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Foreword

This investigation report has bednaftedaccording to the outle defined in Annex V of
Italian Legislative Decree No. 162 of 10 August 2007, pursuant to the provisions of Article 31 of
Italian Legislative Decree No. 50 of 14 May 2019.

The objective of the report is to prevent future accidents and incidents thrbagh t
identification of the technical causes that generated the event and the consequent formulation of
safety recommendations to operators in the sector.

DiGIFeMa'sinvestigaton cannot be used tapportionblame ordetermine liabilityfor the
event analysednd is conducted independenritlgm the Judicial Authoritys investigation

This document (excluding ministerial and DiGIFeMa logos) may béesesl free of charge in any format or medium.
The document must breusel accurately and not in a misleading context. The material must be acknowledged as the
intellectual property of thétalian Ministry of Infrastructure and Sustainable Mobility, Directorate General for dril
Maritime Investigations and the title tife sourceublication must always be given.

Where material has been identified whose copyright belongs to a third atitprisation must be obtained from the
copyright holders concerned.

This document is available at digifema.mit.gov.it




06/02/2020- Derailment of Trenitalia train 9595, Milanb Bologna HS/HC line, at PM Livraga : %8

Table of contents

I YU 0 = T Y OSSP V4
1.1 Brief description Of the @VENL............co et 7
1.2.Direct, indirect and UPSLIrEAIM CAUSES...........ccocoovivieeeeiieieiieeeeiee e eeemes e 7
1.3.Summary of the main reCoMmMENALIANS...........cccuiuiirirmriiee et 7

2. Facts drectly related t0 thEVENL................coociiceeccee e 8
2.0 BEVENL....c ettt b et bRt et R e e E et b et ee et Re ettt n et ne e tene 8

2.1.1.Description of the events and the acCident.Site..............ccccoveeeeiciiiiicccecec e 8
2.1.2.Decision to start the invagation, composition of the investigation team and conduct of
the investigation 11
2.2. CircumstanCes Of tNAZENL............co it 17
2.2.1.PersonnNel INVOIVEA. ...........cooooiiei ettt e 17
2.2.2.Train and itS COMPOSITION...........ccciiiiiciieeeeeie et eeest e 17
2.2.3.Infrastructure and signalling SYSEIML...........cooiiieee e 21
2.2.4.Work performed at the site of the event..............coooooeeiiicciec e, 26
2.2.5.Activation of the railway emergency plan, public emergency services, polidieame
services and the associated chain of events 26
2.3.Deaths, injuries, material damage.............coueuiieereii et 26
2.3.1.Passengers and third parties, staff..............ccooiveeioiiiic e 26
2.3.2.Rolling Stock and INfraStrUCTULE. ...........couiiiieeecce e 26
2.4, EXternal CirCUMISTANCES..........cccouiuiiieieieesieie ettt ses ettt sns e 27

3. Reportof the INVESHIGATION...........coii e e 27
3.1. Summary of testimonies (respecting the protection of the identity of the persons concerned)
................................................................................................................................................................... 27

3.1.1.Train CoNAUCIOMCT) ..c.oiiiieiiieeeeete ettt ettt 27
3.1.2.Train Services BPEIVISONCST).. .ot 28
3.1.3.Infrastructure maintenance staff and Central Operations Manager......................... 28
3.2.Secuity ManagemeNnt SYSTEIM...........co et 29
3.2.1.0rganisational framework and methods for assigning jp@dorming tasks............... 29
3.2.2.Personnel requirements and guarantee of their application..................cccececooovenenen. 35
3.2.3.Modalities of the internal controls and checks and their results..................cccoce....... 40
3.2.4.Interface between the various parties operating on the infrastructure................... 41
3.3.Rules and REQUIALIONS. ...ttt 42
3.3.1.Relevant Community and natadirules and regulations.............ccccccoooveeceeeviccceeenne. 42
3.3.2.0ther regulations (operating rules, local instructions, staff requirements, emaginte
requirements and applicable standards) 43
3.4. Operation of rolling stock and technical installations...............cccooeieee 44
3.4.1.Signalling and commandontrol system, recording @utomatic recording equipment
44
4. 2. INTrASITUCTUIE........ooeieee et seene e DD
3.4.2.1.Periodic checks on the iNfraStrUCtUIE..............ooeoe e 44
3.4.2.2.Checks on the infrastructure following the accident................ccccoceeeevveiiiennnn 46
3.4.3.CommuUNICAtION EQUIPIMEIL. ...t ese st ens e 46
3.4.4.Rolling stock, recording by automatic recording equipment...............cccoeeevevevenn. s a7
3.4.4.1.Periodicchecks on rolling StOCK............ccccviirrecicccceeccecceeeecceeeeeeeenn A7
3.5.Documentation of the operating SYSteML............ccoviiieeiiieeece e 48
3.5.1.Measures taken by traffic control and signalling staff 48
3.5.2.Exchange of verbal messages in relation to the event.............ccccoeeevveiieecnnnn 48
3.5.3.Measures taken to protect and safeg the site of the accident............................ 48

3



06/02/2020 Derailment of Trenitalia train 9595, Milanb Bologna HS/HC line, at PM Livraga : %a

3.6.Man-machineorganisation INtEIfACE.............ccccoiviieerceeee e 48
3.6.1.Working time of the personnel involved...............c.cccoeevivcciciicececeeec . A8
3.6.2.Personal and medical circumstances that may have influegheeaccidental event54
3.6.3.Architecture of the equipment affexithe humaimmachine interface....................... 4

3.7.Previous events Of the SAME Y PE........coo e 55

4. ANalysis and CONCIUSIONS...............c.cuiuiuiieeeriieieieie ettt etea ettt benes et e 58
4.1.Final account of the chain Of EVENLS.............c.ooiiieee e 58
I o 1. 1 1 o PO 58

4.2.1.Analysisconcerning the direct cause of the accident..............ccccoveccnniccnenne, 58
4.2.2.Analyses concerning indirect causes of the accident................cccceeeeeviiiiiicccn 58
4.2.2.2.INAIr€Ct CAUSENO. L......coooiiiiiiiiieeee et ee et 58
4.2.2.2.INAIr€Ct CAUSBO. 2.........cooiiiiieicieieieieeeeee et et eesssssnnssssssesesesesesd O
4.2.2.3INAIrECE CAUSENO. 3......cooiiiiiciiieeee et nene et 83
4.2.2.41INAINECE CAUSBNO. 4.......coeiieiicice e see e 88
4.2.2.5INAIr€Ct CAUSEND. B......cooviiiiciiieeee et en e 89
4.2.3.Analysis concerning the upstream causes of the accident................cccccoeoevieenenee, 89

4.3, CONCIUSIOB........cooiiiiiicieeiit ettt ettt sme ettt es s s e snans e ss s 90

4.4, ADAItIONAL FEMAIKS. ..ottt s e 90

5. ACHONS TAKEI.......oouiiiice ettt bbb ennt et Q0

6. RECOMMENUALIONS. ...t et ettt na et enes 95




06/02/2020 Derailment of Trenitha train 9595, Milanoi Bologna HS/HC lie, at PM Livraga : %8

Abbreviations and Acronyms

ACC Central Computerised Apparatus
AdC Driver

AG Judicial Authority

AM MaintenanceAgent

ANSF NationalAgencyfor Railway Safety

ANSFISA National Agency for Ravay, Road Infrastructure and Motorway Safety
AV/AC High Speed/High Capacity

CdL Work Centre

CO Hydraulic Unit

CODIR Management Committee

CoTAP Territorial Production Committee

CT Train Conductor

CST Train ServicesSupervisor

CUM Chief Maintenancénit

DCCM Central Manager Movaent Ceordinator
DCO Central Operations Manager
DiGIFeMa DirectorateGeneralfor Railway and Maritime Investigations
DIS Driver Information System

DM Movement Manager

DPR ProductionDepartment

DTP Territorial Producton Department

ERA European Union Agency for Railways

ERAIL European Railway Accident Information Links
ETCS European Traffic Control System

FRI Fatigue and Risk Index

GEPO Operations Management and Planning
Gl Infrastructure Manager

GSM-R GSM-Railway

IF Railway Company

IS Safety and Signallin§ystems

ISD Diversion Service Instruction

LFM Light and Power

MdO Working Equipment

MO Ordinary Maintenance

MUM Operation and Maintenance Manual
NTW Network

oC Civil EngineeringNorks

OdL Work Order

OMH Hardware Maintenance Operator
OSMI Infrastructure Maintenance Operator
PC CentralSignalling Centre

PCQ Quality Control Plan

PdC Pipeline Pesonnel

PFC Manufacturing and Control Plan

PM Signalling Centre

POQ Operational Planning and Quality
RFI Rete Ferroviaria ItaliaaSpA

RSMS Rolling Stock Management System




06/02/2020 Derailment of Trenitalia train 9595, Milanb Bologna HS/HC line, at PM Liaga

@ M.

RUT
SAMAC
SCGM
SCMT
SIDAC
SIGS
smt
SO
SON
SRM
STF
TA

TE
TLC
UM
uo

uT

Head & Territorial Unit

Skills Acquisition and Maintenance System
Multi-station Command and Control System
Train Running Control System

Dynamic Conduct Training Simulator
Integrated Safety Management System
Train Running Diection

Hydraulic Shunting Subsystem

National Operations Centre

Entity Responsible for Maintenance
Technical Specifications of Supply
NeedleFrame

Electric Traction

Telecommunications

Maintenance Unit

Operating Unit

Territorial Units




06/02/220- Derailment of Trenitalia train 9595, Milanb Bologna HS/HC line, at PM Livraga : %8

1. Summary

1.1.Brief descripton of the event

On 06/02/2020, at about 05:30 a.m., onNhkano-BolognaHS ling passenger train 9595 of the
RU Trenitalia SpA, comosedof eight cars, comingrom Milan and bouad for Salernoderailed
near PM Livraga (km 1&+252), at a speed of 29&kh.

Twenty-eight passengers were travelling on the train at the time of the derailment, in addition to
the onboard staff.

1.2.Direct, indirect and upstream causes

Thederailmentbegan aswitch 05 (km 166+758)the train was not othe correct trek (normal
position),and itsincorrect positioningdivertedposition)was the direct cause of the event.

Theindirect causes can be somarised as follows:
1. internal wiring error in the control circuit of actuator no. 2 ofldaling frameof switch05;

2. failure to check the correspondence betweenpiysical configuration aswitch 05 on the
yard and thareturned remotelyat the ed of the maintenance activijty

3. failure to immobiliseswitch 05 (the actuator no. 2 on theading frameof which had shown
clear signs of malfunctioning) in the corréetck position

4. inadequacy and ineffectiveness, in specific event, of theantrol of the production process
of theframeneedle actuator

5. absence of a clear and distinct assignment of tasks frenddabuments defining the
procedures relating thié maintenance and operation phases ofuhiehes

Theupstream cause of theadent, on the other hand, can be traced back to the absence of fail
safe functionality of th@oints position control cirdty with respect to the actuator's wiring error.

1.3.Summary of the main recommendations

In view of the causes that led to tbecurrence of the event, it was deemed necessary to
formalise a number of recommendations addressed tiN#tienal Agency for Railway, Road
Infrastructure and Motorway Safetgimed at the following

i requesting railway infrastructure managersrawise the activities foreseen in the Quality
Control Plan (PCQ) ahehydraulic switch actuators

by introducing, instead d simple visual inspection of the wiring, functional
test that verifies the correct inpatitput connection at thdifferent positons of
the actuator contact shaft

by verifying thecompletenessf the fiComplete actuator tedtand iComplete
actuator final functional testphases

I requiting railway infrastructure managers to adapt the reference documengaiitbrelated
training ativities so that it is clearly stated that all maintenance activities on switches, which
involve work on the relevant command and control circuits, must always conclude with a
verification of concordance between the physical configuration of the swititte grard
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and the remotely controlled one, proven by visual documentation of the eyidence

T requiing railway infragructure managers to adapt théerence documentation and related
training activities so that the return to operation of a switch, or any other safety device, at the
end of any maintenance activity on it, in cases where anomalous behaviour of the idevices
manifested, is carried out ltlgose involved, always drawing inspiration from the precautionary
principle, i.e, adopting the most restrictive measure to protect safety

T requiing railway infrastructure managers to reorganise their internal procedures for the use of
switch restrairg by maintenance staff

T requestingrailway infrastructure managers to initiate a process aimed at the design,
realisation and implementation of hydraulic switches with a control circuit capable of signalling
the position of each actuator constitutifmg switch, as well as the adaptation of the ACC's
operating logic aimed at appropriately managing the control parameters that govern the
operation of the switch

2. Facts directly related to the event

2.1. Event
2.1.1.Description of the events and theedent site

On 0802/2020, at about 05:30 a.m., on téano - BolognaHS line passenger train 9595 of
the RU Trenitalia S.p.A(ETR1000 no. 02]1 composed of eight cars, coming from Milan and
bound for Salerno, with an odd numbered transit routbendirectionof Bologna, derailed at km
166+756 while running oswitch05 neaPM Livraga, at a speed of 298 km/h.

The entire train derailed but, while the lesgicar, detached from the othelspke through a
fence and stopped its run on its side, cltuséhe opposite s&l of the PM Livraga buildingafter
colliding with some maintenance equipment statiomedsiding to the left of the directioof the
train (DT), the other seven cars continued their deceleration run off tlsearad stopped in the
inter-track betweerthe oddnumbered track and the adjacent track, after travelling approximately
700 m from the initial point of the derailment, with the secbidcarreversedn its side Figures
1,2,3and %
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Figures3and4i Static position of the leading car, left, and cars non# ollowing, right(source web)
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Figure 71 Planimetry of the event route with evidence of the initial point of derailrsiitch05 at km 166+756
(source RFI)

The initial point of the derailmenton the track structure was located at switch 05, at km
166+756, where, due to the derailment, the rails b¢Bigire 8).
§ . - e > —

AS

Figure 81 Initial point of derailmentswitch05 at km 166+756source web)

Startingfrom the point of derailment and up ttee point where the train came to a halt, serious
damage was found on the railwaguipment (tracks, switchesossbarscouplings.

At the scene of the accident, RFI and Trenitalia personnel, the Fire BrigadayilhBefence, the
Railway Police, the Judicial Authority and the emergency medical services attended

2.1.2.Decision tostartthe investigation, composition of the investigation team and conduct of the
investigation

Following the event, th®irectorat Generafor Rail and Maritime Investigationappointed a

Investigation Committeto ascertain the causekthe accident, consisting:of

- Prof. Ciro Attaianesgenginer

- Prof. Roberto Majaengineer

- Mr. Wolmer Zanellaenginer
The Committee was mandatd to ascertain the causes of the accident by carrying out its
investigative activities on the basis of the regulations in force on the date of the event and, in
particular,ltalian Legislative Decree No. 50 of 14 May 2019, which cane fiorce on 16/06/219,
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The mandate was carried out by means of documentary analysis and inspections on the site of
the event and in the railway areakere the materialplaced under seizure were stored, visits to the
area and to the systems used to cordrml regulate circulation, acquisition of the testimonies of
Trenitalia personnel, interviews with RFI and ANSFISA personnel.

First inspectionr Dateof event

On 06/022020, a member of theommitteewas alerted at 08:06.m.and arrived at the accident
site at10:10a.m.to carry out a first inspection.

At the same time, he contacted the manager of the Territorial ProdDe@artmenbf Bologna,
informing him of hispresence and the need to go to the site of the accident to carry out an initial
survey.

At 10:26 am., after having been accredited by the Railway Police and the Local Police, he
reached thestation of Livragaand inforned DiGIFeMa of his availability to arry out the
inspection.

At 10.30 a.m. he received from DiGIFeMa the Letter of gssient for Investigative Activities,
the Notice of Commencement of Investigation to the Lodi Public Prosecutor's Office and the
DiGIFeMaLodi Public Prosecutor's Office Aggment necessary to obtain from the Public
Prosecutor's Office the authorisatioratiess the site of tlierailment

At 10.40 a.m., accompanied by a Polfer agent, he weat switch05, waiting to be awedited
by the Deputy Prosecutor and thus camy the inspection. Although he was unable to access the
point of the deailment, he was able to ascertain thattch no 05 was configured for theiverted
direction gwitchin divertedposition), thus midang it evident that this condition was the proleabl
direct cause of the derailment.

At about 11:05 a.m. the investigataras able to confer with the Deputy Prosecutor, who
prevented him from carrying out the inspection by inviting him to leave.

He thenwent nearthe stationbuilding, where he was able bbserve some of the damage caused
by the derailectars.

At 11:39a.m.he updated the DiGIFeMa manager on the situation and what he had observed.
At approximately 11:50 a.m., a polio#icer ordered all persons present within 8tationarea to
leave,making it impossible to carry out further inspections.

No further activities relevant to the investigation could be carried out later on 6 February

Second inspection10 February
At 2:10 p.m. on 10 February, the same investigator went to PM Livrageatny out an
inspection authorised by the Lodi Public Prosecutor's Office. As it appears from the Polfer report
he carried out the following operations accompanied by the Commissiitiersame Polfer:
1 a 3:10 p.m. visual and photographic surveyswofitches05 (odd track) and 09 (even track),
during which the actualivertedconfiguration ofswitch05 was verified
1 at 3:30 p.m. visual and photographic survey awitch 07, during which & actd
configuration towards the direction of the safs¢cton located at the end, on the Milan side,
of the oddnumbered passing track was verified; visual and photographic survey of the yard,
the track equipment and the debris present there
9 at3:40p.m.visual and photographic survey of the rolling stock.
The inspetion ended a8:50 p.m.

Attendance at the repeatable and unrepeatable controls on 12 February.
At 9:00 a.m. on 12 February, the same investigator went to PM Livraga to attend the repeatable
and unrepeatable checks carried out by the Forensic PolicRRhgdersonnel at switches 05 and 09

12
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The inspection began at approximately 10:30. & he &act time of the operations is reported in
the report drawn u by the Polfer and filed with the Lodi PublRrosecutor's Office. During the
course of the inspectiont was possible to witness the following operations

1 repeatable checks @witch 09 on theevenrnumberedirack to observe the way in which it
was contolled by the Bologna Centrabignalling Centreand to verify its caect
configuration, as well as the actions taken by the safety apparatus in the event of failure to
control it;
1 unrepeatable checks @witch 05 onthe oddnumbered track to verify thefefiency of the
new actuator installed on the night of 6 February and the control signal returned by it to the
safety apparatus.
During the course of the aboweentioned operations, it emerged that the actuator liegstah
switch 05 returned the normaloofiguration control even when it was diverted configuration.
This circumstance also results from official statements made by the Director of the Nagieney
for Railway Safetyon the evening of 10 February.
The inpection ended at approximateB/00 p.m.

Presence at the repeatable and unrepeatable inspections on 22 and 23 February

This paragraph describes the methods used and the results of the technical inspections carried
out on 22 and 23 February 2020 at tleeident site by RFI maintenance $tand the Forensic
Police in the presence of the Deputy Public Prosecutor of Lodi, which were withessed by an
investigator from thénvestigationCommittee

The inspections aimed at highlighting the anomalies thateddtasin 9595 to derail are listed
below:

verification ofswitch 10 with electricmanoeuvringlevice

verification of switch 10 with manuahanoeuvringlevice

verification of switch 10 witkelectricmanoeuvringleviceand reversgcontrol,
verification of switch 10 withmanualmanoeuvmg deviceand reversed control,
verification of switch 10 wittelectricmanoeuvringleviceand control restored,
verification of switch 10 wittswitch 05 actuatorandelectricmanoeuvringlevice
verification of switch 10 with switcB5 actuatorandmanualmanoeuvringlevice

NoakswNpE

Day 22February
Inspectionl
The inspection consisted of the followiogerations
1 request, by recorded telephone communication, to Shymaller (RC) of the Central
Operationsvianager(DCO) of Bologna to excludswitch 10;
1 disconnetion of theswitchfrom the control circuit and connection to the portable power
supply device, for manual shunting of ghwitch (baraccotto)
1 execution of a reverse manoeuvre and a subsequent normal test manoeuvre;
1 execution ofa calibration check fathe needlesby inserting calibated shims between the
needles and the shunts at the actuators, as follows
o insertion of the 2 mm shim into the needle of the deviated branchdiaeded
manoeuvre with the shank: the shim returnediitiertedcheck as epected;
0 insertion of the 2 mnshim into the needle of the correctly traced branch and normal
manoeuvre with the slide bar: the disc returned the normal check as expected,;
o insertion of the 4 mm shim into the needle of theerted branch anddiverted
manoeuvre with the slide bar: thesiette returned, no control;
0 insertion of the 4 mm shim intoémeedle of the correctly traced branch and normal
manoeuvre with the slide bar: the ddill not return, any control;
theabove checks confirmed the correatibration of the needles

13
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1 performance of a calibration check on the needles by insediiyated shims between the
needles and the counteeedles in correspondence with the-tod located in an intermediate
position between actuators 1 and 2, in the same way as the previous check, with the insertion
of a 7 mm shim instead of 4 mm, as pd®d for in the protocol; the check confirmed the
correct alibration of the tierod;

1 carying out a calibration check on the mobdlerein a manner similar to that adopted for

the needles: the check confirmed the correct calibration of the heart;

control check of theoreagainst forcing with a pry bar; follang forcing the indicator dis

returned no control, as expected;

disconnection of thewitchfrom the shunt and connection to the control circuit;

return ofswitch 10 to theCentral Operations Managercontrol;

carrying out a check for consistency betwehe control visible on th€entral Operations

Manage's desk and the actual configuration of teesitch

o diverted manoeuvre for the diverted branch by t@entral Operations Manager
presence of concordance betweendivertedconfiguration of theswitch, the control
on the indicator disk and the control on @entral Operations Managete;

o normal shunting for the correct branch by @entral Operations Managgaresence of
concordance between the normal configuration of dhétch the contol on the
indicator disk and the control on tlentral Operations Managebench

=a =4 -4 =

Inspection?
The inspection consisted oérrying out the same operations as in inspection 1, but operating

switch 10 with manualmanoeuvringlevice the verification cafirmed the presence of concordance
between the normal ardivertedconfigurations of thewitch, the control on the indicator disk and
the cortrol on theCentral Operationslanagers desk.

Inspection 3
The inspection consisted of carrying out the codance checks between the normal and

divertedconfigurations ofswitch 10, the check on the indicator disk and the check orCtrdral
OperationdManagefs deskfollowing the revesal of the electrical connections in the terminal box
of actuator 2 as fabws
1 opening of terminal box CT2/DEV10;
1 reversal oterminalsl3 and 14;
0 carrying out the concordance check:
o divertedmanoeuvre: return of normal control,
o normal manoevre: reurn of normakontrot
71 execution of the concordance check with the insertd the 2 mm shim between the
needles and the countezed|e:
o divertedmanoeuvre: return of normal control,
p normal manoevre: reaurn of normalkontrot
1 execution of the concordamcheck with the insertion of the 4 mm shim between needles
and needle pais:
o divertedand normal manoeuvre: montrol
Subsequently, the same checks as described above were carried out by maneettehrig
from the bench of the loc8lignalling Centreobtaining the same resulh summary, during the
repeatable techrat inspection 3 it was verified that the manoeuvrewitch 10 in the normal
configuration by th&€entral OperationManagergave the following result
1 the switch maintained thdivertedconfiguration,
1 theindicator dik returns normal control,
1 theCental OperationdManagersees normal control

14
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Inspectiord
The inspection of switch 10 witmanualmanoeuvringdevice and reversed contraas not
cariied out as it was considered unnecessary.

Inspection 5

The inspection consisted carrying out the concordance check between the normal and reverse
configurations okwitch 10, the check on the indicator disk and the check o&émtral Operations
Managers desk after the correct connectiorteiminalsl3 and 14 in the CT2/DEV10 tamal box
had leen restored. The concordance check was positive in both configurations, noriiakedad
of switch 10.

Day 23 February

Inspection 6

The purposef theinspection was to assess the efficiency conditiorectfator 2 okwitch 05
andthe operating and control conditions sswitch 10 controlled byactuator 2 ofswitch 05. The
inspectionwas carried out as follows:

1 opening of terminal box CT2/DEVO05;

1 verification of continuity beveen connectorsl3 and 14 and thesspective contacts 43 and

44 of the VEAM connector: the verification was positive, highlighting that the connection is

not inverted, therefore the box returns the s@ontrol that it receivesdm the actuator;

1 verification of continuity and correspondence between the VEAM connector and the free
terminals of the device which replaces the whip, to be used for the verification of the control
returned by actuator 2 (in railway jargon, the term "pihiefers to the cable wth connects

the actuators to the terminal boxes): the verification has given a positive result

removal of the actuator cover;

disconnection of the whip connected to the terminal box on the heel side of the actuator;

1 verification of continuity betweenhe free terminals of the whip replacement device
corresponding to the internal cants of the actuator and used to return the switch
configuration control; the verification gave the following result

o correspondence between tenals AandA: negative

o correspondence between terminalariB: negative,

o correspondencleetween terminals @xdC: negative,

o correspondence between terminalari?iD: negative,

o correspondence between terminalandB: positive,

o correspondenceetween terminalB andA: positive,

o correspondence between termin@landD: positive,

o correspondence between termirialandC: posiive,
verification of the neutral shoedircuit of the branch not affected by the configuration: correct
The resit of the check shows that the aatar, configured fothe deviated branch, returns a normal
controlinstead of alivertedcontrol i.e, it is defective.

Subsequently, the actuator 2 sitch 05 (referred to agintermediate needle frame aataro

and identified with the last two digits 83f dhe serial number) was removed, after protecting the
seals to prevent breakage, and mountedvaich 10. The purpose of this operatiamms to analyse

the operation and control sfvitch 10 operated bwyctuator 2 dswitch 05 in order to simulate the
conditions that led to the train 9595's derailment on 6 February. The assessment was carried out as
follows:

1 installation of switch actuator 2 of switch 05 (serial no. 83) on switch 10;

1 disconnection of thewitchfrom the control circuit and connectitmthe local shunting
switchy

E
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1 preliminary execution of twodiverted manoeuvres and two normal manoesv in
successn;
1 calibration check of the needlend verification of the control returned by the actuator:
o divertedmanoeuvre: the indicator #iseturnednormal control,
o normal manoeuvre: the indicator disk returned normal control;
disconnection of the switch fnothe shunt and connection to tetrol circuit;
return ofswitch 10 to theCentral Operations Managercontrol,
1 performing a check for consistency between the control visible o€é¢h&ral Operations
Manageis desk and the actual configuration oé gwitch
o divertedmanoeuvre for the deviated branch by @entral Operations Managamno
concordace; theswitchis in divertedconfiguration, while the control on the indicator
disk returns the normal configuration for the correatk (the manoeuvreaused the
positioning of theswitch in diverted positionbut returned the normal controthe
system logi caused thewitchto be disconnected for failure to reach the commanded
position);
o theswitch on theCentral Operations Managedeskwas restored after repowering
the control on theCentral Operations Managerdesk returned the normal
configuration for the arrecttrack (when theswitch was restored,it signalled a normal
position control although it remained in tdevertedposition);
1 carryingout a route formation check from point 2 to point 24, corresponding to free transit
on the correct evetnack layout:
o theroute is correctly formed for free transit, howesgertch 10 is configured for the
diverted branch,
o the indicator disk and th€ental Operations Manager desk both return normal
control.
(The correct routing could be achieved becausesthiéchwassignalled with nomal
control while physically remaining in thdivertedposition due to the malfunctipn
Once the above operationere completed, switch actuator 2 @fitch 05 (serial no. 83) was
opened to examine the connection of the conductordeiiis The inspectbn was carried out as
follows:
1 breaking of the original seals bearing the Alstom mark of the box correspondireggoint;
1 visual inspection of the connection of the conductors to the terminals:
0 conductor 18 is dinged at terminal, 16
0 conductor 16 islinged at terminal 18;
1 verification of electrical continuity between the conductors connected to the actuator
termirals and the free terminals of the device replacing the whip:
o conductor 16 is connected to terminal A instead of ternidnal
0 conductor 183 connected to terminal B instead of terminal A,
1 breakage of the original seals bearing the Alstom mark of the weesponding to the heel,
1 visual check of the connection of the conductors to the terminals: the conductors appear to
becorrectly sheathed;
1 electrical continuity check between the conductors connected to the actuator terminals and
the free terminals ohe device replacing the whip:
0 conductor 21 is correctly connected to terminal A,
0 conductor 23 is correctly connectedeaminal B.

= =4

The outcome of the checks described above shows that the actuaswibD5 (serial no. 83)
has anomalous behaviouyalto which on the morning of 6 February #vatchwas positionedn
diverted positiondespite being signalled for correctuting onthe Central Operations Manager
desk. The signalling of the correct routing position allowed the system to creatertwt oauting
on the odehumbered track for the transit of train9%b
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Inspection 7
The verification of switch 10 with manualanoeuvring devicand coirol restoredby the switch
actuator 05 was not carried out as it was considered unnecessary.

Inspection 8
The inspection consisted of verifying theternal connections of the actuators seized by the
Magistracy in order to ascertain the existence ofaargmalies

The checks carried out on all the actuators were negative.

From the position the investigator was in, he could also easily seawitah 07, which is
conjugate teswitch 05, was configured for the direction of the safety sidingwitches 05 and 07
are indeed conjugate, since they realise communication &ettie odehumbered running track
and the odehumbered passing track, they massume the same configuration, j.85 on the
correct track and 07 towards the safety switch or 05 arid @ierted positionThis circumstance
suggests that at the time of terailmentthe safety equipment of the system was configured to
give the twaswitches the normal direction on the correct track

Pursuant to Article 23, paragraph 4, Itdlian Legislative Decree No. 50 of 14 May 2019, in
order to delve into certain technical and procatiaspects and acquire observations and opinions
on the investigation withi its competence, thimvestigation Committeeleemed it appropriate to
conduct the followng meetings by remote videoconference:

- on 20/05/2020 with representatives of the Natigkxggncyfor Railway Safety
- on 22/12/2020 with representatives of the infrastmezhanager RFI.

On 16/07/2021, DiGIFeMa submitted the Draft FimaVvestigationReport, prepared by the
Commission in charge, to the parties involved (ANSFISA, RFI, Trenitélajhe request of the
parties, meetings were held by video conference, of098£®21 and 12/10/2021 with
representatives of RFI (during which the infrastruetmmanager provided DiGIFeMa with two
annexes: the first consisting of a table of comments obth& Report, and the second entitled
fiShunting scenarios of the Livragawitch 050) and on 04/10/2021 with representatives of
ANSFISA. This document also tek into account what emerged during the aforementioned
meetings and the comments trartsead by the aforementioned Bodies

2.2. Circumstances of the event

2.21. Personnel involved

On train 9595 were travellinthe two Drivers, the TrainConductorand the TrainServices
Supervisor ofthe Trenitalia RU, three operators of the exatg company Itinere and an-board
cleaner.

2.2.2. Train and its copostion

The Trenitalia RU train departed from Milan as train 9595 and bound for Salerno on 06/02/2020
consisted of 8 cars:
- vehicle No 1:93 83 3400 124 I-TI (train head);
- vehicleNo 2:93 83 0400 226 I-TI
- vehicle No 3:93 83 5400 323 I-Tl
- vehicle No4:9383 0400 4222 I-TI
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- vehicle No 5:93 83 0400 54 |-TI
- vehicle No 6:93 83 6400 624 I-TI
- vehicle No 7:93 83 0400 7A.I-TI
- vehicle No 8:93 83 440821-5 I-Tl

Thetrain had the following characteristics

- type of composition ETR 1000 021,

- brakingmass 501 t;

- % braking mass 145%;

- maximum vehicle speed 300 km/h;

- speed rak C;

- length 202 m;

- safety equipment ERTMS/ETCS level 2 with STM/SCMT,

- continuous travellery/pe brake.

The entire train is owned by Trenitalia S.p.A., which is aitso keeper and SRMSubject
Responsible for Maintenancd-rom the train sheeFigures 9/a and 9/band from the-ile line 82
bis, section 6.1.2 FLHjgure 14) it can be deduced thdte maximum speed allowed for the train on
thesection where the deraient occurred is 300 km/h and the line has braking degree la

Scheda Treno
Fascicolo Linee Treno = Sigla di Composizione
29 32 35 36 821 94 9595/ Scheda n® 1/9 VS300C
92114 119123 pa: MILANO CENTRAL 145%
Validita Termine Scheda A: Seg_COnf Meleg.
bal: 15.12.19 SALERNO
Al: 12.12.20
Int. alla Sigla
Classificazione Prestazione Lunghezza ETR 1000 RSC9
ES* SCMT
Grado Binatio LIS o Binano SX Simbologia DX
,.-,l:,: Vel Max. | wvel Ko: Localita Orario \',:"':u\
I 60 60 9:000 MILANO CENTRALE 5.10 60 |p : 6 [
100 |100 |'1% Dev. U. Mi. C.le 100 : E ; E
1.422 SI COD Km 1.422 : S : E
115 |[115 |20 Cippo Km 2.000 115 : : ; :
B ° MILANO LAMBRAT 5.14 ; : 5 ; :
120 |120 |50 Cippo Km 5.000 120 : : : :
6.000 Cippo Km 6.000 5.15 : : : :
160 [160 | MILANO ROGORED |5.18 5201 160 ; ¢ 1 ;
250 |[250 |1200 CippoKm.12 AC-AV 250 : ; : 5
R Bivio/PC Meleg. 5.25 : s 2 : :
190.220 Seg.Conf Meleg. 5.25% dE : E
Da 23: 4: Vel x 1 lin FI RIFR - ATTIGLIANO LL-v SMN- (12 o |

Figure 9/a- Train sheet 9595 of 06/02/2020: Milano C:IBivio/PC Melegnano routésouce: Trenitalia)
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& I,

Fascicolo Linee

Treno

9595/

Validita
bal: 15.12.19
Al: 12.12.20

Termine Scheda

SALERNO

Scheda Orario

Scheda n® 2/9

pa: SEG.CONF MELEG
A: PDE MONTE BIBE

Classificazione

ES*

Prestazione

Lunghezza

Sigla di Composizione

Int. alla Sigla

Localita Orario
SEG.CONF MELEG. 5.25%
P.M. LIVRAGA 5.31
BIVIO PIACENZA O 5.33%
1°BIV.PIACENZA E 5.36
P.C. PIACENZA 5.36%
1°BIV FIDENZA O. 5.40
P.C.FONTANELLATQ 5.42
1°BIVIO PARMA E. 5.47
P.M. CAMPEGINE 5.50%
REGGIOE.AVMP... (5,54 5.56
P.C. RUBIERA 6.05
BIVIO MODENA O 6.07
BIVIO CF EST 6.13%
P.M. ANZOLA 6.15
P.M. RENO 6.18
BIVIO VENEZIA 6.19
BOLOGNA C. LE......|6.22 6.25
PDE SAVENA 6.29
PDE MONTECALVO 6.30%
BIVIO EMILIA 6.31
PDE RIOSTO 6.32
PDE LAURINZIANO 6.33
PDE RIO DEI CANI 6.34%
PDE QUINZANO 6.36%
PM IDICE 6.37
PDE MONTE BIBELE]| 6.37%

a)Da 23:30 a 04:30 Vel .max 160 linea FI RIFR - ATTIGLIANO LL-v SMN-(12/05/19)

Localita di stampa SKT-M3M40
Data di stampa 04/02/2020 22:24:10

Valida per il treno del 06/02/2020

PPC - Vers.

94

Figure 9/a- Train sheet 9595 of 06/02/2020: Milano C:IBivio/PC Melegnano route (sourc&renitalia)
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The train was prescribed the speed reductions (sheet M3) shé&igure 10

Richiamato in scheda treno ’

OH] w O]

RFI - Rete Ferroviaria Italiana

LINEA MILANO CENTRALE - SALERNO IL  06/02/2020 N.2199379

STAZIONE DI: MILANO CENTRALE

SIORDINA ALL'AGENTE DI CONDOTTA DEL TRENC §595/5597 DI OSSERVARE | SEGUENTI RALLENTAMENT!

Se instradati sul binano & Se instradati sul binario di Fisso con| Spostable ¥a | |Velocta | Lunghezza
sinistra 0 legale destra 0 Negale nzio |cpp chiomeric | knvh metn
g m Prescrzioni specifiche
TRA LE LOCALITA' TRA LE LOCALITA' chiom
& (0 nela localta) (0 nella localta)
1 1°Biv.Orte N [ PC Gallese - 66 115 | 2100 AJ/KAL
2 ‘ PC Galese | PC Capena 62 115 | 2100 ALM
3 ROMA TIB.NA 6 40 100 AN/O/P
4 ROMA TERMINI - 1 60 400 AQR
5 - ROMA TERMIN! 1 80 400 ANSIT
6 ROMA TERMINI 0 60 400 AQRUN
7 - ROMA TERMINI 0 60 400 ASITIWIXIY
8 - NAPOLI CENTRALE 219 60 900 AZIAA
9 NAPOLI CENTRALE 221 60 900 AZ/AA
10 B.S.LUCIA SALERNO - 10 | 14 80 2100 A
e o ooe l oon ee oo | eee e e ooe

A)da rispettare con tutto il treno (per treni viagg latori)

J)ll rallentamento interessa anche il 1° Bivio Orte Sud.

K)I treni provenienti da 1° Bivio Orte Nord Incontreranno due segnali di inizio rallentamento; il do segnale di inizio

rallontamento ¢ riferito ai treni provenienti dall'inter { dispari

L) segnali di rallentamento sono di formato ridotto.

M)ll rallentamento interessa anche il PC Gallese.

N)ll ralloentamento interessa il binario VIl di Roma Tiburtina binario di corsa dispar linea Lenta Attigliano - Roma.

0)Segnali di avviso rall.to non preceduti da tavole di rich

P)Treni dispari istradati su linea Locale trovano segnale di fine rallentamento posto a terra.

Q)ll rall.to interessa Il binario 19 di corretto tracciato (dispari)linea Cassino di Roma Termini.

R)I segnali di avviso rall.to non sono preceduti da tabelle distanziometriche e sono posti a terra.

S)ll rallontamento interessa il binario 21,di corretto tracclato linea Grosseto.

T)Segnali di rall.to sono posizionati a terra e | segnali d avviso rall.to non sono preceduti da tavole distanziometriche.

U)l treni in partenza da Roma Termini non | ano segnali di avviso rall

V)l segnali di fine ralk to sono esposti solo per | treni percorrent la linea Cassino.

W)l segnali di fine rall.to sono esposti solo per | treni diretti linea Grosseto sul binario di sinistra,

X)! troni in partonza dai binari dal 11 al 20 o dai binari dal 25 a 29 di Roma Termini e diretti linea Grosseto, se istradati

sul binario di 8X, | ano segnale di fine rall.to che per loro non ha significato.

Y)! treni in partenza da Roma Termini non incontrano segnale di avviso rall.to.

Z)I segnali di avviso rallentamento non sono sussidiati da tavole di orlentamento.

AA)l treni in partenza dai binari dal 2 al 15 non incontreranno il segnale di avviso rallentamento.

IL DIRIGENTE L'AGENTE DI CONDOTTA
SKT-M3IM40
BEI 04/02/2020 11:11:40 HH

Figure 10- Train 9595 slowdownsn 06/02/2020 (sourcdrenitalia)
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The technical prescriptions receivbyg thetrain at the station odrigin in Milano C.le (Mod.
M40 no. 47 of 06/02020) are shown belowigure 11).

M.40 N° 47
TRENITALIA Stazione di MILANO CENTRALE Li 04/02/2020

Tratta: MILANO CENTRALE - SALERNO
PRESCRIZIONI TECNICHE
Si ordina/da avviso al macchinista e al capotreno del treno 9595/9597N del 06/02/2020
e s e s sk s s e o s o ok s sk e sk e s sk s sk e st e s s s ol s s e s e s ok s s s o sk s sl e sk e s sk s ok s sl s s sk s s s sl s s sk s ok sk sk sk sk s ok s s s sk ke sk sk sk ok sk
PRESCRIZIONI TECNICHE SUL PERCORSO D'ORARIC
Non Sono Presenti Limitazioni di Circolabilita
PRESCRIZIONI TECNICHE SU LINEE AFFIANCATE
1) Tratta: MILANO LAMBRATE - PM TRECCA
Se Vostro treno ha in composizione od ¢ effettuato con ETR 450, ETR 460, ETR 463, ETR 470, ETR
485, ETR 600, ETR 610, ETR 500, ETR 700, ETR1000 sia in semplice sia in multiplo attacco, non superate velocita 30
km/h da Milano Lambrate a P.M.Trecca. [MI42D]

Figure 11- Technical prescriptionrain 9595 (sourceTrenitalia)

2.2.3.Infrastructure and signalling system

The train, wich left Milano Centrale at 5:10 a.m. on 06/02/20&fter having regulfr stopped
at Milano Rogoredo, proceeded towards Reggio Emilia.

The event took place on the Milano Rogoredtarenze Castello section.

The line is electrified with electric tracticat 25 kV ac from Bivio/PC Melegnano to Bivio
Castdfranco Est and fronBologna C.le to Firenze Castello and electric traction at 3 kV dc from
Milano Rogoredo to Bivio/PC Melegnano and from Bivio Castelfranco Est to Bologna C. le,
equipped with an ETCS kel 2 system and operation nisanagedwith a CentrbManager from
Milano Rogoredo to Bivio/PC Melegnano (Milano Greco Headquarters) and with a Central
Operatons Manager from Bivio/PC Melegnano to Firenze Castello (S€®ologna C.le
Headquarters).

The maimum speed allowedearPM Livraga, onthe Bivio/PC Melegnane Bivio Piacenza
Ovest section for oddumbered trains is 300 km/Rigure 14.

At km 166+756, whereswitch 05 is located, the initial point of the train's derailment, the track
straight and slightly uphill. Switch 05 is of ty8® 8 with tg 0.074 with enovablepoint core year
of installation and activation 2008i§ure 12.

Figure 12- Infrastructure equipment near the point of derailment (Source: DiGlIFeMa)

Recorded verbal communication betweendigmallerand the driver is permitted onetmoute

21



L3038
06/02/2020 Derailment of Trenitalia train 9595, Milanb Bologna HS/HC line, at PM Livraga - 5

CAP. 6. FL LINEA AV/AC TORINO—MILANO—NAPOLI
(SENSO DISPARI)
SEZIONE 6.1 FL SCHEMA UNIFILARE AV/AC
tratto di linea Ml ROGOREDO - FI CASTELLO
Segue a pag
2WCCOIIVE
1* BIVIO PARMA EST [
Suzzara -
2* BIVIOP.C. PARMA EST lﬁﬂ .
Brescia g
i 1|2

faplil= ‘

1]3
? PARMA

Fasco ] |

Me-c ' |
L.u Spena
10 Fornovo
i :IETIDENZA
2* BIVIO/P P. FIDENZA OVEST Salsomaggeore T

1* BIVIO FIDENZA OVEST

1* BIVIO PIACENZA EST

2* BIVIO PIACENZA EST

B PIACENZA
Voghera
|;‘]—_| P.M. PIACENZA OVEST

BIVIO PIACENZA OVEST

Cremona

1
CODOGNO EIZI‘E .|

CASALPUSTERLENGO [

TAVAZZANO .

BIVIO/P.C. MELEGNANO

s Locate T
MILANO ROGOREDO

3) Segnale d partenza estemo Miegrato con indicatore & dresone. ofa 1 per inea Bresca, afra 2 per Iinee SuzzrWAVIAC

Figure 13- Singleline diagram of the HS/HC Taro - Milano - Napoli line (odd traindirection)t
MI Rogoredo- FI Castelloline section (sourceFile Line 82bis, RF)I
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»,

& P,

R

Linea AV/IAC TORINO - MILANO - NAPOLI
Tratto di linea AV/AC Mllano Rogoredo = Flrenze Castello e relatlve Interconnesslonl con
linee Milano - Bologna - Flrenze (Tradlzlonale) e Occhlobello - Bologna

SEZIONE 6.1.2 FL FIANCATA DI LINEA AV/AC TORINO - MILANO - NAPOLI

Grage|  Velocla Gragd  Velocha Velociia Gradol Vejocita' Gradol
ima massima Proar. | massima kmvh massima kmh
N A S N O 0 o
walAlB|C|P]| v Alelc]p AIBICIP wa[ ATBTCTP] te
| [135|140[160[t75 |V [700[100[T00[100] [—] ss mI.ROGOREDO ' [100[100[TOO[i00] v |135(140(160[175( |
2| a@]@]e Dev. Uscita @@ @) @)@
140|160 [ 250|250 Cioge km 12,000 1401160 | 250) 250
| 79‘%'72 BIVIOP.C. MELEGNANO
W Troo[foofi00[100| N BT 100[100]100[100[ IV
la |140/160/180/180 || De... 140(160(180[ - | Ia
k1Kl 2808 TAVAZZANO (1)
la 250 < 190,22 SEG. CONFINE 250 la
300 é Cippo km 189,00 300
v Cippokm 176,00 v
la Cippo ke 173,00 la
Vv | 16625 P.M. Livraga v
1] Clppo km 160,00 1]
Ils Pl LSGJ‘BSI?' BIVIO PIACENZA OVEST s
v 160 b 60 | v
A 292 SEG.CONFINEEB.DESTRA |135(140[140( -
1951401401140 [ F) 205 sec coNFNER SIISTRA
3
¥ (1)
1f K 370 P.M. PIACENZA OV,
1l Clppokm 151,00 1
| [125[130)130(130] | 000 PIACENZA 125[130{130{130] |
L {10100 ]100}100 F:i —488 zevorscezasst  100[100{100(100]
0 y 15 ERRENEROIN
150 Cippo km 2,000 160
160 - Clppo km 1,000
i T 1° BIVIO PIACENZA EST
| 13585 PLC.PIACENZA

direzione 1).

(1) Per i treni percorrenti tratii oi linea affiancata in direzione Bologna vedasi FL 35.
(2) Nellamblto della stazfone ] Milano Rogoredo, binar] ¢l collegamento dal binarf df corsa finea GE (5 e 6 FV) al binar] df corsa [Inea AV/AC (Indlcatore d]

Figure 14- Singleline diagram of the HS/HC Taro - Milano - Napoli line (odd traindirection)i
MI Rogoredo- FI Castelloline section (sourceFile Line 82bis, RF)I
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SEZIONE 6.1.3 FL FIANCATA PRINCIPALE LINEA AV/AC
TORINO - MILANO - NAPOLI

Binario di sinistra

Linea AVIAC TORINO - MILANO - NAPOLI tratio di linea MTlano Rogoredo - Firenze Castel|o e relative Interconnession!
Trazione elettrica a corente confinua. Esercizio con Dirigente Centrale da Milano Rogoredo a Bivio/PC Melegnano (sede Milano Greco), con Dirigente Centrale
Operativo da Bwlo/PC Melegnano a Firenze Castello (SCC - Sede Bologna C.le)

Eii?:llmm Progressive | Distanze LOCALITA' Posfi di INDICAZIONI DI SERVIZIO ’g%‘?;
S | %o | chibmetiche | - peris DI SERVIZIO tloceo E PROTEZIONE PL o
Tda W Lamovate, B0 P, Romand, W P.Vitong @ N Teccd) r
: 9 ®
1| 2 | 958 MILANO ROGOREDO @ | MR -
10] 16 9,567 0 I Mgy E 3)
.
1,220 | 1,643 | Dl H
12,000 | 2414 | cppo H
10 | 7 | 12097 | o087 Po0s B8
13,064 | 1,027 P11 Bl ¢
14,454 | 1,390 P913 E
15904 | 1,540 P915 i
17,607 1,613 P917 E
19,207 | 1,600 P919 §
20981 | 1,774 Po21 E
23,474 .
8 191220 | 2493 209 }: b4 @&
10| 13 | Zam BVOP.C. VELEGNANO ® : )
923 _’ 4 @ (5)
24,612 | 1,138 P925 -i
26976 | 2,964 [ Dev.l T egrano) H
: @ \Qo/(s it
28,095 | 1,119 | TAVAZZANO T 9@
(per Piacerza L.T) M
190,654 | 0,566 | Limite giiscizione Direzioni Compartimentali Movimento §
190,229 | 0,425 | SEG. CONFINE § ®

(1) La stazione di Milano Rogoredo & munita, per [ treni provenienti da Milane C.le o] due successivi segnali di parlenza. Lato Pacenza & munita o] segnalamento
plurimo di protezione.

(2) Per | treni percorrent] tratli dj linea afffancata in direzione Bologna, vedasi FL 35.

(3) Nell'amoito della stazione di Milano Rogorede, binario di collegamento dal binario di corsa dispari linea Genova (6 FV) al binario di corsa dispari linea AV/AC
(indicatore di direzione ).

(4) A Tavazzano  treni ricevuti sul binaric di precedenza dispari incontrano due segnali i partenza; 1l primo intemo comanda le partenze per Codogno e per |l
binario di precedenza; il secondo, estemo, comanda le partenze dal binario di precedenza. || segnale di partenza dal binario df corsa & interno solo per [ reni
ciretii al binario di precedenza. Lato Piacenza la stazione & munita di segnalamento plurimo di protezione.

(5) \09/ solo se tale velocita & consentita dall'aspetto segnali.

Figure 15/a- Main diagramof the HS/HCTorino - Milano - Napoli line (odd train diection)
Part 1- (Source: File Line 82bis, RFI
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Blnarlo dl sinlstra
Linea AVIAC TORINO = MILANO - NAPOLI
Tratto di linea Milano Rogoredo - Firenze Castello e relative Interconnessioni
Alimentazione 25 KVca da B°/P.C. Melegnano (e) a B® Castelfranco Est (e) e da BO Centrale (e)
a Fl Castello (e) - 3KV cc da M| Rogoredo a B*/P.C. Melegnano (1), da B* Castelfranco Est (i) a
BO Centrale (1) e interconnession] - DCO sede Bologna - ETCS Livello 2
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Figure 15/b- Main diagramof the HS/HCTorino - Milano - Napoli line (odd train diection)

Part 1- (Source: File Lire 82bis, RF)
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2.2.4.Work performed at the site of the event

On the section under examination, at the time of the event, no work was being carrizu tbet
track or other parts of the infrastructure, but in the previous hours, during the period dafmeght
service interruption, the following work had been carried which later proved to be related to the
accident

- renewal of the three hydraulictaators frame + core afwvitch05;
- renewal of the hydraulic actuator of the framewiftch06;
- renewal of the hydraulic actuatof the frame ofwitch 10.

2.2.5. Activationof the railway emergency plan, public emergency services, police, medical
services and the associated chain of events

Following the derailment, the following chain of events concerning traffic was adopted
- 05:30a.m: train 9595 arrived at PM Livraga Full Supervision status and stopped on the
arrival route;
- 05:32a.m: after seeral attempts to contact the-board staff the operations room was
notified to divert the accompanying train 9601;
- 05:36a.m: the NationhOperations Roomadvised of a probable diversion of traibios;
- 5:40 a.m.Central Executive Movement Coordinato Milan was notified to send help;
- 5:41 a.m.: warnings were issued as Perritorial Production Departmef SE 43.1.0:
o alertedAvailable Operational Programming and Quality
p alertedAvailable Territorial Production Department
o alertedPolfer
o notified company protection.
Traffic was therefore interrupted on both direnif the MilanBologna HS line and diverted
to theficonventionad line, with delays of up to 60 minutes.
The emergency management following thccident therefore did not revealyacriticalities. The
entire area and the train were placed under seizyrénd Judicial Authority, which decreed its
restitution on 12/02/2020, at the end of the surveys and technical investigations

2.3.Deaths, injuries, material damage

2.3.1. Passagers and third parties, staff

As a result of the event, the two train @ig died and 30 persons, includimgboard personnel
and passengers, were injured.

2.3.2. Rolling Stock and Infrastructure

Rolling stock and infrastructure safed considerabldamage.

The railwayundertakingi ncur red costs of approxi mardel y
fixing the rolling stockalone.

The damage to the rolling stock, the seat and Bleetric Traction between the point of
derailment and the pat where therain stopped was quantified by the infrastructure manager at a
total cost of approximately 8, 211, 19Q. 00 as foll ows

-0 4, 844 ,tlw&Btrudude f or

-u 909, 9 osafety @ahd Sigmalling System$elecommunicationsLight and Driving

Force

- U 518090 forElectric Traction

a 1, 87 0, Gvll Bngielring Works
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2.4.External Circumstances

At the time of the accident the weather coiodié and external visibility at night were good.

3. Report of he investigation

3.1. Summary of testimonies (respecting the protection of the identity of the persons
concerned)

The testimonieseported in this paragraph were given by the staff of the agilwndertaking
involved in the accident (8§ 3.1.1. and 8 3.l&hd by that of the infrastructure manager (8 3.1.3.).

3.1.1. TrainConductor

The Train Conductorstated that, after deparfj from Milano C.le, therain made a stop in
Milano Rogoredo whe a few travellers boarded, bringing the total numbgraskengers present
to about 30, in addition to thErain Conductoandthe Train Services Superviswain crewand the
catering team, consisting of three people plakaner.

After departing fron Milano Rogoredo, once the scheduled announcements had been made and
the few customers in Busss had been checked, ffrain Conductomwent to the part o€arno. 3
where the Bar is locad, to view and sign the digitht in the possession of the Byade Chief, in
the presence of thErain Services Supervisor

Suddenly, following a strong jolt of the car, he found himealthe ground and, remaining in a
crouched position, he banged on various pointghef Bar carriage until thérain came to a
comgete halt.

Reopening his eyes and ascertaining that he was not seriously injured, he got up again, trying to
check the contion of the other people inside the car, which was completely dark. At the moment,
he was unable to locate his equipment (triple, kaplet and GSMR service phone) as well as the

Train Services Supervisowho, unable to find his service phone, asked for help from a passenger

the adjacent carriage, who provided his personal phone by activating theGonoehthe room was
illuminated, theTrain Services Supervisoservice phone was retrieved and some panels were
noticed to be detached. A strong acrid smell was perceived in the air

After activating the information flow to the HS Operations Centre, he andthi@ Services
Supenvsor walked throud) the entiretrain, starting fromcar no. 3 towards the rear, breaking the
glass panes of the intercom doors that had remained closed to check the health of teestravell
present. Most of them had managed to get off the train on theirimtiative, while on board,
inside carno. 8, the cleaner vgalying on the ground with a sore leg. In the meantime,Ttae
Services Supervisowas continuously contacted by the Operations Room and tleggenty
services (Fire Brigad@®ationalHealthServiceand Police).

Once on the ground, he walked wittefTrain Services Supervistowards the head of the train,
noticingthe inclined position of caro. 2 and realising that cao. 1 was missing.

He then walked towards a group of passengera lay-by in the locality and noticed the
presence of caro. 1 detached from the rest the train.

Once he reached the car withe Train Services Supervisohe attempted to gain access to the
driver's cab by trying to force the front window without s@wsceln the meantisy emergency
vehicles (Fire Brigade, Ambulances and Police) attive
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After conferring wih the intervening police and carrying outgaick count of thee on the
ground, he returned with thErain Services Supervis@nd a policeman to camo. 3 to retrieve
trolley bags and jackets in the compartmenhefTirain Conductar

He was then attended to by medical personnel togetithrthe Train Services Supervisor
immediately after the aid had been given tottheellers.

He boarded the Ambulance and made the appropriate statements to a policeman while awaiting
transfer to hospitalOnce tansported to the hospital in Pavia, he was addhito the emgency
room.

3.1.2.Train Services Supervisor

After thedeparture of the train from Milan Central Station and the stop at Milano Rogoredo, after
about 10 minutes, thErain Services Supervisowho was in the &r area otarno. 3 with hisback
to the counter, felt a stng impact due to which he was thrown over the counter, gnginon the
inside, where the operator administers the food.

Immediately perceiving the seriousness of the event, he crouched dowmaittfor the train to
stop, which happened shortly thereafter.

He smelled an acrid odour in the air but was unaware of Wha actually happened. In the

collision he lost both telephones (personal and service) which he could not doeate the

darkness and the commotion causednmying objects on bodr

In the same carriage were two food service operatorthaaain Conductarwho were also in a
state of shock.

Noticing that in the intercom betweearsno. 3 andno. 4, a traveller was usingd torch on his
phone, he asked life could use this device tanieve the mobile phones on board. He then managed
to retrieve both his personal and service mobile phones, through which he immediately alerted the
Operations Centre, giving tligain Conductothe oppotunity to provide anyurther information he
had at the time regding the incident.

He then decided to walk with tAgain Conductothrough the entirérain, fiarmea with a glass
breaking hammer, from cao. 3 to camo. 8, finding only three passengers who nedusid toget
out of thetrain, while all the other passengers habady got out. Ircarno. 8, the only person in
needof care at the time was found, a cleamgng on the ground in pain in one leg.

He got out ofcarno. 8 and went, todker with theTrain Corductor, towards the head of the train
in continuous telemone communication, through his service mobile phoney tie Operations
Room, the Fire Brigade, the National Health Service and the Police.

At the head of the train, he noticed that war 1 wasmissing and that caro. 2 was lying on its
side.

Once inge carno. 2, he checked that there was no one ingifter which he went, again with
the Train Conductarin search of cano. 1, which he found behind the building of PM Livraga, a
long way fom the rest of the train, which had remained between the tracks.

After reaching camo. 1, completely in the dark, he tried docess it without success, trying to
force the front window of the cab.

In the meantime, help arrived.

Together with thél'rain Conductorand apoliceman, he then +entered therain, in carno. 3, to
retrieve lug@ge and coats in the compartment of Tn@n Conductarafter haing broken the glass
of the access door.

He was then transported by ambulance to Lodi hospital @gmdtad to the ER

3.1.3.Infrastructure maintenance staff an@entral Operations Manager

On the basis of the documembat acquired, theCommitteedid not deem it nessary to
interview the infrastructure manager's staff, considering as sufficiere¢bastruction elaborated
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on the basis of theocmmand log, the evérlog and the recordings of voice communications
betwea theCentral Operations Managand the RFI maintenance staff, as described in paragraph
4.2.2

3.2.Security Management System

3.2.1.0rganisational framework and methods for assigning and performing tasks

The oganisational model defined by the infrastructure manager is sperifi@dganisational
Communicatbn No. 390/ADiOrganisational model for ghgovernance of RFI's Integrated Safety
Management SystemfLevel | document

Figure 16shows the outline othe organisational model, consisting of documents establishing
the secuty policy, roles and respondiities of the company organisation (Level §pcuments
defining the system processes (Level Il), documents defining the rules of the operationalegroces
(Level Ill) and local operational rules (Level)lV

The criteria forthe risk control process aset out in the level Il procedures RFI PSE 01 1 0
fiHazard identification and risk assessndeartd RFI PSE 02 1 8Management of infrastructural,
operatimal and organisational changes

Amministratore I Livelio
Delegato Politica, ruol e
ORGANIZZAZIONE responsabilita

DELL'AZIENDA
E—— = S e o

DEFINIZIONE E CONTROLLO DELL’ATTUAZIONE DEI
PROCESS!I DI SISTEMA SIGS

Direzioni centrali
Responsabili
della definizione e
della
organizzazione dei
processi
operativi aziendali

i Livello
Definizione delle
regole dei processi
operativi
(Regola d'arte)

COMMERCIALE ED
ESERCIZO RETE

[
=
o
=
<
o
-3
o

s
[
—
<
z
O
&
w
o

| INVESTIMENTI
PRODUZIONE

IV UVELLO
Regole operative

REFERENTE TERRITORIALE SGS locali

Figure 16- Diagram of theorganisationalmodel for governing the Safety Management System (SRIF¢SIGS M 2
0)

The RFI PSE 03 1 0 prodere filnspections and westigationsby RFI in the evenof railway
accidents or incidends(2nd level) provides the methodsr fthe assignment and executioh o
investigations carried out by the Manager in the event of accidents or incidents

The organisationdramework and the procedures for assigning areteting the tasks of the
infrastructure manager's personnel in chafgmaintenance are set out in @rgsational Provision
No. 192/AD of 29 December 2018Production Managementand Operational Provisioio.
36/DPR of 29 December 20¥#roduction Manageen®, which came into force on 01.03.2016.
The Operational Provision gvides for the organisational é@noperational structure of the
Territorial ProductiorDepartmenshown inFigure 17
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In turn, eab territorial unit is oganised according to trecheme shown ifigure 18 and the
reference functions of the Territorial Uratre described in the Operational Provision, which is
reproduced belw in excerpt

DTP
Staff
Controllo supporto ‘
Referente Servizio Prevenzione,
SIGS LProtezione e Ambiente
P l : I | Referente
Asget management Amném:’strazmne. Controllo i
Pianificazione e udgete Brodusions
Controllo Controllo
Mezzi d Referente
isti ezzi d'opera Formazione
( LR | Territoriali J
Material Contr. Prod
ateriall ] . .
Tecnologici Circolazione
Materiali ——
Armamento P__T
Negoziale || Contr. Prod
\ Infrastruttura
UM Cantieri l
Diagnostica
UNITA’ TERMINALI E
- INGEGNERIA TERRITORIALE ESERVIZI
CMTE

Figure 17- Organisational andperationalstructure of theTerritorial Production Department (sourc&FI)
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UNITA’
TERRITORIALE
Staff di supporto Staff Ingegneria
3\ — )
Programmazione Tecnico GL
e Controllo »
L _J 4

Nucleo Controllo
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Operativi (CPO)
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Specialistali Cantieri | Specialistaﬁ Cantieri
| Specialista/i Cantieri Lavori Lavori
Lavori Addetto Materiali — Addetto Materiali

—— Addetto Materiali
— Specialista 0. d. A.
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Figure 18- Organisational and operationaktsicture of the Territorial Unit (sourceRFI)

1) PROGRAMMING AND CONTROL
Activities:
Collaborating with theCentral Departmerilaintenance Officefor the drafting of the

2) WORK MANAGEMENT TECHNICIAN
Activity:

Annual Planing documentation, identifyingn thebasis of the proposals made by

the

competent structures, the ordry and extraordinary maintenance operations to be
implemented, presenting the priorities to the Territorial Unit Manager for subsequent

consolidation

taking care of the drafting dhe quarterly and monthly ordinary and extraordin
maintenance schates, providing for the issuance of tiléork Ordes and NTWs of
the projects within its competence

taking care of the scheduling of activities following thetifications made by th
compeent National/Territorial Diagnostic structure

guaranteeing the optinagon of the use of human resources, means, materid
interruptions
guaranteeing the procurement of materialsQodtinary Maintenancand internalised
activities, o the basisfowhat is planned by Logists;

monitoring maintenance performance in order to achiergeay objectives

seeing to the correct entry and updating of the company information system ds
regarding maintenance objects, work centre strastand capaes.

Ensuring the executive management of maiatee and infrastructure renewal wo

ary

[1°]

Is and

atabase

rks

entrusted to companies, in accordance with the laws and regulations and
provisions

nternal
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OPERATIONAL PROCESSES CONTROL NUCLEUS
Activity:

4) MAINTENANCE UNIT

by directly carryjng out Works Management activities or by providing the necgs
cooperation to the persons in charge
within the scope of the Works Management assigrnsentrusted

wn

o providing for the verification of the works for the execution in a workmanlike

mannerin compliance with the approved plans, the prescriptions of theacts
and the provisions issued by the Works Director

0 see to the verification or oging out ofthe basic layout of the works, the profil
of the ground and the technical surveys ngagsfor the handover of the wor
to the companies, pointing out angatepancies and impediments and propo
the initiatives to be taken to removem

o take cae of the implementation of the preliminary initiatives for the deliver
the works, prparing the relevant minutes and proceeding for any suspen
resumptios and extensions of the works

0 carry out investigations and take the necesgaitiatives to ensure the exa
fulfilment by the contractor of all the obligations undertaken, prom
promoting the appropriate measures in the event of delays, irregulamit
negligence

attend load tests (foundation soils, piles, {badring stratures, etc.and prepare

the relevant minutes
0 ascertain the regularity of registration documentsdlidating during each on
site visit, the measurements still accessible, dating and signing the doc
themselves following the last registration
act as the tdmnical secretariat for the infrastructures of jurisdiction

t

es
ks
s5ing

y of
sions,

ot

pt
es

1Y

uments

to collaborate with the comfant structuresn the drafting of the annual planning and

quarterly programming

prepare expenditure proposals for maintenance and renewal worksdaibd out g
means of a contractor

collaborating with the Heritage, Expropriations and CrossfDgerating Unitof the
Civil Engineeing Operating Unitin the activities connected with the protection 3
asset management of the assets undereh@orial Units jurisdiction
guaranteeig the correct use of personnel and assigned resources

Ensuring the performance ofmnol activities at the Maintenance Work Centoéshe
Territorial Productio Department

guamlnteeing the performance of infrastructure oantand supervision activitie
provided for by the standards, scheduled or specifically requested

providing support during internal or extal audits, enquiries and investigations
taking part in Internalinspection Visitsand Investigation Committeeselating to
operating accidents and abnormalities; providing support, where necessary ag
into account the different specialisations, to Maintenance Ung of the Territorial

and

d takin

Production Departmergt with regard to the typical activities of work sites; providing

suppot to theMaintenance Ung ofthe Territorial Productio Departmersfor:
o the assessment of the skills of operational staff
o the identification of training needs
o the carying out of taining activities aimed at maintaining skills

(Responsible role: Head of MaintenancatWrHeadof Working Centrg
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- Ensumng the maintenance of the infrastructure of jurisdiction and the relevant
supervision obligations, aimed at the safety and reigplaf train movements and the
protection of railway assets, in compliance with laws, regulations atefnal
provisions

- guaranteeing the execution of the scheduled activities and the scheduling of works in
the maintenance information system, assigrilrey necesary loads to the staff, also
ensuring that the activities are accounted for via the infoomatystem

- ensuring he correct use of the assigned staff, means of work, transport and
equipment/materials and their efficiency

- guaranteeing the isswf nonschedlable Work Orders, the opening of failure notices
in the maintenance information systemd the data enteretlerein; guaranteeing the
activities relating to the management of emergency response (manpower, means and
materials) and more spécally:

0 imposingthe necessary traffic restrictions or speed reductions in the event of|actual
or potentiallydangerousitiations, also providing for their termination

o intervenng when necessary and in any case in the event of abnormalities or
operatng accidents, in order Ensure the restoration of the infrastructure and the
rapid resumption of tréit;

o providingfor the detection of the first elements that may be useful for ascertaining
responsibility for operating incidents and abnormalities; ensuring the
implementation ofthe activities and tasks envisaged by current legislation on
safety, acident preventiomnd hygiene at work

- ensuring the organisation of worksite protection

- ensuring the correct management of waste in compliance veitregulations in forc
and the regulakeeping of loading and unloading registers

- taking part, if appinted, in committes for the modification and activation of the
plants; ensuring that thiglaintenance Unipersonnel have the requisites required to
perform the funadbns entrusted to them, have completewledge of the plants they
are responsible for and of the ocatipnal safety and environmental regulations,
organising appropriate training meetings

- guaranteeing the regular execution of the work carried outebgrtiployees

- guaranteeing the technical assaent of the work carried out, the identification of
discardal and used equipment that can be serviced/to be serviced, ensuring that it is
properly stored in accordance with the provisions in force and thécphgscounting
alignment of its stocks

D

Territorial Unit
Maintenance Unit
Works Site Specialist
Activities:
- Providing for the execution in a workmanlike manner of the works carried out with
railway personnel within the jurisdiction of tMaintenance Unjt
- Providing for the organisation of the work sites, organising thailability of
resources, means anthterials;taking care of the weekly allocation of resources, also
checking the correct accounting of the activities, using the maintenance information
system; pruiding for the coordination of the internalised worksatt require the
amalgamation of sevdrieams
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- provide for the adoption of the necessarycptgions in order to safeguard the
movement of trains and safety in the executionwofrks, ncluding hose undef
contract

- with reference to the plants of jurisdiction and with regard to the works to be darried
out, provide for

o the drafting of brighg and coordination minutgs
0 make available, where not managed in the system, the tectioaahemtation;

- participate, if appointed, in the plant modification and activation commijttees

- take care of the issue of npnogrammale Work Orders, the opéryg of failure notices
in the maintenance information system and the data entered therein

Termitorial Unit
Safety and Signalling Systeriviaintenance Unit
Multistation Control SystenSpecialist
Activities:
- Providing for the perfect execution of works carried out with railway perslowithin
the jurisdction of theMaintenance Unjt
- seeing to therganisation of the work sites, organising the availability of ressurc
means and materials
- taking care of the weekly allocation of resources, also checking the correct accounting
of the activities, usig the maintenarecinformation system
- ensure tht the necessary precautions are taken to safeguard the movemens @irtda
safety in the execution of works, also under contract
- with reference to the plants of jurisdiction and with respect to the worksto b
implemerted, provide for
o the draftirg of briefing and coordination minutes
o make available, where notamaged in the system, the technical documentatiorn
- participate, if appointed, in the plant modification and activation commijttees

- take care of the isswf ron-programmable Work Orderth)e opening of failure notices
in the maintenance information systamd the data entered therein

Extract ofOperating ProvisiorNo. 36/DPR of 29 December 2015 "Production Department” (SOURE®

The Milano i BolognaHS line falls within the scopeof the Territorial Unit Emilia of the
Territorial Production Departmemtf Bologna and is articuladeaccording to the diagram below
(Figurel9).
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DIREZIONE PRODUZIONE

DIREZIONE TERRITORIALE
PRODUZIONE BOLOGNA

UNITA' TERRITORIALE

EMILIA
STAFF SUPPORTO | ST4FF INGEGNERI4
PROGRAMMAZIONEE _ | TECNICO GESTIONE LAVORI
CONTROLLO
. UMIS AV UMTEAV
TUMLAVAY PIACENZA FIDENZA
FIDENZA
NUCLEO NUCLEO 3 %
8 : g . NUCLEO NUCLEO
NUCLEO NUCLEO } MANUTENTICO MANU I'E.‘:TT\ o AANUTENTICO MANUTENTIVO
MANUTENTICO MANUTENTIVO REGGIOEMILIA  PIACENZA TEN

REGGIO EMILIA FIDENZA REGGIO EMILIA FIDENZA

Organisational and operational structurd the Territorial Unit Emilia (source RFI)

3.2.2.Personnel requirements and guarantee of their application

Infrastructure Manager

The RFI Productin Department oversees and monitors the process of acquiring and maintaining the
competences of its pensné working in Safety Activities provided for by Annex C of the ANSF Decree
No. 4/2012fRules for the qualification of personnel employed in railwagffic safety activitieg,
through the issuance of specific level Il procedures called SAMAC (System#écquiring and
Maintaining Competences). These documents, which are an integral part of RFl's Safety Management
System, define: the roles, operatinghtests and training programmes necessary for the acquisition of
the skills required to carry out safedgivities, as well as the procedures for issuing individual safety
authorisations and professional qualifications and the maintenance of their alatityme

The granting of a security authorisation requires the possession of specific physical and
profesgonal requirements

- the possession of specific physical and psychological (where applicable) and toxicological
prerequisites

35



06/02/2020 Derailment of Trenitalia train 9595, Milanb Bologna HS/HC line, at PM Livraga S %a

- participation inthe specific qualifying cose, normally divided into three different training
phases (theory, training and apprenticeship) and three related examsetmms to assess the
skills acquired irfknowingp, fiknowing how to do andfiknowing how to be.

Conpletion of all the training pls#s and maintenance of the physical requirements allows the
iIssuance of the qualificatiofAbilitaziong. Below is a sumnrg of the training pathway for the
acquisition of safety qualifications in RFHigure 20).

Sistema di Acquisizione e Mantenimento \

AL REQUISIT] ) delle Competenze (SAMAC)

I
P I
P:SOI;SSEI:TIS —l REDAZIONE / m b
FORMATIVO e M PROGRAMMA .
SANITARIA) aamd  PRATICA I
i FORMATIVO
\ R OCINID |
e LT N T ——— - /
EROGAZIONE
c"‘:’S:PER::“E S ESAME TEORICO [ammll FORMAZIONE
TEORICA
RILASCIO EROGAZIONE
CERTIFICAZIONE | ESAME .
ABILITAZIONE «SAPER FARE» ADDESTRAMENTO Fo:Rmc:NE
DI SICUREZZA
EROGAZIONE
CERTIFICAZIONE
M £samvE TIROCINIO P FORMAZIONE

«SAPER ESSERE»

TIROCINIO

Figure 20- Outline of the training course for the acgition of security qualifications in RFI (sourdeFl)

Following the acquisitiorof the entitlement, the agent is entered into a process of maintaining
the skills acquired

The holde of the authorisations, in RF¢orresponds to the Head of the Production Unit, who is
responsible for guaranteeing the maintenance of personnel aaibasg/qualifications if the
requirements for their issue remain in farce

In particular, the authaation remains valid over timetlie following requirements are met

- specific health aptitude for theualification role (medical examinations with vang

frequencies depending on the qualifications possessedggid

- exercise of the rolgperformance of the work activities coveiay thequalification);

- maintenance of skillsaftendance at refresher cour3es

The loss of even one of the preresfi@is esults in immediate termination of employment on the
role and suspension of the licence. Thedbolof the licence is assisted by the Head ef Wser
Work Centre in verifying the abovaentioned requirements

The courses useful for the issue ofallmg certifications as per the llird level procedures
mentioned above and the relative examinatissis@s are carried out exclusively by Instructors
and Examiners certified respectively in compliance with ANSF Deli@el4/20097Rules for the
Recogniton of Instructors and Examiners of personnel carrying out safety activities

Within the scope of th8rd level procedures regulating the qualificationgess in RFI, the RFI
procedure DPR SIGS PO 10 1 1 of 1/4/2GMaintenance qualification systemProfessonal
qualification system for personnel involved in maintenance and safety activities of raihffenp
implements the provisions of ANSF Decrém. 4/2012 for the specific competences of the
maintenance specialist areas. This document descniluesal the procedures for the acquisition of
the authorisations (and relative professional qualiboa) also for the Safety and Signalling
Installationsarea, with the relative roles and operating contexts,
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programmesminimum times angbrerequisitesgor the acquisition of thgqualifications
The procedure, for the IS specialist area, defines three safety roles functional to the skills
possessed
1. Infrastiucture Maintenance Operator
2. Safety and Signalling SyemsMaintenance technician
3. Safety and Signalling Systemstivator
The following Figure 21 shows the planned pathway for obtaining go@lifications held by
the Security and Signalling Installat®operators

MLIS.AC3
( MLETCS/ERTMS | 1588"
3 8pg* Apparati
> 12MESI > 6MESI [ MLOPC-AV : g8 Centrali
> i . > [ MI.OPC ] 2gg Computerizzati
W MI.BASE-AV m ((Misav ]| 10gg*
& &
67gg* 8gg* 53gg* 7gg*
ETCS/ERTMS
Operatore Operatore Manutentore IS Manutentore IS Blocco Radio
Manutenzione Manutenzione AV-AC
AV-AC Organizzatore Organizzatore
Protezione dei Protezione dei
Cantieri di lavoro  Cantieri AV-AC

Maintenance technician 1
Maintenance technician2
Maintenance technician3
Maintenance technician4
Maintenance technig¢an 5

r i
Y E B L —_—m *tempi minimi, esami esclusi [ CONTESTO APPLICATIVO ]

Figure 21 - Outline of the training course for the acquisition of safety skills in RRIEORFI)

The analysis shows that all five openat possessed the necessary skills to collabanatieei
performance of the planned work activity. Té@gents also had a high level of qualification for the
safety activities to be carried out on thetggraffected by the event

The personnel of the MIS AV Piacena Maintenance Unit of RFITerritorial Production
Department oBologna) who operated on the section where the accideotrred, possessed the
qualifications and underwent the competenceteaance activities indicated in Table 1

Table 1- Qualifications acquired and aintenance of skills of RFI maintainers (sourBé1)

Tabella 1 — Abilitazioni acquisite e mantenimento delle competenze dei manutentori di RFI (fonte: RFI)

Descrizione Figura

. . Aggiornamenti sulle
U.0. Mansione | Qualifica Professionale

Abilitazioni acquisite
competenze

MLIS.ETCS - ERTMS/ETCS- Risulta effettuato mantenimento
Bloceo Radio

' . competenze su attivita specifiche di
EE ;ﬁéf]:i?TCS lzci:r.eAﬂsaldo settore nel 2019, in particolare:
i VP Mantenimento competenze

Manutenzione Infrastruttura A L .
MI BASE AV/AC - Operatore ?:ﬂgno?mipemhmche Impianti
BO-UTEM-UMIS | Specialista Manutenzione Infrastruttura o

Quadro Professional IMP-SIC LAV Aggiomamento DPI
IMP-SIC LAV Aggiomamento DVE.
IMP-SIC LAV - Utilizzo sostanze

pericolose/schede di sicurezza

AV Piacenza Settore IS MI OPC - Organizzazione
Protezione Canfieri

MI OPC AV/AC — Organizzazione
Protezione Canfiern sostanze
QP MIMDO Py . .
MIIS - Mamutentore IS IMP - problematiche esercizio-

MLIS.AV/AC analist guasti
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IMP-SIC.LAV Aggiomamento DPI
IMP-SIC. LAV Aggiomamento DVR
Ruolo Operatore di Cantiere —
Teoria

Ruolo Operatore di Cantiere —
Addestramento

IMP - problematiche esercizio-
analisi guasti

Safety_La Rete della Sicurezza

IMP - Aggiomamento sulla
manutenzione attrezzature
Abilitazione degli operatori
all'utilizzo delle attrezzature di
lavoro: gru per autocarro

MILIS Manutentore IS TP
Abilitazione MLIS Mamutentore IS A

To completethe enabling framework, the number of hours of professional refresher courses
carried out for each agt in 2019 (minimum 7.6 h/year) is also shown below

Table 2- Professional refresher courses carriedit by RFI's maintenance staff (souréd-1)
Tabella 2 — Aggiornamento professionale effertuato dai manurentori di RFI (fonte RFI)

Manutentore Anni di esperienza Aggiornamento abilitazioni di settore:
nel settore focus 2019 (n. ore)
1 12 39.98
2 11 17.18
3 10 17.18
4 2 17.18
5 2 17.18

Railway Undertakng
The documentation provided by the railwagdertakingshows that the drivers of train 9595 were
qualified to drive ETR1000 rollingtsck on the Milan- Naples HS Figures 22 and 2B8and had
undergone training and skills maintenance

CERTIFICATO COMPLEMENTARE DI MACCHINISTA CERTIFICATO COMPLEMENTARE DI MACCHINISTA CERTIFICATO COMPLEMENTARE DI MACCHINISTA
7. MATERIALE ROTABILE CHE IL MACCHINISTA E 8. INFRASTRUTTURA SU CUI IL MACCHINISTA E 9. IIFRASTRUTTURA SU CUI IL MACCHINISTA E
ABILITATO A CONDURRE ABILITATO A CONDURRE ABILITATO A CONDURRE
Data Descrizione Note Data Descrizione Note Data Descrizione Note
12/12/2017 ETRS500 12/12/2017 Ancona - Pescara C.le 12/12/2017  TORINO - MILANO (Storica)
12/12/2017  G2000 Classe Ae C 12/12/2017 BOLOGNA - FIRENZE (storica) 12/12/2017  Treviso C. le - VENEZIA
12/12/2017 ETR 1000 12/12/2017 Brescia - VERONA 12/12/2017  UDINE - Treviso c. le
05/06/2019 ETR700 12/12/2017 FIRENZE - ROMA (DD LL) 12/12/2017 VENEZIA - PADOVA (ST/AV)
05/12/2019 ETR 1000 I-F 12/12/2017 MILANO - BOLOGNA (storica) 12/12/2017 VENEZIA - Trieste C. le
12/12/2017 MILANO - Brescia (DD/LL/AV) 12/12/2017 VERONA - BOLOGNA
12/12/2017 MILANO - FIRENZE (AV) 12/12/2017 VERONA - Vicenza
12/12/2017 NAPOLI - Salerno (LMV) 12/12/2017  Vicenza - PADOVA
12/12/2017 nodo BOLOGNA 12/12/2017  Vicenza - Treviso C. le
12/12/2017 nodo FIRENZE 08/02/2018  NAPOLI - Battipaglia (storica)
12/12/2017 nodo MILANO 03/03/2018  Terontola - Perugia
12/12/2017 nodo NAPOLI 10/03/2018  MILANO - GENOVA
12/12/2017 nodo ROMA 10/03/2018 nodo GENOVA
12/12/2017 nodo TORINO 26/10/2018  Bergamo - Rovato
12/12/2017 nodo VENEZIA 26/10/2018  Treviglio - Bergamo
12/12/2017 PADOVA - BOLOGNA 23/03/2019  Gallarate - MILANO
12/12/2017 Rimini - Ancona 13/10/2019 BOLOGNA - Rimini
12/12/2017 ROMA - NAPOLI (AV) 13/10/2019  Bressana B. - Broni
12/12/2017 ROMA - NAPOLI (via Cassino) Note: solo senso dispari
_____ Numero certificato 29108630120 e

Figure 22- Extract from the complementary certificate of driver 1 (soufcenitalia)
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CERTIFICATO COMPLEMENTARE DI MACCHINISTA CERTIFICATO COMPLEMENTARE DI MACCHINISTA CERTIFICATO COMPLEMENTARE DI MACCHINISTA
7. MATERIALE ROTABILE CHE IL MACCHINISTA E 8. INFRASTRUTTURA SU CUI IL MACCHINISTA E 9. INFRASTRUTTURA SU CUI IL MACCHINISTA E
ABILITATO A CONDURRE ABILITATO A CONDURRE ABILITATO A CONDURRE

Data Descrizione Note Data Descrizione Note Data Descrizione Note

18/06/2018  ETRS500 18/06/2018 Ancona - Pescara C.le 18/06/2018  nodo ROMA

18/06/2018 AV (Treni Alta Velocita) 18/06/2018 ANCONA - RIMINI 18/06/2018  nodo TORINO

18/06/2018  G2000 Classe Ae C 18/06/2018 BOLOGNA - FIRENZE (storica) 18/06/2018  nodo VENEZIA

18/06/2018 ETR 1000 18/06/2018 BOLOGNA CENTRALE - RIMINI 18/06/2018 ROMA - NAPOLI (AV)
18/06/2018 Brescia - VERONA 18/06/2018 ROMA - NAPOLI (via Cassino)
18/06/2018 FIRENZE - ROMA (DD LL) 18/06/2018  TORINO - MILANO (AV)
18/06/2018 MILANO - BOLOGNA (storica) 18/06/2018  TORINO - MILANO (Storica)
18/06/2018 MILANO - Brescia (DD/LL/AV) 18/06/2018  Treviso C. le - VENEZIA
18/06/2018 MILANO - FIRENZE (AV) 18/06/2018  UDINE - Treviso c. le
18/06/2018 NAPOLI - Battipaglia (storica) 18/06/2018  VENEZIA - PADOVA (ST/AV)
18/06/2018 NAPOLI - Salerno (LMV) 18/06/2018  VENEZIA - Trieste C. le
18/06/2018 nodo BOLOGNA 18/06/2018 VERONA - Vicenza
18/06/2018 nodo FIRENZE 18/06/2018  Vicenza - PADOVA
18/06/2018 nodo MILANO 18/06/2018  Vicenza - Treviso C. le
18/06/2018 nodo NAPOLI 27/12/2018  Terontola - Perugia

01/02/2019  PADOVA - BOLOGNA
Numero certificato 28712320119

Figure 23- Extract from the coplementary certificate of driver 2 (soutcErenitalia)

Section 2 of thefiinstructor's Agendasof the two drivers gource: Trenitéa) shows the
activities and skills checked (chronological list of activities, es@st®rting, examination of
recordingsof driving events, sessions at the SIDAC) from which no critical elements emerge

Similarly, for thetrain Crewon duty (Train Corductor and Train Services Supervis@y the
documentabn viewed attests to their suitability for accompanying trains, in compliance with the
provisions of he Organisational Communication for the Safety Certificate (COCS 55) of Trenitalia,
which acquireshe prescriptions oANSF decreéNo. 4/2012 and spedifs that in order to maintain
the aforementioned skills, the accompanying personnel must undergaioostinaining processes

From what we have been able to ascertain, therefore, the staff of gestrunfture manager and
that of the railwayundertakingappear to have undergone the required training courses, to be in
possession of the qualifications andhtve undergone competence maintenance activities

3.2.3.Modalities of the internal controls ad checks and their results

On the date of the eventgtlinternal controlsral verifications implemented by the infrastructure
manager followed the indicatisnof the Document of RFI SpAiThe control system of the
Production Department. Monitoring, Audihd Improvemei@DP R P 02 1 3 (Level 1ll Document)
daked 23/12/2019, in fae since 16/01/2020, which transposes the principles and criteria established
in the Level Il documents of RFI's Safety Management System by defining the responsibilities and
metlhods of implementation of the Production Management'dr@olystem on the presses
required for the safe operation of the railway infrastructure. To d&edatument has been updated
to version DPR P 02 1 4 of 13/01/2021

In a nutshell, the documentqvided for several levels for the periodic control obgesses (for
details, se 8 I1.5:

- Management Committg€ODIR);

- Territorial Committee on Productiodrends of Territorial Production Depément
(CoTAP DTP);

- Territorial Production Trend Committeé ®erritorial Unit (CoTAP UT);
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The Management Review is thédre summary document that collects thirmation related to
all the areas of the managemeystem, in particular the performance analysis, the objectives, the
indicators, the auditand ay other element related to the functioning of théegrated Safety
Management Systenin order to give evidence of the state of adeyuand effectivenessf the
Integrated Safety Management System

In the IV level documenfiReview of the Bologna 202Territorial Production Dep#ment
Management (ref. year 2019pf RFI SpA of 30.04.2020the djectives related to safety are
indicated, which consist in aimg at zero operating accidents, acctdeat work and environmental
impact

3.2.4.Interface between the various parties operating on the infrastructure

The finterfaced procedures applée by the different stakeholders (railway undertakengg
infrastricture manager) are outlined below

Article 8 of Italian Legislative Decree No. 50 of 14 May 2019, Implementation of Directive
2016/798 of the European Parliament and of the Council of 11 May 20l@ilavay safety,
provides- inter alia - the following

1. Infrastructure managers and railway undertags shall develop their safety management
systems (SMS) in order to ensure that the railway system achieves at ledstith&ervices
Sipervisors, complies with the safetgquirements contained in the TSisdathat the relevant
elements of the CSMs and national rules areligp

2. The safety management system (SMS) shall be documented in all its relevant elements and
shall describe, in particular, the allocation of resporldiles within the organisation ofhie
infrastructure manageor the railway undertaking [ é ]

In addition, there must be a clear commitment to the consistent application of knowledge and
methods for human factor risk assessnieré |

3. The safety managemesytstem consists of the followingestial elements

[ €]

f) planning of personnel &ining and systemsot ensure that personnel maintain their
competence and that tasks are performed in accordance with it, including provisions for physical
and psychologicditness

[ é]

8. The safety manageent system of each infrastructure manager shall takeaotountthe
effects of the activities carried out on the network by the various railway undertakings and shall
enable railway undertakings to operate in accordanvith the TSIs as well as natiomales and
conditions laid down in their safety certifiest

The Commission's Delegated Regulation (EU) 2018/762 establishes Common Safety Methods
(CSM) relating to the requirements of the safety management systamoird@nce with Directive
(EU) 2016/B8 of the European Parliament and of the Council

Annexes | andll fiRequirements of the safety management system with regard to railway
undertakings/infrastructure managgpsovide, inter alia, that

3. PLANNING

3.1.Actions to address risks

3.1.1.1.The organisation shall

a) identify and analyse all operational, orgaational and technicalisks relevant to the character
and scale of the organisation. These risks shall include those arising from human and orgaatisation
factors, such as workload, worlesign, fatigue or adequacy of procedures, and from the activities o
other interested pdies (see 1. Background of the organisa}jon

[ €]
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e) recognise theneed to collaborate with other stakeholders (such as railway teikdegs,
infrastructure managers, manufacturers, maintenance prosjdeubjects in charge of
maintenance, railway vehicle keepers, service providers praturement entities), where
approfriate, on shared risks and the implementation of appropriate safefgures

[ é]

4. SUPPORT

4.6.Integration of human and organisational factors

4.6.1.The organisabn shall demonstrate that it has a systematic neefoo integrating human
and organis#ional factors within the safety management system. This methibdaghaclude the
use of experts and the use of recognised methods from the field of human amshbogah factors;
b) address the risks associatedhathe design and use of equipméagks, working conditions and
organisational measures taking indgcount human capabilities and their associated limitations and
their influence on human performance

The fGuidelines for the design and implementatmiha Safety Management System in the
railway sectod, published by the European Railway Agency in 20d0,the subject ofiRisk
Assessmendi state that @agraph 7.2

The risk could affect basically threeeas: finances, time and quality. Safety riskthe form of
hazardous events calloccur in all three areas, which could be related to technicalesys
human factors or organisational factors

The responsibility for the safe operation of the railway sysiad the control of associated risks
lies with the infrastructure manager artie railway undertakings and obliges them to take the
necessary cdml measures and to apply national safety rules and standards

To this end, risk management (consisting ofawerall process of risk analysis and assment)

Is a key element for thefettiveness of any SMS

3.3.Rules and Regulations

3.3.1.Relevart Community and national rules andegulations

The main national regulations governing railway safety relating to the event in question are
listed below
- Presidential Decree No. 753 of Qily 1980fiNew rules on police, safety and regulation of
the operdsion of railways and other transport sére, which applies to the entire
national railway system
Ministerial Decree No. 138 of 31 October 2000: =l of Concession to the National
Infrastructure Manager
Italian Legislative Decree Nol88 of 8 July 2003, tresposition of Directives 2001/12/EC,
2001/13/ECand 2001/14/EC
Italian Legislative DecreeNo. 162 of 10 August 2007flmplementation of Directives
2004/49/EC ad 2004/51/EC on th safety and development of the Community's
railwayso;
Italian Legislative Decree No. 50 d4 May 2019 fimplementation of Directive 2016/7%8 the
European Parliament and of the Council of 11 May 2016 on railway safety
Italian Legislative Decre@o. 57 of 14 May 2019implementation of Directive 2016/797 of
the European Parliament and of the @ou of 11 May 2016 on the interoperability of
the rail system of the European Union (recast)
ANSF Decree No. 4/2012 of 9/08/20fiRegulations for rdway traffico.
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3.3.2. Other regulations (operating rules, localinstructions, staff requirements, maintenance
requirements and applicable standards)

Infrastructure manager

Integrated Safety Management System Manual RFI SIGS M 2 0 dated 25/09/2015

Manud of the Safety Management System for Traffic of Trains and Riéway Operations

RFI SGS M 2 0 dated 11/04/2017

Regulations for the Circulation ofrains of RFI SpA (Updated by ANSF decrééo.

12/2009

Instruction for the Protection of Yards Opéngt on the National Railway Infrastructure

(1986 Edition- reprinted 2013

Instruction for the service of switches in use on the National Railway tnfcasre (1994

edition, reprinted 2019

Amendments to the Instruction for the Operation of the Ce@wahputerized Multistation

Appaatus (ACCM) of the High Speed/High Capacity (HSZIH Milan - Florence line

equipped with ERTMS/ETCS L2

Instruction for veifications that must precede the activation of signalling installations (IS 46

- 1971 edition

ACC/ACCM installations- Verification, activation and operational modification procedures

(RFIDTC STS ST PR PC00 002 A

Operation and Maintenance Manual foe Hydaulic Subsystea (RFI DTC STS SS TB EN

IS 1166 G rev. C of 23/09/2014; ALSTOM G425015013 Tev. 6 of 24/02/2014

6 Hydraulic manoeuvring subsysteniTechnical Specification (ALSTOM G425015011R
rev. 6 of 24/02/2014

Technical standards for thsupply ad testing of mechacal and electromechanical

equipment for safety and signalling installaqis 715 1991 edition

Type and Acceptance Tests for electronic and electromechanical equipment for safety and

signalling installations (DI TCSS STEI00 402A)

Hydraulic systenfiManufacturing and Contl Plardo (ALSTOM A-0000086016 rev. B of

01/022018

Hydraulic operating subsystenfiSingle fault management procedard ALSTOM

G41304700AK- rev. 1 of 24/01/2013

Principle diagram of simple hydraclswitch tg. 0.074 without accumulatofor HS/HC

application (RFI DT 042008- ANSALDO SIGNAL S00A.A3001.602.00)

Procedure for the technical approval of products (DI TC PS ORG 002rek. A of

06/12/1999

Management operating proceduii®Requirementsfor the management of supplies of

materials arried out under quality assurancéRFI DPR PD ORG 020 A rev. A of

30/10/201%

Operating proceduréReplacement of hydrauliswitch part® (RFI MOL TDS22050 C IS

Ed. O- rev. A of 22/10/201%

Railwayundertaking

Maintenance Plan ETR1000 V300Zefiro, dated 11/06/2018, Bombaiditrchi

Manual of Trades Condtt, Manual of TradesiOperating Rules for Technological
Equipmend

DEIF 13.3 of 2/05/201fi'Management of situations related to operational incidends an
assgstance to customers and train céew
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- CO (Organisational Communication) No8125/DPI dated 31/07/2018Rescue system:
management of rescue velaslfa the recovery of rolling stock and clearing of the railway
infrastructure of the RFI Manager

3.4. Operation of rolling stock and technical installations

3.4.1.Signalling and commanetontrol system, recording by automatic recording equignt

Trenitalia train 9595, departing from Milano C.le ail6 a.m. with destination Salerno, was the
first train of the day to pass near Livraga PM, on the HS/HC Mi#Balogna line, and the wrong
position ofswitch05 caused it to go off track

3.4.2.Infrastructure

As mentioned in Section 2.2.3, the line is electrified with 25 kV ac electric traction from
Bivio/PC Melegnanao Bivio Castelfranco Est and from Bologna C.le to Firenze Castello and 3 kV
dc electric traction from Milano Rogoredo to Bivio/PC Melaga and from Bivio Castelfranco Est
to Bologna C. le, equipped with an ETCS Level 2 system and operatitanagedvith a Central
Manager from Milano Rogoredo to Bivio/PC Melegnano (Milano Greco Headquarters) and with a
Central Operabns Manager from Biw/PC Melegnano to Firenze Castello (SC®ologna Cle
Headquarters)

The maximum speed permitteéarPM Livraga, on the Bivio/PC Melegnandivio Piacenza
Ovest section for oddumbered trains is 300 km/h

3.4.2.1 Periodic checks orhe infrastructure

The infrastructure manager has submitted the line maintenance plan for reviewchEadelsd
checking activities are shown Trable 3

The planned frequencies for the various scheduledaoattivities on the line are shown in
Table4.

Table 3- Extractfrom the cyclic maintenance pla®afety and Signalling SystemS/HC Bologna
Milano line - PM Livraga Period01/01/201929/02/2020

— : — .| Data prevista fine| Data effettiva
Descrizione Sede Tecnica Descrizione Sede Tecnice P : : =
esecuzione fine esecuzione

T W ETElD CEn B 31/01/2019 07/01/2019
manovra oled. SO1
ETIE HETE 2 aan, o 28/02/2019 05/02/2019
manovra oleod. SO1
ETIE TITESTEE € 2v kg 31/03/2019 01/03/2019
manovra oleod. SO1
ETIE Wl ooy B o 30/04/2019 06/04/2019
manovra oleod. SO1 LO921-BGBC0O1DEVD0O3MD1 manovre oleodinamiche
Manut. Mensile dev. a LO9121BGBCO1DEVD02MD1 dev. tg 0,074
manovra oleod. SO1 LO921-BGBC02DEVD0O3MD1 31/05/2019 07/05/2019
Manut. Annuale de. a LO9121BCBCO02DEVD02MD1 dev. n.05-06-09-10 30/06/2019 25/06/2019
manovra oleod. SO1
EENTC NI SRR & 31/07/2019 01/07/2019
manovra oleod. SO1
EENTC NI SR & 31/08/2019 02/08/2019
manovra oled. SO1
Manut. Trimestrale dev. a 30/09/2019 03/09/2019
manovra oleod. SO1
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Data previstafine

Data effettiva

Descrizione Sede Tecnica Descrizione Sede Taica : : -
esecuzione fine esecuzione

I WIETET GE R 31/10/2019 01/10/2019
manovra oleod. SO1
Manut. Semestrale dev. a 30/11/2019 20/11/2019
manovra oleod. SO1
AT [ ETE1 G b 31/12/2019 10/12/2019
manovra oleod. SO1
DA NsIslele a 20/01/2020 14/01/2020
manovraoleod.SO1
FETINE 1 EIEE a5 29/02/2020 25/02/2020
manovraoleod. SO1
iant Aens(cluey a 31/01/2019 08/01/2019
manovra oleod. SO5
iant Aens(cluey a 28/02/2019 04/02/2019
manovra oleod. SO5
MandRies EalSieya 31/03/2019 01/03/2019
manova oleod. SO5
iant AMensclaew) a 30/04/2019 05/04/2019
manovra oleod. SO5
bantgMchisiclscys 31/05/2019 07/05/2019
manovra oleod. SO5
AETTITE (AT (6 30/06/2019 25/06/2019
manovra oleod. SO5
Manut. Mensile dev. a LO9121BCBCO02DEVD04MD1 manovre oleodinamiche dev. 31/07/2019 02/07/2019
manovra oleod. SO5 LO9121BGBC02DEVD01:-MD1 tg 0,022
Manut. Mensiledev. a LO9121BCGBCOXDEVD04MD1
manovra oleod. SO5 LO9121BCBCO1DEVDO1-MD1 dev n. 01- 02- 03¢ 04 31/08/2019 01/08/2019
ETIE TImE s ey o 30/09/2019 03/09/2019
manovra oleod. SO5
ETIE (METENDC O g 31/10/2019 30/09/2019
manovra oleod. SO5
ETINE SETIESTEE Carg 30/11/2019 13/11/2019
manovra oleod. SO5
Manut. Mensile dev. a
manovra otod. SO5 31/12/2019 09/12/2019
D AT G 20/01/2020 13/01/2020
manovra oleod. SO5
TN W ETElD G B 29/02/2020 25/02/2020
manovra oleodSO5

LO9121BCBC01CDRBCO1

LO9121BGCBCOXCDBC02

LO9121:BGBC01CDBM3 AREHEC

LO9121BGBCO1CDBCO4 e
LO9121BC- Verifica annuale LO9121BCBC01CDBC05
CDB AF su Binari di Corsa LO9121BGBCO2CDBCO1 (idské?ié_éf}ltllil:—;?_—lifll— 31/03/2019 19/03/2019

LO9121BGBCO2CDRCO2 — .

LO9121BCBC02CDBC03

LO9121BGCBC02CDBC04

LO9121BCBC02CDRBC05

LO912-ABABO1CDRCO1

LO9123ABAB0LCDBCO02 cdb su AB
Verifica annuale CDBF su LO9121ABABO-CDBC03
altri Binari LO9121ABAB02CDRCO1 cdb n. 112 301- 152- 162- 31/03/2019 15/03/2019

LO9121ABAB02CDBC02 304¢ 122

LO9121ABAB02CDBC03

LO9121ABABO1DEVDO1-MD1 Y
Man. Annuale dev. P80/L90 LO9121ABAB0IDEVD0O3MD1 19, 30/06/2019 05/06/2019
intall. mecc. diagn. LO91231AB-AB02DEVD01:MD1 dev. n. 08 07-12-11
LO9121ABAB02DEVD02MD1 o
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— - — . | Data prevista fine| Dataeffettiva
Descrizione Sede Tecnica Descrizione Sede Tecnice P - : -
esecuzione |fine esecuzione
Man. Semestrale dev.
P80/L® intall. mecc. diagn. 80/11/2019 07/11/2019
HEIT B2t METOUE 2L ITE LO9121ABABOLDEVD0?2 dev n. 101a 30/06/2019 05/06/2019
tirant. a ganci
LO9121ARAFOLDEVDO1
LO9121ARAFOLDEVDO02
LO9121ARAFOLDEVDO3
LO9121ARAFO5DEVDO1
ti"’::; - O:V'a'\r/]'(a;inowa e LO912IAFAFO5DEVD02 deglc.)sn_. Zlgzl_bzzoogf 'Z%ijf '2%)(;1' 30/06/2019 28/06/2019
-ag LO9121ARAFO7ZDEVDO1
LO921-ARAFOZDEVDO02
LO912IARAFT-DEVDO3
LO9121ARAFO8DEVDO1

Table 4- Summary of the maintenance plan cycles ca IS HS/HC Boldgaa line - PM Livraga bc

Tipologia Attivita Periodicita
MN-Manut. dev. manovraleod. SO1 mensile
Manut. dev. a manovraleod. SO1 TRManut. dev. manovra oleod. SO1 trimestrale
SMManut. dev. manovra oleod. SO1 semestrale
AN-Manut. dev. manovra oleod5O1 annuale
MN - Manut. dev. manovra oleod. SO5 mensile
TR- Manut. dev. manovra oleod. SO5 trimestrale
Manut. dev. a maavra oleod. SO5 - v v Imes
SM- Manut. dev. manovra oleod. SO5 semestrale
AN- Manut. dev. manovra oleod. SO5 annuale
- - SMMan. dev. P80/L9Mhtall. mecc. dia semestrale
Man. dev. P80/L90 intall. mecc. diagn. 9
ANMan. dev. P80/L90 intall. mecc. diag annuale
Man. dev. Manovra a mano tirant. a ganci AN-Man. dev. Man. a mano con tir. ganci annuale
Verfica annuale CDB AF AN Verifica CDB AF diagnos. Comp. annuale

3.4.2.2.Checks on the infrastructurellfoving the accident

The checks carried out on the infrastructure following the accident, in whi€othenitteetook
part, were described in sewot 21.2

3.4.3.Communication equipment

As far as ommunication equipment is concerned, the railwag s covered by th6&SMR
system and all station and driving personnel are equipped with mobile telephones operating on the
sameGSMR network

Sewvice communications following the derailment were carriaetwith service mobile phones
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3.4.4.Rolling stock, recording by automatic recording eiqunert

The Investigation Committeeconsidering the dynamics of the accident and the causes that
determinedti described in detail in § 4.2, did not deem it necessary to acquire the DIS equipment
and related recordings seized by the Judicial Authorityedtidgely after the event

It was not possible to take a reading of the Electronic Tachograph Zone becau3ks\i
system, on the basis of what was reported by the railwesrtaking reports the zone of a shunting
movement carried out from Milano Mastna to Midno Centrale (recording start at 23:20:46 of
05/02/2020, recording end at 04:48:47 of 06/02/2020)eata#t unloading

The last contact with the ground diagnostic room of the ETR 1000 021, recorded at 05:30:20 on
06/02/2020, a few moments be¢ the tran wreck, revealed that the train was proceeding at a
speed of 298 km/[Figure 24).

Stato Veicolo Ultimo Aggiormmamento Ultima posizione disponibile km/h

. otr1000cst001 07/07/2020 - 16:39:46 Gr.Sc.Mestre AC (0.07 km)

w etr1000cst003 07/07/2020 - 16:39:35 BIVIO TURRO (0,13 km

® & & & & & % " 0

r1000cst017 07/07/2020 - 16:39:28 GALLIERA (1,63 km

® & & @
o

. etr1000cst023 07/07/2020 - 16:39:40 NAPOLI C. (0.03 km

Figure 24- Last contact with the diagnostic ground server of ETR 1000 021 (solnexitalia)

3.4.4.1 Periodic checks orolling stock

The ETR D000.21 train, which left the IMC AV of Milan at 23:36 of 05/02/2020 to run
commercial service no. 959%he following day, had regularly carried out the scheduled
maintenance operations in compliance with the km and time schedulesitset the current
Maintenance Plan

The notices that, as of 06/02/2020, were open and postponddlV@8) concerned itemsfo
furniture/decorating to be replaced or restored

Based on the information provided by the railwaydertaking the maintenanchistory of the
trainset issummarised belo\Figure 25).

From RSMS there are no anomalies or salt replacements relatinylio(itain head) after
maintenance R1
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- R1 esequita a marzo 2019. Ad oggi percorsi 468.707 km da R1, 1.893.165 km da messa in servizio.

- Scadenza F4 effettuata il 21/05/2019, percorsi 368.231 km (passo da PM 500.000 km)

- Ultima tornitura esequita il 13/10/2019, percorsi 160.250 km (passo da PM 300.000 km)

- Ultimo controllo US Assili e Ruote (+ F3) eseguito il 24/11/2019, percorsi 106.913 km (passo da PM
250.000 km)

- Ultima scadenza F1+84k esequita il 23/01/2020, percorsi 23.446 km (passo da PM 42,000 km)

- Ultima scadenza I0 esequita il 31/01/2020, percorsi 10.363 km (passo da PM 14.000 km)

Figure 25- Train mainteance history (sourcelrenitalia)
10 - 1st Level Scheduled Maintenancéisual Inspections (step 14,000 km
F1 - 1st LevelScheduled/aintenance Checks and interventions (step 42,000 km
F3 - 1st Level Seeduled MaintenanceChecksand servicing (step 250,000 km
F471 1st Level Scheduled Maartance Checks and servicing (step 50000krm)
R17 2nd Level Scheduled Maintenand8eneral overhaul type 1 (step 1,250,00 km
84ki 1st Level maintenance intemtion to be carried out atvery second F1 (step 84,000)km

There were no alarms of any kind prior to theident from the Teledi download
In the hours before departure, the following-s¢e#its were carried out correctly: DNRA (locked
axle), HABD fotaxle boxe}, IMS (serpenting Brake and General Piping seal

3.5.Documentation of the operating system

3.5.1.Measures taken traffic control and signalling staff

The Central Operationglanager(DCO) of Bologna, having become aware of an abmadityn
after the passage of tra@b95 due to the loss of control of the switches ¥drLivraga, at 5:36
a.m. informed theCentral Operations Managef train 9®1 that it had been diverted onto the
fihistoricab line; at 5:53 a.m., th€entral Operationslanagerof train 9907 was also informed that
it had been diveéed onto theahistoricab line, as well as for all trains of the cadimbered block,
as communicated tine DM of Pi@enza at 5:39 a.m

In the meantime, the officers of the UMIS AV Piacenzamening during the night were also
informed by theCentral Operations Manag#rat train 9595 had been diverted at Livraga and that
there was no other news on the matter at the mgrsence theDriver and Train Conductowere
still unaccounted for

3.52. Exchange of verbal messages in relation to the event
For the record
3.5.3.Measures takerto protect and safeguard the site of the accident

The railway line and the entire train involved iretaccident were placed under seizurehsy
Public Proseator's Office at the Court of Lodi

3.6.Man-machine-organisation interface

3.6.1.Working time of the personnel involved

The shifts worked by the drivers of train 9595 on the days of the weekging the date of the
event were examined

The shifts vere aalysed by calculating two indicators: Fatigue and Risk Index (FRI), one
related to fatiga and the other related to risk
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The Fatigue Index is aallated by assigning a score ranging from 0 to 100 and represents the
average probability, expssed in percepins, of having high levels of sleepiness. A value of 20.7%
corresponds to the averagalue achieved in studies of people workinghtiir shiftson a 2day,
2-nights, 4rest schedule in the railway industry

Similarly, a Risk Index of 1ndicates the averagaccident/error risk achieved in studies of
people working 1zhour shifts on a -Blay, 2-nights and 4est schedule in the rail sector.
Consegently, a risk score of 2 can be interpreted as a doubling of the risk on this particular shift
schedule

The indicdors were calculated using the Fatigue Index Calculator (© Crown Copyright 2005),
methodology proposed by The Health and Safety Exec(HiS&).

This analysis makes it possible to assess the workloads to which workers are sabjgetad used
to make a roughstimate of the fatigue and risk indices resulting from the work perfbtmgehe RU's
Flight Attendants and the IM's Maintenanceikérs

In particular, the shifts worked dyriver 1 produced a maximum Fatigue Indeadue of 3.5%
and a maximum Risk trex value of 0.9QFigure 26)

Fatigue Index Calculator

Read the manual before using! Go to jov.uk/RESEARCH/rrpdf/rr446q.pdf

Company [IA assessor [N

[WeTe-14[e]gll Agente di condotta 1 !
Shift ID M Display schedule

DE=Y 16/10/2020 M Display charts

Mode Defaults Reset Index © Crown Copyright 2005 About
| Version 2.3

3 - Job type /
Jobtype/ Commuting Average duty Cumulative Duty timing
On Duty Off Duty R Time Duty Length  Rest Length perday || component (component Breaks Fatigue Index

component

29/01/2020 Default Default , K 0,0

30/01/2020 03:40 09:40 Default Default 6h 8h 42m 5h 37m 13 21 0,0 35

02/02/2020 15:115 | 22:15 Default Default 7h 3d 5h 35m 3h 39m 0, .0 0,0 1,2

03/02/2020 16:45 23:18 Default Default 6h_33m 18h 30m 4h 8m 0, 1, 0,0 1:,_3

04/02/2020 08:20 14:45 Default Default 6h 25m 9h 2m 4h 27Tm 2,0 0, 0,0 2,5

Risk Index Calculator

Read the manual before using! Go to http://www.hse.gov.uk/RESEARCH/rrpdf/rr446g.pdf

Company (SIS P—

[WeTor=1{le]3l Agente di condotta 1

M Display schedule

M Display charts

Defaults Reset Index © Crown Copyright 2005
| Version 2.3

Average duty Cumulative Duty timing 0 YPe

perday  component component

OnDuty Offuty 0P/ COMMUNG pyy ength  Rest Length

component
29/01/2020 1345 | 18:58 | Default | Default | 5h13m | FullyRested | 5h13m 0,89 0,75 1 ;
30/01/2020 03:40_| 09:40 | Default | Default 6h 8h 42m 5h 37m 0.96 0.77 111 82
02/02/2020 15:15 | 22:15 | Default | Default 7h 3d 5h 35m 3h 39m 0.90 0,80 il 0,79
03/02/2020 16:45 | 23:18 | Default | Defaull | 6h33m 18h 30m 4h 8m 0.99 0,82 1,11 0,90
04/02/2020 08:20 | 14:45 | Default | Default | 6h25m sh2m ah 27m 1.04 0.71 111 0,82

Figure 26- Fatigue Index and Risk Index for Driver 1 (data: Titaha - elaboration DiGIFeMa)

The shifts worked byDriver 2 produced a maximurfratigue Index value of 8.5% and a
maximum Risk Index value of 0.§Bigure 27)

Both indicators showalues wellbelow the average values, thus confirming the absence of
fatigue problems, for botBrivers, due to shift work
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Fatigue Index Calculator

Read the manual before using! Go to tr se.gov.uk/Ff

(ool [ EE Trenitalia Assessor
(eTer=1{le]3ll Agente di condotta 2
Shift ID M Display schedule
DEV:] 16/10/2020 M Display charts
Mode Defaults © Crpwn Copyright 2005 About
Version 2.3
_ Jobtype/
Job type / Commuﬁng Average duty Cumulative Duty timing
On Duty Off Duty breais Time Duty Length  Rest Length component| component Breaks Fatigue Index
component
30/01/2020 : Default Default 8
01/02/2020 15:10 23:20 Default Default 8h 10m 2d 1th 7m 5h 1m 0,2 1.4 0,1 T
02/02/2020 06:25 13:50 Default Default 7h 25m 7h 5m 5h 37m 7.7 0,¢ 0,0 85
04/02/2020 15:45 00:20 Default Default 8h 35m 2d 1h 55m 4h 26m 0,6 2,2 0.2 3,0

Risk Index Calculator

Read the manual before using! Go to v.uk/RE

Company EEE

(WeTer:1{le]all Agente di condotta 2

Defaults Reset Index

Job type /

Commuting
Ti Duty Length  Rest Length

Average duty Cumulative Duty timing
per day

Version 2.3

assessor [

M Display schedule

Risk Index

M Display charts

© Crown Copyright 2005

Job type /
Breaks

component component component

30/01/2020 3 : Default Default 6h 53m Fully Rested 6h 53m 0,89 5% ,72
01/02/2020 15:10 23:20 Default Default 8h 10m 2d 1h 7m 5h 1m 0,89 0,81 A ,80
02/02/2020 06:25 13:50 Default Default 7h 25m 7h 5m 5h §'_lm 1,04 0,72 1 ,85
04/02/2020 15:45 00:20 Default Default 8h 35m 2d 1h 55m 4h 26m 0,94 0,84 11 ,88

Figure 27- Fatigue index and risk index f@river 2 (data: Trenialia - elaboration DiGIFeMa)

Using the same methodology, the shifts workgdhe fie members of the maintenance team

operating on the infrastructure were also examined, baséue data provided to tl@mmitteeby

RFI, in the ten days preceding teent

The shifts worked baintenanceAgent1 produced a maximumaiigue Index alue of 19.1%

and a maximum Risk Index value of 1.(rgure 28)

Fatigue Index Calculator

Read the manual before using! Go to htt

Com sEL)"A Rete Ferroviaria ltaliana

[WeTor=1{[e] gl Addetto manutenzione 1

[DEV(=320/01/2021

Defaults Reset Index

Job type / Commuﬁng

OnDuty OffDuty 0> YPe

Duty Length  Rest Length

Average duty Cumulative Duty timing

assessor [N

M Display schedule

Fatigue Index

M Display charts

© Crown Copyright 2005

Version 2.3

Job type /
Breaks

component component - rant

27/01/2020 Default Default Fully Rested 1 0,7 0, 0,
28/01/2020 07:35 | 16:41 Default Default 9h 6m 14h 54m 9h 6m A 0.7 0,0 2
29/01/2020 07:35 16:41 Default Default 9h 6m 14h 54m 9h 6m K 0,7 0, 4,
30/01/2020 07:35 16:41 Default Default 9h 6m 4h 54m Sh 6m A 0,7 0, 4
31/01/2020 07:35 16:41 Default Default 9h 6m 4h 54m Sh 6m 4 0.7 0, 14
03/02/2020 07:35 16:41 Default Default 9h 6m 2d 14h 54m 6h 49m .0 0,7 0, ¥
04/02/2020 07:35 | 16:41 Default Default 9h 6m 14h 54m 7h 5m 20 0,7 0, 34
05/02/2020 07:35 13:05 Default Default 5h 30m 14h 54m 6h 55m 4.9 0.7 0.0 56
05/02/2020 22:00 | 05:36 Default Default 7h 36m 8h 55m 6h 59m 96 99 06 191
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Risk Index Calculator

Read the manual before using! Go to

(oL I EL\ARete Ferroviaria Italiana
(WeTor=1{[e] 3l Addetto manutenzione 1
Shift ID

[BEV{=420/01/2021
Mode

Assessor

M Display schedule

M Display charts

rown Copyright 2005

Defaults
Version 2.3

Risk Index

Job type /
Breaks
component

Average duty Cumulative Duty timing
component component

27/01/2020 Default Default Fully Rested ,89 0,78 1,13 0,78
28/01/2020 07:35 | 16:41 Default Default 9h 6m 4h 54m 9h 6m .94 .78 . 0,82
29/01/2020 07:35 | 16:41 Default Default Sh 6m 4h 54m Sh 6m ,98 .78 s 0,87
30/01/2020 07:35 | 16:41 | Default | Default 9h 6m 4h 54m Sh 6m .03 .78 13 0,91
31/01/2020 07:35 16:41 Default Default 9h 6m 4h 54m Sh 6m .08 .78 A3 0,95
03/02/2020 07:35 16:41 Default Default Sh 6m 2d 14h 54m 6h 49m 0,95 .78 1 0,84
04/02/2020 07:35 | 16:41 Default Default Sh 6m 14h 54m 7h 5m .00 .78 K 0,88
050212020 07:35 | 13:05 | Default | Default | 5h30m 14h 54m 6h 55m 05 .73 13 0,86
05/02/2020 22:00 | 05:36 Default Default 7h 36m 8h 55m 6h 59m .10 .86 A 1,07

Figure 28- Fatigue Indexand Risk Index foMaintenanceAgentl (data: RFI- elaboration DiGIFeMa)

The shifts worked byaintenanceAgent2 produced a maium Fatigue Index value of 21% and a
maximum Risk Inéx value of 1.1ZFigure 29)

Fatigue Index Calcula

Read the manual before using! Go to htty

assessor [N

M Display schedule

Fatigue Index

(oLely e ETg A Rete Ferroviaria ltaliana
[eTor:1 (o] Addetto manutenzione 2
Shift ID

[DEV(=420/01/2021
Mode

M Display charts

© Crown Copyright 2005
Version 2.3

Defaults

Job type / Commuting
[JEELS

Job type /
Breaks
component

Cumulative Duty timing

On Duty Off Duty component component

Duty Length  Rest Length

03/02/2020 Default Default Fully Rested C 0 0,8
03/02/2020 21:46 | 05:36 Default Default 7h 50m 8h 41m 6h 58m 4,5 10,1 X 14,7
05/02/2020 06:59 11:23 Default Default 4h 24m 1d 1h 23m 6h 7m 9,2 0.8 F 9,9
05/02/2020 21:36 | 05:36 Default Default 8h 10h 13m 6h 35m 11,0 10,6 7 21,0

Risk Index Calculator

Read the manual before using! Go to

Company Rete Ferroviaria Italiana
(WeTer=NiTeTell Addetto manutenzione 2

M Display schedule

(DEV(=420/01/2021 M Display charts

© Crown Copyright 2005
Version 2.3

Defaults

Reset Index

Job
CommuiNg puty Length  Rest Length

type /
Job type /
breaks Sl

Cumulative Duty timing

component component Risk index

OnDuty Off Duty

component
03/02/2020 06:59 | 13:05 Default Default 6h 6m Fully Rested 6h 6m 0,89 .72 1.1 0,72
03/02/2020 21:46 | 05:36 Default Default 7h 50m 8h41m 6h 58m 0,96 ,84 1.1 0,92
05/02/2020 06:59 | 11:23 Default Default 4h 24m 1d 1h 23m 6h 7m .09 ,73 i 0,90
05/02/2020 21:36 | 05:36 Default Default 8h 10h 13m 6h 35m e 0,84 1.1 1,12

Figure 29- Fatiguelndex and Riskndex forMaintenanceAgent2 (data: RFI- elaboration DiGIFeMa)

The shifts worked byvlaintenanceAgent3 produced a maximum Fgtie Index value of 2498 and
a maximum Risk Index value of 1.{Eigure 30)

51



06/02/2020- Derailment of Trenitalia train 9595, Milanb BolognaHS/HC line, at PM Livraga e %a

Fatigue Index Calculator

anual before using! Go to AR

[oLeT 1 s ETMA Rete Ferroviaria Italiana

[WeTor1{{e]gll Addetto manutenzione 3

[DE1{=420/01/2021

Defaults Reset Index

' Jobtype/ Commuting

I Time DutyLength‘ Rest Length

Assessor

M Display schedule

M Display charts
© Crown Copyright 2005
Version 2.3

Average duty Cumulative Duty timing Jml ‘ Fatigue Index
nent

27/01/2020 A g Default Default Fully Rested 1 0,7
28/01/2020 07:41 16:48 Default Default 9h 7m 15h Sh 7m 4 0, 0,0 2,1
29/01/2020 07:34 13:09 Default Default 5h 35m 14h 46m 7h 56m 3.3 0, .0 3,9
29/01/2020 2152 | 0545 | Default | Default | 7h53m 8h 43m 7h 55m 8.7 10.1 I 18,5
30/01/2020 21:55 | 06:11 Default Default 8h 16m 16h 10m 7h 59m 12,6 11,1 f 22,9
03/02/2020 07:32 13:05 Default Default 5h 33m 3d 1h 21m 5h 41m 2:1 0,7 ,0 2,8
03/02/2020 21:37 05:36 Default Default 7h 59m 8h 32m 5h 57m 8.1 10,0 0.6 17,9
05/02/2020 07:33 13:05 Default Default 5h :gm 1d 1h 57m 5h 54m 121 0,7 0,0 12,7
05/02/2020 21:51 05:43 Default Default 7h 52m 8h 46m 6h 5m 15.8 10.1 0.6 248

Risk Index Calculator

Read the manual before using! Go to http

Compa )"l Rete Ferroviaria ltaliana

[WeTer1i{e]all Addetto manutenzione 3

Shift ID

IDEN(=Y20/01/2021
Mode

).hse.qov.uk/RESEARCH/rrp

S

M Display schedule

M Display charts

© Crown Copyright 2005
Version 2.3

Avemgeduly Cumulaﬁve Duty timing
per day component

27/01/2020 07:35 | 16:41 | Default | Default 9h 6m Fully Rested 9h 6m 0,89 0,76 7 0,76
28/01/2020 07:41 | 1648 | Default | Default 9h7m 15h oh 7m 0,94 0.76 1 81
29/01/2020 07:34 | 13:09 | Default | Default | 5n35m 14h 46m 7h 56m 0,98 0.72 i ,80
29/01/2020 21:52 | 0545 | Default | Default | 7h53m 8h 43m 7h 55m 05 0,84 7 K

30/01/2020 21:55 | 06:11 | Default | Default | 8h1i6m 16h 10m 7h 59m 1,16 85 1 2

03/02/2020 07:32_| 13:.05 | Default | Default | 5n33m 3d 1h2im 5h 41m 0,92 72 : 74
03/02/2020 21:37_| 0536 | Default | Default | 7h59m 8h 32m 5h 57m 0,99 84 7 95
05/02/2020 07:33 | 13:05 | Default | Default | 5n32m 1d 1h 57m 5h 54m 0,98 0,72 i 80
05/02/2020 21:51 | 0543 | Default | Default | 7h52m 8h 46m 6h 5m 1.05 0,84 1.4 ,00

Figure 30- Fatigue Index and Ridndex forMaintenanceAgent3 (data: RFI- elaboration DiGIFeMa)

The shifts workd byMaintenanceAgent4 produced a
a maximum Risk Indexalue of 1.4§Figure 31)

Fatigue Index Calculator

Read the manual before using! Go to

(el sETV A Rete Ferroviaria Italiana

[WeTer=1{le]al Addetto manutenzione 4

DEV(:320/01/2021

Defaults Reset Index

On Duty Off Duty | ype ! Commuing. by Length

maximum Fatigue Index value of 26.3% and

gov.uk/RESEARCH/rrpdf/rr446¢

assessor [N
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Avefageduty Cumulative Duty timing okl

perday  component oompmem Hatguolndex

27/01/2020 z Default Default Fuﬂylested 0,1 0.0 0,8

27/01/2020 21:43 05:36 Default Default 7h 53m 8h 38m 6_h im 4.3 10.1 0,6 14_'_6
29/01/2020 07:16 | 13:06 Default Default 5h 50m 1d 1h 40m 6h 30m 9.0 0.7 .0 9,7
29/01/2020 21:38 05:43 Default Default 8h 5m 8h 32m 6h 54m 14.3 10.6 N7 24_,9
31/01/2020 07:16 | 16:41 Default Default 9h 25m 1d 1h 33m 7h 24m 17.0 0.7 ,0 17,6
03/02/2020 07:13 | 13:05 Default Default 5h 52m 2d 14h 32m 5h 22m 24 07 ,0 31

03/02/2020 21:37 | 05:36 Default Default 7h 59m 8h 32m 5h 39m 8.7 10,0 0.6 18,5
05/02/2020 07:13 13:05 Default Default 5h 52m 1d1_h37m 5h 40m 12,7 0.7 0,0 13,4
05/02/2020 21:35 | 05:37 Default Default 8h 2m 8h 30m 5h 53m 17,0 10,6 0,7 26,3
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Figure 31- Fatigue Index and Risk Index fbtaintenanceAgent4 (data: RFI- elaboration DiGIFeMa)

The shifts worked baintenanceAgent5 produced a maximum Fatigue Indeddue of 25.1% and
a maxinum Risk Irdex value of 1.18Figure 32)

Figure 32- Fatigue index and risk index fédaintenanceAgent5 (data: RFI- elaboration DiGlIFeMa)
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