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DIFFERENT RAILROADS - SIMILAR CHALLENGES?
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THE DEVELOPMENT OF TAMPING

SmartTamping
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END2END SOLUTIONS FOR TRACK MAINTENANCE

Inspection / Surveying Track Work Hand Over Procedure

* Integration of track geometry data
« Assistance systems increasingly facilitate track work
« Acceptance of the work with new sensor technology

SmartTamping
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HOW TO TRAIN A TRACK MAINTENANCE MACHINE?
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OBSTACLE DETECTION WITHARTIFICIAL INTELLIGENCE

The Vision

Support the operator with managing the
operational system of the machine up to
a full automation of the whole process.

Recorded sensor data
(Depth map)

SmartTamping

Processed data

The Challenge

Automatic detection of the track with a
large number of design variants and
tamping obstacles

Recommended actions
(Reduced view)
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HAND OVER PROCEDURE - TAMPING REPORT
« Transparent documentation

* Recording of recommended actions and those
executed by the machine operator

« Web-based, multi-layer report on all tamping work n““"""‘“‘s?

- Display / hide layered information
« Track image, rails, sleepers
« Detected objects (e.g. turnout parts) and obstacles
« Tamping and lifting positions

« Recommended / actual selection (roller lifting clamps,
lifting hook), configuration and positions (tamping tines)
of the work units

SmartTamping 9
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Carbon impact of reinforcement solutions for
structures affected by delayed ettringite formation

Le Hung NGUYEN
Project manager, DTR OA, SNCF Réseau, France % |
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SUMMARY

+ Delayed ettringite formation in concrete

% Delayed ettringite formation problem management

% Case study : Viaduc de la Beuvronne - construction,
investigation and monitoring

% Reinforcement flowchart and techniques

“ Execution works

% Carbon impact of the reinforcement solutions

DEF damage example
Structurea age : 15 years

CARBON IMPACT OF REINFORCEMENT SOLUTIONS FOR STRUCTURES AFFECTED BY DELAYED ETTRINGITE FORMATION Page 14
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DELAYED ETTRINGITE FORMATION (DEF) IN CONCRETE

% Ettringite (3Ca0-Al,05-3CaS0,-32H,0) is a hydration product in concrete.
% Delayed ettringite formation is a significant deterioration process in concrete where ettringite isn’t stable and

precipitates after concrete hardening.

% This phenomenon occurs if the following conditions are met :

- SO; content
Cement rich in - C3A content

sulphate and aluminate

- NayO eq. content

High
- temperature
at early age

- mass concrete

- high cement content

- high heat of hydration cement
- concreting in hot weather

Presence - wet area
of water \| - waterproofing defect

- water evacuation defect

CARBON IMPACT OF REINFORCEMENT SOLUTIONS FOR STRUCTURES AFFECTED BY DELAYED ETTRINGITE FORMATION Page 15
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DEF PROBLEM MANAGEMENT
Two process fora single structure and for a railway line/area:

Periodic inspection of a
structure (every 6 years)

Reinforced DEF diagnostic
on a railway line/area

On-site crack mapping Examination of as-built documentation

All DEF conditions are met ?

Expert diagnostic by DTR-OA SNCF Expert diagnostic by DTR-OA SNCF
+ investigation for laboratory tests + investigation for laboratory tests

CARBON IMPACT OF REINFORCEMENT SOLUTIONS FOR STRUCTURES AFFECTED BY DELAYED ETTRINGITE FORMATION Page 16
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CASE STUDY : VIADUC DE LA BEUVRONNE
Construction features:

% Built in 2003

% Girder bridge with prestressed concrete beam

% 3 or 4 span deck

% 51 piers

DEF examination: Assessment of T° in concrete during curing

o
o
]

% Diagnostic in 2017 and 2019 e T°maxin concrete
85 -

% Assessment of the T° in concrete during curing *, ¢

_ _ 80 - *e%eptere o Ve lle,
based on as-built documentation o — .s‘ ;:'t .o o o ’(..m

% All 51 piers suspected to be affected by DEF = 70 | :o’o’ ¢ X

< Sample taken from all piers for laboratory tests 65 lo— o _ ____ _ DEFtemperaturelimit = _«__
60

15/03/2003 14/05/2003 13/07/2003 11/09/2003 10/11/2003

CARBON IMPACT OF REINFORCEMENT SOLUTIONS FOR STRUCTURES AFFECTED BY DELAYED ETTRINGITE FORMATION Page 17
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INVESTIGATION
The following laboratory tests were carried out : < Cement composition
% Concrete strength % Cement content and water to cement ratio
% Scanning electron microscope examination + Residual expansion test
0,90
0,80 <
0,70 %
0.60 O :_:_1_2_2_2
A

A [ & 41430-1e (pile PC40)
B 41430-2¢ (pile P39)
A 41430-3h (pile P24)
0,30 ~— X 41430-5g (pile P23)

g
P{X

Expansion (%)
o
~
o

0.20 * Seuil d'expansion négligeable & 12 mois
B g e i, 0'10 ® A Seuil d'expansion faible a 12 mois
{BRY-<- X600 2002+, T DERM, o ' o % _ —
T s o ¥EN 5 5 B B m N N B BN
Fig. 37 : M/crosc’op/.e electronlqu.eabala%/’age. Eo.hantlllon 41430-5f 0 4 8 12 16 20 24 28 32 36 40 44 48 52
Détail de la matrice de I'échantillon
1 : ettringite massive, 2 : granulat Time (week)

CARBON IMPACT OF REINFORCEMENT SOLUTIONS FOR STRUCTURES AFFECTED BY DELAYED ETTRINGITE FORMATION Page 18
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STRUCTURE MONITORING

Different monitoring techniques were
used in order to ensure the rail traffic
security:

LR

Topographic monitoring

CARBON IMPACT OF REINFORCEMENT SOLUTIONS

Extensometer

Cracking index Inclinometer
FOR STRUCTURES AFFECTED BY DELAYED ETTRINGITE FORMATION

Page 19
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REINFORCEMENT FLOWCHART

Notation from as-built Continuing
documentation analysis of monitoring

Notation for DEF =
assessment

Solution Concrete cover Continuing Concrete shell with/without Continuing of monitoring Waterproofing
reconstitution of monitoring pier cap replacement + repairing preparation system
1<t technique 27 tachnique 3™ technique

CARBON IMPACT OF REINFORCEMENT SOLUTIONS FOR STRUCTURES AFFECTED BY DELAYED ETTRINGITE FORMATION Page 20
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REINFORCEMENT SOLUTIONS
Principle of solutions

15t technique : concrete cover 2" technique : concrete cover 2" technique : Replacement of the pier cap
hydrodemolition and reconstitution hydrodemolition and concrete — Viaduc de Lodéve (IFSTTAR)

Viaduc de la Ricamarie (DIR Centre- shell construction — Pont Beaucaire

Est) (Département 13)

CARBON IMPACT OF REINFORCEMENT SOLUTIONS FOR STRUCTURES AFFECTED BY DELAYED ETTRINGITE FORMATION Page 21
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REINFORCEMENT OF THE VIADUC DE LA BEUVRONNE
3 technique : applying the waterproofing system on the entire perimeter of the piers

% Execution works from June 2022 to August 2022
+ Waterproofing system based on epoxy resin and polyurethane resin

% 7 piers reinforced

Global view Surféce aftef s}andblas‘ti ng Crack fix Suitability test

CARBON IMPACT OF REINFORCEMENT SOLUTIONS FOR STRUCTURES AFFECTED BY DELAYED ETTRINGITE FORMATION Page 22
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CARBON IMPACT OF THE REINFORCEMENT SOLUTIONS

Hypotheses of the carbon impact analysis:

< 1st technique isn't suitable for fixed bearing pier. Carbon impact of reinforcement solutions of 7 piers

< Only construction materials are taken into account. >0 reinforcing bar

% Pier cap replacement is needed for evolving DEF 200 /\

expansion.
150

% Cement based injection is needed for concrete

100 concrete

tonne CO2 eq.

shell solution without pier cap replacement.
% Shell is 40 cm thick. 50

“ Waterproofing system life expectancy is up to 20 0

Concrete shell w/o pier  Concrete shell w/ pier ~ Waterproofing system

years. Four waterproofing application will be
cap replacement cap replacement

carried out during bridge lifetime.

Analysis shows lower carbon impact of the waterproofing reinforcement than other solutions. This
preventive solution helps to avoid the further cost of an important repair of damaged structures by DEF.

CARBON IMPACT OF REINFORCEMENT SOLUTIONS FOR STRUCTURES AFFECTED BY DELAYED ETTRINGITE FORMATION Page 23
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MOBILE MAPPING SYSTEMS AND ALGORITHM
ASSESSMENT FOR BOLOGNA-FLORENCE
HIGH SPEED TUNNELS

Annalisa, Pranno
Head of Tunnel Unit, Rete Ferroviaria ltaliana, ltaly

| | / -
Session3-5.3 Infrastructure / Maintenance and renewal ~Z ONCF 5" il S/
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TUNNELS MANAGED BY RETE FERROVIARIA ITALIANA

Hungary 1 European railway tunnel asset Italian railway network (RFI)
Croatia 2
Czech RepUb”C b L railwaynetwork ~16800 km
Belgium @
Slovakia s N tunnel railway network 1633
Sweden &=
Germany = I-tunnel railway network ~1535 km
Austria === . : 0
Swiss Tunnel Configuration Double Track~52%
United Kingdom k==ika
France [~ N tunnel L>1000m 353
ltaly e
/ L high speed network ~ 1467 km
0 500 1000 1500 2000
Total Lenght [km]
[ RFI has to manage the most conspicuous railway underground asset among all European nations. ]

MOBILE MAPPING SYSTEMS AND ALGORITHMS ASSESSMENT 26
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FOCUS ON BOLOGNA — FLORENCE HIGH SPEED LINE

The Bologna-Florence high-speed line crosses the Apennine Mountains to connect the cities of Bologna
and Florence.

Anversa/Rottedam
&

‘Mona(NBerlmo

Bologna —Florence AV Characteristics

Year ,ctivation 2009

L tine ~78,5 km

V design 300 km/h

N tunnel line 12

L tunnel line -73,5km

Track type Double Track
e A4 Gross Section -82m*

— i) €SE1CIZIO

in esercizio
Bevee vk s 2 250 K

MOBILE MAPPING SYSTEMS AND ALGORITHMS ASSESSMENT
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FOCUS ON BOLOGNA — FLORENCE HIGH SPEED TUNNELS

n I\
- %

\.v-f\ "\

MEETL

\\ 'v/\vnﬁ/

BOLOGNA s A O e S ACIROANCO, e i
Elevation profile: Bologna — Florence high speed line

Pianoro 10,8 km Firenzuola 15,3 km
Laurinziano 0,1 km Borgo Rinzelli 0,7 km
Sadurano 3,9km Morticine 0,7 km
Monte Bibele 9,2 km Crocioni N. 0,2 km
Raticosa 10,4 km Crocioni S. 0,2 km
Scheggianico 3,6 km Vaglia 18,2 km

Bologna-Florence polycentric section of82 m?
MOBILE MAPPING SYSTEMS AND ALGORITHMS ASSESSMENT 28
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MOBILE MAPPING SYSTEMS RESEARCH PROJECT in RFlI

>

>
>
>

In 2013 RF| started a research project to evaluate the use of specific
mobile system for railway tunnel assessment.

Between 2015 and 2017, the system was tested for the survey of
more than 400 km of railway tunnels (Reggio Calabria and Genova
tunnels).

Starting from July 2020, almost the 75% of the ltalian tunnels have
been surveyed, and the remaining tunnels will be survived in the next

years.

Actually, RF1is about to conclude the assignment of a procurement
to acquire 4 diagnostic railway wagons equipped with the mobile
mapping system for the survey of railway tunnels. The first system
should be available in 2025.

MOBILE MAPPING SYSTEMS AND ALGORITHMS ASSESSMENT
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TRIESTE
MILANO VERONA o

TORINO (o) (o) O enezin
O o BOLOGNA

ANCONA
GENOVA FIRENZE o

BARI
ROMAO
NAPOLIo
REGGIO CALABRIA
CAGLIARI o PALERMO ]

o

O surveyed between2015and 2017
o surveyed from 2020 to date
O to survey next years

29
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MOBILE MAPPING SYSTEM EQUIPMENT

Kl'he inspections are carried out by a bimodal vehicle equipped with a mobile mapping system based on the use of high-
speed laser cameras able to guarantee a survey with millimetric precision at a speed up to 30 km/h.

In addition, the system has:
an high precision odometer to trigger the 3D laser camera each millimeter;

an inertial motion unit on each 3D laser camera.
The system can operate under all types of lighting conditions. /

. 9
b ’ -
= b
.
-
\ -
-
|57 -
Odometer Inertial motion unit

3D LaserCamera

Bimodal vehicle

MOBILE MAPPING SYSTEMS AND ALGORITHMS ASSESSMENT 30
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AUTOMATED DETECTION OF TUNNEL DAMAGES - SOFTWARE & REPORTS

Post processing software elaborates survey data ;
and identifies the damages on tunnel lining. . owe

To group and sum up the defects surveyed, each
tunnel is divided in longitudinal sectors of 25 meters.

-
. -

o

Opeaing

Visualization software allows to view tunnel e
lining as 2D pictures or 3D clouds with the Visualization ofdamages 3D clouds with the damages
damages detected.
J
05—
0.4

Report contains general information about tunnel 0‘2_
and survey, appendix with detection of material ‘ J I I

lining, mapping of damages and transversal section. L I
J/ 0 T T T T T T T T T I

0 1 2 3 4 5 6 7 8 9 10 1 12

Settori

P.R.0+000 0+300
PA 138+000 [ apertura < 1cm [l 1cm < apertura < 2cm [l apertura > 2em 138+300

0

Graph of detected cracks
MOBILE MAPPING SYSTEMS AND ALGORITHMS ASSESSMENT 31
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AUTOMATED DETECTION OF TUNNEL DAMAGES —ALGORITHM

The Algorithm was developed

in

collaboration with the University of

Trento. It
Critical Damage Principle.

is based on the Most

| 2

me damage detected is classified by

typology, intensity, extension and
lining material.

Here the 7 damage typologies:

» Cracks (Longitudinal, Transversal
and Diagonal)

» Mortar loss

« Damp patches

» Lining loss

« Deformation/detachments

/

%NCF uic’/

/ For each tunnel:

- DAMAGE INDEX ID
Indicates the severity of the
damage;

 SPREAD INDEX Iprr
Indicates the spread of the
damage.

For the same ID, Ipge will allow to
define the priorities of the repairing
works.

m GalleriaA
Estensio Indice di ° :
ne Danno 1D n°®settori
(ID) 1 0
Soglia 1 1 2 91
Soglia 2 2 3 37
Soglia 3 3 4
Soglia 4 4 5
Soglia 5 5
Soglia 6
Soglia 7
9

Soglia 8
Soglia 9
Soglia 10|
Soglia 11|

10
11

3
2
(1]
(1]
0

4

v Identification of the tunnel state of conservation;
v"Identification of priorities of the repairing works.

MOBILE MAPPING SYSTEMS AND ALGORITHMS ASSESSMENT

32
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FOCUS ON BOLOGNA — FLORENCE HIGH SPEED INSPECTIONS

a 2 m wide section profile.

speed although section dimension.

(Laser camera allows the survey of a lining section at a range distance of 1.5 m to 3.5 m from the camera with a
resolution of 1 - 3 mm in longitudinal, 1 mm in transversal and 0,5 mm in radial direction. Each 3D laser camera inspects

Therefore, with a double passage, the laser camera has covered the entire tunnel sections of the Bologna-Florence high

Vaglia Tunnel:polycentric section of 82 m2

1,5-35m

Operational principles

MOBILE MAPPING SYSTEMS AND ALGORITHMS ASSESSMENT

Double track
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VIDEO BOLOGNA — FLORENCE HIGH SPEED INSPECTIONS

W [VIANUKU | Uning ano rack] .

VST

°Q—

MOBILE MAPPING SYSTEMS AND ALGORITHMS ASSESSMENT

Z

N
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ADVANTAGES AND LIMITS OF MOBILE MAPPING SYSTEM

|‘ Objective knowledge of the tunnel state of conservation;

|‘ Streamlining of the procedures for carrying out inspections of railway tunnels;

‘ Possibili in long tunnels in | im ith hi ion;
| ossibility to inspect long tunnels in less time and with higher resolution; Advantage - objective knowledge of

tunnel

Difficulty of camera configuration in case of enlargement of the sections;

Need of customized camera configuration for different sections.

Limit— Configuration in case of
enlargementofthe section

MOBILE MAPPING SYSTEMS AND ALGORITHMS ASSESSMENT 35
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MESEA
Contribution of engineering to Integrated Logistic Support
of Tours-Bordeaux high-speed line

Philippe Regazzoni
Senior adviser, Systra-France

. | / 2
Session3-5.3 Infrastructure / Maintenance and renewal ~Z ONCF 5" il s/
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THE TOURS-BORDEAUX HIGH-SPEED LINE (SEA) @

First PPP in railway with concessionof 50 years (until 2061). Revenue service July 2017 o

Functional goals:
% Links Paristo Bordeaux by train in 2 hours
% Improves train service towards Spain & Toulouse
% 302 km high speed line + 40 km junctions

Investment: €6,7bn (construction cost: about €16.5M/km).
20M of travelers in 2017 =» Increase of 5M per year

A community transportation project approach:
% Consultation with 117 municipalities, 6 departments & 3 impacted regions

Focus on environment:
% 3 500 hectares of compensation sites
% 220 protected species

Estacate d Ambrts

Contribution of the engineering to the Integrated Logistic Support of Tours Bordeaux high speed line Page 1
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TECHNICAL DESCRIPTION

Designspeed: 350 km/h

Operating speed: 320 km/h with ERTMS
Electrification: 2 x 25 kV

Signalling: TVM 300 & ERTMS

10 junctions to the national railway (no new stations)
25 interaction areas with the highway network

400 engineering structures including 19 viaducts
and 7 cut & cover tunnels

13,000 catenary pillars

640 km of track and ballast
50 million cubic tons of excavated material

7,000 people working at peak times

Contribution of the engineering to the Integrated Logistic Support of Tours Bordeaux high speed line Page 2



PROJECT ORGANISATION

Health, Safety and Security (CSPS)

Authority for Deliveryand . B .
Operational Excellence (EPSF) rlLlﬁwz SEA TOURS - BORDEAUX
I —

Contract/

! 1
CcCosea mnmeseo
COMSTRUGTION SEA TOURS - BORDEAUK MAINTENANCHE ERA TOLRE - BOROEALX Rail Traffic Management (DCF)

¥ !

Referential Certifiying Body (OQA) ST Certifyying Body (OH) Independent %011) ¢ Engineering

Contribution of the engineering to the Integrated Logistic Support of Tours Bordeaux high speed line Page 3
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ROLE OF THE ENGINEERING PARTNER
SYSTRA's share in the organisation

-

DESIGN

SVYSTIrA a2

@ egis

%NCF uic’

VINLCI

CONSTRUCTION

: N=E

e

V. INFRASTRUCTURES —

E

GOF ShNAoACZ

COSEA
(CONSTRUCTION)
PROJECT LAND ACQUISITION, STAKEHOLDER
MANAGEMENT MANAGEN:AEEJJSLGE?AV;E(_?NMENTAL —
% VINC I {
vINCI ‘.
SYSTrA 1%
—— SUPERSTRUCTURES —— POWER _— S;{?E&LCL(\)I\IJ\?
é\IEE GF S\CZ

EUROVIA wiINEI f
SVYSTrA 7 | | QYSTIA 3% | | SYSTIA so%
\_\ /N J . VAN Jj
- MESEA ~
VvVINCI ff (VAINTENANCE) SYSTrA 30%
g vy

Contribution of the engineering to the Integrated Logistic Support of Tours Bordeaux high speed line
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ROLE OF THE ENGINEERING PARTNER: INTEGRATED DESIGN

8

v SEA is an infrastructure concession with stringent

requirements: v Operation & maintenance based on principles
< On performance (travel time, headway) applied from tender stage

% On RAM KPI's v A five-year constructor warranty covers these
<+ On safety commitments

v Not meeting these performances is heavily penalized

N\

v Design must have these requirements integrated v The whole quality assurance system

in the initial technical bid v As well as integration & commissioning tests

Maintenance & operation concepts are integrated v Will contribute to prove that theses goals are reached
Constant optimization design-maintenance

Innovation on maintenance focused on
organization and tools

ANENEN

L
v Global follow-up of performance is kept
during construction design
v And during construction works

N/

Contribution of the engineering to the Integrated Logistic Support of Tours Bordeaux high speed line Page 5
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CONVERGENCE OF INTEGRATED LOGISTIC SUPPORT

% Recruit, train and empower workers

« Equip workers with documentation, vehicles, machines, tools,
metrology & measurement devices etc.

% Supervise remotely railway installations

% Give access to the line

% Provide safety communication means to staff

% Give means to avoid railways hazards during work

+ Plan & insert maintenance works between commercial trains

nesea

Brings safely the maintenance
workers on site

N
iy

Design and build
railways equipment
which can be
maintained on site

RAMS objectives

% Define the elementary maintenance tasks & conditions
necessary for achieving global RAMS obijectives

< Build support equipement

% Supply special tools

% Supply the first batch of spare parts

----------------------------

Contribution of the engineering to the Integrated Logistic Support of Tours Bordeaux high speed line Page 6



THE ILS WHEEL APPLIED ON THE PROJECT

Subcontracting

Manpower
and
personnel

Spare parts
Special tools

Training and Mobile

training . support
devices HSL SEA in equipments

operation

Technical data and
documentation

Fixed support
equipments

Computer
resources
support

Integration\ Maintenance

into planning
railways

operation

Contribution of the engineering to the Integrated Logistic Support of Tours Bordeaux high speed line Page 7
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PREPARING FOR COMMISSIONING & HAND-OVER
CLOSING

DESIGN

Maintenance
policy

Detailed
maintenance
requirements

Design guidelines
with regard to
maintenance

Agreed
technical
project

Involvement of
the maintainer in
design reviews

Bid documents
O&M

Partners
Interface
agreement

Costing (LCC)
Maintainer’s advice

about programme
changes or
optimisations

Bid technical
project

Contribution of the engineering to the Integrated Logistic Support of Tours Bordeaux high speed line

ONCF uic’
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PREPARING FOR COMMISSIONING AND HAND OVER

CONSTRUCTION TESTING & HOMOLOGATION
COMISSIONNING

Maintainer ’s
advice about
adjustements on
site...

Involvement of
the maintainer in
the acceptance of

the works

Maintenance
section of
the safety

case

.... about non-
compliances

As-built
documents,
spare parts, tools

Safety
management
system

Collection of data
for future
maintenance

Involvement of
maintenance
staff during trial
operation

Page 9

Contribution of the engineering to the Integrated Logistic Support of Tours Bordeaux high speed line



HUMAN RESOURCES
TOURS
Q 0 .
An organisation centered around the maintenance workers T epiptvieienl
POITIERS
Supportprocesses objective: provide the workers all the resources J e scancae
needed within the framework of the Safety management system r
R ——
The skilled workers have three principal qualifications covering : o
%« Infrastructure »: maintenance of track & OHL & surroundings S9 atmc
%« S&C »: maintenance of the whole of HSL switches (/ FERERES
BORDEAUX

*

*,

¥« Systems »

Dedicated 24-hour Remote Monitoring Center
% All our « systems » maintainers have tours of duty at the RMC in
order to hold the post of supervisor

Contribution of the engineering to the Integrated Logistic Support of Tours Bordeaux high speed line Page 10
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THE RESULTS AFTER 5 YEARS OF OPERATION

Compliance with stringent performance KPIs, with excellent levels in terms of regularity & reliability.

The early integration of maintenance requirements & logistic support made it possibleto build a
maintainable line meeting from day one the required performance.

Innovation in terms of organisation and tools without compromising on the performance.

MESEA continuously improves:
% Management of the data
+ With the monitoring of the infrastructure, we have a reliable predictive model to anticipate track geometry evolutions
as a result of traffic P —
% S&C and signaling predictive maintenance == :
< Sustainability e e e
o === =

.................................

Contribution of the engineering to the Integrated Logistic Support of Tours Bordeaux high speed line Page 12
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Ballast track renewal for High Speed mobility
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How recenttechnical innovations will allow us to build a new model of track renewal for tomorrow

THIEBAUT Alain
Manager HSL - Technical Direction - SNCF RESEAU - France %NCF I?l i/S/

reéseav  Session 5.3 Infrastructure Maintenance and Renewal
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After 42 years of High Speed : What track model for the future ?

f.:. French High Speed Lines Network

1st European commercial HS
79000 t / day

= Mulhouse

Diinn = Bale
.

Nantes
.

HSL Paris-Lyon (380 km)

Commissioningin 1981 and 1983

+ Renewal History :

198610 2006
1996t02017:
1996t0 2007
1997t02016:
2003t02019:
2020t02023:

600 km Track Lift

560 km Ballast Renewal

32Signaling Center Turnout Renewa
10 Rail Expansion JointRenewal

710 km Rails Renewal

115km Ballastand Sleepers Renewal

Dax
.

G

Saintes =

® Poitiers

= _ordeaux

Toulouse,

Montpé@llier 2 3

Perpignan

l 1st High SEeed Line l

Geneve
= Ambérieu

Chambéry
= Modane

Avignon

= lice

.
Cannes
Marseille

“ When to renew the concrete sleepers ?

Theoretical sleepers end of life : after 50years ?
Assets aging laws ?

Tracktype ? New assets ?
Ecological impact?

Industrial method ?
Speedrestriction ? )

BALLAST TRACK RENEWAL FOR HIGH SPEED MOBILITY

Page 2
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Impact of the new maintenance policy : life extension of rails
Number of cracking rail defectafter 160 M cumulative tons

High Speed Line West - Number of cracking rail defects

300

250

200

150

100 I I 100 times less
50

o — — m N

1997 1999 2000 2001 2002 2003 2004 2005 2006

« South West High Speed Line (1989 - 300 km)

Without rail maintenance policy

+ 1st Rail renewal after 18 years (350 M tons)

Life Extension of HSL rails = Lower CO, emissions
55 % HSL Rails recycled for conventional lines

BALLAST TRACK RENEWAL FOR HIGH SPEED MOBILITY

%NCF uic’
-

High Speed Line East European - Number of cracking rail defects

2019 2020

% East European High Speed Line (2007 - 300 km)

With rail maintenance policy

% Rail renewal planned after 40 years (Objective =
800 M tons)

Page 3



Impact of the new maintenance policy (2010) : life extension of ballast

Tamping percentage evolution : HSL 1 and All french HSL Track geometric quality : HSL 1 and All french HSL
70,00% 0,9
60,00% 085
0,8
50,00%
0,75
40,00%
0,7
30,00%
0,65
20,00% 06
10,00% 0,55
0,00% 0,5
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
= % Tamping - All french HSL = % Tamping - HSL 1 e Geometric quality indicator All HSL e Geometric quality indicator HSL 1
. H H 0 : H H
% Tamping reduction “ Geometric quality improvement

Continual improvement of the ballast maintenance process

Better maintenance efficiency : life extension oftrack assets
=> Financialeconomyand energy consumptionreduction
Materials =26 % CO, emissions in railway works

BALLAST TRACK RENEWAL FOR HIGH SPEED MOBILITY Page 4
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Ballast : questions about the renewal policy

Current ballast renewal policy at SNCF :

. Low ball i
< At half-life of sleepers (25 years) owballastdegradation zone

Tamping zone

®, 1 o,

+“ or when the tamping count exceeds 28

However, these rules are not always fully applied, because the ballast does not age evenly (depending
on the positions and stresses).

Used ballast on HSL often seems of better quality than expected
% 70+% of the ballast on the track is returned to the track after screening on the HSL

% large-scale ballast analyzes showed that the 25-year limit could be exceeded in most cases

% 28-tamping criterion seems unsuitable on HSL - many areas with 28+ tampings and no geometry problems

- launch of studies to better target ballast renewal needs on HSL

BALLAST TRACK RENEWAL FOR HIGH SPEED MOBILITY Page 5
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Sleepers : optimization of the aging laws
Since the 1970s, sleepersused by SNCF have been scheduled to be replaced after 50 years

% 50 years >coming from old studies on common lines

« First HSL sleepers replacement ->~2030

Courbe de survie weibull UIC 2 a 4

1.0

Estimated MTTF :

08
1
o

82 years

06
1

S(t) estimée

0.4
1

0.2
|

o

0.0
|

0 50 100 150

Age des VAXU41

::"{;

B
[l

Minimum estimated

lifetime : 87 years

BALLAST TRACK RENEWAL FOR HIGH SPEED MOBILITY

ETRCCEES

i
"a 4

Miner's rule

LD, =% N(Ac)
}

Charges de service

H(AU‘)

Charges
occasionnelles

-%NCF uic’/

+ Studies still in progress

% Precise life-cycle model under
construction

+ First conclusion, however : 2030
seems to be too early to launch

massive sleepers replacement

+
Charges

accidentelles Pa g e 6
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Exploitation of the results of the “concept track”

“Concepttrack” : study launched in early 201 Os to |mprove ballasted track / tests zones 2015-2020
[fom ] Low and reinforced fastening system

;5

FCX
. , - > [EffestiVe fastening system
™ For a better resistance against used for every new sleeper
| maintenance and track work shocks

E_T_,__ e e Very soft rail pad - EBEGGHEEN 2 d res ults with

@M Mitigation of dynamic stresses geometry
20450 em A%

Flateforme | Plataforme
classhue | concept track
458 384

2,84
787

Sleepers with USP

For a lasting track alignment quality and less r?emgnsﬁsufed for every
ballast stress

1,89
6.0

des voles=4.50m |, 3.10
| 2.25 '! 325
! h_Tﬁ__ll___" ol Asphalt sub ballast layer
I e ~ - Reduction of layers thickness - Effective but to be used only for
' > - Improving track stability with a better new HSLs
e - waterproofing and ballast contact.

/r
: h=1.00m entrs le terrcin noturel et lo plote—forme mise en ceuvre
Paint Prn euuplwwmd s I'axe de la doubls
‘"““ """'mm- nt plateforme concept track
? LTS 77T 7 777, Z/z:/zy/]g[/z/

An—us: terrossement p\oteform- clossique

BALLAST TRACK RENEWAL FOR HIGH SPEED M(Q

Removable glued surface of ballast > Effective but to be used only on
End of ballast flight defect zones

End of ballast creeping

Better track stability and lasting alignment quality Page 7




@ HIGHSPEED -%NCF uic’

Ballast Track Renewal : New assets efficiency

200 Geometry quality of track after renewal

Feedback after 18
r_v
mo nths 1,80 E 50,00
3
<
> o—o- £o
1,60 o \ - & 8 400,00
o . . \ o g EmUnrenewed track -
% Renewal efficiency : = P 2d g g Tamping quantity
- / 2
140 ~< * s Q I 350,00
. % 5 5 = Renewed Track without
GGO metry quallty = ‘_; . ballast gluing - Tamping
@ g S
1,20 2 = 300,00 quantity
. . 2 ; Renewed Track with
Red UCtl On Of tampl ng & % ballast gluing - Tamping
« ;
; 2 @ Se quantity
e & o Bl Unrenewed track with
ballast gluing - Tamping
san o quantity
o . . % 2000 _e—Unrenewed Track
+ Ballast gluing efficiency :
. Lol 15000 _g—Renewed Track without
Especially on unrenewed track ballast gluing
97,30 w5
%8 k /‘\ 10000 —s—Renewed Track with
72,50 v # b e SR e e e e ballast gluin
60,40 . Grﬁ#q\.. —o—0—StHE T ~50;,00- ! I | - i wupor— stg 4
i 5,96 46,00 | 5000  —e—Unrenewed track with
18,96 ballast gluing
221 I 8,33
. 1 0,00
e S N S S T v A
\\"\.L \\\\\‘: g Q”O’Q S\QQ 3 o";\x& Q@ '\\0 "\“P X“\?'&
5 S e RO v g RN

BALLAST TRACK RENEWAL FOR HIGH SPEED MOBILITY Page 8
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Improvement of the trackworks

1998 V120 ballastrenewal

| guidebook

Historical trackworks for conventional lines : 60 km/h for 1st commercial train

1996 : 1st ballastrenewal on HSL: 100 km/h (1998 : 120 km/h) A o v160 bt trenaan |

2013 : ballastrenewalon HSL: 160 km/h température
| |

60°C

2018 : 1st sleepersrenewalonHSL: 120 km/h

Tnmin
=20°C

2023 : sleepersrenewal on HSL: test @ 160 km/h - 15°C ATadmissible

Part of the 2015 study to test
V120 sleepers renewal

2027 : full track renewal : 160 km/h : lowerimpact on commercial traffic

2022 Geometrical results forthe

V160 sleepers renewal = P
BALLAST TRACK RENEWAL FOR HIGH SPEED MOBILITY Page 9




Renewal organisation : Capacity resources

16000m >

‘Spesd Restriction = 160KmK | 4000m SR =120km m [SpEsdRestiction = 160KMIA
Commercial train = * Train delay = 6 min Working Track

Commercial tRAiN g— ﬁ-‘-\- Contiguous Track

Commercial s peed = 300 km/h 160 kmh Commercial speed =300 km/h
Local Speed Restriction

1% night : 2" to 4% night : 5t night : 6t to 8t night : 9th night :

. Old ballast removal . Tamping fortrack alignmentand . Tamping forfinal alignment . Tamping forfinal levelling - Rail temperature neutralization
. New ballast deposit (<300 mm) levelling . Ballast stabilisation . Ballast stabilisation . Ballast profile regulation

. Tamping . Ballast stabilisation

| 120] 160/170 | sater viggams smoe | VN

Objectives:
* Trafficimpact as low as possible : Commercial traffic every day
* Reduce the Speed Restriction (Speed Limit and duration).

Climate change : more demand for train travel

-> reduce the impact of trackworks on commercial traffic
BALLAST TRACK RENEWAL FOR HIGH SPEED MOBILITY Page 10



&) [ teHseeeo Zoncr yic/

Ballast recycling to limit resource usage and costs

Several cases of ballast reuse :
% Directly after screening on track - for 40+ years, allows to recover 30% of the old ballast on conventional lines (70% on HSL)

% After screening at the trackworks base - since 2017, allows to recover 45% (30+15) of the old ballast

% After washing + screening at the trackworks base = since 2021, allows to recover 70% (30+40) of the old ballast

Recycled
ballast

screening

e Old ballast
o loading

% 360t CO, for a 45 km track renewal on conventional line

Earnings : : :
- To be used on HS Lines to improve the reuse of 70

% of the old ballast (already reached after only on-

< 24 €T track screening)
BALLAST TRACK RENEWAL FOR HIGH SPEED MOBILITY Page 11
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High Speed Line Ballast Track

Continual improvement of the maintenance process (assets lifecycle extension)
+
New model of industrial renewal (assets innovation, new methods, traffic impact reduction)

More high-speed mobility to serve the planet !

Merci |

%NCF uic/
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MONITORING OF RAILWAY’S
DEFORMATION USING RADAR
REMOTE SENSING SATELLITES

Gokhan, Kizilirmak
PhDc, Geodesy Engineer & SAR Analyst, TCDD, Tirkiye % |
Session 3 - 5.3 Infrastructure / Maintenance and Renewal ~ ONCF y i’s/
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