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1. Introduction

!e model adopted for the analyses described in this paper 
is the same presented in (Mauro, Cattani 2004) for single-
lane roundabouts, and later extended to the double-lane 
case. !e model is based on the concept of “potential con-
"ict” (Ha, Berg 1995): each vehicle involved in a general 
intersection performs a series of maneuvers that poten-
tially imply a crash, depending on real tra#c conditions. 
!e number of crashes related to each critical maneuver 
is proportional, through a coe#cient ci, to the number of 
times that this maneuver is performed at the intersection. 
!erefore, to apply these concepts to roundabouts, it was 
necessary to identify risky maneuvers that occur crossing 
this kind of intersection: a literature review has been per-
formed, to identify the causes of the crashes recorded at 
roundabouts. At single-lane roundabouts, as demonstrat-
ed for example in (Guichet 1993; Mauro, Corradini 2008) 
the most frequent accident typologies are: collision due to 
failure to yield, run-o$ the road (towards the circulatory 

roadway center or side, or towards the splitter islands), 
rear-end crash at entry. As regards double-lane rounda-
bouts, another crash typology has to be considered, that 
is to say the circulating-exiting collision (including weav-
ing collision happening on a circulatory roadway segment 
leading to an exit), which mainly involves two-wheeled 
vehicles (Mauro, Cattani 2005). !e four crash typolo-
gies are shown in Fig. 1. !ey include almost 80% of the 
crashes that occur at roundabouts (Mauro, Cattani 2005; 
Mauro, Corradini 2008). !e remaining crashes belong to 
other numerous categories, whose single incidence is very 
low. !us, these four crash typologies have been consid-
ered as reference to identify the maneuvers or, more gen-
erally, the circumstances related to each crash. A'er being 
identi*ed, the model was calibrated, analyzing actual traf-
*c and accident data collected in Trento, Italy, regarding 
conventional single-lane and double-lane roundabouts.

Turbo roundabouts were proposed for the *rst time 
in (Fortuijn, Harte 1997; Fortuijn 2009a) to minimize the 
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side collision risk in double-lane roundabouts. !e goal is 
achieved by physical separation of the entry and the cir-
culatory lanes, that forces the driver to choose his entry 
lane (le' or right) on the basis of his turning destination 
(Giu$rè et al. 2010; Guerrieri et al. 2012). An example of 
turbo roundabout layout is shown in Fig. 2. 

A'erwards, turbo roundabouts were introduced in 
the Netherlands, Germany, Hungary and in other European 
countries (Tollazzi et al. 2011a, 2011b), and proved to have 
good safety and operational performances (Corriere, Guer-
rieri 2012; Fortuijn 2009b; Giu$rè et al. 2009). It is known that 
for comparing the di$erent typologies of road intersections 
layout (signalized intersections and roundabouts) are requi-
red both technical and economic analysis (e.g. Mauro, Cat-
tani 2012) and safety and functional evaluations: a compa-
rative analysis of tra#c performances of turbo roundabouts 
and conventional roundabouts is presented in (Engelsman, 
Uken, 2007; Giu$rè et al. 2012; Mauro, Branco 2010). 

In this work, the model calibrated for single- and dou-
ble-lane roundabouts is adopted to compare the safety per-
formances of the turbo roundabouts with the conventional 
double-lane layouts and to evaluate the e$ect of the lack of la-
teral collisions on the overall accident rate of the intersection.

2. Model description

Since the key concept of the model is the evaluation of the 
potential con"icts number, it is useful to present an over-
view of the criteria used to quantify it, for each of the four 
crash typologies considered.

2.1. Collision for failure to yield

A *rst circumstance leading to this kind of crash is due to 
the user’s wrong evaluation of the gap available between 
the vehicles traveling on the circulatory roadway. !us, the 
user leaves the entry without the necessary safety gap and 
collides with the arriving vehicle. !ese maneuvers assume 
that the entering vehicle starts from a standing start. !e 
entry into the circulatory roadway has been modeled by 
the gap acceptance theory: all the intervals inferior to the 
critical gap are discarded by the drivers, whereas the supe-
rior ones are accepted. To determine the number of poten-
tial con"icts it is here assumed that the intervals markedly 
inferior to the critical one are always discarded, whereas 
the ones of higher length are not considered risky: the po-
tential dangerous situations occur when there are intervals 
with a width near to the critical length. !erefore this band 
of “dangerous” intervals has been set between tinf = 3 s and 
tsup = 5 s, with a mean value lower than the average criti-
cal gap, which ranges from 4.1 s to 4.6 s according to the 
Highway Capacity Manual 2010. !e portion of “danger-
ous” intervals with respect to their total amount is easily 
calculable, assuming a statistical distribution of the gaps 
between the circulating vehicles. It has been supposed that 
such gaps are distributed in an exponential way for vol-
umes up to 400 vph and according to Erlang’s distribution 
for major "ows, with a parameter K = 2 for "ows minor to 
1000 vph and with K = 3 for superior volumes (Drew 1968; 
Mauro, Branco 2012).

!e hourly number of potential con"icts N1a is de-
*ned as:

 , (1)

where Qe – the entering "ow, veh/h; (1  –  P(0)) repre-
sents the probability of having at least one vehicle wait-
ing at the entry and consequently of having the probabil-
ity of stopping before the entry for an arriving vehicle; 
P(tinf < t < tsup) shows the probability that the gap (head-
way) between two vehicles traveling on the circulatory 
roadway is included in the band previously described. P(0) 
calculation – that is the probability of having no vehicles 
waiting at entry – is carried out in two di$erent ways: one 
for single-lane and another for double-lane roundabouts. 
For single-lane entries, according to the queuing theory, 
the probability of having at least one waiting vehicle is  
(that is the ratio of the entering volume Qe to the capacity 
C of the entry). !erefore P(0) equals (1 –  ). At double-
lane entries, the calculation of P(0) must be performed 
separately for each lane, knowing the share of vehicles 
on the two lanes, Ple% and Pright (with Ple% + Pright = 1), as 

follows:  and ,

with  referred to the whole entry demand and capacity.
!e probability P(tinf <  t <  tsup) is explicated in the 

following way according to the circulating "ow Qc and 
consequently to the relative distribution of vehicular gaps:
Qc < 400 vph,

 , (2)

Fig. 1. Main typologies of crashes occurring at roundabouts

Fig. 2. Turbo roundabout
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400 vph < Qc < 1000 vph, 

 

 
; (3)

Qc > 1000 vph

 
. (4)

Whereas for single-lane roundabouts the impeding 
"ow Qc is represented simply by the circulating "ow, at 
double-lane roundabouts the impeding "ow for each entry 
lane is di$erent. For the right lane, leading to the outer lane 
of the circulatory roadway, the tra#c circulating on the in-
ner lane is not an impeding "ow; on the contrary, vehicles 
entering from the le' lane have to yield to both circulating 
lanes: the impeding "ow is hence for them the entire circu-
lating tra#c. !e second circumstance of failure to yield is 
connected to the non-perception of the roundabout. Un-
like the situation previously described, in this case there 
are no vehicles waiting at the entry. In some cases an ar-
riving vehicle enters the roundabout without checking in 
advance whether there are the right conditions, and con-
sequently without stopping, for di$erent possible reasons 
(non-perception of the roundabout due to poor visibili-
ty, driver’s inattention, excessive speed, etc.). In this case, 
the crash probability is considered the same as the case in 
which the roundabout is entered “blindly”. !is probability 
is assumed to be proportional to the circulating "ow and 
to a time value tcoll representing the interval related to the 
transit of each vehicle within the circulatory roadway that 
implies a sure collision if the entry occurs during this lapse 
of time. Considering average sizes of the vehicles and ef-
fective speeds both on the circulatory roadway and at en-
try, such interval tcoll equals to 2 s. !e hourly number of 
potential con"icts for this kind of crash N1b is hence:

 . (5)

!e term P(0) shows the probability of having no ve-
hicles waiting at entry. 

!ere are no di$erences here between single-lane and 
double-lane roundabouts, in terms of oncoming "ow. It 

equals here to the entire circulating "ow: in fact, a vehicle 
entering the roundabout without checking safety conditions 
will a$ect both lanes of the circulatory roadway, since it po-
tentially crashes into vehicles traveling on both of them.

2.2. Crashes for loss of vehicle control

As shown in the above-mentioned statistics, the collision 
for loss of vehicle control potentially occurs at the entry, 
within the circulatory roadway or at the exit of a rounda-
bout. Apart from the location, overspeeding is the neces-
sary condition for the loss of control. Consequently, all the 
entries to the roundabout where a queue takes place are 
excluded from potential con"icts. !e cases that require 
the driver to wait for a favorable interval between circulat-
ing vehicles are also excluded. !e hourly number of po-
tential con"icts for loss of vehicle control N2 is therefore:

 . (6)

It derives from the probability P(0) of having no ve-
hicles waiting at entry, and from the probability of an ente-
ring vehicle to *nd a gap bigger than the critical gap . 
Also for this typology, the only di$erence between single-la-
ne and double-lane roundabouts is that – regarding only the 
latter – le' and right lane must be considered independently.

2.3. Rear-end at entry

!e necessary condition to cause a crash is the presence of 
at least one waiting vehicle at the entry of the roundabout.

!e rear-end occurs if the queuing vehicle does not 
succeed in stopping in time or, more frequently (Guichet 
1993), during the discontinuous lining up that leads to the 
circulatory roadway. In this case, the hourly number of po-
tential con"icts (N3) is:

 . (7)

Also for the rear-end, the number of lanes necessarily 
implies the calculation of two values of P(0), one for each lane.

2.4. Circulating-exiting collision

When two four-wheeled vehicles are involved, this typol-
ogy is mainly linked to the potential con"ict between vehi-
cles exiting the roundabout from the inner lane of the cir-
culatory roadway and vehicles traveling on the outer lane 
(toward the next exit). !e drivers intending to leave the 
inner lane have to wait for a suitable gap between two non-
exiting vehicles of the outer "ow. Risky turns occur when 
the outer vehicle heads for the next exit. As for the poten-
tial con"ict due to the failure to yield without stopping, 
has been de*ned a time gap relating to each vehicle on 
the outer lane. If the vehicle leaving the inner lane crosses 
the outer one during this time interval, it will crash into 
the other. As already done for the entry without stopping, 
this time tcoll is assumed equal to 2 s, considering that the 
crossing maneuver is almost equal to the accidental entry 
in the circulatory roadway (Fig. 3).

!e number of potential con"icts N4 is hence similar 
to N1b, but it is not necessary to consider possible queues.

Fig. 3. Potential con"ict related to the crossing maneuvers 
entering and exiting the roundabout
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 . (8)

From the formulations presented, it is clear that the 
total number of potential hourly con"icts at a roundabout 
depends on the entering volumes in the di$erent legs, but 
it is not directly proportional to these volumes. In fact, 
there is the in"uence of other factors, such as circulating 
"ow (which depends on the tra#c demand at the other 
entries and on the turning percentages) and capacity of the 
entries (which also depends on circulating tra#c). Brie"y, 
the number of potential con"icts depends on the opera-
tive conditions recorded at an intersection, even with the 
same "ows. Adopting the model this paper deals with, it is 
necessary to know – or to de*ne – a trend in time of the 

tra#c volume in order to evaluate the potential accident 
rate of an intersection, whether it be traditional or rounda-
bout. For instance, the calculation of the potential accident 
rate per year cannot be reliable if only the values of the 
total annual tra#c concerning the intersection are taken 
into account; it is in fact necessary to know or assume its 
distribution in the period considered. Once the number 
of potential con"icts for each kind of maneuver has been 
obtained, the potential accident rate is calculated by multi-
plying each value for its relative coe#cient ci, and then by 
adding up all the products.

Concerning the model here presented, a'er having 
considered as signi*cant the crash typologies previously 
described, the hourly potential accident rate (PAR) at a 
roundabout is the result of the sum:

Table 1. Tra#c data and potential con"icts evaluated for one of the analyzed roundabout (Piedicastello, Fig. 5), for 24 h

Roundabout: Piedicastello (single-lane) – Entry No. 1: via Brescia

Tra#c data
Probability values Potential con"icts, calculated as in

(Mauro, Cattani 2005)
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0:00–1:00 27 32 1220 0.02 0.017 0.962 0 0 25 1

1:00–2:00 18 21 1231 0.01 0.011 0.975 0 0 17 0

2:00–3:00 6 11 1240 0.00 0.006 0.987 0 0 6 0

3:00–4:00 2 7 1243 0.00 0.004 0.991 0 0 2 0

4:00–5:00 8 19 1232 0.01 0.010 0.977 0 0 8 0

5:00–6:00 31 38 1215 0.03 0.020 0.955 0 1 29 1

6:00–7:00 166 97 1161 0.14 0.048 0.889 1 8 126 24

7:00–8:00 661 370 923 0.72 0.137 0.639 65 39 120 474

8:00–9:00 685 418 883 0.77 0.169 0.732 90 36 113 530

9:00–10:00 398 313 972 0.41 0.123 0.685 20 41 161 163

10:00–11:00 300 333 954 0.31 0.128 0.669 12 38 137 94

11:00–12:00 256 290 991 0.26 0.117 0.705 8 31 134 66

12:00–13:00 260 343 946 0.27 0.130 0.661 9 36 125 71

13:00–14:00 348 333 954 0.36 0.128 0.669 16 41 148 127

14:00–15:00 407 351 940 0.43 0.132 0.655 23 45 151 177

15:00–16:00 387 353 938 0.41 0.133 0.653 21 45 148 160

16:00–17:00 402 373 921 0.44 0.137 0.637 24 47 144 175

17:00–18:00 396 504 814 0.49 0.202 0.657 39 57 134 193

18:00–19:00 334 448 859 0.39 0.181 0.705 24 51 144 130

19:00–20:00 229 286 994 0.23 0.116 0.708 6 28 125 53

20:00–21:00 164 150 1113 0.15 0.071 0.834 2 12 116 24

21:00–22:00 117 96 1162 0.10 0.048 0.890 1 6 93 12

22:00–23:00 78 77 1180 0.07 0.039 0.912 0 3 67 5

23:00–24:00 71 76 1180 0.06 0.039 0.913 0 3 61 4

Daily total 5751 5339 – – – – 361 568 2334 2484
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.  (9)

3. Model calibration

In the previous chapter, the number of potential con"icts Ni 
at a roundabout was de*ned as a function of the tra#c data of 
the roundabout. To evaluate PAR it is necessary to know the 
coe#cients ci that show how o'en – on average – a crash is 
registered in comparison with the number of potential con-
"icts. !ese coe#cients were evaluated with a calibration 
of the model, performed analyzing actual tra#c data and 
actual accident data, collected on six intersections in Tren-
to, Italy: three single-lane roundabouts and three double-
lane roundabouts. Accident data were available for a pe-
riod up to eight years, depending on when the roundabout 
was built. Tra#c data came from automatic devices that 
provide 24 h measurements. 

!e tra#c trend hour by hour for an entire week 
(chosen to represent annual average conditions) has been 
de*ned, enabling an accurate evaluation of the number of 
potential con"icts. Knowing the tra#c patterns, the capa-
city procedure de*ned in (Wu 1997) was adopted in order 
to calculate the capacity of each entry. !is procedure was 
chosen for the German National Guidelines (FGSV 2006) 
and permits to deal both with single-lane and double-lane 
roundabouts. Its formulation is:

 , (10)

where Qc – circulating "ow, pc/h; ne – number of lanes at 
the entry; nc – number of lanes of the circulatory roadway; 

tc – critical gap: 4.12 s; tf – follow-up time: 2.88 s; tm – mini-
mal gap between vehicles on the circulatory roadway: 2.10 s.

Table 1 reports an example of the calculations made 
to evaluate the potential accidents during 24 h, for one en-
try of one (single-lane) roundabout (Fig. 5). !e annual 
number of potential con"icts, calculated for another of the 
analyzed roundabouts (Fig. 6), is shown in Table 2, toge-
ther with the accident data and the coe#cients obtained 
dividing the accidents by the potential con"icts. !e whole 
set of coe#cients resulted from the calibration of the mo-
del is summarized in Table 3. !e "owchart in Fig. 4 illus-
trates the procedure for the model calibration. For a detai-
led explanation of the calibration procedure, see Mauro, 
Cattani (2004; 2005).

4. Application of the model to turbo roundabouts

!e main di$erence between turbo roundabouts and con-
ventional layouts consists of the lack of circulating-exiting 
con"icts, which are eliminated by the divided lanes of the 
turbo roundabouts, both at entries and on the circulatory 
roadway. In a turbo roundabout, the driver, before entering 
the roundabout, has to choose a lane depending on the de-
sired destination. Functioning rules of turbo roundabouts 
are essentially the same as those for the “normal” rounda-
bouts: entering drivers must give way to circulating vehi-
cles. Hence, one expects that in both types of roundabout 
the ratios between potential con"icts and actual accidents, 
that is the coe#cients of the potential accident rate mod-
el, are roughly the same. However, such statement has not 
been directly veri*ed by the authors, because of the lack 
of turbo roundabouts in Italy. !erefore, the model not 
undergo a speci*c calibration for this new layout. Bearing 

Fig. 4. Procedure for the model calibration
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in mind these limitations, the model was applied to turbo 
roundabouts only to give a preliminary evaluation of the 
reduction of potential con"icts and – more important – of 
the potential accident rate that this layout potentially leads 
to with respect to double-lane roundabouts.

!e coe#cients of the model used for the comparisons 
remain the ones resulting from the calibration previously des-
cribed. What changes is the number of potential con"icts, cal-
culated considering the actual functioning rules of the turbo 
roundabouts. In particular, entry "ows are split on the lanes 
depending on their destination, as are the circulating "ows. 

Moreover, a capacity procedure speci*c for turbo 
roundabouts needs to be used. For the right lane of the 
entry, give way process is de*nitely analogous to conven-
tional roundabouts: capacity is hence calculated with the 
Wu formulation. Since the "ow merges only into one lane 
of the circulatory roadway, ne and nc are set equal to 1. 

!rough and Le' lane of turbo-roundabouts appro-
aches implies rather a crossing trajectory, instead leading the 
entering "ow to merge with the circulating tra#c. !erefore, 
to evaluate the capacity the classic Harders formula is used.

 , (11)

Fig. 5. Roundabout Piedicastello in Trento, Italy

Fig. 6. Roundabout St Laurence’s Bridge in Trento, Italy

Table 2. Weekly and annual potential con"icts and calculation of the model coe#cients, for one of the roundabouts considered         
(St Laurence’s Bridge, Fig. 6) 

Roundabout:                                           
Ponte S. Lorenzo (double-lane)

Failure of yield Run-o$           
the roadway

Collision

A'er stopping Without stopping Rear-end Circulating-exiting

1 – St Laurence’s Bridge 6435 5193 12 596 30 431 14 981

2 – Adige Embankment Mt Grappa 755 3169 71 521 23 272 0

3 – St Laurence’s Flyover 1345 6355 11 358 11 908 203

4 – Lung’Adige Leopardi 2434 15 422 33 834 22 157 1906

Potential con"icts / week 10 969 30 139 129 309 87 768 17 090

Transits / week 241 773

Transits / potential con"icts 22.0 8.0 1.9 2.8 14.1

Potential con"icts / year 571 955 1 571 534 6 742 541 4 576 474 891 121

c1 c2 c3 c4

Total crashes / year 2.35 0.12 0.94 1.18

Coe#cients (total crashes) 1.11·10-6 1.75·10-8 2.11·10-7 2.21·10-6

Injury crashes / year 0.71 0.12 0.35 0.12

Coe#cients (injury crashes) 3.34·10-7 1.75·10-8 7.93·10-8 2.21·10-7

Table 3. Results of the model calibration

Accident type                                       
and correspondent model coe#cient

Total crashes Injury crashes

Min value* Max value* Mean value Min value* Max value* Mean value

Failure to yield – c1 4.1·10-7 3.0·10-6 1.7·10-6 2.1·10-7 1.4·10-6 6.5·10-7

Run-o$ the roadway – c2 1.7·10-8 2.2·10-7 1.1·10-7 1.7·10-8 4.4·10-8 1.5·10-8

Rear-end – c3 9.8·10-8 2.9·10-7 2.3·10-7 3.3·10-8 1.4·10-7 8.9·10-8

Circulating-exiting – c4 2.2·10-6 4.8·10-5 1.9·10-5 2.2·10-7 8.3·10-6 3.3·10-6

Note: * ‒ min and max values express the range of results obtained from di$erent roundabouts.
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where Cle% – through and le' lane entry capacity, pc/h; Qc – 
circulating "ow, pc/h; tc – critical gap, s; tf – follow-up time, s.

Values for critical gap and follow-up time are that 
provided by Highway Capacity Manual 2010 for through 
tra#c at unsignalized intersections: tc = 6.5 s; tf = 4.0 s. 
!is values are probably rather conservative, dealing with 
roundabouts, but it was already shown (Mauro, Cattani 
2004) that the model has a low sensitivity to the particular 
capacity formulation adopted.

Capacity for right and le' lane are combined depen-
ding on the actual approach layout: if it comes at the end of 
a multilane highway (with two lane per direction), capaci-
ty values are simply their sum. 

On the contrary, if the double-lane approach is a "are 
of a two-lane highway (with one lane per direction), total 
entry capacity Ctot is the sum of the critical lane capaci-
ty and the correspondent "ow on the non-saturated lane 
(Giu$rè et al. 2009; Corriere, Guerrieri 2012; Mauro, 
Branco 2010):

 , (12)

where Qe,right – right-turn "ow, pc/h; Qe,le% – through and 
le' "ow, pc/h; Cright – capacity of the right-turn lane, pc/h; 
Cle% – capacity of the through and le' lane, pc/h.

Finally, calculation of potential con"icts at turbo 
roundabouts has to consider a speci*c issue: where at one 
entry two di$erent lane capacity values are calculated, po-
tential con"icts evaluation proceeds independently for 
each lane. !eir sum forms the overall potential con"icts 
number for that approach.

5. Comparison between conventional                             
and turbo roundabouts

Using the model, a comparison between safety perfor-
mances of conventional and turbo roundabouts was per-
formed.

For both categories of roundabouts two reference la-
youts were de*ned.

!ey consider only the e$ect on safety of the num-
ber of lanes. Other geometric parameters that in"uence 
con"ict probability (e.g. circulatory roadway radius, exit 
radius, distance and angle between adjacent legs, etc.) are 

not re"ected by the analysis. !e two layouts for four-leg 
turbo roundabouts are:

 four double-lane approaches; one axis (legs 2 and 4) 
has prevailing "ows over the other;

 two double-lane approaches, for the main tra#c 
direction, and two single-lane legs, for the minor 
approaches.

!e traditional reference double-lane layouts, whose 
safety performances are compared with the turbo rounda-
bout, are also two:

 four double-lane approaches and double-lane cir-
culatory roadway;

 two double-lane approaches, for the main tra#c di-
rection, and two single-lane legs, for the minor ap-
proaches, double-lane circulatory roadway.

!e test was performed de*ning speci*c standard 
tra#c conditions, consisting in average daily volumes ex-
pressed by the vector AADT = [10 000, 2000, 10000, 2000] 
and a distribution of the "ows along the standard day as 
shown in Fig. 7.

It is worth to remember that this detailed tra#c "ow 
de*nition is required to use the model, since the overall 
number of potential con"ict has to be calculated and the 
potential con"ict occurrence is dependent on the tra#c 
conditions. !e comparisons considered di$erent turning 
patterns, to re"ect di$erent behaviors of conventional and 
turbo roundabouts with respect to various tra#c condi-
tions. !e matrixes of turning shares are listed below: they 
include extreme reference situations, expressed by only 
right (P1) or only le' (P5) turns and by uniform sharing 
between the three possible destinations for all approaches 
(P3), and then more realistic cases, with two di$erent pat-
terns having most turns leading to a main road (P2 and P4). 

Each element pi,j in the matrix represents the share of 
vehicles exiting towards leg j, with respect to all vehicles 
entering from leg i.

,   ,

, 

 

,

.

Dealing with double-lane roundabouts, the calcula-
tion of the number of potential con"icts must then include 
a parameter in order to take into account the lane chosen 
while entering the intersection. !e distribution on the le' Fig. 7. Daily tra#c trend used for the test
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and right lane for each turn (le', straight on and right) is 
summarized in a matrix containing the percentage of vehi-
cles entering the le' (or the right) lane for every origin and 
destination. !is matrix re"ects drivers’ behavior. For con-
ventional layouts, every driver generally chooses the lane 
to enter the roundabout. For turbo roundabouts, however, 
this freedom is granted only for few turns. !e matrixes 
adopted for the comparisons are the following. !e values 
show the share of vehicles entering on the le' lane (Ple%), 
for each turn. For example, if Ple% 3.1 = 30%, vehicles trav-
eling from leg 3 to leg 1 enter the roundabout 30% on the 
le' lane and 70% on the right lane.

Double-lane roundabouts

1 2 3 4

1 0 0 30% 70%

2 70% 0 0 30%

3 30% 70% 0 0

4 0 30% 70% 0

Turbo roundabouts

1 2 3 4

1 0 30% 100% 100%

2 100% 0 0 40%

3 100% 100% 0 30%

4 0 40% 100% 0

!e lane utilization percentage (Ple% and Pright, with 
Ple% + Pright = 1) leads to the calculation of the values Qe 
and Qc referred to the two lanes (Qe,le%, Qe,right and Qc,le%, 
Qc,right respectively, Fig. 8). To determine the circulating 
"ow, vehicles entering the le' lane are assumed to travel 
on the le' (inner) lane, whereas vehicles entering the right 
lane will stay on the right (outer) lane. In turbo rounda-
bouts, however, the lane followed by drivers on the circu-
latory roadway – exactly as the lane at the entry – is mostly 
determined by the destination leg.

6. Results

!e next tables summarize the results of the comparison, for 
the two couples of layouts considered: Table 4 and Table 5 
show potential con"icts and potential accident rate for the 
conventional double-lane roundabout, with four double-
lane approaches, and the turbo roundabout also with four 
double-lane approaches; Table 6 and Table 7 contain the 

same outcomes for conventional double-lane roundabout 
and turbo roundabout, both with two double-lane main ap-
proaches and two single-lane minor approaches. It is clear 
that, beside not negligible di$erences in terms of potential 
con"icts, in both examples the *nal results, i.e. the potential 
accident rates, are strongly reduced at turbo roundabouts. 

!e size of this safety gain is dependent on the tra#c 
pattern, and decreases considering injury crashes instead of 
total accidents, but the di$erence is surely signi*cant. For 
example, with matrixes P2 and P4, the most representati-
ve of real tra#c conditions, turbo roundabouts reduce total 
crashes of about 40–50%, and injury crashes of 25–30%.

!e e$ect is due to the lack of circulating-exiting 
con"icts that cause a relevant share of crashes at conven-
tional double-lane roundabouts. Variations in the recur-
rence of other con"icts types do not imply sizable di$e-
rences in the expected annual accident numbers. Such 
variations mainly depend on capacity performance of the 
roundabout: lesser the capacity, more frequent the queues 
and hence higher the number of rear-end and failure-to-
yield-a'er-stopping con"icts. 

Besides, the sum of the con"icts due to failure to 
yield, and also the number of potential accidents, remains 
approximately constant for conventional and turbo roun-
dabouts: an increase in failure to yield a'er stopping conf-
licts is compensated for by a decrease in failure to yield 
without stopping con"icts, or vice versa.

Sensitivity with respect to the tra#c volumes: To 
check possible variations in results of the comparison be-
tween conventional and turbo roundabouts, the model was 
applied to both layouts with di$erent values of the daily 
tra#c "ows. Both main and secondary "ow has been made 
greater: the former from 10 000 vpd up to 15 000 vpd, the 
latter from 2000 vpd to 7000 vpd.

Fig. 8. Entering and circulating "ow distribution on the two lanes

Table 4. Potential con"icts for conventional and turbo roundabouts                                                                                                               
Case 1: Double-lane roundabout vs. turbo roundabout 1

Accident type
Annual potential con"icts (matrix P4)

Double-lane roundabout Turbo roundabout Di$erence, %

Failure to yield a'er stopping 60 299 176 167 192

Failure to yield w/o stopping 812 104 656 149 ‒19

Run-o$ the roadway 6 783 144 5 675 306 ‒16

Rear-end 1 424 534 2 405 151 69

Circulating-exiting 91 719 ‒ ‒100
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!e potential accidents generally show a linear 
growth with increasing tra#c volumes. !is trend appears 
to be faster for conventional double-lane roundabouts: as 
a consequence, the reduction of the potential accident rate 

that turbo roundabouts assure, with respect to convention-
al lay-outs, becomes higher when tra#c "ows are bigger.

For instance, with tra#c patterns expressed by ma-
trixes as P2 or P4, the di$erence in the potential accident 

Table 5. Potential accident rate for conventional and turbo roundabouts                                                                                                          
Case 1: Double-lane roundabout vs. turbo roundabout 1

Accident type

Annual potential accidents

Double-lane roundabout Turbo roundabout Di$erence, %

Crashes

Total Injury Total Injury Total Injury

Failure to yield a'er stopping 0.10 0.04 0.30 0.11 +200 +175

Failure to yield w/o stopping 1.38 0.53 1.12 0.43 ‒19 ‒19

Run-o$ the roadway 0.75 0.10 0.62 0.09 ‒17 ‒10

Rear-end 0.33 0.13 0.55 0.21 +67 +62

Circulating-exiting 1.74 0.30 ‒ ‒ ‒100 ‒100

Total (matrix P4) 4.30 1.10 2.59 0.84 ‒40 ‒24

Total (matrix P1) 1.31 0.96 ‒27

Total (matrix P2) 3.66 1.92 ‒48

Total (matrix P3) 7.19 3.50 ‒51

Total (matrix P5) 16.34 1.40 ‒91

Table 6. Potential con"icts for conventional and turbo roundabouts                                                                                                                         
Case 2: Double-lane roundabout (with two single-lane approaches) vs. turbo roundabout 2

Accident type
Annual potential con"icts (matrix P4)

Double-lane roundabout Turbo roundabout Di$erence, %

Failure to yield a'er stopping 160 393 188 803 +18

Failure to yield w/o stopping 746 927 751 600 +1

Run-o$ the roadway 6 434 673 5 873 548 ‒9

Rear-end 1 633 526 2 215 532 +36

Circulating-exiting 140 781 ‒ ‒100

Table 7. Potential accident rate for conventional and turbo roundabouts                                                                                                             
Case 2: Double-lane roundabout (with two single-lane approaches) vs. turbo roundabout 2

Accident type

Annual potential accidents

Double-lane roundabout Turbo roundabout Di$erence, %

Crashes

Total Injury Total Injury Total Injury

Failure to yield a'er stopping 0.27 0.10 0.32 0.12 +19 +20

Failure to yield w/o stopping 1.27 0.49 1.28 0.49 +1 0

Run-o$ the roadway 0.71 0.10 0.65 0.09 ‒8 ‒10

Rear-end 0.38 0.15 0.51 0.20 +34 +33

Circulating-exiting 2.67 0.46 ‒ ‒ ‒100 ‒100

Total (matrix P4) 5.30 1.30 2.76 0.90 ‒48 -31

Total (matrix P1) 1.20 0.74 ‒38

Total (matrix P2) 5.05 2.43 ‒52

Total (matrix P3) 9.07 3.31 ‒64

Total (matrix P5) 24.20 2.06 ‒91
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rate is about 50% with the basic daily tra#c volumes con-
sidered (10 000 vpd and 2000 vpd, for main and secondary 
"ows respectively), and is equivalent to 65–70% if one of 
the "ows grows by 5000 vpd (10 000 vpd to 15 000 vpd or 
2000 vpd to 7000 vpd).

7. Conclusions 

!is paper refers to an application of a potential accident 
rate model to turbo roundabouts. !is model is based on 
the concept of “potential con"ict”: each vehicle involved 
in a general intersection performs a series of maneuvers 
that potentially imply a crash, depending on real tra#c 
conditions. !e number of crashes related to each critical 
maneuver is proportional, through a coe#cient ci, to the 
number of times that this maneuver is performed at the 
intersection.

!e accident typologies that have been examined for 
the turbo roundabouts are the following:

1) failure to yield a'er stopping; 
2) failure to yield w/o stopping; 
3) run-o$ the roadway; 
5) rear-end; 
5) circulating-exiting (including weaving collision 

happening on a circulatory roadway segment leading to 
an exit).

Because of the recent introduction of turbo rounda-
bout in Europe, there aren’t consistent accidents data for 
this new typology of road intersections, therefore the mo-
del was de*ned and calibrated only for conventional roun-
dabouts with one or two circulating lanes (double-lane 
roundabouts). Moreover, calibration has considered few 
intersections in urban context, and cannot be considered 
representative of a whole range of roundabouts. For these 
reasons, the application of the model to the analysis of tur-
bo roundabouts implies a somehow arbitrary extension of 
the coe#cients’ signi*cance. Hence, the use of the model 
to deduce the turbo roundabouts potential accident rate 
only gives a preliminary indication of the advantages in 
terms of safety that this new layout brings. Furthermore, 
the comparison between conventional and turbo rounda-
bouts has considered “ideal” layouts, not investigating the 
e$ects of many possible variations in the geometric featu-
res, for each single type of roundabout. 

Even considering these limitations, the results appear 
to have great signi*cance: in the di$erent layouts and traf-
*c conditions analyzed, turbo roundabouts provide:

1) reductions of the number of total potential acci-
dents between 40% and 50%;

2) reductions of the number of potential accidents 
with injuries between 20% and 30%. 

!e reliability of these conclusions is strictly related 
to the capability of the model, calibrated from the analysis 
of conventional roundabouts, to correctly evaluate risky 
conditions at turbo roundabouts. 

More reliable indications about the safety performan-
ces of turbo roundabouts are obtained only with the ana-
lysis of existing intersections that lead to the calibration 

of a potential accident rate model, speci*c for this kind of 
roundabout arrangement.

In conclusion, the model presented in this paper 
shows that the turbo roundabouts are more appropria-
te than conventional double-lane roundabouts when a 
higher level of safety has to be guaranteed, for example in 
urban context, where the pedestrian and two-wheeler traf-
*c level is signi*cant.
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