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Abstract

This paper describes the implementation of the first greenfield “2+1” road scheme in Ireland, which
opened to traffic in late 2007 as part of the pilot program launched in 2002 to implement 2+1 roads
throughout Ireland. A 2+1 road is a three lane road with a median barrier between the opposing
directions. The direction of flow with two lanes alternates along the route to allow defined sections of
overtaking. The median barrier prevents imprudent overtaking manoeuvres into oncoming traffic, which
has significant proven safety benefits at lower costs than divided carriageway construction. The policy
has evolved to “2+2” type roads in Ireland, which provides additional capacity and safety benefits over
single carriageway roads.

Ireland’s National Development Plan (Irelands 10 year infrastructure plan), proposed that 850 kilometres
of the National Primary road network would be upgraded to a 2+1 road type if the pilot was successful,
equating to approximately 30% of the National Primary road network. Ireland has a large rural road
network, which accounts for a significant proportion of fatalities and serious injuries, with low traffic
volumes that do not justify dual carriageway construction.

Some of the perceived common difficulties and drawbacks of implementing a 2+1 road system that have
been found in both Ireland and Sweden (which also uses this system) are:

� increased crashes into the barrier and resultant high maintenance costs

� accommodating emergency vehicles, breakdowns and maintenance works

� restricted access for property owners

� public perception

� motorcyclists.

This paper looks at how the concept of a 2+1 road might fit into the National Road Strategy for Australia
as a possible solution to rural road deaths. The paper summarises some key research undertaken to date in
Victoria on the use of flexible barriers and provides an example of a scheme that has recently been
opened on the Pacific Highway in NSW, which has one of the worst records for fatal head-on collisions in
Australia.
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Introduction

Ireland has a population of 4.2 million (2003) and a road network of 91,000 kilometres of local and
regional roads, and 5,415 kilometres of National road network, which represents 6% of the total road
network. Of the National road network, 4,860 kilometres is two lane undivided carriageway, with 308
kilometres of dual carriageway or 2+1 roads, and 247 kilometres of motorway.

In 1996, Ireland had a crash rate of 12.6 fatalities per 100,000 population, which dropped to 9.6 by 2005
after the introduction of, among other things, a demerit point system for driving offenses on driving
licenses and maximum blood alcohol levels limits when driving. By 2005 Ireland had experienced a
35.7% drop in numbers of accidents and a 12% drop in fatalities.

From 1998 to 2003 the improvement in Ireland’s road accident statistics was among the best in Europe,
improving from 112 to 84 deaths per million population. However, from 2003 to 2006, Ireland was one of
the few countries in Europe to show a deteriorating trend, with road fatalities increasing from 84 to 87 per
million population. In 2006 Ireland returned to the 2003 level, and this improving trend has continued
into 2007 (RSA, 2007).

In 2007 Ireland ranked ninth out of the 25 European Union (EU) countries in Europe, up from 16 in 2006.
The road toll of 338 in 2007 represented a reduction of 8% on 2006 figures, the second lowest figure
since records began. The EU target is to reduce road accidents by 50% by 2010 from a base year of 2000,
which equates to 252 deaths per year for Ireland by 2010. This target is adopted under the current road
safety strategy for Ireland. The 2007 to 2012 Road Safety Strategy for Ireland marked a change in focus
to prioritise prevention of collision in addition to planning to contain the consequences and
recovery/rehabilitation of the injured. The change in focus was for policy to accept that road users will
make mistakes and to seek to compensate for those mistakes by designing and building a more forgiving
road network.

In 1996, Ireland embarked on an ambitious infrastructure program (National Development Plan) that
included the replacement and upgrade of two thirds of the National Primary road network, which had
been neglected over many decades, to divided carriageways. At the time, Ireland was experiencing
unprecedented economic growth (dubbed the Celtic Tiger) and was often named a first world country
with “third world infrastructure”.

Over the life of the current road safety strategy, the National Development Plan will spend €1.25 billion
per year on new infrastructure and €20 million annually on road safety measures. The current road safety
action plan includes a raft of educational, enforcement and legislative measures (RSA, 2007). Some of the
key engineering measures include:

� Putting in place remedial schemes at identified collision locations on non-national roads — 180
schemes per annum.

� Implementing 80 road safety remedial schemes per annum and eliminating backlogs by 2012.

� Continuing to monitor and develop road types, for example divided roads, ensuring best safety
standards are incorporated into road design.

� Analysing six National Secondary routes per annum and applying a remedial measures program
based on the findings.

� Reviewing and developing new design standards for National Secondary roads.

� Developing design guidelines for forgiving road sides.

In Ireland, head on collisions account for 20% of accidents on two lane roads, and 37% of fatal accidents.
Single vehicle accidents account for 24% of accidents on two lane roads and 30% of fatal accidents
(NRA, 2004).
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The National Primary road network is 2,800 kilometres and carries 31% of total traffic. In 2002, as part of
the National Development Plan the National Roads Authority (NRA) proposed that 1,200 kilometres of
this network would be upgraded to Freeway standard, and approximately half of the remaining road
network — 850-kilometres — would be upgraded to a 2+1 road type — approximately 30% of the
National Primary network.

In 2002, a pilot program was introduced to evaluate the performance of the 2+1 road type. The intention
of the pilot was to test the safety benefits and cost effectiveness of these types of roads, with the intention
to replace the wide-spread use of the wide single carriageways in Ireland as a safer alternative.

The pilot program included two retrofit 2+1 schemes totalling 15 kilometres, two greenfield 2+1 schemes
totalling 19 kilometres, and one 9 kilometre 2+2 scheme also greenfield. The first greenfield scheme
identified was the N2 Clontibret to Castleblayney road realignment scheme. This 16 kilometre rural single
carriageway road realignment had been through the planning process and had a land corridor and
preliminary design approved as an upgrade to the existing two lane carriageway road. This road
realignment scheme had been designed as a wide single carriageway road (WS2).

The NRA in Ireland considered that these types of roads would significantly reduce fatal head-on
collisions on single carriageway roads and reduce severity of all accidents by eliminating imprudent
overtaking (NRA, 2004).

The N2 road realignment scheme – a wide single carriageway
A wide single carriageway had 5 metre wide lanes and 2.5 metre hard shoulders on each side, a total
pavement width of 15 metres. The capacity for a standard single carriageway (no hard shoulders) is
11,600 Annual Average Daily Traffic (AADT) for a level of service D this can be increased to 13,800
AADT for a wide single carriageway that allows for limited overtaking of slower vehicles using the hard
shoulders (see Figure 1).

Figure 1 Wide single carriageway design in Ireland
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Figure 2 Cross-section for a 2+1 road in Ireland

A preliminary design had been completed for the planning stage of the original scheme and planning laws
in Ireland dictated that the local council had to approve any changes to the scheme, provided that the
scheme retained its original overall form and function and did not make the environmental impacts any
worse. The road corridor was fixed by the previous planning work.

The design team redesigned the scheme from a wide single carriageway alignment to a 2+1 road (refer
Figure 2), and at the same time assisted the NRA with developing standard details for an interim design
guide for the industry, and getting the revised scheme on display and approved by the local council, who
in Ireland act as the road authority.

With the road corridor fixed and the introduction of a median barrier into the scheme, the horizontal and
vertical alignment could be redesigned as the requirement for forward visibility, widened verges and to
provide safe overtaking opportunities was no longer required. This reduced the footprint of the scheme
within the road corridor by reducing the widened verge requirements, and hence the cut and fills in the
alignment. The savings in earthworks enabled the introduction of service roads in some places in the road
corridor.

The number, and to some degree the form, of junctions were largely fixed by the previous planning work.
There were at-grade junctions that maintained the connectivity of the local road network through priority
junctions. There was one priority T intersection, two staggered T intersection, one roundabout, and two
compact grade-separated junctions along the scheme, and one fully grade-separated junction.

The previous scheme also facilitated a number of landowners with direct paddock access onto the
proposed road realignment. Under a wide single carriageway design, these farm vehicles would normally
travel along the hard shoulders. This was common practice for single carriageways in Ireland up until this
time. In addition the wide hard shoulder is typically used for pedestrian and cyclist activity.
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What is a 2+1 road?

The 2+1 road type is intended for rural situations where junctions and accesses are infrequent. The
implementation of short isolated lengths of 2+1 road is not recommended, preferable lengths of these road
types is 5 to 10 kilometres, and they should start and end with a junction to reduce road user confusion.

A 2+1 road involves the introduction of a continuous overtaking lane to a single carriageway cross-
section and a median with a central barrier; this reduces crash severity whilst providing improved traffic
operations within a restricted road reserve. The third lane alternates each side and is separated from
opposing traffic by a 2.0 metre paved median containing a wire rope barrier. The cross section is kept
economic by hard strips on each side of 1.0 metre width. Using 3.5 metre lanes the total pavement width
for a 2+1 road is 14.0 metres; a reduction of 1 metre in pavement width over the wide single carriageway
cross-section.

The implementation of a 2+1 road type also provides a higher capacity road than a wide single
carriageway. The introduction of the climbing lane effectively increases the capacity provided by the road
realignment to 17,250 AADT for a 2+1 road, (NRA, 2006). This road type fills the gap between a single
carriageway and

a dual
carriageway in terms of traffic flow.

The rules for introducing the third lane follow the guidelines for climbing lanes and as well as allocating
an equal amount of overtaking opportunity for each direction, must be present on significant grades and
each two lane section should ideally be between 1 and 2 kilometres. Too long a length of overtaking and
the single lane section road users can suffer frustration and too short a length and there is not enough
passing opportunity to achieve the capacity targets. Szagal (2005) used a simulation model to analyse the
effects of different additional lane lengths on traffic performance found that any length from 950 metres
to 1,500 metres performed equally well.

The location of the changeover between each section of 2+1 is considered as part of the overtaking lane
layout and usually occurs at junctions. Where distances between junctions require a changeover between
the junctions, then either a critical changeover (lane drop) or a non-critical changeover (lane gain) is used.
In both cases, the outer lane merges into the inner lane in accordance with current European overtaking
conventions. Changeover lengths vary from 50 to 300 metres and depend upon the taper length of the lane
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drops and gains that are required, and are used to reduce the cross-section to 1+1 prior to junctions.
Typical layouts of changeovers are shown in Figure 3.

Figure 3 Layover of changeover – critical and non-critical

Implementing a 2+1 road design

An optimisation exercise was carried out to balance junction locations, overtaking sections and uphill
gradients. Table 1 shows a breakdown of the arrangement of overtaking sections between intersections.

Table 1 Summary of overtaking lengths on N2 scheme

Section of road Southbound
(km)

Northbound
(km)

Glennyhorn T intersection - Ballybay
roundabout 0.8

Ballybay roundabout - Avalreagh staggered
T intersection 1.6

1.1
0.9

0.9
Avalreagh staggered T intersection - Old
Monaghan Road roundabout

1.8
0.9Old Monaghan Road roundabout - Ballybay

Road grade-separated interchange 0.8

Ballybay road grade-separated interchange -
Shercock Road grade-separated junction 1.1

0.8Shercock Road grade-separated junction -
Castleblayney Road roundabout 0.9
Total overtaking length 5.9 5.7
Percent of total scheme length (16 km) 37% 36%
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A measure of success was the length of carriageway in each direction that provides overtaking
opportunities as a percentage of the project length. The scheme achieved a ratio of 36% overtaking
distance  in  each  direction  as  a  proportion  of  the  16  kilometre  scheme  length.  A  total  of  73%  of  the
scheme has three lanes, the remainder being lost in junctions and critical and non critical changeovers.

Ireland is typically made up of small holdings, historically these were interlinked with rights of way and
access roads. Depending on whether the scheme is greenfield or an existing alignment, issues for
landowners include:

� existing and proposed accesses

� minimising severance — provision of underbridges and cattle crossings, or investigate alternative
routes or buy out remaining land lots.

� Accessing the new road — U-turn provision and length of detours

Access onto a 2+1 road is restricted for landowners to left in and left out. With the landowner having to
carry out a detour to achieve a right turn movement. To minimise the number of these accesses service
roads were introduced to collect accesses either onto the next minor road or into one access onto the main
road.

The use of the single lane sections by slow moving farm vehicles is an issue for this type of road and was
minimised as far as possible for this scheme. In all, access roads were provided for landowners totalling
4.2 kilometres, which restricted the number of left in, left out accesses to four for the whole scheme. The
access roads generally collected property accesses together and feeds them onto the local road system or
the adjacent junction where they could access the 2+1 scheme.

U turn provisions were ideally provided at junction locations and one of the easiest ways of providing for
U-turns is provision of a roundabout. The introduction of a roundabout in the middle of rural Ireland on a
main road was unconventional at the time, but was approved as a necessary, and the best available
solution. The introduction of U-turn facilities at junctions produced some quite complex signing schemes
for road users. A typical U turn arrangement for a minor road is shown in Figure 4.

Figure 4 2+1 junction layout
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In addition, the conversion allowed the introduction of two additional livestock underpasses, and a
pedestrian-cycle underpass. Separate pedestrian/cycle facilities were provided on a one kilometre section
adjacent to the road. The introduction to the scheme at each end was preceded by a lead in length of 600
metre of wide hatched median with no barrier.

As part of the optimisation exercise the junction types were reviewed and two at grade roundabouts were
introduced into the scheme. The final scheme had three at grade roundabouts, one staggered intersection
and a graded-separated intersection with right turn in movement and one fully grade separated
intersection with no right turn movements allowed. The layouts of these intersections is shown in Figure
5.

Figure 6 N2 Clontibret to Castleblayney Scheme – 2+1 arrangement
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When the scheme was finalised it was put on display and three evening presentations were held for
affected landowners to talk to them about the new road type and the changes from the original scheme
and how this would affect them. The identification of this scheme as a pilot scheme had a few advantages
that could be sold to the community, as follows:

� Bringing the time frame forward for the construction, which gained a lot of support from the local
community and the local council as the project was currently “on the shelf” awaiting funding.

� Provides  a  higher  capacity  road  than  a  wide  single  carriageway,  by  the  introduction  of  a  third
overtaking lane similar to a climbing lane.

� Reduced footprint with associated reduced environmental impacts (earthworks, visual impacts, noise
etc.) and land requirements; at the end of this scheme some land was returned to landholders.

The community’s concerns included a desire for a dual carriageway, which was an ongoing concern.
Individual issues were based on access opportunities and lengths of diversions, travelling farm vehicles
on the single lane sections and or farm vehicles turning right or U-turning into a single lane section at a
junction. The introduction of service roads met with a lot of support from the local farming community as
they appreciated the danger of mixing farm and local traffic with high speed traffic.

The scheme was the subject of a road safety audit, which raised concerns in the following areas:

� how the scheme was terminated and started and how the message was conveyed to road users

� termination of two lane sections relative to junction locations

� junction layouts, particularly staggered priority intersections

� further opportunities for reduction in level of access; such as combining accesses.

The scheme was opened to traffic in late 2007, as shown in Figure 6.
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Figure 5 N2 Clontibret to Castleblayney Scheme – layout of intersections
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Outcomes of pilot scheme

The NRA pilot program concluded that the after one year of operation the N20 scheme had eliminated
head on crashes and reduced overtaking accidents, and managed to garner a positive attitude from the
Gardai and emergency services towards the scheme. In terms of accident types, the rate of fatalities and
severe injuries was reduced by 50 to 60%, overtaking accidents reduced by between 40 and 70%, and run
off road accidents reduced between 12 and 67%.

The development of the 2+1 cross-section prompted the consideration of a 2+2 cross-section, which
consists of two lanes in both directions. This type of carriageway provides further enhancements to safety
and capacity by eliminating right turn priority junction types and removing bottlenecks at the two lane
merge section on 2+1 sections; and it is estimated that it can be achieved at a minimum increment cost of
10% when compared to a 2+1 road. The 2+2 cross section has a capacity range up to 20,000 AADT.

The current NRA design guidelines propose the 2+2 road cross-section for all new build roads as a “type
2 dual carriageway” with the 2+1 road cross section (the type 3 dual carriageway) used primarily for
retrofit projects and for lower flow ranges (NRA, 2007).

The NRA identified the following benefits of the 2+1 and 2+2 roads over single carriageways, as follows:

� segregation benefits of a dual carriageway

� reduction in severity of all accidents

� reduction in number of head on collisions

� reduction in driver frustration by provision of overtaking opportunities

� elimination of uncontrolled right turning movements

� controlled access onto all National routes.

The Swedish story

The Swedish road network is similar to Ireland in that they have large areas of country with
comparatively low flows of traffic, which results in long lengths of single carriageway on primary routes.
In addition they have a poor record of fatal and serious accidents on single carriageway rural roads.

Run off road and head on collisions are the main safety issues on all two lane undivided roads in Sweden,
causing more than 66% of all fatalities and resulting in 112 deaths per year through run off road crashes
and 140 people per year through head-on collisions. Approximately 75% of all fatal single vehicle crashes
in Sweden occur on the rural road network.

The national network is approximately 420,000 kilometres including some 3,600 kilometres of 13 metre
wide roads with AADT’s varying from 4,000 to 20,000 vehicles per day and some 1,500 kilometres of
motorways with AADT’s from 8,000 vehicles per day. The event process was always the same, the driver
loses control of their vehicle for some reason and crashes against some obstacle in the roadside area or an
opposing unlucky driver. The reasons for the loss of control are varied from loss of concentration, fatigue,
monotonous driver perceptions, on roads with low events frequencies. Head-ons were found to be the
dominant severe accident type in the interval 3,000 to 5,000 AADT.

A correlation of fatal head on crashes with the traffic volumes on the road showed that 80% of head on
crashes can be addressed by focusing on 15% of the road network. Including severe injuries in this figure
gives 74% of head on crashes on 15% of the roads, Corben et all (2003)
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The pressure grew on the Swedish Government in the 1990s to explore cost-effective measures to
improve road safety. Three different types of road cross-sections were trialled:

� an alternative four lane road with 0.5 metre shoulders, traffic lanes of 3.5 metres, and a 2.5 metre
median

� a 2+1 road for existing 13 metre roads with a separating cable barrier.

� a 2+2 road to improve traffic operations and ease perceived maintenance problems and breakdowns.

The estimated savings were 20 to 50% of severe injury and fatal accidents for 2+1 and even more for 2+2.
The main anticipated problems were blockages in the one lane sections either due to breakdown or
accidents, emergency and over size vehicles, transitions from two lanes to one lane and a poor level of
service for more vulnerable road users.

The Swedes found that:

� For two lane roads with restricted access converted to 2+1 cross section a 90% reduction in fatalities
was recorded and a 45-50% reduction in the number of fatalities and serious injuries.

� For two lane undivided roads (13 metres wide) converted to 2+1 cross section a 76% reduction in
fatalities was recorded and a 35-50% reduction in the number of fatalities and seriously injuries in all
crash types.

� Crashes against the barriers resulting in slight or no injuries have increased. Collisions with the
median barrier are very frequent — about one per week, but normal without injury to occupants.

� The 2+1 cable barrier projects by June 2004 on 110km/hr roads with some 40% of the traffic load
and on the 90 kilometre per hour (km/hr) roads with 60% of the traffic load, had 11 fatalities, which
included two wildlife accidents, giving a fatality rate of 0.0017, equal to that of a motorway (0.002).
For severely injured and fatal, excluding intersection and wildlife incidents the rate was 0.018.

� Traffic operations were good, level of service for normal traffic was better than expected.

The reduction in accidents on 2+1 roads was found to be as follows:

� head on collisions, as expected, almost disappeared

� single vehicle runoffs on semi-motorways at 110 km/hr showed no change. On 90 km/hr roads they
reduced by almost 50%

� overtaking accidents reduced by 45%

� rear end accidents increased on 110 km/hr semi-motorways and 90 km/hr semi-motorways increased
by 200% and 300% respectively

� pedestrian and cycle accidents remained unchanged

� turning off accidents disappeared.

The fatality accident rate for each road type were measured as:-

� 2+1 road projects 0.002

� 2+2 road projects 0.016

� Alternative 4 lane projects  0.003

� motorways 0.002.
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In total, approximately 1,000 kilometres of roadway were opened for traffic by June 2004 that had been
converted to 2+1 roads with flexible barriers along the median (7% of the state road network),
approximately 30% were 110 km/hr motorways, 30% were 90 km/hr semi-motorways and some 30%
were normal 90 km/hr roads with mixed traffic uses, carrying AADTs ranging from 4,000 to 20,000
vehicles per day, with investment plans to reach 1,850 kilometres by 2007.

For the four lane alternative motorway cross-section and the 2+2 road layout the Swedes were
disappointed in their safety performance, which was no better than the 2+1 layout and worse for the four
lane alternative solution. These types of cross-section no longer form part of the Swedish road design
guide.

The Swedes are looking at improving safety design on normal two lane roads up to 11.5 metres wide with
speed limits of 90 km/hr and AADTs in the range 1,000 to 5,000. These types of roads account for 10,000
kilometres of road that account for 90 fatalities per year, 40% in meeting and overtaking and 25% in
single run offs. A feasibility study on a 1+1 road marking scheme for medium traffic volumes, cable
barrier for higher volume sections and a rumble strip scheme for low volume sections is currently being
undertaken, with first projects opened in 2005.

A national road safety strategy: a case for Australia?

Australia’s Rural Road Safety Action Plan was designed to reduce the incidence and severity of road
crashes in country areas by:

� increasing public awareness of the economic costs of rural crashes

� addressing known deficiencies in identified crash areas

� improving driver behaviour and attitudes toward alcohol, excessive speed, seatbelt compliance and
driving while fatigued.

Since the release of Australia’s Rural Road Safety Action Plan in 1996, the Australian Transport Safety
Bureau (ATSB), in coordination with key stakeholder groups, developed the National Road Safety
Strategy 2001–2010 (Australian Transport Council, 2000). A strategy supported by two-year Road Safety
Action Plans (i.e. 2001 and 2002, and 2003 and 2004). As part of the 2001–2010 strategy, a range of
measures were proposed that focused on improving safety in rural and remote areas.

The National Road Safety Strategy target is to reduce deaths to 5.6 deaths per 100,000 population by
2010 reducing by 505 the number of road deaths relative to the 1999 benchmark. Table 2 shows the
fatality rates measured with 2005 data for countries in Europe and Australasia and some of the Australian
states, with Australia as a whole sitting at 7.7 per 100,000 of the population. Based on a population of
20.5 million, this equates to a reduction in road deaths of 430 over the whole of Australia over the next
two years, or a 29.4% drop in road deaths.

This paper has not been peer-reviewed
November 2008, Adelaide, South Australia
2008 Australasian Road Safety Research, Policing and Education Conference

566

The Implementation of a 2+1 Road Scheme in Ireland: A Case for Australia? Gazzini



Table 2 Fatality rates across the world

Fatality rate per 100,000 of
population

Country/State

11.8 Portugal

10.2 Spain

9.6 Ireland

9.3 Italy

6.5 Germany

5.5 UK

4.9 Sweden

11.2 Tasmania

9.9 New Zealand

8.3 Queensland

7.7 Australia

7.3 New South Wales

6.6 Victoria

Source: RTA 2006, EO 2005.

The Road Safety Strategy for safer roads notes that:

It is clear that we now need strong and focused efforts to achieve another major step-down in road trauma:

� a substantial and sustained reduction in deaths and injuries

� improving roads and roadsides to reduce the risk of crashes and minimise harm: measures for higher speed
roads include dividing carriageways.”

The National Road Safety Action Plan 2007 and 2008 identified the following measures:

� maintain and increase the current level of investment in black spot and other safety-targeted road programs.

� implement route risk assessment and treatment programs for major routes, (including hazard removal,
shoulder sealing, audible edge lining and protective barriers, to address the problem of run-off-road
crashes).

Supporting actions identified include for Governments (Federal, State and Territory) to review the
balance between general road investment and funding for safety focused works.

General investment in road infrastructure maintenance and improvement, and targeted investment in road
safety improvements (such as black spot remediation, and application of low-cost, high-effectiveness
treatments to lengths of road), are both important for safety outcomes. Funding for targeted investment in
road safety improvements remains well below that for general road investment.

The Australian Government has operated a Black Spot Program since July 1990. The current Program
commenced in July 1996 and involved initial funding of $36.25 million per year. In 2004 the Australian
Government decided to spend an additional $90 million in 2006–07 and 2007–08 ($45 million a year) to
extend the Program to June 2008.

Additionally, States and Territories have their own safety-targeted road improvement programs, which in
aggregate are now larger than the Australian Government program. For 1999–2000 total State and
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Territory expenditure on such programs was estimated at $44 million, rising to $243 million in 2005–06,
giving a national total of $287 million. Average total annual expenditure in the four years to 2004–05 was
$230 million.

The economic benefit of such expenditure is estimated to average around $5 per dollar spent, with an
accumulating safety benefit of about 24 deaths prevented per year from a $287 million program.
Sustained expenditure of $287 million per year over four years would reduce annual deaths by almost
100, a quarter of that required to meet the road safety targets.

The AusRap program: the national rural network

The National Road Strategy shows that nearly half of the targeted improvement in road trauma can be
achieved by upgrading the road environment over driver behaviour education and vehicle safety
measures, (AusRAP, 2007).

The AusRAP program rates the rural national road network for safety-based crash history. In total 20,000
kilometres of road were analysed, which represents less then 3% of the total road network in Australia yet
carrying some 15% of the nations road traffic and experienced 14% of all road deaths in Australia during
2000 to 2004, (AusRAP, 2007).

The  data  shows  that  for  each  state  the  risk  rating  in  terms  of  the  annual  average  casualty  crashes  per
kilometre and the average annual casualty crashes per 100 million vehicle-kilometres. The study uses data
for  all  crashes  where  a  person  is  killed  or  injured  and  notes  there  are  some  discrepancies  on  data
definition between states. Table 3 shows an extract from this data for the worst road in each state. Hence
we can show that by “treating” 40% of the national rural road network we can potentially address 34% of
the national road toll. Many of these roads are the focus of state and federal road improvement programs,
such as the Pacific Highway upgrade program.

Table 3 National rural road network contribution to national road toll of worst highways in each state

State Highway Percent of
state(national)
network

20,000 km

Percent of
all state
crashes

Percent of all
state (national)
deaths

1,210 deaths

NSW Pacific Highway (611 km) 16% (3%) 28% 42% (15%)

Victoria Western Highway (395 km) 24% (2%) 23% 35% (5%)

Queensland Bruce Highway (1,553 km) 32% (8%) 53% 59% (1.4%)

South Australia Sturt Highway (226 km) 9% (1%) 20% 33% (2.3%)

Western
Australia

Great Northern/Victoria
Highway (3,192 km)

68% (16%) 37% 55% (3.7%)

Tasmania Bass Highway (138 km) 41% (1%) 53% 65% (1.6%)

Northern
Territory

Darwin to SA border
(1,749 km)

66% (9%) 80% 79% (5%)

Australia 7,864 km (40%) (34%)

Source: AusRAP 2007
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The Pacific Highway upgrade program

A number of examples of median barrier use have been found on the Pacific Highway in NSW, as shown
in Figure 7. Flexible barrier has been used to reduce roadside hazards, in median strips to prevent cross
median crashes and on the centreline of two lane roads in identified fatigue and cross carriageway crash
zones. The advantages of a flexible barrier system were identified as:

� easily retrofitted to existing roads

� no extensive end treatments required

� easily installed

� effective from either side and there fore suitable in the median

� does not impact on local drainage of flooding issues

� can be dropped in emergency situations relatively simply.

NSW Pacific Highway: St Helena

NSW Pacific Highway: crash site of a car with five occupants –
no serious injuries

Figure 7 Pacific Highway schemes implemented in the Northern Region, NSW

This paper has not been peer-reviewed
November 2008, Adelaide, South Australia
2008 Australasian Road Safety Research, Policing and Education Conference

569

The Implementation of a 2+1 Road Scheme in Ireland: A Case for Australia? Gazzini



The planned work evolved from an action plan to tackle the effects of certain types of crashes that are the
main contributors to fatalities. A plan of road safety strategies were then developed to tackle areas that
would most likely be upgraded towards the end of the Pacific Highway upgrade program, with a focus on
reducing fatal crash types, combined with planned asset rehabilitation work to reduce costs and provide a
carriageway that could be used in future planning. As the projects were implemented issues were
identified, such as cross-section design, end treatments, maintenance costs, and provision of suitable gaps
for traffic management.

On the Pacific Highway upgrade, a section of approximately eight kilometres has now been implemented
by RTA Northern Region as part of the maintenance and rehabilitation program over the last four years,
with the final section opened earlier this year. Anecdotal data available confirms an increase in the
number of crashes with barrier damage or material damage, but a reduction in severity of injuries.

At a workshop in 2004 the proposed cross-section for the single lane sections was widened to provide a
7.0 metre clearance from the face of barrier to the delineator posts in the edge of formation. This was
increased from the original 6.5 metre width proposed to provide better accommodation for breakdown of
a truck, with another truck able to comfortably pass and allow additional space for cyclists and adequate
room for emergency vehicles. This is particularly an issue on the Pacific Highway upgrade, with the high
volumes of heavy vehicles and B doubles travelling on this highway.

The pros and cons of implementation in Australia:

The case for flexible barrier
A key study was conducted by Corben et al in 2003 at Monash University. This study looked at the use of
flexible barrier systems to address run off road and head on crashes in high speed settings.

The study identified the current countermeasures being used in Victoria as:-

� implementation of clear zones

� shoulder sealing and delineation

� erection of concrete barriers or steel guardrail.

The effectiveness of these measures was limited as identified in an analysis of Victoria’s blackspot
treatment program 1989/1990 and 1993/1994 casualty crashes were reduced by only 8.6% on average and
crash costs by 15.5%.

Many of these solutions leave a proportion of the crashes untreated. Corben (2001) questioned the
adequacy and validity of the clear zone concept. The implementation of clear zones may not be affordable
or feasible and is not particularly environmental friendly and only addresses 85% of the errant vehicle
crashes. Shoulder-sealing also, whilst effectively reducing target crash frequency and costs by around
50%, leaves a substantial proportion of crashes untreated.

The use of flexible barrier conforms well to the conflicting criteria of a successful barrier system; that is
redirecting and containing an errant vehicle, but also not imposing excessive deceleration forces on the
vehicle occupants. Concrete barriers cause high severity injuries because of their inability to deflect
vehicles and extensive vehicle damage. Steel beam guardrails have been shown to be ineffective in
containing a heavy vehicle at 60 to 100 km/hr at angles of deflection of 20 degrees and above.

Corben (2003) concluded that the success of the Swedish case was largely due to the wide scale
implementation of flexible barrier rather than the introduction of the 2+1 road layout and that the 2+1
road layout was a necessary adaptation in Sweden to accommodate the concept of central carriers within
restricted road reservations while improving traffic operations.

Corben et al (2003) identified three feasible cases for implementation of flexible barrier in Victoria:
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� The implementation of flexible barrier in the median and roadside of all four lanes of two way
divided carriageways. These roads already have good drivability and traffic cooperation but have
hazardous road side environments. These types of roads still have a large proportion of single vehicle
crashes. It was estimated this could achieve a reduction in road toll of 90% for all single vehicle
crashes.

� Implementation of medians and central carriers on four lane, two way undivided carriageways would
achieve a similar reduction in road toll. Potential run off road and head-on collisions would become
collisions with barrier resulting in slight to minor injuries and vehicle damage.

� Implementation of the system on single carriageway, two lane, two way roads. Estimated reduction
in road tolls would be 75% for targeted crash types. An adaptation of the system could be
implemented for example where shoulders exist these could be reconstructed to create the median
space, and existing overtaking sections used, 1+1 sections could be used where widening was too
cost prohibitive.

Corben et al (2003) concludes with the statement that the predicted safety benefits of large-scale use of
flexible barriers is overwhelming and despite some issues relating to its use, the opportunity exists to use
this treatment to reduce drastically the incidence of single vehicle fatalities.

Cost and cost effectiveness
The NRA estimates that 2004 costs of 2+1 road is €3.586 million per kilometre against €3.763 million per
kilometre (1€ = 1.6AU$ for a wide single carriageway; $AU5.74 million per kilometre).

The Swedish Government estimate that they are saving 25 lives annually for an overall investment of
2000 SEK/m (1US$ = 7SEK) on existing projects (1,000 kilometre), $AU12 million per kilometre.

The cost effectiveness of barriers alone was examined in Corben et al (2003), and the benefit cost ratio of
saving one fatality estimated to be between 1.3 and 3.0, based on fatality costs for three different
freeways and ring roads in Victoria; based on a fatality cost of $1.7 million and a flexible barrier cost of
$130 per metre.

Maintenance and repairs to barrier
The Swedish estimate that the main disadvantage is major crash barrier repairs at a rate of 0.51 per
million axle pair kilometre, which equates to 2 crashes per year per kilometre; 65% of these crashed occur
in one lane sections. The annual financial cable barrier repair cost per kilometre for AADT ranges of
7,500 to 10,000 is 50,000 to 70,000 SEK (1SEK=6AU$) approximately $AU8,000 to $11,500 per
kilometre. The Swedes have noted a tendency for the crash rate to reduce over time (Bergh, 2005).

The towing rate was measures as 2.2 per million axle pair kilometre from which it is estimated that 20 to
25% of all barrier crashes will require towing, in these cases the number of crashed poles is 15 to 20. The
Swedes are currently looking at alternative barrier reflectors, edge line designs, and median widths.
Increasing the median widths and lane widths is expected to reduce crash rates, but effects are minor so
far.

There remains debate in Sweden about the long term maintenance effects of increased rutting on the one
lane sections due to increased concentrations of traffic loads.

The main issues with maintenance identified by the NSW RTA Northern Region are that it seems to be
easily damaged when installed close to carriageway curves, repairs require extensive traffic control (as
with steel beam), and was subject to minor vandalism. A study of maintenance costs over a five month
period for W beam, wire rope and concrete barrier estimated an annual maintenance cost per kilometre of
$2,500 for wire rope in the median of a two, lane two way road reducing to $1,000 per kilometre for wire
rope on the edge of formation or in a wide median, compared to a range of $200 to $300 for W beam and
concrete barrier. However, data was limited and a much larger sample of data was available for W beam
than flexible barrier, and some teething problems were experienced, with end treatments of the wire rope
installation at the outset. In addition consideration must be taken of the different profile of crash severity
with concrete barriers, and W beam to wire rope.
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Public opinion and driver attitudes
A Swedish before and after driver attitude survey showed that less than 1% of drivers believed that the
2+1 cable barrier was the best alternative, which rose to 40% one year later.

A public attitude survey was commission in Ireland six months after the road opening of the N20 Mallow
to Rathduff retrofit section, the results were positive with 73% of drivers interviewed indicating that they
preferred the divided layout to a standard single carriageway.

The NSW RTA Northern region noted some public dissatisfaction on central barrier on two lane roads,
issues being property access, reduced overtaking opportunity, and a perceived restriction in available
widths for manoeuvring within the carriageway.

Motorcycles
The Swedes reported in 2005 that eight accidents had occurred on 2+1 roads with motorcycles with two
fatalities and seven injuries, the cable barrier was involved in five of these cases and so far no report that
the barrier either created the accident or worsened the consequences. The Swedes have a high number of
motorcyclist (120,000) reported in Corben et al (2003), compared to 30,000 in Victoria, (Corben et al
2003).

In Ireland in 2006, 29 motorcyclists were killed. This accounted for 8% of all fatalities. An additional 505
motorcyclists were injured. Forty per cent of motorcycle fatalities were single vehicle collisions with
bollard/island, parked car, parked truck, pole, tree, tall/gate, ditch and other objects. Head on collision
with other vehicle accounted for 29% of fatalities, over this period. The NRA are constantly looking for
ways to improve the flexible barrier design for motorcyclists.

Emergency service access
Emergency service facilities are normally provided every 3 to 5 kilometres, that is a permanent opening
for U turns by emergency vehicles. The key concern as with the maintenance issue is the one lane
sections, which in Ireland were designed with a 5.0 metre clearance from the front of the flexible barrier
to the edge of the carriageway. Lay bys can be provided to reduce the risk of a breakdown in a one lane
section causing a blockage and delays. The use of the flexible barrier means that it can be quickly
dropped in the event of an emergency to allow traffic to pass by an incident.

The NRA reported six months after the first retrofit scheme opened that the scheme had managed to
garner a positive attitude from the Gardai and emergency services.

In 2005, the NSW RTA undertook a trial for a planned maintenance drop of the median flexible barrier,
once traffic control was in place the process took five men 15 minutes to lower a 131 metre section of
barrier.

Summary and conclusions

Ireland has a large rural road network that accounts for a significant proportion of fatalities and serious
injuries, with low traffic volumes that do not justify dual carriageway construction. A 2+1 road is a three
lane road with a median barrier between the opposing directions. The direction of flow with two lanes
alternates along the route to allow defined sections of overtaking.  The prevention of imprudent
overtaking manoeuvres into oncoming traffic by the median barrier has significant proven safety benefits
at lower costs than divided carriageway construction. Ireland’s National Development Plan proposed that
850 kilometres of the National Primary road network would be upgraded to a 2+1 road type,
approximately 30% of the National Primary road network in lieu of single carriageway upgrades.

The benefits of the implementation of 2+1 roads but in particular flexible barrier in the median, found in
Ireland, Sweden and Australia have been found to be the reduction in the number of severe and or fatal
crashes.

Some of the perceived common difficulties and drawbacks of implementation that have been found are:

� increased crashes into the barrier and resultant high maintenance costs
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� accommodation for emergency vehicles, breakdowns and maintenance works

� restricted access for property owners

� public perception

� motorcyclists.

The 2+1 road design concept provides a solution between a single carriageway and dual carriage way
cross-section for capacity in a restricted road reserve, whilst providing safety benefits. The application of
the concept has many variants, which can be applied to different situations. The safety benefit of
separating two-way traffic to prevent imprudent overtaking and hence head on collisions and overtaking
type accidents remains overwhelming, achieving a fatality rate equal to that of motorways in Sweden. The
problem remains in Australia to identify the sections of road where its application would deliver these
benefits but ultimately the funding to tackle rural road safety on a route-wide basis.
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