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Double-lane roundabouts have been created in many European countries over the past few centuries and are now characterized
by an unsafe geometric development and by a low sustainability capacity or level. In this regard, new double-lane geometries
have been implemented to overcome to these critical points. This article shows a comparison of two nonconventional double-
lane roundabout schemes defined as elliptical and turbo. Considering this research on the unsafe and congested conditions for
each road schemes at grade, the microsimulation approach allows comparing schemes of intersections not yet realized in order to
be able to evaluate the critical issues. A symmetric traffic distribution and an identical vehicle mix for both design solutions are
considered. The research was conducted considering two different double-lane roundabout-turbo roundabout and the elliptical
roundabout. By comparing their geometry and technical elements, this article assumes that turbo roundabout due to its physical
separating traffic lanes in the central circulatory carriageway will enable potentially better traffic safety conditions. This article has
the following main goal: a comparison of traffic safety using VISSIM microsimulator and SSAM tools. The results can provide to
show safety level on investigated scenario considering level of service (LOS) and also the possibility of obtaining time to collision
(TTC) and postencroachment time (PET) through the use of surrogate parameters obtained by SSAM tool. In fact, the surrogate
safety parameters allows evaluating the possible collision scenarios between them, according to the trajectories of the single vehicles.
This assessment is useful in order to be able to evaluate by the local authorities which of the examined schemes can provide greater
negativity in the construction and operation phase. Therefore this comparative analysis allows reducing, in the preliminary phase,
possible security impacts and also economic ones for the community.

1. Introduction

Today, the different road intersections are increasingly devel-
oping. In general, the road intersections in roundabout allow
a substantial reduction of the points of conflict between
vehicles and vehicles with pedestrians compared to the
traditional intersectionswith precedence orwith traffic lights.
Proper planning of the roundabout is necessary to reduce the
percentage of deaths and injuries on the roads of each coun-
tries.

The research was conducted considering two different
double-lane roundabouts titled elliptical and turbo. The
following paragraphs show a geometric description of the
intersections and a detailed analysis of the steps that led to

the comparison of the two geometries in safety terms through
the use of the VISSIM microsimulator [1] and the dedicated
SSAM tool [2].

There was the first phase of selection of the geometries to
be analyzed, the traffic scenarios with relative distribution of
the vehicle typologies and after the calibration of themodel of
the microsimulator in order to make the most reliable results.
Finally, they were processed in terms of surrogate safety
through a dedicated tool.

The comparison of the results shows how to vary the flows
and geometries of unconventional satin road intersection
you can have more or fewer distributions of certain types
of collisions between vehicles along the geometry. In fact,
the evaluation and also the comparison of supposed collision
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are investigated considering surrogate parameters. Surrogate
parameters represent a summary assessment in terms of
safety, by placing a double-lane rotary comparison on the
central circulatory carriageway.

Thehypotheses onwhich this research is based are related
to the definition of the surrogate safety of nonconventional
roundabout geometries. Specifically, attention was focused
on the comparison of two widespread schemes in Europe, in
order to be able to investigate in advance which of these, with
the sameoutflow conditions, be better in terms of service level
and therefore road safety.

2. Double-Lane Roundabout Geometry

The geometries chosen for the comparison are of a satin
type and are referred to as turbo and elliptical roundabout,
respectively. Both have in the case examined a double lane
in the central circulatory carriageway. At the end of the 90s,
in the Netherlands it is following the design and construc-
tion of the turbo-type roundabouts. Scheme of stories has
evolved over the years by presenting the preselection of the
manoeuvres along the arms and therefore they are vehicles of
not manoeuvring abrupt or wrong.

The limitation of the manoeuvres was made possible not
only by the preselection along the lanes of the arms but also
by the presence of curbs or signs of separation between the
manoeuvres along the main ring. From here there has been
an increase in safety with a reduction in the number of deaths
and injuries along these intersecting geometries. Fortuijn was
the first to study and design the turbo-type intersections at
grade [3].

Unlike the turbo roundabout, the elliptic schemes are not
defined by separated lanes of the circulatory ring. Sometimes
there are not even the preselection lanes along one or more
arms of the intersection.

Several studies have been conducted in recent years on the
assessment of the potential of unconventional roundabout in
terms of safety and environmental impact, evaluating both
the single and double lane on the central ring in different
traffic flow conditions like those described by [5, 6].

The evolution of turbo-type rotary geometries has in
recent years been carried out in parallel with the development
of public and private transport systems in terms of both eco-
mobility and traffic decongestion systems with the reduction
of the automatic system in favour of collective passengers
transport [7].

The elliptical roundabout is a form of a classical double-
lane roundabouts with the emphasis that it is not a proper cir-
cular shape, but its geometry corresponds to a closed curve-
ellipse.This form of double-lane roundabout is characterized
by two semiaxes (R and 2R). Usually the higher semiaxis (2R)
is located in the main traffic direction while the lower semi-
axis is located in the secondary traffic direction. This form
of elliptical roundabout is most often applied in areas where,
due to spatial conditions, a classical circular roundabout
cannot be performed and where there is more traffic at the
main traffic direction. Mainly in the world it is not so much
represented, but according to [8], elliptical roundabout is
widely used in Iran. Figure 1 represents, respectively, the two

geometries examined, considering the main and secondary
traffic directions. Both road geometries are not signalized;
therefore the precedence of vehicles circulating on the ring
has been estimated with respect to those that are introduced
by the arms in the various directions, respectively.

3. Calibration of Microscopic Traffic
Simulator: Methods and Application

Microsimulation approach and microanalytic simulation are
linked to a category of analytical tools that perform highly
detailed analysis of activities such as highway traffic flowing
through road networks. Traffic microsimulation models gen-
erally is defined considering a large number of parameters
that must be calibrated before the prediction of applied
model.

In this paragraph, the details of the traffic microsimulator
used and the tool dedicated to the assessment of road safety
have been reported.The definitions of the parameters and the
calibration of the models followed the processing of the data
and the comparison of the two geometries.

3.1. Microsimulation Tool Description. The modelling phase
of the compared roundabouts was made by first considering
the geometric parameters and the main and secondary traffic
directions. It was carried out considering some hypotheses
related to the models on which the VISSIM software devel-
oped by PTV is based.

The parameters mentioned above mainly include the
characteristics of the vehicle, the composition of the traffic
flow in terms of percentages of heavy or other light vehicles,
the distribution of the speed of desire, the traffic flows, and
some behavioural parameters linked to the style of driving
and the driver’s psychophysical status [9].

The simulated model considers a random generation in
the distribution along the vehicle queues in terms of both
composition and volume. It also considers that the priority
of the fastest moving vehicle may decrease when it reaches
and perceives the presence of a slower vehicle in front.

Thebasic concept of thismodel is that the driver of a faster
moving vehicle starts to decrease own speed as he reaches his
individual perception threshold to a slower moving vehicle.
Vehicles would be randomly generated as per the given vol-
ume and composition.

In order to be able to evaluate surrogate security param-
eters using the SSAM specific tool, it is first necessary to
generate a layout from VISSIM and through specific files in
“trj” format possible to trace the trajectories of individual
vehicles and therefore to the propensity that they have to enter
in fact that the SSAM tool analyzes vehicle interactions to
identify events and catalogue all the events found.

For each such event, SSAM also calculates several surro-
gate safety measures, including the following:

(i) Minimum time to collision (TTC)
(ii) Minimum postencroachment (PET).

The simulation of traffic through the VISSIM software
initially considers the definition of traffic flows and their
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Figure 1: Details of turbo (left) and elliptical (right) geometry.

distribution along the intersection arms through the creation
of special O/D matrices. In the rotary intersections, the
deflection curves created by the motion of the vehicles
depend on the geometry of the roundabout itself and in
particular on the size of the central island. Another important
geometric parameter is the determination of the input radius
of the branches on the circulatory ring. They depend on both
the capacity and the safety of the examined scheme. The
aforesaid parameter is related to the width of entry, the width
of the carriageway on the circulatory ring, and the geometry
of the central island. These parameters affect the travel speed
of the vehicle and therefore the driving comfort and road
safety.

Federal Highway Administration (FHWA) Roundabout
Guidebook [10] was considered to select roundabout design
parameters. After designing all of the roundabouts in VIS-
SIM for both geometries and conditions, traffic loads were
assigned. In this study, the actuated traffic control was used
in roundabouts. In addition, the right-of-way control was
considered for not signalized roundabouts that were given
priority to circulating flow. This controlling system allowed
roundabouts to perform better than uncontrolled systems.
Each roundabout was designed considering double lane on
circulatory carriageway.

The following assumptions were considered for this study
are linked to urban areas conditions.The analyzed geometries
are characterized by a speed value of about 50 km/h on cir-
culatory carriageway while the access speeds from each arm
are assumed to be less than 35 km/h. In elliptical roundabouts,
large radius is twice the small radius.

The exact disposition of the data and the traffic flows
have been calibrated through the origins of origin and are
examined in the next paragraphs.

Ingeneral, it is possible to resort to trafficmicrosimulation
instruments if, in a preventive manner and for small areas,
the possible introduction of different geometrical schemes is
to be analyzed and can be compared from both the point of
views of safety-related issues (i.e., precedence, percentage of
thinking vehicles, and weak road users) in relation to impacts
of various kinds such as the environment [11].

This research investigates on two unconventional geo-
metrical layouts (elliptical and turbo roundabouts). They are

very recent or just theoretic, and it is often not possible to
perform an observational evaluation by collecting crash and
operational data.

The microsimulation software tool VISSIM (Version 9)
[1] was used to simulate operations at the roundabouts. This
software can be used to generate all types of outputs simulta-
neously (safety, traffic performance, and capacity), allowing a
more complete and comprehensive picture of the combined
effects in making comparisons of various roundabout design
scenarios.

The VISSIM output, in particular files linked to trajecto-
ries details, was imported into the Surrogate Safety Assess-
ment Model (SSAM) [2], a software application designed
to consider vehicle trajectory data output from microscopic
traffic simulation models to derive proximal measures such
as conflicts, based on thresholds for either time to collision
(TTC) or postencroachment time (PET).

The estimated conflicts were then applied in crash-
conflict models for roundabouts developed in other research
to compare the roundabout designs on the basis of expected
crashes.

The approach of using proximal safety indicators such as
conflicts has been suggested as an alternative to the use of
crash data, especially where the facility being evaluated does
not exist and thus does not have a crash record.

It is possible to consider the frequency of conflicts and
the severity measures through the use of intersection conflict
index in agreement with Sayed and Zein [12].

This suggests the possibility of using significantly shorter
study periods to establish statistically reliable results. The
fundamental parameters beyond those previously described
are related to the capacity of the analyzed geometry, to
the estimated or hypothesized traffic volume and to their
relationship. The comparison of the results took place con-
sidering the geometries shown in the Table 1.

According to Hatami and Aghayan [8], it is possible to
admit that the elliptic roundabouts have now become an
unconventional type of roundabout.

The geometry of the aforesaid roundabout leads to a
reduction of the positive effects especially with the increase
of the radius: in fact, there is a roundabout an elliptic not
semaphore, like that object of study, to an increase of the
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Table 1: Details of double-lane roundabouts simulated.

Number of lanes Types of
roundabout

Speed
limits[km/h] Traffic light Central island

radii[m]
Total Traffic

Volume[veh/h]
Max

Capacity
Two lanes Turbo 50 Absence Main radius R=56m 3040veh/h 3480veh/h

Two lanes Elliptical 50 Absence
Main radius R=56m
Secondary radius

r=23m
2400veh/h 3000veh/h

criticalities both in terms of capacity and of delay. Against the
increase of the speed in it involves a positive effect both on the
capacity and on the delay.

The Surrogate Safety Assessment Model (SSAM) is a
specific tool created by Federal Highway Administration
focused on identification, automatically classification of the
presence of potential conflicts generated by the trajectories
of vehicles circulating on road schemes. The tool also has
integrated statistical analysis functions for the frequency and
severity of conflicts that can help in the design of traffic safety
structures. The following paragraphs describe the calibration
steps of the model and report the relative results of the
unidentified roundabout, providing the results with the help
of the VISSIM software and the SSAM tool.

3.2. Surrogate Safety Tool SSAM. The name of SSAM tool
is the acronym of Surrogate Safety Assessment Model. It
has many parameters to configure that allow the user to
visualize the analysis and customize the analysis results. Some
of these data would be best imported from the simulation
application(s) itself (e.g., “import traffic-stream data”) using
a common file format related to trajectories generated by
microsimulator software.

Generally the data required to adequately analyze the
traffic situation includes the following:

(i) Network geometry (i.e., number of lanes in each
direction, turning pockets, and driveways)

(ii) Traffic-stream data (volume of traffic in each direc-
tion, change in the volumes over the simulation peri-
od)

(iii) Definition of signalized or not signalized intersection
with specific priority of each arms or circulatory
carriageway

(iv) Driver behaviour data (i.e., aggressiveness distribu-
tion and gap-acceptance criteria).

The evaluation of surrogate parameters allows an evaluation
of the safety of the schemes analyzed, providing a greater
propensity of the intersection to generate different types of
conflict points.

3.3. Calibration Process to Microsimulation Tool. Calibration
is the adjustment process to set model parameters and to
improve the model’s ability to reproduce local driver be-
haviour and traffic performance characteristics.

It is impossible for the researcher to have knowledge of
the number of repetitions to be calibrated in advance, but it is
possible to use an estimate of how many times it is necessary

Table 2: Minimum number of repetitions needed to obtain the
desired confidence interval.

Desired Range
(CI/S) Desired Confidence Minimum Repetitions

0,5 99% 130
0,5 95% 83
0,5 90% 64
1,0 99% 36
1,0 95% 23
1,0 90% 18
1,5 99% 18
1,5 95% 12
1,5 90% 9
2,0 99% 12
2,0 95% 8
2,0 90% 6

to calibrate the parameter and/or models investigated to
obtain a statistically valid result. The required minimum
number of model repetitions is computed using the following
equation:

CI1−𝛼% = 2 ∗
t(1−𝛼/2),N−1s
√𝑁 (1)

where
CI(1-𝛼)% = (1-𝛼)% is confidence interval for the true

mean, where alpha equals the probability of the true mean
not lying within the confidence interval

t(1-𝛼/2), N-1 is Student’s t-statistic for the probability of
a two-sided error summing to alpha with N-1 degrees of
freedom, where N equals the number of repetitions

s is standard deviation of the model results.
Table 2 shows the link among above equation, the min-

imum number of repetitions for various desired confidence
intervals, and desired degrees of confidence according to [2].

3.4. Calibration Targets. The model calibration process pro-
vides the best possible match between model performance
estimates and real measurements.

However, there is a limit to the amount of time and effort
that anyone can make to eliminate the error in the model,
since the high repetition of the process often does not result
in greater accuracy of the data.

Table 3 shows the criteria and calibration measures
considering specific vehicle flow intervals adopted by DOT
[13].
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Table 3: Wisconsin DOT freeway model calibration criteria.

Criteria and Measures Traffic Flow range Calibration Acceptance Targets
Individual Link Flows

Within 15% 700veh/h<Flow<2700veh/h >85%of cases
Within 100veh/h Flow<700veh/h >85%of cases
Within 400veh/h Flow>2700veh/h >85%of cases
Sum of All Link Flows Within 5%of sum of all link counts
GEH statistic<5 for Individual link Flow >85%of cases
GEH statistic<5 for all link Flow GEH<4 for sum of all link counts
Travel times, Model Versus Observed
Journay Time, NetworkWithin 15%(or 1min if higher) >85%of cases
Visual Adults
Individual Link Speeds-visually Acceptable Speed-Flow relationship To analyst’s satisfaction
Bottlenecks
Visually Acceptable Queuing To analyst’s satisfaction

Table 4: GEH value obtained in accordance with [4].

Roundabout schemes with 2 lanes on circulatory carriageway
Double lane Turbo Flower Target Elliptical

GEH on right lane 87,5 87,5 87,5 87,5 87,5
GEH on left lane 100 87,5 87,5 87,5 87,5

The calibration of the software model used is based on the
model definedWiedemann 74 used by PTVVISSIM (version
9) to simulate in a reliable and realistic way the traffic of
vehicles inside unconventional roundabouts.

The car-following model was considered to be satisfacto-
rily calibrated when the two curves overlap.

To further explore the model’s validity, the Geoffrey E.
Havers (GEH) statistic index (1,2) was used as the criterion
for accepting the template.

The formula for the “GEHi Statistic” is

GEHi =
√2 (𝑀 − 𝐶)2
𝑀+ 𝐶

(2)

And

GEH = ∑
n
i=1GEHi

n
(3)

GEH index is a global indicator widely used for the validation
of traffic simulation models, especially when only aggregate
values such as traffic flow counts in time-based detection sta-
tions and input capacity are available [14].

The GEH index value is the average over “n”; it was
considered equal to 9, simulations of the index for each simu-
lation i, as shown in Table 4.

3.5. Traffic Flow Conditions. Microsimulation approach is
helpful to simulate different hypothesis of traffic opera-
tions changing schemes and different traffic conditions. The
authors investigated the safety results of the two analyzed
road schemes considering the 80% of the maximum value of
traffic flow, corresponding to each roundabout capacity.

Table 5: O/D matrix selected to simulation.

O/D Arm1 Arm 2 Arm 3 Arm 4
Arm1 0 0.15 0.7 0.15
Arm2 0.15 0 0.15 0.7
Arm3 0.7 0.15 0 0.15
Arm4 0.15 0.7 0.15 0

The simulation of the geometries described above was
carried out by evaluating a ratio between Volume and Capac-
ity of each single intersection equal to 0.8, thus equal to 80%
of the maximum capacity of each scheme in a double lane
examined.

In general, the performances of the road geometry are
measured through its level of service while the safety mea-
sures can consider surrogate parameters such us the time
to collision (TTC). This parameter is obtained consider-
ing the trajectories of the individual vehicles and the poten-
tial conflicts. Through the TTC it is possible to provide
interesting information in advance, suggesting that the new
layouts should be considered where justified by consider-
ations on costs and benefits. The VISSIM output includes
vehicle trajectory files that were then imported into the
Surrogate Safety Assessment Model-SSAM, a software appli-
cation designed to perform analysis of vehicle trajectory data
output from microscopic traffic simulation models to derive
proximal measures such as conflicts, based on time to colli-
sion (TTC) or postencroachment time (PET). The estimated
conflicts were then applied considering conflict models
already analyzed by other sources of literature. The approach
of using proximal safety indicators such as conflicts has been
suggested as an alternative to the use of crash data, especially
where the facility being evaluated does not exist and thus does
not have a crash record. In particular the flow values used are
equal to 80% of the saturation flux of each of the two rotary
geometries. In particular, reference was made to a symmetric
O/D matrix for both roundabouts and shown as on Table 5.

The analyzed traffic mix refers to observed traffic distri-
butions and consists of the following percentages: 70%of LPV
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Figure 2: Comparison of average speed and delay time for investigated road scheme on saturated conditions.

(Light Passenger Vehicle), 20%of HPV (Heavy Passenger
Vehicle, 5%of Buses and the same percentage is dedicated to
Motorcycles. The comparison of the geometries was carried
out by evaluating the parameters characterizing the LOS
service level of the road intersections and in particular it
was estimated: maximum and average length of the queues,
average delay, average speed, and number of STOPs. In order
to make the two geometries comparable, reference is made to
normalized values.

4. Elliptical and Turbo Roundabout
Operational Safety Results

Two schemes with two-lane circulatory ring were presented
in this work. The choice of one or the other scheme depends
on several factors. In general, an elliptical roundabout is a
good choice when constraints such as precedence, existing
road alignments, buildings, and/or wetlands affect the shape.
As regards the turbo roundabout scheme, the separation of
directional flowsmust be underlined through specific vertical
signs or curbs [15].

In general, the physical separation of traffic lanes is inter-
rupted only at entry points in the internal circulating car-
riageway. Since the weaving on the roundabout is no longer
possible, drivers should be assisted by clear signage and lane
signage.

4.1. Comparison of VISSIM Results. The simulation carried
out with the VISSIM software, made it possible to compare
the intersections described above through the evaluation of
parameters relating to the service level of an infrastructure.
In particular, the length of the queues, delays and the stops
number were evaluated. These parameters make it possible to
evaluate how much a road geometric scheme has, for a given
vehicular flow, the propensity to be subject to congestion
phenomena and therefore to a low level of service. This status
implies the possible collapse of the mobility of the vehicles

inside it. Graphs on Figure 2 shows a sharp difference in
the delay values along the two geometries with a very high
possibility of congestion in the case of the elliptic roundabout
compared to the turbo type.

The graph therefore shows a higher average speed along
the turbo-rotary because the preselection of the manoeuvres
does not compromise the travel speed of the entire round-
about. It shows a total average speed value of about 20-
23km/h for the turbo-type roundabout and about a reduced
value of 40% for the elliptical roundabout. Likewise, it
assumes almost zero or reduced delay values in the turbo-type
intersection, while elevating values for the elliptical.

As far as the number of stops is concerned, there is a great-
er value in the arms B and D of the turbo roundabout, while
they are practically of equal value along the elliptical round-
about in accordance with Figure 3. This phenomenon pro-
vides an increase in congestion and possible impacts in the
aforementioned points.

An operational analysis is conducted to determine if the
turbo roundabout will accommodate projected traffic vol-
umes at an acceptable level of service (LOS). Roundabout
LOS ismeasured in control delay consistent with the elliptical
roundabout.

It is also fundamental to be able to understand the
service level of the analyzed intersections, to evaluate the LOS
parameter overall and/or for each arm. As can be seen from
the graph shown in Figure 4, the value of LOS afferent to the
elliptical roundabout remains almost constant along the arms
for the traffic conditions previously discussed. In particular,
the LOS=F=6 shows a bad condition of internal movement of
this scheme in the roundabout, suggesting a widespread con-
gestion of vehicular traffic to the flow analyzed. On the con-
trary, as regards the turbo-type roundabout, there is a more
acceptable value of LOS, especially in arms 1 and 3 where
the accumulated delays and the phenomenon of conges-
tion seem to decrease by about 40% compared to two arms, 2
and 4.
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The greater extension of the diameter along the main
direction Arm1 Arm3 of the elliptical roundabout shows
through the layouts produced by the microsimulator on
Figure 5 a free flow conditionnear the circulatory carriageway
while there is a greater thickening of vehicles along the arms
for both the examined configurations. The lack of separation
of the lanes on the main ring generates more collisions in the
elliptical roundabout as explained in Figure 5.

4.2. Comparison of SSAM Results. TTC and PET are both
indicators of proneness to establish a vehicle collision.

The probability of a conflict occurring is greater than
the value of these parameters is lower [15]. The research was
founded on specific range for both safety parameters in order
to establish the possibility of defining a potential conflict,
considering 0.1 s < TTC <1.5 s and 0.5 s < PET < 2.5 s. Among
the data associated with each conflict is a MinTTC variable,
which is the simulation time where the minimum TTC value
for that conflict was observed [16]. That variable was used
to filter out all conflicts that occurred during the simulation
time. Two comparative safety evaluations were conducted
based on different measures like described on Figure 6:

(i) The estimated conflicts from SSAM: this is done for
entry flows of 0.8 V/C (absolute and normalized per
1000 vehicles) and for 2400 veh/h and 3040veh/h.

(ii) Estimated crashes are based on applying estimated
conflicts (for entry flows of 0.8 V/C and for 3040
veh/h) in crash-conflict models; as can be seen from
Figure 6, it assists a maximum PET value for both the
turbo and elliptic type scheme below the value of 5.
The average value, on the contrary, of results for the
elliptic configuration is about 30%of the value average
relative to the turbo. In terms of PET, there is a clear
variability between the two geometries in terms of
bothmaximum value and average value. In particular,
the maximum value of the elliptical roundabout
reaches a value equal to 5 determining an increase
in the possible conflicts within it. Figure 6 shows
the distribution of TTC and PET values considering
turbo and elliptical scheme. In terms of average values
it is possible to consider the high value of TTC for
turbo and the same history for PET value.

We can notice a greater distribution in the arms, especially in
the main direction with regard to the turbo-type roundabout,
while an increase in yellow at the rotary crown couplings as
regards the elliptical roundabout, equally distributed along
the twodirections. Equal distribution in the elliptic is denoted
with regard to the conflicts shown in blue which instead are
lower in the roundabout of the turbo type and bordering only
in part of the lanes dedicated to the manoeuvre of turning
to the right. Table 6 shows the comparison of the points
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Figure 5: Microsimulator layout.
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Figure 6: Surrogate safety parameters comparison: TTC and PET.

Table 6: Collision type distribution.

Intersection scheme Collision Type
crossing rear end lane change

Turbo 7 12021 145
Total conflict point 12173
Elliptical 453 8002 3073
Total conflict point 11528

of conflict for the various manoeuvres on the two types of
intersections investigated.

Through the graphic representation of the values men-
tioned inTable 6 along the geometry, it is better to see Figure 7
in the arms of direct turning of the turbo the types of conflict
called rear end while in the elliptical roundabout the same
types of conflict are thickened inside the rotary crown near
the access arms.

In the elliptical roundabout, also in Figure 7, there is a
concentration of the conflicts of the wool change type at the
coupling between the circulatory carriageway and the entry
arms.

5. Conclusions

This research investigated two alternatives type of double-
lane roundabout, turbo and elliptical, in order to define the
safest solution considering direct and surrogate parameters.

To date, mutual comparisons in terms of surrogate safety
between these two schemes are not discussed in the sector lit-
erature but can be compared to other roundabout geometries
and or in terms of capacity-delay/geometrical parameters.

The work highlights the potential for estimating road
safety through the replacement solution. Therefore the
research work carried out wanted to highlight the negativity
of one or the other scheme in order not only to compare
two but to provide more comprehensive data that can be
incorporated into the comparison of more geometries and
also to help to technicians or local authorities during the
preliminary selection phase of infrastructure projects.

The assessment of the critical aspects related to road safety
and to the possible collision of vehicles has been addressed
through the use of traffic microsimulation and a dedicated
tool.

The hypotheses analyzed consider the presence of a
double lane on the ring that if it does not have the curb
of separation between them, it allows a greater percentage
of collisions due to the lane change manoeuvres along the
central ring. In fact the preselection of the manoeuvring lane
along the turbo entry arm limits the collision formations for
lane change. The evaluation of safety surrogate parameters
such as TTC and PET allows analyzing in a preliminary phase
the criticalities found in particular geometries and providing
the bases to local authorities in order to choose, with the same
geometry as a satin, which can generate themaximumreliable
value of collisions even in critical conditions of saturation.

Finally, it should be noted that the presence of more
points of collision within the circulatory ring canmake traffic
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Figure 7: Layout related to the types of collisions made by SSAM in the two roundabouts examined.

less easy, especially if more lanes are invaded. These reasons
are to evaluate in advance preventive scenarios and possible
alternatives and solutions to the problems in progress.

6. Limitations and Future Development

This research is focused on the first phase of comparison in
terms of safety of turbo and elliptical roundabout geometries
in critical conditions of vehicular outflow with symmetrical
distribution along the main and secondary directions. Future
developments will be conducted varying not only transport
matrices but also percentages of heavy vehicles.
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