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1. Progress of Aseismic Techniques

for Railway Structures

2. Damage due to 2011 Great East Japan EQ.

Damage of Structures due to Seismic Wave
Damage of Electric Power Poles

Damage due to Tsunami Attack

(4) Soil Liguefaction in Tokyo Bay area

3. Running Simulation of a train
4. Urgent Earthquake Detection & Alarm System
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Earthquake chronology in Japan

Year Earthquake M

Japanese railways have experienced 1023 | Great Kanto EQ
many huge earthquakes.

iyt

Aseismic techniques
have been developed.

7.9
1927 | Kita-Tango 7.3

1930 | Kita-lzu 7.3
1948 | Fukui 7.1
1952 | Tokachi-Oki 8.2
1961 | Kita-Mino 7.0
1964 | Niigata 7.5
1968 | Tokachi 7.9
1978 | lzu Ohsima Kinkai 7.0
1978 | Miyagi-OKki 7.4
1982 | Uraga-Oki 7.1
1983 | Nihonkai-Chubu 7.7
1993 | Hokaido-Nansei-Oki 7.8
1995 | Hyogo-ken Nambu 7.2
2000 | Tottoki-ken Seibu 7.3

2003 | Sanriku-Minami 7.0
2003 | Tokachi-Oki 8.0
2004 | Niigata-ken Chuetsu 6.8
2007 | Niigata-ken Chuetsu-Oki| 6.8
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2011 Great East Japan EQ.

Earthqguakes over M 7 hit the East Japan Area 4 times a day!!!

Many after shocks hit the disaster area again and again.
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Damage due to main shock

1995 Hyogo-ken Nambu EQ. ‘ 2011 Great East Japan EQ.‘

Shear Failure Bending Failure

~ > ~

brittle failure ductile failure

CountermeasureWorks =25 t0 repair
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After shock
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Almost the same scale after shock occurred in 7th April.

”;J'\" Railway Technical Research Institute




Damage due to After shock

3.11 after main shock

ifter shock
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Damage of the Nagamachi viaduct
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Damage of the Nagamachi viaduct

Tohoku
Shinkansen , ..
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Tohoku Line
Local Service
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Damage due to seismic wave

Tohoku Shinkansen - Tohoku line Local service
Designed with the old Standard Designed with the Current Standard
In 1970s.
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Diate; October:2011
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Soll Liguefaction
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Many electric poles collapsed due to seismic intensity.

¥

Restoration took long time as compared with other structures.
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Damage due to After shock

| Main shock (11t March) After shock (7t April)
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Referred from Web site of JR East (http://www.jreast.co.jp/press/earthquake/index.html)
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Damage due to After shock
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Damages of Tohoku Shinkansen

Shin-Aomori St.

22th March }——

w4 Morioka St.

BEFE

A 7t April

29th March Ichinoseki St.

%;3‘_
j = Sendai St.

12th April

- Fukushima St.
2145 Nasu-Shiobara St.
FEE
Ohmiya St. | 15th March
e
B
12th March [~
¢ Damaged Structures
3¢ Damaged Electric Poles
Tokyo St.

http://www.jreast.co.jp/pdf/restore02.pdf
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Damage of Local Lines

Shin-Aomori St.| % )

_ RS Attacked by Tusnami
Hachinohe St. —ﬂj —
1\,_.,_.«-— x % F—— JR Hachinohe Line

Morioka St. - QL " NS e

“-,\ /-ﬁs'm,\g_% _— JR Yamada Line

3" /~ B _ JR Kesennuma Line

_— JR Senseki Line

Sendai St.

Field Trip Area

Fukushima St.

http://www.jreast.co.jp/pdf/restore02.pdf

J? Railway Technical Research Institute 15




Damage by Tsunami

'-{’:a-.

IR Yamadﬁa Line
Heigawa Bridge

The bridge girder was washed away
by Tsunami.
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Damage by Tsunami

Tsuyagawa Bridge

The bridge girder was washed away
and the piers were overturned
by force of Tsunami.
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Damage by Tsunami

Some rigid flame viaducts
bore tsunami.

J? Railway Technical Research Institute 18




by Tsunami

No passengers on the trains were killed.

Train Crews properly guided passengers
to refuge from Tsunami.
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Soll Liquefaction

—~ 1000 2011 Great East Japan EQ. )
g Tokyo Bay(K-NET URAYASU)
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Comparison between 2011 Great East Japan EQ. and 1995 Hyogo-ken Nambu EQ.
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Soll Liguefaction

We are here now,

------- wrrrL o

4 :Jnlglm 3 < ’\' TEIL P B
i )1
s e TR i R » de N ‘ @E@%‘. . IEH‘EPT A5  E3PA |
(¢ “ A -»..;r- B o e B Hinal i) @I 1
_ 1 A Y Tk E i
Suldobashu Bkl el PRI \ Barakinak !
||daha '__ 3 EE Kameidosuijin b R ) ArRnAkayams
EEI . 4», Ey Ak,mhnm »ég%’ o hashiDo  ERIEY imk ) Ketvo R i ;i Fiken
A {uramae-nas = . PR\ & i
\) Kame do - # BT g ) L & FEE
..E.Hc 0chan£rin;z Ryo’glqku . D= Klnshlcho y = ﬁﬁ"éﬁ : ~ . Kafyo RO = ® b =
X e ( wwm Lp &0 F
ﬁ] T Bt X A Edogawa & Myod F
; — \ L S5k 5 . Myoden - ute
q T I, Tok O St L w | HIQHSI‘IID*III“I&G wTH—h WL 2 Bﬂ‘n o
I/t y Pl ® ¥ _siiul— g ik e x =Y X
e - 3 | o b
s o ¥ mETE | i 3 &HIH e
s Tokyo Lr\- = FERA ":.-!..l;SnJ-D-Ii-'?C?} I|I f X : [ .-Gyotok;}m X
gﬁ : HHICT > | 5 WD g %
LEAS 3 A | 2 X 2
: = ~ \ | = i Tl
ERTE F._ F T _}. > -'r'J.J_«T.'.d'Q:'E._. s ﬁ?ﬁxﬁﬁ u
,g ‘l'urnkur;“-li\fo rpm_f'_j ' ’(Q’ﬁ,-j == - - féﬁ :_F ; ]
I 2| JR Keiyo L —
& S,
-3y <] Chuo e oy elyO Ine
x - Shi U St.
Shmbashn' B di X 7 S | n I'a aSU
il B # il S s =
}n /Shiodome = g B TRREE T
5 i o EwmEy— .
=S i)
o . About 12km
N Toyosu'g
[ Th
Shintoyosu/” Kotd ®ozi= From TOkyO St.
F L + o
O : /E' stiba
Shomee & Kasair
piE f EMPA BT TE EEFH—PA
}5 I a'““‘ uto e £ Ariake Tennis, _w Shinonome iy
Nomori L L e )
'nurn @ HEF =A% GRE2 . T,
5 f,'j,'; RS, Ariake g '
1. = n,mg o= HH
" g & JEEIC mKokusaitenjijoseimon EMG
nagawa rzwm B | ERETIER L A
EATT BiSkniba o WA
j) = Tennozu M Aomip o i
3 Isle’ | i ERER o
e x;ﬂ'r T 2] e 1T =
,Tb\ Funenokagakukan b =
A 2, Tokyo Disney Resort
om0 R T O yO |Sn ey eSOr N~———
\ Cantar

J? Railway Technical Research Institute

Heavy liquefaction area
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Heavy Sand boil

Soll Liguefactio
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Uplift of manhole




Soll Liguefaction

No damage was observed in viaducts which runs at heavy liguefaction area
Because viaducts were designed in consideration of liquefaction in 1970s.
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Urgent Earthqguake Detection & Alarm System

Running Simulation of a train
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Urgent Earthquake Detection & Alarm System

Arrival of S-wave

Detection of P-wave q {\
‘ /\
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Alarm

Stop train running

Before big shock

N Estimate of Magnitude :
A T gy ® And Locatlon of Focus

- Estimate of ‘ Power J

’ Damage shut down
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A New System for Early Earthquake Warning

AOOUE LG | \ ¢ Japan )
Japan - Meteorological
Meteorological 4 Agency
Agency Seismic
Seismic Statlons P-wave Sensor
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Railway
companies

Train control
system,etc
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Several seconds after
earthquake detected

Feeding current cut off
‘ trains stopped
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Anew method of estimating
epicenter distance and magnitude
P-wave detected

1 | Amplification rate
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Deraillment

Simulation software named “DIASTARS"
Dynamic Interaction Analysis for
Shinkansen Train And Railway Structures

Viaduct behaviors Truck behavior
TOUKAMACHI-BL FRs ey MTOUKAMACHI-E

SHINKANSEN LINE DUHOKD SHIKKAMSEN LIN
IHS'I'I 3, IISPLACEMENT = 15 N3, STEP-3, DISPLACEMEN

DS == I 0.00 i
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Damage of railway structures due to 2011 Great East Japan EQ.
was relatively small
because of proper countermeasure works and seismic design method.

Some characteristic damages were observed, such as
Damage due to after shocks
Damage of electric power poles
Liguefaction due to low acceleration and long duration earthquake
Tsunami Attack.
Now, we have investigated causes and mechanisms of such phenomena.
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