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Introduction

Safety performances of roundabouts could
be improved, especially in urban areas

International standards
and guidelines prescribe
specific requirements
for roundabouts

mm) speed control

The main parameters used for measuring and controlling the deflection of trajectories are:

1) the deflection radius, that is the radius of the vehicle path through the circulating lane

2) the entry path radius, that is the measured radius of the path of a vehicle which is entering
the roundabout circulatory lane

3) the deviation angle, that is the angle included between the two tangent lines to the offsets of
the entry/exit radii and the central i1sland

4) the lateral displacement
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Introduction

Country

Method The : : :
France Netherlands Sweden  Spain UK USA  Australia Switzerland Italy Germany

Deflection <90 m or
< < —=
REDINT =100m =23 m <30 m*

Entry path <90 m or <52 mor <55 m ***
< <
<30 m* it | i <66 m**  desirable
>45° i f
Deviation angle _a <7lgoia::*o >45°

I
.ateral S92 Lc
displacement

<90 m for design speed <60 km/h; <30 m for design speed <30 km/h
<52 m for super-elevation =+ 0.02; <66 m for super-elevation = - 0.02

If the desired speed on the entry leg is < 90 km/h, this value is increased (up to 100m for V <40 km/h).
*4%* The angle o is included between the tangent to the ICD and the entering vehicle path.

k%

dkock
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Introduction

French Guidelines

German Guidelines SETRA, 1998.

FGSV, 2006.

Dutch Guidelines
CROW, 1998.

deflection radius
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Introduction

Swedish Guidelines Italian and Swiss Entry Path Radius Guidelines US Guidelines
VGU, 2015. Guidelines -1.0
D.M. 2006 b 1sm
VSS, 1999. _.om
£ c=15m
8
M UK Guidelines
& UK Guidelines
a=1.0m
b=1.0m
c=1.0m

Spanish Guidelines

a= -
b=1.0m
c=1.0m

Swedish Guidelines
a= --

b=09m

¢c=09m
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Deviation angle method

The deviation angle method is more effective than other methods (e.g. the entry path radius),
especially for roundabouts with non-orthogonal intersecting roads. Moreover, the commonly used
threshold for the deviation angle (> 45°) 1s almost never checked for small roundabouts having
inscribed circle diameter ICD: 14-25 m.

First research question: How do the geometric parameters of a roundabout affect the deviation angle?
I approach: empirical approach (rural one lane roundabout)
IT approach:  analytical approach (urban and rural one lane roundabout)

Second research question: How does the deviation angle influence the approaching speed?
III approach:  on-road study (urban roundabout)
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First research question — I approach

Empirical approach: more than 7000 roundabouts have been designed in CAD, graphically

obtaining the deviation angle as the geometric parameters of the roundabouts vary

Lcl / Lc2 = Entry / Exit lane width e,
Rapp = Approaching Radius

Rentry = Entry Radius

Rexit = Exit Radius

Rdep = Departing Radius

Rint = Internal Radius

Rext = External Radius

Lcir = Circulatory lane width

©® = Opposite Legs Inclination

B = deviation angle

ICD = 2 x Rext = Inscribed Circle Diameter
L1 = Approaching Curvature Length

L2 " [ Rog

L2 = Departing Curvature Length .
Ls = Left shoulder width bl
Sk = Truck apron width (mountable kerb)
4. Politecnico A MULTI-METHOD APPROACH FOR ANALYSING THE ROUNDABOUT DEFLECTION

i Bari N. Berloco, P. Intini, V. Ranieri




International Conference International Conference

; As lT “ROUNDABOUTS IN EUROPE” 4r | “ROUNDABOUTS IN EUROPE”

ASSOCIAZIONE SCIENTIFICA 2nd Edition o 2> Edition
INFRASTRUTTURE TRASPORTO

June 24, 2022 A Catania, Italy - June 24, 2022

First research question — II approach

Analytical approach': general mathematical formulation for linking several geometric
parameters with the deviation angle. (, ) ©

Three  macro-categories  of e
roundabouts were considered: Exitleg, .
(a)With entry and exit radii only L . L,
(b)With approaching and HY X
departing radii

(c) With refuge islands

Exit leg

ICD

ICD

ICD

>

1) Berloco et. al. The deviation angle for one-lane
roundabouts: A general mathematical formulation

and application. Lo
Journal of Traffic and Transportation Engineering Entryleg

Entry leg Entry leg

(English Edition) 2022; 9 (1): 44e58
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First research question — II approach

Assumptions

The constructions provided in the Italian D.M. 2006 were used in order to compute the deviation angle 3

according to the following steps:

1. take the entry and exit kerb radii and draw the offset curve at L’cl = L’c2 = 3.50 m from both;

2. plot the line simultaneously tangent to both the offset curves determined in the earlier stage and the
non-mountable central island kerb;

3. measure the angle included between the tangent lines obtained as above defined.

Three macro-categories of roundabouts were considered:

1. “category 1” roundabouts without approaching and departing radii and provided with entry/exit radii
Only: Rentry/ Rexit;

2. “category 2” roundabouts with approaching and departing radii (R,,,/R,,,) besides entry/exit radii
(Rentry/ Rexit);

3. “category 3” roundabouts with traffic islands designed to allow refuge for pedestrians and cyclists.
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First research question — II approach

Assumptions 2 o ‘:H'S' .
Refuge traffic island: <:'@§ @ 2)
the crossing is at a distance P = 5 m from the yield line markings, 8% — & pap_

its length 1s equal to a distance F = 4.5 m, Lva=2012 °

its width 1s greater or equal than 1.5 m, : (=082 _ R
shoulders of traffic islands are 0.50 m wide. Q  F45

A triangular shape was assumed. Lo 4_1

1

The gradual variation was imposed according to the
(Italian) guidelines provided for the insertion of a

!@@@%@!@
U

central left-turn lane on two-way two-lane roads. b -
) Lva=33.54 i
B L* = 43.04 R
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First research question — II approach

N F=45
Assumptions i o
RN = i pon
The first part length of the traffic island is estimated as <@L§ C] [ !
follows: §& L=
— \ [q7 L
Lv,a - 0,6 * Vp * d [m] ~ Lv,a=20.12 _
. L*=29.62 _
Where: ) e
L,, =  distance in which the appropriate width d’ of the refuge traffic o
1sland is reached; 5 @ 4 1

1

d’ = necessary extra-width to ensure the insertion of an adequate refuge
traffic island on the entry leg (in this case assumed as equal to the extra-
width on the exit leg to allow a symmetric configuration), set as equal

!@@f@%@@!@
U

v w
0|0
to 1.25 m (half of the previously computed bicycle/pedestrian refuge); ¥ p=5
. . . . e - -—
V= design speed, two cases were considered in this study: 30 and ~ Lva=33.54 i
50 km/h, given that the focus of this configuration is on urban areas. ~ L* = 43.04 ~
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First research question — Il approach
Assumptions and procedures for conducting the sensitivity analysis

The fixed parameters are:

the offsets of the entry and exit radii at the intersection L'c/ =L’c2=3.5m

the approaching and departing curvature lengths LI =L2=15m

the left shoulder of the circulatory lane 0.50 m wide

a truck apron with mountable kerb 1.50 m wide (in case of ICD < 25 m)

The variable parameters are listed as follows:

Width of the circulatory lane (Lcir), variable according to the /CD (Italian standards)
8 m for mini roundabouts (/CD 14-25 m);
7 m for compact roundabouts (/CD = 25-40 m);
6 m for conventional roundabouts (/CD > 40 m).

A MULTI-METHOD APPROACH FOR ANALYSING THE ROUNDABOUT DEFLECTION
N. Berloco, P. Intini, V. Ranieri




International Conference International Conference

ASIT ROUNDABOUT® WEURORES “ROUNDABOUTS IN EUROPE”

ASSOCIAZIONE SCIENTIFICA 2nd Edition '17'1; s 2° Edition
INFRASTRUTTURE TRASPORTO June 24, 2022 di CATANIA Catania, Italy - June 24, 2022

First research question — II approach

Assumptions and procedures for conducting the sensitivity analysis

Angle 0, variable between 120° and 180°, through subsequent increasing steps equal to 10°

Width of the entry and exit legs L.; and L.,, variable between 2.75 m and 3.75 m, through subsequent increasing
steps equal to 0.25 m

ICD diameter (related to the radius R;;,;), variable between 19 m (/CD value below which the central island 1s fully
mountable) and 50 m through subsequent increasing steps equal to 1 m

Entry and exit radii Reptry €d Reyit, for which three combinations Rentry/Rexit were selected: 10 m/12 m, 12 m/15
m, 15 m/18 m, according to best practices and guidelines from Central-European countries

Approaching and departing radii Rapp ed Rdep, computed as based on Swiss standards: Rapp = 5 Rentry and Rdep
= 4 Rexit

The combinations of the fixed and variable parameters have led to compute the deviation angle for 10,710
roundabouts.

Since great Lcir values can lead to small deviation angles, especially for small /CDs, a further set of 10,080
combinations were simulated by setting Lcir equal to 6 m for all roundabouts.
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First research question — II approach

Assumptions and procedures for conducting the sensitivity analysis

In order to assess the influence of the different geometric parameters on the deviation angle, several other
combinations were simulated. These further combinations were obtained in this way:

step 1) a variable geometric parameter was fixed,

step 2) all the other variable geometric parameters were modified.

In the step 1, three different values were sequentially assigned to the parameters: average, optimal and
unfavourable values (with respect to the deviation angle check)

The values used in the step 1 are listed as follows.

Average values: ICD = 33 m; Ry = 9m; 6 = 160°% Repr = 12 m; Rypp = 50m; Reyy = 15m; Ryep = 48 m; Ly =
Lo, =3.25 m;

Optimal values: ICD = 50 m; Ry = 18.5m; 6 = 180°% Rgpr = 10m; Rgpp = 50m; Ry = 12 m; Rgep = 48m; Ly =
Lo, =275 m;

Unfavourable values: ICD = 19 m; Ry = 0.5m; 6 = 120°% Repe = 15m; Rypy = 75M; Reyr = 18 mM; Ryep =

72m; L,y = L., = 3.75 m.
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First research question — II approach

Assumptions and procedures for conducting the sensitivity analysis

The other parameters were made vary in the step 2 (by having another variable fixed in the step
1), according to the following ranges.

19 m <ICD < 50 m, with increasing steps of 1 m;

120° <60 < 180°, with increasing steps of 10°;

6m < Reptry < 44m, with increasing steps of 2 m;

30m < Rgpp < 300m, with increasing steps of 10 m;

6m < R, <42m, with increasing steps of 2 m;

30m < Rgep < 300m, with increasing steps of 10 m;

2.75m < L. = L., <3.75m, with increasing steps of 0.25 m.
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First research question — II approach - Results

Sensitivity analysis
20,790 simulations performed. Most influential parameters (from the most important to the least important):
e [CD diameter

* Angle 6 between opposite legs Zz
e Circulatory lane width, Lcir o
* Entry and exit radii Rgptry, Rexit € o
* Width of entry and exit legs L1, L. :’ 50
* Approaching and departing radii Ry, Raep :?” 40
Variability of the deviation angle with the g 30
ICD, the 0 angle, Lcir and connecting radii 5 2
for Category 1 g 10
In the legends: V = Variable Lcir according 0 s 2 . “ , 40 45 “
to the ICD, F = Fixed Lcir = 6 m, ‘ ) _ ICD (m)
140/160/180 refer to the 8 angle, 10-12/12- VHO(21S) o VIO(SIY o VIEISIS) <oV HOUSIH ——FI0(1012)
15/15-18 refer to the combinationsof 7T FISI o FIOOUSIS) o FUOUSIY) —— Lt
entry/exit radii, threshold P angle set to 45°
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First research question — II approach - Results

Sensitivity analysis
20,790 simulations performed. Most influential parameters (from the most important to the least important):
e [CD diameter

« Angle 0 between opposite legs %0
 Circulatory lane width, Lcir 80 1©=180°
* Entry and exit radii Reptry, Rexit o’
« Width of entry and exit legs L.y, L, @, & 1©=160°
* Approaching and departing radii Rypp, Rgep 207

L . . < 40 1 6=140°
Variability of the deviation angle with the £ .,
ICD, the 0 angle, Lcir and connecting radii b= “20
for Category 2 3 .

. . . 1

In the legends: V = Variable Lcir according a .
to the ICD, F = Fixed Lcir = 6 m, 15 .20 2 30 35 40 45 50 ICD (m)
140/160/180 refer to the 6 angle, 10-12/12- v 140 (12.15 V180 (15.1) v 160 1519 V140 (15.19) F 150 (10.13)
15/15-18 refer to the combinations of @ — e et E— P10 Pl o oria(21y) == —Fl0@RIY)
entry/exit radii, threshold p angle set to 45° b)
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First research question — II approach - Results

Sensitivity analysis
20,790 simulations performed. Most influential parameters (from the most important to the least important):
e [CD diameter

* Angle 6 between opposite legs

* Circulatory lane width, Lcir 80 0 =180°
* Entry and exit radii Rgptry, Rexit &
« Width of entry and exit legs L.y, L, o 60 0 =160°
* Approaching and departing radii Rgpp, Rgep &
Variability of the deviation angle with the i W © =140°
ICD, the 0 angle, Lcir and connecting radii =~ 2
for Category 3 -E 20
In the legends: V = Variable Lcir according 2
to the ICD, = Fixed Leir = 6 m, 0 15 20 | 25 30 35 40 45 50 ICD (m)
m

140/160/180 refer to the 0 angle, 10-12/12- V 180 (10-12) V 160 (10-12) V 140 (10-12) V 180 (12-15) V 160 (12-15)
15/15-18 refer to the combinations of V 140 (12-15) V 180 (15-18) V 160 (15-18) V 140 (15-18) =————F 180 (10-12)

. . w1160 (10-12) F140(10-12) == = =F]180(12-15) = = =F160(12-15) = = =F 140 (12-15)
entry/exit radii, threshold  angle set to 45°  ..ceee F 180 (15-18)  eeseueese F 160 (15-18)  esseseess F 140 (15-18) Limit o)
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First research question — II approach — Concluding Remarks

An insufficient deflection of trajectories (based on the deviation angle method, i.e. f < 45°) is always
present for roundabouts with 7ICD < 25 m and very often for roundabouts with ICD = 25-40 m.

An insufficient deflection of trajectories (as based on the deviation angle method, i.e. f < 45°) can be
found for urban roundabouts with refuge traffic islands for pedestrians and cyclists, in case of ICD <
34 m and orthogonal legs.

The main parameters which are responsible for a decrease in the deviation angle f are: the decrease in
the ICD diameter, the decrease in the angle 0 between opposite legs, the increase in the width of the
circulatory lane Lcir.

It is not possible to ensure an appropriate deflection of trajectories (as based on the deviation angle
method, i.e. f < 45°) when @ angles are smaller than 140°,

The other parameters which are responsible for a decrease in the deviation angle £ are: the increase in the
entry/exit radii, the increase in the width of the entry/exit legs Lcl/Lc2; the presence and the increase in the
approaching/departing radii.
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First research question — II approach — Concluding Remarks

The Study iS partiCUIarly useful in case Of truck apron in flexible pavement with rumble strip
conversion of existing intersections into % LT
roundabouts.

() INSTALLATION

[~ )  ENVIRONMENTAL INTEGRATION

i ra3al rumble snp

") MAINTENANCE

The deflection of trajectories (measured

through the deviation angle) is improved i i PPN - R
when the Lcir width is set to a limited % /

constant value (in this study equal to 6 m).

() ENVIRONMENTAL INTEGRATION
sam-mouniatie kerb o

open foinied contie

[i~2] MAINTENANCE

For Small I CD S’ hmltlng the LC”/' Wldth may truck apron in block paving with two different thickness pavers
result in the need for a mountable kerb for (=) wstaLaTION
heavy vehicles (truck apron), which however e (D) evmowenta wrerATON
should not be attractive for light-vehicle s s ) wiarswes
drivers.
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Some other measures should be taken into account for very small

ICDs:
* For 30° < f < 40°, light traffic calming measures should be

adopted such as horizontal and vertical markings, optical
measures or rumble strips on the roundabout entry legs;

* For f < 30° more effective traffic calming measures should
be implemented on the roundabout entry legs such as speed
humps, raised pedestrian crossings, speed cushions, chicanes
and automated speed control

A
A

i T (1)
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Second research question — III approach

1. 8 roundabouts were selected for
on-site testing in the City of Bari;

2. Speed profiles were obtained for
each roundabout entry and passing
trajectory;

3. The speed of the vehicles in these
sites was measured by accurately
positioning a Laser Speed Gun
device (by LaserTech TruSpeed®)
placed on a tripod and manipulated
by an operator.

4. The surveys were conducted in
time perio ds characterized by very e
low traffic flows (from 6:00 to
7:00 am; from 2:00 to 3:00 pm and

ita (km/h)

veloci

from 9:00 to 10:00 pm) T e T
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Second research question — III approach ° ;
The values of the p angles were related to the *\_ I
maximum (orange line), V85 (blue line), average e o e e e
(gray line), V15 (yellow line) and minimum (blue a—— T K‘\\\\ "l
line) vehicle speeds. S T T
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Second research question — III approach — Concluding Remarks

1) Roundabouts are an excellent device for traffic calming in urban areas (all average
speeds measured at the entrance of all roundabouts are always below 30 km/h);

2) The decrease in average speeds at the entrance to roundabouts with increasing 3
angle 1s less evident than might have been assumed, especially for B less than 30°;

3) it 1s necessary to extend the experimental tests to a higher number of roundabouts to
obtain more reliable results;

4) it 1s necessary to extend the experiments on rural roads in order to verify the
effectiveness of the roundabouts where the vehicle speeds and the approaching
decelerations are greater.
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