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ABSTRACT

Temporary rumble strips, including short-term temporary rumble strips and long-term temporary
rumble strips, are used by the Missouri Department of Transportation (MoDOT) to help reduce
vehicle speeds in work zones and to alert drivers they are approaching a work zone. The
objective of this research study is to investigate the effectiveness of temporary rumble strips used
by MoDOT and other state Departments of Transportation (DOTs). The research methodology to
meet this objective includes a review of existing literature, synthesis of MoDOT and other DOT
practices, field observations of driver behavior and installation of temporary rumble strips,
collection and analysis of speed data, and economic analysis. A synthesis of existing DOT
practices found differences in levels of implementation and standards for temporary rumble
strips among DOTs. Field observations of driver behavior noted rare instances of erratic driver
behavior. Overall, the study found that temporary rumble strips can be an effective tool to lower
vehicle speeds and reduce crashes and can lead to high benefit-cost ratios. Modifications to
existing MoDOT practices may potentially reduce cost, increase installation efficiency, enhance
worker safety, and improve performance of temporary rumble strips.
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EXECUTIVE SUMMARY

A significant component of any strategy to improve work zone safety includes managing work
zone speeds. Temporary rumble strips (both long-term and short-term) are used by the Missouri
Department of Transportation (MoDOT) to help reduce vehicle speeds in work zones and to alert
drivers that they are approaching a work zone. The objective of this research study is to
investigate the effectiveness of temporary rumble strips used by MoDOT and other state
Departments of Transportation (DOTs). The research methodology to meet this objective
includes a review of existing literature, synthesis of MoDOT and other DOT practices, field
observations of driver behavior and installation of temporary rumble strips, collection and
analysis of speed data, and economic analysis. The project scope includes both short-term
temporary rumble strips, which are held in place by their weight and removed during inactive
work zone periods, and long-term temporary rumble strips which are held in place by adhesive
and remain in place during both active and inactive work zone periods.

Existing literature on temporary rumble strips, including guidance documents and evaluation
studies, was reviewed and synthesized. Notable was a publication from the American Traffic
Safety Services Association (ATSSA) that provides guidance on various aspects of temporary
rumble strips, such as advantages and disadvantages, work zone duration, configuration,
parameters, and other considerations (ATSSA 2013). Prior research studies have shown
temporary rumble strips to be effective in reducing vehicle speeds by 4 miles per hour (mph) to
12 mph, increasing driver braking, alerting drivers to the presence of the work zone, and
reducing crashes by 11 to 60 percent.

Existing DOT practices for temporary rumble strips were assessed through a review of DOT
standards, written correspondence with DOTs, and phone interviews with eight DOTs. The
researchers corresponded with 18 DOTs and conducted interviews with 8 of them. The results of
this analysis indicate that DOT practices for temporary rumble strips differ significantly with
respect to level of implementation and various attributes such as size, color, speed, spacing,
materials, installation, maintenance, and removal. DOTs generally find that temporary rumble
strips are effective in reducing vehicle speeds and alerting drivers to the presence of work zones.
Concerns noted by some DOTs include the heavy weight of short-term temporary rumble strips,
requirements for installation, potential for erratic driver behavior, and the need for maintenance
of the temporary rumble strips.

The field study of temporary rumble strips included the following components: observations of
installation of temporary rumble strips and driver behavior post-installation, and the collection
and analysis of speed and count data at various work zones with and without temporary rumble
strips. The installation of temporary rumble strips was observed at five work zones: three
MoDOT contractor projects (MO 370 in St. Charles County, US 24 in Randolph County, and US
63 near Ashland in Boone County) and two MoDOT maintenance projects (I-55 in Ste.
Genevieve County and US 63 north of Columbia in Boone County). Three of the five work
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zones (MO 370, I-55, and US 63 north of Columbia) used long-term temporary rumble strips and
two (US 24 and US 63 near Ashland) used short-term temporary rumble strips. An observation
checklist was completed for each of the five locations and feedback was obtained from the
installation personnel.

Results from these observations indicated the spacing between strips and/or number of strips
deviated from the MoDOT Engineering Policy Guide (EPG) at four of the five work zones. For
long-term temporary rumble strips, the EPG specifies two sets of five strips with a spacing of 10
to 12 feet between strips. For the observed installations, the number of strips per set varied from
three to five, and the spacing ranged from 2 feet to 12 feet. For short-term rumble strips at work
zones with a permanent posted speed limit of 60 mph to 70 mph, the EPG calls for two sets of
three strips with 35-foot spacing between strips. The spacing for the observed installations (both
with permanent posted speed limits of 60 mph to 70 mph) ranged from 16 feet to 26 feet.

Perceptions of the effectiveness of temporary rumble strips varied between the installers, but the
installers generally thought temporary rumble strips can be effective in certain situations.
Concerns noted by the installers include the heavy weight of short-term temporary rumble strips,
difficulty in removing long-term temporary rumble strips on asphalt pavements, time required
for installation of long-term temporary rumble strips, and worker exposure to traffic when
installing short-term temporary rumble strips on a divided highway.

Driver behavior was observed for four hours after installation of temporary rumble strips at three
work zones, including one work zone with short-term temporary rumble strips and two work
zones with long-term temporary rumble strips. Observations focused on whether vehicles braked
after traversing the temporary rumble strips or swerved to avoid the temporary rumble strips.
Results indicated that 52.4 percent of drivers braked for short-term temporary rumble strips in a
nighttime flagger situation and 0.7 percent to 6.7 percent of drivers braked for long-term
temporary rumble strips on a divided highway during daytime. Only one erratic driving
maneuver, in which a motorcycle drove around short-term temporary rumble strips in a flagger
work zone, was observed.

To assess the effects of temporary rumble strips on managing vehicle speeds, vehicle speed and
count data were collected by traffic personnel from MoDOT’s seven districts. The research team
provided guidance on the data collection and coordinated with MoDOT to identify suitable
locations for the study. Data were requested for 42 work zones and received for 18 work zones,
including four of the work zones where the research team observed installation of the temporary
rumble strips. After receiving the speed and count data from the MoDOT districts, the research
team performed data processing prior to analysis to organize the data and provide consistency.

The safety analyses involved descriptive and statistical analyses. The overall speed compliance
rate in the work zone speed data was only 23.4 percent. However, the analyses revealed positive
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effects of temporary rumble strips on the work zone speed compliance. With the complete survey
data, the marginal effects (that is, effects of the rumble strips) showed that the speed violation
decreased by 21.2 and 18.2 percent for short-term and long-term rumble strips, respectively. The
analysis of before and after entering the rumble strips segment also shows long-term rumble
strips decreased the speed violation by 68.0 percent. However, the analyses were inconclusive on
the difference between short-term and long-term rumble strips’ effects on the work zone speed
violation and compliance.

The economic evaluation of short-term, portable rumble strips and long-term, adhesive rumble
strips provides an overview of the cost-effectiveness of temporary rumble strips implementation
in work zones. The benefit-cost analysis calculated and compared the implementation costs
relative to the estimated crash-related cost savings rendered from enhanced work zone safety.
The purchase, installation, maintenance, removal costs were measured, the pavement damage,
reusability, and noise were considered, and the annual crash cost savings was calculated using
the estimated crash cost multiplied by the estimated annual crash reduction due to improved
safety. Findings suggest that temporary rumble strips lead to a reduction in work zone crashes,
which renders cost savings greater than costs incurred from purchasing, installation, and
removal. To illustrate the computation of benefit-cost ratios, some rural and urban examples
were presented with various levels of AADT. These examples resulted in benefit-cost ratios of
4.3 to 26.3. Positive benefit-cost ratio examples illustrate that the benefits of temporary rumble
strip implementation outweigh the costs, and therefore they are reported to be a positive
investment that are economical and efficient for work zone implementation.

Overall, the study found temporary rumble strips can be an effective tool to lower vehicle speeds
and reduce crashes. Modifications to existing MoDOT practices may potentially improve
performance of temporary rumble strips and compliance with MoDOT standards. Such
modifications could include specifying the use of one set of temporary rumble strips instead of
two sets, changes in terminology, providing greater flexibility in the type of temporary rumble
strip used based on project conditions (such as duration, project type, and location
characteristics), adding a “Rumble Strips Ahead” sign to the temporary traffic control plan for
temporary rumble strips, increasing verification and monitoring of temporary rumble strip layout
and spacing in the field, and updating procedures for installing short-term temporary rumble
strips on divided highways to reduce worker exposure to traffic (such as using a TMA, crib
carrier, or handling machine). Language for possible inclusion in the EPG regarding selection of
temporary rumble strip type is provided. For example, short-term temporary rumble strips are
recommended for use in flagging operations and both long-term and short-term temporary
rumble strips are recommended for use on lane closures on divided highways (with TMA or
other worker protection during installation and removal).
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1. INTRODUCTION
Background and Motivation

Improving work zone safety is a major goal for engineering practitioners. In the United States in
2018, there were 1.84 fatal work zone crashes per day, and a work zone crash occurred every 4.3
minutes (FHWA 2020, ARTBA 2020). Vehicle speeds and speed variance are important factors
that play a role in work zone safety (The Roadway Safety Consortium, n.d.). A significant
component of any strategy to reduce work zone crashes includes managing work zone speeds.
Temporary rumble strips are sometimes used by the Missouri Department of Transportation
(MoDOT) to help reduce vehicle speeds in work zones and to alert drivers they are approaching
a work zone. MoDOT would like to learn more about the effectiveness of the temporary rumble
strips and about the practices of other Departments of Transportation (DOTs) for their use.

Study Objectives and Scope

The objective of this research study is to investigate the effectiveness of temporary rumble strips
(both long-term and short-term) that are used by MoDOT and other state DOTs. The research
methodology to meet this objective includes a review of existing literature, synthesis of MoDOT
and other DOT practices, field observations of driver behavior and installation of temporary
rumble strips, collection and analysis of speed data, and economic analysis. Attainment of the
project objective will help MoDOT to implement temporary rumble strips more effectively in
work zones.

The scope of the study encompasses a review of literature and existing DOT practices, driver
behavior, installation and removal considerations, vehicle speeds, safety, and economic analysis.
Both short-term and long-term temporary rumble strips were included in the study. Short-term
temporary rumble strips (Figure 1-1), also known as temporary portable rumble strips (TPRS),
are held in place by their self-weight and removed when there is no active work in the work
zone. Long-term temporary rumble strips (Figure 1-2) are held in place with adhesive and remain
in place continuously for the duration of the work zone regardless of whether there is active
work.



Figure 1-1. Short-term temporary rumble strips installed on US 63 southbound in Ashland



Figure 1-2. Long-term temporary rumble strips installed on US 63 southbound in
Columbia

Study Methodology

The study methodology includes a review of existing research studies, general guidance
documents, and DOT standards and specifications; written correspondence and interviews with
other DOTs; field observations of driver behavior after temporary rumble strips are installed;
field observations of the installation of temporary rumble strips; collection of speed and count
data from work zones at various locations in Missouri; analysis of speed and count data to assess
the impacts of temporary rumble strips on vehicle speeds; and economic evaluation of the costs
and benefits of temporary rumble strips.

Report Organization

The following chapters of this report are organized as follows:

e Chapter 2 describes the comprehensive literature review of research studies, guidance,



policies, standards, and specifications.
e Chapter 3 provides information on DOT practices based on interviews and written responses.
e Chapter 4 presents an analysis of driver behavior with temporary rumble strips.
e Chapter 5 describes results from field observations of installation of temporary rumble strips.
e Chapter 6 presents some information from manufacturers of temporary rumble strips.
e Chapter 7 discusses the methodology used to collect the vehicle speed and count data.
e Chapter 8 includes a safety assessment of temporary rumble strips.
e Chapter 9 offers an economic evaluation of temporary rumble strips.
e Chapter 10 presents the conclusions of the research study.

Table 1-1 lists the supplemental information for the report included in the appendices.

Table 1-1. Report Appendices

Appendix Title
A Summary of Existing Literature for Temporary Rumble Strips
B Summary of DOT Standards and Speciﬁcations for Temporary Rumble
Strips
C Example DOT Standards and Guidance for Temporary Rumble Strips
Summary of DOT Practices Based on Interviews and Written Responses
E Checklists for Observation of Driver Behavior
F Checklist Used for Observation of .Installation of Temporary Rumble
Strips
G Installation Observations
H Memorandum Sent to MoDOT Districts to Request Speed and Count
Data
I Summary of Requested Locations for Speed and Count Data
J Attribute Data for Sites and Time Periods




2. LITERATURE REVIEW

This chapter provides an overview of the existing literature for temporary rumble strips,
including guidance documents and research studies. Additional details regarding existing
literature may be found in Appendix A.

General Guidance for Temporary Rumble Strips

Limited guidance on the use of temporary rumble strips is presented in Section 6F.87 of the
Manual on Uniform Traffic Control Devices (MUTCD) (FHWA, 2009). The MUTCD indicates
the color of transverse temporary rumble strips should be white, black, or orange if not the
pavement color. The MUTCD recommends transverse temporary rumble strips not be deployed
on sharp horizontal or vertical curves and a minimum clear path of four feet be provided on
roadways used by bicyclists.

In addition to the MUTCD, a publication from the American Traffic Safety Services Association
(ATSSA) provides guidance on the use of various types of temporary rumble strips, including
adhesive rumble strips, manually adhesive rumble strips, and Temporary Portable Rumble Strips
(TPRS) (ATSSA, 2013). The ATSSA guide provides information on the advantages (for
example, ease of installation and removal, increased driver awareness, increased braking, and
reduced speeds) and disadvantages (for example, possible erratic driver maneuvers, possible
movement, and challenges for motorcycles or bicyclists) of temporary rumble strips. Other topics
in the ATSSA guide include work zone duration, configuration of temporary rumble strips,
temporary rumble strip parameters, and other considerations. For example, Figure 2-1 shows a
flowchart that recommends a type of temporary rumple strip based on the work zone duration.



What is the Work Zone Duration?

Short-Term

Stationary/Slow Moving

Mobile Work Short Duration

Continuously or At a location for up More than 1 hour

intermitllentlv to 1 hour and within a daylight
moving e
Ideal Strip Type

The use of temporary rumble strips is

not practical * Portable reusable

(ATSSA 2013)

Intermediate

Long-Term

ry/Slow Moving

More than 1
daylight period and
up to 3 days

l

Ideal Strip Type

* Portable reusable
* Adhesive

* Manually adhesive
» Tape

y/Slow Moving

More than 3 days

l

Ideal Strip Type

*Thermoplastic
sPortable reusable
* Adhesive

* Manually adhesive
* Tape

Figure 2-1. Flowchart for type of temporary rumble strip based on work zone duration

Research Studies

Research studies have shown temporary rumble strips to be effective in reducing vehicle speeds.
For example, an lowa DOT field study (Hawkins and Knickerbocker 2017) assessed two layouts
of TPRS: Developmental Specification layout (two sets of TPRS) (Figure 2-2) and a modified
TPRS layout (one set of TPRS and “Rumble Strips Ahead” sign). Results showed that 29 percent
of vehicles braked for the Developmental Specification layout and 33 percent of vehicles braked
for the modified layout at the upstream TPRS location. In contrast, only 10 percent of vehicles
braked with no TPRS in place. The use of TPRS also led to significant speed reductions, with
mean speed reductions of 5.5 miles per hour (mph) (Developmental Specification layout) and 3.7
mph (modified layout) compared to a 0.1 mph increase in mean speed when TPRS were not

used.
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Figure 2-2. Layout of temporary portable rumble strips (TPRS) in Iowa study
(Developmental Specification layout with two sets of temporary rumble strips)

A Wisconsin study found reductions in 85" percentile speeds of 4.7 to 5.0 mph with TPRS,
compared to a 1.5 mph decrease without TPRS (Sippel and Schoon 2016). There was less of a
speed reduction on the second day (Figure 2-3), indicating a possible effect of driver familiarity.
In addition, 33.3 percent to 39.2 percent of drivers braked with TPRS compared to 2.8 percent
without TPRS. However, avoidance maneuvers were detected for about 5.5 percent of drivers.
The Wisconsin study also included a survey of project leaders and region staff regarding the
effectiveness of the TPRS. All eight of the survey respondents recommended the use of TPRS,
and respondents indicated that they thought the TPRS improved safety and helped to get drivers’
attention. Concerns noted by survey respondents include avoidance maneuvers, development of

traffic queues beyond the TPRS, employee safety during set up, the heavy weight of TPRS, and
cost.
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Figure 2-3. Average speeds by S-minute time periods in Wisconsin study (a) First day of use
(b) Second day of use

Other studies in New Jersey, Missouri, and Kansas also showed speed reductions associated with
the use of TPRS. An assessment of the deployment of TPRS at eight short-term survey work
zones in New Jersey found that mean operating speeds decreased by 10 percent in the right lane
and 13.8 percent in the left lane (Yang et al. 2015). In addition, the proportion of vehicles that
braked increased by an average of 12 percent. A comparison of TPRS with no TPRS on a one-
lane two-way operation on a low volume road in Missouri found a 10 percent increase in the
number of vehicles that braked, an average speed reduction of 3.71 mph for braking vehicles,
and a 2.9 percent increase in speed compliance (Sun et al. 2011). Field evaluations of TPRS at
three-short-term maintenance work zones with flaggers in Kansas found speed reductions of
between 4.6 and 11.4 mph for cars and between 5.0 and 11.7 mph for trucks (Wang et al. 2011).
In addition, approximately 5 percent of vehicles swerved to avoid the strips.



Research has also shown that the use of TPRS leads to crash reductions. Crash data was
collected on the 1-35 corridor in Texas for combined TPRS and End-of-Queue Warning Systems
(EOQWS) deployment for queued (traffic queue of stopped vehicles exists) and non-queued
(traffic queue of stopped vehicles does not exist) conditions (Ullman et al. 2018). In queued
conditions, the following Crash Modification Factors (CMFs) were reported: 0.40 (TPRS only)
and 0.47 (EOQWS and TPRS used together). These CMFs correspond to crash reductions of 60
percent and 53 percent, respectively. For non-queued conditions, the CMFs were determined to
not be statistically significant with the following values: 0.89 (TPRS only) and 0.72 (EOQWS
and TPRS used together). These CMFs represent crash reductions of 11 percent and 28 percent,
respectively.

In a research study sponsored by Kansas DOT, a decision matrix for different classes of TPRS
was developed based on daily truck traffic, Annual Average Daily Traffic (AADT), and speed
(Figure 2-4) (Schrock et al. 2016). To develop the matrix, a closed-course test with two models
of TPRS (RoadQuake 2F and TrafFix Alert) was conducted to test the rotational and linear
movement of the strips and sound generated by the passing vehicles. RoadQuake2F strips
showed movement of less than an inch by vehicles passing by at 67.5 mph which placed them in
Class 1 of the decision matrix that the research team developed. TrafFix Alert strips were
categorized as Class 4 due to excessive movements by vehicles at speeds of 37.5 mph or more.
Because vehicle type and sound generation were not statistically significant, the research team
made the decision matrix with the traffic volume.

Daily Truck

Traffic 0-500 501-1000 1,001-2,000 >2,000

Volume

AADT 0-2,000 2,001-5,000 | 5,001-10,000 >10,000

67.5 Class 1

57.5 Class 2
Speed
(mph)

37.5 Class 3

225 Class 4

(Schrock et al. 2016)
Figure 2-4. Decision matrix for TPRS from Kansas DOT study



The viability of long-term temporary rumble strips in terms of vehicle vibration, sound levels
inside the vehicle, roadside noise, durability, and speed control was assessed compared to
original asphalt permanent rumble strips in a study by Meyer (2006b). Results indicated that the
use of long-term temporary rumble strips led to speed reductions of 3.9 to 8.7 mph. The long-
term temporary rumble strips performed comparably to the asphalt rumble strips, with greater
ease of installation and removal.
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3. SYNTHESIS OF MODOT AND OTHER DOT PRACTICES FOR TEMPORARY
RUMBLE STRIPS

This chapter presents the methodology and results for a synthesis of DOT practices for
temporary rumble strips based on a review of DOT standards, guidance, and specifications;
written correspondence; and interviews with select DOTs.

Methodology for Reviewing DOT Practices

A synthesis of existing DOT practices for temporary rumble strips was undertaken by reviewing
DOT standards, guidance, and specifications and obtaining DOT feedback regarding their use of
temporary rumble strips. As shown in Figure 3-1, 22 DOTs were contacted to solicit input
regarding experience with temporary rumble strips and to request DOT standards. Information
regarding standards and feedback was received from 18 DOTs, and interviews were conducted
with eight of these 18 DOTs. Additional DOT resources were identified through a search by the
research team. During the interviews, DOTs were asked various questions such as the following:

e How frequently does your DOT use temporary rumble strips?

e What products does your DOT use? How are the rumble strips held in place (weight or
adhesive)?

e What types of speed reductions have you seen with the temporary rumble strips?

e What types of driver behavior have you observed with the temporary rumble strips?

e What types of concerns have you received from contractors regarding the temporary rumble
strips?

11
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Figure 3-1. Map showing DOTs that provided interviews, written feedback, and standards
for temporary rumble strips

DOT Standards, Guidance, and Specifications for Temporary Rumble Strips
This section provides an overview of standards, guidance, and specifications for temporary

rumble strips for MoDOT and other DOTs. Additional information on DOT standards, guidance,
and specifications for temporary rumble strips may be found in Appendix B and Appendix C.

MoDOT Standards, Guidance, and Specifications

As described in the following sections, MoDOT provides standards, guidance, and specifications
for long-term and short-term temporary rumble strips in its Engineering Policy Guide (EPG)
(Missouri DOT 2021a), job special provisions (Missouri DOT 2021c), and General Services
Specifications (Missouri DOT 2021b).

MoDOT Standards, Guidance, and Specifications for Long-Term Temporary Rumble Strips

MoDOT specifies that long-term temporary rumble strips should be made of polymer material,
orange in color, 10 to 12 feet long, four to six inches wide, and 0.25 to 0.50 inches thick
(Missouri DOT 2021b, Missouri DOT 2021c). They should be placed based on the plans or
direction of the Engineer (as defined in MoDOT specifications) in accordance with the
manufacturer’s recommendations. Two sets are normally used with five strips per set spaced at

12



10 to 12 feet (Table 3-1); however, the option to only use one set of strips is provided. Typical
applications, such as the one shown in Figure 3-2, are provided in the EPG (Missouri DOT
2021a). The contractor must repair any pavement damage incurred during removal of the strips.
Measurement and payment are based on each set of long-term temporary rumble strips.

Table 3-1. MoDOT spacing requirements for long-term temporary rumble strips (Missouri

DOT 2021a)
Permanent Posted Speed . .
Distance (ft. Spacing (ft.
(mph) (ft.) pacing (ft.)
0-45 (Optional) 120 10-12
50-55 160 10-12
60-70 200 10-12

13
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MoDOT Standards, Guidance, and Specifications for Short-Term Temporary Rumble Strips

MoDOT prescribes short-term temporary rumble strips should be made of polymer material,
orange in color, 10 to 12 feet long, at least eight inches wide, and 0.75 to 1.25 inches thick
(Missouri DOT 2021b, Missouri DOT 2021c). They should be placed based on the plans or
Engineer’s direction in accordance with the manufacturer’s recommendations. They should not
be deployed when there is no active work in the work zone. Two sets are generally used with
three strips per set spaced at 10 to 35 feet based on the permanent posted speed limit (Table 3-2),
and there is an option to only use one set of strips. Typical applications, such as the one shown in
Figure 3-3, are provided in the EPG (Missouri DOT 2021a). The contractor must monitor the
rumble strips and realign or repair them as needed. Measurement and payment are based on each
set of short-term temporary rumble strips.

Table 3-2. MoDOT spacing requirements for short-term temporary rumble strips

(Missouri DOT 2021a)
Permanent Posted Speed . .
Distance (ft. Spacing (ft.
(mph) (ft.) pacing (ft.)
0-45 (Optional) 120 10
50-55 160 20
60-70 200 35

15
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Other DOT Standards, Guidance, and Specifications

Other DOT Standards, Guidance, and Specifications for Long-Term Temporary Rumble Strips

DOT standards for materials, placement, and other aspects of long-term temporary rumble strips
vary. For example, Minnesota DOT specifies that the strips should be white in color and placed
in sets of 10 strips (five per wheel path) (Minnesota DOT 2021b, Minnesota DOT 2020). Indiana
DOT requires removable or durable marking material to be placed in sets of six strips with varied
spacing as shown in Figure 3-4 (Indiana DOT 2021¢, Indiana DOT 2022). The Michigan DOT
configuration includes three sets of nine rumble strips (orange in color) in advance of the lane
closure using a polymer with a pre-applied adhesive (Michigan DOT 2020). Oregon DOT’s
standards prescribe the application of two sets of three strips (black in color) using thermoplastic
or removable tape for wearing courses, milled strips for base courses, or TPRS for the pavement
surface (Oregon DOT 2021a). Nebraska DOT utilizes sets of ten strips per wheel path with
asphalt, epoxy and aggregate, or other durable material (Nebraska DOT 2021).
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Figure 3-4. Layout of long-term temporary rumble strips from Indiana DOT Standard
Drawing E 801-TCDV-09

To summarize DOT standards and specifications for long-term temporary rumble strips, various
materials are used, such as removable or durable marking material, polymer with pre-applied
adhesive, milled strips, and thermoplastic or removable tape. Placement parameters include three
to 25 strips per set, one to six sets of strips, spacing between strips of 8 inches to 20 feet, and
spacing between sets of 15 feet to 1100 feet. Placement may be across the entire lane or just the
wheel path. Typical colors for the strips are white or orange.

17



Other DOT Standards, Guidance, and Specifications for Short-Term Temporary Rumble Strips

DOT specifications vary with respect to TPRS characteristics such as size and color. For
example, the maximum allowable TPRS thickness is 0.75 inches for the Idaho Transportation
Department and 1 inch for Indiana DOT (Idaho Transportation Department 2021, Indiana DOT
2021b). Colors typically allowed by DOTs include black or orange (for example, Virginia DOT)
or black, orange, or white (for example, Pennsylvania DOT) (Virginia DOT 2020a and
Pennsylvania DOT 2021). Some DOTs maintain an approved product list for TPRS, with
RoadQuake 2 and RoadQuake 2F approved for use by the California Department of
Transportation (Caltrans) (2018b), Wisconsin DOT (2021b), and South Dakota DOT (2021) and
TraFix Alert High Speed Rumble Strips also approved for use by Wisconsin DOT (2021b).

DOTs also provide various requirements for TPRS spacing and speed. For example, the Idaho
Transportation Department prescribes that the TPRS should be suitable for 80 mph while
Michigan DOT prescribes that TPRS should perform at speeds up to 65 mph (Idaho
Transportation Department 2021, Michigan DOT 2021a). Colorado DOT standards indicate
spacing of 40 feet between strips within a set, while Ohio DOT uses 6 feet 8 inches and Virginia
DOT utilizes 10 feet to 20 feet based on the posted/statutory speed limit (Table 3-3) (Colorado
DOT 2019, Ohio DOT 2019, Virginia DOT 2020b).

Table 3-3. TPRS spacing used by Virginia DOT (adapted from Virginia DOT 2020b)

Posted/Statutory
Speed Limit <40 mph 41 — 55 mph > 55 mph
TPRS Spacing
(Center to Center) 10 feet 15 feet 20 feet

Some DOTs provide specifications for the installation, maintenance, and removal of TPRS. For
example, Oregon DOT requires that TPRS be installed within 10 minutes, while lowa specifies
maximum installation and removal times of five minutes (Iowa DOT 2021b, Oregon DOT 2020).
Regarding maintenance, Indiana DOT requires the contractor to correct the positioning of the
TPRS if the movement exceeds six inches (Indiana DOT 2021b). Arizona DOT and Tennessee
DOT provide specifications for the use of a hitch mounted carrier to store, transport, deploy, and
retrieve TPRS (Arizona DOT 2021, Tennessee DOT n.d.). Tennessee DOT prescribes that the
carrier should have the capacity to hold and transport six TPRS. Ohio DOT specifies that TPRS
should be removed if erratic driver behavior is observed (Ohio DOT 2019). Measurement and
payment of TPRS is typically per set although Minnesota DOT (2020) and New York State DOT
(2020) use a lump sum pay item.

Overall, there is significant variability in the DOT standards and specifications for TPRS. Speed
specifications range from 65 mph to 80 mph. Placement parameters include spacing between
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strips of 6 feet to 40 feet, one to three sets of strips, and typically three strips per set. Various
colors are utilized, including the pavement color, black, orange, white, a combination of black
and white, and a combination of white and orange. A “Rumble Strips Ahead” sign is often
deployed with the TPRS.

Results from DOT Interviews and Written Responses

This section provides discussion of the results from the DOT interviews and responses, including
descriptions of the practices of three DOTs and general observations. Additional details from the
interviews of eight DOTs may be found in Appendix D.

Georgia

The Georgia Department of Transportation (GDOT) deployed TPRS on four pilot projects for
work zones involving flagger operations on rural two-lane highways during daytime. An
example deployment is shown in Figure 3-5. GDOT has not used TPRS on divided highways.
GDOT developed a special detail for the TPRS with two sets of TPRS, 15-foot spacing between
strips, and a “Rumble Strips Ahead” sign (Hancock 2020, Georgia DOT 2017). Results from a
pilot deployment on State Route (SR) 20 indicated that 80 to 90 percent of vehicles reduced their
speeds. GDOT conducted a driver survey regarding the TPRS on three of the pilot projects. In all
243 survey responses received, drivers indicated that the TPRS caught their attention and led
them to slow down (Hancock 2020).

GDOT is assessing possible future use of TPRS and working towards getting more buy-in from
contractors regarding their use. Contractors have expressed concerns regarding the weight of the
TPRS. Other concerns noted during the pilot deployments include traffic backups beyond the
TPRS, the potential for truck back tires to wheel hop when traversing the TPRS, and the need for
a learning curve by the traveling public.
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(Hancock 2020)

Figure 3-5. Example TPRS layout and flagger signage on State Route (SR) 20 in Floyd
County, Georgia

1llinois

The Illinois Department of Transportation (IDOT) uses long-term temporary rumble strips [also
known as temporary rumble strips (special)] on most lane closures on multi-lane highways to
increase drivers’ awareness of work zones. The rumble strips are used typically on contractor
projects on high-speed roadways (permanent posted speed limit of 70, 65, or 55 mph) in
locations determined from impact analysis in advance of where the longest back of queue is
expected, typically before the advanced warning area. Deployment of temporary rumble strips
(special) is recommended in conjunction with the use of smart work zone technologies when
there is the potential for queue buildup. The material typically used for the temporary rumble
strips (special) consists of six layers of preformed plastic or Type 3 tape. The typical standard for
the temporary rumble strips (special) calls for four sets of three strips (20-foot spacing between
strips) and “Rumble Strips Ahead” signs (Illinois DOT 2017). An example deployment is shown
in Figure 3-6. The temporary rumble strips (special) are deployed using work trucks and TMAs
in accordance with IDOT highway standards (Illinois DOT 2020). In IDOT’s experience, the
temporary rumble strips (special) stay in place but tend to flatten over time. IDOT believes that
the use of the temporary rumble strips (special) has helped to reduce the number of traffic
incidents. IDOT also sometimes utilizes temporary rumble strips made of high strength
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polycarbonate and held in place by adhesive on two-lane two-way highways when poor
alignment or restricted sight distance create potential operational concerns (Illinois DOT 2020,
Mlinois DOT 2022). IDOT performed some trials of TPRS on maintenance projects but did not
pursue implementation due to concerns about movement of the TPRS.

(Courtesy Illinois DOT)

Figure 3-6. Example Illinois Department of Transportation (IDOT) deployment of long-
term temporary rumble strips [temporary rumble strips (special)]

Maine

The Maine Department of Transportation (MDOT) begun using TPRS in 2017 through a joint
initiative with contractors to improve work zone safety and reduce vehicle speeds. After several
successful pilot projects, MDOT started deploying them on most interstate projects (excluding
high density areas) and some selected work zones on two-lane roadways with flaggers. Speed
feedback signs were also added to work zones to help get drivers’ attention. MDOT developed a
special provision with construction and materials requirements for TPRS (Maine DOT 2018).
MDOT specifies the use of one set of three strips in each direction, and a “Caution Rumble
Strips” sign is required. An example deployment is shown in Figure 3-7. On multi-lane
highways, TPRS are installed and removed either by waiting for a gap in traffic and dragging the
TPRS into place or using a rolling roadblock with an attenuator truck and the State Police.
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MDOT uses TPRS at night and finds that they show up well due to the color along with the
speed feedback signs and sequential flashing lights. MDOT has noted some movement of TPRS
at night, possibly due to higher truck speeds.

MDOT has been satisfied with the performance of TPRS and finds they help to reduce vehicle
speeds, increase drivers’ awareness of the work zone, and increase worker alertness by providing
auditory alerts of approaching vehicles. MDOT is currently reevaluating its use of TPRS due to
the increased frequency of erratic driver behavior such as driving around TPRS or stopping prior
to the TPRS. Other challenges in the use of TPRS noted by MDOT include contractor concerns
regarding weight and deployment in live traffic, frequent need to paint the TPRS on site, some
instances of TPRS breaking, the need for maintenance by the Contractor, and concerns about
bumps experienced by motorcycles, bicycles, and small cars while traversing the TPRS. MDOT
plans to continue to put them in bid packages while working with contractors to address their
concerns. MDOT is also exploring the use of enhanced signage or additional traffic control
devices to help notify drivers of the upcoming TPRS.

(Courtesy Maine DOT)

Figure 3-7. Example Maine Department of Transportation (MDOT) deployment of TPRS
Summary of DOT Interviews and Written Responses

A summary of key findings from the DOT interviews and written responses is provided below.
Additional details are shown in Appendix D.

e Among these 18 DOTs, short-term temporary rumble strips appear to be used more
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frequently than long-term temporary rumble strips.

Temporary rumble strips are used by DOTs in a variety of applications, such as lane closures
on multi-lane highways, flagging operations, flagging operations with pilot car, changes in
traffic control at intersections, and smart work zones.

Types of materials used for long-term temporary rumble strips include preformed plastic
marking, Type 3 tape, thermoplastic, and preformed pavement marking tape.

These 18 DOTs have varying levels of experience with the implementation of temporary
rumble strips, including no current use (Delaware DOT), pilot use (Pennsylvania DOT),
recommended use (Minnesota DOT), and mandatory use for specific conditions (Virginia
DOT, Wisconsin DOT).

Some DOTs currently only use temporary rumble strips for maintenance work (Arizona
DOT) while other DOTs only implement them solely on contractor work (IDOT).

DOTs have used both static and rolling lane closures with a TMA for installing long-term
temporary rumble strips.

The extent of use of TPRS at night varies among DOTs. Issues noted by DOTs for nighttime
use of TPRS include movement of the strips and concerns regarding noise in residential
areas.

These 18 DOTs generally find temporary rumble strips to be effective in reducing vehicle
speeds, getting drivers’ attention, providing alerts to workers, and reducing traffic incidents.
Weight and placement of TPRS is frequently noted as a concern from contractors. Strategies
being used to address these concerns include a trailer mounted carriage and device for
deployment of temporary rumble strips.

Other concerns noted by DOTs in using temporary rumble strips include erratic driver
behavior (for example, braking before the temporary rumble strips or swerving to avoid
them), some instances of TPRS breaking, and the need for Contractor maintenance.

Some DOTs (Iowa and Wisconsin) have reduced the number of required temporary rumble
strip sets from two to one.
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4. DRIVER BEHAVIOR

As part of the study, driver behavior was studied to see if the temporary rumble strips caused any
erratic driver maneuvers. This chapter presents the methodology and results for observing driver
behavior after installation of temporary rumble strips at three locations in Missouri.

Methodology for Observing Driver Behavior

Driver behavior was studied for four hours after installation of temporary rumble strips at the
following three work zones: US 24 in Moberly (at nighttime), MO 370 in St. Charles County,
and I-55 in Ste. Genevieve County (Figure 4-1).

Table 4-1 shows various characteristics were represented by these three sites, including the
number of lanes, type of rumble strip, pavement type, and permanent and work zone speed
limits. The I-55 work zone was a MoDOT maintenance project, while the other two locations
were MoDOT contractor projects. After the temporary rumble strips were installed, driver’s
reactions to the temporary rumble strips were observed and documented. Observations focused
on whether vehicles braked after traversing the temporary rumble strips or swerved to avoid the
temporary rumble strips. Traffic back-ups or any incidents that could affect the traffic pattern
were noted, and data during those time periods were excluded because those conditions prevent
drivers from reacting normally to temporary rumble strips.
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Figure 4-1. Locations of work zones where driver behavior was observed after installation
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Table 4-1. Attribute data for work zone locations where driver behavior was observed after

installation
Speed Limit
Total Type of Day of Start End Pavement (Permanent /
Route | County | No. of | Temporary . .
Week Time Time Type Work Zone)
Lanes Rumble
(mph)
MO St. . ) )
370 Charles 6 Long-term | Friday | 9:15am | 1:15pm | Concrete 60 /45
Ste. . .
I-55 Genevieve 4 Long-term | Monday | 10:40 am | 2:40 pm Asphalt 70/70
US 24 | Randolph 2 Short-term | Monday | 9:05pm | 1:10am | Concrete 60/ 60

Note: For additional information on study locations, please see Table 7-3
Results for Observations of Driver Behavior

Overall results for the three locations are shown in Table 4-2. For the MO 370 and I-55
locations, information regarding the number of vehicles was obtained from vehicle count data
collected by MoDOT, as described in Chapter 7. For the MO 370 work zone, vehicle count data
were not available for the day of observation, so vehicle counts from a different day with
available data were used instead. At the I-55 work zone, driver behavior at both the upstream and
downstream sets of strips was noted to see if there were any differences between the two
locations. The results indicate that approximately half of the vehicles braked at the US 24 work
zone, while only 0.7 percent of drivers braked at MO 370 and 5 percent to 6.1 percent of drivers
braked on I-55. Swerving maneuvers were infrequent, with one motorcycle out of over 8,000
vehicles leaving the travel lane to avoid the temporary rumble strips. The results for each work
zone are discussed further in the following sections, and observation checklists are provided in
Appendix E.
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Table 4-2. Overall results for observations of driver behavior after installation of

temporary rumble strips

Type of Number of |Percent of Vehicles That Perc.ent of the
Route County Temporary Vehicles Braked Vehicles That
Rumble Strip Swerved
MO 370 St. Charles Long-term 4309* 0.7 0
I-55 (upstream set of Ste: Long-term 2111 6.1 0
strips) Genevieve
I-55 (downgtream set of Ste: Long-term 211 50 0
strips) Genevieve
US 24 Randolph Short-term 105 52.4 1.0

* Vehicle count data from same time period but different day due to data availability issues

US 24 (Moberly)

The field study on US 24 in Moberly was conducted during flagger operations at nighttime. The
observations were made on the first night that the short-term temporary rumble strips were
deployed in the work zone. Due to the low traffic volumes, all vehicles were counted manually.
As shown in Table 4-3, 55.0 percent of the passenger cars and 38.5 percent of trucks
(commercial motor vehicles, or CMVs) braked after they encountered the short-term temporary
rumble strips. In addition, there was one motorcycle that departed from its lane to avoid the
temporary rumble strips by driving in the opposing lane. Overall, traffic counts were low as 105
vehicles were observed in a four-hour period.

Table 4-3. Driver behavior by vehicle type for temporary rumble strips on US 24 in

Moberly
Vehicle Type Number of | Percent of Vehicles That
yp Vehicles Braked
Passenger Car| 91 55.0
Truck (CMV) 13 38.5
Motorcycle 1* 0
All 105 52.4

* One motorcycle swerved to avoid strips
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MO 370 (St. Charles County)

For the observation for MO 370 in St. Charles County, long-term temporary strips were deployed
near the Elm Street on-ramp for MO 370 eastbound (Figure 4-2). Although two sets of strips
were placed, observations were made from only one set because the other set was located near a
bridge with no suitable location for the researchers. Due to data availability issues, vehicle
counts were obtained from sensor data collected by MoDOT for the same location on a different
day (see Chapter 7). The vehicle classification for braking vehicles was determined visually,
while the vehicle classification for all vehicles was determined from the sensor data (CMV =
large, passenger car = medium or small). As shown in Table 4-4, 0.3 percent of passenger cars
and 5.8 percent of trucks (CMVs) braked after traversing the temporary rumble strips. There was
a traffic backup downstream of the temporary rumble strips for approximately 30 minutes in the
morning. Data for motorists that slowed down due to the traffic backup were excluded from the
analysis.

Figure 4-2. Vehicles traversing temporary rumble strips on MO 370 in St. Charles County
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Table 4-4. Driver behavior by vehicle type for temporary rumble strips on MO 370 in St.
Charles County

Vehicle Type Numb.er of | Percent of Vehicles That
yp Vehicles* Braked
Passenger Car 3782 0.3
Truck (CMV) 278 5.8
All 4060 0.7

* Vehicle counts obtained from sensor data for same time period on a different day due to data availability issues.
Truck (CMV) considered large vehicle type from sensor data and passenger car considered medium or small vehicle
type from sensor data.

1-55 (Ste. Genevieve County)

Long-term temporary rumble strips were deployed on I-55 northbound approaching the
interchange at Route Z in Ste. Genevieve County (Figure 4-3) for a bridge repair project
performed by MoDOT maintenance personnel. Observations were recorded at both the upstream
and downstream sets of temporary rumble strips. Vehicle counts were obtained from sensor data
collected by MoDOT during the time period of the observations (see Chapter 7). The vehicle
classification for braking vehicles was determined visually, while the vehicle classification for
all vehicles was determined from the sensor data (CMV = large, passenger car = medium or
small). As shown in Table 4-5, 3.8 percent of passenger cars and 27.7 percent of trucks (CMVs)
braked after traversing the temporary rumble strips at the upstream location, and 2.8 percent of
passenger cars and 25.7 percent of trucks (CMVs) braked after traversing the temporary rumble
strips at the downstream location.
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Figure 4-3. Temporary rumble strips on I-55 in Ste. Genevieve County

Table 4-5. Driver behavior by vehicle type for temporary rumble strips on I-55 in Ste.
Genevieve County

Vehicle Tvpe Number of Percent of Vehicles
yp Vehicles* That Braked
Passenger Car (Upstream Set of Strips) 1909 3.8
Truck (CMV) (Upstream Set of Strips) 202 27.7
Passenger Car (Downstream Set of Strips) 1909 2.8
Truck (Downstream Set of Strips) 202 25.7
All (Upstream Set of Strips) 2111 6.1
All (Downstream Set of Strips) 2111 5.0

* Vehicle counts obtained from sensor data for observation period. Truck (CMV) considered large vehicle type from
sensor data and passenger car considered medium or small vehicle type from sensor data.

Summary of Results of Observations of Driver Behavior

Results from the observations of driver behavior indicate that erratic maneuvers were rare, with
only one motorcycle swerving to avoid the temporary rumble strips out of over 8,000 vehicle
observations. Approximately half of the vehicles braked on US 24 with short-term temporary
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rumble strips, possibly because they were approaching a flagger at nighttime. The percentage of
vehicles that braked at the work zones MO 370 and I-55, which involved the use of long-term
temporary rumble strips on a divided highway during daytime, ranged from 0.67 percent to 6.1
percent. On MO 370 and I-55, the percentage of trucks that braked (5.8 percent to 27.7 percent)
was greater than the percentage of passenger cars (0.3 percent to 3.8 percent) that braked. A
greater percentage of vehicles braked on I-55 than on MO 370, a result that could be possibly
due to differences in driver behavior, level of driver familiarity with temporary rumble strips,
urban versus rural setting, and work zone speed limit (70 mph on I-55 versus 45 mph on MO
370).
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S. INSTALLATION AND REMOVAL

This chapter presents observations regarding the installation and removal of temporary rumble
strips, including methodology and results.

Methodology for Collecting Information on Installation and Removal

The installation of temporary rumble strips was observed by the research team at five work zones
as shown in Figure 5-1 and Table 5-1. MoDOT Central Office personnel participated in the
observations for three of the five work zones (US 24 and both US 63 work zones). Three of the
work zones used long-term temporary rumble strips, and two of the work zones deployed short-
term temporary rumble strips. In two of the work zones, the temporary rumble strips were
installed by MoDOT maintenance personnel. A checklist provided by MoDOT (Appendix F)
was completed for each installation. The checklist included fields for information such as
product used, installation time, and feedback on installation and removal from the installation
crew obtained through interviews. The completed checklists are provided in Appendix G. Driver
behavior was observed at three of these work zones (Chapter 4), and speed and count data were
obtained from MoDOT for four of these work zones (Chapter 7).
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Figure 5-1. Map showing work zone locations where installation of temporary rumble
strips was observed
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Table 5-1. Site characteristics for work zone locations where installation of temporary
rumble strips was observed

Type of Speed Limit
Temporary | Installation | Pavement (Permanent
RO Y Rumble Personnel Type Work Type / Work
Strip Zone) (mph)
I-55 Ste. | 1 ongterm | MOPOT 1y hare | Bridee 70 /70
Genevieve Maintenance repair
MO St. Pavement
370 Charles Long-term Contractor Concrete repair 60 /45
US 24 | Randolph | Short-term Contractor Concrete Concr'ete 60/ 60
patching
US 63 Boone Long-term MODOT Concrete Concrete 70/70
Maintenance replacement
J-turn
US 63 Boone Short-term Contractor Asphalt . . 70/ 60
installation

Observations for Installation and Removal

US 24 (Moberly)

Two sets of three short-term temporary rumble strips in each direction (eastbound and
westbound) were installed for nighttime flagger operations on US 24 in Moberly as part of a
concrete patching project (Figure 5-2). The research team observed the installation on the first
night of the work zone at this location. The strips were transported in the bed of a pickup truck
and lowered from the truck bed for installation. The flagger operation was set up prior to
installation, and the strips were installed in under five minutes. The spacing between strips varied
from approximately 16 feet to approximately 20 feet. Based on the 60-mph permanent posted
speed limit, the EPG calls for a spacing of 35 feet between strips (Missouri DOT 2021a). The
contractor indicated that he found the strips difficult to work with due to their weight.
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Figure 5-2. Short-term temporary rumble strips on US 24 in Moberly

MO 370 (St. Charles County)

As part of a concrete pavement repair project on MO 370 in St. Charles County, the contractor
deployed two sets of five long-term temporary rumble strips across all three lanes of eastbound
traffic (Figure 5-3 and Figure 5-4). The strips were installed in 15 minutes by placing primer and
then laying down the strips. A Truck Mounted Attenuator (TMA) was utilized for the
installation. The spacing between strips was approximately 12 feet in accordance with the EPG
(Missouri DOT 2021a). The lengths of the strips were not measured but visually appeared to
shorter than the lane width. In the contractor’s experience, the long-term temporary rumble strips
are easy to install but difficult to remove, especially on asphalt pavement. The contractor often
uses a hammer for removal. The contractor indicated that he believes temporary rumble strips
help to slow vehicles down in some situations. The contractor has used short-term temporary
rumble strips on other projects and finds their removal challenging due to the heavy weight
which requires two workers.
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Figure 5-3. Installation of long-term temporary rumble strips on MO 370 in St. Charles
County

Figure 5-4. Long-term temporary rumble strips on MO 370 in St. Charles County
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1-55 (Ste. Genevieve County)

A MoDOT maintenance crew installed long-term temporary rumble strips on northbound I-55 in
Ste. Genevieve County as part of a four-day bridge repair project (Figure 5-5 and Figure 5-6).
Two sets of three strips with approximate spacing of 2 feet between strips were installed in both
lanes. Based on the 70-mph permanent posted speed limit, the EPG calls for a set of five rumble
strips with a spacing of 10 to 12 feet between strips (Missouri DOT 2021a). A TMA was
deployed for the installation. Installation steps included (1) applying primer with a brush, (2)
removing the plastic backing from the strip, (3) applying the strip to the pavement, and (4)
tamping the strip with a piece of wood (Figure 5-5). The MoDOT crew did not have access to the
tamper cart that is recommended for use by the manufacturer (Myers Industries 2021). The
research team noted the plastic backing tended to tear when being peeled from the strip. The
installation took approximately 10 minutes to complete at each location.

Although the research team did not observe the removal of the long-term temporary rumble
strips, a member of the MoDOT maintenance crew provided feedback after the installation and
removal of the long-term temporary rumble strips on this work zone. The MoDOT employee
indicated the installation and removal of the strips was not difficult. The removal was
accomplished with a shovel. The installer expressed some concern about the time required for
deployment in conjunction with a mobile work zone operation and suggested maybe a permanent
lane closure could be used to place the strips. In addition, he thought the application of the
primer would have worked better using a roller instead of a brush. He indicated the temporary
rumble strips could be effective in getting the attention of distracted drivers. Finally, he thought
that the rumble strips were too close together, and the strips may have been more effective in sets
of five strips with greater spacing between strips.
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Figure 5-5. Placement of long-term temporary rumble strips on I-55 in Ste. Genevieve
County

Figure 5-6. Long-term temporary rumble strips on I-55 in Ste. Genevieve County
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US 63 (Ashland)

As part of a project to install new J-turns on US 63 near Ashland, the contractor installed short-
term temporary rumble strips (Figure 5-7 and Figure 5-8). The research team and MoDOT
Central Office personnel observed a deployment in the morning on southbound US 63. Two sets
of three strips with approximate spacing of 18 feet to 26 feet were deployed in each lane. Based
on the 70-mph permanent posted speed limit, the EPG calls for a spacing of 35 feet (Missouri
DOT 2021a). As shown in Figure 5-7, the contractor utilized gaps in traffic to quickly pull the
strips across the lane and place them. The installation took less than five minutes per location.

In subsequent feedback provided to the research team, the contractor noted challenges with
trying to install the short-term temporary rumble strips in live traffic and concerns with worker
exposure to traffic. The contractor would prefer to use long-term temporary rumble strips on this
project, especially due to the long duration of this work zone. The contractor believes the long-
term strips would be easier to place than the short-term strips using a moving work zone
operation. The contractor utilized long-term temporary rumble strips on another job and did not
encounter any issues with them. The contractor also reported the tendency of the strips to move
sideways and a few instances of the metal hinge breaking apart after the strips were pulled down
the road by trucks. As noted in the manufacturer’s guidelines, short-term temporary rumble strips
become less effective when the spacing is reduced (PSS 2018). The contractor believes the
temporary rumble strips help to slow down vehicles but expressed concern about the potential for
fast braking when a vehicle encounters the rumble strips.

In addition, MoDOT received some motorist claims on this project involving the temporary
rumble strips, including two flat tires. In another instance, a motorist reported radiator and
condenser damage after hitting a temporary rumble strip that was not lying flat.
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Figure 5-8. Short-term temporary rumble strips on US 63 near Ashland
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US 63 (Columbia)

Another deployment of long-term temporary rumble strips by MoDOT maintenance personnel
took place on a two-day concrete replacement project on US 63 southbound between the Brown
School Road interchange and Brown Station Road interchange (Figure 5-9 and Figure 5-10).
Long-term temporary rumble strips were used because short-term temporary rumble strips were
not available. The research team observed the installation and obtained feedback from MoDOT
maintenance personnel on both installation and removal. One set of four strips spaced at
approximately 10 feet was placed in each southbound lane using a TMA. The EPG calls for five
strips placed at spacing of 10 feet to 12 feet (Missouri DOT 2021a). Installation steps included
(1) applying primer with a roller, (2) removing the plastic backing from the strip, (3) applying
the strip to the pavement, and (4) tamping the strip by walking on it. The MoDOT crew did not
have access to the tamper cart that is recommended for use by the manufacturer (Myers
Industries 2021). The installation took approximately 10 to 12 minutes at each location. The air
temperature was 50°F, which is the minimum temperature recommended by the manufacturer for
installation (Myers Industries 2021). Some minor shifting of the strips in the driving lane was
noted by the research team.

Feedback received from MoDOT maintenance personnel was very positive. MoDOT indicated
both installation and removal of the strips were straightforward. Removal took approximately
five minutes per side using a loader bucket and a TMA. MoDOT noted one strip shifted initially,
possibly because it was set too soon. MoDOT felt they were a great tool that helped to reduce
vehicle speeds and expressed interest in using them again in the future.
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Figure 5-10. Long-term temporary rumble strips on US 63 near Columbia
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6. INFORMATION FROM TEMPORARY RUMBLE STRIP MANUFACTURERS

This chapter provides an overview of manufacturer information for the two temporary rumble
strip products observed during installation: Advance Traffic Markings (ATM) Rumble Strips
from Myers Industries (long-term temporary rumble strips) and RoadQuake 2 from Plastic Safety
Systems, Inc. (PSS) (short-term temporary rumble strips).

Advance Traffic Markings (ATM) Rumble Strips

Some product specifications and installation instructions for ATM rumble strips are available on
the product website (Myers Industries 2021). The strips are composed of polymer tape with
adhesive backing. The strips are 0.25 inches thick and sold in rolls of 4 inches by 96 feet (Figure
6-1). They are suitable for both asphalt and concrete pavements. For installation, the
manufacturer indicates that the air temperature must be at least 50°F, and the pavement should be
dry with no rain in the prior 24 hours and contaminant-free. The installation instructions indicate
that the strips should be tamped with three passes of a tamper cart.

(Courtesy Myes ndustries)
Figure 6-1. Advance Traffic Markings (ATM) Rumble Strips
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RoadQuake 2 TPRS

PSS provides manufacturer recommendations for the use of RoadQuake 2 TPRS in its best
practices guide (PSS 2018). The RoadQuake 2 strips measure 13 inches by 0.75 inches by 132
inches and weigh 105 pounds. PSS indicates they can be deployed for posted speed limits up to
80 mph and temperatures ranging from 0°F to 180°F. PSS does not recommend the use of the
RoadQuake 2 TPRS on fresh seal coat, gravel roads, fresh asphalt pavement, or horizontal
curves. PSS recommends the use of two TPRS sets in each direction of travel, with spacing
between strips as shown in Table 6-1. For maintenance, PSS recommends repositioning when
movement of the strip exceeds three feet. For transport and removal of the RoadQuake 2 TPRS,
various devices are available such as a crib carrier (Figure 6-2) or handling machine (Figure 6-3).

Table 6-1. Plastic Safety Systems, Inc. (PSS) recommended spacing for RoadQuake 2 TPRS

(adapted from PSS 2018)
Posted Speed Limit (mph) Spacing (ft.)
Up to 40 10
41-55 15
56-64 20
65+ 35

(PSS 2018)
Figure 6-2. Crib carrier for RoadQuake 2 TPRS

42



(PSS 2018)
Figure 6-3. Raptor handling machine for RoadQuake 2 TPRS
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7. COLLECTION OF SPEED AND COUNT DATA

The chapter provides an overview of the methodology used to collect speed and count data in
order to analyze speed effects of using temporary rumble strips, including coordination with
MoDOT Districts, site selection, and data processing.

Coordination with MoDOT Districts to Collect Speed and Count Data

To maximize the number of work zone locations included in the study, vehicle speed and count
data were collected by MoDOT District Traffic personnel using Armadillo units (Figure 7-1)
(Houston Radar 2021). The Armadillo units use radar technology to collect data on vehicle
speeds and counts. Output files generated by the Armadillo units include various types of reports
and raw data with the following information for each vehicle: date and time, speed, class (Small,
Medium, or Large), direction (Incoming or Outgoing), lane, and GPS location of the Armadillo
unit.

The research team prepared a memorandum to request the vehicle speed and count data
(Appendix H) and distributed the memorandum to MoDOT District Traffic personnel. The
memorandum included information on Armadillo placement, types of data requested, and other
resources. For each location, the research team requested 24 hours of speed and count data with
temporary rumble strips and 24 hours of speed and count data without temporary rumble strips.
Metadata for each work zone location were also requested (Table 7-1).

(Houston Radar © 2016)

Figure 7-1. Armadillo unit mounted on light pole to collect speed and count data
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Table 7-1. Metadata requested from MoDOT Districts for each work zone site

Attribute

Job Number

Route

Approximate milepost for Armadillo placement

Approximate latitude and longitude for Armadillo placement

Type of work zone (Two-Lane Highway / Divided Highway)

Type of temporary rumble strips (Long-Term / Short-Term / None)

Start date and time for data collection

End date and time for data collection

Date and time for installation of temporary rumble strips

Date and time for removal of temporary rumble strips

Work zone speed limit

Permanent posted speed limit

Direction of travel for lane immediately adjacent to Armadillo (Northbound /
Southbound / Eastbound / Westbound)

Picture of the rumble and the Armadillo in same frame

Site Selection

The research team worked with MoDOT to identify suitable work zone locations for the study.
The research team prepared a preliminary list of suggested work zone locations based upon a list
of work zone locations with temporary rumble strips provided by MoDOT. Criteria used by the
research team to develop the list of suggested work zone locations include diversity with respect
to type of temporary rumble strip and type of roadway (two-lane or divided) and balancing the
number of locations among MoDOT’s seven Districts. MoDOT Central Office personnel
contacted Resident Engineers to verify construction dates and type of temporary rumble used for
these projects and provided this information to the research team. Based on this information, the
research team refined the list of construction projects requested for the study. The research team
also worked with MoDOT Maintenance personnel to identify potential MoDOT maintenance
projects for the study and coordinate with MoDOT to select some projects not using temporary
rumble strips.

Ultimately, the research team requested speed and count data for 42 sites, including 16 sites with
long-term temporary rumble strips, 18 sites with short-term temporary rumble strips, and eight
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sites without temporary rumble strips. Summary statistics for these locations are shown in Table
7-2, and details on individual locations are provided in Appendix 1. Information on the requested
locations was sent to the MoDOT District Traffic personnel along with the memorandum
requesting the collection of the speed and count data.

Table 7-2. Summary statistics for requested locations

District | Long-term | Short-term | None | Total
CD 3 3 1 7
KC 2 2 2 6
NE 2 3 1 6
NW 2 2 3 7
SE 2 3 1 6
SL 2 1 0 3
SW 3 4 0 7

Total 16 18 8 42

The research team received data for 18 sites, including at least one site from each of MoDOT’s
seven Districts. Constraints that prevented data from being collected for the other 24 sites
include project schedules and completion dates and availability of District personnel and
Armadillo units. A map showing the locations of the sites is shown in Figure 7-2, and summary
data for the project locations are shown in Table 7-3.
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(Map data © 2021 Google)

Figure 7-2. Map showing locations where speed and count data were collected
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Table 7-3. Summary data for study locations

SIi]t)e District JobID Route Direction Tv]v)oi-vliz:llzlor County Temp. Rumble Type Datiﬂt;tl\i/f:::iple
1 CD 210219-DO05 US 63 SB Divided Boone Short-term

2 CD 210416-D07 I-70 WB Divided Boone Long-term

3 KC 201218-C03 129 | NB,SB Divided Platte Sho“‘flg‘;le%%f‘ SB), X (SB)
4 KC 201218-C04 US 24 EB, WB Divided Jackson Long-term

5 KC 210122-C03 1-29 SB Divided Platte Long-term

6 NE 201218-B04 US 24 EB, WB Two-lane Randolph Short-term, None

7 NW 191115-A04 1-29 SB Divided Andrew None

8 NW 201120-A02 MO 46 EB Two-lane Nodaway Short-term

9 NwW 210219-A01 1-29 NB Divided Atchison Long-term

10 NwW MoDOT Maintenance | US 169 NB Two-lane Andrew None

11 SE 210122-HO1 US 160 EB Two-lane Ozark Short-term

12 SE 210319-H04 ROUTE C NB Two-lane Madison Long-term

13 SE MoDOT Maintenance I-55 NB Divided Ste. Genevieve Long-term

14 SE MoDOT Maintenance US 60 EB Divided New Madrid None

15 SL 201120-F01 I-70 EB, WB Divided St. Charles Long-term X
16 SL 210122-F02 MO 370 EB Divided St. Charles Long-term X

17 SwW 201016-G02 1-44 WB Divided Jasper None, Short-term

18 SW 201120-G01 1-49 SB Divided Newton None, Long-term
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A summary of attributes for the study sites is provided in Table 7-4. Data were received for three
MoDOT maintenance projects and 15 contractor projects. Half of the study sites used long-term
temporary rumble strips, and the majority of sites were divided highways. The minimum work
zone speed limit was 35 mph on US 160 in Ozark County (permanent posted speed limit = 55
mph), and the maximum work zone speed limit was 70 mph (also the permanent posted speed
limit) on I-55 in Ste. Genevieve County.

Table 7-4. Summary of attributes for study sites

Attribute Number
Contractor Projects 15
MoDOT Maintenance Projects 3
Long-term Temporary Rumble Strips 9
Short-term Temporary Rumble Strips 6
No Temporary Rumble Strips 3
Two-lane 5
Divided 13
Min. Work Zone Speed Limit (mph) 35
Max. Work Zone Speed Limit (mph) 70
Number of Sites with Data with and without Short- 3
Term Rumbles
Number of Sites with Data with and without Long- 1
Term Rumbles
Sites with Multiple Location Data (Same )
Direction)
Total Number of Vehicles 350,852

For three of the sites using short-term temporary rumble strips (I-29 southbound at Dearborn in
Platte County, US 24 in Randolph County, and I-44 in Jasper County) and one site using long-
term temporary rumble strips (I-49 in Newton County), data were received with and without the
temporary rumble strips installed. The data collection locations with and without temporary
rumble strips for [-29 southbound at Dearborn were located approximately 2.6 miles apart and
took place on different days. For the projects on MO 370 and I-70 in St. Charles County, data
were received for multiple locations in the same direction (Figure 7-3 and Figure 7-4). On MO
370, data were received upstream of the rumble strips, between the sets of rumble strips, and
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downstream of the rumble strips. On I-70 in St. Charles County, data were received upstream of
the rumble strips and between the sets of rumble strips in each direction.
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Figure 7-3. Data collection locations for MO 370 in St. Charles County
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Figure 7-4. Data collection locations for I-70 in St. Charles County

Data Processing

After receiving the speed and count data from the MoDOT Districts. the research team
performed data processing prior to analysis. The data were compiled in a consistent format and
organized by location and time period based on when the temporary rumble strips and work zone
were in place (Appendix J). For example, data for multiple days of short-term temporary rumble
strips were separated into individual time periods based on when the temporary rumble strips
were actually in place. In some instances, the research team followed up with MoDOT Districts
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to confirm details such as times when the temporary rumble strips and work zone were in place
or work zone speed limits.
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8. SAFETY ANALYSIS
Overview of the Safety Analysis

The vehicle speed data for safety analysis were collected from 18 work zones with different
temporary rumble strip types, work zone speed limits, day of the week, and time from September
7, 2021 to October 19, 2021 to examine the safety effectiveness of temporary rumble strips in
work zones. More than 500,000 vehicle speeds were collected. However, after removing
potential duplications and reporting errors, about 350,000 vehicle speeds were analyzed to
examine the safety effects of temporary rumble strips.

The safety effects of work zone rumble strips were measured via the changes in vehicle speed
with and without rumble strips and the compliance with the work zone speed limit. In order to
analyze the effect, both descriptive and statistical analyses were conducted. In addition, the
safety analysis investigated the overall safety effects of the rumble strips with the entire data
collected for the study, different periods, and before and after passing the rumble strips.

Work Zone Speed Data

After careful consideration and review of the vehicle speed data collected from 18 work zones, a
total of 350,852 vehicle speeds were selected for safety analysis. Table 8-1 shows the work zone-
level data. The work zones have diverse characteristics regarding the speed limit and rumble
strip type. The average vehicle speed and the number of vehicle speeds observed vary by work
zone. There are also work zones where the average vehicle speed limit overage is positive
(overall vehicle speeds are higher than work zone speed limit) and negative (overall vehicle
speeds are lower than work zone speed limit). The average vehicle speed limit overage in the
data was 5.9 mph. This finding indicates that drivers tend to drive faster than the speed limits in
work zones. However, it should be noted that the overage varies significantly by work zone.
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Table 8-1. Observed vehicle speeds and work zone characteristics

Permanent Work Zone Type of No. of Mean Mean Speed
Location Posted Speed  Speed Limit Rumble Vehicles Speed Limit Overage
Limit (mph) (mph) Strips (mph) (mph)
229 (56st St, KC, Platte 55 50 Long-term 41,387 59.3 9.3
ounty)
1-29 (Andrew County) 70 55 None 9,654 70.1 15.1
1-29 (Atchison County) 70 55 Long-term 8,566 67.3 12.3
1-29 (Dearborn, Platte 70 60 Short-term 6,841 61.8 1.8
County)
70 60 None 2,023 59.0 -1.0
1-44 (Jasper County) 70 60 Short-term 9,664 67.9 7.9
70 60 None 4,652 67.6 7.6
1-49 (Newton County) 70 60 Long-term 24,880 70.2 10.2
70 60 None 13,187 68.9 8.9
I-55 (Ste. Genevieve
County) 70 70 Long-term 12,940 69.6 -0.5
[-70 (Boone County) 70 60 Long-term 21,944 61.7 1.7
I-70 (St. Charles County) 70 60 Long-term 52,312 60.4 0.4
70 65 Long-term 48,424 66.0 1.0
US 60 (New Madrid 55 55 None 26,255 66.6 11.6
County)
US 63 (Boone County) 70 60 Short-term 21,198 67.6 7.6
US 24 (KC, Jackson 65 55 Long-term 19,520 60.4 5.4
County)
US 24 Randolph County) 60 60 Short-term 268 335 -26.5
60 60 None 251 41.7 -18.3
US 160 (Ozark County) 55 35 Short-term 1,685 48.0 13.0
US 169 (Andrew County) 60 55 None 1,066 52.3 -2.8
MO 46 (Nodaway 55 55 Short-term 113 47.7 7.3
County)
MO 370 (St. Charles 60 45 Long-term 23,931 56.4 114
County)
MO Route C (Madison
County) 55 55 Long-term 91 39.0 -16.0
Overall 350,852 63.7 5.9

Note: Speed limit overage is observed vehicle speed minus work zone speed limit.

As shown in Table 8-1, the levels of vehicle speed limit overage by temporary rumble strip type,
including without rumble strips, are not consistent. This finding indicates that each work zone
may have strong road environment characteristics specific to each work zone.

Vehicle speed and speed limit overage are associated with work zone rumble strips. As shown in
Table 8-2, the average speed is higher at work zones without rumble strips and lower at work
zones with rumble strips. A similar pattern is found with the average speed limit overage. The
level of speed limit overage tends to be smaller or negative in work zones with rumble strips than
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those without rumble strips. Long-term strips have more positive safety effects than short-term
strips in terms of magnitude.

Table 8-2. Mean work zone vehicle speed and speed limit overage by type of temporary
rumble strips

Overall* Type of Temporary Rumble Strips
(No. of
Vehicles (n) None Short-term* Long-term
:350,852) (n:57,088) (n:39,769) (n:253,995)
Mean Vehicle Speed (mph) 63.7 (10.0) 67.2 (8.3) 65.6 (10.3) 62.7(10.1)
Mean Speed Overage (Vehicle Speed —
Work Zone Speed Limit) 5.9 (0.1) 10.4(8.6) 6.6(9.7) 4.8(10.2)

Note: Values in () are standard deviations.

* US 160 WB in Ozark County (n = 1,685) had a much lower work zone speed limit (35 mph). The range of
other work zone speed limits for this study was 45-70 mph. However, the effects of the US 160 WB work
zone were minimal. Without the work zone, the overall mean speed and short-term rumble strip mean
speed become 63.8 mph and 66.3 mph, respectively.

The associations between the type of rumble strips and vehicle speed and speed limit overage
shown in Table 8-2 are also found when highway type and vehicle class are controlled. Table 8-3
(those highlighted in grey) shows that rumble strips tend to be associated with lower vehicle
speed and speed limit overage than no rumble strips, and long-term rumble strips seem to be
more strongly associated than short-term rumble strips. However, there are irregularities where
the number of observations is low.
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Table 8-3. Work zone vehicle speed and speed limit overage by highway type, vehicle class, speed limit, and rumble strip type

Mean Vehicle Speed and Speed Limit Overage (in mph) by Rumble Strip Type

SVIZ 221:1 f?nri?t None Short-term Long-term
(mph) Frequency Mean Speed Frequency Mean Speed Frequency Mean Speed
Speed Overage Speed Overage Speed Overage
All 57,088 67.2 10.4 39,769 65.6 6.6 253,995 62.7 4.8
Highway Type
Multi-lane 45 23,931 56.4 11.4
50 41,387 59.3 9.3
55 35,909 67.6 12.6 28,086 62.5 7.5
60 19,862 67.6 7.6 37,703 66.6 6.6 99,136 63.1 3.1
65 48,424 66.0 1.0
70 12,940 69.6 -0.5
Two-lane 35 1,685 48.0 13.0
55 1,066 52.3 -2.8 113 47.7 -7.3 91 39.0 -16.0
60 251 41.7 -18.3 268 33.5 -26.5
Vehicle Class
Small 35 29 50.5 15.5
45 183 41.6 -3.4
50 16 65.6 15.6
55 708 64.5 9.5 1 28.0 -27.0 453 69.2 14.2
60 192 68.1 8.1 370 68.5 8.5 1,012 65.5 5.5
65 124 66.0 1.0
70 249 69.2 -0.8
Medium 35 1,419 48.0 13.0
45 22,057 56.6 11.6
50 39,352 59.3 9.3
55 32,250 67.5 12.5 103 49.0 -6.0 26,093 62.4 7.4
60 18,524 67.5 7.5 34,509 66.5 6.5 91,508 63.2 3.2
65 45,777 66.1 1.1
70 11,385 69.9 -0.1
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Mean Vehicle Speed and Speed Limit Overage (in mph) by Rumble Strip Type

SVIZ 2;15 f?rrrlliet None Short-term Long-term
(mph) Frequency Mean Speed Frequency Mean  Speed Frequency Mean  Speed
Speed Overage Speed Overage Speed Overage
(Table 8-3
Continued)
Large 35 237 47.4 12.4
45 1,691 55.7 10.7
50 2,019 59.5 9.5
55 4,017 64.5 9.5 9 35.8 -19.2 1,631 60.8 5.8
60 1,397 63.6 3.6 3,092 64.6 4.6 6,616 62.1 2.1
65 2,523 65.1 0.1
70 1,306 66.6 -34

Note: Speed limit overage is observed vehicle speed minus work zone speed limit.
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However, the associations between the type of rumble strips type and vehicle speed and speed
limit overage in Table 8-2 and Table 8-3 were not controlled fully or simultaneously with other
relevant factors. Therefore, robust statistical analyses were necessary to examine the conditional
associations in depth.

Statistical Analysis Methods

Vehicle speed data from 18 work zones were compiled together and modeled to estimate the
effects of temporary rumble strips on vehicle speed. In order to systematically investigate the
effects, a random-effects binary logit model (Greene 2003) was employed. The dependent
variable was the vehicle speed above the work zone speed limit versus the vehicle speed at or
below the work zone speed limit. The model provided information about the statistical
significance of observed variables associated with the work zone speed violation and the
probability of the violation. The random-effects model was used since the regular binary logit
model potentially violates the assumption of independence of the residuals. In this study, vehicle
speed observations are more likely to be interdependent, which means that vehicle speeds nested
in the same work zone are more likely to function in the same way than those nested in different
work zones. The random intercepts model can allow intercepts to vary between work zones, and
therefore, the dependent variable (work-zone speed violation) for each observation is predicted
by the intercept that varies across work zones. This modeling approach is also appropriate since
work zone sites themselves have no intrinsic meaning in this study.

The random-effects binary logit model classified work zone vehicle speeds into two binary
groups: 1) over the work zone speed limit (the speed violation group) and 2) at or below the
work zone speed limit (the speed compliance group).

Ynj =XyiB+utey, j=1..,;n=1.,N, (8-1)
Ynj = 1ify,; > 0,and y,; = 0 otherwise,

where y,,; = 1 indicates that vehicle speed n in location j belongs to the speed violation group,
and y,; = 0 indicates the individual is in the speed compliance group. The model includes a
work zone-specific random effect, u;~ N (0, 62), which captures the correlation of vehicle

speeds from the same work zone that allows work zone-specific heterogeneity. The correlation of
vehicle speeds from the same location arises from their sharing specific but unobserved
properties of the respective location.

The explanatory variables of vehicle speed n in work zone j are denoted by the vector x,, ;, with

estimable coefficients in the vector B. There are a total of N; vehicle speeds in work zone j. As is
standard, €,; are assumed to be independently and identically distributed with the binary logit
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regression with mean zero and variance 2 = 172 /3, and are independent of u;. This leads to the
log-odds-ratio:

In (P(—J‘“Fllxnj’”—j) =X ;B + uy. (8-2)

Pynj=0lznjuj

where a positive coefficient indicates the variable increases the probability of classifying the
speed as over the speed limit, and a negative coefficient decreases the probability. The variance
o2 (in natural log form) of u; is estimated along with the coefficients. The standard deviation of
the random effect, o, is calculated. The proportion of the total variance captured by the work
zone variance is calculated with:

ot

p= (8-3)

2 27
o, to¢

and a likelihood-ratio test is used to test the null hypothesis of p = 0, which indicates the work
zone-specific heterogeneity is not statistically significant.

The employed binary models include a limited number of covariates. Therefore, they could be
misspecified and thus result in biased coefficients and residuals. In order to examine the models’
potential misspecification, a link test was conducted for each model (Czado and Santner 1992,
Pregibon 1980). The link test regresses the dependent variable of the original regression against
the original regression’s prediction and the squared prediction. The coefficient of predicted
values should be statistically significant, while the coefficient of squared predicted values must
be statistically insignificant to indicate a proper model specification.

Analysis of Work Zone Vehicle Speed Data

Analysis of Complete Survey Data

Speeding has been a critical work zone crash factor. Thus, in order to examine the effects of
temporary rumble strips on work zone safety, this study analyzed the characteristics of vehicle

speeds below or equal to the work zone speed limit (“compliance” hereafter) and the speeds
above the limit (“violation” hereafter). Table 8-4 shows the characteristics.

The overall speed violation rate was 76.6 percent in the data. This means that less than one-
fourth of drivers complied with the work zone speed limit. Table 8-4 shows substantial variations
in the violation by various roadway, rumble strip, vehicle, temporal, and locational factors.
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Table 8-4. Characteristics of non-compliance and compliance of work zone speed limit

Vehicle Speed Vehicle Speed
Above Work Zone Below or Equal to
Speed Limit Work Zgne; Speed
Limit

Frequency  Pct. Frequency Pct.

All 268,701  76.6 82,151 23.4

Highway Type Two-lane 1,989 57.3 1,485 42.8

Multi-lane 266,712 76.8 80,666 23.2

35 1,581 93.8 104 6.2

45 17,729 74.1 6,202 25.9

Work Zone 50 35,404 85.5 5,983 14.5

Speed Limit 55 57,446 88.0 7,819 12.0

(mph) 60 122,242 77.8 34,978 223

65 28,382 58.6 20,042 41.4

70 5917 45.7 7,023 543

. None 52,020 91.1 5,068 8.9

IT{;‘;M" Strip Short-term 33,978 854 5,791 14.6

Long-term 182,703 719 71,292 28.1

. Small 2,587 77.5 750 225

\T/;;‘;Cle Class Medium 248263 769 74714 23.1

Large 17,851 72.8 6,687 27.3

Day and Hours: Weekday daytime non-peak hours 95,066 76.6 28,994 23.4

hwofl‘fs“z;‘?og‘fak Weekday daytime peak hours 80360  75.1 26687 249

9:00 am & Weekday nighttime hours 88,230 78.1 24,700 21.9

3:00-6:00 pm), Weekend daytime hours 3,765 75.6 1,214 244
Nighttime hours

ggéevlgﬁd(%/o Weekend nighttime hours 1280  69.7 556 30.3

pm-6:59 am)

1-29 (565t St, KC-Platte) 35,404 85.5 5,983 14.5

1-29 (Andrew) 9,456 98.0 198 2.1

1-29 (Atchison Bridge) 8,214 95.9 352 4.1

1-29 (Dearborn) 6,219 70.2 2,645 29.8

1-44 12,924 90.3 1,392 9.7

1-49 35,645 93.6 2,422 6.4

I-55 5917 45.7 7,023 54.3

Location 1-70 (Perche Creek) 16,626 75.8 5,318 242

I-70 (STL) 60,193 59.8 40,543 40.3

US 60 24,372 92.8 1,883 7.2

US 63 18,971 89.5 2,227 10.5

US 24 (KC-Jackson) 15,042 77.1 4,478 22.9

US 24 (NE-Moberly) 46 8.9 473 91.1

US 160 1,581 93.8 104 6.2

US 169 349 32.7 717 67.3
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Vehicle Speed

Vehicle Speed Below or Equal to

Above Work Zone
. Work Zone Speed

Speed Limit -
Limit
Frequency  Pct. Frequency Pct.
(Table 8-4 Continued)

MO 46 11 9.7 102 90.3
Location MO 370 17,729 74.1 6,202 259
MO Route C 2 2.2 89 97.8

Multi-lane highways, where traffic volume and vehicle speed limit tend to be higher, had a
higher speed violation rate than two-lane highways (76.8 percent vs. 57.3 percent). However, it
should be noted that the number of observations for two-lane highways was much fewer than the
number of multi-lane highways. The data analyzed for this study included various work zone
speed limits. Multi-lane highways had varying speed limits. Table 8-4 shows that the higher the
work zone speed limit, the lower the speed violation rate. The decrease in the violation rate is
evident as the speed limit increases. This may indicate that high-speed multi-lane highways had a
smaller room for speed overage than relatively low-speed two-lane highways.

Temporary rumble strips (long-term rumble strips in particular) had substantially lower speed
violation rates than when no rumble strips were installed in work zones. Regarding vehicle class,
large class vehicles, primarily commercial vehicles, had a lower speed violation rate than
medium or small class vehicles. Minor variations were found in weekday/weekend and hours of
the day, even though weekend nighttime tends to have a lower violation rate. Lastly, work zone
locations show substantial variations in the violation rate ranging from less than 10 percent to 98
percent. This level of variation may indicate that location-specific heterogeneity exists in the
speed data collected for this study.

The random-effects binary logit model results for all work zone vehicle speed data are reported
in Table 8-5. The dependent variable is binary (1=Violation of the speed limit and 0=Compliance
of the speed limit). The model fit statistics show that the model fits the data well and the log-
likelihood ratio (LR) test for random intercepts indicates that work zone level heterogeneity is
statistically significant. Also, the link test for the model specification demonstrates that the
model is properly specified (p-value of the squared prediction = 0.1803 while the p-value of the
prediction = <0.0001).
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Table 8-5. Random-effects binary logit model of the work zone speed limit non-compliance

Std.

Coeff. E t P>[t] dy/dx
rror

Intercept -1.3820 0.571 -2.42 0.0242

Highway Type Multi-lane 3.9743 0.5801 6.85 <.0001  0.6136
Two-lane (Base case)

Work Zone Speed Limit (mph) 35 mph 4.7304 0.9957 4.75 <.0001 0.7304
45+ mph (Base case)

Rumble Strip Type Short-term -1.3736  0.5831 -2.36 0.0185 -0.2121
Long-term -1.1756  0.5073 -2.32 0.0205 -0.1815
None (Base case)

Vehicle Class Type Large -0.3746 0.0165 -22.69  <.0001  -0.0578
Medium (Base case)
Small -0.2056  0.0468 -4.4 <.0001  -0.0317
Weekday nighttime hours 0.1007 0.0111 9.08 <.0001 0.0155

Day and Hours: Weekday peak .

hours (7:00-9:00 am & 3:00-6:00 Weekday daytime peak hours -0.0802 0.0106 -7.55 <.0001 -0.0124

pm), Nighttime hours for Weekday daytime non-peak hours (Base case)

weekday/weekend (7:00 pm-6:59  yyeekend daytime hours 01372 00419 328  0.0010 -0.0212

am) Weekend nighttime hours 04947 00584  -848 <0001  -0.0764

Std.

Highway Locations with different segments and time ~ Estimate

> Error
periods (27)

1.0521 0.3232

Random-effects Parameter

Notes:

1) Fit statistics: n = 350,852; -2 LL = 331165.4; Fit Statistics for Conditional Distribution: -2 Res LL =330971.7, Pearson ChiSq = 348873.6, Pearson ChiSq /
DF =0.99

2) LR test for random intercept: -2 LL = 363556, ChiSq = 32390.7 (1 DF), Prob > ChiSq =<0.0001
3) dy/dx indicates average marginal effect compared to the base case after taking random effects into account.
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The model results show that multi-lane was positively associated with the speed violation. The
work zone speed limit was significant only for the lowest observed speed limit (35 mph). When
various work zone speed limits in Table 8-4 were tested conditionally in the model, the effects of
varying degrees of work zone speed limits at 45 mph or above became statistically invariant.

The effects of both short-term and long-term rumble strips were statistically significant. It
lowered the probability of violation by 21.2 percent and 18.2 percent, respectively. The effect of
short-term rumble strips was more substantial than that of long-term rumble strips. The effect of
short-term rumble strips may be associated with the presence of workers in work zones. The
short-term strips usually indicate the presence of workers. The visibility of workers may instigate
drivers to slow down. However, the coefficients of these two rumble strips overlapped with each
other within the standard errors. This indicates that the effects of these two different types of
rumble strips might be significantly different.

Large and small vehicle classes were statistically significant and had lower violation rates than
medium class vehicles. Also, during weekday nighttime, vehicles were less likely to comply with
the work zone speed limit, while weekday peak hours made drivers more likely to keep the speed
limit, probably due to traffic. Overall, drivers were less likely to drive over the speed limit in
work zones on weekends.

Analysis of Multi-day Work Zone Speed Data

The work zone speed data included four work zones where vehicle speeds were collected for
more than one day. These four locations had a day with no rumble strips and a day with rumble
strips installed except [-44 WB in Jasper County, where a two-day long survey was conducted
with short-term strips. All four work zones had a work zone speed limit of 60 mph. Table 8-6
shows the characteristics related to the speed limit violation and compliance.

There were 42,256 vehicle speeds collected from the four work zones. The average vehicle speed
was 67.4 mph. The violation rate was 88.4 percent which is more than 10 percent higher than the
complete speed data in Table 8-4. Table 8-6 shows that the speed violation rate on two-lane
highways was very low (8.86 percent). However, it should be noted that the rate is based on only
one work zone on US 24 EB in Randolph County.
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Table 8-6. Characteristics of non-compliance and compliance of work zone speed limit with multi-day survey locations

No. of Av Above the work zone speed limit At/Below the
vehicles vel%. Total Less than 10 mph Morentll:llln 10+ work fi(::lliet speed
measured | Speed
Freq. Pct. Freq. Pct. Freq. Pct. Freq. Pct.

All 42,256 67.43 37,360 88.41 21,374 50.58 15,986 37.83 4,896 11.59
Highway Type
Two-lane 519 37.48 46 8.86 46 8.86 - - 473 91.14
Multi-lane 41,737 67.80 37,314 89.40 21,328 51.10 15,986 38.30 4,423 10.60
Rumble Strip Type
None 20,113 67.26 17,843 88.71 10,268 51.05 7,575 37.66 2,270 11.29
Short-term 13,521 66.03 11,386 84.21 7,254 53.65 4,132 30.56 2,135 15.79
Long-term 8,622 70.02 8,131 94.31 3,852 44.68 4,279 49.63 491 5.69
Vehicle Class
Small 569 68.99 509 89.46 186 32.69 323 56.77 60 10.54
Medium 38,702 67.71 34,568 89.32 19,420 50.18 15,148 39.14 4,134 10.68
Large 2,985 63.50 2,283 76.48 1,768 59.23 515 17.25 702 23.52
Day and hour
Weekday nighttime hours 23,953 66.72 20,727 86.53 12,843 53.62 7,884 3291 3,226 13.47
Weekday daytime peak hours 7,681 70.38 9,314 87.69 5,315 50.04 3,999 37.65 1,308 12.31
Weekday daytime non-peak hours 10,622 66.90 7,319 95.29 3,216 41.87 4,103 53.42 362 4.71
Location
1-29 SB in Platte w/ no strips (Day 1) 2,023 58.96 1,553 76.77 1,103 54.52 450 22.24 470 23.23
1-29 SB in Platte w/ short-term strips (Day 2) 3,589 63.37 2,637 73.47 1,685 46.95 952 26.53 952 26.53
1-44 WB in Jasper w/ no strips (Day 1) 4,652 67.57 4,175 89.75 2,776 59.67 1,399 30.07 477 10.25
g“;WB in Jasper w/ short-term strips (Day 2.1 g 664 | 6792 | 8749 9053 | 5569  57.63 | 3,180 3291 | 915 947
1-49 SB in Newton w/ no strips (Day 1) 13,187 68.92 12,069 91.52 6,343 48.10 5,726 43.42 1,118 8.48
1-49 SB in Newton w/ long-term strips (Day 2) 8,622 70.02 8,131 94.31 3,852 44.68 4,279 49.63 491 5.69
E]J)Sa§4l ;EB in Randolph w/ short-term strips 268 3350 ) ) ) ) i ) 268 10(()).0
US 24 EB in Randolph w/ no strips (Day 2) 251 41.73 46 18.33 46 18.33 - - 205 81.67
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Rumble strips show a mixed association with the work zone speed violation. Short-term rumble
strips have a lower violation rate than no rumble strips, and long-term rumble strips have a
higher violation rate. Large class vehicles show a substantially lower violation rate than small
and medium class vehicles. During non-peak hours, the violation rate was higher than nighttime
and peak hours. Again, the violation rates vary substantially by work zone. These locational
differences may indicate significant heterogeneity in work zones.

A random-effects binary logit model was employed to conditionally measure the effects of
various factors related to the speed violation in the four work zones. The model results are shown
in Table 8-7. The dependent variable is binary (1=Violation of the speed limit and 0=Compliance
of the speed limit). The model fit statistics show that the model fitted the data well, and the log-
likelihood ratio (LR) test for random intercepts indicates that work zone level heterogeneity was
statistically significant. Also, the link test for the model specification demonstrates that the
binary logit model was properly specified (p-value of the squared prediction = 0.1902 while the
p-value of the prediction = <0.0001).

Table 8-7. Random effect binary logit model results on work zone speed limit overage for
multi-day survey locations with/without rumble strips

Over the work zone speed limit

Coeff. }ES:r%r P>l dyldx

Intercept -3.1391  0.7821 0.0159
Highway Type Multi-lane highways 5.1768 0.8570  <.0001  0.4619

Two-lane highways (Base case)
Rumble Strip Type Short-term -1.3120  0.7259  0.0707 -0.1171
Long-term 0.5589  1.0008  0.5766  0.0499
None (Base case)
Vehicle Class Type Small 0.2902  0.1453  0.0458  0.0259
Medium (Base case)

Large -1.0330  0.0493  <.0001 -0.0922
Weekday nighttime hours 0.4438  0.0449 <0001  0.0396

Day and Hours: Weekday peak
hours (7:00-9:00 am & 3:00-6:00 Weekday daytime peak hours 0.8512 0.0634 <0001  0.0760
pm), Nighttime hours (7:00 pm-

Weekday daytime non-peak
6:59 am) vy P

hours (Base case)

Std.
Error

0.7619  0.4996

Highway Locations with/without ~ Estimate

Random-effects Parameter rumble strips cach day

Notes:

1) Fit statistics: n =42,256; -2 LL = 26570.69; Fit Statistics for Conditional Distribution: -2 Res LL = 26522.77,
Pearson ChiSq = 42206.76, Pearson ChiSq / DF = 1.00

2) LR test for random intercept: -2 LL = 27396, ChiSq = 825.70 (1 DF), Prob > ChiSq = <0.0001

3) dy/dx indicates average marginal effect compared to the base case after taking random effects into account.
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The model results show that multi-lane highways had a statistically significant effect and
increased the probability of violation. The speed limits at four work zones were the same (60
mph), and thus the work zone speed limit was not included in the model. The effects of short-
term and long-term rumble strips were statistically insignificant given the large sample size. P-
values were 0.0707 and 0.5766, respectively. The surveys at four work zones were all conducted
during weekdays. Weekday nighttime and daytime peak hours were positively associated with
the speed violation.

Non-parametric Analysis of Multi-day Data

There were two work zones that vehicle speeds were collected for three days. They were 1-44
WB in Jasper County and I-55 NB in St. Genevieve County. The [-44 work zone had a day with
no rumble strips and two days with short-term rumble strips. The I-55 work zone had long-term
rumble strips for all three days.

In order to examine the statistical significance of the mean vehicle speed differences between
three days, the Kruskal-Wallis test (Kruskal and Wallis 1952), a nonparametric method to
compare the distributions of two or more independent samples, was employed for each work
zone. A descriptive analysis of vehicle speeds for each work zone showed that vehicle speeds in
each day were not normally distributed, and the number of observations was unequal each day.
Therefore, instead of ANOVA, the Kruskal-Wallis test was used. The Kruskal-Wallis test does
not assume normal distributions and equal sample sizes. In the test, the null hypothesis is that all
speed distribution functions are equal, and the alternative hypothesis is that at least one
distribution function is not equal. In other words, this test examines if the mean ranks of vehicle
speeds differ between three days. In order to compare pairwise vehicle speeds for each day, the
Dwass, Steel, Critchlow-Fligner (DSCF) multiple comparison analysis results were reported in
Table 8-8. The DSCF comparison is based on pairwise two-sample Wilcoxon comparisons
(Dwass 1960, Steel 1960, Critchlow and Fligner 1991).
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Table 8-8. Comparative analysis of vehicle speeds in the work zone for locations with 3-day

surveys
Location 1-44 WB in Jasper County [-55 NB in St. Genevieve County
Day 1 2 3 1 2 3
09/13/21
(Mony ~ 0Y/1521 09716721 09/1321  09/1421  09/13/21
) (Wed) (Thu) 7:00
7:00 pm 7:00 om — e (Mon) (Tue) (Mon)
Date & Time — P p 10:21am  00:00am  00:00 am
09/16/21 09/17/21
09/14/21 . — 11:59 — 11:59 —11:31
(Thu) 5:35  (Fri) 5:35
(Tue) am am pm pm pm
5:35 am
n 4,652 5,091 4,573 5,517 4,355 3,068
Work zone speed limit (mph) 60 60 60 70 70 70
Type of rumble strips None Short-term  Short-term Long-term Long-term Long-term
Mean vehicle speed 67.6 67.9 68.0 69.4 70.0 69.1
Std. dev of vehicle speeds 6.0 5.9 6.1 6.6 5.6 8.2
Median vehicle speed 68.0 68.0 68.0 70.0 70.0 70.0
Kruskal-Wallis test (Pr >
ChiSq) 0.0017 0.0095
DSCF pairwise two-sided Period Period Period Period Period Period
multiple comparison 1vs.2 1vs.3 2vs.3 1vs.2 1vs.3 2vs.3
(Pr> DSCF) 0.0366 0.0015 0.4862 0.0058 0.3358 0.4892

In the I-44 work zone, the average vehicle speed with no rumble strips was 67.6 mph, and the
average speeds with short-term rumble strips were 67.9 mph and 68.0 mph. For the I-55 work
zone, where long-term rumble strips were installed for all three days, the average vehicle speed
ranged from 69.1 mph to 70.0 mph. However, median vehicle speeds remained the same over the

three days in both work zones. However, as shown in Table 8-8, both work zones had

statistically significant differences in vehicle speed between days. The p-values of the Kruskal-
Wallis test were smaller than 0.01. Also, the DSCF pairwise comparisons show that some
pairwise comparisons were statistically significant.

66



150007
i ] Pe > CiSg 00017 12500

12500
10000

10000 -
7500

7500

Score
<
P
&

Score

‘ 5000 <
5000

2500 25001

0 1 i 1 o4 1 L Pr > ChiSq 0.0095
T T

T T T T
1 2 3 1 2 3
Pariod Period

1-44 WB 1-55 NB

Figure 8-1. Distribution of Wilcoxon scores

The Kruskal-Wallis test results, however, require careful consideration. The statistical
significance may exist due to large sample sizes, and the practical significance could be minimal.
The box plots in Figure 8-1 show the mean and medians (along with the middle 50 percentile)
values derived from the Kruskal-Wallis test. Across three days, in both work zones, the ranked
mean and median speed values were similar despite the statistical significances reported in Table
8-8.

Analysis of Before and After Entering Rumble Strips Segments Data

The work zone speed data included two work zones where vehicle speeds were collected
between two consecutive segments: one with no rumble strips and the other with long-term
rumble strips. These two work zones were on MO 370 EB and I-70 EB, both multi-lane
highways, in St. Charles County. Table 8-9 shows the characteristics related to speed violation
and compliance.

There were 146,143 vehicle speeds collected at the two work zones. The average vehicle speed
was 65.01 mph. The violation rate was 71.27 percent which is 5.3 percent lower than the
complete speed data in Table 8-4. Table 8-9 shows that the speed violation rate on the lower
speed limit (45 mph) highways, MO 370, was substantially lower than those with the higher
speed limit (65 mph), [-70, by 23.2 percent.
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Table 8-9. Descriptive analysis of work zone speed limit non-compliance and compliance before and after entering rumble

strips segments

No. of Avg, Above the work zone speed limit Atl/(BCIOW the .
vehicles vehicle Total Less than 10 mph | More than 10+ mph wor fi(::ll:t spee
measured speed Freq. Pct. Freq. Pct. Freq. Pct. Freq. Pct.

All 146,143 6501 | 104,160 7127 | 60,920  41.69 | 43240 2959 | 41,983 2873
Work Zone Speed Limit (mph)
45 mph 47,574 6127 | 41364  86.95 2,898 6.09 | 38466  80.86 | 6210  13.05
65 mph 98,569 66.82 | 62,796 6371 | 58,022 5886 | 4774 484 | 35773 3629
Rumble Strip
feegfr‘r’feenfnte“ng @ Tl iy 73,788 67.15 | 58,049 7867 | 32215 4366 | 25834 3501 | 41,975 2133
?egf;;nttemg (e bl Ginlp 72,355 62.83 | 46,111  63.73 | 28705  39.67 | 17,406 2406 | 26244 3627
Vehicle Class
Small 540 59.46 337 62.41 237 43.89 100 1852 | 203 37.59
Medium 136,044 | 16513 | 98,138  71.66 | 57,741  42.16 | 40397  29.50 | 38,806 2834
Large 8,659 63.60 5,685 65.65 2042 3398 | 2,743 3168 | 2974 3435
Day and hour
Weekday nighttime hours 45,041 6525 | 33,509 7440 | 19378  43.02 | 14,131 3137 | 11,532  25.60
Weekday daytime peak hours 53,492 65.18 | 38,680 7231 | 22,056 4123 | 16,624  31.08 | 14812  27.69
Weekday daytime non-peak hours 47,610 64.60 | 31,971  67.15 | 19,486 4093 | 12,485 2622 | 15639  32.85
Location
ls\fr%:m EB in St. Charles w/no 23,643 66.22 23,635 99.97 505 2.14 23,130 97.83 8 0.03
gﬂ%zgp}? in St. Charles w/'long- | = 55 95 5638 | 17,729 7408 | 2393 1000 | 15336 6408 | 6202 2592
[-70 EB in St. Charles w/ no strips 50,145 6759 | 34414 6863 | 31,710 6324 | 2,704 539 | 15731 3137
I-70 EB in St. Charles w/ long-term | ;¢ 44 6602 | 28382 5861 | 26312 5434 | 2,070 427 | 20042 4139

strips
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The effect of (long-term) rumble strips on these two work zones was substantial. The violation
rate was much higher in the segment with no rumble strips than with rumble strips by about 15
percent (78.67 percent versus 63.73 percent). Also, the percentage of speeding 10+ mph was
smaller by about 11 percent (35.01 percent versus 24.06 percent).

Small class vehicles had a lower violation rate than medium and large vehicle classes. The
vehicle speed data from the two work zones were collected on weekdays. The violation rates
across different hours of the day showed that nighttime and peak hours had higher violation rates
than non-peak daytime hours. Again, the compliance rates by work zone were substantially
different. This also indicates substantial work zone heterogeneity.

Again, a random-effects binary logit model was employed to estimate the conditional effects of
various factors related to the speed violation in two work zones. The model results are reported
in Table 8-10. The dependent variable is binary (1=Violation of the speed limit and
0=Compliance of the speed limit). The model fit statistics show that the model fitted the data
well and the log-likelihood ratio (LR) test for random intercepts shows that work zone level
heterogeneity was statistically significant. Also, the link test for the model specification indicates
that the binary logit model was properly specified (p-value of the squared prediction = 0.8004
while the p-value of the prediction = <0.0001).
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Table 8-10. Random effect binary logit model results on work zone speed limit overage for
before and after entering the rumble strip segment

Over the work zone speed limit

S,
Coeff. Error P>[t| dy/dx
Intercept 6.2050 1.4366  0.1448
zyn‘;rhk)zone Speed Limit 65 mph 3.9448  1.6401  0.0162 -0.7285

45 mph (Base case)

After entering the rumble strip

Rumble Strip -3.6802 1.6401 0.0248 -0.6796

segment
Before entering the rumble strip

segment

Vehicle Class Type Small -0.3556 0.0915  0.0001 -0.0657
Medium (Base case)
Large -0.3700 0.0251  <.0001 -0.0683
Day and Hours: Weekday Weekday nighttime hours 0.3279 0.0153 <.0001  0.0606
peak hours (7:00-9:00 am Weekday daytime peak hours 0.1960  0.0145 <0001  0.0362
& 3:00-6:00 pm),
Nighttime hours (7:00 Weekday daytime non-peak hours
pm-6:59 am) (Base case)
. Std.
Random-effects Locations with/without rumple strips ~ Estimate Error
parameter In two consecutive segments 2.6590 1.9043
Notes:

1) Fit statistics: n = 146,143; -2 LL = 154939.4; Fit Statistics for Conditional Distribution: -2 Res LL = 154902.4,
Pearson ChiSq = 144009.7, Pearson ChiSq / DF = 0.99

2) LR test for random intercept: -2 LL = 160883, ChiSq = 5943.34 (1 DF), Prob > ChiSq =<0.0001

3) dy/dx indicates average marginal effect compared to the base case after taking random effects into account.

The model results show that a higher speed limit had a statistically significant effect on the
decrease in the speed violation. Two work zones were multi-lane highways. Thus, highway type
was not included in the model. The effect of (long-term) rumble strips was statistically
significant. After entering the ruble strips segment, the probability of violation decreased by
67.96. Small and large class vehicles were negatively associated with the violation, indicating
that those vehicles were less likely to drive over the speed limit in these two work zones. The
surveys at two work zones were conducted on weekdays. Weekday nighttime and daytime peak
hours were positively associated with the violation. These associations were significant.

Key Findings of Safety Analysis
The safety analyses of work zone speed data resulted in substantive findings. The analyses

involved several different analyses. Each analysis revealed different aspects of the work zone
safety and the effects of temporary rumble strips, and significant heterogeneity between work
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zones. However, overall, the analyses revealed the positive effects of rumble strips on the work
zone speed compliance by lowering vehicle speed. More specific findings are:

1) The overall compliance rate of the work zone speed limit was very low. It was only 23.4
percent. Despite substantial variations found among work zones, this low compliance rate
reflects a safety issue associated with speeding motorists in work zones.

2) Even though multi-lane highways had a higher likelihood of speed limit violation than two-
lane highways, work zones with lower speed limits tended to have higher speed overages. This
may indicate that the enforcement at work zones with lower speed limits needs to be
strengthened.

3) The effects of temporary rumble strips were statistically significant in the analyses with the
complete data and the before and after the rumble strips segment data even though the effects
were insignificant in the analysis with multi-day data from four work zones. With the complete
survey data, the marginal effects showed that the speed violation decreased by 21.2 and 18.2
percent for short-term and long-term rumble strips, respectively. With the data of before and
after entering the rumble strips segment, long-term rumble strips decreased the speed violation
by 68.0 percent. This before and after analysis result may provide a more meaningful implication
on the effect of work zone rumble strips. The insignificance of the rumble strips’ effects on the
multi-day survey data may be due to the unbalanced data by the type of rumble strips and
outliers from some work zones, including US 24, 1-44, and 1-49.

4) The difference between short-term and long-term rumble strips’ effects on the work zone
speed violation and compliance was inconclusive. The statistical significance found with the
complete survey data shows that the effect of short-term rumble strips was stronger than long-
term rumble strips. However, two coefficients overlapped each other within the ranges of
standard errors, indicating that the more substantial effect of short-term rumble strips might not
be conclusive. The analysis of before and after entering the rumble strips segment did not include
short-term rumble strips.
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9. ECONOMIC ANALYSIS

After reviewing previous studies that examined the effectiveness of rumble strips (Corkle et al.
2001, Meyer 2006a, Horowitz and Notbohm 2010, Chen et al. 2012, El-Rayes et al. 2013, Datta
et al. 2015, Donahue 2018, Sun and Rahman 2021) and drawing upon Mackie et al. (2005) as a
guide for economic evaluation, the cost-effectiveness of temporary rumble strips was evaluated
by measuring the purchase, installation, maintenance, and removal costs relative to the estimated
cost savings rendered from crash reduction resulting from rumble strip implementation.

Types of Rumble Strips
Short-term Rumble Strips (Portable Reusable)

Portable, short-term rumble strips do not use adhesives or other anchoring mechanisms and are
ideal when daily installation and removal is required (Meyer 2000). The strips are thicker, wider,
and heavier than long-term rumble strips, but can be easily moved within and removed from the
work zone. A set of short-term rumble strips is defined as three strips spaced a minimum of 10
feet on center and are 10 to 12 feet in length, a minimum of 8 inches wide, %4 to 1% inch thick,
fabricated from a polymer material, and orange in color (Missouri DOT 2021c¢, Missouri DOT
2021a).

Referencing Meyer (2000), ATSSA (2013), and El-Rayes et al. (2013), the following
specifications were considered in the assessment of portable reusable (short-term) rumble strips:

e Weight of approximately 110 pounds

e Shelf life of three to five years

¢ Removable and reusable

e Requires two workers 25 minutes to install

e Requires two workers approximately five minutes to remove
e Generates higher sound levels than long-term rumble strips

Long-term Rumble Strips

Long-term rumble strips are fabricated with an adhesive backing to prevent movement. A set of
long-term rumble strips is defined as five strips spaced 10 to 12 feet on center and adhere to the
following requirements (Missouri DOT 2021a; Missouri DOT 2021c¢):

e Fabricated from a polymer material
e Orange in color
e Ten to 12 feet in length
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e Minimum width of four inches, but no greater than six inches
e Minimum thickness of 0.25 inch, but no greater than 0.50 inch
e Pre-applied adhesive backing for securing to the asphalt or concrete roadway surface

Referencing again Meyer (2000), ATSSA (2013), and El-Rayes et al. (2013), the following
specifications were considered in the assessment of adhesive (long-term) rumble strips:

e Plastic strips manufactured in 50 feet rolls, 0.25 inches thick and four inches wide

e Manufactured with removable adhesive backing

e One year shelf life

e Removable and reusable

e Redressing adhesives are available and can be applied to the rumble strips up to four times
(for a total of five uses)

e Requires two to five workers 30 to 40 minutes to install

e Requires one to two workers approximately five minutes to remove

Rumble Strips Costs
Purchase

The per set purchase cost of the short-term rumble strips (Roadquake 2 (RQ2) Temporary
Portable Rumble Strip Color — Orange) was calculated using the expired MoDOT contract
pricing of $1,705 per strip (effective June 2018 to March 2021), and a set consisting of three
strips results in cost of $5,115 per set (3*$1,705).

The per set purchase cost of the long-term, adhesive backed temporary rumble strips (orange
colored) was calculated using the MoDOT current contract price of $6.59 per linear foot. A set
consisting of five strips, ten to 12 feet in length results in a cost of $329.50 to $395.40 per set
(56.59*5*10 feet; $6.59*5*12 feet).

Note that procurement and sourcing costs, such as administration and overhead, were not
included in the purchase cost calculations, and the purchase cost calculations for the long-term,
adhesive backed temporary rumble strips are based on first-time use

Installation

It was estimated that it takes two workers 25 minutes to install short-term portable rumble strips
(ATSSA 2013). An average starting wage of $15.83 per hour for a full-time maintenance worker
(Missouri DOT 2020) was used, and the installation costs were calculated as $15.83*2%(25/60
minutes) = $13.19 per set.
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It was estimated that it takes two to five workers 30 to 40 minutes to install long-term, adhesive
rumble strips (ATSSA 2013). Using an average starting wage of $15.83 per hour for a full-time
maintenance worker (Missouri DOT 2020), the installation costs for long-term adhesive rumble
strips were calculated to be between $15.83 and $52.77 ($15.83*2*(30/60 minutes);
$15.83*5*(40/60 minutes)) per set.

Though not included in the cost estimates, environmental factors that constrain the installation
process should be considered. For optimal performance, temporary rumble strips should
withstand a maximum weight of 80,000 pounds, maximum speed of 80 mph, and temperatures
between 0-180 degrees Fahrenheit (Dimensional Products Inc. 2013). These requirements are set
to ensure that the strips remain in place and effective. While the rumble strips are manufactured
to withstand cold and hot temperatures, installation of adhesive rumble strips are recommended
when the air and surface temperature are between 40-50 degrees Fahrenheit. Additionally,
rumble strips should not be installed earlier than 24 hours after rainfall or within 24 hours of
forecasted rainfall.

It is also imperative to follow manufacturers’ roadway cleaning requirements prior to
installation. Surface debris can lead to the rumble strips shifting or becoming dislodged, which
could potentially cause damage to the rumble strips rendering them ineffective (ATSSA 2013).

Maintenance

Significant maintenance issues have not been reported; however, strips should be checked for
movement and corrected as needed (Khan and Bacchus 1995). (Though minimal movement has
been reported when the rumble strips are placed perpendicular to the roadway (Sun et al. 2011)).

It is important to note that the use of temporary rumble strips is not recommended during adverse
winter weather, since they may be dislodged and/or damaged by snowplow blades (Corkle et al.
2001). For example, studies have shown portable rumble strips in states such as California are
more durable compared to Minnesota due to plowing activities (Corkle et al. 2001).

Additionally, costs for replacement strips could be incurred if the installed strips are damaged
due to improper installation, maintenance and/or other environmental factors (ATSSA 2013).
The contractor shall monitor, maintain and, if necessary, repair the long-term rumble strips until
they are removed (Missouri DOT 2021c¢).

Removal

It was estimated that removal of short-term rumble strips requires two workers approximately
five minutes (ATSSA 2013). Using an average starting wage of $15.83 per hour for a full-time

74



maintenance worker (Missouri DOT 2020), the removal costs were estimated to be $2.64
($15.83*2*(5/60 minutes)) per site.

Removal costs for long-term adhesive rumble strips were estimated to be $1.32 to $2.64 per site
using an average starting wage of $15.83 per hour for a full-time maintenance worker (Missouri
DOT 2020) for one to two workers approximately five minutes to remove (ATSSA 2013)
($15.83*(5/60 minutes); $15.83*2%(5/60 minutes)).

Pavement Damage

Temporary rumble strips render no known significant pavement damage (Missouri DOT 2021a).
In some cases, small pieces of gravel may remain on the back of the rumble strips after removal,
yet it is not reported as a significant cause of road damage (Meyer and Walton 2002). In cases
where all adhesive was not removed from the pavement during removal, the adhesive caused
pavement discoloration. However, pavement color was naturally restored after the adhesive wore
off due to normal traffic and weather conditions (Meyer and Walton 2002).

Reusability

Both short-term portable rumble strips and long-term adhesive rumble strips are reusable;
however, reusability is dependent upon wear-and-tear (Meyer and Walton 2002) and is limited to
the product shelf life. Short-term rumble strips have a shelf life of three to five years, while long-
term adhesive rumble strips have a shelf life of one year and the adhesive may be applied up to
four times for a total of five uses (FHWA 2015). Note, the MoDOT current contract price for
adhesive/primer for permanent long term rumble strips is $44.18 per gallon.

Noise

Rumble strips create an audible and vibratory stimulus that produces two different noises: one
inside the vehicle alerting the driver and another outside the vehicle (FHWA 2015). While the
inside the vehicle noise is necessary for alerting the drivers, the outside noise is reported to be a
nuisance, especially to construction workers (Meyer and Walton 2002).

There are different variables that affect the outside noise which include the type of rumble strips
(short-term rumble strips generate higher sound levels than long-term, adhesive rumble strips
(El-Rayes et al. 2013)), the distance between the rumble strips, type of vehicle, weight of the
vehicle, speed of the vehicle and wind speed (FHWA 2015). Vehicles moving at slower speeds
and carrying lighter weight tend to produce lower outside noise compared to faster moving
vehicles and vehicles hauling significant weight. Since the vehicle speed determines the outside
noise of the rumble strips, the noise can be reduced by alerting drivers of rumble strips ahead by
using signs or flaggers to reduce their speed before getting to the rumble strips (FHWA 2015).
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Table 9-1 provides a summary of the per set short-term and long-term rumble strip costs,
including purchase, installation, removal, maintenance, reusability and pavement damage, which
are then used in the benefit-cost analysis for benefit-cost ratio examples.
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Table 9-1. Rumble strip costs (per set)

Type Purchase In(s;;lll)?)t:;) n l({f;lbo:rz;l Maintenance Reusability P];lzlenn:‘g;t
No significant
maintenance
issues reported,
but strips should
be checked for
movement and No
Reusable .
Short-Term corrected as significant
$5,115.00 $13.19 $2.64
Portable needed. . road damage
3 to 5-year shelf life
reported.
Costs associated
with replacement
of damaged
strips may be
incurred.
No significant
maintenance
issues reported,
but strips should
be checked for
movement and | Reusable for a total No
Long-Term $329.50 to $15.83 to $1.32 to $2.64 corrected as of 5 uses. significant
Adhesive $395.40 $52.77 ' ' needed. road damage
1-year shelf life reported.

Costs associated
with replacement
of damaged
strips may be
incurred.
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Benefits

Several studies suggest that the use of temporary rumble strips in construction work zones
improves driver and worker safety by effectively alerting drivers to changes in upcoming
conditions, mitigating drivers from following too closely to another vehicle, making improper
lane changes and driving while distracted, and serving as a countermeasure for reducing driving
speeds (The Roadway Safety Consortium n.d., Roads & Bridges n.d., Morgan 2003, Savolainen
et al. 2009, Sharma et al. 2017). And importantly, most traffic safety professionals conclude that
excessive speeding is a contributing factor in a large percentage of work zone crashes (Sommers
and McAvoy 2013).

Benefit Estimates

To quantify the benefits rendered from rumble strip implementation, Brown et al. (2018), Safety
Assessment Tool for Construction Work Zone Phasing Plans, was used to estimate the expected
number of work zone crashes and the annual crash cost in work zones without the rumble strip
treatment by automatically selecting the appropriate model based on user inputs. The assessment
tool was used to model two scenarios (with two examples each), and model inputs and results are
presented in Table 9-2 through Table 9-5.

e Scenario 1 — Example 1: Rural two-lane facility type, no signalized intersections, duration
of 180 days, annual average daily traffic (AADT) of 1,000.

e Scenario 1 — Example 2: Rural two-lane facility type, no signalized intersections, duration
of 180 days, AADT of 5,000.

e Scenario 2 — Example 1: Freeway facility type, rural location, two lane traffic, one closed
lane, one on-ramp, one off-ramp, duration of 180 days, AADT of 5,000.

e Scenario 2 — Example 2: Freeway facility type, rural location, two lane traffic, one closed
lane, one on-ramp, one off-ramp, duration of 180 days, AADT of 15,000.

Table 9-2. Scenario 1, rural-two lane (output)

Description Output Example 1 | Output Example 2
Expected Number of PDO Crashes 0.52 2.33

Standard Error of PDO Estimation 1.124 4.153

Expected Number of Fatal and Injury 0.24 0.79

Crashes

Stafldar.d Error of Fatal and Injury 0.49 0.889

Estimation

Total Crash Cost; value in 2021 $122,597 $416,968

Model Used: Rural Two-Lane Rural Two-Lane

78




Table 9-3. Scenario 1, rural-two lane (input)

Description Input Example 1 Input Example 2
Annual Average Daily Traffic 1000 5000

Duration 180 180

Length 2 2

Urban/Rural Rural Rural

Number of Signalized Intersections 0 0

Crash Cost Reference; Publication Year | HSM (2010) HSM (2010)
PDO Crash Cost $7,400 $7,400

Fatal and Injury Crash Cost $158,200 $158,200

Facility Type Rural Two-Lane Rural Two-Lane
Table 9-4. Scenario 2, freeway (output)

Description Output Example 1 Output Example 2

Expected Number of PDO Crashes 1.84 5.37

Standard Error of PDO Estimation 1.356 2.317

Expected Number of Fatal and Injury 0.59 173

Crashes

Stafldar.d Error of Fatal and Injury 0.781 1379

Estimation

Total Crash Cost; value in 2021 $313,573 $918,913

Model Used: Freeway 6 Freeway 6
Table 9-5. Scenario 2, freeway (input)

Description Input Example 1 Input Example 2

Annual Average Daily Traffic 5000 15000

Duration 180 180

Length 2 2

Urban/Rural Rural Rural

Number of Closed Lanes 1 1

Total Number of Lanes 2 2

Number of On-ramps 1 1

Number of Off-ramps 1 1

Crash Cost Reference; Publication Year | HSM (2010) HSM (2010)

PDO Crash Cost $7,400 $7,400

Fatal and Injury Crash Cost $158,200 $158,200

Facility Type Freeway Freeway
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Using the expected number of crashes output as the base condition (as presented in Table 9-2 and
Table 9-4), the crash frequency for work zones with TPRS was calculated as the crash frequency
for the base condition multiplied by a crash modification factor (CMF), which represents the
expected safety effect of the treatment relative to the base condition (Lawrence et al. 2018). A
CMF of 0.89, derived from Ullman et al. (2018) using Texas data for work zones in which TPRS
are deployed during non-queued traffic, was used to estimate the annual number of crashes when
TPRS are installed.

Estimated Crashes with Treatment = Estimated Crashes for Base Condition * CMF

As presented in Table 9-6 through Table 9-9, the safety benefit was calculated as the difference
in the estimated crash frequency with and without treatment (portable rumble strip
implementation) (Lawrence et al. 2018), and the annual crash cost savings was estimated using
the crash cost derived from the safety assessment tool multiplied by the crash reduction resulting
from TPRS implementation (1 minus a CMF of 0.89) (FHWA 2018).
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Table 9-6. Benefit estimate: scenario 1 (rural-two lane — example 1)

Estimated

Expected Annual Estimated Estimated Annual Estimated Annual Cost

Crash Type Number of CMF . Annual Crash | Crash Cost without . .
Crashes with . Savings with TPRS
Crashes Reduction Treatment
TPRS
Fatal and 0.24 0.89 0.2136 0.0264 $111,315.36 $12,244.69
Injury
PDO 0.52 0.89 0.4628 0.0572 $11,281.64 $1,240.98
Total - - - - $122,597.00 $13,485.67
Table 9-7. Benefit estimate: scenario 1 (rural-two lane — example 2)
Expected el Estimated Estimated Annual .
Annual . Estimated Annual Cost
Crash Type Number of CMF . Annual Crash | Crash Cost without . .
Crashes with . Savings with TPRS
Crashes Reduction Treatment
TPRS

Fatal and 0.79 0.89 0.7031 0.0869 $366,413.04 $40,305.43
Injury
PDO 2.33 0.89 0.4628 0.0572 $50,550.45 $5,560.55
Total - - - - $416,963.49 $45,865.98
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Table 9-8. Benefit estimate: scenario 2 (freeway, two-lane — example 1)

Estimated

Expected Annual Estimated Estimated Annual Estimated Annual Cost

Crash Type Number of CMF . Annual Crash | Crash Cost without . .
Crashes with . Savings with TPRS
Crashes Reduction Treatment
TPRS
Fatal and 0.59 0.89 0.5251 0.0649 $273,652.94 $30,101.82
Injury
PDO 1.84 0.89 0.4628 0.0572 $39,920.06 $4,391.21
Total - - - - $313,573.00 $34,493.03
Table 9-9. Benefit estimate: scenario 2 (freeway, two-lane — example 2)
Expected S LU Estimated Estimated Annual .
Annual . Estimated Annual Cost
Crash Type Number of CMF . Annual Crash | Crash Cost without . .
Crashes with . Savings with TPRS
Crashes Reduction Treatment
TPRS

Fatal and 1.73 0.89 1.5397 0.1903 $802,406.08 $88,264.67
Injury
PDO 5.37 0.89 0.4628 0.0572 $116,505.82 $12,815.64
Total - - - - $918,911.91 $101,080.31
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Benefit-Cost Analysis

A benefit-cost analysis is a “systematic process for calculating and comparing benefits and costs
of a project” and is essential for conducting an economic appraisal (Lawrence et al 2018). The
benefit-cost ratio, presented here, is calculated as the total benefits divided by the total costs
(TRB n.d.). Projects with a benefit-cost ratio greater than one have greater benefits than costs,
that is, positive net benefits, and the higher the ratio, the greater the benefits relative to the costs
(TRB n.d.).

The cost estimates presented in Table 9-1 and the benefits estimates for the scenarios presented
in Table 9-6 through Table 9-9 were used to provide example benefit-cost ratios as presented
below. Specific examples are provided because the benefit-cost ratio varies depending the
number and types of projects that a DOT deploys per year.

Example 1 Parameters:

Cost

Twenty projects annually are candidates for temporary rumble strip implementation
All 20 projects will require new strips
e Costs fall at the high end of the purchase, installation, and removal cost range

e Ten of the 20 projects will each have one set of long-term strips installed and the other 10
projects will each have one set of short-term strips installed

Following these parameters and using the cost figures presented in Table 9-1, the annual cost for
temporary rumble strip implementation is estimated as $55,816.00.

Benefits

e Ten of the 20 projects are rural, two-lane, with an AADT of 1,000 (as presented in Scenario 1
— Example 1)

e Ten of the 20 projects are freeway, two-lane AADT of 5,000 (as presented in Scenario 2 —

Example 1)

Following these parameters and using the information presented in Table 9-6 through Table 9-9,
the annual benefits of temporary rumble strip implementation was estimated as $479,787.00.

The resulting benefit-cost ratio in this example is 8.6 ($479,787.00/$55,816.00), which indicates
positive net benefits.
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Example 2 Parameters:

Changing the benefits’ parameters in Example 1 by increasing the AADT, with 10 projects
assumed to be rural, two-lane, AADT 5,000 (as presented in Scenario 1 — Example 2) and 10
assumed to be freeway, two-lane AADT 15,000 (as presented in Scenario 2 — Example 2), the
benefits were estimated to be $1,469,462.94. Following the same cost parameters as presented in
Example 1 with an estimated cost of $55,816.00, the resulting benefit—cost ratio for Example 2 is
26.3 ($1,469,462.94 /$55,816.00), which illustrates that the use of temporary rumble strips in
situations with greater traffic renders greater positive net benefits.

Example 3 Parameters:

Following the same parameters as Example 1, but now using two sets of rumble strips instead of
one, a positive investment (benefit-cost ratio of 4.3) is still rendered, which again illustrates that
the benefits of temporary rumble strip implementation outweigh the cost.

Key Takeaways

Findings suggest that temporary rumble strips improve driver and worker safety by alerting
drivers of upcoming conditions, which serves as a countermeasure for reducing driving speeds.
The enhanced safety was quantified by estimating work zone crash reduction and the resulting
cost savings, and the benefits were compared with the costs incurred by purchasing, installation,
and removal of temporary rumble strips. Positive benefit-cost ratio examples illustrate that the
benefits of temporary rumble strip implementation (as measured by crash cost savings) outweigh
the costs; therefore, temporary rumble strips are reported to be a positive investment that are
economical and efficient for work zone implementation.
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10. CONCLUSIONS

This chapter presents the conclusions from the study, including policy considerations and
summary of findings.

Policy Considerations for Temporary Rumble Strips

Below are some policy considerations of temporary rumble strips MoDOT may want to examine
for implementation into its current practices.

e MoDOT may want to provide greater flexibility to designers, contractors, and maintenance
personnel in the type of temporary rumble strip used based on project-specific conditions (for
example, work type and location) in addition to work zone duration. MoDOT maintenance
personnel successfully deployed long-term temporary rumble strips on two projects with
durations of four days or less. Conversely, the US 63 project in Ashland may have been a
better fit for long-term temporary rumble strips instead of short-term temporary rumble strips
based on the type of work (J-turn installation) and long duration.

e The research team recommends MoDOT reassess the practices for installation and removal
procedures for short-term temporary rumble strips on divided highways (especially divided
highways with high traffic volumes) which require direct worker exposure to traffic. Possible
alternatives include the use of a TMA for installation, setting up a lane closure to install the
strips, using a carriage (Figure 6-2) or handling machine (Figure 6-3) to place the strips, or
only allowing the use of long-term temporary rumble strips on divided highways. The use of
long-term temporary rumble strips on divided highways would limit worker exposure to
traffic by providing protection with a TMA and limiting the number of installation and
removals to one per location. However, extended use of long-term temporary rumble strips
could potentially desensitize motorists to their use, especially during time periods when the
work zone is not active.

e MoDOT may want to consider the use of a stationary work zone instead of a moving work
zone to install long-term temporary rumble strips on divided highways. MoDOT maintenance
personnel indicated concerns with installation time (approximately 12 to 14 minutes per set)
in conjunction with a moving work zone operation. Other state DOTs have used both static
and rolling lane closures with a TMA for installing long-term temporary rumble strips.

e While the selection of the type of temporary rumble strip (long-term or short-term) depends
on project-specific factors, the research team recommends that short-term temporary rumble
strips be used for flagging operations on two-lane highways with a minimum duration of
three hours. The use of the short-term temporary rumble strips for flagging operations
provides flexibility and is consistent with the practices of other states.

e Short-term temporary rumble strips may be deployed on divided highways with durations
between three hours and 14 days. However, as noted previously, consideration should be
given to the installation processes to minimize worker exposure to traffic (especially on high-
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volume highways) by using a TMA, crib carrier, or handling machine. Short-term temporary
rumble strips may be deployed at temperatures as low as 0°F and posted speed limits up to 80
mph. As noted previously, MoDOT may also want to consider only allowing long-term
temporary rumble strips on divided highways.

Consistent with the practices of other states, MoDOT may want to allow the use of short-
term temporary rumble strips at night. However, consideration should be given to avoid
using short-term temporary rumble strips at night in residential areas where noise is a factor.
In addition, visual cues such as a “Rumble Strips Ahead” sign and speed feedback displays
could help alert drivers to the temporary rumble strips at night. Finally, strip movement
should be closely monitored at night.

Long-term temporary rumble strips may also be deployed on divided highways with
durations of at least two days. As noted previously, a TMA could be provided for worker
protection while the long-term temporary rumble strips are installed and removed. Long-term
temporary rumble strips should not be installed when the outside air temperature is less than
50°F.

Changes in terminology regarding the type of temporary rumble strip (short-term versus
long-term temporary rumble strips) may help to reduce confusion regarding their use.
Examples of terminology used by other DOTs include temporary transverse rumble strips,
temporary rumble strips (special), and temporary buzz strips for long-term temporary rumble
strips and TPRS for short-term temporary rumble strips. Possible terms for use by MoDOT
could be temporary rumble strips (portable) and temporary rumble strips (adhesive).

The addition of a “Rumble Strips Ahead” sign to the typical traffic control plan could
provide an additional cue to drivers of the upcoming work zone and may help to reduce the
potential for erratic driver behavior by providing a visual alert to the upcoming temporary
rumble strips. The “Rumble Strips Ahead” sign is used by several other DOTs but is not
mentioned in Section 6F.87 of the MUTCD (FHWA 2009).

While MoDOT allows for the optional use of one set of temporary rumble strips instead of
two in its EPG, MoDOT may want to consider making the use of one set of temporary
rumble strips standard. The use of one set instead of two could help facilitate the ease of
installation, reduce installation time and worker exposure to traffic, and increase contractor
compliance regarding the placement of the temporary rumble strips. Wisconsin DOT and
Iowa DOT both utilize one set of rumble strips in their use of short-term temporary rumble
strips for flagging and pilot car operations. However, the use of one set of strips instead of
two could potentially be less effective in reducing vehicle speeds. A research study
sponsored by the lowa DOT showed the use of one set of strips with a “Rumble Strips
Ahead” sign led to reductions in vehicle speeds of 3.7 mph compared to reductions in vehicle
speeds of 5.5 mph with two sets of strips (Hawkins et al. 2017).

Verification and monitoring of temporary rumble strip layout and spacing in the field will
help to ensure that the temporary rumble strips are functioning properly. On four of the five
temporary rumble strip installations observed by the research team, the number of strips
and/or spacing between strips were not in accordance with the EPG.

Increasing awareness of MoDOT’s practices and standards (by providing training to MoDOT
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staff and contractors) may help to improve compliance with the MoDOT standards for

temporary rumble strips.

e Section 616.12 of the EPG limits work zone speed limit reductions to 10 mph or less unless
there are special circumstances that are documented and approved by the District Work Zone
Coordinator (Missouri DOT 2021d). Care should be applied when using temporary rumble
strips for speed limit reductions greater than 10 mph; an awareness for the limitations of
temporary rumble strips could help to guide their deployment under special circumstances.

Suggested EPG Language for Temporary Rumble Strips

This section provides some language, including Table 10-1, for consideration for possible
inclusion in the MoDOT EPG regarding the use of long-term temporary rumble strips [suggested
change in terminology to temporary rumble strips (adhesive)] and short-term temporary rumble
strips [suggested change in terminology to temporary rumble strips (adhesive)]. The suggested

language is provided below.

The decision on what type of temporary rumble strips [temporary rumble strips (portable) or
temporary rumble strips (adhesive)] to deploy in a specific work zone should be based on
project-specific conditions, such as duration, type of work activity, and location. General
guidance for the selection of temporary rumble strip type is provided in Table 10-1 below.

Table 10-1. Guidance for use of temporary rumble strips (portable) and temporary rumble

strips (adhesive)

Temporary Rumble Strip
Type

Conditions for Use on Two-
lane Highways

Conditions for Use on
Divided Highways*

Temporary rumble strips
(portable)

e Flagging operations
e Duration at least three
hours

e Air temperature at
least 0°F

e  Workers present

e Lane closure
e  Duration at least three
hours and less than 14
days
e  Air temperature at
least O°F

e  Workers present

Temporary rumble strips
(adhesive)

e  May be used if temporary
rumble strips (portable)
are not available.

e Lane closure
e Duration at least two
days
e  Air temperature at
least 50°F

* TMA or other protection should be provided during installation and removal

Summary of Key Findings

Key findings from this research study are summarized below.
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Limited guidance regarding the use of temporary rumble strips, including color and
conditions for placement is provided in the MUTCD (FHWA 2009). Additional guidance is
available in a guide on temporary rumble strips from ATSSA which covers various topics
such as advantages and disadvantages of temporary rumble strips, work zone duration,
configuration, parameters, and other considerations (ATSSA 2013).

Prior research studies have shown temporary rumble strips to be effective in reducing vehicle
speeds by 4 mph to 12 mph, increasing driver braking, and alerting drivers to the presence of
the work zone.

Research has also found the use of temporary rumble strips helps to reduce the number of
crashes, with CMF values ranging from 0.40 to 0.89 based on the presence of queuing and an
End of Queue Warning System (EOQWS) (Ullman et al. 2018).

The level of implementation of temporary rumble strips varies greatly between DOTs,
including no current use (Delaware DOT), pilot deployment (Pennsylvania DOT and Georgia
DOT), recommended use (Minnesota DOT), and required use under certain conditions
(Virginia DOT and Wisconsin DOT).

Among the 18 DOTs that provided written responses or participated in interviews, short-term
temporary rumble strips appear to be used more frequently than long-term temporary rumble
strips. The short-term temporary rumble strips are often used by other DOTs for flagging or
pilot car operations and are sometimes also deployed on divided highways.

DOT practices and standards for temporary rumble strips differ significantly with respect to
size, color, speed, spacing, materials, installation, maintenance, removal, and other attributes.
In general, DOTs find temporary rumble strips to be effective in reducing vehicle speeds and
alerting drivers to the presence of the work zone. Concerns noted by other DOTs include the
heavy weight of short-term temporary rumble strips, requirements for installation, potential
for erratic driver behavior, and the need for maintenance of the temporary rumble strips.
Field observations of driver behavior, conducted in this project after installation of temporary
rumble strips at three work zones, indicated that 52.4 percent of drivers braked at one work
zone on US 24 with short-term temporary rumble strips in a flagger situation during
nighttime and 0.7 percent to 6.1 percent of drivers braked at work zones on MO 370 and I-55
with long-term temporary rumble strips on a divided highway during daytime. The higher
percentage of braking on US 24 could potentially be due to the presence of a flagger at
nighttime. Only one erratic driving maneuver, in which a motorcycle drove around short-
term temporary rumble strips in a flagger work zone, was observed by the research team.
Results from field observations of the installation of temporary rumble strips at five work
zones showed that the spacing, number of rumble strips, or both in the field were not in
accordance with the typical applications in the MoDOT EPG at four of the locations.
Perceptions of the effectiveness of temporary rumble strips varied between the installers, but
the installers generally thought temporary rumble strips can be effective in certain situations.
Concerns noted by the installers include the heavy weight of short-term temporary rumble
strips, difficulty in removing long-term temporary rumble strips on asphalt pavements, time
required for installation, and worker exposure to traffic when installing short-term temporary
rumble strips on a divided highway.
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e Results from the safety analysis revealed positive effects of temporary rumble strips on the
work zone speed compliance. With the complete survey data, the marginal effects showed
the speed violation decreased by 21.2 and 18.2 percent for short-term and long-term rumble
strips, respectively. However, the analyses were inconclusive on the difference between
short-term and long-term rumble strips’ effects on the work zone speed violation and
compliance.

e Positive benefit-cost ratio examples illustrate the benefits of temporary rumble strip
implementation outweigh the costs, and therefore they are reported to be a positive
investment that are economical and efficient for work zone implementation.

e Modifications to existing MoDOT practices, as discussed in the previous Policy
Considerations section, may potentially improve performance of temporary rumble strips and
compliance with MoDOT standards.

e Worker exposure to traffic for short-term rumble strip installation and removal on multi-lane
highways is a concern, and procedures for installation in this setting should be reviewed to
see if the worker exposure to traffic can be reduced.

Overall, the study found temporary rumble strips can be an effective tool to lower vehicle
speeds, increase braking, and reduce crashes, and such strips can produce high benefit-cost
ratios. Modifications to existing MoDOT practices may potentially reduce cost, increase
installation efficiency, enhance worker safety, and improve performance of temporary rumble
strips. Field observations of driver behavior noted minimal erratic driver behavior. Concerns
were raised by installation personnel regarding installation procedures and worker exposure to
traffic. A synthesis of existing DOT practices found differences in levels of implementation and
standards for temporary rumble strips among DOTs.
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APPENDIX A.

SUMMARY OF EXISTING LITERATURE FOR TEMPORARY
RUMBLE STRIPS

Table A-1. Summary of existing literature for temporary rumble strips

Rumble Strips

State Title Reference Summary
Includes information on types of rumble
Guidance for the Use of strips and each type’s advantages and
- Temporary Rumble ATSSA 2013 disadvantages. Configurations and layouts,
Strips in Work Zones including signs and placements, are
provided.
Provides general information regarding
RoadQuake devices as well as suitable
conditions and best practices. Indicates
RoadQuake TPRS should not be used on
surfaces with fresh seal coat, gravel roads,
Ronguake Bgst or fresh asphalt. Heavily rutted roads, oil

- Practices for Optimal PSS 2018 . .

Use blee.dlng asphalts, b.rldgeT deck.s, and
scarified roads require discretion before
installation of RoadQuake TPRS. Includes
detail drawings for optimum layouts under
various conditions and example
specification.

Lists features and other information about
the Raptor rumble strip device, including
- Raptor PSS 2021 dimensions, coloring, limitations, overall
layout, and more. This machine is designed
for use with RoadQuake 2F TPRS.
State Examples for the
. . Application of Portable Details Virginia, Missouri, and California’s
Misgoﬂgo?/lil:g’inia T'emporary Rpmble ATSSA 2020 DOT TPRS requirements, layout
’ Strips (PTRS) in Work applications, and other specifications.
Zones
Presentation slides of example
implementation of TPRS on SR 20. Results
indicated that 80 percent to 90 percent of
Georgia Temporary Portable Hancock 2020 | vehicles slowed down at the rumble strips.

Driver survey found that TPRS caught
drivers’ attention and led them to reduce
their speed.
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https://www.workzonesafety.org/files/documents/training/fhwa_wz_grant/atssa_temporary_rumble_strips.pdf
https://www.streetsmartrental.com/wp-content/uploads/RoadQuake-Best-Practices-2nd-Edition-LR-Nov-26-2018.pdf
https://pss-innovations.com/safety-products/rumble-strip-systems/roadquake%C2%AE-2f-temporary-portable-rumble-strip/related-products-folder/raptor
https://www.atssa.com/Portals/0/WZGrant/StateExamples_ApplicationPortableTempRumbleStrips.pdf
https://construction.transportation.org/wp-content/uploads/sites/20/2020/08/Temporary-Portable-Rumble-Strips-Hancock.pdf

State Title Reference Summary
The study conducted an evaluation for three
types of rumble strips in terms of sound
. Minimizing Traffic- El-Raves et al levels and eas.e of use. The study also
Illinois Related Work .Zope —bz 013 = | evaluated various layouts for temporary
Crashes in Illinois — rumble strips. Results indicated that sound
levels of auditory alerts were sufficient to
help get drivers’ attention.
Analyzed impacts to driver behavior
(including braking and avoidance habits,
and speeds) on three types of layouts (no
rumble strips, Developmental Specification
layout with two sets of TPRS, and a
modified TPRS layout with one set of TPRS
Field Measurements on . and “Rumble Strips Ahead” sign). Results
lowa Teéﬁiiﬁy&:gﬁéb e Im%r showed an incr'ease in. braking per(.:entage
Strips in Work Zone =017 and a decrea§e in vehicle speed, with mean
Flagging Operations - speed reductions of 5.5 mph
(Developmental Specification layout with
two sets of TPRS) and 3.7 mph (modified
layout with one set of TPRS and “Rumble
Strips Ahead” sign) compared to a 0.1 mph
increase in mean speed when TPRS were
not used.
Assessed the viability of long-term
temporary rumble strips in terms of vehicle
speed, vehicle vibration, in-vehicle noise,
roadside noise, cost, durability, and
Guidelines for the installation and removal processes. The
Application of removable strips required adhesives but
Kansas Reml())I\)/able Rumble Meyer 2006b were comparalfle inqperformance to the
Strips original asphalt temporary rumble strips,
with greater ease of installation and
removal. Results indicated the use of long-
term temporary rumble strips led to speed
reductions of 3.9 mph to 8.7 mph.
Compared permanent rumble strips, portable
plastic rumble strips, and adhesive
Closed-Course Test and rubberized polymer rumble strips with
Analysis of Vibration respect to generating vibrations of the
Kansas and Sound Generated Schrock et al. steering wheel and roadside SOl?ndlln a
by Temporary Rumble 2010 closed-course test. Test results indicated
Strips for Short-Term portable plastic rumble strips performed
Work Zones

better on cars than trucks for creating
vibrations and increasing sound levels in the
vehicle.
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https://www.ideals.illinois.edu/bitstream/handle/2142/45772/FHWA-ICT-12-017.pdf?sequence=2
https://www.ideals.illinois.edu/bitstream/handle/2142/45772/FHWA-ICT-12-017.pdf?sequence=2
https://intrans.iastate.edu/app/uploads/2018/03/temp_rumble_strips_in_work_zone_flagging_ops_w_cvr.pdf
https://intrans.iastate.edu/app/uploads/2018/03/temp_rumble_strips_in_work_zone_flagging_ops_w_cvr.pdf
https://intrans.iastate.edu/app/uploads/2018/03/temp_rumble_strips_in_work_zone_flagging_ops_w_cvr.pdf
https://rosap.ntl.bts.gov/view/dot/16384
https://journals.sagepub.com/doi/10.3141/2169-03
https://journals.sagepub.com/doi/10.3141/2169-03

State

Title

Reference

Summary

Development of

Schrock et al.

Two different types of rumble strips were
tested on a closed circuit. Data for
movement, rotation, and sound generated by
each full-size car and tandem-axle truck

Kansas Temporary Rumble 2016 were collected. A decision matrix was
Strip Specifications — developed for vendors and researchers to
select the optimum temporary rumble strip
type based on speed, AADT, and daily truck
traffic.
Conducted closed-course circuit test of
Evaluation of portable plastic rumble strips and showed a
Innovative Traffic speed reduction of between 4.6 mph and
Kansas Safety Devices at Wang et al. 2011 | 11.4 mph for cars and between 5.0 mph and
Short-Term Work 11.7 mph for trucks. Approximately 5
Zones percent of vehicles swerved around the
strips.
. Presentation that describes use of TPRS and
Minnesota Portable.Rumble Strips Strassburg 2020 | provides standard drawing on typical section
for Mill/ Overlays . .
and pilot car rumble strip layout.
Information on the driving behavior and
vehicle speeds with TPRS (angled and
perpendicular shape) was collected. Results
indicated that 23 percent of drivers on
angled strips and 21 percent of drivers on
Elevated-Risk Work perpendicular strips braked. In contrast, 12
Missouri Zone Evaluation of Sun etal. 2011 | percent of drivers braked in work zones with
Temporary. Rumble . .
Strips no rumble strips. Speeds for vehicles that
braked decreased by an average of 3.71
mph. Speed compliance increased by 2.9
percent with the use of TPRS. Relative to
the angled strips, perpendicular strips did
not deflect very much by in the impact test.
Assessed the effect of temporary rumble
strips at eight short-term survey work zones.
Effectiveness of Results indicated that mean operating
Temporary Rumble speeds decreased by 10 percent in the right
New Jersey Strips in Alerting Yane et al. 2015 lane and 13.8 percent in the left lane. Speed

Motorists in Short-
Term Surveying Work
Zones

compliance increased by 18.7 percent in the
right lane and 29.5 percent in the left lane.
In addition, the proportion of vehicles that
braked increased by an average of 12
percent.
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http://www.ksdot.org/Assets/wwwksdotorg/bureaus/KdotLib/KU-14-6.pdf
http://www.ksdot.org/Assets/wwwksdotorg/bureaus/KdotLib/KU-14-6.pdf
https://ntlrepository.blob.core.windows.net/lib/43000/43300/43383/KU095_Final.pdf
https://www.tandfonline.com/doi/full/10.1080/19439962.2011.594934?scroll=top&needAccess=true#:%7E:text=https%3A//doi.org/10.1080/19439962.2011.594934
https://ascelibrary.org/doi/10.1061/%28ASCE%29TE.1943-5436.0000789

State

Title

Reference

Summary

Texas

Evaluation of Speed
Displays and Rumble
Strips at Rural
Maintenance Work
Zones

Fontaine and
Carlson 2001

This study was designed to compare the
effect of temporary rumble strips and speed
displays on rural work zones. The speed
display was shown to be more effective than
temporary rumble strips, though notably
only speed was examined. Furthermore, the
temporary rumble strips required adhesive
and were not reusable which relates to cost.
The authors concluded that temporary
rumble strips have a limited application due
to the duration of the installation (40
minutes) compared to 10 minutes for speed
display.

Texas

Field Evaluation of
Work Zone Speed
Control Techniques

Richards et al.
1985

Temporary rumble strips were compared
with other speed control methods such as
flagging, changeable message signs, patrol
cars, etc. The author compared traffic mean
speeds for various speed control methods,
and rumble strips did not show much effect.
The author concluded that the rumble strips
were not as effective as some of the other
treatments.

Texas

Temporary Rumble
Strips

Texas DOT n.d.

Presentation slides that provide overview of
Texas DOT practices for temporary rumble
strips which are used to ensure drivers’
awareness of upcoming work zones for
flagging operations or lane closures.
Temporary rumble strips are currently not
allowed on freeways or roads with posted
speed limits exceeding 70 mph. Texas DOT
has found that proper installation is required
to achieve effective operation.

Texas

Analysis of Work Zone
Crash Characteristics
and Countermeasures

Ullman et al.
2018

End of Queue Warning Systems (EOQWS)
were tested over 4 years in conjunction with
TPRS on I-35 in Texas. In queued
conditions, the following CMFs were
reported: 0.40 (TPRS only) and 0.47
(EOQWS and TPRS used together). For
non-queued conditions, the CMFs were
determined to not be statistically significant
with the following values: 0.89 (TPRS only)
and 0.72 (EOQWS and TPRS used
together).
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https://journals.sagepub.com/doi/abs/10.3141/1745-04
https://journals.sagepub.com/doi/abs/10.3141/1745-04
http://onlinepubs.trb.org/Onlinepubs/trr/1985/1035/1035-008.pdf
http://onlinepubs.trb.org/Onlinepubs/trr/1985/1035/1035-008.pdf
http://sp.scote.transportation.org/Documents/Texas%20Temporary%20Rumble%20Strips.pdf
https://www.nap.edu/catalog/25006/analysis-of-work-zone-crash-characteristics-and-countermeasures
https://www.nap.edu/catalog/25006/analysis-of-work-zone-crash-characteristics-and-countermeasures

State Title Reference Summary
Summarizes Washington State DOT
experience with temporary rumble strips.
Products evaluated include tape and Type 2
American Road | pyttons, Tape needed to be deployed in
Washington Temporar}/ Rumble Trans%rit ation multiple layers to achiev§ a notic.eable
Strips —p—Buil dors rumble effect, and some installation
Association 2021 difficulties were noted (for example, need to
heat the pavement to install). Type 2 buttons
required a lot of labor to install and
maintain.
Data were collected from real work zones to
compare advanced warning signs with
TPRS or without TPRS. Results indicated
that 33 percent to 39 percent of drivers
braked with TPRS. In contrast only 3
Phase 1: Temporary . percent braked without TPRS. 85®
. . : Sippel and .
Wisconsin Portable Rumble Strips Schoon 2016 percentile speeds were reduced by 4.7 mph

Report

to 5.0 mph compared to a 1.5 mph decrease
without TPRS. Bureau of Traffic Operations
recommended use of TPRS on all static or
slow-moving flagging operations with
contractor discretion for deployment on
moving operations.
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https://www.workzonesafety.org/practice/temporary-rumble-strips/
https://www.workzonesafety.org/practice/temporary-rumble-strips/
https://www.workzonesafety.org/practice/temporary-rumble-strips/
https://www.workzonesafety.org/practice/temporary-rumble-strips/
https://www.workzonesafety.org/practice/temporary-rumble-strips/

APPENDIX B.

SUMMARY OF DOT STANDARDS AND SPECIFICATIONS FOR
TEMPORARY RUMBLE STRIPS

Table B-1. Summary of DOT standards and specifications for temporary rumble strips

State Title Reference Summary
Design Bureau Special Provides detail for a portable rumble
Drawing (2002c: Details for strip set and information for
Alabama Traffic (%o(ntrol for Two Lane Alabama DOT 2019 incgrporating rumble strips into
Highways) traffic control.
Provides requirements for temporary
rumble strips for materials,
deployment, and use on lane closure
. Temporary and Portable . plans. Includes layout drawings for
Arizona II){umri)lle Strips Arizona DOT 2021 two-lane and diviﬁed highwa}%s.
Also provides requirements for
TPRS Rapid Deployment and
Transport Device (RDTD).
As indicated in this memorandum,
the use of portable transverse rumble
strips is required for all construction,
maintenance, and encroachment
Implementation of Portable permit flagging operations on two-
California Transverse Rumble Strips Caltrans 2014 lane conventional highways (with
(Memorandum) some exceptions). Exceptions
include work zone duration of four
hours or less, posted speed limit
below 45 mph, work for emergency
response, and snow or ice.
. ) Provides guidance for flaggers
California Flagging Instruction Caltrans 2018a regarding temporary rumble strips
Handbook .
on two-lane highways.
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https://www.dot.state.al.us/publications/Design/pdf/ETCL/2002c.pdf
https://dot.ca.gov/-/media/dot-media/programs/traffic-operations/documents/memos-letters/f0018533-memo-portable-rumble-strips-9-18-14-a11y.pdf
https://dot.ca.gov/programs/construction/safety-traffic/flagging-handbook

State Title Reference Summary
Approved rumble strips include
RoadQuake 2 and RoadQuake 2F
Folding Temporary Portable Rumble
Strip. Portable rumble strips cannot
be placed on sharp curves or at
pedestrian crossings. Portable
Specifications on Use of transverse rumble strips are not
California Portable Transverse Rumble Caltrans 2018b required for any one of the
Strips following conditions: roadwork
durations of four hours or less, speed
zones below 45 mph, emergency
work, snow/icy conditions. Rumble
strips should be replaced if Engineer
determines they no longer give
effective alerts.
2018 Standard Plans (T13:
. . Traffic Control System for Includes signage and detail for
California Lane Closure on ’l}jwo-Lane Caltrans 2018¢ portable tragnsvgerse rumble strips.
Conventional Highways)
California Construction Provides a few requirements for
Manual (Chapter 4: placing the portable transverse
Construction Details, Section rumble strips. Manufacturer’s
12: Temporary Traffic instructions should be followed.
California Control, 4-1202B(18): Caltrans 2021 Portable transverse rumble strips
Portable Transverse Rumble
Strips, 4-1203B (18): Portable cannot be plaged on sharp curves
Transverse Rumble Strips, and must be either black or orange.
and 4-1206B (17): Portable They are paid for using a contract
Transverse Rumble Strip) bid item.
An employee of Colorado DOT is
satisfied with the performance of
Temporary Rumble Strips TPRS at slowing traffic. Employee
Colorado P Terystimonial P Colorado DOT 2016 indicated that VéghiClCS slowe% d}(l)wn,
and rumble strip movements could
be corrected.
Standard Plans [No. S-630-5: Rumble strips shall be 0.75 inches in
Colorado Portable Rumble Strips Colorado DOT 2019 thickness, and there shqu 1d'be 40
(Temporary)] feet between rumbl'e strips in a
portable rumble strip set.
Design Standards (Index 600:
. General Information for . Includes detail for “Rumble Strips
Florida Traffic Control Through Florida DOT 2021a Ahead” sign.
Work Zones)
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https://dot.ca.gov/programs/design/ccs-standard-plans-and-standard-specifications
https://dot.ca.gov/programs/construction/construction-manual
https://www.pss-innovations.com/PSS_Innovations/media/PSS-Innovations/Products/Resources/CODOT-2016-10-25.pdf
https://www.codot.gov/safety/traffic-safety/standard-and-specifications/s-standards
https://www.fdot.gov/design/standardplans/DS.shtm

State Title Reference Summary
Standard Plans for Road )
Construction (Index: 102-603, Provides layouts for two types of
Florida Two-Lane, Two-Way Work Florida DOT 2021b | temporary rumble strip sets:
within the Travel Way, Sheet removable striping tape or portable.
1y
Temporary raised rumble strips
Standard Specifications for should be installed in accordance
. Road and Bridge Construction . with manufacturer’s
Florida (Section 102-9.17: Temporary Florida DOT 2022 recommendations, and color and
Raised Rumble Strip Set) type should be uniform in the work
zone.
Describes specifications for
. ) furnishing and installing TPRS and
) Supp le.mental Specification . outlines rumble strip material
Georgia (Section 869: Temporary Georgia DOT 2014 .
. requirements. TPRS must
Portable Rumble Strips) . ..
experience minimal movement at
speeds up to 70 mph.
S%edf?l anstm?}i)on l?le;ail Includes detail drawings
Georgia (Traffic Control Detail for Georgia DOT 2017 | demonstrating the use of temporary
Two lane Closure on Two- .
. rumble strips on lane closures.
lane Highway)
Supplemental Specification
(Section 150: Install, Provides information on the
. Maintain, and Remove . installation, maintenance, and
Georgia Temporary Portable Rumble Georgia DOT 2020 removal of temporary rumble strips
Strips — Department when provided by the Department.
Provided)
TPRS should comply with
manufacturer’s instructions. They
should be black, orange, or white in
1daho 2021 Suppl | color and should not require
aho upplementa . dhesi hors for installati
Idaho Specifications (Section 626: Idaho Transportation | achesives or anchors for Instafiation.

Temporary Traffic Control)

Department 2021

They must weigh at least 100
pounds, be 0.75 inches thick or less,
and be at least 10 inches wide. They
should be suitable for 80 mph speed
limit zones.
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https://www.fdot.gov/design/standardplans/current/default.shtm
https://www.fdot.gov/programmanagement/implemented/specbooks/default.shtm
https://state.1keydata.com/idaho.php
https://apps.itd.idaho.gov/Apps/manuals/SpecBook/2021_Supplementals.pdf
https://apps.itd.idaho.gov/Apps/manuals/SpecBook/2021_Supplementals.pdf

State Title Reference Summary
Specification indicates that
Temporary Rumble Strips (Special)
must meet the following
requirements: consist of preformed
. Temporary Rumble Strips . plastic pavement marking (6 layers),
linois (Special) lllinois DOT 2014 conform to Article 780.07, and
placed at direction of Engineer.
Payment based on one set of three
temporary rumble strips across one
lane.
Each set of rumble strips contains
i th tri h ing 11’
Tlinois Detail for Temporary Rumble |y, i o ggp7 | ree Strips, each spanning 11°
Strips (Special) perpendicular to the road. Spacing
between each rumble is 20°.
Highway Standards for
Traffic Control (Standard
701321-13: Lane Closure, 2L, Provides standards for placement of
. 2W, Bridge Repair, for . temporary rumble strips and other
Hlinois Speeds > 45 and Standard Hlinois DOT 2020 traffic control devices during lane
701321-18: Lane Closure, 2L, closures for repairs.
2W, Bridge Repair with
Barrier)
' Provides standard layout for
THltgf?wéy Starllc(igrds (gord placement and removal of traffic
raffic Control (Standar
trol for 1 1 fi
[linois 701428: Traffic Control Setup Ilinois DOT 2020 CONLro? for \atie Ciosures on treeways
and Removal and expressways (ADT greater than
Freeway/Expressway) 25,000). Includes work trucks with
arrow boards and TMAs.
Standard Specifications for Specifies material requirements for
Road and Bridge Construction temporary rumble strips. Temporary
Illinois [701.15(k): Temporary Illinois DOT 2022 rumble strips should be black, made

Rumble Strips and 1106.03:
Temporary Rumble Strips]

from high strength polycarbonate,
and held in place by adhesive.
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https://idot.illinois.gov/Assets/uploads/files/Doing-Business/Manuals-Guides-&-Handbooks/Highways/Safety-Engineering/2020%20Illinois%20Highway%20Standards%20for%20Traffic%20Control.pdf
https://idot.illinois.gov/Assets/uploads/files/Doing-Business/Manuals-Guides-&-Handbooks/Highways/Safety-Engineering/2020%20Illinois%20Highway%20Standards%20for%20Traffic%20Control.pdf
https://idot.illinois.gov/Assets/uploads/files/Doing-Business/Manuals-Guides-&-Handbooks/Highways/Construction/Standard-Specifications/2022%20Standard%20Specifications%20for%20Road%20and%20Bridge%20Construction.pdf

State

Title

Reference

Summary

Indiana

Indiana Design Manual 2013
[Section 503-3.05(07):
Temporary Transverse

Rumble Strips]

Indiana DOT 2021a

Use temporary buzz strips or TPRS
on freeway bridge work zones with
nearby traffic. Temporary transverse
rumble strips should also be
considered for possible use for
situations involving flagging, non-
freeway lane merge, or a long work
zone with intermittent areas of no
work.

Temporary buzz strips may be
useful for long-term stationary work
zones, while TPRS could be useful
for flagging operations, freeway
work zones with possible queuing,
or a long work zone with a moving
work area.

Indiana

Special Provision (Section
801-T-209: Temporary
Portable Rumble Strips)

Indiana DOT 2021b

Provides specifications for TPRS.
Positioning of the rumble strips shall
be corrected if any strip moves by
more than 6 inches during the work
period. TPRS shall be able to
withstand vehicles up to 80,000
pounds with minimal movement and
should be less than 1 inch in height.

Indiana

Standard Drawings (E801-
TCDV-09: Temporary Buzz
Strips)

Indiana DOT 2021¢

Provides installation standard of
temporary buzz strips in distance on
traffic control. Each set (7 feet 4
inches in overall length) consists of
6 strips each 0.25 inches in height,
and 8 inches in width, with 8 inches
between strips. The distance
between each set of temporary buzz
strips decreases with the flow of
traffic from 800 feet to 150 feet to
80 feet.

Indiana

Standard Specifications
(Section 801.12a.4 :
Temporary Buzz Strips)

Indiana DOT 2022

Defines temporary buzz strips as “a
set of transverse marking
constructed of removable or durable
marking materials.” Materials shall
conform with 808.07(b).
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https://www.in.gov/dot/div/contracts/design/IDM.htm
https://www.in.gov/dot/div/contracts/standards/rsp/sep21/sep21.htm
https://www.in.gov/dot/div/contracts/standards/drawings/
https://www.in.gov/dot/div/contracts/standards/book/sep21/2022%20Standard%20Specificatins%20(w_changes).pdf

State Title Reference Summary
Provides layout drawing for
Standard Road Plans — TC temporary rumble strips to
Series (TC-214: Lane accommodate flagger signage on
Towa Closures wgth Flaggers for use lowa DOT 2021a lane closures (for use with pilot car).
with Pilot Car) Distance between signage varies by
posted speed limit.
Provides drawing on lane closures
St'andard Road Plans — TC with pilot cars and flagger operated
Iowa Serl'es (TCQI& Lane Closure Iowa DOT 2021a signals. States that TPRS panels
with Pilot Car and Flagger
Operated Signals) should Pe used for traffic control
exceeding 2 hours.
Provides standards on placement,
] ) maintenance, and removal of TPRS.
Standar'd Specifications A temporary rumble strip panel
Iowa (Section 2528.01L: Iowa DOT 2021b consists of three individual rumble
Temporary Portable Rumble .

Strips) strips placed 15 to 29 feet apart from
each other. TPRS alignment should
be maintained.

Provides requirements for TPRS.
Standard Specifications TPRS should be installed without
Iowa (Section 4188.08: Temporary Iowa DOT 2021b nails or adhesive, usable for speeds
Portable Rumble Strips) of 70 mph or less, and installed and
removed in under five minutes.
Provides tabular summary of several
products for temporary rumble strips
. ) product based on formal and
S,TA Certlﬁcatlgn of No informal evaluations. Certifies that
Kansas Suitable Alternative for the Kansas DOT 2013 there is no appropriate suitable
Purchase of RoadQuake 2 .
Rumble Strips alte@atlve to RoadQuake 2 TP.RS.
Outlines several reasons for this
conclusion including the ease of use,
performance, and reliability.
Provides the required in-place
performance characteristics of TPRS
for different device classes based on
Special Provision to the vehicle speed. Maximum average
Kansas Standard Specifications (15- Kansas DOT 2015 relative longitudinal movement is

17009: Portable Reusable
Temporary Rumble Strips)

0.5 inches to 1.5 inches (based on
device class which is linked to
speed) while average lateral
movement is restricted to edges of
12-foot lane.

B-6



https://iowadot.gov/erl/current/RS/Navigation/nav.htm
https://iowadot.gov/erl/current/RS/Navigation/nav.htm
https://www.iowadot.gov/erl/current/GS/Navigation/nav.htm
https://www.iowadot.gov/erl/current/GS/Navigation/nav.htm
https://www.ksdot.org/bureaus/burConsMain/specprov/2015/2015-latest.asp

State

Title

Reference

Summary

Kansas

Special Provisions to the
Standard Specifications (15-
08001-R03: Work Zone
Traffic Control and Safety;
TE730: Traffic Control;
Flagger or Pilot Car)

Kansas DOT 2015

Provides traffic control plan for
flaggers or pilot cars with the option
of using temporary rumble strips.

Temporary rumble strips can be
used instead of lead-in channelizing
devices when the roadway width
(including paved shoulders) is less
than or equal to 30 feet.

Kentucky

Special Note for Temporary
Portable Rumble Strips
(Contract ID No. 212140)

Kentucky
Transportation
Cabinet 2021

Contract Addendum that provides
guidance on furnishing, installing,
relocating, and maintaining and
removing TPRS at the locations
shown on the plans. Requires one
group of TPRS in each direction
when multiple work zones are
within one mile and color should be
distinct from pavement color.
Includes layout drawing.

Maine

Special Provisions (Section
652: Maintenance of Traffic)

Maine DOT 2018

Provides standards on providing,
relocating, maintaining, and
removing TPRS. The use of rumble
strips requires an additional work
zone sign stating “Caution Rumble
Strips” in the set of signs leading up
to the rumble strips. Signs must
meet all applicable MUTCD
standards. Requires one group of
TPRS in each direction when
multiple work zones are within one
mile.

Maryland

Portable Rumble Strips
Product Lists

Maryland DOT SHA
2020

RoadQuake 2 folding and TraFix
Alert High Speed Rumble Strip
(8450-HS) have been approved by
Maryland DOT State Highway
Agency (SHA).

Maryland

Guidelines for Temporary
Portable Rumble Strips
(TPRS) (6-F10: Temporary
Portable Rumble Strips)

Maryland DOT SHA
2021a

Specifies guidelines for
implementing TPRS in work zones
on Maryland roadways. TPRS are
used to accommodate different types
of lane closures. Includes table of
spacing between TPRS based on
speed limit. Typical applications for
flaggers and lane closures drawing
are provided.
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https://www.ksdot.org/bureaus/burConsMain/specprov/2015/2015-latest.asp
https://transportation.ky.gov/Construction-Procurement/Proposals/306-ESTILL-21-2140%20Addendum%201.pdf
https://transportation.ky.gov/Construction-Procurement/Proposals/306-ESTILL-21-2140%20Addendum%201.pdf
https://transportation.ky.gov/Construction-Procurement/Proposals/306-ESTILL-21-2140%20Addendum%201.pdf
https://www.roads.maryland.gov/OMT/portrumble.pdf
https://www.roads.maryland.gov/OMT/portrumble.pdf

State Title Reference Summary
. . Specifies the requirements to
Special Provision (104.27: Maryland DOT SHA furnish, install, maintain, adjust, and
Maryland Temporary Portable Rumble
Strips) 2021b ‘remove TPRS. Includes separate pay
item to remove and relocate TPRS.
Work Zone Safety: Includes detail drawings for TPRS
Temporary Traffic Control layout on multi-lane divided
(Figure 24-1: Multilane Massachusetts DOT . . .
Massachusetts . highway. Rumble strip separation
Divided Roadway Placement 2017 .
of Temporary Portable varies based on sl.)e.ed. TPRS sets.
Rumble Strips) must include a minimum of 3 strips.
Specifies the requirements for TPRS
including material, construction
Massachusetts Item 854.6 Temporqry Massachusetts DOT method,. method of measurement,
Portable Rumble Strips 2021 and basis of payment. TPRS should
be certified for use by manufacturer
for speeds of at least 70 mph.
Provides requirements for temporary
rumble strips in advance of work
zones. Material is polymer with pre-
applied adhesive, and dimensions
are 0.25 inches thick by 4 inches
Michigan DOT Standard wide. Contractor must place 3 sets
Specifications for of 9 rumble strips before the lane
Michigan Construction [Section Michigan DOT 2020 | closure in each direction when there
812.03.D.14: Temporary is a lane closure or crossover shift
Rumble Strips (Orange)] on a freeway work zone at the same
location for at least 14 consecutive
days. Also provides guidance (with
drawing) on placement of temporary
rumble strips (orange) in advance of
a stop condition.
Provides requirements for use of
TPRS on non-freeway projects.
TPRS must be used “on all
Trunkline Regulating projects with
existing speed limits 45 mph or
Special Provisions (20SP- higher where traffic regulating will
Michigan 812D-01: Temporary Portable | Michigan DOT 2021a | be in place longer than 4 hours.”

Rumble Strips)

Requires use of RoadQuake 2F.
TPRS should perform at speeds up
to 65 mph. Includes table for
spacing based on normal speed
limit. Provides separate pay items
for furnishing and operating TPRS.
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https://www.michigan.gov/documents/mdot/MDOT_2020_Construction_Specifications_Book_WEB_728364_7.pdf
https://mdotcf.state.mi.us/public/dessssp/spss/gotoview.cfm?ds=31

State

Title

Reference

Summary

Michigan

Work Zone Mobility Manual
(6.01.19: Transverse
Temporary Rumble Strips)

Michigan DOT 2021b

Provides guidance for fixed
transverse temporary rumble strips
(freeway and non-freeway) and
portable transverse temporary
rumble strips (non-freeway). On
freeways, fixed transverse
temporary rumble strips should be
considered for work zones at least
three days in duration with sight
distance or queuing concerns. Fixed
transverse temporary rumble strips
are used on non-freeways when a
stop condition is established or
changed. TPRS may be used when
speed limit is 65 mph or less for
conditions such as emergency traffic
control, traffic regulating operations,
temporary lane closures, and traffic
shifts. For long-term temporary
rumble strips, special provision for
maintaining traffic should include
off peak times for stationary and/or
mobile lane closures, with mobile
attenuators included.

Minnesota

Two-Lane, Two-Way Roads
(Field Manual)

Minnesota DOT 2018

Mentions TPRS set and standard
spacing between strips while
performing lane closures with
flagging in a two-lane road. Includes
layout drawing for TPRS with three
strips spaced based on posted speed
limit. TPRS should be white, black,
or orange in color.

Minnesota

Special Provisions (S-201
(2563): Portable Rumble
Strips)

Minnesota DOT 2020

Provides specifications for TPRS.
One set consisting of three portable
rumble strips should be placed at
each active flagger station. Payment
is by lump sum.

Minnesota

Special Provisions (S-203
(2563): Temporary Rumble
Strips)

Minnesota DOT 2020

Provides specifications for
temporary rumble strips. Temporary
rumble strips should be white and 4
feet long. Payment is made per set
of ten strips (five in each wheel
path). Materials are in accordance
with Approved Product List.
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https://www.michigan.gov/documents/mdot/MDOT_Work_Zone_Safety_and_Mobility_Manual-May_2021_727303_7.pdf
http://www.dot.state.mn.us/trafficeng/publ/fieldmanual/layouts6-35.pdf
http://www.dot.state.mn.us/pre-letting/prov/index.html
http://www.dot.state.mn.us/pre-letting/prov/index.html

State Title Reference Summary
Lists approved products for
temporary rumble strips and
portable rumble strips. Includes
) RoadQuake 2, RoadQuake 2F,
Approved/Qualified Products ] TrafFix Alert, and TrafFix Alert
Minnesota (¥Z$pg$ry l;g?f?iecsotqulgcsﬂ %ﬁl'ﬁr High Speed Rumble Strip for TPRS
p ]g}; vices) = and Rumble Strip Model 3708 from
Pexco. Portable rumble strips should
either be the same color as the
pavement or be white, black, or
orange.
) Drawing that specifies temporary
ang _Term Typical . rumble strip placement relative to
. Applications (Two-Lane, Minnesota DOT .
Minnesota . other signage based on posted speed
Two-Way) (Drawing 06: 2021b e . N
. limit. “Rumble Strips Ahead” sign is
Temporary Rumble Strips) i
optional.
ang Tem Typical Drawing that specifies TPRS
. Applications (qu—Lane, Minnesota DOT placement in advance of flagger
Minnesota Two-Way) (Drawing 14: B UT— . .
2 2021b relative to other signage and based
Portable Rumbles Strips in J d limi
Advance of Flagger) on posted speed limit.
Minnesota Manual on
Minnesota Uniform Traffic Control Minnesota DOT Provides guidance for transverse and
Devices (6F.87 Rumble 2021c¢ longitudinal rumble strips.
Strips)
Describes product, manufacturer,
and construction requirements and
) o includes a detail drawing for TPRS.
C Special Provision (No. 907- Mississippi DOT One set of three strips spaced at 15
Mississippi 619-6: Temporary Portable .
Rumble Strips) 2018 feet should be placed in each lane.

P Placement of the rumbles and
signage varies based on speed and
urban or rural classification.
Provides layout drawings for
placement of temporary rumble

MoDOT EPG (Secti strips for flagging operations on
0 ection .
two-lane high dl 1
Missouri 616.6.87: Temporary Rumble | Missouri DOT 2021a O-lane UEhWaAYS ald fane c/osures
Strips) on multi-lane highways. Spacing

between rumble strips and other
dimensions vary based on posted
speed limit.
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https://www.dot.state.mn.us/products/temporarytrafficcontrol/ttcdevices.html
https://www.dot.state.mn.us/products/temporarytrafficcontrol/ttcdevices.html
http://www.dot.state.mn.us/trafficeng/workzone/twolanetwoway.html
http://www.dot.state.mn.us/trafficeng/workzone/twolanetwoway.html
http://www.dot.state.mn.us/trafficeng/workzone/twolanetwoway.html
http://www.dot.state.mn.us/trafficeng/workzone/twolanetwoway.html
http://www.dot.state.mn.us/trafficeng/publ/mutcd/index.html
http://www.dot.state.mn.us/trafficeng/publ/mutcd/index.html
https://mdot.ms.gov/documents/LPA/Checklist/619-6.pdf
https://mdot.ms.gov/documents/LPA/Checklist/619-6.pdf
https://epg.modot.org/index.php/616.6_Temporary_Traffic_Control_Zone_Devices_(MUTCD_6F)#616.6.87_Temporary_Rumble_Strips_.28MUTCD_6F.87.29

State

Title

Reference

Summary

General Services
Specifications (MGS 14-01:

Defines temporary long-term rumble
strips and provides instructions for
materials and construction. Long-

Missouri Missouri DOT 2021b | term rumble strips should consist of
Temporary Long-Term | terial: be black
Rumble Strips) polymer material; be black, orange,
or white; and have adhesive
backing.
Defines temporary short-term
rumble strips and provides
General Services instruction on materials and
i i -02: truction. T hort-t
Missouri Specifications (MGS 14-02: 1y i 01 pOT 2021p | SOPSTUCtiON. | emporary short-term
Temporary Short-Term rumble strips should be orange and
Rumble Strips) listed on Texas DOT’s Compliant
Work Zone Traffic Control Devices
list.
Long-term temporary rumble strips
should be polymer material and
Tob Snccial Provisi orange in color. They should be
ob Special Provisions laced based 1 Enci )
Missouri (JSP1304: Temporary Long- | Missouri DOT 2021c¢ P ~ace. a.se ofl prans of 'ngmeer s
. direction in accordance with
Term Rumble Strips) .
manufacturer recommendations. A
set consists of five strips, and
payment is made per set.
Short-term temporary rumble strips
should be polymer material and
) . orange in color. They should be
. . Job Special Provisions . ) placed based on plans or Engineer’s
Missouri (JSP1305: Temporary Short- | Missouri DOT 2021¢ S .
. direction in accordance with
Term Rumble Strips) .
manufacturer recommendations. A
set consists of three strips, and
payment is made per set.
Standard Specifications for Temporary rumble strips should be
Highway Construction placed as shown in contract, and
Nebraska (422.03.8: Temporary Rumble Nebraska DOT 2017 material must be allowed to harden
Strips) before opening lane to traffic.
Provides layout drawing for
Standard Plans (No. 920-R7: temporary rumble strips (10 strips
Nebraska Traffic Control, Construction, | Nebraska DOT 2021 | per wheel path). Materials can be

and Maintenance)

asphalt, epoxy and aggregate, or
other material.
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https://www.modot.org/general-services-specifications-mgs-subject
https://www.modot.org/general-services-specifications-mgs-subject
https://spexternal.modot.mo.gov/sites/de/JSP/Forms/JSPByTitle.aspx
https://spexternal.modot.mo.gov/sites/de/JSP/Forms/JSPByTitle.aspx
https://dot.nebraska.gov/media/10343/2017-specbook.pdf
https://dot.nebraska.gov/media/6645/standard.pdf

State

Title

Reference

Summary

New York

Engineering Bulletin [EB20-

047: Special Specification for

Portable Temporary Rumble
Strips (PTRS)]

New York State DOT
2020

Provides special specification for
TPRS, including drawings for
flagger operation on two-lane
highway and lane closure on multi-
lane highway. Material should be
thermoset cast urethane, engineered
polymers, or rubber materials. TPRS
should be black. Approved models
include RoadQuake 2 or 2F, TrafFix
Alert High Speed Rumble Strips, or
equivalent. Sets include three strips.
Payment is made by lump sum.

New York

Highway Design Manual
[16.3.7: Portable Temporary
Rumble Strips (PTRS)]

New York State DOT
2021

Provides guidance for use of TPRS.
Conditions that warrant
consideration of TPRS include
posted speed limit of 40 mph or
higher, lane drop on multi-lane
highway, or flagger operation. TPRS
should not be used on seal coat,
sharp curves, or rutted pavement.
TPRS spacing varies based on
posted speed limit.

North Carolina

Temporary Rumble Strips
Special Provisions and Detail

North Carolina DOT
2015

Provides specifications for use of
temporary rumble strips, including
detail drawing. Temporary rumble
strips should be rubber and black,
black and white (combination), or
white and orange (combination) in
color. Adhesives should not be used.
Two sets of three strips per lane are
placed. Spacing varies based on
speed.

North Dakota

General Note for Plans [704-
500: Portable Rumble Strips
(PRS)]

North Dakota DOT
2021

Provides notes about installing and
deploying TPRS. TPRS are to be
installed when the following signs
are used: “Be Prepared to Stop” and
“Flagger.” Adhesives should not be
used. A set of TPRS includes at least
three individual strips. Payment is
made for each set.

Ohio

Approved-Temporary-
Portable-Rumble-Strips

Ohio DOT 2015

Provides list of approved TPRS
products. There are only two
products on the list: RoadQuake 2
and RoadQuake 2F, both made by
Plastic Safety Systems, Inc.



https://www.dot.ny.gov/portal/pls/portal/mexis_app.pa_ei_eb_admin_app.show_pdf?id=13567
https://www.dot.ny.gov/portal/pls/portal/mexis_app.pa_ei_eb_admin_app.show_pdf?id=13567
https://www.dot.ny.gov/divisions/engineering/design/dqab/hdm
https://www.dot.ny.gov/divisions/engineering/design/dqab/hdm
https://www.transportation.ohio.gov/static/Working/Engineering/Roadway/Traffic-Control/Approved-Temporary-Portable-Rumble-Strips.pdf

State Title Reference Summary
Provides layout drawing for TPRS
on flagger operations. Two sets of
three strips (strip spacing 6 feet 8
inches) are used. Spacing between
sets varies based on speed.
Standard Construction Conditions for use include two-lane
Drawings (Traffic) (MT- highways, short-term duration, work
. 097.20: Temporary Portable . crews present, and use of one lane
Ohio Rumble Stripsp forrI}J]se with 1- Ohio DOT 2019 two-wSy traffic. TPRS should not be
Lane 2-Way Operation Using used on wet or icy pavement, rutted
Flaggers) pavement, or on chip seals. TPRS
should be removed if erratic driver
behavior is observed. Placement
should be done using flaggers after
work zone warning signs are
installed.
Defines materials and standards for
temporary rumble strips. Temporary
Standard Guidelines for rumble strips should be deployed by
Product Review (Section one or more people within 10
Oregon 00225.13i: Trarfsverse Qregon DOT 2020 minutes withl(a)utlihe use of
Rumble Strips, Temporary) adhesives. Includes instructions on
how to apply for Qualified Products
List (QPL).
Provides specifications regarding
Oregon Standard installation, maintenance, reposition,
Specifications for and replacement of temporary
Oregon Construction (00225: Oregon DOT 2021a | transverse rumble strips. Product
Temporary Pavement must be from Qualified Product List
Marking) (QPL) or Conditional Use List.
Payment is based on length.
Provides technical details on
portable transverse rumble strip
clusters (for use on pavement
surfaces). Options include raised
Standard Details (Traffic transverse rumble strips
Oregon 4000 Series) (Detail 4710: Oregon DOT 20216 (thermoplastic or removable tape)

Temporary Transverse
Rumble Strips)

for wearing course, milled
transverse rumble strips for base
course, or portable transverse
rumble strips for pavement surface.
Includes layout drawing for location
of rumble strips.
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https://www.dot.state.oh.us/SCDs/Pages/traffic.aspx?&FilterField1=Series&FilterValue1=Maintaining%20Traffic%20%28MT%29
https://www.oregon.gov/odot/Construction/Doc_ProductReview/rumble_strips_temp.pdf
https://www.oregon.gov/odot/Business/Specs/2021_STANDARD_SPECIFICATIONS.pdf
https://www.oregon.gov/odot/Engineering/Pages/Details-Traffic.aspx

State Title Reference Summary
Standard Details (Traffic
4000 Series) (Detail 4715: 2- Provides layout for use of temporary
Oregon Lane, 2-Way Roadways One Oregon DOT 2021b | rumble strips for one lane closure on
Lane Closure with Rumble 2-lane, 2-way roadways.
Strips)
Provides designer guidance for use
of Temporary Transverse Rumble
Strips (TTRS). Approval for use of
Traffic Control Plans Design TTRS is required, except for short-
Oregon Manual (Section 3.4.18: Oregon DOT 2021¢ | term daylight work. States that
Rumble Strips) portable strips are not intended for
extended stationary use but for only
daily use and should be picked up at
the end of each shift.
Form to request use of TTRS in a
work zone on an Oregon State
Highway. Not required for short-
term daylight work. Requires
Temporary Transverse approval of Region Traffic Engineer
Oregon Rumble Strip Request Form Oregon DOT 20214 for portable TTRS during
intermediate-term work and
approval of State Traffic-Roadway
Engineer for all other TTRS
installations.
Raptor Deployment Plan for . Layout drawing for placement of
. Temporary Portable Rumble Pennsylvania DOT .
Pennsylvania . TPRS using Raptor deployment
Strips Freeways and n.d.a. .
device.
Expressways
. . Poster for pilot safety initiative on
. Raptor Rumble Strip Pennsylvania DOT . . :
Pennsylvania . . using Raptor machine for deploying
Handling Machine n.d.b. . .
and removing TPRS in work zones.
Temporary Traffic Control . .
Guidelines (Publication 213) Provides 1a}/0ut dr.awmgs for TPRS
[General Application (04-A): on conventional highways,
Temporary Portable Rumble expressways, and freeways. TPRS
. Strips Conventional Pennsylvania DOT should only be used on short-term
Pennsylvania

Highways and General
Application (04-B):
Temporary Portable Rumble
Strips Freeways and
Expressways]

2021

lane closures when workers are
present. Color may be black, white,
or orange. Sign spacing varies based
on speed.



https://www.oregon.gov/odot/Engineering/Pages/Details-Traffic.aspx
https://www.oregon.gov/odot/Engineering/Docs_TrafficEng/TCP-Design-Manual.pdf
https://www.oregon.gov/ODOT/Forms/2ODOT/7342886.pdf
https://www.dot.state.pa.us/public/PubsForms/Publications/PUB%20213.pdf
https://www.dot.state.pa.us/public/PubsForms/Publications/PUB%20213.pdf

State

Title

Reference

Summary

South Carolina

Supplemental Specifications
(Temporary Rumble Strips for
Speed Control)

South Carolina DOT

2009

Describes requirements, installation,
method of measurement, and basis
of payment for temporary rumble
strips. Uses two layers of temporary
pavement marking tape (minimum
thickness 300 mils, orange in color).
Three sets of ten strips are used.
Payment is made per linear foot.

South Dakota

Traffic Operations Manual
(Temporary Rumble Strips)

South Dakota DOT
2021

Provides guidance for the use of
temporary rumble strips by staff.
Only one brand of products is
currently approved with two
variations: RoadQuake 2 and
RoadQuake 2F. Two sets of three
strips are used, with spacing based
on speed. “Rumble Strips Ahead”
sign is used. They can be used on
flagger operations and lane closures.
Temporary rumble strips should not
be used on seal coat or rutted
pavement.

Tennessee

Specification for Temporary
Portable Rumble Strips
(TPRS) and Hitch Mounted
Carrier System (Carrier)

Tennessee DOT n.d.

Minimum requirements for TPRS
construction, maintenance, and
utility operations. The temperature is
limited to between 0°F and 120°F.
Speed limit should not exceed 70
mph. Hitch mounted carrier should
be able to carry six TPRS.

Texas

Standard Drawing (WZ(RS)-
16: Temporary Rumble
Strips)

Texas DOT 2021

Provides layout drawings for
temporary rumble strips for one-lane
two-way application and lane
closure. Temporary rumble strip sets
are placed in sets of three strips.
Distance between sets varies based
on speed. Can be used with Portable
Traffic Signals and Automated
Flagger Assistance Devices
(AFAD:s).



https://www.scdot.org/business/technicalPDFs/supSpecs/temporary_rumble_strips_for_speed_control.pdf
https://www.scdot.org/business/technicalPDFs/supSpecs/temporary_rumble_strips_for_speed_control.pdf
https://dot.sd.gov/media/documents/TrafficOperationsManual.pdf
https://dot.sd.gov/media/documents/TrafficOperationsManual.pdf
https://www.tn.gov/content/dam/tn/generalservices/documents/cpo/itb-updates/40100-10661/TPRS_and_Carrier_Specification-.pdf
http://www.dot.state.tx.us/insdtdot/orgchart/cmd/cserve/standard/toc.htm

State

Title

Reference

Summary

Virginia

Portable Rumble Strips
(Traffic Engineering Division
Instructional and
Informational Memorandum
No. IIM-TE-386.1)

Virginia DOT 2018

Guidelines and standards for the use
of TPRS. Includes TPRS spacing
based on speed. Use of TPRS is
optional on divided four-lane
roadways and during nighttime
operations. Shadow vehicle should
be located 80 feet to 100 feet in
advance of workers. Use of TPRS is
required for flagging operations
during daytime with durations
between three and 72 hours, existing
posted speed limit of at least 35
mph, and roadways with centerline
markings.

Virginia

2020 Road and Bridge
Specifications [Section
512.03(w): Portable
Temporary Rumble Strip
(PTRS) and Section 512.04
(Measurement and Payment)]

Virginia DOT 2020a

Only one set of TPRS should be
used in the work zone’s advance
warning area per direction. Color
should be orange or black. Each set
includes sets of three strips.
Adhesives or fasteners should not be
used. Payment is made per set of
three rumble strips.

Virginia

Virginia Work Area
Protection Manual (Section
6F.99: Rumble Strips and
Chapter 6H: Typical
Applications)

Virginia DOT 2020b

Provides guidance for temporary
rumble strips. TPRS should be used
for the following conditions:
daytime flagging operations, work
duration is between three hours and
three days, existing speed limit is at
least 35 mph, and centerline
markings exist. Sets of three strips
are used, and spacing is based on
posted speed limit. Color should be
black or white if not the pavement
color. Long-term transverse rumble
strips consisting of rough-textured
or slightly raised or depressed road
surface (white in color) may be used
for durations greater than three
consecutive days. Typical
applications include detail drawings
of TPRS layouts for various
conditions. Tables for spacing of
TPRS and long-term transverse
temporary rumble strips are
provided.
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https://www.virginiadot.org/business/resources/IIM/TE-386_USE_OF_PTRS.pdf
https://www.virginiadot.org/business/resources/const/VDOT_2020_RB_Specs.pdf
http://www.vdot.virginia.gov/business/resources/traffic_engineering/workzone/wapm/2011_WAPM_REV_2_1.pdf

State Title Reference Summary
Special provision for installation,
maintenance, and removal of
temporary rumble strips (orange) in
advance of lane closure. Material
Temporary Rumble Strips should be polymer with pre-applied
Wisconsin (Orange) in Advance of Lane | Wisconsin DOT n.d. | adhesive (0.25 inches thick by 4
Closure, SPV inches wide). Three sets of nine
rumble strips should be used.
Temperature and condition of the
pavement limitations are noted.
Payment is based on linear feet.
Describes policy change that one set
Wisconsin Temp orary Portable Rumble Wisconsin DOT 2019 | of TPRS should be used for all
Strips — One Array . .
flagging operations.
Layout drawing for flagger
operation with TPRS. Specifies that
) ) TPRS should be used on all flagging
Standard Detail Drawings , , operations. TPRS should be listed
Wisconsin (15C12: Trafﬁc.Control for Wisconsin DOT on Approved Products List (APL)
Lane Closure with Flagging 2021a .
Operation) and should be installed per .
manufacturer’s recommendations.
Includes table with sign and spacing
of sets based on speed limit.
Work Zone Traffic Control . . Includes RoadQuake 2 and 2F from
. . . Wisconsin DOT . .
Wisconsin Devices (Approved Product 20216 PSS and TraFix Alert High Speed

List)

Rumble Strip.



https://wisconsindot.gov/Documents/doing-bus/real-estate/permits/tprs-onepager.pdf
https://wisconsindot.gov/rdwy/sdd/sd-00-00toc.pdf
https://wisconsindot.gov/rdwy/sdd/sd-00-00toc.pdf
https://wisconsindot.gov/Documents/doing-bus/eng-consultants/cnslt-rsrces/tools/appr-prod/ap-current/work-zone-tc.pdf
https://wisconsindot.gov/Documents/doing-bus/eng-consultants/cnslt-rsrces/tools/appr-prod/ap-current/work-zone-tc.pdf

APPENDIX C. EXAMPLE DOT STANDARDS AND GUIDANCE FOR
TEMPORARY RUMBLE STRIPS
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(Alabama DOT 2019)

Figure C-1. Typical placement of advance warning signs/rumble strips/portable traffic signal for maintenance operation in
work area from Alabama DOT
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TGP TPRS FIGURE - 2

ROAD CLOSURE FAR SIDE OF THE AT INTERSECTION OF MULTI-LANE ROADWAY WITH TPRS

LEGEND
FLAGS

* CHANNELIZING DEVICE
FLASHING LIGHT
DIRECTION OF TRAVEL

CHANGEABLE MESSAGE BOARD
(CMB)

TYPE 3 BARRICADE

g
>

"
i

SIGN

TEMPORARY PORTRABLE
RUMBLE STRIPS

llba s

(reuondo)

Figure C-2. Standard layout for road closure far side of the at intersection of multi-lane

NOTES:

1. WARNING LIGHTS SHALL BE INSTALLED FOR
NIGHT TIME WORK.

2. ENGINEER MAY ALLOW CONTRACTOR TO
OMIT FLAGS DUE TO LATERAL CONSTRAINTS.

3. THE MINIMUM ADVANCE WARNING SIGN
SPACING SHALL BE IN ACCORDANCE WITH
TABLE 6C-1 FROM CHAPTER € OF THE MUTCD.

4. PROVIDE CMB OR STATIC SIGNS INDICATING
STREET CLOSURE AHEAD.

5. SIGN TO BE PLACED ONLY IF THERE IS DETOUR
SIGNING THAT IS IN PLACE.

6. SPACING OF CHANNELIZING DEVICES SHALL BE
40' ALONG TAPERS AND 80' ALONG TANGENTS.

W20-1
B

(Optional)

Rumble Strip
Warning Sign

(Optional)

(Arizona DOT 2021)

roadway with TPRS from Arizona DOT



TGP TPRS FIGURE - 3
ONE LANE CLOSURE OF A TWO-WAY ROADWAY

USE SAME UTILIZING PILOT CAR WITH TPRS
SEQUENCE
FOR OPPOSITE LEGEND
ggirgéom OF & A FLAGS
®  CHANNELIZING DEVICE
48 ~%  FLASHING LIGHT
% °  FLAGGER
*$ = POSTED SPEED O sen
IN.MPH =>  DIRECTION OF TRAVEL
7/777)  \WNORK ZONE
= TEMPORARY & PORTABLE
m—  RUMBLE STRIPS

NOTES:
1. THE MINIMUM ADVANCE WARNING SIGN
SPACING SHALL BE IN ACCORDANCE WITH
TABLE 6C-1 FROM CHAPTER 6 OF THE MUTCD.
2. WARNING LIGHTS SHALL BE INSTALLED FOR
NIGHT TIME WORK.
3. TRAFFIC SHOULD NOT BE HELD MORE THAN 15 MIN.

50'-100' ‘ ’VARIESlSO"I 00J

4. DURING HOURS OF DARKNESS, FLAGGER
STATIONS SHALL BE ILLUMINATED BY USING
(Pilot car APORTABLE LIGHT. PORTABLE LIGHT TOWERS
Optional) SHALL BE POSITIONSED TO AVOID GLARE TO
DRIVERS.
5. FLAGGER STATIONS SHOULD BE PLACED IN AREAS
WHERE THERE IS CLEAR SIGHT DISTANCE (NOT ALONG
VERTICAL OR HORIZONTAL CURVE)
6. SPACING OF CHANNELIZING DEVICES SHALL BE
40' ALONG TAPERS AND 80' ALONG TANGENTS.
*LENGTH OF WORKZONE VARIES BY WORK ACTIVITY,
TO BE DETERMINED BY THE ENGINEER.
<
*S = POSTED SPEED Ny
IN MPH
0
Optional
TPRS e
Arrays m Al
(0]
o
o
"o}
W20-7
[11]
o} .
ZVC02O
Rumble Strip
NP L ;P Warning Sign
0
W20-1
(Arizona DOT 2021)

Figure C-3. Standard layout for one lane closure of a two-way roadway utilizing pilot car
with TPRS from Arizona DOT



TGP TPRS FIGURE - 4
BRAKE CHECK AREA (TWO-LANE, TWO-WAY) WTH TPRS

By

) (Existing sign)
LEGEND
& 4 FLAGS

W7-1a
W16-104P £ sien

[ ] CHANNELIZING DEVICE
e FLASHING LIGHT

md-ﬁ —> DIRECTION OF TRAVEL
& 5] O FLAGGER/OFFICER
—
—

00"

d3am

NOTES:
. LOCATION OF BRAKE CHECK AREAS SHALL
BE DETERMINED BY THE ENGINEER.
2. THE MINIMUM ADVANCE WARNING SIGN
SPACING SHALL BE IN ACCORDANCE WITH
TABLE 6C-1 FROM CHAPTER 6 OF THE MUTCD.
. THE FLAGGER AT THE BRAKE CHECK AREA SHALL
BE A UNIFORMED POLICE OFFICER.

4. SPEED REDUCTICN SIGN, IF USED, SHOULD BE
PLACED BETWEEN THE R13-102 AND DS-13
SIGNS

5. WARNING LIGHTS SHALL BE INSTALLED FOR
NIGHT TIME WORK.

6. FLAGGER STATIONS SHOULD BE PLACED IN AREAS
WHERE THERE IS CLEAR SIGHT DISTANCE (NOT ALONG
VERTICAL OR HORIZONTAL CURVE)

7. SPACING OF CHANNELIZING DEVICES SHALL BE
40' ALONG TAPERS AND 80' ALONG TANGENTS.

-

E CHECK ARE,
w

|

|

L
TAPERTT T

00"

W20-7

WA13-1P (OPTIONAL)

00"

W3-4

W13-1P (OPTIONAL)

Rumble Strip
Warning Sign

R13-102

(Arizona DOT 2021)

Figure C-4. Standard layout for brake check area (two-lane, two-way) with TPRS from
Arizona DOT

C-5



TGP TPRS FIGURE - 5(R).
LANE CLOSURE (RIGHT LANE) DIVIDED HIGHWAY WITH TPRS

g wes)  MAY BE OMITTED IF THERE e
0O g wr | IS POSTED SPEED WITHIN S e
XX | 1000' DOWNSTREAM OF THIS
___________________ Ro.7  LOCATION
VT IIA

| 12 LANE DESIRABLE |
10 5 LANE MINIMUM ™™ el VVORK 2 ONE — i

SECTION A-A

LEGEND
® CHANNELIZING DEVICE

S FLASHING LIGHT
0O sien

m FLASHING ARROW BOARD/PANEL
V7777 \WORK ZONE
BEID TRUCK MOUNTED ATTENUATOR

CHANGEABLE MESSAGE BOARD
(CMB)

—> DIRECTION OF TRAVEL
& 4 FLAGS

KEEP| 1000'
4= | INTERVALS m— TENMPORARY & PORTABLE
LEFT| (OPTIONAL) e RUMBLE STRIPS

ROLL-AHEAD
DISTANCE

|

TRUCK

, ® MOUNTED
ATTENUATOR
(OPTIONAL)

BUFFER

|—=, ZONE
(OPTIONAL)
&

Arrays
R4-8a

I

st NOTES:

03 Bve 1. LOCATION OF CMB SHALL BE ADJUSTED
o AS DIRECTED BY THE ENGINEER.

L il 2. CALCULATE "L" USING FORMULAS IN PART 6 OF
THE MUTCD.

3. THE MINIMUM ADVANCE WARNING SIGN
SPACING SHALL BE IN ACCORDANCE WITH
TABLE 6C-1 FROM CHAPTER 6 OF THE MUTCD.

4. WARNING LIGHTS SHALL BE INSTALLED FOR

& A NIGHT TIME WORK.

SPEED 5. PROVIDE ROLL AHEAD DISTANCE IN FRONT OF

umT TRUCK-MOUNTED ATTENUATORS; PER MANU-

XX ‘ FACTURERS RECOMMENDATIONS.

@ o P 6. SPACING OF CHANNELIZING DEVICES SHALL BE

40' ALONG TAPERS AND 80" ALONG TANGENTS.

e W4-2R

Rurnble Strip
A Warning Sign

W20-1
s

(OPTIONAL)

(Arizona DOT 2021)

Figure C-5. Standard layout for lane closure (right lane) divided highway with TPRS from
Arizona DOT
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TGP TPRS FIGURE - 6.
DIVERSION OF LEFT THROUGH LANE INTO LEFT TURN LANE WITH TPRS

L-OKN\

LEGEND
. CHANNELIZING DEVICE
e o q;;: il 2 = S FLASHING LIGHT
d33>1 0O SIGN

Optional EZZZ7a WORK ZONE

TPRS —> DIRECTION OF TRAVEL

Arrays ZAE%V@:’}

b & &  FLAGS

TYPE 3 BARRICADE

TEMPORARY & PORTAELE
RUMBLE STRIPS

Il %

6 ®

JL W12-101
\
N |=-350-500

NOTES:

1. WARNING LIGHTS SHALL BE INSTALLED.

2. ENGINEER MAY ALLOW CONTRACTOR TO
OMIT FLAGS DUE TO LATERAL CONSTRAINTS.

3. THE MINIMUM ADVANCE WARNING SIGN
SPACING SHALL BE INACCORDANCE WITH
TABLE 6C-1 FROM CHAPTER 6 OF THE MUTCD.

4. SPACING OF CHANNELIZING DEVICES SHALL BE
40' ALONG TAPERS AND 80' ALONG TANGENTS.

w
Z
o
Nl
x
z
=

KEEP
A R

500'

wi2-101

Rumble Strip
[OSS E— Warning Sign
Z¥Z-0TO _%- Wl

W20-1

(Arizona DOT 2021)

Figure C-6. Standard layout for diversion of left through lane into left turn lane with TPRS
from Arizona DOT
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TGP TPRS FIGURE - 7.
RIGHT LANE CLOSURE WITH LANE SHIFTS USING LEFT TURN LANE WITH TPRS

G20-2A7
Optional LEGEND
TPRS 3 CHANNELIZING DEVICE
Arrays e FLASHING LIGHT
0 SIGN
7774  WORKZONE
= DIRECTION OF TRAVEL
&~ A FLAGS
ﬁ TYPE 3 BARRICADE
== TEMPORARY & PORTABLE
=== RUMBLE STRIPS
NOTES:
1. WARNING LIGHTS SHALL BE INSTALLED FOR
NIGHT TIME WORK.

2. ENGINEER MAY ALLOW CONTRACTOR TO
OMIT FLAGS DUE TO LATERAL CONSTRAINTS.
3. THE MINIMUM ADVANCE WARNING SIGN
SPACING SHALL BE IN ACCORDANCE WITH
TABLE 6C-1 FROM CHAPTER 6 OF THE MUTCD.
4. SPACING OF CHANNELIZING DEVICES SHALL BE
40' ALONG TAPERS AND 80' ALONG TANGENTS.

\‘}%
e
Rumble Strip
Warning Sign

(Arizona DOT 2021)

Figure C-7. Standard layout for right lane closure with lane shifts using left turn lane with
TPRS from Arizona DOT
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TGP TPRS FIGURE - 8.
INTERSECTION WITH RIGHT LANE CLOSURE - NEAR SIDE WITH TPRS

35

LEGEND
® CHANNELIZING DEVICE
St FLASHING LIGHT

el SIGN
7777  WORK ZONE

= DIRECTION OF TRAVEL
&, & FLAGS

% TYPE 3 BARRICADE
—

TEMPORARY & PORTABLE
RUMELE STRIPS

R4-8a

|=350-500

NOTES:

1. WARNING LIGHTS SHALL BE INSTALLED FOR
NIGHT TIME WORK.

2. ENGINEER MAY ALLOW CONTRACTORTO
OMIT FLAGS DUE TO LATERAL CONSTRAINTS.

3. THE MINIMUM ADVANCE WARNING SIGN
SPACING SHALL BE IN ACCORDANCE WITH
TABLE 6C-1 FROM CHAPTER 6 OF THE MUTCD.

4. SPACING OF CHANNELIZING DEVICES SHALL BE
40" ALONG TAPERS AND 80' ALONG TANGENTS.

Rumble Strip
R Warning Sign

(Arizona DOT 2021)

Figure C-8. Standard layout for intersection with right lane closure — near side with TPRS
from Arizona DOT



TGP TPRS FIGURE - 9A.
FULL CLOSURE, MULTI-LANE DIVIDED HIGHWAY WITH TPRS

LEGEND
CHANNELIZING DEVICE
FLASHING LIGHT (SEE NOTE)
TYPE 3 BARRACADE
WORK ZONE
DIRECTION OF TRAVEL
FLAGS
ARROW BOARD

SIGN
CHANGEABLE MESSAGE BOARD
(CMB)

TEMPORARY & PORTABLE
RUMBLE STRIPS

LRMe-

bg
kS

Il Cl- &

LANE

REPEAT FOR
ADDITIONAL
CLOSURES

NOTES:
1. WARNING LIGHTS SHALL BE INSTALLED
FOR NIGHT WORK ONLY.

2. THE MINIMUM ADVANCE WARNING SIGN
SPACING SHALL BE INACCORDANCE WITH
TABLE 6C-1 FROM CHAPTER & OF THE MUTCD.
PRECEDING ON-RAMP OF Tis SPACED AT
1 MILE (CLOSELY-SPACED) SHALL BE CLOSED
DURING THIS CLOSURE.

4. DETOUR PLAN MAY BE NECESSARY IN CON-
JUNCTION WITH THIS PLAN SA-9.

5. LOCATION OF CMB SHALL BE ADJUSTED AS
DIRECTED BY THE ENGINEEER.

6. ADDITIONAL SPEED REDUCTIONS MAY BE NE-
CESSARY.

7. DETOUR PLAN MAY BE NECESSARY IN CONJUNC-

8.

w

Arrays

TION WITH SA-9.
SPACING OF CHANNELIZING DEVICES SHALL BE
40' ALONG TAPERS AND 80" ALONG TANGENTS.

*W3-5aAZ
(FOR SPEED
REDUCTION
ONLY)

Rumble Strip
Warning Sign

CMB

(OPTIONAL)

(Arizona DOT 2021)

Figure C-9. Standard layout for full closure, multi-lane divided highway with TPRS from
Arizona DOT



TGP TPRS FIGURE - 9B
FULL CLOSURE, MULTI-LANE DIVIDED HIGHWAY DUAL EXIT WITH TPRS

LEGEND
. CHANNELIZING DEVICE
s FLASHING LIGHT (SEE NOTE)
ROAD
S0 Z23  TYPE3BARRACADE
777  WORKZONE
R11-2 =5  DIRECTION OF TRAVEL
M4-10R
o, & FLAGS
BBY ARROWBOARD
O  SIGN
CHANGEABLE MESSAGE BOARD
posoo]  (CMB)
= TEMPORARY & PORTABLE
=== RUMBLE STRIPS
A = ol |
w
o N R o @
w e
=Q|IZz5
SEl<2
wa-2L o g1—' 9
| "
A
NOTES:
- a Q) -~ W4-2L 1. WARNING LIGHTS SHALL BE INSTAL-
Optional LED FOR NIGHT WORK ONLY.
TPRS 2. THE MINIMUM ADVANCE WARNING
Arrays SIGN SPACING SHALL BE IN ACCOR-
" DANCE WITH TABLE 6C-1 FROM
CHAPTER 6 OF THE MUTCD.
Q Q g W20-5aL 3. THE PRECEDING ON-RAMPS OF Tls
SPACED AT 1 MILE SHALL BE CLOSED
B DURING THIS CLOSURE.
e 4. DETOUR PLAN SHALL BE NECESSARY
SPEED IN CONJUNCTION WITH THIS PLAN
ol i e f umT | R21 SAQ.
XX 5. LOCATION OF CMB SHALL BE ADJUST-
* Wa-5ahZ ED AS DIRECTED BY THE ENGINEER.
e ooy 6. ADDITIONAL SPEED REDUCTIONS MAY
ONLY) BE NECESSARY.
Qa Mo N— 7. DETOUR PLAN MAY BE NECESSARY IN
CONJUNCTION WITH SA-9.
8. SPACING OF CHANNELIZING DEVICES
SHALL BE 40' ALONG TAPERS AND 80'
ALONG TANGENTS.
_Q_ _Q_._._ o \W19-5a
B s
Q bk %‘
W20-2
Rumble Strip
o} I Warning Sign
Kol Q) el
W20-1
(OPTIONAL)
(Arizona DOT 2021)

Figure C-10. Standard layout for full closure, multi-lane divided highway dual exit with
TPRS from Arizona DOT
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Use cohe spacing X for tdper segmsnt, ¥ for tangsnt segment or 7 for

conflict situations, as appropriaote, per Table 1, unless X, ¥, or Z core
spacing 1s shown c:n this sheet.

Frovide at least one person to continuously maintain traffic control
devices for lane closures.

TYPICAL LANE CLOSURE WITH REVERSIBLE CONTROL

C3TICA)

TRAFFIC
CONTROL

WAIT AND

[o] see woTE & Y

»

|

COME SPACING

SEE TAELE 1

| ~.[E
AND NOTE 1__ . — S~ o

SEE
L}

it countr | moure

FOsT WILES -.H:Erl TOTaL
TOTAL PROJECT | Mo, |SHEETE

@@;‘;A, a-z-ua--% —

REGISTERED CIVIL ENGIMEER ﬁ{ \
"/ )
p fattta Ferouz

May 2018 |'
ThE STATE OF il iid off IS .’»r!xh\‘\
| OF ACEWTS
o {MrTKSS o SCAVED

S
TR AcaRicy
NES GF TS AN S

SEE NOTE 2
Wzo-4

NOTE 2
4

SEE NOTE 2
W20-1

caalca)

T G2IMCAL cpp norEs
~ m_éﬁ__:‘nn 4

—

! | LA
[ _ADVANCE WARNING SIGN DISTANCE SEE TABLE 3 D N ~ GATE CONES
T7Z T/ | ;B 1 LY Ar2 LYH SEE TAELE 2
/
/ * F e § - - & o 2 F o & » o F o & ® o F o & o .
- OFTIOMAL SEE NOTE T g ° As2 JI_ AL | 1 | |
— GATE CONES —1 3 # WORK AREA . ADVANCE WARNING SIGN |D]5T—\yEE TABLE 3
z 5—
(WYY |"f ] |
-’._‘."_ O | I
[ )
/ A FORTABLE TRANSVERSE I
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1507 20-2
E| SEE NOTE 3
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SEE MOTE 2 SEE NOTE 2 SEE NOTE 5
EI SEE NOTES
2 AND 4
MOTES:
1. Portaple dellneators placed ot one-half the spacing indlcated
for trafflc cones may be used Instead of cones for daytime
closures only. I_E,'gu To ¥
LEGEND
2. Each advance warning sign shall be equipped with at least A A NEYERS
two flags for daytime closure, Each flag shall be at leas+ PORTABLE TRANSVERSE ®  TRAFFIC CONE
16" % 16" In slze and shall be orange of flucrescent red-orange RUMBLE STRIP ARRAY DETAIL b TEMPORARY TRAFFLC CONTROL SIGN
in color. Flashing beacons shall be placed at the locations -
indicated for lane closure during hours of darkness. ale
SIGN PANEL SIZE (Min) ‘I PORTABLE FLASHING BEACOM

3. A G20-2 "END ROAD WORK" sign, shall be placed at the end
of the lane closure unless the end of work aread s cbvious
or ends within the larger projsct’s linits.

4. &n opticnal €29(C4) sign may be placed below the CoA(CA) sign.

5. Flace C30(ca) "LANE CLOSED" sfgn at 500° +o 10007 Intervals
throughout extended work area. They are Up+|CI’ICI| If the work
arsa 15 visible from nthe flagger station.

6. Length may be reduced by +he Enginssr +o address site conditions.

7. Elther
aper.

traffic cones of barricades shall be placed on the
Barricades shall be Type I, I, of

B. When a pilot car is used, place o C3T(CA) "TRAFFIC CONTROL-WaIT
AND FOLLOW PILOT CAR" sign with black legend on white background
at all intersections, driveways and alleys without a flagger within
the traffic control area,

[5] 28" x as"
30" x 30"

38" % 18"
0] 3&" x a2
[E] zo" = 7

l FLAGGER

STATE OF CALIFORNIA
DEPARTMENT OF TRANSPORTATION

TRAFFIC CONTROL SYSTEM
FOR LANE CLOSURE ON
TWOQ LANE CONVENTIONAL
HIGHWAYS
NO SCALE

T13

(Caltrans 2018c¢)

Figure C-11. Standard traffic control system for lane closure on two lane conventional highways from Caltrans




FUMBLE STRIP ARRAYS

:
g
g

‘||9_|ibji—>

H-n w4 w20-7
CASE_ND.1
TYPICAL APPLICATION
IWO-LANE UNDIVIDED HIGHWAY
e T RaBLE GENERAL NOTES
STRIP (SEE MOTE 10)

L TEMPORARY PORTASLE RUMBLE STRIP ARRAYS SHALL BE PLACED N
AOVANCE OF EACH FLAGCING STATEON WHEN CALLED FOR IN THE PLANS.

z WMMTMmswmrsmmmmum
AN RHCED WL MWD SHALL BE INSTALLED AND REMOWED
IEN'I'I‘[NWRIEII.I.ED” D.
3 ROVOVE THE TEMPORMRY PORTABLE RUMELE STRIPS PRIDR TD REMOVING THE
ADVANCED WARMING SIGNS.

4. LME WIDTHS SHOULD BE WANTAMED THROUGH WORM 2IME TRAVEL LAWES
WHEREVER PRACTICAL.

5. D0 MOT USE TEWPORMRY RUMERE STRIPS DN SLIPPERY SURFICES, SUCH iS
WET DR SANDY PAVEMENT.

& DD MOT USE TEMPORARY MAERE STRIPS DN HORIZTONAL QURVES.

7. USE TEMPIRARY PIRTABLE RUMBLE STRIPS (N ROADWAYS WITH POSTED WORK
IOME SPEED LIMITS OF 75 WPH OR LESS.

B FDR THE LOWEST AN TEMPERATURE TO APPLY THE TEWPORARY PORTAGLE
[FLAMELE ENMI’MU:NU‘T THE TEMPORARY PORTASLE
RIMELE STRIP WANUFACTURER.

B INSTALL PER WANSFACTURER'S RECOMMENDATIONS.

10. OPTIIMAL RUMBLE STRIP TO INSTALL, AS GIRECTED BY THE ENGIMEER.

LEGEND

DEVICE: FOR TYPE OF DEVICE TD 8 SFE THE
mnmrmmo:ﬂmm%mmnm

T = TERMINATION TAPER = 100"
S = WORK ZIME SPEED LIMIT

W = LMW WIDTH

L = MERGING TAPER (5 > 43 WPH = W5
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Figure C-12. Standard layout for TPRS arrays on two-lane undivided highway from Colorado DOT
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PORTABLE MABLE STRIP ARRAYS

0 \

CASE NO. 2
IYPICAL APPLICATION
LEGEND
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Figure C-13. Standard layout for TPRS on multi-lane divided highway with right lane closed from Colorado DOT

C-14




Temporary Raised Rumbie Strip Ser
e

Note

ER voT
- Nale 61 (See

o-Way Roadways

* and channelizing

spacing values

v, use “Flagger Ahead”
7) instead of “Flagger

&

duration Is greater than 60 minurte.
§ are not used, om
OT-18-10) and associated

Strips Ahead" sign.

work zone s,

spacing,

n

v control may be p

ided by the
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SYMBOLS:
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even if a c

e

Sor-100 :

ser-jor

wao-7a
e te

)

WZ20-1F

(See

ar
Nate 4,

OPTION -1
REMOVABLE STRIPING TYPE

QPTION - 2
PORTABLE TYPE

RUMBLE STRIP SETS

REVISION
11701721

L AST DESCRIPTION:

REVISION

-:‘.\Q FYy 2022-23

EEFC'LT STANDARD PLANS

TWO-LANE, TWO-WAY
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Y

INDEX
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SHEET

lof 2
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Figure C-14. Standard layout for two-lane, two-way work within the travel way from Florida DOT
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(Georgia DOT 2017)
Figure C-15. Standard traffic control detail for lane closure on two-lane highway from Georgia DOT



DETAIL FOR TEMPORARY RUMBLE STRIPS (SPECIAL)

Changeable
Messoge Slgn or RTTCS
Static Worning Sign
3 to § miles from taper

o |

‘ RTTCS Static Worngin Sign
1 Y miles from toper &

LN

! r
\ ) ) \ <=
\ ) \ <=
Median
SEE DETAIL &
{ |
A — =
A 3
) ) Il Il
b D/ See Stondard 701400 See appropriote
e ; for details of opproach| Stonderd for detalls
500 250 to lgne closure of lane closure
W50 mr (15 mil
100" L
330 m o
=
See Standard TOL400 @
or defalls of opprogch Y
to lane closure 2
o
PABLE RLMBLE 2
W20-1103001-48 STRIPS. STRIPS _5
wEx L) .
a
WI6-30i00-3612 48x48 10} 4Bx48 (0) e
]
2
DETAIL A
SYMBOLS GENERAL NOTES
g B sign Remove the Temporary Rumble Strips (Special
— 20" (Typ.) prior to the removal of the advonced
|]] Temporery Rumble strips iSpecian warning signs.
Al gimensions ore in inches (millimeters)
| ‘ ‘ D Tralier Mounted Sign uniess otherwisa shown,
[J rR17cs static worning Sign
__| 40
Installation
e W TR R+ vy DESICED REVISED e SECTION county  [SEre] he
LA IBTEN et ndgn DRANN REVISED STATE OF ILLINOIS DETAIL FOR TEMPORARY RUMELE STRIPS (SPECIAL} 7 | ioems. 53| chaenica | 109 | 98
PLOT SCAE o 400008/ 1 CHECKED REVISED DEPARTMENT OF TRANSPORTATION COMTRACT NO. TOTBY
Dl ot pate - DATE REVISED SCALE: W15, | SHEET oF SHEETS] STA, To 574 [ Tnenlm aoemesc |

(Illinois DOT 2017)

Figure C-16. Standard detail for temporary rumble strips (special) from Illinois DOT
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Devices in lane Devices in

closure taper _\ tangent @\

100
= (30 m)

| e ]
= E8 408
AT

J

(D see plans or appropriate Standard for
delineating devices, spacing and length
of taper/tangent

CASE|

CASE | depicts the setup of delineating devices
for a single outside lane closure.

Devices installed Devices in lane Devices in
under CASE 1 closure taper (D) tangent
100°

30 m)

J
e

b

EN 4D

J

=3 do)

GENERAL NOTES

This Standard is used for setup and removal of
lane closures on freeways/expressways having
ADT greater than 25,000,

CASE Il Trucks with arrow boards and truck-mounted-

T attenuators shall be in place as shown for the
setup and removal of the lane closure taper(s) and
the first 100 (30 m) of channelizing devices in
the tangent(s)

CASE [I depicts the setup of delineating devices
for @ two lane closure. The single lane closure
device setup as depicted in CASE 1 shall be
performed prior to the setup for the second

lane closure. This Standard is also applicable when work is being

perfermed in the left lane(s) or on the median
shoulder. Under these conditions arrow board
indications shall be directed ta the right

SYMBOLS
All dimensions are in inches (millimeter)

unless otherwise shown
Arrow board

DATE REVISIONS TRAFFIC CONTROL

@ Wlinois Department of Transportation GE:Z] Truck with flashing amber light 4-1-16 | Added trailer option for SETUP AND REMOVAL

attenuator symbol,

[ tructraiier mourted attenustor FREEWAY/EXPRESSWAY

Passen Aol L 2018

ENGINEER OF SAFETY ENGINEERING

3

1-1-14 New Standard
STANDARD 701428-01

APPROVED April 1 16
ENGINEER OF n;szw AND ENVIRONVENT

(Illinois DOT 2020)

Figure C-17. Layout for traffic control setup and removal on freeways and expressways from Illinois DOT
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@'ryuutwau
be placed when no work

s being performed.
Dml]fa:ﬂ!{lim] Drums ot 25' (7.6 m) cis.
. for 200 (60 m) @ suardnaivvanier wal

reflectors at 25° (7.6 m)
cts. See Standards 704001
& TE2006

@ Vertical panels at 25°
{7.6 m) cts. throughout
lane shift. These devices
may be omitted when the
guardrall, wimarkers,
extends Lo 2t least
this point on the taper

N :}::m;\
= - T~ i \—| 8 & B

e,
3
d
TOUU O v i
5 mounted signal head
A \_® shall be between
200° 24 (610) and &' (LB m)
lm C] 160 m) lHJ C) from edge of shoulder.
|) m)
500" 1:12 Taper 25
1150 m) (150 ] T uso ™ T us-o ™ 1 76 mi |
For maintenance
g Projects
LEAD

mz(m-cu R10-6A-2430
W20-4{0}-48 W20-1(0)-48
or b Or
For contract
Fox miiriesmnce m3 110;-2121 construction
oo (see table) W20-4(0)-48 Eosmenay PRIeCs
R
A€20
nm-uz-\)u
W20-2(0)48 w3- J(OHU w(];:(?;;:]u W12-1102(0)-48 W20-1103(0)-28
! \

Drums at 25' (7.6 m) cts.

usu ml :1sn m) nsn ml nsn m)
| 2000
om | Stop bar (w m) |w ™) 160 m)
24 1600}
AT

5 /) M I_S 5§_f\ M mr_ I _*C:}

| s \
s m
®
25 1:12 Taper 100 &0
)

T6m) ! {30 m) (18 m) 1

f

MATCH LINE

MATCH LINE

Type ll bamicade with See detail for
A g
SYMBOLS
77 workarea € Drum with steady burn bi-directional light
P san [[II] Temporary rumbie strip twhen spectied See Sheet 2 for GENERAL NOTES.
= —= s P T DT _rewsores LANE CLOSURE, 2L, 2W,
oS A N 1-1- Revised F-sha to
S —" B s " e BRIDGE REPAIR,
1, 0
e — & S T8 ovsint s n o FOR SPEEDS 2 45 MPH
5t Changed lights in tapers Sheet 1 of 2)
H B S i to steady burn bi-gif ST 10131&13
1-1-17__| Revised nowe (3 ANDARD

(Illinois DOT 2020)
Figure C-18. Layout for lane closure for bridge repair for speeds of 45 mph or greater from Illinois DOT
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Drums at 50" (15 m) Drums at 25" (7.6 m) cts

cts. for 200" (60 m} ary
pavement mariing
(see detall)

s
(20 m) ,

—

AT

Tl oy

- —

e ||

temp. conc. barrier
(soe table).

:
7%

P

¢
15 m)

u?ﬁ-

W20-1103(0)-28 5
% For maintenance @
projects. W13-1(0)-2424
(see table) W20-4(0)-28
W0 110048 R10-6A-2430 W3-3(0)-48 H(i:'llf:::'ll Wi24102(01-48
Drums at 25" (7.6
uso m nsanu \ mo m) \ nsoml \!
10 | ] | [ |
am u um ™ ™ 60 mi T
L. 1 ‘d:) .If_® >\‘
| e = T
: i \|
76 m Il:qm] i T :::)o:u T u:vmr ! m :‘
detector l0Ops.
SYMBOLS
77 wor area 0 Drum with steady burning be-drectional Ight
b Sien — e Temporary concrete barmier
See Sheet 2 for GENERAL NOTES
T 'l"f:lb_-nc;:’ [Tl  Temporacy rumbie strip (when specified) o ez
(@) "nos Depantment of Transporration <« Trafic signel Govtie varticel panal faan detel 1130 | Revised From F-3hape & LANECLOSURE, 2'., 2W,
bedirectional CONYLANT Si0pd paraget
g o = R g 0O >  etector loops 0 :r:'m wall reflector 1-1.18__| Omitted lights in tangents. BRIME WNR wrnl mm
o A TG = 1-1-17 | Added flashing lights (Sheet | of 2)
== 2l L e R G
A note (4)
(Illinois DOT 2020)

Figure C-19. Lane closure for bridge repair with barriers from Illinois DOT
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800"

800° 150 150° 80

1000°

Taper
——

_~—Flashing Arrow Sign
y,

FILF
i 5
------- | E———— L [ Bavement Width
LY
k\l“—Edge of Pavement
74
_~— Allowable Buzz
— g Strip Material
G o ) e INDIANA DEPARTMENT OF TRANSPORTATION
— yp. P
_ - L TEMPORARY BUZZ STRIPS
I
SEPTEMBER 2016
STANDARD DRAWING NO. E 801-TCDV-09
SECTION F-F o - Bgrn,
F TRy B | S/ David 1 Boruff 06/25/15
Z No. " Z| DESIGN STANDARDS ENGINEER DATE
- | 60900348 | -
TR\ sTATEGF &3 N
K ‘&dx\'\’.{\'_un‘«_@?*-/(;fé & | S5/ Mark A. Miller 07/02/15
"-,,‘TT_JQN;\_ Q,\“ CHIEF ENGINEER DATE
(Indiana DOT 2021c¢)

Figure C-20. Layout for temporary buzz strips from Indiana DOT
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b Trafc Sign

: Flagger

® 42" Channalzer
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SPEED
LT ADT A c E F T
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35 o bk 2,808 - 5 000 2 A 2000 SO0 20 mi =)
mare fhan §, 000 B 40 200 T 1.5 mi 5
up to 2500 g0 BDY 2000 oo 2.5 mi 100
a0 - 45 2,500 - 5,000 &0 BDY 200 oo 2.0 mi 100
mare Bhan 5,000 | 700 B 200 1400 1.5 mi 100
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5D oF gresar 2,500 - 5,000 SO 16 200300 1000 2.0 mi. 100
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€

=
il

Sign oplional for ADT less than 5,000,

In rural areas, as work aciivity naars the downstream

Possinle Contrect lems;
Flagges
Pilot Car
Traffic Control

limits of dimension H, the lane closune may be
wp o 1.0 mile bayond the maximum distance, H, shown
i tha tabde, After the IraMe Contiol davices Nave been
placed o axlend tha closura and afler work aclivity bas
pragressed, the afvanced signing and devices at the
Beginning of The fraffc contrel zone should be maved
downsiream sa that the H distance is onca sgain within
the lmils shown in the lable. This cne-mile extensian will
nod be sllowed during sny paak iraffic hours listed in fhe
Ganracl documants.

el ba 33561 Tod sign details.

Far traffic corfral zones kasting more than 2 howrs, placs
temparary Portable Rumble Strip Pansl

XETED]

GPIOWADOT [ [==

STANDARD ROAD PLAN TC214

MEVNSTNS: Modie oo ro 4

i

Al
TSI e DR IR TSR

LANE CLOSURE
WITH FLAGGERS
FOR USE WITH PILOT CAR

(Towa DOT 2021a)

Figure C-21. Standard detail for lane closure with flaggers and pilot car from Iowa DOT
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: Flagger

o3 Tamporary TraMs Sgnal

LEGEND

b Traffic Sign

& A7 Channelaer

‘Wark Area

== Diection of Traffic
@
| I | Ponable Rumble Stip Panel

.
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et e
P
|- 4
SPEED
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imgh}
up w2 2,500 500 25mi
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marm Fan 5000 1000 15 mi
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Tiriryg for Push-bultan Actualed Sigrals
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Inslal push-bulton scuabed iralfic gigraks.
Fragram sigaals 1o reat in RED,
GREEN and GREEMN EXTENSION only am inilialed by Nagger.

(1) For Tamporary Trafic Signals, meet ihe requiements of Section
252803 of the Standand Specilications axcapt for 1he Tolkming:
In Tt of & railor of apan-wing mounted systam, signel haeds
may ba lecatad on the shoulders, o on each sida of the
moadway, Mourd shouidar signal heads & minimum of B feet
#rom tha battom of the signal head to th iop of the ground
FAITACH

(7} Locate sgnal haars 70 to 100 e beyand “STOF HERE ON REDS
Slm ﬁqlﬂ ocatian of Sq“: haads as feld conditions warrant

(3} For traffic comtral zones lasing mans than 2 howrs, placs emporany
Parable Rumbie Stip Panel.

; i i
1 -
—
Prossible Conlracl Iems:
Fllagy e
Pilal Car
Tamparary Trafic Sigral
Trafhe: Contial
Firssille Tabulations
108-27
108-28
GPIOWADOT =
STANDARD ROAD PLAN| 2=

RENISHINS: ko crok noie 1

Al

P LA TR TRUIETT A

LANE CLOSURE WITH
PILOT CAR AND

FLAGGER OPERATED SIGNALS

(Iowa DOT 2021a)

Figure C-22. Standard detail for lane closure with pilot car and flagger operated signals from Iowa DOT
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Lead In channelizing devices on § B

centerline between R4-1 & Flagger 2 -

KG20-2

ROAD WORN | 457 24

Railroad with gate arms \

USE TE731 FOR FLAGGER OR PILOT CAR ON ROADWAYS
WITH CONCRETE SHOULDERS GREATER THAN 8 FT.

TR N

Wikl Sgace .

et A

)
B e e I e e I B A ]

OV LA0ASAVEL 40 LNIHLEYCI0 SUSKYA

¢
E2|E
-
52
%3
o0
28
EZ
23
or
=
E
= Channelizing Device
D Ahead, 1500 ft, or 1 Mile
0 Ahead, 1000 ft, 1500 ft, or % Mile
@ Speed to be Determined by the Engineer
m| e O Type "A" Low Intensity Warning Light
[‘6.-" E 11l Temporary Portable Rumble Strips
-
S
LS

r Fl

w20-7

Flagger
{as required)

Notes:

Trucks hauling material to the project should STOP
at the Flagger. After stopping, upon approval of the
Engineer, trucks may be allowed to move around the
Flagger.

Place a Flagger at all highway and major collector
intersections and at-grade railroad intersections with
lights and gates in the work space to control traffic
crossing the tracks to the left of the gate arm. The need
for a Flagger at minor side road intersections shall be
determined by the Engineer. Place a W20-7 (Flagger
symbol) sign on each side road that is controlled by a
Flagger.

Existing signs shall not be covered or removed
between Flagger stations.

Temporary rumble strips may be used in lieu of lead
in channelizing devices when the roadway is less than or
equal to 30" including paved shoulders. When extenuating
circumstances exist, the Area Engineer may elect to
eliminate both the lead in channelizers and the rumble
strips.

48° 45

& Flagger

NHOM OVO0Y

VZRar
T0zom

#  Minimum six (6) channelizers spaced at 20"
intervals.

#*% Optional rumble strips may be placed: One set
between the W20-1 and W20-4, and one set between
the R4-1 and W3-4, on each approach.

(Kansas DOT 2015)

Figure C-23. Standard detail drawing for traffic control for flagger or pilot car from Kansas DOT (1/2)
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USE TE731 FOR FLAGGER OR PILOT CAR ON ROADWAYS
WITH CONCRETE SHOULDERS GREATER THAN 8 FT.
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Centeriine 8| oo in channelizing devices
on centerline between

RA-1 & Flagger

@
W3
36"z 48" 48

FTXBY
an3

\Railmad with gate arms

HYOM OVOY

i . i ) 2 Not required on substantial maintenance projects
TYPICAL STGNTNG FOR HIGHWAY OR MAJOR #  Minimum six (6) channelizers spaced at 20 (1R).
COLLECTOR APPROACH TO WORK SPACE intervals.
/N The KG20-5 (WAIT FOR PILOT CAR) sign shall be
mounted on an approved portable support and not
attached to the existing stop sign post

#*3% Optional rumble strips may be placed: One set
between the W20-1 and W20-4, and one set between
the R4-1 and W3-4, on each approach.

The KG20-5 sign shall be placed immediately in front
of the existing stop sign, a minimum of 6" below the
bottom of the stop sign. The sign should be removed or
covered when there is no pilot car.

Notes:

Trucks hauling material to the project should STOP
at the Flagger. After stopping, upon approval of the
Engineer, trucks may be allowed to move around the
Flagger. ) , TYPICAL SIGNING FOR A MINOR SIDE ROAD

Place a Flagger at all highway and major collector APPROAGH TO WORK SPACE
intersections and at-grade railroad intersections with
lights and gates in the work space to control traffic
crossing the tracks to the left of the gate arm. The need
for a Flagger at minor side road intersections shall be
determined by the Engineer. Place a W20-7 (Flagger
symbol) sign on each side road that is controlled by a

®  Channelizing Device Flagger.
QD Ahead, 1500 ft, or 1 Mile Existing signs shall not be covered or removed
[T Ahead, 1000 ft, 1500 ft, or % Mile between Flagger stations. -
® Speed to be Determined by the Engineer ) Temporary rymble strips may be used in lieu of lead
e ) . h in channelizing devices when the roadway is less than or
O Type "A” Low Intensity Warning Light equal to 30' including paved shoulders. When extenuating
Il Temporary Portable Rumble Strips circumstances exist, the Area Engineer may elect to
eliminate both the lead in channelizers and the rumble
strips.

WY LO11d %0 W30V
TOYLNOD D144l

48 48"

0££31
7 40 Z 133HS

(Kansas DOT 2015)

Figure C-24. Standard detail drawing for traffic control for flagger or pilot car from Kansas DOT (2/2)
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mm
&2
85
1
g3
b
£
WORK SPACE
LEGEND
9 PLAGGER
£ SIGN
6 ® CHANNELIZING DEVICES
CONES

DRUMS
TYPE 1l BARRICADES
TUBULAR MARKERS
" TEMPORARY RUMBLE
STRIPS

~ NOTES -~

-

- THE SIZE OF SIOCNS 2 THRU 6 SHALL BE 48" X 48" WITH 30" X 24" SUPPLEMENTAL PLAQUES FOR EXPRESSUR‘I’E!PRBBUR‘I’E. THE MINIMUM SIZE
OF SIGNS 2 THRU & SHALL BE 38" X 36" WITH 24" X 18" SUPPLEMENTAL PLAQUES FOR OTHER ROADWAY
2. THE FLAGGERS SHALL BE IN BIGHT OF EACH OTHER OR IN DIRECT COMMUNICATION AT ALL TIMES. FI.u\GGIR STATIONS BHALL BE LOCATE

D
FAR ENOUGH IN ADVANCE OF THE ACTIVITY AREA 30 THAT APPROACHING ROAD USERS WILL HAVE SUFFICIENT DISTANCE TO STOP BEFORE
ENTERING THE WORK BP!«CB.II.-LUHIH.\‘I'ION BHM.I. BE PROVIDED TO MARK FLAGGER STATIONS AT NIGHT.

|3. DRUMS OR TYPE Il BARRICADES SHALL BE USED IN LIEU OF CONES OR TUBULAR MARKERS IF CLOSURE EXTEND3 INTO NIGHTTIME HOURS.
4) TAPERS SHALL BE 60" (MIN) TO 100° (MAX) IN LENGTH. SPACING OF CHANNELIZING DEVICES SHOULD BE 20° THRU THE TAPER AREAS.

(6) BUFFER SPACE (OPTIONAL). IF USED, THE BUFFER SPACE SHOULD BE EXTENDED SO THAT THE TWO-WAY TRAFFIC TAPER IS PLACED BEFORE A
HORIZONTAL OR CREST VERTICAL CURVE TO PROVIDE ADEQUATE SIGHT DISTANCE FOR THE FLAGGER AND A QUEUE OF STOPPED VEHICLES.
REFER TO TABLE 6C-2 OF THE MUTCD FOR GUIDANCE ON BUFFER SPACE LENGTH.

(8 SPACING OF CHANNELIZING DEVICES THRU THE ACTIVITY AREA SHOULD BE 80°. ON ROADWAYS WITH WIDTHS LESS THAN 20 FEET,
CHANNELIZING DEVICES MAY BE OMITTED THRU THE ACTIVITY AREA BASED ON ENGINEERING JUDGMENT.

7. WHEN NIGHTTIME WORK IS BEING PERFORMED, FLOODLIGHTS SHOULD BE USED TO ILLUMINATE THE WORK AREA.
(8) EACH RUMBLE STRIP GROUP SHALL CONSIST OF THREE RUMBLES SPACED AS PER MANUFACTURER'S RECOMMENDATION

DRAWING NOT TO SCALE
B

BID ITEMS AND UNIT TO BID KENTUCKY 5]
LANE CLOSURE EACH SIONING AND SPACING TABLE DEPARTMENT OF HIGHWARS
BARRACADE-TYPE | EACH
REFER TO SECTION 112 OF STANDARD SPECIPICATIONS FOR ROAD ROAD TYPE | & B c D
AND BRIDGE CONSTRUCTION. CURRENT EDITION. —EXPRESIVAY/ | 1000 | soo | vroo TEMPORARY

PREEVAY | T 100 | o0y RUMBLE STRIPS:

mﬂ SP. LT. 246 MPH+| 800" 800" 600" oo : 2 5_

WITHz 5 %

THIS DRAWING APPLIES TO LANE CLOSURES ON_ TWO-LANE. BP.LT. 40 MPH-| 200" | 260" | 280" | 60 nauna%‘%uum&ﬁw
TWO DIRECTION HIGHWAYS UTILIZING TEMPORARY RUMLBE STRIPS SROTE: LSS BORRAL POSTES BEEED LI 3
oo =

(Kentucky Transportation Cabinet 2021)

Figure C-25. Layout for temporary rumble strips from Kentucky Transportation Cabinet
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TEMPORARY TRAFFIC CONTROL TYPICAL APPLICATION

IMPORTANT:
IMPORTANT: i
s THIS DRANING SHOULD BE USED oF .
IN COMBINATION WITH MD 104.02-09 Q\‘g%
AND. 104.02-10. S >
©
NOTE:

. REFER TO TPR5S SPACING
IN ARRAY TABLE FOR
SPACING BETWEEN RUMBLE STRIPS

IM ARRAY (OPTIONAL FOR
15 MIN-12 HRS.
OR DAYTIME
RECOMMENDED TPRS SPACING IN ARRAY APPLICATIONS)
SPEED LIMIT TPRS SPACING
(MPH) (CENTER-TO-CENTER. FT) h.'.'
<40 10
4155 15
¥56 20
%"‘I

Ry

. GEOMETRY OF ROADWAY MAY

DICTATE THE LOCATION OF

RUMBLE STRIPS. CHANGES SHALL

BE APPROVED BY THE ENGINEER. //

v
1
1=
-
=4
ui
=
=
o

(OPTIONAL FOR *
IS MIM-12 HRS. SPEED LIMIT DISTANCE (FT)
(MPH) A B C

OR DAYTIME B
APPLICATIONS) 40 150 | 700 | 300
340 200 | 100 | 500

KEY: PR

" = CHANNELIZING DEWICES TPRS ARRAY

SPACING BETWEEN TPRS AND SIGNS

SIGN SUPPORT ISEE WOTE 1) * OVER 12 HRS OR WIGHTIME USE ONLY
FACE OF SIGN £ SPEED LIMIT | DISTANCE {FT)
DIRECTION OF TRAFFIC (MPH) A |B|cC
<40 150 | 500 | 850

WORK SITE | . 340 200 | 100 | 1400

| I FLAGGER

TEMPORARY PORTABLE '& ﬁ
RUMBLE STRIPS ARRAY
(TPRS ARRAY)

5 (-
(=]
sl
-
Y A~
L SPACING BETWEEN TPRS AND SIGHS
i M 15 WIN.-12Z HRS OR DAYTIME USE ONLY

RUMBLE
STRIPS
AHEAD

(Maryland DOT SHA 2021a)

Figure C-26. Typical application sheet for flagging operation with TPRS from Maryland
DOT SHA
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TEMPORARY TRAFFIC CONTROL TYPICAL APPLICATION

IMPORTANT:

% THIS DRAWING SHALL BE USED IN
COMBIMATION WITH STANDARDS
MD |04.03-05, MD 104,03-06,
MD 104.04-05, MD 104,04-06,
MD [04.04.09, WD 104.04-10
(FOR RIGHT LANE CLOSUREISH

SIMILAR PLACEMENT FOR TPRS AND
'RUMBLE STRIP AHEAD® SIGNS SHALL
BE USED WITH STANDARD DETAILS
MD 104.03-03, MD 104.03-04,

MD 104.04-03, MD 104.04-04,

MD 104.04.0%, WD 104.04-10

(FOR LEFT LANE CLOSURE(S)

NOTE:

I. REFER TD TPRS SPACING IN ARRAY
TABLE FOR SPACING BETWEEN
RUMBLE STRIPS IN ARRAY

RECOMMENDED TPRS SPACING IN ARRAY

SPEED LIMIT TPRS SPACING
(WPH) (CENTER-TO-CENTER. FT)
€40 [

41-55 15
256 20

2. UNDIVIDED ROADWAYS ONLY
REQUIRE SIGNS ON THE SAME
SIDE OF THE LAME CLOSURE.

CHANNELIZING

- . DEVICES
iy SIGN SUPPORT
- FACE OF SIGN
ﬁ DIRECTION
OF TRAFFIC
WORK SITE

ARROW PANEL

| 8

TEMPORARY PORTABLE
RUMBLE STRIPS ARRAY
[TPRS ARRAY)

|
et J
ﬁi
=000
b 5
&= o
i
=
|
- TPRS ARRAY
| S03  (SEE NOTE 1)
I
ol | I
A
3 ==
Iy 1z
B
“leesl |
R R
C
I
- Fe
1 B I
||
e o
(Maryland DOT SHA 2021a)

(OPTIONAL FOR
15 MIN=I12 HRS.
OR DAYTIME

APPLICATIONS)

SPACING BETWEEN TPRS AND SIGNS
I5 MIN.-12 HRS OR DAYTIME USE ONLY

SPEED LIMIT | _DISTANCE (FT)
(MPH} A B C
€40 150 [ 500 ToO
>40 200 | 7001300

OVER 12 HRS OR

SPACING BETWEEN TPRS AND SIGNS

MIGHTIME USE ONLY

SPEED LIMIT DISTANCE (FT)
{MPH) A B [
£40 150 | 500 | 900
»40 200 | 700 | 1400

TPRS ARRAYS TO INSTALL

NUMBER OF TPRS ARRAYS
CLOSED LAMES 3 Z
OMNE N/ X
TWO X X

RUMBLE
STRIPS
AHEAD

Figure C-27. Typical application sheet for lane closure on multi-lane undivided or divided
highway with TPRS from Maryland DOT SHA
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TEMPORARY TRAFFIC CONTROL TYPICAL APPLICATION

IMPORTANT

# THIS DRAWING SHALL BE USED IW
COMBINATION WITH STANDARDS WD
104.05-07, WD 104.05-09, D
104.05-11 (FOR RIGHT LAME
CLOSURELSY

SIMILAR PLACEMENT FOR TPRS AND
'RUMBLE STRIP AHEAD' SIGNS SHALL
BE USED WITH STANDARD DETAILS
MD MO 104.05-08, M0 104.05-10, MD
104.05-12 (FOR LEFT LANE
CLOSURELSN

WOTE;

. REFER TO TPRS SPACING IN
ARRAY TABLE FOR SPACING
BETWEEN RUMBLE STRIPS IN
AN ARRAY.

RECOMMENDED TPRS SPACING IN ARRAY

SPEED LiMIT TPRS SPACING
(MFH) (CENTER=-TO-CENTER. FT)
€40 10
41-55 I5
156 20
KEY:
= CHANMELIZING DEVICES

SIGN SUPPORT
FACE OF SIGN

DIRECTION OF TRAFFIC

WORE SITE

ARROW PANEL

TEMPORARY PORTABLE
RUMBLE STRIPS ARRAY
(TPRS ARRAY)

RUMBLE
STRIPS
AHEAD

[OPTIONAL FOR

- IS MIN-12 HRS.
- | OR DAYTIME
I " APPLICATIONS]
ol I o’
| 1o | TPRS ARRAYS TO INSTALL
. " (15 MIN.-12 HRS, DAYTIME, OVER
. I2 HRS OR NIGHTIME USE)
HUMBER OF TPRS ARRAYS
CLOSED LANES [ W [ ¥ | 7
OME NAAINAAl X
WO TAERE
= THREE ¥ | x X
-
| ]
o |
-
"ooo
- .
:.l..-‘-
250° TPAS ARRAY
2 L | {SEE NOTE Il
Wy
[ ]
g
|
— = |
250"
L F
| [}
I
|
- [
2507
! E
| W
-
gglgrg
STRIPS
A R B
250"
|wly|z
& [ o
I
(Maryland DOT SHA 2021a)

Figure C-28. Typical detail for lane closure on expressway or freeway with TPRS from
Maryland DOT SHA
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FIGURE 24-1
7 Work Zone Safety MULTILANE DIVIDED ROADWAY
;7!??35_1'007— Standard Detals PLACEMENT OF TEMPORARY
High

and Drawings PORTABLE RUMBLE STRIPS
PAGE 54 SHEET 1 OF 2
POSTED SPACING FOR T:'ErL%ET':_IT
POSTED REGULATORY | SEPARATION SPEED | ADVANCE WARNING
BETWEEN BETWEEN
OR WORK ZONE LIMIT SIGNS (FT)
SPEED RUMBLE {MPH) (AB.C) TAPERS
STRIPS ' (T FT}
Above 55-mph 20-feat
36-mph to 55-mph 15-feal 25-40 500/ 500 / 500 640
35-mph and under 10-feet 45.55 500/ 1000 / 1000 1320
B60-65 1000 / 1600 / 2600 1580
MOTES

1.  THE INTENTION OF THESE DETAILS IS ONLY TO DEPICT THE PLACEMENT OF
TEMPORARY PORTAELE RUMBLE STRIPS (TPRS) IN RELATIONSHIP TQ THE
TAPER AND THE BUFFER OF A SINGLE- OR MULTI-LANE CLOSURE. THE
DEPICTION OF THE HUMBER AND SPACING OF ALL OTHER TRAFFIC CONTROL
DEVICES IS NOT TO SCALE. REFER TO OTHER DETAILS FOR LAME CLOSURES
FOR THE PLACEMENT AND NUMBER OF ALL OTHER TRAFFIC CONTROL DEVICES.

2. THESE DETAILS ONLY DEPICT RIGHT LAME CLOSURES. LEFT LANE CLOSURES
SHOULD UTILIZE A MIRROR IMAGE OF THESE SETUPS, STARTING WITH
CLOSURE OF THE LEFTMOST LANE.

3. % THIS TPRS ARRAY IS OPTIONAL AT THE ENGINEER'S DISCRETION. IF USED, IT
SHOULD BE PLACED ADJACENT TO THE BUFFER.

4. DETAILS SHOW THE MINIMUM NUMBER OF TPRS REQUIRED. ADDITIONAL MAY
BE USED IF CONDITIONS WARRANT.

LEGEND
#  CHANNELIZATION DEVICE
A8 TRUCK MOUNTED ATTENUATOR
== TEMPORARY PORTABLE RUMBLE STRIP

NOT TO SCALE

4 LANE DIVIDED ROADWAY
TRIPLE LAME CLOSURE

W4-2R I_r_,’
T/2 b Ti2

b W4-2R
*
I N
l - I-. '." m
I @ I- l'.. b R
[ e’ b 3
ol UL

(Massachusetts DOT 2017)

Figure C-29. Standard detail for placement of TPRS on multi-lane divided roadway from
Massachusetts DOT (1/2)
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4 LANE DIVIDED ROADWAY
DOUBLE LANE CLOSURE

A TH

3 LANE DIVIDED ROADWAY
DOUBLE LANE CLOSURE

EImE

3 LANE DIVIDED ROADWAY
SINGLE LANE CLOSURE

b P (THIS SETUP MAY ALSO BE USED FOR 4-LANE X-SECTIONS.)

i 2 LANE DIVIDED ROADWAY
SINGLE LANE CLOSURE

W4-2R —
FIGURE 24-2
Waork Zone Safety |  MULTILANE DIVIDED ROADWAY
ri
- IQTQSS_QOT Standard Details PLACEMENT OF TEMPORARY
Highuray Division and Drawings PORTABLE RUMBLE STRIPS
- SHEET 2 OF 2

(Massachusetts DOT 2017)

Figure C-30. Standard detail for placement of TPRS on multi-lane divided roadway from
Massachusetts DOT (2/2)
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ROAD SURF ACE
8" EDGE TO EDGE

an

"
4

¢ OF ROADWAY

-t
i
A

N\

~ e

PROFILE VIEW

[

\—HHHE EDGE LINE

PLAN VIEW

25 BARS \

o F
511 11 7 <oty || TG | | e ol o i e o) e cl il
"wizia || R
30’
| <
L3 =t 11
N T
(SIGN LEGIBILITY DISTANCE) bl | |
MM TCD
CONDITLON B PETENT AL
POSTED SPEED " DISTANCES . STOP SITUATION)
25 WPH 200 FT 15 F1
50 MPH 230 FT 45 FT
55 WPH 245 T 60 FT
LOCAT 10N

NOTE: DISTANCES GIVEN ARE MIN[MUM VALUES

(Michigan DOT 2020)

Figure C-31. Temporary rumble strip layout for use in advance of a stop condition from

Michigan DOT

C-32



WOT TO SCAL

M

®

DIRECTION
OF TRAVEL
15°
Qf__,_,ﬁ—r
4 _ —

E

A

| |

| L II
i A 5
N_"4 | 2! | F_um

TEMPORARY RUMBLE STRIPS

750"

-

15"

e

250°

250"

TTTTI

iy wcps | TS cecison | TaPER |seiF TGl T | e res
s tp | CHmMELIZING | AEOANCE | “epcir | cEwgTh | TaneR |SFRLEER| Tcarre
DEVILES S |ofstamc | iy | ey | SRR )
Srmlﬁ e Tk
T FILT TOLT FELT FELT TEET VELT [T
o - %0 . 160 550 F 100 TS 08
T - an 335 7o = ) ) )
45 - 50 800 00 (5] 100 00 1]
55 A 50 1230 Tay 350 750 500
[N ) 1000 1400 [ [ i} =
70 - TS 1200 1600 00 450 o [ =]
DISTANCE “L= BASED ON 12 FT LANE WIDTHS.

DESICMER MDTESs
TYPICAL APPLICATION FOR REFERENCE OWLY. WOT TO BE IMSERTED IMTO FLaN.
B INSERT SPACING CWHART DISTARCES INTO LavDUTS.

@ USE APPROPRIATE ADWAMCE WARNWIMG SICM FOR COMDITIDN THAT WERRANTS USE
OF MUMBLE STRIPY, .

@ COMDITION THAT AOWANCE SICHIMC AMD TEMPDRARY RUMBLES
aminy T,

@ 3 FOOT TRASVIASL SPACING DETETDN Ruuis 05 15 PROFDSAL0.

@ TRAWSYIRSE SPACING ADJUSTMENWTS WILL WEED TO BE WADD WWEM RUUBLE STRIPES
AMOCE CEMTENS, [RE RUMBLES ARE PREZENT,

. INCLUDL TeE ~TEWPORARY RUMBLE STRIP- Pay [TDW AND SALC1AL PROVISIONS,

(1) coTiomaL_twzo-x BE PLACED As§ DISTAMCE

05 CRUMBLE STRIPS AsEal™ SICH WAT
In ROvaRCD OF TWE F

IRET SOT OF PuwBLl $1800%,

UPDATED D2/22/2021 LOND TERW TYPICAL APPLICATION D8

(Minnesota DOT 2021b)

Figure C-32. Long-term typical application sheet for temporary rumble strips from Minnesota DOT
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NOT TO SCALE

e seacing | PRI TYPICAL
WORK 67 SIGNS wws3
STARTING [y
(MPH ) FEET FEET FEET FEET FEET FEET FEET
0 - 30 5 100 550 200 100 75 200
3% - a0 325 T00 325 175 175 305
a5 - 50 500 300 500 300 200 25
55 750 1200 700 350 250 500
50 - &5 o2 1000 1400 800 00 275 850
0 - 15 1260 1600 500 50 300 820

DISTANCE “L" BASED ON 12 FT LANE WIDTHS.

DESIGMER NOTES:
TYPICAL APPLICATION FOR REFERENCE ONLY. NOT TO BE INSERTED INTO PLAN.

INSERT SPACING CHART DISTANCES INTO LAYOUTS.
OPTIONAL 12~ X 18" KEEP RIGHT SIGN MOUNTED ON TYPE "A"™ CHANNELIZERS.

TYPE " CHANNEL IZER ON CENTERL INE REQUIRED WHEN OPTIOMAL 12" X 18"

Ts
®
@ KEEP Fi GHT SIGNS ARE USED.
®
5

THE PORTABLE RUMBLE STRIP ARRAY SHOULD CONSIST OF 3 EQUALLY SPACED RUMBLE
STRIPS, TABLE 1.

DESIGNER 15 TO SPECIFY THE COLOR OF RUMBLE STRIPS TO BE USED:
WHITE, BLACK, OR ORANGE.

©. "BE PREPARED TO STOP" SIGN OPTIONAL, WHEN NOT US
ARRAY SHALL BE PLACED As8 DISTANCE IN ADVANCE OF

T. OPTIONAL.
INCLUDE "PORTABLE RUMBLE STRIPS" PAY ITEM, QUANTITY AND SPECIAL PROVISIONS IN PLAN,

E HE PORTABLE RUMBLE STRIPS

LAGGER AHEAD SIGN,

0.1
THE

=S|

BE
PREPARED

BE
PREPARED

MAX

I_X_L

—ﬂ— TABLE 1
= ‘H

T

b b ] L TR

POSTED SPEED ADVANCE WARNING |RUMBLE ON-CENTER
SIGN SPACING SPACING

e LIMIT PRIOR

| TO WORK STARTING A"} 1Y
I—‘—T 0 - 30 WeH 100" .

X _JEL_ EDGEL INE 10

bt

35 — 40 WPH 355"
45 - 50 MPH 600" -

55 WPH 750"

1213~ 80 - 65 WPH 1000°

B T0 - 75 MPH 1200° 20
.15"
T :T_-_.-_-_‘
I

L.

& e

® DRUMS
L] TYPE A" CHANNELIZER

PORTABLE RUMBLES STRIPS IN
ADVANCE OF FLAGGER

UPDATED 02/22/2021 LONG TERM TYPICAL APPLICATION 14

(Minnesota DOT 2021b)

Figure C-33. Long term typical application sheet for TPRS in advance of flagger from Minnesota DOT
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_~ Lane Closure

I
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Ta 1 15
|
g
I
|
g
I
I
g
I
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|
I
i
g
I Not to Scale
(Mississippi DOT 2018)

Figure C-34. Layout of TPRS from Mississippi DOT
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Figure: 616.6.87.1 Temporary Rumble Strip Placement in Flagging Operations

SPEED | SIGN SPACING (ft) | TAPER LENGTH (ft) | OPTIONAL |CHANNELIZER SPACING (ft.)
Permanent| Undivided Divided Shoulder Lane BUFFER | Tapers Buffer/
Posted (S) (S) (T1) (T2) LENGTH (ft.) Work Areas
{mph) (B)
0-35 200 = - - 280 - 40
40-45 350 & - - 400 - 80
50-55 500 - - - 560 - 80
60-70 1000 o = - | 840 - 120
NOTES:
See EPG 616.6.87 Temporary Rumble Strips | Short-term Rumble Strips
for rumble strip guidance and locations. I Perrarent Fostad Distance (ft) | Spacing (1)
Flagging operatien can include human Speed (MPH) m (2)
flaggers, automated flagger assistance 0-45 120 10
devices, portable signal flagging devices (Optional) o
and traffic control signals operations. 50 - 55 160 20
Review appropriate typical applications 80 -70 200 35
for signs, sign spacing, taper length,
buffer length, channelizer spacing, TMAs,
- Long-term Rumble Strips
Temporary rumble strips shall be orange in Permanent Posted | Distance (ft.) | Spacing (ft.)
color. Speed (MPH) (1 (3)
0-45
Short-term rumble strips shall consist ianal 120 10-12
of 4 strio. (Optional)
; : 50-55 160 10-12
(3) Long-term rumble strips shall consist of 5
strips separated at 10-12 ft. centers or 60-70 200 10-12
manufacturer's recommendation, whichever is

longer.

Two sets of rumble strips (4 & 5) may be used Short-term ?paqng (2) rnaytl)'teed 10 be adjul_s?d

simultaneously or one set of rumble strips may Rumble Strips if tomporary rum les strips are sliding

be used. If one set of rumble strips are used, the Spacing Example ermaving:

preferred placement is at location (4). { 2] e

(6) If the project is a moving operation and

short-term rumble strips cannot be used, for Long-term

example, nighttime work, long-term rumble Rumble Strips

strips should be installed upstream of the Spacing Example

post-mounted ROAD WORK AHEAD or

ROAD WORK NEXT XX MILES signs as (3)—=L

described in the long-term rumble strips table.

10f3 712021

(Missouri DOT 2021a)

Figure C-35. Guidelines for temporary rumble strip placement in flagging operation from
Missouri DOT (1/3)
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Figure: 616.6.87.1 Temporary Rumble Strip Placement in Flagging Operations """

Channalizer

Sign

Flagger
Work Space

Short-term
Rumble Strips

Review appropriate
Typical Applications for
Flagging Operations.

20f3 712021

(Missouri DOT 2021a)

Figure C-36. Standard detail for placement of short-term temporary rumble strips in
flagging operation from Missouri DOT (2/3)
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Figure: 616.6.87.1 Temporary Rumble Strip Placement in Flagging Operations """

Channelizer

Fiagger
Work Space

Long-lerm
Rumble Strips

Review appropriate
Typical Applications for
Flagging Operations.

Wo20-1 GO20-1

3of3 7/2021

(Missouri DOT 2021a)

Figure C-37. Standard detail for placement of long-term temporary rumble strips
placement in flagging operation from Missouri DOT (3/3)
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Figure: 616.6.87.2 Rumble Strip Placement on a Divided Highway

| _SPEED | SIGN SPACING (ft) TAPER LENGTH (ft.) OFTIOMAL |CHANNELIZER SPACING (ft.)

Permanent| Undivided Divided |Shoulder(1)| Lane (2) BUFFER Tapers Buffer/
Posted (S) (S) (T1) (T2) LENGTH (ft.) Work Areas
(mph) (B)

0-35 - 200 70 245 280 35 40
40-45 - 500 150 540 400 40 80
50-55 - 1000 185 660 560 50 80

SA - 1000
60-70 - SB - 1500 235 840 840 60 120
SC - 2640
1 Shoulder taper length based on 10 R, (standard shoulder width) offset. 2, Lane taper length based on 12 ft. {standard lane wiith) offset.

Notes:

See EPG 616.6.87 Temporary Rumble Strips for
rumble strip guidance and locations.

Review appropriate typical applications for signs,
sign spacing, taper length, buffer length,
channelizer spacing, TMAs, AWRS, flags, etc.

Temporary rumble strips shall be orange, in color.
Short-term rumbile strips shall consist of 3 strips.

(3) Long-term rumble strips shall consist of 5 strips
separated at 10-12 ft. centers or manufacturers
recommendation, whichever is longer.

Two sets of rumble strips (4 & 5) may be used
simultaneously or one set of rumble strips may be
used. If one set of rumble strips are used, the
preferred placement is at location (4).

(6) If the projectis a moving operation and short-
term rumble strips cannot be used, for example,
nighttime work, long-term rumble strips should be
installed upstream of the post-mounted ROAD
WORK AHEAD or ROAD WORK NEXT XX MILES
signs as described in the long-term rumble strips

| Short-term Rumble Strips

Permanent Posted | Distance (ft.) | Spacing (f.)
Speed (MPH) (1) (2)
0-45
(Optional) 120 W
50 - 55 160 20
60 -70 200 35
Long-term Rumble Strips
Permanent Posted Distance (ft.) | Spacing (ft)
Speed (MPH) (1 (3)
0-45
| (Optional) e i
50- 55 160 10-12
60 - 70 200 10-12
Short-term Spacing (2) may need to be adjusted
Rumble Strips if temporary rumbles strips are sliding

Spacing Example
(2)—I.

or moving.

table.
Long-term
Rumble Strips
Spacing Example
(3)—1
1of 3 712021
(Missouri DOT 2021a)

Figure C-38. Guidelines for rumble strip placement on a divided highway from Missouri
DOT (1/3)
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Figure: 616.6.87.2 Rumble Strip Placement on a Divided Highway

|

E Work Area

% Channelizer

ol  Sign
m Arrow Board

e Advanced Warning
"1 Rail System

e Short-term
. RUMbIE Strips
Review appropriate
Typical Applications for
Divided Highway Projects.

WO20-6a

|

Sor
SB

)| ==

WO020-5

= G020-1
20f3 ! W020-1 712021
www.invarion.com

(Missouri DOT 2021a)

Figure C-39. Standard detail for placement of short-term temporary rumble strips on a
divided highway from Missouri DOT (2/3)
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Figure: 616.6.87.2 Rumble Strip Placement on a Divided Highway

E Work Area

®  Channelizer

e Adivanced Warning
Rail System

Long-temm
Rumble Strips

Review appropriate
Typical Applications for
Divided Highway Projects.

WO020-6a ¢

) WO020-5

FFEFFFd

rar

GO20-1

30of3

! Wo20-1
WWW Invarion.com

712021

(Missouri DOT 2021a)

Figure C-40. Standard detail for placement of long-term temporary rumble strips on a
divided highway from Missouri DOT (3/3)
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TEMPORARY RUMBLE STRIPS

EACH SECTION SHALL CONSIST
EDGE OF TRAVELED LANE

OF 10 SEGMENTS. 6" 24"
[ |
) o|Z o|Z i
IE M| = M| = E
= o
Ll - - Led
= <r < =
= o o <
— - A L _ A )
E\J &0 o -
Y Ty ~ 1
|- |
" |

¢ OF ROADWAY ! 23

DESIGN

TEMPORARY RUMBLE STRIPS MAY BE MADE OF ASPHALT PAVING MATERIAL, EPOXY AND
AGGREGATE OR OTHER SUITABLE MATERIAL WHICH WILL MAINTAIN A DESIRABLE RUMBLE EFFECT.
THE TEMPORARY RUMBLE STRIP SHOULD HAVE AN INSTALLED HEIGHT OF %g'. PREFORMED
RUMBLE STRIPS MAY BE USED PROVIDED THEY HAVE A MINIMUM 3" HEIGHT.

(Nebraska DOT 2021)

Figure C-41. Standard details for temporary rumble strips from Nebraska DOT
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FLAGGER OPERATION WITH PORTABLE TEMPORARY RUMBLE STRIPS ON TWO-LANE
CONVENTIONAL HIGHWAY

. |
Notes: . St
1. Centerline cones may be eiminated where space
constraints exist. If used, place them 100ft. (minimum) 1-@ -
away from the flagger. R i B Q_;_-
2. PTRS shall be inspected for defects prior to each use a3 é’kc:: EL“) —
PTRS shall be checked at intervals during use for lateral |G =

movement, skewing or movement perpendicular to traffic. N
3. PTRS shall not be deployed on curves, surfaces with fresh

seal coal, bleeding asphalt, soft pavements, heavily rutted/ 500 FT

distressed pavement, bridge decks or where gravel, stone (13 Skip Lines) B

or other debris on the road surface exists.
4. PTRS shall not be placed in marked crosswalks & i

500 FT.
Legends: ! (13 Skip Lines)
-
: . See Nole 1

°= PTRS Array —_————
@ = 1/2 Distance between first two consecutive Advance 120FT

waming signs

@ = Distance before sign ( See Table)

-l
(3 Skip Lines) ﬂ

= Di 200-300 FT,
@ Distance between PTRS (See Table) (-7 Skip Lines) | p—
<z in- . Max
== Portable Temporary - I (1.5- 2.5 Skip Lines)
Rumble Strips (PTRS) :
A " Cone spacing not to
e / at:cled:wﬂ
NYW4-17  (18¢18in Min Waming &/ b
36X36in.  Flags Required) s 3
-~ 200-300 FT.
Table: | (5-7 Skip Lines)
-
s “T; ﬁ'r‘ SET Min-100 FT. Max.
pesd Dln@nu sg:lng - (15- 25 Skip Lines)
40 MPH 120 10' N
5 : - 120 FT.
41-55 MPH 160" 15 = e (3 Skip Lines)
= See Note 1
(O S00FT. 1
Spacing on Center 133 Lt}
[ Y N
Spacing on Center e———g—-‘- rw
L T T 7, ==
T— 500 FT.
i (13 Skip Lines)
v
o O <+ @
= — et 500 FT.
i 1 (13 Skip Lines
= ke |
e

BN Ly - W
NOT TO SCALE

(New York State DOT 2020)

Figure C-42. Standard layout for flagger operation with TPRS on two-lane highway from
New York State DOT
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LANE CLOSURE WITH PORTABLE TEMPORARY RUMBLE STRIPS ON MULTILANE

HIGHWAY

Notes:

1. PTRS shall be inspected for defects prior to each use.

PTRS shall be checked at intervals during use for lateral
movement, skewing or movement perpendicular to traffic.
2. PTRS shall not be deployed on curves, surfaces with
fresh seal coat, bleeding asphalt, soft pavements, heavily
rutted / distressed pavement, bridge decks or where
gravel, stone or other debris on the road surface exists

3. PTRS shall not be placed in marked crosswalks

Legends
@ -=rTRS Array
@ = 1/2 Distance between first two consecutive

Advance Warning Signs
= Distance before sign (See Table)
Q = Distance between PTRS (See Table)

== Portable Temporary

NYW4-17
= Rumble Strips (PTRS)

36x36 in.

Speed 0 Q
Distance Spacing

40 MPH 120 10'

41-55 MPH 160" 15

56+ MPH 200' 20'

65+ MPH 240" 35'+

[ T R

Spacing on Center

Spacing on Center

i
oo * | oon

& 50FT Min-100 FT. Max.
(1.5 - 2.5 Skip Lines}

Spotter
Recommended

Rell Ahead < Cane spacing not
Distance & 1o exceed 40 FT.
BOFT. {1 Skip Line}
(2 Skip Lines) &
.. E
r ; y :
i Vehicle #2 with TMIA is
) required on Bft or wider
2 Shoulders
4
¥ S—
) 4
200FT. A
5 Skip Lines) <
{5 Skip Lines} A

1500 FT.
{3 Reference
Markers)

2600 FT.
(5 Reference

NOT TO SCALE

(New York State DOT 2020)

Figure C-43. Standard layout for lane closure with TPRS on multi-lane highway from New
York State DOT



TYPICAL PLACEMENT OF TEMPORARY RUMBLE STRIP ARRAYS
SPAGING CHART
@ ¢ @ SPACING (FT.)
SPEED 2
e -— (MPH) ®
TEMPORARY RUMBLE 350R LESS 200 500
STRIP ARRAY
(TYPICAL} \ ARRAY1) (ARRAYZ) 4070 50 350 500
- X 55 500 500
- i il =
o E E k (SEE NOTE 7)
d 45 Y ¥ o N # 7 \
BE L)
/UNE L"E\ £ N nY
st s (PREPARED'y | 3
AHEAD, Ny gy JOSTOR, NN . GENERAL NOTES
N N7 Wad NV W07 A
48" X 48" o agrxagt 4 X 4" g ag 1. TEMPORARY RUMBLE STRIP ARRAYS TO BE PLACED IN ADVANCE OF EACH
- FLAGGING STATION WHEN CALLED FOR IN THE PLANS.
MPH. u v
Chd 2 TEMPORARY RUMBLE STRIP ARRAYS ARE USED TO SUPPLEMENT A SERIES OF
ADVANCED WARNING SIGNS AND SHALL BE INSTALLED AND REMOVED WHEN
THE SIGNS ARE INSTALLED AND REMOVED.
3. REMOVE THE TEMPORARY RUMBLE STRIPS PRIOR TO REMOVING THE ADVANCED
WARNING SIGNS.
4. TEMPORARY RUMBLE STRIPS ARE NOT TO BE PLACED IN SHARP HORIZONTAL
OR VERTICAL CURVES, OR THROUGH PEDESTRIAN CROSSINGS.
NE
2 5. DO NOT USE ON SLICK ROADWAY SURFACES DURING INCLEMENT WEATHER.
MWW‘
s o 6. CONTACT THE MANUFACTURER FOR THE LOWEST AIR TEMPERATURE TO APPLY
\ TEMPORARY RUMBLE STRIPS ON ROAD PAVEMENTS,
7. FLAGGING STATION MAY EMPLOY THE USE OF A FLAGGER, AN AFAD OR A
e e PORTABLE TRAFFIC SIGNAL.
o
8. SPACE PER MANUFACTURER'S RECOMMENDATIONS.
EDGE OF CENTER LINE
TRAVEL LANE (YELLOW) TEMPORARY
RUMBLE STRIPS
2-LANE, 2-WAY ROADWAY
TEMPORARY RUMBLE STRIP ARRAY SENECIONED

(North Carolina DOT 2015)

Figure C-44. Typical placement of temporary rumble strip sets for 2-lane, 2-way roadway with 1 lane closed from North
Carolina DOT
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ARRAY DETAIL"

Spocing Between Temporary Portable Rumble Strip Centers

6°-8* Lenter.
fo Center
E|m
I=3h
| 2= | [cenfer Ling
=N
S5
3 b
A
_Ip Edge Ling
n
Shouider e \ o
Temporary Por fable B b
Rumble 5trip Arrays Q:\ P
—— (see Arcay Detaill & m‘{:"’
£ i {
p— - sT0PST Poge “\5‘“0’ ﬁ@
° r—, (Typicall & i ;?'
[ o e v = & 58
g . N Y A ~
Y Sy AR
Q. KR p
= 8 - &
Shoulder | @ (Jrlagger i ’:’:.:.:’:’:.;} L A /
| a2 82 Lumingire 4 <% &
I e 2. 8
o,
i A R A A0 8 A " e T e .
Truck-Mounted Aftenuator \
Optienall (See Note iD}—
= =
g = 3
3 o & 3 =
5 W 3. i S ly S 5
NG ) oL I 7 3 3
TN E®S oo T 9 b e~ 7
i &> e = g a
x = TABLE I (SIGN SPACING}
DISTANCE BETWEEN SIGNS (FT)
ROAD TYPE 1 0
A a c
Two Lane .
¢ 40 MeH 190 0o 6o
Two Lane
350 350 350 Temporar,
45-50 MPH Por )‘Snfb.'.entgumbf;
= rip Arroys
5;;;% s00 500 500 see Arrc? De rcf:u

NOTES:

1. This 5tandard Construction Orawing (SCOV is infended 4, If erratic ariver behavior becomes gpparent, such - : o
for use as a supplement fo 5C0 MT-§7.10. [T is not as, but not fimited ta, avoidance measures and hard 8. Only use Temporary Portable Rumble Sirip products fhat.
intended to be used as @ sfandalone drowing. The braking, the Temporary Portoble Rumble 5trips and are: cpprovecar tas. by 10a i of-Roadway. Enginsaring.
netes on SCO MT-87.10 are alse applicable fo this 5¢0, related signs shall be removed complefely from the 8. Prapare the pavement and install the remipg,—w—y Porfoble

readway . Rumble Strips per manufacturer specificalions.

2. Temporary Porfable Rumble Strips may be used anly g ; : i i
if all of the following conditions are met: 5, Use of The Temporary Porfable Rumble Strips shall 0. The shadow vehicle shall be equipped with a Truck-mounfed

comaly with OMUTCD Section 6F.87. or Trailer q7]genqaror (TMA) in accordance with (M5 614,05
al The work is on a two-lane Tacility. . . when called for in The plans.
bi The work durgtion is Short Term Stationary, os &. Deployment of the Temporary Portable Aumble Sirips
defined by the OMUTCO, Section 66.02, shall occur after the deployment of all the required
ol Work crews are present and working within the work zone warning signs and shall be occomplished using
LEGEND troveled way. floggerts! to control traffic.
e df A fane, twg- traffic e is i tign,
WORK AREA REET i e s s i 7. Eoch direction of traffic sholl hove Twe arrays
3. Temporary Partable Rumble Strips shall nat be used consisting of three I Temporary Porfable Rumble Strips
[ I B each fransversely covering the appreach lane. individual

CONES

DIRECTION OF TRAVEL
SHAQOW VEHICLE

WITH TuA

during wet or icy pavement cenditions, on chip seal
(CEMS [tem 422) surfaces, or on roodway surfoces
— with rutting that negatively impacts the surfoce
contoct area between the roadway ond fthe Temporory
Portable Rumble Strip.

sirips in the orray shall be paralie! o each ofher, spaced
six te eight feet gport and ploced perpendicular to The
centerline. They sholl be periedically inspected and
adjusted as needsd Te mainfain the required spacing and
orientation.

THIS DRAWING REPLACES MT-97.20 DATED 07-15-2006.

04-19-2019

David L. Helstein

Soissen

OFFICE OF
ROADWAY

ENGINEERING

DAAD ROADWAT COMSTALCTION OF
- 2 WAY OPERATION

TEMPORARY PORTABLE RUMBLE STRIPS

FOR USE WITH 1 LANE

USING FLAGGERS

MT-987.20

~

Figure C-45. Layout of TPRS for use with 1 lane — 2 way operation using flaggers from Ohio DOT

(Ohio DOT 2015)
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RAISED TRANSVERSE RUMBLE STRIPS
(For use on wearing courses)

2l [‘?.-xi‘r’;m

Drre?’ron z.me mam
Traffic i
{ | LI }
x—
A
RUMBLE STRIP CLUSTER
X = W10 » Thermoplastic strips should be
2 used where strips are needed

for 14 d. E
W = Width of travel lane in feer 5 Lt

* Where a significant number of
motorcyclists can be expected,
consider providing a 2 foot gap
as shown.

remaoveable tape may be used.

For shorter durations, everlapped

See Tape Overlap Detail below)

MILLED TRANSVERSE RUMBLE STRIPS

(For use on base course *)
* When praject includes

pavement overlay, rumbile

strips may be milled
It existing surfacing.

X { (e A
—l (eleven grooves)
1 |

Drrz?‘{an Lane Width
Traffic bt

X

RUMBLE STRIP CLUSTER

xow-10
s ® Motorcycle gap not necessary for
milled transverse rumble strips.
W = Widh of travel lane in feet

X=

5 = Portable rumbile strip

PORTABLE TRANSVERSE RUMBLE STRIPS
(For use on pavement surfaces)

(S —
(four strips)

xj mrsmgs)
1

Direction Smp
of iy Length
Traffic 39

x_i
,:\ ;’;

RUMBLE STRIP CLUSTER

T

Lane Width
(W)

1

e SR

w-s
) ® Do not include motorcycle gap with
W = Width of travel fane in feet portable transverse rumble strips.
% Optional 4th Strip. Follow

g manufacturer recommended
fengeh in feet (10°-T1717) specifications
¥ = N'Z

Portable Rumble Strig from QPL

N = Number of Strips

or Conditional Use List

rb,ﬂffﬂ;’lﬂ",ﬁ‘ﬁlﬁﬂ ﬁﬁf;j" 7\ averlapping, fe:::zfa?':: 4" s vemef:: - e Z = Manufacrurer ,./ é tblack, non-reflectorized)
" ¥ removeabie tape [~ o M ed rumble strip recommended g‘:’?g;%?—.' —— Pavement surface
iblack, non-reflective) N pn spacing | i
‘1 |" —Pavement surface | | \ i | L / | |
_L J_ L 1 !
= vv‘J.I.."vw S e A v v ww
i e R T e |vv=vvv°\1°°v°
. ;’ v 5 Fe . v - - Y . @ | f 1
F 1 =
fe— 24"—= 1", nom.
SECTION A-A TAPE OVERLAP DETAIL SECTION A-A SECTION A-A
CENERE ot o Muititane roadways shall have rumble strips clusters
RUMBLE STRIP LOCATION » Approval is not required for portable transverse rumble strips during short-term in each thru lane.
daylight wark. Region Traffic Engineer approval is reguired forﬁarrabfe rransver.se & -
mmﬁe strips durgﬂg m{srmodra?e term work, including night work. o As directed, "BUMP" signs (W8-1} may be placed at
[ = & 7 Tralfic-Roadway Engineer approval is required for all other mstaﬂauaﬂs each surnble stelp cluster for additional warning.
=5 /2 See ODOT Traffic Manual for further informarion.
E
- - T - — """/ /T /— /7 /" 7" ™" & DO NOT use wihite or other cofored material for
temporary rumble sirips. Use black material only.

— ey,
Rumble Strip Cluster

0livi3a

-

(See detalis above)
« 2nd Strip Optional
when AADT less
than 4,000

Warning sign used for—" (See details above)
approaching condition

or as directed.

(Designer - Specify which

sign or device the rumble

strips will be located from.)

_./ _J' Rumbie Strip Cf fusrerf/

Warning sign used for —
approaching condition

or as directed.

(Designer - Specify which
sign or device the rumble
strips will be locared from.)

The selection and use of this detai,

while designed in uc{om‘antﬂ with TEGHNE;TI;?&“VIGES

OREGON DEPARTMENT OF TRANSPORTATION

generally accepted
principles and practices, is the sole
respansibility of the user and should
nor be used without cansulting a
Registered Professional Engineer.

TEMPORARY TRANSVERSE
RUMBLE STRIPS

DETAIL NO.

DET4710

(Oregon DOT 2021b)

Figure C-46. Standard detail of temporary transverse rumble strips from Oregon DOT
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Figure C-47. Standard detail of rumble strip clusters for 2-lane, 2-way roadways with one lane closed from Oregon DOT
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(Pennsylvania DOT 2021)

Figure C-48. Layout of TPRS on conventional highways from Pennsylvania DOT
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Figure C-49. Layout of TPRS on freeways and expressways from Pennsylvania DOT
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Raptor Deployment Plan for Temporary Portable Rumble Strips
Freeways and Expressways

MOTES

1. Temporary Portable Rumble Strips
(TPRS) may be used for a lane closure
while workers are present. Signs shown
in grey are for a right lane closure and
may vary depending on the Temparary
Traffic Contral (TTC) operation. TPRS
placement for a left lane closure would
be placed similarly.

See Note 7

2. Each TPRS array consists of thres
transversely placed rumble strips that
are 12' wide and spaced evenly within
the lane.

3. The Rumble Strips Ahead (W8-101)
sign should be placed in conjunction with
other warning signs.

iooo

_® |

1640
..’ o

2640'

_ i

1640

4, TPRS may be installed after all other
TTC devices have been placed. Upon
campletion of work, TPRS shall be
removed before any other TTC device.

5. Reset TPRS as nacessary to maintain -
proper alignment and spacing.

6. Do not use TPRS on horizontal curves
unless approved by the District Traffic
Engineer. Do not use TPRS on slippery
surfaces or heavily rutted pavements.

7. Place TPRS array halfway between the
last channelizer in the Merging Taper and -
the beginning of work space. This array

may be omitted with approval from
either the Bureau of Operations and
Maintenance or the District Traffic
Engineer,

8. Do not use TPRS when the air
temperature is less than 40 degrees

Farenheit. 1000"

-’ |

2640'

&

Figure C-50. Layout of Raptor deployment plan for TPRS on freeways and expressways
from Pennsylvania DOT

9. All TPRS must ba the same color
(black, white or orange).

(Pennsylvania DOT n.d.a.)
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Figure C-51. Standard detail of temporary rumble strip set from Texas DOT
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(Virginia DOT 2020b)

Figure C-52. Standard layout of typical TPRS installation on a two-lane road from
Virginia DOT
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Figure C-53. Standard layout of typical TPRS installation on a non-stationary flagging
operation from Virginia DOT
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(TMA REQUIREMENT
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(Virginia DOT 2020b)

Figure C-54. Standard layout of typical TPRS installation on a multi-lane roadway from
Virginia DOT
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SDD 15C12 Traffic Control for Lane Closure With Flagging Operation

LEGEND
SIGN ON PORTABLE DR
PERMANENT SUPPORT

TEMPORARY PORTASLE RUMSLE
STRIP ARRAY

DIRECTION OF TRAFFIC

WORK AREA

FLAGGER, EQUIFPED WITH STOR/SLOW
PADDLE FASTENED ON SUPPORT STAFF

5MIN.

STOP/SLOW PADDLE
ON SUPPORT STAFF

q

@028

I* VARIAELE DISTANCE ——————————————————=

GENERAL NOTES

DETAILS OF TRAFFIC CONTROL DEVICES AND INSTALLATION NOT SHOWN ON THIS DRAWING SHALL CONFORM TO THE
PERTINENT REQUIREMENTS OF THE STANDARD SPECIFICATIONS, THE SPECIAL PROVISIONS, AND THE MANUAL ON

UNIFORM TRAFFIC CONTROL DEVICES.

ALL SIGNS ARE 48" X 48" UNLESS OTHERWISE NOTED.

“WO" SIGNS ARE THE SAME AS “W" SIGNS EXCEPT THE BACKGROUND 1S ORANGE.

THE EXACT NUMBER, LOCATION AND SPACING OF ALL SIGNS, DEVICES, AND LOCATION OF ALL FLAGGERS SHALL BE
ADJUSTED TO FIT FIELD CONDITIONS AS AFPROVED BY THE ENGINEER.

THE FIRST ADVANCE WARNING SIGN SHOULD TYPICALLY SE LOGATED IN ADVANCE OF THE ANTICIPATED TRAFFIC BACKUP

OR QUEUE,

WHEN A SIDE ROAD OR RAMP INTERSECTS THE FACILITY ON WHICH THE WORK IS BEING PERFORMED., ADDITIONAL
TRAFFIC CONTROLS SHALL BE PROVIDED AS SPECIFIED IN THE PLANS ANDICR THE SPECIAL PROVISIONS OR AS APPROVED

EY THE ENGINEER.

SIGN AND TEMPORARY RUMBLE
STRIP ARRAY SPACING TABLE

SPEED LIMIT SPACING
25-30 MPH 200
35-40 MPH asr
45-55 MPH s00

BE
USE OF WO3-4 SIGN IS OPTIONAL WHEN USED,
PREPARED % 1\, 5iH SHALL BE LOGATED SETWEEN THE
TOSTOP /" w207 AND W20-4A SIGNS. USING SPACING ¥
o34

200 - 300° (TYP.)

FLAGGING

FLAGGERS SHALL BE IN SIGHT OF EACH OTHER OR IN DIRECT COMMUNICATICN AT ALL TIMES. THEY SHALL BE EQUIPFED WITH
STOP/SLOW PADDLES FASTENED ON SUPPCRT STAFFS. WHEN THE FLAGGING OPERATION IS NOT IN EFFECT REMOVE TEMPORARY
PORTABLE RUMBLE STRIPS PRIOR TO COVERING OR REMOVING ALL ADVANCE SIGNING.

FOR MOVING WORK OPERATIONS, POST ADDITIONAL W20-7A FLAGGER SIGNS AT APPROKIMATELY 3,500 INTERVALS IN THE MOVING
WORK OPERATION OR AS APPROVED BY THE ENGINEER.

SIGN NOT REQUIRED IF FLAGGING OPERATION OCCURS WITHIN A SIGNED ROAD WORK ZONE AREA
WHEN THE DISTANCE BETWEEN FLAGGERS EXCEEDS 2 MILES, A PILOT CAR IS REQUIRED. WHEN CURVES REDUCE SIGHT DISTANCE
BELOW 400" A PILOT CAR IS REQUIRED.

TEMPORARY PORTABLE RUMELE STRIPS

UTILIZE TEMPCRARY PORTABLE RUMBLE STRIFS ON ALL FLAGGING OPERATIONS

EACH TEMPORARY PORTABLE RUMBLE STRIP ARRAY CONSISTS OF THREE RUMBLE STRIPS SPACED AGCORDING TO MANUFACTURER'S
RECOMMENDATION, PLACED TRANSVERSE ACROSS THE LANE AT LOCATIONS SHOWN.

ONLY USE TEMPORARY PORTAELE RUMBLE STRIPS FOR THE APPROVED PRODUCTS LIST.
INSTALL TEMPORARY RUMBLE STRIPS PER MANUFACTURER'S RECOMMENDATIONS.
PLACE ADVANCE SIGNING PRICR TO INSTALLING TEMPCRARY RUMBLE STRIPS

DO NOT INSTALL TEMPORARY PORTASLE RUMBLE STRIPS ON GRAVEL, MILLED SURFACES, OR ASPHALT THAT HAS BEEN PAVED LESS
THAN 12 HOURS.

TRAFFIC CONTROL FOR LANE CLOSURE WITH FLAGGING OPERATION

200 - 300° (TYP.)

[ VARIABLE DISTANCE 41

TRAFFIC CONTROL FOR
LANE CLOSURE WITH
FLAGGING OPERATION

STATE OF WISCONSIN
DEPARTMENT OF TRANSPORTATION

APPROVED
May 2015 151 Andrew Heldike
pATE WCRK ZONE ENGINEER

ey

(Wisconsin DOT 2021a)

Figure C-55. Standard traffic control layout for lane closure with flagging operation from Wisconsin DOT
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APPENDIX D.

SUMMARY OF DOT PRACTICES BASED ON INTERVIEWS AND WRITTEN RESPONSES

Table D-1. Summary of DOT practices based on interviews and written responses

DOT

Type(s) of Temporary
Rumbles Used

Summary of Practices and Experience

Arizona

Short-term

TPRS are used by maintenance groups, with each group having one set.

Uses trailer mounted carriage for deployment and removal.

Maintenance crews find them to be beneficial.

Developing modification to allow for mounting carriage in the front of the truck.

Delaware

e None

Piloted use with maintenance forces but found that crews were not using them due to
labor intensive setup and space they occupied in trucks.

Georgia

Short-term

Has performed a few pilot projects with TPRS for daytime flagger operations on two-
lane highways with mostly positive results.

Concerns from contractor regarding weight and cost.

Idaho

Short-term

Has started to use TPRS in some work zones for daytime flagging operations on two-
lane highways.

Illinois

e Long-term

Use temporary rumble strips (special) (preformed plastic pavement marking) typically
on contractor projects (Illinois DOT 2017).

Typically uses temporary rumble strips (special) on high-speed roadways (permanent
posted speed limit = 70, 65, or 55 mph) in locations determined from impact analysis in
advance of where the longest back of queue is expected, typically before the advanced
warning area.

Utilized with smart work zones when the potential for queue buildup exists to help alert
drivers to queue presence.

Temporary rumble strips (special) are deployed using work trucks and TMAs in
accordance with highway standard 701428 (Illinois DOT 2020).

Find them to be beneficial in reducing incidents.

Sometimes utilizes temporary rumble strips made of high strength polycarbonate and
held in place by adhesive on two-lane two-way highways when poor alignment or
restricted sight distance create potential operational concerns (Illinois DOT 2020,
Illinois DOT 2022).

Performed trials of TPRS but had concerns regarding cost and movement.
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DOT

Type(s) of Temporary
Rumbles Used

Summary of Practices and Experience

Indiana

e  Short-term

e Long-term
(temporary buzz
strips)

TPRS were used on five contracts in contract letting years 2018-2020.

Temporary buzz strips (removable or durable marking materials) were implemented on
62 contracts in contract letting years 2018-2020.

Towa

e  Short-term

Use TPRS for pilot car with flagger operations.

Working towards making use of TPRS optional for flagger operations.
Switched from two panels to single panel for final specifications.

Some concerns from contractors regarding weight.

Finds that signs help to reduce potential for erratic driver behavior.

Finds them to be beneficial and may expand use to include signalized setups.

Maine

e  Short-term

Initially began using TPRS in 2017 on Interstate projects and later expanded use to
flagger operations.

On multi-lane highways, TPRS are installed and removed either by waiting for a gap in
traffic and dragging the TPRS into place or using a rolling roadblock with attenuator
truck and State Police.

Uses TPRS at night and finds that they show up well due to the color along with speed
feedback signs and sequential flashing lights on barrel taper. Has observed some
movement of TPRS at night, possibly due to higher truck speeds.

Currently re-evaluating their use due to concerns about driver behavior (for example,
driving around rumble strips, abrupt braking). There are also some contractor concerns
regarding weight. Plans to continue to put them in bid packages while working with
contractors to address their concerns.

Exploring use of lighted signs; additional or larger “stay in lane,” “do not pass,”
“rumble strips ahead” signs; and additional barrels or other traffic control devices to
help notify drivers of the upcoming TPRS.

Does not use on maintenance projects.

Finds them to be effective in reducing vehicle speeds, getting drivers’ attention, and
increasing worker awareness of vehicles in work zone.
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DOT

Type(s) of Temporary
Rumbles Used

Summary of Practices and Experience

Maryland

e  Short-term

Undertook demonstration deployment of TPRS on 1-83 in January 2020. Results
indicated that TPRS could effectively alert motorists to work zones and that periodic
monitoring for displacement of TPRS is required.

Developed guidelines, typical drawings, and specifications for TPRS in 2021.

Massachusetts

e  Short-term

Requires use of TPRS for any short-term lane closures (12 hours or less).

Michigan

e  Short-term
e Long-term

Per Special Provisions (20SP-812D-01), TPRS are required “on all Trunkline
Regulating projects with existing speed limits 45mph or higher where traffic regulating
will be in place longer than 4 hours” (Michigan DOT 2021a).

Use of TPRS is optional on local agency and other Trunkline projects.

Per Standard Specifications (Section §12.03.D.14), long-term temporary rumble strips
[temporary rumble strips (orange)] are required when there is a lane closure or
crossover shift on a freeway work zone at the same location for at least 14 consecutive
days (Michigan DOT 2020).

Long-term temporary rumble strips are also used when a stop condition is modified or
established.

For long-term temporary rumble strips, special provision for maintaining traffic should
include off peak times for stationary and/or mobile lane closures, with mobile
attenuators included (Michigan DOT 2021b).

Has used TPRS at night. Encounters infrequent concerns from residents regarding noise
of temporary rumble strips (both TPRS and long-term) at night and addresses those
concerns on a project-by-project basis.

Feedback from contractors has been positive.

Minnesota

e  Short-term
(portable)

e Long-term
(temporary)

Use of TPRS is recommended for flagging operations on two-lane highways.
Does not deploy TPRS on multi-lane highways.
Generally does not use TPRS at night.

Long-term rumbles (temporary rumble strips) are not used very often. Typical use is for
change in traffic control at an intersection.

Finds them to be beneficial in increasing driver awareness.

North Carolina

e  Short-term
e Long-term

Allows TPRS for flagging operations, but they are not used often due to concerns about
worker exposure and weight.
Limited use of temporary thermoplastic rumble strips in advance of work zones.
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DOT

Type(s) of Temporary
Rumbles Used

Summary of Practices and Experience

North Dakota

e  Short-term

TPRS installed when a specific sign set is used.
Reduced frequency of use a few years ago due to concerns about overuse.

Oregon

e  Short-term

e Long-term

TPRS are not required for any operations but are generally used for flagging operations
(only 1 set of TPRS is required when AADT < 4,000 vpd).

TPRS have been used on Interstates with varying success. Some concerns about
movement due to higher speeds.

Believes they are beneficial in reducing vehicle speeds and alerting drivers.
Contractors also generally find them to be beneficial despite challenges of placement.
Long-term temporary rumble strips (removable tape, thermoplastic strips, or milled) are
used less frequently than TPRS.

Allows traffic to be stopped for 20 minutes for the installation of temporary rumble
strips on two-lane highways.

Typically uses a rolling slowdown to install temporary rumble strips on high-speed
roadways with free flow traffic.

Deployment of temporary rumble strips at night requires approval from Region Traffic
Engineer to avoid noise impacts to residential areas. Has encountered some issues with
drivers stopping or swerving to avoid temporary rumble strips at night.

Pennsylvania

e  Short-term

TPRS may be used for short-term lane closures when workers are present. Typical
deployment for conventional highways and freeways/expressways are shown in
Publication 213 Temporary Traffic Control Guidelines (Pennsylvania DOT 2021).
Encourages use of TPRS as countermeasure for drowsy and distracted driving.
Purchased Raptor Rumble Strip Deployment Device for experimental
placement/removal procedures. Raptor to be shared amongst PennDOT Maintenance
Forces in 11 Engineering Districts.

TPRS are installed on multi-lane highways using a mobile operation with the Raptor
Rumble Strip Deployment Device that is followed by a shadow vehicle.

Has not encountered any issues with use of TPRS at night.
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DOT

Type(s) of Temporary
Rumbles Used

Summary of Practices and Experience

Virginia

e  Short-term

e Long-term

Requires use of TPRS when a set of specific conditions exists.

Some moderate use on multi-lane highways.

Mixed feedback from contractors regarding benefits (getting attention of distracted
drivers) and concerns (weight, installation and removal process, and cost).

Allows but does not require use of TPRS at night. Has not encountered any issues with
infrequent use of TPRS at night.

For occasional deployments of TPRS on multi-lane highways, maintenance crews use a
mobile operation for the installation.

Limited use of long-term temporary rumble strips (two layers of white preformed
pavement marking tape). Finds that they perform well but start to wear off after six
months. Has used both static lane closure and mobile operation with TMAs for
installation of long-term temporary rumble strips.

Wisconsin

e  Short-term

Requires use of TPRS for all flagging operations with speed limit 40 mph or higher.
Pilot-testing of long-term temporary rumble strips (pre-applied adhesive tape) is in
progress. Long-term temporary rumble strips have been installed on three projects.
Lane closure was used for the installation.

In first one to two years of implementation, DOT received concerns about deployment,
weight, and cost. Since then, DOT has not received any complaints and believes they
provide a benefit to work zones.

Reduced required number of TPRS sets from two to one.

Has not encountered any issues with occasional use of TPRS at night for flagging
operations.
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APPENDIX E.

CHECKLISTS FOR OBSERVATION OF DRIVER BEHAVIOR

Table E-1. Checklist for observation of driver behavior with temporary rumble strips on

US 24 in Moberly
Field Response
Observer Name Henry Brown, Ho Jun Baek, Qingzhong Zeng
Date 8/30/2021
Job ID 201218-B04
Route US 24 Westbound
Location Behind the rumble strips and work zone, across the street from Rothwell

Park, Moberly

Start Time of Observation

9:05 pm

End Time of Observation

1:10 am (next day)

Lane

Type of Work Zone Two-Lane Undivided Highway with Flagger
Type of Rumble Strips Short-Term

Work Zone Speed Limit 60 mph

Speed Limit when Work Zone is 60 mph

not Present

Direction of Travel for Adjacent Westbound

Weather Conditions

e Partly Cloudy
e Night average temperature was 68°F

General Observations About
Driver Behavior

e [t seemed temporary rumble strips at site were hard to spot by some
motorists due to low visibility at night.

e  After a certain period, the vehicles tend to travel faster without intention
of braking or reducing speeds regardless of the presence of the strips and
signs.

e The strips seemed to help drivers to become aware of work zone ahead.

e Asvehicles ran over the rumble strips, the vehicles’ body bumped up and
generated a resonating warning sound.

o  Construction vehicles tended to speed and not to brake on rumble strips
more frequently.
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Table E-2. Checklist for observation of driver behavior with temporary rumble strips on

MO 370 in St. Charles County

Field Response
Observer Name Henry Brown, Ho Jun Baek, Qingzhong Zeng
Date 09/10/2021
Job ID 210122-F02
Route 1-370 Eastbound
Location Near Elm Street on-ramp of I-370 Eastbound
Start Time of Observation 9:15 am
End Time of Observation 1:15 pm
Type of Work Zone Multi-lane (6 lanes, 3 lanes in each direction) with closure of two lanes
Type of Rumble Strips Long-Term
Work Zone Speed Limit 45 mph
igf;(ielgir;it when Work Zone is 60 mph
Direction of Travel for Adjacent Eastbound

Lane

Weather Conditions

Hot and sunny

General Observations About
Driver Behavior

e  Motorists tended not to brake and directly ran over the rumble strips.

e There was a short period of congestion and traffic slowdown due to the
lane closure and work zone.
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Table E-3. Checklist for observation of driver behavior with temporary rumble strips on I-

55 in Ste. Genevieve County

Field Response
Observer Name Henry Brown, Ho Jun Baek, Qingzhong Zeng
Date 9/13/2021
Job ID MoDOT Maintenance
Route [-55 Northbound
Location Bridge #A2460 RT Z over I-55 in Ste. Genevieve County
Start Time of Observation 10:40 a.m.
End Time of Observation 2:40 p.m.

Type of Work Zone Four-lane interstate highway (Two lanes in each direction) with lane closure
Type of Rumble Strips Long-Term

Work Zone Speed Limit 70 mph

Speed Limit when Work Zone is 70 mph (minimum 40 mph)

not Present

Direction of Travel for Adjacent Northbound

Lane

Weather Conditions Clear and hot

General Observations About
Driver Behavior

e  Tractor trailers tend to brake more (Upstream).

e Lane closure is visible distance that may have caused increase in braking
percentage (Downstream).

e Since this is second set of strips, the traffic flow seemed to be more
slowed down and moved to the opened lane (first lane) (Downstream).

e It seemed that flagging and sign display were utilized well compared to
the other two observed work zones.

e Higher traffic counts seemed to cause the strips on the first lane to wear
more than the other one.
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APPENDIX F. CHECKLIST USED FOR OBSERVATION OF INSTALLATION
OF TEMPORARY RUMBLE STRIPS

1.

10.

11.

12.

13.

Is the rumble strip long-term or short-term?
a. Iflong-term, is additional adhesive used?

What manufacturer name or product installed?
Color of rumble used?

How many strips per set? How many sets per direction? Spacing between strips and
spacing between sets?

Operation type, for example, chip seal, patching, resurfacing, etc.?
Roadway type, two-lane/two-way, 2-lane divided roadway, multi-lane (number)?
Speed limit?
Surface type, asphalt or concrete?
Weather conditions?
Duration to install and/or remove the rumble strips?
What type of protection is used when installing and/or removal?
Dialogue Comments from Installing/Removal Crew?
a. Ease of installation and/or removal? 1 — 10 1 — difficult, 10 — easy
b. Any suggestions or techniques to simplify or to make it easier to install/remove
the rumble strips?
c. For short-term, did the rumbles move any or move consistently with others?

d. Perception of the effectiveness of rumbles to alert, reduce speed, etc.?

Comments from observer?



APPENDIX G.

INSTALLATION OBSERVATIONS

Table G-1. Checklist for observation of installation of temporary rumble strips on US 24 in
Moberly

Question

Response

1. Is the rumble strip long-term or short-term?

a. If long-term, is additional adhesive used?

Short-term

2. What manufacturer name or product installed?

Roadquake2 TPRS by Plastic Safety Systems, Inc.
($LPSS”)

3. Color of rumble used?

Orange

4. How many strips per set? How many sets per
direction? Spacing between strips and spacing between
sets?

e  Three strips per set
e Two sets of strips per direction
e  Westbound 15 feet 8 inches (center to center)

e Eastbound 19 feet 3 inches”, 16 feet 4 inches
(center to center)

5. Operation type, for example, chip seal, patching,
resurfacing, etc.?

Patching

6. Roadway type, two-lane/two-way, 2-lane divided
roadway, multi-lane (number)?

Two-lane/Two-way

7. Speed limit?

e 60 mph with work zone
e 60 mph without work zone

8. Surface type, asphalt, or concrete?

Concrete

9. Weather conditions?

e Partly cloudy
e Night average temperature was 68 degrees

10. Duration to install and/or remove the rumble strips?

No more than 10 minutes to install the temporary
rumble strips

11. What type of protection is used when installing
and/or removal?

Traffic control

12. Dialogue Comments from Installing/Removal
Crew?

a. Ease of installation and/or removal? 1 —10 1 —
difficult, 10 — easy

b. Any suggestions or techniques to simplify or to
make it easier to install/remove the rumble strips?
c. For short-term, did the rumbles move any or
move consistently with others?

d. Perception of the effectiveness of rumbles to
alert, reduce speed, etc.?

The temporary rumble strips are difficult to work with
due to their weight.
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Question

Response

13. Comments from observer?

Installation went fast.

Does not need professional skills to install.
Seemed to need precautions during the
installation.

Installation seemed to need more specific
instructions such as spacing, position, and
flaggers operation for the effect of the strips, and
for workers safety.

Road work ahead signage was placed around
2000 feet from work zone.

Flaggers on both side of highway conducted
traffic control management.

Traffic control was placed first before installation
of temporary rumble strips.

Work zone was two miles.




Table G-2. Checklist for observation of installation of temporary rumble strips on MO 370
in St. Charles County

Question

Response

1. Is the rumble strip long-term or short-term?

a. If long-term, is additional adhesive used?

e Long-term
e Additional adhesive was used.

2. What manufacturer name or product installed?

ATM Rumble Strips

3. Color of rumble used?

Orange

4. How many strips per set? How many sets per
direction? Spacing between strips and spacing between
sets?

e  Five strips per set for each lane
e Two sets per lane per direction

e 12-feet spacing between strips (Observed 11 feet
10 inches on site)

5. Operation type, for example, chip seal, patching,
resurfacing, etc.?

Pavement repair

6. Roadway type, two-lane/two-way, 2-lane divided
roadway, multi-lane (number)?

Multi-lane (6 lanes total for two directions)

7. Speed limit?

e 45 mph with work zone
e 60 mph without work zone

8. Surface type, asphalt, or concrete?

Concrete

9. Weather conditions?

e Sunny
e Hot, 75°F in the morning

10. Duration to install and/or remove the rumble strips?

15 minutes to install

11. What type of protection is used when installing
and/or removal?

Moving operation with TMA, Traffic Control
escorting includes contractor vehicle light flashing,
CMS signage “One lane closed ahead” and local law
enforcement vehicle improving visibility.

12. Dialogue Comments from Installing/Removal
Crew?

a. Ease of installation and/or removal? 1 — 10 1 —
difficult, 10 — easy

b. Any suggestions or techniques to simplify or to
make it easier to install/remove the rumble strips?
c. For short-term, did the rumbles move any or
move consistently with others?

d. Perception of the effectiveness of rumbles to
alert, reduce speed, etc.?

a. 8-install, 2-removal

b. It’s hard to remove them, especially on asphalt.
Field workers suggested not to use them.

d. Some people do slow down depending on the area.

13. Comments from observer?

e Brushed glue first and then installed rumbles.

e Two work zone workers needed to complete the
process.
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Table G-3. Checklist for observation of installation of temporary rumble strips on I-55 in
Ste. Genevieve County

Question

Response

1. Is the rumble strip long-term or short-term?

a. If long-term, is additional adhesive used?

Long-term

2. What manufacturer name or product installed?

ATM Rumble Strips

3. Color of rumble used?

Orange

4. How many strips per set? How many sets per
direction? Spacing between strips and spacing between
sets?

e  Three strips per set

e Two sets of strips per lane

e  Approximate spacing:
Upstream-First Lane: 2 feet, 1 foot 11 inches
Upstream-Second Lane: 2 feet, 2 feet 4
inches’
Downstream-First Lane: 2 feet linch, 2 feet 3
inches’

Downstream-Second Lane: 2 feet 2 inches, 2
feet 3 inches

5. Operation type, for example, chip seal, patching,
resurfacing, etc.?

Bridge repair (MoDOT Maintenance)

6. Roadway type, two-lane/two-way, 2-lane divided
roadway, multi-lane (number)?

4-lane interstate highway (2 lanes in each direction)

7. Speed limit?

e 70 mph with work zone
e 70 mph without work zone (minimum 40 mph)

8. Surface type, asphalt, or concrete?

Asphalt

9. Weather conditions?

Clear, hot

10. Duration to install and/or remove the rumble strips?

13 minutes 57 seconds 1st set, 12 minutes 40 seconds
2nd set.

11. What type of protection is used when installing
and/or removal?

Moving work zone with TMA, lane closure signs in
trailed truck deployed before the installation.

12. Dialogue Comments from Installing/Removal
Crew?
a. Ease of installation and/or removal? 1 — 10 1 —
difficult, 10 — easy
b. Any suggestions or techniques to simplify or to
make it easier to install/remove the rumble strips?
c. For short-term, did the rumbles move any or
move consistently with others?
d. Perception of the effectiveness of rumbles to
alert, reduce speed, etc.?

a. 3 or 4 (install), 7 or 8 removal

b. Install straightforward but concerned about time to
install with moving operation. Maybe use permanent
lane closure to place. Roller and pan would be easier
than brush for applying primer. Plastic difficult to get
off the back. Removal was easy using a shovel.

d. Could help to alert distracted drivers. Might be
more effective with higher spacing between strips and
five strips instead of three.
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Question Response

e Tamped with wood block
13. Comments from observer? e  Adhesive a little hard to peel off back and would
sometimes tear
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Table G-4. Checklist for observation of installation of temporary rumble strips on US 63
near Ashland

Question Response
1. Is the rumble strip long-term or short-term?
. . . Short-term
a. If long-term, is additional adhesive used?
2. What manufacturer name or product installed? RoadQuake 2
3. Color of rumble used? Orange

4. How many strips per set? How many sets per
direction? Spacing between strips and spacing between
sets?

e Three strips per set for each lane

e Two sets in each lane

e Approximate spacing on st set:
21 feet 5 inches, 26 feet 5 inches, 20 feet 0
inches, 13 feet 5 inches

e 2nd set placed just before the signs

e Approximate spacing on 2nd set:

18 feet 4 inches, 13 feet 5 inches, 18 feet 0
inches, 13 feet 5 inches

5. Operation type, for example, chip seal, patching,
resurfacing, etc.?

Install J-turn

6. Roadway type, two-lane/two-way, 2-lane divided
roadway, multi-lane (number)?

Multi-lane highway (Two lanes per direction)

7. Speed limit?

60 mph with work zone

70 mph without work zone

8. Surface type, asphalt, or concrete?

Asphalt

9. Weather conditions?

Cloudy

10. Duration to install and/or remove the rumble strips?

Five minutes

11. What type of protection is used when installing
and/or removal?

Pick-up truck

12. Dialogue Comments from Installing/Removal
Crew?

a. Ease of installation and/or removal? 1 — 10 1 —
difficult, 10 — easy

b. Any suggestions or techniques to simplify or to
make it easier to install/remove the rumble strips?
c. For short-term, did the rumbles move any or
move consistently with others?

d. Perception of the effectiveness of rumbles to
alert, reduce speed, etc.?

a. 1 for installation and removal. Challenges with
placing and removing in live traffic.

b. Would prefer to use long-term temporary rumble
strips on this project. Believes they would be easier to
place.

¢. Some movement of the rumbles occurs.

d. They help slow down vehicles. Potential for sudden
braking. In a few instances, the metal hinge broke
apart after the strips were pulled down the road by
trucks. Some damage to cars was reported. Strips
sometimes arch up.
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Question

Response

13. Comments from observer?

Waited for gap in traffic and then ran across lanes
to drop strips quickly.

MoDOT indicated strips sometimes get
dislodged.

Per MoDOT, the cost of the temporary rumble
strips on this project is $50k.
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Table G-5. Checklist for observation of installation of temporary rumble strips on US 63

near Columbia

Question

Response

1. Is the rumble strip long-term or short-term?

a. If long-term, is additional adhesive used?

e Long-term
e Yes, used primer

2. What manufacturer name or product installed?

ATM rumble strip

3. Color of rumble used?

Orange

4. How many strips per set? How many sets per
direction? Spacing between strips and spacing
between sets?

e Four strips per set
e  One set (southbound) (both driving and passing
lane). Rumbles installed north of Brown School
Road interchange
e  Approximate spacing on driving lane:
10 feet 7 inches, 10 feet 10 inches, 9 feet 10
inches
e Approximate spacing on passing lane:

10 feet 3 inches, 9 feet 11 inches, 10 feet 0
inches

5. Operation type, for example, chip seal, patching,
resurfacing, etc.?

Concrete replacement (MoDOT Maintenance)

6. Roadway type, two-lane/two-way, 2-lane divided
roadway, multi-lane (number)?

Multi-lane highway (Two lanes per direction)

7. Speed limit?

e 70 mph with work zone
e 70 mph without work zone

8. Surface type, asphalt, or concrete? Concrete
e Cloudy
9. Weather conditions? e 5S0°F

e It rained the day before.

10. Duration to install and/or remove the rumble
strips?

e Driving lane: 12 minutes

e Passing lane: 10 minutes

11. What type of protection is used when installing
and/or removal?

Moving work zone with TMA
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Question

Response

12. Dialogue Comments from Installing/Removal
Crew?

a. Ease of installation and/or removal? 1 — 10 1
— difficult, 10 — easy

b. Any suggestions or techniques to simplify or
to make it easier to install/remove the rumble
strips?

c. For short-term, did the rumbles move any or
move consistently with others?

d. Perception of the effectiveness of rumbles to
alert, reduce speed, etc.?

a. Both installation and removal of the strips were
straightforward. Removal took approximately five
minutes per side using a loader bucket. One strip
shifted initially, possible because it was set too soon.

b. No thought it was easy and straightforward.

d. Believes that they were a great tool that helped to
reduce vehicle speeds and expressed interest in using
them again in the future.

13. Comments from observer?

Put primer down, then strips, walked on to help
set.

Placed on driving lane, then looped back around to
do passing lane.

When back to do passing lane, it looked like some
of the rumbles in driving lane may have shifted a
bit.

One strip on passing looked a little shorter than the
others.

Work is expected to last two days.

Installation instructions from manufacturer
indicate minimum required air temperature of
50°F, so this was at the low end of the temperature
range for installation.




APPENDIX H. MEMORANDUM SENT TO MODOT DISTRICTS TO REQUEST
SPEED AND COUNT DATA

MEMORANDUM

Aug. 19, 2021 (Revised Sept. 1, 2021)

To:  MoDOT District Traffic Personnel

From: Mr. Henry Brown, PE, Research Engineer, University of Missouri

Re:  Armadillo Data Collection for MoDOT Research Project on Temporary Rumble Strips
Overview

The research team from the University of Missouri (MU) is requesting that MoDOT Districts
collect speed data for several work zones with and without temporary rumble strips (both long-
term and short-term temporary rumble strips) as part of a MoDOT research project to look at the
effectiveness of temporary rumble strips. This document provides general guidance for the data
collection, including placement guidance, data output files, other resources, and technical
support contact information for Houston Radar.

The MU research team will coordinate with each District regarding the work zone locations for
the study. In general, the estimated number of work zones to be studied in each District is six
(two work zones with long-term temporary rumble strips, three work zones with short-term
temporary rumble strips, and one work zone without temporary rumble strips).

Data Requested

The research team is requesting the collection of the following speed data for each work zone
location.

Work Zones with Short-Term Temporary Rumble Strips

e 24 hours of data with short-term temporary rumble strips
e 24 hours of data without short-term temporary rumble strips

Work Zones with Long-Term Temporary Rumble Strips

e 24 hours of data with long-term temporary rumble strips
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e 24 hours of data without long-term temporary rumble strips (only if long-term temporary
rumble strips have not yet been installed)

Work Zones without Temporary Rumble Strips

e 24 hours of data without temporary rumble strips

Guidance for Placement

Figure 1 provides an overview of Armadillo mounting options. For this project, the bidirectional
configuration will be used for two-lane highways, and the unidirectional configuration will be
used for multi-lane highways.

Bidirectional Unidirectional IExtended Bidirectional

T AT o o T e AT wnrh o i cemineg Snd o oulging

L.|_¢ :.::h M".;:‘;do augaing A::_.:_ 1;:.-?»:' a.-r:.:-; .-.-_rl.,.. e wi Eh Armadilio mounied 0 a

e o Ehe gide i, rHe

Incoming should be closer Typical 90 to 93% count Median should be < 1 lane wide, Expect 590 to
lane. Typical 95 to 97 count accuracy can be expected. 93% count accuracy. Avoid mounting close to
accuracy can be expected. stog lights. Free flowing traffic works best.

Armadillo needs to track vehicles across 100’ of travel
Awoid mounting near stops, lights and sharp turns that prevent this track distance

(Houston Radar)
Figure 1. Tracker mounting options for Armadillo (Houston Radar)

Some general tips for mounting the Armadillo sensor are provided below:

e Mounting height: 6 ft to 10 ft.
e Mount within 6 ft of nearest travel lane.
e The sensor should generally be placed at an angle of 15-30 degrees from straight on incoming

traffic. This angle of placement depends on the road and the distance to the farthest lane of
detection.

e Try to keep the area within 100 ft on each side of sensor free of obstacles.
e Use system beeps during first five minutes to verify vehicle detection.
e “Live Data” feature of the Android app can also be used for data verification.
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Recommended locations for placement of the Armadillo units are shown in Figure 2 through
Figure 7. For flagger operations, the recommended location is near the “ONE LANE CLOSED
AHEAD” sign. For divided highways, the recommended location is near the “RIGHT (OR
LEFT) LANE CLOSED AHEAD” Sign. These locations may need to be adjusted based on field
conditions.

ﬁ (Advanced Waming
Rail System)
For Long Term Operations

100°

(5 channelizers min.)

(5 channelizers min.)

L
35| Taper

Ja=s s/ArmadiIIo

AWRS

(Adapted from MoDOT EPG 616.8: Typical Applications, TA-10: Lane Closure on Two-Lane Highways with
Edgelines Using Flaggers - MT)

Figure 2. Armadillo placement for no temporary rumble strips for flagging operations
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Review appropriate
Typical Applications for
Flagging Operations.

- e

WO20-7a

wWO020-1 GO20-1

= 7/2021

(Adapted from MoDOT EPG 616.6.87: Temporary Rumble Strips, Figure 616.6.87.1: Temporary Rumble Strip
Placement in Flagging Operations)

Figure 3. Armadillo placement for long-term temporary rumble strips for flagging
operations
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Review appropriate
Typical Applications for
Flagging Operations.
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Armadillo
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i WO020-4

WO020-1 G020-1

‘ 712021

(Adapted from MoDOT EPG 616.6.87: Temporary Rumble Strips, Figure 616.6.87.1: Temporary Rumble Strip
Placement in Flagging Operations)

Figure 4. Armadillo placement for short-term temporary rumble strips for flagging
operations
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(Adapted from MoDOT EPG 616.8: Typical Applications, TA-33: Lane Closure on Left or Right Lane on Divided
Highway-MT)

Figure 5. Armadillo placement for no temporary rumble strips on divided highway
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(Adapted from MoDOT EPG 616.6.87: Temporary Rumble Strips, Figure 616.6.87.2: Rumble Strip Placement on a

Divided Highway)
Figure 6. Armadillo placement for long-term temporary rumble strips on divided highway
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Figure 7. Armadillo placement for short-term temporary rumble strips on divided highway
Output Data
The MU research team requests the following output data file for each location:

e Stats Analyzer data file (.dat). Filename should include job number and date.

An example data file may be found at this OneDrive link.

In addition, please provide the following information for each data collection:
e Job Number

e Route
e Approximate milepost for Armadillo placement

H-8


https://mailmissouri-my.sharepoint.com/:f:/g/personal/brownhen_umsystem_edu/EuYFkTuGH2xLkA09GNbOsiIBFN-S09tCfvBl4GLeoCuoPA?e=XoGrxZ

e Approximate latitude and longitude for Armadillo placement

e Type of work zone (Two-Lane Highway / Divided Highway)

e Type of temporary rumble strips (Long-Term / Short-Term / None)
e Start date and time for data collection

¢ [End date and time for data collection

e Date and time for installation of temporary rumble strips

e Date and time for removal of temporary rumble strips

e  Work zone speed limit

e Speed limit when work zone is not present

e Direction of travel for lane immediately adjacent to Armadillo (Northbound / Southbound /
Eastbound / Westbound)
e Picture of the rumble and the armadillo in same frame

Data files and other information should be sent to Henry Brown at brownhen@missouri.edu.

Other Resources

The following other resources from Houston Radar are available at this OneDrive link:

e Houston Radar Armadillo Tracker Quick Start Guide
e Armadillo Tracker Technical Specification

e Stats Analyzer Fact Sheet

e Stats Analyzer User Manual

e Example installation photographs

Technical Support Contact Information

Casey Inoue
Business Development Manager
Houston Radar

casey(@houston-radar.com
+1.404.731.2927



mailto:brownhen@missouri.edu
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APPENDIX 1. SUMMARY OF REQUESTED LOCATIONS FOR SPEED AND
COUNT DATA
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Table I-1. Summary of locations for which speed and count data were received

Data with

Temp. and without Data for
District Job ID Job Description County Rumble Temp Multiple
Type Rumbles Locations
cD 210219-D05 ]JDSAP%E% - ROUTE 63 - BOONE COUNTY 11/01/21 COMPLETION BOONE Short-term
J513366 - ROUTE 1-70 - BOONE COUNTY 12/01/21
CD | 210416-DO7 | -\ p] ETION DATE (Westbound) BOONE | Long-term
11/01/21 COMPLETION DATE J413216 - ROUTE 29 - PLATTE X
KC 201218-C03 COUNTY PLATTE Short-term (Southbound)
07/01/22 COMPLETION DATE J4P3015, J4P3015B - ROUTE 24 -
KC 201218-C04 JACKSON COUNTY JACKSON Long-term
J413291, J413297 - ROUTE 29 - PLATTE COUNTY 05/15/23
KC 210122-C03 COMPLETION DATE PLATTE Long-term
11/01/21 COMPLETION DATE J2P3254, J2S3206, J2S3207, MACON
NE 201218-B04 | J253255, J2S3350 - VARIOUS ROUTES - MACON, RANDOLPH ’ Short-term X
RANDOLPH
COUNTIES
NW 191115-A04 J113109/J113241 1-29 BRIDGE REPLACEMENT, HEAD TO HEAD ANDREW None
TRAFFIC
J1S3221 - ROUTE 46 - NODAWAY COUNTY 11/01/21
NW 201120-A02 COMPLETION DATE NODAWAY | Short-term
J1I3110 - ROUTE 1-29 - ATCHISON COUNTY 12/01/22
NW 210219-A01 COMPLETION DATE ATCHISON | Long-term
Nw | MODOT g 169 FLAGGER ANDREW |  None
Maintenance
J9P3169 - ROUTE 160 - OZARK COUNTY 11/01/21
SE 210122-HO1 COMPLETION DATE OZARK Short-term
SE 210319-H04 J9S3213 - ROUTE C - MADISON COUNTY 09/01/22 MADISON Long-term

COMPLETION DATE
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Data with

Temp. and without Data for
District | JobID | Job Description County Rumble Tzvmp "l Multiple
Type Rumbles Locations
MoDOT STE.
SE | aiienance | 1-53 NB MM 140 (MAINTENANCE WORK) GENEVIEVE | Long-term
SE MoDOT | ROUTE 60 (MAINTENANCE WORK - CONCRETE NEW N
Maintenance | REPLACEMENT) MADRID one
7613356 - ROUTE I-70 - ST. CHARLES COUNTY 11/01/21 ST.
SL | 201120-FO1 | oonpLETION CHARLES | Lone-term X
ST
J6P3325 - ROUTE 370 - ST. LOUIS, ST. CHARLES COUNTIES ;
SL 210122-F02 07/29/22 COMPLETION DATE CHARLES, | Long-term X
ST. LOUIS
SW | 201016-G02 | J7P3107C I-44 WB JASPER | Short-term X
SW | 201120-G01 | J713361B 1-49 SB NEWTON | Long-term X
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Table I-2. Summary of locations for which speed and count data were requested but not received

Temp.
District Job ID Job Description County Rumble
Type
11/01/21 COMPLETION DATE J5S3385 - ROUTE U -
CD | 200918-DI2 | oy i cTON COUNTY WASHINGTON | Short-term
CD | 201120-D03 | MO 740 (STADIUM BLVD.) BOONE COUNTY BOONE None
J513324 - ROUTE 1-44 - LACLEDE COUNTY 12/01/21
CD | 210319-DO1 | Conipr ETION DATE LACLEDE Long-term
J513366 - ROUTE 1-70 - BOONE COUNTY 12/01/21 COMPLETION
CD | 210416D07 | 15 o STBOUND) BOONE Short-term
MoDOT | US 63 (CONCRETE REPLACEMENT NEAR BROWN SCHOOL
CD | Maintenance | ROAD - SOUTHBOUND) BOONE Long-term
KC | 200918-C02 | 12/01/2021 COMPLETION DATE - J3S3137 - ROUTE Y PETTIS None
10/30/21 COMPLETION DATE J4S3251, J4S3258 - ROUTE 78 -
KC | 201218-C06 | 11 v sON COUNTY JACKSON Short-term
KC | 201218-C08 | J4S3280 - ROUTE 69 CLAY None
J2P3334 - ROUTE 36 - MARION, SHELBY COUNTIES 10/01/21 MARION,
NE | 201016-BO1 |~ y\1p1 ETION DATE SHELBY Short-term
12/01/21 COMPLETION DATE J2P3137, J2P3138 - ROUTE 61 -
NE | 201218-B01 | o201 COUNTY RALLS Long-term
12/01/21 COMPLETION DATE J2S3186, 1283187, 1283200 -
NE | 201218-B05 | {7 o108 ROUTES - MONTGOMERY COUNTY MONTGOMERY | Short-term
J2P3283 - ROUTE 63 - ADAIR, MACON COUNTIES 11/01/21 ADAIR,
NE | 210122-BO3 | -5\ p] ETION DATE MACON None
J2P3247, J283071- ROUTE J,54 - AUDRAIN COUNTY 12/01/21
NE | 210416-B01 | v ipl ETION DATE AUDRAIN Long-term
BUCHANAN, DEKALB J1P0862, J1P3237 - ROUTE 36 - BUCHANAN,
NW= 1 201218-A01 | 515 HANAN, DEKALB COUNTIES DEKALB Short-term
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Temp.

District Job ID Job Description County Rumble
Type
ANDREW,
W | 210122.401 | 11130208, J113099B. JIP3023B, 1153181 - VARIOUS ROUTES - gﬁj&%ﬁ N
VARIOUS COUNTIES 12/01/22 COMPLETION DATE HOLT. ong-te
SULLIVAN
NW | 210416-A03 | J1P3334 ROUTE 36 MICROSURFACING LINN None
St | 201016501 | 1913545 - ROUTE 55 - SCOTT COUNTY 11/01/21 COMPLETION SCOTT Short-term
DATE
CAPE
J9P3233 - ROUTE 61 - VARIOUS COUNTIES 10/01/22 GIRARDEAU,
SE | 201016-HO2 | -\ 1pL ETION DATE PERRY, STE. | Short-term
GENEVIEVE
SL | 210219-F01 | ROUTE A (NIGHT WORK) JEFFERSON | Short-term
sw | 200018.Goz | 11/08/21 COMPLETION DATE J7P3281 - ROUTE US54 - VERNON VERNON Shortterm
COUNTY
sw | 201120611 ]J)fﬁi% }3 52 - ROUTE D - GREENE COUNTY 12/01/21 COMPLETION GREENE Long-term
sw | 210122-Go2 ]J)7i3T3E62 _ROUTE 49 - BARTON COUNTY 12/01/21 COMPLETION BARTON Long-term
sw | 210219.07 | 18P2391 - ROUTE 13 - STONE COUNTY 12/01/21 COMPLETION STONE Shortterm
DATE
17P3484 - ROUTE 7 - BENTON, HENRY COUNTY 11/01/21 BENTON,
SW 210319-G03 COMPLETION DATE HENRY Short-term

I-4




APPENDIX J.

ATTRIBUTE DATA FOR SITES AND TIME PERIODS

Table J-1. Attribute data for sites and time periods

uUs 7:00 3:00 Rumbles were in place 7 am to 3 pm
1 CD 63 SB Boone ST 9/21 AM 9/21 PM 60 70 cach day
uUs 7:00 3:00 Rumbles were in place 7 am to 3 pm
1 CD 63 SB Boone ST 9/22 AM 9/22 PM 60 70 cach day
uUs 7:00 3:00 Rumbles were in place 7 am to 3 pm
1 CD 63 SB Boone ST 9/23 AM 9/23 PM 60 70 cach day
12:01 12:32
2 CD | I-70 | WB Boone LT 9/21 AM 9/22 AM 60 70 | -
6:48 3:59
3a KC | 1I-29 | NB Platte ST 10/5 PM 10/6 AM 60 70 | Dearborn
6:04 3:59
3b KC | I-29 | SB Platte N 10/6 PM 10/7 AM 60 70 Dearborn
6:28 5:59 . .
3c KC | I-29 | SB Platte ST 10/7 PM 10/8 AM 60 70 Dearborn (2.6 miles from site 3b)
UsS 1:37 10:55
4a KC 24 EB Jackson LT 10/7 PM 10/12 AM 55 65
us 1:55 10:48
4b KC 24 WB | Jackson LT 10/7 PM 10/12 AM 55 65
5 KC | 129 | SB | Platte Lt | 1012 | 2 P qons | E9 fso | ss | sethse
PM PM
[N 8:00 6:00 .
6 NE 24 EB | Randolph ST 9/8 PM 9/9 AM 60 60 EB is rumbles
us 8:00 6:00 . .
6 NE 24 EB | Randolph N 9/9 PM 9/10 AM 60 60 EB is approaching work zone
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11:55 11:58 .
7 NW | I-29 | SB Andrew N 9/8 AM 9/9 AM 55 70 | Bridge replacement
MO 10:55 4:54 Flagging one-lane work zone at top
8 NW 46 EB | Nodaway ST 9/8 AM 9/8 PM 55 55 of hill
9 NW | I-29 | NB | Atchison LT 10/6 ?’\(li/‘[‘ 10/7 iii 55 70 | Bridge replacement
[N 9:22 3:22 . .
10 NW 169 NB | Andrew N 10/19 AM 10/19 PM 55 60 Flagger job with no rumbles
Us 10:19 3:00 Usconly 9amto3pmas
11a SE WB Ozark ST 9/20 9/20 35 55 conservative estimate from District
160 AM PM .
when rumbles were in
Us 9:00 3:00 Usconly 9amto3pmas
11a SE WB Ozark ST 9/21 9/21 35 55 conservative estimate from District
160 AM PM .
when rumbles were in
) ) Use only 9 am to 3 pm as
11b SE Us EB Ozark ST 9/20 10:00 9/20 3:00 35 55 conservative estimate from District
160 AM PM :
when rumbles were in.
Us 9:00 3:00 Usconly9amto3pmas
11b SE EB Ozark ST 9/21 9/21 35 55 conservative estimate from District
160 AM PM :
when rumbles were in
RTE 12:29 8:26 o
12 SE C NB | Callaway LT 9/15 AM 9/15 PM 55 55 | No work zone speed limit was posted
Ste. 10:21 11:31
13 SE | I-55 | NB Genevieve LT 9/13 AM 9/15 PM 70 70
US New 11:05 8:31
14 SE 60 EB Madrid N 9/20 AM 9/24 AM 55 55 Concrete replacement
St. 8:45 9:13 .
15a SL | I-70 | EB Charles LT 9/7 AM 9/8 AM 65 70 Before strips (EB)
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St. 8:57 9:18 .
156 | 1 SL | I-70 | EB Charles LT 9/7 AM 9/8 AM 65 70 Between the two rumble strips (EB)
St. 8:06 9:32 .
15¢ 1 SL | I-70 | WB Charles LT 9/7 AM 9/8 AM 60 70 Before strips (WB)
15d| 1 | sL | 170 [wB| St LT | o7 | 3161 o8 | 936 |60 | 70 | Between the two rumble strips (WB
- Charles AM AM etween the two rumble strips (WB)
MO St. 7:57 8:15 .
16a | 1 SL 370 EB Charles N 9/14 AM 9/15 AM 45 60 Before rumble strips
MO St. 8:07 8:20 .
16b | 1 SL 370 EB Charles LT 9/14 AM 9/15 AM 45 60 In between strips
MO St. 11:39 11:45 .
16c 1 SL 370 EB Charles N 9/14 AM 9/15 AM 45 60 At lane drop no rumble strips
7:00 5:35
17 1 SW | 1-44 | WB Jasper N 9/13 PM 9/14 AM 60 70
7:00 5:35 .
17 2 SW | 1-44 | WB Jasper NWZ | 9/14 PM 9/15 AM 60 70 | No work zone due to rain
7:00 5:35
17 3 SW | 1-44 | WB Jasper ST 9/15 M 9/16 AM 60 70
7:00 5:35
17 4 SW | 1-44 | WB Jasper ST 9/16 M 917 AM 60 70
18| 1 | sw | 149 | SB | Newton | Nwz | 917 | %27 | 9n0 | 390 |60 | 70 | Nowork zone
AM AM workz
8:00 10:00
18 2 SW | 1-49 | SB Newton N 9/20 AM 9/21 AM 60 70 | Work zone set up, no lane drop
10:00 10:15 o
18 3 SW | 1-49 | SB Newton LT 9/21 AM 9/21 PM 60 70 Rumble strips installed
18 | 4 | SW | 149 | SB | Newt Lt | o2t | %15 1 on3 | %40 160 | 70 | Lane drop added
- ewton PM AM ane drop adde

* LT = Long-term, N = None, NWZ = No work zone, ST = Short-term
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