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The Pennsylvania Local Technical Assistance Program (LTAP) shares transportation
knowledge, improves road maintenance and safety skills, and puts research and new
technology into practice at the local level through:
Training: Workshops are scheduled throughout the state and can be requested as a road show.
Technical Assistance: LTAP technical experts are available by phone, by email, and in person to
help townships troubleshoot specific issues on their roadways.
Newsletter: LTAP distributes a quarterly newsletter, Moving Forward, which features the
latest news and new practices and technologies.
Technical Information Sheets: Tech sheets provide useful, technical information on such topics
as effective stop sign placement, how to use the MUTCD, paving roads, and other safety and
maintenance issues related to local roads.
Website: LTAP’s website, www.ltap.state.pa.us, is a valuable tool that provides up-to-date
information on workshops, news items, LTAP Advisory Committee members, tech sheets,
newsletters, and other resources.

All LTAP services are offered at NO Cost to Municipalities!!!

Roads Scholar Programs I and II
•
•
•
•

Professional certification program
Must complete 10 (I) and 8 (II) approved workshops within a three-year period
Pass (70%) an in-class quiz taken at the end of each workshop which consists of 12
questions
Successful completion of the American Red Cross CPR training also earns you one
workshop credit.
You MUST include your name/contact information on the answer sheet for credit.
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COURSE OBJECTIVES
The participant will be able to:
• Review curve safety statistics and how to identify problem areas.
• Discuss how to study a curve and apply criteria for placement of curve signs.
• Recognize common safety issues and the application of proven mitigation measures for
curve safety.

INTRODUCTION
25% of fatalities occur on curves

Most Crashes Occur Because:
1.
2.
3.
4.

Speeding
Driver unaware of curve
Driver underestimated sharpness of curve
Inconsistent or improper signing

When working on a sign,
step back and look at the sign
and its context.
Is the sign visible,
conspicuous, and
does it give the right message?

What is wrong with this sign?
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Common Issues with Local Road Curves
•
•
•
•
•

After a long tangent
Completely or partially hidden
Have other geometric features
No signs or inappropriate signs
Fixed object hazards
– Trees
– Poles
– Drainage features
– Edge Drop-offs
– Slopes

FHWA has established
target compliance
dates for certain
provisions of the
MUTCD.
Horizontal Alignment
Warning Signs, as
described in MUTCD
sections 2C.06
through 2C.14, must
comply by December
31, 2019.

Resources
PennDOT (all publications can be found online) Pubs 46, 111, 212, 236, and 638
http://www.penndot.gov/_layouts/pa.penndot.formsandpubs/formsandpubs.aspx#.Vm1uOkor
LIU
Roadway Departure Safety Implementation Plan
http://www.penndot.gov/TravelInPA/Safety/Documents/PA%20Roadway%20Departure%20Saf
ety%20Implementation%20Plan%20(RDIP).pdf
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FHWA - MUTCD

Horizontal Curve Safety

http://mutcd.fhwa.dot.gov/

http://safety.fhwa.dot.gov/roadway_dept/horicurves/

LTAP https://www.dot7.state.pa.us/LTAP/default.aspx
Tech Sheet – #169- “Horizontal Curve Safety: Placement of Warning Signs,” Winter, 2015
Related Tech Sheets:
• #145, “Managing Roadside Trees: How to Develop a Tree Care Management Plan,” Fall,
2010
• #150, “Centerline Pavement Markings on Local Two-lane, Two-way Roadways,” Winter,
2011-2012
• Newsletter Article – How to Develop a Program to Improve Curve Safety – Winter 20152016
• LTAP Curve Study Form

HOW TO STUDY HORIZONTAL CURVES
Steps for Studying a Curve
1.
2.
3.
4.
5.
6.

Select Curves for Study
Conduct Field Studies
Analyze Crash Data
Select Countermeasures
Implement the Countermeasures
Evaluate the Countermeasures

LTAP Curve Safety and Signing Study Form
This form guides its users through the components of a
complete study, helping to gather and record as much
useful information as possible. Each page of the Study
Form focuses on information needed for your curve study.
Page 1 – General Information
The first page provides space for compiling identifying information about the curve. It also
includes a list of pertinent resources for learning about policy, law, regulations, and guidance
for curve construction, signing, and marking.
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Page 2 – Field Studies
The second page of the Study Form focuses on field studies. A field study is a thorough
observation of conditions at the curve. Observations include not only the condition of the
roadway itself, but also roadside features that could contribute to, or affect the outcome of a
crash, such as fixed objects like utility poles and
trees, as well as drainage ditches. Also, observe
Remember that guiderail
any signs and pavement markings present.

is, itself, a hazard.
Inventory the features of the curve, noting the
condition of each feature as you see it on the study form.
Page 3 – Curve Sketch
The third page of the Study Form has space to sketch the curve. As you review crash data,
sketch each crash on a diagram of the curve. When complete you will have a picture of the
kinds of crashes that have occurred, their locations, and their severity. This picture gives you a
chance to analyze crashes, looking for patterns, or common elements of the crash history.
Page 4 – Ball Bank
The fourth page of the Study Form focuses on readings from a ball bank indicator. This is an
easy to use tool that allows users to measure and compare lateral forces generated in a vehicle
due to the combination of speed and the degree of curve.
Page 5 – Choosing Correct Sign
The fifth page of the Study Form guides its users through choosing the right signs to use to
delineate the curve.
Page 6 – Potential Signs
The sixth page of the Study Form shows a diagram taken from the MUTCD showing potential
signs and locations around a curve. Note that the MUTCD is a national document and may show
signs that are not approved in Pennsylvania.
Page 7 – Sign Placement
The seventh page of the Study Form assists with sign placement.
Page 8 – Results of Study
The eight page of the Study Form has a sketch of the results of the study.
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HOW TO STUDY CURVES
STEP: 1 SELECT CURVES FOR STUDY
Complaints - Begin with gathering information about curves under consideration:
•

Have complaints been filed about potential danger at a curve?

Crash History - Do certain curves have a history of crashes?
Local Knowledge - What do you or your staff know about certain curves? Look for skid marks
and evidence of vehicles leaving the roadway.
Common Issues - What about a particular curve makes it problematic?
Nearby intersections?
Embankments?
Poles and trees?
Off camber roadway?

Hidden driveways?

HSM Methodology - Apply HSM evaluation for curves. TRB has an HSM User Guide available as
a PDF at: http://onlinepubs.trb.org/onlinepubs/nchrp/docs/NCHRP17-50_UserGuide.pdf
PennDOT Pub 638 offers thresholds for candidates for improvement. Urban curves that have
twelve or more curve crashes in five years should be studied and the findings used to specify
improvements. Rural curves that have eight or more curve crashes in five years should likewise
be studied and improved.
MUTCD
FHWA has established target compliance dates for certain provisions of the MUTCD. Horizontal
Alignment Warning Signs, as described in MUTCD sections 2C.06 through 2C.14, must comply
by December 31, 2019.
In advance of horizontal curves on freeways, on expressways, and on roadways with more than
1,000 AADT that are functionally classified as arterials or collectors, horizontal alignment
warning signs shall be used in accordance with Table 2C-5…
Horizontal Alignment Warning signs may also be used on other roadways or on arterial and
collector roadways with less than 1,000 AADT based on engineering judgment.
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HOW TO STUDY CURVES
STEP 2: CONDUCT FIELD STUDIES
•
•
•

Observe and document existing conditions
Observe driver behavior
Conduct studies
– Clear zone determination
– Identify hazards
– Measure geometrics
– Ball bank for advisory speed

Ball Bank Studies
•
•
•
•
•
•

PennDOT Publication 46 and MUTCD
Drive curve in 5 mph increments
Record ball bank readings
Compare to table
Determine advisory speed
Digital systems available too
The ball bank indicator is a ball in a curved tube
that moves from side to side in response to

lateral forces placed upon it by the movement of
the vehicle. Several kinds of movement may affect
the movement of the ball. For example, if the car were to drive on a superelevation, the ball
would be pulled down by gravity while the tube would move with the car, showing the degree
of superelevation. If the car were to drive on the banked turns of Daytona raceway, which is
superelevated 31 degrees, the ball would roll toward 31, but would peg its limit.
Page 8 of 46

PennDOT LTAP Course: Curves on Local Roads: Issues and Safety Tools

The ball can be influenced by forces other than the side to side lean of the car. When a car
drives around a curve, the car’s inertia tries to keep it going straight. As the car turns, lateral
force is placed upon it, trying to push it off the curve in the direction of its previous direction.
The faster the car goes, relative to the degree of curve, the greater that sideways force trying to
push the car off the curve. All cars and trucks have limits to the speed at which they are able to
resist this lateral force and remain controllable in a curve. In order to assist drivers with the
information they need to negotiate curves safely we need to measure the comfortable speed at
which a curve might be driven and advise drivers of it. The ball bank indicator measures that
lateral force, in degrees.
Instructions for using a ball bank indicator can be found in PennDOT Publication 46, on page 218.
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Ball Bank Study Video
Page four of the Curve Safety and Signing
Study Form has a table for recording ball
bank study readings.
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Ball Bank Study Exercise

What would you recommend as the advisory speed from the data above?
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Ball Bank Studies are critical! This road looks
straight and flat, so driving 40 MPH would
seem natural. But carrying 40 or 45 MPH
into the upcoming curve could have
devastating consequences. The advisory sign
makes drivers aware of the upcoming curve,
and the low advisory speed may be
interpreted that the curve is a sharp one.

HOW TO STUDY CURVES
STEP 3: ANALYZE CRASH DATA
Analyze Crash Data
Review:
• Frequency of crashes, locations, and
causation factors
• Environmental factors
• Time of day/week/year
Get crash data from:
• Municipal police
• PA Crash Information Tool (PCIT)
• PennDOT, or
• LTAP

Depending upon the source and how
their data is stored and retrieved,
there are several kinds of information
in a crash report.
• Data about the crash itself
• Data about the environment in
which the crash occurred
• Time

Use five years of data.
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This is another example of a PennDOT crash resume. As with the previous example, identifiers
have been removed or replaced with generic names. There are four crashes on this example
crash resume. Review the crash information and determine if there are any similar causal
factors to the crashes. Make sure to review:
• Cited causes of the crashes (speeding, inattentiveness, etc.
• Weather conditions
• Pavement conditions
• Time of day/week/month/year
• Lighting conditions
• Environmental factors

PennDOT LTAP Course: Curves on Local Roads: Issues and Safety Tools
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PA Crash Information Tool: https://www.dotcrashinfo.pa.gov/PCIT/queryTool.html#
This is an example of a crash resume as produced by PennDOT. Because crash data is
considered confidential, identifiers have been removed or replaced with generic names. Notice
the kinds of information that are available to you on crash resumes, including the reporting
officer’s assessment of driver action at the time of the crash.
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Analyze Crash Data Exercise
Page three of the Curve Safety and Signing Study Form is useful for graphically representing the
crash data provided in reports like the PennDOT crash resumes we just looked at. This slide
shows and example crash location sketch.
Mapping crashes is easier when reported crashes occur at intersections because the location is
easy to establish. If an intersecting road name is not presented in the report, look for other
clues about the location along the road such as an address, segment number, or reference to a
bridge. Municipal police offers may be able to help with understanding crash locations.
Using the example crash report for Verdant Township, sketch the crashes to try to gain an
understanding of the crash pattern. Does the pattern suggest what problems may need to be
remedied?

PennDOT LTAP Course: Curves on Local Roads: Issues and Safety Tools
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HOW TO STUDY A CURVE
STEP 4: SELECT COUNTERMEASURES
Select Countermeasures
•

•

•
•

Basic treatments
– Signs
– Pavement markings
Other treatments
– Delineators
– Rumble strips
Minor roadway improvements
Major improvements

PennDOT Resources for TC Devices
•
•
•
•

Pub. 46, Traffic Engineering Manual
Pub. 111, Traffic Control, Pavement Markings, and Signing Standards
Pub. 236, Handbook of Approved Signs
Pub. 638, District Highway Safety Guidance Manual

Safety Effectiveness
•

•

So much data about crashes is available that the FHWA has been able to develop Crash
Modification Factors (CMF) for various countermeasures. These provide an estimate of the
effectiveness of various crash reduction treatments. In other words, studies have shown
that if these countermeasures are properly installed, you can expect to reduce crashes by
the given factors.
For example, installing chevron and curve warning signs has a CMF of 40 percent; if a
roadway segment experienced 10 crashes before a treatment was in place, we would
multiply that number by the CMF (10 x.40), revealing the expected number of crashes that
could be reduced post-treatment, or 4. That’s a reduction of 4 crashes for the given period
of time in which the 10 crashes were recorded.

Page 16 of 46

PennDOT LTAP Course: Curves on Local Roads: Issues and Safety Tools

Safety Effectiveness (Continued)

Crash Modification Factors help us understand
the value of certain countermeasures. The
difference is that rather than suggest the
percentage of reduction of crashes as in a CRF,
a CMF is a factor used to calculate how many
crashes may occur after a countermeasure has
been implemented. CMFs are used more by
traffic engineers working on road audits and
design work, but may help set expectations for
the effectiveness of countermeasures.
http://www.cmfclearinghouse.org/
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Select Countermeasures
When selecting countermeasures,
consider:
• Study results!
• Safety effect
• Cost/time
• Ease of installation
• Geometric features
• Traffic speeds/volumes
• Maintenance
Basic Countermeasures are:
• Center Lines
• Edge Lines
• Advance Warning Signs
• Large Arrow Sign
• Chevron Signs
• Removing Objects
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Curve Signs

The signs on this page are yellow with black borders and markings
This figure from Section 2C of the MUTCD shows some of the advisory signs available for
warning drivers of the dangers associated with horizontal roadway curves. Please note that
Pennsylvania approves its own signs and some of the signs the MUTCD shows are not approved
here. For example, the MUTCD allows signs with the advisory speed limit displayed within the
curve or turn sign. In Pennsylvania, advisory speeds are displayed on a separate plaque.

Figure 2C-2 - Example Sign Placement
This next figure is from the MUTCD showing typical sign placement along a curved segment of
roadway. Note that the figure shown here has been altered to remove the speed advisories
from the optional turn signs at the curve and to add speed advisory plaques to the turn signs.

PennDOT LTAP Course: Curves on Local Roads: Issues and Safety Tools
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Curve Signs
MUCD Table 2C-5: Based upon differences between speed limits and advisory speeds

Curve Signs Selection
Exercise
Using the results of your Ball
Bank Study exercise earlier,
and using Table 2C-5, select
advisory signs for the subject
curve.
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Advance Warning Signs
Use the Turn Sign (W1-1) for advisory speeds
of 30 mph or less, as shown in the photo on
the left.

Use the Curve Sign (W1-2) for advisory
speeds of 35 mph or more, as shown in the
photo on the right.

MUTCD Curve Signs
Table 2C-4, Advanced Placement Distances
Use the posted speed and the advisory speed from the study.
• Measure from the start of curve
• Use the distances as minimums
• Do not place signs too far in advance of curve, or too close
• Be aware of other signs in the area of the curve
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Chevron Signs
When placing Chevron signs:
• Two should be visible to the driver through the curve
• On the outside of the curve
• Spacing according to the MUTCD chart 2C-6
• Start at beginning of curve, and carry through to end
of curve
Chevrons and Large Arrows
•
•
•

Use Large Arrow signs on shorter, sharper curves (less
than 350 feet, according to PennDOT Pub. 46).
Use Chevron signs on longer, more gradual curves.
Large Arrows and Chevrons may be combined.

There are also enhancements to signs to make them more visible:
• Increase the size of the signs
• Double up the signs (place a supplemental one on the left)
• Add a reflective stripe in the sign post
• Add LED lights to the signs
• Use fluorescent yellow signs
• And others . . .
Chevron Spacing
MUTCD Table 2C-6 guides the spacing between Chevron signs around a curve.
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Large Arrows
• Use large arrow signs on shorter, sharper curves (less than
350 ft., according to PennDOT Pub 46).
• Position the large arrow in the line of sight of the driver.
• Large Arrows and Chevrons may be combined.

Common Sign Implementation Issues
Some common implementation issues are:
• Not following standards
• Poor placement
• Incorrect usage
• Clutter
• Height and offset

Curve Sign Conspicuity
There are several ways to enhance the sign conspicuity. These include using larger sign sizes,
doubling up signs, adding reflective strips in the post, using fluorescent yellow signs, using
higher retroreflective materials, and others.
There are also enhancements to signs to make them more visible:
• Increase the size of the signs
• Double up the signs (place a supplemental one on the left)
• Add a reflective stripe in the sign post
• Add LED lights to the signs
• Use fluorescent yellow signs
• And others

Common Sign Implementation Issues
PennDOT Publication 46, page 2-12, states, “When the speed on an Advisory Speed (W13-1P)
plaque is lower than a posted regulatory speed limit, give priority to the installation of the
warning signs with advisory speeds.
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For example:
• Do not install a R2-1 sign within the area
covered by the W13-1P plaque, or within a
distance in feet in advance of the warning
sign equal to 10 times the regulatory speed
limit in miles per hour (e.g., 550 feet for a 55mph speed limit).
• An R2-1 sign may be installed immediately
following the section of roadway covered by
the warning signs (e.g., within 200 feet after
the end of a curve).”
When a sign installation is complete:
• Step back and check the sign
• Drive through the curve
• View the approach and the curve itself as a
driver, rather than an installer.

Pavement Markings – LTAP Pavement Marking Course
•
•
•

Longitudinal Markings
Transverse Markings
Other Markings
– Letters
– Symbols
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Center Lines - MUTCD, Section 3B.01.
Must be TWO yellow lines separated by a space (4 inch line, 6 inch space, 4 inch line)
• Delineate separation of traffic flows
• Shall be YELLOW
• Two-direction, No-passing zone
• Two-direction, passing zone
• One-direction, passing zone
• Single yellow shall not be used as centerline
• Shall be 15 mils min. wet thickness
Standard
• Urban Arterials and Collectors
– 20 feet or more in width AND >6,000 ADT
• All two-way highways with 3 or more lanes
Guidance
• Urban Arterials and Collectors
– 20 feet or more in width AND >4,000 ADT
• Rural Arterials and Collectors
– 18 feet or more in width AND >3,000 ADT
• Engineering study warrants
• Engineering judgment for highways <16 feet in width
Optional
• May be placed on any paved two-way roadway that is 16 feet wide or more
Edge Lines – 4-inch Min. Width MUTCD, Section 3B.06
• Provide positive guidance to drivers
• Should not be broken for driveways
• Shall not be continued through intersections
(except as dotted extension)
• Shall be white except on left edge of one-way
highways
• Not required along curb and gutter sections
• Are used to provide positive guidance.
• Should not be broken for driveways.
• Shall be provided for all highways with width greater than 20 feet.
• Shall be white except on the left edge of one-way highways, which shall be yellow.
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Standard- MUTCD
• Freeways
• Expressways
• Rural Arterials
– 20 feet or more in width AND >6,000 ADT
Guidance
• Rural Arterials and Collectors
– 20 feet or more in width AND >3,000 ADT
• Engineering study warrants
Optional
• Edge lines may be used with or without center line markings
• Edge lines with no centerline may be placed on a low-volume, rural road without increasing
crashes
Edge Lines - MUTCD, Section 3B.06, Edge Line Pavement Markings
The STANDARD statement is also revised to include major driveways in
the locations through which edge line markings shall not be continued
except where dotted edge lines extensions are used. The addition of
“major driveways” clarifies the intent.
Also, an OPTION statement is added, which states: “Wide solid edge line markings may be used
for greater emphasis.” Wide edge lines can sometimes be useful in reducing run-off-the-road
crashes at curves. Wide lines have previously been specifically allowed as an Option for solid
lane line markings, for greater emphasis, and this new Option provides additional flexibility for
jurisdictions to use these markings for edge lines where needed.
In Section 3B.08 Extensions Through Intersections or Interchanges, language
similar to that of Section 3B.06 is added that edge lines should not be
extended into or continued through intersections, major driveways, or
interchanges. This is needed so that pavement marking extensions through
intersections (including major driveways) and interchanges do not confuse
drivers in adjacent or opposing travel lanes. The second paragraph of the
Guidance statement now reads: “Where greater restriction is required, solid
lane lines or channelizing lines should be extended into or continued through
intersections. However, edge lines should not be extended into or continued
through intersections or major driveways as solid lines.”
PennDOT LTAP Course: Curves on Local Roads: Issues and Safety Tools
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Slow Curve Arrow
•
•

Supplements advance curve warning sign
PennDOT Pub 111 for details, TC-8600, Sheet
11/13.

For speeds 40 MPH and higher, the spacing
between the elements of the marking is
increased. Details are on Sheet 11/13.

Delineator Color - MUTCD Section 3F.03
• Shall conform to the color of the nearest edge
line per Pub. 111
• White: Shall be used adjacent to white edge
line
• Yellow: Shall be used adjacent to a yellow
edge line
• Maintenance Markers Red flexible posts
w/reflectors to mark maintenance items
Delineator Placement - MUTCD Section 3F.04
• Mounted with reflective area 4 feet above roadway surface
• Placed 2 to 8 feet outside the shoulder or in-line with roadside object
• Should not be: >12 feet or <2 feet from outside edge of roadway
• Spacing for specific radii may be interpolated from table.
• The minimum spacing should be 20 feet.
• The spacing on curves should not exceed 300 feet.
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•

•
•

In advance of or beyond a curve, and proceeding away from the end of the curve, the
spacing of the first delineator is 2S, the second 3S, and the third 6S, but not to exceed 300
feet.
S refers to the delineator spacing for specific radii computed from the formula S=3√R-50.
The distances for S shown in the table above were rounded to the nearest 5 feet.

Rumble Strips

Transverse Rumble Strips - MUTCD, 3J
• Should be color of pavement, white or black
• Should not be placed where could be confused with other markings like stop bars or
crosswalks
PennDOT LTAP Course: Curves on Local Roads: Issues and Safety Tools
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Minor Roadway Improvements – LTAP Roadside Safety Features
Course
•
•
•
•
•
•
•

Shoulder treatments
Shoulder drop-off elimination
Pavement surface treatments
Recoverable slopes
Utility pole and tree relocation or removal
Guiderail
Lighting

Shoulder treatments
This table is from FHWA’s Low Cost Treatments for Horizontal Curve Safety 2016. The table
shows the correlation between shoulder width and crashes.
When a vehicle departs the roadway, the departure angle tends to be shallow. Widening the
shoulder provides extra space for those vehicles to recover and return to the travel lanes.
Curves increase departure angle, and reduce the amount of time a driver may be exposed to
rumble strips or visual cues such as edge lines, delineators, or signs. Shoulder widths through
curves could be even wider.
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Pavement Edge Drop-offs
The elevation difference between the travel way surface edge
and the paved/unpaved outside shoulder is the drop off.
Severity is defined by the elevation:
• Low >1.0 inch and <2.0 inches
• Medium >2.0 and <4.0 inches
• High >4.0 inches

Measure using level and ruler/tape

Safety Edge

Skid-resistant Wearing Course (High Friction Surface Treatment)
Installation highlights:
• Can be completed in a day
• Lane can be reopened in approximately 1 hour
• Automated systems lay at approximately the same speed as HMA pavers
• Pavement must be in good conditions; major cracks must be sealed or repaired.
• Surface must be dry
• An aggregate which is resistant to polishing such Calcined Bauxite is laid on top of a binder.
This hardened aggregate sticks to the road creating a very rough surface.
• After a short curing time, the excess aggregate is swept up with a street sweeper and can be
recycled.
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•
•
•
•
•

•
•
•

Fresh HMA must cure for 30 days before application
Can be laid on concrete but must be shot blasted first.
Can be laid on open graded friction coarse if done
properly
Can be applied by hand.
Can be applied by local municipalities. Some
companies offer training classes to teach how to lay
the material for small applications for local
governments.
Lifespan is dependent on ADT but is roughly 10-12
years.
Product can be milled at the end of the pavement life
for resurfacing.
Cost is highly variable depending on materials, location and length application but is
classified as a low-cost safety countermeasure by FHWA.

Types of Slopes
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Recoverable Slope Characteristics
• Slope of 1V:4H or flatter
• Smooth
• No fixed obstacles
• Traversable
• Vehicles can stop or return to the roadway
Non-recoverable Slope Characteristics
• Slopes of 1V:3H to 1V:4H
• No fixed obstacles
• Traversable
• Vehicles usually unable to stop on slope or return to roadway
Critical Slope Characteristics
• Slopes of 1V:3H or steeper
• Vehicle likely to roll
• If within clear zone limits, a barrier is needed
Slope treatments include removal by flattening, delineating, or shielding.

Tree Treatments
•
•
•
•

Tree had been hit before - consider removing it!
Trimming tree canopies can reduce icing on
roadway surfaces shaded by those trees
A number of wet roadway crashes have occurred
along the curve
PA DCNR has a fact sheet about shade tree
commissions and guidance on establishing a shade tree commission in your community.

Utility Pole Treatments
•
•
•
•
•

Install or relocate as far from the traveled way as possible
Bury lines underground
Combine utilities where possible
Place poles on one side of roadway where possible
Delineate
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Utility Pole Relocation
• Municipalities can introduce requirements for utility pole location for new installations
through their subdivision/land development ordinances
• Municipalities can request a utility move a pole, but this will often occur at the
municipality’s expense
Barrier Systems
Barrier systems are outlined in PennDOT Design Manual Part 2, Chapter 12, page 9, section
12.3.
Lighting
Lighting is useful for areas that have many night time crashes.
Major Roadway Improvements
There are roadway improvements that could eliminate many of the risks to safety we find at
curves on local roads. However, we call them major roadway improvements because they
involve significant planning, engineering, and construction budgets. If a particular curve
remains a hazard despite lower cost efforts to mitigate the risk to safety, one or more of these
treatments should be considered. All of these improvements require planning and design by
professional engineers.
• Superelevation - A change in superelevation helps drivers control the forces trying to push
their vehicles off a curve.
• Shoulders - Wider shoulders give additional space for vehicles leaving their lane to recover.
• Roadway realignment - Realigning the roadway to increase the radius of a curve can make
it more controllable.
• Change lane widths - Increasing lane width can give drivers additional space to maneuver,
effectively reducing the radius of the curve they drive, without rebuilding the curve.
• Install island - Installing islands at intersections on curves better defines the travel lanes
and assists drivers with understanding and negotiating movement through the curve.
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SELECTING COUNTER-MEASURES EXERCISE 1
•
•

•

There was one crash along this segment in the
past 10 years, and that crash involved a fatality.
Following is a Curve Safety and Signing Study
Form, completed with information about the
curve, and ball bank readings.
Learn about the curve, and then determine the
advisory speed (page 4) and signs (page 5).

PennDOT LTAP Course: Curves on Local Roads: Issues and Safety Tools

Page 35 of 46

Page 36 of 46

PennDOT LTAP Course: Curves on Local Roads: Issues and Safety Tools

PennDOT LTAP Course: Curves on Local Roads: Issues and Safety Tools

Page 37 of 46

Page 38 of 46

PennDOT LTAP Course: Curves on Local Roads: Issues and Safety Tools

PennDOT LTAP Course: Curves on Local Roads: Issues and Safety Tools

Page 39 of 46

SELECTING COUNTER-MEASURES EXERCISE 2
•

If this was a curve on one of your higher volume
roads, and it had 18 wet weather crashes in the
last 5 years, which countermeasures would you
select?

•

Following is a Curve Safety and Signing Study
Form, completed with information about the
curve, and ball bank readings.
Learn about the curve, and then determine the
advisory speed (page 4) and signs (page 5).

•
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HOW TO STUDY CURVES
STEP 5: IMPLEMENTING IMPROVEMENTS
•
•
•
•
•

Follow PennDOT guidelines for installation.
Take the time to do it right
Set-up proper work zone traffic control
Inspect your work and the work of others
Drive through to check from a driver’s perspective.

Step back and
check!

HOW TO STUDY CURVES
STEP 6: EVALUATING IMPROVEMENTS
•
•
•
•

Observe driver behavior soon after implementation
Check device installation and compliance with standards
Collect and compare crash data before and after treatment in 6-12 months
Maintain signs and markings

After your selected countermeasures have been installed, they should be evaluated for
effectiveness. Municipal officials need information about the effectiveness of such
improvements to value their costs compared to their benefits. Countermeasures that result in
great benefit compared to their costs are likely to be used again, while expensive
countermeasures may require more consideration and planning, even if their benefit is
extraordinary.
While the countermeasures presented here have been evaluated for their effectiveness across
the US and are likely to provide benefit in your municipality, any traffic control device can have
detrimental consequences in a particular context. Countermeasures should be evaluated to be
sure their installation dies not make a situation worse, however unlikely.
Be sure signs and markings remain in good
condition and are standing as they were when
installed. Add new signs and markings to your
asset management system so that they become a
part of your regular maintenance plan.
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•
•
•
•

Observe the location a few weeks after implementation
Review crash data at 6 and 12 months
Make adjustments if necessary
Maintain signs and marking

STEPS FOR STUDYING A CURVE
1.
2.
3.
4.
5.
6.

Select Curves for Study
Conduct Field Studies
Analyze Crash Data
Select Countermeasures
Implement the Countermeasures
Evaluate the Countermeasures

WORKSHOP A COMPLETE CURVE STUDY
Go to the workshop handout.

FOR MORE ASSISTANCE...
Call: 1-800-FOR-LTAP
Write: LTAP – Local Technical Assistance Program
Pennsylvania Department of Transportation
Bureau of Planning and Research
400 North Street, 6th Floor
Harrisburg, PA 17120
E-mail: LTAP@state.pa.us
Web Site: www.ltap.state.pa.us

EVALUATIONS
In three months, you will receive an evaluation form via email for this course. Please complete
the form and email back to ltap@psats.org. Your evaluation is combined with other class
participants to support the value of the training.
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