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AN INTRODUCTION TO ROADSIDE HAZARD MANAGEMENT 
 
In this session you will learn: 

• About fixed roadside hazards, and clear zones  
• Why roadside safety is important in road safety audit 
• About forgiving roadsides 
• The 5-part strategy for providing safer roadsides 
• The different types of crash barrier  
• That poles and posts can be made forgiving. 

 
 

1.   INTRODUCTION 
 
The concept of the forgiving roadside has been one of the fundamental platforms of 
responsible road authorities seeking to improve the safety of their road network for the past 
35 years.  Extensive crash testing and research has led to the development of "softer" 
roadside options such as frangible lighting poles and sign posts, impact attenuators, rigid, 
semi-rigid and flexible safety barriers, flattened slopes (batters) and the use of terms such as 
recovery area and clear zones. 
 
This paper provides the road safety engineer with some of the knowledge required to identify 
potential roadside hazards and to suggest possible alternative treatments. It outlines:  
 

§ the idea of the forgiving roadside, and how this should be reflected in the 
cross-sectional elements of road designs, 

§ the “clear zone” concept and how it can be used to identify potential safety issues, 
§ options for the treatment of individual roadside hazards such as bridges and culverts, 

utility poles, signposts and trees, and 
§ how road safety audits can be a valuable tool for identifying issues at all stages of a 

project in the pursuit of a safer roadside environment. 
 
2. BACKGROUND 
 
A roadside hazard is any roadside object or feature, with a diameter greater than 100mm 
that is located on or near the roadway and which is likely to create a danger to the 
occupants or riders of any vehicle leaving the carriageway. Collisions with roadside objects 
are a concern not only because of the numbers of crashes occurring but also because of 
their severity. The likelihood of this type of collision resulting in a fatality or serious injury is 
generally greater than most other crash types.  
 
The best way to reduce run-off-road collisions is to ensure that vehicles never leave the 
road. However, motorists will continue to leave the road for many reasons including fatigue, 
excessive speed, interaction with other vehicles, poor road condition or even vehicle failure. 
The role of auditors is to recognise this inevitability and to help to create a system that 
minimises the possibility of severe consequences.  
 
3.   THE FORGIVING ROADSIDE 
 
An ideal roadside is one providing wide, flat run-off areas with sufficient clearance to 
roadside obstacles to allow for all errant drivers to regain control of their vehicle before a 
collision occurs. In practice, however, especially in nations such as Indonesia, the cost of 
providing such a roadside is prohibitive and there will always be some roadside obstacles 
that present some measure of risk to errant drivers. The objective of roadside hazard 
management is to keep this risk to an acceptable level. 



 

PHILLIP	  JORDAN	  –	  ROAD	  SAFETY	  INTERNATIONAL	  PTY	  LTD	  

This implies that not all roadside hazards will require treatment on every occasion since the 
probability of a collision involving some of them will be so low as to make any potential crash 
savings much less than the cost of treating the hazard.  An immovable object such as a 
bridge end post located less than a metre from the edge of carriageway is a far more 
significant hazard than an electricity pole located 30m away, simply because the end post is 
far more likely to be struck by an errant vehicle. A driver has little time to recover control 
within that one metre. 
 
Through the use of the terms "recovery area" and "clear zone", attempts have been made to 
prioritise the treatment of roadside hazards at different locations. It is also generally true that 
the earlier in a project a potential hazard can be identified (via a road safety audit) the more 
likely it can be remedied at a lower cost.  It costs less to alter a drawing than to modify a 
road feature after it has been constructed. 

 
3.1 Recovery Area 
 
The recovery area is the part of the roadside in which an errant vehicle could be 
expected to come to rest safely or pass through before rejoining the traffic lane. By 
definition the recovery area is primarily dependent on traffic speed. Early studies in the 
United States of America indicated that, on high speed, open roads with flat side slopes, 
between 80-85% of vehicles could be expected to recover within 30ft (or 9m) from the 
edge of carriageway. 
 
But, the distance that a vehicle will travel after leaving the carriageway is not only 
dependent on speed; it will also depend on the adjacent batter slope and the horizontal 
and vertical alignment of the road at that point. For instance, the required recovery area 
is greater on the outside of curves or where there is a significant batter slope away from 
the carriageway. 
 
3.2 Clear Zone 
 
Having noted that the true "recovery area" can be impractically large, the concept of a 
clear zone, or an area within the recovery area which is kept free of unprotected 
hazards, is an attempt to define an area which reflects the probability of a collision 
occurring at a particular site. The clear zone width is not only dependent on traffic speed 
and roadside geometry, but also on traffic volume. Figure 1 (below) is used in Victoria to 
determine appropriate clear zone widths for selected traffic volumes and speeds on 
straight roads with flat roadside areas. 
 
VicRoads (1997) gives details of adjustments required to the above clear zone width to 
allow for the effects of curves and batters. It should be noted that the family of curves 
shown in Figure 1 is based on limited empirical data and current practices. They 
deliberately result in a compromise between road safety, economic considerations and 
environmental practicality in recognition of the fact that we simply cannot afford to 
provide a recovery area adjacent to a section of road that will be wide enough to ensure 
that every errant vehicle can recover safely.  

 
A road safety auditor should be aware of this, and use these curves as a guide while 
keeping in mind the individual site conditions and the speed characteristics of traffic at 
the site.  
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3.3 Treatment Strategies 
 
The definition of an appropriate clear zone width is the first step in developing a rational 
roadside hazard management strategy. Ideally, the clear zone width should be kept 
clear of unprotected roadside hazards (an object with a diameter of 100mm or greater is 
generally considered to be a fixed object capable of causing serious injury to the 
occupants of a colliding vehicle). For any particular roadside hazard that lies within the 
clear zone, there are five options available: 

     (i) remove the hazard 
(ii) relocate the hazard to a safer location 
(iii) alter the hazard to reduce impact severity 
(iv) install barriers to shield the hazard 
(v) manage the traffic to keep the vehicles on the road 

 
The decision on how best to treat a roadside hazard is dependent on the likely severity 
of an impact with that hazard. 

 
3.4 Roadside Cross-Section 
 
The creation of a forgiving roadside requires consideration of the slope of the roadside, 
whether the road is on embankment, or in cut, and the shape of any longitudinal drains. 
AASHTO (1989) provides many examples of how to deal with these cross-sectional 
features. 

 
3.4.1 Embankments 
Generally, embankment slopes of 4:1 or flatter, if smooth and traversable, present 
little hazard to the occupants of cars and provide an opportunity for an errant vehicle 
to recover. However, trucks have different needs and roads with high truck volumes 
benefit from having roadside slopes flatter than 6:1 to reduce  

 
 

FIGURE 1 – CLEAR ZONE WIDTHS FOR VARIOUS SPEEDS 
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Slopes of between 3:1 and 4:1 are generally too steep to allow recovery of control of the 
vehicle. Vehicles encroaching on to such slopes can be expected to travel all the way to the 
bottom. Therefore, these slopes should be kept clear of fixed obstacles and they should not 
be considered as part of the clear zone. Slopes steeper than 3:1 are critical – on these 
slopes a vehicle is likely to overturn. These slopes should either be flattened or protected by 
an approved safety barrier. 

 
3.4.2 Cut Batters 

Longitudinal cut batters, if kept smooth and free of obstacles, and with adequate rounding at 
the foot of the batter, will generally not represent a significant roadside hazard. They can 
however lead to overturning and, in the case of jagged rock cuts, snagging of the vehicle.  
 
4.   DRAINAGE STRUCTURES 
 
All roads must have provision for pavement drainage. Road safety engineers need to be 
aware of the potential impact of open drains and culverts on roadside safety. Table drains 
along the side of roads may represent a hazard to errant vehicles under the following 
circumstances: 
 

(i) where restrictive right of way results in steeper than desirable batter slopes 
along the drain. Generally where either the front or back slope of the table drain 
is steeper than 3:1, depending on depth, the drain could cause a problem. To 
overcome this, drains should be designed with a flat bottom and ample 
rounding of both the top and base of batters. 

 
(ii) where there are significant hazards (particularly culvert headwalls or trees) 

within the area of the drain since the drain itself will act as a funnelling device 
towards the object. 

 
(iii) when there is a need to construct access across the table drain, either as a 

median crossover, to provide access to private property, or at intersecting 
roads.  Because these accesses are most likely to be struck head-on by 
vehicles, slopes of 10:1 are desirable but up to 6:1 may be permissible. In 
these situations the most difficult task is dealing with the ends of pipes or 
culverts that will carry the water under the access embankment.  Old style 
mass concrete headwalls with blunt ends are not acceptable.   
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4.1 Cross Culverts 
 

Cross culverts, which vary in size from 450mm diameter pipes to large box culverts, can 
be safely treated in a number of ways. Small pipes or culverts can be made safe by 
cutting the pipe or laying back headwalls to match the surrounding batter slope. This will 
generally be enough to make the batter fully traversable and for pipes up to about 
900mm diameter this will generally be sufficient treatment. Pipes larger than 900mm will 
generally require the addition of a grate or series of bars to prevent the vehicle being 
trapped by the drop into the opening. 

 
For larger pipes and culverts that cannot readily be made traversable, it may be 
possible to extend the culvert outside the clear zone or terminate it close to the road and 
provide a safety barrier. The choice between these two options should be based on an 
economic analysis that includes not only the capital cost associated with extending the 
culvert, but also the cost of the increased likelihood of a collision with the roadside 
barrier located close to the carriageway. It should be remembered that the auditor’s role 
is to highlight potential hazards. The project manager makes the decision about the final 
treatment.  
. 

FIGURE 2 - EMBANKMENT GUIDE 
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4.2 Parallel Culverts 
 

Blunt concrete end walls placed at the invert of a table drain are an unnecessary and 
particularly dangerous roadside hazard. Since most of these culverts are of relatively 
small diameter they can be treated in much the same way as cross culverts to be made 
traversable. Again standard designs are available for grated pipe ends (generally only 
required above 600mm diameter) and sloping headwalls. 

 
There are other ways to eliminate these culverts such as by realigning the table drain 
(so that the culvert is located further away), In the case of accesses that are not used 
frequently (as is the case for many farm accesses on rural roads) providing an all-
weather crossing of the table drain to allow access during wetter months. 

 
4.3 Kerbs 

 
With modern vehicle suspensions, 150mm high barrier kerbs do not represent a 
significant hazard to errant vehicles, except on high-speed carriageways where they 
may trip a spinning or slipping vehicle and cause it to over-turn. 

 
The auditor should be aware however of the dangers of barrier kerb. It is possible for 
the vertical face of the kerb to impart severe sideways forces on the vehicle tyres 
thereby wrenching the steering wheel from the driver’s hand as it spins. 

 
5.   SAFETY BARRIERS 

 
Safety barriers - despite their name - can themselves constitute a hazard. All reasonable 
steps should be taken to eliminate the need for these through good design. But, not all 
safety barriers can be eliminated, so it is important that they be used only where 
appropriate and that their installation be undertaken correctly. 

 
There are two categories of safety barrier - longitudinal barriers and crash cushions. 

 
• Longitudinal barriers are placed generally parallel to traffic flow. They function by 
capturing and redirecting errant vehicles away from potential hazards. They are 
classified by their rigidity into the following types:  

 
§ flexible   e.g. wire rope barriers 
§ semi-rigid  e.g. steel W-beam guard fence 
§ rigid   e.g. concrete median barrier or bridge railings. 

 
• Crash cushions are generally placed transverse to the traffic flow and function 

primarily by decelerating errant vehicles to a controlled stop. Modern crash cushions 
also have the ability to redirect errant vehicles that strike the side of the cushion. 

 
5.1 Warrants for safety barriers 

 
Safety barriers are costly to install and maintain. They also represent a hazard to errant 
vehicles. During design therefore every effort should be made to eliminate the need for 
roadside barriers. Their use and installation should always be audited critically and 
carried out according to manufacturer instructions.  

 
The primary purpose of a longitudinal barrier is to protect motorists from a collision with 
a fixed roadside object which is likely to be more severe than a collision with the barrier 
itself. While barriers may occasionally be used to protect pedestrians or other 
bystanders (e.g. road workers) from vehicular traffic, it is important that this be 
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considered only as a last resort and generally in low speed environments. In these 
cases the primary purpose of the barrier is to be an impenetrable shield, not necessarily 
a system that will smoothly redirect errant vehicles. 

 
Barriers should not be installed only because vehicles are running off the road, or have 
the potential to run off the road, especially if the resulting damage and injuries without a 
barrier are minor. Similarly the decision to shield fixed roadside objects is one that must 
take into account the nature of the object itself and the likelihood that it will be hit. Given 
that the recommended clear zone width is set to take into account the probability of a 
collision, consideration should be given to shielding any fixed object within the clear 
zone, provided the severity of collision with the barrier is less severe than a collision 
with the hazard. 

 
On the basis of previous research relating embankment heights and slopes to crash 
severity, warrants have been developed for the use of guard fence on embankments. 
Figure 2 provides guidance on when it is appropriate to consider guard fence installation 
on embankments. AASHTO (1989) provides similar curves, as well as some 
modifications to the basic curves to take into account the probability of encroachment 
and the cost of installing a safety barrier by relating the warrants to traffic volumes and 
speeds as well as embankment height and slope. 

 
However, a decision to install a roadside barrier must also take account of the increased 
likelihood of a collision through the installation of 25m (minimum length required for 
correct performance) of barrier to protect a hazard (maybe only one metre wide!)  
 
 
5.2 Longitudinal Barriers 

 
The most common types of safety barriers are the blocked-out, steel W-beam guard 
fence and the concrete median barrier.  However, flexible wire rope systems are now an 
acceptable alternative in certain circumstances, and are becoming very common.  
   

  
5.2.1 Flexible barriers 
Flexible wire rope systems are now widely used in many countries around the world. 
These barriers consist of a number (generally three or four) of long wire ropes held in 
place by steel posts at spacing in the order of 2.4m. The ropes deflect when struck by 
an errant vehicle, guiding the vehicle along the barrier while the posts progressive 
collapse. The posts absorb the kinetic energy of the vehicle, slowing it down. Where 
adequate deflection width is available, wire rope safety barrier systems provide much 
more forgiving roadside barriers than the more rigid systems. Advice should be sought 
from the manufacturer when it is proposed for use. 

 
 5.2.2 Semi-rigid (steel W-beam guard fence) barriers 

As with all safety barriers the guard fence is required to serve dual and conflicting roles. 
It must be capable of redirecting and/or containing an errant vehicle while, at the same 
time, not imposing intolerable deceleration forces on the vehicle occupants. 
 
Blocked out W-beam guard fence is made up of a number of components each with an 
important part to play in the successful operation of the guard fence during a collision. 
These components are: 

• The W-beam rail - this steel rail must be strong enough to withstand the high 
axial tensile stresses, as well as bending stresses, which develop as the 
kinetic energy of the vehicle is dissipated through distortion and crushing of 
the vehicle, the rail and the soil. Individual rail sections must also be 
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securely connected to the next length, and overlapped away from the 
direction of the oncoming traffic to avoid snagging. 

• The posts (timber or steel) - provide rigidity to the whole system and to hold 
the W-beam rail at the correct height both before and during a collision. It is 
vitally important that the posts are spaced correctly and are the correct 
length, not only above ground level, but below it as well. 

• The blocks - prevent snagging on the posts and help to avoid vehicle rollover 
by providing restraining forces above the centre of gravity of the vehicle.  

• The anchorages - are essential for the W-beam to develop its full tensile 
strength by providing a restraining force at either end. A common anchorage 
is an adaptation of the original Breakaway Cable Terminal (BCT). 

• The terminals - the BCT incorporates slotted W-beam rails that crumple if 
the barrier is stuck end-on, reducing the possibility of the rails spearing a 
vehicle. 

 
 

The road safety audit team needs to have a detailed understanding of the functions and 
use of steel beam guard fence, and the appropriate construction details covering such 
things as beam height, post spacing and length, barrier offset, terminal flare and the 
terminal itself.  

  
 5.2.3 Rigid (concrete) Barriers 

Concrete barriers are safety barriers known as “rigid’. These are primarily used at 
locations where little or no movement of the barrier can be tolerated.   
 
Concrete barriers are generally constructed as permanent road fixtures, but pre-cast 
units that can be placed on the roadway (eg TRIC-BLOC) are being increasingly used at 
major road works sites to provide separation between construction and traffic areas. 
Pre-cast units should be designed so they can be held together to form a continuous 
“chain”.  As they are not permanently fixed to the roadway they do have some 
movement on impact. They have an advantage over cast in-situ concrete barriers in that 
they can have a non-continuous footing that is beneficial at locations where drainage 
must be allowed beneath the barrier.  

 
While concrete barriers can be very effective, care is required to ensure that the ends of 
the barriers are correctly protected.  There have been many recorded incidents of 
vehicles striking the unprotected end of barriers, often resulting in fatalities. Common 
ways to end a rigid barrier include curving the barrier through a radius of 40m (approx.) 
so that the end is positioned outside the clear zone, or fitting a crash attenuator. 
 
While the development of concrete barriers has led to a fairly detailed understanding of 
the shape requirements to satisfactorily dissipate the energies involved in a collision, it 
must be remembered that most concrete barriers are very rigid systems that do not 
deform in any way. Therefore in all but very shallow angle collisions they may represent 
a more significant hazard to errant vehicles than semi-rigid or flexible systems. The 
greater the offset to such a rigid barrier the greater is the probability of high angle 
impacts resulting in severe crashes.   

 
5.3 Crash Cushions/Impact attenuators 

 
Crash cushions (also known as impact attenuators) are designed to gradually decelerate 
striking vehicles to a controlled stop. They are  suited for use at locations where fixed objects 
cannot be treated in any other way eg. concrete median barrier ends, bridge piers etc. 
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Two common types of impact attenuator are the Guard Rail Energy Absorbing Terminal 
(GREAT) and the QUADGUARD, both are patented systems from Energy Absorption 
Systems Ltd. Most other crash cushions are also patented systems. Advice on their use and 
construction details is available through the manufacturers. Because of their specialised use 
and cost, the advice of experts in the field should be sought when recommending or 
considering the use of impact attenuators. 
 
 
6.   ROADSIDE OBJECTS 
 
6.1 Roadside Utility Poles 
 

At present there is no accepted design for treating utility poles carrying live overhead 
services in order to make them frangible. Therefore options for treatment are limited to 
the following: 

 
(i)  removal - either by interpoling (ie replacing a particular hazardous pole with one 

or two in less vulnerable locations), minimising the number of poles through the 
use of joint-use facilities, or under grounding of cables.  

 
(ii)   relocation - the increased use of aerial bundle cables and offset cross arms now 

make this process much simpler.  Ideally, poles are moved to an area outside 
the clear zone. However, safety gains can also be achieved by relocating poles 
to a less vulnerable position within the clear zone. 

 
(iii)  protection - protection via the use of safety barriers is often difficult in urban 

areas because of the problems of limited lengths, widths and multiple end 
treatments but this is an option nevertheless. 

 
(iv)  delineation - delineation of individual poles should be used strictly as a last 

resort and should only be viewed as a temporary treatment. 
 
6.1.1 Frangible Poles 

 
A frangible pole is one that will yield or break when impacted by a vehicle. They are 
an option to be used at locations where poles do not carry live overhead services 
(electricity). As mentioned previously, there is no acceptable frangible treatment for 
poles carrying live conductors.  This is due to the disruption that can be caused by 
power losses and surges and also because the presence of live wires on or near the 
ground after a collision may present a greater danger than the pole itself. 

 
Frangible poles are therefore most commonly used at locations that support only 
street lighting. There are two types of frangible street lighting poles available - 
slip-base and impact absorbing.  
 

Slip-base poles 
 
§ A slip-base pole is designed to separate from its base when struck by an errant 

vehicle, allowing the vehicle to pass over the base and underneath the falling pole. 
Since the mechanism involves the pole falling to the ground, slip base poles are most 
appropriate in higher speed areas, areas clear of overhead services, areas with few 
pedestrians, and little adjacent development or car parking. 

§ The correct failure mode of this type of pole is straightforward but needs attention to 
detail in practice. Common faults with the installation of slip-base poles include: 
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§ incorrectly tightened hold down bolts. If the bolts are too tight the pole acts a rigid 

pole and the safety features are lost, too loose and the pole can be knocked over by 
the forces of excessive wind loading. 80Nm per bolt is the correct torque required. 

§ base section set too low so that the surrounding ground impedes the free movement 
of the pole during impact. 

§ base section set too high so that it will snag an impacting vehicle. 
§ pole placed too close to bottom of cut batters again impeding free movement. 
§ hold down bolts concreted in position so that collapse mechanism is inoperable - 

again creating a rigid pole. 
§ base plate not aligned correctly to direction of traffic flow. 
§ circular washer broken at bolts enabling the slip based pole to "walk" off the base 

under cyclic wind load. 
§ use in low speed locations e.g. at roundabouts, parking areas, where the striking 

vehicle does not have sufficient speed to satisfactorily clear the falling pole. 
 

§ Impact Absorbent Poles 
 

An impact absorbent pole is designed to collapse progressively, absorbing the force 
of an impacting vehicle by wrapping itself around the vehicle and decelerating it to a 
controlled stop. Because the pole remains attached to the base this type of pole is 
most suited to locations where vehicle speeds are lower, or pedestrian and 
development activity higher. 

 
6.2 Sign Supports 

 
Signs need to be seen - and for this they need to be placed near the roadway. This can 
itself cause conflict. In general, most sign supports should be fully collapsible eg. small 
bore galvanised pipes for small signs, break-away or slip base for larger signs or 
protected by some type of safety barrier. 
Points to note in a road safety audit with regard to sign supports and sign placement 
are: 

(i) is the sign necessary? 
(ii) even small sign supports (i.e. 50mm steel pipe) represent a significant 

hazard to motorcyclists, cyclists and sometimes pedestrians. Their location 
should always be critically audited. 

(iii) wherever possible signs should be located behind barrier, or on existing 
poles. 

(iv) are the slip base or break-away mechanisms installed correctly.  
 

6.3   Trees 
 

Collisions with trees contribute significant numbers to the statistics on fixed roadside 
object collisions. Ideally the clear zone width should be kept clear of trees with a mature 
trunk diameter in excess of 100mm. Most road authorities have guidelines that provide 
advice on clearance requirements for tree planting, taking account of sight distance 
needs as well as roadside safety. In mountainous parts of Indonesia, as long as speeds 
are kept low, there is potential to use trees on the downhill side of a road to act as 
“crash barriers” and also a crude form of delineation. While vehicle speeds are low 
(under about 40km/h) the trees of Indonesia possibly provide positive road safety inputs. 
However, if vehicle speeds increase substantially (due to improved roads or any reason) 
the placement of such trees will need to be carefully reviewed. The following advice 
therefore refers to trees that are not intended and purposely used to reduce the risk of 
serious injury on mountain roads. 
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The consideration of existing trees located within the clear zone is a difficult and 
sensitive task. Any proposal to indiscriminately clear a 9m wide strip of mature native 
trees will create concern. When faced with this dilemma, the auditor as well as the road 
manager should be aware of other options available, besides clear felling, to increase 
the safety of the section of road. 
 
The first approach should be to try and ensure that as much assistance as possible is 
given to the motorist to remain on the road. This can include sealing gravel shoulders, 
improving the pavement and/or pavement surface, upgrading roadside delineation 
through the use of raised reflective pavement markers (RRPM's), wide or tactile edge 
lining, more closely spaced post mounted delineators, better advisory signing and road 
improvements such as curve reconstruction.  

 
Where there is a history of collisions with roadside trees a proposal to selectively 
remove the trees within the clear zone over a period of 10 years or so, should allow the 
establishment of replacement planting at a more appropriate offset from the 
carriageway. In some locations this has been achieved by purchasing a strip of land 
outside the existing road reserve for planting purposes. 

 
This technique allows the desired clear zone to be achieved over a period of time 
without the trauma associated with a concentrated program of tree clearing. Where 
there are large and significant trees close to the carriageway that will never be able to 
be removed, the use of roadside barriers may be warranted. 

 
6.4 Other Roadside Objects 

 
Road safety audit teams need to consider other roadside objects, including: 

 
(i)  roadside fencing - as discussed earlier, roadside fencing for control of 

pedestrian or vehicular movement should be constructed without horizontal rails 
which might spear an errant vehicle. It should not restrict sight lines near 
intersections. 

(iii)  bus shelters/houses/ stock piles – these should be appropriately located.  
 
7.   BRIDGES 
 
New road projects will often have a bridge (or many bridges) included. A road safety audit 
team needs to consider safety at bridges because of the special treatments that have been 
designed for them. 
 

7.1 Piers 
 

With “road over road” bridges the question of protection of central or outer piers arises 
frequently. Given that bridge piers these days are designed for impact loading it is 
suggested that if the pier is within the clear zone for the road in question then it should 
be protected, usually by W-beam guardrail or concrete barriers. 

 
 
Pedestrian overpasses however, represent a different problem in that piers may not be 
designed to withstand an impact from a heavy vehicle and therefore may need 
protection even if they are outside the clear zone. In circumstances where W-beam 
guardrail is used it may even be applicable to reduce the post spacing to 1m in the 
vicinity of the pier to ensure there is no break through. The more rigid concrete barriers 
can also be used at locations with significant exposure to heavy vehicles. 
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7.2 Railings and End Posts 
 

A bridge railing is a longitudinal barrier designed to prevent a vehicle running off the 
edge of a bridge. As such it is designed to have little or no deflection.  Modern bridge 
railings should be designed in accordance with the latest bridge codes. 
 
7.3 Approach Guardrail 

 
The construction of approach guardrail to the rigid bridge end post is also an aspect that 
requires close scrutiny in a road safety audit.  Standard designs for different types of 
bridge end post indicate the need for a gradual stiffening of the approach guardrail (from 
the normal guard fence with 2.5m post spacing to a stiffened section with 1m post 
spacing), and finally larger posts. This transition from a semi-rigid approach barrier to 
the rigid bridge railing is essential to redirect the vehicle past the end post where it could 
otherwise snag. 

 
The length of the approach guardrail should be determined from an analysis of the 
appropriate clear zone and the need to protect vehicles from driving over the edge of 
embankments or into rivers. In some locations an earth berm constructed behind the 
approach guardrail will provide added insurance against break through of the railing. 

 
Large culverts present similar problems to bridges except that they are usually not as 
expensive to construct. Therefore they offer an opportunity for the structure to be 
lengthened – ending outside the clear zone. A less rigid barrier can be installed away 
from the edge of the culvert. 

 
8.   CONCLUSION 
 
In considering the roadside safety of new or planned projects, road safety auditors need to 
be able to identify departures from agreed standards or construction practices. This will often 
mean giving consideration to features where trade-offs between safety and cost have come 
down in favour of the cheapest capital cost solution to the extent that safety has been 
compromised. The same is true for audits of the existing network where an auditor should be 
looking to promote the adoption of an orderly roadside hazard management program, based 
on a cost-effective approach to identifying and treating all roadside hazards. The need for 
such an approach is essential if the number and severity of fixed object collisions is to be 
reduced. Indonesia needs audit teams that are knowledgeable in roadside hazard 
management 
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