
Road Side Hazard Management
and 

Vehicle Restraint Systems

Presented By
Bharat Anand

SAFETY FIRST



Road Side Hazards



Á The Vehicles we travel in and the speeds we travel at 
are in itself a hazard.

Á In the early 19th Century UK and USA had the Red 
Flag Rule which is that a pedestrian with Red Flag 
has to walk in front of a moving vehicle to warn 
passerby's of its presence.

Á If the Vehicle errs from its path the results can be 
extremely hazardous.



Clear Zone- Hazard Free Area required for safe recovery of 
errant vehicle



Clear Zone is a function of AADT and Speed

Design Traffic 

AADT

Design Speed, km/h

> 50 60 80 100

0 -1500 2.5 m 3 m 5 m 6 m

1500 - 4000 3 m 4 m 6 m 7 m

4000 - 12000 4 m 5 m 7 m 8 m

> 12000 5 m 6 m 8 m 10 m





Curve Correction Factors for Design Speed 
and Curve Radius



Warrants for Vehicle Restraint Systems



ÁRoad Side Embankment

Design 
AADT 

Warrants for Barrier at Embankment Height, in m 

Embankment Slope 
Design Speed, km/h 

> 50 80 100 

0 ï 4000 

1 : 1.5 

1 : 2 

1 : 3 

3 m 

5 m 

8 m 

2 m 

3 m 

6 m 

1.5 m 

2 m 

4 m 

4000 12000 

1 : 1.5 

1 : 2 

1 : 3 

3 m 

4 m 

7 m 

2 m 

3 m 

4 m 

1 m 

1.5 m 

3 m 

> 12000 

1 : 1.5 

1 : 2 

1 : 3 

2 m 

3 m 

5 m 

1.5 m 

2 m 

3 m 

1 m 

1.5 m 

2 m 

All Volumes 
Elevated Roadway or 
Bridge with Vertical 
Drop at Roadside 

Warrant for High Containment Barrier 

 



Permanent Water Body or Drain deeper than 0.6 m Rough Rock Cuts

Concrete Structure more than 150 mm above Ground

Tree with Diameter 
Greater than 100 mm



Retaining Walls Bridge Piers and Abutments

Signage Poles Breakaway or Yielding Post with  linear impulse Greater than 
4895 N ɬ sec



Vehicle Restraint Systems





Requirements of Vehicle Restraint Systems

ÅThe Purpose of a Crash Barrier is to Redirect and not Stop
ÅVRS Should Contain and Redirect an Errant Vehicle not 

allowing it to penetrate or vault over the system.

ÅIt must not cause sudden Acceleration or Spin of the Errant 
Vehicle.

ÅThe Vehicle after redirection should intrude only minimally in 
the adjacent traffic lanes.

ÅThe Vehicle must be Upright During and After Impact with the 
barrier.

ÅA good VRS should have high containment with minimum 
impact severity to inhabitants of Errant Vehicle.



Types of Vehicle Restraint Systems
(Crash Barriers)

Rigid Crash 
Barrier

Concrete 
Crash Barrier

Semi-Rigid 
Crash Barrier

Crash Tested 
Concrete 
Barriers

Roller 
Barriers

Flexible Crash 
Barrier

Crash Tested 
Metal Beam 

Crash Barriers

Crash Tested 
Wire Rope 

Barriers

Other 
Specialized 

Crash Barrier

Crash 
Cushions or 
Attenuators

Bridge 
Parapets

Work Zone 
Barriers



Rigid Crash Barriers.

ÅEarlier Rigid Crash Barriers were based on a Design but were 
not Crash Tested

ÅCast In-Situ Rigid Barriers are also Performance Based Designs 
Now.

ÅSystem is able to contain both Small Vehicles as well as Large 
Vehicles up to a 38 Ton Bus.

ÅDesign is as per Manufacturers Crash Tested Design.



Representative Image of Cast In-Situ Barrier,





Inter-Locking Prefabricated Concrete Crash Barriers
ÅPrefabricated Concrete Barriers can offer High Containment at low costs.

Å Interlocking Mechanisms have been introduced to enable Concrete Barriers 
also to have flexibility.

Å Impact Severity improved to Class B and in Some Cases Class A

ÅPerformance Based Systems, Designs and Specifications are left to the 
System Manufacturer tested to EN-1317 or MASH.

ÅSystems Offer High Containment (H4b) with Low Working Width(W2).

ÅAre Ideal for Bridge Parapets and Reduced Width Median





Metal Beam Crash Barriers

Metal Beam Crash Barriers can be categorized 
into two categories:

1.Untested Generic Designs.

2.Crash Tested Proprietary Designs.



Genric Design Based Metal Beam Crash Barriers

ÅUntested Generic Designs are Material Based Designs.

ÅIt is a Strong Post Design consisting of Either Two Wave (W-
Beam) or Three Wave (Thrie- Beam) Metallic Corrugated Sheet 
attached to the post with a block out Spacer with Post Centers 
every 2 meters.

ÅThe System was first designed in the USA keeping in mind 
vehicles up to 2000 kg in mind.

ÅIn a Strong Post Design the Post is cast In-Situ in a Ready Mix 
Concrete Pit

ÅSystem is Semi-Rigid with only the Tenacity of the Metal 
Providing for Some Flexibility.



W-Beam Crash Barrier

Thrie-Beam Crash Barrier

* Reference IRC:119:2015, Figures 11,12, 24 and 25

Double Sided W-Beam Crash 
Barrier

Double Sided Thrie-Beam 
Crash Barrier













Crash Tested Metal Beam Crash Barriers

ÅPerformance Based Systems, Designs and Specifications are left 
to the System Manufacturer tested to EN-1317 or NCHRP:350 or 
MASH.

ÅThe Containment Level (i.e. weight and kind of vehicle), The 
Impact Severity to Passengers, The Working Width ( Amount of 
Hazard Free Area Required) is all known.

ÅDesigned and Tested to Contain up to 13,000 kg Rigid Bus.

ÅSpacer Redesigned or Removed to Contain Larger Vehicles.

ÅSystem is Flexible as Post is Driven into Soil and is allowed to 
rotate when impacted.

ÅExtensive R&D and Competition has led to Cost Effective 
Systems with High Performance



W-Beam Crash 
Barrier

Double Sided W-Beam 
Crash Barrier

Double Sided Thrie-
Beam Crash Barrier

Double Sided W-Beam Crash 
Barrier

Thrie-Beam Crash 
Barrier





Crash Tested Roller Crash Barriers
ÅPerformance Based Systems, Designs and Specifications are left to 

the System Manufacturer tested to EN-1317 or NCHRP:350 or 
MASH.

ÅRoller absorbs initial collision shock, which converts to rotational 
energy, front and back rails provide additional strength.

ÅHighly Effective and Moderate Impact Severity to Vehicle 
Inhabitants.

ÅHigh Cost of Installation and Maintenance. 

ÅDesigned and Tested to Contain up to 13,000 kg Vehicle.

ÅSystem is Semi-Rigid Type.

ÅNot Enough Data- Not included in IRC, few installations 
worldwide .







Crash Tested Wire Rope Safety Barriers

ÅPerformance Based Systems ɬ Designs and Specifications are left to System 
Manufacturer; tested to EN-1317 or NCHRP:350 or MASH.

ÅHigh Tension, High Tensile Steel Wire Ropes are able to absorb the impact of 
both small and large vehicles.

ÅDesigned and Tested up to 13,000 kg Rigid Bus.

ÅVery High Containment Capabilities, (3 Rope System min. 60 MT, 4 Rope 
min. 80 MT.). Only Next to Rigid Barriers.

ÅRope Provides Flexibility thus has lowest Impact Severity to Vehicle 
Inhabitants and least damage to Vehicles; Most Vehicles Drive Away.

ÅLow Life Cycle Cost: Easy, Quick & low Maintenance Cost.

ÅMost Cost Effective System ɬ both for Supply & Installation .







Å Truck Hit another Mini 
Truck Across the Road

Å Crossed Median and 
Parallel Lanes.

Å Fully Controlled by 
Wire Ropes

Å Prevented from falling 
into canal



End Treatment Of Crash Barriers

Å If Metal Beam Barriers are not terminated properly they themselves become 
a hazard

Å In a Metallic Barrier there are Multiple Instances of the Beam Spearing into 
the Vehicle.

ÅSlope Down Terminals are better solution but not fully foolproof as sloped 
down beam can act as Ramp For Front On Impacts.

ÅCrash Worthy Tested Terminals offer a Safer Choice



Slope Down Still a Safer Choice



Wire Rope Barrier Ends are Slope Down 

Crash Tested Metal Beam End Terminals



Motorcycle Protection Barriers

ÅIt is noted that large number of serious injuries are inflicted due to 
rider sliding underneath crash barrier and impacting the post.

ÅSuch injuries usually occur in neck or head and can be fatal.



Solution- Specialized Motorcycle Protection Systems
Å Crash Tested Motorcycle Systems designed to be attached to existing or new installations.
Å Designed Especially for Sliding Contact.
Å Already in prevalence in Europe, America and Australia.



Crash Tested Bridge Parapets

ÅPerformance Based Systems tested and approved to EN-1317 
and NCHRP:350.

ÅDesigned for Extreme High Containment Levels i.e. up to 
38,000kg Rigid Trucks.

ÅHave more flexibility and higher capability of handling taller 
vehicles like Trucks and Buses.

ÅMuch more effective than Concrete Bridge Parapets.

ÅAvailable in Steel, Aluminum and Hybrid (Steel+ Wire Rope) 
Designs.

ÅProvide Better Transitions with Crash Barriers.









Crash Cushions or Attenuators

ÅDesigned and Tested as Per EN-1317 or NCHRP:350 or MASH.

ÅCrash cushions, also called impact attenuators are used as a 
roadside safety treatment to protect errant vehicles from 
striking hazardous fixed roadside objects. 

ÅCrash Cushions absorb the Kinetic Energy of the vehicle and 
Gradually Decelerate its Speed in a Frontal Impact and Safely 
Redirect a Vehicle in case of an Angular Impact.

ÅUsually Installed: Bridge Piers, Bridge Rails, Exit Gore Ramps, 
Sign Trusses among other things.









Non Redirecting Sacrificial Crash Cushion- Gating Type 
Redirecting Sacrificial Crash Cushion- Non Gating

Severe (Repairable) Crash Cushion





Work Zone Barriers

ÅTraditionally Plastic Cones, Plastic New Jersey Barriers or Steel 
Sheets like used by Metro.

ÅCrash Tested Options Now Available - EN-1317, NCHRP:350 & 
MASH.

ÅHave all the advantages of Permanent Barriers- High 
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ÅProvides Data to Work Zone Managers to be able to plan 
placement and requirements.

ÅCan Broadly be divided into 2 types: 

ÅMobile Crash Barriers 

ÅMobile Crash Attenuators 



Mobile Crash Barrier

Mobile Crash Attenuator


