strips were found to decrease vehicle speeds,
they increased the speed variance on the intersection approaches
at all distances from the intersection greater than 300 ft. This
increase in speed variance indicates that the rumble strips
cause some drivers to slow down more than others, which
could be associated with an increase in rear-end accidents.
However, no similar effect on accidents was observed in the
accident evaluation conducted as part of the same study or
in the other studies evaluated for this synthesis.

Maine Facility study: Dynamic and passive signing was used,
including signing in conjunction with rumble strips, to achieve

Before
Rumble Strip
Installation
440

After
Rumble Strip
Installation
46.0

0.57

1.43
37.0

41.0
-

3.46

2.70

14.8

15.1

compliance with speed zoning in a small town. This study was
conducted on the Maine facility, a section of two-lane highway
in Maine where the Federal Highway Administration placed
instrumentation during the early 1970s (22). No treatment
was effective in achieving as much as 30 percent compliance
with the existing speed limit. This result indicates that rumble
strips are not generally effective as a treatment to increase
speed limit compliance.
TRRL study: TRRL (9) studied the effects of rumble areas
on speed at 10 sites where rumble areas were installed in the
traveled way upstream of roundabouts (traffic circles), fourway intersections, T-intersections, horizontal curves, and small
towns. Speeds were measured, upstream of the rumble areas,
400 m (1,312 ft) from the hazard, and between the rumble
area and the hazard at a location 50 m (164 ft) upstream of
the hazard. Table 4 shows the speed data for these 10 sites.
An analysis of the differences in speed between the 50 in and
400 in locations found that the effects of the rumble areas on
speed were not consistent. In some cases, the presence of the
rumble areas appeared to cause drivers to choose a larger
speed reduction between the 400 m and 50 in points on the
approach. However, at other sites, the opposite appeared to

TABLE 3
MEAN SPEEDS AT SPECIFIED DISTANCES FROM A STOP-CONTROLLED INTERSECTION (7)

Distance
from
intersection
(ft)
300
500
1000
1500
Away from
area

Before
rumble strip
installation
31.01
36.57
43.70
47.26
52.09

Average speed (mph)
After
rumble strip
installation
Difference
27.99
3.02
33.59
2.98
41.39
2.31
44.47
2.79
52.58
-0.49

Statistically
significant
before/after
difference?
Yes
Yes
Yes
Yes
No

TABLE 4
CHANGES IN MEAN SPEED BEFORE AND AFTER RUMBLE STRIP INSTALLATION AT SELECTED SITES IN THE UNITED
KINGDOM (9)

SITE
Roundabouts

Wandsworth
Black Cat

Cross-Roads

Kislingbury
Muddleswood

T-Junction

Corby

Bends

Woodend
Glan Conwy
Tempsford
Skefftngton

Village Approach

Horndean

VEHICLE
TYPE
light
Heavy
light
Heavy
light
Heavy
light
Heavy
Light
Heavy
light
Heavy
light
Heavy
light
Heavy
light
Heavy
light
Heavy

Mean Speed
Before (km/h)
400m
SOni
78.5
54.1
68.7
46.9
83.9
53.3
71.6
45.7
81.8
81.3
69.2
67.8
78.9
44.7
68.0
38.1
77.2
50.3
57.8
42.4
67.4
60.6
66.6
52.3
66.3
59.5
63.0
54.6
85.2
65.1
72.6
57.3
70.2
71.2
53.7
58.8
74.1
57.8
65.6
53.3

Mean Speed
After (km/h)
400m
SOm
75.1
50.3
66.8
43.9
58.1
89.2
75.4
50.8
86.7
78.4
75.6
72.0
72.6
43.3
63.4
37.4
74.7
48.7
62.1
42.7
66.6
57.8
64.9
50.5
68.6
59.0
64.2
53.9
81.1
66.0
72.1
60.1
76.6
70.9
60.4
63.2
81.1
59.5
71.4
56.0

Percentage change
SOm 1 400m
-4.3
-7.0
-2.8
-6.4
6.3
9.0
5.3
11.1
5.9
-3.5
9.2
6.1_ -7.9
-3.1
-6.7
-1.8
-3.2
-3.1
7.4
0.7
-1.1
-4.6
-2.5
-3.4
3.4
-0.8
1.9
-1.2
-4.8
1.3
-0.6
4.8
9.1
-0.4
12.4
7.4
9.4
2.9
8.8
5.0

Level of significance
of change
400m
50m
0.1%
0.1%
Not Sig
1%
0.1%
0.1%
0.1%
0.1%
0.1%
1%
0.1%
0.1%
0.1%
1%
1%
Not Sig
1%
1%
0.1%
Not Sig
Not
Sig
0.1%
Not Sig
Not Sig
Not Sig
1%
Not Sig
Not Sig
0.1%
Not Sig
Not Sig
0.1%
0.1%
Not Sig
0.1%
0.1%
0.1%
0.1%
0.1%
2%
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be true. The data for all sites combined showed a small net
increase in the amount of speed reduction chosen by drivers
between the 400 m and 50 m locations, but this increase in
speed reduction was not statistically significant.

Is rae/i study: Zaidel, Hakkert & Barkan (12) evaluated the
use of rumble strips on one STOP-controlled intersection
approach in Israel. A total of 38 rumble strips were placed
over a distance of 269 m (883 ft) upstream from the STOP
line. Speeds were measured at eight locations on the intersection approach, ranging from 15 to 420 m (49.2 to 1,378 ft)
upstream of the intersections.
Table 5 illustrates the effect of the rumble strips on the
mean and standard deviation of vehicle speeds on an intersection approach. The data in the table show that mean speeds
were reduced by 5 to 43 percent on the intersection approach
and that the speed reduction percentage was generally higher
closer to the intersection. Table 5 also confirms the finding
from the Minnesota study that speed variance (the square of
the standard deviation) on an intersection approach increases
with the installation of rumble strips. The table helps to make
clear how rumble strips affect driver behavior. When rumble
strips are present, drivers generally begin to slow down sooner
and some drivers slow more than others. This generally increases

vehicle deceleration rates early in the braking maneuver, but
decreases vehicle deceleration rates close to the intersection.
It is evident that some drivers slow down more than others
in the earlier stage of the braking maneuver, as the speed
variance on the intersection approaches increases. However,
there is no evidence that the increase in speed variance has
any adverse effect on safety.
University of Toledo study: A recent study performed at
the University of Toledo (23) evaluated the effectiveness of
rumble strips in reducing vehicle speeds during the initial
portion of the deceleration maneuver on approaches to STOPcontrolled intersections. Table 6 compares the mean speeds
of vehicles at a location 300 ft downstream of the first rumble
strip pattern on the intersection approach before and after
rumble strip installation on seven intersection approaches in
Ohio.
On five of the seven approaches, there was a reduction in
the mean vehicle speed that was statistically significant at the
95 percent confidence level; there was no statistically significant change in mean vehicle speed at the other two locations.
These results are similar to the Israeli study discussed above
in that there appears to be greater slowing early in the braking
maneuver and, consequently, lesser slowing later in the
maneuver.

TABLE 5
MEAN SPEEDS AND SPEED VARIANCES BEFORE AND AFTER RUMBLE STRIP INSTALLATION IN ISRAEL (12)

Time PeriodlMeasurement
Before rumble strips
Mean speed (kmlhr)
Standard deviation (km/hr)
After rumble strips
Mean speed (kmlhr)
Standard deviation (kmlhr)
Percent reduction in mean speed
Percent increase in speed variance

Distance from intersection (m)
420
330
285
255

165

105

45

15

73.2
11.7

72.1
11.7

70.8
11.6

70.1
11.6

64.6
10.9

57.5
9.6

41.6
8.0

24.7
5.1

69.5
11.5

63.1
12.8

54.0
15.4

43.5
18.5

32.9
14.0

31.6
11.6

24.5
8.3

14.7
6.2

5.1
1 -1.7

12.5 23.7 37.9 49.1
45.0 41.1 40.5
9.4 1 32.8 1 59.5 1 28.4 1 20.8 1 3.8 1 21.6

TABLE 6
EFFECT OF RUMBLE STRIPS ON VEHICLE SPEEDS ON APPROACHES TO STOP-CONTROLLED
INTERSECTIONS (23)

Location
of
Rumble Strips
SR 281, East of SR 108
SR 281, West of SR 108
SR 576, North of SR 34
SR 576, South of SR 34
US 20, East of US 127
US 20, West of US 127
US 20, West of SR 108

Mean speed (mph)
(300 ft downstream of
first rumble strip)
Before
After
Reduction
41.9
35.9
6.0
47.9
39.9
8.0
43.9
45.9
-2.0
45.9
41.9
4.0
51.9
49.9
2.0
53.9
51.9
2.0
53.9
49.9
4.0

Statistically
Significant?
Yes
Yes
No
Yes
Yes
No
Yes
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EFFECT OF RUMBLE STRIPS ON DRIVER
COMPLIANCE WITH TRAFFIC CONTROL DEVICES

The effect of rumble strips on driver compliance with traffic
control devices has been evaluated primarily for compliance
with STOP signs at T- and four-way intersections. There have
been five studies that evaluated the effect of rumble strips
installed on an intersection approach on STOP-sign compliance. Drivers on STOP-controlled approaches were generally
classified by field observers as making a full stop, making a
partial (or rolling) stop, or not stopping. These studies generally found that it was rare for motorists to proceed through
a stop sign without stopping at all. However, installation of
rumble strips on an intersection approach generally increased
the proportion of drivers who made a full stop. One study
also addressed the issue of centerline violations by drivers on
intersection approaches with rumble strips (see also the discussion of this issue in Chapter Four).
Each study that evaluated the effect of rumble strips on
driver compliance with traffic control devices is summarized
below.

Contra Costa County: Kermit & Hem (5) found that the
installation of rumble strips on one particular STOP-controlled
intersection approach increased the percentage of drivers
making a full stop from 46 to 76 percent. The percentage of
drivers making either a full or partial stop increased from 96
to 100 percent. Thus, the rumble strips eliminated noncompliance by the relatively few drivers who completely disregarded the presence of the STOP sign.

Minnesota study: Owens (7) found that the installation of
rumble strips at a rural T-intersection increased the percentage of full stops by drivers from 37 to 63 percent. The rest
of the drivers made a partial stop at the STOP sign. The author
states that the number of drivers who made no stop in response
to the STOP sign was negligible in both the before and after
periods. This increase in STOP sign compliance the author
found to be highly statistically significant.
A study of centerline violations on STOP sign approaches
before and after rumble strip approaches found that few drivers crossed the centerline to avoid going over the rumble
strips. However, the observed number of centerline violations
was small and the difference was not statistically significant.

Illinois study: The 1970 study by the Illinois Department
of Transportation (8) found that the number of vehicles that
stopped or partially stopped following passage over rumble
strips at five intersections was found to be 95 percent. This
compares to 91 percent of the same behavior at four comparable locations without rumble strips.

Iowa study: Carstens (11) found that, at two similar STOPcontrolled intersections, about 77 percent of approach traffic
that did not encounter a conflict stopped or nearly stopped
at the intersection where rumble strips wee present, compared with about 66 percent of traffic which stopped at the
intersection where there were no rumble strips.

Israeli study: Zaidel, Hakkert, and Barkan (12) found that
installation of rumble strips on an intersection approach
increased STOP sign compliance from 91 percent to 95 percent.

EFFECTIVENESS OF RUMBLE STRIPS FOR WORK
ZONE APPLICATIONS

Rumble strips have been used to supplement warning signs
and other traffic control devices in advance of (and within)
freeway work zones involving lane restrictions, width reductions, sharp detour transitions, or other conditions that might
warrant major speed reductions. A review of the effectiveness
of rumble strips in work zone applications has recently been
prepared for FHWA by Noel, Sabra, and Dudek (1). This
review indicates that rumble strips in work zones have been
studied under only a limited number of applications and that
these studies have produced inconsistent findings.
Recent studies by Richards, et al. (24) indicated that rumble
strips were ineffective treatments for controlling work zone
speeds. Rumble strips were compared to several other techniques such as flagging, law enforcement, changeable message
signs, effective lane width reduction, and conventional and
advisory speed signing. The rumble strips evaluated by Richards et al. were ½-in, high polycarbonate rumble strips temporarily attached to the pavement surface. The researchers
noted that problems were encountered in creating a bond
between the rumble strips and the pavement surface (see
related discussion in Chapter Four).
Three rumble strip patterns were investigated by Richards
et al.: clusters of eight rumble bars with equal spacing; clusters
of eight rumble bars with unequal (logarithmic) spacing; and
individual rumble bars at spacings of 52 to 66 ft. In response
to a questionnaire, drivers indicated that they believed that
the rumble strip clusters with equal spacing produced the
greatest speed reduction and that individual rumble strips
produced the least speed reduction. However, none of the
rumble strip patterns actually had any statistically significant
effect on vehicle speeds.
Pigman and Agent (25) reported on field studies where
rumble strips were used to reduce the number of late merges
from lanes that were closed due to road work. The rumble
strips evaluated consisted of eight rumble bars per cluster with
a 24-in, spacing between successive bars. The rumble strips
were installed in the lane to be closed at distances of 1.5, 1.0,
0.6, 0.3, and 0.1 mi in advance of the lane closure taper. All
of the rumble strips consisted of a hard plastic/vinyl material
with dimensions of ½ in. x 4 in. x 23/4 in. Each rumble bar
consisted of six strips installed side by side to cover the width
of a 12-ft lane. Pigman and Agent reported that this rumble
strip installation decreased the percentage of traffic in the
closed lane at 0.1 mi in advance of the taper from 11.0 percent
to 4.1 percent. Thus, it appears that rumble strips are effective, at least in a work zone setting, in getting motorists to
change lanes further upstream. The researchers found that
the rumble strips produced a noticeable decrease in speed as
traffic approached the taper, but the speed still averaged more
than 55 mph in the distance range from 1.0 to 0.5 mi in
advance of the taper.
An evaluation of one brand of temporary rumble strips,
conducted by its manufacturer (26), included speed studies
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in work zones with three alternative traffic control schemes:
(1) using standard construction signs; (2) adding 35-mp4 regulatory speed limit signs; and (3) adding rumble strips. The
tests showed that mean traffic speeds were reduced by more
than 8 mph with rumble strips, as compared to the standard
construction zone signing, and by more than 4.5- mph as compared to the standard construction zone signing plus 35-mph
speed limit signing.
Another speed evaluation was conducted during joint- repair
and resurfacing on Interstate Route 77 in Ohio while twoway traffic was maintained on one side of the roadway (27).
The crossover used by traffic to move from one side of the
roadway to the other involved a long downgrade and veitical
and horizontal curvature with opposing superelevations.
Rumble strips were installed because of concerns about vehicle speeds, given the restricted geometrics. This work zone
had a posted speed limit of 50 mph.
Speed measurements were made using radar at two locations within the two-lane, two-way work zone. The first, location was at the end of the transition taper to the single lane.
This location was just over a crest vertical curve and just
downstream of a 50-mph regulatory speed limit sign. The 85th

percentile speed at this location was 62 mph. The second
location where speeds were measured was at a point between
the last rumble strip and the start of the crossover to return
to the normal lanes. At this location, which was at the end
of a downgrade, the 85th percentile speed was found to be
55 mph-7 mph less than that measured at the first point.
Construction personnel and officials of the Ohio Departhient
of Transportation were of the opinion that the speed reduction
between these two locations was an effect of the rumble strips.
However, this cannot be proven, because the work zone was
not evaluated with and without the rumble strips in place.
The evidence as to whether rumble strips are effective as
a speed control device in work zones is inconclusive. In general, rumble strips are probably effective when they call a
driver's attention to traffic control devices or to potential
hazards that the driver might not otherwise have seen. However, they are probably not effective when the potential hazards are already evident to the driver. Rumble strips do appear
to be effective at lane closures in work zones in encouraging
drivers to leave the closed lane further upstream. There have
been -no accident, evaluations of the effectiveness of rumble
strips in work zones.
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CHAPTER FOUR

POTENTIAL ADVERSE EFFECTS OF RUMBLE STRIPS

The discussion of the traffic operational and safety effects
of rumble strips in Chapter Three has indicated that they can
be effective in reducing accidents that are not easy to eliminate
by other means. Therefore, rumble strips have a definite role
as a traffic control device to enhance safety. However, highway agency responses to the survey conducted in the preparation of this synthesis (see responses to Question 8 in Appendix A) have indicated that rumble strips also have some potential
adverse effects. Highway agencies should be aware of these
potential adverse effects in deciding where to place rumble
strips and what rumble strip design to use.
The potential adverse effects of rumble strips that have been
reported by highway agencies include: noise; motorist use of
opposing lanes to avoid rumble strips; maintenance problems;
motorist concerns; bicyclist concerns; motorcyclist concerns;
truck concerns; installation concerns; and overuse of rumble
strips.
The noise issue is a serious problem that has led many
highway agencies to change their policies and restrict the use
of rumble strips in residential areas. More research is needed
to characterize the problems created by rumble strips for
bicyclists and motorcyclists. The other potential adverse effects
of rumble strips are manageable problems that should not
prevent rumble strips from being used where they are needed.
However, these potential adverse effects should be considered
by highway agencies in developing rumble strip designs and
deciding how to implement them at particular locations.
NOISE CREATED BY RUMBLE STRIP
INSTALLATIONS

The most common problem cited by highway agencies concerning the use of rumble strips is noise that disturbs nearby
residents. Sixteen of the highway agencies that responded to
the survey in Appendix A reported receiving complaints from
nearby residents about noise generated by vehicles traversing
rumble strips.
Noise complaints are especially likely from residents adjacent to rumble strips installed in the traveled way, because
every vehicle (or nearly every vehicle) on the roadway crosses
the rumble strip. During daytime hours, noise generated by
rumble strips may be merely a nuisance to nearby residents,
but at night the sound of vehicles traversing the rumble strip
may prevent residents from sleeping. Several highway agencies reported that they had reduced noise levels by partially
filling in the rumble strip to change its height, depth, or shape.
A recent study by Higgins and Barbel (28) concluded that
rumble strips produce a low-frequency noise that increases
the noise level by as much as 7 dB(A) above the noise levels
produced by traffic on normal pavements. Higgins and Barbel
concluded that driver perception of rumble strip noise was

better for grooved rumble strips than for raised rumble strips;
however, the noise outside the vehicle, which adjacent residents would hear, did not vary with rumble strip configuration. Pigman and Barclay (29) found that noise inside the
vehicle was 5 to 15 dB(A) higher than ambient traffic noise.
Pigman and Barclay evaluated the effect of rumble strip spacing on noise levels. A spacing of 10 ft between rumble strips
produced the lowest noise levels. Spacings of 5 and 10 ft
between rumble strips produced noise levels that increased
linearly with vehicle speed, while spacings of ito 3 ft produced
noise levels that varied erratically and were, therefore, considered undesirable.
Most highway agencies reported that they considered the
noise problem to be serious enough that they had adopted
policies against use of rumble strips in residential areas. Thus,
rumble strips in the traveled way may not be desirable at any
location near residences. Rumble strips are more appropriate
for use in the traveled way in rural areas and in commercial
or industrial areas of cities.
Rumble strips on shoulders are less likely than rumble strips
in the traveled way to disturb nearby residents because noise
is generated only by errant vehicles, not by every vehicle. It
may be acceptable to use shoulder rumble strips on urban
freeways in residential areas if the residences are far enough
from the freeway or a noise barrier is provided. Highway
agency practices concerning the use of rumble strips should
be considered in the design process for urban freeways in
determining whether noise barriers are warranted.
MOTORIST USE OF OPPOSING LANES TO AVOID
RUMBLE STRIPS

Responses from highway agencies indicated concern that
some motorists will cross into opposing lanes or onto the
shoulder to avoid rumble strips placed in the traveled way.
Such maneuvers are typically made by local residents or commuters who pass the location every day and know that the
rumble strips are present. This behavior is indicative of the
dislike of rumble strips by some motorists (see later discussion
of motorist complaints). It is probable that the rumble strips
serve no useful purpose for the motorists who avoid them,
because if they are aware of the rumble strip, they are
undoubtedly also aware of the roadway feature (intersection,
horizontal curve, etc.) that the rumble strips are calling attention to. However, it is highly undesirable to have motorists
unnecessarily entering the opposing lanes, in potential conflict
with opposing traffic.
Motorists who drive into the opposing lane to avoid a rumble strip appear to be concerned about the jarring effect of
the rumble strip on their vehicle. This appears to be a concern
especially for raised rumble strips that are very high and grooved
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rumble strips that are very deep. It is not known whether
partially filling in a rumble strip to change its height, depth,
or shape is effective in reducing the percentage of motorists
who avoid rumble strips.
While seven highway agencies reported problems with
motorists intentionally avoiding rumble strips, only three
agencies reported implementation of it potential solution to
the problem. Pennsylvania extends rumble strips in work zones
across both the traveled way and the shoulder, to remove the
temptation for motorists to move onto the shoulder to avoid
the rumble strip. Nebraska and South Dakota have used discontinuous rumble strips that extend across only the normal
wheelpath areas of the lane on STOP-controlled intersection
approaches. This design is intended to allow motorists familiar
with the installation to drive around the rumble strip without
leaving their lane. Unfamiliar motorists presumably traverse
the rumble strip because it extends across both normal wheelpath areas. Figure 10 presents a photograph of it typical discontinuous rumble strip installation.
Several discontinuous rumble strip installations like the one
shown in Figure 10 were visited in the field as part of the
preparation of this synthesis, and they appear to function well.
In a 12-ft lane, it is possible to avoid the rumble strip without
encroaching on the opposing lane or shoulder. I lowever, where
the same type of rumble strip is used in a 10-ft lane, some
encroachment on the opposing lane or shoulder is necessary.

-
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MAINTENANCE PROBLEMS
Highway agencies have reported several types of maintenance problems associated with rumble strips. These problems include durability of rumble strips., snowplowing concerns. and drainage/erosion concerns.

-

-(10-ft lane width)

FIGURE 10 Discontinuous rumble strips on intersection
approaches.

Durability of Rumble Strips
Eleven highway agencies reported a concern with the lack
of durability of rumble strips, which led to frequent replacement or maintenance activities. This was particularly a concern with raised rumble strips in the traveled way, which tend
to become worn down by traffic passages. Some agencies
indicated that they preferred grooved rumble strips to raised
ones for this reason. Chapter Six on the cost and service life
of rumble strips contains data on the wear rate of grooved
rumble strips.
Several highway agencies indicated that the most severe
problems with rumble strip wear were in areas where vehicles
are normally braking on an intersection approach. The braking action of vehicles, particularly trucks, tends to accelerate
wear of rumble strips on asphalt pavements. One agency indicated that they no longer place rumble strips within 400 ft of
an intersection for this reason.
Highway agencies that used temporary raised rumble strips
in work zones reported problems in maintaining a bond between
the rumble strip and the pavement surface. It was difficult to
get temporary asphalt rumble strips to adhere to an asphalt
surface; this problem would result in the rumble strip material
coming up off the surface. The Illinois Department of Tratisportation has reported that existing epoxy practices were not

always satisfactory in producing it bond between the temporary polycarbonate rumble strips and the pavement surface.
A highway agency that uses raised pavement markers (buttons) placed in the traveled way as rumble strips reported
that large trucks tended to damage these markers and the
markers had to be replaced frequently.

Snowplowing problems
Several highway agencies reported winter maintenance
problems related to rumble strips. For example. highway
agencies stated that raised rumble strips in the traveled way
caused problems during snowplowing. Plow operators did not
always remember to lift the plow blade to avoid striking (and.
in some cases, removing) the rumble strip. One highway agency
stated that they allow rumble strips to remain in place in the
traveled way only during summer months and that they remove
them during winter maintenance periods.
Highway agencies have reported that continuous shoulder
rumble strips cause problems in snowplowing on the traveled
way if the rumble strips are placed too close to the traveled
way. One agency initially placed shoulder rumble strips 6 in.
from the edge of the traveled way. They now place their
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rumble strips 2.5 ft from the edge of the traveled way to avoid
interference with snowplowing.
Shoulder rumble strips may also create some problems in
plowing the shoulder itself. One highway agency reported that
their plows had to operate at reduced speeds on shoulders
with rumble strips.

Drainage/Erosion Problems
Highway agencies have reported that shoulder rumble strips
can create problems by disrupting drainage patterns on the
shoulder and channeling water onto roadside slopes. This may
be a particular problem for rumble strips on portland cement
concrete shoulders that extend to the outside edge of the
shoulder. In this case, water flow off the shoulder may be
concentrated at the rumble strips, resulting in erosion of the
adjacent section of the roadside embankment. A solution to
this problem is to use a rumble strip that does not extend to
the outside edge of the shoulder. If the rumble strip does not
reach the outside edge of the shoulder, there may be some
ponding of water in the rumble strip area, but this should not
create a roadside erosion problem.

Inflexibility in Future Traffic Operations
The installation of shoulder rumble strips limits the ability
to use the shoulder as a travel lane during future construction
and maintenance activities that involve a lane closure. This
reduces the flexibility that highway agencies have in planning
future highway work activities. Shoulder rumble strips also
make it more difficult to convert a shoulder to temporary use
as a travel lane, as has been done on freeways in several urban
areas. On the other hand, shoulder rumble strips may have
the advantage of discouraging motorists from using shoulders
at locations where shoulder travel is considered undesirable
by highway agencies.
One advantage of the use of raised pavement markers for
shoulder rumble strips, particularly for portland cement concrete shoulders, as illustrated in Figure 8, is that the markers
can be removed, if necessary, to restore a smooth riding surface that can be used as a travel lane. However, raised pavement markers may have a shorter service life than corrugated
rumble strips that are formed into the pavement.

Motorist Concerns

Highway agencies have received complaints both from
motorists who do not like rumble strips and from motorists
who do not understand rumble strips.
Motorists who do not like rumble strips are generally concerned about vibration and potential damage to their vehicle.
A few instances of actual vehicle damage were reported, but
vehicle damage does not appear to be very common; however,
there are no reliable quantitative estimates of the frequency
of vehicle damage associated with particular rumble strip
designs. This problem appears to be associated with both
raised and grooved rumble strips. One highway agency reported
that a truck could lose its load if grooved rumble strips were
made too deep or too wide. This agency recommended a

maximum groove depth of 1/2-in. (preferably 3/8-in.) and a
maximum groove width of 12 in. (preferably 3.5 to 4 in).
Another agency reports complaints from vehicle owners about
loss of front-end alignment due to impacts with rumble strips.
Clearly, motorist acceptance of rumble strips will be increased
if the bar height or groove depth is kept to a minimum. On
the other hand, the height or depth must be sufficient to
generate an audible or tactile sensation large enough to gain
the motorists's attention. Data in Chapter Five show that
about two-thirds of highway agencies currently limit the maximum bar height or groove depth to ½-in.
Highway agencies also reported a concern about motorists
who do not understand rumble strips and mistake the noise
generated by a rumble strip for a mechanical problem with
their vehicle. One agency reported that they had observed
motorists stopping to check their tires after passing over a
shoulder rumble strip. Another agency reported complaints
about rumble strips from motorists who thought that they
were imperfections in the road surface and did not realize
that they were intended as a safety device. These experiences
indicate a need for public education about the purpose of
rumble strips, particularly shoulder rumble strips, which are
being installed for the first time in many areas. Because of
the motorist's lack of familiarity with rumble strips, some
agencies have adopted a policy of installing RUMBLE STRIP
warning signs where rumble strips are placed in the traveled
way, particularly for new installations or for temporary installations such as work zones. Warning signs with the legend
RUMBLE STRIPS AHEAD have also been used in advance
of work zones where rumble strips are present.

Bicyclist Concerns

Several highway agencies indicated that bicyclists have
expressed concerns about both traveled way and shoulder
rumble strips. Bicycles are not generally a concern on freeways, where nearly all states prohibit bicycles, but the needs
of bicyclists should be considered in evaluation of shoulder
rumble strip installations for nonfreeway facilities.
The concern of bicyclists about rumble strips in the traveled
way is primarily related to the potential for loss of control if
a rider strikes a rumble strip unaware. However, there are
no reliable data on the extent to which traveled way rumble
strips create problems for bicyclists. This issue merits further
research.
Highway agencies also report concerns expressed by bicyclists about shoulder rumble strips. Where paved shoulders are
provided, the shoulder is the preferred travel area for bicyclists. A concern has been expressed that shoulder rumble
strips may encourage bicyclists to ride in the traveled way in
situations when both the rider and the highway agency would
prefer for them to use the shoulder. While rumble strips are
often installed for only about half of the paved shoulder width,
the area between the rumble strip and the outside edge of
the shoulder is often littered with debris that discourages bicycle riding in that area. If a spacing of 2 ft or more is used
between the edge of the traveled way and the rumble strips,
bicyclists may be able to ride between them. However, it
should be recognized that moving the rumble strips farther
from the traveled way decreases the recovery area available
to errant vehicles.
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One agency reported that they do not use rumble strips in
the traveled way on designated bicycle routes unless there is
a separate bicycle lane. Another agency reported that they
are experimenting with chip-seal resurfacing of shoulders to
create a rumble effect for errant vehicles, as an alternative to
rumble strip installation in areas where bicyclists frequently
ride on shoulders.

Motorcyclist Concerns

Highway agencies have reported concerns expressed by
motorcyclists about rumble strips placed in the traveled way,
similar to the concerns that have been expressed in the past
by motorcyclists about locations where grooved pavements
have been used to reduce wet-weather accidents. There is no
information about whether rumble strips in the traveled way
create serious problems for motorcyclists, but this issue merits
further research.
Discontinuous rumble strips like those illustrated in Figure
10 might seem to be advantageous to motorcyclists because
they may be able to steer around them. However, there is a
potential concern if motorcyclists ride between the rumble
bars because the center portion of the road is where oil and
grease are most likely to collect on the pavement surface.
Where the rumble strip is used in advance of a STOP sign,
motorcyclists may be forced to brake on a portion of the
pavement surface with a reduced friction coefficient.

Truck Concerns

It has been reported that traveled way rumble strips are
less effective in slowing trucks than in slowing passenger cars
(1,19). This effect is not well documented, but it seems reasonable that, since normal truck operation involves higher
noise and vibration levels than passenger car operation, truck
drivers may be less likely to detect rumble strips. This concern
should not discourage rumble strip usage because passenger
cars constitute the vast majority of the traffic stream at most
locations. Rumble strips could increase the speed variance of
the traffic stream, if passenger cars slow more than trucks,
but there is no evidence that increases in speed variance from
rumble strip usage lead to safety problems.

No-Passing Zones at Rumble Strip Sites

Installation of rumble strips on an intersection approach on
a two-lane highway can limit passing opportunities for the
opposing direction of travel. Where rumble strips are placed
on an intersection approach, passing by vehicles traveling in
the opposite direction should be prohibited even if that passing restriction is not warranted because of limited sight distance. Prohibition of passing by opposing vehicles prevents
them from traversing the rumble strips when headed away
from, rather than toward the intersection. Some highway
agencies are concerned with the reduced traffic operational
level of service that can result from passing prohibitions that
accompany rumble strip installation.
installation Concerns

- A concern has been expressed by some highway agencies
about the amount of time that a roadway or lane must be
closed to install rumble strips. Construction techniques to
minimize the amount of lane closure time are needed.
Overuse of Rumble Strips

Several highway agencies commented on the importance of
avoiding the temptation to use rumble strips where they are
not needed. If every intersection had rumble strips on its
approaches, rumble strips would soon lose their ability to
focus the attention of the motorist on an unexpected hazard.
This could generally reduce the effectiveness of rumble strips
at all locations, including the locations where they are truly
needed. The ability to gain the motorist's attention results
because passing over a rumble strip is an unusual experience.
Furthermore, many of the potential adverse effects of rumble
strips discussed above will be less of a concern if rumble strips
are not overused.
The overuse of rumble strips is primarily a concern related
to rumble strips placed in the traveled way. Rumble strips
placed on shoulders, where they are encountered only by
errant vehicles, are appropriate for more frequent use (e.g.,
on most freeways or on most rural highways). A rumble strip
on the traveled way is encountered by every motorist. When
used on shoulders, motorists encounter rumble strips only
when they need to.
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CHAPTER FIVE

RUMBLE STRIP DESIGN AND INSTALLATION

This chapter describes the rumble strip designs and installation methods that have been used by highway agencies.
Separate discussions are provided for rumble strips placed in
the traveled way, rumble strips on asphalt shoulders, and
rumble strips on portland cement concrete shoulders.
RUMBLE STRIPS PLACED IN THE TRAVELED WAY

Most rumble strips placed in the traveled way consist of a
pattern of raised or grooved bars spaced relatively close to
one another and oriented in a transverse direction across the
roadway. A photograph of a typical rumble strip installation
in the traveled way has been presented in Figure 2. The same
effect has been accomplished by some highway agencies using
raised pavement markers placed in the traveled way.
Figure 11 illustrates a typical rumble strip installation in the
traveled way of a highway. Typical values of the dimensions

shown in Figure 11 are given in Table 7, which summarizes
the design practices of 24 state highway agencies for rumble
strips placed in the traveled way. Most raised rumble strips
consist of asphalt bars placed on the surface of the traveled
way; wooden forms are used to create the desired shape for
the bar. Most grooved rumble strips consist of indentations
placed in the pavement surface by grinding or sawing.
Table 7 summarizes for each highway agency the applications for which specific rumble strip designs are intended
(intersection approaches, lane drops, horizontal curves, work
zones) and whether raised or grooved rumble strips are used.
Rumble strip dimensions and features also presented in the
table include the length of the pattern of rumble bars, measured longitudinally along the highway; the number of rumble
bars per pattern; the width of each rumble bar; the centerto-center between successive bars;, the height of the raised
bar or the depth of the grooved bar; the cross-sectional shape
of the bar (rectangular, tapered, vee-shaped, or rounded);

See Table 8
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FIGURE 11 Typical dimensions and shapes for rumble strips placed in the traveled way.

TABLE 7
DIMENSIONS AND DESIGN CRITERIA FOR RUMBLE STRIPS PLACED IN THE TRAVELED WAY

State
Alabama
Arkansas
Colorado

Florida

Raised!
Grooved

Application

Intersections
Raised
Intersections
Grooved
Intersections
Grooved
Lane drops
(permanent)
Horizontal curve
Work zones
Raised
(temporary)
Intersections
Raised

Length
of
Pattern
A
6.67'
10.33'
11.33'

No. of
Bars per
Pattern
5
5
12

Bar
Width
B
8'
3.5-5'
4'

Bar
Spacing
(CL-CL)
C
18'
24'
12'

Height or
Depth
D
0.625'
1.5'
0.500'

Varies

Varies

46-6'

12'

0.500'

5.17'

6

2'

12'

0.500'

__ _______
Georgia
Hawaii
Idaho

Illinois

-

-

-

-

24'

9

N/A

36'

-

11'

8

6'

18'

-

-

-

17'

12

6'

18'

-

-

-

25'
2Z.

4'
8'

Rectangular
Rectangular

-

12'
16'
60'

0.188'
0.188'

25'

25
19
6

-

-

Full lane
Full lane
Full lane

Intersections

Raised
(RPM)
Grooved
(A pattern)
Grooved
(B pattern)
Grooved
Raised
Raised
(temporary)
Grooves

24'

25

4'

12'

0.375'

Rectangular

Intersections
Intersections
Work zones
I Intersections

Grooves
Raised
Raised
Grooved

24'
15.67'
24.67'
3.33'

25
10
10
4

4'
8'
8'
4'

12'
12'
24'
12'

0.375'
0.250-0.375'
0.375-0.500'
0.375-0.500- 1

Rectangular
Rectangular
Rectangular
Rectangular

Intersections

Michigan

Comments

Rectangular
Full lane
or Tapered
Tapered
Fwys: full lane
Nonfwys:
Full_lane-1.5'
Full lane

20'

Work zones

Kansas
Kentucky

Tapered
Rectangular
Rectangular

Strip
Width
E
Variable
Full lane
Full lane

Raised

Intersections
Horizontal curve
Intersections
Horizontal curve
Intersections

*
Iowa

Shape

RPM
(button)

3'

Full lane
-18'
Full lane
Full lane
Full lane
Full lane

Raised pavement markers across lane
on 6' centers
On Intersection approach, both A & B patterns
are used; typIcally, 5 strips are used:
2 A patterns followed by 3 B patterns
Variable spacing gives an accelerating noise

High-strength polycathonate
No rumble strip on rIghtmost 18' of lane
No rumble strip on rightmost 18' of lane
45 mph or less
Over 45 mph

TABLE 7
CONTINUED
No. of
Bars per
Pattern
9

Bar
Width
B
4-8'

17

6'

18'

24.33'
19
__ _______
25'
6

4'

16'

-

25.33'
15.33'
24.67'
15.33'
12.67'
11.33'
2.65'
2.85'
4.33'
M.

26
16
19
12
10
12
5
5
5
15
5
15-20

4'
4'
8'
8'
8'
4'
8'
8'
12'
8'

Mississippi

Intersections

Raised

Length
of
Pattern
A
8.50'

Nebraska

Intersections

Raised

24.5'

State

Application

Raised!
Grooved

Grooved
New Hampshire Work zones
North Dakota

Intersections

Raised
(temporary)
Grooved
(in AC pavt)
Raised
(epoxy)
Raised
Grooved
Grooved
Grooved
Grooved
Raised

Bar
Height or
Spacing
Depth
(CL-CL)
D
C
12'
0.500-1.000'

Comments
in some cases, rumble strip patterns end
1• from_each edge of thelane
Broken rumble strips used on intersection
approaches; these consist of a 3.5'
rumble strip in each wheelpath areas

Rounded

3.5'

-

Full lane-i'

60'

-

-

Full lanel

High-strength polycarbonate

12'
12'
16'
16'
16'
12'
2.25'
2.25'
4'
16'

0.375'
0.375'

Rectangular
Rectangular

Also use exposed-aggregate
rumble strip pads

-

-

0.25'
0.500'
0.875'
0.875'
0.500'
0.50-0.75'

Rectangular
Tapered
Von
Rounded
Rectangular
Rounded

Full lane
Full lane
Full lane
Full lane
Full lane
Full lane
Full lane
Full lane
Full lane
Full lane

-

-

-

4'

12'

0.50'

Rectangular

Full lane

17

6'

18'

0.50'

Tapered

3.5'

Tapered

Full lane

-

Full lane

On asphalt pavements

Tapered

Full lane

On PCC pavements

Oklahoma

Oregon
Pennsylvania

Intersections
Work zones

Raised

South Dakota

Intersections

Raised

4.33'
14.3319.33'
24.5'

West Virginia

Intersections

Grooved

11.33'

12

4'

12'

Wisconsin

Intersections
Horizontal curves

Raised or
Grooved
Grooved

4.33'

4

4'

12'

Max
0.75'
0.375'

23.25'

24

3'

12'

0.500'

-

Rounded

Strip
Width
E
Full lane

Max
0.75'
Max
0.75'

Intersections
etc.
Intersections

Ohio

Shape

-

Broken rumble strips used on Intersection
approaches; these consist of a 3.5'
rumble strip in each wheelpath areas
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and the length of the bars, relative to the width of the lane
in which the rumble strip is placed.
The table shows that rumble strip design practices vary
widely. For example, the number of bars per pattern varies
from 4 to 25 and the depth of rumble strip grooves varies
from 3/16-in. (0.188 in.) to 1.5 in. Other than the factors discussed in the section on potential adverse effects of rumble
strips, there are no data to indicate any preference for any
particular rumble strip design among those given above.
Figure 12 shows typical dimensions for the discontinuous
rumble strip pattern used in Nebraska and South Dakota to
allow drivers to avoid running over the rumble strip without
encroaching on the opposing lane (see the discussion of this
discontinuous rumble strip pattern in Chapter Four).
Practices for spacing between rumble strip patterns along
the approaches to STOP-controlled intersections also vary
widely. Table 8 illustrates the variety of rumble strip spacings
used by the highway agencies on intersection approaches. As
stated previously, there are no data concerning the relative
effectiveness of these different rumble strip arrangements.
A typical construction specification for rumble strips placed
in the traveled way is presented in Appendix B.
RUMBLE STRIPS PLACED ON ASPHALT
SHOULDERS

Most rumble strips placed on asphalt shoulders consist of
grooves placed in the asphalt by a roller during the compaction
of the asphalt surface course on the shoulder. Figure 5 is a
photograph of a typical continuous rumble strip on an asphalt
shoulder. Such patterns are generally continuous along extended
sections of asphalt shoulder. One state highway agency, the
Hawaii Department of Transportation, has used raised pavement markers (buttons) to create rumble strips at regular
intervals on asphalt shoulders. A few highway agencies have
used rumble strip patterns placed intermittently on asphalt
shoulders like the intermittent rumble strip patterns that are
used on portland cement concrete shoulders.
Figure 13 illustrates typical continuous and intermittent
rumble strip applications on asphalt shoulders. Typical values
for the dimensions shown in Figure 13 are given in Table 9,
which summarizes the design practices of 18 state highway
agencies.

Table 9 presents the rumble strip type (continuous/intermittent) used on asphalt shoulders by each highway agency.
In virtually all cases, highway agencies have used grooved,
rather than raised, rumble strips on asphalt shoulders. For
intermittent rumble strip patterns, the table also indicates the
typical spacing between patterns, the length of each pattern,
and the number of grooves per pattern. For both continuous
and intermittent rumble strip patterns, the table indicates the
center-to-center spacing between adjacent grooves; the width
of each groove; the height or depth of each groove; the shape
of each groove (rectangular, tapered, vee-shaped, rounded);
the distance from the edge of the traveled way to the inside
edge of the rumble strip pattern; the width of the rumble strip
pattern; and the distance from the outside edge of the rumble
strip pattern to the outside edge of the shoulder.
The most common design for rumble strips on asphalt
shoulders is to place grooves at 8- to 9-in, center-to-center
spacing. These grooves are rolled into the asphalt during initial construction or resurfacing of the shoulder. A modified
roller with steel rods attached at the appropriate spacing is
used for this purpose. The depth of these grooves varies from
½ to 1 in. Figure 14 shows a photograph of a continuous
rumble strip being placed on an asphalt shoulder with a modified roller.
A typical construction specification for rumble strip placement on asphalt shoulders using a roller is presented in
Appendix C.

RUMBLE STRIPS PLACED ON PORTLAND CEMENT
CONCRETE SHOULDERS

Rumble strips are placed at intervals on portland cement
concrete shoulders. Some highway agencies have provided
rumble strips for extended sections of portland cement concrete shoulders, typically on freeways, while others use them
in the vicinit9 of key decision points such as exit and entrance
ramps. Photographs of typical rumble strip installations on
portland cement concrete shoulders have been presented in
Figures 6 and 7.
Figure 15 illustrates a typical rumble strip installation on a
portland cement concrete shoulder. Typical values of the
dimensions shown in Figure 15 are given in Table 10, which
summarizes the design practices of 21 state highway agencies

Epoxy and Rock Rumble Strip Detail

LW

I

MY. UNTMINE

FIGURE 12 Dimensions of discontinuous rumble strips placed in
the traveled way on an intersection approach (30).
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TABLE 8
SPACINGS OF RUMBLE STRIPS IN THE TRAVELED WAY ON INTERSECTION APPROACHES

State
Alabama

No. of
Rumble Strip
Patterns
per Approach
5

Colorado

5

Florida

7

Georgia

3

Idaho

6

Illinois

3

Iowa

3

Kansas

3

Rumble Strip Locations
(in order of increasing distance
from the intersection)
250 to 600' from intersection
(depending on approach speed)
50' beyond previous pattern
50' beyond previous pattern
100' beyond previous pattern
100' beyond _previous _pattern
300' from intersection
400' from intersection
500' from intersection
700' from intersection
1000' from intersection
100' from intersection
150' from intersection
200' from intersection
250' from intersection
350' from intersection
450' from intersection
650' from intersection
400' from intersection
585' from intersection
805' from intersection
NOTE:_STOP_AHEAD _sign_@_735'_from_intersection.
Pattern A @ 400' from intersection
Pattern A @ 430' from intersection
Pattern A @ 470' from intersection
Pattern A @ 520' from intersection
Pattern B @ 650' from intersection
Pattern B @ 830' from intersection
NOTE:_Patterns A_and_B_are_defined_in_Table_7
300' from intersection
500' from intersection
200' upstream of STOP AHEAD sign
NOTE:_Location_of STOP _AHEAD _sign _is variable
300' from intersection
Halfway between the two other locations
200' upstream of STOP AHEAD sign
NOTE:_Location_of STOP _AHEAD _sign _isvariable
1350' from intersection
1450' from intersection
1550' from intersection
NOTE: STOP AHEAD signs located @ 550' and 1250'
from the intersection
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TABLE 8
CONTINUED

State
Michigan

No. of
Rumble Strip
Patterns
per Approach
3

Mississippi

5

Nebraska

2

North Dakota

6

Ohio

10

Oklahoma

3

Oregon
South Dakota

5
2

West Virginia

10

Wisconsin

3

Rumble Strip Locations
(in order of increasing distance
from the intersection)
400' upstream of the STOP AHEAD sign
500' upstream of the STOP AHEAD sign
700' upstream of the STOP AHEAD sign
NOTE: STOP AHEAD sign located from 400' to 750'
from the intersection
200' from intersection
275' from intersection
375' from intersection
525' from intersection
725' from intersection
1600' from intersection
1675' from intersection
NOTE: STOP AHEAD sign is located 1500'
from the intersection
250' from intersection
305' from intersection
70' upstream of junction sign
135' upstream of junction sign
235' upstream of junction sign
360' upstream of junction sign
NOTE: location of junction sign is variable
Rumble strip spacings vary as a function of
approach speed
500' from intersection
1000' from intersection
2000' from intersection
NOTE: STOP AHEAD sign located 900' upstream
from the intersection
Rumble strip spacing is variable from 150 to 500'
300 to 600' from intersection
(depending on approach speed)
150' upstream of STOP AHEAD sign
NOTE:_Location_of_STOP_AHEAD _sign _is_variable
Rumble strip spacings vary as a function of
approach speed
300' from intersection
425' from intersection
900' from intersection
NOTE: STOP AHEAD sign is located @ 700' upstream
from the intersection
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FIGURE 13 Typical dimensions and shapes for rumble strips on asphalt shoulders.
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TABLE 9
DIMENSIONS AND DESIGN CRITERIA FOR RUMBLE STRIPS ON ASPHALT SHOULDERS

State
California
Colorado
Florida

No. of
Groove
Spacing Length
of
Grooves Spacing Groove Groove
Rumble Strip Between
Depth
Frequency Patterns Pattern per Pattern (CL-CL) Width
D
E
A
B
C
1
1-2
8-9
Continuous
.75-1 0.75-11
8-9
Continuous
0.50
12
2
200'
5.17'
6
Intermittent

Hawaii

Continuous

-

-

-
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Idaho

Intermittent

60'

4.50'

8

6

Illinois
Kansas
MIchigan
Mississippi
Nevada
New Mexico
Oklahoma

Continuous
Continuous
Continuous
Continuous
Continuous
Continuous
Continuous

Continuous

Intermittent

Intermittent

Intermittent

-

-

-

52.8'
52.8'
52.8'
52.8'
52.8'
52.8'
52.8'
52.8'

2.85'
2.85'
4.33'
2.85'
2.85'
4.33'

5
5
5
5
5
5

-

1
I

-

8.
8.
8.

-

-

-

-

&
12
8.
8.
12
8
8.
12
8.
8.
12

-

Rounded
Rounded
Tapered

RPM

__ __________

__

8-9
8-9
8 -9
8.

Groove
Shape

2.5
2
2.5'
0.875
0.875
0.500
2.251
2.251
4
2.25
2.25
4
2.25
2.251
4
2.25
2.25
4
4
3.5

___ ______
9
81 -91
0.75
8 -Y
1.51

Oregon
Tennessee
Utah

Continuous
Continuous
Continuous

-

-

-

Washington

Intermittent

50'
50'

3.5'
3.5'

6

Wisconsin

Continuous

-

-

-

4
7.5
___ ______
2.5
Y

Wyoming

Continuous

-

-

-

Y-9

2

1.
1
1
0.875'
0.875
0.500
0.8751
0.8751
0.500
0.875
0.875
0.5001
0.875
0.875
0.5001
0.875
0.875
0.5001
0.75
0.501

Rounded
Rounded
Rounded
Rounded
Rounded
Rounded
Vee
Rounded
Rectangular
Vee
Rounded
Rectangular
Vee
Rounded
Rectangular
Vee
Rounded
Rectangular
Tapered
Rectangular

_______ ___________

Distance from
Distance
Width
Pattern to
from
Traveled Way
of
Outside Edge
Pattern
of Shoulder
Comments
to Pattern
F
G
H
1.5'
1'
2'
6'
Fwys: full shldr
0'
Nonfwys:
Full shldr-1.5' ___________
1.
used only on approaches to
0.25'
horizontal curves
B rumble strips at 61 centers
every60'
_____ __________
1'
3'
3'
0.5'
1'
3'
4
1'
1'
1•
2'
AC continuous - multilane
2'
1'
2'
1'
2'
1'
ACcontinuous-2-lane
1'
2'
6'
1'
2'
6'
1'
2'
6'
AC Intermittent - multilane
1'
3.33'
1'
3.33'
1'
3.33'
2'
AC intermittent - 2-lane
1'
6'
1'
2'
6'
1.
2'
6'
3.33'
AC intermittant - single-groove
1'
9.33'
multilane or two-lane; alternate
1'
3.33'
9.33'
angles of grooves 45 or 60
degrees
___________ ____________ ___________

-

-

0.75
1•

Rounded
Rounded

1•

0.751

Rectangular

0.5'

0.75

Tapered
or Rounded
Rounded

1.

3'
2'

-

-

2.5'

Right-5
LeIt-3.5'
2.5'

-

0.5'

3'

-

Used only on rural hwys with
design speed of 50 mph
Or-more
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FIGURE 14 Roller being used to place rumble strips on an asphalt shoulder.
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FIGURE 15 Typical dimensions and shapes for rumble strips on portland
cement concrete shoulders.

TABLE 10
DIMENSIONS AND DESIGN CRITERIA FOR RUMBLE STRIPS ON PORTLAND CEMENT CONCRETE SHOULDERS

State
Arizona

Spacing
Between
Patterns
(CL-CL)
A
30-60'

Colorado

100'

Florida

200'

Georgia

60'

Idaho
Illinois
Kansas

60'
60-100'
90'

Kentucky
Louisiana

60'
60'

Michigan

-

MississippI
Nebraska

60'

________

Nevada
North Dakota
Oklahoma
Pennsylvania

54'

52.8'
60'

Texas

-

Utah

50'

West Virginia
Wisconsin

40'
30'

Wyoming

55'

Length
of
Pattern
B
4'

No. of
Bar
Bars per Spacing
Pattern (CL-CL)
C
17
3

Distance
from
Traveled Way
to Pattern
F
2'

Width
Minimum
of
Shoulder
Pattern
Width
Comments
G
Full
Pattern spacingdependsondesignspeed:
shldr width
longer spacings used at higher design speeds
11.33'
12
121
4
0.500 Rectanguia
0'
Full
6'
leave outside 3' without strip on bicycle routes
shldrwidth
5.17'
6
121
21 0.5001 Tapered
0'
Fwys: Full shldr
Noniwys:
_________
_____ Full shid-1.5'
5.83'
16
4.5
N/A
V
Rounded
0'
Full
V radius __________ shtdr width
3.67'
8
6.0
8 rumble strips at 61centers placed every 60'
8.
3'-6'
5-10
2.5'
V
Rounded
1'
3
4'
9
4
0.75
Tapered
0.5'
Full
____
shldr width
5.33'
6
12
4
0.501 Tapered
1'
4'
6'
16
4.5
N/A
V
Rounded
0.5'
6'
minimum distance of 1' from outside edge of
V radius
______ ____________
rumble strip to outside edge of shoulder
5.81
16
4.5'
N/A
Rounded
1'
Full
rural PCC shoulders
1 radius
_____ shldr width
5.81'
16
4.5'
N/A
Rounded
1'
Full
urban PCCshoulders
V radius
shldr width
minimum distance of 1' from outside edge of
rumble strip to outside edge of shoulder
6'
16
4.5
N/A
11
Rounded
0.17'
2'
V radius
4'
11
4.5
N/A
V
Rounded
0.5'
Full shldr-2'
___ _______ ________ ______
V radius
6'
16
4.5
N/A
11
Rounded
0'
Full
0.5 radius
shldr width
6'
6
12
N/A
V
Rounded
3'
4'
V radius
4'
6
8.2
4
0.75
Tapered
1'
3.33'
9.33'
3.33'
10
4-12
N/A
0.751 Rounded
1'
3.33'
9.33'
6'
16
4.5'
N/A
V
Rounded
0'
Full
____ _______
_____ shldr width
1'
4
3
N/A
0.50
Rounded
0'
Full
shldr width
6'
16
4.5
N/A
0.75
Rounded
Right-4'
Full
Distance from traveled way to rumble strip:
Left-i'
shldr width
4' on 10' outside shoulder
_________
1' on 4' Inside shoulder
3'
12
3
N/A
V
Rounded
6'
6
121
41 0.6251 Rectangula
1.5'
2'
Sawed pattern
6'
6
12
N/A
V
Rounded
1.5'
2'
Formed pattern
1' radius
4'
11
4.5
N/A
V
Rounded
3'
Full
0.51radius
shldr width
4'
8
3
1.51
V
Rounded,
3'
Full
taper
shldr width
Bar
Bar
Width Height
Shape
DE
N/A
V
Rounded

_

-

-

-

-

-

-

-

-

•

-

-

-

-

TABLE 11
TYPICAL RUMBLE STRIP APPLICATIONS IN WORK ZONES (1)

Rumble Strips
State

Design

Type

Application

Problems

Pennsylvania (3fl

Intermittent raised strips
of bituminous overlay,

1/2-in x 4-in @ 12-in
spacing. See figure E-1.

In advance of crossovers,
but not for speed control.

Illinois ()

Raised highstrength
polycarbonate
(intermittent),

See Figure E-3 (one piece
of construction material with
two channels).

In advance of construction
tapers.

California (3)

Raised and grooved
strips (intermittent),

3/4 in or less in height if
raised and 1-in or less in
depth if indented,

In advance of workers.

Noise and vibration
Unusual maneuvers to
avoid rumble strips
Bicyclists and
motorcyclists

Ohio (p4)

Intermittent raised strips
of asphaltic concrete or
depressed grooves. See
Figure E-5.

Grooved:

In advance of construction
taper.

Hazard for bicycle
travel

Kentucky ()

Intermittent raised
bituminous asphalt.

Raised:

1/2 in x 3.5 in x
11.3 ft @ 8-in
spacing.
1/2 in x 8 in x
12.5ft@8-in
spacing.

See Figure E-6.

Construction zones, but
only with approval from
Central Office Division.

Noise
No effects on trucks
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for rumble strips placed on portland cement concrete shoulders. In all but one case, the rumble strips for portland cement
concrete shoulders consist of grooves or indentations formed
into the concrete surface during the finishing process. One
agency reported sawing grooves into the shoulder surface at
some locations.
Table 10 presents each agency's practices for the length of
the rumble strip pattern, longitudinally along the highway;
the number of grooves in the pattern, the center-to-center
spacing between grooves; the depth of the grooves, the shape
of the grooves (rectangular, tapered, or rounded); the distance from the edge of the traveled way to the edge of the
rumble strip pattern; the width of the rumble strip pattern;
and the minimum shoulder width on which rumble strips are
placed. Table 10 shows the wide variation in rumble strip
designs currently used for portland cement concrete shoulders; there are no data to indicate whether any of these patterns performs better than any other.
Appendix D presents a typical construction specification
for rumble strips placed on portland cement concrete shoulders.

RUMBLE STRIPS FOR USE IN WORK ZONES

Table 11 summarizes current state highway agency practices
in work zones. This table was developed in a recent study by
Noel, Sabra, and Dudek (1).
The work zone traffic control manual of the Pennsylvania
Department of Transportation (31) includes rumble strips
among its miscellaneous devices and materials. The manual
approves the use of rumble strips in work zones for alerting
drivers to unusual maneuvers and references the standard
design shown in Figure E-1 presented here in Appendix E.
The manual specifies that rumble strips should always be
extended onto the shoulder to discourage drivers from making
erratic maneuvers to avoid the rumble strip. Figure E-1 illustrates two rumble strip patterns used in Pennsylvania. Pattern
A involves five sets of rumble strips with a separation distance
decreasing from 200 ft to 50 ft. These rumble strips span the
entire traveled way width, extend onto the shoulder, and are
constructed from bituminous material. Pattern B is constructed in a unique method in which ½-in, deep and 4-in.
wide plywood forms are nailed in place at 12-in. spacing to

form grooves with a separation distance decreasing from 200
ft to 50 ft. An asphalt overlay is applied to cover the full width
of the strip area and the plywood forms are then removed.
This application minimizes construction and repair of the
existing pavement and provides for easy removal. Pattern A
is typically used in advance of a work zone taper area and
Pattern B is typically used in the transition area in advance
of a temporary detour (see typical traffic control diagram in
Figure E-2 in Appendix E).
The Illinois Department of Transportation (32) uses prefabricated strips made of polycarbonate material as temporary
work zone rumble strips. The strips are grouped in sets of
five with a uniform spacing of 5 ft between strips, as illustrated
in Figure E-3 in Appendix E. The sets are uniformly positioned at 200 ft apart. A schematic of this application is illustrated in Figure E-4 in Appendix E. The rumble strips used
by Illinois extend across the entire width of the traveled way,
but do not extend onto the shoulder. As stated in Chapter
Four, the Illinois Department of Transportation has encountered problems in maintaining an adequate epoxy bond between
the rumble strips and the pavement surface.
California (33) permits rumble strips in work zones only
when their use is determined to be the only reasonable solution to an identified problem. The rumble sirips used in work
zones by Caltrans must be less than 3/4-in, high, if raised, or
less than 1-in, deep, if grooved.
Ohio (34) and Kentucky (35) have not developed any separate specifications for work zone rumble strips, but use the
same specifications that are applicable to rumble strips in the
traveled way outside of work zones. Both states use intermittent rumble strip patterns with and without uniform spacing (see Figures E-5 and E-6in Appendix E). Ohio's design
consists of ten patterns of either raised or grooved rumble
strips with six to 18 bars or grooves per pattern. The spacing
between the rumble strip patterns varies from 50 to 250 ft.
Kentucky's design provides uniform rumble strip patterns with
spacings between the patterns and between the individual
strips within a pattern that varies as a function of prevailing
speed.
Several types of rumble strips suitable for temporary application in work zones are commercially available. A portable
rumble strip that can be installed temporarily at one location
and then reused at other locations is currently being field
tested as part of the Strategic Highway Research Program
(SHRP).
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CHAPTER SIX

COST AND SERVICE LIFE OF RUMBLE STRIPS

COST OF RUMBLE STRIPS

Cost data for rumble strips are available only for limited
cases, because rumble strips are often not treated as a separate
payment item in highway construction contracts and because
cost records for specific activities are not usually kept for
rumble strips installed by state highway agency maintenance
forces. Rumble strip construction costs, particularly in states
that now install rumble strips on highway shoulders as a matter
of policy in new construction and resurfacing projects, are
typically included in the payment item for asphalt or portland
cement concrete paving. One agency, the Kansas Department
of Transportation, reported that their paving costs have not
risen since they began including rumble strips in their payment
items for paving. This, of course, may reflect the current
competitive situation in the construction industry. All cost
data in this chapter were provided by highway agencies during
1991, unless otherwise stated.

Rumble Strips Placed in the Traveled Way

Costs for placement of rumble strips in the traveled way
are typically quoted as a cost per linear foot of rumble strip
bars or grooves or as a lump sum per intersection approach.
Note that the bars and grooves of such rumble strips run
transverse to the roadway and that the payment per linear
foot is determined by measuring along each bar or.groove of
the rumble strip, rather than along the roadway. Raised bars
typically consist of asphalt material placed on the surface of
the traveled way, while grooves are placed in the pavement
surface by grinding or sawing.
One highway agency estimates that raised rumble strips cost
$1.40 per linear foot. Reported costs for grooved rumble strips
range from $0.89 to $2.23 per linear foot. On a lump sum
basis, one highway agency reports costs of $400 per intersection approach for grooved rumble strips and $500 per intersection approach for raised rumble strips. Another agency
reports a cost of $3,000 per intersection approach for rumble
strip installation. Such large variations in cost are indicative
of agency-to-agency variations in rumble strip specifications
and the vagaries of the bidding process for construction
contracts.

Rumble Strips Placed on Asphalt Shoulders

Costs of rumble strip installation on asphalt shoulders are
essentially equivalent to the cost of installation in the traveled
way if the rumble strips are placed in the shoulder surface by
grinding or sawing. When rumble strips are rolled into an
asphalt shoulder during resurfacing, reported costs from $150

to $580 per mile for a continuous 2- to 5-ft wide rumble strip
along one shoulder. This is equivalent to a cost of $600 to
$2,320 per mile to treat all four shoulders of a divided freeway.

Rumble Strips Placed on Portland Cement Concrete
Shoulders

Every agency that provided cost information in response
to the highway agency survey discussed in Appendix A reported
that the cost of placing rumble strips in portland cement concrete shoulders was part of the construction bid item for concrete paving and was not priced separately. However, one
agency reported that when rumble strips had been added to
a contract by a change order the cost incurred had been $0.05
per square yard of the rumble strip pattern.
The cost of placing sawed or grooved rumble strips in existing portland cement concrete pavements varies with aggregate
hardness, increasing as the hardness of the aggregate increases.
Data for 1992 indicate that the average cost for a sawed or
grooved rumble bar with a width of 4 in. and a depth of /8to ½-in, is $3.50 per linear foot. Therefore, on a 10-ft shoulder, if the typical bar length is 9 ft, a single bar would cost
$31.50, and a cluster of six bars would cost $189.

Temporary Rumble Strips In Work Zones

One vendor indicates that temporary rumble strips for
application in work zones cost about $4.00 per strip (1). These
strips are approximately 2-ft wide, so that six strips must be
used, side by side, at a total cost of $24.00 to extend for the
entire width of a 12-ft lane. This cost does not include the
labor required to install the rumble strips.

SERVICE LIFE OF RUMBLE STRIPS

Only limited information is available on the service life of
rumble strips. Most highway agencies reported that they expect
that the service life of a rumble strip should be the same as
the service life of the pavement itself: 7 to 8 years between
resurfacing for asphalt pavements; 25 years or more for portland cement concrete pavements. One toll road authority
reported that they have experienced a service life of about 5
years for rumble strips on asphalt pavement in the traveled
way on toll plaza approaches, which is about the same as their
standard interval between resurfacing at a high-wear location.
As reported in the discussion of potential adverse effects
of rumble strips, durability of rumble strips placed in the
traveled way is a concern of highway agencies. For raised
rumble strips, highway agencies reported the need for periodic
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maintenance to build them up after they had worn down.
Similarly, grooved rumble strips tend to wear at the edges of
the grooves and the grooves tend to close up gradually over
time, especially in asphalt pavements (see discussion of Pennsylvania data below). On the other hand, shoulder rumble
strips are not subjected to continuous traffic wear and it seems
reasonable to expect that they will perform adequately until
the shoulder requires resurfacing.
The Pennsylvania Department of Transportation has studied the wear of grooves, with an initial depth of 0.5 in., placed
in the pavement surface of the traveled way. Figure 16 illustrates the rate of wear of rumble strip grooves in an asphalt
surface. The grooves are worn to about half of their initial
depth within 2 years. Note in Figure 16 that the rate of wear
of the grooves is affected by traffic volume. Figure 17 illustrates the changes in shape of a groove in an asphalt pavement
as it wears. Figure 1.8 shows comparable data for wear of
grooves in a portland cement concrete surface. The rate of
wear is much less in portland cement concrete than in asphalt
and is also a strong function of traffic volume. Even on the
high-volume pavement for which data are presented in Figure
18, it takes 5 years for a groove to wear to half of its initial
depth. On lower volume portland cement concrete pavements, the groove deterioration over 5 years is minimal.

CHAPTER SEVEN

CONCLUSIONS AND RECOMMENDATIONS

This chapter presents conclusions and recommendations
concerning the use of rumble strips to enhance safety. The
information presented in previous chapters is summarized to
help highway agencies obtain safety benefits from using rumble strips where they are appropriate and to avoid inappropriate uses.

RUMBLE STRIPS PLACED IN THE TRAVELED WAY

The following conclusions concerning the application of
rumble strips placed in the traveled way have been developed
from this synthesis:
Rumble strips in the traveled way are warning devices
intended to alert drivers to the possible need to take some
action, but the driver must decide what action is appropriate.
Signing may be used in conjunction with rumble strips to help
the driver determine the appropriate action (e.g., STOP
AHEAD sign, horizontal curve warning sign, speed limit sign,
etc.). Rumble strips in the traveled way should be placed so
that either the upcoming decision point, or a sign identifying
the potentially required action is clearly visible as the driver
passes over the rumble strip. Rumble strips should be placed
in advance of decision points so that drivers have adequate
time to take any required action.
Rumble strips in the traveled way are used:
—on approaches to intersections,
—on approaches to toll plazas,
—on approaches to horizontal curves,
—in the lane to be closed, on the approach to a
mainline lane drop, and
—on approaches to or within work zones.
Rumble strips placed in the traveled way may consist of
transverse raised bars or grooves in any of the designs identified in Table 7. Exposed-aggregate rumble pads may also
be used to create the same effect.
The accident reduction effectiveness of rumble strips placed
on intersection approaches has not been precisely quantified,
but studies suggest that rumble strips can provide a reduction
of at least 50 percent in the types of accidents most susceptible
to correction. These include rear-end accidents and accidents
involving running through a STOP sign or traffic signal. Rumble strips can also be expected to reduce vehicle speed on
intersection approaches and to increase driver compliance
with STOP signs.
No similar accident reduction effectiveness estimates are
available for other applications of rumble strips in the traveled
way.
Rumble strips placed in the traveled way should not be
overused. If rumble strips are used at too many locations they

may lose their ability to gain the motorist's attention. Rumble
strips placed in the traveled way are most desirable at locations where there is a documented accident problem and where
more conventional treatments—such as signing—have been
tried and found to be ineffective. At a few locations, it may
be desirable to install rumble strips in the traveled way, even
where there is no documented accident history, if accident
problems have been encountered at similar locations.
Rumble strips are not generally effective as speed control
devices. Their primary function is to draw the driver's attention to traffic control devices or potential hazards that drivers
who are unfamiliar with the roadway may fail to see. Where
a substantial proportion of drivers fail to see speed limit signs
or roadway features at which they would normally reduce
speed, using rumble strips to call their attention to those signs
or roadway features may result in a reduction in vehicle speeds.
However, rumble strips should not be expected, in and of
themselves, to reduce the speeds selected by drivers at locations where there is no apparent reason to slow down.
Rumble strips placed in the traveled way in residential
areas may be objectionable to nearby residents because of
the noise generated by vehicles continuously passing over the
rumble strips.
Rumble strips should generally be limited to a maximum
height or depth of 0.5 in. to minimize the jarring action to
vehicles produced by the rumble strip and the possibility of
vehicle damage. However, all rumble strip designs should be
verified as producing an audible or tactile sensation of sufficient magnitude to alert drivers.
Rumble strips should be configured so that substantial
proportions of drivers are not tempted to go around the rumble strip by driving onto the shoulder or into an adjacent lane.
This can be accomplished by extending the rumble strip over
part of the shoulder as well as the full width of the traveled
way or by using a discontinuous rumble strip design such as
that illustrated in Figure 10.
Rumble strip installation in the traveled way on bicycle
routes, where substantial numbers of bicyclists ride in the
roadway, should be discouraged.
Improved methods are needed for installing temporary
rumble strips on pavement surface. Current methods do not
appear to create a durable bond between the rumble strip
and the pavement surface.
SHOULDER RUMBLE STRIPS

The following conclusions concerning the application of
rumble strips placed on roadway shoulders have been developed from this synthesis:
Rumble strips placed on roadway shoulders may consist
of continuous rumble strip grooves placed in the surface of
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an asphalt shoulder, rumble strip patterns installed at regular
intervals on asphalt or portland cement concrete shoulders,
or rumble strip patterns installed at critical locations along
asphalt or portland cement concrete shoulders (such as at exit
ramps, entrance ramps, or on narrow bridge approaches).
Designs in current use for shoulder rumble strips are summarized in Tables 9 and 10.
Rumble strips on roadway shoulders are warning devices
intended to alert drivers that they are leaving (or have left)
the traveled way and that a steering correction is needed to
return to the traveled way.
Continuous rumble strips on asphalt shoulders or rumble
strips installed at regular intervals along extended sections of
asphalt or portland cement concrete shoulders have generally
reduced the rate of run-off-road accidents by 20 percent or
more. On highways with extremely monotonous driving conditions, such as freeways in desert regions of the West, reductions in run-off-road accident rate as high as 50 percent have
been observed.
No similar accident reduction effectiveness estimates are
available for shoulder rumble strips installed just at critical
locations such as exit ramps, entrance ramps, and narrow
bridge approaches.
Overuse of shoulder rumble strips is not a major concern
because only errant vehicles or other vehicles driving onto
the shoulder encounter them. In other words, shoulder rumble strips are encountered only when they are needed. Therefore, highway agencies may wish to consider broader use of
shoulder rumble strips for reducing run-off-road accidents on
their highway systems. Some highway agencies have installed
shoulder rumble strips on most freeways or most rural highways.
Shoulder rumble strips may reduce the flexibility of highway agencies to convert the shoulder to use as a travel lane
during work zone operations or to relieve congestion. Future
use of the shoulder as a travel lane can be achieved more
easily, particularly on portland cement concrete shoulders, if
shoulder rumble strips are provided by raised pavement markers rather than by corrugations formed into the pavement.
However, raised pavement markers may have shorter service
lives than corrugated rumble strips.
Use of shoulder rumble strips, either continuously or at
regular intervals, over extended highway sections should be
carefully considered on bicycle routes. Bicycle considerations
are primarily a concern in installation of shoulder rumble
strips on nonfreeway facilities. Although rumble strips often
extend across only a portion of the shoulder width, the area
between the rumble strip and the outside edge of the shoulder
is often covered with debris. Installation of shoulder rumble
strips may not be desirable if it results in a substantial number
of bicyclists riding in the traveled way rather than on this
shoulder. It may be desirable to increase the distance between
the edge of the traveled way and the rumble strips to 2 ft or
more to accommodate bicyclists. However, it should also be
recognized that moving the rumble strips farther from the
traveled way decreases the recovery area available to errant
vehicles. Use of alternative approaches to rumble strip installation, such as exposed-aggregate rumble pads, should be
considered.
The inside edge of a shoulder rumble strip pattern generally should be at least 1 ft from the edge of the traveled
way to minimize the possibility that the rumble strip will inter-

fere with snowplow operations on the traveled way. Larger
distances between the edge of the traveled way and the rumble
strips may be desirable to accommodate bicycles (see above)
and snowplowing. Shoulder rumble strips have also been
reported to interfere with snowplowing of the shoulder itself.
For example, one highway agency reported the need to reduce
the plowing speed on shoulders with rumble strips. Highway
agencies should investigate these problems, as they apply to
their climate and plowing equipment, before beginning widescale installation of shoulder rumble strips.
There are disadvantages in extending shoulder rumble
strips all the way to the outside edge of the shoulder. This
may concentrate water flow off of the shoulder at the rumble
strips and may lead to roadside erosion.

PUBLIC INFORMATION PROGRAMS

A public information program is recommended to educate
motorists about the purposes of rumble strips, including both
traveled way and shoulder installations. Some motorists have
been seen to stop and check their tires after encountering
rumble strips; other motorists have called highway agencies
to complain about imperfections in the pavement surface.
Clearly, such motorists do not understand rumble strips and
need additional information. Public information campaigns
are particularly appropriate in areas where rumble strips are
being installed for the first time.
In some cases, use of RUMBLE STRIP warning signs in
connection with rumble strip installation may also be appropriate to help inform the public. However, it does not appear
that RUMBLE STRIP warning signs will be very effective or
appropriate at locations where rumble strips are being used
to call attention to existing signs that are not being seen by
the traveling public.

FUTURE RESEARCH NEEDS

Future research is needed on several specific issues concerning rumble strips:
Better data are needed on the safety effectiveness of rumble strips placed in the traveled way. A well-designed safety
evaluation is needed to quantify the accident reduction effectiveness of rumble strips. In addition to test sites where rumble
strips are installed, this evaluation should include comparable
control sites where rumble strips are not installed. A formal
experimental plan should be developed that specifies the number of sites to be evaluated, the duration of the evaluation
periods, the statistical techniques to be used, and the accident
types to be considered. Traffic volumes on the test and control
sites should be documented both before and after rumble strip
installation.
Research is needed to better distinguish between the safety
effectiveness of shoulder rumble strips on the left and right
sides of the traveled way. Of the two major evaluations of
rumble strips that have been conducted, one did not address
this issue and the other found unexplained anomalies.
Current rumble strip designs should be tested to determine whether they create control problems for bicyclists and
motorcyclists. If control problems are found, alternative rum-
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ble strip designs that do not create problems should be developed.
Innovative methods of creating rumble effects without
raised or grooved strips should be evaluated. For example,
exposed aggregate rumble pads merit further investigation to
determine their effectiveness and service life for use in the
traveled way and on shoulders.
Further noise studies are needed to determine whether
rumble strip designs that minimize noise that disturbs nearby

residents can be effective in alerting motorists. Guidelines
that specify the minimum distance from rumble strips to the
nearest residence are needed.
The attitudes of senior citizens toward rumble strips should
be investigated. In particular, it should be determined if the
noise and vibration generated by rumble strips is more objectionable to older drivers than to younger drivers and whether
any problems created for older drivers can be minimized by
alternative rumble strip designs.

42

REFERENCES

Noel, E. C., Z. A. Sabra, and C. L. Dudek, Work Zone
Traffic Management Synthesis: Use of Rumble Strips in
Work Zones, Report No. FHWA-TS-89-037, Federal
Highway Administration (July 1989).
American Railway Engineering Association, Investigate
Uses and Types of Rumble Strips and Their Adaptability
for Approaches to Highway-Railway Grade Crossings,
American Railway Engineering Association Bulletin, Volume 72 (November 1970).
American Railway Engineering Association, Investigate
Uses and Types of Rumble Strips and Their Adaptability
for Approaches to Highway-Railway Grade Crossings,
American Railway Engineering Association Bulletin,
Number 635 (November 1971).
Council, F. M., D. W. Reinfurt, B. J. Campbell, F. L.
Roediger, C. L. Carroll, A. K. Dutt, and J. R. Dunham,
Accident Research Manual, Report No. FHWA/RD-80/
016, Federal Highway Administration (February 1980).
Kermit, M. L., and T. C. Hem, Effect of Rumble Strips
on Traffic Control and Behavior, Proceedings, Highway
Research Board, Volume 41(1962).
Kermit, M. L., Rumble Strips Revisited, Traffic Engineering (February 1968).
Owens, R. D., Effect of Rumble Strip at Rural Stop
Locations on Traffic Operation in Highway Research
Record 170, Highway Research Board, National Research
Council (1967).
Illinois Division of Highways, Rumble Strips Used as a
Traffic Control Device: An Engineering Analysis, Accident Study Report No. 102, April 1, 1970.
Sumner, R., and J. Shippey, The Use of Rumble Areas
to Alert Drivers, TRRL Laboratory Report 800, Transport and Road Research Laboratory, Department of the
Environment, Department of Transport, Crowthorne,
Berkshire, United Kingdom (1977).
Virginia Department of Highways and Transportation,
An Evaluation of the Effectiveness of Rumble Strips,
Traffic and Safety Division Evaluation No. 81-5, (April
1991).
Carstens, R. L., and R. Y. Woo, Warrants for Rumble
Strips on Rural Highways, Report No. HR-235, Iowa
Highway Research Board (June 1982).
Zaidel, D., A. S. Hakkert, and R. Barkan, Rumble Strips
and Paint Stripes at a Rural Intersection in Transportation
Research Record 1069, Transportation Research Board,
National Research Council (1986).
Moore, A. F., Evaluation of Experimental Rumble Strips,
Report No. FHWA/LA-86/186, Louisiana Transportation Research Center, Baton Rouge (July 1987).
Taylor, R. W., Grooved Rumble Strips as a Traffic Control Device in Pennsylvania, M. S. Thesis, Pennsylvania
State University, 93 pp. (1974).
Safety Devices on the Garden State Parkway, Public Works,
February 1959 (in 20).
Illinois Division of Highways, Portland Cement Concrete
Shoulders (IHR-404), Research and Development Report
No. 27, July 1970 (in 20).

"Evaluation of Shoulder Improvements," Arizona
Department of Transportation, January 1978 (in 20).
Annual Report Title II Safety Improvement Program,
Florida Department of Transportation, August 1982 (in
20).
Chaudoin, J. H., and G. Nelson, Interstate Routes 15 and
40 Shoulder Rumble Strips, Report No. Caltrans-08-851, Traffic Operations Branch-District 8, California
Department of Transportation (August 1985).
Ligon, C. M., E. C. Carter, D. B. Joost, and W. F.
Wolman, Effects of Shoulder Textured Treatments on Safety,
Report No. FHWA/RD-85/027, Federal Highway
Administration (May 1985).
Washington State Department of Transportation, "Rumble Strips on Shoulders," unpublished report (1991).
Federal Highway Administration, Maine Facility Research
Summary: Results 1973-1976, Report No. FHWA-RD77-54 (May 1977).
Kothari, A. M., "Design of Modified Rumble Strips and
Their Effectiveness," prepared for District III Student
Paper Competition, Institute of Transportation Engineers, April 1992.
Richards, S. H., R. C. Wunderlich, and C. L. Dudek,
Field Evaluation of Work Zone Speed Control Techniques in Transportation Research Record 1035, Transportation Research Board, National Research Council
(1985).
Pigman, J. G., and K. R. Agent, Evaluation of 1-75 Lane
Closures: Final Report, Report No. UKTRP-86-19, Kentucky Transportation Research Program, Lexington,
Kentucky (August 1986).
"AKT Temporary Rumble Strips," AKT Corporation,
Wauwatosa, Wisconsin, not dated (in 1).
"Rumble Strips," Ohio Department of Transportation,
unpublished memorandum, October 21, 1987 (in 1).
Higgins, J. S., and W. Barbel, Rumble Strip Noise,
Transportation Research Record 983, Transportation
Research Board, National Research Council (1984).
Pigman, J. G., and M. M. Barclay, Evaluation of Rumble
Strip Design and Usage, Report No. UKTRP-81-11, Kentucky Transportation Research Program, Lexington (July
1981).
"Rumble Strip Standard," Traffic Engineering Division,
Standard Plan Sheet, Nebraska Department of Roads
(October 1987).
Work Zone Traffic Control, Publication No. 203, Pennsylvania Department of Transportation (August 1984).
Illinois Department of Transportation, Illinois Manual on
Uniform Traffic Control Devices (April 1987).
State of California Manual on Traffic Controls for Construction and Maintenance Work Zones, California
Department of Transportation (1985).
Ohio Manual on Uniform Traffic Control Devices, Ohio
Department of Transportation (1982).
Kentucky Manual on Uniform Traffic Control Devices,
Standard Drawings No. RPM-140-01, Kentucky Department of Transportation (November 1984).

APPENDIX A
SURVEY OF HIGHWAY AGENCIES
A survey of state and local highway agencies and toll road and turnpike
authorities was conducted to obtain information on use of rumble strips to
enhance safety. The major objective of the survey was to obtain information on
current rumble strip practices and to identify contacts for obtaining further
information on:
Number and type of agencies that have used rumble strips
Applications for which rumble strips have been used in the traveled way
and on shoulders
Reasons for .use of rumble strips
Effectiverfess of rumble strips and perceived problems with their use
Warrants or guidelines for rumble strip use
Specifications for the materials, dimensions and patterns, or installation
methods used for rumble strips
Cost and service life of rumble strips
The survey was conducted by means of a mail questionnaire, which is presented
in Figure A-i.
The questionnaire was mailed to all 50 state highway agencies, to 98 selected
local agencies, and to 15 selected toll road and turnpike authorities. In all cases,
the questionnaire was sent to the state traffic engineer, but contributions from
traffic, construction, and maintenance personnel were requested in the survey
responses. The local agencies included 88 cities and 10 counties. These
agencies were selected primarily from the Institute of Transportation Engineers
directory. In the local agencies, the questionnaire was sent to the most senior
traffic engineer listed in the directory. The number of local agencies in each state
was chosen roughly in proportion to the population of each state. A minimum of
one local agency was selected in each state. Toll road and turnpike authorities
were identified in several directories, including the directory of the American Road
and Transportation Builders Association.

RESPONSE RATE
Table A-i summarizes the response rate to the mail survey. Responses were
received from a total of 123 of the 163 agencies to whom the questionnaire was
sent, for an overall response rate of 75.5 percent. The response rate was
92 percent for state highway agencies, 63 percent for local agencies, and
100 percent for toll road authorities.
Question 1 Highway Agency Use of Rumble Strips
Table A-2 summarizes the highway agency responses to Question 1. The table
shows that rumble strips have been used by 98 percent of state highway
agencies, 24 percent of local agencies, and 87 percent of toll roads. The
responses from a few of these agencies indicate that they used rumble strips at
one time, but no longer do so. However, it appears that most of these agencies
are currently using rumble strips.
Rumble strips have been used by all but one of the state highway
agencies that responded to the survey and by all but two of the toll roads. This
widespread use of rumble strips illustrates their potentially significant role in
promoting highway safety.
Obviously, rumble strip usage is not as prevalent in local agencies as in
state highway agencies and toll roads. The apparent reasons for this difference
in rumble strip use are that local agencies are less likely to operate freeways or
other roads with full access control; less likely to operate high-speed roadways;
less likely to operate roads used for long-distance trips, where driver inattention
might be a major problem; and, less likely to operate roads with shoulders. In
addition, most of the local agencies surveyed represent urban communities
where rumble strip use may be minimized because of noise concerns.

Table A-i. QUESTIONNAIRES SENT AND RESPONSES RECEIVED
FOR RUMBLE STRIP SURVEY

State highway
agencies
Number of
questionnaires sent

50

Number (percent) of

46 (92.0)

Local
agencies

Toll roads

98

15

62 (63.3)

15 (100.0)

Total
163

123 (75.5)

responses
received

Question 2 Rumble StrIp Applications
Question 2 addressed the specific applications for which rumble strips have been
used by highway agencies. The question was structured to obtain separate
responses concerning rumble strip usage in the traveled way and on shoulders.

Table A-3 summarizes the reported highway agency usage of rumble strips
placed in the traveled way. The table shows that, of highway agencies that have
used rumble strips, rumble strips in the traveled way have been used by
91 percent of state highway agencies, 47 percent of local agencies, and 69 percent of toll roads. Table A-3, and all subsequent tables, include only highway
agencies that stated in response to Question 1 that they have used rumble strips.
Table A-4 summarizes the specific applications for which highway agencies have
used rumble strips placed in the traveled way. By far the most common application of rumble strips placed in the traveled way is on the approaches to intersections and other junctions. Other common applications of rumble strips in the
traveled way are on approaches to toll plazas, horizontal curves, and work
zones. Four agencies reported using rumble strips in the traveled way in
advance of lane drops. Other reported applications of rumble strips in the
traveled way include:
On the approach tothe end of a freeway (2 agencies)
On the approach to a speed limit reduction from 65 to 55 mph (1
agency)

Table A-2. RESPONSES CONCERNING HIGHWAY AGENCY USE
OF RUMBLE STRIPS ON ROADWAYS OR SHOULDERS

Response

State highway
agencies

Local
agencies

Toll roads
13 (86.7)

Yes

45

(97.8)

15 (24.2)

No

j
46

(2.2)

(75.8)

Total

62

Total
73 (59.4)

. (13.3) 50 (40.6)
15

NOTE: The numbers in parentheses are column percentages.

123

On the approach to school crossing on high-volume roads (1 agency)
On roadway edgelineson horizontal curves (1 agency)
On centerlines of two-lane, two-way roadways (1 agency)
As a chatter strip used to delineate two-way left-turn lanes, exclusive
turn lanes, and gore areas (1 agency)
Highway agency usage of rumble strips on shoulders is summarized in
Table A-5. The table shows that, of highway agencies that use rumble strips,
rumble strips on shoulders have been used by 89 percent of state highway
agencies, 7 percent of local agencies, and 69 percent of toll roads. Local
agencies do not commonly use rumble strips on shoulders because they do not
operate high-speed roadways and roadways with shoulders as commonly as do
state highway agencies and toll road authorities. In addition, noise concerns limit
rumble strip usage in urban areas.

Table A-5. RESPONSES CONCERNING HIGHWAY AGENCY USE OF
RUMBLE STRIPS ON HIGHWAY SHOULDERS

Table A-3. RESPONSES CONCERNING HIGHWAY AGENCY USE
OF RUMBLE STRIPS PLACED IN THE TRAVELED WAY

Response

State highway
agencies

Local
agencies

Total

Toll roads

Yes

41 (91.1) 7 (46.7) 9 (69.2)

57

No

.4 (8.9) .. (53.3) 4 (30.8)

16

Total

13

15

45

State highway
agencies

Local
agencies

Toll roads

Yes

39 (86.7)

1 (6.7)

9 (69.2)

46 (63.0)

No

..

.14 (93.3)

4 (30.8)

27 (37.0)

Response

Total

45

(13.3)

15

13

Total

73

73
NOTE: The numbers in parentheses are column percentages.

NOTE: The numbers in parentheses are column percentages.

Table A-4. RESPONSES CONCERNING LOCATIONS AT WHICH HIGHWAY
AGENCIES HAVE USED RUMBLE STRIPS IN THE TRAVELED WAY
Locations

State highway
agencies

Local
agencies

(82.2)

7 (46.7)

Toll roads

Total

APPROACHES TO:
Intersections and
other junctions

37

Toll plazas

12 (26.7)

0

Horizontal curves

10 (22.2)

5 (33.3)

(0.0)

(0.0)

44 (60.3)

7 (53.8)

19 (26.0)

0

(0.0)

15 (20.5)

0

Narrow bridges

0

(0.0)

0

(0.0)

0

(0.0)

0

(0.0)

Lane drops

2

(4.4)

2 (13.3)

0

(0.0)

4

(5.5)

Railroad-highway
grade crossings
Work zonesa

0

(0.0)

0

(0.0)

0

(0.0)

0

(0.0)

11 (24.4)

1

(6.7)

5 (38.5)

17

(23.3)

Other applications

6

(13.3)

9 (60.0)

0

(0.0)

17 (20.5)

Or within work zones
NOTE: The numbers in parentheses represent the percentage of highway
agencies that have used each rumble strip application. Percentages
add to more than 100 percent because of multiple responses.

Table A-6 summarizes the specific applications for which rumble strips have been
used on shoulders. The most common application of rumble strips on shoulders
is at specified intervals or continuously along extended sections of highway.
Over 60 percent of agencies that use rumble strips have used them for this
application. Seven agencies reported the use of rumble strips on shoulders on
the approaches to narrow bridges (bridges for which the full upstream shoulder
width is not carried across the bridge). Rumble strips have also been used on
shoulders at toll plazas, horizontal curves lane drops, and work zones. No
applications of rumble strips on shoulders were listed by the responding
agencies beyond those already listed in the questionnaire.

Question 3 Uses of Rumble Strips on Highway Shoulders
Question 3 of the survey addresses the situations in which rumble strips have
been used on highway shoulders. Specific responses were requested concerning the shoulder materials, highway types, side of highway, and project types
where shoulder rumble strips have been used.
The shoulder materials on which highway agencies have installed rumble strips
are summarized in Table A-7. The table shows that, of the highway agencies
that have used rumble strips on shoulders, 16 percent have used rumble strips
on portland cement concrete shoulders only, 33 percent have used rumble strips
on asphalt concrete shoulders only, and 51 percent have used rumble strips on
both portland cement and asphalt concrete shoulders.

Table A-6. RESPONSES CONCERNING LOCATIONS AT WHICH HIGHWAY
AGENCIES HAVE USED RUMBLE STRIPS ON HIGHWAY SHOULDERS

Locations
At specified
intervals along
highway shoulders'

State highway
agencies
35

(77.8)

Local
agencies

Toll roads

1

9

(6.7)

Table A-7. RESPONSES CONCERNING HIGHWAY SHOULDER TYPES
ON WHICH AGENCIES HAVE USED RUMBLE STRIPS
State
highway
agencies

Local
agencies

Toll roads

6 (15.4)

0 (0.0)

2 (22.2)

8 (16.3)

Asphalt
shoulders

10 (25.6)

1(100.0)

5 (55.6)

16 (32.7)

23 (59.0)

0 (0.0)

2 (22.2)

25 (51.0)

Shoulder type
(69.2)

Total
45

(61.6)

APPROACHES TO:

Portland cement
concrete
shoulders

Intersections and
other junctions

1

Toll plazas

0

(0.0)

0

(0.0)

2

(15.4)

2

(2.7)

Horizontal curves

3

(6.7)

0

(0.0)

0

(0.0)

3

(4.1)

Both portland
cement and
asphalt
shoulders

(2.2)

0

(0.0)

0

(0.0)

1

(1.4)

Total

Narrow bridges

7

(15.6)

0

(0.0)

0

(0.0)

7

(9.6)

Not applicable8

6

14

4

24

Lane drops

2

(4.4)

0

(0.0)

0

(0.0)

2

(2.7)

Total

45

15

13

73

Railroad-highway
grade crossings

0

(0.0)

0

(0.0)

0

(0.0)

0

(0.0)

Work zones

1

(2.2)

0

(0.0)

0

(0.0)

1

(1.4)

Other applications

4

(8.9)

2

(6.7)

0

(0.0)

5

(6.8)

b

Or continuously along highway shoulders
Or within work zones.

NOTE: The numbers in parentheses represent the percentage of highway
agencies that have used each rumble strip application. Percentages
add to more than 100 percent because of multiple responses.

Rumble strips have not been used on shoulders by these agencies
NOTE: The numbers in parentheses are column percentages.

Table A-8. RESPONSES CONCERNING HIGHWAY TYPES ON WHICH
HIGHWAY AGENCIES HAVE USED RUMBLE STRIPS ON SHOULDERS

Table A-8 identifies the highwy types on which highway agencies have used
shoulder rumble strips. The table indicates that, of highway agencies that have
used rumble strips on shoulders, 76 percent have used rumble strips on
freeways (or other highways with full access control, such as toll roads),
39 percent have used rumble strips on multilane divided nonfreeways, 35 percent
on two-lane highways, 22 percent on multilane undivided nonfreeways, and
2 percent on urban streets. This table makes it clear that shoulder rumble strips
have not generally been found to be appropriate for low-speed urban facilities.

Highway type

Table A-9 shows that, of highway agencies that have used rumble strips on
shoulders of divided highways, 21 percent have used them on the right shoulder
only, 3 percent have used them on the left (median) shoulder only, and 76 percent have used them on both the right and left shoulders.
The types of projects in which shoulder rumble strips have been installed are
given in Table A-b. The table indicates that, of highway agencies that have
installed rumble strips on shoulders, 82 percent have installed them in new
construction or major reconstruction projects and 36 percent have installed them
in retrofitting projects on existing highways. These findings suggest that it is
much more common for highway agencies to install shoulder rumble strips when
a highway section is built or reconstructed than for highway agencies to go back
and install shoulder rumble strips in the absence of other construction work at a
site.

Question 5 Placement Interval
This question elicited varied responses. Some agencies responded with the
spacing between rumble strips (which was intended) and others responded with
the spacing between individual grooves in a rumble strip. All dimensions,
patterns, and spacings for rumble strips-based on this survey and on highway
agency specifications-are summarized in Chapter Five of this report.

Total

Toll roads
37

(75.5)

Freeways (highways with full
access control)

28

(71.8)

0

(0.0)

9

(100.0)

Multilane divided
nonfreeways

19

(48.7)

0

(0.0)

0

(0.0)

19

(38.8)

Muittane
undIvided
nonfreeways

11

(28.2)

0

(0.0)

0

(0.0)

11

(22.4)

Two-lane
highways

16

(41.0)

1

(100.0)

0

(0.0)

17

(34.7)

1

(2.6)

0

(0.0)

0

(0.0)

1

(2.0)

Urban streets

NOTE: The numbers in parentheses represent the percentage of highway agencies that have
used rumble strips on shoulders. Percentages add to more than 100 percent
because of multiple responses.

Table A-9. RESPONSES CONCERNING SIDE OF HIGHWAY ON WHICH
HIGHWAY AGENCIES HAVE USED RUMBLE STRIPS ON
SHOULDERS OF DIVIDED HIGHWAYS

Question 4 Number of Sites
The responses to this question indicated a great deal of diversity in the scale of
highway agency usage of rumble strips. Responses concerning rumble strip use
in the traveled way indicated that some agencies have only one rumble strip
installation (probably on an experimental basis), while others have more than 200
rumble strip installations. Use of shoulder rumble strips ranged from as little as 1
mi to as much as 750 mi of highway.

Local
agencies

State highway
agencies

Side of highway

State highway
agencies

Local
agencies

Total

Toll roads

0

(0.0)

1

(12.5)

8

(20.5)

0

(0.0)

0

(0.0)

1

(2.6)

0

(0.0)

7

(87.5)

30

(76.9)

Right shoulder
only

7

(22.6)

Left (median)
shoulder only

1

(3.2)

Both shoulders

23

(74.2)

Not appllcablea

14

15

5

34

45

15

13

73

Total
a

Rumble strips have not been used on shoulders of divided highways by these
agencies.

NOTE: The number In parentheses are column percentages excluding the agencies
that have not used shoulder rumble strips on divided highways.

Table A-b. RESPONSES CONCERNING PROJECT TYPES IN WHICH
HIGHWAY AGENCIES HAVE USED RUMBLE
STRIPS ON SHOULDERS
State highway
agencies

Local
agencies

Toll roads

New construction or major
reconstruction

30 (76.9)

1(100.0)

6 (75.0)

37

(82.2)

Existing highways (retrofit)

14

(0.0)

2 (25.0)

16

(35.6)

Project type

(35.9)

.. 0

Total

NOTE: The numbers in parentheses represent the percentage of highway
agencies that have used rumble strips.on shoulders andthat
responded to this question. Percentages add to more than 100 percent because of multiple responses.

Question 6 Reasons for Using Rumble Strips
Very consistent answers were obtained to this question, although each
respondent had their own way of phrasing the answer. In summary, agencies
stated that they used rumble strips as a device call the driver's attention to a
potential hazard.
Rumble strips in the traveled way were used in advance of a potential hazards,
such as intersections or horizontal curves, to alert the driver to the presence of
the intersection or curve. Highway agencies stated that they expected to reduce
accidents by reducing vehicle speeds and making unfamiliar or inattentive drivers
aware of the potential hazard.
Rumble strips on shoulders were used to alert motorists who had left the traveled
way of the need to correct their path. The reason given by highway agencies for
using rumble strips on the shoulder was to make drivers aware that their vehicle
has left the road so that the driver can steer back onto the road and avoid
encroaching on the roadside.

Question 7 Rumble Strip Performance
Highway agencies were asked in Question 7 whether their rumble strip
installations have performed satisfactorily. The responses to this question are
presented in Table A-i 1. The table shows that 89 percent of highway agencies
indicated that the rumble strips they installed had performed satisfactorily.
Reasons for unsatisfactory performance included maintenance problems and
complaints from local residents about noise generated by vehicles traversing
rumble strips. Only two agencies indicated that they had removed rumble strips
, for unsatisfactory performance. A more complete list of sources of unsatisfactory
performance and unexpected problems with rumble strips encountered by
highway agencies is provided in the discussion of Question 8.
Question 8 Unexpected Problems
Table A-i 2 presents the assessment of highway agencies as to whether
unexpected problems have been created by use of rumble strips. Unexpected
problems of one type or another have 'been reported by 67 percent of highway
agencies. For the most part, these problems have not been serious enough to
cause highway agencies to discontinue the use of rumble strips. However, in
many cases, these problems have brought about appropriate changes, in how
and where rumble strips are used.
The following unexpected problems involving rumble strip performance have
been reported by 'highway agencies:
Complaints from neighboring residents due to noise created by vehicles
traversing rumble strips (16 agencies)
Maintenance problems with raised rumble strips including wear due to
vehicle braking actions (11 agencies)
Motorists encroaching on opposing lanes or shoulders to avoid the
rumble strip (7 agencies)
Snowplowing problems created by the presence of a raised rumble strip
in the traveled way (6 agencies)
Bicyclist complaints about the presence of rumble strips on the traveled
way or shoulders (5 agencies)

00

Table A-il. HIGHWAY AGENCY RESPONSES CONCERNING WHETHER
-RUMBLE STRIPS HAVE PERFORMED SATISFACTORILY
State highway
agencies

Local
agencies

Toll roads

Total

Satisfactory

36 (85.7)

14 (93.3)

12 (92.3)

62 (88.6)

Not satisfactory

.6

No response

3

0

0

3

45

15

13

73

Response

Total

(14.3)

1

1

(6.7)

(7.7)

8 (11.4)

NOTE: The numbers in parentheses are column percentages.

Table A-12. HIGHWAY AGENCY RESPONSES ON WHETHER ANY
UNEXPECTED PROBLEMS HAVE BEEN CREATED
BY RUMBLE STRIPS
Response

State highway
agencies'

Local
agencies

Toll roads

Total•

Yes

32 (74.4)

7 (50.0)

8 (61.5)

47 (67.1)

No

11 (25.6)

7 (50.0)

5 (38.5)

23 (32.9)

No response
Total

2

1

0

3

45

15

13

73

NOTE: The numbers in parentheses are column percentages.

Damage to vehicles if the height of a rumble strip or the depth of the
grooves is too great (3 agencies)
Degradation of rumble strip effectiveness due to use in the traveled way
at too many locations (3 agencies)
Lack of driver recognition or understanding of rumble strips as a
warning device (e.g., unnecessary stops by some drivers to check their tires)
(2 agencies)
Motorcyclist complaints concerning rumble strips in the traveled way
(2 agencies)
Creation of an unnecessary no-passing zone for the opposing direction
of travel for rumble strips on intersection approaches (1 agency)
Degradation of rumble strip performance over time as motorists
became used to a rumble strip in the traveled way (1 agency)
Degradation of ride quality on the shoulder due to the presence of
rumble strips when traffic is diverted from the traveled way to the shoulder during
construction (1 agency)
Lack of driver acceptance of rumble strips as a warning device;
complaints about the use of rumble strips (1 agency)
This list includes all unexpected problems reported by at least one agency.
Other agencies may have experienced these same problems without noting them
in the survey response. Each of these unexpected problems is addressed in
relevant sections of the main text of this synthesis.

Question 9 Formal Effectiveness Evaluations
Approximately 29 percent of highway agencies indicated that they had performed
a formal evaluation of the effectiveness of rumble strips in reducing vehicle
speeds, accidents, or roadside encroachments, as indicated in Table A-13. Most
agencies provided a copy of their evaluation report(s) and these are summarized
in appropriate potions of the main text of this report. A few states indicated that
they had performed formal evaluations several years ago, but that the results of
those evaluations were no longer available.

Table A-13. RESPONSES CONCERNING WHETHER HIGHWAY AGENCIES
HAVE PERFORMED FORMAL EVALUATIONS OF THE EFFECTS
OF RUMBLE STRIPS ON VEHICLE SPEEDS, ACCIDENTS,
OR ROADSIDE ENCROACHMENTS

Table A-14. RESPONSES CONCERNING WHETHER HIGHWAY AGENCIES
HAVE ESTABLISHED WARRANTS OR GUIDELINES FOR USE
OF RUMBLE STRIPS

Evaluation
performed?

Response

Yes

State highway
agencies
16

No

26

No response
Total

(38.1)
(61.9)

Local
agencies
3
12

(20.2)
(80.0)

Toll roads
1

(7.7)

12 (92.3)

50

3

0

0

3

45

15

13

73

Local
agencies

Yes

19 (42.2)

(28.6)

No

25 (57.8) 9 (69.2)

(71.4)

No response

Total
20

State highway
agencies

Total

4 (30.8)

Toll roads

Total

6 (46.2) 29 (41.4)
7 (53.8) 41 (58.6)

1

2

0

3

45

15

13

73

NOTE: The numbers in parentheses are column percentages for all highway
agencies that responded to this question.

NOTE: The numbers in parentheses are column percentages for all highway
agencies that responded to this question.

Question 10 Warrants, Guidelines, or Manuals
Question 10 asked highway agencies whether they had established warrants or
guidelines for rumble strip usage and whether rumble strips are addressed in the
agencys design or traffic control manual or in other agency policies.
Table A-14 shows the 41 percent of the highway agencies indicated that they had
established formal warrants or guidelines for rumble strips. The percentage of
state highway agencies and toll roads with formal warrants and guidelines was
higher than the percentage for local agencies.
Table A-is indicates that 34 percent of highway agencies have addressed them
in their design or traffic control manual. As in the case of warrants or guidelines,
a higher percentage of state agencies and toll roads than local agencies have
included rumble strips in their manuals.

Question 11 Specifications
Table A-16 shows that 60 percent of the highway agencies that have used
rumble strips have established formal specifications for the materials, dimensions
and patterns, or installation methods used in rumble strips. State highway
agencies and toll road authorities were much more likely than local agencies to
have formal rumble strip specifications.

Table A-15. RESPONSES CONCERNING WHETHER RUMBLE STRIPS ARE
ADDRESSED IN THE HIGHWAY AGENCY'S DESIGN OR TRAFFIC
CONTROL MANUAL OR IN OTHER AGENCY POLICIES
Response

State highway
agencies

Local
agencies

Toll roads

Total

Yes

17 (39.5)

3 (21.4)

4 (30.8) 24 (34.3)

No

26 (60.5) ii (78.6)

9 (69.2) 46 (65.7)

No response
Total

2

1

0

3

45

15

13

73

NOTE: The numbers in parentheses are column percentages for all highway
agencies that responded to this question.

Table A-16. RESPONSES CONCERNING WHETHER HIGHWAY AGENCIES
HAVE ESTABLISHED FORMAL SPECIFICATIONS FOR THE MATERIALS,
DIMENSIONS, AND PATrERNS, OR INSTALLATION
METHODS USED FOR RUMBLE STRIPS

Response

State highway
agencies

Local
agencies

Toll roads

Total

Yes

31 (72.1)

4 (26.7)

8 (61.5) 43 (60.6)

No

12 (27.9)

11 (73.3)

5 (38.5) 28 (39.4)

No response
Total

2

0

0

2

45

15

13

73

NOTE: The numbers in parentheses are column percentages for all highway
agencies that responded to this question.
Question 12 Cost Data
The responses to Question 12 indicated that 31 percent of state highway
agencies, 20 percent of local agencies, and 46 percent of toll road authorities
have cost data on rumble strips available. The cost data in the main text of this
report are based on follow-up contacts with these agencies.

Question 13 Service Life Data
The responses to Question 13 indicated that 7 percent of state highway
agencies, 13 percent of local agencies, and 31 percent of toll road authorities
have service life data on rumble strips available. The service life estimates in the
main text of this report are based the relatively limited data obtained from followup contacts with these agencies.
Question 14 Other Positive and Negative Experiences with Rumble Strips
Question 14 asked highway agencies to report other positive and negative
experiences with rumble strips. Approximately 35 percent of the responding
agencies provided such comments and these comments have been used by the
author in the preparation of this report. All problems with rumble strips noted in
response to Question 14 have been incorporated in the list of responses on
unexpected problems provided under Question 8 if they were not already
included in the agency's response to Question 8.

Question 15 Contact Person
In response to Question 15, each highway agency provided the name of a
contact person for obtaining follow-up information. Many of these contacts were
used in the preparation of this report.
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NCHRP PROJECT 20-5, Topic 22-13
SURVEY ON HIGHWAY AGENCY USAGE
OF RUMBLE STRIPS TO ENHANCE SAFETY
Dear State or Local Highway Engineer:
The National Cooperative Highway Research Program (NCHRP) of the Transportation Research
Board (TRB) is preparing a Synthesis of Highway Practice report on the use of rumble strips to enhance
safety. This effort is sponsored by the American Association of State Highway and Transportation
Officials (AASHTO) in cooperation with the Federal Highway Administration (FHWA). The report
being prepared by Mr. Douglas W. Harwood will summarize the current usage of rumble strips by state
and local highway agencies and will include all available data on the effectiveness of rumble strips in
improving safety.
As part of this research, we would appreciate it if you would take a few minutes of your time to complete
the following questionnaire on your agencys use of rumble strips. The response may require contributions from traffic, construction, and maintenance engineers and others in your organization. Thank you
for your assistance.
Has your agency used rumble strips to enhance safety of roadways or shoulders?
YES
NO
(If the answer to Question 1 is NO, please skip the:remainder of the questions and return the
questionnaire to the address shown below.)
If you responded YES to Question 1, for what applications have rumble strips been used?
(check all that apply):
RUMBLE STRIPS PLACED IN THE TRAVELED WAY
Approaches to intersections and other junctions
Approaches to toil plazas
- Approaches to horizontal curves
Approaches to narrow bridges
- Approaches to lane drops
Approaches to railroad-highway grade crossings
Approaches to (or within) highway work zones
- Other applications (please specify):

RUMBLE STRIPS PLACED ON HIGHWAY SHOULDERS
At specified intervals along highway shoulders
- Approaches to intersections and other junctions
- Approaches to toil plazas
- Approaches to horizontal curves
- Approaches to narrow bridges
- Approaches to lane drops
- Approaches to railroad-highway grade crossings
- Approaches to (or within) highway work zones
Other applications (please specify):

If rumble strips have been used on highway shoulders, have they been used on (check all that apply):
Portland cement concrete shoulders
- Asphalt concrete shoulders
- Both portland cement and asphalt concrete shoulders
Freeways
- Multilane divided nonfreeways
- Multilane-undivided :nonfrecways
Two-lane highways
Urban streets
Right shoulder only on divided highways
Left (median) shoulder only on divided highways
Both shoulders on divided highways
- New construction or major reconstruction
- Existing highways (retrofit)
At approximately how many Sites have rumble strips been used by your agency?
Number of locations
Number of miles of
roadway
If rumble strips have been placed in series at a specified interval, what placement interval has been
used?

Figure A-i. Questionnaire Used for Highway Agency Survey.

______ ft
For rumble strips placed in the roadway:
For rumble strips placed on highway shoulders:
on portland cement concrete shoulders ______ ft
on asphalt concrete shoulders
ft
Figure A-i (Continued)
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6. Why were rumble strips installed by your agency? Whatwere the existing problems and what results
did you expect from the use of rumble strips? (please describe):

YES - NO
Has your agency established warrants or guidelines for rumble strip usage?
Are rumble strips addressed in your agency's design or traffic control manual or in other agency
policies? - YES - NO
(If YES, please enclose a copy of the relevant warrants, guidelines, or section of your manual, if
possible.)
Has your agency established a formal specification for the materials, dimensions and patterns, or
installation methods used for rumble strips? - YES - NO
(If YES, please enclose a copy of the specification, if possible.)

7. Have the rumble strips used by your agency performed satisfactorily? - YES
Comments:

NO

12. Does your agency have data available on the cost of rumble strip instailation?_YES

NO

Does your agency have data on the service life of rumble strip installations? - YES

NO

Do you have any other positive or negative experiences concerning rumble strips that you would
like to report? (please describe):

8. Have any unexpected problems been created by rumble strips (e.g.,safety problems, maintenance
problems, etc.)? - YES - NO
If YES, please describe:

15. May we have the name ofan engineer in your. agency that we'might contact to obtain follow-up
-information?

Agency
Mailing Address

9. Has any formal evaluation been conducted of the effect of rumble strips on vehicle speeds,
accidents, or roadside encroachments? - YES - NO
If YES, what did the evaluation conclude:

Area Code Number
Please mail the completed questionnaire to:
Mr. Douglas W. Harwood
Principal Traffic Engineer
Midwest Research Institute
425 Volker Boulevard
Kansas City,Missouri 64110
If you have any questions or comments, please feel free to phone Mr. Harwood at (816) 753-7600,
Ext. 571.

Please enclose a copy of the evaluation (if possible) or suggest where we might obtain a copy
Figure A-i (Continued)

THANK YOU FOR YOUR ASSISTANCE.
Figure A-i (Continued)

APPENDIX B
TYPICAL SPECIFICATIONS AND STANDARDS FOR RUMBLE STRIPS
PLACED IN THE TRAVELED WAY
AS 8A-2
August 15. 1977

AS BA-2
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Application Standard
Ohio Department of Transportation
Rumble Strips

I.

Purpose

The purpose of this standard is to establish departmental guidelines
for the use of rumble strips. This standard supersedes the rumble strip
policy dated February 13, 1973.

The first rumble strip pad should be placed in advance of the advance
warning devices. The last rumble strip pad should be placed a minimum of
250 feet in advance of the traffic condition, gore, construction area, or stop
position. etc. Rumble strip pads should not be placed onshort horizontal
or vertical curves where loss of vehicle control may occur due to the action
of the rumble strips on a vehic1e's suspension system.
V. Applications
Typical installation details for the raised strips and depressed grooves
are shown in drawings 8A-2a and 8A-2b.
(A) Typical locations for application of rumble strips are as follows:
I. Rural stop approaches with high accident rates.

II. General
Rumble strips are considered traffic control devices in themselves and
may be used to su ,plement other existing standard or conventional traffic
control devices. Rumble strips are used to alert drivers of unusual or unexpected traffic cunditions or geometrics and to bring the driver's attention
to other warning devices. Rumble strips provide a tactile and audible warning
which supplements visual stimuli.
This application standard furnishes departmental design guidelines for
rumble strip installations and procedures for approval of a rumble strip
installation. A location with a traffic problem should not be given
consideration for installation of rumble strips unless all other appropriate
standard traffic control devices have been utilized and have failed to resolve
the traffic problem satisfactorily.

On roadway shoulders and gore areas of interchanges as channelizing
devices.
Sianallzed intersections with high accident rates.
Exit ramp deceleration lanes.
(B) Other possible locations are as follows:
I. Transitional areas from "high-type" to "low-type" facilities.
Locations with abrupt changes in horizontal alignment.
Construction areas.
Paved shoulders of roadways.

III. Rumble Strip Design
A rumble strip shall consist of:
(A) raised strips of asphaltic concrete, epoxy or thermoplastic material, or
depressed grooves, formed by saw cutting the existing pavement (or
other acceptable procedure).
The maximum height or depth shall be 1/2 inch. The strip cross section may
be rectangular, domed or trapezoidal in shape.

S. Intersections with inadequate stopping distance caused by
vertical or horizontal alignment.
Approaches to toll booths.
Railroad crossings with sight distance restrictions and accident
potential.
VI. Procedure for Installation Approval (Rural State Highway System Only)
Approval of a location for installation of rumble strips shall only be
given by the Engineer of Traffic.

IV. Rumble Strio Pad Desion and Placement
There should be five to twenty grooves or raised strips placed in a rumble
strip pad. The raised strips or grooves shall be placed perpendicular to the
direction of traffic. An installation should consist of 3 to 10 rumble strip
pads. The intervals between rumble strip pads should be reduced as the
distance to the hazard diminishes to create a sensation of acceleration to
the motorists.

A complete traffic engineering study shall be made and suisnitted to
the Bureau of Traffic for each location proposed for installation c'
rumble strips.
Following the written approval of tIie Engineer of Traffic, the district
will be authorized to proceed with the installation of the rumble
strips.
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(D)

Rumble strip Installations shall be monitored by the District Traffic
Engineer for a period of not less than 12 months after opening to
traffic. An after study by the District shall be subeitted to the
Bureau of Traffic for review and evaluation. This after study should
include any constructive cosmients relative to design, construction or
operation of the Installation so that the design criteria and guidelines may be improved as necessary. All rumble strip installations
should be reevaluated periodically by the District to assure that
they are still justified and effective.

George'
elms
Chief Eifglneer, Operations
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APPENDIX C
TYPICAL SPECIFICATIONS AND STANDARDS FOR RUMBLE STRIPS
PLACED ON ASPHALT SHOULDERS
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SPECIAL

PROVISION

REGARDING
SCORING FLEXIBLE PAVEMENT
Description. This work shall consist of constructing scored pavement in
accordance with the detaile shown on the Plans.
Construction. The scoring of the pavement shall be performed with a steel
wheel roller or a combination steel wheel-rubber tire roller, at the option of
the Contractor. All rubber tires on the rolling equipment shall have a smooth
or slick tread design. The steel roller used to score the pavement shall
weigh a minimum of six tons and shall be modified as follows:
Semicircular sections of 1-1/2 inch diameter pipe 3 feet long shall be
welded on one steel roller drum at approximately 8-1/2 inch centers (8
inches miii., 9 inches max.), with the rounded side of the pipe away
from the drum. Each semicircular pipe shall be located on the drum so
as the center of the pipe is the same as the center of gravity of the
roller, therefore maintaining equal pressure along the pipe. Each 3
foot length of semicircular pipe shall include a 6 inch bevel ateach
and and a 2 foot long full depth center section. The beveled 6 inch
long opening at each and of the semicircular pipe sections shall be
covered with a welded steel plate fitted flush with the beveled
surfaces. The finished scored pavement shall conform to the dimensions
shown on the Plans and in this Special Provision.
2. Each roller shall be equipped with an acceptable guide that is clearly
visible to the operator so that proper alignment and placement of the
scoring car be obtained.
The scoring roller drum can be developed either by modifying one of the
steel roller drums on original roller equipment or by attaching a special
scoring roller drum assembly, which provides for raising and lowering the
scoring drum, to the original roller equipment. Regardless of the type of
equipment used, the scoring drum shall be provided with a water spray system
to prevent buildup of bituminous material. If the scoring roller drum can not
be raised and lowered, planking or other appropriate means shall be used to
position the roller for the scoring operation. scoring shall be performed
only at the locations shown on the Plans.
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The scoring of pavement shall be performed in one pass of the roller after
the final pass of the finish roller or as directed by the Engineer. No
equipment, vehicles, etc. shall be permitted on the scored pavement for a
period of 24 hours after scoring.
Method of Measurement. scoring pavement will be measured longitudinally along
the edge of each scoring sequence.
Basis of Payment. The accepted quantities will be paid for at the contract
unit price per linear mile for Scoring Pavement which price shall be full
compensation for all roller modifications, equipment, tools, labor and any
other incidentals necessary to complete this item.
Payment' will be made under:
Item No.

Pay Item

411-01.25

Scoring Pavement

PayUnit
Linear Mile

(Rev. 1-01-91)

4-1411.00 COMPUTATIONS FOR ASPHALTIC CONCRETE SUiACZ (Bar MIX)
Item No. 1411-01 Grading "D" Surface
Compacted Volume (Cu.Yd.) x 3816 Lb./Cu.Yd -- T°
2000 Lb./Ton

x 0.914
Tons Item 1411-01.01
X 0.06 = Tons Item 1411_01.02

Note: One inch per square yard weighs 106 + pounds
Item No. 1411-02 Grading "E" Surface
Tons Item 1411-02.01
x 0.914
Compacted Volume (Cu.Yd.) x 3870 Lb./Cu.Yd - Tons x 0.06 = Tons Item 1411-02.02
2000 Lb. /Ton
Note: One inch per square yard weighs 107.5 + pounds
Item No. 1411-03 Grading "E" Shoulders
Compacted Volume (Cu.Yd.) x 3708 Lb./Cu.Yd. - Tons Item 1411-03 10
2000 Lb. /Ton
Note: One inch per square yard weighs 103 + pounds
Item No. 1411-03 Grading "F" Surface
ns x 0.92 = Tons Item 1411-03.01
anpacted Volume (Cu.Yd.) x 3600 Lb. /Cu. Id -- Tons
x 0.08 r Tons Item 1411-03.02
2000 Lb./Ton
Note: One inch per square yard weighs 100 ± pounds
NOTE: Not to be used unless directed

4.J411.03 S)RThG SHLI1
On all new construct ion and resurfacing projects of Interstate In rural
areas, Item No. 1411-01.25 Scoring Pavement per Linear Mile shall be called for
on the plans. Both InsIde and outside shoulders should be scored.
Rural areas, for this purpose, are all counties except Shelby, Davidson,
Hamilton and Knox.
Scoring of shoulders in urban areas can also be constructed. This should
be evaluated on a project by project basis.
The item shall be footnoted as follows:
SEE SPECIAL PROVISION 1411D.
For estimating purposes, the item will be measured longitudinally along
the edge of each shoulder and will usually be four (14) times the project
length less deductions for entrance and exit ramps.

\0

GENERAL NOTES
I. Shoulder Grooving shall be applied on left and right shoulders
of rural roadways I interstate, primary divided, and undivided I
34' and wider as called for on plans.

Edge Of Traffic Lan ,7.
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Shoulder Grooving shailbe constructed by making indentations
in the osphalfic concrete.

0 1110111
J

The indentation may be formed by rolling the hot osphalt
concrete using/e' t '/' steel rods welded to the drum, the
rod segments shallbe 2 long and be fully welded to the
roller drum of approximately 8' centers.

,'

Edge Of Shoulder
SHOULDER GROOVING DETAIL

STEEL DRUM DETAIL

Shoulder Grooving shall be omitted across pririicipal intersecting
roadways or other interuptians in normal shoulder width as
directed by the Engineer.

A. Each roller shall be equipped with an acceptable guide that.
extends in front of the roller and is clearly visible to the
operator in Order that proper alignment of the completed
scored shoulder is obtained.

the contractor may utilize other equipment or methods to
construct the shoulder grooving If approved by the Engineer.
The costs for shoulder grooving wilibe absorbed in other pay items.

4-lw

No Shoulder
Grooving

800
L I...i

f- f

'O
llllllllllll'lllllllllllllllllllllllllllllllllllllllllllllllll

0

-

Ram=

Constru:
ctio:
nl.::~o

Romp

PLAN

M1PI DEPTM

OF

ThANSRTAflON

III H

GROOVING FOR
BITUMINOUS SHOULDERS

GENERAL NOTES
aRaVELLO OR, I

COOCREJE

RV(R(R/

RIGHT SRO.LO(R

1

2-6
RIN8LC SERF LOCOhOR

otTats or CONSORTXTON STT000 ON THIS ORAVOC SATALL COWSASS TO SC PERTICOT
RESAICWIS or SC STATOARO SALCECA100S AIC APPLCA&E SALCTAL PROVASROTS.
FISSAT RO,LPTG or THE ASPTTALTC SARO.LO(R SAAALL ICELEC SC SAC( OVER TTC
RIACI.E STRP DEPRESSOIS.
(i 2-6 FOR ACOTATA SACLEDERS THAT RAVE a PAVED IoTa

SECTION' VIEW
(CONCRETE PAVEMENT EXTENDS INTO RIGHT SHOULDER)

SECTION VIEW

TYPICAL LOCATIONS OF ASPHALTIC SHOULDER RUMBLE STRIPS
IN RURAL DIVIDED HIGHWAYS
(ONE ROADWAY IS SHOWN)
FROSACO SHOULDER

CORONJOuS GROOvG
FOR LUTR
LOGE

or

or

SRO(LO(R

TRAVELED SAT

rROSj
DEPTH

SECTION A-A

2W

o-

-1 L'

TOTC AL SPRC C

IOTA

JL
SECTION 8-8

PLAN VIEW

or s'•o- OR MORE.

© OA&NSORAS ALSO APPLV OCR RESLE STS ARE REOO V TC ROAT SASSIORA
or RAROS.

62

APPENDIX D
TYPICAL SPECIFICATIONS AND STANDARDS FOR RUMBLE STRIPS
PLACED ON PORTLAND CEMENT CONCRETE SHOULDERS
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corrugations in Bituminous shoulders unless otherwise specified.
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OTWO wsc
FOR T#S *O4 SMALL
60uP. WITH FIGURE 33.

___'C'
be

FA33

4.4. resew Ine
wbon t-WlbelUg

Do
NOT

I

St

DO
NOT

"V's.

e.ne.., cifIclw
- -.

W9. IS

FOR THIS APPOACM SMALL
COWLY WITH FURE 33.

1U

Miss I.,u.14.

SYMBOLS

lam
_uI T_,...._., siftoolmous iip

I

•

a...wbi, 4.4..

)E•

1yp.BIOM

SS a,,.. be4
L

S..ThbI5

w'iIe modiss
b...lw($.. I.")
WE
beiee4ut (S.. §BWMI

-

To woo, bè.s.4.ee ee•r,
.4 ...d ia.a

S
S

S
C
T) (Fl)
25
25
50
30
30
60
35
70
35
40
40
so
45 1 45 1.90
50 1 mo
50
53 1 im
55

-CAP")

I. Al elleei OW be o4nmee S4II e, a 4
S.Dwims bI
- ~be 'ufl.cbebed or ffi...I..eluA.
caftwowI___, eee
be4. oner
be 4.le,.
eeIbe .111 L-..... a y opowee,.ud4. .4i* .4 swm
b4.. 14.1 bs.eW bi - woft - 64 Ihe
S W.4! so NeSSS W4
.$lyes
Wee4.
j,beIui
.4.,,
eeebe lee* , 1.4.
4.A *iei lfl4.M 4 me Iudbe .414 sop"iq Inctic ..mor Ibe ftwolsim, 4s 14 mereem el-S, I•..,Iee ..asok Is..,.,.
C. __ wown, SI oneselbeIi s.4eel 4. s. 45usd s.
4*(U Si on i)4145 eeelI
SI-.4 pWsc'
W) Si 14. D.ls..i. £
C4.kI us see.144.-sll p.4. AN S- -blls,• .

Ilia I. 14.4 .44.*,h - s....4..m-.4l $4.on 5 s.eu amorik

14.
•
d 1., -.4 .psee1ee .4.d.g 4..44.
eel eamew
..45ss.p S .4.. T.s..y see-so.w eseesile.
w Is. ..L.5.t $.41 8`05
be p5u4I1d I jeetifiss bp** o"inearbiq uss4. SIas.... 14.445.. .41St ....4&... 6001.40d

.4.- b4.L
5.Wwn .4

S.

4.4.4.- WtnNM 6p4. b.liSç DO4. P..t54-fl. Pus. 1044 C.. 4*4 -SL eel Ts. T.SIiSt IWS-)) Sbp.s .,esl ..d. ?s.-Wup T.sIlic $1. 4WS)) .414 _._.i. *i.4.y Mbe Sbp 1W1445 eMS be - SI S
44 Ill 4.
s C1WbdftW4.s.eep .aWS ..4. 4Y4o. I. eel .d bels... .ppeebq 5,414..
C...,
be diespsl be 0=0 .4
4.momph 4514. S. 4.4 4e64I
I.4 be Swipes be .a
*5.504. 4... L
Per - mt-N M -_5.. 14.ee, 6uenbwee ...IeØ esom be
i s

Figure E-2. Pennsylvania's Standard Drawing of Rumble Strip Application.
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Figure E-3. Temporary Rumble strips Used in Illinois.
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Figure E-4. Schematic of Illinois' Application of Rumble Strips.
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THE TRANSPORTATION RESEARCH BOARD is a unit of the National Research
Council, which serves the National Academy of Sciences and the National Academy of Engineering.
It evolved in 1974 from the Highway Research Board, which was established in 1920. The TRB
incorporates all former HRB activities and also performs additional functions under a broader scope
involving all modes of transportation and the interactions of transportation with society. The Board's
purpose is to stimulate research concerning the nature and performance of transportation systems, to
disseminate information that the research produces, and to encourage the application of appropriate
research findings. The Board's program is carried out by more than 270 committees, task forces,
and panels composed of more than 3,300 administrators, engineers, social scientists, attorneys,
educators, and others concerned with transportation; they serve without compensation. The program
is supported by state transportation and highway departments, the modal administrations of the
U.S. Department of Transportation, the Association of American Railroads, the National Highway
Traffic Safety Administration, and other organizations and individuals interested in the development
of transportation.
The National Academy of Sciences is a private, nonprofit, self-perpetuaiing society of distinguished scholars engaged in scientific and engineering research, dedicated to the furtherance of
science and technology and to their use for the general welfare. Upon the authority of the charter
granted to it by the Congress in 1863, the Academy has a mandate that requires it to advise the
federal government on scientific and technical matters. Dr. Bruce Alberts is president of the National
Academy of Sciences.
The National Academy of Engineering was established in 1964, under the charter of the National
Academy of Sciences, as a parallel organization of outstanding engineers. It is autonomous in its
administration and in the selection of its members, sharing with the National Academy of Sciences
the responsibility for advising the federal government. The National Academy of Engineering also
sponsors engineering programs aimed at meeting national needs, encourages education and research,
and recognizes the superior achievements of engineers. Dr. Robert M. White is president of the
National Academy of Engineering.
The Institute of Medicine was established in 1970 by the National Academy of Sciences to
secure the services of eminent members of appropriate professions in the examination of policy
matters pertaining to the health of the public. The Institute acts under the responsibility given to
the National Academy of Sciences by its congressional charter to be an adviser to the federal
government and, upon its own initiative, to identify issues of medical care, research, and education.
Dr. Kenneth I. Shine is president of the Institute of Medicine.
The National Research Council was organized by the National Academy of Sciences in 1916 to
associate the broad community of science and technology with the Academy's purposes of furthering
knowledge and advising the federal government. Functioning in accordance with general policies
determined by the Academy, the Couhcil has become the principal operating agency of both the
National Academy of Sciences and the National Academy of Engineering in providing services to the
government, the public, and the scientific and engineering communities. The Council is administered
jointly by both Academies and the Institute of Medicine. Dr. Bruce Alberts and Dr. Robert M.
White are chairman and vice chairman, respectively, of the National Research Council.
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