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Roadside Safety System Design, Inspection and Maintenance Training Introduction

INTRODUCTION

This one-day training session is one of the deliverables under FHWA Contract DTFH61-10-D-00021,
Roadside Safety Systems Inspection, Maintenance and Designer Program. The program objective is to
assist local transportation agencies by providing their personnel with the appropriate information
needed to ensure optimal barrier installations. The program provides the following deliverables:

e Roadside Safety Systems Design, Inspection and Maintenance Training
* Roadside Safety Pocket Guide
e 5—one page Technical Briefs:
o Tech Brief 1 — Maintenance of Traffic Barrier Systems
Tech Brief 2 — Drive-by Inspection of Safety Hardware

o Tech Brief 3 — Damaged Roadside Hardware; Repair or Upgrade
o Tech Brief 4 — Roadside Safety Systems Pre-Installation Field Review Checklist
o Tech Brief 5 — Transitioning metal beam guardrail to existing bridge rails

These deliverables were prepared by the KLS Engineering team of Karen Boodlal and Richard Powers
under the direct supervision by Mr. William P Longstreet of FHWA’s Office of Safety Roadway Departure
Technology Transfer Team and with the assistance of the California FHWA Division office, Caltrans, LTAP
Center, and county personnel for compliance to the state DOT specifications.

Personnel listed below:

William P. Longstreet FHWA Office of Safety will.longstreet@dot.gov
Karen L. Boodlal KLS Engineering, LLC (Project Manager)  karenl.boodlal@kis-eng.com
Richard D. Powers KLS Engineering, LLC richard.powers@kls-eng.com
(Technical Expert/Instructor)
Ken Kochevar FHWA Division Office ken.kochevar@dot.gov
Robert Peterson Caltrans, Division of Local Assistance robert peterson@dot.ca.gov
Steve Castleberry Nevada County steven.castleberry@co.nevada.ca.us
Dean Lehman LA County diehman@dpw.lacounty.gov
Rick Tippett Trinity County rtippett@trinitycounty.org
Stephanie Halloway Placer County shollow@placer.ca.gov
Tom Mattson Humboldt County tmattson@co.humboldt.ca.us
Troy Bucko Caltrans Division of Traffic Operations  troy.bucko@dot.ca.gov
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Roadside Safety System Design, Inspection and Maintenance Training Introduction

Target Audience

The target audience for this training includes designers, inspectors and maintenance personnel within

Caltrans local government agencies having direct responsibilities for designing, installing, maintaining, or

inspecting traffic barriers, including end terminals, barrier transitions, and crash cushions.

Course Goal and Outcomes

The overall course goal is to provide personnel the information needed to design or inspect or maintain

barrier as efficiently and as effectively as practical. Specifically, participants who complete this training
should be able to:

e |dentify possible deficiencies in a new barrier design or an existing installation.

® Inspect and repair safety hardware in accordance with existing policies and good practices.

® Avoid common errors in barrier and terminal installations to optimize crash performance and
reduce liability.

¢ Know whether damaged hardware needs to be repaired, replaced, upgraded or removed.

Course Contents

This one day course consists of the seven sessions listed below:

Session 1:

Session 2:

Session 3:

Session 4:

Session 5:

Session 6:

Session 7:

Introduction and Low-cost Improvements — Provides an overview of the day’s training
and the course objectives, a brief description of run-off road (ROR) problem in counties
in California, and discusses low cost improvements for keeping drivers on the road.

Clear Zone and Barrier Warrants — Provides guidance on fixed objects and terrain
features that can best be shielded by a traffic barrier

Testing Requirements and Performance Characteristics of Common Barrier Systems —
Outlines the crash testing guidelines, performance characteristics and maintainability of
various barrier systems currently used.

Testing Requirements and Performance Characteristics of Common Terminals and Crash
Cushions — Outlines the crash testing guidelines, performance characteristics and
maintainability of the various end terminals used in California.

Guardrail Design and Site-specific Installation Considerations —Provides concise
information on barrier design and on site conditions that can degrade crash
performance.

Guardrail/Terminal Installation and Common Errors — Outlines the basic approach to
installing Guardrail and shows some common installation errors.

Maintenance of Systems — Provides guidance on when to reset, repair, rebuild or
remove damaged barrier and when to repair or upgrade damaged terminals.
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Roadside Safety System Design, Inspection and Maintenance Training Introduction

Course Materials

Materials included in this Participant Notebook are:

e PowerPoint slides used in the course,
e Note pages for participant use,

e Course Agenda and

e Course Evaluation Form.

Suggestion for Participants

This training course will be more valuable if you ask questions and share your experiences. Please turn
your cell phones off during the class. If you are uncomfortable with the lighting, temperature or other

features of the facility please let the instructor know.
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Roadside Safety System Design, Inspection and Maintenance Training Introduction

Resources
AASHTO, Roadside Design Guide, 2011

Manual on Uniform Traffic Control Devices for Streets and Highways, 2009

AASHTO, Manual for Assessing Safety Hardware, 2009

NCHRP Report 500, Volume 7: A Guide for Reducing Collisions on Horizontal Curves

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

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

AASHTO Task Force 13 website https://www.aashtotf13.org/

AASHTO Guide to Standardized Highway Barrier Hardware;

https://www.aashtotf13.org/Barrier-Hardware.php

NHTSA FARS web site: http://www-fars.nhtsa.dot.gov/Main/index.aspx

Roadside Safety Pooled Fund sites:
MwRSF: http://mwrsf-ga.unl.edu/

TTI: http://www.roadsidepooledfund.org/

NCHRP Research Projects htip://www.trb.org/NCHRP/Public/NCHRPProjects.aspx

Bridge Rail Guide: htip://guides.roadsafellc.com/

NCHRP Report 350: http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp rpt 350-a.pdf

Caltrans Design Information Bulletin number 79-03
Caltrans Memorandum 07/31/2015 Maintenance of Safety Devices
Caltrans Maintenance Manual Vol. Il, M60010

Caltrans Manual on Uniform Traffic Control http://www.dot.ca.gov/trafficops/camutcd/

Caltrans Traffic Manual, Chapter 7 htip://www.dot.ca.gov/trafficops/camutcd/trafficcmanual.html

Caltrans approved products list:
http://www.dot.ca.gov/hg/esc/approved products list/pdf/highway safety features.pdf

Caltrans Standard Plans and Standard Specifications: htip://www.dot.ca.gov/des/oe/construction-contract-

standards.html
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 1: Introduction and Low-cost Improvements

FHWA Roadway Departure Technology Transfer
Roadside Safety Systems Design,
Inspection and Maintenance Training

FHWA COTM: Will Longstreet \
FHWA, Office of Safety
(202) 366 0087

Instructors: Richard Powers
KLS Engineering, LLC
(703) 858 1356 /

November 17, 2016

CALIFORNIA
LTAP CENTER

e

> Beontime

» Ask questions

» Challenge the instructor

> Turn off/mute your cellphones

* What are you areas of responsibility?

*  What safety issues are you
concerned with?

* What do you want from this course?

Y
@' Administralion

——
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 1: Introduction and Low-cost Improvements

US Depariment of Transporfafion
Federal Hi hwuy
Admlnlsha

Potential consequences of poorly

designed, installed, maintained, or

repaired barrier systems include:

» Crash severities may be increased.

> Installer/agency may be liable for
damages and injuries due to
negligence.

usbpm e ofTran

sporfafion
Federal Hi hwoy
(v Admlnlsh

usbpm e ofTran

sporfafion
Federal Hi hwoy
(v Admlnlsh
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Session 1: Introduction and Low-cost Improvements

DY Fecr ghvay
& Ldminishafion

DY e Hghvay
& Adminishalion

\Federal Highway
& Adminishafion
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 1: Introduction and Low-cost Improvements

A

This course addresses:

» Low-cost methods of keeping vehicles on the
roadway.

» The need for guardrail systems and their
performance capabilities.

» Common barrier installation errors and inspection
procedures.

» Maintenance, repair and/or removal of barrier
systems

Y edect

hway
&7 Administation

At the end of this course you will be able to:

> ldentify locations where low-cost improvements can be
implemented.

> Verify that a traffic barrier is the best treatment to use at a
specific site.

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

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

> Know when damaged hardware should be removed, replaced
in-kind, or upgraded.

U5 Depertivent of Tanssedaion

Federal Highway
'.’ Admin‘ts?rc?ion
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 1: Introduction and Low-cost Improvements

» Session One — Introduction and Low-cost
Improvements

» Session Two — Clear Zone and Barrier
Warrants

» Session Three — Testing Requirements and
Performance Characteristics of Common
Barrier Systems

» Session Four — Testing Requirements and
Performance Characteristics of Common
Terminals and Crash Cushions

Fed:rgl Hilnis}wa;

fﬁ’ Administration

» Session Five — Guardrail Design and
Site-specific Installation
Considerations

» Session Six — Guardrail/Terminal
Installation and Common Errors

» Session Seven — Maintenance of
Systems

ngisfru%on i
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 1: Introduction and Low-cost Improvements

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

Identify the need for training
>

Describe the primary Roadside Safety
Concerns in California.

Understand when something needs to be
addressed and the appropriate action.
>

Identify low-cost strategies for keeping
vehicles on the roadway.

DY Federal Hic

it

hwa\,:
&7 Administation

Total Fatalities vs. Roadway Departure Fatalities
m Total Fatalities

W Roadway Departure Fatalities

2011 2012 2013 2014 2015
46% Roadway Departure Crashes in 2015
Federal Highway
'.’ Adminishrafion

]
Participant Notebook

Page 1-6



Roadside Safety Systems Design, Inspection and Maintenance Training

Session 1: Introduction and Low-cost Improvements

Riverside [N 100
San Diego NN 76
San Bernardo NS 70
Kern S 54
Orange NN 47
Fresno S 44
San Joaquin [N 41
Sacramento [ 41
Merced [ 33
Contra Costa [N 31
Imperial N 27
Humbolt N 27
Tulare [N 22

'\Fedefa’i Hi ?mr

&7 Administation

Los Angeles N 149

Fatalities Per 100,000 Population — Top 10

Alpine County
Del Norte County
Mono County

Modoc County
Inyo County
Tuolumne County
Lassen County
Tehama County
Plumas County

o

20 40 60 80

)W Federal Highwa
& Adminisirafion

e
[
===
Sierra County | EEE—
R
[ |
===
——— -]
]
3

Median Rate for all other California Counties: 7.96

100
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Session 1: Introduction and Low-cost Improvements

Other, 5%, 3%

Barrier, 4%, 5%

Embankment/Ditch
[Culvert/Curb, 9%, Rollover/Overturn,
10% 47%, 51%
Utility Poles,

7%, T%

Trees, 27%, 24%.

Federal Highway
Adminiskation

3

FIRST HARMFUL MOST HARMFUL

Rollover 292 610
Trees 203 282
Embankment, Ditches,
Curbs and Culverts 411 116
Utility Poles/Light Support 73 89
Barrier Face 91 61
Barrier End 11 4
Federal Highwa

'O‘ Administm?ion

|
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 1: Introduction and Low-cost Improvements

e Limited funding
e Limited rights of way

e Limited manpower and
equipment resources

* Environmental concerns
» Lack of experience

DN Federl Highay
& ¥

Adminiskation

Keep vehicle on the roadway
Remove hazard

Redesign hazard (make traversable)
Relocate hazard (move away from traffic)

Reduce Impact Severity ( use breakaway
design)

SHIELD hazard
Delineate hazard

& W e

N o

‘ Federal Hi%hwcy
@ Adminisircfion

|
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 1: Introduction and Low-cost Improvements

* Improve signing, marking, and
delineation

« Create or expand the clear recovery
zone

» Upgrade or install traffic barrier and
traffic barrier terminals to current
standards

R L. Cepormpnt el ranspartaian
P Fecleral Highway
'VAdministm jon

Curve treatments
* Advance warning signs
* Chevron Alignment signs/Turn Arrow
* Post Mounted Delineators
* Pavement markings
* Rumble strips/Rumble stripes

f\ Federal Highway
Adminisiration

|
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Session 1: Introduction and Low-cost Improvements

Curve (W1-2) Turn (W1-1)

. hway
(U’ Administration

\?edér'u:f Hi way
& Adminisirafion

|
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Session 1: Introduction and Low-cost Improvements

f‘ Federal Higiway

&7 Administation

(\? Highway

@ Administration
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Session 1: Introduction and Low-cost Improvements

P‘\ Federal Highwd;

&' Adminisiration
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Session 1: Introduction and Low-cost Improvements

(\ Federal Highway

@ Administration
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 1: Introduction and Low-cost Improvements

T R = R —— e

* Provide warning throughout a curve
*  Minimum of three signs required
+ Set4 ft. above edge of roadway

* Installed at PC and PT and spaced
evenly in between (CAMUTCD
Table 2C-6, page 262)

* Required if advisory speed is 15
mph or more below approach
speed

k__L oo
P Federal Hi%hwuy
@ Administafion

f y

@ Administration
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Session 1: Introduction and Low-cost Improvements

p\ Federal Highway
@ Administration

p} Federal Highway

@ Adminishation
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Session 1: Introduction and Low-cost Improvements

Federal i m{v

@ Adminisirafion

eFedeml Highway

Adminisiration
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 1: Introduction and Low-cost Improvements

U5, Depariment of Transporiafion
‘ Federal Highway
CU Adminisiration

One-Direction Large Arrow Sign (W1-6)

]
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Session 1: Introduction and Low-cost Improvements

i‘l‘édeﬁol Hl?hwﬁy

&' Adminisiration
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& Administration i
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Session 1: Introduction and Low-cost Improvements

al Highway

¢ Fede
@ Administration

* Provide guidance
*  Minimum reflective surface of 3”

« Set4 ft. above near edge of roadway
« Several visible to motorists

» Approximate spacing from MUTCD
Table 3F-1

@Y gy

W
& Adminisiration
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Session 1: Introduction and Low-cost Improvements

' ghway
& Administration

Center Line Markings

» Required on urban arterials/collectors
20 ft wide with 6000 ADT

« Recommended on rural arterials/collectors
18 ft wide with 3000 ADT

« May be used at spot locations such as
horizontal curves and crest vertical curves

' o e

deral Highway
& Adminisiration
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Session 1: Introduction and Low-cost Improvements

T e
\ Federal Highway
@ Administration

f\ Federal Highwuf

@ Adminisiration
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Session 1: Introduction and Low-cost Improvements

Edge Line Marklngs
Required on rural arterials
20 ft wide with 6000 ADT

« Recommended on rural arterials/collectors
20 ft or wider with 3000 ADT

« May be used without center line markings

« Wider edge line markings may be used for
greater emphasis

|
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Session 1: Introduction and Low-cost Improvements
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Session 1: Introduction and Low-cost Improvements

* Rumble strips where paved
shoulders exist.

» Rumble stripes where center lines
are used alone or in conjunction with
edge lines.

f\ Federal Highway
& Administration

era

f W
ministration

]
Participant Notebook Page 1-25
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Session 1: Introduction and Low-cost Improvements

Rumble Stripe Advantages
* More visible on wet pavement
* May extend life of paint

3 Fedv Highway
‘& Administration

.. Departmen of Tronsportafion

Federal Highway
eﬁ‘ Adminisiration
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Session 1: Introduction and Low-cost Improvements
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Session 1: Introduction and Low-cost Improvements

» |nitiated signing/marking review of county
streets and roads

= Reviewed approx. 1/3 of road mileage each
year

* Concentrated on curve and non-standard
signs

= Upgraded to current CATRANS MUTCD using
retroreflective sheeting

M Federal Highwy

@ Adminishation

Results (1992-1998):

Upgraded county roads

* 40% reduction in crashes

* 61% reduction in fatalities (13-5)

* 42% reduction in injuries (266-155)
Non-reviewed county roads

* 27% increase in crashes

State highways in county

* 3% reduction in crashes

— LS. Beporiment of Transporatian
'\ Federal Highway

@ Administration

|
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Session 1: Introduction and Low-cost Improvements

» ldentify the need for training

» Describe the primary Roadside Safety
Concerns in California.

» ldentify low-cost strategies for keeping
vehicles on the roadway.

Fed ighway
‘@& Administrafion

|
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Session 2: Clear Zone and Barrier Warrants

Session 2:
Clear Zone and Barrier Warrants

it ol ety

“Eerul Highway

@ Adminishaiion

» Session 1 — Introduction and Low-cost
Improvements

» Session 2 — Clear Zone and
Barrier Warrants

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

» Understand and apply the clear zone
concept

» |dentify objects and features that may
require shielding

Participant Notebook Page 2-1



Roadside Safety Systems Design, Inspection and Maintenance Training

Session 2: Clear Zone and Barrier Warrants

The unobstructed, traversable
area provided beyond the edge
of the through travelled way for

Clear Zone

the recovery of errant vehicles.
This normally includes shoulders,
bike lanes, and certain auxiliary

lanes. Travelled Way Shoulder

vw.—,_ o s
edeml Hi hway
Admmrsha

Fedem wu);
@ Administration
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 2: Clear Zone and Barrier Warrants

» The AASHTO publication, “Highway Design
and Operational Practices Related to
Highway Safety”, stated in its 1974 second
edition (known as the “Yellow Book”) that
“...for adequate safety, it is desirable to
provide an unencumbered roadside recovery
area that is as wide as practical on a
specific highway section.”

?egé{ﬁ[ : Hlt;::vay

(V Adminisira%on

1977 AASHTO “Guide for Selecting,
Locating, and Designing Traffic Barriers”
first presented the format used today for
determining clear zone distance based on
traffic volume, speed, and slope direction
(cut vs. fill) and steepness.

1 Deparment of 1

' D Federal Highway
&7 Adminisiration

|
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Session 2: Clear Zone and Barrier Warrants

» Design Speed
» Slope Type and Steepness
» Traffic Volume

» Horizontal Curvature

GM PROVING GROUND ACCIDENTS
21 CASES '
INN
90
80 \ /| About 40%
\ stopped within
70 10 feet
E - / 80% traveled
Hd 50 no further
\ /| than 30 feet
40 //
30
. / | 90% stopped
" within 50 feet
10 \4{”{:’ Ground
e - 10 20 . 0 40 30 [£e 70 80 ) 100
DISTANCE FROM EDGE OF PAVEMENT—FEET 29,
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Session 2: Clear Zone and Barrier Warrants

<40 UNDER 750¢ 7-10 7-10 b 7-10 7-10 7-10
750-1500 10-12 12-14 b 1012 10-12 10-12
1500-6000 12-14 14-16 b 12-14 12-14 12-14
OVER 6000 14-16 16-18 b 14-16 14-16 14-16
45-50 UNDER 750 10-12 12-14 b 8-10 810 10-12
750-1500 14-16 16-20 b 10-12 12-14 14-16
1500-6000 16-18 20-26 b 12-14 14-16 16-18
OVER 6000 20-22 24-28 b 14-16 18-20 20-22
55 UNDER 750° 12-14 14-18 b 8-10 10-12 10-12
750-1500 16-18 20-24 b 10-12 14-16 16-18
1500-6000 20-22 24-30 b 14-16 16-18 20-22
OVER 6000 22-24 26-32* b 16-18 20-22 22-24
60 UNDER 750¢ 16-18 20-24 b 10-12 12-14 14-16
750-1500 20-24 26-32° b 12-14 16-18 20-22
1500-6000 26-30 32-40° b 14-18 18-22 24-26
OVER 6000 30-322 36-442 b 20-22 24-26 26-28
65-70¢ UNDER 750° 18-20 20-26 b 10-12 14-16 14-16
750-1500 24-26 28-36° b 12-16 18-20 20-22
1500-6000 28-32* 34-422 b 16-20 22-24 26-28
OVER 6000 30-34° 38-46° b 22-24 26-30 28-30
3. Dep: ni of Transporeation
( Federal Highway
@ Administrafion

O 2N WAOONO®

Segment: Curved portio!
wicurve {Curve plus transzitions)

The risk of a
reported crash is
three times
greateron a
curve than on a
tangent

n only

Participant Notebook
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Session 2: Clear Zone and Barrier Warrants

Note: Adjust on
outside only.

Radius Design Speed (mph)

() 40 45 50 5 65 70
2,950 1.1 11 1.1 1.2 1.2 1.2
2,300 1.1 11 1.2 1.2 1.2 13
1,970 1.1 12 1.2 1.2 13 14
1,640 1.1 12 1.2 13 13 14
1,475 1.2 12 1.3 13 1.4 1.5
1,315 1.2 12 1.3 13 1.4 N
1,150 1.2 1.2 13 14 15 :

985 1.2 13 1.4 15 15 .
820 1.3 13 1.4 15 B .
660 1.3 14 15 - ; ;
495 14 1.5 - - - -
330 15 - " - Y i
1S, Depariment of fransporfafion
( Federal Highway
Adminishation
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Session 2: Clear Zone and Barrier Warrants

f\ Federal Highway

& Adminishation

Non-Recoverable and Non-Traversable

P

y
@ Administrofion
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 2: Clear Zone and Barrier Warrants

» Provide clear run out area at toe of non-
recoverable, traversable slopes.

» Additional clear zone may be needed to
account for portion vehicle travels on a
non-recoverable slope (slopes between
3H:1V & 4H:1V).

eval Higlhwcv

I Suggested Clear-Zone Distance

(based on recoverable slope)

Through _ Non-Recoverable  Clear Runout
Traveled Way | shoulder Recoverable Slope | Slope L Arent
< L i T+ i I »-:-v
‘ 1V:4H or Flatter Slope Slopes betwee{n 1V:6H or Flatter

(1V:6H or Flatter Desirable) 1V:3H & 1V:4H | Slope Desirable

= The clear runout area is additional clear-zone space that is needed because a
portion of the suggested clear zone (shaded area) falls on a non-recoverable
slope. The width of the clear runout area is equal to that portion of the clear-
zone distance that is located on the non-recoverable slope.

1.5, Depariment of Transporiefion

e Federal Hi%hway

Administration
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 2: Clear Zone and Barrier Warrants

Fixed object hazards should be located as far as
practical behind curbs, but no closer than 1.5 ft. from
the curb face. This offset should be considered the
minimum allowable horizontal clearance (or

operational offset), but it should not be
construed as an acceptable clear zone

distance. Since curbs do not have a significant
redirectional capability, obstructions behind the curb
should ideally be located at or beyond the minimum
recommended clear zone distance.

‘JS Department af Transportafion
Fedeml Hi hwc:y
Admmlsira

-

Bridge piers/abutments/railing ends
Drainage structures/ditches

Rigid sign and luminaire supports

Permanent bodies of water
Steep embankments

YVYVVYVYVH

Opposing traffic on divided roadways

( fede al
7 Adminishalion

Participant Notebook Page 2-9



Roadside Safety Systems Design, Inspection and Maintenance Training

Session 2: Clear Zone and Barrier Warrants

Guidelines

Bridge piers, abutments, and raiing ends  Shielding generally required

Boulders Judgment decision based on nature of fixed object and likefihood of impact

Culverts, pipes, headwalls Judgment decision based on size, shape and location of obstacle

Foreslopes and backslopes t ielding nat lly required

Fareskopes and backslopes (rough) Judgment decision based on likelihood of impact

Ditches {parallel) Refer to Figures 3-6 and 3-7

Ditches (transverse) hieldi Ity required if fikelihood of head-on impact is high

Embankment Judgment decision based on fill height and slope (see Figure 5-1)

Retaining Walls Judgment decision based on relatiy hness of wall and anticipated maximum angle of impact
Sign/Luminaire supports Shielding generzally required for non-breakaway supports

Traffic signal supports Isolated traffic signals within clear zone on high-speed rural facilities may warrant shielding
Trees Judgment decision based on site-specific circumstances

Utility poles Shielding may be needed on a case by case basis.

Permanent bodies of water Judgment decision based on location and depth of water and likelihood of encroachment.
s I aespRnalo: .

(‘ Federal Hs? hway
@ Adminishafion

GUARDRAIL
LESS SEVERE

E 1.5
E Barrier not warranted
e for embankment.
a2
However check
barrier need for
at obstacles on slope.

| suaroraL
#11" MORE SEVERE

©

|
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 2: Clear Zone and Barrier Warrants

- THROUEH TAAVELED WaY

Lo ) g

/ Wl %
SHOULDER H, He

FORESLOPE =V H,
110 tA 16 15 14 1 12
0.5 f—t } t 12

vd’"z
VoM,

BACKSLOPE
BACKSLOPE

T e
140

04 0.5

Us. el (jffusponcﬁan

' Federal Highway

@ Administration

Is barrier warranted at the locations
shown in the next five photos?

Do not consider effectiveness of
existing barrier (if any), only the need
for a barrier.

|
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Session 2: Clear Zone and Barrier Warrants

f edemr Hi%hwc;y

@7 Administration

: hwc}
(‘ Adminisrafion
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Session 2: Clear Zone and Barrier Warrants

" . hww :

&7 Adminisiation

T o—
‘Federul Highwa
@ Adminishation

|
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Session 2: Clear Zone and Barrier Warrants

p‘ Federal Huﬁ ghway

Administration

» Understand and apply the clear
zone concept

» |dentify objects and features that
may require shielding

]
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Performance Characteristics of
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Roadside Safety Systems Design, Inspection and Maintenance Training

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

Session 3:

Testing Requirements and
Performance Characteristics
of Common Barrier Systems

» Session 2 — Clear Zone and Barrier
Warrants

» Session 3 — Testing Requirements
and Performance Characteristics of
Common Barrier Systems.

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

» Understand how barriers are tested for
crashworthiness.

Identify common barrier systems

Explain how these barrier systems function

Y Y Y

Define the key requirements of a transition
design

‘ F;zgem.’ Highway

@ Adminisiation
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Roadside Safety Systems Design, Inspection and Maintenance Training

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

1. Keep vehicle on the roadway

2. Remove hazard

3. Redesign hazard (make traversable)
4

5

. Relocate hazard (move away from traffic)

. Reduce Impact Severity ( use breakaway
design)

6. SHIELD hazard
7. Delineate hazard so motorist can avoid

At .

> Prior crash testing and evaluation standards
were published in 1993 as NCHRP Report 350,
“Recommended Procedures for the Safety
Performance Evaluation of Highway Features.”

» In 2009, the Manual for Assessing Safety
Hardware (MASH) was published by AASHTO
and has been adopted as the new testing
standard. FHWA now requires new products to
be tested to MASH.

]
Participant Notebook Page 3-2



Roadside Safety Systems Design, Inspection and Maintenance Training

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

» Since January 1, 2011, all eligibility letters are
based on MASH testing guidelines.

» Existing hardware that does not meet Report
350 or MASH criteria should be upgraded to
a MASH approved device when damaged.

» Hardware that was tested under Report 350
guidelines may continue to be used.
Note: Caltrans to require MASH devices
ONLY

U1, Depatiment of Iranspoekmbon
Federal Highway
'.’ Administration

January 1, 2017 - W-beam in-line terminals (Caltrans schedule)
December 31, 2017 - W-beam and cast-in-place concrete barriers.
January 1, 2018 — W-beam flared terminals (Caltrans schedule)
June 30, 2018 — W-beam terminals
December 31, 2018 — Cable barrier and terminals, and crash cushions.
December 31, 2019 — Bridge rails, transitions, and all other
longitudinal barrier (including portable barriers
installed permanently), all other terminals, sign
supports, and other breakaway hardware.

f\ Federal Highway

& Adminishafion
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Roadside Safety Systems Design, Inspection and Maintenance Training

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

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

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

W e e
Federal Highway
b Adminishation

» TL-4: TL-3 + 15" impact angle, 56 mph box truck
» TL- 5: TL-3 + 15" impact angle, 50 mph tractor-trailer
» TL- 6: TL-3 + 15" impact angle, 50 mph tractor-tanker

(\ Federal Hi

ay
& Adminisiration

]
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Roadside Safety Systems Design, Inspection and Maintenance Training

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

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

2. Redirect Vehicle Smoothly (low exit angle)
and with no Snagging/Overturning

3. Tolerable Occupant Impact Forces

4. Minimum Occupant Compartment
Deformation and no Debris Intrusion

]
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Roadside Safety Systems Design, Inspection and Maintenance Training

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

» Rigid Systems
» Semi-Rigid Systems

» Flexible Systems

» Median Barrier Systems

» Work Zone Barriers

» Rigid Barrier Systems typically have little (if
any) deflection under most impact conditions.

» Some of these barriers are portable and
some are permanent.

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

. ru p{:ﬂuo
ederul HI hwoy
[ 4 Admumsi‘ru ion

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

2 -

New Jersey

| * VR =
Shap f: | F- Shape
f o "l
Single-Slope
1. Depariment of Transportation :
‘Federul Highway o
(V Administru%on

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

Fe:rjefcl Highway
Adminishatior
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Roadside Safety Systems Design, Inspection and Maintenance Training

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

Fedwcl }* y
M Adminish m ion

» Semi-Rigid Barrier Systems
generally have deflections of a few
feet under typical impact
conditions, and most consist of
beam and post elements.

LS Bepadment of fransponiahion
Federal Hi hwuy
Adminisiration

B
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Roadside Safety Systems Design, Inspection and Maintenance Training

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

» W-Beam Guardrail

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

= Posts are spaced at 6'-3” centers, and the absolute rail height
is 27 % 7.

= Two post options:
» Steel posts, W6 x 8.5/9.0 x 6’-0” long.
» Wood posts, 6” x 8" x 6’-0” long.

= Block-outs: 6” x 8” wood or plastic.

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

' Federal ighwoy
& Adminisirafion

|
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Roadside Safety Systems Design, Inspection and Maintenance Training

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

o == =

» Midwest Guardrail System (MGS)
= 31” Height — Tolerance +1” — 3"

Rail Splice mid-span.

» Post spacing 6’-3”

= Two post options:

» Steel posts, W6 x 8.5/9.0 x 6’

* Wood posts, 6” x 8" x 6’ NCHRP 350/MASH TL-3
Block-out: 8” deep composite. 12” blocks are
used only if a 6” dike is used under the rail.

AN gy

Adminishation

Rail Splice™
Mid-Span
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Session 3: Testing Requirements and Performance Characteristics of Common Barrier Systems

Federal Highmiay
A

Adminishration
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Roadside Safety Systems Design, Inspection and Maintenance Training

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

» Thrie-Beam Guardrail

= 20” wide Thrie-beam rail section (12-
gauge thickness)

= Posts are spaced at 6’-3” centers, and
the rail height is 32”
= Two post options:
e Steel posts, W6 x 8.5/9.0 x 6’-6” Ig.
¢ Wood posts, 6” x 8” x 6’-6" Ig.

= Block-out: 6” x 8” wood or plastic

5. Deparimer

e Federal Hi hwu:;

Adminisiration

]
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Roadside Safety Systems Design, Inspection and Maintenance Training

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

> Flexible Barrier Systems typically
have relatively large deflections
meaning significant barrier damage
when impacted. Reducing the post
spacing can decrease the
deflection.

U[S. Deporime

f Federa

y
(4 Adminis!ragfion
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Roadside Safety Systems Design, Inspection and Maintenance Training

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

» Weak Post W-Beam Raill
= 12" wide W-beam rail section (12-gauge thickness)

= S3 x 5.7 posts
« No block-out

- Posts are spaced at 12’-
6” centers, and the rail
height is 32”.

= In order to meet NCHRP
350 and MASH, panels

are now spliced mid-

span between posts.

VS, Depariment of Tiansporation
“ Federal Highway
'V Administra?ion

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

; way
'ﬁf Adminishakion
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Roadside Safety Systems Design, Inspection and Maintenance Training

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

— T

» High Tensioned Cable Barrier

Five different designs available

All designs are proprietary

Reduced deflections

Reduced maintenance

Each requires a unique
proprietary terminal

5. Depariment of Transperfalion

e Federal Highway

Administration

» Brifen

» Gibraltar

» Nucor Marion Steel

# Trinity (Cable Safety System-CASS)
» Safence

NOTE: All of the High tensioned Cable Barrier Systems tested to TL-3 &
TL-4. Anchor Terminal Systems have been developed for each product.
Some systems have been successfully tested on 4H:1V slopes.

|
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 3: 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 are also
acceptable for medians as long as the barrier is
symmetrical,

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

|
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Roadside Safety Systems Design, Inspection and Maintenance Training

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

» Types of work zone barriers include:
= Concrete safety shape barrier
= Portable steel barriers

» Dynamic deflection of the barrier is an
important consideration in choosing a work
zone barrier.

) L#S [:;purlmfifﬂ ;Fmrl!;pm'luhon
ederal Highway
'.‘ Adminishrafion
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Session 3: Testing Requirements and Performance Characteristics of Common Barrier Systems

Federal Highway
| 4 Adenisnug:'ion
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Roadside Safety Systems Design, Inspection and Maintenance Training

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

» Used where barriers with different shapes join together,
or where a semi-rigid barrier attaches to a rigid barrier,
or where a flexible barrier joins a semi-rigid barrier.

» Prevents pocketing / excessive deflections

» Common features of typical transition systems:
« Extra posts

« Double nested rall
elements

= Shag prevention
= Positive connection

) tederl Highway
'U‘ Administrafion
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Session 3: Testing Requirements and Performance Characteristics of Common Barrier Systems
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Roadside Safety Systems Design, Inspection and Maintenance Training

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

» Compatible with most existing
Thrie-beam to bridge railing
transition designs

# Uses a non-symmetrical w-beam
to thrie-beam transition piece.

» Posts can either be steel or wood.

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

HEIGHT TRAMSITION

259 uss
ki L O T ¥ - e 1/ - el o M- 1/ LRl S Gl ST e U/
e TX—SEE[DETAIL D | |

% T = T

o — i — = = = = =
£ Th=t5 = = == ,____..T"
AT 1) i

Da POST i i

wl= No.T1 E
; (..._ (’_ 1 L Ll
Lo 100 e POST FOS \— 8" % B0 WOOD POST

1

—SEE NOTES 5 4N 9
i

e e T 8 x 8"
o No-T3 Ne.T2 OR W& x @ STEEL POST WITH
312" % 1°-10" g ; <
VoOD BLOCK Tmsf Tpos‘r TFQST _{;051 - " | ®mizx 2" voan eLock
ot s reTe -1 .14 A 12 GAUGE THAIE
oo oSt T, 12 OHUGE THEIE _cup cap (TYPE Te)

1.3, Depariment o dafion

e Federal Highway

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

\ Federal Highway
& Adminisirafion

Understand how barriers are tested for
crashworthiness.

Y

Y

Identify common barrier systems

Explain how these barrier systems function

Y

Define the key requirements of a transition
design

Y

DY fecer Highwe
ghway

@ Adminisirafion
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Performance Characteristics of Common
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 4: Testing Requirements and Performance Characteristics of Common Terminals and Crash

Cushions

Session 4:

Testing Requirements and
Performance Characteristics
of Terminals and Crash
Cushions

» Session 3 — Testing Requirements and
Performance Characteristics of Common
Barrier Systems

» Session 4 — Testing Requirements
and Performance Characteristics of
Terminals and Crash Cushions

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

» Understand how terminals and crash
cushions are tested for crashworthiness.

» Identify common terminals and crash
cushions

» Explain how these systems function
» Choose the best system for a specific site

05, Cepat '|-:-.;.»;;
‘\Fede—m Highway
‘@ Adminishafion
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 4: Testing Requirements and Performance Characteristics of Common Terminals and Crash

Cushions

A barrier terminal must serve two functions:

» Be crashworthy when impacted end-on.
» Provide anchorage for downstream hits.

Test 34
e O,

8
Test 31 Test 35
' e

Test 32

Test 33

o Eﬁﬁgigﬁam s Small Car 1100C (2420 #)
| ¢ Pickup Truck 270P (5000 #)

?ﬁ Fe '-‘?’_J‘ “1! j'l']wf“‘f

@7 Administration
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 4: Testing Requirements and Performance Characteristics of Common Terminals and Crash

Cushions

Types of Terminals:

= Buried in Backslope

= W-beam energy absorbing terminals —
terminal is parallel to the roadway or has a
straight flare with a moderate offset

= W-beam non-energy absorbing terminals —
terminal is generally flared away from the
roadway with a specified offset

ol Highway  E5
\ dministration

£y N
DN rederal Highway
@ Administrafion

> Buried in Backslope Guardrail End Terminals:
= Generic design

= The terminal of choice when a natural non-
traversable backslope is reasonably close to the
point where the barrier is introduced

= \When properly designed and located, provides full
shielding for the identified hazard, eliminates the
possibility of an end-on impact with the barrier
terminal and minimizes the likelihood of access
behind the rail

f} .E;deru Highway E§

& Administation
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 4: Testing Requirements and Performance Characteristics of Common Terminals and Crash

Cushions

» 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,

= Use a flare rate appropriate for the design speed,
= Add a W-beam rubrail where needed, and

= Use an anchor (concrete block or steel post) capable of
developing the full tensile strength of the W-Beam rail.

4-9
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Session 4: Testing Requirements and Performance Characteristics of Common Terminals and Crash
Cushions
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 4: Testing Requirements and Performance Characteristics of Common Terminals and Crash

Cushions

f\ Federal H|ghvmy

@ Administation

[CTE= *—
FINAL POSITION ’:@
OF VEHICLE

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

FINAL POSITION
OF VEHICLE IMPACT

Jo a8 g s 4 9 EI% (I I | W_FE%
L

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

'S Department of Transporiakion

Federal Hi hwc:y
(V Admimshu jon
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 4: Testing Requirements and Performance Characteristics of Common Terminals and Crash

Cushions

» ET Plus (Guardrail Extruder
Terminal)

» Flattens and curves guardrail
when hit

» Breakaway wood or steel posts
(several options available)

» 25 long (TL-2)
= 50’ long (TL-3)
= Recommended 1-2 ft. offset over
25 or 50 feet to reduce nuisance
hits

Cable-anchored system

'S, Depariment of Transporfakon
‘ Federal Highway
PV Adminishu%ion

Participant Notebook

Page 4-7



Roadside Safety Systems Design, Inspection and Maintenance Training

Session 4: Testing Requirements and Performance Characteristics of Common Terminals and Crash

Cushions

#» SKT 350 (Sequential Kinking Terminal)
= Kinks and bends Guardrail when hit
= Breakaway wood or steel posts — several options available
= TL-2is 25’ long; TL-3 is 50’ long
= Recommended 1-2 ft. offset to reduce nuisance hits
Cable-anchored system

Federal H'i?ﬂ»iidir
@ Administration

» MSKT MASH Version of SKT (Sequential Kinking Terminal)
= Kinks Guardrail when hit

= Steel post system

= TL-3 at 50’ long for attachment to 31” MGS MASH Barrier
= Cable-anchored system

Participant Notebook Page 4-8
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Session 4: Testing Requirements and Performance Characteristics of Common Terminals and Crash

Cushions

way
@ Administrafion

» FLEAT 350 (FLared Energy Absorbing Terminal)

Straight flared (not parabolic), *ﬁ?

= Breakaway posts (wood or |
steel)

= Energy Absorbing Variable
offset 25'-0" long (TL-2) or
37'-6" long (TL-3)

= Cable-anchored system

Tapertment o) hesmeperizion
Federoi Highway
@ Administrafion
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 4: Testing Requirements and Performance Characteristics of Common Terminals and Crash

Cushions

» X-Tension

Resistance is at the impact head — works in tension
Cables in the W-Beam are pulled thru friction plate
Median, Tangent, Flared from same hardware Kit

U 5, Departimen! of Transporialion
Federu[ Hi hway
Admlmsira

Participant Notebook Page 4-10



Roadside Safety Systems Design, Inspection and Maintenance Training

Session 4: Testing Requirements and Performance Characteristics of Common Terminals and Crash
Cushions

» X-Lite

= Uses a slider mechanism
between post 1 and 2 that y
gathers and retains the rail when
hit.

= The anchor consists of posts #1
and #2 connected by tension
struts and a soil plate below
grade on post #2.

= Both Tangent and Flared Layout.

Us. Depcrlnen af Tr-:nspcﬁm

( Federol Highway 2
@ Adnminishration

(‘ Federal Highway |

@ Administration
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Session 4: Testing Requirements and Performance Characteristics of Common Terminals and Crash

Cushions

» Softstop

= Impact head flattens the
w-beam guardrail
vertically upon end-on
impact.

= Anchored upstream from
impact head.

- Breakaway steel posts at

#1 and #2, standard posts
and beyond.

P e

& Administration

(‘ f;.-de-ru

& Adminishation
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Session 4: Testing Requirements and Performance Characteristics of Common Terminals and Crash

Cushions

» SRT 350 (Slotted Rail Terminal)

= W-Beam rails with a parabolic curve and
horizontal slots in rail

- Variable parabolic offset
3-4’

- 37°-6” long with 8 posts

- Cable-anchored system

1% Depiment of Tonsparkaton

Federal Highway
@ Adminishation

» SRT M10 (Slotted Rail Terminal)
= Modified w-beam panels containing horizontal
slots installed in a straight line flare.

= CRP at post 1.

= SYTPs at posts 2 to 10.

= Systemis 37°-6” long and
connects to 31” high
guardrail.

AL Deportenent of Transporieiion

Federal Hi hwuy
'U Admmlsh
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Session 4: Testing Requirements and Performance Characteristics of Common Terminals and Crash

Cushions

Q:

dminisiralion

» Turned-down Terminal

» Breakaway Cable Terminal (BCT)

» Modified Eccentric Loader
Terminal — (MELT)

Participant Notebook
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Session 4: Testing Requirements and Performance Characteristics of Common Terminals and Crash
Cushions
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Session 4: Testing Requirements and Performance Characteristics of Common Terminals and Crash

Cushions

» MELT - Modified Eccentric Loader Terminal (TL-2)
» \W-Beam rail with a parabolic
curve and 4-ft offset

= Strut between the steel tube
foundation between two end
posts.

= 37°-6" long with 8 breakaway
posts.

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

U5, Depariment of Transporafion
Federal Hi%hway
Administration

Q
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Session 4: Testing Requirements and Performance Characteristics of Common Terminals and Crash

Cushions

? Federal Highway

& Adminisialion

Discuss Elimination
Of Hazard with Engineer

Yes
v No .
Is Length of ~ Adjust Length
Barrier Optimal? of Barrier
Use Buried Yes
in Back-slope Is there a Steep Backslope near by ?
Terminal
1 Yes l No
Can Barrier be Is Biinoit Araa Can barrier be
. . No No i
Yes Terminatedin =2,/ pevond Terminal . extended to obtain
Backslope ? Adequate ? adequate runout area?
Yes No
Use any Yes Use Energy
Crashworthy |« Absorbing
Terminal Terminal

|
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Session 4: Testing Requirements and Performance Characteristics of Common Terminals and Crash

Cushions

— L AN
Crash test with blunt end:

Video Clip

|
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 4: Testing Requirements and Performance Characteristics of Common Terminals and Crash
Cushions

» CAT (Crash Cushion Attenuating Terminal) (NCHRP 350)
= Slotted rail tears tabs between slots
= Best suited to terminate a double-faced strong-post
median W-Beam barrier

= Can be attached directly to a \W-Beam median barrier,
or to a Thrie-Beam
median barrier using the
standard W-Beam to
Thrie-Beam transition
section

= (Cable-anchored system

' 5. Denarment of Kmviponiatin

Federal Highway i
'UAdmlnlsh

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

= Designed to attach to a
concrete median barrier.

= Consists of a series of W-
beam fender panels
supported by diaphragms
with a trigger mechanism at #
the nose that releases the
front assembly for end on
hits.

Dearment of Fvsacriation

Fedeml Highway
'U Admimstra%

|
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 4: Testing Requirements and Performance Characteristics of Common Terminals and Crash
Cushions

» TRACC (TRinity Attenuating Crash Cushion) (NCHRP 350)
= Permanent or Construction Zone
= TL-3 TRACC /TL-2 Short TRACC / FASTRACC / WIDETRACC

= Designed to attach to a concrete
median barrier.

= Consists of an impact “sled,”
energy absorbing tracks,
intermediate steel frames, and =
double tiered 10 gauge W-Beam |
side panels; shipped to the field |
assembled.

#b ;’e'ﬁ;;"“‘

&’ Administration

» QuadGuard (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
after a crash.

= Available in widths from 2 to 3 feet.
= Adjustable in length from 1 to 12 bays for various speeds

'\ Fe:‘j:e::’:lrl"liguh;\:my

&' Administration
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 4: Testing Requirements and Performance Characteristics of Common Terminals and Crash

Cushions

QuadGuard Variations:

* QuadGuard LMC (Low Maintenance) — narrow
parallel sided version that uses elastomeric cylinders;
essentially self-restoring after most impacts and best
suited for use in locations where a high number of hits
are anticipated.

* QuadGuard 69/90 LMC - wide tapered version of the
QuadGuard LMC (widths from 5'-9" to 7°-67).
* QuadGuard Elite — uses High Density Polyethylene

cylinders; essentially self- restoring after most
impacts.

v

(‘ Fédaql Highway

&’ Administration

» TAU Il and TAU IIR Systems (NCHRP 350)
= Approved for TL-2 & TL-3 systems.
= Designed to attach to a concrete median barrier.
= Common set of parts for 36" to 102" widths in 6” increments.

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

3. LEDOITERF O X EGDORINT

Federal Highway
'V Adminisiration
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Session 4: Testing Requirements and Performance Characteristics of Common Terminals and Crash

Cushions

» SCI Smart Cushion (MASH)
= Variable Reaction Force
= Re-usable without Component Replacement

‘\ c ighway ..

& Administafion

» Sand Barrels (NCHRP 350)
= Four types of sand barrels:
CrashGard /Energite / Fitch/Big Sandy.

= |ndividual barrel designs vary in shape by manufacturer, but they
all function the same. For the same barrel weights, they are
interchangeable within a given array.

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

= Susceptible to damage from nuisance hits; best used in areas
where hits are infrequent.
= No appreciable re-directive capability, so the corner of the hazard

must be reasonably shielded. The rear corner barrel should
overlap the shielded object by at least 30”.

N U5 Depar!*eni of Tronsportation

( Federal Highway
@ Administafion
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Session 4: Testing Requirements and Performance Characteristics of Common Terminals and Crash
Cushions

.. Sand Barrels:

Energite

P ide—ru hway

g
& Administafion

» Understand how terminals and crash cushions
are tested for crashworthiness.

Identify common terminals and crash cushions

LA

Explain how these systems function

‘!

Choose the best system for a specific site

|
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 5: Guardrail Design and Site-specific Installation Considerations

Session 5:
Guardrail Design and Site-
specific Installation
Considerations

#» Session 4 — Testing Requirements and
Performance Characteristics of Common
Terminals and Crash Cushions

» Session 5 — Guardrail Design and Site-
specific Installation Considerations

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

» Define barrier Length of Need (LON) and
explain its basis

» Evaluate field installations

» Apply a field procedure to check Length of
Need

» Describe the basic principles of an optimal
barrier installation under different scenarios.

DB recerl tighnay

& Adminishation

Participant Notebook Page 5-1



Roadside Safety Systems Design, Inspection and Maintenance Training

Session 5: Guardrail Design and Site-specific Installation Considerations

The length of barrier needed in
advance of the primary hazard to
intercept and redirect the path of
an encroaching vehicle.

HAZARD (S

Le |
Edge of Traveled © = Angle of Departure (variable)
Way

Lz = Runout Length

U5, Depariment of Transpariction
(‘ Federal Hi?hway
| 4

Adminishation
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 5: Guardrail Design and Site-specific Installation Considerations

Table 5-10(b). Suggested Runout Lengths for Barrier Design (U.S. Customary Units)
- Design  Runout Length (Ly) Given Traffic Volume (ADT) (ft)
Speed  Qyer 5000to  1,000toc  Under
(mph) 10000 10000 5000 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
30 110 90 80 70
' Federal Highway
@& Adminishation

» Calculating the length of need (X) for

straight or nearly straight sections of roadway:

* For flared guardrail installations:

La+(b/a) (L) —1»
(b/a) + (La/Lr)

* For parallel guardrail installations:

X:

N

Y
@ Adminiskration
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Session 5: Guardrail Design and Site-specific Installation Considerations

TN

(‘ Federal Hi hway

& Adminishation

(\ Federa Hi hway

@7 Administration
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Session 5: Guardrail Design and Site-specific Installation Considerations

T CTEpOnaN
Federal Hig;hwuy
@ Adminishration

i{,"

‘ ?edemi H:ghway
@ Adminisiration
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Session 5: Guardrail Design and Site-specific Installation Considerations

loa. Seperknesy of innsponaion
Federal Hi%hway
@& Adminishation

U5 Deporiment of &
" Federal Highway

@ Adminiskration
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Session 5: Guardrail Design and Site-specific Installation Considerations

?‘ Federal iﬁhwuy

@ Adminishration

'\ Fedemi H:gh@ay

@ Adminiskration

|
Participant Notebook Page 5-7



Roadside Safety Systems Design, Inspection and Maintenance Training

Session 5: Guardrail Design and Site-specific Installation Considerations

?‘ Federal Hig;hwuy

@ Adminishration

Federal Highway
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Session 5: Guardrail Design and Site-specific Installation Considerations

PGS CF HTTpOnT

Federal Higﬂw&y

& Adminishation

AUpLRan

( ?el‘iéml Highway
@ Adminisiration
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Session 5: Guardrail Design and Site-specific Installation Considerations

NN
\

' Federal Highway
& Adminishation

NN
&5&%&%

U5 Deporiment of Gorporiaion
(\ Federal Highway

@7 Administration
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 5: Guardrail Design and Site-specific Installation Considerations

X = Length of Need
(LON) of Barrier

05 Jeperimen’ of tromsponaion
' Federal Highway
& Administration

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

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

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

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

5. Check for “secondary” hazards that could be economically
shielded by extending barrier.

6. Check for better terminal location by extending barrier a
short distance.

U5 Sepormast of Sorspodaion
(\ Federal Highway 8

@ Adminiskration
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Session 5: Guardrail Design and Site-specific Installation Considerations

Place as far from outside
edge of traffic lane as
practical (without affecting
performance)

DY fece Highvay 5
;

& Adminishation

U’Adminisha%ion

|
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 5: Guardrail Design and Site-specific Installation Considerations

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

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

» Note that large trucks may roll or tip and
need more room for lateral deflection.

05 Jeperimen’ of tromsponaion
' Federal Highway
& Administration

Barrier to Hazard
Distance Is Critical

Element

5 Deporiment of ‘renspotiaiion

Q Federal Higiitgx:ay

Adminisira

|
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Session 5: Guardrail Design and Site-specific Installation Considerations

3 foot min. back of

post to face of object ~ Foet Ot Less than 1 foot //' Freed Chyec)

for 6'-3" post spacing use Concrete

\—!Dlwﬂm&w
Less than 3 foot but

greater than 1 foot use

STANDARD SECTION  Stiflened Section Y CONCRETE SECTION

101 or Fetter Sope

107 or famer Sope

STIFFENED SECTION

( Federai nglhway
@ Administrafi

]
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Session 5: Guardrail Design and Site-specific Installation Considerations

‘ Federal Hi hway
@ Administation

\ Federal Hi hway
&7 Administrofion
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 5: Guardrail Design and Site-specific Installation Considerations

/ Hinge Point

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

2. Backing can be less than 2 ft. with 2H:1V slope in strong soill
with 7 ft. posts.

( Federal Hi wdy
@7 Administration

’ Federal Hig
@ Adminishalion

Participant Notebook Page 5-16



Roadside Safety Systems Design, Inspection and Maintenance Training

Session 5: Guardrail Design and Site-specific Installation Considerations

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

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

» Transition from barrier to an obstacle nearer the
roadway (bridge parapet or railing).

» Reduce total length of rail needed.
» Reduce nuisance hits.

Transperzan

' Federal Highw
@7 Administration

g

Disadvantages of flared barriers:

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

» Flare increases the probability that a vehicle will
be redirected into or across the roadway after
an impact.

» Flared barriers require more grading to provide
a flat area between the traveled way and the
barrier.

B, | Depatimen o Irneperaian

Federal Highway
"’ Administrafion

]
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 5: Guardrail Design and Site-specific Installation Considerations

Table 5.7 Suggested flare rates for Barrier Design (U.S. Customary Units)

70 30:1 20:1 15:1
60 26:1 18:1 14:1
55 24:1 16:1 12:1
50 21:1 14:1 11:1
45 18:1 12:1 10:1
40 16:1 10:1 8:1

30 13:1 8:1 7:1

Federal Highway
Adminis!ra?ion

Q

|
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Session 5: Guardrail Design and Site-specific Installation Considerations

. Jeperiment of aensponaion
deral Hi%hwuy
@ Adminishafion
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" Federal Highway
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 5: Guardrail Design and Site-specific Installation Considerations

i veparien of innsponanon
Federal Highway
& Adminishation

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

» Cable Guardrail may be placed on slopes of 6H:1V
or 4H:1V, but its location on these slopes is critical
for minimizing penetrations.

» On slopes steeper than 10H:1V but no steeper
than 6H:1V, metal beam guardrail should be
placed in compliance with Figure 5-38 (AASHTO
RDG).

U5 eperiment of Sormpodaion
(\ Federal Highway

@7 Administration
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 5: Guardrail Design and Site-specific Installation Considerations

BARRIER NOT
RECOMMENDED
IN THIS AREA

. [1oH] . ‘ [12 f] ’
0.6m
; [2

i : Encrrent of rparaat
(‘ Federal Highway
& Administration

‘ ;;‘Jdeacﬁvein‘[;lrf::cﬂhwofciim
eral Highway
'.‘ Adminiskration
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 5: Guardrail Design and Site-specific Installation Considerations

D = Distance, %
GB to face of rail Measure he:gf.lt
o from top of rail

D=0-2

D=2-&
D=4-8 SeeNoted |
D =8’ or more

SEE MOTE §

I

5 GV Grade Break
H = HEIGHT AT FACE OF RAIL FROM I
EXTENDED LINE, BASED ON D
H= 31" +1" FOR MGS |l
H = 29" +1" FOR MBGR
LINE POST I.LJ.I

Qe;uincmo;

Adminiskration

|
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Session 5: Guardrail Design and Site-specific Installation Considerations

1.5, Deporimerd of Transporiation

e Federal Hi%hwuy

Administrafion

\Fedeml H wal
& Adminishafion
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Session 5: Guardrail Design and Site-specific Installation Considerations

» Special grading requirements for Guardrail terminals:

= Avoid installing terminals on or too near steep
slopes.

= Relatively flat terrain is required in front of
terminals so that vehicles do not vault into the air
or dive into the ground.

= Modest slopes are used behind terminals to allow
sufficient recovery areas for vehicles gating
through the end treatment.

= FHWA has guideline requirements for both tangent
and flared terminals.

f ﬁeape;rdl Himnhwé;f
& Administration

ef eral Higi]hway

Adminiskration
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Session 5: Guardrail Design and Site-specific Installation Considerations

CENTER OF END mr\

ot HINGE POINT .\ 1
= = E—
—— ub DIEE

1868
BRIDGE nmj :
H H 2| | q H T
| =S
§ === l = ﬂ: FATER womt [ | [RS—

CALTRANS APPROVED 31° IN-LINE TERMINLL SrSTEM END TREATMENT

ETw=" £ NOTES § AND &
WML DIRE, TYPE C ADDITIONAL HUK BIRE, TVPE
SEE NOTE B 250" Min, SEE MOTE 8
TYPE 12A LAYOUT
{WGS Inetaliarion of STFUCTUPE OPErOGEN W
SELTNITES 117 42 3" in-line end tredgtmeat ot rra": wnuhwef raliing}
Ses Note , .
‘l\ 8il TAFER
i y . vt powT
aanx: RAIL POINT 2
- a OF ENG POST
H L.oh i ar W
1 \-.___ -~ da es
- ‘RM“!{N AAILL SEE MOTE 7 CALTRANS APPROVED 31" FLARED IEIIIINII. SrSTEM EKD TREATWENT 10:1 DR L
TYPE WB-31], SEE MOTE 4 SEE NOTE 6 TR — FLATTER SLOPL
HMA DIRE A HWMA DINE, TYPE © ADDITIOMAL HM4 DIKE, TYPE C
SEE WOTE 8 1 SEE NOTE 8 25'-07 Min, SEE NOTE @
TYPE 12B LAYOUT

(NG5 instoliotion ot nru:wn approoch w
31" Flared end * KNy, 1 ety anumnl:haruo! railing)

SEE MOTES 11 AND 12

' Federal H!ﬁ]hway
@ Administration

‘ Federl Hcgl'w-‘ﬂf
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d‘;tederﬂl Hi .‘iwu',;
i

@7 Administration
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Session 5: Guardrail Design and Site-specific Installation Considerations

B2
5. Ueperine c.'mnwom-m
Federal Highway

'.’ Adminishration

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

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

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

f ) iahwa
@ Administration

|
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f‘i I H w E
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Session 5: Guardrail Design and Site-specific Installation Considerations

» Can be up to 77 behind the face of vertical curbs:

= For a 6” high vertical curb
use a 12” blockout or

= For a4” high vertical curb
with 8” blockouts

» Flush with a vertical or sloped =
curb no higher than 6”.

» 6 ft. beyond the curb
(TL-2 only)

ezdminisha?ion ’

Best: Remove curb
May also: Limit curb height to 4” or
stiffen guardrail by:

» Adding rail to back of post

» Adding a rubrail

» Reducing the post spacing

» Nesting rail elements

o

' Federal Hi%ﬁ;a;
@ Adminishafion
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Session 5: Guardrail Design and Site-specific Installation Considerations

Curbs should not be used
along High-Speed Roadways

|
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Session 5: Guardrail Design and Site-specific Installation Considerations

A non-breakaway anchor should be used to add
intermediate anchorage when there is an abrupt
change in the alignment of the guardrail, such as
when the guardrail is continued down an
intersecting road or if there is an area of concern on
the side slope that would cause a more severe
collision than impacting the guardrail. If there is no
area of concern on the side slope, then a
breakaway anchor with drilled posts set in
foundation should be used for intermediate
anchorage

' Federal Highway
& Administration
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Test Installation

US Department af Transporiction
Federcl Hi hway
Admm!stra ion
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If solid rock is encountered
within 0" to 18" of the
finished grade.

Drill a 21" dia. hole for steel
post or 23" dia. hole for

wood post, 24" into the rock. s@
21"

e oy

'." Adminisiration

If solid rock is encountered
below 18”.

Drill a 8” dia. hole for steel post S 18”7
or 12" dia. hole for wood post,
for 12" into the rock or to the Lt
desired standard embedment

depth minus the depth of soil e ﬂ Steel Post
whichever is less.

ﬁ '-&).-: i

Federal ﬁhwuy
@ Adminishation
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» Any excess post length, §/ :
after meeting these B il
depths, may be field cut Vﬁ: - ‘T?_ 0 Bk
to ensure proper - sl O P
guardrail mounting ¥
height.

» Backfill with a
cohesionless material.

US. Deportmend o T:amponh:m
'\ Federal Hi?hway
@ Administration

» Define barrier Length of Need (LON) and
explain its basis

» Evaluate field installations

» Apply a field procedure to check Length of
Need

¥ Describe the basic principles of an optimal
barrier installation under different scenarios.
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Session 6:
Guardrail/Terminal Installation
and Common Errors

?ét};ml Hi hw;\':ly.
@ Administrafion

= Session 5 — Guardrail Design and Site-
specific Installation Considerations

» Session 6 — Guardrail/Terminal
Installation and Common Errors

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

» Describe basic layout and installation
techniques for common traffic barriers and
terminals

> ldentify common installation errors

> Inspect completed installations

‘bfederc: Highway
@ Adminishalion

|
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Session 6: Guardrail/Terminal Installation and Common Errors

» Guardrail Installation

» Terminal Installation

» Common Installation Errors
» Inspection

»Incorrect height of the system.

= Check the State standard sheets to make sure
that the top of the post and the top of the rail
are at the correct height.

= Consider final pavement thickness when
measuring height of ralil if installing the barrier
before the roadway surface is completed.

s, Deparfment of Tianspaniation

e Federal Highway

Administrafion
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Rail too high

Federal Highway
@ Administation

» Lapping

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

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

T Dz; I'r\c'ﬂ:.hrjl:;l:crlal:m T
‘ Federal Highway
f.’ Administration ™ &

|
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Session 6: Guardrail/Terminal Installation and Common Errors

» Lapping Rail in Terminals

= Lap all rail in the terminal in the direction of traffic.
o s N i ‘.P E i

Federal Highway
@ Administation

f‘ Federal Highw

@ Administration
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Session 6: Guardrail/Terminal Installation and Common Errors

e Doparin

Federal Hi
@ Administrafion

» Incorrect post spacing.
= Post spacing must be accurate on all systems.

» Post spacing may need to be adjusted when going
up-hill, downhill and around curves. Always fit
radius rail to suit field conditions.

= Post spacing is critical when connecting w-beam
to a stiffer system and when inadequate deflection
distance is available.

T a;"'r\cnlc.fmn;:crhl:m ;
‘ Federal Highway
r.’ Administration
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Session 6: Guardrail/Terminal Installation and Common Errors

Missing Posts

No more than two may be No more than three may be
omitted omitted

Nested rail across span to

D not reguire n il
2" post on both sides oes not require nested rai

‘Breakaway posts on both sides of clear span

(‘ Federal Hi%hway

@ Administrafion

Additional Blockouts (MBGR only)
- One additional blockout for any number of posts.

- Two additional blockouts for up to two
consecutive posts.

Additional Blockouts (MGS only)
- Two 12 inch blockouts

. Three 8 inch blockouts

’ Federal ighway
& Administration
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Session 6: Guardrail/Terminal Installation and Common Errors

» Barrier Delineation

= Final Alignment

- All lines to be
pleasing to sight
and correct height.

- Any necessary
adjustments need
to be made with
post driver.

el gy
Adminishﬁion

( Federal Highway
@ Adminisirafion

Participant Notebook Page 6-7



Roadside Safety Systems Design, Inspection and Maintenance Training

Session 6: Guardrail/Terminal Installation and Common Errors

P\ Federal Highway

& Adminisiation

Federal Hi hwlu_y
@ Adminisation
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_ ity
@ Adminisiration

. wapertnent of lansporahon
Federal Highway
'.fAdministrc ion
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Session 6: Guardrail/Terminal Installation and Common Errors

» See manufacturer’s installation instructions and

State standards.

Crashhy Non-crashworth
approach end terminal trailing end

nspariation

r Feéerctl Highway
@ Adminisiration

Assembly Instructions for

SKT-SP Tangent Terminal

FLEAT-SP Fiared Terminal

I"- whm I
I

@E}qgﬁ
=3

By Sping, Teuas
Pl W10 X280 FAL
Techmicai Sappont & Markstie Poens (1) He 11
Techmeal Sopport & Varkenng Fox S4e0022
e At B el
e o syl com

Federal Highway
Adminisiration

R

|
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Session 6: Guardrail/Terminal Installation and Common Errors

» Terminals can be wood post or steel post systems.
» Steel posts may be hinged. Some may be driven.

Federal Highwéy
Administration

3. veperiment ol [anip

'\ Federal Highway
@ Adminisirafion
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Session 6: Guardrail/Terminal Installation and Common Errors

» Install ground strut if one is used.

» Install anchor cable. " :

= Place cable anchor bracket on back
side of guardrail.

= Place cable assembly through the
bracket and through post 1.

= Place bearing plate at the base of
post 1 (Note 5” side up & 3” side
down). Secure to prevent rotation.

= Secure both ends of cable assembly
holding the cable to prevent twisting.

P

ighway
| 4 Administmgilion

» Secure Bearing Plate.

= Wood Post — Toe nail.

= Steel Post — Use retainer tie or
bearing plate with bent tabs.

DV Federal Highway
@ Adminisirafion
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Session 6: Guardrail/Terminal Installation and Common Errors

» Install impact head bolted to post #1, not guardrail.

= Wood Post — Lag Screw
= Steel Post — Hex Bolt

» Delineate the impact head — install reflectorization on
the front face as per CA MUTCD requirements.

DY) Federal Highway
& Administration

|
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@' Adminishation

el of lranspariahon

'\ Federal Highway

@ Administrofion
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p Federdl Highwm;

& Administration

DN Federal Highway
& Adminisira%’on
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Session 6: Guardrail/Terminal Installation and Common Errors

Improper
Grading

P\ Federal Highwm;
& Adminisiation

» Poor location for an impact head.

» Excessive flare on a tangent terminal.

\F;;;;T'm%hw;;

& Administration
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Session 6: Guardrail/Terminal Installation and Common Errors

» Check to see which
posts are bolted to
the rail. Some
terminals use posts
that are backup posts
and should not be
bolted to the rail.

Y
| 4 Adminishc?ion

» Terminals with an impact
head: the impact head should
be attached to post #1 and
parallel to the rail.

» Steel foundation tubes, stubs
for hinged/breakaway posts,
ground struts should not be
more than 4" above the
ground line to avoid snagging
and/or instability in the
vehicle.

@ Adminisation
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Session 6: Guardrail/Terminal Installation and 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.

i o
P Federal Highway
& Administrafion

‘Federu\l Hi hway
@ Adminisation

|
Participant Notebook Page 6-19



Roadside Safety Systems Design, Inspection and Maintenance Training

Session 6: Guardrail/Terminal Installation and Common Errors

» Be sure impact head is facing the proper direction.

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

» Not all posts in all terminals use a block-out.
» Check to see that the correct cable anchor bracket is
used and it is properly attached to the rail.

wa = TR

P Federal Highway
\@ Adminisiration

(‘ -FederkdolﬂH! hwu);

& Administration
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Session 6: Guardrail/Terminal Installation and Common Errors

» The cable assembly should be taut and correctly
installed.

» Many terminals will not function as designed if washers
are used on the traffic side. Check the manufacturer’s
instructions to see if and when washers are to be used.

» Check to see that bearing plate is properly oriented.

PP © federal Highway &
@' Administation

15, Beportment of Tansparion

eFedeml Highway

Adminisiration

|
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ET Plus Rail & '
Anchor Bracket

‘\ Faderl gy

@' Adminishation

Sepertment of Transpatiafion

Federal Highway
'.fAdministru fon
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TESspetrer
Federal Highway
'.fAdministru fon
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Session 6: Guardrail/Terminal Installation and Common Errors

» Where To Begin: Breaking Down The Task

L _ Etwne

HAZ,&RD _ wemar , e |
|
_ﬂuu I § 4 1 ; »

AN NG D E

Tha Transition Thao Run Tha Tarninal Tha Approach

Minimum length installation for strong post W-beam guardrail with a tangent energy
absorbing terminal (TL-3)
:Iﬂip.'

“ F'eaaclﬂ!;ig ay
@' Adminishation

on

» The Fixed Object / Hazard
= |[f Rigid Bridge Railing Exists

HAZARD F— » Make sure semi-rigid barrier is properly
‘ connected to the end of the rigid barrier.

s " If No Bridge Railing

& * Ensure that guardrail adequately shields
the downstream end of the hazard and
is adequately anchored.

@ Adminisation

]
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Session 6: Guardrail/Terminal Installation and Common Errors

» The Transition
— Keep eye out for post/concrete interference.

— Watch out for special oversize posts and variable
post spacing.

L WIS

1 i bid 4 i 4

. ol ..G.y
r’ Adminisiration

» The Run > Each rail/cable section
s Canbe 1 seclion | - Check protective coating
of rail or 100+. ' - Thickness & continuity
+ White rust

= Each post set at i
proper height. . A& - Existing damage
= Proper overlapping

= Each block set
correctly on the

post. - | » Delineation
. /
= Each boltis - Local standards (CA
tightened snugly. MUTCD)

U5, Dapertnent of [nanspsefafion
DN Federal Highway
'.fAdministru ion

]
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Session 6: Guardrail/Terminal Installation and Common Errors

» The Terminal

* RULE #1:
FOLLOW
MANUFACTURER we
INSTRUCTIONS

» Watch out for: T B

= Impact Head
Connections @

= Cable Tautness

= 4" Ground
Exposure Limit

anl of lranspariaton. -

ighway
| 4 Adminishﬁion

» The Approach

= Terrain must be smooth, traversable and
unobstructed and blend with existing slopes.

= No Rocks, Trees, Breakaway Ultility Poles,
Uneven Terrain, Sidewalks/Curbs, or anything
that may upset the vehicle prior to impact.

DY) Federal Highway
@ Administrofion
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Session 6: Guardrail/Terminal Installation and Common Errors

» The Impact Zone / Recovery Area
= |n impact, vehicle needs traversable surface for safe
deceleration
= Drivers that miss
terminal have areain | _ W
front of hazard to T
regain control.
= Typical slopes:

+ 10:1 to 4 ft. behind
terminal

A

@& Adminisiation

» Describe basic layout and installation
techniques for common traffic barriers and
terminals

» Identify common installation errors

» Inspect completed installations.

bW Federal Hghwy
& Administafion

|
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Roadside Safety Systems Design, Inspection and Maintenance Training

Session 7: Maintenance of Systems

Session 7:
Maintenance of Systems

H

» Session 6 — Guardrail/Terminal Installation
and Common Errors

» Session 7 - Maintenance of
Systems

IH a%hwcry |

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

» Explain when damaged barrier needs to be
reset, repaired, rebuilt, or removed.

» Describe when a damaged barrier terminal
is no longer functional, and know whether to
repair, replace in-kind, or upgrade to a
newer design.

» Perform repairs in a safe, cost-effective
manner.

Fecerul H
r.’ Admrl!s"

Participant Notebook Page 7-1
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Session 7: Maintenance of Systems

s

» Determine extent of damage

» Replacement in-kind vs. upgrade

» Upgrade existing deficient systems

» Temporary shielding/delineation of damaged
hardware

» Guardrail systems usually require repair after
crashes.

» Guidelines concerning guardrail repair / replacement
vary by State.
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Session 7: Maintenance of Systems

NCHRP

REPORT 656

Criteria for Restoration
of Longitudinal Barriers

TRANGPORTATCN RESEARCH BOART

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

to prioritize repairs.

Federal Highway
Administration

BARRIERS End Treatments
(Based on experimental testing) (Based on Engineering Judgment}
- Post and rail deflection - Damaged end post
- Rail deflection only = Anchor cable missing
= Rail flattening = Anchor cable loose
= Posts separated from rail = Anchor cable bracket
= Missing/broken posts = Stub height
= Missing blockouts = Lag screws
= Twisted blockouts - Bearing plate
= Non-manufactured holes
- Damage at a rail splice
- Vertical tear
« Horizontal tear

s : ahesr
‘Fecerul Highwery
& Adminisrafion
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Session 7: Maintenance of Systems

;e =" 2 EE - T S
Repair Threshol Relative Measurement
Mode Priority :
Post and Rail | One or more of the High 1

Deflection following thresholds:

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

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

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

Less than 6 inches of Low e e

2 (Wi ozt W-Eicam Shown [or e
lateral deflection over Each mewsurement taken at rail middle fold)
25 ft length of rail.

Damage Mode | Repair Threshold Relative Priority | Measurement

Posts Separated 2 or more posts with Medium

from Rail blockout attached with
post-rail separation less
than 3 inches.

* 1 or more post with
post-rail separation
which exceeds 3 inches.

* 1 post with blockout Low
Note:

attached with post-rail 1 ifthe blockout is not firmly attached to the post,
separation less than 3 use the missing blockout guidelines.

inches. 2. Damage should also be evaluated against
post/rail deflection guidelines.

Missing/Broken | 1 or more posts High

Posts
*  Missing

* Cracked across the
grain

*  Broken

* Rotten

*  With metal tears

]
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Session 7: Maintenance of Systems

[ Damage Repair Threshold | Relative

Mode Priority
Non- + More than 2 High
Manufactured holes less than
holes 1”in heightin a
12.5' length of
(such as crash rail.
induced holes,
lug-nut *+ Any holes greater
damage, or than 1” height.
holes rusted- |, Any hole which
:iﬁ?ugh the intersects either =
the top or
bottom edge of
the rail.

1-2 holes less than | Medium
1" in heightin a
12.5" length of rail.

Damage Repair Threshold

Mode

Damage ata | More than 1 splice | High

rail splice bolt:

* Missing

= Damaged

= Visibly missing
any underlying
rail

= Torn through rail

1 splice bolt: Medium

= Missing

» Damaged

= Visibly missing
any underlying
rail

= Torn through rail

]
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Session 7: Maintenance of Systems

Damage | Repair Threshold Relative | Measurement

Vertical Any length vertical High

Tear (transverse) tear

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

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

Damage Mode

Damage End | Not functional

Post (sheared, rotted,
cracked across the
grain)
Anchor Cable | Missing High

|
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DamMode

Session 7: Maintenance of Systems

Stub Height

Height which exceeds
4»

Medium

Lag Screws
(Energy
Absorbing
Terminals
Only)

Missing or failed lag
Screws

High

Damage Mode

Bearing Plate

Loose or Misaligned

Medium

Missing Bearing Plate

High

(Missing Bearing Plate)

Participant Notebook

Page 7-8
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Federal Highway
@& Adminishation

Federal Hi qF\wuy
r’U Adminishe%ion
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Piccca i

Y
@ Adminishalion

ot
way
@ Adminishafion
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U; Separment of buaugoniatan

Fedeml Hi hwuy
Admlmstra

eral Hlihwuy
Administrali

|
Participant Notebook Page 7-11



Roadside Safety Systems Design, Inspection and Maintenance Training

Session 7: Maintenance of Systems

'S Deporgrend of Fonupol
' Federal Highway
& Administration

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

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

» Some items may be re-used.

» Can Impact Heads can be returned
to manufacturer for repair /
recertification?

= Strut/Foundation

F ATrigorahan

B Federal Highway
'.’ Administru%ion

Participant Notebook Page 7-12



Roadside Safety Systems Design, Inspection and Maintenance Training

Session 7: Maintenance of Systems

Federe Hiowey

& Administration

Federal Highway
& Adminisiration
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DN Feder Highway
(U Adminisiration

Federal Highway
'U' Adminisiration
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Federdl Highway
( 4 Administru?ion

ederal Highway
& Adminisiration
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U; Sepormend of buaugoriian

Fedeml Hi hwuy
Admm:stra

Deporment of fom

Fedeml Hi hwuy
& Adminisir %I
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Session 7: Maintenance of Systems

Conduct Safety Screening to evaluate need for:
1. Warning signs

2.
3.
4.
.
6.

Centerlines and edgelines
Rumble strips (where used)
Roadside delineators
Barrier shielding

Barrier terminals

Federal Highway
( 4 Administru?ion

22.10.1 Roadway Safety (Protection)
Devices

“....Roadway Safety Devices that do not
meet NCHRP Report 350 criteria (or the
latest crashworthiness criteria adopted by

FHWA) are to be identified... and upgraded
or replaced...”

Qe e
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Federal Highway
@ Adminishalion

PV rece fighvay .

@ Adminishafion
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( ) Federal Highway
& Administation

) Federal Highway
® Adminisiration
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Adminisha?ion

‘\ Federal Hl?h\'\fﬂ‘f
& Adminishafion
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U8 Bepordment of Trzmpotioron

(‘ Federal Highway

@ Adminishafion

» 10 percent of inventory must be checked
annually

» Separate work order for each repaired devices
* Must use manufacturers’ checklist

* Repair work to be overseen by trained
personnel

Fé&éci Hl?hwuy
& Adminisiration
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Session 7: Maintenance of Systems

Timing of Repairs
« Guardrails to be repaired within 1 month

« Terminals and attenuators to be
repaired/replaced within 7 days

« Temporary repairs of all damaged safety
devices to reduce or eliminate obvious
hazards/debris to be made immediately.

P Federal Highway
@ Administration

= Delineation of Damaged Guardrails

» Roadways 55 mph and greater use a
minimum of five delineated drums; three
prior to damage and one along the
damaged area every 10 ft.

» All other roadways use a minimum of five
retro reflectorized cones; three prior to the
damage and one along the damaged area
every 10 ft.

Fe ghway
'.' Administration
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\Feder-:l Highway
& Adminisirafion
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D\ Fecieral Highway
& Administrafion
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Session 7: Maintenance of Systems

Should these damaged rails be hielded with a
temporary barrier?

\-Fed nghwﬁy
@ Administrafion |

» Explain when damaged barrier needs to
be reset, repaired, rebuilt, or removed.

» Describe when a damaged barrier
terminal is no longer functional, and know
whether to repair, replace in-kind, or
upgrade to a newer design.

» Perform repairs in a safe, cost-effective
manner.
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