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Road Safety Audit - Lane Departure

Wareham Street, Middleborough

The Federal Highway Administration defines a Road Safety Audit (RSA) as
the formal safety examination of a road or intersection by an independent,
multidisciplinary team. The purpose of an RSA is to determine specific safety
issues and ultimately identify measures to address them, with the primary
objective being to save lives and reduce injuries.

The RSA program in Massachusetts is implemented in accordance with the
Commonwealth’s Strategic Highway Safety Plan (SHSP). The Plan provides a
framework for reducing roadway fatalities and serious injuries on all public
roads. It identifies the State’s principal roadway safety needs and focuses on
investments that reduce roadway fatalities and serious injuries. One of the areas
that the SHSP targets is lane departure crashes A lane departure crash is a single
vehicle ‘run-off-the-road’ type collision or multi-vehicle ‘head-on’ crashes. These
types of crashes, where a motorist leaves the travel lane, frequently have tragic
results. Between 2002 and 2004 lane departure crashes in Massachusetts were
responsible for 25% of the incapacitating injury crashes and almost half of all
fatal crashes. Massachusetts has targeted lane departure crashes to reduce the
seriousness of these collisions. The goal of the SHSP is to reduce the number of
fatalities and injuries requiring hospitalization by 20%.

The Southeastern Regional Planning and Economic Development District
(SRPEDD) is an active participant in this effort. In Fiscal 2009 SRPEDD committed
to conducting road safety audits on 11 corridors throughout the region. These
roads were selected based on the number of lane departure crashes resulting

in injury or death. The Wareham Street corridor in Middleborough was selected
based on a total of 29 lane departure crashes during the 2004 through 2006
period. The goal of this RSA is to determine specific issues contributing to lane
departure collisions along the corridor and identify corrective measures, both
short and long term, to address the problems.

Between 2002 and 2004
lane departure crashes
in Massachusetts were
responsible for 25% of
the incapacitating injury
crashes and almost

half of all fatal crashes.
Massachusetts has
targeted lane departure
crashes to reduce the
seriousness of these
collisions.

The audit process is guided by the procedures defined by the Federal Highway
Administration (FHWA). A multidisciplinary team was identified to participate in

the audit process with SRPEDD staff. Those invited included representatives from

Middleborough’s public works, police, emergency management and planning
staff, and the MassDOT Highway Division District 5 office.
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Residents and business
owners were requested
to offer their input

and opinions on safety
issues based on their
observations and
experiences living on and
driving this road.

SRPEDD staff collected 29 crash reports (all characterized as lane departure
collisions) from the Middleborough Police Department for the most recent 3
year period available at the time of the audit. Reports were reviewed to identify
and compile important characteristics of all the crashes. SRPEDD filmed the
corridor in both directions, and edited the video to highlight site specific issues
such as:

e |ocations of frequent crashes
e roadside obstructions
e pavement edge drop-off, etc.

Crash summaries and road characteristics were provided to the Audit Team prior
to the formal audit meeting. The team was encouraged to visit Wareham Street
prior to the audit meeting to observe characteristics of the corridor. A prompt
list of various road characteristics was also provided to help identify potential
safety issues.

An extensive public outreach was made to residents along the Wareham Street
Corridor. Letters were sent to residents and businesses on Wareham Street.

A sample letter and notice posted by the town is provided in Appendix A.
Residents and business owners were requested to offer their input and opinions
on safety issues based on their observations and experiences living on and
driving this road. Residents were encouraged to contact SRPEDD via email, letter,
or phone call. To date, SRPEDD has received 3 responses. A summary of resident
comments is provided in Figure 10 on page 10.

The formal audit meeting was conducted on Thursday March 24, 2011 at the
Middleborough Town Hall. Participants are listed in Table 1.

Table 1: Audit Team

Lance Benjamino Fire Department

Andrew Bagas Department of Public Works
Lt. Peter Andrade Police Department

Ruth Geoffrey Town Planner

Charlie Cristello Town Manager

Federal Highway Administration
Rhode Island Division

Jim Hadfield SRPEDD
Paul Mission SRPEDD
Lisa Estrela-Pedro SRPEDD
Jacqueline Schmidt | SRPEDD

Lucero Cano

Characteristics of Wareham Street

Wareham Street provides an important connection between Middleborough and
the towns of Rochester, Carver and Wareham, as well as being an alternative
route to Cape Cod. There are two distinct sections of Wareham Street, which
are shown in Figure 1 on page 3. The first, Section 1, is under the jurisdiction
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Figure 1: An Aerial of Wareham Street showing Sections 1 and 2

Legend
Cammunity Baundaries
Road Inwe ntory
Wareham 5treet, Section 1
Wareham S5treet, Section 2

of the Massachusetts Department of Transportation Highway Division District

5 (MassDOT District 5) and extends 6 miles from the Rochester Town Line
northerly to East Grove Street. This section is designated as Route 28 and

has land uses including forest land, agricultural including cranberry bogs and
nurseries, commercial, industrial, public service including a fire station and a
church, and residential. Section 1 provides an access point to Interstate 495 via
exit 3, which serves as an important connection to the greater Boston area and
the Cape Cod region. A small portion from Spruce Street to approximately 581
Wareham Street is part of the South Middleborough National Historic District. A
map showing current land usage is shown in Figure 2 on page 4.

Section 1 has a right-of-way of 40 feet, with varying lane widths of 11 to 20 feet.

Surface widths also vary from 26 to 44 feet as shown in Figure 10 on page 10.
There is a shoulder along both sides of the roadway, measuring 4 feet or smaller.
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Figure 2: Current Land Usage for Section 1

This section is designated
as Route 28 and has land
uses including forest land,
agricultural including
cranberry bogs and
nurseries, commercial,
industrial, public service
including a fire station and
a church, and residential.

Legend

I Residential (1)
Commercial (3)
Industrial (4)
Forest Land (6)
Agricultural (7)
Institutional (9)

1 Multiple Use (0)

Note: numbers in paretheses are the
Massachussetts Department of Revenue 1-digit
Property Type Classification Codes used to
determine land use.

— 5 miles

Currently there are no pedestrian or bicycle accommodations for Section 1;
however pedestrians and bicyclists have been observed using the shoulder. A
double yellow centerline identifies no passing zones for the majority of the
section. There are a few segments striped for passing. This section is relatively
straight with a few large curves. A typical cross section of Section 1 is shown in
Figure 3.

Figure 3: Typical Cross Section for Section 1
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Speed limit signs are posted along both sides of Section 1 consistent with the MassDOT Special Speed Regulation #469
(see Appendix B). In the northbound direction, the speed limit is posted at 4 locations while in the southbound direction
the speed limit is posted at 5 locations. Figure 4 displays a map of the posted speed limits and approximate locations of
all speed limit signs for Section 1.

Figure 4: Wareham Street Section 1 Speed Limits
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A 2008 SRPEDD Pavement condition survey for Section 1 indicates that the
pavement is in fair condition, but also notes an extensive utility patch resulting
from a water main replacement project from Locust Street to East Grove Street
that is in poor condition. Due to its size, location, and condition, this utility
patch contributes to an uncomfortable ride for motorists traveling northbound
as shown in Figure 5. Due to this uneven patch, drivers have been observed
traveling very close to the edge or center of the road or even leaving the travel
lane to avoid the patch. This can have serious consequences such as head

on collisions or striking objects close to the road. As this section is under the
jurisdiction of MassDOT, any future paving projects would be their responsibility.

Figure 5: Large Utility Patch on Section 1

The second section (Section 2) is under the jurisdiction of the Town of
Middleborough and extends 2.74 miles from the intersection with East Grove
Street northerly to South Main Street (Route 105). A typical cross section of
Section 2 is shown in Figure 6.

Figure 6: Cross Section for Section 2
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Land use along Section 2 is mainly residential with some commercial, industrial
and public uses, including the department of public works, the Hannah B.
Shaw Home for the Aged and the Thomas Memorial Park. Section 2 also
provides access to the John T. Nichols, Jr. Middle School for both motorists and
pedestrians. Many students from surrounding neighborhoods use Section 2 to
walk to school. A map showing current land use is shown in Figure 7.

Figure 7: Current Land Usage for Section 2

[ Residential (1)

Commercial (3)
Industrial (4)

Institutional (9)

] Multiple Use (0)

Note: numbers in paretheses are the
Massachussetts Department of Revenue
1-digit Property Type Classification Codes
used to determine land use.

— )5 miles A

Section 2 has a right-of-way of 50 feet from the intersection with East Grove
Street to Heidi Lane, a 60 foot right of way from Heidi Lane to Fairview Street
and a 40 foot right of way from Fairview Street to South Main Street. Lane
widths for this section vary from 11 to 20 feet. Surface widths vary from 22 to
40 feet and are shown in Figure 10 on page 10. There are 6 foot wide sidewalks
in the vicinity of Wood Street and from Fairview Street north to South Main
Street (Route 105). There is also a small paved shoulder that has been added
along the southbound side extending from approximately Cherry Street to Wood
Street that is used as a sidewalk, but is not delineated from travel lane by a curb
or a landscaped buffer (see Figure 8). A double yellow centerline signifying no
passing exists for the entire length of the section. This section is characterized by
numerous sharp curves and inconsistent pavement width.

A 2008 SRPEDD pavement condition survey data rated section 2 in poor
condition. Since then the town has performed maintenance on the road by
applying a chip seal coat, which prevents further deterioration and improves
overall rideablility.

Land use along section

2 is mainly residential

with some commercial,
industrial and public

uses, which includes the
department of public
works, the Hannah B. Shaw
Home for the Aged and the
Thomas Memorial Park.

Figure 8:
Pedestrian Shoulder Section 2
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Figure 9: Wareham Street Section 2, Speed Limits (Special Speed Regulation #469)

Speed limit signs are posted along both sides of Section 2 consistent with the
MassDOT Special Speed Regulation #469 dated July 2, 1969 (see Appendix B).
Northbound and Southbound the speed limit is posted at 7 locations. Figure 9
displays a map of the posted speed limits and approximate locations of all speed
signs for section 2. The speed limit changes 7 times in a very short distance,
which can be confusing and frustrating for the motorists traveling on Section 2.

Rivers/Streams

Lakes/Ponds
Roads

25 MPH

Legend

Southeastern Regional Planning and Economic Development District



Traffic and speed data was collected in 2010 using automatic traffic counters
(ATRs) at 2 locations; south of Cherry Street (Section 2) and north of Katie Drive
(Section 1). After applying seasonal correction factors, the average daily traffic
volume is 5,700 vehicles per day south on Section 2, and 7,100 vehicles per day
on Section 1. Volume and speed reports from the ATR counts are compiled in
Appendix C.

Crash Data

Crash reports were obtained from the Middleborough Police Department. A
detailed review of each report was conducted by SRPEDD staff to identify issues
that may have contributed to each collision. There were a total of 29 crashes
characterized as lane departure during the study period, 10 of which resulted in
injury. Appendix D displays a summary of crash statistics including time of day,
day of week, weather conditions, light conditions, etc.

The following crash data will be presented in two separate sections Section 1
(MassDOT jurisdiction) and Section 2 (town jurisdiction):

e Section 1 (MassDOT jurisdiction) from the Rochester town line to East Grove
Street: There were 16 crashes along this section of the corridor. Figure 10
on page 10 displays the approximate location of the crashes. Ten of those
crashes occurred on either a snowy, icy or wet road surface. Additional crash
details identified that one vehicle had hydroplaned, two had slid off the road
in snowy conditions and one motorist was driving too fast for the condition
of the road. There are numerous street lights along this section, and
visibility is good in the evening. Half (8) of the crashes occurred between 8
PM and 2 AM. Of these crashes three involved motorists falling asleep and
two involved motorists under the influence of alcohol. The principal issues
are excessive speed, snow and ice conditions, and motorists actions (falling
asleep and operating under the influence of alcohol).

e Section 2 (town jurisdiction) from East Grove Street to South Main Street:
There were 13 crashes in this section during the study period. Figure 11 on
page 11 displays the approximate location of the crashes along this section
of the corridor. Seven of the crashes occurred on a snowy or wet surface.
Three crashes involved motorists operating under the influence of alcohol
(OUI). Data from two of the crash reports indicated that the driver was
speeding. The principle issues along this segment include the curvature of
the roadway combined with snow and ice conditions, speed, and motorist
actions (OUI).

Lane Departure Road Safety Audit - Wareham Street, Middleborough 9
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Road Safety Audit - Observations and Issues

SRPEDD provided the Audit Team with specific crash data and a detailed crash
location map prior to the meeting. Staff suggested that the audit team visit

the corridor prior to the meeting to observe specific crash locations as well

as characteristics including curvature, signs, pavement markings, roadside
visibility, and any other issues they may consider important. The Audit Team
met on March 24, 2011 to review the data and discuss the issues. A video of the
corridor was utilized as a visualization of the conditions along Wareham Street,
including specific points of interest, frequent crash locations, curves, regulatory
and warning signs, pavement markings, etc. The video provided the opportunity
for the audit team to pause or replay specific segments of the corridor to point
out issues, roadway features, observations and ideas. The following issues were
identified through this effort.

Table 2: Roadside Obstructions and Horizontal Curves - Single vehicle collisions with
Collisions with Roadside roadside obstructions accounted for 97% (28 crashes) of the lane departure
Obstructions crashes. A significant portion of these crashes, 52% (15 crashes), involved a

motorist colliding with a utility pole. A breakdown of these collisions is displayed

Roadside Number of in Table 2.
Obstruction Crashes

There are several curves along the length of Wareham Street, and numerous

Utility Pole 15 sharp curves on Section 2. Collisions on these curves totaled 68% (19 crashes)
Tree 4 of the lane departure crashes along the corridor. The critical concern is with
. roadside obstructions located along the edge of curves, particularly with
Mailbox 2 .
approach speeds too fast to safely negotiate the curves.
Fence 1
The audit team discussed the need to improve the visibility of roadside
Rocks 1 } L )
obstructions due to the high incidence of crashes at night. There were a total
Sign 1 of 16 (55%) crashes that occurred at night. Even in locations with adequate
Stone Wall 1 lighting, the curvature of the road combined with oncoming headlights can
cause motorists to temporarily lose sight of the edge of the road. The lack of
Berm 1 adequate reflectors on utility poles and obstructions that are located too close
Curb 1 to the edge of the road was discussed at the audit meeting. The utility poles
along the corridor are the responsibility of the Middleborough Gas and Electric
Department. There was discussion on the need for enhanced delineation of
the roadway with the use of signs and pavement markings, especially on the
curves. Also discussed was the need for enhanced reflectivity for warning signs,
additional chevron signs on the curves and adding edge lines along the length of
Figure 12: the corridor. The audit team also discussed the location of passing zones along
Wooden Guardrails Section 1 in relation to the curvature of the roadway.

Wooden Guardrail There are two wooden guardrails located over Fall Brook on both sides of the
road in Section 2 as shown in Figure 12. These guardrails are outdated in terms
of safety and should be replaced in order to meet current standards.

Excessive Speed — The Audit Team agreed that speed was an issue along the
entire corridor. The average and 85th percentile speed data was collected in
2010 using automatic traffic counters (ATRs) at 2 locations; North of Katie Drive
and South of Wood Street. Count locations, the recorded 85th percentile speed
and posted speed limits at the count locations are shown in Table 3 on page 13.

The 85th percentile speed is the speed at which 85 percent of the vehicles
are traveling at or below. It is also the speed that is typically used to establish

12 Southeastern Regional Planning and Economic Development District



Table 3: Average and 85th Percentile Speeds on Wareham Street

Southbound

Location Posted 85™ Posted 85"
Speed Percentile | Speed Percentile

North of Katie Drive
(Section 1)

45 mph 50 mph 50 mph 50 mph

South of Wood Street

(Section 2) 35 mph 41 mph 35 mph 44 mph

speed limits, since experience has shown that a speed limit near this value is the
maximum safe and reasonable speed for a roadway. The 85th percentile speed
on Section 1 shows that motorists are traveling at or near the posted speed

limit of 50 mph in the Southbound direction and 45 mph in the Northbound
direction at the locations where the count data was collected. 85 percent of
motorists on Section 2 are traveling well above the posted 35 mph speed limit in
the Northbound and especially the Southbound direction where the count data
was collected. It is evident that motorists are ignoring the posted speed limits,
possibly due to inconsistent speed zoning. Residents also commented on truck
traffic traveling at high speeds.

Massachusetts General Law, Chapter 90 Section 17 states that “No person
operating a motor vehicle in any way shall run it at a rate of speed greater than
is reasonable and proper ”. This is the “basic rule” and applies to all public roads
in Massachusetts. Section 17 continues to state that “Exceeding 30 MPH for 1/8
mile in a “thickly settled” area (where houses average less than 200 feet apart
for 1/4 mile) is prima facie evidence of unreasonable speed. Analysis of Section
2 shows that it qualifies as a “thickly settled” area, therefore 30 MPH would be
an enforceable speed limit for the entire section. The law however, states that
radar can not be used to enforce speeding in a “thickly settled” area, which
would make it more difficult to enforce speeding.

There are no edge lines along Section 2. Edge lines currently exist along Section
1, and the audit team discussed relocating them to narrow the travel lanes and
to decrease the driver’s comfort level, thereby potentially reducing motorists’
travel speeds. Adding or improving edge markings would also help increase
the visibility of the roadside, during darkness and adverse weather conditions,
particularly along horizontal curves.

Although there are ‘curve ahead,” ‘chevron’ and ‘arrow’ signs alerting motorists
of curves in some locations, there are many locations that do not have any
advance warning. In the locations where there is signage, information on a safe
travel speed to approach the curves is not provided.

Inclement Weather - There were seventeen (61%) lane departure crashes
reported on wet, snow and ice covered road surfaces. Section 2 has tree canopy
that hinders ice and snow from melting off the roadway according to resident
comments. The Middleborough representative revealed that the response time
to roadway treatment in Middleborough has been improved recently and that
the Highway Department has determined their new strategies are effective.

Limited Bicycle and Pedestrian Accommodations — Wareham Street has many
pedestrians and bicyclists. Discussion focused on accommodating these users, as
well as the potential for adding bike lanes along Section 1.

Lane Departure Road Safety Audit - Wareham Street, Middleborough

13



Driver Contributing Factors — Driver inattention, operating under the influence
and falling asleep at the wheel were issues discussed by the Audit Team and
mentioned by many of the residents along the corridor. Driver inattention is

a common problem throughout America, and is becoming more a function of
motorists performing additional tasks while operating a vehicle (cell phone use,
texting, etc.). In September 2010, Massachusetts passed a law banning texting
while driving and restricting cell phone use. The law also prohibits accessing
the Internet on a phone or mobile device while driving and bans anyone under
the age of 18 from talking on a cell phone while driving. Violators will face fines
ranging from $100 for a first offense and up to $500 for repeat offenses. Strict
enforcement of this law should reduce crashes caused by driver inattention.

There was a high incidence of crashes attributed to operating under the
influence (OUI). Three crashes occurred in Section 2 and two crashes occurred
in Section 1. The audit team discussed possible causes for this high rate of OUls
and potential solutions, including increased enforcement along the corridor.

There were 3 crashes along Section 1 involving a motorist that fell asleep while
driving. All three crashes occurred between 1 and 2 AM. The installation of
rumble strips along the edge line would help to keep motorists alert and in

the roadway. Care is needed in the placement of rumble strips in proximity to
residential properties as they can be quite loud when driven over.

Intersection Geometry — There were two intersections in Section 2 with
confusing geometry; Wareham Street at Sachem Street and the Thomas, Cherry,
and Wareham Street intersection.

Wareham Street at Sachem Street Intersection — As shown in Figure 13, this
intersection is formed with Sachem Street meeting Wareham Street at the top
point of a sharp curve. There is no indication that Wareham Street is the main
road except for the double yellow centerline. Although Sachem Street has a stop

Figure 13: Wareham Street and Sachem Street

® Northbound Approach
8 on Wareham Street

Large dirt mound
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sign, it lacks a stop line. There is also a mound of dirt on the corner of Sachem
Street and Wareham Street that is in violation of the town’s zoning bylaws and
may impede sight distance for vehicles turning onto Wareham Street from
Sachem Street.

Wareham Street at Thomas Street and Cherry Street — This is a 5 leg intersection
with an island as shown in Figure 14. There is confusion as to which approach
has the right-of-way between Thomas and Cherry Street on the westbound
approaches to the intersection and there are no stop lines to indicate where
approaching motorists should stop. There is a utility pole in a precarious location
on the island that separates Thomas Street and Wareham Street. There are also
some sight distance issues due to foliage on the eastbound approach on Cherry
Street towards Wareham Street.

Figure 14: Wareham Street and Cherry Street/Thomas Street

Crosswalk Sign — It was observed by the audit team that there is a crosswalk sign
with no pavement markings in the vicinity of the Middleborough Department

of Public Works on Wareham Street (see Figure 15). Across the street from the
DPW is the Thomas Memorial Park and herring run with a parking lot that is a

Figure 15: Herring Run Crosswalk

Thomas Street Appoach
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popular destination for recreational activities. On the same side as the DPW,
there is a boat launch for the Nemasket River. Pedestrians often use this location
to access the boat launch from the parking lot across the street. The sign is
located immediately north of a curve in the road. It should be noted that this
location does not have curb ramps to facilitate a crosswalk.

Road Safety Audit - Improvement Measures for Consideration

The Audit Team discussed various measures to address safety issues identified
along the corridor.

Measures to Improve Delineation of Horizontal Curves - These measures are
intended to reduce the frequency and severity of crashes on the curves along
Wareham Street by minimizing the likelihood of vehicles crossing the center
line or leaving the roadway. Measures appropriate for Wareham Street include
improved advance warning signs, adding edge lines and adding or upgrading
pavement markings. Due to the various land uses, the scenic character of the
road, and potentially high costs, measures such as straightening the curves are
unlikely.

¢ Advance Warning Signs - To improve travel lane and curve delineation as
well as to reduce speed, improvements to signs and pavement markings
are recommended. Standardized, consistent signage can improve safety
on these curves—by improving driver expectation of what is ahead. If
similar curves are signed consistently, and if the advisory speeds are setin a
consistent manner, then drivers know what lies ahead when they encounter
those signs. The safe advisory speed for a curve is the maximum speed
which will permit the vehicle to travel the curve in its own lane without
causing an uncomfortable side force. Recommended locations and advisory
speed limits are shown in Figure 16 on page 17 speeds were determined
using a ball bank indicator. A Ball Bank Indicator is an inclinometer that
measures the overturning force (side friction, measured in degrees) on
a vehicle negotiating a horizontal curve. The signs must also provide
appropriate retroreflectivity as defined by the Manual on Uniform Traffic
Control Devices (MUTCD) section 2A.09 to enhance visibility.

e Existing chevron/arrow warning signs on the curves should be replaced with
signs with proper placement and acceptable retroreflectivity as defined in
the MUTCD.

e Edge Markings (Fog Lines) — There is a need for edge-of-road delineation
to improve roadside visibility and potentially reduce speed along Section 2.
Installing edge lines in both directions would improve motorists’ recognition
of the roadside at night and during adverse weather conditions, particularly
along horizontal curves. These lines also provide the effect of narrowing
the travel lane and may result in a decrease in travel speed along the road,
especially in the vicinity of curves.

e Embedded Pavement Markings - Installation of reflective raised markings
embedded in the centerline of the road for the approach and through the
length of the curve is recommended. This will enhance the delineation
and reduce the potential for crossover incidents. This measure should be
considered for Section 1 in conjunction with any upcoming paving projects.
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Measures to Address Roadside Obstructions - There are several strategies
for minimizing crashes with fixed objects along the roadside. These strategies
include removing or relocating the objects to improving the visibility of the
objects.

e |nstallation of Reflectors - This measure involves installation of reflectors on
roadside obstructions such as utility poles or any obstruction that is located
too close to the edge of the road. Most utility poles along Wareham Street
do not have reflectors or have inadequate reflectors. The Middleborough
Gas and Electric Department should be contacted to determine if reflectors
can be upgraded or installed on all utility poles. This is especially important
due to the high number of collisions with utility poles along the corridor.

e  Obstruction Removal/Relocation - MassDOT and the town of
Middleborough should consider the removal of a limited number of trees
along the corridor. The selection of these trees should be made based on
precarious locations along curves and/or their likelihood of being struck.
This includes trees that have visible damage from previous collisions. The
town should also work with utility companies to arrange for the relocation
of a limited number of utility poles along the corridor. Arrangements should
also be made to insure that when poles are replaced, they are placed as far
away as possible from the edge of the roadway pavement.
Figure 17:
Steel Backed Timber Rail e Wooden Guardrails - The wooden guardrails over Fall Brook on Section 2
should be upgraded to meet current safety standards. To retain the scenic
character of the area, they could be replaced with steel backed timber rail
consistent with the 2008 Edition of the MassHighway Design Guide Chapter
5 Section 5.6.2.2. An example is shown in Figure 17. The cost premium may
be an important consideration as this could be more costly than a traditional
guardrail.

Speed Reduction Measures - To reduce vehicle speed along the corridor, the
town should consider implementation of the following measures.

e Enforcement - Strict enforcement of excessive speeding by the
Middleborough Police should continue along the corridor. A repeated
police presence on Wareham Street would identify it as an area heavily
patrolled by the local police. Enforcement is difficult in some locations,
especially Section 2, because of the curvature of the road and lack of an
adequate clear zone along the roadside, therefore traditional enforcement
could be focused to straight-aways. Speed trailers could also be used to
make motorists more aware of the speed they are traveling in relation to
the posted speed limit. Camera enforcement to allow remote ticketing of
violators would be effective along this segment; however this measure is not
currently available in Massachusetts.

e Speed Zoning — The town could consider rescinding the current speed zone
regulation for Section 2 by requesting a new regulation identifying this
section as “thickly settled.” This would first require approval through the
Board of Selectmen and then approval from the MassDOT Highway Division
District 5 and Boston. It is important to remember that radar can not be
used. A motorist must be observed exceeding a speed greater than 30 mph
for a minimum of 1/8 of a mile before they can receive a violation.
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e Advisory Speeds — The use of advisory curve and speed signs would be
beneficial to inform motorists to the travel speed on the curves throughout
this corridor. Posting of these signs, as shown in Figure 16, would require
input from MassDOT as to the appropriate advisory speeds and locations.
Also, signs should provide appropriate retroreflectivity as defined by the
Manual on Uniform Traffic Control Devices (MUTCD) section 2A.09.

e Edge Lines — The addition of edge lines in section 2 should be considered
to help decrease speeds by reducing the travel lane width and therefore
decreasing the drivers comfort level along the road. Consideration should
also be given to moving edge lines closer to the center of the road in Section
1 to reduce the travel lane as well as accommodate a bicycle lane.

e Optical Speed Bars - The Audit Team expressed interest in the possible use
of optical speed bars, especially on the approaches to the many dangerous
curves. Optical speed bars are a passive speed control measure intended to
influence motorists’ driving behavior. They are designed to give motorists
the illusion that they are driving faster than they actually are. This is done
by installing pavement markings perpendicular to the travel lane. As the
vehicle passes over them, the lines get closer together, giving the illusion
that the vehicle is accelerating. Optical speed bars are currently considered
experimental, but have shown some success in reducing average travel
speeds in limited instances. Implementation of this measure should follow
guidance from the Manual on Uniform Traffic Control Devices (MUTCD)
2009 edition section 3B.22, pages 393-394 and the National Cooperative
Highway Research Program (NCHRP) Report 613 section 4.3, page 33. Both
the MUTCD and NCHRP Report 613 sections referenced are provided in
Appendix D. Before, during, and after installation speed analyses would
be necessary to determine the short and long term effectiveness of this
measure.

Measures to Improve Conditions in Inclement Weather- These measures are
intended to reduce the frequency and severity of crashes by minimizing the
likelihood of vehicles crossing the center line or leaving the roadway. Measures
include providing improved drainage structures and ice prevention/melting
measures. Middleborough has already taken steps to improve ice prevention
and snow melting measures throughout the town which should also improve
conditions along Wareham Street.

The Town should also review the condition of surrounding trees along the
corridor to consider removal of overhanging branches that block sunlight. This
may help to reduce icing conditions due to the canopy of branches that prevent
sunlight from melting surface ice. Sanding should be done as needed to mitigate
icing along the corridor.

Measures to Improve Bicycle and Pedestrian Accommodations - A formal
sidewalk should be provided on Section 2 in the vicinity of the John T. Nichols
Middle School to allow students to safely walk to school. Consideration should
be given to partnering with the Massachusetts Safe Routes to School Program,
which provides technical assistance and infrastructure funding to schools to
enhance safety along school routes.

Ideally, sidewalks as well as a bike path or lane should be located along all
of Wareham Street. Surface widths on Section 1 are more than adequate to

Figure 18:
Optical Speed Bars
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provide sidewalks and bike lanes along both sides of the roadway. The addition
of bike lanes and/or sidewalks along Section 1 should be considered with any
future paving project. Due to narrowness of the lanes and curvature of some
portions in Section 2, ample space may not be available to accommodate
these activities, however effort should be made to accommodate bicycle and
pedestrian users where space is available.

Driver Contributing Factors — These measures are intended to decrease

the frequency and severity of crashes along Wareham Street due to driver
distraction/inattention, operating under the influence and falling asleep while
driving. Measures include increased enforcement and the addition of rumble
strips along Section 1.

¢ Enforcement of Driver Distraction: Strict enforcement of Massachusetts cell
phone usage and OUI laws by the Middleborough Police should occur along
the corridor. A repeated police presence on Wareham Street would identify
it as an area heavily patrolled by the local police.

e Rumble Strips: Consideration should be given to adding rumble strips along
the edge lines of Section 1 to alert vehicles that they are leaving the travel
lane by creating a loud noise and strong vibration in the vehicle.

Intersection Geometry — The intersections of Wareham Street at Sachem Street
and Wareham Street with Thomas Street and Cherry Street were highlighted as
having confusing geometry as well as other issues. The following measures are
intended to improve driver understanding of the intersection and to reduce the
frequency and severity of crashes at these locations.

e Wareham Street at Sachem Street — Measures for this intersection include
removing the pile of dirt from the corner of Wareham Street and Sachem
Street to increase sight distance, the addition of a stop line at the Sachem
Street approach where the stop sign is currently located, and the addition
of a sign to clarify the continuance of Wareham Street such as MUTCD

Figure 19: Recommended Sign Locations for Wareham and Sachem Street Intersection
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sign W1-10 for the northbound direction and W1-10c for the southbound
direction, these signs and recommended placement are shown in Figure 19.

e Wareham Street and Cherry Street/Thomas Street — Measures for this
intersection include the removal/relocation of the pole from the island and
signage to clarify right-of-way.

Crosswalk Sign — The crosswalk sign in the vicinity of the Middleborough
Department of Public Works on Wareham Street should have corresponding
pavement markings. Due to the lack of adequate curb ramps and the expense
associated with construction, the crosswalk sign could be replaced with a
“Pedestrian Crossing” sign (MUTCD W11-2) as shown in Figure 20. This would
alert motorists to the presence of pedestrians in the area without alluding to the
presence of a crosswalk.

Due to the high volume of pedestrians in the area consideration should be given
to adding a crosswalk in this location in the future if funds become available.

If implemented, the town could consider using a more visible configuration

such as shown in Figure 21. This type of crosswalk is considered to be the most
visible, and is less likely to fade due to the placement of the lines with respect to
the wheel path.

Table 4 summarizes each measure’s potential safety improvement (low, medium,
high), time frame to implementation (short, mid-term, long) and relative cost of
implementation (low to high).

Table 4: Potential Corrective Measures

Figure 20:
Recommended Crosswalk Type

Figure 21:
Recommended Crosswalk Type

Potential Time
_ Safety lssue Addressed Safety Results .

Advisory Speed Signs / Advance Excessive Speed on Approach to

Warning Signs Curves
Add/Improve Sign Retroreflectivity | Roadside / Curve Visibility Mid
Install Embedded Raised Center Curve Visibility Mid

Line Markings
Speed/Bicycle & Pedestrian

Move Edge Lines on Section 1 Accommodations High
L P

Install Edge Lines on Section 2 ane V.ISIblllty/ Reduce Speed Mid
Excessive Speed

Add Reflectors on Trees & Utility Roadside Visibility High

Poles

Remove Trees / Relocate Utility Roadside Obstructions High

Poles

Increase Police Enforcement E)fce55|\{e Speed /OUI/ High
Distraction

Speed Trailer Excessive Speed Low

Optical Speed Bars Excessive Speed Mid

Trim Trees Canopy related icing Low

Bicycle Lane / Sidewalk Multimodal Conflicts Mid

Rumble Strips Drivers Falling Asleep Mid

Replace missing crosswalk Pedestrian Mid

Replace Wooden Guardrail Roadside Obstruction Low

Short

Short Low
Mid Mid
Short Low
Short Low
Short Low
Long Mid
Short Mid
Short Mid
Mid Low
Short Low
Long Mid
Short Mid
Short | Low
Short Mid
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Recommendations

Numerous issues identified in this report contribute to a high number of crashes
and make Wareham Street one of the most dangerous lane departure corridors
in southeastern Massachusetts.

Several issues require immediate attention:

e Reflectors should be placed or replaced on immovable roadside obstructions
to improve visibility during darkness and inclement weather conditions.
Placement on utility poles should be a priority.

e Strict enforcement of excessive speeding and operating under the influence
(OUIs) by the Middleborough Police should continue along the corridor. A
repeated police presence would identify Wareham Street as an area heavily
patrolled by the local police. Enforcement is difficult in some locations along
the corridor because of the curvature of the road and lack of an adequate
clear zone along the roadside, therefore traditional enforcement should be
confined to straight-aways. Portable speed trailers visually display drivers’
real-time speeds compared to the speed limit. These devices may be
effective in reducing speeds and increasing awareness of local speed limits.

e The crosswalk sign in the vicinity of the Thomas Memorial Park across from
the Middleborough DPW should be replaced with a Pedestrian Crossing
(MUTCD W11-2) sign. Consideration could be given in the future to adding a
crosswalk in this location with pavement markings, signage and curb ramps.

e A formal sidewalk should be installed along Section 2 where necessary to
provide a safe walking route to school for students in the area. The School
Department should work with MassRIDES to become a partner of the
Massachusetts Safe Routes to School Program for the John T. Nichols Middle
School as well as all the schools in Middleborough.

e Consideration should be given to rescinding the current speed zone
regulation for Section 2 and requesting a new regulation identifying this
section as “thickly settled.” This would first require approval through the
Board of Selectmen and then approval from the MassDOT Highway Division
District 5 and Boston. It is important to remember that radar can not be
used. A motorist must be observed exceeding a speed greater than 30 mph
for a minimum of 1/8 of a mile before they can receive a violation. This
measure should be done in addition to posting advisory speed signs.

e Appropriate advisory signs defined in the Manual on Uniform Traffic Control
Devices (MUTCD) should be installed on Section 2 as suggested in Figure 16.
Once installed, SRPEDD is available to study the effectiveness of the advisory
speed signs in lowering average travel speed. This measure should only be
considered if the current speed zoning is rescinded.

e Edge lines could be added in Section 2 to help decrease speeds by reducing
the travel lane width and therefore decreasing the drivers comfort level
along the road. This would also improve roadside visibility, especially at
night and during adverse weather conditions.

e Edge lines in Section 1 should be moved closer to the center of the road
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to reduce the travel lane as well as accommodate bicycle lanes and/or
sidewalks. This should be considered with any future paving project along
this section.

Reflective raised markings embedded in the centerline of Section 1 should
be considered to enhance the delineation of the lanes and reduce the
potential for crossover incidents. This measure should be considered for
Section 1 in conjunction with any upcoming paving projects.

Improvements to the Wareham Street at Sachem Street intersection include
the addition of a stop line at the Sachem Street approach, the addition of
signs to clarify the continuance of Wareham Street as suggested in Figure
20, and the removal of the pile of dirt from the corner of Wareham Street
and Sachem Street.

Improvements to the Wareham Street at Thomas Street and Cherry Street
intersection should include the removal or relocation of the pole in the
center of the island, the addition of stop lines on the Thomas Street and
Cherry Street approaches to clarify stop locations and right-of-way and
trimming of foliage blocking sight distance on the Cherry Street eastbound
approach.

MassDOT and the town of Middleborough should consider the removal of
a limited number of trees along the corridor. The selection of these trees
should be made based on their precarious location to curves or likelihood
of being struck. This includes trees that have visible damage from previous
collisions. The town should also work with utility companies to arrange

for the relocation of a limited number of utility poles along the corridor.
Arrangements should also be made to insure that when poles are replaced,
they are placed as far away as possible from the edge of the roadway
pavement.

Trees with a thick canopy hanging over the roadway should be trimmed
or removed to assist in melting snow and ice on the roadway. Frequent
sanding of the roadway should be performed, especially along Section 2
of the corridor to decrease the number of crashes occurring in snow/ice
conditions.

Consideration should be given to installing optical speed bars along
segments of the corridor. This measure is currently considered
experimental, but has shown to have success in reducing average travel
speed in other jurisdictions both nationally and worldwide. Implementation
of this measure should follow guidance from the Manual on Uniform Traffic
Control Devices (MUTCD) 2009 edition section 3B.22, pg 393-394 and the
National Cooperative Highway Research Program (NCHRP) Report 613. Once
installed, SRPEDD is available to study the effectiveness of the optical speed
bars in lowering average travel speed

Consideration should be given to installing rumble strips along the edge of
Section 1 to alert motorists if they leave the travel lane.

The Town should consider requiring future developers’ participation in
constructing improvements such as bicycle and pedestrian accommodations
along Wareham Street.

Lane Departure Road Safety Audit - Wareham Street, Middleborough
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Follow-up Meeting

Table 5: Audit Team A follow-up meeting was held with the audit team on March 20, 2012 at the
Middleborough Town Hall. Participants are listed in Table 4. The audit team
MM‘ discussed the draft version of the Middleborough Road Safety Audits with an
Andrew Bagas DPW Director emphasis on the recommendations presented in the reports. Recommendations
discussed and agreed upon by the audit team for Section 1 (town owned

Charlie Cristello Town Manager . ) . .
section) are shown in Figure 23 and Figure 24 shows recommendations for

Ruth Geoffrey Town Planner Section 2. Since a portion of Wareham Street falls under the jurisdiction of
Lance Benjamino  Fire Chief MassDOT Highway Division, a consensus was reached that SRPEDD should
Paul Mission SRPEDD facilitate a meeting with MassDOT to discuss improvements recommended for

this section of roadway. It was agreed that following the receipt of the final draft,
the town will develop a project based on the recommendations for approval by
Lilia Cabral SRPEDD the Board of Selectmen. SRPEDD will assist this effort with a presentation of the
Jacqueline Schmidt SRPEDD recommendations at a Board of Selectman’s meeting.

Lisa Estrela-Pedro | SRPEDD

Figure 23: Map of Recommendations for Section 1 of Wareham Street
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Figure 24: Map of Recommendations for Section 2 of Wareham Street
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Appendix A - Public Outreach

Letter to Wareham Street Residents
Public Notice on the town of Middleborough’s Website

Brockton Enterprise Article
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SOUTHEASTERN REGIONAL PLANNING & ECONOMIC DEVELOPMENT DISTRICT
88 BROADWAY 4 TAUNTON, MA 02780-2557

SRPEDD to Conduct Road Safety Audits throughout Southeastern Massachusetts
Seeking Assistance from Wareham Street, Marion Road and Spruce Street
Neighborhood Residents

A Road Safety Audit (RSA) is a formal safety performance examination of roads and
intersections, conducted by a multi-disciplinary team of professionals with expertise in areas such
as engineering, roadway maintenance, law enforcement, land-use and emergency response. The
purpose of an RSA is to identify potential safety issues and possible opportunities for safety
improvements, with the ultimate goal of saving lives and reducing injuries on our roads.

The focus of this effort is to address lane departure crashes. Lane departure crashes are generally
single vehicle collisions where the motor vehicle leaves the travel lane and collides with a fixed
roadside object (such as a tree or utility pole), overturns along a roadside embankment, or crosses
the center line striking an oncoming vehicle traveling in the opposite direction. According to the
University of Massachusetts’ MassSafe program, lane departure crashes account for 19% of all
crashes, but 25% of all incapacitating injury crashes and nearly half of all fatal crashes.

The alarming number of deaths and serious injuries resulting form these single vehicle ‘run-oft-
the-road’ type crashes has placed a focus on identifying and ultimately addressing the nature of
these tragic crashes. Massachusetts’ Strategic Highway Safety Plan (SHSP) has a goal to achieve
a 20% reduction in deaths and serious injuries on our state and local roadways. One of the
principal strategies of the SHSP is to identify roadways with the highest frequency of lane
departure crashes resulting in injuries and deaths, review specific circumstances contributing to
those crashes, and develop and implement strategies to mitigate the safety problems.

The Massachusetts Department of Transportation (MassDOT) has taken a lead role in this effort
along with the Southeastern Regional Planning and Economic Development District (SRPEDD).
SRPEDD has identified corridors throughout the region with a high occurrence of these crashes
and is working with those communities to identify ways to enhance safety. Three of the locations
identified are in Middleborough; Wareham Street, Marion Road and Spruce Street. There
were 23 crashes between 2004 and 2006 along Wareham Street, 14 along Marion Road where one
resulted in a fatality, and 12 along Spruce Street where there was also one resulting in a fatality.

The cooperation and involvement of the community in this endeavor is imperative, including each
city/town’s police, fire/emergency, highway/DPW and leadership. Assistance from residents and
motorists who live along these roads or regularly drive along them is also necessary to gain perspective
into the many issues contributing to the danger. To this end SRPEDD is requesting feedback from the
public, especially those who frequently travel and are familiar with these roads. Please contact SRPEDD
if you have ever been involved in a crash or a “near-miss”, or have an opinion on a possible flaw along
any of these roads. We want your perspective regarding anything about these roads that makes you feel
unsafe or may be contributing to crashes. Please contact SRPEDD if you have any comments or
suggestions. To contact SRPEDD, please e-mail lestrela@srpedd.org or call Lisa Estrela-Pedro at 508
824-1367 or fax 508 823-1803.

Thank You.

Voice: (508) 824-1367 + Fax: (508) 823-1803 4 E-Mail: info@srpedd.org 4 Website: www.srpedd.org
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SRPEDD to Conduct Road Safety Audits at the Request of the Town of
Middleborough

The Town of Middleborough and SRPEDD (Southeastern Regional Planning and
Economic Development District) are seeking assistance from Wareham Street,
Marion Road and Spruce Street neighborhood residents. These corridors have been
identified as having a high occurrence of lane departure crashes. Assistance from
residents and motorists who live along these roads or regularly drive them is necessary
to gain perspective into issues contributing to the danger. We want your opinion
regarding anything about these roads that makes you feel unsafe or may be contributing
to crashes. For more information please visit:

http://www.srpedd.org/transportation/Middleborough%20Locations%20Resident%
20Letter.pdf

Please contact SRPEDD directly if you have any comments or suggestions. To
contact SRPEDD, please e-mail lestrela@srpedd.orgor call Lisa Estrela-Pedro at 508
824-1367 or fax 508 823-1803.

Town of Middleborough MA - Town Hall, 10 Nickerson Avenue, Middleborough MA 02346 | Terms of Use

http://middleboroughcom.vps.dependable-hosting.com/News.aspx?72 2/24/2011
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Life's little moments served up in short order
Chatter

SPEAK OUT ABOUT MIDDLEBORO's RISKY ROADS

If you drive around Middleboro, the Southeastern Regional Planning & Economic Development District wants to hear
from you. Specifically, the agency is looking for motorists and residents who drive or live along Wareham Street,
Marion Road and Spruce Street to tell them about anything they feel is unsafe or contributes to crashes on those roads.
The Massachusetts Department of Transportation has identified the roadways in question as having a high frequency of
crashes-nearly 50 between 2004 and 2006-with one fatality. The agency will conduct a safety audit on March 24. Those
who would like to voice their opinions should e-mail zlestrela@srpedd.org or call Lisa Estrela-Pedro at 508-824-1367.

THRIFTY, BRAVE, CLEAN AND REVERENT

Daniel Noyes, left in photo above, of Stoughton, celebrated earning the rank of Eagle Scout on Saturday. For his
service project, he led volunteers in installing 70 garden boxes at Stoughton's veterans memorial squares. In the
process, he came across some interesting stories of local military men and women, according to his father. More on
those in the coming days.

ACTUALLY, WE DIDN't THINK SHE'D BE TALLER IN PERSON

Christophanie Julien of Brockton sidled up to tennis star Venus Williams (official height: 6 feet, 1 inch) for this photo,
taken over the weekend at Miami's Sun Life Stadium. Julien, pictured here with Williams and Rueben Bailey of
Dorchester, was chosen to attend the Sun Life Rising Star Awards National Summit, a special conference where
students from across the country to discuss education problems.

Got an item or photo for us?

- We'd love to feature them in The Enterprise. E-mail is best at page2@enter prisenews.com, but you can also send
items to Page Two, The Enterprise, 1324 Belmont St., Unit 102, Brockton, MA 02301, or fax them to 508-427-4027.

Copyright 2011 The Enterprise. All Rights Reserved.

http://nl.newsbank.com/nl-search/we/Archives?p action=print&p docid=135B774AEQF35168 3/2/2011






HEL:, Appendix B - Special Speed Regulation

Special Speed Regulation #469
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HE Appendix D - Detailed Crash Information

Highway Safety Analysis (HSA) Crash Summary Sheet

Crash Records Summary






ACCIDENT SUMMARY SHEET

ROUTE: Wareham St LOCATION:
MUNICIPALITY: Middleboro COUNTY:
TIME PERIOD COVERED: 1/1/2004 - 12/31/2006 REFERENCE MARKERS /NODES -
REMARKS: All Accidents DATE: 2/10/2011
TIME OF DAY # ACC % DIRECTION # ACC % DIRECTION # ACC
6 AM - 10 AM 6 20.7% North 13 44.8% Northeast 0 0.0%
10AM - 4 PM 4 13.8% South 9 31.0% Northwest 0 0.0%
4PM- 7PM 3 10.3% East 2 6.9% Southeast 0 0.0%
7PM-12 AM 7 24.1% West 5 17.2% Southwest 0 0.0%
12 AM - 6 AM 9 31.0% Unspecified 0 0.0%
Unspecified 0 0.0% Total 29
Total 29 ACCIDENT TYPE # ACC % ACCIDENT TYPE #ACC
WEATHER # ACC % Rear End 0 0.0% Pedestrian 0 0.0%
Clear 13 44.8% Overtake 0 0.0% Bicycle 0 0.0%
Cloudy 2 6.9% Right Angle 0 0.0% Parked Vehicle 0 0.0%
Rain 4 13.8% Left Turn 0 0.0% Backing 0 0.0%
Snow 7 24.1% Right Turn 0 0.0% Run Off The Road 0 0.0%
Sleet/Hail/Freezing Rain 0 0.0% Fixed Object 29 100.0% Animal 0 0.0%
Fog/Smog/Smoke 1 3.4% Head On 0 0.0% Other 0 0.0%
Unspecified 2 6.9% Sideswipe 0 0.0% Unspecified 0 0.0%
Total 29 Total 29
SURFACE # ACC % ACCIDENT SEVERITY # ACC %
Dry 8 27.6% Fatal 0 0.0%
Wet 11 37.9% Injury 10 34.5%
Mud/Slush 0 0.0% Property Damage 19 65.5%
Snow/Ice 7 24.1% Non-Reportable 0 0.0%
Unspecified 3 10.3% Total 29
Total 29
TIME OF YEAR # ACC % TYPE OF VEHICLE # ACC %
Winter  (Dec-Feb) 9 31.0% Passenger Cars 29 100.0%
Spring  (Mar-May) 6 20.7% Commercial Vehicles 0 0.0%
Summer (Jun-Aug) 6 20.7% Total 29
Fall (Sep-Nov) 8 27.6%
Total 29
DAY OF WEEK # ACC % LIGHT CONDITION # ACC %
Sunday 4 13.8% Daylight 10 34.5%
Monday 2 6.9% Dawn/Dusk 1 3.4%
Tuesday 3 10.3% Night 16 55.2%
Wednesday 3 10.3% Unspecified 2 6.9%
Thursday 5 17.2% Total 29
Friday 4 13.8%
Saturday 8 27.6%
Total 29

SUMMARY OF ACCIDENT SEVERITY BY YEAR: 2004 2005 2006

Fatal Accidents 0 0 0
Injury Accidents 4 2 4
Property Damage Accidents 6 8 5
Non-Reportable Accidents 0 0 0
Total Accidents 10 10 9

HSA Software 3.0
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HEW: | Appendix E - Optical Speed Bar Guidance

Manual on Uniform Traffic Control Devices (MUTCD), Section 3B.22

National Cooperative Highway Research Program (NCHRP)
Report 613, Section 4.3






Guidance on Speed Reduction Markings

If speed reduction markings are desired, please consider the following:

Follow the guidance from the Manual on Uniform Traffic Control Devices
2009 edition (MUTCD), section 3B.22, pg 393-394, as it provides the
accepted design and layout for these markings and recommendations that
worked in previous research. This section has been attached to this
handout.

The NCHRP Report 613 (National Cooperative Highway Research Program),
is a good source, developed by the Transportation Research Board, that
provides guidelines for selection of speed reduction treatments. It has a
section in reference to the speed reduction markings, although those are
referred in this document as transverse pavement markings; refer to

section 4.3, page 33. The section on transverse pavement markings is
attached as well.

Although the MUTCD and the NCHRP report 613 provide the guidelines to
place these markings, there is little reference as to what the spacing should
be. For the spacing, please refer to the research report “Peripheral
Transverse Pavement Markings for Speed Control” by Bryan Jeffrey Katz,
April 26, 2007, Blacksburg, Virginia (easy to be found on the web); it
provides the formula used in previous successful research to determine the

spacing of the bars and useful pavement marking design tables.

It is very important to work with your consultants and SREPEDD to
determine if the speed reduction markings are the best option for your high
crash area.



Manual on Uniform

Traffic Control Devices

for Streets and Highways

Section 3B.22 Speed Reduction Markings
Support:

01 Speed reduction markings (see Figure 3B-28) are transverse markings that are placed on the roadway within
a lane (along both edges of the lane) in a pattern of progressively reduced spacing to give drivers the impression
that their speed is increasing. These markings might be placed in advance of an unexpectedly severe horizontal
or vertical curve or other roadway feature where drivers need to decelerate prior to reaching the feature and where
the desired reduction in speeds has not been achieved by the installation of warning signs and/or other traffic
control devices.

Guidance:

02 If used, speed reduction markings should be reserved for unexpected curves and should not be used on long
tangent sections of roadway or in areas frequented mainly by local or familiar drivers, (e.g., school zones). If
used, speed reduction markings should supplement the appropriate warning signs and other traffic control
devices and should not substitute for these devices.

Standard:

03 If used, speed reduction markings shall be a series of white transverse lines on both sides of the lane
that are perpendicular to the center line, edge line, or lane line. The longitudinal spacing between the
markings shall be progressively reduced from the upstream to the downstream end of the marked portion
of the lane.

Guidance:

04 Speed reduction markings should not be greater than 12 inches in width, and should not extend more than

18 inches into the lane.

Standard:
05 Speed reduction markings shall not be used in lanes that do not have a longitudinal line (center line,
edge line, or lane line) on both sides of the lane.

Figure 3B-28. Example of the Application of Speed Reduction Markings

A - Recommended dimensions
Legend

=+ Direction of travel
-—18 inches MAX.

*'JI

12 inches =
MAX.
B — Example of placement L
- -
-
-
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4.3 Transverse Pavement Markings

d4.3.1 Overview

Five NCHRP Project 3-74 test sites in Oregon provided documented applications for the
high-speed intersection treatments discussed in this section. Transverse pavement markings
improve visibility and driver attention. These treatments can be applied to provide visual
cue reinforcements to changing conditions and the need to reduce speed. Design variations
include peripheral or full transverse lines. Long-term effectiveness and driver familiarity should
be considered.

4.3.2 Applicability and Considerations

As defined by the MUTCD, transverse pavement markings are “pavement markings that are
generally placed perpendicular to and across the flow of traffic.” (FHWA, 2003, p. 1A-14)
Peripheral transverse lines, as shown in Exhibit 4-4, involve bars only at the edge of a travel lane,
instead of bars extending across the travel lane. Transverse chevrons are painted geometric
arrows that converge to give the illusion of speed. (Griffin and Reinhardt, 1995) Transverse pave-
ment markings are commonly used in speed management to reinforce the need to reduce speed
or to warn drivers of an approaching condition that may require vehicular maneuvers.

Common applications of transverse pavement marking locations include approaches to traffic
circles and intersections, horizontal curves, construction areas, bridges, and freeway off-ramps.
(Griffin and Reinhardt, 1995) Transverse pavement markings have also been placed at locations

tangency or at a driveway. Appendix B describes and illustrates the treatment layout for one of
the NCHRP Project 3-74 research test sites.

The spacing of the transverse bars and transverse chevrons may reflect the desired travel speeds
of the vehicles on the roadway. Some applications of transverse bars have used a rate of advance-
ment of two stripes per second. In some applications transverse bars are spaced progressively
closer together at an increasing rate as the driver travels along the roadway. When applied in this
way, the bars are referred to as optical speed bars. The intent is that the reduced spacing gives the
driver the perception of acceleration, causing the driver to slow down; however, there are no data
to support this claim. (Agent, 1980)

tangency or at a driveway. Appendix B describes and illustrates the treatment layout for one of
the NCHRP Project 3-74 research test sites.



The spacing of the transverse bars and transverse chevrons may reflect the desired travel speeds
of the vehicles on the roadway. Some applications of transverse bars have used a rate of advance-
ment of two stripes per second. In some applications transverse bars are spaced progressively
closer together at an increasing rate as the driver travels along the roadway. When applied in this
way, the bars are referred to as optical speed bars. The intent is that the reduced spacing gives the
driver the perception of acceleration, causing the driver to slow down; however, there are no data
to support this claim. (Agent, 1980)

4.3.4 Speed Effects

After a 90-day acclimation period, transverse pavement markings were found to reduce speed
marginally at four high-speed intersection approaches tested through NCHRP Project 3-74.
Overall, the markings reduced mean speeds by 0.6 mph (standard error of 0.3 mph). Addition-
ally, at the perception—response time data collection locations, transverse pavement markings
were found to reduce mean speeds by 0.9 mph (standard error of 0.4 mph).

Studies of segment applications of transverse pavement markings have reported reduced mean
and 85th-percentile speeds on the order of 2096-30%. (Katz et al., 2003; Griffin and Reinhardt, 1995)

At the Newbridge Roundabout in Scotland, transverse pavement markings resulted in reduced
mean and 85th-percentile speeds. The overall mean speed throughout the day was reduced by

approximately 23%, and the overall 85th-percentile speed throughout the day was reduced by
approximately 30%. (Katz et al., 2003)

In a study conducted on US Highway 60 in Meade County, Kentucky, transverse bar pave-
ment markings were placed prior to a sharp curve with a high crash rate. This study revealed that
the treatment became less effective as a speed reduction technique as drivers became familiar
with the treatment. Furthermore, the long-term effects during the nighttime were less than the
long-term effects during the day. (Agent, 1980)

Research by Godley et al. (2000) using a driving simulator found that transverse lines with
both constant and reducing spacing (i.e., optical speed bars) lowered speeds. The research deter-
mined that speed perception was not influenced by the decreased spacing of the lines. Addi-

tionally, Godley found that the peripheral transverse lines induced speed reduction almost as
effectively as full transverse lines.

No studies have been found that evaluate the effectiveness of the transverse chevron markings
with respect to speed.

4.3.5 Safety Effects

No published data were found to address the effects of transverse pavement markings on safety
at conventional intersections. Safety improvements associated with segment or roundabout

applications of transverse pavement markings were reported by each of the studies referenced
below.



In 1993, a study in Osaka, Japan, reported that converging chevron pavement markings on
the Yodogawa Bridge were more effective than conventional signing in helping to prevent
crashes at a high-crash location. No crashes resulting in injuries occurred in the two years after
the chevron markings were installed. In the past, the bridge had a history of crashes causing
injuries and fatalities. (Griffin and Reinhardt, 1995)

At the Newbridge Roundabout in Scotland, transverse pavement markings reduced the
number of reported crashes from 14 in the year prior to installation to 2 in the 16 months after
installation. (Katz et al., 2003)

A study conducted on US Highway 60 in Meade County, Kentucky, found crashes were
reduced after transverse pavement markings were installed. During the previous six years, an
average of eight crashes occurred at this location each year, and speed was identified as a con-
tributing factor in 75% of those crashes. During the year after installation, three crashes were
reported, with one attributed to high speed. (Agent, 1980) Data for additional years after treat-
ment installation were not included in the study.

In another study, transverse lines were applied at 42 approaches to roundabouts. Each
approach had a minimum of 3.2 km (2 mi) of uninterrupted road to allow drivers to adapt to
the high-speed environment. During the two-year period after the transverse lines were installed
on the approaches, speeds were reduced by 57%. The before-and-after studies conducted at all
42 approaches also indicated that the number of crashes decreased from 96 to 47. A follow-up
study conducted at seven of the sites four years after installation indicated that the treatment
continued to be effective with speed-related crashes showing a significant decline. (Human
Factors North, Inc., 2002)



SPEED REDUCTION MARKINGS
(Optical Speed Bars)
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