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Glossary 
BarricadeτA device which provides a visual indicator of a 

hazardous location or the desired path a motorist should 

take. It is not intended to contain or redirect an errant 

vehicle. 

BarrierτA device which provides a physical limitation 

through which a vehicle would not normally pass. It is 

intended to contain or redirect an errant vehicle. 

BreakawayτA design feature which allows a device such as a 

sign, luminaire, or traffic signal support to yield or separate 

upon impact The release mechanism may be a slip plane, 

plastic hinges, fracture elements, or a combination of these. 

Bridge RailingτA longitudinal barrier whose primary function 

is to prevent an errant vehicle form going over the side of the 

bridge structure. 

ClearanceτLateral distance from edge of traveled way to a 

roadside object or feature. 

Clear ZoneτThe unobstructed, traversable area provided 
beyond the edge of the through traveled way for the recovery 
of errant vehicles. The clear zone includes shoulders, bike 
lanes, and auxiliary lanes, except those auxiliary lanes that 
function like through lanes.  
 
Cost-effectiveτAn item or action taken that is economical in 

terms of tangible benefits produced for the money spent. 

Crash CushionτDevice that prevents an errant vehicle from 

impacting a fixed object by gradually decelerating the vehicle 

to a safe stop or by redirecting the vehicle away from the 

obstacle. 

Crash Testsτvehicular impact tests by which the structural 

and safety performance of roadside barriers and other 



 
 

highway appearances may be determined. Three evaluation 

criteria are considered, namely (1) structural adequacy, (2) 

impact severity, and (3) vehicular post-impact trajectory. 

CrashworthyτA feature that has been proven acceptable for 

use under specified conditions either through crash testing or 

in-service performance. 

Design SpeedτA selected speed used to determine the 

various geometric design features of the roadway. The 

assumed design speed should be a logical one with respect to 

the topography, anticipated operating speed, the adjacent 

land use, and the functional classification of the highway. 

Drainage FeatureτRoadside items whose primary purpose is 

to provide adequate roadway drainage such as curbs, 

culverts, ditches, and drop inlets. 

End TreatmentτThe designed modification of the end of a 

roadside or median barrier. 

FlareτThe variable offset distance of a barrier to move it 

farther from the traveled way; generally in reference to the 

upstream end of the barrier. 

HingeτThe weakened section of a sign post designed to 

allow the post to rotate upward when impacted by a vehicle. 

Impact AngleτFor a longitudinal barrier, it is the angle 

between a tangent to the face of the barrier and tangent to 

ǘƘŜ ǾŜƘƛŎƭŜΩǎ ǇŀǘƘ ŀǘ ƛƳǇŀŎǘΦ CƻǊ ŀ ŎǊŀǎƘ ŎǳǎƘƛƻƴΣ ƛǘ ƛǎ ǘƘŜ 

angle between the axis of symmetry of the crash cushion and 

a tangent to the vehicles path of impact. 

Impact AttenuatorτSee Crash Cushion. 

Length of NeedτTotal length of a longitudinal barrier 

needed to shield an area of concern. 



 
 

Level of PerformanceτThe degree to which a longitudinal 

barrier, including bridge railing, is designed for containment 

and redirection of different types of vehicles. 

Longitudinal barriersτA barrier whose primary function is 

to prevent penetration and to safely redirect an errant 

vehicle away from a roadside or median obstacle. 

MedianτThe portion of a divided highway separating the 

traveled ways for traffic in opposite directions. 

Median BarrierτA longitudinal barrier used to prevent an 

errant vehicle from crossing the median. 

Non-Recoverable SlopeτA slope which is considered 

traversable but on which an errant vehicle will continue to 

the bottom. Embankment slopes between 3H:1V and 4H:1V 

may be considered traversable but non-recoverable if they 

are smooth and free of fixed objects. 

OffsetτLateral distance from the edge of traveled way to a 

roadside object or feature. 

Operating SpeedτThe highest speed at which reasonably 

prudent drivers can be expected to operate vehicles on a 

section of highway under low traffic densities and good 

weather. This speed may be higher or lower than posted or 

legislated speed limits or nominal design speeds where 

alignment, surface, roadside development, or other features 

affect vehicle operations. 

Operational BarrierτOne that has performed satisfactorily 

in full-scale crash tests and has demonstrated satisfactory 

in-service performance. 

Performance LevelτSee Level of Performance. 

 



 
 

Recoverable SlopeτA slope on which a motorist may, to a 

greater or lesser extent, retain, or regain control of a vehicle. 

Slopes flatter than 4H:1V are generally considered 

recoverable. 

Recovery AreaτGenerally synonymous with clear zone. 

RoadsideτThat area between the outside shoulder edge and 

the right-of-way limits. The area between roadways of a 

divided highway may also be considered roadside. 

Roadside BarrierτA longitudinal barrier used to shield 

roadside obstacles or no-traversable terrain features. It may 

ƻŎŎŀǎƛƻƴŀƭƭȅ ōŜ ǳǎŜŘ ǘƻ ǇǊƻǘŜŎǘ ǇŜŘŜǎǘǊƛŀƴǎ ƻǊ άōȅǎǘŀƴŘŜǊǎέ 

from vehicle traffic. 

Roadside SignsτRoadside signs can be divided into 3 main 

categories: overhead signs, large roadside signs, and small 

roadside signs. Large roadside signs may be defined as those 

greater than or equal to 50ft
2
 in area. Small roadside signs 

may be defined as those less than 50ft
2
 in area. 

RoadwayτThe portion of a highway, including shoulders for 

vehicular use. 

ShieldingτThe introduction of a barrier or crash cushion 

between the vehicle and an obstacle or area of concern to 

reduce the severity of impacts of errant vehicles. 

Shy DistanceτThe distance from the edge of the traveled 

way beyond which a roadside object will not be perceived as 

an obstacle by the typical driver to the extent that the driver 

ǿƛƭƭ ŎƘŀƴƎŜ ǘƘŜ ǾŜƘƛŎƭŜΩǎ ǇƭŀŎŜƳŜƴǘ or speed. 

SlopeτThe relative steepness of the terrain expressed as a 

ratio or percentage. Slopes may be categorized as positive 

(backslopes) or negative (foreslopes) or as a parallel or cross 

slope (in relation to the direction of traffic). 



 
 

Temporary BarrierτTemporary barriers are used to prevent 

vehicular access into construction or maintenance work 

zones and to redirect an impacting vehicle so as to minimize 

damage to the vehicle and injury to the occupants while 

providing worker protection. 

Traffic BarrierτA device used to prevent a vehicle from 

striking a more severe obstacle or feature located on the 

roadside or in the median or to prevent crossover median 

accidents. As defined herein, there are four classes of traffic 

barriers, namely; roadside barriers, median barriers, bridge 

railings, and crash cushions. 

TransitionτA section of barrier between two different 

barriers, or more commonly, where a roadside barrier 

connects to a bridge railing or to a rigid object such as a 

bridge pier. The transition should produce a gradual 

stiffening of the approach rail so vehicular pocketing, 

snagging, or penetration at the connection can be 

minimized. 

Traveled WayτThe portion of the roadway for the 

movement of vehicles, exclusive of shoulders and auxiliary 

lanes. 

Traversable SlopeτA 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. 

WarrantsτThe 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 of this document is to 

summarize important information contained in the ODOT 

Location and Design Manual, Standard Construction 

Drawings and Approved Proprietary Products that can be 

used in the field to ensure that all barrier installations are 

built and maintained 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 system more hazardous than the 
condition being shielding? 

2. Is an existing guardrail installation still warranted? 

3. If the guardrail is installed as originally planned, is there a 
possibility of a motorist still reaching the hazard? 

4. Can the guardrail be extended to shield a secondary 
obstruction?  

5. Are there any vertical obstructions within the guardrail 
ǎȅǎǘŜƳΩǎ ŘŜǎƛƎƴ ŘŜŦƭŜŎǘƛƻƴΚ 

6. Is the guardrail ending within 200 feet of the start of 
another guardrail run that could be connected? 

7. Is the guardrail terminating within 200 feet of a cut 
slope? 



2 
 

8. Does the slope need any regrading? 

9. Has the guardrail height been reset after an overlay? 

10. Is the best end treatment for the site being used? 

11. Is guardrail considered in sensitive areas such as school 
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 answer 

these and other questions pertaining to optimal design, 

installation, and maintenance of guardrail systems.    
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0ÁÒÔ ρ 

Guardrail Basics  

Barrier Guidelines : 
¶ Are pre-determined situations or conditions where 

the use of a traffic barrier is normally considered. 

Refer to the Tables on pages 4 and 5 for fixed object 

and embankment guidelines.  

¶ Should be considered when determining the need for 

a barrier, but they should not be construed as 

warrants.  

¶ Are not a substitute for engineering judgment. 

Establishing Barrier Guidelines  
¶ Barrier guidelines are based on the premise that a 

traffic barrier should be installed only if it reduces the 

severity of potential crashes.  

¶ There are instances where it is not immediately 

obvious whether the barrier or the unshielded 

condition presents the greater danger to a motorist.  

¶ In such instances, guidelines may be established by 

using a benefit/cost analysis whereby factors such as 

design speed, roadway alignment, and traffic volumes 

can be evaluated in relation to the barrier need. Costs 

associated with the barrier (installation, maintenance, 

and crash-related costs) are compared to crash costs 

associated with the unshielded condition.   

¶ 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. 
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Considerations  
¶ Consider eliminating short lengths of guardrail since 

these sections are often less effective than no barrier 

at all.  

¶ Avoid short gaps between guardrail installations by 

making guardrail continuous where the points of need 

are determined to be about 200 feet apart or less. 

¶ Consider keeping the slope clear of fixed objects when 

guardrail is not required due to the height of the 

slope. 

¶ Consider guardrail in sensitive areas such as school 

playgrounds or reservoirs.   

Clear Zone 
¢ƘŜ ǘŜǊƳ άŎƭŜŀǊ ȊƻƴŜέ ƛǎ ǳǎŜŘ ǘƻ ŘŜǎƛƎƴŀǘŜ ŀƴ ŀǊŜŀ ōƻǊŘŜǊƛƴƎ 

the roadway, starting at the edge of the traveled way, which 

is available for safe use by errant vehicles. Safe use generally 

means the slope is flat enough and free of fixed object 

hazards so a motorist leaving the road is able to stop and 

return to the roadway safely.  

 

The clear zone distances shown below represent minimum 

recommended distances and are based on limited data. The 

ōŜǎǘ ŀƴǎǿŜǊ ǘƻ ǘƘŜ ǉǳŜǎǘƛƻƴ άIƻǿ ǿƛŘŜ ǎƘƻǳƭŘ ǘƘŜ ŎƭŜŀǊ 

ȊƻƴŜ ōŜ Κέ ƛǎ ά!ǎ ǿƛŘŜ ŀǎ ǇǊactical in each situation ς but at 

ƭŜŀǎǘ ŀǎ ǿƛŘŜ ŀǎ ǘƘŜ ŘƛǎǘŀƴŎŜǎΣ ǎƘƻǿƴ ƛƴ ǘƘŜ ¢ŀōƭŜ ōŜƭƻǿέΦ 
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Design Clear Zone 

Design 

Speed 

(mph) 

Design 

ADT 

Foreslopes Backslopes 

1V:6H 

or 

flatter  

1V:6H 

to 

1V:4H 

1V:6H 

or 

flatter  

1V:6H 

to  

1V:4H 

Steeper  

than 

1V:4H 

Җпл < 750 

750-1500 

1500-6000 

OVER 6000 

8 ft 

11 

13 

15 

8 ft 

13 

15 

17 

8 ft 

11 

13 

15 

8 ft 

11 

13 

15 

8 ft 

11 

13 

15 

45-50 < 750 

750-1500 

1500-6000 

OVER 6000 

11 

13 

17 

19 

13 

18 

23 

26 

11 

15 

17 

21 

9 

13 

15 

19 

9 

11 

13 

15 

55 < 750 

750-1500 

1500-6000 

OVER 6000 

13 

17 

21 

23 

16 

22 

27 

29 

11 

17 

21 

23 

11 

15 

17 

21 

9 

11 

15 

17 

60 < 750 

750-1500 

1500-6000 

OVER 6000 

17 

22 

28 

31a 

22 

29 

36* 

40a 

15 

21 

25 

27 

13 

17 

21 

25 

11 

13 

16 

21 

65-70d < 750 

750-1500 

1500-6000 

OVER 6000 

19 

25 

30 

32a 

23 

32a 

38a 

42a 

15 

21 

27 

28 

15 

19 

23 

28 

11 

14 

18 

23 

See ODOT Location and Design Manual, Figure 600-1E, April 2013. 

Design Options (In order of preference)  
¶ 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 barrier 

if it cannot be eliminated, relocated or redesigned.  

¶ Delineate the obstruction if the above alternatives are 

not practical or cost effective. 
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REMEMBER: Guardrail 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 severe 

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 man-made 

hazards can be redesigned or relocated to make shielding 

unnecessary. Traffic volumes and speeds, roadway 

geometrics, and the offset distances 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:  

Obstacle Guidelines 

At Bridge ends,  piers and  

abutments 

Shielding should be generally 

considered. 

Culverts, pipes and headwalls 
Judgment decision based in size, shape 

and location of obstacle. 

Sign/Luminaire supports 
Shielding generally required for non-

breakaway supports. 

Rough slopes in cut sections 
Shielding should be generally 

considered. 

Utility poles  
Shielding may be considered if utility 

pole cannot be justifiably relocated. 

Bodies of water 

Judgment decision based on location 

and depth of water (greater than 1 

foot) and likelihood of encroachment. 

Ditches (transverse) 
Shielding generally required if 

likelihood of head-on impact is high. 

Retaining Walls 

Judgment decision based on relative 

smoothness of wall and anticipated 

maximum angle of impact is greater 

than 15 degrees. 
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Mechanically Stabilized Wall 

(MSE) 

Shielding should be generally 

considered. 

Noise  Walls 
Shielding should be generally 

considered 

 

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

Roadside Slopes (Embankments)  
Although the AASHTO RDG 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 modified guidelines 

based on these additional factors.    

Barrier Requirements for Embankment Heights 

 

AASHTO Roadside Design Guide, 4th Edition, 2011, Figure 5-1(b), Pg 5-6. 
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Barrier s 
A roadside barrier is a longitudinal barrier used to shield 

motorists from natural and man-made obstacles located 

along either side of a traveled way. They are usually 

categorized as rigid, semi-rigid or flexible depending on 

their deflection characteristics when impacted. 

Rigid Systems:  
¶ The New Jersey Safety-Shape 

Barrier was the most widely 

used safety shape concrete 

barrier prior to the 

introduction of the F-shape. 

As shown, the "break-point" 

between the 55 deg and 84 

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 shallow angles with little sheet metal damage, 

but can cause significant instability to vehicles impacting at 

high speeds and angles. TL-пΥ онέ ¢ŀƭƭ ŀƴŘ ¢[-рΥ пнέ ¢ŀƭƭΦ 

¶ The Single Sloped Barrier, 

developed in Texas, has a 

constant 10.8 degree slope 

and performs comparably to 

the New Jersey barrier. 
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Semi-Rigid Systems:  

Midwest Guardrail System (MGS) 

Test Level: NCHRP 350/MASH TL-3 

Post: W6 x 9 or W6 x 8.5 x 6 ft. 

{ǘŜŜƭ ƻǊ сέ Ȅ уέ ƻǊ уέ ŘƛŀƳŜǘŜǊ 

wood posts. 

Post Spacing: сΩ-оέ 

Block-outs: мнέ ǘƛƳōŜǊ ƻǊ Ǉlastic 

block-outs.  

 

Strong-Steel or Wood Post W-Beam with wood or plastic 

block-outs 

Test Level: NCHRP 

350/MASH TL-3 

Post: W6 x 9 or W6 x 8.5 

x 6 ft. Steel or сέ Ȅ уέ ƻǊ 

уέ ŘƛŀƳŜǘŜǊ ǿƻƻŘ ǇƻǎǘǎΦ 

Post Spacing: сΩ-оέ 

Block-outs: сέ ǿƛŘŜ Ȅ уέ Ȅ мпέ ǊƻǳǘŜŘ όǿ/steel post) timber 

or plastic block-outs. Double block-outs can be used.  
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Flexible Systems: 

High Tension Cable Barriers (Propriety Systems) are installed 

with a significantly greater tension in the cables than 

generic, low-tension, three-cable systems. The deflection of 

these systems depends on the type of system, the post 

spacing and the distance between anchors. The high-tension 

systems also result in less damage to the barrier and usually 

the cables remain at the proper height after an impact which 

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 four-cable 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 

ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ recommendations. 

 

 

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 

of the post and cables 2 and 

3 are weaved around post. 

Cables are interweaved around posts. 

Typical Post Spacing: 10.5 to 21 ft.  

 

 

 

 

http://www.brifenusa.com/
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Gibraltar 

http://www.gibraltartx.com/  

 

Post: C-channel post, can be 

driven or socketed 

Cable: 3 or 4 cable 

combination. Cables are 

attached using a single hair pin and are placed on alternate 

sides of adjacent posts. 

Typical Post Spacing: 10 to 30 ft.  

 

Safence by Gregory Highway Products 

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

 

Post: C-Shaped 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: 6.5 to 

32.2 ft.  

 

 

 

 

 

 

 

 

 

 

http://www.gibraltartx.com/
http://www.gregorycorp.com/highway_safence.cfm
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CASS by Trinity 

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

 

Post: C-Shaped and I-beam 

Post, can be driven or 

socketed 

Cable: 3 or 4 cable 

combination. Cables are 

placed in a wave-shaped slot 

at the center of the post and 

separated by plastic spacers. 

Some versions also have 

cables that are supported on the flanges of the post. 

Typical Post Spacing: 6.5 to 32.5 ft.  

 

Nu-Cable by Nucor Marion Steel 

http://nucorhighway.com/nu-cable.html 

 

Post: U-Channel Post, 

can be driven or 

socketed 

Cable: 3 or 4 cable 

combination. Cables are 

attached using locking 

hook bolts or hook bolts and a strap. 2 of 4 cables are placed 

on one side of post and the other two are placed on the 

opposite side.  

Typical Post Spacing: 6.5 to 32.5 ft. 

  

http://www.highwayguardrail.com/products/cb.html
http://nucorhighway.com/nu-cable.html
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Length of Need (LON) is defined as the length of barrier 

needed in advance (upstream) of a fixed object hazard or a 

non-traversable terrain feature to prevent a vehicle that has 

left the roadway from reaching the shielded feature. It is 

determined by selecting the appropriate variables and using 

ǘƘŜ ŦƻǊƳǳƭŀ ƻƴ ǇŀƎŜ мл ǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ [hb όǘƘŜ ά·έ ǾŀƭǳŜύ 

shown in the diagram below. 

Approach Barrier Layout 
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X    =  Distance from the obstruction to end of barrier need. 

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

LA   =  Distance from edge of through traveled way to lateral 
extent of obstruction. 

L1   =  Tangent length of barrier upstream from obstruction. 

L2   =  Distance from edge of through traveled way to 
barrier. 

L3   =  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, Figure 5-39, pg 5-49. 
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Length of Need Procedure: 

1. Choose an appropriate LA as 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 clear zone at each site. 

2. Select a Runout Length (LR) from the table below. 

3. The designer selects the tangent length, (L1), if the 
barrier is flared. If the installation is parallel to the 
roadway, L1 = 0. If a semi rigid barrier is connected to 
a rigid barrier, the tangent length should be at least as 
long as the transition section.  

4. If the barrier is flared away from the roadway, the 
maximum recommended flare rate shown on page 14 
should not be exceeded. 

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

 

 

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

 

 

 

 

 

 

 

 

LA + (b/a)(L1) ς L2 

(b/a) + (LA/LR) 
X = 

LA  ς L2 

LA / LR 
X = 
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Runout Lengths 

Design 

Speed 

(mph) 

Runout Length (LR) Given Traffic Volume (ADT) (ft) 

Over 

10,000 

5,000 to 

10,000 

1,000 to 

5,000 

Under 

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: ODOT Location and Design Manual, Figure 602-1E, April 2013 

 

Length of Need for Opposing Traffic 

¶ X is determined using the same equation. 

¶ All lateral dimensions are measured from the 
centerline for a two-lane roadway. See the layout at 
the bottom of this page. 

¶ There are three ranges of clear zone width, LC, which 
deserve special attention: 

1. If the barrier is beyond the appropriate clear zone 
for opposite direction traffic, no additional barrier 
and no crashworthy end treatment is required. 
(NOTE: an appropriate barrier anchor remains 
necessary to ensure proper containment and 
redirection for near-side impacts). 
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2. If the barrier is within the appropriate clear zone 
but the area of concern is beyond it, no additional 
barrier is required; however a crashworthy end 
treatment should be used.  

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

 

Approach Barrier Layout for Opposing Traffic 

 

 

  2011 AASHTO Roadside Design Guide, Figure 5-42, pg 5-54. 
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Length of Need (LON) Field Check: A straightforward 

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 Table 

on page 10. At that point, turn 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 installation 

may be longer than needed. On 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 correct length of need be 

installed, there are several other placement considerations 

essential to good barrier performance. These include 

adequate deflection distances behind each type of barrier, 

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 Distance is based on the results of 62-

mph impacts into the barrier at a 25-degree impact 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 the 

posts. 



19 
 

 

Height Measurement   
The minimum height of Strong-Steel Post W-Beam Guardrail 

ƛǎ нт мκуέΣ ƳŜŀǎǳǊŜŘ ŀǎ ǎƘƻǿƴ ōŜƭƻǿ ƻǊ ŦǊƻƳ ǘƘŜ ƎǳǘǘŜǊ ƭƛƴŜ 

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 vehicles 

running off the road at high speeds tend to become airborne 

and are likely to override barrier placed on a slope, the 

following guidelines apply: 

¶ Do not place W-beam guardrail on slopes steeper 
than 1V:6H. 

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

¶ MGS barrier can be installed on 1V:8H slopes but 
1V:10H is preferred. 
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¶ When the slopes are between 1V:10H and 1V:6H, the 
face of the barrier must not be between 2 to 12 feet 
beyond the grade hinge point. 

¶ 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 provided.  

¶ Cable barrier can be placed anywhere on a 1V:6H or 
flatter roadside slope, but that are some placement 
restrictions when used in a median application. Most 
proprietary systems can be placed on 1V:4H slopes, 
ōǳǘ ƳŀƴǳŦŀŎǘǳǊŜǊǎΩ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ Ƴǳǎǘ ōe 
followed. 

 

 

See AASHTO Roadside Design Guide, 4th Edition, Figure 5-38, pg 5-47. 
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Guardrail and Curb  
Curbs do not have a significant redirection capability and can 

have the same type effect on vehicle trajectory as slopes, 

i.e., wheel impact with a curb can cause a vehicle to vault 

over a barrier placed above or beyond it. The following 

guidelines apply:  

¶ Guardrail should not be used with curb installation on 

high speed (Design Speed of 50 mph and higher), rural 

roads. 

¶ When guardrail/curb combinations are unavoidable, 

the curb type and barrier placement should follow the 

recommendations shown in the details below. 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. Strong post W-beam or Thrie-beam guardrail should 

be used.  

2. Stiffen the guardrail 

¶ Add a rubrail or 

¶ Double nest the rail or 

¶ Bolt a W-beam to back of the posts 

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

the guardrail. 

4. The guardrail height is measured from the edge of 

travel lane to the top of rail when the guardrail is 

placed in front of or at the face of the curb. 

5. When guardrail is placed behind the face of curb 

follow the recommendations shown in the table 

below (See 602.1.5 Guardrail with Curbs).   
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Speed Guardrail at Curb 
Guardrail Behind 

Curb 

Up to 45 

mph 

Maximum of 6 in. 

sloping faced curb: MGS 

guardrail up to 6 in. 

behind curb. 

No closer than 8 ft. 

45 and 50 

mph 

Maximum of 6 in. 

sloping faced curb: MGS 

guardrail up to 6 in. 

behind curb. 

No closer than 13 

ft. 

Over 50 

mph 

Maximum of 4 in. 

sloping faced curb: MGS 

guardrail up to 6 in. 

behind curb.  

Above 55 mph, the 

sloping face of the curb 

should be 3:1 or flatter 

and 4 in. or smaller. 

Guardrail should 

not be located 

behind curb. 

 

 

 

 

 

 

 

 

 

 

 

Ref: ODOT, Standard Construction Drawing, BP-5.1, 2013  
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Guardrail and Trees  
¶ Generally guardrail is not used to shield utility poles 

or trees. However, individual trees and poles that are 

in vulnerable locations and cannot be removed or 

relocated are sometimes shielded. 

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

to other obstructions barrier deflection must be 

considered. 

¶ Consider removing trees where they are an 

obstruction and in locations where they are likely to 

be hit. 

¶ Use crash history at similar sites, scars indicating 

previous crashes or field reviews to determine 

removable trees. 

¶ Tree removal is usually a preferred option but an 

assessment regarding its expense and effectiveness 

should be considered.  

¶ Roadways through wooded areas with heavy 

nighttime traffic volumes, frequent fog, and narrow 

lanes should be well delineated. 

¶ Pavement markings and post mounted delineators are 

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 in 

place on Ohio highways, the attachment details shown in the 

latest Design Standards for new construction will not always 

be directly applicable for every project. However, 

crashworthy designs can be developed if three concerns are 

met: an adequate transition between the bridge end and the 

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 simply a gradual stiffening of the 

approach guardrail at the bridge end so the rail 

cannot deflect enough to result in a vehicle 

άǇƻŎƪŜǘƛƴƎέ ǿƘŜƴ ƛǘ ǊŜŀŎƘŜǎ ǘƘŜ ǊƛƎƛŘ ōǊƛŘƎŜ ōŀǊǊƛŜǊΦ  

¶ A structurally adequate attachment of the guardrail to 

the bridge barrier is shown on the transition details as 

well. This detail is needed to prevent the approach 

railing from pulling free from the bridge barrier. Some 

existing bridge railings may not be structurally 

adequate to support such a connection. In such 

situations extending the guardrail across the structure 

eliminates the need for a structural connection at the 

bridge end and may increase the capacity of the 

bridge barrier itself.  

¶ Finally, if the bridge barrier is significantly higher then 

the approach railing, a truck or SUV impacting the 

approach railing could lean over the railing far enough 

to snag on the end of the bridge barrier, or if no 

ǊǳōǊŀƛƭ ƻǊ ŎƻƴŎǊŜǘŜ ŎǳǊō ƛǎ ǳǎŜŘΣ ŀ ǾŜƘƛŎƭŜΩǎ ǘƛǊŜ ŎƻǳƭŘ 

fold under the guardrail and snag on the bottom edge 

of the bridge parapet. 
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Ref: ODOT Standard Roadway Construction Drawings, 603, MGS-3.1, 2013 
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Guardrail at Intersections and Driveways  
When secondary roads or driveways intersect a main road so 

close to a bridge or other hazard that a full run of barrier 

cannot be installed, a strong post W-beam 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 bridge end or pier, a crashworthy 
transition design is required. A crash cushion can be used 
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 to redirect impacting 
vehicles away from the shielded rigid object. 

2. Oftentimes the feature traversed by a structure or 
another hazardous feature between the intersecting road 
and the structure can be shielded using a curved rail 
design. By using a curved rail design, high angle impacts 
into the curved section are likely. To reduce the risk of a 
vehicle going through or over the W-beam, modifications 
can be made to the posts, the W-beam-to-post 
connections, and the end treatment along the 
intersecting road or driveway. h5h¢ Ψǎ ǘȅǇƛŎŀl treatment 
at such locations is shown here. 
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Ref: ODOT, Roadside Design, Section 603, 2013 
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0ÁÒÔ ς

Terminals and Crash Cushions  

Terminals  
Crashworthy terminals 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 terminal. Ohio requires TL-3 end 

terminals on the NHS. 

Definitions:  

Energy Absorbing Terminals can stop vehicles in relatively 

short distances in direct end-on impacts (usually 50 feet 

or less depending on type of terminal).  

Non-Energy Absorbing Systems will allow an unbraked 

vehicle to travel 150 feet or more behind and parallel to 

guardrail installations or along the top of the barrier when 

struck head-on at high speeds. 

Flared Terminals (Type B): have up to 4-foot offset at the 

approach end, but require a larger platform for 

installation. 

Tangent Terminals (Type E): are installed parallel to the 

roadway but may have a 2-foot offset over the first 50 

feet of length.  

NOTE: 

¶ At the trailing end of guardrail, a distance of 50 feet 

beyond the end treatment is to be kept clear of all 

roadside obstructions (hazards) or the rail may be 

extended to shield such secondary hazards. 

¶ This "downstream clear zone" is intended to minimize 

the likelihood that a vehicle may be forced into an 

obstruction by the barrier. 
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¶ On two lane highways with two way traffic, provide end 

treatments on both the approach and trailing ends of 

the guardrail. 

¶ On four-lane divided highways, use crashworthy end 

treatments on the approach ends. If the departure rail 

is within the clear zone for opposing traffic, provide 

end treatments on both the approach and trailing 

ends. Note that oftentimes no rail is needed on the 

departure ends of bridges on divided roadways unless 

site specific circumstances require additional barrier. 

Types of Terminals  
The following terminals include those often used in Ohio.  

For additional terminals go to the FHWA website at 

http://safety.fhwa.dot.gov/roadway_dept/policy_guide/ro

ad_hardware/barriers/index.cfm  

 

¶ TL-2 Terminals (acceptable on roadways with Җ 45 mph 

Design Speed) 

¶ Energy Absorbing Terminals   

¶ Non-Energy Absorbing Terminals  

TL-2 Terminals  
Modified Eccentric Loader Terminal (MELT) ς Type B 

Test Level: NCHRP 350: TL-2 

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


30 
 

Characteristics: 

¶ Flared terminal ς installed on a parabolic curve with a 

пΩ ƻŦŦǎŜǘΦ 

¶ No impact head. 

¶ Uses standard w-beam rail elements. 

¶ Strut between the steel tube foundation for the two 

end posts act together to resist cable loads. 

¶ Comprised of wooden posts only. 

 

NOTE: The non-crashworthy BCT has no ground strut and 

only two weakened posts. 

Energy Absorbing Termin als  

¶ Used for single runs of strong post guardrail 

¶ Redirection begins beyond the third post 

 

Extruder Terminal ET-2000 Plus ς Type E 

 

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

Test Level: NCHRP 350: TL-2 and TL-3 

Characteristics: 

¶ Tangent terminal. 

¶ Rectangular impact front face (Extruder head). 

¶ Rectangular holes in 1st rail support the tabs of the cable 

anchor bracket. 

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

¶ SYTP Retrofit in tube sleeve option available. 

¶ End of W-ōŜŀƳ Ǌŀƛƭ ǿƛǘƘ ƻŦŦǎŜǘ ƻŦ лΩ ǘƻ нΩ-лέΦ 

 

http://www.highwayguardrail.com/products/etplus.html
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Sequential Kinking Terminal (SKT-350) ς Type E 

 

http://roadsystems.com/skt.html 

Test Level: NCHRP 350: TL-2 and TL-3 

Characteristics: 

¶ Tangent terminal.  

¶ Square impact front face. 

¶ Has a feeder chute (channel section that surrounds 

the rail) which gets wider at the downstream end. 

¶ Breakaway steel end posts #1 and #2 and standard 

steel guardrail posts #3 and beyond. 

¶ Rail hŀǎ о όмκнέ Ȅ пέ ƭƻƴƎύ ǎƭƻǘǎ ƛƴ ǘƘŜ ǾŀƭƭŜȅ ƻŦ ǘƘŜ ǊŀƛƭΦ 

¶ ¢ƘŜǊŜ Ƴŀȅ ōŜ р ŀŘŘƛǘƛƻƴŀƭ ǎƭƻǘǎ όмκнέ Ȅ пέ ƭƻƴƎύ ƻƴ 

both the top and bottom corrugations of the w-beam 

section, which makes it interchangeable with the 

FLEAT system. 

¶ Cable anchor bracket is fully seated on the shoulder 

portion of the cable anchor bolts. 

¶ All hinge steel post, plug weld steel posts, or wood 

posts available. 

¶ End of W-ōŜŀƳ Ǌŀƛƭ ǿƛǘƘ ƻŦŦǎŜǘ ƻŦ лΩ ǘƻ нΩ-лέΦ 

 

 

 

 

 

http://roadsystems.com/skt.html
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Flared Energy Absorbing Terminal (FLEAT) ς Type B 

 

http://roadsystems.com/fleat.htm  

Test Level: NCHRP 350: TL-2 and TL-3 

Characteristics: 

¶ Flared terminal. 

¶ Rectangular impact front face, with steel tube on top. 

¶ wŀƛƭ Ƙŀǎ р ǎƭƻǘǎ όмκнέ Ȅ пέ ƭƻƴƎύ ƻƴ ōƻǘƘ ǘƘŜ ǘƻǇ ŀƴŘ 

bottom corrugations of the w-beam section.  

¶ ¢ƘŜǊŜ Ƴŀȅ ōŜ о ŀŘŘƛǘƛƻƴŀƭ όмκнέȄпέ ƭƻƴƎύ ǎƭƻǘǎ ƛƴ ǘƘŜ 

valley of the rail which makes it interchangeable with the 

SKT system. 

¶ Breakaway steel end posts #1 and #2, standard steel 

guardrail posts #3 and beyond. 

¶ Cable anchor bracket is fully seated on the shoulder 

portion of the cable anchor bolts. 

¶ All hinge steel post, plug weld steel posts, or wood posts 

available. 

¶ End of W-ōŜŀƳ Ǌŀƛƭ ǿƛǘƘ ƻŦŦǎŜǘ ƻŦ нΩ-сέ ǘƻ пΩ-лέΦ 

 
  

http://roadsystems.com/fleat.htm
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Non-Energy Absorbing Terminals  

¶ Used for single runs of strong post w-beam guardrail. 

¶ Redirection begins beyond the third post. 

 

Slotted Rail Terminal (SRT-350) ς Type B 

 

 

 

 

 

 

 

 

 

 

http://www.highwayguardrail.com/products/et-srt350.html 
Test Level: NCHRP 350: TL-3 

Characteristics: 

¶ Flared terminal. 

¶ No impact head. 

¶ Longitudinal slots on w-beam rail element. 

¶ Strut and cable anchor bracket between posts #1 and #2 

act together to resist the cable loads. 

¶ Slot Guards on downstream end of slots. 

¶ Steel and wood post options 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. 

¶ End of w-beam rŀƛƭ ǿƛǘƘ ƻŦŦǎŜǘ ƻŦ пΩ-лέ 

¶ ²ƻƻŘ Ǉƻǎǘ ƻǇǘƛƻƴ Ƙŀǎ оΩ-лέ ǘƻ пΩ-лέ ƻŦŦǎŜǘǎΦ 

  

http://www.highwayguardrail.com/products/et-srt350.html
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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 behind the terminal. 

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 and constructed to blend with the original 

embankment and not cause instability in a vehicle before, 

during, or after a crash into the terminal. A grading 

drawing from the Ohio Standard Construction Drawing 

MGS 5.2. shows minimum grading requirements for a 

flared terminal. Note that the areas approaching and 

immediately adjacent to the terminal should be no steeper 

than 1V:8H. Steeper adjoining slopes should be gently 

transitioned to a flatter slope to minimize rollover 

potential. Embankment should not cause instability in a 

vehicle before, during, or after a crash into the terminal.  
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