FHWA FAST Act Guardrail Training
Highway Barrier Design Training

Participant Notebook

Virtual Live Training
November 16 -18, 2021




Highway Barrier Design Training Introduction

DISCLAIMER

This material is based upon work supported by the Federal Highway Administration under Grant
Agreement No. 693JJ317500085. Any opinions, findings and conclusions or recommendations
expressed in this publication are those of the author(s) and do not necessarily reflect the view of the
Federal Highway Administration. This document does not constitute a national standard, specification
or regulation.

INTRODUCTION

The objective of today’s training is to assist lllinois Department of Transportation (IDOT) by providing
their personnel and consultant designers with the appropriate information needed to enhance the
probability of optimal barrier designs.

Today’s program provides the State with the following deliverables:
e The PowerPoint presentations and the accompanying notebook on Highway Barrier Design
Training
e |DOT Barrier Design Sheet
e Highway Barrier Pocket Guide
e 4 —Technical Briefs
o Guardrail Installations at Intersections, Side Roads, and Driveways
o Maintenance of Damaged Guardrail
o Selection and Grading of W-beam End Treatments
o Midwest Guardrail System (MGS)

The deliverables are prepared by ARTBA/KLS Engineering, LLC, under direct supervision by Ms. Aimee
Zhang of FHWA'’s Office of Safety Roadway Departure Technology Transfer Team, with review by
appropriate IDOT staff. The following are responsible for providing this material:

Aimee Zhang FHWA Office of Safety Aimee.Zhang@dot.gov

Brad Sant ARTBA (Agreement Manager) bsant@artba.org

Karen L. Boodlal KLS Engineering, LLC (Project Manager) karenl.boodlal@kls-eng.com

Bill Fitzgerald KLS Engineering, LLC (Technical williamfitzgerald @kls-eng.com
Expert/Instructor)

John Durkos KLS Engineering, LLC (Technical John.durkos@kls-eng.com
Expert/Instructor)

Alan Ho FHWA Division Office alan.ho@dot.gov

Filiberto Sotelo IDOT Engineering Policy Unit Chief Filiberto.Sotelo@Illinois.gov

Edgar Galofre IDOT Safety Design Engineer Edgar.Galofre@Illlinois.qov

Martha Brown IDOT Safety Design Unit Chief Martha.A.Brown@Illinois.gov
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Highway Barrier Design Training Introduction

Target Audience

The target audience for this training includes design engineers and staff, as well as consultants working
for IDOT and local agencies, having direct responsibilities for designing and/or specifying traffic barriers
(including transitions), terminals, and impact attenuators in lllinois.

Course Goal and Outcomes

The overall course goal is to make design engineers aware of decisions that could improve the roadside
safety of lllinois roads and issues that will affect the barriers’ capability to function as intended.
Specifically, participants should have a better understanding of the following:

e The clear zone concept

e When roadside and median barriers may be warranted

e Optimal design of barrier installations, including LON calculations

e Selection of the most appropriate end treatments per site conditions

Course Contents

This course consists of seven sessions:

Session 1: Introduction and Pre-Assessment — Includes a brief overview of the run off the road
(ROR) problem as it exists in lllinois and tests the participants’ pre-training familiarity
with barrier design principles.

Session 2: Clear Zone and Guidelines for Barrier Need — Explains the clear zone concept and
examines the sometimes difficult decision of when a barrier may be warranted to shield
a hazard(s).

Session 3: Testing Requirements and Performance Characteristics of Common Barrier Systems
— Identifies how selected safety barriers are tested and function under controlled crash
tests.

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact
Attenuators — Identifies how selected terminals and impact attenuators are tested and
function under controlled crash tests.

Session 5: Design Principles — Provides guidance concerning selecting the barrier type and creating
an optimal design based on the five design principles.

Session 6: Length of Need and Special Situations — Explains what Length of Need is based on and
how it is calculated, and identifies design options to use in special situations.

Session 7: Design Workshop — Tests the participants’ post-training knowledge of barrier design
principles by providing an opportunity for attendees to demonstrate the overall
effectiveness of the training in a workshop
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Highway Barrier Design Training Introduction

Resources

Illinois Department of Transportation (IDOT)

e BDE Chapter 38 - http://www.idot.illinois.gov/Assets/uploads/files/Doing-Business/Manuals-Split/Design-
And-Environment/BDE-Manual/Chapter%2038%20Roadside%20Safety.pdf

e |IDOT Design Standard - https://idot.illinois.gov/doing-business/procurements/engineering-architectural-
professional-services/Consultants-Resources/highway-standards-and-district-specific-standards

e IDOT Standard Specifications - https://idot.illinois.gov/Assets/uploads/files/Doing-Business/Manuals-
Guides-&-Handbooks/Highways/Construction/Standard-
Specifications/2022%20Standard%20Specifications%20for%20Road%20and%20Bridge%20Construction.p
df

e IDOT Qualified Products List - http://idot.illinois.gov/doing-business/material-approvals/metals/index.

Federal Highway Administration (FHWA) https://highways.dot.gov/

e FHWA Countermeasures to Reduce Crash Severity
https://safety.fhwa.dot.gov/roadway dept/countermeasures/reduce crash severity/

American Association of State Highway and Transportation Officials (AASHTO)
https://www.transportation.org/

e AASHTO, Roadside Design Guide, 2011
e AASHTO, Manual for Assessing Safety Hardware, 2016 (MASH16)

Task Force 13 website https://www.tf13.org/
e Guide to Standardized Highway Barrier Hardware

Roadside Safety Pooled Fund sites:

e MWRSEF: http://mwrsf-ga.unl.edu/
e TTI: http://www.roadsidepooledfund.org/

Maine Department of Transportation Guardrail Inspection Training — Google on YouTube.com
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TERMINOLOGY

Several terms will be used throughout the course; to ensure no misunderstanding, they are defined
here:

Effective barrier: barrier that will satisfactorily perform as tested; i.e. containing and redirecting an
impacting vehicle within crashworthy performance criteria

Hazard: an area of concern such as a terrain feature or an obstacle that should be considered for
mitigation
Warranting hazard: a hazard that by itself would be determined to be shielded

Secondary hazard: a hazard that by itself would not normally be shielded (such as a typical tree or utility
pole)

Head-on versus End-on impact: a head-on impact is essentially at zero degrees to the line of barrier; an
end-on impact is hitting the end of the barrier at ANY angle.

Upstream versus Downstream: the upstream point is what the travelling vehicle comes to first; the
downstream is as the vehicle is leaving

GLOSSARY - Ref: AASHTO Roadside Design Guide (2011)

Adjacent Grading—Adjacent grading refers to the area on which the terminal is installed and the area
immediately behind it.

Advance Grading—Advance grading refers to the area over which a vehicle may travel before any
contact with a barrier terminal is made.

Anchorage—A device which anchors a flexible or semi-rigid barrier to the ground so as to develop the
barrier’s tensile strength during an impact. Anchorages differ from terminals in that they are not
considered crashworthy.

Area of Concern—An object or roadside condition that may warrant safety treatment.

Barricade—A device which provides a visual indicator of a hazardous location or the desired path a
motorist should take. It is not intended to contain or redirect an errant vehicle.

Barrier—A device which provides a physical limitation through which a vehicle would not normally pass.
It is intended to contain or redirect an errant vehicle.

Bi-directional—For the purposes of classifying crash cushions, bi-directional describes the capability of a
crash cushion to safely operate the median of a divided highway or an undivided roadway, where it will
be exposed to impacts from two different directions of traffic. A bi-directional crash cushion is also a
uni-directional crash cushion. A crash cushion is considered to be bi-directional when it has been
qualified through a reverse-direction crash test.
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Highway Barrier Design Training Introduction

Breakaway—A design feature which allows a device such as a sign, luminaire, or traffic signal support to
yield or separate upon impact. The release mechanism may be a slip plane, plastic hinges, fracture
elements, or a combination of these.

Bridge Railing—A longitudinal barrier whose primary function is to prevent an errant vehicle from going
over the side of the bridge structure.

Clearance—Lateral distance from edge of traveled way to a roadside object or feature.

Clear Runout Area—The area at the toe of a non-recoverable slope available for safe use by an errant
vehicle.

Clear Zone—The total roadside border area, starting at the edge of the traveled way, available for safe
use by errant vehicles. This area may consist of a shoulder, a recoverable slope, a non-recoverable slope,
and/or a clear run-out area. The desired width is dependent upon traffic volumes, speeds and roadside
geometry.

Conservation of Momentum Principle—A concept of crash cushion design which involves the
dissipation of the kinetic energy of an impacting vehicle by transferring the vehicle’s momentum to the
variable masses of materials in the crash cushion, such as sand contained in sand barrels.

Cost-effective—An item or action taken that is economical in terms of tangible benefits produced for
the money spent.

Crash Cushion—Device that prevents an errant vehicle from impacting a fixed object by gradually
decelerating the vehicle to a safe stop or by redirecting the vehicle away from the obstacle.

Crash Tests—vehicular impact tests by which the structural and safety performance of roadside barriers
and other highway appearances may be determined. Three evaluation criteria are considered, namely
(1) structural adequacy, (2) impact severity, and (3) vehicular post-impact trajectory.

Crashworthy—A feature that has been proven acceptable for use under specified conditions either
through crash testing or in-service performance.

Design Speed—A selected speed used to determine the various geometric design features of the
roadway. The assumed design speed should be a logical one with respect to the topography, anticipated
operating speed, the adjacent land use, and the functional classification of the highway.

Drainage Feature—Roadside items whose primary purpose is to provide adequate roadway drainage
such as curbs, culverts, ditches, and drop inlets.

End Treatment—The designed modification of the end of a roadside or median barrier.

Flare—The variable offset distance of a barrier to move it farther from the traveled way; generally in
reference to the upstream end of the barrier.
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Frangible—A structure quality or feature that makes the structure readily or easily broken upon impact.

Fuse Plate—The plate which provides structural reinforcement to the sign post hinge to resist wind
loads but which will release or fracture upon impact of a vehicle with the post.

Glare Screen—A device used to shield a driver’s eye from the headlights of an oncoming vehicle.

Hinge—The weakened section of a sign post designed to allow the post to rotate upward when
impacted by a vehicle.

Impact Angle—For a longitudinal barrier, it is the angle between a tangent to the face of the barrier and
tangent to the vehicle’s path at impact. For a crash cushion, it is the angle between the axis of symmetry
of the crash cushion and a tangent to the vehicles path of impact.

Impact Attenuator—See Crash Cushion.
Length of Need—Total length of a longitudinal barrier needed to shield an area of concern.

Length of Need (LON) Point—That point on the terminal or longitudinal barrier at which it will contain
and redirected an impacting vehicle along the face of the terminal barrier.

Level of Performance—The degree to which a longitudinal barrier, including bridge railing, is designed
for containment and redirection of different types of vehicles.

Longitudinal barriers—A barrier whose primary function is to prevent penetration and to safely redirect
an errant vehicle away from a roadside or median obstacle.

Low Maintenance/Self Restoring Crash Cushions—Crash Cushions that either suffer very little, if any
damage, upon impact and are easily pulled back into their full operating condition, or they partially
rebound after an impact and may only need an inspection to ensure that no parts have been damaged,
misaligned, or otherwise disabled.

Median—The portion of a divided highway separating the traveled ways for traffic in opposite
directions.

Multidirectional —The capability of the fracture mechanism of a breakaway support or the plates of a
split-base support to work when struck from any direction. These are also referred to as omni-
directional.

Median Barrier—A longitudinal barrier used to prevent an errant vehicle from crossing the median.

Non-Recoverable Slope—A slope which is considered traversable but on which an errant vehicle will
continue to the bottom of the slope. Embankment slopes between 3H:1V and 4H:1V may be considered
traversable but non-recoverable if they are smooth and free of fixed objects.

Offset—Lateral distance from the edge of traveled way to a roadside object or feature.
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Omni-directional—See Multidirectional.

Operating Speed—The highest speed at which reasonably prudent drivers can be expected to operate
vehicles on a section of highway under low traffic densities and good weather. This speed may be higher
or lower than posted or legislated speed limits or nominal design speeds where alignment, surface,
roadside development, or other features affect vehicle operations.

Operational Barrier—One that has performed satisfactorily in full-scale crash tests and has
demonstrated satisfactory in-service performance.

Performance Level—See Level of Performance.

Recoverable Slope—A slope on which a motorist may, to a greater or lesser extent, retain, or regain
control of a vehicle. Slopes flatter than 4H:1V are generally considered recoverable.

Recovery Area—Generally synonymous with clear zone.

Reusable Crash Cushions—Reusable crash cushions have some major components that may be able to
survive most impacts intact and can be salvaged when the unit is being repaired.

Roadside—That area between the outside shoulder edge and the right-of-way limits. The area between
roadways of a divided highway may also be considered roadside.

Roadside Barrier—A longitudinal barrier used to shield roadside obstacles or no-traversable terrain
features. It may occasionally be used to protect pedestrians or “bystanders” from vehicle traffic.

Roadside Signs—Roadside signs can be divided into 3 main categories: overhead signs, large roadside
signs, and small roadside signs. Large roadside signs may be defined as those greater than or equal to
50ft? in area. Small roadside signs may be defined as those less than 50ft? in area.

Roadway—The portion of a highway, including shoulders for vehicular use.

Rounding—The introduction of a vertical curve between two transverse slopes to minimize the abrupt
slope change and to maximize vehicle stability and maneuverability.

Runout Distance Grading—Refers to the area into which a vehicle may travel after impacting a terminal
ahead of its LON point.

Sacrificial Crash Cushions—Sacrificial crash cushions are crashworthy roadside safety devices designed
for a single impact. These system’s major comments are destroyed in impacts and must be replaced, but
many of the other parts of the system can be reused.

Severity Index—A severity index (Sl) is a number from zero to ten used to categorize crashes by the
probability of their resulting in property damage, personal injury, or a fatality, or any combination of
these possible outcomes. The resultant number can then be translated into an accident cost and the
relative effectiveness of alternate safety treatments can be estimated.
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Shielding—The introduction of a barrier or crash cushion between the vehicle and an obstacle or area of
concern to reduce the severity of impacts of errant vehicles.

Shy Distance—The distance from the edge of the traveled way beyond which a roadside object will not
be perceived as an obstacle by the typical driver to the extent that the driver will change the vehicle’s
placement or speed.

Slip Base—A structural element at or near the bottom of a post or pole which will allow release of the
post from its base upon impact while resisting wind loads.

Slope—The relative steepness of the terrain expressed as a ratio or percentage. Slopes may be
categorized as positive (backslopes) or negative (foreslopes) or as a parallel or cross slope (in relation to
the direction of traffic).

Staged Attenuation Device—A crash cushion that is designed to be progressively stiffer as an impacting
vehicle deforms or penetrates it.

Temporary Barrier—Temporary barriers are used to prevent vehicular access into construction or
maintenance work zones and to redirect an impacting vehicle so as to minimize damage to the vehicle
and injury to the occupants while providing worker protection.

Terminal—A terminal is essentially a crashworthy anchorage, a device used to anchor a flexible or semi-
rigid barrier to the ground. Being crashworthy, terminals are normally used at the end of a barrier that is
located within the clear zone or that is likely to be impacted by errant vehicles.

Traffic Barrier—A device used to prevent a vehicle from striking a more severe obstacle or feature
located on the roadside or in the median or to prevent crossover median accidents. As defined herein,
there are four classes of traffic barriers, namely; roadside barriers, median barriers, bridge railings, and
crash cushions.

Transition—A section of barrier between two different barriers, or more commonly, where a roadside
barrier connects to a bridge railing or to a rigid object such as a bridge pier. The transition should
produce a gradual stiffening of the approach rail so vehicular pocketing, snagging, or penetration at the
connection can be minimized.

Traveled Way—The portion of the roadway for the movement of vehicles, exclusive of shoulders.

Through Traveled Way—The portion of the roadway for the movement of vehicles, exclusive of
shoulders and auxiliary lanes.

Traversable Slope—A slope from which a motorist will be unlikely to steer back to the roadway but may
be able to slow and stop safely. Slopes between 3H:1V and 4H:1V generally fall into this category.

Uni-directional—For the purposes of classifying crash cushions, uni-directional describes the capability
of a crash cushion to operate in a location where it will be exposed to traffic impacts from only one
direction. Such locations may include gore areas, or roadside locations on a divided highway. A crash
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cushion is considered to be uni-directional unless it has been qualified as bi-directional through a
reverse-direction crash test.

Vehicle—A motorized unit for use in transporting passengers or freight, ranging from an 820-kg [1,800-
Ib] automobile to a 36000-kg [80,000-Ib] van-type tractor trailer.

Warrants—The criteria by which the need for a safety treatment improvement can be determined.

Work-Energy Principle—“A concept of crash cushion design which involves the reduction of an
impacting vehicle’s kinetic energy to zero, the condition of a stopped vehicle, through the conversion of
kinetic energy into other forms of energy.”

Working Width—The distance between the traffic face of the test article before the impact and the
maximum lateral position of any major part of the system or vehicle after the impact.

Zone of Intrusion (ZOl)—The region measured above and behind the face of a barrier system where an
impacting vehicle or any major part of the system may extend during an impact.
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Introduction

Acronyms

AASHTO
ADT
AADT
BLON
BDEM
CIp
FARS
FAST ACT
FHWA
HTC
MUTCD
MASH
MGS
NCHRP
RDG
ROR
ROW
SHSP
SPWB
TL

wz

American Association of State Highway and Transportation Officials

Average Daily Traffic
Average Annual Daily Traffic
Beginning Length of Need

Illinois Bureau of Design and Development Manual

Critical Impact Point

Fatal Analysis Reporting System

Fixing America’s Surface Transportation Act
Federal Highway Administration

High Tension Cable

Manual on Uniform Traffic Control Devices
Manual for Assessing Safety Hardware
Midwest Guardrail System

National Cooperative Highway Research Program
Roadside Design Guide

Run-off-Road

Right-of-Way

Strategic Highway Safety Plan

Strong Post W-Beam

Test Level

Work Zone
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Session 1: Introduction and Pre-Assessment
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by the Federal Highway Administration under
Grant Agreement No. 693JJ317500085. Any
opinions, findings and conclusions or
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Highway Administration. This document
does not constitute a national standard,
specification or regulation.
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Session 1: Introduction and Pre-Assessment

ROADSIDE
DESIGN

Administrafion
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Chapter 38 — Roadside Safety
Bureau of Design and

Environment Manual

Highway Standard. Revision 223
- Effective 01/01/2020
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At the end of this training you will be able to:

» ldentify when a traffic barrier may be the best
treatment to use at a specific site.

» Select a barrier that will adequately shield the
identified hazard(s).

» Assess the topography of the site to provide
for an optimal barrier system installation.
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Session 1: Introduction and Pre-Assessment

Session 1:
Introduction and Pre-assessment

US. Depariment of ransportafion
(‘ Feder way
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At the end of this session, you will be
able to:

» ldentify the primary Roadside Safety
Concerns in lllinois.

» Assess your current knowledge of

Barrier Design Principles.
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Session 1: Introduction and Pre-Assessment

lllinois Total Fatalities vs.
Roadway Departure Fatalities

m Total Fatalities ® Roadway Departure Fatalities

1200
1000
g 800 Total US
5 o0 Highway
= 400 Fatalities
200
; 33,244

2015 2016 2017 2018 2019

In 2019, 48.8 percent of all fatalities involved roadway departures

Ref: FARS Data — 2015 to 2019

U.S. Depariment of Transportation

Federal Highway [ '
'VAdministro 10N i pe Session

5-Yr. Total
Impact Attenuator 6
Concrete Traffic Barrier 69
Guardrail Face/End 118
Ditch 264
Cable Barrier 5

Ref: FARS Data — 2014 to 2018
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@ Administrafion
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Session 1: Introduction and Pre-Assessment
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Potential consequences of poorly
designed barrier systems include:

» Systems may not function as

designed.
» Crash severities may be increased.
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The next 8 slides show locations where barrier was
installed. For each photo, decide at a glance
whether you believe it to be:

1. Good example,

2. Bad example, or

3. Cannot decide without more information.

We will discuss these slides in further detail in later
applicable sessions, so please record and save
your responses.
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Session 2: Clear Zone and Guidelines for Barrier Need

Session 2:

Clear Zone and Guidelines for
Barrier Need
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At the end of this session, you will be
able to:

» Understand and apply the clear zone
concept

Identify objects and features that may
require shielding
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Session 2: Clear Zone and Guidelines for Barrier Need

Clear Zone

Traveled Way Shoulder

The unobstructed, traversable area provided beyond the edge of
the through traveled way for the recovery of errant vehicles. The
clear zone includes shoulders, bike lanes, and auxiliary lanes,
except those auxiliary lanes that function like through lanes.

Ref: AASHTO Roadside Design Guide, 4t Edition, Glossa
US. Department of Transportation TTCOME 10 = ’
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" Federal Highway : |
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» Slope Type and Steepness
» Design Speed

» Traffic Volume
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Design X Foreslopes Backslopes
Design
Speed 1V:6H
ADT 1V:5H to 1V:4H 1V:3H 1V:3H 1V:5H to 1V:4H | 1V:6H or flatter
(mph) or flatter
<40 UNDER 750¢ 7-10 7-10 b 7-10 7-10 7-10
750-1500 10-12 12-14 b 10-12 10-12 10-12
1500-6000 12-14 14-16 b 12-14 12-14 12-14
OVER 6000 14-16 16-18 b 14-16 14-16 14-16
45-50 UNDER 750¢ 10-12 12-14 b 8-10 8-10 10-12
750-1500 14-16 16-20 b 10-12 12-14 14-16
1500-6000 16-18 20-26 b 12-14 14-16 16-18
OVER 6000 20-22 24-28 b 14-16 18-20 20-22
55 UNDER 750¢ 12-14 14-18 b 8-10 10-12 10-12
750-1500 16-18 20-24 b 10-12 14-16 16-18
1500-6000 20-22 24-30 b 14-16 16-18 20-22
OVER 6000 22-24 26-322 b 16-18 20-22 22-24
60 UNDER 750¢ 16-18 20-24 b 10-12 12-14 14-16
750-1500 20-24 26-322 b 12-14 16-18 20-22
1500-6000 26-30 32-402 b 14-18 18-22 24-26
OVER 6000 30-322 36-442 b 20-22 24-26 26-28
65-70¢ UNDER 750° 18-20 20-26 b 10-12 14-16 14-16
750-1500 24-26 28-36° b 12-16 18-20 20-22
1500-6000 28-322 34-42@ b 16-20 22-24 26-28
OVER 6000 30-342 38-462 b 22-24 26-30 28-30
[ Ref: AASHTO ROADSIDE DESIGN GUIDE, 4t EDITION — TABLE 3.1, Pg. 3-3
~ V.. wepunEn VI.IIUII)}JUIIUIIVII Dt e ‘—R.'.»"ﬁ s %
" Federal Highway | [LLLINOIS e
4.6 s
@ Administration
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¥ Federal nghway

(V Administration

Design Desi Front Slopes Back Slopes ]
N Speed S 1V:6H
ADT 1V:5H to 1V:4H 1V:3H 1V:3H 1V:5H to 1V:4H [ 1V:6H or flatter
(mph) or flatter
<40 UNDER 750 7-10 7-10 ** 7-10 7-10 7-10
750-1500 10-12 12-14 *x 10-12 10-12 10-12
1500-6000 12-14 14-16 *x 12-14 12-14 12-14
OVER 6000 14-16 16-18 *x 14-16 14-16 14-16
45-50 UNDER 750 10-12 12-14 *x 8-10 8-10 10-12
750-1500 14-16 16-20 ** 10-12 12-14 14-16
1500-6000 16-18 20-26 ** 12-14 14-16 16-18
OVER 6000 18-20 24-28 *x 14-16 18-20 20-22
55 UNDER 750 12-14 14-18 *x 8-10 10-12 10-12
750-1500 16-18 20-24 *x 10-12 14-16 16-18
1500-6000 20-22 24-30 ** 14-16 16-18 20-22
OVER 6000 22-24 26-32" ** 16-18 20-22 22-24
60 UNDER 750 16-18 20-24 ** 10-12 12-14 14-16
750-1500 20-24 26-32" *x 12-14 16-18 20-22
1500-6000 26-30 32-40" *x 14-18 18-22 24-26
OVER 6000 30-32° 36-44" ** 20-22 24-26 26-28
65-70° UNDER 750 18-20 20-26 ** 10-12 14-16 14-16
750-1500 24-26 28-36" ** 12-16 18-20 20-22
1500-6000 28-32" 34-42" ** 16-20 22-24 26-28
OVER 6000 30-34" 38-46" *x 22-24 26-30 28-30
Ref: BDE Manual Ch. 38-3 Roadside Clear Zones
3. The values for “backslope” only apply to a section where the toe of the back slope is adjacent
to the shoulder. See Figure 38- 3B(d) For sectlons W|th roadside ditches, see Sectlon 38 3.04.
g _..x!,nfsn
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38-3.01 Background

The clear zone widths are based on limited empirical data that has
then been extrapolated to a wide range of conditions. Therefore, the
distances imply a degree of accuracy that does not exist. They do,
however, provide a good frame of reference for making decisions on
providing a safe roadside area. Each application of the clear zone
distance must be evaluated individually, and the designer must

exercise good judgment.

1. Project Scope of Work. The clear zone distances in Section 38-3
apply to all freeway projects and to new construction/reconstruction
projects on non-freeways. Chapter 49 presents the criteria for 3R
projects on non-freeways.

Ref: BDE Manual Ch 38-3 RoadS|de Clear Zones

" Federal Hi hwoy ;s V

& Admmls’rro ion
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lNinois 3R GUIDELINES FOR RURAL AND URBAN HIGHWAYS  November 2019
Regulatory Approach Proposed Ditch Clear
Speed and ADT Cross Section IV Zone
ine 2
50 mph (80 km/h) or greater Traversable 18 ?8(151-[55?;{] ROW Ine
and ADT = 1000 MNon-Traversable ’
Back Slope
All Others 12ft(3.6m)or

Non-Traversable Ditch @

MNotes:

(1) A traversable ditch cross section is one where the following configuration applies: 1V.4H front
slopes, 2 ft (600 mm) wide difch bottom, and TV:3H back slopes. If any of these minimum criteria
are not satisfied, the ditch cross section is considered non-traversable.

{2) Use whichewver is less.
CLEAR ZONES ON TANGENT SECTIONS
(3R Rural Arterial Projects)
Figure 49-3.D

Ref: BDE Manual Ch. 38-3 Roadside Clear Zones
- e o g e
0 Federal HI?hWGY i e

Administration ' Session
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38-3 ROADSIDE CLEAR ZONES

38-3.01 Background

2. Context. If a formidable obstacle lies just beyond the clear
zone, it may be appropriate to remove or shield the obstacle
if costs are reasonable. Conversely, the clear zone should
not be achieved at all costs..

3. Boundaries. The designer should not use the clear zone
distances as boundaries for introducing roadside hazards
(e.g., bridge piers, non-breakaway sign supports, utility
poles, landscaping features). These should be placed as far
from the traveled way as practical.

US. Department of Transportation

Federal Highway | Lo
'V Administro?ion TN
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Available Clear Zone = Area Existing for recovery

Design Clear Zone = A selected value used for design
to provide recovery area for a majority of errant drivers

[
" Federal Highway

@ Administrafion

Example Clear Zones

Very nice CZ (30'+);
relatively easy to get
on freeways

US. Department of Transportation

Federal Highway
'UAdminisha ion
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Example Clear Zones

Nice CZ but allowing
encroachment

US Department of Transportation

Federal Highway = L N(
'UAdmmlstra |on oy

- | Nice 2-Ine CZ; Utility
| poles placed close to ROW

US Department of Transportation
Federal Hi hwoy
Admmlstra ion

0
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Nice job to place he
headwall at the DCZ

U.S. Depariment of Transportation WG
(‘ Federal Highway | 5
@/ Administafion g8 .

h J, .

%] Even if not “perfect”, nice job - not too S
| severe ditch and keeping backslope clear D Y
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1

Even if “perfect”, nothing works all
the time — note memorial

US. Department of Transportation 7
" Federal Highway
@7 Administrafion
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ol Recovery Area
- o C -

Llo

I|a
- A than

|V:4dH t IV:3H or Flat
Shouldar - ioeoo - 2 Clear Run0ut_
Area

] Front Slope l-

~— Edge of
Traveled Way IV:6H or Flotter

NON-RECOVERA FRONT P

CLEAR ZONE APPLICATION FOR FRONT SLOPES
(Uncurbed)

Figure 38-3.E

Ref: BDE Manual Ch. 38-3 Roadside Clear Zones, Figure 38-3.E

= Paas, A= 1

WELCOME 10
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O Adminstalion . in e SCSSION

Page 2-15

Participant Notebook



FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 2: Clear Zone and Guidelines for Barrier Need

PREFERRED DITCH CROSS SECTIONS
Preferred Maximum Ditch Back Slope
Trapezoidal Ditch with Trapezoidal Ditch with
Front Slope Vee or <4 ft Flat Bottom Minimum 4 ft Flat Bottom
18 1:35 1:25
1:6 14 13
15 15 1:35
14 16 1:4
Note: For front or back slope values falling between those given above, round down to the next
steeper slope, i.e., do not interpolate between slope values.

Ref: BDE Manual Ch. 38-3 Roadside Clear Zones Flgure 38 3.H

US Department of Transportation WELTOME e

Federal Hi hway
'V Admlnlstra ion
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Shoulder | 10°
| 3.0 m

(b}

Fr
=— Edge of ony
Troveled Woy

Toe

BACK SLOPE STEEPER THAN IV:6H BUT IV:3H OR FLATTER
AND NOT MEETING THE CRITERIA FOR A
PREFERRED DITCH CROSS SECTION

38-3.16

U.S. Department of Transportation WELCOME 10 : o —
QFed:aral Highway | LLLLENOIS R

THE LAND OF LINCOLN

Adminisiration S ek
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Through
Traveled Way
. T
1
Shoulder l—

4. Clear Zones (Rock Cuts). No clear zone is required beyond the toe of

@ Administration

Ref: BDE Manual Ch. 38-3 Roadside Clear Zones

V.9, WEPUIITISH VI IUTRPVIUIVI

" Federal Highway

back slope for rock cuts with steep back slopes. However, the rock cut
should be relatively smooth to minimize the hazards of vehicular
snagging. If the face of the rock is rough or rock debris is present, a
barrier may be warranted.

38-3.15

N L

- Session

CRASH RATES

The risk of a

reported crash is

OFRP NWAMOGON®
I

Segments wlcurve
Source: Glennon, et al, 198!
US. Deparmen o ransportaton

(‘ Federal Highway
@ Administafion 48

3.93

B Tangent Segments  Curved portion only

about three times
greater on a
curve thanon a
tangent

(Curve plus transitions)

Participant Notebook
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This is an Extension
of the Tangent

Administration

cz
t
CZc

Note: See Figure 38-6.E for Lg distances.

Ref: BDE Manual Ch. 38-3 Roadside Clear Zones. Figure 38-3.02(e)

| Federal Highway
(v v g

o WS
0 WS

siol

ETW = Edge of Traveled Way

“"*&\\ —

=Cleor Zone on Tangent Section
=Clear Zone on Horizontdl Curve
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Administration

lllinois ROADSIDE SAFETY October 2014
Radius Design Speed (mph)

(ft) 40 45 50 55 60 65 70
2860 1.1 1.1 1.1 12 1.2 1.2 1.3
2290 1.1 11 12 12 12 1.3 1.3
1910 11 1.2 1.2 1.2 1.3 1.3 1.4
1640 1.1 1.2 12 1.3 13 14 15
1430 12 1.2 1.3 1.3 14 14
1270 12 1.2 1.3 1.3 1.4 1.5
1150 12 1.2 1.3 14 15
950 12 1.3 1.4 1.5 1.5
820 1.3 1.3 1.4 15
720 1.3 1.4 1.5
640 1.3 14 1.5
570 14 1.5
380 15

Notes:
1. Adjustments apply to the outside of a horizontal curve only.
2 No adjustments are warranted for curve radii greater than 2860 ft.

CZ: = (K3)(CZ)

Ref: BDE Manual Ch. 38-3 Roadside Clear Zones. Figure 38-3.D

Vo9, WSPUHITTISHT VI IUTRPVIVII

o Federal Highway

Figure 38-3.D
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The minimum lateral offset of 1.5 ft
should be provided beyond the face of
curbs to any vertical objects.

This is called the Lateral Offset and
should not be construed as an

acceptable clear zone distance.

Ref: AASHTO Roadside Design Guide, Section 10.2.1.1 Curbs

U.S. Department of Transportation i S T m,-._,‘._,
" Federal Highway | el ——
@ Administration b e
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38-3.02(f) Curbed Sections

Because curbs do not have re-directional capabilities, except
at speeds below 25 mph, the presence of curbs does not
affect determination or application of the calculated clear
zone value. See Section 38-9 for more discussion of
roadside safety for urban cross sections.

38-4.06(a) Curbs

3. Redirection. Curbs offer no safety benefits on high-speed
roadways and will not redirect errant vehicles.

Ref: BDE Manual Ch 38-3 Roadside Clear Zones. 38-4.06 (a) Curbs
Federal Hi hway L \ P
’UAdmlmstra |on S SESSION —_—
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38-3.02(f) Curbed Sections
1. Urban/Suburban Facilities. Because curbs do not have re-

directional capabilities, except at speeds below 25 mph, the
presence of curbs does not affect determination or application of
the calculated clear zone value. See Section 38-9 for more
discussion of roadside safety for urban cross sections.

38-9 ROADSIDE SAFETY IN URBAN OR RESTRICTED
ENVIRONMENTS

Within such areas, the application of open road clear zones may not
be practical. This guidance will balance the need for a clear zone
with practicality and demonstrated safety benefits in urban and
restricted environments.

Ref BDE Manual Ch. 38- 3 RoadS|de Clear Zones. 38-3.02 (f) Curbed Sections

VL9, VSIS VI IR s i W m
B Federal Hi hway | Session

@ Administration
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-k A . e e

423
LEGEND
Additional Latera! Offsat
at inside of Curve
=7 Recommended
Enhanced Lateral Offset

1.2m [4-0"] min
: L
e

T e e B
e e e s

Required Sight Distanca along
Drivers' Line of Sight

Example of Location for Enhanced
Lateral Offset

ENHANCED LATERAL OFFSET FOR CURVES IN URBAN OR RESTRICTED LOCATIONS
FIGURE 38-9.A

US. Department of Transportation
" Federal Highway

@7 Administration
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38-4.02 Range of Treatments

If a roadside hazard is within the clear zone, the designer should select the

treatment that is judged to be the most practical and cost-effective for the

site conditions. The range of treatments, in order of preference, includes:

» Eliminate the hazard (flatten embankment, remove rock outcroppings,
etc.);

* Redesign the hazard so it can be safely traversed (e.g., culvert grating);
* Relocate the hazard to a point where it is less likely to be struck;

* Where applicable, make the hazard breakaway (sign posts, luminaire
supports);

* Shield the hazard with a roadside barrier:;
* Delineate the hazard; or

« Do nothing
Ref: BDE Manual, Ch. 38-4.02. Range of Treatments.
T NTCEEEE .
W Federal Hi hway ~«,-IS
@7 Administrafion
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Barriers Must Be
Less of a Hazard

The major premise should remain that a traffic barrier should be installed only if
it is expected to reduce the likelihood of severe crashes.

38-9.05 Barrier Warrants

U.S. Department of Transportation =
’ Federal Hi?hway LY
@ Administafion g

U.S. Department of Transporfation ok S T
(‘ Federal Highway | L ¥ Session 7 F

@7 Administation ke : LI
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Obstacle Guidelines
Bridge piers, abutments, and railing ends  Shielding generally required
Boulders Judgment decision based on nature of fixed object and likelihood of impact
Culverts, pipes, headwalls Judgment decision based on size, shape and location of obstacle
Foreslopes and backslopes (smooth) Shielding not generally required
Foreslopes and backslopes (rough) Judgment decision based on likelihood of impact
Ditches (parallel) Refer to Figures 3-6 and 3-7
Ditches (transverse) Shielding generally required if likelihood of head-on impact is high
Embankment Judgment decision based on fill height and slope (see Figure 5-1)
Retaining Walls Judgment decision based on relative smoothness of wall and anticipated maximum angle of impact
Sign/Luminaire supports Shielding generally required for non-breakaway supports
Traffic signal supports Isolated traffic signals within clear zone on high-speed rural facilities may warrant shielding
Trees Judgment decision based on site-specific circumstances
Utility poles Shielding may be needed on a case by case basis.
Permanent bodies of water Judgment decision based on location and depth of water and likelihood of encroachment.
Ref: AASHTO Roadside Design Gwde 4th Ed|t|on Chapter 5 Table 5-2, Pg. 5-9 &
( W regeral m%;nway B A Sess@“?"“ ”‘P‘
@7 Adminisration e
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== 38-4.01 Examples of Roadside Hazards
* non-breakaway sign supports, non-breakaway luminaire supports, traffic signal

poles, and railroad signal poles;
» concrete footings, traffic signal foundations, etc., extending more than 4 in (100
mm) above the ground,;

» bridge piers and abutments at underpasses;

+ culvert headwalls;

* trees with diameters greater than 4 in (100 mm) (at maturity);
* rough rock cuts;

* large boulder;

+ critical parallel slopes (i.e., embankments);

+ streams or permanent bodies of water (where the depth of water = 2 ft (600 mm));
* non-traversable ditches

 utility poles or towers;

» drainage appurtenances; and

+ transverse slopes.

Ref: BDE Manual, Ch. 38-4.01 Examples of Roadside Hazards

W) FEUTIUl Iylwuy R R
Y& Admiristrafion . Session 2 ¥ ﬂ
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38-4.03 Warrant Methodologies

Warrants for roadside barriers imply that other options higher in the
preference order for range of treatments (see Section 38-4.02) have
first been considered. Whether objectively or subjectively, the
decision will be based upon the traffic volumes, roadway geometry,
proximity of the hazard to the traveled way, nature of the hazard,
expected crash severity, installation costs and, where applicable,
crash experience. The following briefly discusses the Department’s
decision-making methods for barrier warrants.

38-4.03(c) Engineering Judgment Method
\ DOCUMENT \

Ref. BDE Manual, Ch. 38 4 03 Warrant Methodologles

A ey e

@7 Administration -
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Reciprocal of Fil Section Slope
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0.2 TviSH
Barrier not Warranted far Embankment.
However, Check Barrier Need for Other T1W:EH
Foadside Hozards.
o | | |
BARRIER WARRANTS FOR EMBANKMENTS
Figure 38-4.4
o0 | | | | |
o 10 20 300 40 1y [Gle}
(3 mi 16 ) 9 m a2z m [SET (I8 m)

Fill Sectien Heiaht. ft {m}

Ref BDE Manual, Ch. 38-4. Barrler Warrants for Embankment — Figure 38-4A
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The bridge cones of overhead roadway structures also introduce
transverse slopes. Both the transverse slope intersecting the ditch

and the transverse slope beyond the ditch, but within the clear zone,
should be addressed with the slopes given in Figure 38-4.C.

Type of Facility Deg;:rsz"e Ac‘{’a':’:l?b'e
Freeway 110 1.6
Rural Non-Freeways (V = 50 mph (80 km/h)) 1:10 1.6
Urban Non-Freeways (V = 50 mph (80 km/h)) 16 14
Urban and Rural Low-Speed Facilities (V < 45 mph (70 km/h)) 16 14

RECOMMENDED TRANSVERSE SLOPES
Figure 38-4.C

38-4.05 Transverse Slopes
Ref: BDE Manual, Ch. 38-4.05 Traverse Slopes

\ré"&"e”‘réi"'ﬁi“‘h“v”&év
'V Admlnls’rro ion
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Is barrier warranted at the eight
locations shown in the next photos?

Do not consider effectiveness of
existing barrier (if any).

Uibpﬂ rent of Trans

Federal Hi hway
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AVERAGE DAILY TRAFFIC

Ref: AASHTO
Roadside Design

Figure 6-1
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5 Year Rrojection for the
Average Daily Troffic (Vehicles per Day)

20,000
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Y 10
3.0
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9.0

Ref. BDE Manual, Ch. 38-7.Figure 38-7.B

WARRANTS FOR MEDIAN BARRIERS ON FREEWAYS
Figure 38-7.B
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Borrier for Areas with o
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38-8.02 Warrants

For median widths of 84 ft (26 m) or less, all piers,
sign foundations, and similar hazards in medians of
divided highways warrant shielding. For median
widths greater than 84 ft (26 m), the need should be
considered on a case-by-case basis.

Ref: BDE Manual, Ch. 38-8.02 Warrants

US. Department of Transporfation WELCOME T0 o
" Federal Highway | LLLLYNOIS e
@ Administation i

» Understand and apply the clear zone
concept

> ldentify objects and features that may
require shielding

US. Department of Transportation SN To
"Fedeml Hi%hway by

@ Administration
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Session 3:

Testing Requirements and
Performance Characteristics

of Common Barrier Systems

usnpn fof Transporiaion

Federal Hi hway
(V Adm|n|strc on g

At the end of this session, you will be able to:

> Understand how barriers are tested for
crashworthiness

» ldentify common barrier systems

» Explain how these barrier systems function

» Define the key components of a transition

usnpn of ansportafion

Federal Highway | [LLLONOIS
(VAdmlnlstra |on -
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» In 1993, crash testing and evaluation criteria were
published as NCHRP Report 350

» In 2009, the Manual for Assessing Safety Hardware
(MASH) was published by AASHTO. It was used by
FHWA as the testing standard for all new products

» In 2016, an update to MASH was adopted and a
timetable for implementation of new installations
complying with this edition was signed between
FHWA and AASHTO

U 3. Department of Transportation

Federal Highway Y
'VAdmmlstro |on il
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11 years
10 years
9% years |
TS ‘ © December
y ’- 2 years ‘ § 31, 2019
[ 2009 2016 Dec 31, 2017 | [ Dec 31, 2018
2
=]
=]
* All Other Terminals
MASH MASH 2016 * W-Beam Barriers * Transitions
Published Published ‘ * Cast-in-place Concrete Barriers * All Other Barriers/Portable
= * Bridge Rails
=== — * Sign Supports
— “‘ * Other Breakaway Hardware
“Manual for T2, _
Assessing . |

X Crash Cushions
** Cable Barriers
%+ Cable Terminals

W-Beam Terminals
Tangent

‘:‘ MOVED TO DEC. 31, 2019
X SOME MOVED TO DEC. 31, 2019

Selection of a performance level is based on
speed and traffic mix.

» TL-1, TL-2, and TL-3: crash tests with small
car and pickup truck with a 25° impact angle
at 31, 44, and 62 mph, respectively.

2,420 Ibs. 5,000 Ibs.
1100C 2270P

US Depariment of Transportation
( Federal Hi hway
UAdmmlsira ion ik
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US- Depariment of ransporiation T — S O ; ey
(‘Federal hway SIS o TR
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@ Administrafion

» TL-4: TL-3 + 15° impact angle, 56 mph Single-Unit Truck
» TL- 5: TL-3 + 15° impact angle, 50 mph Tractor-Van Trailer
» TL- 6: TL-3 + 15° impact angle, 50 mph Tractor-Tank Trailer

U.S. Department of Transportation __vico g o ': “_‘__
"Federol ighway | LLLYNOISEERIE o=

@©7 Administrafion
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1. Contain Vehicle

» No Penetration
» No Vaulting/Under-riding

2. Redirect Vehicle Smoothly (low exit angle)
with no snagging/overturning, and no
excessive rotation (75 degree max)

3. Tolerable Occupant Impact Forces

4. Minimum Occupant Compartment
Deformation and no Debris Intrusion

US. Department of Transportation
"Federal Highway | LLLLY

@7 Administrafion
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38-5 ROADSIDE BARRIERS

The FHWA requires roadside safety hardware used on the National
Highway System (NHS) to be crashworthy. IDOT then extends this
requirement to all State jurisdiction routes for consistency.

38-5.01(e) Other Systems

Many other roadside barrier systems are available which may have
application at specific sites (e.qg., thrie-beam guardrail). The
designer should reference the latest edition of the AASHTO
Roadside Design Guide for information on these systems. Both
BDE and BSPE must approve the use of any system not included
on one of the several QPLs or in the lllinois Highway Standards.

Ref: BDE Manual Ch 38-5 RoadS|de Barrlers

" Federal ngihwcy

@’ Administration

» Rigid Systems

» Semi-Rigid Systems

> Flexible Systems

» Median Barrier Systems

Qs
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Rigid Barrier Systems have little (between O to 1
ft.) deflection under the TL-3 pickup impact. They
are generally anchored by some acceptable
means.

Examples include:
» New Jersey Safety Shape Concrete Barrier
F-shape Concrete Barrier
Single Slope Concrete Barrier
Vertical Wall

U 3. Department of Transportation

Federal Highway ‘
'VAdmmlstro |on i
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 3: Testing Requirements and Performance Characteristics of Common Barrier Systems

25"~

-

3211 - 90!1

Previous Standard

Really Previous
Standard
1M

32" _ 90"

US. Department of Transportation

e Federal Highway

Administration

x From the People of UBnoly
-8 1

iy

" Session
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=
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| N | = =

:_-—_———-——_—-“
— = T — — s

Tagan 1. Rigid Median Barriers. As noted earlier, the IDOT
44 in. (1120 mm) Double Face Concrete Barriers
a4 has been certified as meeting MASH criteria (Test
- a4 - Level 5).
‘q . 38-7.9
oA
. ’ 4 -
. .
g q ) . - q 10,3
. - . 4
A
: CONCRETE BARRIER,
4 - 4 DOUBLE FACE,
i 44 1n. (1120 mm) HEIGHT
|53:m ' STANDARD 637006-04
TYPIGAL CROSS-SECTION
Ref: IDOT Standard 637006-04. Concrete Barrier, Double Face
Federal Hi hway N e
' Adm|n|stro ion i Y Session3
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§.~

38-5.01(b) Concrete Barrier (Rigid Type)

For use of concrete barrier as a roadside barrier (i.e. a single
faced barrier), the standard single slope shape should be used
along the traffic side with a vertical face on the back. Backfill
behind the barrier for lateral support (retaining wall design) or
use a special footing design (e.g., barrier tied to a concrete
footing with reinforcing steel). Contact BSPE for design
parameters.

Ref: BDE Manual Ch. 38-5 Roadside Barriers

le
Barrier
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U 3. Department of Transportafion
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US. Department of Transportafion WLCOME T0
(‘ Federal Hu};hwcy
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Use of a vertical barrier may be

appropriate: Limit lift and space

U.S. Department of Transportation
" Federal Highway
@ Administration
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Semi-Rigid Barrier Systems have
deflections of a few feet (between 2 to 5
ft.) under the TL-3 pickup impact.

Typically consist of beam and post
elements.

> Steel Plate Beam Guardrail — Previous

» 12” wide W-beam rail section (12-gauge
thickness).

Posts are spaced at 6’-3” centers, and the nominal
rail height is 27 %4’

Rail splice at the post.
Typically one post:

» Steel, W6 x 9 x 6’- 0” long.

Blockouts: 6” x 8" wood or
nlastic.

US Department of Transportation

Federal Highway
'VAdmlnlstra |on v
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SITNCATO1T 11U

* MASH Tested
» Raised Blockout up on post (steel)
» Tested with a height of 28” (raised from 24”)

 Caution higher than 29”

NOT an IDOT Standard
Contact BSPE

» Steel Plate Beam Guardrail (MGS) — 317
= 31” Height
» Rail Splice mid-span.
» Post spacing 6’-3”
» Two post options:
* Steel posts, W6 x 8.5/9.0 x 6’
* Wood posts, 6" x 8" x 6’
* Blockouts: 12” wood or composite

U.S. Department of Transporfation
" Federal Highway
@ Adminishraion
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Rail Splic‘e
Mid-Span

US. Depariment of Transporfation |1 .
" Federal Highway | [LLLYNOISE

@ Adminishation e

Video Clip
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Rl alpmert sslls
i5ee Detall

| atn , g )
TT#05 =0

possa X e Lo
Slesl plati baam

sl sl 3TH (083,
caiery

||
quararall with zak I I

C
C
C

L ,a
ELEVATION

TYPEA

.37 (1,90% m} Typkal cast speckn STEEL PLATE BEAM
GUARDRAIL

(Ehest 3 of 4

STANDARD 630001-12

Ref: IDOT Standard 630001-12. Steel Plate Beam Guardrail
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Flexible Barrier Systems typically have
relatively large deflections

Examples of Flexible Barriers include:
» Weak post W-beam Not presented
« Low tension cable Not presented
* High tension cable (HTC)

USS. Department of Transportation
" Federal Highway
@ Administrafion

Advantages of cable systems
include:

* Low initial cost

* Lower deceleration forces

*  Effective vehicle
containment and redirection wa

* Installation conditions
flexibility

«  SNOW

U.S. Department of Transportation
" Federal Highway

@ Administrafion
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» High Tensioned Cable (HTC) Barrier
Five different proprietary designs available

Each requires a unique proprietary terminal

Somewhat reduced deflections

Generally easier maintenance

|Can retain effectiveness after most impacts

US. Department of Transportation WELCOME 10 ¢ >

H g B LW

" Federal Highway LONOLS B ess e
O/ Adminishalion il

% « Brifen & = On IDOT QPL

« Safence

% « CASS (Trinity Steel)

Y « Nucor

% - Gibraltar

0 s e o o ks

Administration

T Lo
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llinois Department of Transportation
Bureau of Materials
QUALIFIED PRODUCT LIST OF HIGH TENSION CABLE MEDIAN BARRIER
and
HIGH TENSION CABLE MEDIAN BARRIER TERMINALS
April 10, 2020
This list supersedes the December 12, 2019 list.

Standards Specification for Road and Bridge Construction Section 644 (Adopted April 1, 2016)
Material Codes 55603 and 55604

The following four systems may only be used where median slopes are 1:6 or flatter as shown in the
plans:

HIGH TENSION CABLE MEDIAN BARRIER

‘ US. Department of Transportation T L, _&:‘;\
Federal Highway U] g
'V Adminishaion _ sialil S€SSIoN

Specified in the QPL
Dictate the post spacing

Dictate the number of cables

04409 Line Post Foundeatons, Lin posts or e RTC median oamer shel
be piaced In conerete socket foundafions. The minimum deph ofthe foundations

U.S. Department of Transportation
(‘ Federal Highway

@ Administration
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Change Sides of Medion Barrier
Without Medion Hozard

Change Sides of Median Barrier
With Median Hozord

LN =Length of Need Point
GR = Guardrail
HTC=High Tension Cable
COORDINATION OF HIGH TENSION CABLE WITH STRUCTURES AND CROSSOVERS

Figure 38-7.E

U.S. Department of Transportation WELCOME 10 T 7’&:,'; S
( Federal Highway | (LLLINOIS e X =SSR
@/ Adminishation i
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el

Far-Side Overlap
of Cable Runs

MEDIAN WIDTH ‘

SHOULDER

! CABLE — !

! ANCHOR ;
| / BLOCK :

— * Use 300’ if not called
i 27?

DIRECTION i out on plans

v T DIRECTION
| [}
| ANCHOR / ! I
| BLOCK i

| DISTANCE BETWEEN RUNS OF CABLE '

, «—— CABLE 1 |
‘ U3, Depart LLISNOLS , SHOULDER
Federal Highway BATUN i —— g
'VAdministro on | =l Session '
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One of several
Examples of Use
guidance

U.S. Department of Transportation
(‘ Federal Highway
@7 Administration

WELCOME 10

. Lower iniial cost. . Larger deflection spaces
2. More forgiving impact. needed.
2. Less likely to contain large Rural
= w'?‘:"“. 'S‘VE;?';':':M " vehicles than concrete barier, freeways.
maintain venicie 5 . although the systems used by side e
bgn |4 Felsively sasy nstalaton. IDOT have passad Test Level e haza
Tengion | 5. Remains functional afier :,SS;E'H;““';‘:: :“5" test) deflection
Cable moderate collisions. pes tte space is
Barrier 3. Some potential for vehicles to adequate and
©. Some systems have under ride the barrier. aTestLevel 4
features that make rapair s
more efficient. 4. Cannot be used in conjunction
with curbin preferred.
7. Minimizes snow drifting. 9
5. Any impact requires repair.
1. Lower initial cost 1. Less likely to contain large Non-freeways
2. High level of familiarity by :f'{';::: :"" concrete barrier :’:‘d;:“
maintenance persannel. e
3. Cansafely accommodate a | 2 AtPiGn-impactiocations, wil | 2. Rural
rommodat requirs frequent freeways
wide range of impact e oy
e conditions for passenger g . Side hazards
Gu;j:.'.‘l vehicles. 3. Will cause more snow dritting where
4. Relatively easy installation. than cable barrier. ::::':"
5. Remains functional ser | & Fie atradiract or contain adequate.
- vehicles will require repair-
nuisance collisions.
8. Canbe used in conjunction
with curbing
1. Can accommeodate most 1. Highest initial cost. . Urban
"‘E""’:L‘;‘"'“"m WIheUt | 5 For given impact conditions, freeways.
pene highest oceupant Where very
2. No deflection distance decelerations: therefors, least |  high traffic
required behind barrier. forgiving of barrier systems volumes are
3. Litfie or no damage 3. Reduced performance where presant.
Conerate sustained for most vehicular offsst betwaen traveled way Where high
mer impacts; therefore, least and barrier exceeds 12 f (3.6 volumes of
need for maintenance. m). large vehicles
4. Minimal vehicular under 4. Usually requires subsurface are present.
ridef override potential for drainage. . Namow
snagging potentisl 5. Increased snow drifiing. edians.

e

ROADSIDE BARRIER SELECTION
Figure 38-5.A

Session

Participant Notebook

Page 3-27



FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 3: Testing Requirements and Performance Characteristics of Common Barrier Systems

[ ]
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38-5.02 Barrier Selection

1. Test Levels. The designer should consider the expected speeds and
vehicle composition when selecting a test level for a barrier. Barriers that
have passed Test Level 3 criteria are required on high-speed roadways
(design speeds higher than 45 mph [70 km/hr]). There is no Test Level
defined for speeds higher than 60 mph (100 km/hr) and studies of
crashes have shown that Test Level 3 is adequate for the typical mix of
vehicles where the design speed is higher than 60 mph (100 km/hr).
However, if the objective is a higher probability of containing large trucks
or commercial passenger vehicles such as buses, a barrier that has
passed Test Level 4 or 5 may be appropriate. Barriers tested at Test
Level 2 may be appropriate for roadways where the design speed is 45
mph (70 km/hr) or less and this is judged to represent the typical roadway
operating speed.

Ref: BDE Manual Ch. 38-5 Roadside Barriers
PV ey (L
O Administalion e > €SSION
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» Used to separate opposing traffic on a divided highway or to
separate through traffic from local traffic.

» Many barriers approved for roadside applications can be
modified for use in the median.

» Width of the median is an
important consideration.

> Also must consider the
dynamic deflection of the
barrier to avoid intrusion into
opposing traffic.

> There are terminals designed
specifically to shield the ends
of median barriers.

PV i iy (LN e

@ Administration g r—_— Session
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Advantage of high
tension cable is it may
remain effective after

U.S. Department of Transporfation

Federal Highway
'UAdministrq o

Department of Transportafion
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» When a softer (more flexible) barrier precedes a stiffer
barrier, a gradual stiffening must occur between the two
systems.

» An effective transition must provide the following:
« Adequate connection
(TENSION continuity)

» Adequate length to
gradually increase
stiffness.

U 3. Department of Transportation
' Federal Hi hwoy
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Successfully crash-tested transitions include
the following essential elements (in addition
to a structural connection):

 Additional and/or Larger Posts
* Nested rail (w-beam or Thrie-beam)

» Curbs (only as crash-tested transition
unit), Rub Rails, and/or Flared Parapet
Wall to Prevent Snagging

U 3. Department of Transportation

Federal Highway | LLLLENOIS {8
'UAdmmlstrmon e
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PARAPET OR WINGWALL

Formed or dillled
14251 hole

Pay llmlis of TRAFFIC BARAICR TERMINAL, TYPE & (1 sach) Pay lmlts of

other type

Brldge approach curd,
e plan far detolls,

126" (3,81 mi T soctlons of tle boam
"o sel Inside the other

15752 (8.76 )
T0 wpaces ot VR (276]

e EREaNE]
Ing of curb withls thls Tl

{ e s— 0

11 - 607 1153 m) WD WIS0:13.5) Steel posts

00 (2,13 ) WER00
“RrianE ) Sieel posts

[ELEVATION
I—W( GENERAL NOTES
Steel connector plate s ———
for constant-slope Fl

A8 dimerstons re In nches (mlimeters)
unless vthermlse showr

m JPAS— I e TRAFFIC BARRIER
slas 1-1-21 |Added Detall A and revised

et dimenons o et 3. TERMINAL, TYPE 6
[ D |
ECTION
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(Shest 1 ot &)

STANDARD 831031-17

L o
Ref: IDOT Standard 631031-17. Traffic Barrler Terminal, Type 6
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Note length of curb
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If the concrete parapet
or portion of a
combination rail is less
than the transition
height (317), a steel
plate may be applicable
to adjust the height.

Contact BSPE

U 3. Department of Transportation
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> Understand how barriers are tested for
crashworthiness

» Identify common barrier systems

» Explain how these barrier systems function

» Define the key components of a transition
design

US. Depariment of ransportaion
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Session 4:

Testing Requirements and
Performance Characteristics

of Terminals and Impact
Attenuators

JsbpnmeHV sporiafion

Federal Highway ~M (
'VAdmlnlstra |on T

At the end of this session, you will be able to:

» Understand how terminals and impact
attenuators are tested for crashworthiness

» ldentify common terminals and impact
attenuators

» Understand how these systems function

» Choose the appropriate system for a specific
site

Jsbpnmem sporiation

Federal Hi hway ~M (
'V Admlnlsha -

A barrier terminal must serve two functions:

» Provide the necessary TENSION of the
barrier system for downstream impacts

» Be crashworthy when impacted end-on.

43 Deparment of Ttansporfaion
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» 2 Design Tested
* Both have a strut between last 2 posts

Eligibility Letter B-256

TxDOT Design MwRSF Design
9'- 4 7% “ rail element 12’- 67 rail

Rail ends at last
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Re-emphasize hiding it so it
won'’t release

T i

U.S. Depariment of Transportation
" Federal Highway ||
@ Adminisrafion g%

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

Test 34

8
Test 35
A 8

2

Test 32 Test 37b

Test 33

¢ Significant

7 Small Car 1100C (2420 #)
Change

x* Pickup Truck 2270P (5000 #)

BLON - Beginning
Length of Need
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@ Administration
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

Types of Approved Terminals available in IDOT

= TBT Type 1B — AKA: Buried-in-Backslope

= TBT Type 1 (Tangent) — is parallel to the
roadway (as tested) or has a slight (< 2’), but
straight offset; all are Energy-absorbing

= TBT Type 1 (Flared) — post 1 is offset 3-4 feet
from the parallel run of guardrail

U 3. Depariment of Transportation

Federal Highway ‘
'VAdmmlsfra |on
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

» Key design considerations:

= For slopes steeper than 10:1, keep the height of the w-beam rail
constant relative to the roadway grade until the barrier crosses the
ditch flow line (but a max height of 477)

= Use aflare rate, either 14:1 or appropriate for the design speed,

= Add a w-beam rubrail when the distance between the bottom of the
w-beam rail and the ground exceeds ~19” and increasing,

= Use an anchor of steel posts capable of developing the full tensile
strength of the w-beam rail and buried 1’ below ground

W

THE LAND 0F

U.S. Depariment of Transportation ELCOME 10 Wy
(‘Federol ighway | {LLLYNOIS g

@ Administrafion
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Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

Sy S - —_— .
Wu‘:'ﬁ, W"_ Guagale Sl T AN ,rny me* f“w‘ = —

38-6.06(a) Guardrail End Terminals

3. Type 1B. In areas of cut sections on the roadway, or where
the road is transitioning from cut to fill, it is sometimes
possible to terminate a guardrail installation by burying the
end in the back slope. When properly designed and
located, this system provides full shielding of the identified
hazard, eliminates the possibility of any end-on impact with
the terminal, and minimizes the likelihood of the vehicle

passing behind the rail. The length of need point for this
terminal begins at the transition from cut to fill. and the
guardrail and terminal extend more than 75 ft (23 m)
beyond this point.

Ref: BDE Manual Chp 38-6.06 Guardrail End Terminals
( " o e

 Session 4
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Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators
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Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

S Deparime:

Federa
(V Adminishrati

Any concerns with this installation?

U 3. Depariment of Transportation

Federal Hi hway
'V Administ ra ion
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

PRE-ASSESSMENT PHOTO

N Y PR e e R A

(\ Federal Highway

@7 Administration

FINAL POSITION
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Energy Absorbing Terminal
(vehicle is brought to a controlled stop in a short distance)
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

lllinois Department of Transportation
Bureau of Materials
(Maintained by Bureau of Safety Programs and Engineering)

Qualified Product List
TRAFFIC BARRIER TERMINAL, TYPE 1 SPECIAL
Effective June 18, 2021
This list supersedes the April 10, 2020 list.
Standard Specifications for Road and Bridge Construction Section 631 (Adopted April 1, 2016)
i and ing Special Section 631 p January 1, 2021)

Material Code 55601, 56602 & 55611

Traffic Barrier Terminal, Type 1 Special (Tangent)*
continued

e SPIG Industry LLC
14675 Industrial Park Rd
Bristol, VA 24202
Phone: (276) 644-9510

“SGET End Terminal” — MASH
Drawing: SGET

*Note:
Traffic Barrier Terminal Type 1 Special Tangent - NCHRP 350 devices listed on this QPL
are only allowed on contracts let before July 1, 2018. MASH devices listed on this QPL are
required for contracts let on or after July 1, 2018.

U.S. Depariment of Transportation WELCOME 10
(\ Federal Highway |[LLLIONOIS

@ Administrafion

lllinois Department of Transportation
Bureau of Materials
(Maintained by Bureau of Safety Programs and Engineering)

Qualified Product List
TRAFFIC BARRIER TERMINAL, TYPE 1 SPECIAL
Effective June 18, 2021
This list supersedes the April 10, 2020 list.
Standard Specifications for Road and Bridge Consiruction Section 631 (Adopted April 1, 2016)
Supplemental Specification and Recurring Special Provisions Section 631 (Adopted January 1, 2021)

Material Code 55601, 55602 & 55611

Traffic Barrier Terminal, Type 1 Special (Flared)
continued

+ Road Systems, Inc.
3616 Old Howard County Airport
Big Spring, Texas 79720
Phone: (915) 263 - 2435

“MFLEAT” — MASH
FHWA acceptance memorandum HSST-1/CC-143 dated April 10, 2019
Drawings: MELEAT

*Note:
Traffic Barrier Terminal Type 1 Special Flared - NCHRP 350 can continue to be used until
two MASH products are available for flared end terminals on the QPL.

R ,
U.S. Department of Transporfation wHtouz o
(‘ Federal Higihway ILIONOIS
@ Administrafion g
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FAST Act Guardrail Safety Training — Highway Barrier Design Training
Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

» SRT-31 (Slotted Rail Terminal) — NCHRP 350
= Modified w-beam panels containing horizontal
slots; installed in a straight line flare.

= Many different post
configurations throughout

system
= System is 37’-6” long and

connects to 31”7 high
guardrail.

US. Depariment of Transportation

‘Federal Highway N
'UAdminislm on | ==l Ses

N

sion 4

Video ‘.Clir;‘
Because of the non-energy absorption,

no hazard should exist within 150’
downstram of post #1

e et
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

» X-Tension — NCHRP 350

« Utilizes two cables passing through a friction plate
in the impact head (and telescoping panels) to
absorb the kinetic energy and safely contain or
redirect impacting — works in tension

« TL-3 at ~50 Iong, BLON at post 1

U S. Depariment of Transportation

' Federal Hi hway ILIGNO1S
VAdmlmsira ion | ]

US. Department of i Transportation WELCOME 10
(‘Federcl Hi hway AN

o Admmlstro ion
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

» MFLEAT — MASH (similar to NCHRP 350 FLEAT)
» Curls the rail (by kinking) tightly towards the roadway.
» Steel post system; BLON at 4t Post
» TL-3 at 39’ 7” straight flared length. 3-ft. offset.
= Cable-anchored, compression system

(‘ Federal Highway

@’ Administration

i "
>1 i

Video Clip

US. Depariment of tansporafion T
(\ rde Highwoy | ILLANOL
@ Administrafion L8 |
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

LS Depariment of Transportation |
Federol Hi hwcy 1
@7 Adminish ro ion g
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

( 2

R

lllinois Department of Transportation
Bureau of Materials
QUALIFIED PRODUCTS LIST OF TRAFFIC BARRIER TERMINAL, TYPE 1 SPECIAL

Effective June 18, 2021
This list supersedes the December 22, 2017 list
Standard Specifications for Road and Bridge Construction Section 631 (Adopted April 1, 2016)
Supplemental Specification and Recurring Special Provisions Section 631 (Adopted January 1, 2018)

Traffic Barrier Terminal, Type 1 Special (Tangent)*

“Max-Tension Guardrail Terminal System” — MASH
FHWA acceptance memorandum HSST-1/CC-133 dated June 15, 2017
Drawing: MAX-Tension

“MSKT-SP-MGS” — MASH
FHWA eligibility memorandum HSSD-1/CC-126 dated June 10, 2016
Drawing: MSKT

“SoftStop MASH End Terminal” - MASH
FHWA acceptance memorandum HSST/CC-115 dated November 12, 2015
Drawing: SoftStop

U.S. Depariment of Transporfation
Federal Highway
Adminisiration

Q)

( 4

lllinois Department of Transportation
Bureau of Materials
(Maintained by Bureau of Safety Programs and Engineering)

Qualified Product List
TRAFFIC BARRIER TERMINAL, TYPE 1 SPECIAL
Effective June 18, 2021
This list supersedes the April 10, 2020 list.
Standard Specifications for Road and Bridge Construction Section 631 (Adopted April 1, 2016)
a g Special Provisions Section 631 (Adopted January 1, 2021)

Material Code 55601, 55602 & 55611

Traffic Barrier Terminal, Type 1 Special (Tangent)*
continued

e SPIG Industry LLC
14675 Industrial Park Rd
Bristol, VA 24202
Phone: (276) 644-9510

“SGET End Terminal” — MASH
Drawing: SGET

*Note:
Traffic Barrier Terminal Type 1 Special Tangent - NCHRP 350 devices listed on this QPL
are only allowed on contracts let before July 1, 2018. MASH devices listed on this QPL are
required for contracts let on or after July 1, 2018.

U.S. Depariment of Transportation
Federal Highway
Adminisiration

Participant Notebook
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

= Utilizes two cables passing through a friction plate in
the impact head (and telescoping panels), and a
cutting tooth to absorb the kinetic energy and safely
contain or redirect impacting — works in tension and
compression

= TL-3 at ~50" long; BLON at 9'-4 7%"; 31" only

MUST BE
STRAIGHT

e
U.S. Department of Transportation il
" Federal Highway

@ Adminisration

Q
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

i Lt invo ll i ol oS

» MSKT (MASH Version of SKT)
Kinks Guardrail when hit head-on or at a shallow angle
Steel post system; BLON at 3" Post

» TL-3 at 47’ long; attachment to 31" MGS Barrier

» Cable-anchored system, Compression system

— ' MUST BE
g STRAIGHT

US. Department of Transportation
(‘ Federal Highway
@’ Administrafion

S. Depariment o fTiansporiafon

Federl Highway |1
'V Adminisha%ion T

=
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

> Soft Stop (MASH)

- Impact head slides along panels, crushing them
vertically, absorbing the energy of the venhicle in
shallow angle impacts — works in tension

- TL-3 at 51’ long; BLON at 16’-6"; 31” only

MUST BE
| STRAIGHT

US. Department of Transportation
Federal Highway
Administration

4

USDpﬂ ent o ransporiaion

Federal Highway
"/Admlnlsira |on —
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

U.S. Depariment of Transportation

Federal Highway
'U Administration
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

SGET (MASH 16)
= Flattens guardrail when hit head-on or at a shallow angle
= Steel and wood post system; BLON at 3" Post

» TL-3 at 47’ long; attachment to 31" MGS Barrier
= Cable-anchored system, “Compresn system

>

US. Department of Trcnspoﬁoﬁon -
(‘ Federal Highway
© Administrafion g
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

» Special grading requirements for guardrail
terminals:

» Flat terrain (10:1 or flatter) is required in
ADVANCE of all terminals so that vehicles
are relatively stable on approach

» Flat grading must extend behind post 1
(ADJACENT) so vehicle is stable at impact
and stub height criteria is satisfied

Ref: AASHTO Roadside Design Guide, 4 Edition, Section 8.3.3.

US. Depariment of Transportation
(‘ Federal Highway

@’ Administrafion
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

@ Administrafion

Although Figure is for sign supports, it applies to all hardware
that is expected to have the vehicle pass over

RDG Figure 4.1

‘ U.S. Depariment of Transportafion WELCOME T0 oW L = ;
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

* Runout Distance Grading - refers to the area into
which a vehicle may travel after impacting a terminal
ahead of its length-of-need point.

— The lateral runout distance directly behind a terminal
ideally should be at least as wide as the roadside clear
distance immediately upstream of terminal.

— The minimum recovery obstacle-free area behind and
beyond an terminal should be approximately 75 ft. long.

Ref: AASHTO Roadside Design Guide, 4t Edition, Section 8.3.3.

U.S. Department of Transportation
" Federal Highway

@7 Administration
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators
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Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

? Substandard Grading — DOCUMENT

= 4

US. Department of Transportation

Federal Highway
’V Administration
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FAST Act Guardrail Safety Training — Highway Barrier Design Training
Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

Edge of shoulder ane guardsall extude head

Slope 1:10 =
5.1 Yape o Matter }) g.f‘

‘ ‘ Lea \ \
100" 25'00
F am T 6 ™
SHOULDER WIDENING TRANSITION \ Baglaning langen of naed e
vol:

FORTANGENT TERM AL et vamaan e
Taper according to manufacturer’s
specifications to ensure extruder head

will not encroach on shoulder SO TP 1 (SPECIAD,
. GUARDRMI.TERM!!:I&% )
No spec; 1’ offset to face of rail at Post 1 STANDARD £30301-08

Ref: IDOT Standard 630301-09. Shoulder Wldenlng for Type 1 (SpeC|aI) Guardrall Terminals

U.S. Depariment of Transportation

Federal Highway
'V Administration
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Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

If the standard run of guardrail is flared, the flare (or
offset) of the terminal is based on the line of the
roadway, regardless of the flare rate of the standard
run.

» For tangent terminals, if the flare rate is sharper than
25:1, this will result in a bend at the downstream end
of the terminal toward traffic (for its full length)

» For flared terminals, depending on the type, the
terminal could be bent either toward or away from the
roadway (outside of the terminal length)

U S. Depariment of Transportation

Federal Highway [ U 4NO
'VAdmmlstra |on . et
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Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

lllzz: Bl PRI 2 Standard Run Flare
—— ol of 25:1 or flatter
Guardrail Termina

— 11— Standard Run Flare
Is sharper than 25:1

‘ US. Department of Transportation T o ,‘5 S &
Federal Highway N e
(O/ Adminishation Sessio
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

Although a terminal adjacent to a curb should be avoided, if a
terminal end is needed along the section with curb, provide a
tangent terminal with a 50:1 flare so that the impact head of
the terminal does not protrude on the roadway. Note that the
height of this installation is referenced from the edge of
pavement in front of the guardrail face. 38-6.05 Terrain

Caution: If the terminal has a bearing plate (MSKT), it
MUST not be buried. Other terminals would need to be

modified to comply; TERMINALS SHOULD NOT BE
MODIFIED

Ref: BDE Manual Chp. 38-6.05 Terrain
US. Department of Transportation

(‘ Federal Highway

© Administafion &

Even Energy Absorbing Terminals will not shield objects
directly behind and within Terminal limits

wid I gl
y . “I':"-‘

US. Deparmentofransporilon o5 g
(\ Federal Higihpway LI N0 Rl = =
@ Adminisrafion i e
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

EXISTING Terminals
350 and before
(Briefly)

» SKT 350 (Sequential Kinking Terminal)(NCHRP 350)
Kinks panels when hit head-on or at a shallow angle
Wood or Steel post system (many options)

TL-3 at 50’ long; BLON at 3" Post

Cable-anchored, Compression system

US. Department of Transportation
( Federal Highway
@ Administrafion 5
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

» ET Plus (Guardrail Extruder
Terminal)(NCHRP 350)

» Flattens the rail element when hit
head-on

» Weakened wood or steel posts
(several options available)

» 50’ long; attaches to either height
w-beam system

= BLON at 3" Post

Cable-anchored, compression

system
Ref: FHWA Eligibility Letter CC-12Q dated 3/15/10

4

U.S. Department of Transportation
Federal Highway
Administration

usapn ent ofTransportafon

Federal Highway
(UAdmlnlstra |on
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

» Breakaway Cable Terminal (BCT) NCHRP 230
= W-Beam rail with a parabolic

curve and 4-ft offset.

= No impact head or ground
strut between the two end
pOSts.

= Only two breakaway posts. o

= Rail bolted to all posts. 'dengfljﬁ?tion

US. Depariment of Transportation
" Federal Highway

@’ Administrafion

y -

Failed Test! Causes spearing

US. Depariment ofransporiaion P
( Federal Hi?hway ILIONOIS I
@ Adminisfrafion ¥ z
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

lllingis Department of Transportation
Bureau of Matenals
(Maintained by Bureau of Safety Programs and Engineering)
QUALIFIED PRODUCT LIST OF IMPACT ATTENUATORS

Effective November 27, 2019
This list supersedes the March 15, 2019 list.
Standard Specification for Road and Bridge Construction Section 643 (Adopted April 1, 2018)

IMPACT ATTENUATOR (PARTIALLY REDIRECTIVE)

MANUFACTURER NCHRP 350 MASH

PRODUCT NAME | TEST LEVEL | PRODUCT NAME | TEST LEVEL
Trinity Highway Products, LLC CAT 350™ 3

(Energy Absorption Systems, Inc.)

2525 N. Stemmons Freeway

Dallas, Tx 75207

Phone: (800) 644 - 7976 or (801) 292 - 4461
Road Systems, Inc. FLEAT - MT 3
3616 Old Howard County Airport
Big Spring, TX 79720

Phone: (915) 263 - 2493

Note: For Impact Attenuator Severe use wide and panially‘redirectiue the NCHRP 350 tested devices listed above will
continue to be accepted for future lettings until such time as MASH 16 devices are available.

U.S. Department of Transportation NELCME 10
" Federal Highway | [LLLENOIS

O Adminishafion e

] L]
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

» CAT (Crash Cushion Attenuating Terminal) (NCHRP
350, TL-3)
» Special HS bolts tear tabs between multiple slots in
rail upon head-on impact.
= Typically used to terminate a double-faced strong-
post median W-Beam batrrier
» (Can be attached directly to a double-sided concrete

median barrier with appropriate o
transition section. :

= compression system |
Length of needs begins at post 4. |

US. Department of Transporfation B

Qe g

.

Video Clip

US. Depariment ofransporiaion
" Federal Highway | LLL}
@ Adminisfrafion g
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FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

= NCHRP 350 TL-3
= |ntended for use in wide medians.

= Attaches directly to a W-Beam median
barrier, or to a Thrie-Beam median
barrier using the standard W-Beam to
Thrie beam transition piece.

= During an impact, the vehicle pushes
the leading impact head down the ralil
section while sequentially kinking the
rail element.

= Most components interchangeable with
the Tangent SKT and Flared FLEAT
roadside terminals.

US. Depariment of Transportation

Federal Highway
’V Administration
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Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

U.S. Depariment of Transportation WELCOME 10
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Impact
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HARD SECTION SOFT NOSE R
Soft nose to bring a small car to a controlled stop
FINAL POSITION
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Impact
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Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

» Individual barrel designs vary in shape by
manufacturer, but they all function the same

= Arrays of sand barrels may be designed to shield
any shape hazard

» I[mpacting vehicles will not be redirected.

» Since no re-directive capability, the corner of the
hazard must be reasonably shielded.

U.S. Depariment of Transporfation
" Federal Highway
@ Administration

IMPACT ATTENUATOR (NON-REDIRECTIVE})

NCHRP 350 MASH

PRODUCT NAME TESTLEVFL |pPRODUCT NAME | TEST LEVEL
Trinity Highway Products, LLC ENERGITE® Ill 283
(Energy Absorption Systems, Inc.)
2525 N. Stemmons Freeway
Dallas, Tx 75207
Phone: (800) 644 - T976

or (801) 292 - 4461

Plastic Safety Systems, Inc

3616 Old Howard County Airport
Big Spring, TX 79720

Phone: (915) 263 - 2493

Traffix Devices, Inc.

160 Avenida La Pata
San Clemente, CA 92673
Phone: (949) 361 - 5663

MANUFACTURER

CRASHGARD SAND 3
BARREL

BIG SANDY® SAND 3
BARRERLS

Note: For Impact Attenuator Non-Redirective the NCHRP 350 tested devices listed above will continue to be accepted for
future lettings until such time as MASH 16 devices are available.

USS. Department of Transporfation
" Federal Highway

@ Administrafion
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» Sand Barrels:
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SAND MODULE
IMPACT ATTENUATORS

1-02

ule Impact Attenuators

=

¥ Federal Highway
(VAdminisiro ion

iy = e ——
* Session 4
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Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

38-8.03(c) Operational Principles

The sand module systems require no back-up support or
connection to another system. However, they do require a
firm and stable base. For permanent systems, an HMA or
PCC base is required. For temporary installations not to be
placed over a winter, an aggregate base may be used. Sand
modules have no redirective capability and generate
considerable debris upon impact. On the approaching traffic
corner, the exterior modules must be laterally offset at least
2.5 ft (750 mm) from the corner of the hazard; see Figure
38-8.A.

Ref: BDE Manual Chp. 38-8. 03(c) Operatlonal Prmmples

U S. Depariment of Transportation

Federal Hi hwoy
’V Admmlstra ion
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Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

Non-gating as follows:

= Contains and redirects vehicles impacting along
the sides of the device essentially its entire length

= Contains vehicles impacting the nose either head-
on or at a 15° angle.

= Approved for TL-2 (350) & TL-3 systems.

= Designed to shield a point hazard; either attached
or stand alone.

U.S. Depariment of Transportation WELCOME 10 - O T
"Federal Highway LGN OIS S :

) () 7 . X ~ '\. e / .
@/ Adminishafion Eae Session
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| 4

B

IMPACT ATTENUATOR (FULLY REDIRECTIVE, NARROW)

MANUFACTURER NCHRP 350 MASH
PRODUCT NAME TESTLEVEL | PRODUCT NAME | TEST LEVEL

Lindsay Transportation Solutions UNIVERSAL TAU-Il ® 283 TAU-M 3
(Barrier Systems, Inc.) UNIVERSAL TAU-II-R ® 283
180 River Rd
Rio Vista, CA 94571
Phone (888) 800 - 3691
Trinity Highway Products, LLC QUADGUARD @ 2&3 QUADGUARD M10 3
(Energy Absorption Systems, Inc.) | QUADGUARD® I 283 QUADGUARD M10 3
2525 N. Stemmeons Freeway QUADGUARD® ELITE 283
Dallas, Tx 75207 QUEST® 2&3
Phone: (800) 644 - 7976 REACT 350@ 283

or (801) 292 - 4461 HEART 2&3

TRACC 283

Traffix Devices, Inc. COMPRESSOR® 2&3
160 Avenida La Pata
San Clemente, CA 92673
Phone (949) 361 - 5663
Hill and Smith SCI 100GME 3 SCI 100GM® 3
(Work Area Protection Corp.)
2760 Airport Dr SCI 70GM® 2
Suite 125
Columbus, OH 43207

*TL 3 is nine (9) cylinder only and TL 2 is four (4) cylinder only

Note: For Impact Attenuator Fully Redirective Narrow: NCHRP 350 products are allowed on lettings prior to January
1, 2019. MASH products are required for any lettings on or after

US. Department of Transportation

Federal Highway
Administration

January 1, 2019.

Participant Notebook
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> TAU-M (MASH)

= Can be attached directly to a W-beam or Thrie-beam median barrier
as well as to a concrete safety shape.

= Comes in 30” width

= Consists of Thrie-beam panels, expendable absorbing cartridges,
steel diaphragms and two cables at the bottom to provide redirection.

US. Department of Transportation
" Federal Highway
@ Administration

» QuadGuard M10
(MASH)

= Slides back on a single track when struck head-on and uses
specially fabricated side panels having four corrugations.

= Energy-absorbing cartridges in each bay; damaged cartridges
need to be replaced after a crash.

= Available at 24” width

US. Depariment of Transportation

Federal Highway
'U Administration
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» SCI Smart Cushion (MASH)
» Variable Reaction Force
» Re-usable with minimal component replacement

» Needs repair before next hit

U.S. Depariment of Transportation

Federal Highway
'V Administration
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IMPACT ATTENUATOR (FULLY REDIRECTIVE, WIDE)

Columbus, OH 43207

MANUFACTURER NCHRP 350 MASH
PRODUCT NAME TESTLEVEL | PRODUCT NAME | TEST LEVEL

Lindsay Transportation Solutions | UNIVERSAL TAU-Il & 283
(Barrier Systems, Inc.) UNIVERSAL TAU-IFR @ 2&3
180 River Rd
Rio Vista, CA 94571
Phone (888) 800 - 3691
Trinity Highway Products, LLC QUADGUARD @& WIDE 283
(Energy Absorption Systems, Inc.) | QUADGUARD® Il WIDE 283
2525 N. Stemmons Freeway QUADGUARD® ELITE WIDE 283
Dallas, Tx 75207 REACT 350® 278y
Phone: (800) 644 - 7976 TRACC 283

or (801) 292 - 4461
Hill and Smith SCI100GM® 3
(Work Area Protection Corp.)
2760 Airport Dr SCI TOGM® 2
Suite 125

*TL 3 is nine (9) cylinder only and TL 2 is four (4) cylinder only

Note: For Impact Attenuator Fully Redirective Wide the NCHRP 350 tested devices listed above will continue to be accepted
for future lettings until such time as MASH 16 devices are available.

US. Department of Transportafion WELCOME T0 BT T
i BERNON e —
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Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

= Can be attached directly to a W-beam or Thrie-beam median
barrier as well as to a concrete safety shape.

= Common set of parts for 36” to 102" widths in 6” increments (350)

= Consists of Thrie-beam panels, expendable absorbing cartridges,
steel diaphragms and two cables at the bottom to provide
redirection.

U.S. Depariment of Transportation
" Federal Highway
@ Administration
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IMPACT ATTENUATOR (SEVERE USE, NARROW)

MANUFACTURER

NCHRP 350

MASH

PRODUCT NAME TEST LEVEL

PRODUCT NAME

TEST LEVEL

Lindsay Transportation Selutions
(Barrier Systems, Inc.)

180 River Rd

Rio Vista, CA 94571

Phone (888) 800 - 3691

UNIVERSAL TAU-IIFR ®

283

Trinity Highway Products, LLC
(Energy Absorption Systems, Inc.)
2525 N. Stemmons Freeway
Dallas, Tx 75207
Phone: (600) 644 - 7976

or (801) 292 - 4461

REACT 350®
QUADGUARD® ELITE

283
283

Traffix Devices, Inc.

160 Avenida La Pata
San Clemente, CA 92673
Phone (949) 361 - 5663

COMPRESSOR®

2&3

Hill and Smith

(Work Area Protection Corp.)
2760 Airport Dr

Suite 125

Columbus, OH 43207

SCI 100GM®
SCIT0GM®

SCI 100GMe

“TL 3 is nine (9) cylinder anly and TL 2 is four (4) cylinder only

Note: For Impact Attenuator Severe Use Narrow: NCHRP 350 tested devices listed above will continue to be accepted for
future lettings until such time as MASH 16 devices are available.
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Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

» TAU IIR Systems (NCHRP 350)

= Can be attached directly to a W-beam or Thrie-beam median
barrier as well as to a concrete safety shape.

» Designed to attach to a median batrrier.

» Consists of Thrie-beam panels, self-restoring absorbing
cartrldges steel dlaphragms and two cables at the bottom to

U S. Department of Transportation
Federol Hi hwcy
& Admlnlstro ion

Participant Notebook Page 4-54
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Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

» REACT 350 (Reusable Energy Absorbing Crash Terminal)

« Permanent or Construction Zone
attenuator adjustable for various
speeds.

« Best used in locations where
frequent hits are expected.

« Consists of 9, 6 or 4 cylinders (3’ in
diameter, 4’ tall) with varying wall
thickness, re-directive side cables,
and front and back anchorage.

« Caution if Sight Distance is a
concern.

« Cylinders are made of High Density Polyethylene; essentially self-
restoring and requires little maintenance.

U.S. Department of Transportation
(‘ Federal Highway
@ Administration

US-Depariment

Feder way
(V Administru?ion
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Session 4: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

IMPACT ATTENUATOR (SEVERE USE, WIDE)

NCHRP 350 MASH
MANUFACTURER PRODUCT NAME TEST LEVEL | PRODUCT NAME | TEST LEVEL
Lindsay Transportation Solutions | UNIVERSAL TAU-I-R @ 2&3
(Barmier Systems, Inc.)
180 River Rd

Rio Vista, CA 94571
Phane (888) 800 - 3691
Trinity Highway Products, LLC REACT 350® 2" & 3"
(Energy Absorption Systems, Inc.) | QUADGUARD® ELITE WIDE 283
2525 N. Stemmons Freeway
Dallas, Tx 75207
Phone: (300) 644 - 7976

or (801) 292 - 4461
“TL 2 is nine {9) cylinder only and TL 2 is four (4) cylinder only

Note: For Impact Attenuator Severe use wide and partially‘redirective the NCHRP 350 tested devices lsted above will
continue to be accepted for future lettings until such time as MASH 16 devices are available.

U.S. Depariment of Transporfation WELCOME 10
'\ Federl Highway [ LLLLINOIS

@/ Adminisiration eEmE

e e —
Typical Applications | x
o Vimere the expected rale of crashes invohing
the system are rare 1o infrequent (less than 1
crash per 3 years)
“Nartow median (< 40 1.(12 m))
hazard, concrete bamer, narrow pier
+ End ot median bamer or Type D ral.
Alignmen or traffc operations do ot conrbute
o.added ikesihood of run of the road incidents

wac woe | 01 (12m)

Quadouard + Up 10,90 in (225 m) wide hazard, sign base,
GuadGuard Exe s, etc
QuadGuard LG o Nariow gap between brges.
GuadGuard I . it or tafc cperations do ot contribute
Lt 10 added bkeihood of run offthe road incdents
T +  Hzads where space doss not olow

ne of severa B, N

% mpact atenustors.

Examples of Use Pt o i ¢

REACT 350 per 3 years.
SCI-100GM (Test Level 3) *  Simiar bocatons to full redirective, narrow.
. SCI70GM (Test Level 2)
Universal TAU-I
Universal TAUIR
Compressor
HEART
Impact Allenuators (severe use, narmow) o “Narow median (< 40 # (12 m))
QuadGuard Exte o Expect repeated mpacts (> 2yr)
REACT 350 Namow hazard, concrete barmer, narmow pier.

QUG LUC + Endof medan barmer or Type D rail.

Unhiorsel TAU . Outside of curves, areas near weawng, lane
drops
Near  ewancesixts  on freeways!
exprossways.

o Also approprate on outside shoulder hazards
where repeated imparcts and rafic levels make
Contirued capatitty and ease of epars crecal

IMPACT ATTENUATORS - PERMANENT INSTALLATIONS
Figure 38-8H

. " THE OF LINCOWN /]
Administafion ===l S€SSion

U.S. Department of Transportation WELCOME 10 s ;
QFeeral Highway CULLONOISIE
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fNone are

tested in back |®

D Federal Highway
@ Adminisration g8

38-8.06 Physical Placement Requirements

2. Curbs. No curbs higher than 2 in. (50 mm)
should be constructed at impact attenuator
installations. On existing highways, all curbs
higher than 4 in. (100 mm) should be removed
at proposed installations, if feasible.

Ref: BDE Manual Chp. 38-8.06 Physical Placement Requirements

f\ Federd gy |

@ Administrafion
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» Understand how terminals and impact
attenuators are tested for crashworthiness

» ldentify common terminals and impact
attenuators

» Explain how these systems function

» Choose the best system for a specific site

US. Depariment of ansporiafon

(‘ Federal Hig?hwoy
@ Administrafion &
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Session 5: Design Principles

Session 5:
Design Principles

US-Depariment of ransporiafion
(‘ Federal Highwa
@© Administrafion 8

At the end of this session, you will be able to:

Understand the design principles affecting an
optimal barrier installation.

US. Depariment of Transporfafion
(‘ Federal Highway LYNVL

@ Adminisfrafion
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Session 5: Design Principles

38-4.02 Range of Treatments

+ Eliminate the hazard (flatten embankment, remove rock
outcroppings, etc.);

* Redesign the hazard so it can be safely traversed (e.g., culvert
grating);

* Relocate the hazard to a point where it is less likely to be struck;

* Where applicable, make the hazard breakaway (sign posts,
luminaire supports);

* Shield the hazard with a roadside barrier;
* Delineate the hazard: or
« Do nothing

Ref: BDE Manual, Ch. 38-4.02. Range of Treatments.

B Federal Highway [ILLLEN OIS =~ ====us
(VAdminis’rro on oo Session

Barriers Must Be
Less of a Hazard

US. Depariment of ransportaion wicoun o Do
(‘ Federal Highway ; S
© Adminishation
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Place AS FAR AWAY
as Possible

without affecting function

USDpd en of ransporiaion

Federal Highway | L
'VAdmlmsfra fon i

38-6.03 Barrier Offset

Generally, roadside hardware should be placed as far as
practical from the edge of traveled way consistent with proper
operation and performance of the barrier system.

2. Shoulder. Typically, the roadside barrier is located with
the face of barrier at the edge of the shoulder unless
flared away from the shoulder.

Ref: BDE Manual, Ch. 38-6.03. Barrier Offset

U S. Depariment of Transportation

Federal Hi hway
'V Admmls’rra jon
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Session 5: Design Principles

1. Deflection

2. Slope in Front of Barrier

3. Guardrail and Curb

4. Soil Backing for Fill Locations
5. Flare Rate

Federal Hi hway ILINO1S [ ¥ e
(VAdmlmsfr |on e

Adequate room must be left behind the barrier to
allow for lateral deflection in an impact.

> If the barrier is shielding a vertical rigid object, the
distance between the barrier and the object should
be sufficient to avoid the vehicle impacting or
snagging on the object.

> Note that, even for rigid barriers with no lateral
deflection, large vehicles may roll behind the top of
the barrier even if the barrier itself does not deflect

— referred to as Zone of Intrusion (ZOl)

US. Department of Transportation

Federal Highway
Al il ==

Administration
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TSR]

I 80" |
I 2032 mmi 1

120"
(3048 mm)

Zone of
Intrusion
ZOl

96"
(2438 mm)

% Reviewed TL-3 sloped-foced concrete
barrler neignts fell in a range of
30 in, (762 mm) to 32 in, (BI3 mm)

SELECTED ZONE of INTRUSION VALUES

Ref: BDE Manual, Ch. 38-6.03. Barrier Offset Figure 38-6.W 1
U.). beparment of Iransporarion ME T0. e i

0 Federal Highway

Administration

Deflection

Distance

=

DEFLECTION DISTANCE FOR W-BEAM GUARDRAIL

Figure 38-6.5

Ref: BDE Manual, Ch. 38-6.03. Barrier Offset

U.3. Deparment of Iransportaion

e Federal Highway

Administration
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N Y

N !'—"A—_A-,—:l k—-___h‘

S = =y

Deflection Distance

[ Condition
0in. to 6 in. :;t:tc'
sin curp | Dehind
113 1:7 ) 6 in. curb “Long
Tangent ' : (0mmto |
Guardrail Type g flare flare 150 mm {1:;262:1‘0 span
behind | b hind
150mm | 450 mm
curb) curb)
Type A
W-Beam Guardrail 38in. 63 in. 83 in. 47 in. 25 in. 73in.
@ 6'-3" (1905 mm) (965 mm) | (1.60m) | (2.11 m) {1.19m) (635 mm) (1.85 m)
post spacing
Type B
W-Beam Guardrai aom. | Dm0t | POt | Do notuse | Do notuse | Donot use
@ 3" 1 %" (953 mm) (762 mm) TvoeB | Tvoe B Type B Type B Type B
post spacing P P
W-Beam Guardrail .
@ 1' 6 %° (476 mm) (523 :T"]'rn) Donot | Bonot | ponotuse | Donotuse | Do not use
post spacing
Weak Post SPBGR| 38in. Do not Do not Do notuse | Do not use Do not
Attached to Culverts (965 mm) flare flare flare
34 in.
(864 mm)
Non-Blocked SPBGR 34 in. Do not Do not (Use only
@6amm) | flare flare Do notuse | Do not use beyond
required
CRT posts)

'\ Fe’ii”éE&i'"Fii%HWEi?

@7 Administration

Ref: BDE Manual, Ch. 38-6.03. Barrier Offset.
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Rall element spllce
15ee Detall) 7
37

37 SR | |
[953) [CEET ‘ / [953] ‘

= == Also have
quarter post
| | | | | | | | | _Spacmg — not
| | | || || || in standards
| | | | | | | | |
L LI u.q J || L]
ELEVATION STEEL PLATE BEAM
TYPE B GUARDRAIL |
37%2 (953) Closed post spacing mummemijzm”

Ref: IDOT Standard 630001- 12 Steel Plate Beam Guardrall

U 3. Depanment of iransporarion
Federol Hi hwoy
Admmlstra ion

Rule of thumb:

Each stiffening
method takes 25’

- In order to
prevent “pocketing”

usnpn ent o ransporiafon

Federal Highway
(VAdmwsfra lon T
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Session 5: Design Principles

e. Deflection. Flexible median barriers will deflect more
than the other median barrier types. When laying out a
flexible barrier, allow for 12 ft (3.6 m) of deflection.

If designs for reduced deflection are needed, refer to
Figure 38-7.F.

Ref: BDE Manual, Ch. 38-7.03(b) Design Considerations

usnpnmem sporiaion

Federal Highway ....
'VAdmlmstra |on S

Any barrier may be placed anywhere on a
10H:1V or flatter slope.

WELCOME 10

ILI$NOIS

U.S. Department of Transportation

Federal Highway
’V Administration
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us Departmentofltansporiaion

Federal Hi hwuy \V
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shaulder 24 (6100 min,
for Type A
whan 53

-

1%
(8101

Hinge paolnt

|

|
Steel or wood \:l | - STEEL PLATE BEAM
pasts | : GUARDRAIL

fShest 3 of 4

Ref: IDOT Standard 630001-12. Steel Plate Beam Guardrall

U 3. Ueparment of iransporraron
Federal Hi hway
Admlmstro jon

Ea

Slope 1:10
or flatter

a0k =
1102 m)

STANDARD 630001-12

WELCOME T0

ILI$NOIS
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Vehicle is contained and redirected but shows instability

Us.

(‘ Federal Hi hway
@7 Administration

ransportafion

U.S. Department of Transportation

Q Federal Highway

Administrafion
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Session 5: Design Principles

» Cable barrier may be placed anywhere on a 10:1
or flatter slope.

» Cable barrier may be placed on slopes of 6:1, but
not in the area from 1 ft. to 8 ft. from the ditch
bottom.

-§ ft -1 1t 1ft

| R |
S E——

(2) Medians shallower than 6H:1V slope  (NCHRP Report 711)

Ref AASHTO ROADSIDE DESIGN GUIDE, 4th EDITION-6.6.1.1, Pg 6-18

US Department of Transportation

Federal Highway ‘
'VAdmmls’rro lon .

CABLE SHOULD NOT BE PLACED BETWEEN 1
AND 8 BEYOND THE BOTTOM OF ADITCH
0 ROADSIDE DESIGN GUIDE, 4h EDITION - 6.6.1.1, Pg. 6-18

(‘ ;;dero

hwo
®/ Administrfi
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gft *

» Cable barrier may be placed on 4:1 slopes with a
maximum offset of 4 ft. from the shoulder.

gft *

l

|
V7%

\

* RDG states 9°(pg. 6-7); See

Figure 6.1.

0 ft 20 ft

(b) Medians steeper than 6H:1V slope

Underride criteria for V-shaped medians. (NCHRP Report 711)

manufacturer’s specification

4 ft 0 ft

v

]

IL H}NQIS

THE LAND 0F

Federal H| hwa
Rt

Admlms’rro jon

\

Figure 6.2. Override criteria for V-shaped medians steeper than 6H:1V slope. (NCHRP Report 711)
- Ref: AASHTO ROADSIDE DESIGN GUIDE, 4th EDITION 6.6.1.1, Pg. 6- 18

/

Participant Notebook
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f the Median Should th

ch Side o e

Cable Barrier be Placed?

High Tension Cable Barrier

W:_‘——-.‘—-h._ﬁ‘———q_._
When placing HTC near a shoulder around a curve, it should ideally be located where the near
traffic is making the left-hand curve (inside of curve relative to near traffic). This may reduce
nuisance hits and allow more vehicles leaving the opposing roadway to come to a stop in the
median before reaching the barrier.
Ref: BDE Manual, Ch. 38-7.03(b) Design Considerations

e ——
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» Curbs may function to channelize traffic, to
control drainage, improve delineation, control
access, and reduce erosion.

» Curbs are not adequate to prevent a vehicle
from leaving the roadway; they are not a
barrier.

» Use of any guardrail/curb combination where
high-speed, high-angle impacts are likely
should be dlscoura ed

US Department of Transportation |5

Federal Hi hway Y
'V Admmls’rro ion BB
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Successfully tested to MASH placed 6” behind a
6” high curb at TL-3

2777686)

US Depariment of Transporfafion
( Federal Hi hway
(4 Admmrsirq ion

Il
Mﬁﬂ GUARDRAIL PLACED BEHIND CURB

Mabe: 'D0 shall not excead & (152} for

design speeds greater than 45 mph,
@ 1
E4
s

STEEL PLATE BEAM

GUARDRAIL
0=D<6(150m STANDARD 630001-12
Ref: IDOT Standard 630001 12 Steel Plate Beam Guardrall

" Federol Hig hway

(4 Admmlsiro ion

1632)
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NO CRASH TESTED DESIGN
WITH CURB

ILIEN OIS

USS. Department of Transportation
" Federal Highway
@7 Administrafion

CURRENTLY UNDER STUDY —
DO NOT BURY BEARING PLATE
2” maximum height recommended

U.S. Department of Transporfation WELCOME 10 PN 1o
D\ Federal H hway | L LN O R e -
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N\-

Type 2 Curb and Gm"h Sloped Concrete End Treatment™y
—
_‘?:'“ﬁm 00 . Mas
T T —
| Wi </= AASHTO
|
& Trpitp T 1 Giand Gutr RDG
T50 mm
Z01

T)"DD 1
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2a%
(632

Finlzhed

o grownd
i %' line
wl E
| p e
a4 < ) <
- .4 .. 4

L_

40" (12m) S D < 12'-0" (3,7 m)

GUARDRAIL PLACED BEHIND CURB STEEL PLATE BEAM
Note: ‘D’ shall not exceed 6 (152) for GUARDRAILM L
design speeds greater than 45 mph. STANDARD 630001-12

Ref: IDOT Standard 630001-12. Steel Plate Beam Guardrail
U.3. Deparntment of Iransportation T, PR ——

(‘Federol Highway | LLLLYNULS B

@ Administration g e
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sion
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%L Historical Guidance

/ Hinge Point

1. Slope can be as steep awh 2-ft. backing in strong soil
with 6 ft. posts.

2. Backing can be less than 2 ft. with 2:1 slope in strong soill
with 7 ft. posts. NCHRP 350 requires half post spacing —
ONLY applied to 27”system

Ref: AASHTO Roadside Design Guide, 4" E

dition — Figure 5.33, Pg. 5-41

U.S. Department of Transportation
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Q

24(610) min
For Type A
when S<3

1810}

_1__
|
2| =
|2
e " =
Slope 1310 "

or Tlatter ||

Steel or woad
posts \\"

U.3. Deparrment of Iransportation
Federal Highway
Administration

40k *
(102 m)

Ref: IDOT Standard 630001-12. Steel Plat

Hinge palnt

*When “S” is less than 3 and the
distance from the back of post is less
than 24 (610), the post shall be steel
and the embedment shall be 767
(2.93 m) and the minimum top of rail
height shall be 31 (787) (9’ Post).

NOTE: Long posts are
NOT to be used within
TBT Type 1 systems

STEEL PLATE BEAM
GUARDRAIL

(Ehait ) ot 4)

STANDARD 630001-12
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WExS (W50

ELEVATION WEXB,5 (W1
D iy
Il Il
Yox 24 09 x 641
1152) slotted hole
DETAILAT POST
e zan e —————
2o = ?’ - . =l :
oo |1 ~uh o H
orflarer | . - -
Steel past [ u
\\ﬂ I N = {305)
GENERAL NOTES
BACK.UP PLATE - s enpresies o uolt of

Lalls revmons NON-BLOCKED STEEL

PLATE BEAM GUARDRAIL

Ref: IDOT Standard 630006. Non-Blocked Steel Plate Beam Guardrail —

STANDARD 630006

Se

U, Uepcnmenl or ”Onspona”oﬂ ] Tl
Federal Highway
@ Administrafion
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MASH- 1100C & 2270P [

MGS with face of rail at slope A1
break point of 2:1 slope L
« 8 long W6x9 posts

* 6’-3" spacing og"

« Tested with 8" block

« 12" block OK — max post

offset still 12” from SBP

Not a standard —
Contact BSPE

U S. Department of Transportation

Federal Highway (
'VAdmlnlstra |on e

Sessmn 5

MACSH Tactina of

) [ a
Video Clip
6'-3" spacing

(V Federal Hi hwcy TLI§N 01 e = =y
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US.Deparimentofransporiion
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Flared barriers are those that are not parallel to the
edge of the traveled way. They are used to:

» Locate terminals farther from the roadway.

» Lessen driver reaction to a roadside obstacle.
» Reduce total length of rail needed.

» Reduce nuisance hits.

» When tying to a bridge rail from a farther offset
(in advance of transition)

US. Department of Transportation |
"Federal Highway | [LLLYNO

@7 Administration
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Trade offs and restrictions of flared barriers:

» Flare increases the angle at which the barrier
can be hit.

» Flare may increase the angle of redirection after
an impact.

» Flared barriers can only be placed on 10:1 or
flatter slopes.

» Maximum flare rate varies with design speed.

U 3. Department of Transportation

Federal Highway
’VAdmlnlstro |on
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Illinois ROADSIDE SAFETY February 2020
Flare Rate for Barrier
Design Speed Flare Rate for Barrier Beyond Shy Line®
Inside Shy Line" Rigid Semi-Rigid Flexible
(mph) | (km/hr) (Concrete) | (W.Beam) | (Cable)
70 110 1:30 1:20 1:15 1:60
60 100 1-26 1-18 1:14 1-50
55 90 1:24 1:16 1:12 1:50
50 80 1:21 1:14 1:11 1:50
45 T0 1:18 112 1:10 1:50
40 60 1:16 1:10 1:8 1:50
30 50 1:13 18 17 1:50

MAXIMUM FLARE RATES FOR BARRIER DESIGN
Figure 38-6.X
Ref: BDE Manual, Ch. 38-6.04 Barrier Flare

WELCOME 10

US Department of Transportafion ; e
ILI§ SR
D Federal Hi hway LIYNOIS | Ses Sion 5=

VAdmmlsfro on | =
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|— . . Standard Run Flare
M of 25:1 or flatter
Guardrail End Treatme
<25 == Standard Run Flare

—

Is sharper than 25:1

Each device has a maximum flare rate measured versus normal traffic

flow. Note that this flare rate can potentially be flatter than a flare rate proposed for a

1< bep, Quardrail run. 38-6.06(a) Guardrail End Terminals
o ~ S vl 3

Federal Highway e e ‘/h\

Administration

Q

Understand the design principles
affecting an optimal barrier installation.

e =

‘UFX Ddepadmeln!ﬁfmr;pomhun N e
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Session 6:

Length of Need and
Special Considerations

USDpn nf of Transportafc

Federal Hi hwqy LI§NC
'VAdmlnlsira Yion

At the end of this session, you will be able
to:

> Define the Length of Need and apply
the design principles for an optimal

installation
» Modify guardrail for special situations

usnpn ent of ronsporiaion

Federal Highway l 018
(UAdmlnlsIro on e
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38-4.02 Range of Treatments

* Eliminate the hazard (flatten embankment, remove rock
outcroppings, etc.);

* Redesign the hazard so it can be safely traversed (e.g., culvert
grating);

* Relocate the hazard to a point where it is less likely to be struck;

* Where applicable, make the hazard breakaway (sign posts,
luminaire supports);

* Shield the hazard with a roadside barrier:
* Delineate the hazard; or
« Do nothing

Ref: BDE Manual, Ch. 38-4.02. Range of Treatments.

(‘Federal Hi hwoy ISEER Sesﬁﬁ'b‘"

VAdmmlstra ion L

Length of Need (LON)
IDOT Definition

lllinois ROADSIDE SAFETY November 2019

If barrier protection is warranted for only one direction of travel:

LON=Li+L-Ls Equation 38-6.1

If barrier protection is warranted for beth directions of travel:

LON =Ly approaching + Lz + L1 opposing Equation 38-6.2

US. Deporiment oflransporiafor

' Federal HI%hWCly ILI§N(
@ Adminisrafion e
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38-6.01 Length of Need

A roadside barrier must intercept and contain or
redirect errant vehicles before they reach the
roadside hazard or area to be shielded. The barrier
should extend a sufficient distance upstream and/or
downstream of the hazard such that a vehicle does
not travel behind the barrier and reach the hazard.

Ref: BDE Manual, Ch. 38-6 Roadside Barrier Layout.
W Federal Highway : N Session
(UAdminisirq O —— Session 6

HAZARD ( e

R

Edge of Traveled Way © = Angle of Departure (Unknown)

R = Runout Length

U.S. Depariment of Transportation YEROME 10, <
" Federal Highway | [LLLNOIS

@ Adminisiration e
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Traffic Volume (ADT)*
Design Speed Over 10,000 5000-10,000 1000-4999 Under 1000
Runcut Length Runout Length Runout Length Runout Length
Lr Le Le Le

mph __ (km/h) ft {m) ft (m) ft {m) ft {m)
75 (130) 415 (127) 380 (116) 335 (102) 290 (86)
70 (110) 360 (110) 330 (101) 290 (88) 250 (76)
60 (100) 300 91) 250 (76) 210 (64) 200 (61)
55 (90) 265 (81) 220 (67) 185 (57) 175 (54)
50 (80) 230 (70) 190 (58) 160 (49) 150 (46)
45 (70) 195 (60) 160 (49) 135 42) 125 (38)
40 (60) 160 (49) 130 (40) 110 (34) 100 (30)
30 (50) 110 (34) 90 (27) 80 (24) 70 (21)

*Based on a 10 year projection from the anticipated date of construction.

B Federal Hi
(U Adminisiration

hway

RUNOUT LENGTHS (Lg) FOR BARRIER DESIGN

ILLINOIS

Figure 38-6.E

Ref: BDE Manual, Ch. 38-6 Roadside Barrier Layout. Figure 38-6.E

: . esﬁ?‘/

USE
CRASHWORTHY
TERMINAL

SHY
LINE

A

U.3. Uepamment of Iransporarnion

Federal Highway
@ Administration

Ref: AASHTO RDG Figure 5-39

Il
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THE LAND.
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e
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Clear Zone Line

Lz La

L

Barrier Location

/ (Edge of Shoulder)

@  Use appropriate crashworthy terminal. See Section 38-6.06.

@  Use a Type 2 terminal for one-way traffic. For two way traffic where Lo
for opposing traffic > (L= + 12), use an appropriate crashworthy
terminal, with LON point passing through the third post of the
crashworthy terminal.

BECCEECEET

N

[— Figure 38-6.A
Ref: BDE Manual, Ch. 38-6 Roadside Barrier Layout.
( W Federal Highway [ILLLLYINULD e ==
@ Adminisafion |

|V _ 77
- 0
Y
] s
LON
Edge of
Traveled Way
LON= L; +La=Ls = Distance to the barrier at the third post of the terminal
= Distance to the barrier
Notes: = Distance to the clear zone

= Distance to the back of the hazard

Distance to the front of the hazard

Runout length (see Figure 38-6 E)

= Length of need for the approach end

= Length of the hazard

= Distance from the downstream end of the hazard
= Length of Need

BARRIER LENGTH OF NEED LAYOUT
(One-Way Roadways or Two-Way Roadways Where the Hazard and
Guardrail are Beyond the Clear Zone of Opposing Traffic)

Participant Notebook
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I\ \ 1 11
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» Calculating the length of need (X) for
straight or nearly straight sections of roadway:

b
L,+(=)L)-L ;
— M Flared Installation

X= (@) Parallel Installation

U.S. Department of Transportation
" Federal Highway
@ Administration

38-6.01(a) Graphical Solution

Whether on tangent or curved alignment, the preferred way to lay out
guardrail and determine the length of need is by drawing and measuring the
installation in plan view using CADD software.

Designing graphically offers several advantages:

38-6.01(b) Nomograph Solution - L,

If the installation is on a tangent section of roadway, the nomograph in
Figure 38-6.F can be used to determine the length of need. The procedure
for using the nomograph is as follows, assuming a hazard is present
requiring protection:

Ref: BDE Manual, Ch. 38-6 Roadside Barrier Layout.

U.S. Depariment of Transportation

Federal Highway
'VAdminisfro jon
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3 30
Z o
3
T 26
s 2 .
- Figure 38-6.F
g 220
37 e
5 16
;' 14!
g
g o
4 8
P
e
>
Zdge of
Troveled Way O
Scole o 50 100' 1500 200 250°  300' 350'  400'  450' 500’
Lp(ft)
Lg(rty
Center Line | I I I I bl I I I I |
Seole o 50 100" B0 200 2500 300' 350'  400'  450' 500’
Note: Centerline scale assumes a 12-ft lane width. For other lane widths, appropriate adjustments must be made.
BARRIER LENGTH OF NEED CALCULATION (TANGENT ROADWAYS ONLY)
[ —
Ref: BDE Manual, Ch. 38-6 Roadside Barrler Layout Figure 38-6.F
' reaerai m ﬂWUY L =
@/ Administration

CLEAR DISTANCE LINE FOR OPPOSING TRAFFIC \

Lr

AREA OF
CONCERN
(OBSTACLE)

USE
CRASHWORTHY
TERMINAL

La

/—EDGEOFTHFIOUGHTFIAVELED WAY L L;

2
L <=1 ADJAGENT TRAFFIC

OPPOSING TRAFFIC C—— >

Ref: AASHTO Roadside Design Guide, 4th Edition, Figure 5.42, Pg. 5-54

ILI§NOIS

US. Department of Transportation
Federal Highway
Administration
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38-6 ROADSIDE BARRIER LAYOUT
38-6.01 Length of Need

The clear zone on the right begins at the edge of the traveled way.
For traffic on a two-way roadway without a median, the clear zone
on the left begins at the centerline of the roadway. The departure
end of a roadside barrier on a two-way roadway may or may not be
within the clear zone of the opposing traffic. However, this departure
end of the roadside barrier is a formidable hazard introduced to the
roadside and should typically be shielded, regardless of lateral
offset. When beyond the clear zone for opposing traffic, at a
minimum, provide an approved crashworthy end section to the end
fther i rrier facin ing traffic.
Ref: BDE Manual, Ch. 38-6 Roadside Barrier Layout.

U S, Department of Transportation
Federol Hi hwcy
& Admlmstra ion
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Ref: BDE Manual, Ch. 38-6 Roadside Barrier Layol
(‘ Federal Highway P
@ Adminisirafion

Tangential

38-6.01(a) Graphical Solution
Compare the tangential runout path
and the runout length (LR) and use
the shorter of these values for design.

GRAPHICAL LAYOUT OF GUARDRAIL ALONG A HORIZONTAL CURVE
Figure 38-6.C
ut. Figure 38-6.C

21

SHOULDER

Area of Concern

SHOULDER
SHOULDER

Participant Notebook
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Energy-Absorbi'ng terminals should be installed in a straight line
over the length of the terminal proper. This may require the barrier
to be extended in advance of the curve.

‘ FS Ddepanmelmﬁrvonrs]poﬂaﬁon
ederal Highway | [LLLYNUL
'UAdminisira on e

Sy AT
o s ©

| Session 6

U.S. Depariment of Transportation
‘ Federal Highway

' ILIENO1S
@/ Administrafion 4

THE LAND OF LINCOY
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The bridge cones of overhead roadway structures also introduce
transverse slopes. Both the transverse slope intersecting the ditch
and the transverse slope beyond the ditch, but within the clear zone,
should be addressed with the slopes given in Figure 38-4.C.

Type of Facility Deg,i:’s';'e Acﬁf:l‘;b'e
Freeway 1:10 1:6
Rural Non-Freeways (V = 50 mph (80 km/h)) 1:10 1:6
Urban Non-Freeways (V = 50 mph (80 km/h)) 16 1:4
Urban and Rural Low-Speed Facilities (V < 45 mph (70 km/h)) 16 1:4

' Federal High hway
'V Adm|n|s'rra ion

Figure 38-4.C

RECOMMENDED TRANSVERSE SLOPES

38-4.05 Transverse Slopes

Ref: BDE Manual, Ch. 38-4. 05 Traverse Slopes

Participant Notebook
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: Typically L. = 30’

i Design for FULL width.
! How much more?
E*{“E::V:"E_*E"“ Probably about TWO more panels
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U.S. Depariment of Transportation
" Federal Highway
@ Administrafion

X = Length of Need (L,)

L Length of Need
H (BLON) point

U.S. Depariment of Transportation
" Federal Highway

@7 Administrafion
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1. Stand on roadway edgeline opposite the upstream edge of
the hazard.

2. Pace upstream along edgeline appropriate runout length
(based on speed of roadway and traffic volume).

3. Turn and look at far lateral edge of hazard.

4. If planned (or existing) guardrail run intercepts this line of
sight, it satisfies basic design length of need.

5. Check for ALL hazards that should be shielded in this area

6. Check for better terminal location by extending barrier a
short distance (especially on curves!!!)

US Department of Transportation

Federal Highway
'vAdmmlstra lon
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End of effective barrier — determining L,

IDOT uses 25°
Typically 90° is close

U.S. Depariment of Transportation
" Federal Highway
@ Administration

38-6.01(b) Nomograph Solution — Step 9

For a TBT T2 the length of need begins at 37.5 ft (11.43 m)
from the end post of the TBT T2. This means that the TBT T2
and the adjacent 25 ft (3.81 m) of guardrail do not contribute
to the LON. Using a TBT T2 requires adding at least 25 ft
(3.81 m) of guardrail beyond the LON when calculating the
pay item quantities.

Ref: BDE Manual, Ch. 38-6 Roadside Barrier Layout.

U.S. Depariment of Transportation YEROME 10, <
" Federal Highway | [LLLNOIS

@ Adminisiration e
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Cleor Zone Line

Lz

Figure 38-6.A A

Lc

Area of
Concern

Ly
L§

I KRS R - R S T
@ Use a Type 2 terminal for one-way LoN
traffic. For two way traffic where L for :
opposing traffic > (Lg + 12), use an <=
appropriate crashworthy terminal, — — — —
with LON point passing through the <=

third post of the crashworthy terminal

LON= Ly +lz-Ls

Ref: BDE Manual, Ch. 38-6 Roadside Barrier Layout. Figure 38-6.A

LISNO i
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38-6 ROADSIDE BARRIER LAYOUT
38-6.01 Length of Need

The clear zone on the right begins at the edge of the traveled way.
For traffic on a two-way roadway without a median, the clear zone
on the left begins at the centerline of the roadway. The departure
end of a roadside barrier on a two-way roadway may or may not be
within the clear zone of the opposing traffic. However, this departure
end of the roadside barrier is a formidable hazard introduced to the
roadside and should typically be shielded, regardless of lateral
offset. When beyond the clear zone for opposing traffic, at a
minimum, provide an approved crashworthy end section to the end
of the roadside barrier facing opposing traffic.

Ref: BDE Manual, Ch. 38-6 Roadside Barrier Layout.
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Place as far from traffic
as practical
(without affecting performance)

38-6.03 Barrier Offset

Generally, roadside hardware should be placed as far as

practical from the edge of traveled way consistent with proper
operation and performance of the barrier system.

US. Depariment of ransportafion o
(‘ Federal Highway | L

@7 Administrafion
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Ed See Note 5
Traveled Nay
Z { EMr (®). wnen w> 38" (0.76m <= Z
! | @ ® See Note 3 (B) When 36> W> 30°(0.56 m> W= 0.6 m_| (&) (0) —
o V] !u!uuuuuuu|.uuuuuuuuuuu T 8 ©
V W/////// //////////////////////// 25= /stu
| I - - - - 8o & 5 8 & 8 A B8 & o
fze—) JASee Note 3@ When 38> W2 30°(0.96 m> %> 0.76 m) @ Edge of
17 et \ - Should: 7
B B — @: yren w2 35-016m - ———— | Trovesa ey
See Note 5
- Double side

guardrail Type D

DIVIDING STEEL PLATE BEAM GUARDRAIL
Figure 38-7.H

U 3. Department of Transportation

'vFederoI Highway ILIENOIS

THE LAND OF LINCOIN

Admlnls'rro jon e T

» Turnout Conflict (Intersecting Roadway)

* Long Span (Omitted Post{s})

* Gaps between runs of barrier

» Extra Blocks

» Leaveouts (Blockouts) for Posts in
Structural Pavement

» Guardrail Post in Rock

Usnpn i ofansporiaion

Federal Highway
'UAdmmlsfru |on St (e
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’ Federol thway
@ Administrafion

38-6.09 Short Radius Guardrail

There are currently no short radius (radius = 150 ft (45 m) or
less) guardrail systems that the Department has identified
and adopted as a standard design element.

Steel Plate Beam Guardrail, Type A is the only current system
usable for a short radius installation. The design should
introduce strong posts likely to rotate out of a vehicle’s path
and minimize vaulting, blockouts to minimize snagging, and
mounting height to minimize override. This system has not met
any crash testing criteria, but when a short radius guardrail
installation is required, it represents an effort to provide a
forgiving installation.

Ref: BDE Manual Ch. 38-6.09 Short Radlus Guardrall

B Federal Hi hwuc;;/ 11
’V Admlmsira jon
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Standard Roadside
Barrier

Curved Roadside Barrier
(or Impact Attenuator)

Mate: The barrier i ion should be introduced as far from the structure as it would be |f the

intersection roadway were not present. The section of bamier up from the i
significantly reduces the risk to a motorist by namowing the ange at which the curved barrier or crash
cushion can be hit.

Figure 5-50. Possible Solution to Intersection Side Road Near Bridge

5-60 Roadside Design Guide

US. Department of Transportafion WELCOME 10

' Federal Hl?hwoy ILIYNOIS
@ Administrafi ;

[
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Test Installation

zwz"J ‘Tﬁ IEz‘u‘f
Tengentto Parapetface £y ipunay

27112t Ll

On-going Research by Pool Fund — No Eligibility Letter

U S. Department of Transportation

Federol Hi hway
Admlnlsfro jon

ILI§NOIS

THE LAND OF LINCOLN
x From the feople of Uinen
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Session 6

US. Deporime
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Key Characteristics:

* W-beam barrier (31” height) steel posts
with 8” wood blockouts

» 10-gauge thickness for all rails
» 24 ft tangent section on primary road

» 35 ft tangent section on secondary
road

» 3/4” diameter cable placed at 12-in
from ground (about 5 in from rails)

« Another cable placed along the center
of the w-beam

U.S. Department of Transportation
" Federal Highway
@7 Administrafion

Video Clip

On-going Research by NCHRP — No Eligibility Letter

US. Depariment of Transportation
‘ Federal Highway
'V Administra?ion :
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~ Working Width — 94”

us Depariment of ransporfation
Federal Hi hway
o Admlmstro ion

Eligibility Letter B-189

52050 (19,05 m) ruln, of oiber tyoe of quardrall

L3tE 1300 or 3500 L

L ERE

(1905 m) v of iber tyge of guerdral

TMay Incluge tenminal)

g | s
Teos mi | 1n.e0s mr

TEl . 597 moor 162

s s
1805 M | 11,905 m) ‘

¥ Inclue terminal)

CRT wood posts |

W reuciuvi I'IITI wuy

(V Administration

May be used with
Wood Posts

GENERAL NOTES

Ses Standard 630001 for aetalls of guarorall not
hoen,

Blockouts shown st steel posts Shsll b omitied
e NOIBLOCKSD STLLL JLAIL AN GUADIAL b
e s Standard 30005 for detalls nat

b

8 dimen In nches (mlllmeiers)
othernlse shown,

REVISIONS

culvart,
ELEVATION
EB
M= 12 8
e 3057 | 1203
119} B
e el 2 I
L A e
€8 T ({k B
b Kl g 3% a9
- ’ﬂ'l: ! e
g & ‘
€ ‘ |
Lo A
-
T
= i N
FRONT SIDE [J—
DATE
@ inols Department of Trar CRTWOOD POST SECTION AA )

Revls2d general nates for

LONG-SPAN GUARDRAIL

n-blocked uardrall optlon,

OVER CULVERT

113

il 2o hesdwell,_Added di.

STANDARD 630106-02

Ref: IDOT Standard 630106 02. Long—span Guardrail over Culvert

' Session6

~tlan AA
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* No post modifications

« Can be used with wood or steel posts

« Can be used with 12" blockouts but not with
the non-blocked system

Contact BSPE for use; 50’ minimum of
standard barrier on either sid

— > == -

1 2!_6”

Working Width 50.1”
Limit 1 per 50’

Federal Hi hwc| N1 R e e
(VAdmlmstru |on e |

Participant Notebook Page 6-33



FAST Act Guardrail Safety Training — Highway Barrier Design Training

Session 6: Length of Need and Special Considerations

. | rem e s
EH 1 l—'%' )
_ T
= 4
1 A
EE
1o 10 30
dan T‘
MOUNTING PLATE %\’7
o B ket (130103103]
- o s WEN LK 1280 s, nals
e a )
i )T P CROSS SECTION
s
® -4
" 7
SECT|ON A-A
. ruds snal b Insalld whh haavy Pex
.
o STRONG POST
. GUARDRAIL ATTACHED
TO CULVERT
FEETFIN ] o
B STANDARD 630101-10

Ref: IDOT Standard 630101- 10 Strong Post Guardrall attached to Culvert

P i iy [N
@/ Administafion & :
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*Iu%m‘ La J T

o
59 (15,24 mi i, of rorall tge mouled prlor to barder carminal, &3 o 50% (15,28 m) min, of ethar quardrall type requlred prar o barrler terminal,
ed guardrall snown) T m Tt m Tolocked guardrall shawn)

See DETAIL A for
auatenment ta
.

1 PLAN
a1 steel pust

|
i ‘
=r—
¥
Tieay
|
H

slope 1210 or
flatier

SQUARE WASHER A

He
]

T 53x5,7 (576%8.5) — Iy and
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----- Ely ane y a
Lz
I L N [
ke /i
of st standes
Steel backup plate H N past st
nesied batwesn # = .
guararal and steel 51 ong e ool i
pest fanl i i
mm T T N5
] Il B . SECTIONA-A
} I B ES
=z e GENERAL NOTES
T I - ce Standard £33031 for cetalls of guardrall not
L H - shown,

0006, for etalls o nor-blackes

™

boks shell
nuts and stendard w

DETAILA = STEEL POST . ot
12 B A .
= Z| e s WEAK POST GUARDRAIL

(@) Wirels Desariment of Transportailan 1170 | Revlsed A 1 Fss b Ton

e Mlew on shests 215 ATTACHED TO CULVERT
»—ﬁ_«;' ér‘_w s BACKUP PLATE el
Ref: IDOT Standard 630111-01. Weak Post Guardrail attached to Culvert
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(UAdministra on e Sesjs?onNG" .

|||||||

1117 Now Standars,

STANDARD 630111-01
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tsitisiailldes a5l L
S8 38-6.07 Minimum Length/Gaps

Where gaps exist in the need for a roadside barrier, it is typically
economically justified to provide continuous runs of guardrail, rather
than to leave gaps of 200 ft (60 m) or less.

Ref: BDE Manual, Ch. 38-6.07 Miimum Lenth/aps
B Federal Highway | LLLINOLS [ -
'UAdminisirq N Session 6

» Two blockouts (up to 16” deep) may be
used at any time, for any number of
posts.

» Twol/three blockouts (24" max) may be
used at one or two posts in a section of
guardrail.

Ref: AASHTO Roadside Design Guide — 34 Edition, Section 5.4.1.6

US. Depariment of Transportation
" Federal Highway

@7 Administrafion
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Steel o woad post
Isti

Leave-put fram pawlng or
ewerlapplng cere holes. wlt
sldes smaathed

 (200) min, for stael post
10 {250) min. for woad past

2 (5
max,

NS

18 1460) miin, fer stoel past

PLAN

20 1510) min, for woad past

b or Contralled
Low-strengtn
Materal (€151}

2 150)
mar,

P
pavement \

ZiA

T

Agaregate
eel shown) backfll {CA 11}

If greater than & 1200) apply

FOOTING FOR PDST WHEN IMPERVIOUS

MATERIAL 15 ENCOUNTERED, but do
nat shorten past,

ELEVATION

LEAVE-OUT FOR POSTWHEN PAVED

STEEL PLATE BEAM
GUARDRAIL

isheet 4 of 4)

MATERIAL IS ENCOUNTERED

A

Ref: IDOT Standard 6300001-12. Steel Plate Beam Guardrail

1LLI$NOIS

Federal Highway
Adminisiration

STANDARD 630001-12

HMA or Controlled
Low-strength
Mater|al {CLSM)

2 (50
i max.
E
E B

STEEL PLATE BEAM
GUARDRAIL

(Sheet 4 of 4}

STANDARD 630001-12

Q

US. Depariment of Transportation
Federal Highway
Administration

=
=

Session6 =~ -
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Flrlsted
ground line

Ledge

Noter Leage line Is
top of rock ledge
or hard slag fll,

Grilled hola

r W Federal Hi

@ Administrafion

8 1200) min, far stocl post
10 {250) min, far wood past

steal
teteel shaw

Aggregate
’r sackill (CA 111

24 1605) -
0% (1.02 m)

FOOTING FOR POST WHEN IMPERVIOUS
MATERIAL IS ENCOUNTERED

Ref: IDOT Standard 6300001-12. Steel Plate Beam Guardrail
hway i P

o1 wood past
nh

L
v W
Steal Post | Wood Post
9-6 24 1 3
10 - 152) 1610] (330} (580}
=618 18 145 164
(= 152 « 458) 1458 (368} (@19)
= 18 - 31 12 3 10
(= 456 « 787) 1205) 1203} (250)
> 31 - 0% 2.0 3 )
{= 787 « 1,02 mi | 1305 - 0} 2034 (250)
STEEL PLATE BEAM
iSheet 4 of 4}
STANDARD 630001-12

An Example from one state

ExsTing
TIRE 20
GUTRE BATL

EXTSTING TYOE 26 GUIOE Aall WETGHT Thans)TIow To TYPE 3i-8 GUOE fall
By

M W

wia-sem
SPLICE
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- Design speed: 70 mph
w e o, - ADT: 53,000
S o Side slope:

101 Left, 6:1 Right

DETERMINE TREATMENTS FOR NB TRAFFIC

U.S. Department of Transportation
" Federal Highway
@ Adminisirafion

. Sessio

| Determine Design
o v Clear Zone

The Clear Zone is a look up
: value from BDE Manual —
| /—S\GN ARIDGE FIG 38-3.A

== = Design speed: 70 mph
7 ADT: 53,000
Side slope: 10:1 or 6:1

U.S. Department of Transportation
" Federal Highway

@7 Administration
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Design . Front Slopes
Speed Des:sg-l)’ €ar I qVeHor] 1V:5H to
(mph) Flatter 1V:4H .
Under750 | 7-10 | 7-10 Design Speed 70 mph
750-1500 f 10-12 | 12-14
<40 15006000 | 12-14 | 14_16 AADT = 53,000
Over6000 || 1416 | 1618
Under750 | 10-12 | 12-14
45 5o | 7801800 | 1214 | 16-20

15006000 | 16-18 | 20-26
Over 6000 18-20 | 24-28 -

Under 750 12-14 14 -18 Lc - 32 ft.
7501500 | 16—18 | 20-24

55 1500 —6000 | 20-22 § 24-30
Over 6000 22-24 26 - 32*

Under 750 16-18 20-24
750 — 1500 20-24 26— 32

60 1500 — 6000 26-30 32— 40 RECOMMENDED CLEAR ZONE DISTANCES (ft)
Owver 6000 30 -32* 36 — 44* (New Construction/Reconstruction)
Under 750 18-20 20-26 (US Customary)

750 - 1500 4 -3 Figure 38-3.A

65— 70°

US. Deparfment of Transporfafion

Q Federal Highway

Administrafion

5 | o Identify ALL the

o to4
: hazards
3 NOT SHIELDED
I /—m 4 ]
. Sign supports — both
| e w o sides

THE LAND OF LINCOIN

U.S. Department of Transportation WELCOME 10
(‘ Federal Highway | (LLLINOIS

@/ Adminishafion  eEme
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= Distance to the barrier at the third post of the terminal
= Distance fo the barrier

Distance to the clear zone

Distance to the back of the hazard

Distance fo the front of the hazard

Runout length (see Figure 38-6.E)

Length of need for the approach end

Clear Zone Line

Length of the hazard
= Distance from the downstream end of the hazard
LON = Length of Need

FrrfrrEsEn ¢

S E Borrier Location
(Ed 1 Shoulder)
; Area of see Note(D f e e auiaer
-l Concern
fir] |.
[
’ LON
™ Edge of
Traveled Way
<=
Figure 38-6.A

U.S. Department of Transportation
'\ Federal Highway
@ Administration

s

.| Session 6

» Calculating the length of need (X) for
straight or nearly straight sections of
roadway:

* For flared guardrail installations:
La + (b/a) (L1) — L2
(b/a) + (LA/LR)
* For parallel guardrail installations:
X = La— L2
La/Lr
Ref: AASHTO RoaQSide Design Guide, 4th EditioEquation 5-1 and 5—, Pg 5-51
D) Feder Highwoy '
'V Administration

X =
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Q)

U.S. Department of Transportation
Federal Highway
@ Administration

0 ot = -l
| Session 6

)

Traffic Volume (ADT)*

Design Speed (" Over 10,000 ) 5000-10,000 1000-4999 Under 1000
Runout Length || Runout Length | Runout Length | Runout Length
Lr Lr Lr Lr
mph  (km/hr) ft (m) Tt (m) Tt (m) Tt (m)
75 (130) 415 (127) 380 (116) 335 (102) 290 (86)
70 (110) ‘ 330 (101) 290 (88) 250 (76) ]
G0 (100) 300 (91) 250 (76) 210 (64) 200 (61)
a5 (90) 265 (81) 220 (87) 185 (57) 175 (54)
50 (80) 230 (70) 190 (58) 160 (49) 150 (46)
45 (70) 195 (60) 160 (49) 135 (42) 125 (38)
40 (60) 160 (49) 130 (40) — ) (30)
L.= 360 ft.
30 (50) 110 (34) 90 (27) | s e 21)

U.S. Department of Transportation

Federal Highway
@ Administrafion

RUNOUT LENGTHS (Ls) FOR BARRIER DESIGN

ILI§NOIS

THE LAND OF LINCOIN

e r—
]
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X = Length of Need — L,

L Length of Need
H (LON) point

U.S. Department of Transportation
" Federal Highway
@ Adminisirafion

) - | Determine L, — distance
I to the backside of
7 | ot f\ I hazard
‘ ‘ | For the back of the sign
R v SUPPOT:
— = L, =20+2=22
I L, - |

U.S. Department of Transportation
" Federal Highway

@7 Administration
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Lg — Guardrail offset from edge of travel lane.

The AASHTO Greenbook “suggests” that barrier be placed
2’ beyond the usable shoulder,

38-6.03 Barrier Offset

2. Shoulder. Typically, the roadside barrier is located with the face of barier at the edge of
the shoulder unless flared away from the shoulder.

U.S. Department of Transportation
" Federal Highway
@ Adminisirafion

9- | %t 3 — 3 o Lg— Guardrail offset from edge
z of travel lane.
Lg =6 ft.
\ R &

US. Department of Transportation WELCOME 10
" Federal Highway )
@ Adminisiation e
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2 || t t B
||
| | | /— SIGN. BRIDGE

U.S. Department of Transportation
Q Federal Highway

Administrafion

Ly =22t

Using the formula X =

et

" Ses

X=_L,—Lg

Ly/Lg

.061
250 ft.

T
sion

Ly = 6 ft (+.75)

22 — (6+.75)

Ly = 360

U.S. Department of Transportation

Federal Highway

@7 Administration

2 it 1t o
| |
|| | -

L, — 250’ —is the distance from the upstream
face of the hazard to the beginning of effective
barrier — the upstream BLON point. This is the
station placed on the plans.

The downstream BLON point is determined

using L3. Although the 25 degree line

calculation would give an exact value, a quick
seapproximation is 2 X (L, — L) or 28". Therefore
the end of Effective barrier would be 28’

upstream from the end of the hazard.

«— ATBT Type 2 + 25’ of guardrail must be

NO Grading needed (10:1)

o

added beyond end of Effective barrier

——

a‘
SIoN ©

Participant Notebook
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The TBT Type 1 (Tangent) provides about 35’
| of Effective barrier — this would be
o 20| 32 subtracted from the guardrail bid item length

Therefore, the bid items would be:
TBT Type 1 (tangent) — 1 ea
TBT Type 2—1 ea
_— """LF of guardrail : 250’ (L,) — 35’ (effective part
of TBT Type 1) + 2’ (Length of hazard) — 28’ (L;)
o ap - + 25’ (Required between TBT Type 2 pay item
— il : T and end of effective barrier need = 214’

‘U4S.Depaﬁmenfo”mnspoﬁoﬁon R : ;v e
Federal Highway R
(VAdminisha ion & - S0 o e
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llinois ROADSIDE SAFETY November 2019

The plan stations for the guardrail pay item are thus:
Station 9+58 00, 20 0 ft left.

To
Station 10+78.00, 20.0 ft left.

Quantity of guardrail pay item = (Station 10+78) — (Station 9+58) = 120 ft.

It is not necessary to round to an even number of 12.5 ft guardrail panels because the
precise location and dimensions of the TBTs T1 are not known until the contractor selects
an item from the QPL.

US. Department of Transportation

Federal Highway
'VAdminis’rra ion &

THE LAND 0F LINCOLN 1 eSS| U

From the Peopla of UBnaly
. ry
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/ A >
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exists, a TBT Type 1 (Flared) could be used.

U.S. Department of Transportation
(‘ Federal Highway

@ Administration

~TBT!!I And the TBT delineator is about 2’

Since LON is satisfied AND 10:1 grading

The offset to the upstream BLON point
increases (from .75’) to 2.67’ (the minimum
for any flared terminal. This changes the
calculation for LON (from 250’) to 219’ which
establishes a different upstream BLON
station. However, the flared TBT only
provides 25’ of effective barrier, so the
calculation for LF of guardrail changes to: 219
—-25+2-28+25=193". So less length of
guardrail and possibly a less expensive

farther from EOTL.

Participant Notebook
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LaterolDistonce from Edge of Traveled Woy

US. Department of Transportation

(‘ Federal Hi?hwa

@ Administration

= ~ \
18 1 \ .
o : Figure 38-6.F
14" — — 7
1L ELg+.75=6.75 L+ 260
12 | tR SAS A
104 ~
8! 3 \
.
2
=d f il \f“\
Zdge o
Troveled way O e b Do e L SN L L
rotas Way 501 100" 150 200" 2500 ) 300 55@_) 400" 1500 500!
L gl
_ ’ = 5
L, = 250 :
. Lq(fU
CenterLine | vl e e e e e e
Scole o 500 100 150" 200" 250° 300 350" 400" 450" 500'

Note: Centerline scale assumes a 12-ft lane width. For other lane widths, appropriate adjustments must be made.

Participant Notebook
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If guardrail is placed as L,=22ft L,=(20-5)=15  Lg=360
far off as allowed:

Using the formula X =

X= L,—L
_ ool ] N . Ld_z_H/LR
5 B -
= 22-15
| .061
| | = 115 ft.
‘ \
| ‘ | SIGN BRIDGE
/—

Just comparing LON (L,)
T BIG savings by offsettmg the barrler

Federal Highway LLLLYNULS
Administrafion

» Define the Length of Need and

apply the design principles for an
optimal installation

» Modify guardrail for special

situations

usn epartment of Transporfafion
Federal Highway
(U Administrafion o P
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