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Central Asia  Regional Economic
Cooperation (CAREC) countries
committed to road safety at the 14"
CAREC  Ministerial  Conference in
Mongolia in September 2015. More
recently the CAREC Road Safety Strategy
2017-2030 (the Strategy) was endorsed
by Ministers from all CAREC countries
during the 15th Ministerial Conference in
Pakistan in October 2016. The Strategy
supports and encourages governments
and road authorities to plan, design,
construct and maintain roads with road
safety as a key and specific objective.

One important, but often forgotten, part of
a highway is the roadside. Single vehicle
ir-ofiroado crashes
part of most national crash statistics. They
are particularly severe and can occur
anywhere and at any time. The severity of
these crashes is directly related to the
nature of the roadside. It is a responsibility
of highway engineers
roadsides that can safely accommodate
drivers when they make a mistake.
Highway agencies across the CAREC
region acknowledge this problem and are
keen to build up expertise in this field.

This manual is to serve as a practical
point of reference for roadside hazard
management in CAREC countries. The
principles contained in this manual are
suggested to be adopted in all CAREC
road projects. This manual has been
written to expand the understanding of,
and to assist the implementation of, safer
roadsides on CAREC roads. This

ar e

information is essential for highway
engineers, planners, designers, audit
team members, project managers and
representatives of the Client/project team.
Main topics include:
{lidentifying roadside hazards;
{linvestigating roadside hazards (the
roadside hazard management
strategy);
fithe clear zone concept;
fithe three groups of safety barriers;
fsafe treatments for roadside hazards
on CAREC highways.

The most important message in this
manual concerns the roadside hazard
management strategy. Readers are
erftourayéd 4 émbracé @d dtrategy; this
manual details the key steps in it and
explains how each step can help you to
improve roadside safety:

T Avoid locating hazardous objects
within the clear zone grem_ove .any
Bxisthy dbjecks). N f ©

fRelocate hazards beyond the clear
zone to minimize the probability that
they will be struck by an errant
vehicle.

fRedesign (or modify) hazards to
reduce their danger. Use devices
such as breakaway sign posts to
reduce the severity of an impact.

9 Shield hazardous objects that cannot
be treated in any other way with
safety barrier.

i Delineate the hazard and take steps
to fikeep vehicles

t o
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It is well known and appreciated that
the road, together with the road user
and the vehicle, plays a key role in
the cause of crashes on the roads
and highways of the world. The
geometric design of new roads and
the safe management of traffic on
existing roads have been critical
safety considerations in global
efforts to reduce trauma on the
roads of the world. These efforts
continue today. Safer roads are
critical for everyone.

An important but often overlooked
part of every road is its roadside. In
recent decades, more attention has
started to be given not only to the
safety of the road itself but also to its
roadside. It has been a concern for
a long time that too many single

vehicl-&dfr dada crashes

been resulting in too many deaths
and serious injuries for road users
globally. Indeed, several studies
have revealed that run-off-road
crashes are not only frequent but
are especially serious. They result in
more severe casualties (injuries and
deaths) than most other crash types.

These crashes have many reasons
i driver fatigue, alcohol, speed,
inattention, reactions to other
incidents and many more. We can
never be quite sure just where, or
when, a vehicle will leave a road.

Roadside safety is an important but
overlooked part of road
management in the CAREC region.
Our task as engineers is to reduce
the likelihood that a vehicle will
leave the road and, if one does, to
minimize the consequences of that
event. Engineers and others
responsible for managing CAREC

highways therefore have an
important role to play in reducing
single vehicle run-off-road crashes
and their consequences. This
manual has been prepared to help
in this task.

The roads and highways that
connect the CAREC region contain
many similarities, but also many
differences. Some carry high traffic
volumes; some carry few vehicles.
Many are high speed roads, on
others the vehicle speeds are low
due to geometric or topographic
constraints. Some of the highways
HaEe v e wide with duplicated
carriageways, while some are
narrow, single carriageway roads.
Some CAREC highways cross
deserts, some pass through
mountainous terrain, and many are
found in undulating farmland. They
experience severe weather
conditions that are amongst the
most extreme on the planet. One
unfortunate and often fatal common
link these roads share is that
vehicles sometimes run off them and
become involved in single vehicle
run-off-road  collisions in the
roadsides.

Vehicles run off a road (and enter the
roadside) for many reasons, including:
- Driver fatigue (the driver is asleep
or almost asleep)
- Excessive speed for the conditions
- The driver is under the influence of
alcohol or other drugs
- Driver distraction, inattention or
inexperience
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- lce, snow, heavy rain or other
weather conditions

errant vehicles can be brought under
control safely. We use the term

- A vehicle failure Aforgiving roadsi deo
- Poor geometric design of the road roadsides. This is a positive term that
-A  misleading, and poorly means the roadside is free of

delineated, road roadside hazards that may Kill or
-A sudden change in traffic injure road users in errant vehicles

conditions (such as a vehicle that happen to leave the road at that

ahead stopping suddenly, or an point.

animal running onto the road

unexpectedly) 10. The roadsides of most CAREC

highways at present are not
Such incidents are common on Af orgivingo. Too often
CAREC highways as well as on roads they contain many public utilities, or
and highways the world over. It is not local beautification schemes. On
possible to be sure where and when a many urban roadsides, you will see
vehicle will leave a road but we do large poles, rigid light columns,
know that such incidents often lead to advertising billboards and trees. On
severe injuries or death for the vehicle rural roadsides trees, undrivable side
occupants. slopes, bridge parapets, and culvert
headwalls comprise most of the

This is because, when drivers lose hazards. On major routes overpass
control of their vehicles and leave the and interchange structures, and large
road, they often collide with unyielding sign supporting posts are common
objects (such as trees and poles) or roadside hazards. Along CAREC
non-traversable features (such as roadsides there are a multitude of
drains, steep side slopes or rough roadside hazards. The photographs in
surfaces) that cause the vehicle to this manual highlight many examples.
vault (become airborne), rollover or
stop abruptly. 11. Identifying, investigating and treating

Ideally, all roadsides should be free of
potentially hazardous features so that

roadside hazards is a significant
road safety challenge along CAREC
highways.

There are many different types of fixed roadside hazards. Trees, rocks, open drains, poles, piers, undriveable
side slopes, culverts, and bridges are just some of the many hazards that exist along CAREC highways. Our job
is to design and build safer new highways that are free of such hazards, as well as to reduce the risk that current
hazards present today.
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12.

13.

14.

15.

You and your colleagues face the
challenge of what to do to reduce
the frequency and/or severity of
such crashes. For many engineers,
their first thought is to install safety
barriers. Their only consideration
may be the cost. However, as
detailed in this manual, there are
other options that are often safer
and cheaper.

These other options are best
considered in a careful and logical
manner with the guidance of the
roadside hazard management
strategy. The strategy is an
underpinning philosophy of this
manual. It provides you with a clear
and simple approach to follow as
you identify, investigate and then
successfully treat your roadside
hazards. It will help you to reduce
road trauma on your roads and
highways.

In addition to explaining the
roadside  hazard  management
strategy, this manual demonstrates
how to create more forgiving

roadsides along the CAREC network.

It covers:

- How to identify a roadside hazard
via the clear zone concept;

- How best to investigate a
roadside hazard by using the
roadside hazard management
strategy, and;

- Selecting the most appropriate
treatments for your site.

The manual also explains the three
groups of safety barriers, as well as
other useful items of roadside
furniture such as slip base and
impact absorbent light columns,
crash cushions, and driveable end
walls. Although there are relatively
few of these devices in use along
CAREC highways at present, they
will become more common in the
future. It is important for everyone
responsible for managing CAREC
highways to maintain up-to-date

16.

17.

18.

knowledge of new and innovative
road safety devices that can reduce
run-off-road crash severity.

A well-designed road aims to keep

vehicles safely on the road. Safe

road design endeavors to provide
safe road conditions including:

1 Appropriate horizontal and vertical
alignment;

fAdequate road and lane widths,
including sealed shoulders;

{ Suitable cross fall as well as super
elevation on curves;

1 Good sight distance;

9 Provision of appropriate signing,
clear pavement markings and
delineation;

9 A sound road surface;

1 Management of traffic conflicts at
intersection; and

9 Appropriate management of
vehicle speeds.

The fundamental principle for
designing safe roadsides is based
on the knowledge that drivers (or
riders) will make mistakes -
occasionally they will lose control of
their vehicles and leave the road.
We can never be sure exactly where
or when this may occur. When a
vehicle runs off the road there is a
real risk that it will either roll over or
it will crash into a fixed object. Both
can lead to severe injuries or death
for the occupants (riders).

To minimize the consequences if a
vehicle runs off the road, it is
i mportant t o
roadside to minimize the severity of
t he
principles include provision of
forgiving roadsides for occasions
when a vehicle runs off the road.
Forgiving roadsides are free of rigid
poles, drains, structures and steep

provi de

dri ver &afe desigat ak e s .
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19.

20.

21.

22.

23.

slopes. Slopes should be drivable to
enable an errant vehicle recover or
come to a stop. All aspects of the
roadside should be designed to
minimize the possibility of an
occupant of an errant vehicle being
seriously injured or killed.

In short, a forgiving roadside
forgives a driver for making the
error. Our task is to provide the
forgiving roadside as one of our
main contributions to reducing road
trauma.

But to provide a forgiving roadside
we need to understand some basic
concepts as well as many technical
details. There are some key
guestions we must answer first such
as what is a roadside hazard, and
what is a clear zone before we can
move on to the range of effective
treatments we use to reduce this
major road safety problem across
CAREC highways.

This manual is structured into three
key chapters - identifying roadside
hazards, investigating those
roadside hazards, and finally
treating the roadside hazards. It has
been prepared to give readers a
clear and practical introduction to
this important road safety issue.

Whatever the cause, when an errant
vehicle leaves the road the
occupants need a safe and forgiving
area in which to safely recover and
stop. Unfortunately, they are more
likely to confront a solid pole, a large
tree, a deep drain or a steep slope
on many sections of CAREC roads.
Any of these can cause death or
serious injury to the occupants of an
impacting vehicle.

Roadside hazards are one of the
largest killers on the roads of the
world. In the CAREC region as

24.

25.

26.

27.

roads improve and more highways
are built, speeds will increase and
the problem of f
offr oado crashes i
It is the right time for engineers in
the CAREC region to begin to make
a positive difference in roadside

hazard management.

The roadside is an important but
often forgotten part of a road.
Roadsides provide space for
parking, for landscaping, for
services, for lighting, and for
drainage. Roadsides are a place for
natural flora and a home for native
fauna. Throughout the CAREC
region however, the roadside is
often a place occupied by roadside
structures (culverts, bridges),
stockpiles of materials, rigid poles,
rocks, undriveable side slopes and
deep drains. The roadside is often
an area that increases the severity
of many run-off-road crashes.

Many engineers in  recently
motorizing countries, including most
CAREC countries, underestimate
the importance of their work in
reducing road crashes. Some of
them think that crashes are due fully
to the faults and mistakes of the
driver/rider. They believe that the
only way to improve road safety is
for Police to take a stricter and more
effective role in enforcement.

These engineers fail to realize that
many of the human mistakes that
are made on the roads are due to
failings by an engineer - a drain that
is unnecessarily close to the road, a
bridge that has inadequate barrier to
shield its end walls, a sharp curve at
the base of a steep slope with no
delineation.

So, the good news is that engineers
and other professionals engaged by
road authorities across the CAREC
region can improve safety of their
roads, one small part at a time. You
can help drivers (and riders) to avoid
Arofir oado <crashes

by
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clear delineation of curves. You can
help to minimizet h e
off-r oado crashes
speeds, and by installing suitable
crash protection where needed.
28. By appreciating that you have a key
role in road safety, and by applying
the essential principles contained in
this manual (as well as the other
manuals in this series of Road
Safety Engineering manuals) you
can influence the design,
construction, maintenance and
operation of safer roads, and often
at low cost. There are countless
opportunities.
29. Engineers and others responsible
for managing roads in the CAREC
network can make a positive
difference to road safety. You can
save lives and prevent injuries.

sever-i

T ~

A key message underpinning this manual is
that engineers have a vital role to play in
providing safer roads, and roadsides, for all

road users in the CAREC region.

A critical side slope (steeper than 1V:3H) increases
the risk of roll-over crashes. In turn this increases
the risk of serious injury or death for the occupants.

Run-off-road crashes are especially serious. They
lead to a higher percentage of fatalities and serious
injuries than other types of crashes.
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30. The safe management of roadsides
is an important responsibility of road
authorities. It is becoming an
|r}?r(rata8|r;gl)é_rlmp:o;t?nt t"’r‘zk ?Sd mqr:e 34. A roadside hazard is any feature or
?heoczsi (ce)f rlozcdecracs)\;lvgs aslcr%sic'lhg object beside the road that may
I adversely affect safety of the
world. roadside area should a vehicle leave
31. The first step towards making a the road at that point.
{gggz:gz hsaazf:rrdslsalotﬁ Ii?e'rllﬂz t;rs]i 35. In our profession, a roadside hazard
requires iudament ang e.x erience is more specifically defined as any
Or?g en gj:#] e?ar may havep a very fixed object with a diameter of 100
. e mm or more. From this definition
S\)EZ{ecrgnsq[ﬁ{Ttgsn at?oggggh:rh;fzt;?gt one can easily imagine fixed poles
Is every tree on a roadside é (_sigr_1 supporting poles, power poles,
~ y R ighting_columns) and lar e trees as
ihazardo? Are bus shel ogdgigse a?adgrég'roadside
Lsazt:rac}’? bn\(/jvtht pa;ggﬁt athreoadsileollé hazards also include other features
su orfin the overpass? Are IOthe too, such as large rocks or
haggrds tgo’P pass: y undriveable side slopes that can
' cause serious injuries to the
32. Government road agencies need to occupants of a vehicle that runs off
o the road.
have an agreed definition for
roadside hazards to ensure that they :
. . , 36. There are two groups of roadside
treat the hlght-)?slé hazardsd flrst. Tkg(le_y hazards i t h e first ar e
oot o PPl nazardso wnile (i
undsin a ' Acontinuous hazardso.
33. As a profession, therefore, we need
to seek uniformity and consistency
in the definition of a roadside _ o
a definition of a roadside hazard or roadside hazards of limited

length. They include:
i Trees (over 200mm diameter)
i Bridge end posts
fLarge planter tubs
fMonuments
fLandscape features

fNon-breakaway  sign
(over 100mm diameter)

fInterchange supporting piers
9 Driveway headwalls

before we can move forward to
making decisions about how best to
treat these hazards.

posts

i Culvert headwalls
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38.

39.

40.

42.

T Utility poles (more than 100mm
diameter)

{1 Solid walls

An isolated pole, for instance,
presents a risk to an errant vehicle.
But increasing numbers of poles
along that road will increase the
risk. An errant vehicle may be lucky
enough to miss a single pole, but
with more poles comes increased
risk that one will be struck.

Because of their individual nature
and limited length, the preferred
treatment for point hazards is to
remove them from the clear zone,
rather than to shield them with a
barrier. Barrier has a minimum
length for structural strength (see
later in this manual) and using 40m
or more of steel barrier to shield
(say) a pole is not always the most
suitable nor safe option.

You should note that while trees
less than 100mm in diameter within
the clear zone are not considered to

T Rows and forests of large trees
T Uncovered longitudinal drains
Y Retaining walls

i Steep embankments

T Rock cuttings

1 Cliffs
TAreas of water (such as lakes,

streams, channels over 0.6m deep)

A forgiving roadside reduces the
consequences for vehicle
occupants of a run-off-road crash.
The safety of the roadside area can
be maximized by providing a clear
area where vehicles can slow down
without hitting a fixed object,
allowing the driver time to regain
control. But how large do we need
to make this clear area beside the
road? Is a couple of meters OK? Or
do we need a very wide and clear
area? Do we have any figures

41.

fIPedestrian
and/or stairs

overpass  piers

be point hazards, you may still wish
to consider their removal from the
clear zone if they are expected to
grow to that size and larger in the
future.

Continuous hazards differ from
point hazards in that they extend for
a considerable length along a road.
It is therefore generally less
practical to remove or relocate
them. When located within the clear
zone these continuous hazards are
roadside hazards. The length of the
hazard increases the likelihood that
an errant vehicle will strike it, and
some hazards (such as cliffs) have
a high crash severity regardless of
the speed of the errant vehicle.

Examples of continuous hazards include:

43.

44,

fUnshielded hazards (such as cliffs)

beyond the clear zone, but within
reach of an errant vehicle

9 Curbs with a vertical face more than

100mm high on roads with
operating speeds above 80km/h.

I Fences with horizontal rails that can

spear vehicles

available to guide us or do we
simply guess? What if the road
reservation is very constrained, and
we simply cannot get any more
land?

Such questions are common and
they reflect real issues confronting
project managers during the
development of road projects. They
are best answered by adopting the
clear zone concept.

The clear zone concept allows
engineers to design and provide a
driveable roadside area that is clear
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of hazards. This concept does not
prevent run-off-road crashes but it
reduces the consequences of them.
Safety is maximized by providing a
clear area where an errant vehicle
can slow down, avoid hitting a fixed
object, and where the driver can
regain control.

This CAREC highway crosses a large desert. It
has wide open and flat roadsides which provide a
good level of roadside safety here. The most
obvious safety improvement here would be to
include delineation and paved shoulders - to keep
vehicles on the road.

e -]

Although there is much flat roadside, care needs to
be taken with man-made structures such as
culverts (such as this) and bridges. We can never
be sure where or when a vehicle will leave a road.

45. Because an actual recovery area
can be quite large, the concept of a
clear zone has been developed to
define an area which reflects the
probability of a severe crash
occurring at a site. The clear zone
concept and principles provide a risk
management approach to prioritise
the treatment of roadside hazards at
different locations. The clear zone

distance  provides a balance
between a sufficient recovery area
for errant vehicles, the cost of
providing this area and the
probability of an errant vehicle
encountering a roadside hazard.

46. Early studies in the USA found that
on high speed open roads with flat
side slopes, 85% of vehicles could
recover within nine meters from the
edge of the roadway. In the field of
roadside hazard management, we
aim to provide a safe roadside for
those 85% of vehicles that recover
inside this width.

47. This means of course that 15% of
errant vehicles do not recover in that
width, and some travel a much
greater distance before recovering
(or coming to a stop). The width
required for recovery of 100% of
vehicles is substantially wider. This
width is so wide in fact that it is
generally impracticable to achieve.
The clear zone concept is therefore
based on figures for 85% of errant
vehicles.

48. However, if a major hazard (such as
a high cliff) lies just outside the clear
zone, and the certain consequences
of an errant vehicle leaving the road
are severe, you should consider
protecting all vehicles that may run
off the road at that location. That is,
you should act to include the last
15% of road vehicles that would
theoretically travel beyond the
normal clear zone.

2.2.1 What is a Clear Zone and
how do we calculate it?

49. A clear zone is the area beside a
road (measured at right angles from
the edge line or the edge of the
nearest traffic lane) that needs to be
kept free of fixed roadside hazards to
give an opportunity for drivers of
errant vehicles to recover.
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50.

52.

The width of the required clear zone
should be an early consideration in
designing a new road or upgrading
an existing one. The required width
of the clear zone will also be an
important consideration during a
road safety audit of an existing road.
Knowing the necessary clear zone
for an existing highway is an
important starting point if you are
investigating a  blackspot that
features many run-off-road crashes.
You need to know how wide the
clear zone should be, so that you
can start to take the right decisions
to provide it.

The clear zone width for any road
(existing or proposed) is determined
by a process that considers a range
of four key factors:

- The operating speed of the traffic.
The operating speeds of the
traffic will dictate how far off a
road an errant vehicle may travel.
At 60 km/h, 85% of errant
vehicles will recover within 3
meters from the edge of the
traffic lane but at 100 km/h, 85%
of vehicles will require 9 meters
to recover. Faster = further.

The traffic volume. A higher
volume of traffic results in greater
exposure and an increased
likelihood that one of those
vehicles will run off the road. The
traffic volume factor is thus a
budgetary matter; it requires you
to provide larger clear zones for
busier roads. It allows you to
accept smaller clear zones if
traffic volumes are low. For low
traffic roads, with few motorists
exposed to a roadside hazard, it
is less cost-effective to provide
the same clear zone as high
volume roads.

The curve radius of the road. The
clear zone is wider on the outside
of a curve because errant
vehicles travel further off the
outside of a curve before
recovering. A curve adjustment

53.

54.

factor is available to increase the
clear zone width as necessary.
The steepness of the side slope.
This factor influences how far an
out-of-control vehicle will travel
from the road. If the side slope is
very steep (more than the critical
slope) it is not counted as a part
of the clear zone. The clear zone
must extend beyond the slope,
sometimes into neighboring fields.
Steep slopes are not driveable,
not recoverable and they
increase the risk that an errant
vehicle will overturn. Over turning
crashes often result in serious
injuries or fatalities. Adjustment
factors are provided for adjusting
the clear zone for roadside slope.
Steep side slopes need wider
clear zones.

Figure 1 (below) is wused to
determine the required basic clear
zone required for a straight length of
CAREC road. It is based on
AASHTO guidelines that originated
in the 196006s
revised as required by various
leading road authorities.

You can use this figure to calculate
the required clear zone for a road
(new or proposed) in a few simple
steps:

- Estimate the operating speed of
the traffic (the estimated
operating speed, NOT the
design speed, and NOT the
speed limit).

- Estimate the daily traffic volume
(note the graph is for one
directional flows only. Double
the figure for a two lane, two-
way highway).

- Take these two figures and use
them to calculate your clear
zone from Figure 1 (below).

and
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Figure 1 Clear Zone for Straight Roads
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Source: VicRoads (2011) Supplement to Austroads Guide to Road Design i Part 6 (Roadside Design, Safety
and Barriers)
55. Not all roads and highways are

straight of course. There are factors
other than operating speed that
affect the distance that an errant
Your highway is straight, with operating vehicle will travel from a road. The
two most important of these are the
horizontal and vertical geometry of
way traffic volume of 4000 vpd. Using the site.

Clear zone example:

speeds estimated at 80km/h, and a one -

A &AL s [Tl e 56. An errant vehicle will travel further

zone for your highway is 6 m. off the outside of a curve than off a
straight due to the inertial forces

involved. An errant vehicle will travel
further down a fill slope than on flat
ground (or a gentle cut slope) due to
gravitational forces.
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57.

The horizontal alignment of a road
(curves) can influence vehicle
behavior and the potential for
running off the road. The laws of
physics will cause an errant vehicle
to travel further off a road on the
outside of a curve than on a straight.
Therefore, the clear zone distance
indicated in Figure 1 for straight
roads should be adjusted where the
part of the road is on a horizontal
curve by multiplying the clear zone
distance by the appropriate curve
correction factor from Figure 2
(below). Multiply your clear zone
with this adjustment factor; it will
give you a wider clear zone,
remembering that errant vehicles go
further off a road on the outside of
curves.

58.

59.

The correction only applies to clear
zones on the outside of curves.
Curves larger than 1000 m radius
do not require an adjustment. The
curve correction factor is particularly
important when crash histories for
curves along a highway show that
crash potential can be reduced by
increasing the clear zone width.

Even though you only apply the
adjustment factor to the clear zone
for the outside of curves, remember
that many crashes do involve
vehicles running off on the inside of
a curve. This is a common form of
firvofir oado <c¢r ash;
when looking at blackspots on
curves especially if you do not have
accurate and reliable crash data.
Not all run-off-the-road collisions
occur on the outside of curves.

Figure 2 Clear Zone Adjustment Factors for Curves
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60.

61.

Ideally, a safe roadside should be
flat, particularly if it is to be
traversable for errant vehicles. If a
roadside is not flat, an errant vehicle
that leaves the roadway may
encounter a side slope on a fill
embankment, a side slope in a
cutting, or a drainage ditch. These
geometric features will affect the
path of the errant vehicle and the
distance it needs to recover.

Fill side slopes cause an errant
vehicle to travel further from the
road before it can be brought under
control than do flat side slopes. Fill
slopes can be classified as

O6recover a-béeodyeréndnr b
fles.r Theer r ant

6criticald
classification of the slope will affect
the clear zone distance required as
follows:

- Recoverable slopes are
traversable and need no
adjustment to the clear zone
width. Recoverable  slopes
generally have a slope of 1V:4H
or flatter.

Non-recoverable fill slopes are
slopes steeper than 1V:4H, and
flatter than 1V:3H. Most errant
vehicles on these slopes will
continue to the bottom of the
slope, so an errant vehicle
recovery area beyond the toe of
the non-recoverable fill slope is
required. In these cases, the
clear zone distance excludes the
width of the non-recoverable
embankment slope. Therefore,
the clear zone needs to continue
beyond the bottom of the slope.

Critical fill slopes (which are non-
recoverable slopes) are
considered as critical if the slope
exceeds 1V:3H. Critical slopes
usually cause an errant vehicle
to roll over. These slopes need
to be flattened or shielded with

safety barrier if the slope is
within the clear zone.
- The surface of the fill is also a
factor that affects whether a fill
slope is traversable or a hazard
to errant drivers. The
embankment surface must also
be relatively smooth, sufficiently
compacted and free of fixed
objects. The surface may be
relatively even or it may be
uneven with low obstacles that
can snag a vehicle and cause it
to roll over. On sandy roadsides,
such as those found along many
CAREC highways, the
probability of a  vehicle
overturning is high, even at
slopes less than 1V:3H.

Slopes can be made more
traversable if the top and bottom

O bf the slope are rounded to help

ah€ &rarft vehicle remain in
contact with the ground. Many
cross-sectional drawings show a
Aroundingod of t
level but most show nothing at
the base of the fill. This location
is often close to the edge of the
road reserve and is often close to
fields. It is easy to forget but
rounding the bottom of the slope
is a valuable safety treatment.
The recommended maximum
side slope on fill embankments
for new road projects in CAREC
projects is 1V:6H. Where it is not
economically practical to achieve
or better this side slope, safety
barriers shall be installed on all fill
slopes with heights of 2 m or
higher.

In some instances, it may be
possible to avoid the need to
introduce a safety barrier by
constructing a 1V:5H side slope
from the edge of the shoulder to
the limit of the clear zone, with a
steeper embankment (not
exceeding 1V:3H) beyond that
point. This option may be
preferable and more economical
than providing safety barriers.

he
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62. Figure 3 (below) shows the various adjustments to be made to your clear zone when
your road is on a fill embankment.

Figure 3 The Effect Of Side Slopes On Clear Zones Widths
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Notes:
1. CZ is the clear zone width determined from Figure 3 adjusted for horizontal curve where necessary.

2. ECZ is the Effective Clear Zone width.

3. Wz is the width from edge of through lane to hinge point.
4. Wsis batter width.

5. W2is width from toe of batter.

6. S is batter slope (m/m).
7. Provide batter rounding to all batter top and toe hinge points.

Source: AUSTROADS (2003) Rural Road Design
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2.2.5 Applying the clear zone
to your site

63. The clear zone concept gives us a
distance that, experience tells us,
will provide an increased level of
safety for the occupants of errant
vehicles when they do leave the
road. If you can achieve a clear
zone that is tailor-made for your
roads, it is a sure thing that injuries
and fatalities due to run-off-road
crashes will decrease dramatically.

64. How then do you apply the clear
zone to your site? If your road is (or
will be) a long one, it may have
several curves and some steep side
slopes along its length. In these
cases, you should work out the
required clear zone for each
segment of the road.

65. With your set of final clear zone
widths, round each one up to the
nearest meter for ease of use. This
adds a very small safety factor into a
system that has many variables
(such as the mass of the vehicle, its
speed, its angle of departure, the
road and soil conditions and so on).

66. Take each clear zone width, and
measure is at right angles from the
edge line or, if there is no edge line,
from the edge of the road pavement.
Mark that width in some way that
allows you to stand along the line
and visually determine what hazards
(fixed hazards, more than 100mm
diameter, or continuous hazards
such as concrete lined drains) lie
within it.

67. Record those hazards by taking
many photographs and/or making
digital recordings of your
observations. Be open to the
opportunity to provide wider clear
zones wherever possible,
particularly for high speed, high
volume roads. There is evidence in
research literature that reductions in

crashes of all severities can be
achieved by extending clear zones
to greater distances.

This side slope is approximately 1V:3H. It is
deemed non-recoverable and it should not be
counted as part of a clear zone. The clear zone
here includes the shoulder, the remaining (verge)
before the side slope and some of the flat area in
the field.

An errant vehicle will usually travel further off the
road on the outside of a curve such as this. Figure 2
gives adjustment factors for clear zones at curves.


















































































































































































































