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Highway Safety Barrier Installation Training Introduction

INTRODUCTION

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. Specifically, participants should have a better understanding of the following:

e Be knowledgeable of the principles behind good barrier performance
e |dentify possible deficiencies in new barrier designs or existing installations.

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

Target Audience

The target audience for this training includes North Carolina DOT and local transportation agency
program personnel (LTAP), and contractors having direct responsibilities for installing, inspecting, or
maintaining traffic barriers (including transitions to other systems), end treatments and impact
attenuators.

Course Contents
This course consists of six sessions (listed below).
Session 1: Roadside Safety Problem, Clear Zone and Warrants for Barrier — Brief description of the

run-off road (ROR) problem in North Carolina, short discussion of the Clear Zone
concept, and the challenge of determining when barrier is needed.

Session 2: Testing Requirements and Performance Characteristics of Common Barrier Systems —
Outlines how selected safety barriers are tested and function under controlled crash
tests.

Session 3: Testing Requirements and Performance Characteristics of End Treatments and Impact

Attenuators— Identifies how selected safety features are tested and function under
controlled crash tests.

Session 4: Guardrail Design, Length of Need and Site-specific Conditions — Provides guidance for
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/End Treatment 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 Safety Barrier Installation Training

Introduction

Resources

NCDOT Guardrail Committee Members Contact Information

Vickie Davis

Area Construction Engineer —
Division 9

vdavis@ncdot.gov

(704) 202-0945

Thad Duncan

Division Project Engineer —
Division 12

tfduncan@ncdot.gov

(980) 552-4227

Sam Eddy

Eastern Wake County
Maintenance Engineer

sceddy@ncdot.gov

(919) 340-1230

Bucky Galloway

Western Regional Safety
Engineer — Division 10-14

ddgalloway@ncdot.gov

(828) 650-2700

David Harris State Roadside Environmental davidharris@ncdot.gov (919) 707-2925
Engineer

Joel Howerton (chair) State Plans and Standards jhowerton@ncdot.gov (919) 707-6950
Engineer

loshua Kellen

State Maintenance Operations
—Training and Development

ilkellen@ncdot.gov

(919) 835-8491

Roger Kluckman

Specialty Functions and
Support Services Lead

rkluchman@ncdot.gov

(919) 707-6233

Bobby Norris

District Engineer — District 2,
Division 7

bnorris@ncdot.gov

(336) 487-0100

Charles Reinhardt

Division Maintenance Engineer
— Division 11

creinhardt@ncdot.gov

(336) 903-9121

John Rhyne Division Maintenance Engineer | jprhyne@ncdot.gov (336) 747-7800
— Division 9
Shawn Troy Traffic Safety Systems Engineer | stroy@ncdot.gov (919) 814-4964

Ken Thornewell

Central Work Zone Traffic
Control Engineer

kcthornewell@ncdot.gov

(919) 814-5037

Aaron Williams (FHWA)

Western Transportation
Engineer

aaron.williams@dot.gov

(919) 747-7024
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Highway Safety Barrier Installation Training Introduction

North Carolina Department of Transportation (NCDOT)

e Roadway Standard Drawings
https://connect.ncdot.gov/resources/Specifications/Pages/2018-Roadway-Standard-
Drawings.aspx

e Special Provisions
https://connect.ncdot.gov/resources/Specifications/Pages/2018-Specifications-and-Special-
Provisions.aspx

e  Product Evaluation Program
https://connect.ncdot.gov/resources/Products/Pages/default.aspx

e Approved Product List
https://apps.ncdot.gov/vendor/approvedproducts/

e Maintenance Operations Manual -
https://inside.ncdot.gov/TransportationServices/SMFM/Pages/Maintenance-Operations-
Manual.aspx

o Operational Maintenance Activities, MN-27: Policy for Repair / Replacement of
Damaged Barriers -
https://inside.ncdot.gov/TransportationServices/SMFM/Lists/ManualFoward/DispForm.
aspx?ID=16

o Guardrail/Attenuator Maintenance policy -
https://inside.ncdot.gov/TransportationServices/SMFM/Documents/DE19931215.PDF

o Damage to State Property Notification Process -
https://inside.ncdot.gov/TransportationServices/SMFM/Documents/RF20010320A.PDF

o Median Barrier Inspection and Maintenance Policy -
https://inside.ncdot.gov/TransportationServices/SMFM/Documents/DE20070105.pdf

o NCGS 136-18.05 Establishment of DOT Report Program -
https://www.ncleg.gov/EnactedLegislation/Statutes/PDF/BySection/Chapter 136/GS 1
36-18.05.pdf

o Joint Implementation Agreement for Manual for Assessing Safety Hardware (MASH) -
https://inside.ncdot.gov/TransportationServices/SMFM/StateMaintenanceFleetManage
ment/Joint%20Implementation%20Agreement%20for%20MASH%20-
%20Jan%207%202016.pdf

o MASH Guardrail Units (GREU) -
https://inside.ncdot.gov/TransportationServices/SMFM/Documents/05-26-
2017%20MASH%20Complaint%20GREU%20Installation.pdf

o Eligibility of Crash Cushion Devices (MASH 16 Sunset Date) -
https://inside.ncdot.gov/TransportationServices/SMFM/StateMaintenanceFleetManage
ment/Eligibility%200f%20Crash%20Cushion%20devices%20(Manual%20for%20Assessin
g%20Safety%20Hardwa.. %20(002).pdf
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Federal Highway Administration (FHWA) https://www.fhwa.dot.gov/

e FHWA Hardware Policy and Guidance
http://safety.fhwa.dot.gov/roadway dept/policy guide/road hardware/

e FHWA Longitudinal Barriers
http://safety.fhwa.dot.gov/roadway dept/policy guide/road hardware/barriers/

e FHWA Resource Charts
http://safety.fhwa.dot.gov/roadway dept/policy guide/road hardware/resource charts/

e W-Beam Guardrail Repair Guide
https://safety.fhwa.dot.gov/local rural/training/fhwasa08002/

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 http://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/

TERMINOLOGY

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

Effective barrier: barrier that will satisfactorily perform under the barrier test conditions; i.e. smooth
redirection

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
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GLOSSARY

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
considered. 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.

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 form 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 vehicles momentum to the
variable masses of materials in the crash cushion, such as sand contained in sand barrels.
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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.

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.
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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.
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.
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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 (SI) is a number from zero to ten used to categorize accidents 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.

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.

Page ix

Participants Notebook



Highway Safety Barrier Installation Training Introduction

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
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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Acronyms

AASHTO — American Association of State Highway Transportation Officials
ADT — Average Daily Traffic

BLON — Beginning Length of Need

BIC — Buried In Cut

CIP — Critical Impact Point

CM — Countermeasure

FARS — Fatal Analysis Reporting System

FHWA — Federal Highway Administration

HTC — High Tension Cable

LON — Length of Need

MASH — Manual for Assessing Safety Hardware

MGS — Midwest Guardrail System

NCHRP — National Cooperative Highway Research Program
NHTSA — National Highway Transportation Safety Administration
PE — Preliminary Engineering

RDG — Roadside Design Guide

ROW - Right of Way

SHSP — Strategic Highway Safety Plan

SPWB — Strong Post W-Beam

TL — Test Level

TTI —Texas Transportation Institute

VMT — Vehicle Miles Traveled

WZ —Work Zone
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Highway Safety Barrier Installation Training

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

North Carolina Department of Transportation
Highway Safety Barrier Installation Training

Virtual Live Training
May 18 — 20, 2021

menwe sneery TN K IR S |

 RESEARCH CENTER Engineering

+

¢ - ~ - NORTH CAROLINA
..‘ ' g DEPARTMENT OF TRANSPORTATION
n ¢ \ RALEIGH

ROADSIDE
7 | DESIGN

Gl B ROADWAY STANDARD DRAWING FOR
GUARDRAIL PLACEMENT

&

STANDARD SPECIFICATIONS

FOR
ROADS AND STRUCTURES

= STATE OF

NORTH CAROLINA
DEPT, OF TRANSPORTATION
DIVISION OF HIGHWAYS
RALEIGH, N.C.

» Be ontime

» Participate

» Restrict sidebar conversations
» Turn off cellphones

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

Terminology: Page v
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Highway Safety Barrier Installation Training

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

Objegtiges

This course will help you to:

> Evaluate if a traffic barrier MAY be the best treatment to
use at a specific site.

» Understand the principles of good barrier system design

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

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

» Understand when damaged barrier and/or terminal may no
longer be functional.

Session 1:

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

T
o

Session 1 Lear

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

» Describe the primary Roadside Safety
Concerns in North Carolina.

» Identify the need for training.
> Define clear zone and barrier warrants.

R T T L e oraes

National Road

b . >4‘ ~ o S

(Single Vehicle Fatal Crashes)

National (North Carolina)
Other
13% (5%)

Barrier Ends

Barrier 8% (8%) Rollover/Overturn
2% (2%) 25% (16%)
Total US
Highway
Fatalities
37,143

Trees
23% (30%)

Embankment/Ditch
Culvert/Curb
30% (35%)

Utility Poles

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

]

North Carolina Total Fatalities vs.
Roadway Departure Fatalities

1 Total Fatalities B Roadway Departure Fatalities
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Fatalities

2015 2016 2017 2018 2019

Ref: FARS Data — 2019

Welcome
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Session 1: Roadside Safety Problem, Clear Zone and Warrants for Barrier
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Highway Safety Barrier Installation Training

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

Potential consequences of poorly
Designed/Installed barrier systems
include:

» Systems may not function as
designed.

» Crash severities may be increased.

Must have a strong connection between systems

Participant Notebook Page 1-6



Highway Safety Barrier Installation Training

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

.
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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 Design Guide, 4t Edition, Glossary

Get

MAXIMUM,

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

Do not compromise available clear zone
;,v»-w\ %
#SNcDoT

=

Ak - P o C——

_Clear Zone F

&

» Slope Type and Steepness
» Design Speed

» Traffic Volume

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

Clear Zone

v’!“

4

Ref: Rqadyvay Dg_si:gn Manual, Part |. Clear Zon

L 1-4N

e

NCDOT Design Clear Zone Table
3 i —
. . Foreslopes Backslopes
Design Design
1V:6H 1V:5H to 1V:5H to 1V:6H or
Speed ADT 1V:3H 1V:3H
or flatter 1V:4H 1V:4H flatter
40 mph UNDER 750 7-10 7-10 ** 7-10 7-10 7-10
or less 750-1500 10-12 12-14 ** 10-12 10-12 10-12
1500-6000 12-14 14-16 o 12-14 12-14 12-14
OVER 6000 14-16 16-18 ** 14-16 14-16 14-16
45-50 mph UNDER 750 10-12 12-14 ** 8-10 8-10 10-12
750-1500 14-16 16-20 o 10-12 12-14 14-16
1500-6000 16-18 20-26 ** 12-14 14-16 16-18
OVER 6000 20-22 24-28 ** 14-16 18-20 20-22
55 mph UNDER 750 12-14 14-18 o 8-10 10-12 10-12
750-1500 16-18 20-24 ** 10-12 14-16 16-18
1500-6000 20-22 24-30 ** 14-16 16-18 20-22
OVER 6000 22-24* 26-32° ** 16-18 20-22 22-24
60 mph UNDER 750 16-18 20-24 ** 10-12 12-14 14-16
750-1500 20-24 26-32 ** 12-14 16-18 20-22
1500-6000 26-30 32-40° o 14-18 18-22 24-26
OVER 6000 30-32° 36-44" ** 20-22 24-26 26-28
65-70 mph UNDER 750 18-20 20-26 ** 10-12 14-16 14-16
750-1500 24-26 28-36" o 12-16 18-20 20-22
1500-6000 28-32° 34-42 ** 16-20 22-24 26-28
OVER 6000 30-34" 38-46" ** 22-24 26-30 28-30
* Clear zone distances can be limited to 30 feet unless in a high accident rate areas

Participant Notebook
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& P < > S e

Order of Prefe

4.10 Traffic Barriers
4.10.1 General Considerations

The preferred method of addressing roadside hazards is as
follows:

1. Remove the hazard;

2. Remove embankment hazard (flatten slopes);

3. Shift hazard away from traffic;

4. Reduce the impact severity by using breakaway posts;

5. Protect the hazard;

6. Delineate the hazard so motorists are aware of the hazard.

Barriers Must Be
Less of a Hazard

Participant Notebook Page 1-11
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» Bridge Piers / Abutments / Railing
Ends

» Drainage Structures / Ditches
» Sign and Luminaire Supports
» Permanent Bodies of Water

» Steep Embankments

Tﬁ—i
N

(L]
/—$HOU LDV\LL SECTION EMBANKMENT
as
TRAVELED WAY g /41 ’(
VL o

l HEIGHT

SECTION SLOPE (VI
E Q o
FCTION SLOPE (HV)

BARRIER KOT

HOWEVER CHECK
L, mEIEETPmﬂThei
ROADSIDE 0BSTACLES

20 o “@ &0 &
FILL SECTION HEIGHT 1)
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Welcome
To

NGQRTH CAROLINA
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\ = Welcome [sie
“OB 7o
N vR'“"‘ CAROLINA

o LTy - <.

» Describe the primary Roadside Safety
Concerns in North Carolina.

> ldentify the need for training.
» Define clear zone and barrier warrants.

Participant Notebook Page 1-14
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Session 2: Testing Requirements and Performance Characteristics of Common Barrier Systems

——

orth é;zrqlina artment of Transportatio

o <

Highway Safety Barrier Instalfation

Session 2:

Testing Requirements and
Performance Characteristics
of Common Barrier Systems

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

> Understand how barriers are tested for
crashworthiness

» ldentify common barrier systems
» Explain how these barrier systems function

» Define the key components of a transition
design

Participant Notebook
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Crash Testing Guidelines

=

» In 1993, crash testing and evaluation criteria were
published as NCHRP Report 350

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

» In 2016, an update to MASH was adopted and a
timetable for implementation of new installations

complying with this edition was signed between
FHWA and AASHTO

. ¥
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MASH Im Hpm

(AASHTO/FHWA Joint MAS

December
31, 2019

« 11 years
< 10 years
< 9% years
«—— 7 years —TVZ years ﬂ
2009 2016 | Dec 31, 2017 |

Dec 31, 2018 |

June 30, 2018

MASH 2016 * W-Beam Barriers

Published * Cast-in-place Concrete Barriers

Manual for
Assessing

All Other Terminals
Transitions

All Other Barriers/Portable

Bridge Rails
Sign Supports

Safety .o
Hardware

* Tangent

R/

** Flared

+* MOVED TO DEC. 31, 2019

W-Beam Terminals

¢ Median

X Crash Cushions
‘? Cable Barriers
** Cable Terminals

Other Breakaway Hardware

X SOME MOVED TO DEC. 31, 2019 2-4
MASH Test Conditia
Selection of a performance level is based on
speed and traffic mix.
> TL-1, TL-2, and TL-3: crash tests with small

car and pickup truck with a 25° impact angle

at 31, 44, and 62 mph, respectively.

2,420 Ibs. 5,0 Ibs.
1100C 2270P
Participant Notebook Page 2-3
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NCHRP 35ﬂ99,mpar§§£_\{vlth 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

Participant Notebook Page 2-4
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Standard Barrier Systems

> Rigid Systems

» Semi-Rigid Systems

» Flexible Systems

» Median Barrier Systems

4

Barrier Systems: Rigid Barriers

R .

Rigid Barrier Systems have little (between 0 to 1
ft.) deflection under the TL-3 pickup impact. They
are generally anchored by some acceptable
means.

Examples include:

= New Jersey Safety Shape Concrete Barrier
» F-shape Concrete Barrier

= Single or Slope Concrete Barrier

= Vertical Wall

Participant Notebook Page 2-5
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<76"’ 9
- - 25~ = i
1 1 F )
-7 5 ==
32" -90 T 327 - 90 327 - 90
1 84°
i
i 1
10" S {
= 7 . ~
1 & 1t v 7 79.2
1 3 ! 3 I | ' 1
T )
e (. - 24 -

e —

New Jersey Shape F-Shape Single Shape

h ideo Clip s Le
Barrier
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6" .
2" Type IV typically used
l ay Types Il & 1l for
£ A o' bifurcated cross-
: sections
) l:-{:-l -‘é"ﬁ ” H
__ L {FEIEH_GHEE_ 2 min Em%ecilmer_lt
— "~ 1 ASEE INSET "B" minimizes Deflection
2 J LM SHEET 2
SECTION X-X When large trucks are
TYPE IV - NO GLARE SCREEN PERMITTED not an issue
m% ROADWAY STANDARD DRAWING FOR 1-1 STATE OF
2 DOUBLE FACED CONCRETE BARRIER NORTH CAROL INA
gg TYPES I, II, III & IV DEDPIL'IF?%EJSIE? sn-?é?uﬁvlg "
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SEE INSET "A" [z als"

OF SHEET 2 =P 2" min Embedment

minimizes Deflection

Considered TL-5

For use when conditions
warrant (typical urban,
high truck volume

ROADWAY STANDARD DRAWING FOR [1-18] STATE OF
DOUBLE FACED CONCRETE BARRIER NORTH CAROLINA
- DEPT. OF TRANSPORTATION
TYPE T TYPE T, T1 AND T2 DIVISION OF HIGHWAYS
RALEIGH, N.C.

Note — No national criteria for when to use TL-4, 5, or 6
&Neoot E‘
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| — gg"ls; BAR
18" ¢TS5,
_._1%"' EQ"
CLEAR
3!_5!’
i2" . . . .
9" min Provides Fixity
sla”
| }
_ 4|I
]:" GLEAR r
C o #5 "B" BARS
DI;‘;':.IL o ROADWAY STANDARD DRAWING FOR T8 grae oF
N PRECAST REINFORCED CONCRETE BARRIER NORTH CAROLINA
Ty —— DEPT. OF TRANSPORTATION
CROSS SECTIONAL VIEW 41" SINGLE FACED DIVISION OF HIGHWAYS
RALEIGH, N.C.
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Welcome “" f
To :

RTH CAROLINA
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I J}:‘ ;‘;‘ '.j 5 -w! \’ g
Barrier Systems: Semi-Rigid =

Semi-Rigid Barrier Systems have
deflections of a few feet (between 2t0 5
ft.) under the TL-3 pickup impact.

Typically consist of beam and post
elements.

TERMINOLOGY: Call it 31" (shows 2°-1"
to bolt on standards)

Participant Notebook Page 2-11
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» W-Beam Steel Guardrail — 350 Guardrail (29”)

= 12" wide W-beam rail section (12-gauge
thickness).

» Posts are spaced at 6’-3” centers, and the
nominal rail height is 27” — 30”

» Rail splice at the post.
» Steel posts: W6 x 8.5/9.0 x 6’-0” long. _

= Offset Blocks: 6” x 8” recycle plastic
or composite.

e o

Guardrail with S el

Participant Notebook Page 2-12
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Guardrall mw :

» 31” (shown in standards as 2’-1”)
= 31" Height to Top of Rail
= Rail Splice mid-span.

= Post spacing 6’-3”
= Steel posts, W6 x 8.5/9.0 x 6’
= Offset Block: 8” recycled plastic or composite

Participant Notebook Page 2-13
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Rail Splice
Mid-Span

Welcome gt
To ‘
TH CAROLINA

Wi (e

Video Clip
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SEE
NOTE

SEE NOTE 'A’

o ‘W' BEAM

(GUARDRATL

LOLEAL

i

GROUND LINE

"WB" STEEL POST WITH

ROUTED OFFSET BLOCK

SIDE
STATE OF ROADWAY DETAIL DRAWING FOR
NORTH GAROL INA GUARDRAIL INSTALLATION

DEPT. OF TRANSP!

DIVISION OF HIGHWAYS
RALEIGH, N.C.

ORTATION

AL
SEE NOTE 'B'

“,_GUARDRAIL POST

2-2
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Barrier System

Flexible Barrier Systems typically have
relatively large deflections

Examples of Flexible Barriers include:

* Weak post W-beam No longer in standards
To be removed from
standards when MASH

« High tension cable available

* Low tension cable

Advantages of cable systems
include:

* Low initial cost

*  Lower deceleration forces

»  Effective vehicle
containment and redirection

* Installation conditions
flexibility

+  SNOW

Participant Notebook
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= E— T g PRE T U i SO TN
5 ~ Sl ’

» High Tensioned Cable Barrier

Five different proprietary designs available

Each requires a unique proprietary terminal

Somewhat reduced deflections
» Generally easier maintenance

= Can retain effectiveness after most imEacts

* Brifen **

- Safence

» CASS (Trinity Steel)

¢ Nucor

* Gibraltar *
Currently, NO system has passed all MASH 2016 testing

% = APL
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Video Clip

Post Eoundati&n—éﬁ%

Participant Notebook
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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.

Participant Notebook Page 2-19
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Advantage of high
tension cable is it may
remain effective after

Participant Notebook Page 2-21
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|

TRAFFIC
DIRECTION
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!
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|
|
|
!
|
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|
|
|
|
|
|
|

Near-Side Overlap
,Qf Cable Runs

CABLE

.~ ANCHOR

S BLOCK \

\ ANCHOR T

BLOCK o ’/Z;

CABLE =—>

DISTANCE BETWEEN RUNS OF CABLE

MEDIAN WIDTH

TRAFFIC
DIRECTION
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ck in ' aév—:ﬁ.fﬁ._f cti
Far-Side Overlap
of Cable Runs

MEDIAN WIDTH |

SHOULDER

‘ CABLE — !

| ANCHOR 1

| / BLOCK ‘
|

TRAFFIC || | q Use 300’ if not called
2727
DIRECTION || - - out on plans

v j DIRECTION
1 1

' ANCHOR / I

|

BLOCK i

! DISTANCE BETWEEN RUNS OF CABLE ‘
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]
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Transition :

» 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.
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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

Participant Notebook Page 2-25
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PAY LIMITS a1le”  8TD, §'-3" SPACING

THRIE BEAM GUARDRAIL 'NESTED' WIA_SEGTION
g+ (ONE RAIL INSIDE ANOTREA]

8" x 4" LIP CURE

APPROACH SLAB SEE STRUCTURE PLANS

ELEVATI
ROADWAY STANDARD DRAWING FOR 1-18]  s7ATE OF
STRUCTURE ANCHOR UNITS NORTH CAROLINA
GUARDRAIL ANCHOR UNIT, TYPE III DEDPITV-IQ'IFOJ “éF"sHP&“JﬂYISGN
FOR ATTACHMENT TO RAIL ON BRIDGE SALEIGH. N.C.

Welcome i
To 3
RTH CAROLINA

Al Wit Y (s 3

| s1avE Line §
(il il

Participant Notebook Page 2-26



Highway Safety Barrier Installation Training

Session 2: Testing Requirements and Performance Characteristics of Common Barrier Systems
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NCDOT Transition — Direct
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P T > T 7 v~ -

NCDOT Trans“*'imﬁ'_‘ 1 — With

NPS TranSiti & Ag _
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R TRANSITION \ 31" W-BEAM GUARDRAIL
[ (SEE NOTE NO. 8)

S fodof | ]

CONCRETE BARRIER
CONNECTOR

PLAN

Ad—l Bi-l

SEEBIS:IP'INNDEI':(:'ITEUT TRANSITIDN 31" W-BEAM GUARDRAIL

BRIDGE PARAPET EIR]

(SEE NOTE NO. 8)
5'-01/," VI Vs 311", 6i-3 ,

\
1

= ~ | Bl i 4
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red Bed
ELEVATION

LOW SPEED GUARDRAIL TRANSITION

To

NORTH CAROLINA
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Connecti

|

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.
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= RIS R gt SOOI L

Welcome
To
CAROLINA

M

> Understand how barriers are tested for
crashworthiness

» ldentify common barrier systems

» Explain how these barrier systems function

» Define the key components of a transition
design
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Attenuators

North Carolina Department of Transportation

Highway Safety Barrier Instaltation Training

Session 3:

Testing Requirements and
Performance Characteristics
of End Treatments and
Impact Attenuators

> | ==Y Beae o i) g
e ot . B AT - | Z, - X !
N T B e |

Session 3 Learning Outcomes

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

» Understand how end treatments and impact
attenuators are tested for crashworthiness

» ldentify common end treatments and impact
attenuators

» Understand how these systems function

» Choose the appropriate system for a specific
site

TN 1 s e T4 X

\ . 1 e =i R
#SNeDe A L
o | session3 1

Guardrail End Treatments -

A barrier end treatment must serve two
functions:

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

» Be crashworthy when impacted end-on.

(3
d
g
1]
]
[ (&
¢
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Cable Guiderail Anchor Unit Plac;ement

- - - s Bty = o
I L 28 WIN,
STRUCTURE ANCHOR 50:1 08 FLATTER FLARE BATE 1+ GUARDRATL END UNIT 3 25'
UKIT RARALLEL TC J?J-I | TYPE TL=3 (30!1 TAFER] TAPER 10' PAVED
PAVE AREA ONLY WHEN RIGHT SHOULDER LINE

SHOULDER
= i it ! ! 11 PAVEMENT TAPER 2'-4' PAVED
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_I' T 'I_ I_ l_ Lt At e — — — — — — 4 —|— — — -

FAVED SHOULDER I3 10

L BRIDGE L r— ~ — It
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ROADWAY STANDARD DRAWING FOR 1-18]  graATE OF
NORTH CAROLINA
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RALEIGH, N.C.
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End Treatment MASH Testd\/latnx

Test 34

S .
Test 35

—

[

Test 37b
———

Test 33

2 Significant % Small Car 1100C (2420 #) BLON - Beginning
Change K Pickup Truck 2270P (5000 #) Length of Need
F‘ Wb 1 T el
En N “

Guardrail End Treatments

Types of End Treatments
= Buried-in-Cut (Detail, not in Standards)

= Tangent terminals — terminal is parallel to
the roadway or has a straight flare with a
“slight” offset; all are Energy-absorbing

» Flared terminals — terminal is placed on a
flare to the roadway typically 3’ or 4’; both
non-energy- and energy-absorbing
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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 477)
» Use aflare rate, either 13:1 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”,

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

MASH ﬂ
Buried in Cut E

Video Clip
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Buried in Cut (35

yanigs TO FIT_FIELD CONOL

DISTANCE

DITCH

luomsL
DITCH
WIDTH

WEASURE_ALONG
RATL_FACE

SHOULDER

HORMAL
SHOULOER

{2 10 4 paven
SABULDER B

ELAN VIEW

10" PAYED
SHOULDER

o]

SEE SWEET 2 FOR RAIL
veston seeen [ 4 ATTALRMENT DETAILS
i . HEIGHT OF GUARDRATL IS PARALLEL |  HEIGHT OF GUARDAATL TAPERS
o 411 DITCH FORESLOPE 0 ROADRAY GRADE (SEE NOTE 27 T END ANGHORAGE
= I 7 1§
50 — T T i i
U H 1 1 T H I I i H H
45 i ! ! LI i i i i I
W0
AUB RATL
30 or less
rosT il
ELEVATION WIEW SEE NOTE 3
o oET SpoLbe
SHOULOER COMPOSITE OFFSET BLOCK
| _g"
! i i POST LENGTH
i il
i . VEE DITGH POST ANCHOR
ECTION D-D
SECTION A-A SECTION B-B
WITH AUBRATL
NOTES | (T oA ! ' SHEET 1 0F 2
1. VARLABLE DITGH OFFSETS MAY BE USED TO FIT FIELD GONDITIONS, TONTRACT ETANDANDE
2, MEIGHT OF GUARDRAIL MAY BE TAPERED DUWN [N ELEVATION TO MATNTAIN 3'-8" WAXIMUM HEIGHT, arried - RS VEEPPRENT UNIT oe
3. ALL FOSTS ARE 8'-0" IN LENGTH FROM WHERE THE BUAADRAIL FLARES AWAY FROM THE SHOULDER BAGK TO THE DITCH FLOW LINE,
GUARDRAIL OSTS BEYOND THE DITOH FLON LINE WAY BE SHORTENED A5 LONG AS A MININUM OF 4 FT. ENSEONENT REMAINS BELOW THE EXISTING GROUND LINE, DETAIL OF GUARDRAILL
FOST FOR POST ANCHOR WAY DE REDUCED TO 4 FT., ALL OF WHICH WILL BE BELOA GROUND. BURIED IN GUT (BIC)
4, AEFER TO NODOT STANDARD DRANINGS 662,02 FOR GUAFDAAIL INGTALLATION NOT GOVERED IN THIS DETALL AND INSTALL IN AGCORDANCE WITH

SECTION 862 OF THE STANDARDS SPECIFICATIONS.
PAYMENT FOR ANY RUBRATL TNSTALLATION BEVOND BIC GUARDAATL ANGHOR UNIT PAY LIMITTS WILL BE INCIDENTAL TO PAYMENT FOR BIC ANCHOR UNTT,

NORTH CAROLINA

AN WL by AN
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BIC Consideratiom

Welcome Ko

s 1o
NOQRTH CAROLINA
. i L TOR )
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End Treatments -

CAT-1 — Cable Anchor Terminal — non-crashworthy device
to develop Tension where there is no opportunity for end-on
impacts

(AT-1 — Anchor Terminal — no cable)

GREA — Guardrail End Anchor — crashworthy Pre-MASH
devices

GREU - Guardrail End Unit — crashworthy MASH approved
devices

FINAL POSITION
OF VEHICLE IMPACT

NS S S T Y S W {I%_Ln B8 _,,_F[%

ol

(0 deg.)

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

— ,_E% (0 deg.) IMPACT
FINAL POSITION hf:[[% N
OF VEHICLE |, o . __*___,.—":-L,

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

Participant Notebook
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Historically used, most
recently the SRT and FLEAT

Approved Products List

Product ID {ex. NPYY—m):\:I
Company Name:\:l
Product Name:
Product Gmup:‘ Guardrail and Delineators {862)({1088) hd
Product Categury:‘ End Treatments v‘
Product Status:\ v \

Product ID Plant ID Company Name Product Group

|
I
NP11-5773 Road Systems, Inc. Guardrail and Delineators (862)(1088) End Treatments MFLEAT Approved MASH tested, Guardrail End Terminal |

Participant Notebook Page 3-11
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» | MELEAT IMASH Version of FLEAT (MASH 16)

= Curls the rail (by kinking) tightly towards the roadway.
= Steel post system; BLON at 4" Post

= TL-3 at 39’ 7”7 straight flared length. 3-ft. offset.

» Cable-anchored, compression system

BLON - Beginning
Length of Need

MASH
MFLEAT

ENCNTUCERENRSRET
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Flared End Treat

— e

» MASH SRT (Slotted Rail Terminal)

= W-Beam rails on a straight line and horizontal
slots in rail

- Offset - 4’; 31" Height

- 37°-6” long, BLON at
Post 4

- Cable-anchored system
Not currently on APL

Ref: FHWA Eligibility Letter CC-140 dated 12/19/17

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

Participant Notebook Page 3-13
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.

Flared End Treat?ne[i;iﬁ‘-_:".g 2
Flared Standard Run

The flare of the end treatment is measured from a
line parallel to the ROADWAY:

For Energy Absorbing (MFLEAT) which has a 13:1 flare,
there may need to be a “kink” either toward or away from
the roadway, depending on the flare of the standard
guardrail

For the SRT MASH, the offsets are measured from a
line parallel to the roadway.

NCDOT guidance is to provide 25’ of parallel guardrail in
advance of any end treatment requiring a kink.

Welcom
e 1o
NORTH CAROLINA
LWL kY T g

STATE LINE
| e <
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4 = Y5
Flared End Treate

Flare of standard
guardrail is 13:1

Flare # 13 25 ft — Flare of standard
— —p
Mﬁ% guardrail is not 13:1
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Flared End Treatments on

Flare
1

SRT MASH Offset measured from

parallel to the roadway

—
1

Guardrail
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Flared End Treatment Seiéetlon =

S /.’ L2

» The contractor may choose any system on the
Approved Product List meeting the design
requirements
— One is energy absorbing (currently MFLEAT)

— One could be non-energy absorbing (SRT)

What is important is to understand how the system
works —a FLARED system should only be allowed if
criteria have been met (LON and grading)

Tangent End Treatment e

P> o -

Approved Products List

Product 1D (ex. NPYY-0000):
Company Name:
ame:

Product Category:| End Treatments, Type MASH-16
Product Status:
[search| [Reset|

Product ID Plant ID Company Name Product Group Product Category Product Name Model Number Product Status Description
Guardrail and n
Trinity Highway End Treatments, ~ SoftStop Mash MASH tested;All steel galvanized tangent end terminal for use with
NP1Z-7819 Products Do Type MASH-16 End Terminal g 31" W-Beam system.
| @208 P o
1 Guardrail and
i NP17-7851 ?::d Systems, Delineators EndeThr:;;r:-e:ﬁts, MSKT Appraved MASH tested; Guardrail End Terminal
; . @6)1088) M
The SGET (SPIG Gating End Terminal) is a gating guardrail end
| Guardrail and terminal system in which an impact upon the head causes the:
NPI8-8057 f:f S 5"“3::;’:51";5' SGET pproved  head to move down the guardral and dissipate the energy of the
| (862)(1088) b \mpan The SGET system also deflects vehicles back onto the

Bl https://apps. ncdot. qov/vendor/aDDFOVedDrOdUCtS/
't F- 5 :

Participant Notebook Page 3-17
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» MSKT MASH Version of SKT (MASH 16)
» 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” Guardrail

= Cable-anchored system, Compression system

= I SRl Design Speed Minimum Length of Steel Beam Guardrail
LD Between Structural Anchor and GREU
=60 mph 12.5 feet
> 60 mph (Interstates, Freeways, Major 25 feet

Arterials

.....
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> Soft Stop (MASH 16)

- 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

Ll e s
Minimum Length of Steel Bea
Between Structural Anchor and GREU
=60 mph 12.5 feet
> 60 mph (Interstates, Freeways, Major 25 feet

Design Speed

Welcom
To

RTH CAROLINA
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Design Speed Minimum Length of Steel Beam Guardrail
Between Structural Anchor and GREU
=60 mph 12.5 feet
> 60 mph (Interstates, Freeways, Major 25 feet
Arterials

Welcome
To %
NOQRTH CAROLINA
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Tangent End Treatment: EnerggﬁAbsorbmg |

> MAX-Tension (MASH 16)

- The MAX system utilizes tensioned cables,
telescoping panels, and a cutting tooth to absorb the
kinetic energy and safely contain or redirect impacting
—works primarily in tension

- TL-3 at 50’ long; BLON at 9’-4 %”; 31” only

Not on current APL

Design Speed Minimum Length of Steel Beam Guardrail
Between Structural Anchor and GREU
=60 mph 12.5 feet
> 60 mph (Interstates, Freeways, Major 25 feet
Arterials

Participant Notebook Page 3-22
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Tangent End Treatm
on Flared Standard

RS T TR T i o TR

The offset of the end treatment is measured from a
line parallel to the ROADWAY:

If the standard flare is 25:1 or flatter, the end treatment
may be placed on the standard flare line extended

If the standard flare is sharper than 25:1, a kink in
the run must be provided so the end treatment is no
sharper than 25:1

NCDOT guidance is to provide 25’ of parallel guardrail in
advance of any end treatment requiring a kink.
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Tangent End Treatments

Tulem e

225 Standard Run Flare

of 25:1 or flatter

/ 4_/
Guardrail End Treatment

i Standard Run Flare
is sharper than 25:1

— 25 ft

<

— ~ " End Treatment
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RN T i e T
X p ’é’ s
z =

INSTALLATI

S

MUST HAVE
MANUFACTURER’S SHOP
DRAWINGS AND
INSTALLATION MANUAL TO
INSTALL / INSPECT ANY OF
THE PROPRIETARY END

TREATMENTS

» Special grading requirements for guardrail end
treatments:

= Flat terrain (10:1 or flatter) is required in
ADVANCE of all end treatments 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: FHWA Memorandum, Roadside Safety Hardware, May 26, 2015 with attachment and
Ref: AASHTO Roadside Design Guide, 4™ Edition, Section 8.3.3.
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Stub Height Criteria

-~-STUB

T \\/\4" MAX. HT.

s
ooy G HoR
(2]

RDG Figure 4.1

Ref: AASHTO Roadside Design Guide, 4" Edition — Figure 4.1

o

o e A

End Treatment Grading Requirements

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

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

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

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

v /ING L\ . BSeSSIoN3. . e al o 3-44
... | i ’iﬂ { : '{ P l‘x\\\\

E=
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Flared End Tre

i A I

/_ Edge of Traveled Way Traffic e———

Edge of Shoulder. Terminal Guardrail (>

- h“](-‘l W
o -
bb?é‘per""‘

Not to Scale

1530 mm [5'~0°] Min.

Grading Limits

Figure 8-2. Grading for Flared Guardrail Terminal

End Treatments (Anchorages, Terminals, and Crash Cushions)  8-5

Must have this full grading if a
flared end treatment is used
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Tangent End T.r;e

4mm TRAFFIC

Need special Borrow bid item for 3R projects

Need Special Provision for Density

m% ROADWAY STANDARD DRAWING FOR
%; GUARDRAIL PLACEMENT
" e
2k
LENGTH OF NEED 28'-0" MIN,
PAY LIMITS GUARDRAIL EMD UNIT TYPE TL-3 or TL-2 25'-0"
50:1 TAPER
E ig \_SHOULDER LINE Teee
B - B B E : 1 4 L TApcn _ __ _TT~m----f--
K A [ ——
I i o L ‘ |
EDGE OF LANE 2' OR 4' PAVED SHOULDER J

10" PAVED SHOULDER

Participant Notebook
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£

ROADWAY STANDARD DRAWING FOR
GUARDRAIL PLACEMENT

LENGTH OF MNEED 28"-0" MIN,
PAY LIMITS GUARDRAIL END UNIT TYPE TL-3 or TL-2 25'-0"
501 TAPER
S \sHouLoen LINE o0 Tl
B TR B B B E i d = ' TAPER _ _ _ _ TTmm——-f--

L2' OR 4' PAVED SHOULDER J

| [
EDGE OF LANE
10" PAVED SHOULDER

4mm TRAFFIC

Welcome

N\ To %
NORTH CAROLINA

Thing to Remem

Non-Energy Absorbing End Treatments will not shield
objects directly behind and within End Treatment limits

Page 3-31
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=794

Thing to Remember-about

e

Even Energy Absorbing End Treatment will not shield
objects directly behind and within End Treatment limits

EXISTING END TREATMENTS
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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

Welcome [ands

A
e 1o

8 NORTH CAROLINA
AN WSt by e
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» 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

Turndown

" e

Failed Test! g
Resulted in vaulting
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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. 'dengfriﬁ?tion
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Product Listing

Seeds

Road Systems,

{NP11-5773
| Inc.

3 Lindsay
'NP17-7848 GR44  Transportation
! Solutions

| Lindsay
| NP18-8095 Transportation
| Solutions

Producer/Supplier
Technidan Certification

Minimum Sampling Guide

Guardrail End Treatments:

m NCDOT NORTH CAROLINA DEPARTMENT OF TRANSPORTATION

Connecting people, products, and places safely and efficiently with customer focus, accountability and environmental sensitivity
to enhance the economy and vitality of North Carolina.

ﬂ/KzEBeamM edian

-4

Business »

Approved Resources

Approved Products List

Product ID (ex. NPYY-x0000):
Company Name:

Product Name:

Product Group:

Product Category: | End Treatments

d

Product Status:

Search| |Reset

Guardrail and
Delineators (862) End Treatments
(1088)

Guardrail and

Delineators (862) End Treatments

(1088)

Guardrail and
Delineators (862) End Treat
(1088)

roduct Category Product Name

MFLEAT

Max-Tension End
Treatment

MAX-Tension Median
Guardrail Terminal

No longer on APL

FUSOTOTIG COUPTEr OTaC TEaTOTes & COTHy (Ut aesmgi |

s.ncd

https://app

LI\
IiNw W 1 ¢

ot.gov/vendor/approve
— - = —— R = °w55;;=|Ii='

onos.

dproducts/

Impact Attenuator:

- S

Crash test with blunt end:

Participant Notebook

Page 3-36



Highway Safety Barrier Installation Training

Session 3: Testing Requirements and Performance Characteristics of End Treatments and Impact
Attenuators

Impact Attenuator

Crash test with ramped end:

FINAL POSITION

OF VEHICLE
Impact
”
RIGID OBJECTIMII II DN XX)(00| 00| X == i

HARD SECTION SOFT NOSE R

Soft nose to bring a small car to a controlled stop

FINAL POSITION
OF VEHICLE
Impact
—
rRIGID oBJECT|| | |IAR B! Ij =
HARD SECTION SOFT NOSE

Harder back section to bring a pick-up truck to a controlled stop
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> Water-filled Barriers
Absorb M (MASH) / Sled(MASH) / ACZ 350/ TRITON CET

» Individual crash cushion designs vary by manufacturer,
but they all function in a similar manner.

= Vehicles impacting the nose at an angle will not be
redirected.

= No appreciable re-directive capability under most impact
conditions.

» Typically used in work zones to shield temporary concrete
barrier.
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Approved Products List
Product ID (ex. NPYY-xoxx):
Company Name:
Product Name:
Product Group:| v |
Product Category:| WZTC - Category III v
r 7
_ *Must be approved by Steve Kite (919-814-4937) prior to use
Ln Work Zone WZTC - Category Approved for on NCDOT project.® The ABSORB 350 is a non-rediractive,
e ;g:;ﬂ:;tahnn Traffic Contrel  IIT FisTib =D Provisional Use  gating water filled crash cushion that has been successfully
tested to NCHRP Report 350 TL-2&3.
) PE Water Filled Crash Cushion w/Galvanized Steel Cables
NP11-5884 i EaiE, et WZTC - Category ¢ ¢y Series 45044 Approved molded inside.NCHRP-350 for Test Level 1,20r3.Use as end
Inc. Traffic Control  IIT _
treatment/crash cushion.
NP16.7335 Trinity Highway ~ Work Zone WZTC - Category ;("2;1350 \ﬂ'f]ater ACZ-350 Approved for The ACZ-350 is a narrow, non-redirecting TL-2 and TL-3 impact
- Products Traffic Control  IIT = N Provisional Use  attenuator
Cushinn
Eraay The Triton Barrier® is a highly poertable, water-filled barrier.
5 ‘Work Zone WZTC - Category 5 . ; . Performance meets the FHWA NCHRP 350 TL-2 or TL-3 (with
0P99-3106  GR1D Ahs(;r;tslo;lnc_ Traffic Control  III TEENEEEr TR By e TL-3 kit) standard for longitudinal re-directive barrier. The
SEETS, Triton Barrier is certified as its own end treatment.

NOQRTH CAROLINA

RAEGYL W1 BTy
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= — (T g

qg :
Sy > -
U °

Impact Attenuat

Non-Redirective and Gating

» 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.

N~ Welcome [t
\:»—"- To x

§ NORTH CAROLINA (S
Al A
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Sand Barrels — G

R 2 <

Welcome
To
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NCDOT Impact Attenuator Selection

“For median width less than or equal
to 40’ use NON-GATING IAU’s. For
median width greater than 40’ may

use GATING or NON-GATING IAU’s”

¥ 8§
R 3-70

Impact Attenuators, Non-Gating

-

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.

Py

¥ -~ Session3
o | i fi“"‘ ; i R | e

= R

3-71%%

TR
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1NP19—B389

I

:
|NP02-1527
i
i

| NPO3-4111

Approved Products List
Product ID (ex. NPYY-x00¢):
Company Name:
Product Name:
Product Gmup:| A |
Product Category:| Impact Attenuators, Non-Gating v |
Wy ) Gu:rdrai\ e MmpEs Universal TAU- MASH compliant re-directive, non-gating anchored, partially
Tran: n D At Non- Approved ) -
M reusable compression-based crash cushion

Solutions (862)(1088) Gating M AS H

NCHRP 350 - AIIowed if Conditions Mandate

The Universal TAU-II is a redirective, non-gating crash cushion.

undsay Guardrail and  Impact ; _
Paresagas The system is available in lengths and capacities for both low

Transportation Delineators Attenuators, Non- Approved
. ; jig 4 -
Solutions (862)(1088) Gating and high speed applications
Trinity Highwa Guardrail and  Impact Approved for the WideTRACC is test level 3 crash cushion and is avaliable in
9™&  Delineators Attenuators, Non-  WIDE TRACC ~ N/A Pz:zfisiunal Use varying lengths and widths. can be configured for any

Products (862)(1088) Gating appropriate width application.

Welcom
To

NORTH CAROLINA
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Impact Agtenu

s~ .

» TAU-M (MASH) and 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.
= Common set of parts for 36” to 102” widths in 6” increments (350)

» Consists of Thrie-beam panels, expendable or self-restoring (R)
absorbing cartridges, steel diaphragms and two cables at the
bottom to provide redirection.

Py

Video Clip
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Energy
NP16-7403 Absorption

Systems, Inc.
NP16-7404 Hill and Smith
NP16-7405 Hill and Smith

TrafFix Devices,

1 NP16-7406
o Inc.

Impact Atten

ual

Approved Products List

Product ID (ex. NPYY-xo00):

Company Name:
Product Name:

Product Gmup:|

Product Category:| Impact Attenuators, Life Cycle

MASH

Guardrail and  Impact

Deli At Life Quadi d Elite NfA
(862)(1088) Cycle

Guardrail and  Impact Smart Cushion

Delineators Attenuators, Life Innovations SCI100GM
(862)(1088) Cycle Crash Cushion

Guardrail and  Impact Smart Cushion

Delineators Attenuators, Life Innovations SCI70GM
(862)(1088) Cycle Crash Cushion

Guardrail and  Impact Compressor

Delineators Attenuators, Life  System Crash 55000 Series
(862)(1088) Cycle Cushion

Welcome

To
NQRTH CAROLINA

Approved for
Provisional Use

Approved

Approved

Approved

**Contact NCDOT Mobility and Safety Field Operations prior to
use at 919-773-2800**The QuadGuard Elite System offers the
added value of reusable cylinders for applications with above
average impact frequency. After a typical design impact, the

MASH

Test Level ITI Crash Attenuator

Test Level II Crash Attenuator

Low Maintenance, Severe-Duty, Self-Restoring, Re-Directive
Impact Attenuater. NCHRP-350 approved as TL-3. Designed for
repeated impacts with no need for repair. For use in Uni-
directional or Bi-Directional applications up to 96 wide

Participant Notebook

Page 3-46



Highway Safety Barrier Installation Training

Session 3: Testing Requirements and Performance Characteristics of End Treatments and Impact
Attenuators

» SCI Smart Cushion (MASH)
= Variable Reaction Force
» Re-usable with minimal component replacement

» Needs repair before next hit

Page 3-47
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Impact Attenu

» QuadGuard Elite (MASH)

» Uses High Density
Polyethylene cylinders to
absorb energy

» Essentially for use in
locations where a high
number of hits is
anticipated.

REF: FHWA Eligibility Letter CC-57E dated 12/18/15
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Attenuators

>

Review Learning Outcomes

Understand how end treatments and impact
attenuators are tested for crashworthiness

Identify common end treatments and impact
attenuators

Understand how these systems function

Choose the appropriate system for a
specific site

J 1 2.

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

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

Place AS FAR AWAY
as Possible

without affecting function

Participant Notebook
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Barrier Design Principles

1. Deflection

2. Slope in Front of Barrier
3. Guardrail and Curb

4. Soil Backing for Fill Locations

5. Flare Rate

"

CSessiond i g
..m%f o

Principle 1: Deflection

R

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

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

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

— € o { IR — — -
L el ) e —— 2% 4-5 .
| o T RN

S
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Deflection Dis

GUARDRATL APPROACH
TREATMENT AS REGUIRED
FOR CUT OR FILL.

0'-0" 10

12'-8
b

1\ (OF 0

POST SPACING 6'-3" WHEN OFFSET ——I L- :

DISTANCE FROM FACE OF OBSTAUCTION
TO FACE OF GUARDRAIL IS 5'-6" OR
GREATER. SEE NOTE.

3'-6" MIN.
5'-6" DESIRABLE

NOTE: WHEN OFFSET DISTANCE FROM FACE OF OBSTRUCTION TO FACE OF
GUARDRAIL IS BETWEEN 3'-6" AND 5'-6", BEGIN 3'-11%" POST
SPACING AT A POINT 25’ BEFORE REACHING™THE UBSTRUCTION

THAN 3'-6" USE CONCRETE BARRIEH..
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Quarter Post (1"

Successfully tested to MASH

Deflection distance = 19”; therefore offset from
face of rail is 3’

Must start stiffening at 50’ before hard point:
25’ of half (3’- 1 ¥2”) post guardrail; 25’ of
quarter post guardrail

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

Participant Notebook Page 4-5
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= SRR T TR T G Eol TN

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

» Cable barrier may be placed on slopes of
6H:1V or flatter, but restrictions apply when
placed in a swale. Special HTCB designs
are available for placement on 4:1 slopes.

Participant Notebook Page 4-6
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VARIABLE . 3'

10' PAVED | VARIABLE _, v

IMPLIED —
FLAT

{ DESTRABLE
SHOULDER \\

a L B

ZBAS; COUI:SE I QV//%?\

n‘.'sl

5'-6" DESIRABLE

ROADWAY STANDARD DRAWING FOR 1=18]
GUARDRAIL PLACEMENT

STATE QF
NORTH CAROLINA
DEPT. OF TRANSPORTATION
DIVISION OF HIGHWAYS
RALEIGH, N.C.

Participant Notebook
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» 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

| V72 | %727 |
e E—

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

Ref: AASHTO ROADSIDE DESIGN GUIDE, 4™ EDITION — 6 6.1.1, Pg. 6 18
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MASH 2016 requires testing with a mid-sized vehicle
because of this problem (NC experience)

CABLE SHOULD NOT BE PLACED BETWEEN 1’
AND 8 BEYOND THE BOTTOM OF ADITCH

Ref: AASHTO ROADSIDE DESIGN GUIDE, 4" EDITIO 6.1.1, Pg. 6-18

Barrier in Sloped Median

Which Side of the Median Should
the Cable Barrier be Placed?

-Lw High Tension Cable Barrier
_“-..____\_‘_-\_ o

Welcome [Gutle!
To

Participant Notebook Page 4-9
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22t THAVEL LaneS L SELbER DiTe

s, DATE SUES

5.T. OR BT
:lr
&

SECTION A-A

ROADWAY STANDARD DRAWING FOR
CABLE GUIDERAIL

46" MEDIAN GUIDERAIL TRANSITIONS WITH
SUPERELEVATION AND/OR FALSE SUMPS

\\;‘. Welcome gulnis
A~ A To
il NORTH CAROLINA
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FACE OF GUARDRAIL IS
FLUSH WITH FACE OF CURB

GUARDRAIL END UNIT TERMINAL

-2 12'
Cb} =1
8, -
{Q%‘ ﬂ
R ROADWAY
5\9?% -
e
SECTION C-C
ROADWAY STANDARD DRAWING FOR 1-1 STATE OF
) NORTH CAROLINA
GUARDRAIL - PLACEMENT DEPT. OF TRANSPORTATION
GUARDRAIL TREATMENT AT CURB AND GUTTER DIVISION OF HIGHWAYS
RALEIGH, N.C.

Ref: NCDOT Standard Drawings, 862.01 Sht. 11

ér‘i "N Welcome [auis
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317 and_ Cur

Successfully tested to MASH placed 6” behind a
6” high curb at TL-3

Participant Notebook Page 4-12



Highway Safety Barrier Installation Training

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

= Welcome [
el 1o
NORTH CAROLINA

Wi e i e S
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TR

UNDER STUDY —
DO NOT BURY BEARING PLATE

2” maximum height recommended

G

Participant Notebook Page 4-14
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GUARDRATL END UNIT TYPE TL-3 or TL-2 (50:1 TAPER) :

1 FT. OFFSET FROM

g B _ B [FACE OF GUARDRAIL @ TERWINAL
I B I A
‘ 2'-" CURB‘ﬂND GUTTER ‘ ‘ ‘ 1 ‘

ROADWAY L ¢

GUARDRAIL AT FACE OF CURB

GUARDRAIL END
UNIT TERMINAL

BERM

Careful with Breakaway
Cable Anchorage
Terminals — Don't let
Bearing Plate be buried

ROADWAY

SECTION C-C
Ref: NCDOT Standard Drawings, 862.01 Sht. 11
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%L Historical Guidance

/ Hinge Point

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

2. Backing can be less than 2 ft. with 2:1 slope in strong soll
with 7 ft. posts. NCHRP 350 requires half post spacing —
ONLY applies to 29” system

Participant Notebook Page 4-16
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VARIABLE a8’
1]
10" PAVED_| _VARIABLE _| Qéj_
SHOULDER <X
GUARDRAIL POST HOLE
//TQEE NOTE)
CONCRETE
SHOULDER] s op
| EMULSION 7
T O

L

L
s
-

g O -
; |‘| Il
EARTH ABC M
!

IL _
ROADWAY STANDARD DRAWING FOR 1-1 STATE OF
GUARDRAIL PLACEMENT NORTH GAROLINA

DEPT. OF TRANSPORTATION
DIVISION OF HIGHWAYS
RALEIGH, N.C.

\ENge L

Participant Notebook Page 4-17



Highway Safety Barrier Installation Training

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

VAR, SHOULDER WIDTH 0

VAR, GRASS

ﬁH' ~—8” Offset Block |

CONTRACT STANDARDS
AND DEVELOPMENT UNIT

Oftlco 6187076350 FAX 91022504110

7' GUARDRAIL
POST

OATGIMAL 8Y1L L. broleage  DATE|_tias
WIDIFIED 8 DATE| _rae, 1oge
CHECKED Y1 L —
FILE SFEC,iZL

Welcome [
e

Participant Notebook
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SEE TYPICAL SECTIONS

———{8” Offset Block_|

SHOULDER BREAK POINT

CONTRACT STANDARDS
AND DEVELOPMENT UNIT

1 POST
1) 1)
i ORIGINAL BY ' 1. neslesen  DATE: _sam
m_ J‘_H MODIFIED BY: DATE: _Feb. 1008
- = CHECKED BY! DATE!
| FILE SPEC. :mim

N
0ffice 919-707-6950

FaX 818-250-4119

8' GUARDRAIL

Participant Notebook
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31" with .o

31” with face of rail at slope break point of
2:1 slope

Posts
» 8 long \W6x9 postsdested
* Not recommended with Wood posts at

this time

» 6°-3” post spacing

Offset Blocks

+ 8" Offset block tested

* Not recommended without offset block at
this time

-6

8-ft L
Wex8:5 Post
31
i
—Sround | r—
Une \
= <,
~ ) §
>
“'
563

Video Clip

6 -~ Jr.lu\-lllg

Working Width — 55.2”
Eligibility Letter B-261

Participant Notebook
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il NORTH CAROLINA

AN W U
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Flare Rate | S g

Sl ST~

Flared barriers are those that are not parallel to the
edge of the traveled way. They are used to:

» Locate end treatments farther from the roadway.
» Lessen driver reaction to a roadside obstacle.

» Reduce total length of rail needed.

» Reduce nuisance hits.

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

| A |
. g

£
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o

Rates for Barrier Design

] L

P a2 o eamame

P Table 5-9. Suggested Flare

Flare Rate for Barrier at

B S uged :I:::.?::.E:::::; or Beyond Shy Line
km/h [mph] Shy Line Rigid Barrier =~ Semi -Rigid Barrier

110 [70] 30:1 20:1 15:1
100 [60] 26:1 18:1 14:1
90 [65] 24:1 16:1 12:1
80 [60] 21:1 14:1 11:1
70 [45] 18:1 12:1 10:1
60 [40] 16:1 10:1 8:1
50 [30] 13:1 8:1 7:1

Notes:

A = Suggested maximum flare rate for rigid barrier system.

B = Suggested maximum flare rate for semi-rigid barrier system.

The MGS has been tested in accordance with NCHRP Report 350 TL-3 at 5:1 flare.

Flatter flare rates for the MGS installations also are acceptable. The MGS should be installed using the flare

rates shown or flatter for semi-rigid barriers beyond the shy line when installed in rock formations.

=t To
NORTH CAROLINA

QUSRI TR . -

| STATE LiNE
e
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Tangent End Treatments on
Flared Standard Run - Repeat

The offset of the end treatment is measured from a
line parallel to the ROADWAY:

If the standard flare is 25:1 or flatter, the end treatment
may be placed on the standard flare line extended

If the standard flare is sharper than 25:1, a kink in
the run must be provided so the end treatment is no
sharper than 25:1

NCDOT guidance is to provide 25’ of parallel guardrail in
advance of any end treatment requiring a kink.

| €3 == AL K oo w v"::,n?,;,;'
[N o e & " o L;‘i"‘
K
. g D {
AELING MR | Y R

N RSl — e 4-41 :

Length of Need (LON) Definition

AASHTO

The length of effective barrier

needed IN ADVANCE OF the
hazard to intercept and redirect an

encroaching vehicle.

mycoor Bl BTEET W ;ﬁﬂ
¥ { Session4 - W a4
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AASHTO

HAZARD ( (2]

R

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

R = Runout Length

N Welcome P
- T

NDRTH CAROLINA
[ STATE Line R e

AREA OF te

USE
CRASHWORTHY
TERMINAL
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Length of Need - AASHTO

"

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

* For flared guardrail installations:

La + (b/a) (L1) — L2
(b/a) + (LA/LR)
* For parallel guardrail installations:

X =

X = La—Lo2
La/LRr
Ref: AASHTO Roadside Design Guide, 4th Edition, Equation 5-1 and 5-2, Pg 5-51
” . e | “t - . \ K T.ir""‘j" 7
P®) ' = B> L
- =

Quick Field Checkpf-LON,g-z

R =

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

2. Beginning at the upstream face of hazard, walk upstream
along the edge of traveled way a distance 300’ (High Speed,
200’ Low)

3. From this position, sight to the upstream, back edge of hazard
(limit to 30’ offset)

4. End treatment of barrier should lie near (x 30’) the line of sight.

)
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300°* high speed
l‘— 200°* low speed —4

Procedure

* ldentify upstream face of hazard

+ ldentify 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 (+ =30’)

Welcome sl
To 3

o NORTH CAROLINA
AN W) puiabe
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~ | Beginning of BIG & =
= |hole ; \‘\\ 7

POORLON [
-~ - = ‘A = —t s
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Length of Net

— : S k .

— - -
FilL SLOPE APPROACH END 500"
ANTS on 50:) Aare
T TIT T T T T I _T r 1T 1T f T T I T "I'l'l‘ T T T I T 'I':
EDGE OF LANE H GRAL-IS0

“L* OR LENGTH OF NEED OM THE APPROACH SIDE OF
THE GUARDRAIL FOR A FILL SLOPE WARRANT FOR ANY -
CLASSIFICATION OF ROADWAY These are quite short
DESIGN SPEED

(MPH) n | & 50 40 compared to AASHTO
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An anchor (CAT-1) plus 25 of rail must
be ADDED at the end

Typically
90°
N
Lg !

Guardrail Placement

Guardrail Placement at Intersections
Long Span (Omitted Post{s})

Gaps between runs of barrier

Extra Offset Blocks

Leaveouts for Posts in Structural
Pavement

Guardrail Post in Rock
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TR DEANS _
MEMORIAL BRIDGE.
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Guardrail Plac

[ =
L 4" OFFSET

CTTTT T rF i iy v e

GUARDAAIL END UNIT
TYPE TL-3 or TL-2

(50:1 TAPER)

o

SHOP CURVED
GUARDRATL
NOTES:

SHOP CURVED GUARDRAIL IS DEFINED AS HAVING A RADIUS
OF 150° OR LESS.

WHEN RADIUS IS LESS THAN 20" REFER TO SHEET 9,

WHENEVER SHOP GURVED GUARDRATL IS USED AS AN ANCHOR
AND THE RADTUS 1S FROM 20° TO 75', USF A MINTMUM
LENGTH OF 50° OF SHOP CURVED GUARDAAIL AND FLARE
WITH AN AT-1 ANCHOR UNLT. REFER TO DETALL 1.

WHENEVER SHOP CURVED GUARDAAIL RADIUS IS MORE THAN
75', REFER TO DETAIL 2,

Ref: NCDOT Standard
862.01, Sht 8

{5011 TAPER)

GUARDRAIL END UNIT
TYPE TL-3 or TL-2

[ I A A AT A Y

MATNTAIN CLEAR STGHT DISTANCE .

FOR POSTED SPEEDS > 45mph USE GREU TYPE TL.3
FOR POSTED SPEEDS = 45mph USE GREU TYPE TL-2 DETAIL-1

'R’ IS GREATER THAN 75° [SEE NOTES)

GUARDRATL ENO UNIT

TYPE TL=3 or TL=2
(5011 TAPER)

i & & & & & 3§ § 8 3 BB B g

Participant Notebook Page 4-34



Highway Safety Barrier Installation Training

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

Welcome .
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DRIVEWAY

CAT-1
GUARDRATL END UMTT
PE TL-3 (50:1 TAPER
hoi & @ & & 8 3 B B 3 B 8 3 By i i & & & & & & @ & & & & & &

- - e —— Ref: NCDOT Standard
DETATL-3 862.01, Sht9

DIVIDED HIGHWAY

NOTE; USE DETAIL
20" OR LAR(
BE UTILIZE

MAINTAIN C

FOR POSTED SFEEDS
FOR POSTED SPEEDS

DRIVEWAY

GUARDRAIL END UNIT GUARDRAIL END UNIT
TYPE TL=3 or TL-2 TYPE TL-3 or TL-2
{50t 1 TAPER) (5011 TAPER)

s s & o4 4 @5 g3 8 v 8w ¥ 8| |lu & B F 8 3 508 i &4 o0& & &

DETAIL -4

UNDIVIDED HIGHWAY

GUARDRAIL TREATMENT AT DRIVEWAYS

Welcome ‘
To J
NORTH CAROLINA

e
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o =
ol 510, Lie posT 0 88" seaciia 570, L pOST 6 83" seACTHD S
=3 OR_ANCHOR ASSEWBLY (MIN. OF 50° PAY LIMITS OF_ANGHOR ASSENBLY (WIN. OF 50 =
<7 . APFROACH LENGTH OR WIN. 25 | ‘ APFROACH LENGTH OR MIN. zs' m.mu I:: 3
= TAALLING LENGTH REQUIAED) A TRALLING LEMGTH REGUERED) < .

255 o T T R £E2 |
Eanin (03 ANY LOCATION WHERE FULL AESS
mS o & @ I% & E LENGTK POST CAN NOT BE USED) E E % L=
TZ24T5% co%T
BoIo = wES, -
I-n32>>"“ WoSEAN RAIL WeBEAM FATL ,_oécé
039 P
Z25%9FT 7y '3_: g m
885 PLAN Eul
: = S w
5 T
5 >
=< . . 5
BS L 25'-0" 25’0’ 25'-0" 250" rl=)
= [=]
o FILL cuLveRT
(] foR - LOCATION WHERE FULL -
§ 1 KB ol 5 3 U E
CLEAR (MIN.)
N2 O «
a =3 o= Z
rod 2" Lo e o v vt eum e maom I CWE
o3 FOUTED OPESET BTooKS 496
2B ELEVATION e
o : 25'-0" GUARDRAIL SPAN -
LR !
>0+ = - O
> o -
= B << =
W X 8.5 34
23" [ ] SE°
> M ﬁ . ey =
=23 i ; SER
m Uil GENERAL HOTES: D g
= W‘ T "AP RATL TN THE DIRECTION OF TRAFFIC FLOW, =
=N 20 SEE ROADHAY PLANS FOR LOCATIONS AND CONTIWUATION OF AALL Ol END GECTIONS. S
B o TN BISTAYGE OF 5 FEET BEUIND THE GUARORAIL SHOULD BF GLEAR OF AVY
A P e LT R ZARD AT COUL A AL HPACTiNG VEHPGLE,
£
-
7 ik
cuLveaT
Routen FEkEwALL
oFFsET BLocK
SECTION A-A SECTION B-B SECTION c-C FRONT
IEESTZDO:N WEAKENED WOOD POST l:s’;22|;81
Welcome ? B ] X

To
B NORTH CAROLINA

1 U

MGS - Omitti

)"}

Working Width 50.1”
Limit 1 per 50’
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ROADWAY DESIGN MANUAL PART |

DETERMINING GUARDRAIL LENGTHS OF NEED 3-2

NOTE: A space of less than 300" should not be left between guardrail istallations. If less

than 300 remains between nstallations, the guardrar should be extended through the area.
Again, be sure there are no conditions that would preclude closure
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» Two Offset blocks (up to 16” deep) may
be used at any time, for any number of

posts.
» Three Offset blocks may be used at one

or two posts in a section of guardrail.

Lesave Out

(Square or Round) T
1°-3" min.
\l__j 7 min. Wilth as
e Conter Post _I T Neaded

nLeave DUt | | e
173" min.
|
A

WoBeam

Grout Fll* (58 in )

A

Vares
Steel Post Detail

Section A=A
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Plan View Steel
Posts

accaptal

Posts

acceptable

Notes

Eligibility Letter B-64B

) [ e

Either hole configuiation

Plan View Wood =

Dither hale conflgratian

580mm

For overlying soll
depths (&) ranging from
O to 460 mm, the
depth of required
driling {B) s equal to
610 mm.

Notes

8”

203mm. -

Pl

For overlying soil
depths (&) ranging from
4670 to the embedment
depth of th pest, depth
of required drilling (B}
8 gqucn 1o either 305
mrm or the desired

the depth of seil which
ever is less.

E LI

embedment depth minus

Participant Notebook
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Guardrail Posts in R

SECTION 862
GUARDRAIL

862-3 CONSTRUCTION METHODS

Whete rock mterferes wath the proper mstallation of the post, excavate a shaft m the rock at
least 9 inches wide, parallel to the roadway. by 23 mches long, perpendicular to the roadway
and 24 inches deep. Place the post agamst the roadside edgg of the shaft and fill in behund the
post with Class VI select matersal, up to the top elevation of the rock. Fill the remamder of
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Height Transition -
S — | (8

PAY LIMITS
PROPDSED 2'=17 MOUNTING HEIGHT FOR GUARDRATL
OR GREY 28'0" GUARDRAIL MOUNTING MEIGHT TRANSITION EXISTING 1+11" GURASAALL MOUNTING HELGHT
L aaket . L deiket aaatst & M CR L SN 8 L S 63" L el 63" . [ |
T s
| | | | [ I |
GROUND
H H HH H H LEVEL H
H H Ve HH HH H
Ve HH HH
H i ! i H

W=BEAN MIDSPAN
PANEL SPLICE

ELEVATION VIEW

TRANSITION FROM OR 1'-11" TO 2'-1" W-BEAM GUARDRAIL MOUNTING HEIGHT

ROADWAY STANDARD DRAWING FOR 1-18]  sraTE OF
NORTH CAROLINA
GUARDRAIL INSTALLATION DEPT. OF TRANSPORTATION
DIVISION OF HIGHWAYS
RALEIGH, N.C.

5 A s = S

e

» 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
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Highway Safety Barrier Installation Training

Session 5: Installation/Common Errors of Systems

nent of Transportation |

Hation - 107

N'girth é;rqlina D

Highway Safety Barrier Ins

Session 5:
Installation/Common
Errors of System

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

» Describe key components of barrier systems

» ldentify common installation errors

Participant Notebook Page 5-1
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BRIDGE RAIL ~ ————] LENGTH OF NEED

LENGTH OF NEED

O AN STANDARD TRAN- _| | TRAN- STANDARD LMot
o SECTION SITION SITION SECTION ey
TREATMENT TREATMENT

ARG a00 0y nnoppaAnARRers
EDGE OF THROUGH / DIRECTION OF

TRAVELED WAY TRAVEL (ADJACENT TRAFFIC)

DIRECTION OF
TRAVEL [OPPOSING TRAFFIC)

Figure 5-4. Definition of Roadside Barriers

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

Welcome NG
To

Standard Run of Barrier
Transition to a Stiffer System
End Treatment

Impact Attenuator

HwnN P
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1. Standard Iiuaevéa‘ arrier

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

®aoo o

\.3“3

a. Barrier D

i

b4

| »’
< .

oS L i
Soil Backing §

Flare Rate
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» Concrete Barrier Standards

* Roadside & Median Barrier - 32" Jersey shape
from Finished Grade (46" for Type T)

» High Tension Cable Barrier
+ Dependent on Manufactured System

Participant Notebook Page 5-4
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» High Tension Cable Barrier

» If the agency uses foundations, insure top is at proper
height. This will effect the height of the cable.

—

Unacceptable
i &

« 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.
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= 3 - A o e _ATams -

INSTALLATION CHECKLISTS

Cable Checklist
O Is there anything in front of the cable barrier that might cause a vehicle
o 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 dside grading been leted correctly?
O Is there enough clearance between the barrier and the hazard for the
expected barrj, i i

pendent upon post

Is the cable barrier the correct height?
Cable heights measured to the middle of the cable are as follows:
Top Middle Bottom

29.5in 21.5in
[750 mm] [650 mm] [545 mm]

Median & Roadside

25.5 in

O Are the cables properly tensio

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.

ML IRy gh Tensen Catie Samer 2rzem
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Old Guardrail Hﬁlﬁht | '

For slopes 10:1 or flatter, the height is measured from
the ground directly beneath the rail

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 ———— i, ||
slope extended as shown swouLoze stoee= |

EXTENDED E I

Only for the 27 3/4” Guardrail
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31" W-Beam Height

> 31 ” W'Beam 123" SEE NOTE 'A’

10}2”
on :-Iﬁké:l 'W' BEAM
= .-;.: /GUARDRATIL
__:_ flrn’ —
Remember: our terminology is =4 :
referring to TOP of Rail i

SEE _NOTE 'B’

Ground slope is 10:1 or ST
FLATTER

Tolerance = ?
* 17, by practice

., GUARDRAIL POST

o2 ROADWAY STANDARD DRAWING FOR 1-18]  sTATE OF
Y GUARDRAIL INSTALLATION NORTH CAROLINA
ols

N |

DEPT. OF TRANSPORTATION
DIVISION OF HIGHWAYS
RALEIGH, N.C.

= Welcome [uss
"~ T
NORTH CAROLINA

1 L R
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Rail too high

Rail too low

Participant Notebook
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PAY LIMITS

25'+0" GUAADRALL MOUNTING MEIGHT TRANSITION EXISTING 1-11" GURAD
g L 31T Faitet .3 A 1S 18 1 - g.a" L Al g.a"

| | i 1 | i
—

W

H
"
- -~

.
e

ELEVATION VIEW

NOTE: IF EXISTING GUARDRAIL IS LOWER THAN 1°-11”, USE AN ADDITIONAL 12’-6” LONG SECTION OF GUARDRAIL
FOR EVERY 1” OF HEIGHT DIFFERENCE, TO TRANSITION FROM EXISTING GUARDRAIL TO PROPOSED 2’-1” GUARDRAIL

ROADWAY STANDARD DRAWING FOR
GUARDRAIL INSTALLATION

c0" 298

# 40 + L39HS

& Welcome [Gusll =~
“oB T (e
NORTH CAROLINA

B it it s sy
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c. Tension Continuity

» Concrete Barrier

— Continuous reinforcement and/or anchored to/in the
pavement, and for PCB, the connection pin and loops

» 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 end terminal anchors.

= Welcome o
-" To
NORTH CAROLINA
b

LR -
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Cast In Place Concrete Barrier

Horizontal bars maintain Missing connection pin

continuity for castin NO TENSION
place barrier

c. Tension C

e

o

> W-Beam

— 8 bolts tying panels together

— structural connection to a rigid barrier with 4 (min) thru
bolts

Participant Notebook Page 5-12
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» Thrie Beam Connection

— 5 bolts required for a structural
connection to a rigid barrier

Missing o Structural
e connection
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e ol ] o8

STA. 15+50 -L-

STA.

13+43 -DET-

Traffic

Plan

Management

Participant Notebook
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SUMMARY OF EARTHWORK

STATE OF NORTH CAROLINA
DIVISION OF HIGHWAYS

SUMMARY O
PAVEI

F EXISTING ASPHALT
MENT REMOVAL.

Quantity
Summary
Sheet

BEG. STA. END\TA.
1370299 fki, T
0294 7477, I
84,06 3+09, |
5-84.06 2484, B
670000 I
[ T

[ETNE 3015

15-87.50 50.00

y 4 'ANCHORS ; ‘

APPR.
END

TRAIL.
END

TYPE
n

GRAU TEMP GRAU
350 350

\
1 \
N\

A
y 4
VA

o [is s [=]—

Need to re-establish tension in any altered guardrail — include in plan sheets

% Placement of GRAU (GREU) must abide by standard application criteria
(Deflection and LON)

Participant Notebook
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d. Other Consi‘[a;jiﬁs e

» Lapping
« [For one-way traffic, all guardrail panels should
be lapped in the direction of traffic with the
upstream panel lapping the downstream panel
including terminal elements and end sections.
(Some exceptions, i.e. CAT)

« For two-way traffic always mount guardrail
going with adjacent traffic, meaning rail laps will
be opposite on each side of the road.

Structural Anchor Standards reference “LAP”

Participant Notebook Page 5-16
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d. Other o'

=
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Highway Safety Barrier Installation Training

Session 5: Installation/Common Errors of Systems

d. Other Co

Valley delineators could impede the bolt head
pulling thru rail

Drilling of holes into the rail FOR THE RAIL TO
POST CONNECTION is not recommended.

> = Ui a—

Better to bolt offset

block to post, no rail
attachment, for one or
two consecutive posts.

Participant Notebook Page 5-18
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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.

Tests results have
shown this becomes
a weak point in the
rail and can cause
ripping and rupturing.

Barrier should be in GOOD condition

L I
e " A -y
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12’ — 6” Nested Thrie-Beam Panels

6'-3" Asymmetrical transition to

w beam (10 gauge)

AN FAYT CIMI1S

™ B

Tro—o—o— SPACING

THR IE\BEM! GUARDRAIL 'NESTED'

T
. WTR’SECTION

|
FINISH GRADE/

CONCRETE BACKWALL

Curb

y 10q(0NE\RQi: INSIDE ANOTHER)
Ot 1 2\3 4 5

) o i i
FILL FACE

Posts 1 thru 6
Wood: 6" x 8" x 7’

|
ABEROACH SLAB |

|

"
\ 8

5 spaces @1'-6%"

SEE STHUCTURE PLANS

ELEVATION

GRADE

oTATE UF

NORTH CAROLINA

RALEIGH, N.CG.

:PT. OF TRANSPORTATION
DIVISION OF HIGHWAYS

ROADWAY DETAIL DRAWING FOR

STRUCTURE ANCHOR UNITS
GUARDRAIL ANCHOR UNIT, TYPE III
FOR ATTACHMENT TO RAIL ON BRIDGE

862D03

SHEET 1 OF 7

Participant Notebook
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=T T e L o
Maln Highway
Begin Standard Wood or Steel
See note 3 Post Guardrall Sectlon OTES +
Guard.ral/ Trnn.slrlon-ro Bridge Rall 1. eslgnatons ma.:, n u;m’%al 3
Area Behind Guardrall fo be “A Gulde to Standordized H rler
& Maintalned Free of Fixed Objects O e o AT
= e Rodlus | Ho-of CRT |Required Area Froe 2 to v rg s 01 . e
3 s us | " posts Flxed Objects peod ol (F30as Foaicd T6) commeci
£ S § 2 i rwmucnnm
B By Prossecsecss. s | e i
IS 86" ‘ x 15
§ E LM 170 6 30 x 15 GLI;’WM“JIWWIu
B i 250 o 905120 5. The Speclal Anchor has nof been fested 0s
S 350" 1 50'x 20 o Crashaorthy end freotment for approocning
%5 3 Seecal foch. I e e
5 % See Fig. 3A and 3B, rivwcys o savion ronhecys ool
3 also see note 5 ainoge foclitls.
8.3 H ”
38 % Dia. hole 6 x 8 x I“2'Wood block
e (RE-3(2 ot 6-312"6173) (P11-79) Secure block from
23 g (F-3[10"1-76) — (F-1373) (F-3(18'176)— 10d galvanized nall
5% 3 e
c:é § 3 Slope = I5: (F-13-73)
® O or flatter
= 35" Dio. hole—
Centered In post
d P //-79)/"\1

6'x 8 x 60 CRT wood N} s

posf (P-11-79; modifled as Igure

showty and preselvallie CURVED GUARDRAL

after dri
o 8 SECTION A-A SECTION B-B 8'-6" radlus)

Welcome
To
NORTH CAROLINA

AN W A (s i

a. Manufacturers Manuals
b. Post types

c. Panel requirements

d

e

f

. Grading

. Breakaway Cable Anchorage
. Other Common Errors
g. Delineation
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The point where the BIC crosses the toe
o ~ of the backslope must be far enough
P - upstream of the hazard.

Top rall must capture vehlcle

Participant Notebook Page 5-23
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RULE #1:
Follow
manufacturers
instructions
and standard

a. Manufacturers Manuals

Must follow manufacturer’s installation instructions and State
standards.

e |

These are all readily available online  &www

7 L AT e | = ey
Example of installation manuals g
e, 3 % = °F )i
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TAKE ADVANTAGE O
MANUFACTURER TRAINING
FOR DETAILED INSTRUCTION
ON INSTALLING ANY OF THE
PROPRIETARY END
TREATMENTS

a2

« 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

MaineDOT’s G Gardes

GUARDRAIL INSPECTION S
MaineDOT's Guardrail Garden

e

Manufacturer: Trnity Highway Products,
End Terminal: SoftStop®

Manufacturer: Road Systems, Inc

End Terminal: SW

- -

GUARDRAIL INSPECTION SERIES
MaineDOT’s Guardrail Garden
e R

F

Manufacturer: Lindsay Corporation
End Terminal: si

FLEAT and SRT videos are also available

Participant Notebook
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BEAT and BEAT-G Eétallaﬁan Inspection Clle[E
State: Data:
Drojact = Inspaction parformad by:
[ Loesion:
m] The 6"x 6" end tube sactiom is the special 1/8" thidmess tube as suppliad by the
‘mamufacturer with the comers cut at the approach end whers the impact besd i placed
m] Both the Roadside BEAT terminal and Median BEAT-MT terminal have at lasst ons |
180" long 6"x 6" x 3/16" standard tube ssction joining with the spacial 120" long =nd
tubs saction.
m] Thae=nd tubssaction is boltad to the standard tuba saction with the spacial =il tie splics.
[ Thahsizht of tha & 6" box basm tubing is in accordanca with tha plans:
—Roadside BEAT 1zil haight = 24"
—Median BEAT-MT =il height = 24"
m) The 6°x §" box basm tubing is artached 10 r=il support brackets with propar hardware:
—Roadside BEAT post bolt = 5/16" x 7 4" hax belt
—Aledian BEAT-MT poat bolt = 516" x 7 4" hax bolt
[0 Tharsil support bracksts ara attachad to posts with propar hardwara:
—Roadside BEAT posts 51 & =2 suppon brackst Dol
—Median BEAT-MT thay
—Median BEAT-MT
O  Theuppe mdlower ssctions of post 51 ar= propady conpectd witha 5/8°x 57 bax bolt.
O The 3" wesk posts hava the seil plate positionad the same diraction 25 the rail
—Roadside BEAT has 2 3" wask post at post location =2 plus at lasst thrssmos 37 wask
posts spacad at §-07 within the standard downstresm 67x 6” box baam barrier.
—Afedian BEAT-MT has a 3" wask poat at post locations =2 thsough =5
m) The impact head is propary insanad ino the and rube saction with the largs trisngulsr
mussat platas facing down. Tha bottom of the impact haad iz sppr 127 above zound
[0 Thapost besakar iz installad on tha propar side of post 51 and stabilized with two balts
O Tha8" x 8" bearing plata at post | iz comactly positionad with the 5* dimension up & tha
3" dimension down. The anchor cablz is taut and comectly installad.
O  TheMedisn BEAT-MT ks 2 tether csble properly attachad to sestrain the impact hesd.
O [fthe posts wars muzsrsd, be surs the backfill matsrisl around the posts is compactsd.
Additionsl notes:

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

|y Offset block at Post 22

Actions

| Step
1.

Select the Option A, Option B, or Option C to install the rail
panel without offset block at Post 2:

Opf‘iol‘l 1. Insert a /;" (16 mm) diameter x 10" (255 mm)

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-

HGR Post Bolt (PMN-3500G) through the rail and

3340G) on the inserted bolt. Tighten the bolts.
(There is no torgue requirement for these bolts.)

Option | 1 Insert a Iy (16 mm) diameter x 17/,” (31 mm)
B

For the hole in the SYTP™.
SYTP™
Note: For SYTP stubs, use the hole in the
SYTP™ that will place the rail at the comect
SYTP™ stub for attaching the rail.)
Place a

olt.

ed b

Option
c location 2.

HGR Blot (PN-3360G) through the rail panel and

height. (If there are two (2) sets of holes in the

5l;" (16 mm) Round Washer (PN-3300G)
5 o == oI 40G) on

Do NOT beolt the rail panel to the HBA™ post a

WARNING: Do NOT bolt the rail to the

death in the event of a collision.

HBA™ post at location 2. Failure to follow
this warning could result in serious injury or

Participant Notebook
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b. Post Types )

Each manufacturer may have several different
types of post, even for the same system - both e ~a
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 for terminals —

the CRT post with large holes to weaken it. Controlled
Release Terminal

(CRT) Post

Welcome {3
To

NORTH CAROLINA
L
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3. End Tr‘eat"

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

c. Panel Types
SRT Rail with a FLEAT impact head

Participant Notebook Page 5-28
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3.End Treatment

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.)

Participant Notebook Page 5-29
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Welcome
To
TH CAROLINA
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ol ROADWAY STANDARD DRAWING FOR
ol GUARDRAIL PLACEMENT
u =
e
e
LENGTH OF NEED 28'-0" MIN,
PAY LIMITS GUARDRAIL END UNIT TYPE TL-3 or TL-2 %‘f&l 25'-0
50:1 TAPER )
S “\_skouLoer LIne
P F 8 g B B i B 2  §

a
L2’ OR 4' PAVED SHOULDER

LEDGE OF LANE J
10" PAVED SHOULDER

+4mm TRAFFIC

Need special Borrow bid item for 3R projects

Need Special Provision for Density

d. Grading

Improper
Grading
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3. End Treatmani» 5

d. Grading 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

Participant Notebook Page 5-32
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Bearing Plate & Strut

3. End Treatment

e. Breakaway Cable Anchorage (BCA) Assembly

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

= Secure bearing plate

Participant Notebook
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3. End Tr‘eatsv

e. Breakaway Cable
Anchorage Assembly

Buried and

upside down
bearing plate —
won't release

e. Breakaway Cable Anchorage Assembly

Upside down
bearing plate —
may not release

Participant Notebook Page 5-34
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3. End Treatmani» 5

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.

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 offset block.

= Check to see that the correct cable anchor bracket is used
and it is properly attached to the rail.
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s

£

3. End Treatﬁqani»;F' A

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.

f. Other Common Errors

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

Participant Notebook
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f. Other Common Errors

Post Installed
Backwards

Post.bending s/hows signs
of not releasing-as intended
¥ ""Nf" ‘ :
[YAbRLE o

Open-ended slot Shgult | -
be on‘upstream. sid g
oS -

f. Other Common Errors

End treatments
with an impact
head should be
parallel* with the
top of the rail.

* For Softstop see manufacturers manual
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3. End Treatt k

f. Other Common Errors

Energy Absorbing
(compression based)
Terminals MUST be installed
on a straight line

Manufacturers of
Tension-based systems
also require straight line

71

SKT Impact Head
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Whether construction or malntenance never would have
THREE slotted rails.

¢NepoT
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Qt
\
=Ko

Improper installation of slot guard,
Installed on upstream side of slot -
should be on downstream side.

f. Other Common Errors

It's easy to tell if it's wrong —
the slot guards must be on the
same end of the slots for the
first (can’t get it wrong) and
second rail panels

Participant Notebook
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Cable does
NOT go

through slot
guard.

3. End Trﬂeat""'

f. Other Common Errors

Unrestrained
bearing plate
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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

— Refer to manufacturer’s installation instructions.

f. Other Common Errors

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

Note the
WRONG rail for
this terminal.
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3. End f[rveat“

f. Other Common Errors

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

Refer to manufacturer’s installation instruction

r : o / Sl
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No rail-to-post
bolt at Post 1

No bearing plate :

3. End Tr_eat""

f. Other Common Errors
F R R T '

e
A

Nuts on the
bracket should be
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f. Other Common Errors

Excessive flare on a end treatment.

—— -

Improper Application—Hazard within termi
e

Participant Notebook
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3. End Treat

f. Other Common Errors |
by 4 i BIG HOLE

Improper Applrcatron ~ no runout for a non- energy
absorbing termlnal .LON (as weII as gradrng)

€, NCDOT oo

Improper Appliction Terials should have 7’ separation
and the sign should be be ond the termlnal S stem
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3. End Treatmaai»

g. Delineation

» USE MANUALS
» Stub height (Desirable Grading)
» Straight Line (25:1 Flare max; NCDOT 50:1)

> Rail Lap (Absolutely for Telescoping Devices)

» No Delineators within System
» Anchor Details (ex. — SOFTSTOP strut)
Check Length of Need — Field Procedure
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LA T B
u

s Z,

4. Impact Attenuat

a. Manufacturers Manuals
b. Grading

4. Impact Atteaaét

a. Manufacturers Manuals

Must follow manufacturer’s installation instructions
and State standards.

SCI70GM AND SCITB0GM
DESIGN & INSTALLATION MANUAL

el &
& L
s W

SUAKT BUSHUR WOVILNUIS

These are all readily available online
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4. Impact Attenuators

a. Manufacturers Manuals

Construct concrete
pad if called for per
manufacturer’s
requirements or
state standards.

IAPPENDIX E2 - TEST LEVEL Ill FOUNDATION I

Cross Slope at Top Surface not to Exceed 1in 10
Foundation must be a Level Plane

« + # + + \Wide Hazards and Transtions may require
the foundation to be longer. See Transition Drawings.

SPECHIATIONS
A winking sl - staight 64 ASTIAAY
eunrents
€ ranicroad concrete et wih anchor entedent o 3 12"
L

€ cmohal wth ancher embedment of 16 12"

& ke corcrets (POC) sargling par ASTN 3184, waling per ASTM CB.8¢
r T, po

T asphat over " concrete - Trpe 57 125 Lovel C or Agner
€ asohel over € of conoaced subbase - same a8 akove
B 25phat AC) - Typw SP 125 Trafic Livel C o igher

on3
T T e 734
[‘m !"lll w-v“ ['I"'I
3 o, v _ W uizwwizuwisizne 1 wn | u 1812 1912 197 3
E N N ] B[ T [Ber ) T[T e
L] e

i
-3
o L ]

Clean out drilled

holes WELL!
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=S

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
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4. Impact Atféxwé s

a. Manufacturers Manuals

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

|

Ex: Concrete Backup

—.f

Ex: TONEI0N -
Strut Backup
Must follow manufacturer’s installation instructions

éOneport B

a. Manufacturers Manuals

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

Acceptable Ei o & | \hacce tab|e,".ﬂ 4
. = T P k.

Py

Must follow manufacturer’s installation instructions.

Oncoor L=l ST
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4. Impact Atteauat

— S

a. Manufacturers Manuals

* Place appropriate delineation on front of system

4. Impact Attenuators -

b. Grading

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

Suspect
Grading
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« USE MANUALS

« TRANSITION if necessary
 GRADING - 10:1 or flatter

« Clean out Foundation Holes — Brush
* Lap for Translation

« Rear Panels Must Clear Object

« Torque — per Manual

« Softer Modules in Front

N RTH CAROL -

Review Learning Outcomes -

» Describe key components of barrier systems

» ldentify common installation errors
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Session 6: Maintenance of Systems

) North c; ‘v'i‘r]arD
Highway Saf rrier

=

Session 6:
Maintenance of Systems

tion |

=]

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

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

» Understand when a damaged barrier end
treatment MAY no longer function.

> Effectively delineate/treatment of damaged
hardware prior to repair.

» Barriers should be routinely observed.

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

Participant Notebook
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= NCHRP

REPORT 656

Criteria for Restoration
of Longitudinal Barriers

TRANSPORTATION SESEARCH BOASD

Available for purchase

Video Clip

W-BEAM GUARDRAIL
REPAIR

A Guide for Highway and Street
Maintenance Personnel

ca»l} Dacws @

STATEOF NORTH CAROLINA
DEPARTMENT OF TRANSPORTATION

s DAVISION DF HIGHWAYS
‘‘‘‘‘‘ e S5 AL N 0530

Decomber 15, 1983

MIMORANDUM TO:  Divialon Enginsess

STATE OF NoKTH CAROLINA
DEPARTMENT OF TRANSPORTATION

. ML Y Bty LvaeoTener

Median Barrier Inspection asd Maintenance Policy

e e 1990 There b 1 90 et rhaction 1 (il sy s I
Fecan awies

o e e

Fhom e LA, ;)} wenor
s - Conatrution & Marmisnane e A e S
susteT GusrdrsiAsaetor Malntanance Poy
evor
ors on i Biate
vl s mach swia of e — o Syt e
=

jarash
This teglacan all axisting polcias for guardeail repairs and maktanance. L
Riialon 10 the intarstate Maintanance Manusi sl b sent i tha s futuss. e

ey o
1 aionsl nfmaton I nsaded, laasa a0ve.
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R~

~ o

NCDOT Guidance ~

GUARDRAIL INSTALLATION AND/OR REPAIR

RESPONSE TO NOTIFICATION OF DAMAGE

Attenuator or guardrail damaged by accident is to be
scheduled for repair/replacement as soon as possible after
the condition is known. If the damaged area is determined
by the engineer to present a traffic hazard by nature of the
damage itself, or by exposing traffic to some previously
protected situation, the area will be properly marked by
barricade, warning lights, cones, truck mounted attenuator,

etc., as appropriate until such time as repair has been
completed.

REF: NCDOT GUARDRAIL/ATTENUATOR MAINTENANCE POLICY. December 1993
— V 5 ~ X “-! ey | REGERTT r “'. = ‘ *'_. 12?7"::’
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Timing of Reparr

RESPONSE TO NOTIFICATION OF DAMAGE (cont’d)

Examples would be straight pieces of rail exposed by
the destruction of an anchor unit, bridge abutment
exposed, sign post protection rail destroyed, or areas
where rail has been damaged so badly it has to be
removed. If there is any question as to the need for
delineating such hazards, then the areas should be
properly marked.

REF: NCDOT GUARDRAIL/ATTENUATOR MAINTENANCE POLICY. December 1993
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2015 House Bill 97

§ 136-18.05. Establishment of "DOT Report' Program.

problem. Excluding potholes, which shall be repaired within two business
days of the date the report is received, the Department of Transportation shall
properly address (i) safety-related citizen reports no later than 10 business
days after the date the report Is received and (ii) non-safety-related cifizen
reports no later than 15 business days after the date the report is received. The
Department shall determine, in its discretion, whether a citizen report is
safety-related or non-safety-related. The Department shall transmit
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Spear —worse than no tension —
* must be treated (drop rail) immediately- Seve

T

Spear —worse than no tension —
Protect spearing end immediately- Severe

Encoot B2l TS R S
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Damaged Ehdéff

Delineate damaged areas while evaluating
damage. Make repairs as soon as practical.
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> w " o

For HTC Barrier, Keep the Cable

Alternatives to cutting the cable include:
* Removing the vehicle by towing it in the opposite direction
from which it hit the system.

» Loosening the cables at the turnbuckles.
» Release the cables at the anchor.

« Cutting the turnbuckle (preferred method to cutting the
cable). The adjacent posts on either side of the turnbuckle
need to be removed. Be sure that all personnel are clear
of the cable and always cut the center of the turnbuckle,
between two undamaged posts away from the impact
area.
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— — —

Evaluate th e_«&te silee 5 b

DECISION TO REPAIR/REPLACE OR ELIMINATE
GUARDRAIL

Consideration should be given to eliminating the need for
the rail by flattening the slope and/or eliminating the hazard.
The warrants in the Roadway Design Manual and the
drawings in the Roadway Standard Drawings Manual should
be used in this determination. The department that eliminates
the hazard is responsible for coordinating the removal of the
guardrail by the county road maintenance personnel.

REF: NCDOT GUARDRAIL/ATTENUATOR MAINTENANCE POLICY. December 1993
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5.2 — Repair or Eliminate
Before repairing the guardrail,
consider if it can be eliminated. If
the slope can be flattened or the
hazard relocated, the barrier is
not necessatry. ,
If the roadside obstacle is no '
longer there, the guardrail is itself '
a hazard and should be removed )

REF NCDOT GUARDRAIL INSTALLATION AND/OR REPAIR PROCEDURE TRAINING MANUAL April 2000
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SAFETY-RELATED
7?7?77

When guardrail has been hit, determine the extent or severity of damage. If
the damage is minor or so slight that it will function to shield the hazard,
schedule the repair with other work. If the damage is severe, schedule it for
repair as soon as possible. Until then, clear debris from the road and
shoulder, then set out barrels or barricades to warn motorists.

REF: NCDOT GUARDRAIL INSTALLATION AND/OR REPAIR PROCEDURE TRAINING MANUAL. April 2000

INCDOT &~

e

8 NORTH CAROLINA
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* *

Guardrail - Damage

Severely Damaged

* Rail beam has been severed

* Beam is crushed more than 18” out of line or
» Three or more posts have been broken

Severe damaged needs
to be repaired as soon
as possible

Moderate Damaged. Repair later if the guardrail
will still function properly.

Minor Damage is aesthetic. Repairs may not be
needed at all.

Supervisor needs to make decision — is moderate
“safety-related” or not; this was intent of NCHRP 656

REF: NCDOT GUARDRAIL INSTALLATION AND/OR REPAIR PROCEDURE TRAINING MANUAL. April 2000
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Guardrail .~

How much deflection (~ 11”) — Per TM = moderate
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Post separation — Severe or moderate?

If height is too low (?”), penetration is likely - Severe

Welcome A
= ] Y
RTH CAROLINA X

Participant Notebook
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Tension discontinuity (half strength and stress
concentrator) — Severe

h munn : -7.

Severely Damaged
» Any cable is broken or pulled loose from the anchor or

» Cable is sagging to the point that it would not function
properly when hit or

» Four or more posts have been knocked down.

Severe damaged needs
to be repaired as soon
as possible

REF: NCDOT GUARDRAIL INSTALLATION AND/OR REPAIR PROCEDURE TRAINING MANUAL. April 2000
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st ]

' No effective barrier —
But likelihood of impact??

¥ L ity )
i LA
N~ Welcome
- T
RTH CAROLINA

Severely Damaged

» One or more broken posts
* Rail that has been torn loose or
+ Damaged cable assembly.

Severe damaged needs
to be repaired as soon
as possible

\ o
o Welcome
To

NORTH CAROLINA
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This could act like a spear if not repaired expeditiously - Severe

You need to have the manufacturer’s installation manual to repair these
systems.
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End Treatm

» Check for nuisance hits on end
treatments 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).
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E Sheared end post Ilo iension
l capability — Per TM - Severe

¢ X
N~ Welcome

N )

NORTH CAROLINA
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SRT first rail only — not as tested. Light pole nearby may also
be a problem. Severity - 2???

. .y -’,;\{;'5 SN2 4, b 'fval",,; & s
Im

pact head not parallel to rail — don’t know how serious —
Doubt Severe; Just POOR workmanship
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When repairing a wood Post 1 holding an impact
head, drill pilot holes per Installation Manual

Bearing plate misaligned
Moderate
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" >N ‘.» o ik u,,&. whe AN bV s ) E_.

Mlssmg bearing plate and cable - No tensnon capability — (Also the
J head should be parallel to top of rall) Per TM - Severe

e

g g L o

Ra|I not engaged W|th head
Severe

. 1o
NORTH CAROLINA
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o~ . To ot T

No tension, impact head damaged - Severe

‘.f(,"‘ ; V‘V"t 2

Some reserve capacity — Moderate or Severe??? £
Have manufacturer’s Installation Manual available.
e : ™ o 2 =

Welcom
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This is a blunt end until repaired - Severe
Have manufacturer’s Installation Manual available.
NIRRT,

Ensure all mounting hardware is correct
and Repaired per Installation Manual
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Place sand container in the correct position with the correct
amount of sand.
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Replace In-Kir

"

REPLACEMENT/REPAIR OF GUARDRAIL COMPONENTS

A. Rail (Steel)

The accident damaged section of rail shall be replaced/repaired to the
current design standard as practical. It should be noted when only a
portion of a rail system is damaged, consideration should be given to
replacing the remaining undamaged length to current standards.
However, when the undamaged length of remaining rail is less than 100
feet, the entire rail system shall be replaced to current design
standards.

For pre-31" guardrail, the repaired guardrail should be to the lates;
29" standard, especially related to height.

REF: NCDOT GUARDRAIL/ATTENUATOR MAINTENANCE POLICY. December 1993

o . T RN
e Tt
NORTH CAROLINA B

B i e Wy e s R >
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Replace In-Kind vs. Upgrade

A short section of weak post rail should be
replaced by standard blocked out W-beam rail

Damaged sections of rail must be repaired to the current
design standard as practical. For example, if an old weak
post guardrail system that is shielding a hazard has been
hit, the damaged section should be replaced by the
standard blocked out W-beam system. Note that a 50’
transition will be needed from the old weak post rail to the
new strong post rail to minimize pocketing effects.

REF: NCDOT GUARDRAIL INSTALLATION AND/OR REPAIR PROCEDURE TRAINING MANUAL. April 2000 p 25
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e s &
f‘ .,

Replace In-KiM Ji

o~

REPLACEMENT/REPAIR OF GUARDRAIL COMPONENTS

B. Rail (Cable)

The damaged section of cable rail shall be replaced/repaired to the
current design standard.

It should be noted that periodic inspections of the cable tension is
required to insure its proper function. Additionally, large vegetation shall
not be allowed to grow within 15 feet of the cable as the system is
designed to deflect 15 feet under impact.

REF: NCDOT GUARDRAIL/ATTENUATOR MAINTENANCE POLICY. December 1993

- Welcome [ungs =~ =
el 1o Varaete
NORTH CAROLINA LS
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Replace In-Kir

——_ -

REPLACEMENT/REPAIR OF GUARDRAIL COMPONENTS

C. Terminal End Section

The accident damaged end section shall be replaced/repaired to the current
design standard except as follows:

Exceptions:

* When only the guardrail end section (buffer or terminal end design) has
been damaged (bent), with no post damage, it may be repaired with like
kind.

*  When adequate shoulder width cannot be obtained economically to

meet the current design standard contact Roadway Design for an
alternate design.

REF: NCDOT GUARDRAIL/ATTENUATOR MAINTENANCE POLICY. December 1993

= Welcome
ol 7o
NORTH CAROLINA
\ MATBL W WA e S
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Replace In-Kil

If any posts of a sub-standard end
treatment have been broken, it should be
upgraded

Participant Notebook
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Replace In-Kir

REPLACEMENT/REPAIR OF GUARDRAIL COMPONENTS

D. Structure Anchor Unit

The accident damaged guardrail attached to a structure (ex: bridge,
concrete barrier, etc.) shall be replaced/repaired in accordance with
current design standard. If field conditions prevent the use of standard
design and it is structurally sound to attach to the structure, assistance in
the design of an acceptable replacement and/or repair is available through
the Road Maintenance Unit as needed.

REF: NCDOT GUARDRAIL/ATTENUATOR MAINTENANCE POLICY. December 1993

= Welcome jiud
o8 7o
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e

Replace In-Kir

ATTENUATORS

Damaged or malfunctioning attenuators shall be
replaced/repaired to the current design standard.

Attenuators should be inventoried by type and location

and maintained on a regular schedule (every 6 months)
to insure proper function.

REF: NCDOT GUARDRAIL/ATTENUATOR MAINTENANCE POLICY. December 1993

= Welcome jiud

o8 7o
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= - —

" 5o

Median Barrier Inspection/Maint

» Requires weekly inspection by each NCDOT
highway division.

= All non-functioning section of median barrier
identified and marked.

= Appropriate contractor notified of damaged section
within 24 hours.

» Repair work to begin “as soon as reasonably
possible”
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== 1 = — T
= 3

Inspect Repairs

Inspection once the repairs are completed, as well as
periodic inspection.

6.3 — Maintenance Tips
» Before repairing guardrail, consider eliminating it.

* When barrier must be repaired, check the design.
+ Keep large vegetation away from the guardrail.
» Waitch for material buildup under and in front of the rail.

» Loosen cable turnbuckle in cooler weather, and tighten in
warmer weather. 7?77 —to Spec

REF: NCDOT GUARDRAIL INSTALLATION AND/OR REAIR PROCEDURE TRAINING MANUAL AprII 2000P

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

» Understand when a damaged barrier end
treatment MAY no longer function.

» Effectively delineate/treatment of damaged
hardware prior to repair.
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