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Japan
1891 MNobi Earthquake (MB.0; hypocenter directly below)
1923 Greai Kanio Earthguake (M7.9; hypocenter under sea amd directly
below)
Great fires occurred
Design seismic coefMicient: 0.1
Road bridge specifications developed
Design seismic coefMicient: 0.2
Tottori Earthguake (M7.2; hypocenter directly below)
Tonankai Earthguake (M7.9; hypocenter under sea)
Mikawa Earthgquake (M6&.8; hypocenter directly below)
Fukui Earthquake (M7.1; hypocenter directly below)
SMAC developed; Aseismic design codes established
Highway bridge specifications developed
Design seismic cocfficient: 0.1-0.35
Niigata Earthguake (M7.5; hypocenter under sea)
Liguefaction failures occurred
Tokachioki Earthquake (M7.9; hypocenter under sea)
Motion recorded at Hachinohe; RC columns sheared and destroyved
Aseismic design section of road bridge specifications developed
Design seismic coefficient: 0.1-0.24
Modified seismic coefficient introduced
Building Standards Act stipulates that shear reinforcing bars be
stremgthened
Miyagiken-oki Earthquake (M7.4; hypocenter under sea)
Lifelines disrupted
Highway bridge specifications developed (proposed new aseismic
design act) Ductility requirement examined
Building Standards Act stipulates bearing capacity and duoctility
requirement
Design seismic Earthquake (M7.7; hypocenter under sea)
Long-cycle earthgquake waves nbserved
Kojima-Sakaide route of Honshu-Shikoku Bridges completed
Highway bridge specifications
Aseismic design spectrum revised; dynamic analysis; bearing capacity;
and possible occurrence of earthguakes three times as stromg as
previous ones taken into consideration
Design seismic coefficient 1.0 (inelastic design)
Base-isolated structure studied and buwildimgs comstirucied based on
such structare
Manual for base-isolated design of highway bridges prepared
Kushiro Earthgquake (M7.8; hypocenter under sea)
Hokkaido Nanseioki Earthquake (M7.8; hypocenter under sea)
Hokkaido Toho-oki Earthquake (MB.1; hypocenter under sea)
Sanriku Haruka-oki Earthquake (M7.5; hypocenter under sea)
Hyogo-ken MNanbu (Southern Hyogo) earthgquake (M7.2; hypocenier
directly below urban areas)

2011 Touhoku Eqg and Tsunami(M9.0

R O 2 [l DI




U.S. (and other countries)
1906 San Framcisco Earthguake({MB8.3; hypocenter directly below)
1933 Long Beach Earthguake
Imitial Strong motion recorded
Design seismic coefficient: .02 (Riley Act)
Bay Bridge completed
Golden Gate Bridge completed
Imperial Valley Earthgquake(™M7.1; hypocenter directly below)
Mothon recorded at El Centro
Design seismic coefficient: 0.06 (Uniform Building Codes)
First WCEE held in San Francisco
1-880 Cypress viaduct completed
San Fernando Earthgquake (M6.6; hypocenter directly below)
RC columns sheared and destroyed; girders fell down; lifelines
disrupted
AASHTO, Interim Spec., Bridges
Design seismic coefficient: 0.5 (inelastic design)
Earthquake retrofitting initiated
Girders connected
ATC-6
AASHTO, CALTRANS

Mexico Earthgquake (M8.1; hypocenter under sea)

Structures collapsed due to two-second resonance

Loma Prieta (San Francisco)

Earthquake (M7.1; hypocenter under sea)

IDNDR started

Philippines Earthquake (7.8; hypocenter under sea and

directly below)

Northridge Earthquake (M6.8; hypocenter direcily below); this
earthquake's hypocenter was directly below the urban areas it struck;
marked by great acceleration and velocity

2004 Sumatra Eq and Tsunami(M9.0)
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(b) Hybrid Analysis

Load Test
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KOBE EARTHQUAKE (KOBZ JMA RECORD)
N-5 Component

Evolutionary Power Spectrum
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EL CENTRO EARTHQUAKE
N-S Component

Evolutionary Power Spectrum
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M9.0 Andaman - Nicobar Islands Earthquake of

26 December 2004
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Yes
3%

No
97%

Knew if tsunami would come?

lemura et al., 2005

Knowledge on tsunami was low
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Estimated water velocity that
causes a bridge to move

Area of attack, A =48.51 m?

Mass of 3 girders + 1 deck, m= 227,264 kg
Weight, W=mx g = 2,227,187 Newton g=98nms
Resigting force, F;= W X 1 = 668,156 Newton  x=0.3m/s

Fluid drag force, Fy= 0.5pC4V2A = F; (bridge start moving)

oF
v= | o [ 2XOBIB oo =190 kmh
PC,A  V1000x1.0x48.51

Considering water uplift force, the velocity is calculated as:
Vi = 0.775% 19.0 = 14.7 km/h




Our Research and
Implementation Activities

o Water Channel Experiments of Tsunami
Attack




Experiments on Tsunami Force
on a Bridge

Japan Earthquake and Tsunami Team
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Bl Bearings at the Bottom of Bridge Piers




Bridge Model for Dynamic Analysis
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Hybrid Loading System for Combined Loads
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B

M X(t) + Cx(t) + K x(t) = Du(t) + Ef (t)

M, C, and K : Mass, Damping, and Siffness Matrices
X(t) : displacement vector

f(t) : external excitation vector

u(t) : control force vector

D : location matrix of the control force
E : location matrix of the external excitation

(1)
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F(h, vr) = sgn(vr) {( 5?\532 + 307.2jvr2 + 0.6}




Structure under dynamic

loading
(representation In state-space
equation)

Equation (1) can be rewritten using state-
space representation:

2(t) = Az(t) + Bu(t) + Hf (t),  z(0)=2z,

where: ~ x(t)} ~ 0 I
O {X(t) A {—M K -M '&3}

i e
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Objective function for the optimal control
problem is &ime integral of the sum of
transient energy and control energy
expressed as functions of time:

J=[' [ 0Qz(®) +uT ()Ru() ot

Y Y
transient control

energy energy
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* lemura et al., 2001
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e A structure is connected to the virtual fixed point through a dashpot.
 Even in an earthquake, the fixed point never moves like sky.

e So this system s called ‘Skyhook System.’

o Skyhook System can reduce absolute response.

o Of course, the fixed point is just ideal.

« Skyhook control is the method to control a groundhook damper to
Bollor\]/v the target load that would be generated by the skyhook
ashpot.
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Hysteretic loop with horizontal axis Hysteretic loop with horizontal axis
of absolute displacement of relative displacement

Damper load is proportional to
absolute velocity.
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