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The use of dynamic simulations for the 
certification of the Moroccan new High-Speed Line 

Tanger-Kénitra



CERTIFICATION OF NEW LINES BY DYNAMIC INTEGRATION TESTS

Certification of the infrastructure

❖ Safety: infrastructure system 

must work properly

❖ Cost:  large number of test runs 

at different speeds

❖ Risk:  over-speed derailment

The use of dynamic simulations for the certification of the Moroccan new High-Speed Line Tanger-Kénitra Page 4

LGV Tanger - Kénitra



❖ Safety: extended test conditions

(e.g. train speed)

❖ Cost: reduced number of expensive 

test runs 

❖ Risk:  replacement of problematic 

measurements by simulation

(e.g. over-speed)

MULTI-BODY SIMULATION FOR THE CERTIFICATION

Improved infrastructure certification

The use of dynamic simulations for the certification of the Moroccan new High-Speed Line Tanger-Kénitra Page 5

LGV Tanger - Kénitra



WHAT IS MULTI-BODY SIMULATION ?
High-speed train model

(TGV Duplex)

❖ Train model: system composed of rigid bodies 

and suspensions

❖ Track model: track geometry and design 

coming from measurements

❖ Dynamics: real or theoretical train speeds with 

simulated wheel-rail contact

❖ Output: forces and accelerations in 

measurement points

The use of dynamic simulations for the certification of the Moroccan new High-Speed Line Tanger-Kénitra Page 6
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THE CERTIFICATION PROCESS
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MEASUREMENT OF THE TRACK GEOMETRY 

Dedicated Track geometry recording train 

❖ Measurements for track assessment

❖ Treatment for simulation purposes

❖ Data Verification with theoretical data or cross-check

❖ Track defects as input for simulations

The use of dynamic simulations for the certification of the Moroccan new High-Speed Line Tanger-Kénitra Page 8
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VALIDATION OF THE VEHICLE MODEL
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Acceleration 
measurements

Simulated 
accelerations

Response analysis per section

Comparison 
measurements/simulations

→ Several criteria have been
proposed to assess vehicle
model quality

Simulation 

Quality
Error distribution

A. Standard 

deviation in 

sections

B. Least mean 

square error 

in sections

C. Peak error 

based on 

threshold 

level

A B C Global Indicator
Spectral analysis

A. Space domain

B. Time domain
A

B

Uncertainty 

estimation

Function of the 

response 

amplitude



LGV Tanger - Kénitra

CERTIFICATION OF THE HIGH-SPEED LINE TANGER – KENITRA

❖ Tanger

❖ Kénitra
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Analysed measurements of the High-Speed train 

Numerical simulations for 2 connections to 

the classic (already existing) railway network



FOCUS ON KENITRA CONNECTION
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ANALYSIS OF THE DYNAMIC RESPONSE

The use of dynamic simulations for the certification of the Moroccan new High-Speed Line Tanger-Kénitra Page 12

Three different speed profiles have been analysed
V = future operating speed

V+10 = future operating speed +10%
V+15 = future operating speed +15 %

Simulated accelerations and forces have been analysed
Once the model is validated, it is possible to predict 

accurately the dynamic behaviour of the vehicle for very 
different speed profiles

Analysis of the three different speed 
profiles

+ V0 → Acceleration limits respected

+ V+10 → One significant zone detected

+ V+15 → Three significant zones detected

These zones are not critical for the train 
dynamics, but maintenance is required!

Lateral Bogie Acceleration



DYNAMIC SIMULATIONS FOR THE CERTIFICATION

The use of dynamic simulations for the certification of the Moroccan new High-Speed Line Tanger-Kénitra Page 13

Dynamic simulations brought additional 
information

▪ Analysis of critical zones (gap theoretical and 
real test speed)

▪ Flexible and fast analysis for various speed 
line profiles

▪ Support for measurement teams

▪ More reliable and robust high speed line 
certification (measurements and simulation 
analysis)



CONCLUSION AND PERSPECTIVES

The use of dynamic simulations for the certification of the Moroccan new High-Speed Line Tanger-Kénitra Page 14

→ Today simulation can predict with high accuracy train dynamics on real railway tracks

→ A new reliable and a robust certification process was applied to the new ONCF High-Speed Line
Tanger-Kénitra

→ Simulation brings additional information to test run measurements

→ Critical track defects can be detectedwhere measurements at target test speed are not available

→ Validation process is fundamental, and an international standardised process should be proposed in
the future

Multi-body simulation played an important role for the 
certification of the new ONCF High-Speed Line Tanger-Kénitra
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Highlighting the 
technological advancement 
of the HSL compared to the 

conventional ONCF line



plan of the presentation

1. The signaling system.

2. Technological difference

3. Organizational difference of the maintenance

3.1 Maintenance conditions 

3.2 Equipment required for HSL maintenance

3.3 HSL maintenance profiles and training

Highlighting the technological advancement of the LGV compared to the conventional ONCF line Page



The signaling system

The 5 problems

❖ Circulation Spacing to avoid catching-up

❖ Traffic protection in the establishments (convergence, shear, etc.),

❖ traffic, in both directions, on the same way  

❖ Risk of derailment due to excessive speed,

❖ The crossing of railway tracks by roads on the same level (level crossings).

PageHighlighting the technological advancement of the LGV compared to the conventional ONCF line



The signaling system

Classical signaling limitation

Page

The experience acquired with lateral signaling on conventional lines has shown the limits of this system and the difficulty o f 
transposing it to a high-speed infrastructure: 

❖ Punctual information when passing each signal (no information on the evolution of the signal between two signals), 

❖ Visual observation of the next signal is sometimes difficult, for topographical or simply atmospheric reasons (rain, fog, 

snow, etc.), 

❖ LackLack of flexibility after passing a closed signal as long as the next signal (which may open) has not been identified 

with certainty.

❖ The contribution of the pre-announcement (flashing green light), which adds a block to the stop sequence, does not 

solve the problem of speeds above 220 km/h.

Highlighting the technological advancement of the LGV compared to the conventional ONCF line



Technological difference

Signaling of the classic line

❖ interlocking posts

PageHighlighting the technological advancement of the LGV compared to the conventional ONCF line

❖ Train spacing installation

❖ level crossings



Technological difference

High speed signaling

❖ Signaling 

❖ centralized control PCD 

❖ Remote monitoring

❖ Energy 

❖ safety
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Technological difference

High speed signaling

▪ interlocking post SEI 2006

▪ ERTMS L2 (Continuous transmission ATP (radio GSM-R),  RBC, balises

▪ Sensors (DVL, DSI, DCV)

Page

▪ Assistance in the maintenance of signaling subsystems,

▪ Energy,

▪ Concentration of maintenance information

▪ traffic management

▪ Management of temporary signaling (GEST)

▪ Automatic train programming

❖ Signaling:

❖ Centralized control PCD 

❖ Remote monitoring

Highlighting the technological advancement of the LGV compared to the conventional ONCF line



Technological difference

High speed signaling

Page

▪ Multi-service network

▪ Telephony

▪ Anti-intrusion system,

▪ Video surveillance,

▪ Access control

❖ Telecommunication :

❖ Energy :

❖ Safety

▪ Main and emergency power supply

Highlighting the technological advancement of the LGV compared to the conventional ONCF line



Organizational difference of the maintenance 

Maintenance conditions

In order to ensure the maintenance of the high-speed lines, traffic interruptions are essential both day 

and night.

❖ During the day, to ensure surveillance, work stoppages of 1 hour and 15 minutes between trains, 

i.e. 1 hour effective, are planned.

❖ At night, to ensure maintenance, work stoppages of 6 hours per track, including 4 hours 

simultaneously, are to be planned.

PageHighlighting the technological advancement of the LGV compared to the conventional ONCF line



Organizational difference of the maintenance 

Equipements required for HSL maintenance

❖ Trackside tracks 

❖ Protective devices for personnel safety 

❖ Road access 

❖ Pedestrian access 

❖ Access devices due to fences (gates and doors).

❖ Specific tools 

PageHighlighting the technological advancement of the LGV compared to the conventional ONCF line



Organizational difference of the maintenance 

HSL maintenance profiles and training

In addition to the classic line training, HSL maintainers undergo specific training 
for HSL accreditation:

Page

❖ Specific training for the protection of personnel working on the HSL

❖ Specific training for the maintenance of HSL equipment (computerized 

interlocking, ERTMS, centralized control, telecommunications, etc.)

Highlighting the technological advancement of the LGV compared to the conventional ONCF line
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A hybrid numerical model for evaluating railway slab track resiliency under atmospheric actions



1. Introduction

Framework and goals

A hybrid numerical model for evaluating railway slab track resiliency under atmospheric actions Page 3

Lack of confidence about its technical 

effectiveness in the long-run

Structural performance

Track availability

Vast accumulated 

experience

Pronounced geometric 

quality deterioration

Ballasted track Slab Track

Investment cost

Maintenance cost

High demand railway solutions

+-

+ -

Development of a numerical tool:

Prediction of short- and long-term slab track behaviour



Railway train-track dynamic model

A hybrid numerical model for evaluating railway slab track resiliency under atmospheric actions Page 4

SP-TrackDL-Track

Track displacements

Track accelerations

Sleeper reaction

Output

3D FE reduced dynamic 
train/ track model

Dynamic Response of the train

Track 

deterioration Stresses/ strains

Concrete damage

Soil settlement

Output

3D FE nonlinear
train/ track model

HI-Track

1. Introduction

Architecture of HI-Track: a dual approach



2. Dynamic train/ track model: DL-Track

Track modelling and substructuring analysis

A hybrid numerical model for evaluating railway slab track resiliency under atmospheric actions Page 5
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3. Nonlinear train/ track model: SP-Track

Track modelling

A hybrid numerical model for evaluating railway slab track resiliency under atmospheric actions Page 6
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3D FE nonlinear train/ track model
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4. Long-term hybrid model: HI-Track

Track deterioration
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4. Long-term hybrid model: HI-Track

Validation and calibration

A hybrid numerical model for evaluating railway slab track resiliency under atmospheric actions Page 8
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5. Results

Traffic
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5. Results

Weather events

A hybrid numerical model for evaluating railway slab track resiliency under atmospheric actions Page 10
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6. Final remarks

A hybrid numerical model for evaluating railway slab track resiliency under atmospheric actions Page 11

SP-Track

DL-Track
3D FE reduced dynamic 
train/ track model

3D FE nonlinear
train/ track model

✓ Low fi le size due to the 

substructuring technique;

✓ Very fast computing;

✓ Tridimensional settlement;

✓ Fast steady state dynamics.

✓ Brittle concrete behavior;

✓ Rebar detail ing;

✓ Temperature and transient 

train load;

✓ Slab warping.

✓ Adaptive time step;

✓ Dual approach between sub-

models;

✓ Properties updating;

✓ Weather simulation.

It can accurately evaluate:

HI-Track
Hybrid & Interactive 
long-term model

➢ Different set and combinations of vehicles;

➢ Track heterogeneities scenarios;

➢ Different weather patterns (progressive climate 

change);

➢ Different slab track families;

➢ Upgrading existing systems;

➢ New reinforcement and recycled material;

➢ Integration of design recommendations on 

condition based maintenance programs.
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RAIL HOF DIGITAL 
PLATFORM 

https://railhof.org/

https://railhof.org/


RAIL HOF – A DIGITAL PLATFORM TO IMPROVE SAFETY 

High level objectives

❖ Aviation and nuclear have global networks to build and share knowledge aiming to 

improve safety and performance in their respective domains;

❖ The railway sector does not yet have free access to a similar global network or 

platform;

❖ Concrete cooperation between UIC and ERA and members to promote HOF in the 

railway sector.

❖ What will RAIL HOF be for members?

❖ a knowledge network on HOF and safety

❖ a virtual platform which will evolve according to their needs

RAIL HOF DIGITAL PLATFORM 
2



A HOF DIGITAL PLATFORM AT THE SERVICE OF THE RAIL SECTOR 

Approach

❖ A user-centred approach has been applied to better capture user needs and 

then use these to determine design requirements, content and functionality and 

usability.

❖ This approach was used all along the development process of RAIL HOF from 

the needs analysis to the development of the platform.

❖ This platform will be enriched by your knowledge and operational experience

3
RAIL HOF DIGITAL PLATFORM 



INVOLVEMENT OF THE RAILWAY SECTOR

A structure composed of 3 sections:
❖ a Website (https://railhof.org/)

❖ a LinkedIn group (https://www.linkedin.com/showcase/rail-hof/)

❖ a Private area and secure for members 

4
RAIL HOF DIGITAL PLATFORM 

❖ The HOFWG also determined the end users of this platform from HOF specialists, through frontline and safety 

managers, to CEOs as well as their more specific needs in terms of content.

❖ An editorial team was established to:

❖ Structure the website's headings and subheadings and to initially populate the site with content.

❖ Moderate the LinkedIn group

❖ Validate the information and new content that will be proposed

Moderation of RAIL HOF 

https://railhof.org/
https://www.linkedin.com/showcase/rail-hof/


RAIL HOF PLATFORM IN ACTION  

5
RAIL HOF DIGITAL PLATFORM 

INTRODUCTION AND HOMEPAGE



RAIL HOF PLATFORM IN ACTION  

6

JOIN US



RAIL HOF PLATFORM IN ACTION  
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WHAT IS HOF & FAQ
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RESOURCES: ENHANCING SAFETY MANAGEMENT



RAIL HOF PLATFORM IN ACTION  
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HOF REGULATIONS, STANDARDS & TOOLS



RAIL HOF PLATFORM IN ACTION  
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RESOURCES: HUMAN PERFORMANCE



RAIL HOF PLATFORM IN ACTION  
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HOW TO SHARE A REFERENCE IN RAIL HOF? 



RAIL HOF PLATFORM IN ACTION  
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HOW TO SHARE YOUR EXPERIENCE IN RAIL HOF?
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Anticipate catenary 
settings and prevent 

catenary incidents with 
deep learning 



Using videos of the pantograph-catenary interaction

Description

❖ The choice fell on a "basic" uEye ethernet camera equipped 

with a simple lens without any special filter (Fig 1a)

❖ Images are in jpeg format and are grouped into video 

sequences (AVI format) of 10 km or 4 minutes maximum to 

avoid having files too large to view

❖ The cameras are installed in each lookout of the train (Fig 1b) 

and each video will have an inlay of the Ferro localisation

(line / track / km / hm), a time stamp (date / time) and the 

speed of movement.

Anticipate catenary settings and prevent catenary incidents with deep learning Page 1

Fig 1a : Type of digital camera used by SNCF 

Fig 1b : View of one of the IRIS320 lookouts



Nature of works

SNCF use videos of the pantograph-catenary 
interaction since many years

❖ The videos are already regularly made available to High 

speed lines within 15 days with dedicated viewing software 

(Fig 2)

❖ On several occasions, these videos have enabled our 

operators to confirm the causes of catenary disturbances 

linked to bad weather or to identify poor catenary adjustment

❖ The use of the video monitoring is now included in an SNCF 

maintenance repository

Anticipate catenary settings and prevent catenary incidents with deep learning Page

Fig 2 : Image from IRIS320 videos



Nature of works

Analyzing the video recorded by Iris 320 monitoring 
cameras

❖ Discriminate the different components of the catenary 

(contact wire) and the pantograph(Fig 3)

❖ Automatic PK reading is performed by using the OCR

Anticipate catenary settings and prevent catenary incidents with deep learning Page

Fig 3 : Discrimination work for the 

different components



Conclusion

The videos are already regularly made available to 
High speed lines within 15 days through the IRIS320 
train (Fig 4). On several occasions, these videos have 
enabled our operators to confirm the causes of 
catenary disturbances linked to bad weather or to 
identify poor catenary adjustment. The use of the video 
monitoring is now included in an SNCF maintenance 
repository.

With deep learning, SNCF Réseau hopes has 
acquiring a system capable of detecting weak signals 
indicating a drift in catenary settings. In the end, this 
project would make it possible to anticipate the 
adjustment work and prevent the risk of catenary 
forking.

Anticipate catenary settings and prevent catenary incidents with deep learning Page

Fig 4 : IRIS 320
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MESEA: on the track to
Operational Excellence

Jean-Bruno Delrue – CEO
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FIRST STEPS

60

2011

2005

2008

2016

2012
2017

20182019

2021

2022

October 14, 2005
Decision to build the Tours-Bordeaux HSR
within the framework of a concession

September 15, 2008 
LISEA submits an initial offer to 
RFF
June 30, 2011 
Award of the LGV SEA 
concession contract to LISEA

2012
Civil engineering works 
commencement
Summer 2016
First test runs of a TGV at 160 kph
between Nouâtre - Maillé and 
Villognon. Gradual increase in speed 
until 320 kph in August.

February 28, 2017 
Inauguration in Villognon

March 31, 2017 
Safety Agreement delivery by EPSF

July 2, 2017
First commercial train

2018 
Lost-time accident rate: FR1=32.46

January 2019 
Training agreement and start of

MESEA Academy

December 21, 2021
Triple Crown

ISO 45001, 14001 and 9001

March 2022
Renewal of Safety Agreement by EPSF

July 8, 2022
5th anniversary Celebration

September 2022
Lost-time accident rate: FR1=3.15

2011



FACTS & FIGURES
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NOUÂTRE
MAINTENANCE 
FACILITY

POITIERS
MAINTENANCE 
FACILITY

VILLOGNON
MAINTENANCE 
FACILITY

CLÉRAC
MAINTENANCE 
FACILITY 70% 30%

SHAREHOLDERS

1 400 km 500

35

302 km
of high 
speed rail

75 million
Passengers
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STAKEHOLDERS
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OUR MISSION STATEMENT

Providing operation and maintenance
of the SEA HSL under a public -service remit,
in order to deliver safe, performant
and sustainable route capacities.

SAFETY   - PERFORMANCE   - SUSTAINABILITY 
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OUR ORGANIZATION
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WORKFORCE & TRAINING
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PERFORMANCE
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INNOVATION / HYPERVISION - TIME
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SE@CLOUD - GÉOVOIE
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Visualization module Tamping records

PredictiveapproachReporting



INNOVATION / SE@CLOUD - GÉOVOIE
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THANK YOU
FOR YOUR 
ATTENTION
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