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Figure 1 shows the subject state road 
sections coloured in blue and motorway 
sections coloured in green. Most of 
the selected roads are highways, with 
carriageways separated by a metal safety 
barrier, whereas the small section of the 
state road D8 has only one carriageway 
with oncoming traffic flows separated by 
a centreline.   

On 18% of the assessed road network 
there is only one lane in each driving 
direction, 74% of the road network has 
two lanes in each driving direction while 
6% of the roads have three lanes. Also, 
there is a 2+1 lane configuration present 
on 1%, and a 3+2 configuration present 
on 2% of the road sections. Most of the 
lanes are wide (82%), whilst the rest 
(18%) are of medium width. When taking 
into consideration the driver side only, the 
paved shoulder is narrow on 96% of road 
sections, medium width paved shoulder 
is present on 4% of road sections and 
less than 1% of the paved shoulder is 
wide. The passenger side of has a narrow 
paved shoulder on about 62% of road 
segments; 37% of road segments have 
a wide paved shoulder and about 1% 
have medium width paved shoulders. 
Shoulder rumble strips are present on 
32% of road sections. 

Figure 1. Observed roads and road sections of the Croatian TEN-T network

The roads and road sections selected for this Case study are a part of the Croatian TEN-T road network.  These 
include three motorway sections (motorways A6, A8, and A9) and the state road D8 section. 

The majority (73%) of road sections are straight or gently curving, 23% 
have moderate curvature while the remaining 4% of road sections 
have sharp curvature. 

The overall road condition is good on all of the observed road sections, 
with accompanying adequate delineation. Street lighting is present on 
19% of road sections and parked vehicles close to the edge of the road 
were recorded on 3% of the overall network.
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Table 1. Star Rating results - before the countermeasure implementation

Figure 2. Star Rating maps for vehicle occupants - before the countermeasure implementation

Higher levels of risk on the observed road sections of the TEN-T road network in Croatia are 
primarily a result of risk at the hazardous locations listed in the table above. Table 2 gives an 
overview of different types of hazardous roadside objects that were present along both sides of the 
road. Examples of the most common types of hazardous objects present alongside the road are 
shown on Figure 3 and include a location with an aggressive vertical face, an unprotected safety 
barrier end, a rigid object and an upwards slope with no rollover gradient. These hazardous objects 
contribute to an overall high-risk rate on the observed road sections.

Road Assessment

A detailed risk assessment on the 
selected Croatian TEN-T road network 
sections has been carried out to assess 
the current state of traffic infrastructure. 
Star Rating results, summarised in Table 
1 and geographically represented in 
Figure 2, indicate that no road section in 
the vehicle occupant category is awarded 
4 or 5 stars (medium-low and low risk), 
while the majority (58.32%) of assessed 
road segments are awarded 3 stars 
(medium risk). About 34.21% of the road 
segments are awarded 2 stars (medium-
high risk), while the remaining 7.46% of 
the road segments are awarded 1 star 
(high risk). 

Star Ratings for the motorcyclists’ 
category less good, with again no road 
segments awarded 4 or 5 stars (medium-
low and low risk), and only 2.74% of road 
segments awarded 3 stars (medium risk). 
The majority of road segments, 59.15% 
are awarded 2 stars (medium-high risk), 
while more than 1/3 (38.11%) of road 
segments are awarded 1 star (high-risk). 

For pedestrians, the Star Rating is 
majorly not applicable, given that 90% of 
assessed road sections are motorways. 
On the other hand, for the small number 
of road segments where Star Rating for 
pedestrians is applicable and these road 
users may be expected, no 3, 4 or 5 stars 
were awarded. About 0.43% of segments 
are awarded 2 stars (medium-high risk) 
and the remaining 0.56% are awarded 
only 1 star (high risk).

For the cyclists’ category, no road 
section was applicable for the Star 
Rating assessment, these road users 
not being present. The results indicate 
high potential for road infrastructure 
improvement by implementing 
appropriate countermeasures.
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Table 2. Overview of hazardous roadside objects, existing along the observed road sections

Figure 3. Most common types of hazardous locations on the observed road sections

Maintenance Remedies

This case study considers roads 
which necessitate maintenance only 
countermeasures, of which several 
have been proposed, such as improved 
delineation, clearance of roadside 
hazards or replacement/modification/
installation of roadside barriers. 

The SRIP presents all the 
countermeasures which proved able to 
provide cost-effective improvements. 
The cost of each countermeasure is 
compared to the value of life and serious 
injuries that could be prevented, and the 
Benefit to Cost Ratio (BCR) is calculated 
for each countermeasure proposed.

The estimated costs of the implementation 
of the proposed countermeasures with 
the SRIP Plan adding up to 20,403,040 
HRK (around €2.7M), which leads to 
safety benefits of 98,708,940 HRK 
(around €13M) in crash cost savings 
over the life of the plan. A total of 64 
crashes with seriously or fatally injured 
people could be prevented over 20 
years if the proposed countermeasures 
are implemented. The total benefit-cost 
ratio of the proposed plan is 5, and the 
best performing countermeasure is the 
installation of passenger side roadside 
barriers on 24.3 km of road sections, 
which alone could potentially prevent 44 
serious or fatal injuries. Figure 3 presents 
the top 6 countermeasures with the 
highest effect proposed by the SRIP Plan. 
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The results showing an increase in Star 
Ratings are presented at next chapter 
(Table 3), following the assessment 
after the implementation of the 
countermeasures.

Figure 4. SRIP Plan for the selected Croatian road network sections

Table 3. Star Rating results of the selected road network sections after the countermeasure implementation

Road Assessment After

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 step-changes in safety benefits too for 
other road users. Table 3 contains smoothed Star Rating results for 
the observed road sections, produced after the countermeasures 
implementation. From the data shown in the table, an improvement 
of overall Star Rating results is evident, with 67.47% of road segments 
awarded 3-star and 32.53% awarded 2-star in the vehicle occupant 
category. In the same category, after countermeasure implementation, 
no road segment would be awarded 1, 4 or 5 stars. A reason for this 
pattern of results after countermeasure implementation could be that 
those oriented towards maintenance with no substantial impact on 
road geometry or hazardous objects alongside are enough to improve 
the poorest road sections but insufficient to lift the road into the highest 
levels of crash reduction and protection.

1  https://www.irap.org/2013/05/2013-irap-paper-relationship-between-star-ratings-and-crash-cost-bruce-highway-australia/ 

An improvement can also be observed in the motorcyclists’ category. 
As in the previous example of countermeasure implementation, no 
road segment was awarded with 4 or 5 stars, and the number of road 
segments awarded 3 stars remained unchanged (2.74%). On the 
other hand, an increase in 2-star category is evident with 72.72% of 
road segments being rated in this category, which is at the same time 
accompanied by a decrease in the 1-star category, where 24.54% of 
road segments would be awarded 2 stars.

Very few road sections were rated for pedestrians and none for cyclists. 
For the pedestrians group, none of the proposed implemented 
countermeasures would have improved the Star Rating, with the 
same results being awarded after countermeasure implementation as 
they were before the implementation. 0.43% of road segments were 
awarded 2 stars and 0.56% of road segments awarded 1 star. No road 
segment scored 3, 4 or 5 stars.

On the selected road network, no road segments were rated for cyclists.   

Figure 5 graphically represents Star Rating results after countermeasure 
implementation.
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Figure 5. Star Rating maps for vehicle occupants of the selected road network sections after the 
countermeasure implementation
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Conclusions

In this example the Star Rating is used 
to illustrate how the safety of part of 
a network can be assessed when 
maintenance measures are implemented.  
It shows how it is not necessary to rely 
entirely upon crash data to demonstrate 
a potential safety improvement. 

The maintenance carried out improved 
the road safety status substantially, with 
the Star Ratings increased by one or two 
stars.

The maintenance-only remedies 
implemented are considered effective. 
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