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Japanese high speed system: Shinkansen
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Shinkansen

Shinkansen Network and Operation
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Rolling stock

Infrastructure

Traffic volume

Correlation of Tokaido Shinkansen
Revenue

Energy consumption

Future

Operating of High Speed and Freight
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Shinkansen

> Shinkansen = ‘New trunk line’

> First high speed rail system in the world (50 years history)
Tokaido Shinkansen opened in 15t October on 1964
(maximum line speed was 210km/h)
to increase the capacity of the most congested Tokaido line
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> System of high speed with concepts:
Dedicated high speed track with 1435mm standard track gauge
-closed system independent from the conventional line, no level crossing
Distributed power rolling stock (EMU) BEEE T
ATC signaling system AN v Ll
Centralized traffic control system
etc
-> high speed operation with high safety

> Maximum line speed: 240km/h — 320km/h Series 0 (1964-2008)

> Exceptional: Mini-Shinkansen
upgraded lines from narrow gauge to standard gauge
operable through high speed line to conventional lines
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Shinkansen
(1964)

. el

Shinkansen Network s 5

= o

Line Section Length  Max. Speed ﬁ g
(km) (Km/h) ¢ 3

&5

Tokaido 552.6 270 % 3
644.0 300 Akita z =

oho 713.7 320 Shinkanse o c
o€ 303.6 240 (1997) § &
adano 117.4 260 Yamagata ng_:
288.9 260 Shinkansen o

Sub Total 2620.2 (1992, 99) \kita 5
Akita 127.3 130 =
o c

amagata 148.6 130 Mini-Shinkansen ?,:
Sub Total 275.9 =
ushima =

Total 2896.1 Nagano Tohoku Shinkansen g
*Length: kilometers in revenue service S’]rggl;anse (1 982, 85, 91 ) 02, 10) é
Sanyo ( ) Joetsu 3

Shinkans : 2

Shinkansen &

>

(1982) =

o

o

5

g

=

S

U
Kyushu &
A
(2004,11) &?h

goshima-Chuo -
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Shinkansen operation: JR companies

> Privatized and geographically divided from Japanese
National Railways in 1987

6 passenger railway companies -
+ J | East Japan Railway Company |

1 freight railway company Central Japan Railway Company
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Other companies West Japan Railway Company 21

Kyushu Railway Company

|_Shinkansen (1435mm) | B8 Japan Freight Railway Company
13%

ini-Shinkansen

onventional)

(1435mm)
1%

" Railway Technical Refe,n BTt
Total 20,124km . JRInformation Syste

Japan Telecom (now, SoftBank Telecom)

> Passenger companies own infrastructure
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Variety of Shinkansen rolling stock

E2

E2-1000

>Market and operational demand for N E3-1000, E3-2000

each operator NG E4
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500-7000
700-3000,
700-7000
N700-3000,
N700-7000

700
N700
N700A(N700-1000)

J Total: 416 train sets
800 : ' (January 2014)

Y
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Infrastructure
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Tunnel Bridge
(' Hokuriku Shinkansen ) ( Tohoku Shinkansen )

& Lty

Viaduct Exarth Structure

( Tohoku Shinkansen ) ( Kyushu Shinkansen ) _—
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Infrastructure
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Line name Tokaido Sanyo Tohoku Hokuriku g
Section of line Tokyo - Shin-Osaka Okayama - Hakata Omiya - Morioka Takasaki - Nagano E|
o

Year opened 1964 1975 1982 1997 <
Maximum speed (km/h) initial/present 210/270 210/300 210/320 260/260 é
Q

Track gauge (mm) 1435 1435 1435 1435 §
Permissible axle weight (t) 16 16 17 16 %
(¢}

Dominant Track type Ballast <3Slab Slab :E =
. . <
I(I)nlls)tance between centers of main tracks 49 43 43 43 g
Minimum curve radius (m) 2500 4000 4000 4000 E‘:
Maximum designed cant (mm) 200 200 180 200 %
(¢)

Cross section area of tunnel (m?) 60.5 63.4 63.4 63.4 g
>

Maximum gradient (if needed) 1.5% (2%) 1.5% (2%) 1.2% (1.5%) 1.5% (3.5%) S
()

Electrical power supply AC25KV 60Hz AC25KV 60Hz AC25KV 50Hz AC25KV 50/60 §
e — - = -

Signal type ATC (Digital ) ATC ATC (Digital ) ATC =
=

&

3

°
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Traffic Volume of Shinkansen

Passenger volume of high speed in the world (2011)

Trenitalia
4%

Renfe
4%

No. of yearly passengers for Shinkansen

1996 1997 1998 1999 2000 2001 2002 ?Folggalzy%%‘ll 2005 2006 2007 2008 2009 2010 2011
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Other European

81.4 Billion Passenger-km

Korail

World total:
308 Billion Passenger-km

OKyushu
B Hokuriku
OJoetsu
OTohoku
@ Sanyo
OTokaido

930 thousands passengers per

day on average
e
LI 5/

(2011 fiscal year)
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Correlation between Tokaido Shinkansen’s passenger-kilometers, GNP, fare and population along the line § 5
= o

— GNP (A) % 2
—Passenger—kion eters (B) 5 :_

— Fare (C) a3

N Populktion abng the Ihe (D) /\/\/ > o
* The passenger-kilometers is only for the Tokpido Shinkansen (Tokyo to Shirj-Osaka). 1995 2000 3 é
* The fare is the total of basic fares and expregs charges on the Tokaido Shinkansen (Tokyo tp Shin-Osaka). A-15.24 A 15.80 2 5
m -}

1990 ® 9

AT13.97 =

~ S

0 <

o ac

=g

)

(@]

(@]

c

2

<Period of advanced growth (1955|to 19>73) 1985, 2
o

=}

(1975 h o

Commencement of 1980 ;_'.;'

Service to Hakata A: 8.51 :‘n

[

(1972 ) _ _ <

‘ Commencement of C 5.08 C:5.44 C:5.44 C:5.54 )

Service to Okayama . S

1975 C: 3.99 =

A 5.24 B: 3.86 B.3.72 B:.3.71 8

197 . _ — 4

1964 A 954 B:3.29 B:2.86 =
Tokaido Shinkansen 8{ %-g} B: 2.68 ] o
opened D: 1y &

1955 _— ¢ 167 s
. |~ : D: 1.29 D: 1.35 D: 1.39 D: 1.42 D:1.45 0
D:0.78 1965 is the standar{l year (1) D:1.23 &
A 0.31 ' 3

Year
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Revenue of Shinkansen &
Z o
= <
1
n
JR East JR Central JR West 2 3
<
100% 100% 100% § 2
644,0 Z5
90% |—| 1134,7 | 90% [ S 90% — E;ﬁ
439,6 552,6 - - ® S
80% [— I 80% [ S 80% 3515 Y g
o
70% [— — 70% [ S 70% I = a
S
60% — — 60% | L 60% [— — a
=
50% | . 50% | 1011 £ 509 | - ]
g
40% |—| — 40% | - 40% — 2
43717 g
0% || 6377.9 11696 | 309 || 14182 . .. | :
a
c
20% | L 20% [ L 20% | 4072 | =
o
10% | L 10% [ - 10% | - 2
o
0% 0% 97 0% 2
Network length  Transportation Network length Transportation Network length Transportation =
(km) Revenue (km) Revenue (km) Revenue o
(b Yen) (b Yen) (b Yen) a
S
. . wn
[_]Conventional line A
=
©

[] Shinkansen line 2011 Fiscal Year
Made from the data on JR East, JR Central, and JR West homepage.
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Development (Energy consumption)

Energy _ E g

Series 200 consumption index Maximum & 3
(1982-2013) Speed 5 3
12M 100 240km/h z ¢
Series E2(1997-) :
SM2T 69 275kmih o
Series E5(2011-) :
SM2T 67 320km/h :
M: motor coach g
T: trailor coach 5

Maximum speed: +80km/h Energy consumption:-33%
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>Extension
>Speed-up

>|ntroduction of new rolling stock

Hokuriku

Nagano — Kanazawa
229km
2015—- 260km/h

Kyush U(Nagasaki-route)

Takeo-onsen — Isahaya
45km

akeo-onsen

Q A
Isahaya R

ol
4

f; Shin-¥ atsushiro

Future

Hokkaido

E7W7

Shin-Aomori — Shin-Hakodate
149km
2016 — 260km/h

2015- 260km/h
Tokyo-Kanazawa

ammmmws  Under construction

................ p|anned

YNooKagbshima-Chuo
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Operating of High Speed and Freight

Hokkaido

Shin-Aomori — Shin-Hakodate
149km
2016 — 260km/h
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7 <# #-Sendai
& Fukushima

b . =

; Seikan-tunnel_.~~

2 ’,f" -

e *. i

. . Operating both .
-~ N

Sinkansen and Freight
Shin-A@gn = _.,,,,,*JT 82km . “-«.* SZ}iakodate
7 A
{
N

(S -
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Operating of High Speed and Freight

) InJapan (Plan)
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n . .
Japa Shinkansen e Freight
High Speed 1
o 260km/h
Freight
train 140km/h
Passing each
other between %1
High Speed Yes

train and
Freight train

®The operation between

HS and Freight train will :
separate, | Shinkansen track gauge
1 260kmh operatingof | CONvVeNtional track gauge
HS train will be only 2 i

Remark hours in daly time.During for Frelght < \ 1435mm |

th_e 2 hours, Freight train 1067mm
will not be operated.
When the operation
between HS and Freight
train, Speed of HS will be
140km/h.

By WUIT IIED
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H B B Thank you very much for your kind attention

Takumi ISHII

Senior Advisor High Speed

Passengers and High Speed Department, UIC
ishii@uic.org
www.uic.org
www.uic.org/highspeed
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