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Introducti on

Audit Process

Road Safety Audit - Lane Departure
Spruce Street, Middleborough

The Federal Highway Administrati on defi nes a Road Safety Audit (RSA) as 
the formal safety examinati on of a road or intersecti on by an independent, 
multi disciplinary team. The purpose of an RSA is to determine specifi c safety 
issues and ulti mately identi fy measures to address them, with the primary 
objecti ve being to save lives and reduce injuries. 

The RSA program in Massachusett s is implemented in accordance with the 
Commonwealth’s Strategic Highway Safety Plan (SHSP). The Plan provides a 
framework for reducing roadway fataliti es and serious injuries on all public 
roads. It identi fi es the State’s principal roadway safety needs and focuses on 
investments that reduce roadway fataliti es and serious injuries. One of the 
areas that the SHSP targets is lane departure crashes; single vehicle ‘run-off -the-
road’ type collisions, 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 Massachusett s were responsible for 
25% of the incapacitati ng injury crashes and almost half of all fatal crashes.  
Massachusett s has targeted lane departure crashes to reduce the seriousness of 
these collisions.  The goal of the SHSP is to reduce the number of fataliti es and 
injuries requiring hospitalizati on by 20%. 

The Southeastern Regional Planning and Economic Development District 
(SRPEDD) is an acti ve parti cipant in this eff ort.  In Fiscal 2009 SRPEDD committ ed 
to conducti ng road safety audits on 11 corridors throughout the region. These 
roads were selected based on the number of lane departure crashes resulti ng in 
injury or death. The Spruce Street corridor in Middleborough was selected based 
on a total of 12 lane departure crashes during the 2004 through 2006 period 
and at the request of the town. The goal of this RSA is to determine specifi c 
issues contributi ng to lane departure collisions along the corridor, and identi fy 
correcti ve measures, both short and long term to address the problems. 

The audit process is guided by the procedures defi ned by the Federal Highway 
Administrati on (FHWA). A multi disciplinary team was identi fi ed to parti cipate in 
the audit process. Those invited included representati ves from Middleborough’s 
public works, police, emergency management and planning staff , and the 
MassDOT Highway Division District 5 offi  ce.  

Between 2002 and 2004 
lane departure crashes 
in Massachusett s were 
responsible for 25% of 
the incapacitati ng injury 
crashes and almost 
half of all fatal crashes.  
Massachusett s has 
targeted lane departure 
crashes to reduce the 
seriousness of these 
collisions.  
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SRPEDD staff  collected 12 crash reports (all characterized as lane departure 
collisions) from the Middleborough Police Department for years 2004 through 
2006, the most recent 3 year period available at the ti me of the audit. Reports 
were reviewed to identi fy and compile important characteristi cs of all the 
crashes.  SRPEDD fi lmed the corridor in both directi ons, and edited the video to 
highlight site specifi c issues such as:

• locati ons of frequent crashes 
• roadside obstructi ons
• pavement edge drop-off , etc. 

Crash summaries and road characteristi cs were provided to the Audit Team prior 
to the formal audit meeti ng. The team was encouraged to visit Spruce Street 
prior to the audit meeti ng to observe characteristi cs of the corridor. A prompt 
list of various road characteristi cs was also provided to help identi fy potenti al 
safety issues.     

A greater public outreach was made with the residents along the Spruce Street 
Corridor. Lett ers were sent to each address requesti ng their input regarding 
experiences and opinions on safety issues along the corridor. The town of 
Middleborough also posted a noti ce to residents on the town website requesti ng 
input from interested parti es. An example lett er and noti ce posted by the town 
is provided in Appendix A. Residents were encouraged to contact SRPEDD 
via e-mail, lett er, or phone call.  To date, SRPEDD has received 3 responses. A 
Summary of Resident Comments is provided in Figure 5 on page 8. 
  
The formal audit meeti ng was conducted on Thursday March 24, 2011 at the 
Middleborough Town Hall. Parti cipants are listed in Table 1.

Table 1: Audit Team

Name A lia on 

Lance Benjamino Fire Department 

Andrew Bagas Department of Public Works 

Lt. Peter Andrade Police Department 

Ruth Geo rey Town Planner 

Charlie Cristello Town Manager 

Lucero Cano 
Federal Highway Administra on 
Rhode Island Division 

Jim Had eld SRPEDD 

Paul Mission SRPEDD 

Lisa Estrela-Pedro SRPEDD 

Jacqueline Schmidt SRPEDD 

A greater public outreach 
was made with the 
residents along the Spruce 
Street Corridor. Lett ers 
were sent to each address 
requesti ng their input 
regarding experiences and 
opinions on safety issues 
along the corridor. 
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Characteristi cs

Spruce Street is 2.71 miles long extending from the Rochester Town Line 
northerly to Wareham Street (Route 28). Classifi ed as a collector road, it is 
comprised primarily of single family residences, with some non-residenti al uses 
that include cranberry bogs and a storage facility. An aerial photo of Spruce 
Street is shown in Figure 1.

Figure 1: An Aerial of the Spruce Street Corridor
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Spruce Street provides an important connecti on between Middleborough and 
Rochester. The corridor is also a main access route to Old Colony Regional 
Vocati onal Technical High School (OCRVTHS) in Rochester. As of November 1, 
2009, the school enrolls 579 students from a regional district that encompasses 
the towns of Acushnet, Carver, Lakeville, Matt apoisett , Rochester and Freetown.

The right-of-way for Spruce Street is 40 feet, with varying lane widths of 10 to 11 
feet. There is no measurable shoulder along the length of the roadway and there 
are numerous locati ons where trees and uti lity poles are close to the edge of the 
road. Double yellow centerline pavement markings exist for the enti re length of 
the roadway. 

Rural roads oft en have unique safety issues stemming from the fact that few of 
them were ever engineered; their geometry, signing and marking simply evolved 
over ti me. Curves and turns on rural roads can oft en be tricky for drivers to 
negoti ate, as the safe speed may be considerably lower than the safe speed on 
the straightaway approaching the curve. There are secti ons of Spruce Street with 
horizontal curves that have a history of severe crashes, parti cularly between 
Locust Street and Benson Street and from Mulberry Circle to Highland Road.  A 
typical cross-secti on for Spruce Street is pictured in Figure 2. 

Speed limit signs are posted along both sides of the corridor consistent with the 
MassDOT Special Speed Regulati on 2009-A (See Appendix B) and are shown in 
Figure 3 on Page 5. Northbound the speed limit is posted at 2 locati ons: 45 mph 
near the Rochester Town Line and 35 mph near Benson Street. Southbound the 
speed limit is posted at 2 locati ons: 35 mph near Wareham Street and 45 mph 
near Benson Street. Figure 3 on page 5 also displays a map of the posted speed 
limits and approximate locati ons of all speed signs.

Traffi  c and speed data was collected in 2010 using automati c traffi  c counters 
(ATRs) at 2 locati ons; east of Highland Street and north of Locust Street. Aft er 
applying seasonal correcti on factors, the average daily traffi  c volume was 
revealed to be 2,200 vehicles per day east of Highland Street, and 1,900 vehicles 
per day north of Locust Street.

Figure 2:
Typical Cross Secti on
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Figure 3: Speed Zoning Based on MassDOT Special Speed Regulati on 2009-A and Speed Limits and Sign Locati ons
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Crash Data

Crash reports were obtained from the Middleborough Police Department. A 
detailed review of each report was conducted by SRPEDD staff  to identi fy issues 
that may have contributed to each collision. There were a total of 12 crashes 
characterized as lane departure during the study period (2004-2006), 3 of which 
resulted in injury and 1 crash resulted in a fatality. Figure 4 displays a summary 
of crash stati sti cs including ti me of day, day of week, weather conditi ons, light 
conditi ons, etc. More detailed informati on pertaining to each crash is displayed 
in Appendix C.  

Clear 5 41.7%
Cloudy 0 0.0%
Rain 0 0.0%
Snow 6 50.0%

Unspecified 1 8.3%

Total 12

WEATHER # ACC  %

 6 AM - 10 AM 3 25.0%
10 AM -  4 PM 5 41.7%
 4 PM -  7 PM 1 8.3%
 7 PM - 12 AM 2 16.7%
12 AM -  6 AM 1 8.3%

Total 12

TIME OF DAY # ACC  %

Unspecified 0 0.0%

North 5 41.7%

Unspecified 0 0.0%

DIRECTION # ACC  

South 5 41.7%
East 0 0.0%
West 2 16.7%

Northeast 0 0.0%
Northwest 0 0.0%
Southeast 0 0.0%
Southwest 0 0.0%

Total 12

# ACC  % DIRECTION

Dry 5 41.7%
Wet 1 8.3%
Mud/Slush 0 0.0%
Snow/Ice 6 50.0%
Unspecified 0 0.0%

Total 12

LIGHT CONDITION # ACC

Sleet/Hail/Freezing Rain 0 0.0%
Fog/Smog/Smoke 0 0.0%

Rear End 0 0.0%

Total 12

Overtake 0 0.0%
Right Angle 0 0.0%
Left Turn 0 0.0%
Right Turn 0 0.0%
Fixed Object 12 100.0%
Head On 0 0.0%
Sideswipe 0 0.0%

Pedestrian 0 0.0%
Bicycle 0 0.0%
Parked Vehicle 0 0.0%
Backing 0 0.0%
Run Off The Road 0 0.0%
Animal 0 0.0%
Other 0 0.0%
Unspecified 0 0.0%

# ACC  % # ACCACCIDENT TYPE ACCIDENT TYPE

Total 12

Fatal 1 8.3%
Injury 3 25.0%
Property Damage 8 66.7%
Non-Reportable 0 0.0%

ACCIDENT SEVERITY # ACC  %

Total 12

Sunday 4 33.3%
Monday 1 8.3%
Tuesday 1 8.3%
Wednesday 3 25.0%
Thursday 2 16.7%
Friday 1 8.3%
Saturday 0 0.0%

DAY OF WEEK # ACC  %
Daylight 8 66.7%
Dawn/Dusk 1 8.3%

Total 12

Night 3 25.0%
Unspecified 0 0.0%

SURFACE # ACC  %

Passenger Cars 11 100.0%
Commercial Vehicles 0 0.0%

Total 11

TYPE OF VEHICLE # ACC  %
Winter     (Dec-Feb) 6

Total 12

50.0%
Spring     (Mar-May) 3 25.0%
Summer  (Jun-Aug) 0 0.0%
Fall          (Sep-Nov) 3 25.0%

TIME OF YEAR # ACC  %

REMARKS: All Accidents

 %

DATE: 2/10/2011

MUNICIPALITY: Middleborough COUNTY: Plymouth

REFERENCE  MARKERS / NODES Rochester T.L.TIME PERIOD COVERED: 1/1/2004 12/31/2006 - Route 28-

Figure 4: Accident Summary Sheet for Spruce Street



7Lane Departure Road Safety Audit - Spruce Street, Middleborough

Figure 5 displays the approximate locati ons of all crashes reviewed in this audit. 
The data reveals two disti nct areas where lane departure crashes are prevalent: 

• Spruce Street in the vicinity of addresses 93-109: This area is 
characterized by roadway curvature, with a severe curve located south 
of 93 Spruce Street. The pavement width in this secti on is considered 
narrow (22 feet) with no paved shoulder. There were 5 lane departure 
crashes within this segment, with 3 crashes resulti ng in injury. The 
principal issue along this secti on is the curvature of the road in 
combinati on with excessive speed along with snow and ice conditi ons. 

• Spruce Street from address 29 to the intersecti on with Locust Street: 
This area is characterized by a large horizontal curve, an uneven railroad 
crossing and a three-way stop sign controlled intersecti on at Locust 
Street. There were 5 crashes in this area during the study period with no 
reported injuries. The principle issue along this segment is the curvature 
of the roadway combined with snow and ice conditi ons. 

7 - #34  Pole (Distracted Driver)
12 - #34  Boulder (Icy Road Surface)

8 - #41  Pole (Snowy Road Surface)

3 - #80  Deer (Wet Road Surface)

2 - #108  Tree (Snowy Road Surface)

1 - #15  Pole (Snowy Road Surface)

11 - #93  Pole (Driver Distraction)

4 - #109  Tree (Speed)
10 - #110  Tree (Dark Unlighted Road)

9 - #120  Pole (Vehicle Maneauver / Animal)

6 - #130  Hydrant (Snowy Road Surface)

5 - #29  Fence (Snowy Road Surface)
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- Dangerous bend. Seen alot of crashes,
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GENERAL COMMENTS
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- Students from Old Colony are speeding along
roadway when they are dismissed around 2:30.
- Tree canopy does not allow for snow/ice melt
in certain areas.
- Many near misses at sharp bends.
- Narrow Roads.
- Poles located too close to edge of road.
- Heavy Truck Volume.

-Stop Sign seems to be ignored,
motorists just roll through.
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Figure 5: Crash Locati ons and Descripti ons, Resident Comments and Roadway Widths
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Observati ons and Issues

SRPEDD provided the Audit Team with specifi c crash data and a detailed crash 
locati on map in advance of the meeti ng. Staff  suggested that the audit team 
visit the corridor prior to the meeti ng to observe road characteristi cs including 
curvature, signs, pavement markings, roadside visibility; specifi c crash locati ons, 
and any other issues they may consider important.  The Team met on March 
24, 2011 to review the data and discuss the issues. A video of the corridor was 
provided as a visualizati on of the conditi ons along Spruce Street, including 
specifi c points of interest, frequent crash locati ons, curves, regulatory and 
warning signs, pavement markings, etc. The video provided the opportunity for 
the audit team to pause or replay specifi c segments of the corridor to point out 
issues, roadway features, observati ons and ideas.  In additi on, issues brought 
forth by residents prior to the audit are incorporated in the topics below. The 
following issues were identi fi ed through this eff ort:

Roadside Obstructi ons and Horizontal Curves - Single vehicle collisions with 
roadside obstructi ons accounted for 92% (11 crashes) of the lane departure 
crashes.  A breakdown of these collisions is displayed in Table 2.

There are several curves along the length of Spruce Street. Collisions on these 
curves totaled 58% (7 crashes) of the lane departure crashes along the corridor. 
The criti cal concern is with roadside obstructi ons located along the edge of 
curves, parti cularly with approach speeds too fast to safely negoti ate the curves. 

The audit team discussed the need to improve the visibility of roadside 
obstructi ons due to the incidence of crashes in darkness. Even in locati ons with 
adequate lighti ng, the curvature of the road combined with oncoming headlights 
can cause motorists to temporarily lose sight of the edge of the road.     

Excessive Speed – The Audit Team agreed that speed was an issue along the 
enti re corridor, especially in relati on to the winding alignment and close 
proximity of roadside obstructi ons. The average  and 85th percenti le speed data 
was collected in 2010 using automati c traffi  c counters (ATRs) at 2 locati ons; east 
of Highland Street and north of Locust Street and is shown in Table 3. The 85th 
percenti le speed is the speed at which 85 percent of the vehicles are traveling 
at or below and is also the speed that is typically used to set 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 percenti le speed of 45 mph 
north of Locust Street greatly exceeded the posted 35 MPH speed limit for both 
the Northbound and Southbound directi ons. East of Highland Street, the 85th 
percenti le speed of 48 mph exceeded the posted 45 mph speed limit for both 
the northbound and southbound directi ons. 

Roadside 
Obstruc on 

Number of 
Crashes 

U lity Pole 5 

Tree 3 

Boulder 1 

Fence 1 

Hydrant 1 

Table 2:
Collisions with Roadside 
Obstructi ons

Northbound Southbound 

Loca on Average 
Speed 

85th 
Percen le 

Average 
Speed 

85th 
Percen le 

East of Highland Street 43 mph 48 mph 43 mph 48 mph 

North of Locust Street 37 mph 41 mph 39 mph 45 mph 

Table 3: Average and 85th Percenti le Speeds on Spruce Street from ATRs
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Figure 7: 
Poor/Uneven Railroad Crossing 
north of Benson Street

Figure 6: 
Stop Ahead Sign, Southbound 
Approach of Spruce Street and 
Locust Street Intersecti on Hidden 
by foliage.

Although there are ‘curve 
ahead,’ ‘chevron’ and 
‘arrow’ signs alerti ng 
motorists of curves in some 
locati ons, there are many 
locati ons that do not have 
any advance warning. 
In the locati ons where 
there is signage, suffi  cient 
informati on on a safe 
travel speed to approach 
the curves is not provided.  

The potenti al for adding edge lines (aka fog lines) along the enti re length of the 
corridor was discussed as a way of potenti ally reducing speed. By installing edge 
lines, the travel lane is reduced and decreases the driver’s comfort level, thereby 
potenti ally reducing motorists’ travel speeds. Adding edge markings would also 
help improve the visibility of the roadside, during darkness and adverse weather 
conditi ons, parti cularly along horizontal curves.

Although there are ‘curve ahead,’ ‘chevron’ and ‘arrow’ signs alerti ng motorists 
of curves in some locati ons, there are many locati ons that do not have any 
advance warning. In the locati ons where there is signage, suffi  cient informati on 
on a safe travel speed to approach the curves is not provided.  

Drainage/Roadway Ice - There were six (50%) lane departure crashes reported 
on snow and ice covered road surfaces. The majority of snow and ice related 
crashes occurred in the northern porti on of Spruce Street, with 2 accidents 
occurring in the southern end. Both locati ons have tree canopy preventi ng ice 
and snow from melti ng off  the roadway as highlighted by resident comments. 
The town of Middleborough recently improved their snow removal and ice 
melti ng techniques, with the hope that this will improve conditi ons in the future. 

Visibility - Crashes in darkness accounted for 3 crashes, 2 of which were 
reported as being on an unlit roadway. A nightti  me review of the corridor 
revealed minimal lighti ng, with very few roadside obstructi ons having adequate 
refl ecti vity. One especially dark curve was noted in the vicinity of 109 Spruce 
Street. 

The lack of adequate refl ectors on the trees and uti lity poles was discussed at 
the audit meeti ng. The uti lity poles along the corridor are the responsibility 
of the Middleborough Gas and Electric Department. There was discussion on 
the need for enhanced delineati on of the roadway with the use of signs and 
pavement markings, especially on the curves.  Specifi cally discussed were the 
need for the newer enhanced refl ecti vity for warning signs, additi onal chevron 
signs on the curves and the potenti al for adding fog lines along the length of the 
corridor. 

Signage at the Spruce Street/Locust Street Intersecti on - Some signs along the 
corridor were observed to be covered by foliage along the side of the road and 
in some cases not visible, specifi cally a southbound stop ahead sign for the 
Spruce Street and Locust Street intersecti on was completely blocked from sight 
as shown in Figure 6. It should also be noted that the 3-way stop plaque has 
been removed from the stop sign at the intersecti on and placed on the stop 
ahead sign. This is not a recommended practi ce in the MUTCD. 
 
Inexperienced Drivers – A signifi cant fi nding of this safety audit is the fact that 
25% of the collisions along Spruce Street involved a motorist between the ages 
of 16 to 18 years old. The proximity to Old Colony Regional Vocati onal Technical 
High School increases the populati on of young, inexperienced drivers regularly 
using the corridor.  Inexperienced motorists coupled with dangerous curves 
and the close proximity of roadside objects increase the risk of lane departure 
crashes.      

Railroad Crossing – The railroad crossing just north of Benson Street (Shown 
in Figure 7) was discussed as a problem by the audit team and residents of 
the Spruce Street corridor. The railroad crossing is in poor conditi on, causing 
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Improvement Measures for Considerati on
The Audit Team discussed various measures to address safety issues identi fi ed 
along the corridor. 
  
Measures to Improve Delineati on of Horizontal Curves  - These measures are 
intended to reduce the frequency and severity of crashes on the curves along 
Spruce Street by minimizing the likelihood of vehicles crossing the center line or 
leaving the roadway. Measures appropriate for Spruce Street include providing 
improved advance warning signs and pavement markings. Due to the residenti al 
uses and the scenic character of the road, it is unlikely that measures such 
as straightening the curves or installing rumble strips would be acceptable to 
property owners along the road.   
        

• Advance Warning Signs - To improve travel lane and curve delineati on 
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 expectati on of 
what’s coming up ahead. If the same type of curves are always marked 
the same way, and if the advisory speeds are set in 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 around the curve in its own lane without 
causing an uncomfortable side force to its passengers. Recommended 
locati ons and advisory speed limits are shown in Figure 12 on page 12 
and were determined using analysis with a ball bank indicator.  A Ball 
Bank Indicator is an inclinometer that measures the overturning force 
(side fricti on, measured in degrees) on a vehicle negoti ati ng a horizontal 
curve. The signs must provide appropriate retrorefl ecti vity as defi ned 
by the Manual on Uniform Traffi  c Control Devices (MUTCD) secti on 
2A.09 to enhance visibility. Existi ng chevron /arrow warning signs on the 
curves should be replaced with acceptable refl ecti vity as defi ned in the 
MUTCD.  Proper chevron placement and refl ecti vity is shown in Figure 8.

• Edge Markings (Fog Lines) – There is a need for edge-of-road delineati on 
to improve roadside visibility and potenti ally reduce speed along the 
enti re corridor. Installing edge lines in both directi ons would improve 

Figure 8: 
Chevron Signs at Night

motorists to slow down in the vicinity and make evasive maneuvers. The railroad 
crossing is under the ownership of MassDOT Rail Division and operated by 
MassCoastal Railroad, making repairs diffi  cult. An upcoming project to replace 
the water main under the tracks and improve the crossing was discussed by the 
town. 

Limited Pedestrian/Bicycle Accommodati ons – Due to its scenic character, Spruce 
Street is a popular locati on for many forms of non motorist transportati on 
including: walking, running, bicycling and horseback riding. Comments from 
residents as well as discussion at the audit team meeti ng highlighted concern 
for these acti viti es on the roadway, as the narrow roadway and lack of shoulder 
provide litt le protecti on for non motorist users. 

Driver Inatt enti on - This issue was menti oned by the Audit Team as well as many 
of the residents along the corridor.  Driver inatt enti on is a common problem 
throughout America, and is becoming more a functi on of motorists performing 
additi onal tasks (cell phone use, texti ng, etc.). 
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motorists’ recogniti on of the roadside during darkness and adverse 
weather conditi ons, parti cularly along horizontal curves. These lines 
also provide the eff ect of narrowing the travel lane that can result in a 
decrease in travel speed along the road, especially in the vicinity of the 
curves. Edge markings on a rural road are shown in Figure 9.

• Embedded Pavement Markings - Installati on of refl ecti ve raised 
markings embedded in the centerline of the road on the approaches to 
the curves as well as through the length of the curves is recommended 
to enhance the delineati on and reduce the potenti al for crossover 
incidents.  

Measures to Address Roadside Obstructi ons - There are several strategies for 
minimizing crashes with fi xed objects along the roadside. These range from 
removing or relocati ng the objects to improving the visibility of the objects. 

• Installati on of Refl ectors - This measure involves installati on of refl ectors 
on roadside obstructi ons such as trees, uti lity poles, mail boxes, etc. 
Most uti lity poles along Spruce Street do not have refl ectors or have 
refl ectors that are not functi oning as designed. Contact should be made 
with the Middleborough Gas and Electric Department to determine 
if refl ectors can be upgraded or installed on all uti lity poles.  Possible 
uti lity pole refl ectors are shown in Figure 10.

• Obstructi on Removal/Relocati on - Considerati on could be given to the 
removal of a limited number of trees along the corridor. The selecti on of 
these trees should be made based on their likelihood of being struck or 
in precarious locati ons along curves. This includes trees that have visible 
damage from previous collisions. Then town should also work with the 
local uti lity companies to arrange for the movement of a limited number 
of uti lity poles along the corridor, and to insure that when poles are 
replaced, the are placed as far away as possible from the edge of the 
roadway pavement.

Speed Reducti on Measures - Measures to reduce speed along the corridor 
include increased enforcement, improved speed management, and the 
implementati on of traffi  c calming measures. 

• Enforcement - Strict enforcement of excessive speeding by the 
Middleborough Police should conti nue along the corridor. A repeated 
police presence on Spruce Street would identi fy it as an area heavily 
patrolled by the local police. Unfortunately, traditi onal speed 
enforcement along this corridor is diffi  cult and potenti ally dangerous 
due to the curvature of the road and lack of space to safely pull violators 
over. Speed trailers could be used to make motorists more aware of the 
speed they are traveling and have an impact on slowing motorists. 

• Advisory Speeds – The use of advisory curve and speed signs would be 
benefi cial to guide motorists to the speed of travel on the numerous 
curves in this corridor. Possible locati ons and advisory speeds are shown 
in Figure 13. Also, signs should provide appropriate retrorefl ecti vity as 
defi ned by the Manual on Uniform Traffi  c Control Devices (MUTCD) 
secti on 2A.09. An example of an MUTCD approved advisory curve and 
speed sign is shown in Figure 11.

Figure 10:
Uti lity Pole Refl ectors Day and 
Night Conditi ons

Figure 11: 
MUTCD Approved Curve Ahead and 
Advisory Speed Sign

Figure 9:
Fog Lines on a Rural Road
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• Opti cal Speed Bars - The Audit Team expressed considerable interest 
in the possible use of opti cal speed bars, especially on the approaches 
to the many dangerous curves. Opti cal speed bars are a passive speed 
control measure intended to infl uence 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 accelerati ng. Opti cal speed bars are considered experimental, but 
have shown success in reducing average travel speeds.  Implementati on 
of this measure should follow guidance from the Manual on Uniform 
Traffi  c Control Devices (MUTCD) 2009 editi on secti on 3B.22, pg 393-
394 and the Nati onal Cooperati ve Highway Research Program (NCHRP) 
Report 613 secti on 4.3, page 33. Both the MUTCD and NCHRP Report 
613 secti ons referenced are provided in Appendix D.  Before, during, and 
aft er speed analyses would also be necessary to determine the short 
and long term eff ecti veness of the measure.

Measures to Improve Drainage and Prevent Roadway Ice - These measures 
are intended to reduce the frequency and severity of crashes along Spruce 
Street  by minimizing the likelihood of vehicles crossing the center line or 
leaving the roadway. Measures appropriate for Spruce Street include providing 
improved drainage structures and ice preventi on/melti ng measures. The town 
of Middleborough has already taken steps to improve their ice preventi on and 
snow melti ng measures throughout the town; which should improve conditi ons 
along Spruce Street.

The Town could also review the conditi on of overhanging branches along the 
corridor to consider removal of overhanging branches blocking sunlight. This 
may help to reduce winter icing conditi ons due to the canopy of branches 
preventi ng sunlight from melti ng surface ice. Sanding should be done as needed 
to miti gate icing along the corridor. Tree canopy on Spruce Street is shown in 
Figure 14.

Driver Educati on/Awareness - The fact that 25% of the lane departure crashes 
along Spruce Street  involved high school age drivers (ages 16 through 18) 
requires att enti on. SRPEDD has already consulted with  nearby Old Colony 
Regional Vocati onal Technical High School to create a driver awareness program. 
Eff orts similar to this could also be extended to include Middleborough Public 
High School and should include the Middleborough Police Department.

Signage at the Spruce Street/Locust Street Intersecti on - Measures to improve 
signage at this intersecti on include the removal of foliage blocking the 
southbound approach stop ahead sign and moving the 3-way stop plaque from 
the stop ahead sign on the southbound approach and moving it to the proper 
stop sign at the intersecti on and placed on the stop ahead sign as indicated in 
the MUTCD.

Railroad Crossing – The town of Middleborough, in coordinati on with MassDOT 
Rail Division and MassCoastal should work together on the upcoming project 
to replace the water main under the tracks to improve the crossing to an 
acceptable conditi on for car passage. Improving the crossing would prevent 

Figure 13: 
Opti cal Speed Bars

Figure 14: 
Tree Canopy on Spruce Street
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Conclusions and Recommendati ons

The many horizontal curves, narrow travel lanes, numerous immovable 
roadside obstructi ons, lack of adequate roadside delineati on, poor winter road 
conditi ons, and the  high populati on of inexperienced drivers, contribute to a 
high number of crashes and make Spruce Street one of the most dangerous 
corridors in southeastern Massachusett s. These issues coupled with travel 
speeds too fast to eff ecti vely negoti ate the winding Spruce Street alignment 
provide litt le room for motorists to safely travel. 
   
Several issues require immediate att enti on. 
     
• Refl ectors should be placed or replaced on immovable roadside 

obstructi ons (trees, uti lity poles, mailboxes, etc.) to improve visibility 
during darkness and inclement weather conditi ons. 

cars from making unsafe evasive maneuvers and would improve overall safety 
conditi ons in the vicinity. 

Bicycle/Pedestrian Accommodati ons - Ideally, sidewalks/bike path/lane would 
be available along at least one side of Spruce Street. Due to the scenic nature 
of the roadway and the narrowness of the lanes, space may not be available 
to accommodate these acti viti es on the side of the road and this would likely 
be an expensive undertaking. The use of “Share the Road” signs similar to the 
one shown in Figure 15, could be use to help alert motorists to the presence 
of pedestrians and bicyclists, and also serve as a reminder to bicyclists and 
pedestrians to use cauti on in the presence of motor vehicles.

Table 4 summarizes each measure’s potenti al safety improvement (low, medium, 
high), ti me frame to implementati on (short, mid-term, long) and relati ve cost of 
implementati on (low to high).  

Figure 15: 
Share the Road Sign

Table 4: Potenti al Correcti ve Measures

Measure Safety Issue Addressed
Poten al Safety 
Results

Time 
Frame

Cost

Advisory Speed Signs / Advance 
Warning Signs

Excessive Speed on Approach 
to Curves

Low Short Low

Add/Improve Sign RetroRe ec vity Roadside / Curve Visibility Mid Short Low
Center Line Maintenance Lane Visibility Low Short Low
Install Embedded Raised Center Line 
Markings

Curve Visibility Mid Mid Mid

Install Edge Lines Lane Visibility / Excessive Mid Short Low
Add Re ectors on Trees & U lity Roadside Visibility High Short Low
Remove Trees / Relocate U lity Roadside Obstruc ons Low Long Mid
Police Speed  Enforcement Excessive Speed Mid Short Mid
Speed Trailer Excessive Speed Mid Short Mid
Op cal Speed Bars Excessive Speed Experimental Mid Low
Trim Trees Canopy related icing Low Short Low
Recrea onal Trail / Sidewalk Recrea onal Con icts Mid Long Mid
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• Trees with a thick canopy hanging over the roadway should be trimmed 
or removed to assist in melti ng snow and ice on the roadway. Frequent 
sanding of the roadway should be performed, especially along the 
northern end of the corridor to decrease the number of crashes occurring 
in snow/ice conditi ons. 

• The high incidence of crashes involving motorists ages 16 to 18 could 
be addressed by coordinati ng with Old Colony Regional Vocati onal 
Technical High School’s program to include the specifi c dangers of driving 
along Spruce Street. This should be an ongoing annual eff ort to educate 
new students each school year should be a coordinated eff ort with the 
Middleborough Police Department. SRPEDD staff  can assist in this eff ort.

 
• Strict enforcement of excessive speeding by the Middleborough Police 

should conti nue along the corridor. A repeated police presence on Spruce 
Street would identi fy it as an area heavily patrolled by the local police. 
Enforcement is recognized as diffi  cult along the corridor because of the 
curvature of the road in some locati ons and lack of an adequate clear 
zone along the roadside to safely stop speeders. Traditi onal enforcement 
could be confi ned to straightaways. Portable speed trailers visually display 
drivers’ real-ti me speeds compared to the speed limit. These devices may 
be eff ecti ve in reducing speeds and increasing awareness of local speed 
limits. 

 
• Appropriate advisory signs defi ned in the Manual on Uniform Traffi  c 

Control Devices (MUTCD) should be installed as necessary on approaches 
to the curves. Once installed, SRPEDD is available to study the 
eff ecti veness of the advisory speed signs in lowering average travel speed.  

• Considerati on should be given to testi ng opti cal speed bars.  This measure 
is currently considered experimental, but has shown to have success in 
reducing average travel speed in other jurisdicti ons both nati onally and 
worldwide. Implementati on of this measure should follow guidance from 
the Manual on Uniform Traffi  c Control Devices (MUTCD) 2009 editi on 
secti on 3B.22, pg 393-394 and the Nati onal Cooperati ve Highway Research 
Program (NCHRP) Report 613. 

• A “Share the Road” sign should be installed to help alert motorists to the 
presence of pedestrians and bicyclists, and also to serve as a reminder to 
bicyclists and pedestrians to use cauti on in the presence of motor vehicles.

• The town of Middleborough, in coordinati on with MassDOT Rail Division 
and MassCoastal should work together on the upcoming project to replace 
the water main under the tracks to improve the crossing to an acceptable 
conditi on for car passage. Improving the crossing would prevent cars 
from making unsafe evasive maneuvers and would improve overall safety 
conditi ons in the vicinity. 

• The Town should consider requiring future developers’ parti cipati on in 
constructi ng improvements such as recreati onal accommodati ons along 
Spruce Street.  
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Follow-up Meeti ng

A follow-up meeti ng was held with the audit team on March 20, 2012 at the 
Middleborough Town Hall. Parti cipants are listed in Table 5. The audit team 
discussed the draft  version of the Middleborough Road Safety Audits with 
an emphasis on the recommendati ons from the reports. Recommendati ons 
discussed and agreed upon by the audit team are shown in Figure 23. It was 
agreed that following the receipt of the fi nal draft , the town will develop a 
project based on the recommendati ons for approval by the Board of Selectmen. 
SRPEDD will assist this eff ort with a presentati on of the recommendati ons at a 
Board of Selectman’s meeti ng.
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Figure 13: Map of Recommendati ons for Marion Road

Name A lia on 

Lance Benjamino Fire Chief

Andrew Bagas DPW Director

Ruth Geo rey Town Planner 

Charlie Cristello Town Manager 

Lilia Cabral  

SRPEDD Paul Mission 

SRPEDD Lisa Estrela-Pedro 

SRPEDD 

Jacqueline Schmidt SRPEDD 

Table 5: Audit Team



Appendix A - Public Outreach

Lett er to Spruce Street Residents

Public Noti ce on the town of Middleborough’s Website

Arti cle in the Brockton Enterprise









Enterprise, The (Brockton, MA)

 
Estimated printed pages: 2 

March 1, 2011  
Section: News  
Page: 2  
 

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. 

Page 1 of 1Enterprise, The (Brockton, MA): Document Display

3/2/2011http://nl.newsbank.com/nl-search/we/Archives?p_action=print&p_docid=135B774AE0F35168





Appendix B - Special Speed Regulati on 

Special Speed Regulati on 2009-A













Appendix C - Automated Traffi  c Recorder Data

ATR Volume Data for Spruce Street

ATR Speed Data for Spruce Street

















































































Appendix D - Detailed Crash Informati on

Highway Safety Analysis (HSA) Crash Summary Sheet 

Crash Records Summary





ACCIDENT  SUMMARY  SHEET

Clear 5 41.7%
Cloudy 0 0.0%
Rain 0 0.0%
Snow 6 50.0%

Unspecified 1 8.3%

Total 12

WEATHER # ACC  %

 6 AM - 10 AM 3 25.0%
10 AM -  4 PM 5 41.7%
 4 PM -  7 PM 1 8.3%
 7 PM - 12 AM 2 16.7%
12 AM -  6 AM 1 8.3%

Total 12

TIME OF DAY # ACC  %

Unspecified 0 0.0%

North 5 41.7%

Unspecified 0 0.0%

DIRECTION # ACC  

South 5 41.7%
East 0 0.0%
West 2 16.7%

Northeast 0 0.0%
Northwest 0 0.0%
Southeast 0 0.0%
Southwest 0 0.0%

Total 12

# ACC  % DIRECTION

Dry 5 41.7%
Wet 1 8.3%
Mud/Slush 0 0.0%
Snow/Ice 6 50.0%
Unspecified 0 0.0%

Total 12

LIGHT CONDITION # ACC

Sleet/Hail/Freezing Rain 0 0.0%
Fog/Smog/Smoke 0 0.0%

Rear End 0 0.0%

Total 12

Overtake 0 0.0%
Right Angle 0 0.0%
Left Turn 0 0.0%
Right Turn 0 0.0%
Fixed Object 12 100.0%
Head On 0 0.0%
Sideswipe 0 0.0%

Pedestrian 0 0.0%
Bicycle 0 0.0%
Parked Vehicle 0 0.0%
Backing 0 0.0%
Run Off The Road 0 0.0%
Animal 0 0.0%
Other 0 0.0%
Unspecified 0 0.0%

# ACC  % # ACCACCIDENT TYPE ACCIDENT TYPE

Total 12

Fatal 1 8.3%
Injury 3 25.0%
Property Damage 8 66.7%
Non-Reportable 0 0.0%

ACCIDENT SEVERITY # ACC  %

Total 12

Sunday 4 33.3%
Monday 1 8.3%
Tuesday 1 8.3%
Wednesday 3 25.0%
Thursday 2 16.7%
Friday 1 8.3%
Saturday 0 0.0%

DAY OF WEEK # ACC  %
Daylight 8 66.7%
Dawn/Dusk 1 8.3%

Total 12

Night 3 25.0%
Unspecified 0 0.0%

SUMMARY OF ACCIDENT SEVERITY BY YEAR:

Fatal Accidents  
Injury Accidents  
Property Damage Accidents  
Non-Reportable Accidents  

Total  Accidents  

SURFACE # ACC  %

Passenger Cars 11 100.0%
Commercial Vehicles 0 0.0%

Total 11

TYPE OF VEHICLE # ACC  %
Winter     (Dec-Feb) 6

Total 12

50.0%
Spring     (Mar-May) 3 25.0%
Summer  (Jun-Aug)  0 0.0%
Fall          (Sep-Nov) 3 25.0%

TIME OF YEAR # ACC  %

2004 2005 2006

1

5

1

3
0

0

2

0

2
0

2

5

0

3
0

REMARKS: All Accidents

 %

DATE: 2/10/2011

ROUTE: Spruce Street LOCATION:
MUNICIPALITY: Middleborough COUNTY: Plymouth

REFERENCE  MARKERS / NODES Rochester T.L.TIME PERIOD COVERED: 1/1/2004 12/31/2006 - Route 28-

HSA Software 3.0
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Appendix E - Opti cal Speed Bar Guidance

Manual on Uniform Traffi  c Control Devices (MUTCD), Secti on 3B.22

Nati onal Cooperati ve Highway Research Program (NCHRP)
 Report 613, Secti on 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. 
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