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The C-12 is one of the main 
north-south axes of the 
Generalitat (Catalan government) 
road network. It is located in the 
western part of the territory and 
is configured as the main road 
transport axis from just south of 
Temp and between Lleida and the 
Delta de l’Ebre (picture 1).

The C-12 is a single carriageway 
road, without median separation, 
and has relatively high operating 
speed and moderate curves.

Picture 1. C-12 Road

The information detailed in this case study has been provided by GenCat. It describes the identification of a road 
section suitable for the installation of a 2+1 lane configuration with a central median and comparison of potential 
treatment scenarios. 
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The stretch of road that is analysed is the 
one that runs between the county capitals 
of Amposta and Tortosa. The traffic flow 
reaches almost 9.000 vehicles per day in 
the vicinity of Tortosa (Picture 2).

Road Crash Data

Table 1 presents crash data for the last 10 
years on the C-12 road between Amposta 
and Tortosa.  There is a very consistent 
pattern of a small number of fatal and 
serious crashes occurring in almost every 
year.    

Picture 2. C-12 Case Study

Figure 1. Location of fatal and serious crashes in 2010-2014 and 2015-2019

Table 1. Crash data (2010-2019)

Table 2. Assumed distribution of fatalities 
used in ViDA Software

The iRAP ViDA software invites users 
to distribute fatalities by percentages 
according to a limited number of 
generic categories that best fit the 
local data. Thus, the distribution of 
accidents has been made as follows, 
considering only the accidents involving 
vehicles and assuming some happened 
at intersections. Not all the required 
detailed crash data were available to the 
analysts and the distribution assumed is 
presented in Table 2.
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Risk Assessment

The road section has been assessed with 
iRAP protocols.  65.19% of the analysed 
road has been rated as 2-star and 33,15% 
as 3-star for vehicle occupants. Only 
concrete sections representing 0.55% of 
the road were rated higher (4-star) while 
some points along 1.10% of the road 
achieved only a 1-star rating (Table 3). 
No parts of the road are currently rated 
with 5 stars.

Table 3. C-12 Star ratings map and results (ViDA)
Treatment Potential

Some background to the iRAP Star Rating process is provided here.  To 
gain the iRAP Star Ratings for a road, 52 attributes are coded for every 
100m section of the road. These data are then used to generate a Safer 
Roads Investment Plan to improve the overall road’s safety condition. 
The resulting investment plan is a guide for a future upgrade following 
best practice and effectiveness with due regard to local conditions, 
economic cost or measures, and fatalities and serious injuries saved. 
The plan is the result of the inputs from the road assessment and 
should be viewed as a guide to investment rather than as a “bill of 
works”. 

•	  Countermeasures and cost: The plan uses costs from generic list 
of improvements with a range of costs depending on the land use 
(rural or urban) and the upgrading cost expected.

•	 FSI (Fatal and Serious Injuries): With the inputs regarding 
accidents and deaths, the iRAP methodology estimates the total 
likelihood of fatalities per year per kilometre according to the 
given road description for each 100m. With the expected FSI 
saved per implemented measure, the methodology estimates the 
total FSI saved for the period if the improvement plan were to be 
implemented.

•	 Safety Benefits: The iRAP methodology estimates a cost per 
death and seriously-injured casualty. Thus, with the amount of 
FSI saved by the plan and the cost of the countermeasures, a 
safety benefit is estimated for the whole period. 

•	 Benefit-Cost Ratio (BCR): This is a ratio that measures the 
economic efficiency of countermeasures, comparing the cost of 
implementation and the costs of deaths and injured users along a 
period of 20 years. It is the ratio between benefit of FSI saved per 
implemented measure for a 20-year period, and per cost of each 
implemented countermeasure. A lower BCR will lead to a more 
expensive investment plan because more countermeasures will 
be included. Usually authorities consider countermeasures with a 
BCR of 3 or higher, as has been done in this case study.      

The resulting safer road investment plan includes 6 different 
countermeasures that would save 24 deaths or serious injured victims, 
with an overall Benefit-Cost Ratio of 6. Most of the countermeasures 
refer to improvement of intersections, such as street lighting, 
better delineation or the construction of a roundabout. However, 
countermeasure along longer sections of the road are also proposed, 
such as roadside barriers on both sides of the road, or shoulder rumble 
strips or a central hatching to improve separation of opposing traffic.
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In this resulting investment plan no 
specific 2+1 strategies are suggested, but 
it includes other countermeasures that 
2+1 section schema would also imply. 
For instance, the plan suggests a central 
hatching for 16 km along the analysed 
section. If a BCR of 1 had been used, 
other measures such as central median 
barrier (1+1) may would have appeared. 

The proposed actions would have an 
overall cost 2.256.054€ but with the FSI 
saved they would imply a total safety 
benefits of 13.474.697€ for the 20 years 
period. The overall BCR for the whole 
plan would be 6, but it varies between 
4 and 13 depending of the specific 
countermeasure suggested. For this 
exercise, countermeasures with a BCR 
lower than 3 have been not included, but 
a lower BCR could have included more 
measures.

The most efficient measure suggested is 
the implementation of shoulder rumble 
strips along 14km of the road, with a BCR 
of 13, while better street lighting in some 
intersections would have a BCR of 4.

Table 4 presents the star rating of the road 
section if all proposed countermeasures 
were applied.  The actions would upgrade 
the star ratings of the analysed road 
substantially, showing the  road rating up 
to 3 stars or better in all sections.  Road 
crashes and injuries are predicted  to 
have decreased (Table 5).

Figure 2. Resulting Safer Road Investment Plan for the C-12 (ViDA)

Table 4. Resulting star ratings after implementation of investment plan Table 5. Predicted FSI per year before 
and after the actions
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Assessment of Scenario 2+1 
Implementation

The Safer Roads Investment Plan (SRIP) developed by iRAP 
methodology with the ViDA software suggests a list of improvement 
measures that are considered most suitable for each section of the 
road, according to the specific attributes previously coded and the BCR 
specified. The lower the BCR threshold that is set, the more expensive 
is the SRIP suggested, because it includes more countermeasures. 

Although the VIDA program has not recommended a 2+ 1 with 
central median in its lists of potential treatment (see above), recent 
experiences of such treatments in Catalonia have resulted in very 
high economic and social returns.  The better BCR results obtained 
in the actual scheme experience in Catalonia compared with the ViDA 
modelled estimates could be due to several reasons, among them:

•	 the necessary investments are lower than planned, since in 
many cases the sections of 2 + 1 lane configuration are already 
in place and the only necessary further action would be the 
implementation of the central barrier

•	 the potential decrease in fatal and serious accidents have been 
higher in the other Catalan schemes than that modelled within 
ViDA.    

In order to estimate the effect of a 2+1 lane configuration with a 
median barrier, a new scenario was created within ViDA, modifying the 
current attributes to show a situation as if the 2+1 with median barrier 
were already implemented.  These results could then be compared 
with a situation without the 2+1.

The changes made are the following:    

 - Carriageway: changes from undivided road to divided road.

 - Number of lanes: from 1 lane per direction to 2+1 scheme

 - Median Type: from centre line to the kind of median that will be 
decided. For this case study, it was assumed to be a metal barrier.

 - Severity object, driver side: from any object coded to metal barrier, 
as that will be the nearest object on that side.

 - Severity distance, driver side: From the given distance, sometime 
on the other side of the road from undivided sections, to “1 to 5”, 
as that may be the distance to the median.

 - Paved shoulder, in both sides of the road: this usually changes 
to narrow, as with the 2+1 scheme in previously undivided roads 
requires using the same space for 1 more lane. 

 - Delineation, pavement and skid resistance: A new investment 
such as this usually implies new delineation, pavement and 
skid resistance, so in other to be realistic, these attributes were 
changed as well.

 - Operating speed: experience suggests that the addition of a new 
lane will also bring to an increase of the operating speed, even 
though the situation with a median type and narrow severity 
distance brings to the assumption that the increase would not 
be very significant. For the scenario an increase of 5km/h of 
operating speed has been assumed.

For the purposes of this case study and scenario, an increase of traffic 
flow has not been included, but if 2+1 was to be implemented along 
the whole C-12, significant increase of daily traffic flow may occur.
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Table 6. Star rating after the 2+1 implementation scenario

Table 8. Comparison of the star rating in the 3 scenarios (ViDA)

Table 7. Modelled FSI estimation per year 
(ViDA) with 2+1 configuration

A residual 1.66% of the road would 
be rated 2-stars, meaning that some 
additional measures should be included 
in the project with the purpose of raising 
the safety standard on these portions. 
Those additional measures should include 
shoulder rumble strips, as they had not 
been included in the 2+1 scenario, as 
well as better street lighting and turning 
conditions at some intersections. 

Case Study
Results if 2+1 with 
Median Barrier Installed

The implementation of the 2+1 in this 
case study would improve dramatically 
the star rating for the analysed section of 
the C-12 road. Most of the road (62.43% 
of it) would be rated with 4 stars and only 
1.66% would be rated with 2. No sections 
of the road would be rated 1-star only.  
The FSI estimation, it would be lowered 
from 2.9 to 1.2, which is a substantial 
improvement (Table 7).
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Conclusions

Three scenarios have been compared (Table 8).  The baseline showed 
the road to be split almost two-thirds 2-star to one-third 3-star for 
vehicle occupants. Central hatching, rumble strips, roadside barrier, 
some lighting and signing and lining at intersections were proposed 
when the threshold BCR was set to 3 (Figure 2).  

Secondly, after hypothetical implementation of the Safer Roads 
Investment Plan, almost 97% of the road section achieved a rating of 
3-star, with the remaining 3% rating 4-star.

The third scenario involved the hypothetical implementation of a 
2+1 lane configuration with a median barrier and some associated 
upgrading countermeasures.  In this situation in the region of two-
thirds achieved 4-star (62%) whilst more than one-third (35%) of the 
road achieved a 3-star rating (Table 8).  

Fatalities and serious injuries estimated per year were also significantly 
lower in the 2+1 scenario than in the implementation of the safety road 
plan, lowering from 1.7 per year to 1.2. 

The 2+1 scheme would increase safety on the road by separating 
opposing traffic flows and by facilitating overtaking, but it would be 
important to include additional measures along the road, and especially 
at intersections, as operating speeds may increase. A fuller analysis 
should also consider the effect of any increase in traffic volumes that 
arise because of the road upgrading.

This case study describes the potential benefits of the implementation 
of 2 + 1 road with barrier over a road segment where head-on road 
crashes occur and the surrounding land is available to implement the 
carriageway transformation without difficulty.

Table 9. Comparison of FSI estimation in the 3 given scenarios (ViDA)
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