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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

personnel 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:

Session 2:

Session 3:

Session 4:

Session 5:

Session 6:

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.

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

Testing Requirements and Performance Characteristics of End Treatments and Impact
Attenuators— Identifies how selected safety hardware are tested and function under
controlled crash tests.

Design Principles, Length of Need, and Site-specific Installation 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.

Installation/Common Errors of Systems — lllustrate proper barrier installation and show
some common installation errors.

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 — NEED UPDATED LIST

Vickie Davis

Area Construction Engineer —
Division 9

vdavis@ncdot.gov

(704) 202-0945

Christopher Deyton

Division Maintenance Engineer
— Division 13

cdeyton@ncdot.gov

(828) 250-3000

Sam Eddy

Maintenance Management
Engineer Supervisor

sceddy@ncdot.gov

(919) 835-8209

Nicole Hackler

State Plans and Standards
Engineer

nmhackler@ncdot.gov

(919) 707-6950

David Harris

State Roadside Environmental
Engineer

davidharris@ncdot.gov

(919) 707-2925

Christopher Hoffman

Training and Development
Engineer

cahoffman@ncdot.gov

(919) 835-8429

Raymond Honbarrier

Maintenance Systems Manager

rchonbarrier@ncdot.gov

(919) 835-8226

Bobby Liverman

Assistant Division Maintenance
Engineer — Division 4

blliverman@ncdot.gov

(252) 640-6404

Bobby Norris

District Engineer — District 2,
Division 7

bnorris@ncdot.gov

(336) 487-0100

Tim Nye

Senior Traffic Safety Project
Engineer

tsnyel@ncdot.gov

(919) 814-4961

Dale Privette (FHWA)

FHWA Safety and
Transportation Engineer

dale.privette@dot.gov

(919) 814-4961

John Rhyne

Division Maintenance Engineer
— Division 9

iprhyne@ncdot.gov

(336) 747-7800

Shawn Troy

State Traffic Safety Engineer

stroy@ncdot.gov

(919) 814-5010

Ken Thornewell

Central Work Zone Traffic
Control Engineer

kcthornewell@ncdot.gov

(919) 814-5037

Jordan Woodard (chair)

Design Development and
Support Group Lead

jawoodard4 @ncdot.gov

(919) 707-6208
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Highway Safety Barrier Installation Training Introduction

North Carolina Department of Transportation (NCDOT)

Roadway Standard Drawings — Division 08
https://connect.ncdot.gov/resources/Specifications/Pages/2024-Roadway-Standard-
Drawings.aspx

Special Provisions
https://connect.ncdot.gov/resources/Specifications/Pages/2024-Specifications-and-Special-
Provisions.aspx

Approved Product List

https://apps.ncdot.gov/vendor/approvedproducts/

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

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

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

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

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/

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

Task Force 13 website http://www.tf13.org/

Guide to Standardized Highway Barrier Hardware
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Highway Safety Barrier Installation Training Introduction

Roadside Safety Pooled Fund sites:

e MWRSF: 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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Highway Safety Barrier Installation Training Introduction

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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Highway Safety Barrier Installation Training Introduction

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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Highway Safety Barrier Installation Training Introduction

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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Highway Safety Barrier Installation Training Introduction

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

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

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

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

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

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

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

Severity Index—A severity index (Sl) is a number from zero to ten used to categorize 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.
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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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Highway Safety Barrier Installation Training Introduction

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
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Highway Safety Barrier Installation Training

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

Ground Rules

» Be ontime

» Participate

» Restrict sidebar conversations
» Turn off cellphones

Terminology: Page v

Engineering Judgment

Evaluate Risk

Document
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Highway Safety Barrier Installation Training

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

Objectives of Course

= b e

At the end of this 1% - day course you should be able 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.

e | S OGS Gl
-t AELN WD . AN S
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Highway Safety Barrier Installation Training

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

Session 1:

Roadside Safety Problem, Clear Zone and
Warrants for Barrier

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

» Describe the primary Roadside Safety
Concerns in North Carolina.

> ldentify the need for training.

» Explain clear zone and when a barrier
may be warranted.

Welcome ‘f‘;

X
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N _
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Highway Safety Barrier Installation Training

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

F

North*_CroI-in‘---f.._-;

North Carolina Total Fatalities vs.
Roadway Departure Fatalities

M Total Fatalities M Roadway Departure Fatalities

2000

Total US

g% Highway

51000 - Fatalities
* 500 - 2021
N 42,939

2017 2018 2019 2020 2021

In 2021, 57.6 percent of all fatalities involved roadway departures

5-Yr. Total
Culvert/Curb/Ditch 764
Trees 652
Rollover 298
Guardrail End/Face 165
Embankment 156
Utility Pole/Light Pole 125
Concrete Batrrier 23
Cable Barrier 21
Ref: FARS Data — 2017 to 2021
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Session 1: Roadside Safety Problem, Clear Zone and Warrants for Barrier

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

Need for Tr

Must have a strong connection between systems
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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

Traveled Way Shoulder

4.6.1 Clear Zones
The unobstructe ~ rea provided beyond the edge

of the trayeled way is termed the clear zone. This area is used
for thf errant vehicles and includes shoulders,

bike lanes, and auxiliary lanes.

Clear Zone Princ

Get

MAXIMUM,

COST-EFFECTIVE
width
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Highway Safety Barrier Installation Training

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

Available Clear Zone = Area EXxisting for recovery

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

Do not compromise available clear zone

-
>

Participant Notebook
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Highway Safety Barrier Installation Training

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

Clear Zone Factors

> Slope Type and Steepness
» Design Speed

» Traffic Volume

» Horizontal Curvature
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Highway Safety Barrier Installation Training

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

Non-Recovera
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Highway Safety Barrier Installation Training

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

Clear Zone i

Table 4-5 Suggested Clear-Zone Distances from Edge of Through Traveled Lane ;.'.-»
Design s Foreslopes Backslopes
Speed ADT 1V:6H 1V:5H to 1V-3H 1V:3H 1V:5H to
(mph) or flatter 1V:4H 1V:4H
<40 UNDER 750° 7-10 7-10 7-10 7-10
750-1500 10-12 12-14 10-12 10-12
1500-6000 1214 14-16 See Note b 12-14 12-14
OVER 6000 14-16 16-18 14-16 14-16
4550 | UNDER 750° 10-12 1214 8-10 8-10
750-1500 14-16 16-20 10-12 12-14
1500-6000 16-18 20-26 See Note b 12-14 14-16
OVER 6000 20-22 24-28 14-16 18-20
55 UNDER 750° 12-14 14-18 8-10 10-12
750-1500 16-18 20-24 10-12 14-16
1500-6000 20-22 24-30 See Note b 14-16 16-18
OVER 6000 22-24 26-322 16-18 20-22
60 UNDER 750° 1618 20-24 10-12 12-14
750-1500 20-24 26-323 12-14 16-18
1500-6000 26-30 32-40° See Note b 14-18 18-22
OVER 6000 30-322 36-442 20-22 24-26
65-70¢ | UNDER 750° 18-20 20-26 10-12 14-16
750-1500 24-26 28-36° 12-16 18-20
1500-6000 28-322 34-422 See Note b 16-20 22-24
OVER 6000 30-342 38-46° 22-24 26-30
&4 [ (

T B

B
%
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Highway Safety Barrier Installation Training

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

4.6 Roadside Design

6.1 General Considerations

* Remove obstacle

* Redesign obstacle to be safely traversed

* Relocate obstacle

* Reduce impact severity with a breakaway device

» Shield obstacle with barrier that will redirect vehicle or
use crash cushion

» Delineate obstacle if other options are not appropriate
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Highway Safety Barrier Installation Training

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

Barriers Must Be
Less of a Hazard

6.2.1 Barrier Warrants

impacts to the protective barrier will be less severe than impact
with the roadside h

\

» Bridge Piers / Abutments / Railing
Ends

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

Welcome [uSid
To

RTH CAROLINA
W oAt e e s

» Describe the primary Roadside Safety
Concerns in North Carolina.

> ldentify the need for training.

» Explain clear zone and when a barrier
may be warranted.
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Highway Safety Barrier Installation Training

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

North Carolina Department of Transportation

Highway Safety Barrier Installation Training

Session 2:

Testing Requirements and
Performance Characteristics

of Common Barrier Systems

Session 2 Learning Outcomes

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

> Understand how barriers are tested for
crashworthiness

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

» Define the key components of a transition
(Structure Anchor Unit) design
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Highway Safety Barrier Installation Training

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

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
T

MASH Im Iemematicrh?l"imegline s

(AASHTO/FHWA Joint MASH Implementation Agreem‘e_n&jééie_d.Janqary 7, 29}@{;_‘;

11 years

10 years

9% years

7 years

* All Other Barriers/Portable
* Bridge Rails

* Sign Supports

¢ Other Breakaway Hardware

X Crash Cushions
%+ Cable Barriers
%+ Cable Terminals

** MOVEMTS DEC. 31, 2019
X SOME MOVED TO DEC. 31, 2019
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Session 2: Testing Requirements and Performance Characteristics of Common Barrier Systems
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MASH Test Condit

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

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

5,000 Ibs.
2270P

2,420 Ibs.
1100C

+-4 NCHRP
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Highway Safety Barrier Installation Training

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

MASH Impact Angles for Barrier Tests

Lo

MASH Test Conditions (cont'd)

» 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
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Highway Safety Barrier Installation Training

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

Functional Requirement of Barrier

1. Contain Vehicle
» No Penetration
» No Vaulting/Under-riding

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

3. Tolerable Occupant Impact Forces

4. Minimum Occupant Compartment
Deformation and no Debris Intrusion

— o L aa ™ ——
«,J z | Q‘:«f"’i 2_9 —

Standard Barrier Systems

» Rigid Systems

» Semi-Rigid Systems

» Flexible Systems

» Median Barrier Systems

o .ol n o & i"”“ . =
24 L%SSIOHZ = S 2-10
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Highway Safety Barrier Installation Training

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

Barrier System'-’f'

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

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

32" - 90" T o 32”7 - 90” 327 - 90"

-8
Lg”
Y b
3
N

1 1 "
' ¥ ! ¥ / \
i i L % I
| 2 ) - 2 - - 24

Single Shape

New Jersey Shape F-Shape
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Highway Safety Barrier Installation Training

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

L Video Clip e

Barrier

Rigid Barrier —New Jersey Shape

Type IV typically used

Types Il & Il for
bifurcated cross-
sections

*Sd“

2” min Embedment

o o7~ 4 \SEE INSET "B" minimizes Deflection
E_T . 20" SHEET 2
SECTION X-X When large trucks are
TYPE IV)- NO GLARE SCREEN PERMITTED not an issue
ROADWAY STANDARD DRAWING FOR 1-24] STATE OF
NORTH CAROLINA
DOUBLE FACED CONCRETE BARRIER ogpr \ORTH CAROLINA
TYPES I, II, III & IV DIVISION OF HIGHWAYS
RALEIGH, N.C.
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Highway Safety Barrier Installation Training

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

SEE INSET "A" " "
ON SHEET 2\ j=Bmj (222

2” min Embedment
minimizes Deflection

-'.'.
:‘%?Ej Considered TL- 5
- ;g;ws FINISH N
S SEE_INSET 8" For use when conditions
[ N« ON SHEET 2 :
- EINLSH warrant (typical urban,
high truck volume
ROADWAY STANDARD DRAWING FOR [EPLI
SECTION X-X DOUBLE FACED CONCRETE BARRIER NORTH CAROLINA
TYPE T, T1 AND T2 D%FITV'ISPIFONT%AFNSHPI%R%TYISP "
TYPE - T RALEIGH, N.C.

*THE 2" OR 5" DIMENSION FROM FINSIH GRADE TO THE BASE IS A MINIMUM DIMENSION. REFER
TO PLAN TYPICAL SECTIONS AND PAVEMENT SCHEDULE TO DETERMINE KEY-IN DEPTH,

= IS
To

) CAROLINA

MO w0 el bt

| STATE LINE
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Highway Safety Barrier Installation Training

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

Note — No national criteria for when to use TL-4, 5, or 6
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Highway Safety Barrier Installation Training

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

10" RAD.——
41"
2" 9” min Provides Fixity
515"
i
N X
12" CLEAR T
47 #5 "B" BARS
7 ol ROADWAY STANDARD DRAWING FOR =241 sTaTE OF
DETAIL X-X | PRECAST REINFORCED CONCRETE BARRIER [ NORTH CAROLINA
CROSS SECTIONAL VIEW [5f 41" SINGLE FACED DIVISION OF HIGHWAYS
hr{ RALEIGH, N.C.
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Highway Safety Barrier Installation Training

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

Welcome |t
To ?
RTH CAROLINA

1wl mal

STATE LI
r———

S i)
NORTH CAROLINA
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Highway Safety Barrier Installation Training

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

Barrier Systems: Semi-F

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

Typically consist of beam and post
elements.

TERMINOLOGY: Call new system 31~

Participant Notebook Page 2-12



Highway Safety Barrier Installation Training

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

Barrier Systems: Ser

,.;
- N
e s

» 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 277 — 29” o

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

Offset Block: 6” x 8” recycle plastic
or composite.

Although previous practice may have referred to height
at mid-rail, all heights used in this training are to top of
rail

\’S
e To

NORTH CAROLINA

[T

Guardrail with SAI
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Highway Safety Barrier Installation Training

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

Guardrail with Ww%g st
k 2
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Highway Safety Barrier Installation Training

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

Barrier Syste

» 31” (shown in standards as 2’-17)
= 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

Rail Splice =~
Mid-Span
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Highway Safety Barrier Installation Training

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

Video Clip

SEE _NOTE 'A’

‘W' BEAM

/GUARDRAIL
— |

&

= 1
- \SEE NOTE '8’

GROUND L INE

e

", GUARDRAIL POST

‘W6’ STEEL POST WITH
ROUTED OFFSET BLOCK

SIDE
FRONT @& MID SPAN SPLICE

ROADWAY STANDARD DRAWING FOR

=£3 STATE OF
NORTH CAROLINA
GUARDRAIL INSTALLATION DEPT. OF TRANSPORTATION
DIVISION OF HIGHWAYS
RALEIGH, N.C.

20"298

6 40 9 133HS]

| NORTH CAROLINA

¢ONcDoT
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Highway Safety Barrier Installation Training

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

Barrier yst‘e_”w le

Flexible Barrier Systems typically have
relatively large deflections

Examples of Flexible Barriers include:

* Weak post W-beam No longer in standards
» Low tension cable Guiderail (LTCG)

» High tension cable Guiderail (HTCG)

Advantages of cable systems
include:

* Lowa initial cost

*  Lower deceleration forces

»  Effective vehicle
containment and redirection

* Installation conditions
flexibility

«  SNOW
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Highway Safety Barrier Installation Training

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

» High Tension Cable Guiderail (HTCG)
» Five different proprietary designs developed
= Each requires a unique proprietary terminal
» Somewhat reduced deflections

= Generally easier maintenance

= Can retain effectiveness after most imEacts

* Brifen * * * — APL

+ Safence * (Work zone, Type 3)
* CASS (Valtir)

* Nucor * = RDM

* Gibraltar * S

As of 8-1-23
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Highway Safety Barrier Installation Training

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

High-Tension Cable Guiderail (HTCG)

6.8.1.1 Types of installations to be used

Use HTCG in areas where lower deflections are needed in the
median or on the outside shoulder. HTCG systems are
proprietary. HTCG systems must be on the NCDOT Approved
Products List and may be used at the approval of Division
personnel or the State Roadway Design Engineer. Install all
HTCG systems per the manufacturer’s instructions. Gibraltar,
Safence, and Brifen are MASH approved HTCG systems
available for use by NCDOT {as of 8-1-23}.

Need old standard to repair LTCG
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Highway Safety Barrier Installation Training

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

= Interweaving cables creates a
“mini-anchor” at each post due
to friction as the tensioned
cables weave past each post.

= MASH 09 approved 4 cable
level terrain TL-4 and 4:1 TL-3

&

%

K3
o~

» Posts have slot
located in the upper
section of the web.

e 3o0r4cable TL-3
Level and 4:1 (Also
tested TL-3 on 2:1
200mm offset from
breakpoint) MASHO9

http://www.safence.com
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Highway Safety Barrier Installation Training

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

* Has hairpin type connection to post.

* Posts to cable connection is alternate
side-to-side.

* MASH approved 4 cable Level
terrain TL-4 and 4:1slope TL-3

https://gibraltarglobal.com

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

Participant Notebook Page 2-22



Highway Safety Barrier Installation Training

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

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

=

5

SEE NOTE ‘A’
T
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note B N [/ [ NOTE B
SEE NOTE 'R’
5 )
P = GROUND LINE
: £ LTS
= 1 .
E o oy
= = [
DOUBLE FAGE o
GUARDRAIL [
|
0
I—L
'W6' STEEL POST WITH
ROUTED OFFSET BLOCK
Pk ROADWAY STANDARD DRAWING FOR =241 sTATE OF
[l NORTH CAROLINA
Pa GUARDRAIL PLACEMENT DEPT. OF TRANSPORTATION
ols DOUBLE FACED W-BEAM DIVISION OF HIGHWAYS
=z RALEIGH, N.C.
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Session 2: Testing Requirements and Performance Characteristics of Common Barrier Systems

Flexible Med

Advantage of high

tension cable is it may
remain effective after

impact.

7 -
ed
,.

Flexible

7
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Session 2: Testing Requirements and Performance Characteristics of Common Barrier Systems

TRAFFIC
DIRECTION

¢NCDOT 3

SHOULDER

of Cable Runs

MEDIAN WIDTH

/ BLOCK

ANCHOR

CABLE —> |

7?

If Manufacturer does not

provide, suggest

=10 X D + 50’ (max 300’°)

BLOCK

<«—— CABLE

RTH CAROLINA s

DISTANCE BETWEEN RUNS OF CABLE |

SHOULDER

lg& ‘
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Highway Safety Barrier Installation Training

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

Transition Se

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

0

STATE LINE
r————
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Highway Safety Barrier Installation Training

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

Transition Sections

S s

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

b 252
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Session 2: Testing Requirements and Performance Characteristics of Common Barrier Systems

FINISH GRADE;
CONCRETE BACKWAL

PAY LIMITS 3e1ls" ST0. 6'-3" SPACING

THRIE BEAM GUARDRAIL 'NESTED' WTR SECTION
. (ONE RATL TNSIDE ANOTHER)

APPROACH SLAB| \M

SEE STRUCTURE FLANS

ELEVATION
ROADWAY STANDARD DRAWING FOR 1-24]  oTATE OF
NORTH CAROLINA
STRUCTURE ANCHOR UNITS DEPT. OF TRANSPORTATION
GUARDRAIL ANCHOR UNIT, TYPE III DIVISION OF HIGHWAYS
FOR ATTACHMENT TO RAIL ON BRIDGE RALEIGH, N.C.

Welcome :j"
e To %
NORTH CAROLINA §8

OO 1 1

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

NCDOT Transition —,Preségg’s Stanggr

- Welcome Nl =~ 7 =
—/‘ To kN
NORTH CAROLINA
.

B o
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n [ "
NCDOT Transition — Direct
- 4 TR e P B o
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1l 12| 121 121 12 g 12| 12l 12| FINISH
I T T T M o 5 i 5 -
o o o o o o HEN G o o
BENT PLATE RUBRAIL (OPTTONAL |
T T SEF DETATL B
| 126" AESTED (o mpeem
T 1
ELEVATION
ROADWAY STANDARD DRAWING FOR [1=24]  oraATE OF
NORTH CAROLINA
STRUCTURE ANCHOR UNITS DEPT. OF TRANSPORTATION
GUARDRAIL ANCHOR UNIT TYPE B-77 DIVISION OF HIGHWAYS
FOR F-SHAPE BARRIER RALEIGH, N.C,
m—— —1 e p— -
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NCDOT Transiti

oA
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| TRANSITION | 31" W-BEAM GUARDRAIL
| | (SEE NOTE NO. B)

=] B HOH i
o o & Tested -

PLAN
o o NOT a NCDOT
SEE, SONNECTOR TRANSITION 31" W-BEAM GUARDRAIL St an d a rd
SEE NOTE NO. 8
e vy ey
CONNECTOR . |
L—7 [t - =
L \\-_c/‘ e | ‘1 \ =
o/ H ol @ i
P P Hoor B P
i P NG = P
rel B
ELEVATION

LOW SPEED GUARDRAIL TRANSITION
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Session 2: Testing Requirements and Performance Characteristics of Common Barrier Systems

If the concrete parapet
or portion of a
combination rail is less
than the transition
height (31”), a steel
plate may be applicable
to adjust the height.

Not Crash Tested

Participant Notebook Page 2-36



Highway Safety Barrier Installation Training

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

Transition: HTCG to Guardrail (Spatial)

e

L 28' MIN,

STRUCTURE ANCHOR _, 50:1 OR FLATTER FLARE RATE 1 GUARDRAIL END UNIT 3, 25’
UNIT PARALLEL TO LANE| | TYPE TL-3 (50:1 TAPER) | TAPER 10" PAVED

SHOULDER
811 PAVEMENT TAPER 2'-4' PAVED
SHOULDER

BRIDGE Y Pt
< i £— B — — — — - — — v X - |
- PAVE AREA ONLY WHEN WEDIAN PAVED SHOULDER WIDTHS

PAVED SHOULDER IS 10 AS SHOWN ON PLANS

PAVE AREA ONLY WHEN RIGHT SHOULDER LINE ’
0 r

LI I e W : Do
STAUCTURE_ANCHOR YA LTS B B e 8:1 PAVEMENT TApen CABLE GUIDERAIL
UNIT PARALLEL 70 LANE 5011, ED'J/ S| _GREU-TYPE TL-3 S
= R - 20:1 TAPER =
M 16:1 TAP —_—

20'|  CABLE GUIDERAIL L2 PAVED SHOULDER WIDTHS
ANCHOR UNIT / AS SHOWN ON PLANS

Ly L—X
-
5 7\311[1& . - \ B - B B B B B B B N

LIl N B . B . = ] =
STRUCTURE ANCHOR CAT-1 WHEN GUARDRAIL ﬁ , ﬁ M
URIT PARALLEL T0 LARE REQUIRED ON PLANS SHOULDER LINE/ ;SUUPLADVEERD éHE'UL;';gED
ROADWAY STANDARD DRAWING FOR =241 STATE OF
NORTH CAROLINA
CABLE GUIDERAIL DEPT. OF TRANSPORTATION

DUAL LANE BRIDGES GUIDERAIL LAYOUT DIVISION OF HIGHWAYS

RALEIGH, N.C.
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T @D
STA- 15250 -L- _—BEGIN Ammmr
I T[] STA. 17

STA. 13+43 -DET-

Traffic
Management
Plan
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STATE OF NORTH CAROLINA
DIVISION OF HIGHWAYS
SUMMARY OF EARTHWORK SUMMARY OF EXISTING ASPHALT
PAVEMENT REMOVAL
o [ [ [
ol I N ne we |
- i | "
ki e o g i i
=

GUARDRAIL SUMMARY A

e [t i e |
ol B b ] e e bl el R T8 ] it r—
5 il s iy -

[T s T T T
= :

e 3 E
i = :
3 :
— = :
IR 1] ET) A ¥ - - v A
= w=m
- o
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NCHORS
LINE BEG. STA. END\TA. APPR. | TRAIL. TYPE | GRAU | TEMP GRAU \
END END 1] 350 350
L 13-+02.94 17+77 4 1 1 1
L 13+02.94 17477, i i 1
L 19+84.06 25409, ! 1 1
L 19-84.06 22784, ! 1 1
L 16-00.00 ! L J
i A\ 1 J
L 2143500 1 1 \ 2 y 4
DET- 144415 234015 : 3 N >
DET 15-87.50 50.00 - < = /
~ /- \\_/I

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 Length of Need {LON})

» Understand how barriers are tested for
crashworthiness

» ldentify common barrier systems of NCDOT

» Explain how these barrier systems function

» Define the key components of a transition
(Structure Anchor Unit) design
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Highway Safety Barrier Installation Training

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

Attenuators

Highway Safety Barrier Installation Training

Testing Requirements and

Performance Characteristics

of End Treatments and
Impact Attenuators

North Carolina Department of Transportation

Session 3:

A T e R
‘ Session3 . 25 -1
Mt‘f L N

Session 3 Learning Outcomes

At the end of this session, you should 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

. L VR NS
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Session 3: Testing Requirements and Performance Characteristics of End Treatments and Impact
Attenuators

Guardrail End Tree

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

Attenuators

» 2 Design Tested
» Both have a strut between last 2 posts

TxDOT Design MwRSF Design
9’- 4 V2 “ rail element 12’- 6” rail
Ralil ends at last post Rail extends past last post

T

o i
NOR' CAROLINA 8
s
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STRUCTURE ANCHOR _, 50:1

OA FLATTER FLARE RATE

y GUARDRAIL END UNIT

3 25'

UNIT PARALLEL TD LAKE

PAVE AREA OMLY WHEM RIGHT

TYPE TL-3 [50!1 TAPER)

SHOULDER LINE

| TAPER

811 PAVEMENT TAPER

10" PAVED

SHOULDER
2'-4" PAVED
SHOULDER

o
PAVE AREA ONLY WHEN MEDIAN ~ PAVED SHOULDER WIDTHS
d— {PAVED SHOULDER IS 10' /P& SHOMN ON PLANS
1 paVEMENT TApER Bk GUIDERATL
<= GREU=TYPE TL=3 e — — — — —
JE —
ol —
L FER T. — 201 TAFER
761 N ——
Lz PAVED SHOULDER WIDTHS
AS SHOWN ON PLANS
>

#EAT-‘ WHEM GUARDRAIL
REQUIRED OM FLANS

10" PAVED

SHOULDER LINE/
SHOULDER

P E ROADWAY STANDARD DRAWING FOR 1-24]  s1aTE OF

ol NORTH CAROLINA

] CABLE GUIDERAIL DEPT. OF TRANSPORTATION
ol DUAL LANE BRIDGES GUIDERAIL LAYOUT DIVISION OF HIGHWAYS
=z RALEIGH, N.C.

2'-4' PAVED
SHOULDER

E |

)

Participant Notebook

Page 3-5



Highway Safety Barrier Installation Training

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

End Treatment MASH '[estMatrlx e

Test 32

Test 33

Lif

J Significant 7 Small Car 1100C (2420 Ibs.) BLON — Beginning
Change /X Pickup Truck 2270P (50001bs.) Length of Need
P ’_'J ) 1 ? AL'l
' v W | i ,;“«,

Participant Notebook Page 3-6



Highway Safety Barrier Installation Training

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

Guardrail E 1

Types of End Treatments
» Buried-in-Cut (Detall, 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

MASH et T
Buried in Cut End Trez
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Buried-in-Cut End

=2

& O

» Key design considerations:

Keep the height of the W-beam rail constant relative to the
roadway grade until the barrier crosses the ditch flow line (but
a max height of ~47”)

Use a flare rate of 13:1 or flatter on the foreslope

Use an anchor of steel posts capable of developing the full
tensile strength of the W-beam railn buried 1’ below ground

C L‘ogking%&é

o 2

Participant Notebook

Page 3-9



Highway Safety Barrier Installation Training

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

End Irménwi ;

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

%.,

*.

End Treatmeni@bif

FINAL POSITION
OF VEHICLE IMPACT o
[}
-!:" A = £ i B A {:E%_L [ E 8 €
Energy Absorbing Terminal
(vehicle is brought to a controlled stop in a short distance)
— = (0 deg.) IMPACT
FINAL POSITION _[:[% i
OF VEHICLE | . . . . . . —AE
r

Non-Energy Absorbing Terminal
Controlled Buckling Terminal
{vehicle may travel hundreds of feet before stopping)
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Flared End °

Historically used, most recently the
Slotted Rail Terminal (SRT) and
Flared Energy Absorbing Terminal (FLEAT)

Approved Products List
Product ID (ex. NM—W):\:I

e 3
o -
e s I o
B e S (o

Company Name:\:l
Product Name:
Product Group:\ Guardrail and Delineators (862)(1088) ~
Product Category:\ End Treatments ~ \
Product 5tatus:\ v \

Product ID Plant ID Company Name Product Group
NP11-5773 Road Systems, Inc. Guardrail and Delineators (862)(1088) End Treatments MFLEAT

H
1
Approved MASH tested, Guardrail End Terminal ;
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Attenuators
IR s AR e TR o

Flared End Treat !

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

BLON - Beginning
Length of Need

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

Welc o

MASH § "N 3
MFLEAT '
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Flared End Treat

— ‘vb

» SRT 350 (Slotted Rail Terminal)

= \W-Beam rails on a parabola or a straight line and
horizontal slots in rail
Offset - 4’; 31” Height

37°-6” long, BLON at
Post 3

Cable-anchored system
Correct ONLY if LON
and Grading Satisfied

g

Test 3-31: SRT

e o

Because of the non-energy absorption, no hazard
should exist within 150" downstream of post #1
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Flared End Treatments on
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
guardralil

For the SRT 350, the offsets historically were
measured from the standard flare extended

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

A

Wi — =
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_
Flared End Treatrﬁ’% |
- MFLEA

Flare of standard

guardrail is 13:1

1

13
Flare # 13 25 ft ;ﬁ_‘*ﬂ Flare of standard
7 ———p
“/’ guardrail is not 13:1

P I B TR —

— MFLEAT

=——Guardrail parallel to the roadway

il
[
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Flared End Trea

F =

—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)

Approved Products List

e

compnytame |
Product Name:

Product Group:‘

Product Categury:‘ End Treatments, Type MASH-16

~]

NP17-7819

MNP17-7851

NP18-8257

INPLT-7848

Valtir, LLC

Road Systems,
Inc.

SPIG Industry,
Lc

Lindsay
GR#4  Transportation
Solutions

Guardrail and

. End Treatments, SoftStop Mash
ae;';:)atm (882) e mask-16 End Terminal
Guardrail and

End Treatments,
Delineators (862) ° MSKT
(1006) Type MASH-16
Guardrail and

End Treatments,
Delineators (862) T“ " ::wi"ﬁ SGET
(1088) e

-

MASH tested;All steel galvanized tangent end terminal
Approved for use with 31" W-Beam system. Approved for TL-3 &
TL-2 applicaitons.

Approved MASH tested;Guardrail End Terminal

The SGET (SPIG Gating End Terminal) is a gating
quardrail end terminal system in which an impact upon
Approved the head causes the head to move down the quardrail
and dissipate the energy of the impact. The SGET
system also deflects vehicles back onto the roadway

Product Categury:l End Treatments

-

Guardrail and
Delineators (862) End Treatments
(1088)

Max-Tension End
Treatment

MASH tested; Telescoping, tension-based
Approved guardrail end terminal with an energy absorbing
coupler that features a cutting tooth design.

Participant Notebook
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] T

> Soft Stop (MASH)

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

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

Design Speed

Between Structural Anchor and GREU
<60 mph 12,5 feet

> 60 mph (Interstates, Freeways, Major 25 feet
Arterials

Page 3-18
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Welcome RaRd
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Tangent End Treatmeﬁe?-g hergy

» MASH Sequentlal Kinking TermAlnaI (MSKT): |
MASH Version of SKT

» Kinks Guardrail when hit head-on or at a shallow angle
= Steel post system; BLON at 3" Post

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

= Cable-anchored system, Compression system

Design Speed Minimum Length of Steel Beam Guardrail
Between Structural Anchor and GREU
<60 mph 12.5 feet

=60 mph (Interstates, FrEeway Major 25 feet

Participant Notebook Page 3-20
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~ ryp—— - prim

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

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

» Cable-anchored system, Compression system
; % I 1 e, » A.;,f.i—--&,-ﬂ—,;

MASH SGET - Te:
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= T 4y S o -

Tangent End Treatment: Ene

> MAX-Tension (MASH)

- 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

= = ST i e s

MASH MAX-Tension- .~

am Ko
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Tangent End Treatments — End Offset

=

6.9 Guardrail End Units

Guardrail End Unit Test Level 2 and Test Level 3 (GREU-TL-2
and TL-3) — The GREU TL-2 and TL-3 are tangential end
units used parallel to the travel way. Flare these units over the
last 50 feet to provide a 1 -foot offset. GREU-TL-2 (25 feet
long) can be used when design speeds are 44 mph or less.
GREU TL-3 (50 feet long) can be used when design speeds
are 45 mph or greater.
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G140 9 133HS]

ROADWAY STANDARD DRAWING FOR
GUARDRAIL PLACEMENT

WARRANT POINT

LENGTH OF NEED 28'-0" MIN.
L PAY LIMITS GUARDRAIL END UNIT TYPE TL-3 or TL-2 %"I-’%’( 25'-0"
5031 TAPER
LI; o2 \_sHouLoER LINE el
8K B i ‘ 2 g TAPER _ _ _ _ _TIItoItIos

1T
AEDGE OF LANE

FOR POSTED SPEEDS z 45mph USE GREU TYPE TL-3
FOR POSTED SPEEDS < 45mph USE GREU TYPE TL-2

Welcome
To

NORTH CAROLINA

LZ' OR 4" PAVED SHOULDER J
10" PAVED SHOULDER

4= TRAFFIC
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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.

Standard Run Flare
of 25:1 or flatter

. it BB |
: “ End Treatment

Guardrail

Standard Run Flare
is sharper than 25:1
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-

INSTALLATION

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

a straight line
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End Treatment Grading

s

» 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, 4t Edition, Section 8.3.3.

[— a1

Stub Height Criteria

~-STUB

e \[\4" MAX. HT.

SFO ~<
Orc T
HOR
D

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

= men

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

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

| *E—Q-
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Flared End Treatmeaﬁ@r_ d

/— Edge of Traveled Way Traffic e——

Terminal Guardrail ?

Edge of Shoulder

\‘X‘MI ps t HY|_\“_|1 |
Vaﬂéb@}a.}e‘ ‘»\E ),_._._.__1\_.,,,

Not to Scale

— 1
- ] b
ez -
-~ '\ 610 mm [2'-0°] Min
1530 mm [5'-0"] Min.
mm [5'-0] Min. Grading Limits

End Treatments (Anchorages, Terminals, and Crash Cushions) 85

Must have this full grading if a
flared end treatment is used

Figure 8-2. Grading for Flared Guardrail Terminal

Welcome
To
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e T R e P
s D, W S L T R NG
g o - 1 =
Tangent End Tre: ding - NCDOT
] - % g 2 "g~>_. ', o = =
m% ROADWAY STANDARD DRAWING FOR
s GUARDRAIL PLACEMENT
ol
- 0
WARRANT POINT
LENGTH OF NEED l ﬁ 28'-0" MIN.
PAY L1uTTE SORRDRATC ENE-TNLT TYPE TL-3 or TL-2 \a’% 25'-0"
50:1 TAPER
T L[g ““““ oo e T
B tg 8 B 8 R L& e et letefely nfalots
e — )
EDGE OF LANE 2" OR 4' PAVED SHOULDER J
10" PAVED SHOULDER
4=m TRAFFIC
FOR POSTED SPEEDS = 45mph USE GREU TYPE TL-3
FOR POSTED SPEEDS < 45mph USE GREU TYPE TL-2
Need special Borrow bid item for 3R projects
Need Special Provision for Density
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Non-Energy Absorbing End Treatments will not shield
objects directly behind and within End Treatment limits

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

Participant Notebook Page 3-32
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= o

L e

EXISTING END TREATMENTS

(OTHER THAN SRT 350)

» 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

thc ome .
N RYH CAROLINA

ST 1E LNF
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» ET Plus (Guardrail Extruder
Terminal)(NCHRP 350)

= Flattens the rail element when hi
head-on

able-anchored, compression

system
Ref: FHWA Eligibility Letter CC-12Q
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» Breakaway Cable Terminal (BCT) NCHRP 230
= W-Beam rail with a parabolic
curve and 4-ft offset.

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

= Only two breakaway posts. For

» Rail bolted to all posts. 'dengf:ﬁ?tion

Welcome [ad
‘ To s
H N RTH CAROLINA N
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Attenuators
Guardrail End Treatments: Non-energy Absorbing
— For IdentificationOnly -~ -~~~
» MELT — Modified Eccentric Loader Terminal For
= \W-Beam rail with an accentuated 'dengfr'lclit'on

parabolic curve and 4-ft offset.
= Strut between the steel tubes
foundation of the two end posts
= 37°-6” long with 8 breakaway
posts; BLON at Post #3.

= No rail-to-post bolts except at
posts 1 and 8 and beyond.

(NCHRP 350 TL-2)

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

[—.
Approved Products List

Product 1D (ex. NPYY-000):
Company Name:.
Product Name:
Product Group:
Product Category: End Treatments, Type MASH-16
Product Status:
Search [Reset

i Gueral and
j ; X Fnd Tresments, Type The MATTT s MASH 2016 T1-3, angent, doublesided,
VIR W (ng;mm' Wy L S P ——
Product Category:| End Treatments V|
. . ' o MASH Tested, telscoping, tension-based temingl with an
Lindsay Trenspoctation Guerraland MK Tension Medlan ) ! )
HP16-8095 s p—— End Treatments el i Hporoed mg:abwﬂmmuphﬂﬂhdummm

Participant Notebook
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MAS!i Ter_mi

> MATT (Median Attenuating TREND Terminal) (MASH)

« The MATT is similar to the CAT, utilizing special HS
bolts to tear tabs between multiple slots in 6°-3"
rail panels upon head-on impact

« Cable-anchored, compression system; BLON at
Post 3

R . e
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MASH Termi

o~

> MAX-Tension Median (MASH) — TL-3

- The MAX system utilizes cables, telescoping panels,
and a cutting tooth to absorb the kinetic energy

- TL-3 at 50’ long; BLON at 9'-4 %" from post 1;
31" only

= Has rail elements on both sides

Ref: FHWA Eligibility Letter CC-141 dated 01/10/2018

Impact Attenuater |

Crash test with blunt end — Video:
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= e

Impa(_:tA;ttenui or

Crash test with ramped end — Video:

FINAL POSITION

OF VEHICLE
Impact
>
oo T T ) —{ )
HARD SECTION SOFT NOSE I

Soft nose to bring a small car to a controlled stop

FINAL POSITION
OF VEHICLE

Impact

——

RIGID OBJECT]( | I/1 ]":!j <

HARD SECTION SOFT NOSE

Harder back section to bring a pick-up truck to a controlled stop

H NORTH
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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.

Product Name:
Product Group: v
Product Category:| WZTC - Category III v
- *“Must be approved by Steve Kite (919-814-4937) prior to use
. Work Zone WEZTC - Category Approved for  on NCDOT project.™ The ABSORB 350 is a non-redirective,
NPLLSITL ;LT:;E::"““" Traffic Control 11 FREEiDEED Provisional Use  gating water fillad crash cushion that has been successfully
tested to NCHRP Report 350 TL-283,
PE Water Filled Crash Cushion w/Galvanized Steel Cables
NP1i-5884 UernEey, Weldim VETC - Category g ey Series 45044 Approved molded inside.NCHRP-350 for Test Level 1,20r3.Use as end
Inc. Traffic Control  III
treatment/crash cushion.
Trinity Highway ~ Work Zone WZTC - Categary 0% 220 Water Approvedfor  The ACZ-350 is 2 narrow, non-redirecting TL-2 and TL-3 impact |
iNP16-7335 Filed Crash  ACZ-350 ]
i Products Traffic Control 111 i Provisional Use  attenuator ]

{NPOO-3106 GR10  Absorption

Approved Products List

Product ID (ex. NPYY-x00):
‘Company Name:

The Triton Barrier® is a highly portable, water-filed barrier.
Work Zone WZTC - Category Performance meets the FHWA NCHRP 350 TL-2 or TL-3 (with
Traffic Control 11T WEDENET  WEDEERY Akl STLE (8 @i o ar i T e e e, e

Inc.
T, e Triton Barrier is certified as its own end treatment.

Energy

Participant Notebook
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TRITON barrier CET

L Ty

Water Filled

ALl o
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Attenuators

Impact Attenuator, Sacrificial — Sand Barrel

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

» |[mpacting vehicles will not be redirected.

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

» Sand Barrels:

|

Energite TrafFix Big Sandy (MASH)

Not Normally Used

CrashGard (MASH

Welc % - RO ]
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e

“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”
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Attenuators

Non-gating as follows:

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

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

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

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

Use MASH passed Systems if Available

Approved Products List

Product ID (ex. NPYY-x000):
Company Name:
Product Name:
Product Group: v ‘
Product Category:| Impact Attenuaters, Mon-Gating v ‘

NCHRP 350 - Allowed if Conditions Mandate

Trty Highyay | CUAGaIan0  Impact poproved for {1 WIGBTRACC s test evel 3 crash cushion and i avaliable in
o mg ¥ Delineators  Attenuators, Non- WIDE TRACC  N/A Pr;; y hs. G
(862)(1088)  Gating

| NP03-4111
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Impact Attenu atc
o Approved Products List

Product ID (ex. NPYY-x000):
Company Name:
Product Name:

Product Group:l v |
Product Categury:l Impact Attenuators, Non-Gating v |
1
Lindsay Guardrail and |
Impact Attenuators, MASH compliant re-directive, non-gating anchored, |
NP19-8389 Transpartation Delineators (862) P . " Universal TAU-M Approved i P - geting fo
A Non-Gating partially reusable compression-based crash cushion |
Solutions (1088)

Guardrail and
NP19-8510 Valtir, LLC Delineators (862)
(1088)

Impact Attenuators, QuadGuard®
Nen-Gating M10 24in Wide

MASH tested, redirective, non-gating crash cushion.

QM10024 Approved Test Level 3, 24in wide.

Guardrail and
NP20-8730 GR43  Valtir, LLC Delineators (862)
(1088)

Impact Attenuators, QuadGuard M10
Non-Gating 24in TL-2

MASH tested, redirective, non-gating crash cushion.
QmM7024 Approved Test Level 2.
The QuadGuard® M Wide is a MASH 2016, Test

Guardrail and
Level 3 compliant redirective, non-gating crash

Impact Attenuators, QuadGuard® M

NP20-8836 GR43 Valtir, LLC Delineators (862 M10069 A d
- el ( 1::53 rs (862) Nen-Gating Wide ¢ pprove cushion used to shield fixed objects up to 69in (1753
mm) wide, and has various transition options.
SHA Road Safety Guardrail and Impact Attenuators All Steel Crash Cushion - Non-Gating, Redirective,
NP21-8875 sl Delineators (862) NoE—Gat\'n " Hercules Hercules L3 Approved Energy Absorbing, Low Maintenace, Double sided -
i (1088) ¢ Bl ctiogal ‘
A\Y
NE21-8926 TrafFix Devices, g:;r:;at!;nfs&) End Treatments, Deltal] Cr] U n d e r Ca te g O r-y E n d
I Inc Type MASH-16 Cushion 1/4
1088
(1082 Treatments Type MASH-16

\ To
B NORTH CAROLINA

AN w1 W | | Sl
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Attenuators
“'{ ;_‘S_': .. " < * , E AV il
Impact Attenuators, Non-Gating |

» 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 (MASH) or self-
restoring (R) (350) absorbing cartridges, steel diaphragms and
two cables at the bottom to provide redirection.

» QuardGuard M10 (MASH)

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

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

= Energy-absorbing cartridges in each bay need to be replaced if
damaged

= M10 has metal nose, available at 24” & 69” widths
= (350 available in widths from 24 to 36 inches with parallel sides
and 69 or 96 inches with flared sides)
REF: FHWA Eligibility Letters C
Y DLO®

-121 dated 7/30/12 MAS|
oy i .
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Attenuators

=

» HERCULES (MASH)
= 23” width, 19°-5” long
= Comes pre-assembled

> DELTA (MASH)
= DELTAis 30" width, 21’ long

= Attenuates energy evenly for all vehicle types with shear
bolts tearing through cut-outs of various sizes and shapes

JeCa e

Pre-Impact Panel

SHTésted, Passed, anu Efigible Redirective '“HW
End Treatment fronf J7afFiciiEy) -

Participant Notebook
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e

Video Clip

Approved Products List

Product ID (ex. NPYY—)DOD():| |
Company Name:| |
Product Name:| |

Product Group:| V|
Product Category:| Impact Attenuators, Life Cycle V|
Product ID Plant ID Company Name Product Group Product Category Product Name Model Product Status Description

**Contact NCDOT Mobility and Safety Field

Operations prior to use at 919-773-2800%*The
Guardrail and e &

NP16-7403 Valtir, LLC Delineators (862) | (PACt AMENMALOrS, o o dquard Elite N/A aBEicxerltoy QUERSIELG] EIE SEE (s G ey ol &f
s Life Cycle Provisional Use  reusable cylinders for applications with above
average impact frequency. After 3 typical design
impact, the system is
Guardrail and Impact Attenuators Smart Cushion
NP16-7404 Hill and Smith Delineators (862) Life Cycle " Innovations Crash SCI100GM approved Test Lewvel IIT Crash Attenuator
(1088) Cushion
Guardrail and Impact Attenuators, STt Cushion
HP16-7405 Hil and Smith  Delineators (862)  [P7% “Innovations Crash  SCI70GM Approved Test Level TT Crash Attenuatar
(1088) Cushion

Low Maintenance, Severe-Duty, Self-Restoring

Delineators (50

...... 3s TL-3. Designed for repeated impacts with no need

NP16-7406 Comprassor System
’ _directional or Bi-Directional
applications up h o
Crapdiailiond Impact Attenuators, QuadGuard@ Elite Redirective, non-gating crash cushion with flex-belt
MP20-8607 Valtir, LLT Delineators (862)  (tP%C 1 i QM10024EY  Approved e e e T,
(1088)
; The QuadGuard@ Elitz M10 Wide is a MASH 2016,
Guardrail and Impact Attenuators, QuadGuard@® Elite Test Level 3 compliant re-directive, non-gating crash
MNP20-8757 GR43  Valtip LLC Delineators (862) P 4 QM10069EY Approved P . gatng
(1088) Life Cycle M10 Wide cushion used to shield fixed objects up to 68in (1753
mm) wide, and has various transition options.
. MASH 2016 Test Level 3 redirective, non-gating
Cragdoliand Impact Attenuators, crash cushion. Product has been shown to provide
MP21-8057 GR43  Valtir LLC Delineators (862) P " REACTO M RM628036 Approved - P!

Life Cycle self-restoring characteristic from impacts within

(1058 MASH criteria.

Welcome
To

NORTH CAROLINA

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

» Needs repair before next hit

SCI 1

Page 3-50
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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

= 24" Standard and 69" Wide

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

> REACT M (MASH)

* High density Polyethylene cylinders
HMW/HDPE

+ “Self-restoring” after design impact
+ Self-contained back-up

» Side redirection by side cables
anchored to foundation

» Single cylinder width 36 inches

REF: FHWA Eligibility Letter CC-169 dated 6/23/2021
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NORTH CAROLINA

Ao W R
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Review Learning Outcomes -

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

» ldentify common end treatments and impact
attenuators

Y

Understand how these systems function

A\ 4

Choose the appropriate system for a
specific site

q

\ Y
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Highway Safety Barrier Installation Training

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

North Carolina Department of Transportation

Highway Safety Barrier Installation Training

Session 4:

Design Principles,

Length of Need,
and Site-specific Installation

Considerations

Session 4 Learning Outcomes

At the end of this session, you should 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
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Session 4: Guardrail Design, Length of Need, and Site-specific Installation Considerations

Guardrail Placement =~

Place AS FAR AWAY
as Possible

without affecting function

1. Deflection

2. Slope in Front of Barrier

3. Guardrail and Curb

4. Soil Backing for Fill Locations
5. Flare Rate

Participant Notebook Page 4-2
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Session 4: Guardrail Design, Length of Need, and Site-specific Installation Considerations

Principle 1: Deflection

...l "
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.

i e . 4-5

.4 B % £9§|0 N
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GUARDRAIL APPROACH
TREATMENT AS REQUIRED
FOR CUT OR FILL.

3'-6" MIN

0'-0" T0 .
s 5'-6" DESIRABLE

12'-6 12' MIN
DESIRABLE

CAT-1 —\

POST SPACING 6'-3" WHEN OFFSET J L

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

10:1 0g
FLATTER

ROADWAY STANDARD DRAWING FOR =241 sraTE OF
NORTH CAROLINA
GUARDRAIL PLACEMENT DEPT. OF TRANSPORTATION
DIVISION OF HIGHWAYS
RALEIGH, N.C.

NOTE: WHEN OFFSET DISTANCE FROM FACE OF OBSTRUCTION TO FACE OF
GUARDRAIL IS BETWEEN 3'-6" AND 5'-6", BEGIN &'-135" POST
SPACING AT A POINT 25" BEFORE REACHING THE OBSTRUCTION
AND CARRY THROUGHOUT ITS LENGTH. IF THE OFFSET IS LESS
THAN 3'-6" USE CONCRETE BARRIER.

ROADWAY STANDARD DRAWING FOR =241 STATE OF

NORTH CAROLINA
GUARDRAIL PLACEMENT DEPT. OF TRANSPORTATION

DIVISION OF HIGHWAYS
RALEIGH, N.C.

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

Any barrier may be placed anywhere on a

10H:1V or flatter slope.
] T

» 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.
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Principle 2: S|O§I"
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DESIRABLE

10' PAVED | VARIABLE =
SHOULDER

IMPLIED — |
FLAT

a"a” -
L et .
-
[BASE_COURSE

LJ
6.8.1.1 Types of installations to be used
Steel beam guardrail must be placed on 10:1 or flatter slopes

ELEXTBLE PAVED SHOULDER
N ROADWAY STANDARD DRAWING FOR [1-2a1  graTE OF
ol NORTH CAROLINA
M- GUARDRAIL PLACEMENT DEPT. OF TRANSPORTATION
Py = DIVISION OF HIGHWAYS
o RALEIGH, N.C.

Welcome [ass!
To :

RTH CAROLINA JEES8
vl <

Barrier in Slo
- OIC '
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Session 4: Guardrail Design, Length of Need, and Site-specific Installation Considerations

» 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 3 ft

| V77 | V%% |
e I—

(a) Medians shallower than 6H:1V slope (NCHRP Report 711)
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TRAVEL LANES MEDTAN TRAVEL LANES
12'-0" MIN. DEFLECTION AREA | 12'-0" MIN, DEFLECTTION AREA
G MEDIAN
SHOULDER | WVAR. SHOULDER
= | cuipERaTL I - -
EOL . EOL

‘i:ncn SLopg I DITEH sLOP'EER
‘1 oR FLATTER =7 o8 FLATT

*OFFSET GUIDERAIL TO EITHER SIDE OF MEDIAN CENTERLINE
USE 8-0" MIN. OFFSET MEDIANS 60’ AND OVER.
USE 4-0” MIN. OFFSET FOR MEDIANS LESS THAN 60

TYPICAL SECTION
(DEFLECTION AREA ON MEDIAN SLOPES)

DOUBLE FACE GUIDERAIL APPLICATION

USE 4'-0" MIN. OFFSET FOR MEDIANS LESS THAN 60’.

ROADWAY STANDARD DRAWING FOR

CABLE GUIDERAIL
DESIGN AND PLACEMENT

Caution

FIEFEEREERH

To
NORTH CAROLINA

o

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 A DITCH

Ref: AASHTO ROADSIDE DESIGN GUIDE, 4" EDITION —

W LB
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Inside
—
—
A
’ % PO

HTCB - Recommended

s
Y ad

v V3
4 g

o ol

[nside

Frrd

Welcome
To

NORTH CAROLINA
i i

Outside

HTCB = High-Tension Cable Barrier

Participant Notebook
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|

!
B

|

|

|
--l'-'-

|

[
|

cll

IR
—

LANES| MEDTAN |LAM
|
|
|
1
|
1
[
|
1

TBAVEL LANES e Fra THRAVEL LANES . GHOULDER niTe

o, DA SES.

§.T. OR BT
:F
B

SECTION A-A

oz ROADWAY STANDARD DRAWING FOR
al CABLE GUIDERAIL

ols 46' MEDIAN GUIDERAIL TRANSITIONS WITH
r 9 SUPERELEVATION AND/OR FALSE SUMPS

Welcome
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Welcome [l
A To 3
| NORTH CAROLIN,

K WA HOMY TN
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Session 4: Guardrail Design, Length of Need, and Site-specific Installation Considerations

* PLACE APPROVED BICYCLE FRIENDLY
RAILINGS, FENCE, OR RUB RAILS IF
SHARED-USE PATH/SIDEPATH
IS LOCATED LESS THAN
4 FEET FROM THE POST

Acceptable at any speed

FSET FROM THE FACE OF CURB

GUARDRAIL END UNIT TERMINAL
8" MINIMUM
ROADWAY c
U,
r S{op
£

R{

SECTION D-D o
o

|_—hD GUARDRAIL END UNIT TYPE T| SECTION C=C

v—T

DESIGN SPEED < 50 MPH
FOR POSTED SPEEDS > 45 MPH USE GREU TYPE TL-3
2'-6"] FOR POSTED SPEEDS < 45 MPH USE GREU TYPE TL-2

Lep ROADWAY
ol2 ROADWAY STANDARD DRAWING FOR 1-24]  o7aATE OF
g NORTH CAROLINA
I GUARDRAIL PLACEMENT DEPT. OF TRANSPORTATION
py GUARDRAIL TREATMENT AT CURB AND GUTTER DIVISION OF HIGHWAYS
=z RALEIGH, N.C.
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Successfully tested to MASH placed 6” behind a
6” high curb at TL-3

27"[686]

18131
6"[152]

I
67152] 9

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

Welcome |aegs

¢Onepot .o

P4 Typical “lower’

\ .

speed environment

pr-. 'T'T" *‘

ST

MASH TL-2 31~«e»*f

&
N’,,
Video CIi# i

Participant Notebook
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i iy R
End Treatments and Cut

Although Standard 862.01, sheet 12 of 15,
provides guidance for placing end treatments
in combination with 6” curb, unfortunately
there is no crash tested design for this
common situation.

Especially careful with BCA Terminal
Anchor — Don't let Bearing Plate be buried

Participant Notebook Page 4-17
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End Treatments and

CURRENTL UND STUDY -
DO NOT BURY BEARING PLATE
2” maximum height recommended

B .
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GUARDRATL EMND UNIT TYPE TL-3 or TL-2 (50:1 TAPER) :

1 FT. OFFSET FROM

E _ﬁ _E B ﬂ Q iF.ﬂCE OF GUARDRAIL @ TERMINAL

2'-6" CuRBs ‘ AND GUTTER ‘ ‘ ‘ 1 ‘

GUARDRAIL END
UNIT TERMINAL

BERM

ROADWAY e e
GUARDRAIL AT FACE OF CURB

Cable Anchorage
Terminals — Don't let
Bearing Plate be buri

ROADWAY

SECTION C-C
Ref: NCDOT Standard Drawings, 862.01 Sht. 11

Careful with Breakaway

ed

Participant Notebook
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Principle 4: Soll Back"’ingu Eor~F|II Locations"

A =

Soil Backing»-Re'cQgg{rﬁ?end@Ii@n

e ,

4—2’4>

& Historical Guidance

/ Hinge Point

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

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

Solil Backing —

- \
-

VARIABLE 0
N

10° PAVED | VARIABLE
SHOULDER

ARDEA £l [l ]
SEE NOTE)

CONCRETE

SHOULDER] cns.op
| EMULSION 7
ST

_..-..- .-..:-.. i 74
et eara i

2 g "a LY

:
- [l
|
|
1
ROADWAY STANDARD DRAWING FOR 1-24] STATE OF
GUARDRAIL PLACEMENT NORTH CAROLINA

DEPT, OF TRANSPORTATION
DIVISION OF HIGHWAYS
RALEIGH, N.C.
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2:1 slope

* 6’-3" post spacing

Offset Blocks

« 8" Offset block tested

* Not recommended without offset block at
this time

ot recommended with Wood obsts at g |

8-ft L
W6Ex8.5 O;:est

/
13

MASH Testing of
P

1

Video Clip

b-3" spacing
Working Width — 55.2”
Eligibility Letter B-261

Participant Notebook
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8 Offset Block
— Steel Posts ONLY

c, FILL SLOPE

.I.DN[ vuik3a

N N I Em B
s0d T1vaanvnaf/R

% FOR POSTED SPEEDS < 60 MPH
8' GUARDRAIL POST ON 2:1 SLOPE *

ROADWAY STANDARD DRAWING FOR =241 graTE OF
NORTH CAROLINA
GUARDRAIL PLACEMENT DEPT. OF TRANSPORTATION
DIVISION OF HIGHWAYS
RALEIGH, N.C.

Welcome
To

RTH CAROLINA
"
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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)
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"
)

Sug_gested Elaa*e

Flare Rate for Barrier at

Design Speed ;I::ﬁ:'t_aﬂ:‘es::; 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 [55] 24:1 16:1 12:1
80 [50] 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 71

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 360 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.
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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.

- N = I T T e
/ - - v £ G 7 : ki e . .
/ : B SN 4 = SR S -
; PR e % Qo SR N\
el ,\ X i "(\ W) >;\-\\- = 2
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Length of Need (LON) |

e
RS

AASHTO

The length of effective barrier
needed IN ADVANCE OF the

hazard to intercept and redirect an
encroaching vehicle.

X = Length of need which will be measured from the
approach end of the hazard (area of concern) to the
guardrail end unit (GREU).

6.3.1 Placement on Approach End of Rigid Obstacle Warrant
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HAZARD ( (S

A
A

Lg

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

Lz = Runout Length

Welcome
To
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AREA OF lg

USE
CRASHWORTHY
TERMINAL

o

» Calculating the length of need (X) for

straight or nearly straight sections of
roadway:
* For flared guardrail installations:

La + (b/a) (L1) — L2

X =

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

X =

Participant Notebook
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Design Runout Length (L;) Given Traffic Volume (ADT) (ft)

Speed Over 5,000 to 1,000 to Under
(mph) 10,000 10,000 5,000 1,000
80 470 430 380 330
70 360 330 290 250
60 300 250 210 200
50 230 190 160 150
40 160 130 110 100
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Quick Field Check of_‘ LON

R

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

2. Pace upstream along edgeline appropriate runout length
(based on speed of roadway and traffic volume) — use
3007200’ as default value.

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

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

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

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

[— — = » ’ . ; T
2 B [ I AR E 3 Sl ’

¥ *‘?
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OR

Runout 300’* high speed _|
Length 200’* low speed

Procedure On two-way roadways, check
* Identify upstream face of hazard

+ Identify back of hazard D — limit to 30’ also for opposing traffic

» Walk upstream along the white edge line, beginning at the upstream side of the
hazard, (Runout Length if known or) 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 mtercept line of sight (x =30’)
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Length of N&edvi- leq

s S —
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- Clear Zong — - —=- — - —- i Clear Zong — - — - —-—-—-
GREU X _~~"" Fil Slope ~—e X GREU
Traing End’ -~ Warrants T ~___Approach End
Lo =" Warrant Point Warant Poit R L
‘T/ IT.. 1T T T T T‘\I' TIT T/ T I..I1T T T T
o i '
. - - \_ Length of N, r Edge of Through _/ Length of _/
e Need Paint Traveled Way Need Point

Welcome
To

Typically, the fill slope warrant point is at the location where the fill slope
becomes steeper than 3:1 (or 4:1 if a hazard is present at the bottom of the
slope). Refer to RDG Chapter 5 Section 5.2.1 Figure 5-1b for further detail.
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Downstream Termination
_ One Direction Traffic

An anchor (CAT-1) plus 25’ of rail must
be ADDED at the end

Typically
90°
N
Lg |
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Minimum Lengths of Guardrail

Lmen:

6.2.2 Length of Need

The minimum length of guardrail between end
units is 12.5 feet when the design speed is 45 mph
or less and 25 feet when the design speed is
greater than 45 mph. Guardrail end units and
structural anchor units are not designed to connect
to each other warranting a section of

guardrail between them.

e

Guardrail Placement in Specia| Situations

« 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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F = TR SO it Fo R

L4
=

e 30—

r= - -

Guardrail Placement

T T T T T T
RDRAIL END UNIT
S or T
(501 TAPER)
SHOP CURVED
GUARDRAIL

NOTES;
4" OFFSET

SHOP CURVED GUARDRAIL 15 DEFINED AS HAVING A RADIUS
OF 150' OR LESS,

-

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

WHENEVER SHOP GUAVED GUARDRAIL IS USED AS AN ANGHOR
AND THE RADIUS IS FROM 20 TD 75', USE A MINIMUM
LENGTH OF 50° OF SHOP CURVED GUARDRAIL AND FLARE
WITH AN AT-1 ANCHOR UNIT. REFER TO DETAIL 1.

GUARDRAIL END UNIT
TYPE TL-3 or TL-2

WHENEVER SHOP GUAVED GUARDRAIL RADIUS IS MORE THAN
75', AEFER TO DETAIL 2.

MAINTAIN GLEAR SIGHT DISTANCE.

FOR POSTED SPEEDS z 4Saph USE GREU TYPE TL-3
FOR POSTED SPEEDS < 4Saph USE GREU TYPE TL-2

GUARDRAIL END UNIT
TYPE or TL-2
(5011 TAPER)

PP T T T T N PP P S S S SR

3\
Q\ DETAIL-2

GUARDRAIL TREATMENT AT INTERSECTIONS

Welcome (i
To i
Bl NORTH CAROLINA

MABKS WOST WA PN S

STATE OF
OF TRANSPORTATION

NORTH CAROLINA
DIVISION OF HIGHWAYS
RALEIGH, N.C.

=181
DEPT.

ROADWAY STANDARD DRAWING FOR
GUARDRAIL PLACEMENT

SHEET 8 OF 11
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= Welcome
" 7
NORTH CAROLINA

DRIVEWAY

GUARDRAIL END UNIT
PE TL-3 (50:7 TAPER
i 4 u o u a4 s i

i i & s a3 4 B B 8 3 3 BB Eg

DETAIL-3
DIVIDED HIGHWAY

B
ci
B
&
GUARDRATL END UNIT GUARDRALL END UNIT
TYPE TL-3 or TL-2 TYPE TL-3 or TL-2
{501 TAPER) (5011 TAPER)
i 8 & @ & & 5 B % ¥ 8 3 8 B B B g A 2 8 8 8 8 0 3 3 i i & & & & i
= =
i S - 0 ———
DETAIL-4

UNDIVIDED HIGHWAY

GUARDRAIL TREATMENT AT DRIVEWAYS

STATE OF

NORTH CAROLINA
OF TRANSPORTATION

DIVISION OF HIGHWAYS
RALEIGH, N.C.

1=-24]
DEPT.

NOTE: USE DETAIL 3 & 4 WHENEVER
20" OR LARGER RADIUS CANNOT
BE UTILIZED,

MAINTAIN CLEAR SIGHT DISTANCE.

FOR POSTED SPEEDS  457ph USE GREU TYPE TL-3
FOR POSTED SPEEDS < 45mph USE GAEU TYPE TL-2

ROADWAY STANDARD DRAWING FOR
GUARDRAIL PLACEMENT
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Omitting posts — old 29” guardrail

&5

Participant Notebook Page 4-41



Highway Safety Barrier Installation Training

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

2l

570, LINE POST © 6-3° SPACING,
O iGion ASHEIBLY. (NI OF 50

- Omittl

Pay LINITS

570, LINE POST & 6-3° SPAGING
OR_AMcin ASSEMELY (KTH. OF 50

APPRONGH LEG
TRALENG LENGTH REQUTHED)

BB B &

8

[ LW FiLL CuLveRT

{0R ANY LOGATION WHERE FULL |
LENGTH POST GAN NOT BE USED) | | a

5 GunmORAIL
FTPRTCENG LENETH PEGUTRED)

B R B

A"
|
t

ST RAIL WeBEA AATL
BLAN
w
+ 25'-0" 25'-0" 4 25'-0' t 25'a0" 1

s [ yaar
wee N ‘ sivaLe

A ¢ Wediau

il il RALL
& i
[
(G AW LOCATION WERE FULL
. 'LEuari| FoST cAN NoT BE USED)
12
T Bl

RouTER
OFFSET BLOK

SECTION A-A

/0" LONG WEEKENED WOOD POSTS WITH WOOD OFFSET BLOCKS

To

f| NORTH CAROLINA

A WO A T

ELEVATION
25'-0" GUARDRAIL SPAN

GENERAL WOTES:

LAP RAIL IN THE DIREGTION OF TRAFFIC Fi

20 SEE ROADRAY PLAY

3. WINIMUW DISTANGE o & GUARDRATL SHO
HE SR BRSBTS,

NS FOR LOCATIONS AND muumn'rmn OF RATL OR END SECTIONS
FEET BENIN THE LD BE GLEAR OF ANY

STATE OF
NORTH CAROLINA

1=24|
DEPT.

OF TRANSPORTATION

DIVISION OF HIGHWAYS
RALEIGH, N.C.

ROADWAY STANDARD DRAWING FOR

GUARDRAIL PLACEMENT
25'-0" CLEAR SPAN
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* No post modifications

» Can be used with wood or steel posts

« Can be used with 8” and 12" blockouts but not with the
non-blocked system

Contact Plans and Standards Unit for info

Working Width 50.1”
Limit 1 per 50°
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=
ROUTED OFFSET BLOCK =5
>
=
sEE
SE59
wifPe=
SghT
wLFw o
EUEDE
ExFzg
wi-, &Y
SOng
= .;
SUPPORT R TOP_OF_CULVERT EE
w
TOP_OF CULVERT . =
£

RA Y A 1]
ELEVATION vIEW R ELEVATION VIEY

2137 L
oA

i 11" x 134" sLoTs 58" BASE R

2f5 § SUPPORT

JETL TS
T Yo" SUPPORT
u " PLATE
BASE, z 118" x 134" sLOTS
PLATE FOR ADJUSTMENTS)
PLAN VIEW

NOTES FOR:
GUARDRAIL POST ANCHORED TO STRUCTURE:

-USE FULL LENGTH 14" BUTT WELDS AT ALL LOCATIONS OF CONTACT BETWEEN THE BASE PLATE, SUPPORT PLATES AND STEEL POST.

_USE POST AND POST BASE PLATES CONFORMING TO THE REQUIREMENTS OF A.S.T.M. A-36 AND GALVANIZED AFTER FABRICATION TO COMFORM TO A.S.

A-123,

NEW STRUCTURES:
-ATTACH POST TO INSERT ASSEMBLY UNITS (USING ANCHOR BOLTS SUPPLIED WITH INSERTS) WHICH HAVE BEEN CAST INTO THE STAUCTURE DURING CONSTRUCTION.

EXIETIM STRUCTURES
USE TE ANCHORS CONSISTING OF A STUD BOLT WITH USE STUDS THAEADED OM ONE END AND HAVING AN EXPANDED WEDGE ASSEMBLY POSITIONE
ARDLIMD A TAPERED AIEA AT THE OTHER END. USE ANCHORS WICN PRBUIDE A MINIMUM SAFE HOLDING POWER OF 2875 LBS. FOR A 34" OR 1" DIAMETER BOLT. CALCUI
HOLDING POWER BASED ON !4 THE ACTUAL HOLDING POWER OF THE ANCHOR IM 3500 PSI CONCRETE AS DETEAMINED BY AN APPROVED COMMERCIAL TESTING LABORATORY.

-USE ANCHORS GALVANIZED IN ACCORDANCE WITH A.S.T.M, A-153. SIZE HOLES FOR THE CDMCRE'IE ANcha IN ACCORDANCE WITH THE ANCHOR

lunum:TuRERS RECOMMENDAYIDNS DAILL HOLES WITH A CARBIDE OR DIAMOND TIPPED MASONRY BIT POWERED BY A AOTARY OR ROTARY IMPACT DRILI

NO_OTHER 00LS WILL BE PERMITTED. DRILL HOLES VERTICALLY. FURNISH mcuuznu‘nou OF HOLE SIZE RECOMMENDED FOR THE 5FEGIFIED 'ANCHOR TO THE ENGINEER
BEFORE nmLLIMﬁ HaLEs. THOROUGHLY CLEAN HOLES FOR ANCHORS OF ALL CONGRETE CHIPS, DUST, GREASE, OIL, ETC. BEFORE ANCHORS ARE INSTALLED. REPAIR ALL

DAMAGE CAUSED BY THIS WORK TO THE SATISFACTION OF THE ENGINEER.

ROADWAY STANDARD DRAWING FOR
STRUCTURE ANCHOR UNITS
ANCHORAGE FOR GUARDRAIL POST ON BOX CULVERT

ANCHORAGE FOR GUARDRAIL POST ON BOX CULVERT

Welcome
To
NQRTH CAROLINA

SIS NS NI PR
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6.2.2 Length of Need

Note: Do not leave a space of less than 300 feet
between guardrail installations. Extend the guardrail
through the area if less than 300 feet exists between
installations.

Again, be sure there are no conditions that would
preclude closure
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Extra Offset Bloc

» 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.

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

Section A-A

Participant Notebook
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P\cn Vl:w Steel 20mm 21 ”
”
e e S
-
P\an V'CW Wood 2s0mm 23”
F i 99
e e comran @ imim 12
or averlying soll

Netes

dapms (A) mr\q r\g from

ot ot 1o
drling (8) a
610

ed
I 1o

Eligibility Letter B-64B

Guar_drail Po

SECTION 862

GUARDRAIL
862-3 CONSTRUCTION METHODS

Where rock interferes with the proper installation of the post,
excavate a shaft in the rock at least 9 inches wide, parallel to
the roadway, by 23 inches long, perpendicular to the roadway
and 24 inches deep. Place the post against the roadside edge
of the shaft and fill in behind the post with Class VI select
material, up to the top elevation of the rock.

Provide bid item if aware of rock
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PAY_LIMITS
FROPOSED 217 MOUNTING HEIGHT FOR GUARDRAIL
of GRey 25'-0" GUARDRATL MOUNTING HETGHT TRANSITION EXISTING 29° GUAADRATL MOUNTING HEIGET
s-tly &-3" -1ty Ei e &-3" F-1ke" -1le” &-3" -1be” §-53" 6 -3"
I | I | | | [ — |
GROUND
H H . H H H H LEVEL &

W-BEAN NMIDSPAN
PANEL SPLICE

ELEVATION VIEW

TRANSITION FROM 29" TO 31" W-BEAM GUARDRAIL MOUNTING HEIGHT

ROADWAY STANDARD DRAWING FOR 1-24]  oraTE OF
NORTH CAROLINA
GUARDRAIL INSTALLATION DEPT. OF TRANSIORTATION
DIVISION OF HIGHWAYS
RALEIGH, N.C.

Welcome

* 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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U

Session 5;:
Installation/Common
Errors of System

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

» Describe key components of barrier systems

» ldentify common installation errors

-~ Wel G . ‘-'."
= L
NORTH CAROLINA
o NI - <.
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LENGTH OF NEED BRIDGE RAIL LENGTH OF NEED
D= TEAM STANDARD TRAN- __| | TRAN- STANDARD
SECTION SITION SITION SECTION
OR END
TREATMENT

oHHARAa R gy qppaRARRRRBes

UPSTREAM
TERMINAL
OR END
TREATMENT

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, 4th Edition, Figure 5-4

A Welcome
\_l— To
NORTH CAROLINA
SRS WO WY PR s

Standard Run of Barrier

Transition to a Stiffer System
End Treatment

rowppE

Impact Attenuator

Participant Notebook
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1. Standard Ruama‘ rrier

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

®oo o

Barriers and Curbs

Welcome [Gaegs

c N C D o \:lz o | [
I il NORTH CAROLINA
o et LTSS

B
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> Concrete Barrier Standards

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

SEE INSET "A" " als”

ON SHEET 2 . =B

s
e

10"
FINISH
RADIUS GRADE

SEE_INSET "B"

ROADWAY STANDARD DRAWING FOR 1=28] " STATE OF
NORTH CAROLINA
DOUBLE FACED CONCRETE BARRIER DEPT. OF TRANSPORTATION
TYPE T, T1 AND T2 DIVISION OF HIGHWAYS
RALEIGH, N.C.

-~ Welcome [ushl
el 1o
NORTH CAROLINA

R s wo woos v sion
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» High Tension Cable Guiderail (HTCG)
» Dependent on Manufactured System

g N \ o R "
T . | ! . X I
A { il | i
— A i X A ¥
2 y “ I B0 - el
$ - 2 s W f

» High Tension Cable Guiderail (HTCG)

+ If the agency uses foundations, ensure top is at proper
height. This will affect the height of the cable.

—— W

Unacceptable
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High Tension Cable Guiderail Systems -

» 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.

= Welcome sl
"8 1o

NORTH CAROLINA

s o s

: = = ——
INSTALLATION CHECKLISTS 3
y T i
Cable Checklist e (& =
O Is there anything in front of the cable barrier that might cause a vehicle == = —==-
“riten to vault the barrier or make the barrier ineffective? Items to look for A
I include vegetation, rough ground, debris, or hard packed snow. These
items should be removed if present.
O Has the roadside grading been completed correctly?
T 1s there enough clearance between the barrier and the hazard for the
expected bargy degendent upon past
e
T 15 the cable barrier the correct height?
Cable heights measured to the middle of the cable are as follows:

Top Middle  Bottom
Median & Roadside 29.5in 21.5in
[750 mm] [650 mm] [545 mm

25.5in

O Are the cables prop e

O Are there irregular curves or joints where an errant vehicle might snag?
Is thers 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

recompactad.

O Is the post spacing correct?

O Is there evidence of corrasion or damage to the posts? The posts should
be replaced if either of these circumstances exist.

UL O 5 ronsen cone e e Rest v 12 el
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Old Guardrall - Helﬁ’nt f

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

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 ——— 1\ ||
slope extended as shown swoueoen store— I

- o Ii
ENTENDED E I

Only for the 27 3/4” Guardrail
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31” W-Beam Iﬁlegg-ht

> 31 ? W_Beam 1215" SEE NOTE 'A'

W' BEAM
/GUARDRATIL

(Mot
fl
L]
o A
L0 (AL

N
@
m 1l
m
=
S
=1
m
[

5

Remember: our terminology is E =
referring to TOP of Rall

GROUND LINE

Ground slope is 10:1 or

FLATTER i i . GUARDRAIL POST
Tolerance = ? »
+ 17, by practice
o % ROADWAY STANDARD DRAWING FOR E i
g GUARDRAIL INSTALLATION

-~ Welcome
A )

NORTH CAROLINA

AR WO WA PR St

STATE LINE |

Rail too high
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b. Height Transition Measurerm

PAY LIMITS

PROPOSED 317 MOUNTING HEIGHT FOR GUARDRAIL
OR GREU 25'w0" GUARDRATL WOUNTING HETGHT TRAMSITION EXTSTING 29" GUAADAATL MOUNTING HETGHT

s-thy” &-3" g-11y" Ei e 6-3" Skt -1k &-3" ke &-3" 6'-3"

[ I I \ \ [ \ | | |
= C=——o=——_

[ | S | | ] I
GROUND

LEVEL

WaBEAM MIDSPAN
PANEL SPLICE

ELEVATION VIEW
NOTE: IF EXISTING GUARDRAIL IS LOWER THAN 29”, USE AN ADDITIONAL 12’-6” LONG SECTION OF GUARDRAIL,
FOR EVERY 1” OF HEIGHT DIFFERENCE, TO TRANSITION FROM EXISTING GUARDRAIL TO PROPOSED 31” GUARDRAIL
TRANSITION FROM 29" TO 31" W-BEAM GUARDRAIL MOUNTING HEIGHT

ROADWAY STANDARD DRAWING FOR 1=24]  orATE OF
NORTH CAROLINA
GUARDRAIL INSTALLATION DEPT. OF TRANSPORTATION
DIVISION OF HIGHWAYS
RALEIGH, N.C.

-~ e ‘.,
NORTH CAROLINA
AR

- G e
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c. Tension Caﬁ#ﬁu :é‘

» 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 Guiderall

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

\~ Welcome [olRE | AR
9B 1o A
NORTH CAROLINA ~
(LT o <

.
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-

c. Tension C

* REFER TO PLAN TYPICAL SECTIONS AND
PAVEMENT SCHEDULE TO DETERMINE KEY-IN
DEPTH, DIMENSIONS SHOWN ARE BASED
ON A MIN, KEY-IN DEPTH,

TYPE T

* 48"

ROADWAY STANDARD DRAWING FOR L
DOUBLE FACED CONCRETE BARRIER
TYPE T, T1 AND T2

¥ 40 £ 133HS]

To

§ NORTH CAROLINA
A I 2
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c. Tension Continuit

Cast In Place Concrete Barrier

Horizontal bars maintain Missing connection pin

continuity for cast in NO TENSION
place barrier

c. Tension Ci

—_————

» W-Beam
— 8 bolts tying panels together

— structural connection to a rigid barrier with 4 (min) thru
bolts
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» Thrie Beam Connection
— 5 bolts required for a structural
connection to a rigid barrier
— Holes cored through concrete
preferred, 7/8” high strength
hex head bolt with nut

“otem Ba

No
Structural
connection

Missing
bolts

¢ONcDoT

Participant Notebook Page 5-13



Highway Safety Barrier Installation Training

Session 5: Installation/Common Errors of Systems

> R Traffic
1 Management
STA. 15+50 -L- BEGIN AN Plan

—_— T mnrcane

n STA. 17

STA. 13+43 -DET-

L i SRR S R L el R R i
e et
oo e s son s,

\~ Welcome
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STATE OF NORTH CAROLINA
DIVISION OF HIGHWAYS

SUMMARY OF EXISTING ASPHALT
PAVEMENT REMOVAL

v i

v 7 ANCHORS *
BEG. STA. END\TA. APPR. | TRAIL. TYPE | GRAU | TEMP GRAU
END | END u_| 350 350
30201 T
- +02.94 1
L +84.06 1
I )+84.06 ; -
L 6+00.00 S \ ! v i
DET- [EEINE - ! \\ i II
DET- 15+87.50 T T £
UBTOTAL;

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

% Placement of GREU must abide by standard application criteria (Deflection
and Length of Need {LON})
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d. Other Considerations

» 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 guardralil
going with adjacent traffic, meaning rail laps will
be opposite on each side of the road.

Structural Anchor Standards reference “LAP”
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Typically NO WASHERS

Unless called for in the plans

i pos
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Iace n the RAIL to post Placed on the SPLICE bolt —
bolt — NOT GOOD GOOD

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

L

B ]

Better to bolt offset

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

¢ONcpoT
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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
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Barrier should be in GOOD condition
N
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*

2. Transition

A

STATE LINE
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e T - =

¥

- L
o = _ =

31 Inch Transition C

6'-3" Asymmetrical transition to

12’ — 6” Nested Thrie-Beam Panels

W peam (10 gauge)
\ PAY LIMITS J _3-11s" _ STD. 6'-3" SPACING
THRIE BEArN;UAHDHAIL 'NESTED' WTR SECTIoﬁ

(ONE RAIL \INSIDE ANOTHER)

11.10"

i f
3spaces@ 3’-17%"
FINISH/

GRADE

3 LIP_CILIRR

4 spaces @1’-6%"

Posts 1 thru 6
Wood: 6" x 8’ x 7’

ROADWAY STANDARD DRAWING FOR
STRUCTURE ANCHOR UNITS

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

% Welcome Kot
OB 1o
NORTH CAROLINA

R sohons wost e o siun
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a. Manufacturers Manuals
b. Posttypes

c. Panel requirements

d. Grading
e
f
g

Breakaway Cable Anchorage
Other Common Errors
Delineation
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i The point where the BIC crosses the toe
,fﬁ“ of the backslope must be far enough
- upstream of the hazard.

Participant Notebook
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: J
Just a reminder = It's the Best (Properly done
DAAWING NOT TO SCALE =
Pav LarTs PAY LIMITS =9
STANDAAD GUARDRAIL TERWINAL SECTION, TYPE BURIED IN CUT (BIC) <C g
TAIL SHEET 2 OF 2 FOR DTHER DETAILS, L= .
: Zxfo
LERGTH 0F NEED a5 POSTS SHOWN, HSS8 -
_— wJP ==
T 3.TYPICAL POST SPACING IS &'-3" UNLESS OTHERWISE WOTED, oQuT
| =2 -
I = o
\ c RCxECT
N 8 DITCH BoTTON e
1 i2 o D=, 03
il - TSR
P oW
3 = .=
— eoue o sHouLoen S L=
' we
A= B ¢ POST OFFSETS - o
FROM EDGE OF SHOULDER
T DISTANCE
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+
. 5
— WIO-SPAN SPLICE {TYP.) TOP OF GuT R 10
/ _\ -
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e
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i ERTTIN
bk 8 BOLT — | AT | <
\ wasHER g El= ES ]
23 o << i
FE=iff== 82 a = —
—— PIPE SLEEVE SPAGER . S e
=== absadras L < ©
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—t BOLT AND HUT (2 [=]
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%lg e
DETAIL A DETAIL 8 2 “ad
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T g
I £33
WO0D BLOCK — W30D BLACK — [ < Q3
— WOOD BLOCK A\ A\ L L E
awouoes |,/ SEOULOER \ 0L DER VARTES \ v
F ‘r"rv*
g RURBRATL |
TVEL ) i |
_ = |
. STEEL POST
STELL PosT STEEL POST — STEEL POST ¥ 0ITEH (TP i STEEL POST
AND BLOCK DETAIL
SECTION A-A SECTION B-B SECTION G-C SECTION D-D SHEET 14 OF 16
—_— = = =
| w bt
L
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Buried-in-Cut End Treat

» Key design considerations:

= 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 of 13:1 or flatter on the foreslope

= Use an anchor of steel posts capable of developing the full
tensile strength of the W-beam rail and buried 1’ below ground
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BIC Looking Across Roadw

RULE #1:
Follow
manufacturers
instructions
and NCDOT
standard plans.
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3. End Treatment

a. Manufacturers Manuals

Must follow manufacturer’s installation instructions and State
standards.

SoftStop” System

TANGENT END TERMINAL with 8" COMPOSITE BLOCK

Assembly |

MSKT MasH T,

for 31" MGS (Midwe:

| o S DN | = ey

[ Example of mstallatlon manuals

TAKE ADVANTAGE OF
MANUFACTURER TRAINING
FOR DETAILED INSTRUCTION
ON INSTALLING ANY OF THE
PROPRIETARY END
TREATMENTS
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Additional Re

manuals, etc.

« Manufacturers website — online training, installation

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

GUARDRAIL INSPECTION SERIES

MaineDOT's Guardrail Gai

GUARDRAIL INSPECTION §

MaineDOT's Guardrail Garden

Manufacturer: Trinity Highway Products, LLC
End Terminal: SoftStop®

Manufacturer: Road Systems, Inc

End Terminal: SW

FLEAT and SRT videos are also available

GUARDRAIL INSPECTION SERIES
MaineDOT's Guardrail Garden
TR T ™7

=

Manufacturer: Lindsay Corporation
End Terminal: et

Participant Notebook
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BEAT and BE.—\T—‘ .%ta]laﬁon Ilu];tion Chu@ >

State: Dat=

Project=: Inspaction parformad by:

—

O The 6% 6" end tube section is the special 1/8" thickness tube as supplied by the
‘manufactorer with the comers it &t the approsch snd whers the impact hasd is placsd.

O  EothiheRoadside BEAT temival and Median BEAT-MT teminal have at lesst onz |
180" long 6°x 6" x 3/16” standerd tubs saction joining with the spacial 1207 long and
tubs saction.

m} The and tubs saction iz boltad to the standand tubs saction with tha spacial il tia splica.

O Thebeight of the 6% §° box beam tubing is in accondance with ibe plans:
—Roadside BEAT sil haight = 24"
—Median BEAT-MT rzil height = 2’47

o ms'xa-mmmm;mmwMammmmmwmﬁ
—Roadside BEAT post bolt = 3/16" x 7
—Median BEAT-MT poat bolt = 5/16" x 7 4"

O The il support boackets are attachad to posts with proper bardwars
—Roudside BEAT posts =1 & =2 support bracket bolie = 14°x 2" b bolt
—Median BEAT-MT 2 tho 2475 14" bex belt
—Median BEAT-MT

O Theupper and lowar sactions of post #1 are propaly commacted witha 5/8% §° bax belt.

la. ’\‘lt

O The 3" wask posts hava the soil plate positionad the same diraction as the il
—Roadside BEAT bae 2 3° waak post at post location =2 plus at laast thres more 3° wask
posts spacad at §-07 v&lﬂnnﬂl!alxndmﬂdumnmﬁ % ¢ box besm barier.
—Median BEAT-MT has 2 3" wesk post at post locations =2 through =5

O The impact hesd is proparly insarted into the and fuba saction with the Larga trisngular
‘Eussat plates facing down. The bottom of the impact head is appmpx 12° sbove ground.

O Thepostbrasker is installad on tha proper sida of post =1 and sisbilizad with o bolts.

D The$" x 6" basing plate &t post 1 s comscrly positionsd with the 3 dimansionup & b
3" dimansion down. Tha anchor cabls is taut and comactly installad

O TheMedian BEAT-MT ha: atether csble properdy attached to rastrain the impact head.

O Ifthe posts ware gugarad, b2 suse the backfill materisl sround the posts is compatad

Additional notas:

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
[ Ofiset block at Post 2
| Step Actions
1. | Select the Option A, Option B, or Option C to install the rail
panel without offset block at Post 2:
Option | 1. Insert a /z” (16 mm) diameter x 10" (255 mm)
A HGR Post Bolt (PN-3500G) through the rail and

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

3340G) on the inserted bolt. Tighten the bolts.
(There is no terque requirement for these bolts.)
Optien | 1. Insert a“/;" (16 mm) diameter x 17,” (31 mm)

B HGR Blot (PN- 33&06) through the rail panel and
For the hole in the SYTP

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

2 Placea sfg {16 mm] Round Washer (PN-3300G)
- 40G) on

Option
C
For
HBA WARMING: Do NOT bolt the rail to the
HBA™ post at location 2. Failure to follow
this warning could result in serious injury or
death in the event of a collision.

Do NOT bolt the rail panel to the HBA™ post a
location 2.

Participant Notebook

Page 5-30



Highway Safety Barrier Installation Training

Session 5: Installation/Common Errors of Systems

s w o -

3. End Treat 2

b. Post Types )

Each manufacturer may have several different
types of post, even for the same system - both e -
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 |
= S
NORTH CAROLINA
vl o oo v s B
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3. End Treatment

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 5-32
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3. End Treat‘”‘

d. Grading

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

Ensure the area is properly :
compacted and is vegetated to ‘
a minimum of 80% (or another l"

version of slope stabilization). s

-~ Welcome
.. To

NORTH CAROLINA
WL W WA 7 s

¢ONcDoT
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e Last, load the damaged materials, smooth out the shoulder,
check around for tonls then remove the Wark 7ana Traffic

Control. 5.5 - SEQUENCE OF REPAIR (CONT.)

Participant Notebook Page 5-34



Highway Safety Barrier Installation Training

Session 5: Installation/Common Errors of Systems

o % ROADWAY STANDARD DRAWING FOR
m
B2 GUARDRAIL PLACEMENT
ol
] Gl
WARRANT POINT
LENGTH OF NEED 28'-0" MIN,
PAY | IMITS GUARDRAIL END UNIT TYPE TL-3 or TL-2 %I’I—&‘( 25'-0"
50:1 TAPER
T LL ““““ Voonom e Ty
B Lblbg “Fg 8 8 & j B B Tapep _ _ __Tmzessdmnos
1 . et N
e ‘AEDGE OF LANE v LZ' OR 4' PAVED SHOULDER J
10" PAVED SHOULDER
4mm TRAFFIC

= Need special Borrow bid item for 3R projects
Need Special Provision for Density

~ Welcome fath
"B 7o
NORTH CAROLINA
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—

3. End Treatmen'tﬁ:f&

d. Grading

Improper
Grading

(Also bearing plate misaligned)

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

Telltales of poor grading

* Soil tubes/foundation
posts installed too high

* Soil plate showing

« Strut too high

% Welcome [GlSRI | AREW G RSRTECE
"o 1o et S
NORTH CAROLINA
L <

Participant Notebook
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% Substandard Grading — DOCUMENT §

e. Breakaway Cable Anchorage (BCA) Assembly

Bearing Plate & Strut
+ 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 Treatment

e. Breakaway Cable
Anchorage Assembly

Buried and

upside down
bearing plate —
won’t release

Participant Notebook
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e. Breakaway Cable Anchorage Assembly

Upside down

bearing plate —
may not release

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.

Page 5-39
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3. End Treatment

. 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 itis properly attached to the rail.

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.

Participant Notebook
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3. End Treat

f. Other Common Errors

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

"\'_: Welcome s
\;" To S :
il NORTH CAROLINA 9
IR, o v s i

| 57/ 0E LN
_ it
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;_.x— A

3. End Treatment

f. Other Common Errors

Post Installed
Backwards

Post.bending shows signs
of not releasing-as intended
[ “'7{/,)' n i

K [
| VRN

- Boltshouldbeor -
- downstream Sides>

_Opéntended slot Shouid; | -
be on upstream, sid e
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f. Other Common Errors

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

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
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a3

& ER'T Impact Head ET Plus'Fail &

.Anchor Bracket

HTCG

CO-MINGLING OF PARTS
FROM DIFFERENT SYSTEMS
(EVEN FROM THE SAME
MANUFACTURER) IS
UNACCEPTABLE
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FLEAT head o ST ;
' rail - HORRIBLE

2 5
R i

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

o« =

Unrestrained
bearing plate

Participant Notebook
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f. Other Common Errors

» Steel Post — Hex Bolts

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

f. Other Common Errors

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

Note the
WRONG rall for
this terminal.

Participant Notebook
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3. End Treatm o i

f. Other Common Errors

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

instructions. ™
7 %S
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No rail-to-post
bolt at Post 1

3. End Treatr

f. Other Common Errors
NF SNy C Rl

Nuts on the
bracket should be
Ny 0N the roadside
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f. Other Common Errors

Excessive flare on a end treatment.

3. End Treat"

s

f. Other Common Errors
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i ’k. & ' v y ) ‘,'. "‘A'A“ “"l"‘ < N X\
Improper Application — no runout for a non-energy
absorbing terminal...LON (as well as grading
GYNCDOT Sl 7 s S

| = .2

e S —
Improper Application — Terminals should have 7’ separation
(and the sign should be beyond the terminal system)

¢Nepor .o : =
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>

3. End Treatment |

» 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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4. Impact Attenuatol

T

a. Manufacturers Manuals

b. Grading

e e

a. Manufacturers Manuals

Must follow manufacturer’s installation instructions
and State standards.

SCI M
NUAL
.
= S
oo

SLAKT SUSUNIM LLNVIRNINIE

These are all readily available online

Participant Notebook
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4. Impact Attenuator:

. "

a. Manufacturers Manuals

|APPENDIX E2 - TEST LEVEL Il FOUNDATION I

ConstrUCt Concrete Cross Slope at Top Surface not to Exceed 1in 10 ‘ SPECICATIONS

| Al einfxcing skl stiaight 34 ASTI-A3
Foundation must be a Level Plane Iyl

pad If Called for per gmlwl‘w\::::'m‘wm:i:?"
€ asphal orer € of CHTGACIC suLhase A ACTY eTDITI
""" Wide Hazards and Transitions may require & caphak with anchor embedment of 16 12

ma n ufactu re r,S the foundation to be longer. See Transition Drawings.,
requirements or

ol 1617

irstaled
6 miniorcec conarets (POC) samling per ASTN C31-64 jesting s ASTM C39.64
314, B

T asphat over Y concete - Trpe SP 125 Lovel C o Wt
G asphal ove € of conoacad ause - a5 abovs
& asphal (AC) « Type SP 125 Traftc Level C or Pigher

state standards. L b e Ses Rreel M nsz

i ) Cu A | F

1 I I b : SCI00GM
Clean out drilled i ~
1

holes WELL! 35 = 1l

R

Fh

\,: - Welcome
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1

AR ROS] WM

LINA
e st

[ STATE LINE
Lol sld
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a.

Manufacturers Manuals

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

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

+ Bolts may have a torque value.
Cutting bolt prohibited

Full bolt depth required

a.

Ex: Tension
Strut Backup

Manufacturers Manuals

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

Ex: Concrete Backup

Participant Notebook
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4. ImpaCt At 4 .gt

a. Manufacturers Manuals

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

\/ o/ s

N A 5 = f/

Acceptable i \‘ . =
s T T AT SR

Must follow manufacturer’s installation instructions.

a. Manufacturers Manuals
Place appropriate delineation on front of system
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4. Impact Attenuators.

b. Grading

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

Suspect
Grading
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General Details for Impa

r
P S

« 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

o Softer Modules in Front

» Describe key components of barrier systems

» ldentify common installation errors

Participant Notebook Page 5-58
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Session 6: Maintenance of Systems

—

orth Car ina D ':nt of Transpotta,tlon
H|ghway Safe rler: nstallation Training |

-

Session 6:
Maintenance of Systems

At the end of this session, you should 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.
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Introduction. .~ =

» Barriers need routine inspection and maintenance.

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

\= Welcome [aRl
o8 T ¥

v N\QRTH CAROLINA
o ey -

Need To Repair

R B
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= L

REPORT 656

Criteria for Restoration
of Longitudinal Barriers

TRANSPORTATION RESEARCH BOARD

Available for purchase

Session 6: Maintenance of Systems

W-BEAM GUARDRAIL
REPAIR

A Guide for Highway and Street

Maintenance Personnel

Pty
INSTALLATION & REPAIR GV/IDELINES

Repair Of Guardrail
5.1 Site Review
5.2 Repair Or Eliminate

5.4 Scheduling Repairs

6.1 Pericdic Inspection
6.2 Inventory
6.3 Maintenance Tips

0 NORTH CAROLINA

T R

5.3 Replace In-Kind Or Upgrade

5.5 Seqguence Of Repair
5.6 Check After Repair Is Complete

6.0 Maintenance Of Guardrall

Participant Notebook
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‘,PL'. X
9 0. Do
4
STATE OF NORTH CAROLINA
STATE OF NORTH CAROLINA DEPARTMENT OF TRANSPORTATION
DEPARTMENT OF TRANSPORTATION MICHAEL F. EASLEY LYNDO TIPPETT
s B. Huw Ju DIVISION OF HIGHWAYS fralioed e s
Govmeon PO BOX 25201 RALEIGH, NC. 276115201
Median Barrier 1 ion and Mai Poli
December 15, 1993 = e
‘The median guardrail program in North Carolina has been saving lives since its implementation
in the late 1990s. There has been a 90 percent reduction in fatal and severe injuries in across-
WW4MMMoIZWS.me 150 lives have been saved and countless
MEMORANDUM TO: Division Engineers injuries have been avoided.
[ L NCDOT is very concemned with the maintenance and operation of its entire transportation
" . P.E.
FROM: &:utf::':;' Jr. "c system. A recent report to the N.C. General Assembly shows that guardrails statewide are being

maintained at an acceptable level.
SUBJECT: Guardrail/Attenuator Maintenance Policy “The recent tragic event where a family was killed by a vehicle that crossed the median has placed
an additional emphasis on median barrier maintenance. While our history with the median barrier
program shows that a vehicle passing through a damaged section of barrier is very rare, NCDOT
Attached for your i i ion is the mair policy for will implement a more in-depth review of our median barriers throughout the state.

repairing or replacing accident damaged guardrail and attenuators on the State

Highway System. Please insure that all your personnel are made aware of the

We will continue to work with the N.C. Highway Patrol, local law enforcement and emergency

policy. responders to improve the notification process following crashes into the barriers. Effective
ummﬂuuly. all 14 highway divisions of the North Carolina Department of Transportation will
n cies for guardrail repairs and maintenance. assign appropriate staff to inspect weekly all highway sections with median guardrails. This
Im’ r.npl::u:hdl existing pd: 9 Manual will be sent in the near future. inspectian will include identifying and mrhu!bemhneﬁonm ‘uafdrnl and then
an scheduling it for repair. As soon as the its i shall
. mwﬁudyuﬂmmmmmmmnuhannﬂlfyﬁulppmpnnemoﬂhe
If additional information is needed, please advise.

damaged guardrail and the contractor will begin repairs as soon as reasonably possible.
CAG/bj

NCDOT is a national and uuunltim_n.l leader in median barrier safety. We have helped other
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Timing of 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
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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 (1) safety-related citizen reports no later than 10 business
days after the date the report 1s 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 transmut

\
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Spear —worse than no tension —
must be treated (drop rail) immediately- Severe
- X = 7 k. o 4 =) R

— VT

2 - £ 2

TS

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

¢ neport - e
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Dama
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section still leaves blunt end

Delineate damaged areas while evaluating
damage. Make repairs as soon as practical.
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Temporary |
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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 the Site

R S e

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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Evaluate th

5.2 - REPAIR OR ELIMINATE

B Before repairing the guardrail,

consider if it can be eliminated.
If the slope can be flattened or
the hazard relocated, the barrier
is not necessary. If the roadside
obstacle is no longer there, the
guardrail is itself a hazard and
should be removed.

Flatten the slope

REF: NCDOT GUARDRAIL INSTALLATION AND REPAIR GUIDE - 2019
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SAFETY-RELATED ?2?22?

5.1 - SiteE REVIEW

B \When guardrail has been hit, determine the extent or severity
of damage. If the damage is minor or so slight that it will
still 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 RE

\
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Guardrail — Damag
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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 damage needs to
be repaired as soon as
possible

5.1 - SiTE REVIEW
REF: NCDOT GUARDRAIL INSTALLATION AND REPAIR GUIDE - 2019

¢
* g

Guardrail — Dama

Minor Damage. Repair later if the guardrail will
still function properly. Schedule with other work.

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

How much deflection (~ 11") — Not Severe
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Post separation — Severe or moderate?
If height is too low (?”), penetration is likely - Severe
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Tension discontinuity (half strength and stress
concentrator) — Severe

Encoor =Sl =
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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.

Severely damaged
needs to be repaired as
soon as possible

REF: NCDOT GUARDRAIL INSTALLATION AND REPAIR GUIDE - 2019

Severe or moderate? I
AT

No effective barrier —
But likelihood of impact??
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End '_I'reatme

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

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 Treatments

» 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).

Welcome Qe
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= Sheared end ost -No tension |
l capability — Severe

Non-Energy Absorbing Terminal WRONG here — no Runout
Don’t know why memorial is here

gONcpoT ; e |
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@ Foundation tubes too high — Severity depends on
how excessive the height is

gﬁCDOT
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- . Y"‘(:? ',\\.’(, ' o w }\; (r\;rr,z,
Impact head not parallel to rail — don’t know how serious —
Doubt Severe; Just POOR workmanship

8.
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o tension
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When repairing a wood Post 1 holding an impact
head, drill pilot holes per Installation Manual

End Treatments

o

E P
P

BeAaring plate misaligned
Moderate

Buried plate may not release
Severe
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R T PO T e . DR R
Mlssmg beanng plate and cable - No tension capability — (Also the
head should be parallel to top of rall) &into throat Severe

& o

Ra|l not engaged Wlth head "
Severe :
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No tension, impact head damaged - Severe

Some reserve capacity — Moderate or Severe??? £
Have manufacturer’s Installation Manual available. #+=

' : Tia
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Have manufacturer’s Installation Manual available

me

& neoor .- =

Ensure all mounting hardware is correct
and Repaired per Installation Manual

Welcome
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Impact Attenuators

| T— T

Place sand container in the correct position with the correct
amount of sand.

g¢/NCDOT .7 |
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Replace In-Kind vs.

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. *Also in 2019 Guidelines 5.3 - REPLACE IN-KIND OR UPGRADE

For pre-31" guardrail, it is suggested that the repaired guardrail
should be to the latest 29" standard, especially related to height.

REF: NCDOT GUARDRAIL/ATTENUATOR MAINTENANCE POLICY. December 1993
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F

Replace In-Kind = 29” Gu:
ﬂ%n - Repair 0f Guardrail (cont.)

Standard W-beam Guardrail 12'-6" Sections on Steel Posts

[ i
@

/
/ / P
/ 2, ll'
(e ’ﬁ% |
s 7 L
('III. TR ,l T 1o ",r e
Ld v e !/ Ll

7/

/ ’/I 2@%
Divectionof /: r
Troffic

Welcome [aiRt
! To
§ NORTH CAROLINA
an

Participant Notebook

Page 6-31



Highway Safety Barrier Installation Training

Session 6: Maintenance of Systems

5.3 - REPLACE IN-KIND OR UPGRADE (CONT.)

B» 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 replace 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 REPAIR GUIDE - 2019

. .
\ = Welcome
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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
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Replace In-Kind vs

e

o 2 o 2 7 -

e ¥

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
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Replace In-Ki

STATE OF NORTH CAROLINA
DEPARTMENT OF TRANSPORTATION

ROY COOPER JAMES H. TROGDON, 111
GOVERNOR SECRETARY
DATE: May 26, 2017

Chief Engineer

MEMORANDUM TO: Division Engineers
FROM: Michael L. Holder, PE, m

SUBJECT: I MASH Guardrail Units (GREU)

Reference is made to Glenn Mumford’s April 28, 2017 memorandum on the subject Guardrail
End Units — AASHTO MASH Compliance. The Department will accelerate the previously

planned September 19, 2017 impl ion. All advertised on or after Julyl, 2017
shall include the project special provisions requiring the MASH compliant guardrail end units.

MASH Complaint GREU shall also be installed on all active includi

g
or repair to the extent feasible. Contract administrators shall request a

associated with changing to the MASH compliant guardrail end units and any associated
schedule impacts to the project. Contract administrators should contact their Area Construction

Engineer to assist with review of contractor proposals and suppl ] ag; devel

P

Questions concerning the new guardrail end units should be directed to Joel S. Howerton, PE, at
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Replace In-Kind vs.

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 ROTUMramtenance, Unit as needed.

REF: NCDOT GUARDRAIL/ATTENUATOR MAINTENANCE POLICY. December 1993
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Replace In-Kind vs.
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REPLACEMENT/REPAIR OF IMPACT
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 aregular schedule (every 6 months)
to insure proper function.

REF: NCDOT GUARDRAIL/ATTENUATOR MAINTENANCE POLICY. December 1993
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Median Barrier Inspection/Maintenance:

F
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ANy

» 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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Inspect Repalrs=a® Zidma e S
ST A e T . =

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.
» Watch for material buildup under and in front of the rail.

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

REF: NCDOT GUARDRAIL INSTALLATION AND/OR REAIR PROCEDURE TRAINING MANUAL. April 2000P
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Review Learning

» 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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