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Acronyms

AASHTC American Association of State Highway a
Transportation Officials

ADT Average Daily Traffic

DOT Department of Transportation

EMS Emergency Medical Services

FHWA  Federal Highway Administration

L Runout Length

LON Length of Need

MUTCD Manual on Uniform Traffic Control Devices
MASH  Manual for Assessing Safety Hardware

NCHRP National Cooperative Highway Research
Program

RDG Roadside Design Guide

ROR Run off Road
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Glossary

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

Barriert 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.

Breakaway A design feature which allows a device such 3
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 thes

Bridge Railing A longitudinal barrier whose primary functig
is to prevent an eant vehicle form going over the side of th
bridge structure.

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

Clear Zone Theunobstructed, traversable area provided
beyond the edge of the through traveled way foe recovery
of errant vehicles. The clear zoimeludes shoulders, bike
lanes, and auxiliary lanesxcept those auxiliary lanes that
function likethrough lanes.

Costeffectivet An item or action taken that is economical i
terms of tangible benefits produdefor the money spent.

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

Crash Tests vehicular impact tests by whighe structural
and safety performance of roadside barriers and other
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highway appearances may be determined. Three evaluatic
criteria are considered, namely (1) structural adequacy, (2
impact severity, and (3) vehicular pestpact trajectory.

Crashworttyt A feature that has been proven acceptable f
use under specified conditions either through crash testing
in-service performance.

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

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

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

Flarex 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.

Hinger The weakened section of a sign post designed to
allow the post to rotate upward when impacted by a vehicl

Impact Angle For a longitudinal barrier, it is the angle
between a tangent to the face of the barrier and tangém
0KS @SKAOfSQa LI GK G AYLN
angle between the axis of symmetry of the crash cushion g
a tangent to the vehicles path of impact.

Impact Attenuatort See Crash Cushion.

Length of Need Total length of a longitudinal baeni
needed to shield an area of concern.
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Level of Performance The degree to which a longitudinal
barrier, including bridge railing, is designed for containmery
and redirection of different types of vehicles.

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

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

Median Barrierr A longitudinal barrieused to prevent an
errant vehicle from crossing the median.

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

Offsett Lateral distance fronthe edge of traveled way to a
roadside object or feature.

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

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

Performance Level See Level of Performance.
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Recoverable Slope A slope on which a motorist may, to a
greate or lesser extent, retain, or regain control of a vehicl
Slopes flatter than 4H:1V are generally considered
recoverable.

Recovery Area Generally synonymous with clear zone.

Roadside That area between the outside shoulder edge a
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 nwaversable terrain features. It may
200FaArzyltftte 68 dzaSR (2 &8N
from vehicle traffic.

Roadside SigrisRoadside signs can be divided into 3 main
categories: overhead signs, large roadside signs, and smg
roadside signs. Large roadside signs may be defined as th
greater than or equal to 50tin area. Small roadsidsigns
may be defined as those less than 30ftarea.

Roadwayt The portion of a highway, including shoulders fg
vehicular use.

Shielding The introduction of a barrier or crash cushion
between the vehicle and an obstacle or area of concern to
reduce theseverity 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
an obstacle by the typical driver to the extent that the drive
gAtt OKIy3S (KSorpé&dir Of SQa

Slopa The relative steepness of the terrain expressed as

ratio or percentage. Slopes may be categorized as positive

(backslopes) or negative (foreslopes) or as a parallel or cr
slope (in relation to the direction of traffic).
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Temporary Barert Temporary barriers are used to preven
vehicular access into construction or maintenance work
zones and to redirect an impacting vehicle so as to minimi
damage to the vehicle and injury to the occupants while
providing worker protection.

Traffic Barrert 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 traff
barriers, namelyroadside barries, median barriers, bridge
railings, and crash cushions.

Transitiort 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 shédiproduce 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 ehicles, exclusive of shoulders and auxiliary
lanes.

Trawersable 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.

Warrantst The criteria by which the need for a safety
treatment improvement can be determined

[
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Introduction

Guardrail systems are designed and installed for one primary

reason: to reduce the severity of a crash by preventing a
motorist from reaching a more hazardous fixed object or
terrain feature. The purpose ohis document is to
summarize important information contained in ti@DOT
Location and Design Manual, Standard Construction
Drawings and Approved Proprietary Produttat can be
used in the field to ensure that all barrier installations are
built and mainained to current standards and can be
expected to perform acceptably when hit.

Questions We Must Ask Ourselves

When reviewing proposed and existing barrier installations
in the field, we need to ask ourselves the following
questions:

1. Is the guardrail sstem more hazardous than the
conditionbeingshielding?

2. Is an existing guardrail installation stilarranted?

3. Ifthe guardrails installedas originally planned, is there 4
possibility of a motorist stileachingthe hazard?

4. Canthe guardrailbe extendel to shielda secondary
obstruction?

5. Are there anyerticalobstructions within the guardrail
aeadisSyQa RSaA3dy RSTFiSOGAZ

6. Isthe guardrailendingwithin 200 feet of the start of
another guardrail run that could be connected?

7. |s the guardraiterminating within 200 feet of a cut
slope?

y K



8. Does the slope need any regrading?
9. Has the guardrail height been reset after an overlay?
10. Isthe best end treatment for the sitbeing use@

11. Is guardraiconsideed in sensitive areas such as scho
playgrounds and reservoirs?

12. Is there adequate soil support behind strong post
guardrail shielding a slope or are longer posts
required?

This document provides the information needed to answe
these and other questions pertaining to optimal design,
installation, and maintenancef guardrail systems.
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Guardrail Basics

Barrier Guidelines :

1 Are predetermined situations or conditions where
the use ofa traffic barrier is normally considered.
Refer to the Tables on pages 4 and 5 for fixed objec
and embankment guidelines.

1 Should be considere@vhen determining the need for
a barrier, but they should not be construed as
warrants.

1 Are not a substitute for engineering judgment.

Establishing Barrier Guidelines
9 Barrier guidelines are based on the premise that a
traffic barrier should be installed onifit reduces the
severity of potential crashes.

1 There are instances where it is not immediately
obvious whether the barrier or the unshielded
condition presents the greater danger to a motorist.

1 Insuch instances, guidelines may be established by
usinga benefit/cost analysis whereby factors such ag
design speed, roadway alignment, and traffic volumeg
can be evaluated in relation the barrier need. Costs

associated with the barrier (installation, maintenance

and crashrelated costs) are compared toash costs
associated with the unshielded condition.

9 This procedure is typically used to evaluate three
options:
1. Remove or reduce the condition so that it no
longer requires shielding
2. Install an appropriate barrier

3. Leave the condition unshielded

3
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Considerations
1 Consider eliminating short lengths of guardrail since
these sections are often less effective than no barrig

at all.

1 Avoid short gaps between guardrail installations by

making guardrail continuous where the points of ned
are determined to B about 200 feet apart or less.

—

9 Consider keeping the slope clear of fixed objects when

guardrail is not required due to the height of the
slope.

1 Consider guardrail in sensitive areas such as school
playgrounds or reservoirs

Clear Zone
¢KS GSNMWSHOIASH Ndzal @R (2 RS &7
the roadway, starting at the edge of the travelegy, which
is available for safe use by errant vehicles. Safe use gene
means the slope is flat enough and free of fixed object
hazards so a motorist leavine road is able to stop and
return to the roadway safely.

Clear Zone

Shoulder

Travelled way

The clear zone distances shown below represent minimum

3y

ally

recommended distances and are based on limited data. The
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DesignClear Zone

. Foreslopes Backslopes
Design .
Speed Design 1V:6H | 1V:6H | 1V:6H | 1V:6H | Steeper
i ADT or to or to than
flatter | 1V:4H | flatter 1V:4H | 1V:4H
XXn nf <750 8 ft 8 ft 8 ft 8 ft 8 ft
750-1500 11 13 11 11 11
15006000 13 15 13 13 13
OVER 6000 15 17 15 15 15
4550 | <750 11 13 11 9 9
750-1500 13 18 15 13 11
15006000 17 23 17 15 13
OVER 6000 19 26 21 19 15
55 <750 13 16 11 11 9
750-1500 17 22 17 15 11
15006000 21 27 21 17 15
OVER 6000 23 29 23 21 17
60 <750 17 22 15 13 11
750-1500 22 29 21 17 13
15006000 28 36* 25 21 16
OVER 6000 32° 40° 27 25 21
6570 | <750 19 23 15 15 11
750-1500 25 32 21 19 14
15006000 30 3g 27 23 18
OVER 6000 32¢ 42 28 28 23

SeeODOTLocation and Design Manual, Figure @) April 2013

Design Options (In order of preference)

il

f
f

Remove the hazard.

Redesign the obstruction so it can be traversed safely.

Relocate the obstruction to a point where it is less

likely to be struck.

Reduce impact severity by using an appropriate

breakaway device or crash cushion.

Shield the obstruction with a longitudinal traffic barrief
if it cannot be eliminated, relocated or redesigned.

Delineate the obstruction if the above alternatives are

not practical or cost effective.

5




REMEMBER3uardrail can also be a hazard and should only
be used where the results of leaving the roadway and
overturning or striking a fixed object would be more severd
than the consequences of striking the barrier.

Roadside Obstacles

Roadside features that are normally considered for shielding
are shown in the table below. Note that many marade
hazards can be redesigned or relocated to make shielding
unnecessary. Traffic volumes and speeds, roadway
geometrics, and the offsatistances to the hazard are
factors that should be considered when deciding on barrier
installation.The following conditions within the clear zone
are normally considered more hazardous than a roadside
barrier:

At Bridge ends, pieand Shielding should be generally
abutments considered

Judgment decision based in size, sha|

Culverts, pipes and headwall )
PP and location of obstacle.

Shielding generally required for nen

Sign/Luminaire supports
d PP breakaway supports

Shielding should be generally

Rough slopes in cisections )
9 P considered

Shielding may be considered if utility

Yl el pole cannot be justifiably relocated

Judgment decision based on location
Bodies of water and depth of water (greater than 1
foot) and likelihood oéncroachment.

Shielding generally required if

Ditch 1l
fiches (transverse) likelihood of heaebn impact is high

Judgment decision based on relative
smoothness of wall and anticipated
maximum angle of impact is greater
than 15 degrees

Retaining Walls

6




Mechanially Stabilized Wall ~ Shielding should be generally
(MSE) considered

Shielding should be generally
considered

Noise Walls

Ref:ODOT Location and Design Manual, Section 601.1, Roadside Barrier Warrants|

Roadside Slopes (Embankments)
Although the AASHTRDG graph for barrier requirements at
embankments suggests that slopes steeper than 1V:3H are
candidates for shielding, it does not take traffic speeds or
volumes or roadway geometrics into consideration. Some
transportation agencies have developed maglifiguidelines
based on these additional factors.

Barrier Requirements for Embankment Heights

HDULD}ER/—F\LL SECTION EMBANKMENT
TRAVELED WAY
ETT

V|_ ; HEIGHT
0 —

T
|
" 151

0.6

0.5 L 241

%%
2.51

— 31

\
N
A
P
Q

04

0.3

N
\@\

FILL SECTION SLOPE (H:V)

RECIPROCAL OF FILL SECTION SLOPE (V/H)

02 a1
BARRIER NOT CONSIDERED|FOR I 61
EMBANKEMNT.| HOWEVER QHECK
BARRIER NEELQ FOR OTHER|
RPADSIDE OBSTACLES

0.0

0 10 20 30 40 50 60

FILL SECTION HEIGHT (ft)
AASHTO Roadside Design Guide, 4th Edition, 2011, Fid(g g 5.
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Barrier s

A roadside barrier is a longitudinal barrier used to shield
motorists from natural and mamade obstacles located
along eitherside of a traveled way. They are usually
categorized asigid, semirigid or flexibledepending on
their deflection characteristics when impacted.

Rigid Systems:

91 The New Jersey SafeBhape g
Barrier was the most widely il
used safety shape concrete
barrier prior to the
introduction of the Fshape. ar e
As shown, the "breafoint” i
between the 55 deg and 84 1 e
deg slope is 13 inches above ! =
the pavement, including the 3
inch vertical reveal.

The flatter lower slope is intended to redirect vehicles
impacting at shallew angles with little sheet metal damage,
but can cause significant instability to vehicles impacting at
high speeds and angles-ILY o H £ $IYf fn HIEY R

9 The Single Sloped Barrier, -
developed in Texas, has a i
constant 10.8 degree slope
and performscomparably to

the New Jersey barrier. .
42

10.8




Semi-Rigid Systems:

Midwest Guardrail System (MGS)
Test LeveINCHRP 350/MASH-3L
Post:W6 x 9 or W6 x 8.5 x 6 ft.
{GS8SSf 2NJcé¢ E vy
wood posts.

Post Spacingec Q €
Blockouts:mH £ (i A Yaéti§ N
blockouts.

StrongSteel or Wood Post MBeam with wood or plastic
block-outs

Test LeveINCHRP
350/MASH T3

Post:W6 x 9 or W6 x 8.5
x 6ft. Steelorc ¢ E y'g :
vé RAFYSGSNIp22R L2 &
Post Spacingc -Q €

Blockoutsic ¢ @A RS E vy ¢/stell posth tinbeN?
or plasticblockouts. Doubleblock-outs can be used.

dzii ¢



Flexible Systems:

High Tension Cable Barriers (Propriety Systemeinstalled
with a significantly greater tension in the cables than
generic, lowtension, threecable systemsThe deflection of
these systems depends on the type of systdne post
spacingand the distance between anchorfhe higktension
systems also result in less damage to the barrier and usual
the cables remain at the proper height after an impadtich
damages several posts. Note that the cable heights above
ground may vary by manufacturer and by test level.
Although some systems have been successfully tested with
three cables, ODOT requires fecable designs on all new
median barrier installations.

All of these systems have been tested successfully on slopes

as steep as 1V:4H, but lateral placement must follow
Y|y dzF | QécoaMiBrdanans.

Brifen Wire Rope Safety Fence (WRSF) by Brifen USA
http://www.brifenusa.com/

Post:Z-shaped post, can be
driven or socketed

Cable:3 or 4 cable
combination. Top cable is

placed in a center slot at top 78 : : e
of the pos and cables 2 and | / et
3 are weavedhround post. Al

Cables are interweaved around posts.
Typical Post Spacing0.5 to21 ft.

10
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Gibraltar
http://www.gibraltartx.com/

Post:Gchannel post, can be
driven or socketed

Cable:3 or 4 cable
combination. Cables are
attached using a single hair pin and are placed on alternat
sidesof adjacent posts.

Typical Post Spacind0 to 30 ft.

Safence by Gregory Highway Products
http://www.gregorycorp.com/highway safence.cfm

Post:GShaped post, can be
driven or socketed

Cable: 3 or 4 cable
combination. All cables are
inserted in a slot at the
center of the post and
separated by plastic spacers.

Typical Post Spacing.5 to
32.2 ft.

11



http://www.gibraltartx.com/
http://www.gregorycorp.com/highway_safence.cfm

CASS by Trinity
http://www.highwaygquardrail.com/products/ch.html

Post:GShaped and-theam “

Post, can be driven or
socketed

Cable:3 or 4 cable
combination. Cables are
placed in a wavshaped slot
at the center of the post and
separated by plastic spacers.§
Some versionslso have .
cables that are supported on the flanges of the post.
Typical Post Spacing.5 to 32.5 ft.

Nu-Cable by Nucor Marion Steel
http://nucorhighway.com/nucable.html

Post:U-Channel Post,
can bedriven or
socketed

Cable:3 or 4 cable
combination. Cables are
attached using locking
hook bolts or hook bolts and a strap. 2 of 4 calalee placed
on one side of post and the other two are placed on the
opposite side.

Typical Post Spacing.5 to 32.5it.

12
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Length of Need (LON3 defined as the length of barrier
needed in advance (upstream) of a fixed object hazard or
non-traversable terrain feature to prevent a vehicle that ha
left the roadway from reaching the shielded feature. It is
determined byselecting the appropriate variables and using
0KS F2Nydz |

2y

shown in the diagram below.

Approach Barrier Layout

LINE

—SHY

/

.

LI 38

w
|_l

U7y

mn 02

1
Lr

’/—CLEAFE DISTANCE LINE

AREA OF CONCERN
(OBSTACLE)

-
a E
o o
: 2
z 32
E 52
S 85
s L
= . /
o _ \.H'\dl ;,
— /
—_d/
A
/9
/q
/
/d
q
4
! o
P / | jd'
/ =9
x'f 9
/ qd
d
y ;
I/

Le

13

<———TRAFFIC

LEDGE OF THROUGH TRAVELED WAY




= Distance from the obstruction to end of barrier neg

X
Y = Distance from edge ofadligh traveled way to end of
barrier need.

L, = Distance from edge of through traveled way to later
extent of obstruction.

L
L

Distance from edge of through traveled way to
barrier.

L; = Distance from edge of through traveled way to
obstruction.

Lc = Distance from edge of through traveled way to
outside edge of the clear zone.

Lr = The theoretical Runout Length needed for a
vehicle leaving the roadway to stop.
a: b = Flare Rate.

2011 AASHTO Roadside Design Guide, Figd®e j5g 549.
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Length of Need Procedure:

1.

Choose an appropriate\ls it is a critical part of the
design process. This distance should include all
features or hazards that need to be shielded, up to
the design clar zone at each site.

Select a Runout Lengthglfrom the table below.

The designer selecthe tangent length, (1), if the
barrier is flared. If the installation is parallel to the
roadway, kL= Q If a semi rigid barrier is connected to
a rigid barrier the tangent length should be at least a|
long as the transition section.

If the barrier is flared away from the roadway, the
maximum recommended flare rate shown on page 1
should not be exceeded.

Calculate the Length of Need (X) from the following
equation and round the calculated value up to the
nearest 12.5oot or 25foot rail segment:

La+ (b/a)(l) ¢ Lo
(b/a) + (WL

For parallel installations i.e. no flare rate, the previod
equation becomes:

we lacl
La/ L

15
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Runout Lengths

Runout Length () Given Traffic Volme (ADT) (ft)

Design

Speed  Guer 5000t  1,000to  Under

(MPh) 10000 10,000 5,000 1,000
70 360 330 290 250
65 330 290 250 225
60 300 250 210 200
55 265 220 185 175
50 230 190 160 150
45 195 160 135 130
40 160 130 110 100
35 135 110 95 85
30 110 90 80 70

Ref: ODOTocation and Design Manual, Figure €2, April 2013

Length of Need for Opposing Traffic

9 Xis determined using the same equation.

91 All lateral dimensions are measured from the
centerline for a twelane roadway. See the layout at
the bottom of this page.

9 There are three ranges of clear zone widtg,vthich
deserve special attention:

1. If the barrier is beyond the appropriate clear zon
for opposite direction traffic, no additional barrie
and no crashworthy end treatment is required.
(NOTE: an appropriateabrier anchor remains
necessary to ensure proper containment and
redirection for neasside impacts).

16
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2.

Approach Barrier Layout for Opposing Traffic

2011 AASHTO Roadside Design Guide, Figd®efg 554.

If the barrier is within the appropriate clear zone

but the area of concern is beyond it, no additiong

barrier is required; however a crashworthy end
treatment should be used.

If the area of concern is within the clear zone for
opposing traffic, the barrier must be extended to
prevent oppositedirection hits.

z
4
wo_
24
oQ x
0F =
w i
28
@ (s] -—
<
o
- .
\ Is
\\ s |
[ >
\ =S
d|2
\ - [=]
@2
o 9zl E
\
i a 9 || &
™S A\ F-1 |
< w \ a |Ele I
x = \ EAR
/
) > 5 \ =/ CIJ =1
=4 2 Y / o 5
@ \ /9 A=
8 4 \ E -
s x \ g =
] i \ 5|1,
x © \ q wl v
\ J
2 z v g a |
w A _]I li}
3] C
2 ¥ \ g o
= ~—_ \q | &
7] — \ o
— Ed
2 LI z
< h =
u AN | 2
|_7____4q| =
I A 8
o
= \ [§]
= \ |
:
% \
= \
Fz Y I
0= Y
Wi A
ww
== A
ool
\
\
\
"\
\
\
= !

17




Length of Need (LON) Field Chegkstraightforward
method to verify correct LON in the field is to stand on the
roadway edge directly opposite the shielded feature, and
then pace off the appropriate runout length from the Tabls
on page 10. At that pointurn and look at the shielded
area. If the proposed (or actual) guardrail installation
crosses that line of sight, then the area is adequately
covered.(NOTE: if the terrain makes it impossible for a
vehicle to reach the hazard from that point, the in&itibn
may be longr than neededOn the other hand, if the
intervening terrain is also hazardous or if there are other
significant obstacles in the immediate vicinity, it may be
desirable to extend the barrier to shield all of the
dangerous conditions.)

Additional Design Considerations

Although it is critical that the correééngth of need be
ingtalled, there are several other placement consideration
essential to good barrier performance. These include
adequate deflection distances behind each type afrker,
barrier height, guardrail flare rates, and the location of
barrier on slopes and behind curbs. These factors are
discussed in the next sections.

Design Deflection Distands based on the results of 62
mph impacts into the barrier at a 2egreeimpact angle
by the NCHRP Report 350 or MASH pickup truck. In the
field, actual deflections can be much greater (or less)
depending on actual impact conditions. Note that the
AASHTO RDG measures the distance from the back of th
posts.

18
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Design Deflection Distance

e A ey,
ROADWAY SHOULDER

Obstruction

Height Measurement

The minimum height of Stror§teel Post WABeam Guardrail
Ad HT MKYyEXZ YSIFadaNBR & ak|2é)
when set above a curb. If set behind a sidewalk barrier
height should be set from the sidewalk elevation.

Barrier Placement on Slopes
Barrier, regardless of type, performs best when an impacting
vehicle is stable when contact is first made. Since vehicleg
running off the road at high speeds tend to become airborne
and are likely to override barrier placed on a slope, the
following guidehes apply:

91 Do not place \Abeam guardrail on slopes steeper

than 1V:6H.

1 W-beam systems can be placed anywhere on 1V:10H
or flatter slopes.

1 MGS barrier can be installed on 1V:8H slopes but
1V:10H is preferred.

19




1 When the slopes are between 1V:10H and 1V:6id, t
face of the barrier must not be between 2 to 12 feet
beyond the grade hinge point.

9 Strong post systems need 2 feet of soil support
behind the rail for support. When 2 feet is not
obtainable, strong posts that are a minimum of 1 foot
longer shall be praded.

1 Cable barrier can be placed anywhere on a 1V:6H of
flatter roadside slope, but that are some placement
restrictions when used in a median application. Mos
proprietary systems can be placed on 1V:4H slopes
0dzii YI ydzFl OG dzNBENBRQ eNBO2 )Y S
followed.

/—EARRIEF! NOT RECOMMENDED IN THIS AREA
10 ft ‘ 12t

— 2ft |—

See AASHTO Roadside Design Guide, 4th Edition, Fig8red 547.
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Guardrail and Curb

Curbs do not have a significant redirection capability and g

have the same type effect on vehicle trajectory as slopes,
i.e., wheel impact with a curban cause a vehicle to vault
over a barrier placed above or beyond it. The following
guidelines apply:

il

Guardrail should not be used with curb installation o
high speed@esign Speed &0 mph and higher), rural
roads.

When guardrail/curb combinations @amunavoidable,
the curb type and barrier placement should follow th
recommendations shown in thaetailsbelow. Any
curb in front of a guardrail terminal should be limited
to a 2 inch height.

If the curb exceeds 4 inches, follow these guidelines:

1.

Strongpost W-beam or Thriebeam guardrail should
be used.

Stiffen the guardrail

M Add a rubrail or

M Double nest the rail or

91 Bolt a Wbeam to back of the posts

Curb must be flush with, or slightly behind, the face
the guardrail.

The guardrail height is mearedfrom the edge of
travel laneto the top of rail when the guardrail is
placed in front of or at the face of the curb.

When guardrail is placed behind the face of curb
follow the recommendations shown the table
below (See 602.1.5 Guardrail with Curbs).
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Up to 45
mph

Maximum of 6 in.

guardrail up to 6 in.
behind curb.

sloping faced curb: MG

No closer than 8 ft,

45 and 50
mph

Maximum of 6 in.

guardrail up to 6 in.
behind curb.

sloping faced curb: MG

No cbser than 13
ft.

Over 50
mph

Maximum of 4 in.
sloping faced curb:
guardrail up to 6 in.
behind curb.

Above 55 mph, the

and 4 in. or smaller.

sloping face of the curb
should be 3:1 or flatter

MG

Guardrail should
not be located
behind curb.

Yy
rad.

5~ ri25)]

61

2
fo 6" L7007 Unless
ofherwise shown on plans

6~ (7501 uniess

Surface of

% 67
rad.

2'-6"_[750] unless
[Sherwise shown on plans

107 (2501
rad.

Pavement

r

Surface of
[Burtace:

Siope 1211

Ya" 6] rad.

2
her

{1001

-2

|

As Shown on Typical
Sectians in Plans —

TYPE 2

-6~ (7501 unless

-

Ref

wise_shown on plang,

6 1501
3 751 Surface of
rad. Pavement
Slope 12:1

!

As Shown on Typical
Sections in Plans

TYPE 4

i* [25] rod

Preformed Joint

wateriol, item
705.03 7]

-l

As Shawn on Typical
Sectians in Plans

TYPE 3

6" L1657

: ODOT, Standard Construction Drawing5BP2013
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Guardrail and Trees
1 Generally guardrail is not used to shield utility poles
or trees. However, individual trees and poles that ar
in vulnerable locations and cannot be removed or
relocated are somiimes shielded.

1 Where guardrail is used in front of poles or trees due

to other obstructions barrier deflection must be
considered.

9 Consider removing trees where they are an
obstruction and in locations where they are likely to
be hit.

9 Use crash history aimilar sites, scars indicating
previous crashes or field reviews to determine
removable trees.

9 Treeremoval is usually a preferred option but an
assessment regarding its expense and effectiveness
should be considered.

1 Roadways through wooded areas withavy
nighttime traffic volumes, frequent fog, and narrow
lanes should be well delineated.

1 Pavement markings and post mounted delineators g
among the most effective and least costly
improvements that can be made to a roadway.

Connections to Bridge Barrie rs

Since there are numerous bridge barrier designs currently
place onOhiohighways, the attachment details shown in th
latest DesignStandard for new construction will not always
be directly applicable for every project. However,
crashworthy designsan be developed if three concerns arg
met: an adequate transition between the bridge end and th
approach guardrail, an adequate attachment to the bridge
barrier itself, and the elimination of any potential snag
points at the bridge end.
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A transition is snply a gradual stiffening of the
approach guardrail at the bridge end so the rail
cannot deflect enough to result in a vehicle
GLR2O1SlhAy3aé¢ sKSYy Al NBI
A structurally adequate attachment of the guardrail t
the bridge barrietis shown on the transition details as
well. This detail is needed to prevent the approach
railing from pulling free from the bridge barrier. Som
existing bridge railings may not be structurally
adequate to support such a connection. In such
situations exending the guardrail across the structure
eliminates the need for a structural connection at thg
bridge end and may increase the capacity of the
bridge barrier itself.

Finally, if the bridge barrier is significantly higher the
the approach railing, atick or SUV impacting the
approach railing could lean over the railing far enoug
to snag on the end of the bridge barrier, or if no
NHzo NJ Af 2NJ O2y ONBGS OdzNJ
fold under the guardrail and snag on the bottom edg
of the bridgeparapet.

24

O

D

D

>

Jh

[1]

N



NOILVAT TS _

- & ! . e ! [ !
TH m 0 EE oyl
e _ O T 11 X S T I (TR
sl Il 1 S T
= = -
TS _ ) g | _ _
5 s Nl s Nyl [ [|
SHE N Iy! g
_ ! I! ! I! I
IS SIS
0001 AR AN | AN A K1
N ] ] g5 2at—" I .
i H £ B8 a8 —-.] -t
3 et TR R
i = = IES 1= = e lmlu..ﬂ\ﬂ .‘.
;

| -]
w
p.
"
oy
x
T
e

%51 |0 580005 § e | SO

JOSI4] BWASSY L f-8 WOBE-814Y] L5-9 WOBE 8idyl PEISEN .G- 21

(aloN juswing 885) | BdAf ‘A|quessy |

urwse] eBpIig SO 2909 W) Jof 5]

25

Ref: ODOT Standard Roadway Construction Drawings, 603, MGS-3.1, 2013




Guardrail at Intersections and Driveways

When secondary roads or driveways intersect a main road

close to a bridge or other hazard thafwl run of barrier
cannot be installed, a strong post-#dé¢am guardrail can be

curved around the radius where the two roads meet. While

the site conditions can vary greatly, there are two major
concerns that should be addressed.

1. If the hazard is a bridgend or pier, a crashworthy

transition design isequired A crash cushion can be use

if the space is too limited to use a standard transition.
The section of barrier along the primary road must be
long enough to react in tension tedirect impacting
vehicles away from the shielded rigid object

2. Oftentimes the feature traversed by a structure or

another hazardous featurbetween the intersecting road

and the structurecanbe shieldedusing a curved rail
design.By using a curved rail design, high angledotp

into the curved section are likely. To reduce the risk of
vehicle going through or over the ¥eam, modifications

can bemade to the posts, the Weamto-post
connections, and the end treatment alongeth

intersecting road or drivewayr 5 h ¢ W Btreafin@ehtIA

at such locations is shown here.

26

SO

Ol




A
ADM

pa|sapd]

ININLVIHL HOVOdddV WNWININ J01dd4d1444d

Alquassy |puiwis] abplig

Alqwessy Joyouy | adA] — \

i

yoboiddy

N\
\

o n_m..ﬁ._l_x - pooy B8pls o o T T
=3 40 m.._._._..__u
—+ L -
TR
1..,.,..
Y
\/
I ae
SiwT
abpi.g

‘yopouddo puohaq juswiosiy Joy g-¢09 8.nbi4 sag

Ref: ODOT, Roadside Design, Section 603, 2013

27




0A ;O

Terminals and Crash Cushions

Terminals

Crashworthyterminals anchor a barrier installation and
are designed to eliminate spearing or vaulting when hit
head-on, or redirect a vehicle away from the shielded
object or terrain feature when the barrier is struck on the
traffic face near the terminalOhiorequires TL-3 end
terminals on the NHS.

Definitions:

Energy Absorbingdrminalscanstop vehicles in relately
short distances imlirectend-on impacts (usually 50 feet
or less depending on type of terminal).

Non-Energy Absorbin@ystemswill allow an unbraked
vehicle to travel 150 feet or more behind and parallel to
guardrail installatios or along the topof the barrier when
struck headon at high speeds.

FlaredTerminals(Type B)have up to 4foot offset at the
approach end, but require a larger platform for
installation.

TangentTerminals(Type E)areinstalled parallel to the
roadwaybut may havea 2foot offset over the first 50
feet of length.

NOTE:

9 At the trailing end of guardrail, a distance of 50 feet
beyond the end treatment is to be kept clear of all
roadside obstructionghazardspr the rail maybe
extended to shielduchsecondary hazards.

9 Ths "downstream clear zone" is intended to minimize
the likelihood that a vehicle may Hercedinto an
obstruction by the barrier.
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1 On two lane highways with two way traffic, provide end
treatmentson both the approach and trailing ends of
the guardrail.

1 Onfour-lane divided highways, use crashworthy end
treatments on the approach endfthe departure rail
is within the clear zone for opposing traffigrovide
end treatments on both the approach and trailing
ends Note that oftentimes no rail is needed ¢ime
departure ends of bridges on divided roadways unless
site specific circumstancesquire additional barrier.

Types of Terminals
The following terminals include those often useddhio.

For additional terminals go to the FHWA website at
http://safety.tfhwa.dot.gov/roadway dept/policy quide/ro
ad_hardware/barriers/index.cfm

1 TL2 Terminalgacceptable on roadways withd5 mph
Design Speed)

1 Energy Absoribg Terminals
1 NonEnergy Absorbing Terminals

TL-2 Terminals
Modified Eccentric Loader Terminal (MELCT)ype B

Test LevelNCHRP 350: ‘L
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http://safety.fhwa.dot.gov/roadway_dept/policy_guide/road_hardware/barriers/index.cfm
http://safety.fhwa.dot.gov/roadway_dept/policy_guide/road_hardware/barriers/index.cfm

Characteristics:
9 Flared terminak installed on a parabolic curve with a
nQ 2¥f7asSio
91 No impact head.
Uses standarev-beam rail elements.
9 Strut between the steel tube foundation for the two
end posts act together to resist cable loads.
9 Comprised of wooden posts only.

=

NOTEThe noncrashworthy BCT has no ground strut and
only two weakened posts

Energy Absorbing Termin als
9 Used for single runs of strong post guardrail

1 Redirection begins beyond the third post

Extruder Terminal H-2000 Plug; Type E

o - —~

http://www.highwayqguardrail.com/products/etplus.html

Test LeveINCHRP 350: ‘PLand Tt3

Characteristics:

9 Tangent terminal.

9 Rectangular impact front face (Extruder head).

f Rectangular holes in'rail support the tabs of the cable
anchor bracket.

9 Steel HBA and SYTP and wood post options are available.

SYTHRetrofit in tube sleeve option available.

 EndofWo SI'Y NI Af GAGKE@TFTAS

=
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http://www.highwayguardrail.com/products/etplus.html

Sequential Kinking Terminal (SK3b0)¢ Type E

http://roadsystems.com/skt.html

Test LeveINCHRP 350: -PLand TE3

Characteristics:
M Tangent terminal.
1 Square impact front face.
9 Has a feeder chute (channel section that surrounds
the rail) which gets wider at the downstream end.
1 Breakaway steel end posts #1 and #2 and standard
steel guardrail posts #3 and beyond.

f Ralkda o 6mMkHE E né¢ f2y30
f ¢KSNB YIlI& 0SS p FRRAGAZY]}
both the top and bottom corrugations of the-beam
section, which makes it interchangeable with the

FLEAT system.

9 Cable anchor bracket is fully sedten the shoulder
portion of the cable anchor bolts.

1 All hinge steel post, plug weld steel posts, or wood
posts available.

f EndofWo SI'Y NIAf 6AG-KE®TFTaA
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http://roadsystems.com/skt.html

Flared Energy Absorbing Terminal (FLEATYype B

http://roadsystems.com/fleat.htm

Test LevelNCHRP 350: -PLand T3
Characteristics:

f
f
f

Flared terminal.

Rectangular impact front face, with steel tube on top.
wlkAf KlFLa p atz2it4 omkHé E
bottom corrugations othe w-beam section.

¢CKSNBE YIFIe 6S o FRRAGAZYL
valley of the rail which makes it interchangeable with th
SKT system.

Breakaway steel end posts #1 and #2, standard steel
guardrail posts #3 and beyond.

Cable anchor bracket islfy seated on the shoulder
portion of the cable anchor bolts.

All hinge steel post, plug weld steel posts, or wood pos
available.

EndofWo SI'Y NI Af ¢&dd Kin2 7@ S
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http://roadsystems.com/fleat.htm

Non-Energy Absorbing Terminals

f
1

Slotted Rail Terminal (SR350)¢ Type B

http://www.highwayguardrail.com/products/esrt350.html

Used for single runs of strong pagtbeam guardrail.
Redirection begins beyond the third post

Test LeveINCHRB50: TE3
Characteristics:

f

=a =4 A

=a =4 —a 8

Flared terminal.

No impact head.

Longitudinal slots on ¥eeam rail element.
Strut and cable anchor bracket between posts #1 and #
act together to resist the cable loads.

Slot Guards on downstream end of slots.

Steel and wood pdptions available.

Parabolic flare on wood post option.

Straight line flare on all SYTP steel post and HBA
steel/wood post option.

Should be installed at locations where sufficient runout
area exists behind and downstream of the terminal.
Endofwbeamt Af GAGKngFFasSa 27
222R LRal L0 AR @A RRA DIOA
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http://www.highwayguardrail.com/products/et-srt350.html

Terminal Grading Details

A barrier terminal is most likely to perform best when a
vehicle is stable at the moment of impact and there is a
traversable runout area immediately behindetierminal.
Whenever practical, a barrier should be extended until
these conditions can be met.

When a grading platform must be built it is critical that it
be designed andonstructedto blend with the original
embankment and not cause instability irvahicle before,
during, or after a crash into the termina. grading
drawing from theOhio Standard Construction Drawing
MGS 5.2shows minimum grading requiremesfor a
flared terminal. Note that the areaspproaching and
immediately adjacent to the teninalshould be no steegr
than 1V8H. Seeper adjoining slopes should be gently
transitioned toaflatter slope to minimize rollover
potential. Enbankmentshouldnot cause instability in a
vehicle before, during, or after a crash into the terminal.
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