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Italian Road Network: functional and safety performance evolution ANSFISN
(2021 - 850,000 km) reomasowsr e o

In ltaly, Highway and telephone infrastructures are the oldest, and in 2019 75%, and 81% has exceeded the useful
life period respectively (...). Other three (electricity, railway, gas) in 2019 had half of seniority and were similar to

each other (between 34 and 43%).
Riccardo Gallo - Basic Infrastructures - Sapienza University of Rome, 2021
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The 2008/96/EC Directive evolution and innovated approach

Article 5

Network-wide road safety assessment

1. Member States shall ensure that a network-wide road safety
assessment is carried out on the entire road network in operation
covered by this Directive.

2. Network-wide road safety assessments shall evaluate accident and
impact severity risk, based on:

(a) primarily, a visual examination, either on site or by electronic
means, of the design characteristics of the road (in-built safety): and

(b) an analysis of sections of the road network which have been in
operation for more than three years and upon which a large
number of serious accidents in proportion to the traffic flow have
occurred.

3. Member States shall ensure that the first network-wide road safety
assessment is carried out by 2024 at the latest. Subsequent network-
wide road safety assessments shall be sufficiently frequent in order to
ensure adequate safety levels, but in any case shall be carried out at
least every five years.

4. In carrying out the network-wide road safety assessment, Member
States may take into account the indicative elements set out in Annex
oL

5. The Commission shall provide guidance on the methodology for
carrying out systematic network-wide road safety assessments and safety
ratings.

Eng. Stefano Zampino 24/02/2026

Article 6

Periodic road safety inspections

1. Member States shall ensure that periodic road safety inspections
are undertaken with sufficient frequency to safeguard adequate safety
levels for the road infrastructure in question.

3.  Member States shall ensure the safety of sections of the road
network adjoining road tunnels covered by Directive 2004/54/EC
through joint road safety inspections involving the competent entities
involved in the implementation of this Directive and Directive
2004/54/EC. The joint road safety inspections shall be sufficiently
frequent to safeguard adequate safety levels, but in any case shall be
carried out at least every six years.

4. Without prejudice to the guidelines adopted pursuant to Article 8.
Member States shall adopt guidelines on temporary safety measures
applying to roadworks. They shall also implement an appropriate
inspection scheme to ensure that those guidelines are properly applied.
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Article 6a

Follow-up of procedures for roads in operation

1.  Member States shall ensure that the findings of network-wide road
safety assessments carried out pursuant to Article 5 are followed up
either by targeted road safety inspections or by direct remedial action.

2. When carrying out targeted road safety inspections Member States
may take into account the indicative elements set out in Annex Ila

3. Targeted road safety inspections shall be carried out by expert
teams. At least one member of the expert team shall meet the
requirements set out in point (a) of Article 9(4).

4. Member States shall ensure that the findings of targeted road
safety inspections are followed up by reasoned decisions determining
if remedial action is necessary. In particular, Member States shall
identify road sections where road infrastructure safety improvements
are necessary and define actions to be prioritised for improving the
safety of those road sections.

5. Member States shall ensure that remedial action is targeted
primarily at road sections with low safety levels and which offer the
opportunity for the implementation of measures with high potential for
safety development and accident cost savings.

6. Member States shall prepare and regularly update a risk-based
prioritised action plan to track the implementation of identified
remedial action.
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The European Directive 1936/2019 has innovated the road safety management process, through the introduction
of the network wide road safety assessment (NWA) approach, based upon the measurement of in-built safety
performance combined with accident data.

93%

Human Factors and Human Behaviors are very
different type of problems and they generally have
different solutions in terms of countermeasures

Damage oriented approach
Crash location
severe injured person
by clash with a tree

location of interest:

crash location and consequences

->analysis of damage and its consequences at
the crash location

->»goal: minimise crash consequences

<> countermeasure: cut or shield the tree

->forgiving road design

Driver Behavior Issues

Human Factors Issues
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»
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2 driving mistake

cause / trigger of the accident (e.g. optical illusion)

->analysis of accident stimulat-ing road /
environmental fea-tures
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trees that causes an op-tical 1llusion by a parallel
orientation facility

->self-explaining road design

->prevention of operational mistakes

NCHRP Research Report 1111, 2024.
Diagnostic Assessment and Countermeasure
Selection: a Toolbox for Traffic Safety
Practitioners.
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(Hauer e Bonneson 2006)
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The 2008/96/EC Directive evolution and innovated approach

Existing roads

Monitoring

art. 5

Network wide assessment
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Targeted inspections
art. 6-bis

Periodic inspections
art. 6

J

Diagnosing and identifying
safety issues

Defects analyisis
(Manteinance)

v

Selection of safety
improvement interventions |«
art. 6-bis,c. 4

Selection and implementation
of maintenance interventions
to improve safety

V

Intervention prioritization
art. 6-bis,c. 4
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Targeted Road Safety Inspection

A targeted investigation to identify
dangerous conditions, defects, and
problems that increase the risk of
accidents and injuries, based on an
inspection of an existing road or
stretch of road.

Periodic Road Safety Inspection
The routine periodic check of
features and defects that require
maintenance for safety reasons

ANSFISA: in-built safety performance analysis in the road network assessment process
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The European Directive 1936/2019 has innovated the road safety management process, through the introduction
of the network wide road safety assessment (NWA) approach, based upon the measurement of in-built safety
performance combined with accident data.

Segment in-built safety Deducted safety
(Performance measure based upon (performance measure

the road characteristics that influence based on the accident history
driver behavior) of the segment)

Proactive assessment

Predictive Statistic
models, .
Analysis,

Human
factors (...) RTM (...)
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The 2008/96/EC Directive evolution and innovated approach

The European Directive 1936/2019 has innovated the road safety management process, through the introduction
of the network wide road safety assessment (NWA) approach, based upon the measurement of in-built safety
performance combined with accident data.

In order to promote the uniform application of the directive in the EU countries, specific
guidelines were published by the EC in January 2023. These guidelines, however, revealed
limitations in terms of results (due to the need to test valid segmentation criteria and implement the set of
performance indicators)

The EU framework to enable authorities to identify priorities for future actions and investments is
based both on a reactive (accident based) as well as on a proactive (feature based) safety

assessment aiming at defining a common safety rating system for classification of the existing road network
which should allow to rate each road section according to a 5-level scale.

The EU proactive safety assessment procedure covers issues such as the lane width, road curvature, design of
junctions, roadside layout and potential conflicts between motorized vehicles and vulnerable road users

* (https:/iroad-safety.transport.ec.europa.eu/eu-road-safety-policy/priorities/infrastructure/road-infrastructure-guidelines_en)
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NWA ltalian Methodology

However, after the first application in Italy of the European Commission guidelines, several significant
aspects requiring further procedural and analytical examination and improvement emerged.

A. the main criticalities emerged in the first practical application tests of the EU guidelines were related to
both the exact definition of criteria for road network segmentation as well as to the correct identification

of indicators capable of correctly expressing the in-built safety performance of each road segment in the
proactive approach

B. other significant critical aspects related to the application of the cited guidelines (requiring a more in-
depth methodological analysis) concern the correct combination (integration) of the results of proactive

safety performance assessments (based on the evaluation of the design characteristics of the road) and
reactive evaluations (based on crash data)

ANSFISA: in-built safety performance analysis in the road network assessment process
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The need to define a NWA procedure suitable to the features of the Italian road network, led ANSFISA, in
cooperation with the main Italian road managers and some researchers, to develop a risk assessment-based
approach more strictly related to the use of the different categories of existing roads

The resulting procedure was structured according to well-defined sub-processes, involving the acquisition
of data and geometric indicators descriptive of the one hand of the in-built safety performance, on the other
hand of the safety performance in terms of crash data. The sub-processes can be summarized as follows:

. the process of segmenting the road network into homogeneous sections;
. the process of assessing the in-built safety performance relating to individual segments, through a system of

reference indicators (proactive);
. the reactive assessment process based upon crash data;
. the comparison of the results of the proactive and reactive approaches;

. the network classification process, resulting from the combination of reactive and proactive indicators/risk
factors associated with each network segment.

B. c} D.
E.
5. BREeric VR N ©.AcORAZONE
RISULTATI IN
e FASE DI TEST ACQUISIONE MODELLO E i
(2000 KM) DATI VALIDAZIONE

A. DEFINIZIONE

ANSFISA: in-built safety performance analysis in the road network assessment process
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A. SEGMENTATION PROCEDURE

The segmentation procedure to divide of the network into homogeneous segments is
based on the following features:

1.  the type of infrastructure (rural undivided roads, rural divided roads, motorways);
the average annual daily traffic;

the presence of intersections;

the number of lanes, the presence of a shoulder and an emergency lane;

the plano-altimetric profile;

the presence of tunnels;

NS kO

the presence of urban centers or high-density populated areas.

AN
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NWA ltalian Methodology

A. SEGMENTATION PROCEDURE

The segmentation proceeds by "subsequent overlays™ considering each of the seven steps
corresponding to the one-by-one identification of the seven characteristics considered for the
consequent overlay.

An example which refers to the first overlay application through the identification of
intersections/junctions (nodes) whereas each segment is identified by the string that
describes its characteristics is reported below

4

)

OB.. ROUTE PROG_INI PROG_FIN GESTORE  COD_ST.. NOMESTRA.. CARR.. CLASSEFUN  FINANZ UE PROG_PT DENOM_NODO TIPONODO  deltanodo OVRL_NOME

1 A19 DX 0 1181 AnasSpa. |A19 A19 PALERMO.., | DX A No 181 SVINCOLO A19., svincolo A B 2000 NODI
2 AN 0 1181 AnasSpa. A19 A19 PALERMO... | SX A No 181 SVINCOLO A19.. svincolo A B 2000 NODI
3 A19.DX 1181 4962 AmasSpa. | A19 A19 PALERMO... | DX . No 0 0 GENERALE
4 A1 SX 18 4962 AnasSpa.  A19 A19 PALERMO... | 5X A No 0 0 GENERALE
S A19.0X 4962 6962 AnasSpa. | A19 A19 PALERMO,,. | DX A No 5962 SVINCOLO A19.. 'svincoloA B 2000 NODI
6 A19.SX 4962 6962 AnasSpa. A19 A19 PALERMO... | SX A No 5962 SVINCOLO A1, svincolo A B 2000 NODI

The procedure also defines segments length limits: for undivided rural roads, Lmin= 500 m; for divided
rural roads, Lmin= 1000 m; for motorways, Lmin=2000 m.

Procedure for Network-Wide Ro aSaMet)sA ssewisagaty freritariplance analysis in the road network assessment process
Eng. Stefano Zampino 24/02/2026
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B. Definition of the PROACTIVE INDEX

The proactive safety assessment defined by ANSFISA is based upon a Proactive Index (Pl) which
measures the relative safety performance of each road segment.

The Pl is formulated by combining two components of risk: the exposure of road users to road
hazards (Expo) and a Risk Index (Rl) which measures the probability for drivers of being involved in
a crash

PI = ExpO X HRI; - EXpO X ngeo X Rlsec X Rlaccx IRpavX learx IRrsx IRtun

where Pl is the Proactive Index, Expo is equal to %‘g‘" X e0-2xPavg, AADT,  is the Average Annual Daily

Traffic in the analysis period, Payg is the average proportion of heavy goods vehicles (weight greater than 3,5

tons) in the analysis period, Rlye, is the Risk Index of the alignment, Rl is the Risk Index of the cross section, Rl, is
the Risk Index of the accesses and minor intersections, Rl,,, is the Risk Index of the pavement, Rl is the Risk Index of

the markings, Rl is the Risk Index of the roadsides, and Rly,, is the Risk Index of the tunnels.

The exposure factor considers both the amount as well as the composition of the traffic flow, correcting

for the presence of heavy goods vehicles
AN |
Procedure for Network-Wide Ro aSsaWetsA ssewisagety perftarfglance analysis in the road network assessment process
Eng. Stefano Zampino 24/02/2026
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B. Definition of the PROACTIVE INDEX

The proactive safety assessment defined by ANSFISA is based upon a Proactive Index (Pl) which
measures the relative safety performance of each road segment.

The Pl is formulated by combining two components of risk: the exposure of road users to road
hazards (Expo) and a Risk Index (Rl) which measures the probability for drivers of being involved in
a crash

PI = ExpO X HRI; = Expo X nge() X Rlsec X RIach IRpavX learx IRrsx

IR tun S
« Expo = Risk Exposition
* Rlgeo = Plano-altimetric geometry Risk index IN-BUILT
* Rlsec = Cross-section Risk Index PERFORMANCE
* Rl,.c =Access Risk Index . SAFETY
* Rlyay = Pavement Risk Index ASSESSMENT
* Rlnar = Risk Index of horizontal road markings
* Rl =Roadsides Risk Index

* |IRwn = Tunnel Risk Index

Procedure for Network-Wide Ro aSaMet)sA ssewisagaty freritariplance analysis in the road network assessment process
Eng. Stefano Zampino 24/02/2026
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B. Definition of the PROACTIVE INDEX

The proactive safety assessment defined by ANSFISA is based upon a Proactive Index (Pl) which
measures the relative safety performance of each road segment.
The Pl is formulated by combining two components of risk: the exposure of road users to road
hazards (Expo) and a Risk Index (Rl) which measures the probability for drivers of being involved in
a crash

PI = ExpO X HRIl = EXpO X ngeo X Rlsec X Rlaccx IRpavx learx IRrsx IRtun

+ Expo = Risk Exposition _ 4
* Rlgeo = Plano-altimetric geometry Risk index .. |
« Rl = Cross-section Risk Index  } B

* Rl =Access Risk Index y a4/,

* Rl = Pavement Risk Index :
* Rlnar = Horizontal road markings Risk Inde
* Rl =Roadsides Risk Index

* IRwn = Tunnel Risk Index

Procedure for Network-Wide Ro aSaMet)sA ssewisagaty freritariplance analysis in the road network assessment process
Eng. Stefano Zampino 24/02/2026
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The Risk Indices consider the presence of infrastructural risk factors associated with an increase in the
frequency and/or severity of expected crashes.

In the IP, each Risk Index depends on the numerical values of the detailed safety issues associated to a general
safety issue. The values of coefficients and the formulas for calculating the Risk Indices were obtained on the basis
of experimental studies carried out in ltaly (Cafiso et al., 2021; Montella, 2023) or on the basis of the literature results
published in the Highway Safety Manual (AASHTO, 2010) and in the FHWA CMF clearinghouse (FHWA, 2022)

Procedure for Network-Wide Ro aSaMet)sA ssewisagaty freritariplance analysis in the road network assessment process
Eng. Stefano Zampino 24/02/2026
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C. Definition of the REACTIVE INDEX

The ANSFISA reactive safety assessment procedure is based on the
Empirical Bayes (EB) method.
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In the EB procedure, a safety performance function (SPF) is used to first estimate the
number of crashes that would be expected in the analysis period at locations with traffic
volumes and other characteristics similar to the one being analyzed.

The crash estimates are then combined with the count of crashes to obtain a better estimate of the expected
number of crashes according to the following equations (Elvik, 2008; Hauer et al., 2002; Montella, 2010)

EB=wxE(Y)+(1- W) x count
1

LED

k

where EB is the estimation of the expected number of crashes, k is the negative binomial parameter (also called the
inverse dispersion parameter) and is estimated from the SPF calibration process; count is the observed crash frequency;
and is the predicted crash frequency

w=

1

Procedure for Network-Wide Ro a Sanet)sA ssoglsagaty frerttafpance analysis in the road network assessment process
Eng. Stefano Zampino 24/02/2026
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C. Definition of the REACTIVE INDEX

According to common practice (Cafiso et al., 2021; Lord and Mannering, 2010; Montella and Imbriani, 2015),
generalized linear modelling techniques were used to fit the SPFs and a negative binomial distribution error structure
was assumed. Different SPFs were fitted for Italian primary undivided rural roads, primary divided rural roads, and
motorways. The expected number of crashes is divided by the segment length (L) and the analysis period length (N) to
obtain the crashes per year per kilometer:

EB

RI = Reactive Index = IXN

ANSFISA: in-built safety performance analysis in the road network assessment process
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D. PROACTIVE AND REACTIVE APPROACH INTEGRATION

For each road network (primary undivided rural roads, primary divided rural roads, and motorways) segment,
the Proactive Index and the Reactive Index are combined into a Safety Index (Sl) in order to rank segments
according to the article 5 of the EU Directive 2019/1936. Formulation of the Sl is as follows:

Pl; RI;
SI; =0.5 +0.5
leax

X PImaxx

where S|; is the Safety Index of the segment i, Pl; is the Proactive Index of the segment i, Pl,,.x is the maximum Proactive Index in
the road network, RI; is the Reactive Index of the segment i, and Rl,.x is the maximum Reactive Index in the road network.

Road segments are subsequently ranked according to the decreasing value of the Safety Index.
Percentiles of the distribution of the Safety Index (for each cathegory of road) are calculated
and the homogenous segments are classified in five classes

Class ranking Percentile min Percentile max
Medium-high 75 95
Medium 25 75
Medium-low 5 25

AN tw 0o 5

ANSFISA: in-built safety performance analysis in the road network assessment process
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9 layers:
3 layers (segment-node-tunnel) per each category of roads:

A. Motorways
B. Divided rural roads (dual carriageway)

C. Undivided rural roads (single carriageway)
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Data collection and elaboration

NWA ltalian Methodology

ANSFISN

AGENZIA NAZIONALE PER LA SICUREZZA DELLE FERROVIE
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NWA ltalian Methodology @

ANSFISN

AGENZIA NAZIONALE PER LA SICUREZZA DELLE FERROVIE
E DELLE INFRASTRUTTURE STRADALI E AUTOSTRADALI

The methodology developed by ANSFISA assesses a Proactive Index, based on in-build safety of the network
segments, a Reactive Index, based on the EB estimation of the expected number of crashes, and a Safety
Index which combines the results of the proactive and reactive evaluations. Key points of the methodology are:

« the quantitative evaluation of infrastructural risk factors based on crash modification factors and functions
recently developed in ltaly

+ the use of the empirical Bayes method based on new safety performance functions fitted in Italian road
network

The statistical tests conducted show that the correlation between the results of the proactive safety evaluation,
and the reactive safety evaluation, is highly significant.
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AGENZIA NAZIONALE PER LA SICUREZZA DELLE FERROVIE
E DELLE INFRASTRUTTURE STRADALI E AUTOSTRADALI

»‘9 ) ‘ /
/ w HAT S Development and application of procedures for conducting "targeted inspections” on

the segments characterized by the highest priority, defined on the basis of the

| MEKT ? combination of proactive and reactive risk indicators

Updated framework of the so-called "targeted inspections" in relation to the
widespread and periodic inspections already envisaged in the first formulation of the
directive

Methodological and procedural coordination between classification results and
inspection procedures, as well as with Road Safety Impact Assessment (RSIA)
procedures, for the purposes of investment planning

Y

m m -Il Targeted inspections
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In-built safety performance analysis in the road
network assessment process

WY

\

Stefano Zampino,
National Agency for the Safety of Railways and Road and Motorway Infrastructures (ANSFISA)
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Esposizione

Expo = TGM x e%%*P

* dove:
— EXpo = esposizione
— TGM = traffico giornaliero medio annuo (v/g)
— P = proporzione di veicoli pesanti

Geometria - andamento planimetrico

Autostrade e strade a carreggiate separate

IRptan Lot
* dove:

— IRy = Indice di Rischio dell'andamento planimetrico
— L.t = Lunghezza totale dei rettifili (m)
— IRg=2,0
—  Lgq = Lunghezza totale delle curve con raggio < 600 (m)
— IRg;=1,25
— Lg, = Lunghezza totale delle curve con raggio nell’intervallo 600-1199 (m)
— IRg3=1,15
— Lgs = Lunghezza totale delle curve con raggio nell’intervallo 1200-1999 (m)
— IRge=1,05

— Lgs= Lunghezza totale delle curve con raggio > 2000 (m)
— Lyt = Lunghezza del segmento (m)

Eng. Stefano Zampino 24/02/2026
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Geometria

IRGeo = IRplan X IR g1

* dove:
= IR Indice di Rischio dell’'andamento plano-altimetrico
- Lﬁw = Indice di Rischio dell’landamento planimetrico
— IR,;= Indice di Rischio dell'andamento altimetrico

Geometria - andamento altimetrico

Autostrade e strade a carreggiate separate

IRy =1+ Laiscesa X (9(0»016 X Pdiscesa) — 1)
Lot
¢ dove:
— IR, = Indice di Rischio dell’andamento altimetrico

—  Lgiscess = Lunghezza del tratto in discesa (m)

— Ly = Lunghezza del segmento (m)
—  Pgiscesa = Pendenza longitudinale del tratto in discesa (%)

Strade a carreggiata unica
IRg; =1+0,02 X Plongitudinale

* dove:

IR, = Indice di Rischio del’andamento altimetrico
= Plongitudinale = PENdenza longitudinale (%)
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Sezione trasversale

IRg,., =
IR banchina sx

I Rnum X IR larghezza X IR banchina dx/emergenza

* dove:
= R..= Indice di Rischio della sezione trasversale
- Lﬁm= Indice di Rischio del numero di corsie
- IR

larghezza= INdice di Rischio della larghezza delle corsie

IRbanchina dy/emergenza= INdice di Rischio della banchina destra/corsia di emergenza

— IRpanchina o= INdice di Rischio della banchina sinistra

Sezione trasversale - larghezza corsk

Autostrade e strade a carreggiate separate

IRy4rghezza = 1,15 se Lcorsie < 3,00 m
IRy4rghezza = 1,05 se 3,00 m < Lcorsie < 3,50 m
IRy4rghezza = 1,00 se Leorsie = 3,50 m

Strade a carreggiata unica

IRlarghezza =1,50 se L, < 3,00m

IRlarghezza =1,25s5e3,00m <L, <3,50m
IRlarghezza =1,00sel >3,50m

corsie —
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Sezione trasversale - banchina dx/emerg

Autostrade

IRemergenza =1se Lemergenza 2 2,90 M
<2,50m

IRemergenza = 1’ 10 sé L-emergenza

Strade a carreggiate separate e strade a carreggiata unica

IRpanchina dx = 1 5€ Lpanchinaax= 1,00 m
IRpanchina ax = 1,10 se L~banchina dx < 1,00 m

Sezione trasversale — banchina sx
Autostrade e strade a carreggiate separate

IRbanchina X 1se L'J:mnchina 2 0150 m

IRpanchinasx = 1,02 se L,

anchina sx

<0,50m
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Pavimentazione p
ANSFISN

IRPa‘U — IR CAT X IRTEX x IRIRI E DELLE INFRASTRUTTURE STRADALI E AUTOSTRADALI
Gallerie
* dove: Lgal
— IRp,, = Indice di Rischio della pavimentazione IRgal =1+ L X (IRtraf X IRy X IR jpp X IRpiaz X IRprof o 1)
— IRcs7 = Indice di Rischio del coefficiente di aderenza trasversale (CAT) o
. . . . * dove:
— IR;gx = Indice di Rischio della tessitura (TEX) — IRy, = Indice i Rischio delle gallerie
— IR= Indice di Rischio della regolarita (International Roughness Index — IRI — L, = Lunghezza del segmento (m)

— IR, = 1,3 se il traffico e bidirezionale, altrimenti 1,0

— IRy =1,5senon e presente I'impianto di illuminazione, altrimenti 1,0

— IRimp = 1,2 se gli imbocchi non sono protetti efficacemente rispetto all’urto frontale, 1,0 altrimenti
— IR .. =1,2 se le piazzole di sosta e i bypass non sono protetti efficacemente rispetto all’urto frontale

“ipiaz

. . contro la parete ortogonale al traffico, 1,0 altrimenti
Marg I n l — IR, = 1,03 se non sono presenti profili ridirettivi, 1,00 altrimneti

IR oy = 1+0,25Xﬁ+0,50x1‘ﬂ+2 w LBa

tot tot L¢ot

* dove:
=R £ Indice di Rischio dei margini
— Lg, = Lunghezza totale delle barriere di sicurezza per bordo laterale (m)
— Lgp = Lunghezza totale delle barriere di sicurezza per bordo ponte (m)

— Lga = Lunghezza totale dei tratti senza barriera in cui sono presenti condizioni per le
quali il D.M. n. 2367/2004 richiede la protezione con barriere di sicurezza (m)
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