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Land, Guided and low grip means of transport 10

« Railroad sunset »
Edward Hopper

1929



RAILWAY

SYSTEM
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With low grip

12/100



13/100

On the ground

On on rail

On tires

Strength to overtake
the grip



Premier train :
Angleterre, Surey iron railway - 1803

“One small trip for horse, one giant leap for transport”

Neil Armstrong: “One small step for man, one giant leap for mankind” 
(20 juillet 1969)



Braking and capacity

Breaking distance in urgency:

160 km/h 900 m

270 km/h 2 650 m

300 km/h 3 350 m

Headway between trains:

(300 km/h):

4 minutes 20 km

5 minutes 25 km



v0 (km/h) v0 (m/s) DR (m) DF (m) DA (m)

City centre 30 8 8 6 14

Urban area 50 14 14 16 30

Main road 90 25 25 52 77

Highway 
(when raining)

110 31 31 78 109

Highway
(without rain)

130 36 36 108 145

Breaking distances on road

DR: distance for reaction
DF: breaking distance
DA: stopping distance



guided
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Guided with low grip

=

speed
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World speed records on rail



Rocket, by George Stephenson – 1829 – 50 km/h



Thomas Crampton – 1852 – 120 km/h



Mallard, by Sir Nigel Gresley for LNER – 1938 – 203 km/h



New York Central – 1966 – 300 km/h



Siemens – 1903 – 210 km/h



CC 7701 & BB 9004 – 1955 – 331 km/h



World Speed record

574,8 km/h
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On land
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The railway is the only transportation mode that has not grown in 
size in recent 50 years:

Evolution of sizes
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France

seen from

Paris

by train

in 1900
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France

seen from

Paris

by train

in 1938



Guided

+

Low grip

+

Land

=

Mass transport
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« Railroad sunset »
Edward Hopper

1929
« The loneliness of the track waiting for a train »

2019



DÉFINITION

of HSR
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Capitole: 200 km/h (commercial speed)



Shinkansen 1964: 210 km/h (commercial speed)





High speed line and conventional line from Paris to Lyons

HS Line
Conventional line
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Vertical profiles of the conventional and the high speed lines
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HSR:

A chnage in paradigm

(specialization of the infrastructure)

More than

a mere increase in speed
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Change of the vertical profile
In regards with then speed

Trench

Trench

Trench

embankment
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15 trains
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15 trains
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B

A

240 km 
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B

A

240 km 
TER

H H+1 H+2 H+3 H+4 H+5 H+6 H+7 H+8 H+9 H+10 H+11 H+12

TER TER TER TER TER TER TER

30 TER et trains de fret

72 TGV
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OPTIMAL

SPEED?
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Commercial speeds
World speed records



3 main difficulties:

- Noise

- Flying ballast and transitions

- Capacity



2 criteria:

- Optimal carbon speed

- Optimal socio-economic speed
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Rhin- Rhône HS Line
1st Phase



54/100

Traffic shifting from air

Traffic shifting from road

Life cycle
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Carbon balance of the Rhin-Rhône HS Line
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Variation of OPRATING EXPENSES with speed

Charges growing with speed
Charges reducing with speed 
Charges which are not affected by speed



HSR

in FRANCE
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Impact on territory management
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253 stations are served
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France

seen from

Paris

by train

in 1980
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HSR

in EUROPE
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Interoperability



Licence of railway undertaking

Safety certificate

Right to run

Rolling stock certification

Compatibility with ERTMS

Reservation of pathes

Premisses in stations

Hiring staff

Recrutement de personnelTraining
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NTV

TRENITALIA



HSR

in other parts

of the WOrld
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HSR at a glance
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Evolution du réseau à grande vitesse
dans le monde
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70 110 130 160 200 230 240 250 257 260 270 280 285 300 305 320 330 350 360 400

1. In operation 4 27 285 114 5714,9 446 1005 14053,63 0 966 471 447 515 5908 657 1597 0 9609,8 0 0 0

2. Under construction 0 0 0 0 2446 16,73 0 3222 0 336 0 0 0 2341 0 200 0 3550 230 0 2724

3. Planned 0 0 0 0 934 0 0 1745 0 0 926 0 0 1940 0 858 385 3149 320 0 214

4. Long-term planning 0 0 0 203 3325 80 740 4439 0 0 0 0 0 6764 0 1704 0 5239 0 2208 5718
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China; 2404 ; 49%

Japan; 401 ; 8%Korea; 105 ; 2%

China-Taiwan; 34 ; 1%

Turkey; 13 ; 0%

France; 522; 11%

UK; 343; 7%

Germany; 251; 5%

Spain; 222; 5%

Italy; 153; 3%

Sweden; 93; 2%

Austria; 79; 2%

Switzerland; 57; 1%

Norway; 38; 1%

Finland; 22; 0%

Poland; 20; 0%

Russia; 16; 0%

Czech; 14; 0% Belgium; 10; 0% Portugal; 10; 0% Netherland; 8; 0% Denmark; 6; 0%
Slovenia; 3; 0%

USA; 20 ; 0%

Morocco; 12 ; 0%

Saudi Arabia; 8 ; 0%

4816 HS transets



Algérie

Mauritanie

Railway network in Morroco

Projet de LGV

(en construction entre Tanger et Kenitra)
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LGV



Conventional network

Landbridge East-West Railway

HSL Medina - Mecca

Present North-South railway network

Medina

Jeddah

Mecca

Al-Qurayyat

Al-Basyta

Hazm al Ialamid

Ras al-Zour

Riyadh

Dammam
Jubail

IRAQ IRAN

KUWAIT

BAHRAIN

QATAR

JORDAN
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Las Vegas

Victorville

San Diego

Los Angeles

Union station

Palmdale

Bakersfield

Anaheim

Irvine

Riverside

Ontario Airport

Fresno

Merced

San Francisco

Transbay terminal

San Jose

Diridon station

Madera

Rosedale

San Fernando Valley

Sacramento



CONCLUSION
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Technology
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Avelia Liberty



Maglev
Japon



Hyperloop One



Marginal cost
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TGV du futur



Environnement



… However we get 3 766 800 EJ
per year



1 EJ (Exajoule) = 1018 J = 1 000 000 000 000 000 000 J

1 kg m = 9,8 J
1 J = 1 Ws (1 watt pendant 1 seconde)
1kWh = 3 600 000 J
1 Calorie = 4,18 J



3 766 800 EJ par an

# 1018 kWh* = 109 TWh

2 million times 
Electric French consumption

50 000 times
World electric consumption
Whatever the energy sources



Solar Impluse



Toyota Mirai



Cartouche d’hydrogène







Artificial Intelligence
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« La durée poignardée »
Magritte

1938
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Thank you for your

attention
Michel Leboeuf
mleboeuf78@gmail.com


