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The Road Safety Audit
The Federal Highway Administration (FHWA) defines a Road Safety Audit (RSA) as the formal safety
examination of an existing or future road or intersection by an independent, multidisciplinary team. The
purpose of the RSA is to identify potential safety issues and possible opportunities for safety
improvements considering all roadway users. The RSA is intended to be a proactive process based on
collaborative, qualitative, and quantitative analyses.
This Road Safety Audit (RSA) for the North Main Street at Oak Street and Howard Street intersection in
Brockton. It was conducted by the Old Colony Planning Council upon request by the City of Brockton.
This report includes manual turning movement counts, level-of-service analysis, and crash data
compilation and analyses.

The Road Safety Audit Meeting and Team
The Road Safety Audit took place on Friday, May 3, 2019 at the Old Colony Planning Council offices, 70
School Street in Brockton. The meeting was facilitated by OCPC staff. OCPC provided a collision
diagram and the latest three year crash experience based on crash reports provided by the Brockton Police
Department.
The RSA meeting consisted of three components. The first portion of the meeting focused on a
discussion of the issues and concerns. The participants then departed the OCPC office and visited the
intersection for observations for the second portion of the meeting. The discussion of issues was
continued during the site visits as OCPC staff took notes. The third portion of the meeting focused on
potential short term and long term potential improvements for the intersection. The agenda and the
background materials are included in the appendix to this report. Table 1 lists the names and affiliations
of the audit participants. The intersection location is shown in Figure 1.
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Table 1. Participating Audit Team Members
Audit Team Member

Agency/Affiliation

James Donovan

Brockton Fire Department

Joe Solomon

Brockton Fire Department

Joe Stack

Brockton Fire Department

Chike Odunkwe

City of Brockton

Ron Herrett

Brockton Area Transit

Tobias T. Cowens

City of Brockton

Gregory N. Belcher

M.B.A./Waitt Funeral Home

John Hallisey

Brockton Police Department

Jason Walters

Massachusetts Department of Transportation District 5 – Projects

Charles Kilmer

Old Colony Planning Council

Pat Ciaramella

Old Colony Planning Council

William McNulty

Old Colony Planning Council

Paul Chenard

Old Colony Planning Council

Raymond Guarino

Old Colony Planning Council
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Figure 1.

Locus Map

Project Location and Description
North Main Street at Oak Street at Howard Street
North Main Street is under Brockton jurisdiction and is classified as an urban minor arterial. It is a two
lane cross section in Brockton and runs south to north from Brockton downtown to Avon. The land use
along North Main Street is mixed residential and commercial with parking allowed on both sides of the
street. Parking maneuvers and curb cuts to driveways along North Main Street conflict with through
movements on North Main Street. The pavement width of Main Street is approximately 40 feet wide but
varies. Sidewalks exist on both sides of North Main Street. There is an elementary school located on
North Main Street approximately three-quarters of a mile south of the North Main Street/Oak
Street/Howard Street intersection.
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Oak Street is also a two lane cross section. It is classified as an urban minor arterial and under local
Brockton jurisdiction. The pavement width of Oak Street is approximately 26 feet wide and sidewalks
are provided on both sides of the road. Oak Street provides east west connection between North Main
Street and North Pearl Street in North Brockton. The land use along Oak Street is also a mix of
residential and commercial uses. There is an elementary school located on Oak Street approximately onequarter of a mile west of the North Main Street/Oak Street/Howard Street intersection. There is no
parking along Oak Street on both sides of the road.
Howard Street runs northeast from North Main Street into Holbrook. It becomes state numbered Route
37 east of its intersection with North Montello Street (Route 28). The pavement width of the road is 32
feet wide in Brockton east of the North Main Street and North Pearl Street. Sidewalks are provided along
both sides of the street. Howard Street is under local Brockton jurisdiction and classified as an urban
minor arterial road.
North Main Street meets Oak Street and Howard Street in the north of Brockton to form a four-way
signalized intersection. There are sidewalks on all the approaches to the intersection, as well as
pedestrian signals for pedestrian crosswalks across all the approaches to the intersection. A local street,
Wilmington Street, intersects Howard Street about 90 feet east of the intersection, which interferes with
traffic operations at the North Main Street/Oak Street/Howard Street intersection. Wilmington Street is
one-way eastbound away from the intersection, with no traffic exiting the road into the intersection so this
intersecting street does not create a five-way intersection. Delivery trucks parked on Wilmington Street;
however, often block traffic, which backs up into the intersection. There is a splitter island on the Howard
Street southeast approach which channels traffic turning right from Howard Street (westbound) to North
Main Street (northbound). There are a number of curb cuts to local businesses in close proximity to the
intersection that interfere with traffic operations. These include a bank on the northwest corner, with curb
cuts on North Main Street and Oak Street, a bank on the southwest corner with curb cuts on North Main
Street and Oak Street, and a hair stylist on the southeast corner with a curb cut onto North Main Street.
Peak hour turning movement counts were conducted by OCPC (7:00 to 9:00 AM and 4:00 to 6:00 PM).
These counts are included in the appendix to this report. The counts show that there were heavy left turns
from Oak Street eastbound to North Main Street during the morning peak hour (164 vehicles). There
were 297 through movements and 69 right turns on this approach during the morning peak hour. There
were a high number of pedestrians crossing the Oak Street eastbound approach during the morning peak
hour (21 pedestrians). There were also heavy left turns on the North Main Street northbound approach
(124 vehicles) during the morning peak hour. There were 479 through movements and 41 right turns on
this approach during the morning peak hour. The westbound Howard Street approach had 21 vehicles
turning left, 193 vehicles going through, and 12 vehicles turning right during the morning peak hour. The
North Main Street southbound approach had 5 left turns, 242 through movements, and 117 right turns
during the morning peak hour.
During the afternoon peak hour there were heavy vehicle volumes turning left from Oak Street eastbound
to North Main Street (144 vehicles). There were 401 through vehicles on this approach and 87 right turns
during the morning peak hour. The North Main Street northbound approach also had heavy left turn
movements during the afternoon peak hour with 182 left turns. There were 361 through movements and
60 right turn movements on the North Main Street northbound approach during the afternoon peak hour.
On the Howard Street westbound approach, there were heavy left turn movements with 99 vehicles
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turning left. There were 384 vehicles headed through and 20 vehicles turning right on Howard Street
westbound during the afternoon peak hour. On the southbound approach, there where heavy right turns
from North Main Street to Oak Street westbound with 232 right turns, as well as heavy through
movements with 542 through vehicles. There were 14 left turn movements on the North Main Street
southbound approach during the afternoon peak hour.
The existing peak hour level-of-service (LOS) is “C“, during the morning peak hour at the intersection
and LOS “E” during the afternoon peak hour. The speed limit is posted at 30 miles per hour northbound
on North Main Street north of the intersection.

Crash Details and Overview
Crash reports were compiled from the Brockton Police Department for the years 2016, 2017, and 2018.
The crashes are included in the appendix to this report. There were a total of 41 crashes at the North
Main Street/Oak Street/Howard Street intersection. Twenty-two of the 41 crashes (approximately 54
percent) at the intersection resulted in personal injury. The collision diagrams and a summary of the crash
data for the intersection is included in the appendix of this report.
The North Main Street/Oak Street/Howard Street intersection is included in the Massachusetts
Department of Transportation’s Top 200 Intersection Location Cluster, and is eligible for Highway Safety
Improvement Program (HSIP) funding. The HSIP eligible locations are those locations in which the
number of crashes within a three year period is within the top 200, or within the top 5% clusters in the
region (the crash numbers are weighted based on the severity ten added for each fatal crash and five
added for each crash resulting in personal injury). An HSIP eligible project is any strategy, activity or
project that corrects or improves a hazardous public road location or feature, or addresses a highway
safety problem.

Audit Observations and Potential Safety
Enhancements
During the RSA meeting prior to the field visits, an introduction of the RSA process and a summary of
the crash information for the intersection was presented to the audit participants. Following the
presentation, the members of the audit team were asked to discuss the existing issues that may affect
safety. The audit team then visited the intersection as a group, at which time observations, safety
concerns, and deficiencies were identified and documented by OCPC staff.
The following sections list the safety concerns and the potential enhancements that were identified during
the RSA.
Safety Issue: Red light running.
During the data collection phase of the study, OCPC staff observed numerous vehicles running red lights
at the intersection.
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Enhancement: The signal timing and phasing should be evaluated to include a longer all red phase, along
with enhanced enforcement.
Safety Issue: Traffic signals; The signal equipment is antiquated, the timing and phasing needs
updating, and the signal does not include arrows (green/red) for directing left turns as some
motorists are not familiar with the “lead/lag” phase, the signals lack pre-emption for emergency
vehicles and extended green times for buses.
New signal equipment will allow improved timing
and phasing at the intersection that can include left
and right turn arrows. Motorists on the Howard
Street westbound approach have a “lag” phase to
allow for getting left turns through the intersection;
however, this sometimes results in these left turns
from Howard to North Main Street southbound not
yielding to through traffic from Oak Street to
Howard Street, as the signal transitions from a green
ball for both eastbound and westbound through the
intersection to a green ball for westbound only.
The traffic signal equipment at the intersection is

In addition, there is heavy school traffic due to the
antiquated.
close proximity of schools on North Main Street south
of the intersection and a school on Oak Street just west of the intersection, which also adds to the
pedestrian and foot traffic at the intersection, and there are long delays for the pedestrian phase. The
Howard Street approach has an island to channel right turning traffic, and the pedestrian signal is located
on the traffic island for pedestrians crossing this leg of the intersection; however, pedestrians crossing
Howard Street have no protection because there is no pedestrian signal for crossing this right turn lane.
Enhancements: Update traffic signal equipment, including new controller and install green/red arrows
for left turning vehicles. Signal heads should be overhead mounted on all approaches. Add Opticon for
emergency vehicle preemption and transit signal priority for buses.
Enhancement: Install Accessible Pedestrian Signals (APS) across the entire westbound Howard Street
approach including across the exclusive right turn lane. Pedestrian buttons should include countdown
signals.
Enhancement: Install a "Dog House" Signal on the eastbound and westbound approaches. The "Dog
house" is a name applied to signals that had two columns of yellow and green signals below a single red
head, which are used to indicate protected left turns. The green and yellow arrows of the doghouse signal
provide drivers with the critical information regarding when their movement goes from being protected to
permissive.
Enhancement: Post “No Right Turn on Red” sign on the North Main Street southbound approach to Oak
Street.
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Safety Issue: The intersection alignment is skewed.
The eastbound vehicle through movements cross the double yellow line to wait at a red signal or go
through the intersection to Howard Street. Howard Street westbound approaches the intersection from the
northeast and vehicles bear right through the intersection to continue westbound on Oak Street. The
Howard Street receiving lane eastbound is constricted due to the alignment and restricted further due to
vehicles parked on the corner in front of the
convenient store. This also creates conflicts with
vehicles entering Howard Street and vehicles trying to
park on Howard Street. Wilmington Street also
intersects the Howard Street westbound approach in
close proximity to the North Main Street intersection.
Wilmington Street is one-way away from the
intersection. The approach lanes to the intersection
on all approaches also lack advanced warning signs
for lane assignments. The Howard Street receiving
lane is constricted due to vehicles parked in front of
the convenience store on the southeast corner.
Vehicles queueing up to the intersections stopped for
Vehicle parked in front of the convenience store
the red signal on the eastbound and westbound
restricts receiving lane on Howard Street.
approaches sometimes cross the double yellow center
line.
Enhancement: Reconstruct the intersection to realign or install a modern roundabout. The Oak Street
eastbound approach and the Howard Street westbound approach can be realigned to form a standard fourway intersection, (right of way takings are likely from the parcel on the northwest side, which is not
currently occupied, and from the closed school parcel on the northeast corner of the intersection). This
improvement includes geometric improvements including adding an exclusive left turn lane on the Oak
Street eastbound approach. An alternative to the realignment of the intersection to a four-way signalized
intersection would be to reconstruct the intersection and construct a modern roundabout. Currently, the
intersection daily volume is 27,260 entering vehicles, according to the automatic traffic counts conducted
by OCPC. This is just above the threshold of 25,000 vehicles per day, which can be adequately
accommodated by a single lane roundabout, according to the Transportation Research Board’s
publication, “Roundabouts: An Informational Guide” 1 The roundabout alternative would also likely
include takings from the parcel on the northwest side, which is not currently occupied, as well as the
closed school.
Enhancement: Install advanced warning signs for lane assignments on all approaches.
Enhancement: Restripe the intersection to update faded pavement markings, including 3-D crosswalks,
as well as hatched white guidelines through the intersection for left turning vehicles.

1

NCHRP Report 672, Roundabouts an Informational Guide, 2010, Transportation Research Board, AASHTO in
Cooperation with the FHWA, Page 1-12.
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Enhancement: Prohibit parking (about 20 feet to corner), on the southeast corner of the intersection in
front of the convenience store, and add a bump to better define Wilmington Street.
Safety Issue: The curb cuts to businesses are too close to the intersection.
The curb cut access to the adjacent properties are
too close to the intersection and vehicles entering
and exiting the driveways interfere with
intersection operations. The traffic entering in
and out of these curb cuts lead to additional cross
movement crashes, with many of them being
“courtesy” crashes as traffic on the adjacent
roads stop to allow vehicles to turn but because
of a lack of visibility, the result is that they
collide with another vehicle on the adjacent road
trying to bypass the stopped vehicle. Motorists
often use the bank lot on the southwest corner as
a cut through to avoid the intersection.
Vehicles queued in the Oak Street westbound receiving
Vehicles heading westbound on the Oak Street
lanes due to left turns waiting to turn into the bank lot.
receiving lane are queued due to vehicles
turning left entering the bank driveway. The queue sometimes backs into the intersection interfering with
intersection traffic operations, especially during the peak hour. There is a sign that warns motorists on the
Oak Street eastbound approach not to block the bank driveway entrance; however, the sign is faded and
not properly placed.
Enhancement: Re-route the bank in traffic to a side street, (Orchard Street off of North Main Street), and
have the existing curb cuts from the bank to Oak Street and North Main Street as right turn exit only.
Enhancement: Widen the Oak Street westbound receiving lane to accommodate vehicles going around
left turning traffic into the bank.
Enhancement: Restrict the driveway to and from the funeral home located on the northwest side to exit
only on to North Main Street.
Enhancement: Add hatch patterns in front of driveway curb cuts close to the intersections.
Safety Issue: The lighting at the intersection is inconsistent with darkness in some areas.
Enhancement: Improve intersection lighting.
Safety Issue: Pedestrians from the bus stop on North Main Street located at the southeast side often
cross in traffic after they are dropped off. Also, the intersection lacks ADA compliant ramps for
accessibility.
There are two bus stops located on North Main Street in the northbound direction. One is located just
south of Howard Street and the other located just north of Howard Street in front of the closed school
property. There is a potential for the redevelopment of the property for residential development.
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Enhancement: Reconstruct to add ADA ramps with detectable warning mats at crosswalks for ADA
accessibility.
Enhancement: Consult with Brockton Area Transit (BAT) to study the potential for expanding the
sidewalk on North Main Street and creating a bus turn out lane for the bus stop that will allow northbound
traffic to continue in the through lane as the bus picks up and drops off passengers. Consult with BAT to
study the feasibility of combining the bus stop on the southeast side of North Main Street with the bus
stop on the northeast side of North Main Street.
Enhancement: Any redevelopment of the former school property should include a Site Impact and
Access Study, which includes the North Main Street/Oak Street/Howard Street intersection and any
improvements necessary to mitigate potential impacts to the intersection.

Move sidewalk

Former school

Bus turn out lane

Potential Bus turn-out lane in front of the former school site on the northeast side of North Main Street
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Summary of Road Safety Audit
Based on the review of data, on-site field observations and group discussion, the RSA team identified
possible enhancements that could improve safety at the two intersections. Further study and design work
will need to be conducted to determine the feasibility of making some of the improvements. Table 2
summarizes the estimated time frame and costs breakdown and Table 3 summarizes the safety issues,
possible enhancements, estimated safety payoff, time frame, cost, and responsibility. Safety payoff
estimates are based on engineering judgment and are categorized as low, medium, and high. The time
frame is categorized as short-term (<1 year), midterm (1 to 3 years), or long-term (typically >3 years).
Long-term improvements are typically considered to be substantial improvements with an expected time
frame for implementation greater than 3 years. The costs are categorized as low (<$10,000), medium
($10,001 to $50,000), or high (>$50,000).

Table 2: Estimated Time Frame and Costs Breakdown
Time Frame

Costs

Short-Term

<1 Year

Low

<$10,000

Mid-Term

1-3 Years

Medium

$10,001-$50,000

Long-Term

>3 Years

High

>$50,000
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Table 3: Potential Safety Enhancement Summary – Oak Street/North Main Street/Howard Street
Safety Issue

Potential Safety Enhancement

Safety
Payoff

Time
Frame

Cost

Responsible
Agency

Red light running.

The signal timing and phasing should be evaluated to include
a longer all red phase, along with enhanced enforcement.

Medium

< 1 Year

Medium

Brockton

Update traffic signal equipment, including new controller and
install green/red arrows for left turning vehicles. Signal
heads should be overhead mounted on all approaches. Add
Opticon for emergency vehicle preemption and extended
green times for buses.

Medium

1-3 Years

Medium

Brockton

Install Accessible Pedestrian Signals across the entire
westbound Howard Street approach including across the
exclusive right turn lane. Pedestrian buttons should include
countdown signals.

Medium

1-3 Years

Medium

Brockton

Install a "Dog House" Signal on the eastbound and
westbound approaches. This will help to provide drivers with
the critical information regarding when their movement goes
from being protected to permissive.

Medium

< 1 Year

Medium

Brockton

Post “No Right Turn on Red” sign on the North Main Street
southbound approach to Oak Street.

Low

< 1 Year

Low

Brockton

Consider reconstructing the intersection to realign the Oak
Street eastbound approach and the Howard Street
westbound approach (right of way takings are likely
necessary). This would include an added exclusive left turn
lane on the Oak Street eastbound approach. Or consider a
roundabout alternative, (right of way takings are likely from
the vacant parcel on the northwest side and from the former
school on the northeast corner of the intersection also for the
construction of a roundabout).

High

> 3 Years

High

Brockton

Install advanced warning signs for lane assignments on all
approaches.

Medium

< 1 Year

Low

Brockton

Restripe the intersection to update faded pavement
markings, including 3-D crosswalks, as well as hatched white
guidelines through the intersection for left turning vehicles.

Medium

< 1 Year

Low

Brockton

Prohibit parking (about 20 feet to corner), on the southeast
corner of the intersection in front of the convenience store,
and add a bump to better define Wilmington Street.

Medium

< 1 Year

Low

Brockton

The signal equipment is antiquated,
the signal does not include arrows
(green/red) for directing left turns as
some motorists are not familiar with
the “lead/lag” phase, the signals lack
pre-emption for emergency vehicles
and transit signal priority for buses.

The intersection alignment is
skewed.
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Table 3: Potential Safety Enhancement Summary – Oak Street/North Main Street/Howard Street (continued)
Safety Issue

The curb cuts to businesses are too
close to the intersection.

The lighting at the intersection is
inconsistent with darkness in some
areas.

Pedestrians from the bus stop on
North Main Street located at the
southeast side often cross in traffic
after they are dropped off. Also, the
intersection lacks ADA compliant
ramps with detectable warning mats
for accessibility.

Potential Safety Enhancement

Safety
Payoff

Time Frame

Cost

Responsible
Agency

Re-route the bank in traffic to a side street, (Orchard
Street off of North Main Street), and have the existing
curb cuts from the bank to Oak Street and North Main
Street as right turn exit only.

Medium

1-3 Years

Low

Brockton/Bank

Widen the Oak Street westbound receiving lane to
accommodate vehicles going around left turning
traffic into the bank.

Medium

1-3 Years

Medium

Brockton/Bank

Restrict the driveway to and from the funeral home
located on the northwest side to exit only on to North
Main Street.

Low

< 1 Year

Low

Brockton/
Funeral Home

Add hatch patterns in front of driveway curb cuts
close to the intersections.

Low

< 1 Year

Low

Brockton

Improve lighting.

Medium

1-3 Years

Medium

Brockton

Reconstruct to add ADA ramps and detectable
warning mats at crosswalks for ADA accessibility.

Medium

1–3 Years

Medium

Brockton

Consider utilizing a right of way taking to expand the
sidewalk on North Main Street and create a bus turn
out lane for the bus stop that will allow northbound
traffic to continue in the through lane as the bus picks
up and drops off passengers. Consult with BAT to
study the feasibility of combining the bus stop on the
southeast side of North Main Street with the bus stop
on the northeast side of North Main Street.

Medium

1–3 Years

Medium

Brockton

Any redevelopment of the former school property
should include a Site Impact and Access Study,
which includes the North Main Street/Oak
Street/Howard Street intersection and any
improvements necessary to mitigate potential impacts
to the intersection.

Medium

> 3 Years

Medium/
High

Brockton/
Developer
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Appendix A. RSA Meeting Agenda
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Appendix B: RSA Audit Team Contact List
Participating Audit Team Members
Date:
May 3, 2019
Location:
Audit Team
Agency/Affiliation
Members

OCPC 70 School St Brockton, MA
Email Address

Name

Agency

Email

James Donovan

Brockton Fire Department - Signals

jdonovan@cobma.us

Joe Solomon

Brockton Fire Department - Signals

jsolomon@cobma.us

Joe Stack

Brockton Fire Department

jstack@cobma.us

Chike Odunkwe

City of Brockton

codunkwe@cobma.us

Ron Herrett

Brockton Area Transit

drived@ridebat.com

Jason Walters

Massachusetts Department of
Transportation District 5 – Projects

Jason.walters@state.ma.us

Tobias Cowens

City of Brockton

tcowens@cobma.us

John Hallisey

Brockton Police Department

jhallisey@brocktonpolice.com

Gregory N. Belcher

M.B.A./Waitt Funeral Home

waittfuneralhome@gmail.com

Charles Kilmer

Old Colony Planning Council

ckilmer@ocpcrpa.org

William McNulty

Old Colony Planning Council

wmcnulty@ocpcrpa.org

Pat Ciarmella

Old Colony Planning Council

Raymond Guarino

Old Colony Planning Council

pciaramella@ocpcrpa.org
rguarino@ocpcrpa.org
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Appendix C: Detailed Crash Data
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Appendix D: Additional Information
• Intersection Turning Movement Counts
• Automatic Traffic Counts
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Appendix E. Road Safety Audit References
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Road Safety Audit References
FHWA Office of Safety - Proven Safety Countermeasures, U.S. Department of Transportation, Federal
Highway Administration https://safety.fhwa.dot.gov/provencountermeasures/.
Road Safety Audits, A Synthesis of Highway Practice. NCHRP Synthesis 336. Transportation Research
Board, National Cooperative Highway Research Program, 2004.
Road Safety Audits. U.S. Department of Transportation, Federal Highway Administration,
https://safety.fhwa.dot.gov/rsa/
FHWA Road Safety Audit Guidelines. U.S. Department of Transportation, Federal Highway
Administration, 2006.
Road Safety Audit, 2nd edition. Austroads, 2000.
Road Safety Audits. ITE Technical Council Committee 4S-7. Institute of Transportation Engineers,
February 1995.
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