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Abstract. In the literature, many analytical techniques allow the study of the performance (capacity, queues, delays, etc)
of roundabouts which are divided into two groups: analytical models and microscopic simulation models. Each method,
when formulated, has to consider some aspects of roundabout circulation in comparison to others (geometric elements,
vehicular flow and user behaviour). In particular, microscopic simulation models offer several advantages, compared to
analytical ones (such as realistic modelling of vehicle arrivals and departures or the ability to study the spatial extent of
queues), but they must be carefully calibrated. In this paper the authors introduce the results of a large survey conducted
on an ample range of roundabout scenarios through the application of VISSIM simulation software. Each scenario de-
scribes a fixed roundabout phenomenon using geometric elements (inscribed circle radius, circular roadway, central
and splitter islands etc.) and characteristics of the traffic flow (density, distribution, crossing and approach speeds, etc.)
as variables. The results allow authors to evaluate the effects of these parameters on roundabout stop-line delays through

a significance analysis.
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1. Introduction

Microscopic simulation models contain many independ-
ent parameters to describe driver behaviour and traffic
control operations. These models provide a default value
for each parameter, but also allow users to change the val-
ues to simulate local traffic conditions. However, along
with a more and more refined analysis of micro-simula-
tion algorithms, it is frequently necessary for the user (re-
searcher, engineer, planner, etc.) to understand the real
sensitivity of these packages to the most important key
parameters.

This study evaluates the effect of geometric and be-
havioural parameters in the simulation of roundabouts by
an analysis of variance. In fact, ANOVA analysis of vari-
ance is a good statistical methodology in order to evaluate
the influence of several control factors with different le-
vels on a response variable (Montgomery 1997). Therefo-
re, three different sets of scenarios, for single-lane roun-
dabouts were analyzed using the VISSIM (Vissim Manual
User 2005) micro-simulator: R-scenarios, I-scenarios and
C-scenarios. Inscribed circle radius, splitter island width
and circulating roadway width are the variables of each
scenario respectively, while traffic flow, approach speed
and time gap are imposed as parameters for each scenario.
Opverall, 432 scenarios were analyzed. Based on statistical
evaluations, the impact of individual factors on simulation

stop-line delay for each set of scenarios was investigated in
this study. Several of the geometric and driver behaviour
parameters were found to exert significant individual inf-
luence on roundabout performance.

2. Literature review

Several software packages provide roundabout analysis
capabilities using various theoretical methods requiring a
variety of input parameters (Gallelli, Vaiana 2008). How-
ever, only a few of these parameters have significant effects
on analysis results (Nikolic et al. 2010). Therefore this part
of the research focuses on previous studies that examined
the influence of these factors in different roundabout sim-
ulation models.

The NCHRP (Rodegerdts 2004) presented a study
that compared capacity and delay estimates produced by
RODEL and aaSIDRA in different roundabouts situated
in the USA: 10 single-lane and 6 multilane sites. The ana-
lysis of results showed that, with queues under a minute,
RODELS delay was excessive, whereas aaSIDRA estimates
were lower; instead, with queues persisting for over the
minute both RODEL and aaSIDRA delays were typically
low. This may be due to the fact that RODEL is based on
UK empirical data whereas aaSIDRA is based on gap theo-
ry, and so they two produce different results.
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Instead, Kinzel and Trueblood (2004) made a com-
parison and sensitivity analysis for operational parame-
ters related to roundabouts (such as critical gap, headway,
follow-up time and speed) considering different models:
HCS, Synchro, aaSIDRA, SimTraffic and VISSIM. This stu-
dy, simulating a hypothetical roundabout under three vo-
lume scenarios (balanced, unbalanced and congested), led
to several conclusions: the parameters used in aaSIDRA
(critical gap, follow-up headway, intra-bunch headway
and O/D factor) had a marked effect on the results; the
effect of adjusting headway in SimTraffic was appreciable
with lower-flow, but not dramatic, while, in case of con-
gestion, this effect was much more significant; in VISSIM
delay was much more sensitive to variations in the gap-
acceptance parameters.

Bared and Edara (2005) modelled two high-capaci-
ty roundabouts and their integration into smart signalized
streams using VISSIM. Then these simulation results were
compared to the results of RODEL and aaSIDRA. Finally,
the comparison with real data collected from various sites
in the USA showed that VISSIM outputs were closer to
real data than the RODEL and aaSIDRA results.

The sensibility of several software models is also dis-
cussed by Stanek and Milam (2005). They compared the
capacity of roundabouts with flared entry and double lanes
(afive-legged roundabout and a diamond interchange with
roundabouts) obtained from RODEL, aaSIDRA, VISSIM
and PARAMICS. The conclusions of this study pointed out
that RODEL and aaSIDRA must be used to analyze high-
capacity roundabouts only for unsaturated conditions or
for isolated locations with standard geometry. Instead, PA-
RAMICS and VISSIM should be used when oversaturated
conditions are present in the study area or unique roadway
geometry features are present.

Gagnon et al. (2008) presented a study where diffe-
rent roundabout models were considered: aaSIDRA, RO-
DEL, PARAMICS, SimTraffic and VISSIM. In this paper,
model evaluation was based on comparing approach delay
values to actual field delays of two modern roundabouts in
New Hampshire (USA). The main conclusions of the rese-
arch were: among the models considered, VISSIM appea-
red to be the most versatile, and RODEL seemed to be the
least; for aaSIDRA the Environment Factor (EF) appeared
to have the most significant impact on the results, whereas
for VISSIM, adjusting the minimum acceptable gap was a
very powerful tool in calibrating the model; PARAMICS
offered a number of calibrating factors, but, in this case,
some of these parameters did not impact on the results.

Still considering the effect of operational parame-
ters in the simulation of intersections, Park and Qi (2004)
realized a study in which three microscopic traffic simu-
lation models, VISSIM, PARAMICS and CORSIM, were
selected for model review and practice of model calibra-
tion and validation. The simulation results were compared
with the field data of two actuated signalized intersections
in the USA to determine the performance of the calibra-
ted models. The final considerations of this work were that

different simulation models provide different sets of adjus-
table parameters and, generally, PARAMICS has the least
calibration parameters, whereas CORSIM and VISSIM
have more calibration parameters.

Therefore, after this brief digression, it is possible to
conclude that it is important to understand the definition
and impact of each parameter in order to obtain realistic
output from the simulations.

3. Roundabout Microscopic Simulation Model

3.1. VISSIM software

The simulation of roundabout traffic operations often pre-
sents many complexities, because it is not easy to define
all the geometric and user-behavioural features. VISSIM
gives a flexible platform that allows the user to model a
roundabout more realistically. It is based on a link-con-
nector instead of a link-node structure which is easily able
to build a complete network or, specifically, a single inter-
section. In addition, VISSIM is able to import CAD layout
(dxf or jpg) and to set it as a background on which draw
links. An appropriate scale is assigned, so that all the meas-
urements are in the same units. In this way, for example,
it allows all the geometric elements of a roundabout (split-
ter islands, lane width, number of lanes, entry width, etc.)
to be precisely drawn (Trueblood, Dale 2003). There are
three principal features which are very important to be set
for a correct simulation:

— vehicle speeds (approach speed, circulatory speed

and reduced speed zones);

— priority rules;

— traffic assignment.

Furthermore, the driver behaviour is also important:
VISSIM uses a psycho-physical car-following model and
a rule-based algorithm for lateral movements realized by
Wiedemann (1974).

3.2. Vehicle speeds: approach speed, circulatory speed
and reduced speed zones

An accurate definition of vehicle speeds is very important
to achieve a good simulation of a roundabout.

VISSIM allows the desired speed of every type of ve-
hicle when the said vehicle enters the network to be defi-
ned. The approach speed of every leg of the roundabout
is taken in a range defined by an empirical speed curve
which is created by the user: this curve usually presents
an S-form (normal distribution). As reported in the VIS-
SIM manual user, the vehicles maintain the desired speed
until traffic conditions or geometric features require them
to change it. VISSIM uses reduced speed zones in order
to change the desired speed: these zones have been used
to set the influence of roundabout entry geometry on the
approach speed. The reduced speed zones assign a new
speed distribution to the vehicles which begin to decele-
rate (a = 2.0 m/s2) before the start of the same areas. After
the end of these zones the vehicles begin to accelerate in
order to reach the previous desired speed if the user does
not set a new one. Specifically, for roundabouts, after the
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reduced speed area at entry, a circulatory speed distribu-
tion is set which is derived from vehicle radial dynamics
equilibrium:

V =127R(q+ f,), (1)

with these assumptions: ¢ = 0 (transverse inclination);
f; = 0.23 (side friction factor),

G
R=R, - [7j )

where R; - the inscried circle radius, m; C; - the circulat-
ing roadway width, m.

This equation allows the average speed (V) of the
circulating vehicles into the roundabout to be obtained
and the range of the circulatory speed distribution to be
set. In fact, considering this as a normal distribution and
considering standard deviation o = 5 km/h (this is derived
from field data), it is possible to define the extreme values
of the range as V,_ + (1.960) in order to consider the 95
percentile of the circulatory speed (Capiluppi et al. 2006;
Pratico et al. 2012; Vaiana, Gallelli 2011).

3.3. Priority rules

The most important aspect of roundabout modelling in
VISSIM is the correct definition of the priority rules for
entering and exiting movements (for a one-lane-round-
about there are only priority rules for entering vehicles).
These rules are based on two fundamental parameters:
min gap time and min headway.

A vehicle, which is standing at the stop-line, enters the
circulatory roadway only when the time gap and headway
measured from the conflict markers are greater than the
relative min values. A priority rule is usually composed of
a stop line and one or more conflict markers.

It is possible to set different values of headway for
any type of vehicle or of min gap (this parameter is very
important in VISSIM, as it will be shown in experimen-
tal results), but in this case only traffic flows measured in
“equivalent vehicles per hour” are considered.

3.4. Traffic assignment

As traffic input data, VISSIM uses only an O/D matrix,
which contains the number of movements for each ori-
gin/destination (space distribution of traffic flows) during
a specific time range. The flow-time curve is fixed by the
operator.

4. Experimental planning

The study proposed was conducted through the use of the
VISSIM micro-simulator (release 4.3).

The Software requires specification of many input pa-
rameters (Tables 1 and 2 in particular):

— distribution and assignment of traffic flow in time
and space. In the experimental planning introduced
in this paper, four separate traffic flows TF; (with
i = 1,...,4 - only motorcars) were considered (Ta-
ble 1). They were distributed in time according to a
flow-time curve of traffic demand obtained from a
theoretical curve (Vaiana, Gallelli 2011; Vaiana et al.
2007). TF, is the total entering flow of an approach
during an hour. For each traffic flow, four different
O/D matrixes were created: one for every quarter of
an hour. This entering flow was distributed as fol-
lows: first quarter: TF,5,,;. = 0.3TF; second quarter:
TF34,4in = 0.4TF; third quarter: TF,s,,,. = 0.2TF;
fourth quarter: TF,, ;. = 0.1TF,. Space distribu-
tion of traffic flows was completely represented by
means of O/D matrixes with a balanced traffic flow
distribution;

— implementation of circulation rules: approach
speed, reduced speed zones, circulatory speed
zones and priority rules;

— setting up of scenarios to be analyzed (choice of
geometric and traffic variables).

Recorded outputs are represented by the average
stop-line delay. The stop-line delay is computed for every
vehicle completing the travel time section by subtracting
the theoretical (ideal) travel time from the real travel time.
According to the VISSIM manual user, the theoretical tra-
vel time is the time that would be reached if there were no

Table 1. Summary of the imposed values for traffic flow, approach speed and time gap

Parameters Traffic flow Approach speed Time gap
Identification Value, vph Identification Value, km/h Identification Value, s
TF, 350 S, 30-40 TG, 3.0
TF, 500 S, 40-50 TG, 3.5
TF, 600 S, 50-60 TG, 4.0
TF, 650
Notes: Only motorcars - For circulatory speed 15-50 km/h:

— critical gap = TG; with i =1, 2, 3;
— headway = 5 m.

For circulatory speed < 15 km/h:

— critical gap is ignored;

— headway = 5 m.
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Table 2. Summary of the imposed values for the geometric features of the scenarios

Parameters Inscribed circle radius Splitter island width Circulating roadway width
Identification Value, m Identification Value, m Identification Value, m

R, 15.0 I, 6.0 o) 6.0

R, 20.0 I, 8.0 ol 7.0

R, 25.0 I, 10.0 G, 8.0

R, 30.0 1 12.0 Cs 9.0

I, 14.0 C, 10.0

Notes: Only single-lane roundabouts - _

[R - sCENARI0S] - Variables = Traffic Flow; approach Speed; inscribed circle Radius.

| TR, withi=1,2,3,4 and Gy withj=1,2,3 |~ Trafficinput
1

i Geometric input

[X- SCENARIOS | - Variables = Traffic Flow; approach Speed; splitter Island width.

| TF; withi=12,3.4 and G, withj=1.2.3 |

Traffic input

1

1 I | | |

LI LT,
Co|Co | Coll| Coff|CollCo
Ry || Rs | | Rs | [R3 | Rs || Rs

Geometric input

[ C-scenarios]- Variables = Traffic Flow; approach Speed; Circulating roadway width

| TF; withi=1,2,3,4 and G; withj=1,2,3 I Trafficinput
|

Io | To || Lo | Lo | | Lo
R; [[|Rs | | Rs || Rs || | Rs

I
Ecl GllGl{a]|o
l Geometric input

Fig. 1. Sets of scenarios analyzed (Gallelli, Vaiana 2008)

other vehicles and no signal controls or other stops in the
network (reduced speed areas are taken into account).

5. Scenarios development

Three separate sets of scenarios for single-lane rounda-
bouts were developed and analyzed (Fig. 1), in total
432 scenarios:

R-scenarios have the following variables: traffic flow
(TF,), approach speed (S;), inscribed circle radius (R)),
time gap (TG));

— I-scenarios. They have the following variables: traf-

fic flow (TF,), approach speed (S,), splitter island
width (I;), time gap (TG));

— C-scenarios. They have the following variables:
traffic flow (TF)), approach speed (S;), circulating
roadway width (C;), time gap (TG,).

Fig. 2 shows a VISSIM screenshot of the modelled roun-
dabouts. The Fig. 2 highlights particular features (with diffe-
rent colours) such as: desired speed sections; reduced speed
areas; conflict markers and stop lines (Vaiana et al. 2012).

6. Experimental results and ANOVA of operational
parameters

VISSIM, as all micro-simulation software programs, simu-
lates traffic in a one-shot simulation, therefore, ten simu-
lations were made for each set of scenarios (multiple-run
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Fig. 2. VISSIM screenshot of the modelled roundabout

Ri TGi

80

1 /
P ——
T e —
20 /
15 20 25 30 30 35 40
Si TFi

80
60 /
40+

20- /

25 35 45 350 500 600 650

Fig. 3. Main plots for stop-line delays in R-scenarios

simulations with running time of one hour for each simu-
lation) in order to provide a 95% confidence in stop-line
delays with a confidence interval of + 1.00 s.

A travel time route was coded for each approach in
order to obtain delay (data collection points placed on the
stop line of the entries). Having considered only balanced
traffic flow distributions the final value of delay for each
scenario is the average of all the values calculated for the
multiple-run simulations and for all the four legs of the
roundabout. Furthermore, for each set of scenarios, an
analysis of variance was conducted in order to identify

Table 3. Anova for stop-line delays in R-scenarios

model inputs whose impact on stop-line delay is statisti-
cally significant.

6.1. Main results and analysis of variance
for R-scenarios

The R-scenarios are characterized by the following geomet-
ric variable: inscribed circle radius (R;). An Analysis of Vari-
ance (ANOVA) realized with MINITAB 15.0 (Ryan 2007)
was performed to determine which factors (inscribed circle
radius (R)), critical gap (TG;), approach speed (S;) and traffic
flow (TF))) significantly affect the measured stop-line delay
(W,). These results are presented in Table 3.

Based on the results, only three factors and three in-
teractions had a significant effect on the stop-line delay
(only second order interactions were considered as repor-
ted in the literature) (Cunto, Saccomanno 2008). Therefo-
re, between the first order factors only speed was found to
be not statistically significant at the 5% level.

Stop-line delays are shown in Fig. 3 as a function of
R, TG, S;, TF,

It follows from these plots that:

— for all the considered R-scenarios, the approach speed

shows no specific influences on stop-line delay;

— if critical gap increases, stop-line delay increases;

— if traffic flow increases, stop-line delay increases;

— when the inscribed circle Radius grows, stop-line
delays slowly increase.

Interaction plots for average stop-line delays are

shown in Fig. 4.

From these plots, it is possible to make several con-
clusions:

— as was previously shown in ANOVA (Table 3), ap-

proach speed S; compared to the other factors (R;,
TG, and TF,) seems not to influence the stop-line
delays;

— considering the effect of the combined interaction
between TG; and TF; on stop-line delay, it is pos-
sible to note that, for TG, = 3.0 s, the growth of
TF; begins to influence appreciably stop-line delay
only for TF, = 650 vph, whereas for TG, = 3.5 s and

Source DF Seq SS Adj SS Adj MS F P Sign.
R; 3 4190.9 4190.9 1397.0 48.38 0.000 Yes
TG; 2 94 278.7 94 278.7 471394 1632.50 0.000 Yes
S; 2 172.7 172.7 86.3 2.99 0.055 No
TF; 3 123 230.6 123 230.6 41076.9 1422.54 0.000 Yes
R, TG; 6 2531.8 2531.8 422.0 14.61 0.000 Yes
R;S; 6 52.3 52.3 8.72 0.30 0.935 No
R/TF; 9 2731.5 2731.5 303.5 10.51 0.000 Yes
TGS, 4 82.3 82.3 20.6 0.71 0.585 No
TG,TF; 6 50 889.3 50 889.3 8481.5 293.73 0.000 Yes
S; TF, 6 105.3 105.3 17.6 0.61 0.723 No
Error 96 2772.1 2772.1 28.9
Total 143 281037.3
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3.0 35 4.0 25 35 45 350 500 600 650
Ri
—e— 15
Ri —=-20
e T { -—--25
—— = —a--30
TGi
—e—3.0
e —m-35
TGi - — > — — —a -—--4.0
Si
r100 (o 25
Si — —=-35
) F50 |--¢--45
- -0
TFi
Fig. 4. Interaction plots for stop-line delays in R-scenarios
Table 4. Anova for stop-line delays in I-scenarios
Source DF Seq SS Adj SS Adj MS F P Sign.
TG; 2 46 963.7 46 963.7 23481.9 408.54 0.000 Yes
L 4 29 850.1 29 850.1 7462.5 129.83 0.000 Yes
S; 2 31.2 31.2 15.6 0.27 0.763 No
TF; 3 111 439.7 111 439.7 37146.6 646.29 0.000 Yes
TGI; 8 6644.8 6644.8 830.6 14.45 0.000 Yes
TG;S; 4 218.4 218.4 54.6 0.95 0.438 No
TG,TF, 6 25602.2 25602.2 4267.0 74.24 0.000 Yes
LS; 8 25.1 25.1 3.1 0.05 1.000 No
LTF; 12 15 086.7 15 086.7 1257.2 21.87 0.000 Yes
S;TF, 6 155.9 155.9 26.0 0.45 0.842 No
Error 124 7127.2 7127.2 57.5
Total 179 243 145.0

TG; = 4.0 s, an increase of TF; involves a great in-
crease of W
— still considering the effect of the interaction be-
tween TG; and R; on the stop-line delay, it is pos-
sible to underline that, for TG, = 3.0 s, the in-
crease of Ri has no noticeable influence on W
instead for TG, = 3.5 s and TG; = 4.0 s, when R;
increases, stop-line delay increases too. All this
seem a contradiction, but it is necessary to con-
sider that, in general, in accordance with Eq (1)
when R; increases, circulatory speed increases as
well (max ASpeed = 9 km/h). Even more important
is that when R; increases, the length of circulatory
roadway increases (average ALength = 95 m).
What was stated above implies that there is a greater
rate of vehicular occupation of the circulatory roadway, if
combined both with the increase of traffic and the car-fol-
lowing model (not modified by the authors with respect
of default parameter). As a direct consequence of this it
happens that the average spacing among the vehicles is
the smallest (Montgomery 1997). In fact, considering the
effect of the combined interaction between TG; and TF,

on stop-line delay, it is possible to point out that when R;
grows together with TF,, the stop-line delay, on the whole
increases.

6.2. Main results and analysis of variance
for I-scenarios

The I-scenarios are characterized by the following geo-
metric variable: width of splitter island (I;). An Analysis
of Variance (ANOVA) was performed to determine which
factors (width of splitter island (I)), critical gap (TG;), ap-
proach speed (S)) and traffic flow (TF))) significantly affect
the measured stop-line delay (W).

Based on the results, only three factors and three in-
teractions had a significant effect on the stop-line delay (it
was only considered second order interactions as reported
in the literature) (Cunto, Saccomanno 2008). Therefore,
between the first order factors, only speed was found to be
not statistically significant at the 5% level.

Stop-line delays are shown in Fig. 5 as a function of
I, TG, S, TF,.

From these plots, it is possible to make the following
considerations:
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— for all the considered I-scenarios, the approach speed
shows no particular influences on stop-line delay;

— if critical gap increases, stop-line delay increases;

— if traffic flow increases, stop-line delay increases;

— when the width of splitter island grows, stop-line
delays decrease appreciably.

Interaction plots for average stop-line delays are illus-
trated in Fig. 6. The interaction plots graphically show how
the factors affect the stop-line delay. The observation of the
interaction plots leads to the several conclusions:

— as showed before in ANOVA (Table 4), the effect
of approach speed S; with respect to the other fac-
tors (I;, TG;, and TF;) show no kind of influence on
stop-line delay;

— considering the effect of the combined interaction
between TG;and TF; on stop-line delay, it is possible
to note that if TF; increases then W/ also increases;
in particular, for TG, = 3.5 s and for TG; = 4.0 s,
the increase of W is more marked when traffic flow
varies from 500 vph to 650 vph;

— considering the effect of the combined interac-
tion between I, and TF; on stop-line delay, if TF,
increases then W, also increases; in particular, for

TGi Ii

60

N /

1 /

15

30 35 40 6 8 10 12 14
Si TFi

60
45

25 35 45 350 500 600 650

Fig. 5. Main plots for stop-line delays in I-scenarios

each value of I, the increase of W, is more marked
when traffic flow passes from 500 vph to 600 vph;

— considering the influence of TG; combined with I,

on stop-line delay, it is possible to underline that
when I; increases, W, decreases; this decrement is
more evident with TG, and TGj.

In brief, for TF; (with i = 1, 2, 3) and for TG; (with
i =1, 2, 3) the stop-line delay values seem to converge to a
value for I, = 15 m: the simulation model seems to inter-
pret well some “historic” and consolidated indications in
the literature (Louah 1987).

However, it is important to emphasize that in the de-
sign practice, if the splitter island is excessively great, it
is possible to involve risky shortenings of waving section
along the circulatory roadway.

According to the Rodegerdsts et al. (2010), more roun-
dabouts have also been used successfully at the interface
between rural and urban areas where speed limits chan-
ge. In these applications, if the splitter island is excessively
great, the traffic calming effects of roundabouts are mini-
mized (Isebrands, Hallmark 2012).

6.3. Main results and analysis of variance
for C-scenarios

The C-scenarios are characterized by the following geo-
metric variable: width of circulating roadway (C;). An
ANOVA was performed to determine which parameters
(width of circulating (C,), critical gap (TG;), approach
speed (S;) and traffic flow (TF))) significantly affect the
measured stop-line delay (W,). Results from the ANOVA
are presented in Table 5.

The results show that three of the four factors and
three interactions have a significant effect on W_. Traffic
flow has the most impact followed by time gap and width of
circulating roadway, based on the F-statistic (Ryan 2007).
Therefore, approach speed has no significant effect on the
average of stop-line delay. This means that the variation of
S; will produce no increase or decrease of stop-line delay.

? ? 1|0 1|2 1|4 2|5 3|5 4|5 3?0 S(I)O 6(|)0 6?0
At -100 TGi
.. »~ —e—3.0
h N —=— 35
TGi | ~~_ ™o S N -50 [~ 40
=~ &)‘\\\:& —— — = — — —a
‘\‘—‘o;:;: ——+—
-0
100 Ti
—— 6
—— 8
I — o o L50 |-*-10
el —A-12
A—-— A — - —A 14
-0
~100 Si
—o— 25
X —n— 35
Si - 50 -o-45
-0

Fig. 6. Interaction plots for stop-line delays in I-scenarios

TFi
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Table 5. Anova for stop-line delays in C-scenarios
Source DF Seq SS Adj SS Adj MS F P Sign.
TG; 2 89 945.5 89 945.5 44 972.8 3040.03 0.000 Yes
C; 4 3576.8 3576.8 894.2 60.45 0.000 Yes
S; 2 67.0 67.0 33.5 2.26 0.108 No
TF; 3 223 891.6 223 891.6 74 630.5 5044.82 0.000 Yes
TG,C; 8 316.0 316.0 39.5 2.67 0.010 Yes
TG;S; 4 9.8 9.8 2.4 0.17 0.955 No
TG,TF; 6 42 089.6 42 089.6 7014.9 474.19 0.000 Yes
Cs; 8 74.5 74.5 9.3 0.63 0.752 No
C,TF; 12 1276.7 1276.7 106.4 7.19 0.000 Yes
S;TF; 6 64.4 64.4 10.7 0.73 0.630 No
Error 124 1834.4 1834.4 14.8
Total 179 363 146.3
Stop-line delays are shown in Fig. 7 as a function of oI i
C, TG;, S;, TF,. -
From these plots, it is possible to affirm that: @l / L
— for all the considered C-scenarios, the approach speed 401 / ——
exhibits no particular influences on stop-line delay; 201
— if critical gap increases, stop-line delay increases; 0 . ; . . . : ’
. . . . 30 35 40 6 71 3 5 1o
— if traffic flow increases, stop-line delay increases; Si T
— when the width of circulating roadway grows, stop- 80
line delays slowly decrease. 604
The results reported are correlated with some impor- 40/
tant parameter settings used in VISSIM: only one lane in 201
circulatory roadway, vehicle in free flow in middle position o— P pr T e ae

within the lane, no overtaking in the same lane.
Interaction plots for average stop-line delays are
shown in Fig. 8.
From the observation of the interaction plots, it is
possible to draw several conclusions:
— as showed before in ANOVA (Table 5), approach
speed S; compared to the other factors (C;, TG, and

Fig. 7. Main plots for stop-line delays in C-scenarios
TF,) exhibits no kind of influence on stop-line delay;
— considering the effect of the combined interaction be-
tween TG; and TF, on stop-line delay; it is possible to
note that, if TF; increases then W, also increases; in
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Fig. 8. Interaction plots for stop-line delays in C-scenarios
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particular, for TG, = 3.5 s and for TG; = 4.0 s, the in-
crease of W is more marked when traffic flow varies
from 500 vph to 600 vph;

— considering the effect of the combined interaction be-
tween C; and TF; on stop-line delay, if TF; increases
then W, also increases; but in this case, for each TF,
the increase of W is the same for each values of C;;

— considering instead the influence of TG; combined
with C; on stop-line delay, it's possible to note that
when C; increases, W, slowly decreases; in particu-
lar this decrease is really low for TG, = 3.0 s.

7. Conclusions

In this paper different geometric and behavioural param-
eters in the simulation of roundabouts were compared: an
analysis of variance has shown which factors were statis-
tically significant. In this way ANOVA represents a good
statistical methodology that allows the evaluation of the
influence of several control factors with different levels on
a response variable. Therefore, three different sets of sce-
narios for single-lane roundabouts were analyzed by a mi-
cro-simulator: R-scenarios, I-scenarios and C-scenarios.
Inscribed circle radius, splitter island width and circulat-
ing roadway width respectively represented the variables
of each scenarios, while traffic flow, approach speed and
time gap were imposed as parameters for each scenario.
Overall, 432 scenarios were analyzed.

The statistical interpretation of results has allowed
interesting correlations to be obtained between stop-line
delay, geometric variables and parameters of simulation
coding, such as:

— R,, inscribed circle radius has no noticeable influ-

ence on stop-line delay, W

— the dimension of the splitter island, I;, significantly
affects the measured stop-line delay, in particular
for high traffic flows;

— when the width of circulating roadway C; grows,
stop-line delays slowly decrease;

— for all the three sets of scenarios it is possible to note
a strong dependence of the W, on the value of the
time gap assumed, especially for high traffic flows;

— at last, for all the three sets of scenarios the approach
speed seems to have no particular influences on
stop-line delay. This consideration is probably due to
the use of a fixed distribution of traffic flow in time
and space with theoretical curves based on balanced
O/D matrixes. In fact, in a recent studies using ex-
perimental real O/D matrixes measured minute by
minute, the vehicle speeds (approach speed, reduced
speed zones and circulatory speed zones) seemed to
be a highly significant parameters in the simulation
procedure. This is why the comparison among field
and micro-simulation data resulted very important.
In fact, this evaluation allows the setting of the mi-
cro-simulator inputs to be adequate.
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