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ROUNDABOUT SAFETY ADVANTAGES M

Elimination of crossing potential conflicts

No left turns manoeuvres

Improvement of pedestrian crossing opportunities

Crash reduction for all road users

Significant reduction of severe crashes
The conversion from stop-controlled intersections into roundabouts reduces crashes
— by 44% for all crash severities
— by 82 % for all injury crashes
The conversion from signal-controlled intersections into roundabouts reduces crashes

— by 48% for all crash severities

— by 78% for all injury crashes

Source: AASHTO, 2010. Highway Safety Manual, First Edition.
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ABOUT THE EXISTING ROUNDABOUTS ASIT

In spite of the general good safety record, some roundabouts show poor safety performances

Traditionally, the identification of high-risk sites is a reactive approach based on the analysis of
historical crash data

The EU Directive 2019/1936 promotes methodologies for diagnosis and ranking of existing
infrastructures (risk-based network-wide road safety assessment) as tools supporting the road
safety management

We developed a proactive approach to:
— Rank urban roundabouts
— Analyse and rank safety issues

— Support the network-wide road safety assessment
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THE PROCEDURE,
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The procedure assesses a Safety Index (SI) by combining two components of risk:
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Measures the probability of being involved in a crash
Depends on general and specific safety issues /
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5, general safety issues considered:

~

Geometric design
Markings

Signs

Road environment

Pavement /
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THE PROCEDURE,,, ASIT

-

Risk Index of a general safety issue i:

m
RI; =1 + > S xACR;
j=1
m is the number of the detailed safety issues associated with the general issue i

Sj=1 ) High-level problem
Sij: is the score of the f:letalled safety issue ] associated > S;=0,5 ) Low-level problem
with the general issue i

;=0 ) No problem
ACR;;is the change in crash risk due to the issue ij > ACR;; =CMF;;-1

Risk Index of a roundabout approach:

I
RI (approach) — H RI i
i=1

| is the number of general safety issues
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THE PROCEDURE,,
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Safety Index of the general safety issue 1:

SI; = EXpOSUre , proacny X RI;

Safety Index of the roundabout approach:

Sl = EXpOSure ,,roacny % RI

(approach) (approach)

ROUNDABOUT SAFETY INDEX:

SI roundabout — ZSI approach
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GEOMETRIC DESIGN
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. . Low-Level Problem High-Level Problem ACR | s. criteria to assess the Risk Index
Detailed safety issues )
Sij =0,5 Sij=1 (%)
Deviation angle >30°e <45° <30° 2 1
m
Radius of deflection >70me<100m >100 m 40 |
. RI; =1 +1> S, x ACR;; |
Entry path radius I | 1) 1)
1
single lane >70me <100 m >100 m 40 '—J —————— |
two lanes >100me<150m >150 m
Deviation Radius of Entry path radius
angle deflection
1.0m
¥
b e
‘ \ |
W& I— 1.5m
1.0m
Entry path
STEP 1
— Crossing
= Right turn STEP 3
Deviation angle (D.M. 19/04/2006) Radius of deflection (SETRA, 1998) Entry path radius (Austroads, 2021)
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GEOMETRIC DESIGN
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Entry

width /|

s
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Circulating
roadway width ~

=

e —NRN =

Exit width

RN S———

. % Entry angle

Entry angle
(SN 640 263, 1999;
Highways Agency, 2007)

Exit radius
(SETRA, 1998)

Lane widths
(D.M. 19/04/2006)

Low-Level High-Level ACR
Detailed safety issues Problem Problem
Sij =0,5 sij =1 (%)

Eccentricity >2me<5m >5m 10
Entry angle > 60° <30° 20
Entry width

single lane SAme<5m >5m 30

two lanes >8me<9m >9m
Circulating roadway width

single lane >8me<10m >10m 10

two lanes >10me<12m >12m
Exit radius >30me<50m >50m 20
Exit width

single lane >45me<5.50m >5.50 m 30

two lanes >8me<9m >9m

A

Left
(acceptable)

Centre
(recommended)
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SPLITTER AND CENTRAL ISLANDS

. . Low-Level Problem High-Level Problem ACR

Detailed safety issues

Sij =0,5 Sij=1 (%)
Splitter island type With moderately aggressive obstacles Flush or with dangerous obstacles 10
Splitter island length >7.50 and €15 m <7.50m 5
Splitter island radii >0.30 and £0.50 m <0.30 m 5
Central island type With moderately aggressive obstacles With dangerous obstacles 20

Splitter island length and radii (NCHRP 672, 2010)
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MARKINGS | ASIT
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. ACR
Detailed safety issues Low-Level Problem High-Level Problem
Sij =0,5 Sij=1

(%)
Yield line Low faded Missing or faded 25
Yield symbol Low faded Missing or faded 10
Longitudinal lines Low faded Missing or faded 10
Pedestrian crossings Fair location or faded Missing or faded 20
Off-road cycle paths Missing at hlghjspeed single-lane Missing at multi-lane roundabouts with 20

roundabouts with relevant cycle flow |relevant cycle flow

Central island curb Fair aggressive curb Very aggressive curb 10
Splitter island curb Fair aggressive curb Very aggressive curb 5
Parking Allowed very close to the roundabout |Allowed in the roundabout 50
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SIGNS
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Szl = e Low-Level Problem High-Level Problem LEIR

Sij =0,5 Sij =1 (%)
) . Missing, faded, or poorly

Yield Low-faded or fair located located 25
. Missing, faded, or poorly

Map-type Low-faded or fair located located 10
. Missing, faded, or poorly

Direction signs Low-faded or fair located located 20

lightly di i . :
Advertisement Slightly distracting road Distracting road users 20

users

Yield (fig. Il 38 & fig. Il 84, Italian road code)

Map-type (fig. Il 238, Italian road code)

( B
tangenzmle

autostrade .D
Mazzml S.LAZZARO
s 5 FORLI®
BOLOGNA

Direction signs (fig. Il 248, Italian road code)
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ROAD ENVIRONMENT & PAVEMENT
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ACR
Low-Level Problem High-Level Problem

Detai .
etailed safety issues S; =0,5 S;=1

(%)

Sight distance
(D.M. 19/04/2006;
SETRA, 1998)

Incomplete view over the left quadrant at 5
m from the yield line or missing the SSD on 30
the approach

Incomplete view over the left quadrant at 15 m
from the yield line

Accesses Located close to the roundabout Located in the roundabout 20
Commercial activities Located close to the roundabout Located in the roundabout 10
lllegal parking Occasional Frequent 10
Street furniture location Fair Poor 10
Lighting Fair Poor 10
. . Low-Level Problem High-Level Problem ACR
Detailed safety issues
Sij =0,5 Sij=1 (%)
. .. : . . Polished aggregate, low macro texture,
L
Friction ow polished aggregate, bleeding, and ravelling Serehing, and rvellins 25
Unevenness Low }Jnevenngss, potholes, rutting, patches, Une\{enness, potholes, rutting, patches, 15
shoving, cracking shoving, cracking
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REAL-WORLD APPLICATION OF THE P

ROCEDURE

P

50 roundabouts, 179 approaches

3-leg roundabouts: 25

Project «Open Data»

City of Rome
Crash data provided by the Mobility Agency

Study period: 2015-2019

4-leg roundabouts: 21

12 single-lane roundabouts
38 multi-lane roundabouts

5-leg roundabouts: 4
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GEOMETRIC DATA _ASIT

Parameter Min Max Average Std. Dev.
(m) (m) (m)
ICD 22.0 120.0 50.0 23.9
Radius of deflection 9.4 oo n.a. n.a.
Entry path radius 16.9 oo n.a. n.a.
Deviation angle 0.0 123.0 52.2 32.1
Eccentricity -19.0 20.3 -0.5 54
Entry angle 26.0 135.0 67.1 18.9
Entry width 3.0 12.5 6.3 1.9
Circulating roadway width 50 10.0 8.0 1.5
Exit radius 2.8 oo n.a. n.a.
Exit width 3.0 11.0 6.2 1.7
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_IDATION TASIT
Safety Performance Function
E(V)=e% x (AADT + AADT + AADT )%
E (Y ) = predicted crash frequency (2015-2019) ay, a; = model parameters
EB refinement technique to correct for regression-to-mean bias
E(Y
EB=( (A) )x (k +0O)
k+E(Y)
EB = EB estimates K = negative binomial parameter
O = crash count
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EB-S|I CORRELATION, APPROACH LEVEL m
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EB-SI CORRELATION, ROUNDABOUT LEVEL %JASITU

EB crash estimate
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SI SCORE AS A RANKING CRITERION
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in ranking high-risk sites

independence between samples

The Spearman’s rank-correlation p, was used to assess the level of agreement between EB and S/

The T-statistic (t-distribution with n — 2 degrees of freedom) was used to test the null hypothesis of

Ps =+~ N (n2 _1) level of agreement Ps T L p-value
Approaches 0.70 12.96 179 <0.001
n—2
T=px ’ 0.80 | 9.17 50 <0.001
1- p, Roundabouts : : .

p.= Spearman’s rank correlation coefficient
d; = the differences between ranks

n = number of paired sets
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CONCLUSIONS |ASIT

The Sl of the general safety issues allows to point out the safety issues that contribute the most to unsafety:

Geometric design
Markings

Signs
Environment
Pavement

The Sl allows to rank both roundabouts and single roundabout approaches where safety measures can give
the greatest crash reduction:

At approach level
At roundabout level

Sl values are strongly correlated with crash history

The S| procedure has been validated in Italy but the methodology may have more general validity
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Thank you for your kind attention!

For further questions, contact:

PhD, P.Eng. Maria Rella Riccardi
Email: maria.rellariccardi@unina.it
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