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Introduction: Logistics
• Schedule
– 12 noon to 1 pm
or so
• Questions—please
ask throughout the
webinar
• For more detailed
information, attend
the LTAP classes

Webinar logistics
Schedule
12 noon to 12:45 pm
Questions—please ask throughout the webinar
For more detailed information, attend the new LTAP class on Pedestrians and Crosswalks this
fall
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Introduction: LTAP Resources

LTAP has a website filled with resources on the local, state, and federal level.
You can register for classes—including the new pedestrians and crosswalks class--and request
a tech assist on the website.
LTAP publishes a quarterly newsletter and techs sheets.
These can be found on the LTAP Website.
We have new tech sheets on uncontrolled pedestrian crossing enhancements, crosswalk
marking standards, and an article in the latest newsletter on STEP.
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Objectives
• Increase awareness of roadside safety
• Understand FHWA approach to roadway
departures
• Learn tools and methods to reduce run-off-road
crashes
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Agenda
1) Why Roadside Safety?
2) FHWA Approach to Roadside Safety
1) Keep Vehicles on the Road
2) Provide a Safe Recovery
3) Reduce Crash Severity

Course Notes:
References/Links:
Instructor Notes:
Get out info, review handouts. Relate back to main purpose.
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Roadside Safety Features

Part 1:
Why Roadside Safety?

Course Notes:
Part 1: Why Roadside Safety
References/Links:
Instructor Notes:
Introduce the section, including key learning points.
How long it will take. Aim for getting through Parts 1 and 2 by the end of the first hour of the
course (slides 1-35)
Any recap of previous section.
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Part 1: Why Roadside Safety?
US Fatalities by Focus Area
(Average 2015-2017)
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Course Notes:

Safety Focus Areas:
FHWA is focusing its safety program on addressing three crash types that relate most highly
to fatalities: roadway departures, intersections and pedestrians. These three focus areas
account for almost 90% of all fatalities in the U.S.
U.S. Fatalities (2018):
• 33,654 Fatalities
• 16,794 roadway departure fatalities
• 8,245 intersection fatalities
• 6,247 pedestrian fatalities
Pennsylvania Fatalities (2018):
• 1,190 fatalities
• 600 roadway departure
• 254 intersection fatalities
• 200 pedestrian fatalities

References/Links:
FHWA Focused Approach to Safety
Pennsylvania Crash Information Tool

Instructor Notes:
The pictured chart shows a breakdown of fatalities by FHWA focus areas. “Multiple areas”
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are where a combination of two or more of the focus areas were noted. These three areas
account for nearly 90% of all fatalities over the last three years (2015-2017) with roadway
departures the glaring majority. Public perception doesn’t necessarily align with the statistics.
Intersection and Pedestrian crashes receive most of the media coverage and attention. The
fact is however, roadway departures account for almost half of all fatalities.
In 2018, there were 33,654 fatalities in the U.S. 16,794 of those were roadway departures. In
PA, there were 1,103 fatalities in 2018. 624 of those were roadway departure crashes. That is
over half all fatalities. Why do you think this is?
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Part 1: Why Roadside Safety?
Crash Fatalities in PA
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Course Notes:
HFO crashes in PA, according to the 2018 Crash Facts and Statistics, accounted for 30.6% of
the crashes that occurred, and 32.0% of the fatalities.
During 2018, there were 381 fatalities attributed to HFO crashes in Pennsylvania.
Source:
2018 Pennsylvania Crash Facts and Statistics
Instructor Notes:
Chances are, if you leave the roadway and are involved in a crash it is because you hit an
object. Hit fixed objects or (HFO) crashes are the most common crash type in PA. they also
account for the most fatalities. The next highest crash type, angle crashes, account for
roughly 10% fewer fatalities than HFO crashes.
Explain to the class that HFO is a subset of lane departures on the graph.
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Percent Fatalities by Object

Part
1: Why Roadside Safety?
17.5%

11.7%
8.7%
7.5%

Tree

Barrier/Guide
Rail

Utility Pole

Embankment

Source: 2018
Pennsylvania Crash Facts
and Statistics

Course Notes:
Percent of fatal crashes by object:
Trees – 17.5%
Guide Rail – 11.7%
Utility Pole – 8.7%
Embankment – 7.5%
Source:
2018 Pennsylvania Crash Facts and Statistics
Instructor Notes:
When we look at what objects are hit the most, it should be no surprise to see what is at the
top of the list. What might be a shock however is that guide rail is the second most fatal
object. While we cannot realistically expect to eliminate all these objects from the roadside,
minimizing the chances of these objects being struck, or the severity of a crash if they are, is
well within our control.
Therefore it is critical for barrier and guide rail to be designed, installed, and maintained
properly.
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Part 1: Why Roadside Safety?

Course Notes:
Drivers may leave the roadway as a result of:
• Driver error
• Collision avoidance
• Roadway condition
• Vehicle failure
Source:
Instructor Notes:
NHTSA: 90-95% of all crashes are driver error.
Driver error includes such things as driving too fast for conditions or falling asleep at the
wheel.
Brain makes 120 decisions a minute while driving – most are made subconsciously.
But this cannot be used as an excuse for not doing anything to prevent roadway departure
crashes. Knowing that humans make mistakes, we must design roads and roadsides to be as
forgiving as possible, given the resources we have as public officials. This course will teach
methods to allow you to do that.

Session 3 – Roadside Hazards

3-10

Part 1: Why Roadside Safety?

Course Notes:
Municipality is responsible for everything within their Right-of-Way. This includes all roadside
hazards including guide rail. An agency may be held liable for damages if a crash occurs
involving a roadside hazard located anywhere within their Right-of-Way.
Source:
Instructor Notes:
Why is it important we discuss these topics? Why should we care if the roadside is safe? It is
not our fault that drivers leave the roadway.
A recent court case (Cagey v. PennDOT) has set a precedence which, simply put, expanded
the responsibility of an agency from the roadway edge to everything within the ROW limits.
This means that municipalities are responsible for not only keeping the roadway itself safe,
but also for keeping the roadside free of any dangerous conditions should a driver lose
control. This not only pertains to removing fixed objects and other hazards, but guide rail as
well. The main point in Cagey v. PennDOT was that guide rail was installed incorrectly (boxing
glove end treatment) and was the cause of injury.
Photo – (Not Cagey) West Grove, Chester Co
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Part 1: Why Roadside Safety?

Course Notes:
Roadside Safety Publications:
• PennDOT Pub 13, Design Manual Part 2, Chapter 12
• PennDOT Pub 23, Maintenance Manual
• PennDOT Pub 33, Shoulder and Guide Rail Condition Survey Field Manual
• PennDOT Pub 652, Roadside Safety Pocket Guide
• AASHTO Roadside Design Guide, Fourth Edition
• AASHTO Manual for Assessing Safety Hardware, Second Edition
Additional Resources:
• 2009 Manual on Uniform Traffic Control Devices (MUTCD)
• PennDOT Pub 72M, Standards for Roadway Construction
• PennDOT Pub 111, Traffic Control Pavement Marking & Signing Standards
• PennDOT Pub 212, Official Traffic Control Devices
• PennDOT Pub 236, Handbook of Approved Signs
• PennDOT Pub 638, Highway Safety Guidance Manual
Source:
AASHTO Roadside Design Guide, Fourth Edition:
https://store.transportation.org/item/collectiondetail/105
AASHTO Manual for Assessing Safety Hardware, Second Edition
https://store.transportation.org/Item/PublicationDetail/2707
PennDOT Publications:
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https://www.penndot.gov/_layouts/pa.penndot.formsandpubs/formsandpubs.aspx
2009 MUTCD:
https://mutcd.fhwa.dot.gov/pdfs/2009r1r2/mutcd2009r1r2edition.pdf
Instructor Notes:
Mention additional resources listed above that are not shown on the slide and that all are
listed in the course notes with links.
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Part 1: Why Roadside Safety?

Course Notes:
FHWA’s Strategic Approach and Plan to Address Roadway Departure Fatalities
1. Keep Vehicles on the Roadway
2. Provide for a Safe Recovery
3. Reduce Crash Severity
Source:
https://safety.fhwa.dot.gov/roadway_dept/
Instructor Notes:
FHWA has defined three countermeasure categories to address roadway departure crashes.
1. Keep vehicles on the roadway – the fist line of defense to preventing roadway departure
crashes is to prevent cars from leaving the roadway in the first place.
2. Provide for a safe recovery – If a vehicle does leave the roadway, we want to provide
them the means to safely recover and return to the roadway without a crash.
3. Reduce crash severity – If the first two options fail and a crash occurs, we want to
provide conditions that minimize the likelihood of an injury or fatality.
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Part 1: Why Roadside Safety?
AASHTO Roadside Design Guide
Remove the hazard
Redesign the hazard
Relocate the hazard
Reduce Impact Severity
Shield the hazard
Delineate the hazard

Course Notes:
PennDOT and AASHTO recommend six options to provide a safe roadside. Options to reduce
roadside hazards are (In order of preference):
Remove: eliminate a hazardous condition to prevent it from being struck.
Redesign: modify the hazard so it is no longer a danger to errant vehicles.
Relocate: move a hazard back from the roadway or to a location where it is less likely to be
hit.
Reduce: Use an appropriate breakaway device to reduce the impact severity.
Shield: Utilize a longitudinal barrier to redirect a vehicle or cushion the impact.
Delineate: Increase hazard’s visibility. Use in combination of other options or when no others
are appropriate.
Source:
PennDOT Pub 13M, Design Manual Part 2, Chapter 12.4
AASHTO Roadside Design Guide, Section 1.2 – Strategic Plan for Improving Roadside Safety
Instructor Notes:
Removing the hazard is the most preferable and most effective option.
Redesigning the hazard to be traversable is the second option and can be just as effective as
removing the object.
Relocating is another favorable approach but is not always feasible due to space or cost.
The remaining options listed in the Roadside Design Guide are Reducing impact severity
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(breakaway), Shield the obstacle (barrier or guide rail), and delineate the obstacle.
We will discuss all these concepts in more detail throughout the class.
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Roadside Safety Features

Part 2:
Keep Vehicles on the Road

Course Notes:
Section break slide
References/Links:
Instructor Notes:
Introduce the section, including key learning points.
Any recap of previous section.
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Part 2: Keep Vehicles on The Road
Options to Help keep Vehicles on the Road:
1. Pavement Markings
2. Warning Signs and
Delineators
3. Shoulder Rumble Strips
4. Skid Resistant Pavement
5. Lighting

Course Notes:

Options to Help keep Vehicles on the Road:
•
Pavement markings
•

Warning signs – W1 Series (Turn/Curve warning signs)

•

Chevron alignment signs

•

Delineators
•

Raised pavement markers

•

Post-mounted delineators

•

Object markers

•

Shoulder rumble strips

•

Skid-resistant wearing courses

•

Lighting

Source:
Instructor Notes:
Vehicles that stay on the roadway will not hit roadside objects, so the first line of
defense is prevention. Options range from minor, low-cost measures such as
pavement markings, warning signs, and delineators to higher cost items such as
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surface treatments and overhead lighting.
Regulatory guidance for these options can be found in the MUTCD, PennDOT
Publication 212, and PennDOT Publication 13M (DM-2) Chapter 12.
Let’s discuss these items further.
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Part 2: Keep Vehicles on the Road
Shoulder Rumble Strips: 13-51% reduction in single vehicle,
run-off-road fatal and injury crashes

Center Line Rumble Strips: 44-64% reduction in head-on,
opposite-direction, and sideswipe fatal and injury crashes

Course Notes:
Rumble strips help to alert drivers who deviate from the travel lane. Centerline rumble strips
help to reduce sideswipe and head-on crashes. Edge line/shoulder rumble strips help to
reduce roadway departure crashes. Rumble Strips provide a tremendous safety benefit at a
very low cost.

Safety Benefits:
Center Line Rumble Strips: 44-64% reduction in head-on, opposite-direction,
and sideswipe fatal and injury crashes
Shoulder Rumble Strips: 13-51% reduction in single vehicle, run-off-road fatal
and injury crashes
Source: NCHRP Report 641, Guidance for the Design and Application of
Shoulder and Centerline Rumble Strips.
Source:
PennDOT DM-2 and RC Standards
Instructor Notes:
Noise issues: Be careful when using these in residential areas.
Bicycles: Allow enough shoulder (at least 4’) for bicycles.
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Part 2: Keep Vehicles on the Road

Course Notes:
High Friction Surface Treatment increases the surface friction of the roadway keeping
vehicles on the road with no change in driver behavior.
Extremely high cost-benefit ratio especially when compared to other roadway improvement
options such as geometric redesign.
Very effective at locations with high numbers of wet crashes
Source: Pub 408 Section 659
Instructor Notes:
Hand out sample if available.
FHWA proven safety countermeasure.
Increases the surface friction of the roadway keeping vehicles on the road with no change in
driver behavior.
Extremely high cost-benefit ratio especially when compared to other roadway improvement
options such as geometric redesign.
Very effective at locations with high wet crashes:
• A case study in Kentucky had a reduction as high as 90%
• South Carolina DOT observed an 81% reduction in wet condition crashes averaged over 7
locations
• Recent national study that included 61 Pennsylvania sites showed a 57% reduction in total
crashes and an 83% reduction in wet road crashes.

18

Puddintown Road, College Township
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Roadside Safety Features

Part 3: Provide for a Safe
Recovery

Course Notes:
Section break slide
References/Links:
Instructor Notes:
Introduce the section, including key learning points.
Parts 3.1 to 3.3 should take 50-60 minutes (slides 37-56)
Any recap of previous section.
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Part 3: Provide for a Safe Recovery
1. Shoulders/Drop-Offs
2. Slopes
3. Clear Zone
4. Identifying Roadside
Hazards

Course Notes:
References/Links:
Instructor Notes:

The second step in FHWA’s strategic approach and plan to address roadway departure
crashes is to provide for a safe recovery. When a vehicle leaves their lane, it is
important that conditions are such that the driver can stop or regain control of the
vehicle without incident. The next topics discuss how we can provide these
conditions.
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Part 3.3: Clear Zone

Course Notes:
Design Clear Zone – A calculated ideal distance of area from the edge of the traveled way to
the extent needed for a driver leaving the roadway to avoid a crash. This calculation is
determined by the speed of the roadway, the traffic volume along the roadway, the roadway
geometry, and the roadside topography.
Determined through:
• Design speed
• Traffic volume
• Side slopes
• Roadway curvature
• Site specific conditions
Design Speed – the speeds that drivers are likely to expect on a given highway. For existing
local roads, use the posted speed limit + 5 mph.
Urban Criteria:
This table applies for all cases. In urban areas, the distances in in Table 12.1 should still be
followed. However, these distances may not be practical in many cases. In these cases,
obstructions and hazards should be placed as far as possible from the roadway. When
vertical curb is present, a minimum clearance of 1.5 feet from the face of curb to the
obstruction should be provided. However, this should not be construed as an acceptable
clear zone distance.
Source:
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PennDOT Pub 13M, Design Manual Part 2, Chapter 2.9 and Chapter 12.1
Instructor Notes:
How much clear zone should you have? As much as you can cost-effectively achieve. The
desired amount of clear zone is calculated by utilizing Table 12.1 from PennDOT Pub 13M,
DM-2, Chapter 12. This is the distance which should be provided based on the design speed,
traffic volume, side slopes, roadway curvature, and other site-specific conditions.
Understand that the differences in CZ width in Table 12.1 are fractions of seconds during a
run-off-road incident.
Design Speed is the posted speed limit + 5 MPH
This table applies for both rural and urban areas. Obviously in many cases, these distances
cannot be provided. Hazards should then be placed as far from the travel way as practical.
For locations where curb is present. The absolute minimum offset distance is 1.5 feet. This is
simply to prevent obstructions from interfering with vehicles on the roadway (parked cars,
door mirrors, overhanging items); it is not to be considered an acceptable clear zone
distance.
Discussion: Ask the class: What effect does the ADT of the roadway have on you if you are
heading off the roadway due to a crash or avoidance maneuver? Answer: Absolutely no
effect during the actual incident. Then why is it part of Table 12.1? Answer: Risk
management. We need to provide more CZ on higher ADT roadways because the chance of
run-off-road incidents is greater, but that has no effect on you, as an individual driver, being
able to recover and return to the roadway or being able to come to a complete stop before
hitting a fixed object.
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Part 3.4: Identifying Hazards

Course Notes:

Roadside Hazards:
Any fixed object over 4” high can be considered a hazard
Source:
AASHTO Roadside Design Guide, Chapter 12
Instructor Notes:
Now that we understand we need to keep the clear zone free of obstructions and hazards,
lets talk about some common examples. Trees, utility poles and embankments are 3 of the
most fatal roadside hazards. Some hazards are blatantly obvious (photo on right, note the
hazard marker installed the wrong way). What about the photo on the left? Is this a hazard?
(yes – 5 inches high, you can also see it has been hit at least once to the right of the tape
measure)
Any object over 4 inches high is a hazard.
AASHTO Roadside Design Guide also lists:

•
•
•
•

Drainage Structures
Mailboxes
Sign Supports
Bridges

Other roadside hazards include:
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• Posts
• Fences
• Rocks
• Residential Items
Let's discuss these hazards further…
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Part 3.4: Identifying Hazards

Course Notes:
Trees:
Trees in the clear zone with a trunk diameter of 4 inches or greater are considered hazards.
For large shrubs or clusters of small trees, add the diameters of the individual stems or trunks
and if greater than 4”, it would be considered a hazard.
Treatments:
• Remove
• Delineate
• Shield (Only if combined with other hazards)
New plantings within the clear zone should be shrubs or other plantings that will not become
fixed hazards (<4”).
Trimming of the tree canopy can help with reducing wet and icy roadway conditions.
Source:
Instructor Notes:
Trees within the clear zone should be 4” in diameter or less. For trees that are in the clear
zone, the best mitigation is to remove them. If they cannot be removed, then they can be
delineated. Trees should only be shielded (barrier) if they are combined with another hazard;
a slope for example. If new plantings are added in the clear zone, they should be species that
do not grow larger than 4”.
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In addition to fixed objects along the roadway, trees which hang over and shade the roadway
can cause icing problems. Check with your municipal Shade Tree Commission before altering
or planting new trees. PA DCNR has a fact sheet about shade tree commissions and guidance
on establishing a shade tree commission in your community.
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Part 3.4: Identifying Hazards

Design
Clear
Zone

Course Notes:
Relocate or Extend the Structure:
• Only reduces and does not eliminate the probability of a collision
• Use only if the structure cannot be made traversable
Relocating the Structure:
• Move away from the traveled way and back from the ditch line; preferably outside the
clear zone
• Vehicles will ride
Culvert Relocation:
• Relocate pipe back from ditch line
• Vehicles will ride up over the transverse slope and are less likely to hit the culvert end.
Source:
Instructor Notes:
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Roadside Safety Features

Part 4: Reduce Crash
Severity

Course Notes:
Section break slide
References/Links:
Instructor Notes:
Introduce the section, including key learning points.
Sections 4.1 - 4.4 should take 50-60 minutes. (slides 88-128) and get you to the lunch break.
Any recap of previous section.
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Part 4: Reduce Crash Severity
1. Purpose of Barrier
2. MASH Updates
3. Barrier Systems
4. Barrier Warrants
and Design
5. Barrier Inventory
and Assessment

Course Notes:
References/Links:
Instructor Notes:

Now we visit the last focus in our strategic plan, Reducing Crash Severity. Sometimes
we just can’t prevent a crash. Maybe we provided everything we could to keep
vehicles on the roadway, but the driver was intoxicated. Or maybe we are in an urban
environment and we simply cannot provide the design clear zone distance that is
recommended. How do we reduce the likelihood that a crash will result in a serious
injury or fatality?
We already discussed the idea of crashworthiness for things like sign supports and
drainage features. The next topics discuss how to reduce crash severity by using
barriers and end treatments.
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Part 4.1: Purpose of Barrier

Course Notes:
Use Barrier only if the effect of hitting the barrier will be less severe than if the object were
hit.
The most desirable barrier has the required shielding and strength at the lowest possible
cost.
Source:
PennDOT Pub 13M, Design Manual Part 2, Chapter 12 - guide rail, Median Barrier and

Roadside Safety Devices, Section 12.3,C. Design and Selection Procedures

Instructor Notes:
As we saw when discussing roadway departure crashes, guide rail is a top contributor to
fatalities in PA. Barrier can be a solution or it can be a hazard, especially if it is not designed
properly or used appropriately. Therefore, barrier should only be used when hitting the
barrier would be less severe than hitting the object it is shielding. Some examples would be
critical slopes where the consequence of hitting the barrier is better than a rollover. Barrier
should be designed to meet the minimum amount of required strength at the lowest possible
cost. Bigger and stronger is not necessarily better.
What is this guide rail shielding?
Photo – Danville, Montour Co
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Part 4.2: MASH Update

Dec. 31,
2017

Jun. 30,
2018

Dec. 31,
2018

Dec. 31,
2019

W-Beam
&
Cast-inPlace
Concrete
Barriers

W-Beam
Tangent
Terminals

Crash
Cushions

Bridge Rails, Transitions, All
Other Longitudinal Barriers
Including Portable
Barriers Installed Permanently
All Other Terminals, Sign
Supports & Other Breakaway
Hardware. Cable Barriers &
Their Terminals. W-Beam
Flared Terminals

Course Notes:
Manual for Assessing Safety Hardware (MASH) Updates:
Beginning January 1, 2017 guide rail requirements in PA began transitioning from the old
standards to the new MASH standards.
Starting January 1, 2020, all new guide rail and barrier elements must be MASH compliant.
Some categories of devices will not be available by Dec. 31, 2019. FHWA and AASHTO agreed
on relief for these instances. If there is a category of device which does not have an approved
MASH product, the older NCHRP 350 approved products may still be used. The deadlines in
2017 and 2018 were met on time by PennDOT.
Existing guide rail in good condition may remain for the extent of its usable life span. Repairs
may be made following the existing guide rail standards. When replacing guide rail, the
replacement must be MASH compliant
Source:
AASHTO Manual for Assessing Safety Hardware, Second Edition
PennDOT Pub 23, Maintenance Manual
Instructor Notes:
PennDOT is following FHWA’s recommendation to update all barrier standards to align with
the new Manual for Assessing Safety Hardware. PennDOT has established a timeline for
transitioning the design standards to MASH. Beginning January 1, 2020, all barrier systems
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and hardware must be MASH compliant.
Existing guide rail may remain if it is undamaged and in good condition. If guide rail is
replaced, it must be MASH compliant. In most cases, maintenance repairs to guide

rail will not be required to be MASH compliant. There is existing guidance in
the Maintenance Manual that discusses when to repair a section of damaged
barrier/guide rail and when to replace the entire section (in which case the
replacement should be MASH complaint).
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Type 31-S Strong Post Guide Rail

Course Notes:
Changes to strong post guide rail:
• Type 2-S guide rail is now Type 31-S
• Mounting height was revised from 27 ¾ inches to 31 inches
• Mounting height tolerance is now +1 inch (can be installed at 32 inches to allow
for future overlays)
• W-Beam splices must now be made mid-span rather than at the post
• Deflection area was increased from 3’ to 4 ‘
The existing standard for weak post guide rail is MASH compliant. No
Changes were made.
Source:
Instructor Notes:

These changes aim to:
• Increase safety
• Decrease likelihood of rollovers with high center of gravity
• Improve the re-directive capacity
• Improve height tolerance
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Part 4.3: Barrier Systems
Flexible Systems
Semi-Rigid Systems
Rigid Systems

Course Notes:
Barrier Systems
Source:
Instructor Notes:
Barrier Systems are divided into three categories; Flexible (weak post and cable), Semi-Rigid
(strong post), and rigid (concrete).
DM-2 describes each three types of barrier systems.
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Part 4.3: Barrier Systems

Course Notes:
Flexible Systems:
•
•
•
•
•
•

Weak Post W-Beam or Cable Barrier
Most forgiving barrier, deflects on impact
Deflection of barrier lessens vehicle impact forces
Contains vehicle as opposed to redirecting
Requires large lateral clearances
Only purpose of the posts is to hold up the rail and allow the w-beam sections to act in
tension to redirect the vehicle.

W-beam weak post guide rail:
• See RC-53M for standard details
• Post Spacing = 12’-6”
• Height (top of beam) = 32”
• Splice W beam mid-span
• 9’ deflection zone
Source:
PennDOT Pub 33, Shoulder and guide rail Condition Survey Field Manual, Section 12.3
PennDOT Pub 72M, Standards for Roadway Construction, RC-53M
Instructor Notes:
Flexible barriers have many positive aspects. Because they have a large deflection are, they
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are the most forgiving to vehicle occupants on impact. The barrier “catches” errant vehicles
as opposed to redirecting them. This reduces the impact forces.
The large deflection area means that they have a large required lateral clearance which limits
its placement.
The most common style of a flexible system is W-beam weak post guide rail. In a weak post
guide rail system, the posts serve to hold up the rail, but adds little to the lateral strength of
the system. This is what allows the rail to deflect on impact.
This photo shows a weak post guide rail system.
Studies show that connections at mid-span, rather than at the post, are more effective.
Emphasize rail height and its importance
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Part 4.3: Barrier Systems

Course Notes:
Cable barrier systems are another form of flexible barrier. Cable barrier systems are no
longer permitted on local roads in Pennsylvania.
Cable barrier is only permitted in medians on high speed freeways and expressways. Used to
prevent crossovers. This is the newer crashworthy cable barrier.
Existing cable barrier in good condition on local roads may remain for its usable life.
Source: PennDOT Pub 23
Instructor Notes:
Another type of flexible guide rail systems is cable systems. Except for high-tension cable
median barrier, cable barrier systems are no longer permitted in PA. Existing cable barrier in
good condition may remain for the remainder of its service life.
For replacement if 40% or more of a cable guide rail needs to be replaced, the entire length
of the guide rail should be replaced.

32

Part 4.3: Barrier Systems

Course Notes:
Semi-Rigid Barrier:
• Blocked-out W-beam (strong post) construction
• Less forgiving than flexible system, exerts higher forces on vehicle
• Redirects vehicle rather than containing it
• Timber or plastic composite offset brackets
Source:
Instructor Notes:
Photo of a strong post guide rail system. SR 0441 in Middletown, Dauphin Co
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Part 4.3: Barrier Systems

Course Notes:
Rigid Barrier:
• Concrete (Jersey) barrier, F shape
• Minimum barrier deflection
• Exerts large impact forces on vehicles
• Also used on bridges and as temporary barrier for construction projects
Source:
Instructor Notes:
Rigid barriers, also known as Jersey Barriers or F-shape barrier, have positive and negative
aspects:
On one hand they have little to no deflection. But the consequence of this is that they exert
large impact forces on vehicles and their occupants. Maintenance forces like concrete barrier
because on most impacts there is very little or no damage to the barrier.
They can also be used as temporary barrier for construction projects.

34

Part 4.4: Barrier Warrants and Design

Course Notes:
Barrier Warrants:
Guide rail should only be used where the result of striking the object or leaving the roadway
would be more severe than the consequence of striking the guide rail
Barriers are used if they pass warrants for:
• Embankment height and slope
• Minimum obstructed distance
• Requires an engineer!
Source: PennDOT Publication 13M, Design Manual Part 2
Instructor Notes:
From PennDOT Publication 13M (DM-2):
• (Guide rail) “Should only be used where the result of striking the object or leaving the
roadway would be more severe than the consequence of striking the guide rail.”
Barrier for slope protections should be used if the conditions meet criteria for minimum
embankment height and slope.
Barrier for shielding of fixed objects should be used if the minimum deflection area can be
provided between the rear face of the guide rail and the front face of the obstruction.
Black Creek, Luzerne Co
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Part 4.4: Barrier Warrants and Design

PennDOT Pub 13M, Design Manual
Part 2

Course Notes:
Source:
Instructor Notes:
This table shows slope warrants for guide rails from DM-2.
Embankment slope, ADT, and embankment height are evaluated to determine the need for
guide rail.
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Part 4.4: Barrier Warrants and Design

PennDOT Pub 13M, Design Manual
Part 2

Course Notes:
Guide rail is required for certain fixed objects. Refer to Table 12.7, PennDOT Pub 13M, Design
Manual Part 2, Chapter 12
Additional areas which may warrant guide rail:
• Sensitive areas
• Locations with high accident history
• school playgrounds
• Overhead sign structures
• Bodies of water width depth greater than 2 feet within clear zone
Ultimately, engineering judgement should be used when determining if guide rail is or is not
warranted.
Source:
PennDOT Pub 13M, Design Manual Part 2
Instructor Notes:
Guide rail should be installed to shield certain fixed objects. Table 12.7 from DM-2 (see
handout) shows which common objects require barrier. Trees and utility poles do not require
barrier but can be shielded if they are included with other fixed objects that do require
shielding.
In addition to the fixed objects listed in Table 12.7, other warrants include: sensitive area
such as playgrounds, locations with a crash history, and bodies of water with a depth greater
than 2’. Crash history could be a warrant to shield trees and utility poles.
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When in doubt, consult an engineer.
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Part 4.4: Barrier Warrants and Design

Course Notes:
Bodies of Water
Barrier is also warranted for bodies of water greater than 2 feet deep within the clear zone.
Source:
Instructor Notes:
Should this road have guide rail? Need to know: ADT, slope, speed limit, depth of water,
offset to creek, crash history, etc.
Swatara Creed Road, Middletown, Dauphin County
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Part 4.4: Barrier Warrants and Design

PennDOT Pub 13M, Design Manual
Part 2

Course Notes: Place barrier as far from traveled way as conditions permit in order to provide
more recovery area for drivers. Generally, a weak post system may be placed closer to the
edge of pavement, while a strong post system may be placed farther from the edge.
An important roadway maintenance consideration regarding guide rail heights is the change
in guide rail height over cycles of pavement overlay. Over time, as new overlays are placed,
guide rails become effectively shorter.

For an existing strong post system (old Type 2S), crash testing has shown that
the standard strong post w-beam guardrail without rub rail is acceptable in the
range from 27-3/4 inches to 30 inches above the ground. When the rail was
tested at a lower height the pickup truck vaulted over the rail. A taller rail
without rub rail can cause significant wheel snagging on small cars. This
leaves a very narrow range of installation heights, and FHWA recommended
29 inches +/- one inch. The AASHTO Roadside Design Guide, 4th Edition,
states that guardrail that is at least 26 ½ inches high after an overly may
remain in place.
Refer to Table 12.4 in Design Manual Part 2 for guide rail mounting heights, minimum
unobstructed distances, and post spacing (see handouts).
Source: Table 12.4 in DM-2
Instructor Notes:
In addition to what objects to shield, the proper deflection distance behind the guide rail
must be provided for the system to function properly on impact. Table 12.4 in DM-2 (see
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handouts) lists the minimum unobstructed distance for the various guide rail systems. Notice
the large variation from the weak post to the strong post systems. A weak post system placed
too close to a hazard may result in the obstruction still being hit.
Place barrier as far from traveled way as conditions permit in order to provide more recovery
area for drivers.
Generally, a weak post system may be placed closer to the edge of pavement, while a strong
post system may be placed farther from the edge.
An important roadway maintenance consideration regarding guide rail heights is the change
in guide rail height over cycles of pavement overlay. Over time, as new overlays are placed,
guide rails become effectively shorter.

For an existing strong post system (old Type 2S), crash testing has shown that
the standard strong post w-beam guardrail without rub rail is acceptable in the
range from 27-3/4 inches to 30 inches above the ground. When the rail was
tested at a lower height the pickup truck vaulted over the rail. A taller rail
without rub rail can cause significant wheel snagging on small cars. This
leaves a very narrow range of installation heights, and FHWA recommended
29 inches +/- one inch. The AASHTO Roadside Design Guide, 4th Edition,
states that guardrail that is at least 26 ½ inches high after an overly may
remain in place. (See RDG p. 5-17)
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Part 4.4: Barrier Warrants and Design

Course Notes:
Barrier Design:
• Work with your engineer on this
• Choose type of barrier
• Find Length of Need
• Determine location and lateral placement along roadside
• Determine flare rates
• Choose end treatment required
Barriers with more flexibility provide lower impact forces to the vehicle, but require more
clear space between the barrier and the object it is shielding
Avoid frequent transitions between weak post and strong post systems
Source:
Instructor Notes:
Barrier implementation includes:
• Location and placement
• Selection
• Length
• Deflection
• Other Points
• end treatments
• flares
• curbs
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For guide rail installations and replacements, work with your engineer.
PennDOT Publication 13M (DM-2), Chapter 12, guide rail, Median Barrier, and Roadside
Safety Devices, and PennDOT’s Standard Drawings (RC-50M Series) are the primary guidance
for all aspects of guide rail design and implementation.
Photo: Chambersburg, Franklin Co
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Part 4.4: Barrier Warrants and Design

Course Notes:
Source:
Instructor Notes:
What about this one? Weak post system
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Part 4.4: Barrier Warrants and Design

Course Notes:
Source:
Instructor Notes:
Deflection?
Notice the body of water to the right of the photo.
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Part 4.4: Barrier Warrants and Design

Course Notes:
Barrier Flare:
• Used to introduce a barrier parallel to the roadway.
• Lesser flare rate = longer length of guide rail.
• Greater flare rate = higher impact angle = more severe impacts.
• Based upon roadway design speed.
Source:
Instructor Notes:
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Part 4.4: Barrier Warrants and Design

HAZARD
D

Barrier

200’
300’ (high speed)

Course Notes:
Length of Need
Guide rail should be installed at a length that effectively shields the hazard. This figure shows
how to estimate the length of need for a barrier.
The equation can be used to determine if the existing length of need is long enough.
PennDOT DM-2 has the requirements to determine the exact length of need. Consult an
engineer if the guide rail needs modification.
Additionally length considerations include:
• Minimum length = 50 feet + proper end treatment
• May extend guide rail on approach side beyond required limits to prevent access to
hazard behind guide rail
• Should avoid gaps < 200 feet. Make guide rail continuous when possible
Source:
PennDOT Publication 13M (DM-2), Chapter 12, Figure 12.3
Instructor Notes:
This figure is for conceptually understanding length of need, and for estimating purposes,
only. This figure is not useful for guide rail design.
PennDOT Publication 13M (DM-2), Chapter 12, Figure 12.3, Approach Barrier Layout contains
detailed information about determining barrier length of need.
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Part 4.4: Barrier Warrants and Design

Two Main Functions of
End Treatments
1. Anchor the guiderail
system
2. Safely accept an impact

Course Notes:
Energy-absorbing end treatment
“A crashworthy end treatment is considered essential if a barrier terminates within the clear
zone and/or is in an area where it is likely to be hit head-on by an errant motorist”
End treatments serve two purposes; anchor the system to develop tension and safely accept
an impact.
No fixed objects within 50' of guide rail end - minimize guide rail directing a vehicle into a
fixed object
Proper end treatments are typically 50’ in length.
Source:
PennDOT Publication 13M (DM-2), Chapter 12, Guide Rail, Median Barrier and Roadside
Safety Devices.
Instructor Notes:
PennDOT DM-2 states:
The end treatment serves two purposes:
Anchors the system to develop tension
Safely accepts an impact
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There must not be any fixed objects within 50 feet of the end of the guide rail.
Photo – hit end treatment
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Part 4.4: Barrier Warrants and Design

MAX-TENSION, TL-3

MSKT-SP-MGS, TL-3

MAX-TENSION, TL-2*

SOFTSTOP, TL-3

Course Notes:
PennDOT Bulletin 15 lists the following approved crashworthy end treatments appropriate
for local roads:
• Max-Tension, TL-3
• Max-Tension, TL-2*
• MSKT-SP-MGS, TL-3 (MASH Sequentially Kinking Terminal)
• SoftStop, TL-3
*The Max-Tension, TL-2 is the only approved device in Bulletin 15 at MASH crash level TL-2.
This test level is appropriate for local roads with a speed limit of 40 MPH or less. TL-3
terminals are required on roads with a speed limit of 45 MPH or higher.
These are proprietary end treatments and should be bid competitively to get best prices. For
further details on the devices, the manufacturers have excellent websites with videos,
installation and maintenance manuals, and other information.
Source: Bulletin 15
Instructor Notes:
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Course Notes:
Source:
Instructor notes:
Video of an MSKT end treatment (requires internet)
Only show the crash part. (30 sec)
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Part 4.4: Barrier Warrants and Design

Course Notes:
Turn Down End Treatments
• Turned down end treatments are acceptable on non-NHS roads (local roads) where the
ADT is less than 2000 veh/day and Speed Limit is less than 45 mph
• Should not be used in areas with a history of crashes
• Inexpensive, few specialized parts
• Can be used with both strong and weak post guide rail systems
• Details found in RC-51M and RC-53M
Source:
PennDOT Pub 13M, Design Manual Part 2, RC-53M
Instructor Notes:
Refer to Handout
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Part 4.4: Barrier Warrants and Design

Course Notes:
Source:
Instructor Notes:
This guide rail installation has insufficient length and could be flared.
Vehicles leaving the road and passing to the right of the guide rail will hit the hazard the
guide rail is intended to shield.
Vehicles leaving the road and hitting the guide rail could be vaulted into the hazard, or
potentially rolled onto their side on the roadway.
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Part 4: Reduce Crash Severity

Section 5: Barrier Inventory
and Assessment

Course Notes:
Source:
Instructor Notes:
Section 4.5 and Section 5 should take 50-60 minutes and get you to the end of the course
material and ready to answer any final questions before the post-quiz. (slides 130-155)
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Part 4.5: Barrier Inventory and Assessment
PennDOT Publication 33

Course Notes:
Barriers are a roadway system asset and should be periodically inventoried and evaluated.
PennDOT Pub 33 offers guidance on inventory, identification and evaluation.
Source:
PennDOT Pub 33, Shoulder and Guide Rail Condition Survey Field Manual
Instructor Notes:
Barriers are a roadway system asset and should be periodically inventoried and evaluated.
PennDOT Pub 33 offers guidance on inventory, identification and evaluation.
If you install it, you must maintain it.
This is the same manual that was introduced in the shoulder edge drop-off section.
Here our concern is with the information the manual provides about the standard of care, or
the expected condition, of guide rail.
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Part 4.5: Barrier Inventory and Assessment

Course Notes:
Candidate for Removal

Some existing guide rail may not meet today’s standards
Assess the type, condition and end treatments
Some guide rail may also not meet today’s warrants

According to PennDOT Publication 33, a
guide rail section may be considered a
“Candidate for Removal”:

If the ADT is greater than or equal to 2000 and
fill or embankment height is less than 10 feet
and there are no fixed objects on the slope.
If the ADT is less than 2000 and fill height is
less than 20 feet and there are no fixed objects
on the slope.
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Source:
PennDOT Pub 23, Maintenance Manual
Instructor Notes:
Contact Engineer!
Also can assess guide rail using warrants in Pub 13.
Photo – Orrs Bridge Rd, Hampden Township, Cumberland County. guide rail was
recommended to be removed as there are no hazards.
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Ross Bridge Road, Guide Rail Location #12

Part 4.5: Barrier Inventory and Assessment
Traffic Characteristics

Posted Speed Limit

35 mph

85th%tile/design
speed
Volume

Not collected

Clear Zone from DMII
Crash Data

14 feet
Not collected

5,115 vpd

Roadway Characteristics
Roadway surface
Roadway width
Horizontal Curves

Paved – Good
30 feet
No

Shoulder

Paved – Good

Guide rail Characteristics (Pub 33 Criteria)
Guide
rail
Type/Length
Guide rail Condition
Deflection
Cable Sag
Deterioration
Hardware
Height
End Treatments

Type E, Strong Post W-Beam, No
Offset Bracket, No Rub Rail/663 feet
Fair
Minor
N/A
Minor
Good
23 inches
M-BEND x2

Hazard Characteristics
Slope/Distance
hinge
Fill Height
Fixed Objects
Candidate
Removal

to

1V:3.6H/5 feet
~ 4-6 feet
Trees, Utility Poles, Pond

for

DM 2 warrants for guide rail at this
location are not met.
Pub 33 criteria for removal are met.

Course Notes:
Contact Engineer Prior to Removal!
Source:
Instructor Notes:
According to PennDOT Publication 33, a
guide rail section may be considered a
“Candidate for Removal”:

If the ADT is greater than or equal to 2000 and
fill or embankment height is less than 10 feet
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and there are no fixed objects on the slope.
If the ADT is less than 2000 and fill height is
less than 20 feet and there are no fixed objects
on the slope.
Assessment Form Example from previous photo
Forms included in handouts
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Roadside Safety Features

Part 5:
Addressing Roadside
Departure Issues

Course Notes:
Part 5: Addressing Roadside Departure Issues
References/Links:
Instructor Notes:
Introduce the section, including key learning points.
Continue to the end of the course material unless a break is needed.
Any recap of previous section.
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Part 5: Addressing Roadway Departure Issues

1. Remove the hazard
2. Redesign the hazard
3. Relocate the hazard
4. Reduce impact severity
5. Shield the hazard
6. Delineate the hazard

Course Notes:
Source:
Instructor Notes:
Now that we have discussed the FHWA plan on addressing roadway departure crashes, how
can we implement the plan on a local level?
• This is the order that we should take when we are faced with a potential issues. This list
includes the common mitigation options we already discussed.
• Not all the options listed will apply to every type of hazard
• Certain options are more appropriate for certain hazards
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1. Remove the Hazard

Course Notes:
4. Remove the Hazard
• The first step in the Roadside Design Guide for reducing roadside obstacles.
• May involve utility companies (utility poles, fire hydrants)
• May involve other government agencies (drainage features, county bridge
structures)
• May involve private property owners (trees/shrubs, mailboxes, landscaping)
Source:
AASHTO Roadside Design Guide
Instructor Notes:
Removing the hazard is the most effect way to prevent a roadway departure crash. The
removal of a hazard can be cheap and easy or expensive and involve multiple parties. Other
times it may not be feasible at all to remove it.
The Public Utility Commission (PUC) has new requirements regarding utility pole relocation
and removal.
PP&L is now required to move poles when associated with projects.
The costs to a municipality associated with pole removal range between $6,000 and $14,000,
with those costs doubling to tripling if the pole removal involves a transformer.
Height of mailboxes or distances is set by USPS – but municipalities can dictate the type of
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mailbox in ordinances.
The PA vehicle code has language that give local municipalities the authority to require a
property owner to remove a hazard. Most of this language pertains to sight distance,
however, if the obstruction has been struck or contributed to a crash, the municipality may
require it to be removed.
Photo- tree trunk, Geistown Boro, Cambria Co
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2. Redesign the Hazard

Course Notes:
5. Redesign the Hazard
• Flatten non-recoverable and critical slopes
• Add coverage to drainage structures so they do not stick up more than 4 inches
above the ground.
Source: Roadside Design Guide
Instructor Notes:
If a hazard cannot be removed, redesign it to be traversable.
Slopes and ditches may be re-graded
Add coverage to drainage structures so they do not stick up more than 4 inches above the
ground.
Photo – ditch was replaced with pipe and inlet
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3. Relocate the Hazard

Course Notes:
5. Relocate the Hazard
• Move the hazard outside of the clear zone
• Often involves the same issues as removal
• May also be prohibitively expensive or impossible.
Source:
AASHTO Roadside Design Guide
Instructor Notes:
Fairview Township, York Co
Move utility pole away from curve
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4. Reduce Crash Severity

Course Notes:
5. Reduce Crash Severity
• Utilize crashworthy treatments
• Effective for road signs, utility poles, and guide rail
Source:
AASHTO Roadside Design Guide
Instructor Notes:
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5. Shield the Hazard

Course Notes:
8. Shield the Hazard
• Barrier may be a hazard as well as a solution
• Should only be used when impacting the barrier is less severe than striking the object or
slope
• Refer to PennDOT Design Manual Part 2, Chapter 12 and Roadway Construction
Standards for details
Source:
Instructor Notes:
Barriers and guide rail may be hazards as well as solutions and must be designed and
installed correctly to work effectively.
Remember to consider deflection zone when evaluating the barrier type
Consult an engineer before modifying or installing new guide rail.
PennDOT Publication 13M, DM-2, Chapter 12, contains design guidance for barrier
placement.
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6. Delineate the Hazard

Course Notes:
9. Delineate the Hazard
• When no other options are available, the hazard should be delineated.
• May also be used in combination with other solutions
• Delineation may include the use of signs, reflectors, and pavement markings
Source:
Instructor Notes:
Hazards that cannot be removed, relocated, or redesigned should be delineated
Delineation helps drivers avoid hazards by making hazards more visible at night or periods of
poor visibility
Delineation may include the use of signs, reflectors, and pavement markings
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Local Technical Assistance Program (LTAP)

Website: https://gis.penndot.gov/ltap/
Phone:

1-800-FOR-LTAP or 717-787-5243

Fax:

717-783-9152

Email:

ltap@state.pa.us

Instructor(s):
Michael Castellano, mcastellano@pennoni.com
Patrick Wright, pwright@pennoni.com

Course Notes:
The LTAP contact information is in the workbook.
References/Links:
- https://gis.penndot.gov/ltap/
Instructor Notes:
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