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Three-Dimensional Full-Scale Earthquake Testing Facility
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Verification of Actual Performance of Technologies Developed for Enha
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Aiming to contribute to mitigation of damage to structures during a major earthquake

The 1995 Hyogoken-Nanbu (Kobe) Earthquake caused
devastating damage to buildings, bridges, roads, harbors
and many other structures. This unprecedented disaster
made it imperative to revise the evaluation methods
concerning seismic capacities, for which research on
the failure/collapse process of structures was essential.
In order to obtain sufficient relevant data regarding such
process, a new institution with functions that no other
existing facilities have became necessary. This is how the
Hyogo Earthquake Engineering Research Center (E-Defense)
was founded.

E-Defense is able to accommodate the testing of two
full-scale houses or medium-rise buildings, and allows
detailed studies regarding the process of their first response,
subsequent damage and collapse, by directly applying to
the buildings, three-dimensional forces equivalent to the
level of the Hyogoken-Nanbu Earthquake. Being the only
facility capable of providing a system to test such process

on full-scale buildings, E-Defense represents the optimum :

means of verification for the enhancement of research,
development and implementation regarding the improvement
of seismic performance of structures.

Following the commencement of its operation,
E-Defense has conducted tests on various structures
ranging from houses and schools constructed of wood,
steel or reinforced concrete, to ground, bridges and high-rise
buildings, thereby accumulating significantly important
data for the reassurance of safety and improvement of
seismic performance. The fact that all these tests have

been successfully completed demonstrates that such
superlarge-scale experiments are feasible with E-Defense,
whose scale and capability are unequaled anywhere in the
world. In this regard also, its achievement is significant.

Through our research, we strive constantly to find the
most effective contribution possible for the alleviation of
seismic damage to structures, in order to ensure the safety
and peace of mind of all people.
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Shaking Table and Actuators

|I| EE)S 15MX20mM  shakingTable 15m x 20m

IKENIHREE (XTFTE:57K)  Horizontal Actuators (X-direction: 5 unts]
KENRRE (YA3[E):55)  Horizontal Actuators (Ydirection: 5 units)
[4] EENAREE (ZF5E:148)  vertical Actuators (Z-direction: 14 units)
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Most Sophisticated Capabilities to Shed Light on the Collapse P
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Experiment Building

With its three-dimensional shaking table, this building
represents the core function of E-Defense, and is
equipped with two 400-ton overhead cranes for the
assembling and disassembling of full-scale specimens.
Area: 5,200m? Height: 43m
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Operation Building

This building is equipped with control system equipment
for the three-dimensional shaking table, as well as an
experiment measuring system and video recording
system.
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Operation Building
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Hydraulic Unit Building

This building is equipped with hydraulic pumps,
accumulator units and gas engines that provide the power
for the three-dimensional shaking table. Particular
consideration was given to the gas engines regarding their
eco-friendliness and economical efficiency.

2 ; — i
Area: 4,700m* Height: 21m
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Accumulator units
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Preparation Building

This building is used for the preparation of specimens
and is equipped with a 150-ton crane for their assembling.
Area: 2,200m* Height: 29m
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Basic Specifications

i) 1t [
Item Specifications
RABHHEE
Eadmg Capac% 1,200 ton
B EE® 20mx 15m
E & #x =X T ¥ AL —HEE/BTUHEE
Driving Type Accumulator Charged / Electro-Hydraulic Servo Control
N R A A K F B
Shaking Direction Horizontal Vertical
BAIRE (RAEBEHE) 900cm/s? KA _E 1500cm/s? LA E
Max. Acceleration (at Max. Loading) than 900cm/s? than 1500cm/s?
e S 200 cmis 70 cmis
B A % M
lﬁzxv Displa?emgm +100 cm +50 cm
KFEE Y EEHEY
Overturning Yawing
HFRE—AVb 150MN-mLEL_E 40MN-mLEL_E
Moment (EE#980cm/s2NIRAS) (OKF 1 B ERA IR EZR)

150MN-m or more 40MN-m or more
(At Vertical 980cm/s2 Shaking) (At Max. horizontal acceleration)

Y5
OSRSEEY DRI I REF SRS
QAHEDZAL RE, IHREZ R TEDMIRAE
QM ERERE SR CEIE CE DIREIETF %
@REEY DB BN Z BREA S DT - BRITRE

EERAE(RIRINER

Preparation Building (exterior)

Shaking table

Features
(DLoading capability of full-scale structures

(2)Actuator capability for simulating
acceleration/velocity/displacement of major earthquakes

(3Excitation control system for effective collapse tests

(®Measuring and analyzing capability for evaluating the
dynamic behavior of large structures
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Clarifying the Failure/Collapse Process of Various Structures
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@ Clarification of the collapse process and development of new technology, for improvement of the seismic

performance of Wooden House

@ Clarification of the damage and collapse process of full-scale RC and steel-frame buildings

@ Clarification of the liquefaction/failure process of ground foundations using the model ground formed in a

special solid soil container

@ Development and verification of new reinforcement technologies by simulating the damage to bridge structures

@ \erification of the seismic behavior and functional maintenance of major urban facilities and infrastructure
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THIEFEDWEZZ (T IcEBEEET (BERFR- m\ﬁ
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Wooden House Tests

In order to reduce earthquake damage, it is vital to
ascertain the current state of buildings using earthquake
resistance diagnostics, and to then improve the quake
resistance of unfit buildings. Here, we are researching
seismic engineering such as full-scale experiments
targeting the many Wooden Houses that still remain in
urban areas. During fiscal year 2005/2006, as a research
commission on the "Special Project for Earthquake
Disaster Mitigation in Urban Areas" from the Ministry of
Education, Culture, Sports, Science and Technology,
E-Defense carried out shaking table tests to verify the
effect of seismic retrofitting on Wooden Houses (relocated
reinforced/non-reinforced, relocated/new traditional-style,
seismic rehabilitated and isolated), many of which
collapsed in the Hyogoken-Nanbu Earthquake.

BE- MECHEYRR

Test on relocated and new traditional-style houses

T R SRR

Test on reinforced and non-reinforced houses

BNEIR- RREYRR

Test on rehabilitated and seismic isolated house
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6-story specimen (2005) Shear failure of 1st-story column
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KERAIDF R

Specimen before shaking test

Buckled pile in the ground

Reinforced Concrete Building Tests

Reinforced concrete structures are amongst the most
representative building structures in Japan and are used for
buildings including schools, government buildings,
hospitals and condominiums. Having carried out full-scale
experiments in fiscal years 2005 and 2006 on RC buildings
of the 1970s, E-Defense is undertaking research with the
aim of establishing a structural engineering technology
which contributes to minimizing the loss of human lives.
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3-story specimen with seismic retrofitting

Ground-Pile Foundation Tests

Despite the fact that a large number of underground pile
foundations have been damaged during major
earthquakes, no observation has been made in terms of
the actual failure process. In order to understand the
mechanism of such process, E-Defense has succeeded in
simulating the seismic behavior of pile foundations by
applying seismic motion to a large model ground. Through
the accumulation and utilization of such test data, we aim
to contribute to the mitigation of damage and verification
of countermeasures.

EREBANTMI LBV —Y iR S ERESEY
The caisson revetment and pile foundation structure moved
seaward by more than T m

HBEPY TN S T2
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Evaluation of the Collapse Process, Seismic Performance/Safety Margin
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Steel-Frame Building Tests

To enhance the quake resistance of steel-frame buildings
(which account for 30% of general structures): projects
include, @ 'the complete collapse test of a full-scale fourstory
steel building specimen' to evaluate the seismic
performance of existing steel-frame buildings that conform
to current design standards; @ 'the dynamic test of a
full-scale five-story steel building with damper system' to
verify damping system capability under a not yet
experienced earthquake; and 3 'the test on an innovatively
equipped frame' to evaluate the new construction method
developed jointly with NEES (Network for Earthquake
Engineering Simulation) of the USA.

We also hold a blind analysis contest for each test in
order to enhance computational methods and modeling
technigues, and intend to contribute to improvement of the
seismic capacity of steel buildings from the analytical point
of view.

TER M SRR

RIS OO ERIR. 1995 RERAHIHET
%4E LT ROIBMID BRI X 0 = X L& B3 L. TR DI
ZEBIHIC. EAEHORBIIRRR L 7RI, KE
NEES& & BB RN SMHRES 2T o CLF T
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1970FICEF SN RCIEM (BELIEL) R EUICRER
Test of RC bridge piers constructed during the 1970s
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Following 1st excitation
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4-story full-scale steel building following test

AINR—F A TEBMNE T — LADEAEER
The test on an innovatively equipped frame

FRELER (A

Specimen with damping systems

Bridge Structure Tests

Bridges are lifelines between cities and localities. Based
on an analysis made on the collapse mechanism of RC
bridge piers subjected to the 1995 Hyogoken-Nanbu
Earthquake, shaking table tests are conducted on full-scale
bridge piers. E-Defense has been collaborating with NEES
regarding effective seismic research.

L i ok
LREEUSTEARMREUI S 7 —MEH
RC pier with shear failure at the upper cut off area

BOENRE

Following 2nd excitation
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of Urban Facilities and Infrastructure
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ARGER

Full view of specimen

REFALHERE)C L DWFERMROIAFFHEFE
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Research Project on Damage Reduction
Measure for Long-Period Ground Motion

Targeting high-rise buildings deemed vulnerable to
serious damage in cases of long-period ground motion
following the Tokai, Tonankai and/or Nankai earthquakes,
E-Defense carries out the quake resistance evaluation of
such buildings and R&D related to reducing anticipated
damage.

Special Project for Earthquake Disaster
Mitigation in the Tokyo Metropolitan Area

With the aim of drastically mitigating damage caused by the
anticipated massive nearfield earthquake in Tokyo and
maintenance of the capital's function, the "Special Project for
Earthquake Disaster Mitigation in Tokyo" began in June 2007 as a
five-year project. E-Defense is engaged in one of its sub-projects
"Evaluation and Assurance of Safety and Functionality of Urban
Infrastructure”.

Research Project on Assesment of Functionality
in Medical and Telecommunication Facilities

E-Defense carries out research and development
concerning the functional maintenance and improvement
of seismic performance of vital facilities including medical
institutions, which play an emergency life-saving and
supporting role following earthquakes.

10 XipiRe =

X-ray room

2 1 RYVIRT—3Y
Staff station

3 FhE 4k W=

Operating room Sickroom

S P
Welding break at end of girder after test

RERL R B IR ERRRIA (HEK)
Welding break at end of girder after
test (enlarged)

Specimen modeled High-Rise Buildings

8
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E-Defense Promotes New Forms of Research and Advanced Numerical

HEHR

E-T4 VA E EREBERIDBHCEFIFZRWV
[ERREHEBEM AR EU T RZ REMREEZ (LU
HEEZR REMAEBEDOHRNZET T HUWLERD
HEMRRZHELET T,

Joint Research

As a 'globally accessible communal facility’, E-Defense
promotes unique collaborative research activities together
with universities and public research organizations as well
as related academic community and private research
institutions both in Japan and overseas.

E AR

M ORI PSR ER LS B BT
5. A REFR P IS A EE- T I TY RBERL
B AR L TLFT

Domestic Joint Research

In order to improve the seismic
performance of structures and
disaster prevention capability,
E-Defense is conducting joint
research with public and private
research organizations and local
governments.

ARGER

Full view of specimen

EREDEZEENGTE
Interior of bedroom following test

HEEES (E—Simulator)
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BANOHEEEDHEIIRRZHEL TWLET, FFlC7 XU
NERFE-T4T1 AENEES(Network for Earthquake
Engineering Simulation) (CBIF2METLFRE:EREE
ZHEBEICAEMEALE T,

International Joint Research
E-Defense promotes joint
research with earthquake-prone
overseas countries. It has a
particularly strong tie with NEES of
the USA, and both parties
effectively utilize each other's
earthquake engineering test
facilities on a reciprocal basis.

AZUF7 EDHEZ
Japan-Italy collaboration project

NEES/E-Defense HERRRZ
NEES/E-Defense joint research conference

L[ #EREE(E—Simulator) | DFREFEZED TLE T, =
Numerical Shaking Table (E-Simulator) ;
E-Defense is developing a i
numerical simulation system
"E-Simulator" that can provide
highly accurate analysis of
the failure process of various
structures.
31 EETBRELILDOIRITTIV FRATHESR

3-D model of 31-story high-rise building

Results of numerical analysis

RARHEEY =2
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Application for Utilization of E-Defense

The utilization of E-Defense will be promoted on our
website usually in about December and January, for the
following fiscal year. Upon receipt of an application, it is
discussed and assessed by the E-Defense Utilization
Committee.

FRARE

Utilization Fees

HRleERE A=
CRERRHREREAN+—IEEE HHEN

Facility utilization Fee =
Occupancy Fee + Test Fee + Administration Fee + Consumption Tax

GHEERAS=

(1 BHOBMXEEEH) XEEE

Occupancy Fee =

Unit Price per Day x Number of Days of Occupancy x Charging Rate

SKERERE=

A EHFKEHERERE Hem R B AR
KEKBHIEE B ZEIH T ESCHEELDFT T,

Test Fee =

Costs: Labor + Utilities + Supplies + Equipment

The utilities fee is charged for the days when the shaking table is in
operation.

XiEERAERTE (1 BE/CDBM) NOSRRERHISMIESE
RBELENET,

The costs regarding maintenance of the facility (unit price per day)

and the test fee are reviewed each year.

(FHBREDIENE. B WEBIFSHEEA)

Costs regarding construction, transportation and removal of specimen are not included.
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From Application to Utilization of E-Defense

FIARAEDRL (12AL8)

Submission of application
(Arround Dec.)

E-S4 71V ATIREESR
[CBIF2FATEDE:=

Deliberation by E-Defense
Utilization Committee

EEEROEE (1 BtE)
l Notification of result of the

deliberation (Arround Jan.)

R 22 DS
Conclusion of research
contract

SERETEEORE (158)

Submission of test plan
(one month prior to test)

SRERDRE

Execution of test

ﬁ‘j E-Defense
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The Nickname "E-Defense" and Symbol

The three-dimensional full-scale earthquake testing facility is
nicknamed "E-Defense". The letter E represents the earth,
suggesting the critical need for the promotion of research
and development regarding the mitigation of earthquake
disasters and protection of lives and property on a global
scale. The symbol, selected from proposals submitted by
members of the public, represents earth rupture and
earthquake, while the three colors suggest the three-
dimensional motion that can be reproduced by E-Defense.
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