FHWA FAST Aect Guardrail Training
Highway Barrier Installation,
Inspection and Maintenance Training

Participant Notebook

Virtual Live Training
November 16 -13, 2021

%3 09 g3 >

lllinois Department
of Transportation




Highway Barrier Design Training
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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 this training is to assist IDOT by providing their personnel and contractors with the
appropriate information needed to enhance the probability of optimal total barrier installations. The
training is divided into two segments:

e Basic highway barrier design principles for an understanding of HOW/WHY the barrier is

designed and should be installed

e Highway barrier Installation, Inspection, and Maintenance training to enhance the likelihood

that the installed barrier will perform its intended function

Today’s program provides the State with the following deliverables:

e The Powerpoint presentations and accompanying notebook on Highway Barrier Installation,

Inspection and Maintenance Training

e Hjghway Barrier Pocket Guide

e 4 —Technical Briefs

o Guardrail Installations at Intersections , Side Roads, and Driveways

Maintenance of Damaged Guardrail

O
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
Brad Sant

Karen L. Boodlal
Bill Fitzgerald

John Durkos

Alan Ho
Filiberto Sotelo
Edgar Galofre
Martha Brown

FHWA Office of Safety

ARTBA (Agreement Manager)

KLS Engineering, LLC (Project Manager)
KLS Engineering, LLC (Technical
Expert/Instructor)

KLS Engineering, LLC (Technical
Expert/Instructor)

FHWA Division Office

IDOT Engineering Policy Unit Chief
IDOT Safety Design Engineer

IDOT Safety Design Unit Chief

Participants Notebook

Aimee.Zhang@dot.gov

bsant@artba.org

karenl.boodlal@kls-eng.com

william.fitzgerald@kls-eng.com

John.durkos@kls-eng.com

alan.ho@dot.gov
Filiberto.Sotelo@lllinois.gov

Edgar.Galofre@lllinois.gov

Martha.A.Brown@lllinois.gov
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Highway Barrier Design Training Introduction

Target Audience

The target audience for this training includes installers, inspectors and maintenance personal having
direct responsibilities for installing, inspecting, or maintaining traffic barriers (including transitions),
terminals, and impact attenuators for IDOT (or local agencies).

Course Goal and Outcomes

The overall course goal is to provide installers, inspectors and maintenance personnel with the
information needed to install, inspect, or maintain barriers so as to maximize the probability of optimal
barrier installations and performance. Specifically, participants should have a better understanding of
the following:

e The principles behind good barrier performance
e |dentify possible deficiencies in a new barrier design or existing installations.

e Avoid common errors in barrier and terminal installations to optimize crash performance (and
reduce liability).

e Know whether damaged hardware can still function as intended and possible remedial actions

Course Contents

This course consists of six sessions:

Session 1: Roadside Safety Problem, Clear Zone, and whether barrier is needed — Brief description
of the run-off road (ROR) problem in lllinois, short discussion of the Clear Zone concept,
and the challenge of determining when barrier should be provided

Session 2: Testing Requirements and Performance Characteristics of Common Barrier Systems —
Identify the crash testing guidelines and performance characteristics of the various
barrier systems used in lllinois.

Session 3: Testing Requirements and Performance Characteristics of Common Terminals and
Impact Attenuators — Identify the crash testing guidelines and performance
characteristics of the various systems used in lllinois.

Session 4: Guardrail Design, Length of Need, and Site-specific Conditions — Provides guidance
concerning selecting the barrier type and creating an optimal design based on the five
design principles, a quick field check of Length of Need, and some site-specific special
designs.

Session 5: Guardrail/Terminal Installation and Common Errors — lllustrate proper barrier
installation and show some common installation errors.

Session 6: Maintenance of Systems — Discuss various damage scenarios and their effect on barrier
functionality.
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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.

Page vi

Participants Notebook



Highway Barrier Design Training Introduction

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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Highway Barrier Design Training Introduction

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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FAST Act Guardrail Safety Training — Highway Barrier Installation, Inspection and Maintenance Training

Session 1: Roadside Safety Problem, Clear Zone and Warrants for Barrier

FAST Act Guardrail Safety Training
Highway Barrier Installer, Inspector and
Maintenance Training

Virtual Live Training
November 16 — 18, 2021

ﬁ 5 w‘% ican Road
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Srates O 9 9 of Transportation

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.
Qo

» Beontime

» Participate

» Restrict sidebar conversations

» Silence your cellphone

Virtual Training — participate with yes/no answers to questions
Use chat box to submit your questions/comments

Terminology: Page v
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Session 1: Roadside Safety Problem, Clear Zone and Warrants for Barrier

. NO SUBSTITUTE FOR GOOD
ENGINEERING JUDGMENT

ROADSIDE
DESIGN
Chapter 38 — Roadside Safety

Bureau of Design and
Environment Manual

Highway Standard. Revision
223 - Effective 01/01/2020
us Deparimen of Transporlaion -

Federal Highway | L

(VAdmmlstm |on

This training will help you to:

to use at a specific site.

may no longer be functional.

US Department of Transportation

Federal Hi hway L
’V Admmls’rra ion LR

» Evaluate when a traffic barrier may be the best treatment

» Understand the principles of good barrier system design

» ldentify installations that may not adequately shield all the
significant hazards or secondary hazards.

> Recognize common installations errors for barriers and
terminals and know how to avoid them.

» Understand when damaged barrier and/or end treatment

Participant Notebook
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Session 1: Roadside Safety Problem, Clear Zone and Warrants for Barrier

Session 1;

Roadside Safety Problem, Clear
Zone and Warrants for Barrier

Federal Highway 018
'UAdmlmstra lon T

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

> |ldentify the primary Roadside Safety
Concerns in lllinois.

» ldentify the need for training.

> Define clear zone and barrier
warrants.

U 3. Department of Transportation

Federal Highway H%Is
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Session 1: Roadside Safety Problem, Clear Zone and Warrants for Barrier

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 gt
(‘ Federal Highway
@ Adminisirafion

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

US. Department of Transporfafion
" Federal Highway
@ Adminishrafion
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Session 1: Roadside Safety Problem, Clear Zone and Warrants for Barrier
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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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Session 1: Roadside Safety Problem, Clear Zone and Warrants for Barrier

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 D
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" Federal Highway
@ Administration
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Session 1: Roadside Safety Problem, Clear Zone and Warrants for Barrier

v essm"ﬁ“.["j Fyfioas

@ Federal Hi

(V Administration

nway

| Sessi

sion T R

Design i Front Slopes Back Slopes
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 ** 7-10 7-10 7-10
750-1500 10-12 12-14 ** 10-12 10-12 10-12
1500-6000 12-14 14-16 ** 12-14 12-14 12-14
OVER 6000 14-16 16-18 ** 14-16 14-16 14-16
45-50 UNDER 750 10-12 12-14 ** 8-10 8-10 10-12
750-1500 14-16 16-20 ** 10-12 12-14 14-16
1500-6000 16-18 20-26 *ok 12-14 14-16 16-18
OVER 6000 18-20 24-28 ** 14-16 18-20 20-22
55 UNDER 750 12-14 14-18 *ok 8-10 10-12 10-12
750-1500 16-18 20-24 ** 10-12 14-16 16-18
1500-6000 20-22 24-30 *ok 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 *ok 10-12 12-14 14-16
750-1500 20-24 26-32" ** 12-14 16-18 20-22
1500-6000 26-30 32-40" ** 14-18 18-22 24-26
OVER 6000 30-322 36-44" ** 20-22 24-26 26-28
65-70° UNDER 750 18-20 20-26 *ok 10-12 14-16 14-16
750-1500 24-26 28-36" ** 12-16 18-20 20-22
1500-6000 28-32" 34-42° *k 16-20 22-24 26-28
OVER 6000 30-34" 38-46" ** 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 sections with roadside ditches, see Section 38-3.04.

-
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Session 1: Roadside Safety Problem, Clear Zone and Warrants for Barrier

Available Clear Zone = Area EXxisting for recovery

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

U S. Depariment of Transportation

Federal Highway ,
’VAdmlnlstro |on 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 hwoy ILLYNOIS ey
UAdmlnlstra ion e
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Session 1: Roadside Safety Problem, Clear Zone and Warrants for Barrier

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. 38 402 Range of Treatments
W Federal Highway [ALLINOIS IR
(VAdmlmstro ion e M Sessmn

Participant Notebook Page 1-13



FAST Act Guardrail Safety Training — Highway Barrier Installation, Inspection and Maintenance Training
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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

BT (T g A

\ ‘ - W

US. Department of Transportation
" Federal Highway
@ Administrafion

ession1
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V.9, WERUIITTICTI VT IRV IV

Federol Hi hwoy
Admlnls’rra ion

Reciprecalof Fill Section Slepe

V / / / / 1V i1.5H
V / Barrier Warranted /
) \Q / //ﬂ]// / / N
N w // / / -
W:3H
0.3
Iﬁ T1v:4H
0.2 TesH
Barrier net Warranted for Embankment,
Howewer, Check Barrier Need for Other T 1WiEH
Roadside Hozards.
0.1 |
BARRIER WARRANTS FOR EMBANKMENTS
Figure 38-4.A
00 | | | | |
o 1o 20" 30 40! S0 &0
3 ml {6 mk 9 mi 12 mi 5 m) (SN

Fill Secticn Heiaht. ft (m}

Ref BDE Manual, Ch. 38-4. Barrler Warrants for Embankment — Figure 38- 4A

Fill Section Slope
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Session 1: Roadside Safety Problem, Clear Zone and Warrants for Barrier

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

U.S. Department of Transporfation T o
( Federal Hl?hwqy ILL‘}NOIS 3
O Adminishafion it e

» ldentify the primary Roadside Safety
Concerns in lllinois.

> ldentify the need for training.

> Define clear zone and barrier warrants.

ederal Hi hwuy | SR
(VAdmlmstra Ion p—
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Session 2:

Testing Requirements and
Performance Characteristics
of Common Barrier Systems

US. Depariment of Transportation T o T i
(\ Federd Highway | LLLONO1S [EEear v s
@ Adminishiaion i

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

» Understand how barriers are tested for
crashworthiness

Identify common barrier systems
» Explain how these barrier systems function

Define the key components of a transition

US. Depariment of Transportation T R T i
(\ Federal Highway | LLLLONO 1 [ e
@ Adminishaion i
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published as NCHRP Report 350

FHWA and AASHTO

U.S. Department of Transportation WELCOME TO
" Federal Highway |~ LLLLYIN'
@ Adminisfrafion

» In 1993, crash testing and evaluation criteria were

» 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

U.S. Department of Transportation WELCOME 10
" Federal Highway | L
@ Adminishafion

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.

5,000 Ibs.
2270P
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(P R e T

U S. Depariment of Transporfation

Federal Highway
(UAdmlmsfro |on e

» 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

22,000 Ibs.

u $. Depariment of Transportation

Federal Hi hway
(V Admlnlsfra ion
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Session 2: Testing Requirements and Performance Characteristics of Common Barrier Systems

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

U 3. Depariment of Transporfation

Federal Hi hwoy
(V Admlnlstra .

> Rigid Systems

» Semi-Rigid Systems

> Flexible Systems

» Median Barrier Systems

» Work Zone Barriers

( Fedeta H hway ]hIS e
O Adminishafion e
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Previous Standard Really Previous
Standard

e £ <

7:"4 °§

! I 24" ---—-{

5" = o
32" - 90" 32" - l
-

NJ Shape

U S. Department of Transporfation
Federal Hi hway
Admlmsim ion

ILI§NOIS

THE LAND 0F LINCOLN
x From the People of UBnoly
e 8 .
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- ¥T.: — : , ~ .""i\‘;_ .
Rigid Median Barriers. As noted earlier, the IDOT

1 - ,
44 in. (1120 mm) Double Face Concrete Barriers
has been certified as meeting MASH criteria (Test

[ 4
/ e Iﬂh Level 5).
[ &< .9 38-7.9
e 0

I."I a ) I".

/L SR IR T

| . 4 {I . a q I'-i_

I. . t. L/ LI &4 ',

e A CONCRETE BARRIER,
/ a a - a) DOUBLE FACE,

'-I 441n. (1120 mm) HEIGHT
STANDARD 63 7008-04

| 35
' &30} 1
TYPICAL CROSS-SECTION
e (o |

Ref: IDOT Standard 637006 04. Concrete Barrler Double Face

‘ Federal Highway L
gw&dmlmc ation ‘ SeSSIOn 2

MASH Testing
W

of
ped

Jers
Video Cli
COi |uLe

Barrier

Page 2-6

Participant Notebook



FAST Act Guardrail Safety Training — Highway Barrier Installation, Inspection and Maintenance Training

Session 2: Testing Requirements and Performance Characteristics of Common Barrier Systems

US. Depariment of anspork

( Federal Hi hw:;; L
@ Adminishation e

> 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

US. Department of Transportation

0 Federal Highway

Administration e —
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US. Depariment of Transportation
(‘ Federal Highway
@® Administration
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@ Administrafion
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Session 2: Testing Requirements and Performance Characteristics of Common Barrier Systems

» 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

USS. Depariment of Transportation
" Federal Highway
@ Adminisirafion

Mid-Span

U.S. Department of Transportation
" Federal Hl?hwoy
@7 Administrafion
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usnpnmer!r spork
Federal Hi hway
(U Administration =

Rall elomert ss|fen
iSee Datall

glat
11305 )

feag P oo L5
| | E

| | Stual glate buam

|l

|l
guardrall wlth zak | |
slots ab ITH (9535 | I

raney

L U L L
ELEVATION
TYPE A
St Tkl et seecha STEEL PLATE BEAM
GUARDRAIL_
Ref: IDOT Standard 630001-12. Steel Plate Beam Guardrail STUDATD Baonor 12

US Department of Transportation WELCOME 10

Federal Hi hway IBENN g =
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U.S. Department of Transportation

Federal Highway | (LLLENOIS
'VAdministro?ion B —

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)

U.S. Depariment of Transportation

Federal Highway | LLL
(VAdminisha?ion i
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Advantages of cable systems
include:

Low initial cost

Lower deceleration forces
Effective vehicle
containment and redirection
Installation conditions
flexibility

SNOW

U.S. Department of Transportation
" Federal Hi%hway
@ Administrafion

» 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

U.S. Depariment of Transporfation
" Federal Highway

@ Administrafion
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% - Brifen v = On IDOT QPL

« Safence

Y « CASS (Trinity Steel)
% + Nucor

% « Gibraltar

U:Dpnm ent ofTtansporiaion

Federal Hi hway
'V Admlnlsfro ion g

lllinois Department of Transportation
Bureau of Materials
QUALIFIED PRODUCT LIST OF HIGH TENSION CABLE MEDIAN BARRIER
and
HIGH TENSION CABLE MEDIAN BEARRIER TERMINALS
April 10, 2020
This list supersedes the December 13, 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

U 3. Depariment of Transporfation

Federol ighway L1 N 01 R ~ e
Admmlstra on | SR Session 2
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Session 2: Testing Requirements and Performance Characteristics of Common Barrier Systems

Specified in the QPL

Dictate the post spacing
Dictate the number of cables

"644,09 Line Posts. Line posts for the HTC mecian barier shall consst of drving posts
cirecty into the sol or seffing posts in riven sockets or concrete socket foundations. Posts
shal be placed atthe spacing and depth recommended by the manufacturer.

‘ U,S,IJdepuNmelnlomeri;podaﬁon e oal = . D
Federal Highway ' e e
'UAdministra on e 1ol

US. Depariment of Transporfation
" Federal Highway
@ Adminisration g
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Video Clip

@ Administrafion

US. Depariment of Transporiafion T ‘_g_;' g T
(‘Federal Highway || VISR Session 2 -

‘ ;S Ddepuﬁmaimﬁ.ﬁurﬁnaﬂu'm .
ederal Highway | |
(V Adminisha?ion

o .

» -‘i',i_ ot Saling -
f‘ﬁ Maximum Offset 4’

US. Depariment of Transporiafion T e T ‘
(‘Federal Highway | oM Session 2
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@ Administrafion
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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.
D\ Feciera Highwoy [ILILLIN O1s [ar s
'VAdminis’rro ion == Session

US. Deparimen of Transporiafion
‘Federal Highway
(VAdminisha?ion o |
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Aall alemant splice
{ISee oetall) \ o
u B05 m)
§ Trdﬂ']f.
stzel plate
H bearr guardrall
4
b Block-auts
i
E[&
NI
slope 1310 I " ; ; Amafle
o Tlaller I " ,Dz PUN
I
| | TYPED
Doulrle steel plate beam guardrall
I " At (1,505 m) typleal post spaclng
LI .
STEEL PLATE BEAM
GUARDRAIL
(hest § of 33
Ref: IDOT Standard 630001-12. Steel Plate Beam Guardrail STANDARD 630001-12
U.S. Department of Transporfation
' Federal Highway | [LLL¥NOIS
) (] THE LAND 0F LINCOLN
@/ Administrafion i
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Advantage of high
tension cable is it may
remain effective after

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

U.S. Department of Transportation

Q Federal Highway

Administration
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Portable reinforced concrete safety
shape barrier

Dynamic deflection of the barrier is an
Important

US. Department of Transportation

e Federal Highway

Administration

US. Depariment of tansporiaiion
(\ Federal Highway
@ Administrafion g8
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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.

US. Department of Transportation
e Federal Highway

Administration

Us, Depuﬁmm ol Transporiaion W
( Federal Hi?hpway ILI
V I ey

Administration
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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.S. Department of Transportation

Federal Highway ,
'V Adminisiration =
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Pay limits of TRAFFIC BARAICR TERMINAL, TYPE 6 (1 sach]

PARAPET OR WINGWALL

Poy lmlts o

Brlage approach curh,
e plar for detalls,

1 mi Two sectlans of thde beam,

15474 (476 m

% st Inslds tha other

10 spaces @t 1K' (276)

1
il
il
il
il
U
5

0 12,13 m) WS

11- 60" (153 m) WD (W150x33.5) Steel posts

= =—=——[]
{ I —— —

28 (510} mhn,
Fi“" posts

5135 Steel posts.

ELEVATION

Woad Blockout

Steel connector plate

for constant-slope

@) Miels Destment of Transporiathr

AL

GENERAL NOTES

See Standard 630001 for detals of guardrell not
ahown,
Thile beam rall shall be Golted to Slackeout at all
pass,

Al slops ratios are expressed a3 Utk of verlcal
dislacemen o unlts of horlzontal displacement
Wi

all almenslans are In Inches (millimeters)
unless otherwlse showns

DATE

REVISIONS

TRAFFIC BARRIER

1121 |naded Detall A and reves

Plate dlmanslans on shact 4.

TERMINAL, TYPE 6

70 [Revkies Feshane

(Stest 1 of &

onstan:
Slope parapet and added 3

( @ rederal Hi

& Administro?ion

hway

1 Wl

Ref: IDOT Standard 631031-17. Traffic Barrier Terminal, Type 6
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e
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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.S. Department of Transportation

' Federal Highway LI 2 T S
O/ Adminishafion ™ e
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U.S. Department of Transportation

Federal Highway
'V Administration

> 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 tansporiaiion
'\ Federal Highway

@ Adminisfration
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Session 3:

Testing Requirements and
Performance Characteristics
of Terminals and Impact
Attenuators

anpmnem sportation
Federal Hi hway LN
o Admlmsha ion :

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

» Understand how terminals and impact
attenuators are tested for crashworthiness

» Identify common terminals and impact
attenuators

» Understand how these systems function

» Choose the appropriate system for a specific
site

US Department of Transporfafion

Federal Hi hwoy LIONC
(U Admmlstra ion e

A barrier terminal must serve two functions:

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

» Be crashworthy when impacted end-on.

usnpdmerﬂ sporation
Federal Hi hway
o Admlmsira ion
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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

US. Department of Transportation
" Federal Highway = LLL

@ Administrafion
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‘ N i
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- - — —— e —

» 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 47”)

» Use a flare 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

U 3. Department of Transporfation
Federal Hi hwoy
Admlnlstro ion
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k - Zage of sneulier
19 L) .
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TS B16x0, 1875
/_rzoms?:su \

C . The bea Kl be held o ooskion by
twa algi als v Imo the post an
be o the plate
Al In ekers),

L unless .

See Standard 53BA for detalls ef guardrall not
shown,

T1e8

YOKE
H 15} thick steel

L] ]
bt o [ oate Arvisions
FRONT T A T TRAFFIC BARRIER
I length to 40" (1.63 m).
STEEL TUBE TERMINAL, TYPE 1B
‘ncreased steel Lube
cted Telke 631006-08

Ref IDOT Standard 631006- 08 Trafflc Barrier Termlnal Type 1B S
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©

;EIAL POSITION '_m@ B © def,' ACT
OFVEHICLE 4, , , . '_,__*#_,/i.

FINAL POSITION
OF VEHICLE IMPAC

TV S Sy | = W a )

Energy Absorbing Terminal
(vehicle is brought to a controlled stop in a short distance)

Non-Energy Absorbing Terminal
Controlled Buckling Terminal
(vehicle may travel hundreds of feet before stopping)

ILIENO1S :‘5:»\

U.S. Depariment of Transportafion
Federal Highway
Administration

e Session

e —
i 2

Q

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 (Flared)

“X-Tension” — NCHRP 350
FHWA acceptance memorandum HSSD-1/CC-102A dated August 19, 2011.
Drawing: X-Tension

“SRT-31"—- NCHRP 350
FHWA acceptance memorandum HSSD/CC-100 dated August 30, 2007
Drawing: SRT-31

U.S. Depariment of Transporfafion
Federal Highway
Adminisiration

Participant Notebook

Page 3-9



FAST Act Guardrail Safety Training — Highway Barrier Installation, Inspection and Maintenance Training

Session 3: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

inois 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)
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: MEFLEAT

“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.

U.S. Department of Transportafion WELCOME 10

Federal Highway  [LLLENOIS
'U/Administro ion & '

THE LAND 0F LINCOLN

Participant Notebook
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» SRT (Slotted Rail Terminal) — NCHRP 350

= Modified w-beam panels containing horizontal
slots; installed in a straight line flare.

= Many different post
configurations throughout
system

= Systemis 37°-6” long and
connects to 317 high

guardrail.

US Department of Transportation WELCOME 10 s
Federal Highway | [LLLYNOIS BES=S
'UAdmlmstro kon e Session

Because of the non-energy absorption,
no hazard should exist within 150’
downstream of post #1

( Federal Hi hwuy ILI§NG

T Tovorlicon-

@/ Administrafion
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» 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’ long; BLON at post 1

US. Department of Transportation

Federal Highway
'U Administration

‘ Federal Highway LIN(
(U Administration T

Participant Notebook Page 3-13
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Session 3: 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 4" Post
» TL-3 at 39’ 7” straight flared length. 3-ft. offset.
» Cable-anchored, compression system

Ref: FHWA Eligibility Letter CC-143 dated 04/10/19

US. Depariment of Transportation

(‘Federal Highway T g
@ Administrafion A

S, Deparment of Tansporiaion N
" Federal Highway = LLL1
@ Administrafion g
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Session 3: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

o [llinois 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. Department of Transportation VELCOM N i

QFederal Highwa - Slc‘)--- :

Administration
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Session 3: 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)
Supplemental Specification and Recurring 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.

US. Department of Transportation WELCOME 10

Q Federal Highway

__THE LAND OF LINCOIN

Administration P —
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- 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 '%”; 31” only

MUST BE
STRAIGHT

o

U.S. Department of Transportafion L.
(‘ Federal Highway | LLLLVNU
@/ Adminisration  EEmEE

Participant Notebook Page 3-17
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Session 3: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

i LYY EN RPRREOE o Vo

» MSKT — MASH (Similar to NCHRP 350 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

e = ' = ’”"‘-\ =€ STRAIGHT

U.S. Department of Transportation

Federal Highway
'V Administrafion

(\ Federal Highway | LLLLONC

@ Administration
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> Soft Stop - MASH

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

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

U S. Department of Transportation
Federal Hi hwoy
Admlms'rro ion

USmem fofrans

Federal Hi hway
'VAdmmlsira ion =
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Session 3: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

SGET - MASH
= 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, Compression system
T B SR O | [} IR . L - .

>

US. Depariment of Trqnsporfaﬁon 2 \unmu 10
' Federal Highway  [LLLYNOIS
@ Adminisirafion

__THE LAND OF LINCOIN

” Fecera Highway | (ILLANG

@ Administrafion
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Session 3: 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 Department of Transportation

Federal Highway
'VAdmlmsfro |on *’“‘”—
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Top of rall

31
{787)

Edge of paved shoulder

u 9. VEPUIIITTI VI HTUTRPVIIIVI

Federal Highway
@ Administration

{500

SHOULDER WIDENING FOR
TYPE 1 (SPECIAL)
GUARDRAIL TERMINALS

ISheet 1 of 2)

STANDARD 630301-09

Top of tube

Ground lIna.
sloge 1:10
or flatter

Ref: IDOT Standard 630301- 09 Shoulder Wldenlng for Type 1 (Special) Guardra|I Terminals

Participant Notebook
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Fidge af pavarsit 1

IELOM (10,0 ) s, Flar acicedlng
100G (30,0 ) ceslrable b manufacturar's
spacfications

I
Sdge of :hnuldm’—\ | r.s

2361 (7,0 m) 2800 (7.5 ) w— Beglnrlrg length of need psint
i min, vardes

by manutacturer. Typlcaly
aecurs betmeen paits | and 3,

SHOULDER WIDEN|NG TRANS[TION
FOR FLARED TERMINAL

SHOULDER WIDENING FOR
Need special Borrow bid item for 3R GUARDRAK TERMINALS
projects and Density Spec STANOARD 62020109

Ref: IDOT Standard 630301-09. Shoulder Widening for Type 1 (Special) Guardrail Terminals
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Need special Borrow bid item for 3R SO o, (epEom O
projects and Density Spec GUARDRAR TERMINALS ,
STANDARD 630301-09

Ref: IDOT Standard 630301-09. Shoulder Widening for Type 1 (Special) Guardrail Terminals

U.S. Department of Transportation T
QFederal Highway | [LLLENOIS

__THE LAND OF LINCOIN

Administration 2T ey b

Participant Notebook Page 3-25



FAST Act Guardrail Safety Training — Highway Barrier Installation, Inspection and Maintenance Training

Session 3: Testing Requirements and Performance Characteristics of Terminals and Impact Attenuators

Substndard Grading —

o | Sox e - Y N

DOCUMENT §
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Edge of shoulder ang guardeall axtoude bead

Slope 1:10
5. Tag. ar Matter

SHOULDER WIDENING TRANSITION
FOR TANGENT TERM|NAL

Taper according to manufacturer’s
specifications to ensure extruder head

will not encroach on shoulder S YPE L PECAL)
. GUARDRMLTERM!H&% .
No spec; 1’ offset to face of rail at Post 1 STANDARD 63030109

Ref: IDOT Standard 630301-09. Shoulder Widening for Type 1 (Special) Guardrail Terminals

US. Department of Transportation | WELCOME 10 MW
(‘ Federal Highway | [LLLYNOISEE
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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)

US. Department of Transportation oo BT T |
(‘ Federal Highway | LLLLYINULS S

@ Administration
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Terminal

w
/
Guardrail

US. Department of Transportation WELCOME 10

(‘Federal ighway | LLLLENOIS
O Adminishafion

Standard Run Flare
of 25:1 or flatter

Standard Run Flare
is sharper than 25:1
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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

U.S. Department of Transportation | WELCOME 10 o e
" Federal Highway | [LLLYNOLS B
@ Adminishrafion  eEeE
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Even Energy Absorbing Terminals will not shield objects
directly behind and within Terminal limits

U.S. Department of Transportation

oFederal Highway e

Administrafion

EXISTING Terminals
350 and before
(Briefly)

US. Depariment of Transporiafion WHLCOME T0
’\ Federal Hi%hwu UL

ion

© Administra
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» 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 5
Federol Hi hwoy
Admlmsfrq on &
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D 7S J' l H P ol S il ERET Ty

» 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

Q

U.S. Department of Transportation
Federal Highway
Administration

PV

@ Administrafion
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» 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. For

= Rail bolted to all posts. 'dengf::l:;tion

U S, Department of Transportation
( Federal Hi hwoy
VAdmlnlsho ion &
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IMPACT ATTENUATOR (PARTIALLY REDIRECTIVE)

lingis Department of Transportation

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

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

MANUFACTURER

NCHRP 350

MASH

PRODUCT NAME

TEST LEVEL

PRODUCT NAME

TEST LEVEL

Trinity Highway Products, LLC

(Energy Absorption Systems, Inc.)

2525 N. Stemmons Freeway

Dallas, Tx 75207

Phone: (800) 644 - 7976 or (801) 292 - 4461

CAT 350™

3

Road Systems, Inc.

3616 Old Howard County Airport
Big Spring, TX 79720

Phone: {915) 263 - 2493

FLEAT - MT

U.S. Department of Transportation WELCOME 10

THE LAND OF LINCON

Administration e

0 Federal Highway

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

Participant Notebook
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» 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- 3|ded concrete
median barrier with appropriate
transition section.

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

WA

US. Department of Transportation

Federal Highway
'V Admlnlsha?mn

usnpn ofTiansporaton

Federal Highway | |L
'UAdmlnlstru ion =
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= 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 rail
section while sequentially kinking the
rail element.

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

U.S. Department of Transportation

Q Federal Highway

Administration
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US. Depariment of Transporiafion WHLCOME T0.
(‘ Federal Highway
@ Administafion e

FINAL POSITION
OF VEHICLE

Impact

RIGID OBJECiFI I IR I 00| 0D) X

HARD SECTION SOFT NOSE

Soft nose to bring a small car to a controlled stop

FINAL POSITION
OF VEHICLE

HARD SECTION SOFT NOSE

US. Department of Transportaion WELCOME T0

THE LAND OF LINCOIN
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Q Federal Highway
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= 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. Department of Transportation

W

Administrafion

Federal Hishway | IILLENOIS
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IMPACT ATTENUATOR (NON-REDIRECTIVE)

Traffix Davices, Inc.
160 Avenida La Pata

San Clemente, CA 92673
Phone: (949) 361 - 5663

BARRERLS

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

Trinity Highway Products, LLC ENERGITE® IlI 2&3
(Energy Absorption Systems, Inc.)
2525 N. Stemmons Freeway
Dallas, Tx 75207
Phone: (800) 644 - 7976

or (801) 292 - 4461

- CRASHGARD SAND 3
Plastic Safety Systems, Inc BARREL
3616 Old Howard County Airport
Big Spring, TX 79720
Phone: {915) 263 - 2493

BIG SANDY® SAND 3

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.

WELCOME 10

THE LAND OF LINCOIN

U.S. Department of Transportation
eFedperal Highway [LILLNOIS

Administration AT W
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i Shyidie D S,

» Sand Barrels:

U.S. Department of Transportation

e Federal Highway

Administrafion

Federd ay
'V Administration
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GENERAL NOTES
I Irches trllimeters) unless

SAND MODULE
IMPACT ATTENUATORS

¥ Federal Highway
(UAdminisfra ion
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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.
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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.
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IMPACT ATTENUATOR (FULLY REDIRECTIVE, NARROW)

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

Lindsay Transportation Solutions UNIVERSAL TAU-II @ 28&3 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 ® 283 QUADGUARD M10 3
(Energy Absorption Systems, Inc.) | QUADGUARD® Il 283 QUADGUARD M10 3
2525 N. Stemmeons Freeway QUADGUARD® ELITE 24&3
Dallas, Tx 75207 QUEST® 283
Phone: (800) 644 - 7976 REACT 350® &3

or (801) 292 - 4461 HEART 283

TRACC 283

Traffix Devices, Inc. COMPRESSOR® 283
160 Avenida La Pata
San Clemente, CA 92673
Phone (949) 361 - 5663
Hill and Smith SCI 100GM& 3 SCI 100GM® 3
(Work Area Protection Corp.)
2760 Airport Dr SCI T0GM® 2
Suite 125
Columbus, OH 43207

*TL 3 is nine (3) 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 January 1, 2019.
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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.

U.S. Depariment of Transportation
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» 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 only at 24"

U.S. Department of Transportation WO
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» SCI Smart Cushion (MASH)
= Variable Reaction Force
» Re-usable with minimal component replacement

» Needs repair before next hit
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Q

IMPACT ATTENUATOR (FULLY REDIRECTIVE, WIDE)

MANUFACTURER NCHRP 350 MASH
PRODUCT NAME TEST LEVEL | PRODUCT NAME | TEST LEVEL
Lindsay Transportation Solutions UNIVERSAL TAU-Il ® 283
(Barrier Systems, Inc.) UNIVERSAL TAU-IFR @ 283
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 2&3
2525 N. Stemmons Freeway QUADGUARD® ELITE WIDE 283
Dallas, Tx 75207 REACT 350@ 27 & 3
Phone: (800) 644 - 7976 TRACC 283
or (801) 292 - 4461
Hill and Smith SCI 100GM® 3
(Work Area Protection Corp.)
2760 Airport Dr SCI To0GMa 2
Suite 125

Columbus, OH 43207

U.S. Depariment of Transportation
Federal Highway
Administrafion o=

*TL 3is 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.
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> TAU Il Wide (NCHRP 350)

= 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.

s e
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Q

IMPACT ATTENUATOR (SEVERE USE, NARROW)

MANUFACTURER

NCHRP 350

MASH

PRODUCT NAME

TEST LEVEL

PRODUCT NAME

TEST LEVEL

Lindsay Transportation Solutions
(Barrier Systems, Inc.)

180 River Rd

Rio Vista, CA 94571

Phone (888) 800 - 3691

UNIVERSAL TAU-II-R @

283

Trinity Highway Products, LLC
(Energy Absorption Systems, Inc.)
2525 N. Stemmons Freeway
Dallas, Tx 75207
Phone: (800) 644 - 7976

or (801) 292 - 4461

REACT 350@
QUADGUARD® ELITE

2" &3
283

Traffix Devices, Inc.

160 Avenida La Pata

San Clemente, CA 92673
Phone (949) 361 - 5663

COMPRESSOR®

283

Hill and Smith

(Work Area Protection Corp.)
2760 Airport Dr

Suite 125

Columbus, OH 43207

SCI 100GM®

SCI 70GM®

SCI 100GM@

“TL 3 is nine (9) cylinder only 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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» 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 barrier.

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

U.S. Depariment of Transportation
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US Department of Transportation
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» 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.
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IMPACT ATTENUATOR (SEVERE USE, WIDE)

NCHRP 350 MASH
MANUFACTURER PRODUCT NAME TEST LEVEL | PRODUCT NAME | TEST LEVEL
Lindsay Transportation Solutions | UNIVERSAL TAU-II-R ® 283
(Barrier Systems, Inc.)
180 River Rd

Rio Vista, CA 94571
Phone (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: (800) 644 - 7976

or (801) 292 - 4461
*TL 3is nine (9) cylinder only and TL 2 is four (4) cylinder only

Note: For Impact Attenuator Severe use wide and panially‘rediremive the NCHRP 350 tested devices listed above wil
continue to be accepted for future lettings until such time as MASH 16 devices are available.
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» Understand how terminals and impact
attenuators are tested for crashworthiness

» Identify common terminals and impact
attenuators

> Explain how these systems function

» Choose the best system for a specific site
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Session 4:
Guardrail Design, Length of
Need, and Site-specific
Installation Considerations

usnepnmm poriation

Federal Hi hway [N
(VAdmlmstrc |on i

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

» Understand the design principles affecting an
optimal barrier installation

* Apply a field procedure to check Length of Need

» Be familiar with special designs to address site-
specific installation considerations

usnpnm ent of Tiansporiaion

Federal Hi hway (
(U Admlmsfro on  pEe

Place AS FAR AWAY
as Possible

without affecting function
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1. Deflection

2. Slope in Front of Barrier

3. Guardrail and Curb

4. Soil Backing for Fill Locations
5. Flare Rate

‘ FS ndeponeInnﬁ_TmnﬁpaMon
ederal Highway
(VAdminisfro?ion 3

i 53 ¥ -
N — . —— a Se— W R G S e

= a y |

Deflection
Distance

DEFLECTION DISTANCE FOR W-BEAM GUARDRAIL
Figure 38-6.S

Ref: BDE Manual, Ch. 38-6.03. Barrier Offset
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'US. Depariment of ransportaion
" Federal Highway
@ Administation

[ Deflection Distance

[ Condition
0in. to 6in. :;tf‘:
6 curp | _behind
113 17 : € in. curb “Long
Tangent . : (0mmto |
Guardrail Type g flare flare 150 mm {13.26?110 span
1"5"0":1‘:‘ behind
curb) 150 mm
curb)
Type A
W-Beam Guardrail 38 in. 63 in. 83 in. 47 in. 25in. T3in.
@ 6-3" (1905 mm) (965 mm) | (1.60m) | (211m) | (1.19m) (635 mm) | (1.85m)
post spacing
Type B
W-Beam Guardrail 30in. Dﬂngt Dﬁja;':t Do notuse | Donotuse | Do notuse
@ 3 1% (953 mm) (762 mm) Tvpe B | Tvoe B Type B Type B Type B
post spacing vp yp
W-Beam Guardrail .
@ 1'6 %" (476 mm) (5§§ ;:m) D%p:t Df?a;':t Do notuse | Donotuse | Do notuse
post spacing
Weak Post SPBGR 38 in. Do not Do not Donotuse | Do not use Do not
Altached to Culveris (965 mm}) flare flare flare
34 in.
(664 mm)
Non-Blocked SPBGR 34 in. Do not Do not Do notuse | Do not use (Use only
(864 mm) flare flare beyond
required
CRT posts)

Ref: BDE Manual, Ch. 38-6.03. Barrier Offset.
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Eall element spllce
5ee Detall) 7
3TH

37 30 | |
{953) (953 ‘ / (53] ‘

L o JA !
= ' =——=————  Alsohave
quarter post
I I spacing — not
| || || || || In standards
| | | | | | | | | |
|| L |_|jul o | L
ELEVATION STEEL PLATE BEAM
TYPE B GUARDRAIL _
37% (953) Closed post spacing o ez

Ref: IDOT Standard 630001-12. Steel Plate Beam Guardrail
U.b. bepamment ol‘lronspononon WELCOME 10 .:‘ﬁ i-—vig,-:,,‘ __ _
" Federal Highway | [LLLNOIS &8 Sl

THE LAND 0F LINCOLN

O Adminisirafion aEme

Rule of thumb:

Each stiffening
method takes 25’

- In order to
prevent “pocketing”

1S, Deporment of tansporiaton e
‘Federol Highway | [LLLNOIS Bl=ar = ===e
'vAdminisfru ion S e Sessio
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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

US. Department of Transportation WELCOME TO o ’ — .. 7
Federal Highway )15 G e = . &
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shaulder 24 (G0 min,
far Type A
whan 53

N
[&10)

Hinge polnt

a0¥ *
11.02 m)

STEEL PLATE BEAM
GUARDRAIL

iShest 3 o 4)

STANDARD G30001-12

e T

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

U 3, bepanmment or iransporarnon
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Vehicle is contained and redirected but shows instability

S, Deparment o Tansporiaion T — SR 3
(‘Fedeml Highway LLYNOIS i . A _
@ Administrafion e L =

» 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 -1t 1ft 8 ft

| 72/ MW/, |
B [

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

Ref: AASHTO ROADSIDE DESIGN GUIDE, 4™ EDITION - 6.6.1.1, Pg. 6-18

TLTENO 1S R = = e S r
ol Session F i i
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s AND 8 BEYOND THE BOTTOM OF A DITCH
US. Department o Iansporiaion W b 2

‘Federul Highway N e SR

(UAdminisfm?ion e Session 4
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GUARDRAIL PLACED BEHIND CURB

Mate: 'D shall not excasd & (152} Tor
dasign spoeds greater than 45 mph,

{632)

VZ} ] PP T T P
#
I

) B
) ;I‘J e |
R L] STEEL PLATE BEAM
GUARDRAIL

-1
{Sheet 4 of 4)
0=D<6(150m STANDARD 630001-12

Ref: IDOT Standard 630001-12. Steel Plate Beam Guardrail
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i

' CURRENTLY UNDER STUDY
DO NOT BURY BEARING PLATE

~ 2” maximum height recommended

‘U,S,igpcdmelnfofhcnrs‘poﬁuﬁon = W o |
Federal Highway

'V Administration

@ mmEBEEEEN

US. Depariment of Transportation
(‘ Federal Highway
@ Administration

Participant Notebook Page 4-10



FAST Act Guardrail Safety Training — Highway Barrier Installation, Inspection and Maintenance Training

Session 4: Guardrail Design, Length of Need and Site-specific Installation Considerations

o5
Flnlshed E g
”‘N—‘I . grownd
a F-] lire
w B
| R
—_— .
. 9 N ‘g I I
T | |

4'0"(12m <D< 12' 0" (3.7m)

GUARDRAIL PLACED BEHIND CURB STEEL PLATE BEAM
Note: ‘D’ shall not exceed 6 (152) for GUARDRNLISWM
design speeds greater than 45 mph. ETANDARD G30001-12

Ref: IDOT Standard 630001-12. Steel Plate Beam Guardrail
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%L Historical Guidance

/ Hinge Point

1. Slope can be as steep as 2:I\ith 2-ft. backing in strong soil
with 6 ft. posts.

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

Ref: AASHTO Roadside Design Guide, 4t Edition — Figure 5.33, Pg. 5-41
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s s #%é" n *When “S” is less than 3 and the

E vhen S<3 distance from the back of post is less
- than 24 (610), the post shall be steel

_%.‘: and the embedment shall be 76"
] Je (2.93 m) and the minimum top of rail

~E |z height shall be 31 (787) (9’ Post).

w==  |NOTE: Long posts are

R s

Slope 1110 "
or Tatber "

NOT to be used within

I : j
|
|

TBT Type 1 systems

A0H =

E
™
=
-

STEEL PLATE BEAM
GUARDRAIL
ety

ot 3 ot &)

Ref: IDOT Standard 630001-12. Steel Plat
U, epamment of |ronsponcnon WELCOM i
" Federal Highway
@7 Administration

STANDARD 630001-12
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~

at steel post

guardrall with bolt
slots at 37 (853)

L]

U, U

ELEVATION

stope 110 |
ot |

s s
| B |
I e

stest oozt [
T
I

il

SECTION A-A

. Wnen *S" Is less than 3 and the
the bac t

.02

3 m
af rall helght

U.b. beparrment of Iransportarnon
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Administration

[T 1 / [T
o ||y /1]
Il I Il

] 1 —
T
Il
Il
|1
(]
| gna
Il Il
‘6 ¥ % 2% (19 x 64) bt
Aot
DETAILAT POST
5 Efz
GENERAL NOTES
BACK-UP PLATE
R NON-BLOCKED STEEL
PLATE BEAM GUARDRAIL
ate Beam Guard ra|| STANDARD 630006
e T

Ref: IDOT Standard 630006. Non-Blocked Steel Pl
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MASH- 1100C & 2270P I

MGS with face of rail at slope a1

break point of 2:1 slope L 12"
4r-_-.

« 8 long W6x9 posts

* 6'-3" spacing 96"

* 12" block OK — max post
offset still 12” from SBP

Not a standard —
Contact BSPE

 Tested with 8” block E

U S. Department of Transportation

Federal Highway
'VAdmlnlstra |on i T

MASH Testina of

l\ [
Video Clip
0 -3 spacing

nnnnnnnnnnnnnnnnnnnnnnnnnn

Federal Hi hwoy l 01 8"
(UAdmlnlsm: 0N i e v
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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.S. Department of Transportation
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lllinois 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 1:20 115 150
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 70 1:18 1:12 1:10 1:50
40 60 1:16 1:10 1:8 1:50
30 50 1:13 18 17 1:50

US. Department of Transportation

Federal Highway
’V Administration

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

' | I | | | | |
Guardrail End Treatment of 25:1 or flatter

<25 e 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
usoep( guardrail run. 38-6.06(a) Guardrail End Termlnals
Federal Highway [ILLL¥NULY

Administration } Sesgm"'

R

AASHTO

The length of effective barrier
needed IN ADVANCE OF the
hazard to intercept and redirect an
encroaching vehicle.
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Participant Notebook Page 4-18



FAST Act Guardrail Safety Training — Highway Barrier Installation, Inspection and Maintenance Training

Session 4: Guardrail Design, Length of Need and Site-specific Installation Considerations

HAZARD

Edge of Traveled Way

US. Depariment of Transportafion
(‘ Federal Hi?hway
@7 Administrafion

Lr

© = Angle of Departure (Unknown)

Lg = Runout Length

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/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 (B1)
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) 0 (27) 30 (24) 70 (21)

¥ Federal Highway
’V Administration

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

RUNOUT LENGTHS (Lg) FOR BARRIER DESIGN

ILLS

___THE LAND 0F LINC

Figure 38-6.E

3

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

01 HE
= Se

e

—
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Cleor Zone Line

Lz Lr

L |

| AL ASS IS SIS LSS SIS

3 Borrier Location
(Edge of Shoulder)
See Note (@
38l [zt
I._ﬂ B B i} B B B
fe—25"
fe—— =
Ly Edge of
Traveled Woy
LON= L; +l2-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
N = Length of Need

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

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

SErTERERET

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)

[F— Figure 38-6.A
Ref: BDE Manual, Ch. 38-6 Roadside Barrier Layout.
( ¥ Federal Highway LLLYINULD B
©/ Administafion & |
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| TEANET N R R T G e —

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

_ L)L,

(@)

R

Flared Installation

(&) Parallel Installation

US. Department of Transportation
" Federal Highway
@’ Administration
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300°* high speed
l‘—_ 200°* low speed _——l

Procedure

* ldentify upstream face of hazard

+ Identify back of hazard D — limit to 30’

+ Walk upstream along the white edge line, beginning at the upstream side of the
hazard, 300’* for high speed, or 200’* for low speed (45 mph or less)

+ Sight from this position to the upstream face, back edge of hazard (limited to 30°)

» End of terminal should intercept line of sight (x =30’)

U.S. Department of Transportation
" Federal Highway

@ Administrafion
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No consideration of all
warranting hazards

us Department of Transportafion o
Federal Hi hway
(4 Adm|n|sira ion

Energy-Absorbing 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.
US Department of Transportation

Federol Highway
@ Adminisration g
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» 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

.S, Depar ortation
p\ way

@ Administrafion

Weak Post Radius
No longer Acceptable by IDOT

‘U‘S.Depcdmenloﬂronspoﬁoﬂon : i i y - s = ;
Federal Highway N —=
'VAdministro on g8 = Session
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Standard Roadside

Curved Roadside Barrier Barrier

(or Impact Attenuator)

Mote: The barrier i ion should be introduced as far from the structure as it would be if the

intersaction roadway were not present. The section of barmier up from the i n roadway
significantly reduces the risk to a motorist by namowing the angle 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

WELCOME 10

US. Department of Transportation - < =
"Fedeml Highway | (LLLNOIS & e

i A e - | - v ‘ ~
O Adminishafion  immaaaa=l ~€SSI10N
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US. Department of Transportation WELCOME T0 ot
(‘ Federal Highway | [LLLENOIS Sl
Administration e

—

|deo CllF e

W

Working Width — 94”
. Eligibility Letter B-189

us Deparment of ltansporiaion

Federcl Highway

@ Administration
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20y

1529

W reuciuvi I'IIQIIWUY

(V Administrafion

CRTWOOD POST

ank

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

May be used with
Wood Posts

GENERAL NOTES

DATE REVISIONS

111117 | Revised general notes for LONG-SPAN GUARDRAIL

OVER CULVERT

630106-02

e

Participant Notebook
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* No post modifications

« Can be used with wood or steel posts

« Can be used with 127 blockouts but not with
the non-blocked system

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

12’_6”

Working Width 50.1”
Limit 1 per 50’

Participant Notebook Page 4-28
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G0

MOUNTING PLATE

() Mt mpamans o Travszarcafen

=y
== ||

@ Administration

I3
A
|

\ B Batad (1361026102)

whi UK 139) dla. hales

CROSS SECTION

GATE

[T

STRONG POST
GUARDRAIL ATTACHED

TO CULVERT

Tit [ redsen wel

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

P e ighwoy [[LLLANO IS RS

STANDARD 630101-10

Participant Notebook
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«

Pesis at culven space:
S 3TE 18531 canters

J e iy e

1 B . P o s il A il i il
L : J L1z oo
Py 1 onoy
s [ =
1524 ) mi,of ot guaroral 1y recubes orer 1o sarter sarmial, e A 1828 ) e o e sl e e e bt el
e T

&3
T Tolocked guararal

Pay limlts of Guardrall Attached to Culvert

See DETAIL A for
I PLAN atatchment ta
Ty st
70 0

Steel g
THF e
| HES Culvent
134} ‘l nead wall
I .
#.

24k
[GE]

sipe 010 o0
(IR flacter
SQUARE WASHER A ]
- o
— RN e N
7 L I Fost standoft
Te M See DETAL B
EE ™~ Vers
Steel backup plate SQUARE WASHER A with == { I\ of post standofs
hested between e 12.9) dla. UNC, 1 = —
ey . [ POST |
= i POST
et T STANDOFF I
T I _ L Js SECTION A-A
e =g 1% E B
: I I 5 e GENERALNOTES
T I - See Stancant 630051 fo gealls o1 guarorall ot
| i

I -+ ;
k See Standard 630006 for detalls of non-blocked
5A<E|dp\ﬁlr Bearn | ‘ guargrall et shown.
et

AIl threaded ros and bolis shall be Installzd Wi
he 4 was otes

DETAILA = STEEL POST o " ‘
g == g e e
- — g|E wal el WEAK POST GUARDRAIL

1-1-20 | Revlsed HHS to HSS In Top
i iew on shoels 5 ATTACHED TO CULVERT

(Sheat 1 of §)
BACKUP PLATE TT17 [ iow Standars, —

Ref: IDOT Standard 630111-01. Weak P

© Federal Highway
’V Administration

US. Department of Transporfafion
(‘ Federal nghway

@ Administrafion
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38 6 07M|n|mum Lenqth/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 Mlnlmum Length/Gaps

Vo3 WSPUIITISTI VI TRV

Federal Hi hway ILL‘}NGIS "*«;‘%
VAdmmlstrolon P ~ Session

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

» Twolthree blockouts (24” max) may be
used at one or two posts in a section of
guardrail.

Ref: AASHTO Roadside Design Guide — 3¢ Edition, Section 5.4.1.6

u . Deparimen!ofansportalion

Federal Hi hwuy
(V Admlmsfra ion i |
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B ¢

HMA ar PCC
pavement

Leave-gut from paving or
owerlappling core hales with
sldas smaathed

post
A 12000 min, for steel past
10 (250) mln. for wood post
18 [460) min, for stee| past

20 15100 min, for wood post

HM& ar Contralled
Low-strangtn
Materlal {CLEM)

2 {500

isteel shown)

ELEVAT|ON

R
Stee| or waad past _// \ Aggregate

LEAVE-QUT FOR POST WHEN PAVED
MATERIAL |S ENCOUNTERED

backflll {Ca 11}

If greater than & {200) apply

FOOTING FOR POST WHEN IMPERVIOUS
MATERIAL 15 ENCOUNTERED, but do
nat shoften past.

STEEL PLATE BEAM
GUARDRAIL

|Sheet 4 of 4}

¥ Federal Highway
(V Administration

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

1LLENOIS

THE LAND OF LINCOIN
X From the People of Ubnoly
PRy |

STANDARD 630001-12

/

ﬁ’%’

. Sessio
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HMA or Controlled
Low-strength

Materlal (CLSM)

m
[ max.

o P
B[ [
Al N
STEEL PLATE BEAM
GUARDRAIL

(Sheet 4 of 4)

STANDARD 630001-12

U.S. Department of Transportation W giu-vu 107 =
" Federal Highway | [LLLENOIS B —
@7 Administration e p— "
Participant Notebook
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|| A (200) min, for steel post
10 1250) min. for woad post
A

L
PLAN , "
Steal Post | Woed Fost
Q-8 24 21 23
(0« 152 {610} {530} (5801
steel or waad past = & - 18 18 14k 16K
/f“"l shown) [> 152 = 458) {458) (368} (413
= 18 - 31 12 a 1o
[= 45E « 7B7) {305) {203} (250}
Agoregate
Flolshed backdll (o 111 > 31 - 40% 12 -0 3 10
ground line ) [= 787 « 102 mi [ (305 « O) (203} (2501
Ledge -
N |E
Al
Nete: Ledge line Is ] S
top of reck ledge ==
or hard slag 1l alE 5
= i
Brlled hola
ELEVATION
iSheet 4 of 4}

FOOTING FOR POST WHEN IMPERVIOUS

STANDARD 630001-12

— MATERIAL S ENCOUNTERED

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

¥ Federal Highway FILLLYNUILYI
(VAdministro on S

1 Session By
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An Example from one state

EX1STING

Siee ae e Wi

GULOE RAIL Ex[5TING TYPE &-% GUIUE Aa[L HEIGHT THRANSITION T TePE 31-% GUIDE RaIL A
28 -0

US. Department of Transportation WELCOME T0

Federal Highway | (LLLENOIS
Qs gy

__THE LAND OF LINCOLN

Administration T monremto )

» Understand the design principles affecting
an optimal barrier installation

* Apply a field procedure to check Length of
Need

» Be familiar with special designs to address
site-specific installation considerations

‘ US. Department of Transporfafion WELCOME 10
Federal Highway
(UAdministra?ion e
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Session 5;
Installation/Common
Errors of System

U. Deporimentof Transporiaion

DY) Federal fi hway I
VAdmmlsTra on ik

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

» Describe key components of barrier systems

» Identify common installation errors

U, Departmentof ansporiaion - vt ; G T e

(v Federal Hi hwoy LINOIS e élo\n‘ﬁ‘h FX =3 1

Adm|n|strc ion
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LENGTH OF NEED

DOWNSTREAM

STANDARD TRAN-
TERMINAL — -
OR END SECTION SITION
TREATMENT

BRIDGE RAIL

LEMGTH OF NEED

TRAN- STANDARD
SITION SECTION

“eHHARRRRR g g

hpppRanAARHes

UPSTREAM
TERMINAL
OREND
TREATMENT

EDGE OF THROUGH —/

TRAVELED WAY

—_—

JE—

DIRECTION OF
TRAVEL (ADJACENT TRAFFIC)

DIRECTION OF
TRAVEL (OPPOSING TRAFFIC)

Figure 5-4. Definition of Roadside Barriers

WELCOME 10

THE LAND OF LINCOLN
X :—mwumd‘;\

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

REF: AASHTO Roadside Design Guide, 4th Edition, Figure 5-4

(TLIEN O R e

Standard Run of Barrier
Transition to a Stiffer System
Terminal

Impact Attenuator

o

US. Depariment of ransporiaion

(‘ Federal Hi?hway

@ Adminishration

Participant Notebook
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Barrier Design Principles
Height Measurement
Tension Continuity
Other Considerations
Barriers in Work Zones

®oO0T®

US. Department of Transporfation = ] . »:\5.;"’ B A=
(‘ Federal Hi hway L Session5 S
@ Adminishation 8 ;

“\.

R [T —

Soil Bcking

i US. Department of Transportation
" Federal Highway
@ Adminisrafion
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» Concrete Median Barrier Standard
* 44’ Single Slope

U.S. Department of Transporfation
" Federal Highway
@ Adminishrafion g

» High Tension Cable (HTC) Barrier
* Dependent on Manufactured System

U.S. Depariment of Transportafion
(‘ Federal Highway
@ Administrafion
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» High Tension Cable (HTC) Barrier

« If the contractor uses foundations, ensure top is at proper
height. This will effect the height of the cable.

e,

— Unacceptable

US. Depariment of Transportation

( Federal Hi?hway
@ Administrafion
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» The installation requirements are specific to
the manufacturer. Referral to the
manufacturer’s installation manual is
essential.

* The next slide shows an example of a
installation checklist from a manufacturer’s
manual.

US. Depariment of Transportafion o JELUMET) ' R T My
(‘ Federal Highway FLLLYNUL) B

@ Administrafion
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US Department of Transpc
Federol ngghv
@ Administratiol

-l e . ew

INSTALLATION CHECKLISTS

Cable Checklist

O Is there anything in front of the cable barrier that might cause a vehicle
to vault the barrier or make the barrier ineffective? Items to look for
include vegetation, rough ground, debris, or hard packed snow. These
items should be removed if present.

O Has the dsid. ding been leted correctly?
O Is there enough clearance between the barrier and the hazard for the
P d barrier deflecti: 1 is dependent upon post
spacing.

O Is the cable barrier the correct height?
Cable heights measured to the middle of the cable are as follows:
Top Middle Bottom
Median & Roadside 29.5in 25.5in 21.5in
[750 mm] [650 mm] [545 mm]

O Are the cables properly tensioned?

O Are there irregular curves or joints where an errant vehicle might snag?
Is there evidence of corrosion or damage to the cable? The cable should
be scheduled for repair if either of these circumstances exist.

O Check to see that nuts are installed on the special locking hook bolts.

Post Checklist

Is there sufficient soil behind the posts to prevent them from being pushed
out when the barrier is hit? Eroded or disturbed soil should be replaced and
recompacted.

O Is the post spacing correct?

O Is there evidence of corrosion or damage to the posts? The posts should

be replaced if either of these circumstances exist.

[l 2 Hgh e Revtoed Jon08 v.42 Page 22

Participant Notebook
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For slopes 10:1 or flatter, the height is measured from

the ground directly beneath the ralil

For slopes steeper than 10:1 but
no steeper than 6:1, and within 2
feet of the breakpoint, the height
is measured from the shoulder ———
slope extended as shown M

Only for the 27” Guardrail

US. Department of Transportation N
(‘ Federal Highway | |
@ Administration s
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Steel or wood
posts \‘l

U S. Department of Transportation

Federal Highway
'VAdmmlsiro |on

Edge of
shoulder \ 24 (810} min,
far Type A
= when 5=3
Tolerance = £1” “\:
_f__
=5
SH o=
STEEL PLATE BEAM .
=
GUARDRAIL :l s
{Sheet 1 of 4) glroﬁ:ttle:rlﬂ | ||
STANDARD 630001-12 H ” e

Ref: IDOT Standard 630001-12. Steel Plate Beam Guardrail "_ 1

Participant Notebook
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Rail too high Rail too low

US. Department of Transportafion
" Federal Highway

@ Administrafion
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An Example from one state

EXISTING
TiPE 2-5 TTLPQEE Jlg-ﬁ-
GULOE RAIL Ex[STING THPE 2-5 GUIDE Ha[l HEIGHT TR4NSITION T TePE 31-5 GUICE Rall ] A,
28 -0
3-phye Fe-n -3 | -3 3140

FPPGTAN

WELCOME T0

[LIINOIS 8

U.S. Department of Transportation

( Federal Hi?hwoy
@ Administration

Participant Notebook Page 5-11



FAST Act Guardrail Safety Training — Highway Barrier Installation, Inspection and Maintenance Training

Session 5: Installation/Common Errors of Systems

> Concrete Barrier

— The mass of the large concrete barrier (19” top width)
allows for the use of non-reinforced barrier

»W-Beam

— Splices with 8 bolts tying panels together, and some type
of end anchor or structural tie to a rigid object/bridge rail
(transition)

» High Tension Cable

— Proprietary systems typically use a type of turn buckle
between successive cables and terminal anchors.

U S. Depariment of Transportafion

Federal Highway
(VAdmmmro lon
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Precast Concrete Barrier

rmm. CROSS SECTION Missing connection pin
No reinforcement NO TENSION

called for

USS. Department of Transportation Wi
" Federal Highway | |1
@ Administafion 4@

» W-Beam Guardralil
— 8 bolts tying panels together
— structural connection to a rigid barrier with 5 thru bolts (thrie)

USS. Department of Transportation

' Federal Highway | [LL
@ Administrafion e :

Participant Notebook
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Missing . Structural
bolts i : connection

U.S. Depariment of Transportafion WELCOME 10
" Federal Highway
@ Administafion g

» Lapping

630.03 General. Steel plate beam guardrail and
posts shall be furnished and erected as shown on
the plans an as specified herein. All holes in posts
and blockouts shall be % in. (19 mm). All rail
elements shall be lapped in the direction of traffic
in the adjacent lane.

Ref: IDOT Standard Specifications 630.03

U.S. Depariment of Transportation
" Federal Highway
@ Adminisiration
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U.S. Department of Transportation
(‘ Federal Highway | L4
@ Administrafion g8

prees l; e il st Sl NG

» Two block-outs (up to 16” deep) may be
used at any time, for any number of
poOSts.

» Two full block-outs (24”) may be used at
one or two posts in a section of guardrail.

Ref: AASHTO Roadside Design Guide — 3 Edition, Section 5.4.1.6

US. Depariment of Transporfafion
(‘ Federal Hi?hwcy

@ Administration
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Typically NO WASHERS

Unless called for in the plans

USS. Department of Transportation
" Federal Highway
@ Administrafion

Placed on the RAIL
bolt — NOT GOOD

USS. Department of Transportation

' Federal Highway = [LL
@ Adminishrafion g

Placed on the
SPLICE bolt — GOOD

Participant Notebook
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Better to bolt block to
post, no rail

attachment, for one or
two consecutive posts.

US. Department of Transportation WELCOME 10
" Federal Highway | LLLLYN{
@ Administafion B

Cutting a slot, hole or a rail section with a torch is
NOT PERMISSIBLE

Using a torch on the
rail element may
compromise the
strength of the rail.

US. Department of Transporfation
" Federal Highway
@ Administrafion g8
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This is not in
good condition

704.04 Installation. s

Barriers or attachments damaged during transportation or handling, or by traffic
during the life of the installation, shall be repaired or replaced. The Engineer will be
the sole judge in determining which units or attachments require repair or

replacement.

U.S. Department of Transportation WELCOME 10
" Federal H hr;Nay ILI$NOIS
@© Administration S Tt
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Q

U.S. Depariment of Transportation
Federal Highway
Administration

Q

Work Zone Design Speed Flare Rate
45 mph (70 km/h) and above 12:1
Less than 45 mph (70 km/h) 8:1

TEMPORARY TRAFFIC BARRIER FLARE RATES
Figure 554.A

US. Depariment of Transporfation
Federal Highway
Administration
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U.S. Department of Transportation
" Federal Hi?hway

@ Administration
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12’ — 6” Nested Thrie-Bgém Panel

6'-3" Asymmetrical transition to

w beam (10 gauge)

1578 (affie my , 21'-10¥" (8,67 m) Pay llmlts of
10 spaces at ALGK! (£76) 7 spaces at 3-1H" (953} other type
Tn:]la beam— 7% (184) Mo bealolng or endlng et curb withln thls llml,
end gicE— | —] ! v | .
=t T ] L T
: = 1 I T=] =Lt

24%
L

w T T
1 = =
F|_[. =
= K- L -
A2 conerete || !
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[

o

o

o

=
|
|
|
|
|
|

Ul b0
1 2 5 6
| |

& o 70" (213 m) WExS.0 ]
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] .
|
nol I
iy o S A
| [
| Curb |uu o U T U U I

TWIs0x1351 Stes] !

Posts: 1 thru 6
Steel: W6 x9xXx 7

Ref: IDOT Std. Dwg. 631031-17. TBT T6

US. Department of Transportation
(‘ Federal Hi?_hway
@’ Administrafion

Close spaces @1’- ‘

3.3} Steel pests

6%4” \

Nested rail if curb

Steel connector plate
for constant-slope
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Session 5: Installation/Common Errors of Systems

1. Inadequate stiffening
2. Transverse curb could vault vehicle

U.S. Department of Transportafion
(‘ Federal Highway
@ Adminisration

Manufacturers Manuals

Post types

Panel requirements

Grading

Breakaway Cable Anchorage
Other Common Errors
Delineation

@*poo0ow

‘uxuepunmemunmmpcnm» T
Federal Hi?hway L
(v Administrafion e
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Although the Buried-in-backslope (TBT T1B) is the
preferred (and best) terminal, it can be
constructed incorrectly

USS. Department of Transportation WELCOME 10
" Federal Highway | LLLYNU
@ Administafion 4@

e

The poiht where the TBT T1B

=2

U.S. Department of Transportation

' Federal Highway
@ Administration
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» 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 47”)

= Use a flare 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

U.S. Department of Transporfafion WELCOME 10 A N S |
" Federal Highway | [LLLENOTS e = SESSSE
@ Administafion & =

Participant Notebook Page 5-24



FAST Act Guardrail Safety Training — Highway Barrier Installation, Inspection and Maintenance Training
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RULE #1:
Follow
manufacturers
instructions
and standard
plans.

USS. Department of Transportation

( Federal Highway
@ Administrafion

Q

a.

<7

USS. Department of Transportation

Federal Highway | |LLLYNO

Administration

MSKT MASH Tangent Terminal
for 31° MGS (Midwest Guardrail System)

These are all readily availa
. D

Manufacturers Manuals
Must follow manufacturer’s installation instructions and State

standards.

Assembly Instructions for

RSt
ROAD SYSTEMS, INC.

prE Example of installation manuals

ble online

NITY

NV Anesdof the Curve™
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TAKE ADVANTAGE OF
MANUFACTURER TRAINING
FOR DETAILED INSTRUCTION
ON INSTALLING ANY OF THE

PROPRIETARY TERMINALS

US: Depariment o ransportafon

Q Federal Hi%hway :

Administration

« Manufacturers website — online training, installation
manuals, etc.

* Maine DOT’s Guardrail Inspection Series videos
http://www.dot.state.mn.us/design/roadsidesafety/links.html

GUARDRAIL INSPECTION SERIES GUARDRAIL INSPECTION SERIES
MaineDOT’s Guardrail Garden MaineDOT's Guardrail Garden

——————

U.S. Depariment of Transportation
" Federal Highway
@ Administration
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BEAT and BEAT—< .%ta]laﬁon [ns;ﬁon Chec@ >

State Data:
Project Inspaction parformad by:
Location:

O  The 6" 6 and tuba saction is the spacial /" thicknass tubs ax supplied by the
mamifacturer with the comers cut &t the spproach and whars the impact hasd is placed.
O BothtkzRoadside BEAT terminal and Median BEAT-MT terminal have at laast onz |
180" long 6"x 6” x 3/16” standsrd tubs saction joining with the spacisl 170" long and
tube s=ction.
O  Theend tubesaction is bolted to the standard tube saction with the spacial il tie splicz
O The baisht of the §'x 6 box basm tubine is in sccordance with the plans:
—Roadside BEAT rail hight = 74"
—Median BEAT-MT s=il height = 24"
O The6'x 6 box baem rubing is sttached to rail support brecksts with proper hardwars:
—Roadside BEAT post bolt = 5/16” x 7 14" hex bolt
~Median BEAT-MT post bolt = 516" x 7 44" hax balt

O The il suppert brackets are attachad to posts with proper herdwars
—Roadside BEAT posts =1 & =2 suppart brackst bolts = %% 2* hax bolt
—Median BEAT-MT posts =2 throuzh =5 suppost & bolts = 24"x 1 44" hax bolt
—Median BEAT-MT post =1 support beackat bolt = 44"x 27 hex balt

O Thauppsr andlowsr sactions of post=1 a2 proparly connacted witha 5/8°x 87 hax belt.

O The 3" wask posts have the soil platz positionsd the same dirsction = the il
—Roadside BEAT has 237 waslk post at post location =2 plus st 1sast thrss mors 3% waal
posts spacad at & 0" within the standard dovwnstraam 6"x 6" box beam barier.
“Median BEAT-MT bas = 3* wask post at post locations =2 through =5.

O The impsct hesd is proparly inserd into the end tube saction with the larze trisnguler
‘Zussat platas facing down. The bottem of the impact head is gppmx 127 shova ground.

O Thapostbesker isinstllad on tha propar sida of poat =1 and stabilizad with rwo bols.

O That" x0” besring plars arpost 1 is comealy positionsd with the 5° dimension up & the
3" dimension down. The anchor cable is taut and comrectly installed.

O TheMedian BEAT-MT has a tather czbla properly attschad to sastesin the impact hesd.

(‘USDE"”“’“E"?C’ O If the posts ware gazared, be sure the backill material around the posts is compactad

Federal H
@7 Administ

Additionsl notas:

D enas . so —
| INSTALLING THE RAIL PANEL TO THE POST WITHOUT OFFSET
BLOCK AT POST 2
| Complete the following steps to attach the rail panel to the post without

offset block at Post 2:
| Step Actions

1. | Select the Option A, Option B, or Option C to install the rail

panel without offset block at Post 2:

option | 1. Inserta */z" (16 mm) diameter x 10" (255 mm)
A HGR Post Bolt (PN-3500G) through the rail and

For the wood post at location 2.
Wood | 2 Place a %:" (16 mm) Round Washer (PN-
Post 3300G) under a %/;" (16 mm) HGR Nut (PN-

3340G) on the inserted bolt. Tighten the bolts.
(There is no torgue requirement for these bolts.)
Option | 1. Inserta /s (16 mm) diameter x 17, (31 mm)
B HGR Blot (PN-3360G) through the rail panel and
For the hole in the SYTP™.

s¥re Note: For SYTP stubs, use the hole in the
SYTP™ that will place the rail at the correct
height. (If there are two (2) sets of holes in the
SYTP™ stub for attaching the rail.)

2. Place a " (16 mm) Round Washer (PN-3300G)
ENA 0G) on

under

NOT bolt the rail panel to the HBA™ post a

Option
C location 2.
For
HBA WARMNING: Do MNOT bolt the rail to the
HBA™ paost at location 2. Failure to follow
[—— Post ; 2 Fallure to
US. Depariment of Trans| . this warning could result in serious injury or
. death in the event of a collision.
Federal ngh
@ Adminisiration g
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Session 5: Installation/Common Errors of Systems

b. Post Types el
Each manufacturer may have several different

types of post, even for the same system - both e Ol -
currently approved and previously used.

Must consult with the installation manual of the O
specific model being worked with for proper

post type.

Only one generic special post (used in some
terminals and special designs) - the CRT post Controlled

with large holes to weaken it. Release Terminal
J (CRT) Post

US. Department of Transportation
(‘ Federal Highway

@7 Administrafion
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Session 5: Installation/Common Errors of Systems

c. Panel Types

Each system may have one or more
different rail panels.

Must consult with the installation manual of
the specific system for proper panel type

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

c. Panel Types
SKT rail 1 is different than an ET rail 1
Ensure correct components are used

| |
| | |

US. Department of Transporfation W
(‘ Federal Highway | U
@ Administration i
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= — -
e

wiee itaiilice st Sl

d. Grading

Check grading compliance
with Standard Drawing (or
plan details).

Check grading material for
proper density. (Material
must be compacted so it
won’t erode.)

R T e
AR

Federal Highway [L L s
(VAdministroion = s ©5°100

US. Department of Transportation
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Session 5: Installation/Common Errors of Systems

>
o | T | R\
Lg “
e SR e e e,
SHOULDER WIDENING TRANSTION '
FOR FLARED TERMINAL
H H H SHOULDER WIDENING FOR
Need special Borrow bid item for 3R TYPE 1 (SPECIAL)
. . GUARDRAIL TERMINALS
projects and Density Spec —
Ref: IDOT Standard 630301-09. Shoulder Wldenlng for Type 1 (special)
US Depariment of Transportation WELCOME ..\ o . :
D) Fecerl Hi hwoy ILL$NOIS
VAdmlnls’rro on & ,
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Edge of shoulder and guardrall extruder hesd A r‘i

Slope 1:10
or flateer

m——
™
=

' u.r;'n:- T T m)
SHOULDER WIDENING TRANSITION \ Eegining langtn o resd polnt

FOR TANGENT TERM AL warkes by manfaciurer, Tyakally

ocowes between posts 1 and 3.

Need special Borrow bid item for 3R

projects and Density Spec SO PE 1 (SPECIAL)
GUARDRMLTERMI!MLS

Iihest 1 of 3)

STANDARD 630301-09

Ref: IDOT Standard 630301-09. Shoulder Wldenlng for Type 1 (special)

US Depariment of Transportation WELCOME 10

D\ Federal Hi hwoy ILINOLS 88
VAdmlnls’rro ion & :
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E

USDepudmen)c”mnspoﬁuhon
(‘ Federal Highway
@ Administration

USS. Department of Transportation
(‘ Federal Highway
@ Administration
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_Top of rall
SHOULDER WIDENING FOR
h TYPE 1 (SPECIAL)
GUARDRMLTERMLI&&% Y
- E STANDARD 630301-09
Edge of paved shoulder \ _@ . = Top of tube
Ground lIna,
| | sloge 1:10
or flatter
I~ =

U S. Department of Transportation

Federal Hi hwoy
UAdmlnlsfra ion
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d. Grading

Improper
Grading

USS. Department of Transportation v
(‘ Federal Highway
@ Administrafion e

(V Administration

Telltales of poor grading

* Soil tubes/foundation
posts installed too high

* Soil plate showing

« Strut too high

(Also bearing plate misaligned)

Common Error applies to both energy absorbing
and non energy absorbing Terminals

U.S. Depariment of Transportation

Federal Highway

Participant Notebook
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35T

g

} Substandard Grading — DOCUMENT

>

US. Department of Transportation

Federal Highway
(V Administro?ion
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Edgee o pavers v j\

Eddge of shoulder ang guarcrall axtouder basd

8 Slope 1:10
) Tape or Matser L

100" 25'0%
T 1348 my T R
SHOULDER WIDENING TRANSITION \ Eeglnlag langtn of reed palnt

FOR TANGENT TERM|MAL varkes by man + ynleally

Y

Tz

Taper according to manufacturer’s

specifications to ensure extruder head SO PE L (SPECIAL
will not encroach on shoulder i - B
STANDARD 630301-09

Ref: IDOT Standard 630301-09. Shoulder Wldenlng for Type 1 (special)

U S. Depariment of Transportafion
Federal Hi hway
(4 Admlnlstro ion
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Session 5: Installation/Common Errors of Systems

e. Breakaway Cable Anchorage Assembly

For the current MASH approved
TANGENT terminals, the MSKT and the
SGET utilize the Breakaway Cable
Anchorage Assembly. But most of the
legacy terminals have also used this
design approach, so it will be covered in
the following slides

US Department of Transportation

' Federal Hi hway LIYNOIS e~ -
& Adminisiolion P
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Session 5: Installation/Common Errors of Systems

e. Breakaway Cable Anchorage Assembly

Bearing Plate & Strut
» Should be in up position and secured to post.
 Strut secured at posts required locations.

£ Secure bearing plate

Strut secured at breakaway pots 1&2

US. Department of Transportation WELCOME T0 o
" Federal Highway | [LLLYNOIS BESce =
@ Administrafion g .

e. Breakaway Cable
Anchorage Assembly

Upside down
bearing plate —
may not release

U.S. Depariment of Transportation
" Federal Highway
@/ Administrafion
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Session 5: Installation/Common Errors of Systems

e. Breakaway Cable
Anchorage Assembly

Buried and

upside down
bearing plate —
won't release

U.S. Department of Transporfation
(‘ Federal Highway
@ Adminishation

e. Breakaway Cable Anchorage Assembly

Most systems require an anchor bracket and anchor cable.
» Anchor block must release from rail if system has impact head
* Non-energy absorbing system does not have to release from rail.

U.S. Depariment of Transportation
" Federal Highway
@/ Administrafion
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Session 5: Installation/Common Errors of Systems

e. Breakaway Cable Anchorage Assembly

= Check the type and combination of breakaway posts against
the State standards and the manufacturer’s instructions.

= Not all posts in all terminals use a block-out.

= Check to see that the correct cable anchor bracket is used

racket

U.3. Department of Iransportation Wi
" Federal Highway [ [LLLYNU
@ Adminishation

" Federal Highway
@ Administration g

e. Breakaway Cable Anchorage Assembly
Anchor Cable
= Should be taut, lift up 1” or less

» Tightened by holding cable at bottom, not allowing
cable twist.

U.S. Department of Transportation

Participant Notebook
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Session 5: Installation/Common Errors of Systems

(‘ Federal Highway
@ Administrafion

f. Other Common Errors

Terminals with an impact
head: the end of the first
W-beam rail section
should be pushed against
the throat area of the
impact head so the end of
the rail cannot be seen.

U.S. Department of Transporfation

f. Other Common Errors

Post Installed
Backwards

Post.bending s/hows signs
of notreleasing.as intended | /.
{ | ""N{" a i o

A T

[Vl e

Open-ended slot shauld | -
be on upstream sidegs

U.S. Department of Transporfation
(‘ Federal Highway
@ Administration
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Terminals with an
impact head
should be
parallel* with the
top of the rail.

U.S. Depariment of Transporfation
(‘ Federal Highway
@ Administrafion

ALL Energy-AbsOrbing
Terminals MUST be

installed on a straight

‘ ;.S. Ddepumnelm ﬁ .Tlari‘s]pcriaﬁon
ederal Highway
(VAdminisha?ion j

Participant Notebook Page 5-43



FAST Act Guardrail Safety Training — Highway Barrier Installation, Inspection and Maintenance Training

Session 5: Installation/Common Errors of Systems

ET Plus F.ail &
.Anchor Bracket

US Department of Transportation if WELCOME 10

'V Federal Hi hwcy

Admlnlstro jon

u:DpnmeHr sporiation

Federal Highway
(VAdmmmra ion =
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U.S. Department of Transportation
" Federal Highway
@ Administrafion 5

f. Other Common Errors

Bolt only impact head to post #1, NOT rail panel.
* Wood Post — Lag Screws (screwed in only)
* Steel Post — Hex Bolts

U.S. Department of Transportation
" Federal Highway L
@ Administrafion &
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f. Other Common Errors

NO rail to post
connection at post 1
of systems with
impact heads.

Note the WRONG
rail for this
Terminals

USS. Department of Transportation WE
" Federal Highway | [L!
@ Administrafion e

f. Other Common Errors

DO NOT place any
washers or delineators
on the face of a guardrail
terminal unless
specifically called for or
allowed in manufacturer’s
installation instructions

U.S. Department of Transportation
" Federal Highway L
@ Administrafion &
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f. Other Common Errors

Improper bolt @ post 2

_U_s‘nepu,.men,o”mp( Refer to manufacturer’s installation instructions.
(‘Fede.ral Highway P Py
@ Administrafion

No rail-to-post
bolt at Post 1

U.S. Department of Transporfation
(‘ Federal Highway
@ Administration
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f. Other Common Errors
:._-,:_-".;,_.‘ ] ‘:"

B
il §

i b
U.S. Department of Transportation

Federal Highway oISk ~.'t=:"‘"k~
@ Administrafion C: ‘Session Ve

o

p—

Nuts on the
bracket should be

f. Other Common Errors

Excessive flare on a terminal

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

Participant Notebook
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U.S. Department of Transporfation
" Federal Highway
@ Administration

= o ;L.gﬁf— —
Improper Application — Terminals should have 7’ separation (and
the sign should be beyond the terminal system)
US. Depariment of Transportafion " = ==
‘Federal Highway <
(V Administration
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= [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 rail
section while sequentially kinking the
rail element.

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

Must have manufacturer’s installation

Instructions.

US. Deparim
‘Federal Highway N Fukcae
'VAdminis’rro 0N i ession
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Session 5: Installation/Common Errors of Systems

» CAT (Crash Cushion Attenuating Terminal) (NCHRP

350)

= 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 barrier

= Can be attached directly to a double- S|ded concrete
median barrier with appropriate o e S5
transition section.

= compression system
» Length of needs begins at post 4. :
Must have manufacturer’s mstallatlon gy

msructlons | -
=i Session 5= R

USDepcm
AL LYLIN

Federai mgnway
(V Administrafion g

usnpn W of Transporiafion
Federa! Highway Ll
@ Adminishafion
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a. Manufacturers Manuals
b. Grading

U S. Depariment of Transportation

Federal Hi hway
(v Admmlstro jon

WELCOME 10

ILI4NOIS

a. Manufacturers Manuals

Must follow manufacturer’s installation instructions

and State standards.

SCI70GM AND SCI100GM
DESIGN & INSTALLATION MANUAL

SHAKT SUSIIVL JUNUINNIGNS

" These are all readily available online

USDuﬁm nf of Transportafion

Federal Highway [4NOIS
(UAdmlnlshu ion g8
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a. Manufacturers Manuals

[APPENDIX E2 - TEST LEVEL Ill FOUNDATION |

ConStrUCt Concrete grossnsko,peal;u:&f:oelr&hﬁueﬂinw ‘ %lem“
pad if called for per e
manufacturer’s : o

requirements or RS

o617

folowing roquremens:
lmmmﬂ)mnmwm C31-84 eaing o ASH C04

oo p— PP —
state standards. 01 | e Lo L | Lo i
=T | T et
M l" : I b SCI100GM
Clean out drilled i |
’ |
holes WELL! T

US Department of Transportation WELCOME 10

( Federal Hi hway 7
VAdmmlstro on e
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a. Manufacturers Manuals

* Anchor bolts are required to secure the system to concrete
pad. Number of bolts and length of bolts vary with systems.

» Bolts are typically required to be epoxied into concrete pad.

» Bolts may have a torque value.
Cutting bolt prohibited

Full bolt depth required

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

+ Backup varies among systems.
» May be connected to a barrier or may be a stand alone

Ex: Concrete Backup

Ex: Tension
| Strut Backup
mmmmm Must follow manufacturer’s installation instructions.

U.S. Department of Iransportation WELCOME To > PN e ey 5.
" Federal Highway | [LLLYNOIS BER “._ =
O Adminishation  aEmemeelE - o ;

a. Manufacturers Manuals

*  When system is placed in a bidirectional application a
transition is required to prevent back side snagging

Acceptable e . =5
< owgss

Py

Must follow manufacturer’s installation instructions.
U.S. Depariment of Transportation W
" Federal Highway | [

@ Administration
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a. Manufacturers Manuals
* Place appropriate delineation on front of system

U.S. Department of Transportation .
(‘ Federal Highway | [LL.L3
@ Administrafion &

b. Grading

Grading should be so an errant vehicle impacts the
system in a stabled condition — same as terminals

Suspect
Grading

U.S. Department of Transportation
" Federal Highway

@ Administration
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Ex: results of i |mproper torque values applled to fender panels

:;\1 IR "

U S. Depariment of Transportation

Federal Highway
'VAdmlnlstrc |on

» Describe key components of barrier systems

» Identify common installation errors

US. Depariment of ransporiation

Federal Highway -
(VAdmmlstra o
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Session 6: Maintenance of Systems

Session 6:
Maintenance of Systems

u: Department of Transporfation
Federol Hi hway
Admmlstro

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

» Know how damaged barrier MAY BE assessed for
maintenance response.

» Understand when a damaged barrier terminal MAY
no longer function.

» Effectively delineate damaged hardware prior to
repair.

us Department of Transportation
Federol Hi hwcly
Admmlsfra

» Barriers need routine inspection and maintenance.

» Barrier may need to be repaired after crashes or
long term exposure.

u: Depariment of ansportaion

Federal Hi hway
(v Admmlstr
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Session 6: Maintenance of Systems

Video Clip

+| Session 6

REPORT 656 A Guide for Highway and Street

Criteria for Restoration
of Longitudinal Barriers

TRANSPORTATION RESEARCH BOARD
OF THE NATIONAL ACADEMES

W-BEAM GUARDRAIL
COOPERATIVE , = REPAIR

HIGHWAY
RESEARCH
PROGRAM

Maintenance Personnel

Available for purchase Available online

US. Department of Transportation
" Federal Hi hway
Admmlstra ion

Participant Notebook
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Session 6: Maintenance of Systems

NCHRP Report 656 is intended to identify methods to better
determine whether minor damage to W-Beam barriers poses a
crash safety risk. Itis intended to enable maintenance crews
to prioritize repairs.

REF: NCHRP 656 — Criteria for Restoration of Longltudlnal Barriers

UX Department of Transporfation

Federal Highway
'VAdmlnlsfro ion

BARRIERS TERMINALS
(Based on experimental testing) (Based on Engineering Judgment)
* Post and rail deflection « Damaged end post
* Rail deflection only « Anchor cable missing
* Rail flattening « Anchor cable loose
* Posts separated from rail « Anchor cable bracket
* Missing/broken posts « Stub height
» Missing blockouts * Lag screws
» Twisted blockouts « Bearing plate
* Non-manufactured holes
- Damage at a rail splice Note: These evaluations were based
« Vertical tear on analysis of the “WBGA” system
« Horizontal tear under 350 and not on MGSA system.
REF: NCHRP 656 — Criteria for Restoration of Longltudlnal Barriers
US Deparment of Transporfation 30 N i S
Federal Hi hwoy
Admlmstro ion
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REF: NCHRP 656 — Criteria for Restoration of Longitudinal Barriers

¥ Federal Hi%hway LLLYNULS
Adminisfration

——

Session 6

W Federal Highway
(v Adminisha%ion
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| NCHRP

REPORT 656

Priority

Post and Rail
Deflection

One or more of the

following thresholds:

* More than 9 inches of
lateral deflection
anywhere over a 25 ft
length of rail.

* Top of rail height 2 or
more inches lower
than original top of
rail height.

High

6-9 inches lateral
deflection anywhere
over a 25 ft length of
rail.

Medium

Less than 6 inches of
lateral deflection over
25 ft length of rail.

Low

Maximum Lateral "
Rail Deflection \ 7 77

(Weak Post W-Beam Shown Only for Clarity.
Each measurement taken at rail middle fold)
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U.S. Department of Transportation

e Federal Highway

Administrafion

Bends within compression-based terminal may cause unwanted
buckling — little energy absorption — HIGH priority

U.S. Department of Transportation

Federal Highway
(V Administration
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NATIONAL
COOPERATIVE

NCHRP Resiane

PROGRAM

AESEARCH

Posts

* Missing

* Cracked across the grain
* Broken

* Rotten

¢  With metal tears

REPORT 656
Damage Mode | Repair Threshold Relative Priority | Measurement
Posts Separated | * 2 or more posts with Medium
from Rail blockout attached with
. ; Detached
post-rail separation less
. Posts
than 3 inches.
* 1 or more post with
post-rail separation
which exceeds 3 inches.
* 1 post with blockout Low Note:
attached with pOSt'raiI 1.If the blockout is not firmly attached to the post, use
separation less than 3 the missing blockout guidelines.
inches 2.Damage should also be evaluated against post/rail
' deflection guidelines.
Missing/Broken | 1 or more posts High

Missing Post

Participant Notebook
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A j f'} “ '. a4 ""A:‘V 3% ~ L i AT
Post separation - Recommended HIGH or MEDIUM priority

THE LAND OF LINCOIN

Administration o

Us. Department of Transporfation WITCOME 10
QFederal Highway | LLLLYNOIS
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NCHRP

REPORT 656
Damage Repair Threshold Relatlve Measurement
Mode Priority
Non- * More than 2 holes [ High
Manufactured less than 1” in
holes height ina 12.5’ =
(%) <2
length of rail.
(suchascrash | . Any holes greater =
induced holes, than 1” height. '
lug-nut . /
damage, or Any hole Whlch @ |/ Height of
intersects either -
holes rusted-
the top or bottom
through the . -
. edge of the rail.
rail)
1-2 holes less than 1” | Medium
in height ina 12.5’
length of rail.

U 3. Department of Transportation

Federal Highway u ' o
'VAdmmwfro |on SRR
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Hole > 1" — recommended HIGH priority (indentation
ng as no tear)

—_ —

U.S. Department of Transportation WELCONE 1o S
(‘ Federal Highway ol S oc
@ Administrafion iR R
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Damage
Mode

Relative
Priority

Damage at a

More than 1 splice High

rail splice bolt:

*Missing

*Damaged

*Visibly missing any
underlying rail
*Torn through rail

US. Department of Transportation
0 Federal Highway

Administration

1 splice bolt:
*Missing

*Damaged

*Visibly missing any
underlying rail
*Torn through rail

Medium

WELCOME 10

ILLNOIS

THE LAND OF LINCOLN

" From (e People of Nlnah
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USDepcdmentofhonspoﬁohon WELLOME T0 g, :
Federol Hi hway IL Q}N"'I(” 4]
VAdmlnls’rro 0N i
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NCHRP =

REPORT 656

Damage | Repair Threshold Relative Measurement

Mode Priority
Vertical Any length vertical High

Tear (transverse) tear

Horizontal | Horizontal (longitudinal) tears | Medium
Tear greater than 12 inches long or
greater than 0.5 inches wide.

Note: for horizontal tears less
than 12 inches in length or
less than 0.5 inches in height,
use the non-manufactured
holes guidelines.
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US Department of Transporfation

Federal Highway | LLL
’VAdmmlstra |on S
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CHRP

Damage Repair Threshold Relative Measurement
Mode Priority
Damage End | Not functional High
Post (sheared, rotted,
cracked across the
grain)
Anchor Cable | Missing High

Missing Anchor Cable

Participant Notebook
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» Check for nuisance hits on
terminals to be sure post #1 is
not damaged.

» Even with claims of “reusability”
— use best judgment and closely
examine all salvageable parts.

» Impact Heads may be re-usable
based on state policy and ;
manufacturers recommendations [ =
(generally say no). .

US. Department of Transportation

Federal Highway
'VAdminisho ion B
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No tension capability — the head
may work on head-o hit - HIGH

U.S. Department of Transporfation

Federal Highway
'VAdministra ion

ion capability — the head probably will work on
head-on hit - HIGH

U.S. Department of Transporfation
e Federal Highway

Administration
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L |

=Y SR RO (S % i i A\ By EEvnT 2
Damage Repair Threshold Relative
Mode Priority
Stub Height Height which exceeds | Medium

4"

Caution: Excessive height could
have severe conseguences

Lag Screws Missing or failed lag | High
(Energy Screws

Absorbing

Terminals

Only)
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= Foundation tubes too high — priority depends on
i3 how excessive the height is

Us. Depcﬂmenﬂo!'ﬁanspod!\'on “""” Wissa '. L -— : > L
"Fedeml Highway i e —

@ Administrafion

FATAL FLAW

U.S. Department of Transporfation
" Federal Highway
@ Administration
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= = Y“‘{‘E c\.‘;’ ; ' ; i = \3‘“" iﬂ""t;f*‘?.
Impact head not parallel to rail — don’t know how serious
Just POOR construction

US. Department of Transportation
Federal Highway
Administration

ILNhIS

Q
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PROGRAM

REPORT 656

Repair Threshold

Damage Relative
Mode Priority
Bearing Plate | Loose or Misaligned | Medium
(Correct Bearing Plate)
2 B ]
Missing Bearing Plate | High

(Missing Bearing Plate)
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U.S. Department of Transporfation
" Federal Highway
@ Adminishrafion g

. U.S. Department of Transporfation
(\ Federal Highway
@ Adminishation &8 =
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Adminisiration

USS. Department of Transporfation -
e Federal Highway

‘ USS. Department of Transporfation e - j -
Federal Highway N —
'VAdminisfra ion i e jfessiod
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e

USS. Department of Transporfation
Federal Highway
Administration

Q

U.S. Department of Ympancﬂan
Federal Highway
Administration
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pea —worse thah o tension —
must be treated (drop ranl) |mmed|ately- HIGH

U.S,Depadmeni of Transportation -
Federal Highway
Administration

Spear —~worse than no tension —
us _— Protect speanng end |mmed|ately HIGH

Federal Hi hway
@ Administration
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USS. Department of Transporfation
" Federal Highway
@ Administration

Delineate damaged areas while evaluating
damage. Make repairs as soon as practical.

USS. Department of Transporfation
(‘ Federal Highway
@/ Administration
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Removal of damaged posts will eliminate a spearing
hazard for opposing traffic.

USS. Department of Transporfation
(‘ Federal Highway
@ Administrafion

This is a blunt end until repaired. Good delineation.
Have manufacturer’s Installation Manual available.

PN i gy L1600 [ —.
@ Administration e
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USS. Department of Transporfation .
(‘ Federal Highway
@ Administrafion

» On-Call Guardrail Contracf (example)

= Entire guardrail sections may also be removed and
replaced to current standards, if the major portion
of the section is damaged beyond repair and if
directed by the Engineer.

» Damaged terminals should be replaced with
upgraded TL-3 terminals.

‘U.S,Ddepadmelnloﬁvari;poﬂcﬂon EAHE TO PG -
Federal Highway P2
'VAdminisfra o il > on. 0
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until completed.

US. Department of Transportation
" Federal Highway
@ Administration

» On-Call Guardrail Contract{(example)

= Work to begin within 10 calendar days from
receipt of work order, or

» Once started, repair work must be continuous

——

iO O

LLU L T ITUACA LN

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

1 1 "\ 'RJCA

A & - A VBl s :
Ensure all mounting hardware is correct,
in place & properly secured.
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Typical QuadGuard Cartridges
Place proper cartridges in the correct system & in the proper order

i

US. Department of Transportation s g R :
‘Federal Highway | RS ——
(VAdministrd?ion T ——— Session6

» Know how damaged barrier MAY BE assessed for
maintenance response.

» Understand when a damaged barrier terminal MAY
no longer function.

> Effectively delineate damaged hardware prior to
repair.

US. Deparimen!ofransporion [+
(‘ Federal Highway
© Administrafion 8
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