Case Study

E-Croatia
Motorway A3, from junction Jakuševec to junction
Ivanja Reka

Case Study

This case study concerns the Zagreb bypass, motorway A3 section from junction Jakuševec to junction Ivanja Reka
(Figure 1) where a Star Rating for Design Plans has been conducted.
This is a 12.3km long road section with two traffic lanes in each
direction, where an additional third traffic lane was proposed. This
dual carriageway motorway divided by a metal barrier passes through
a rural area and has a traffic flow of about 20,000 vehicles per day.

A wide paved shoulder is present on the passenger side of the road,
serving as a stopping lane. On 76% (18.5 km) of this road section
the speed limit is equal to 130 km/h, and 100 km/h on the remaining
24% (6 km).

Figure 1. Motorway A3, Zagreb bypass section (Jakuševec junction – Ivanja Reka junction)
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Road Assessment

A detailed analysis of the risk assessment
of the motorway A3, Zagreb bypass
section (Jakuševec junction – Ivanja Reka
junction) has been carried out to clarify
the reasons for the Star Ratings. Star
Ratings results (Figure 2 and Table 1)
clearly indicate that most of the observed
road section (63%) is assessed as 3-star
for vehicle occupants, and around 20% of
the road section is rated with 4 stars. The
remaining parts of the observed section
have 2- and 1-star rates (2% and 15%,
respectively). The rating for motorcyclists
is less good, where 76% of the network
length belongs to the one-star high-risk
category, and the remaining 24% of the
road section is rated with 2-star.
Higher levels of risk on the road section
are primarily a result of the hazardous
locations where rigid bridge supports
and street lighting poles are placed close
to the metal safety barrier. Unprotected
safety barrier ends also contribute to
overall high-risk rate of the observed road
section.
1-star and 2-star ratings on about 17%
or on 4.2km of this road section come
from the fact that rigid bridge supports
and street lighting poles wider than 10cm
are installed within the working width of
the metal safety barrier. If a car crashes
into the barrier where these elements are
installed, the barrier will not be able to
deflect the car back onto the road and
the car will then collide with said objects.
Also, several unprotected safety barrier
end elements exist, where an impact can
launch a vehicle airborne, or unsecure
barrier ends can penetrate the vehicle
passenger compartment and cause fatal
or serious injuries. Examples showing
rigid bridge support elements and poles
installed close to the protective metal
safety barrier are shown in Figure 3.

Table 1. Star Rating results (raw)

Figure 2. Star Rating map (smoothed) for vehicle occupants
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A detailed analysis of road conditions
shows that hazardous objects on the
passenger side of the observed road
section primarily include unprotected
safety barrier ends (4% of network) and
unprotected signs, posts, or poles (1% of
the section). Recorded hazardous objects
on the drivers’ side of the observed road
section primarily include unprotected
signs, posts, or poles (12% of observed
section) and rigid structures or bridge
supports (3% of observed section). On
the driver and passenger side of the road,
about 85% and 95% respectively, has
adequate protection provided by metal
safety barriers.

Design of
Countermeasures
Relevant road authorities started the
implementation of a pilot project of
converting a stop lane into a driving lane
on one of the busiest parts of the Croatian
motorway network, motorway A3, Zagreb
bypass. An additional third driving
lane was proposed which would be
implemented by appropriate horizontal
road markings.
As additional proposed upgrade in the
design plans was the implementation
of crash cushions on the locations of
unprotected safety barrier ends. The
lack of a crash cushions can result in
the vehicle crashing into the unprotected
end elements of barrier, which can cause
certain parts of the fence to penetrate the
passenger compartment and seriously or
fatally injure the driver and/or passenger
in the vehicle.
Furthermore, a reduction in the posted
speed limit is proposed reducing the
legal speed limit from 130 km/h to 100
km/h to better accommodate new lane
and paved shoulder widths. Considering
that this is a section of the motorway on
which the speed is limited to 100 km/h,
an issue of compliance with the speed
limit may occur, and thus endangering
traffic safety.

Figure 3. Rigid bridge support element and a metal pole close to the metal safety barrier

To accommodate this, it was proposed to install a speed control system with the appropriate
traffic signalization. This may influence drivers to obey the speed limit on the motorway section in
question.
As the additional lane would be implemented without widening the carriageway, the paved shoulder
width reduces. The possibility of the vehicle hitting the curb arises, so the implementation of
shoulder rumble strips on the whole road section was proposed.
In addition, the appropriate vertical signalization relocation and horizontal markings for directing
the traffic flows were proposed, to correctly address the new situation.
Figure 4 shows a layout detail from the design plans of the Jakuševec junction area on the
motorway A3, Zagreb bypass.

Figure 4. Detail from the design plans (layout)
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Star Rating for Designs

The attribute coding of the relevant road
section was done through Star Rating for
Designs Web App, a tool for assessing
the safety of new road designs before
the roads are built. The coding was
performed according to following steps:
1.

The road geometry for both
carriageways of the motorway A3,
Jakuševec junction – Ivanja Reka
junction (Figure 5) was imported
from ViDA from the previous coding
project conducted on this road
section.

2.

The available design files, layouts
and cross sections of the relevant
road upgrade design plan were
organized by chainages and
uploaded into SR4D Web App into
appropriate section for design files.

3.

Next, the uploaded design files were
organized into design layouts and
assigned to the appropriate 100m
road sections.

4.

The coding of the motorway A3,
Zagreb bypass section (Jakuševec
junction – Ivanja Reka junction)
from design files was conducted and
a detail from the process is shown in
Figure 6.

5.

In the final stage, the Star Rating
results were generated which could
then be viewed in ViDA. An analysed
followed, which is shown in the next
subchapters of this report.

Figure 5. Star Rating for Designs Web App interface showing the imported road geometry

Figure 6. Star Rating for Designs Web App showing a detail from the coding process
(chainage 0+000 – 0+390)
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Improving the Star Rating by one star is
generally associated on average with a
halving in the crash costs per kilometre
travelled for vehicle occupants1 and stepchanges in safety benefits too for other
road users. From the presented results in
Table 2 and Figure 7, it can be concluded
that the proposed countermeasures by the
new road design would improve the safety
on the inspected part of the motorway A3
Zagreb bypass from Jakuševec junction
to Ivanja Reka junction significantly. For
vehicle occupants, no 100m segments
would be rated with 1-Star high-risk
rating, and only 3% of road segments
would be rated with 2 stars. The rest of the
road would be rated with 3 or more stars,
with 80% of road segments in the 4-Star
category. The overall number of 97%
of 3-or-more-star segments would be a
magnificent result. Furthermore, there
are also improvements in motorcyclists’
safety, where most of the 100m road
segments that were previously rated with
1 star, would be rated with 2 stars.

Table 2. Star Rating results (raw) after implementation of proposed upgrades

Figure 7. Star Rating map (smoothed) for vehicle occupants after implementation of proposed upgrades

https://www.irap.org/2013/05/2013-irappaper-relationship-between-star-ratings-andcrash-cost-bruce-highway-australia/
1
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Conclusions

High traffic demand on motorway A3, Zagreb bypass which is one
of the busiest roads in Croatia, resulted in the need for introduction
of an additional traffic lane on the section from Jakuševec junction
to Ivanja Reka junction, which would increase the traffic flow. No
major roadworks or carriageway widening would be necessary, and
the third traffic lane would be implemented only with horizontal road
signalization, making use of the existing stop lane and converting the
carriageway from two lanes with a wide paved shoulder into three
lanes with a narrow paved shoulder.
Therefore, since this road is classified as a highway, there is a
possibility of speeding (speed limit is 130 km/h) and this new narrow
paved shoulder would mean that vehicles could more easily hit the
curb, so shoulder rumble strips are proposed on both carriageways.
The legal speed limit is reduced to 100 km/h and speed control is also
being introduced, which will further reduce the operating speeds of
vehicles and reduce the possibility of a traffic accident, i.e. mitigate
the consequences of a traffic accident if it occurs.

Star Rating for Designs was conducted on the Croatian motorway A3,
Zagreb bypass section (Jakuševec junction – Ivanja Reka junction)
to assess the levels of risk on this new road layout proposed by the
design plans. Although the paved shoulder is reduced in width and
the distance to roadside objects are shorter, through reduction of
the speed limit and thus operating speeds, higher star ratings were
achieved.
From the results presented in previous subchapter of this report
regarding iRAP Risk Assessment, it can be seen that a small fraction
(3.27%) of road segments would still be rated less-than-three stars.
However, the rest of the road segments would be rated with three-ormore stars, with as many as 80% of road segments in a 4-star category.

