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Synopsis
Software Development

Based on a recent review of system identification, there is a number of promising
methodologies corresponding to the system identification such as an adaptive H infinity
and Kalman filter, a neural network with forgetting capability of network structure, a
conditional identification algorithm of temporal and spatial fields, an identification
algorithm to identify the chaotic time series. In this project we develop an efficient time-
marching identification algorithm to be able to use for identifying non-linear and non-
stationary structural systems. The robustness is included in developed identification
algorithms to lessen the effect of the large modeling uncertainty associated with most
structural members (hysteretic behavior, yielding, fracture, etc.) on the result of structural
identification. Both parametric as well as non-parametric system identification
technologies are also developed suitable to deal with highly nonlinear and time varying
systems.

Hardware Development

A portable censoring and signal processing system is developed for health monitoring
of civil structures with the intent of detecting specific modes of damage and failure. The
system developed is an integrated computer-aided system to detect the deterioration due
to the secular change of structural system based on a prototype integrated real-time
monitoring system to detect post-earthquake structural damage. Although there has been a
considerable amount of research on health monitoring of structures, there has been very
little work on remote monitoring of damage in large civil structures. In this project we
target a novel approach using smart sensors and wireless communication technology to
monitor the health of large civil structures remotely. Not only velocity type seismometers
but carbon fiber strain sensor and optical fiber sensors are used to monitor the seismic
and microtremor response of structural systems. To identify internal defects visually,
stack imaging of spectral amplitudes based on the impact echo is developed. In
order to estimate the damage degree of concrete from core samples, the rate process

analysis of acoustic emission (AE) activity is proposed and examined.
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Synopsis

3-D full-scale earthquake testing facility was planned and is now under construction in the
city of Miki in Hyogo Prefecture. Since no similar facility has been built to test destruction,
the necessity of enhancing the procedures of the shaking-table operation and controls has
been highlighted. Therefore, in this study, the performance and control methods to achieve
stable and proper shaking-table motion when the testing model on the shaking-table will
progress through the collapsing and destroying range during such an operation, will be
investigated. From this study, a guideline for the optimizing the shaking-table operation

and control methods to reproduce the target wave will be made.
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Synopsis

The world largest shake table is now being constructed in Japan to clarify fracturing or
breakdown process of structures. However, it is difficult to measure these processes by
using conventional measurement methods, because the measurement of enormously large
dynamic displacement will be the key to a solution. In this study, the R&D will be carried
out for the measurement method of fracturing or breakdown process by applying a motion
capture technique, which has been mainly studied for modeling‘of human motions, and a
dynamic position measurement using the radio wave. In shake table tests, moreover, it is
considered to be important to clarify the total input energy into the test structures to
evaluate the structural fracturing process. However, any accurate measurement method
regarding this has not been established yet. This study also examines to enhance the
seismic design method by measuring and evaluating the total input energy into the

structures during the shake table tests.
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Synopsis
More than five thousands and five hundreds lives were directly lost in
the Great Hanshin-Awaji Earthquake. The majority of fatalities were crushed
to death under completely collapsed wooden buildings. However, we have
not any research reports about the causes of death and the process to death.
" In this report, we compiled human hazard data sets in the Great Hanshin-
Awaji Earthquake and tried to clarify the relations of each fatality to damage,
use and structure of buildings that was living the fatality before the

earthquake.
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Synopsis
Many types of steel structures were collapsed or failed by strong motion in Great
Hanshin-Awaji Earthquake Disaster. Some of them were observed to be brittle fracture of
steel components. This type of failure could cause collapse of whole structure and is one
of the most important failure modes of structure. There have been many studies on seismic
behaviour of steel structures, but the brittle failure process of real size structure or
components are not yet become clear.

The mechanism of such brittle failure of real size structure will be finally verified using
large test system such as 3-D large scale shaking table under construction. In order to
perform effective large verification test in future, the failure process model of material,
member element and basic frame must be established using real size components. Then
this study aims to realize the brittle failure of large size steel structure components by
experiment and obtain the parameter effects on fracture. The large size basic frame test
will be contucetd using the large scale shaking table and inertial force loading equipment
in 2001 fiscal year. The test results will be compared with analytical estimations and

applied to failure process modeling.
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Synopsis

Many steel structures were damaged on Hanshin-Awaji great earthquake of January 17,
1995. One typical example was the buckling of steel columns in highways and another
was the brittle fracture of steel box columns in high-rise buildings. This study aims at
developing method of evaluéting toughness for steel structural components from Charpy
impact test and fracture analysis in Charpy specimens.

Charpy impact tests were carried out for SM490A steel on the market. In parallel to
this, fracture surface of Charpy impact specimens were observed by a scanning electron
microscope '(SEM). Ductile fracture specified by dimples was formed ahead of brittle
fracture in Charpy impact specimens. The relationship between the Charpy absorbed
energy and the ductile crack depth from notch root for Charpy impact specimens was
independent of the material and temperature without the upper shelf region.

The relationship between the Charpy impact specimen and the large specimen was
discussed using the previous results of full scale shaking table tests of beam-to-column
welded connections under loading simulated Hanshin-Awaji earthquake. Based on the
results, we proposed that when the ductile crack depth of large specimen was the same that
of Charpy impact specimen, the toughness of large specimens was evaluated as the Charpy
absorbed energy.

Materials and specimens for SM490A steel with different toughness compared with
above steel were manufactured. Furthermore, low temperatures test chamber for test of
fracture toughness was also manufactured. At present, Charpy impact tests and SEM

fractography are calrying out.
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Synopsis

The main aim of this study is to make clear the occurrence of failure initiation at some
parts of a large scale building, in the transient state, under strong near source earthquakes,
and to elucidate the mechanism and process of the failure.

Dynamic behavior of a tall-building-model under violent simultaneous horizontal and
vertical excitation due to a strong near source earthquake was studied focussing mainly on
the initial transient behavior, based on the numerical simulations by using computer codes
MSC/DYTRAN and DYNA 2D, 3D, respectively. It was found that stress of value about
0.9 time of dynamic yield strength of the column material occurred in some columns of the
building at the initial transient state, and a high stress concentration was observed in the
location near the connection part of the column with rib. These results show very
possibility that a high stress sufficient to lead to the initiation of fracture can be reached in
some parts of the tall building, at the initial transient state.

To study the dynamic behavior of large scale steel structures due to a strong earthquake
and to analyze a fracture initiation and propagation, it is important to know the rate
dependence of the material properties covering wide ranges of strain rates of 10°~10% s

and strain. A practical constitutive equation covering the wide ranges of strain rates and
strain which can be used in the simulations of the dynamic behavior of steel structures and
in the fracture analysis of materials was introduced. Experiments were performed to obtain
the rate dependence of tensile stress-strain curves of high and low toughness steels and of

welding elements of steels. The obtained results are presented.
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Synopsis

There are four sub-items in this research project about Establishment of Seismic
Performance Index of Structure Elements of Buildings. The axial compression tests on
the concrete cylinders with strain rate were implemented in the research item 1) on the
effect of strain rate on stress-strain relation of confined concrete. The static loading
tests on beam-column joints were carried out in the item 2) of the damage assessment on
beam-to-column joint of RC structures. The substructure pseudo dynamic test on a six-
storied model structure was finished in the item 3) of the seismic behavior of RC
buildings with soft first story. The seismic observation of an existing building in
Odawara-city in Kanagawa prefecture has been commenced in the item 4) of the soil-
structure interaction assessment of existing buildings. This paper reports the results of

the four research items obtained in the year of 1999.
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3.3.5 BHOBIXAEMRA L RBHRSGZOMER
(1) REBELOEREZEE L-EBHOMIERED RN

IR MR
BERA TABISERT

F—7—F
AT Yy FEBRER, BESERN, RERARR, MRER, Bk — KRR

Synopsis

In this paper, we examine the applicability of hybrid vibration experiment to
study seismic response of bridge-soil system that consists of superstructure, pier,
foundation and surrounding ground. The hybrid vibration experiment combines
shaking table test and numerical response analysis, and the merit of this experiment
is that only a part of structure whose seismic behavior is unknown or complicated is
necessary to be actually modeled and the rest of structure is numerically modeled.
In the present study, we introduce an actual specimen for soil-foundation system.
The validity of ﬁybrid vibration experiment for the whole bridge system is

demonstrated.
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ERBTAELHRD, BROMERII—RIC LEEE (B — LS L EfiE
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WHEETZOEBALHLTHY, HFITHED LIE—FNBREFERICA-T2BAIIE. £D
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HERUBEIS2BEETNVICBE &R X, IREFESEM 2 s — A G R % TR
BE LTERETo 72, REIERTIIANK LB LS ETHRREERERRE Lz
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(2) B — B LOERZEEL-BHOBEREORTNVTIR
SEAFRBEE BEEREHASH
F—J—F BHERE, —KRTABERETTIN, ZHARET N, BIRMFET

Synopsis
The objective of this study is to contribute to development of optimum strengthening for
bridge piers and foundations and to advance in skill of simulating a bridge—soil system which
would be damaged during earthquakes. Being the first year of the study, objects of study are
bridge that has been designed according to Specification for Highway Bridge(1996) and a
modeled specimen for shaking table tests. Those are modeled using a numerical model and the

dynamic response analysis is performed. A seismic behavior of the bridge—soil system is found.

HREOEE
1995 RERFHHE TIHE OBBIEEVPE L. T0%, BHOMRIILVE
WEIMEREX AT EEERE LT, AMICHIRCRBBME LB EMTEHEICL - TT
LRTETWS. Z0X D RFEICL Y RS W= BRI RE MMM oW T
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RHEBC R T B 7 DITI, BHESEAROF THEBNARBEICRES SN L IZER
L, 2R L LTEMHRBELRITAZENPLETHS. LIAN0, Z0L)REHE
WP ERT S LT, EROHEZSDEL2EROHEBROBEGARZMITHIOEER
SFEFTBZERIVEFRETHS. 2T, HEBROBH — L8 — RS EROHEE
BREVIaL—Va T AEINPEREL, REFRFEORRBICETIZEEANL
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AL, ZOZ &, BMAEROKER»LEYOEGEZHET HERIC, EREHED
BEWEBRITARETHDHIEETRLTWS.
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2

FEOTRBERY  BSRE LARRRRT, REMAFEILFEE

F—TU—F BH, #EE, MREE, RERR

Synopsis

This report introduces idealized reinforced concrete column structures which will
exhibit better seismic performance in ductile manner than conventional reinforced
concrete columns. The displacement capacity is represented by curvature, plastic
hinge length and base rotation induced by strain penetration of longitudinal
reinforcement into footing. Curvature capacity can be enhanced by placing transverse
reinforcement for confinement. Other options for improving seismic performance are
to enlarge plastic hinge length, and to deepen strain penetration and thus prevent
serious damage to column bodies. On the other hand, the residual displacement
developed in bridge columns affects the reparability of the columns after an
earthquake. To mitigate the effect of the residual displacement, new reinforced
concrete structure with high strength core-bars was created. Structural details for
these options were studied and the effectiveness of the structures were examined
through cyclic loading tests. Test results showed that the extension of the plastic
hinge length was controllable by means of balancing flexural strength and moment

action. A partial unbonding of longitudinal reinforcement in the footing significantly

" increased base rotation and consequently prevented damage to column section.

Furthermore, it was found that the high strength core-bars improved the degrading
property of the lateral force-displacement response and thus reduced the residual

displacement.

HEOEZ

HEHa 7 V- FPEBHOMEBEREZRTRAROLEELLTE, MHLER
HEPILSAVLOR TS, RERERHMBIILIIBAERRIG, EHMEL
ZRLEMEBERHOEEMNBREIN, BHOBRILEFEFTIHAILBNT
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Rofe, BB 7 ) —FHHICH L TERHELZEDIBENLRIFRLLT
i, B U UVHBRIIBWTHSHOTHRESB 2 EREB T A HFEN —KH
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TOFEHHELRELAREKCLIEAXRERNERICIVRET S, £, R
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(1) RABHBOEHEER(ICH 1T ZMBERAE - SHRETORR

SRATRME BERWNT ARFERWNHER

anl

F—T—F:  ik{k, fafE, BN, RAER, PEEE

Synopsis
In the project “ The method of preparation for model ground in large-scale shaking tests”,
the following subjects are focused on: 1) Sonic wave method using hydro-phones is developed
for determination of P-wave velocity of partly saturated sand, 2) New method using a submerged
vibrating screen is presented for model soils to be fully saturated, 3) New system using plastic

plates and rotational meters is presented liquefied soils displacements.

MROER .

KRB+ HERBY ERRITAB LR 2 72370, B - HUBRORE A b = X L ORI A5
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2) BANLHEER-SRTEEERTEORMR
SRRRME BAKES BETYHER
F—— K AN, EEME RRHEROER, KR

Synopsis
It is necessary to confine the soil foundation within finite boundaries in order to carry out
model tests for geotechnical purposes, liquefaction of soil foundation and interaction behavior
between soil and structure, etc.
The boundary effects of soil container’s wall are serious problem on mechanical behavior of
soil and stress-strain behavior of structure into the foundation.

In order to use the laboratory tests for soil foundation exciting the two directional shaking, a
stacked ring device was designed to carry out in the laboratory setting. And stacked ring
confinement was used in some tests to reveal the mechanical behavior of buried structure in
liquefied soil under shaking.

It appears that stacked ring confinement is very useful for the shaking table tests and there
still are some unresolved problems conceming the soil movement under liquefaction and the

behavior of structure.
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F—0J—F  ikikie, fatnt, MR, HEIER KBEREAERR, W
Synopsis

The aims of this study are to investigate the lateral ground flow mechanism due to liquefaction

and to create the method of its prediction. Three types of research works were carried out.

1) 1G medium sized shaking table tests: The effect of the cover soil depth on the flow
characteristics was shown. The similitude law for the model tests was indicated.

2) Small sized shaking table tests in the centrifuge: The flow characteristics were dependent on
the magnitude of confining pressure.

3) Torsion shear tests on liquefied sands: Although the measurement results of the flow
characteristics were scattered, the viscosity constant of liquefied sand is dependent on the confining

pressure.
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SHORRA
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F—T—F W, W5FE, #Rl, SRR

Synopsis
The responsés of piles installed in the ground where an upper layer laterally flows relatively to
a lower layer are examined by experimental study. In the experimenf, the lateral flow of the
upper to the lower layer is simulated by pulling out the base of the sand box statically. The model
ground is consisted of the healthy upper layer of 50cm thick and the weak lower layer of 30cm
thick. Discussion as to the effect of the strength ratio of the upper and lower layers and the

interval of piles to the responses of piles is made.
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2) BRIEBLIVCRAREICZ & ZMEROBZREOHEH
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Synopsis
This paper presents the bending characteristics up to the ultimate state of PHC piles subjected
to compressive and tensile axial loads. The diameters of the piles are 400mm, 600mm, and
800mm, which are commonly used. The relationships between bending moments-deflections and
bending moments—curvatures are examined with respected to the axial load. The results will

‘provide useful information for the ultimate state design of pile foundations.
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Synopsis , .

The purpose of this study is to investigate the capability to evaluate the extemnal force acting
on a pile from lateral flow of liquefied layer by centrifugal tests. In the test, a steel pile model
was used of which boundary condition was fixed at the pile tip and free at the pile head. The
external force acting on the pile was obtained frdm the strain induced in the pile model. The
relative density of the saturated sand layer was changed to investigate the effect of it to the

external force.
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Synopsis
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The purpose of this study is to investigate the requirement of a computer program with which
the ultimate behavior of a pile foundation subjected to liquefaction-induced lateral spreading is
simulated. To simulate the behavior, the program can treat nonlinear material characteristics of
pile as well as soil, besides, geometrical nonlinearity of the pile must be also treated. From this
point of view, the requirement to meet them was summarized and an existing computer program

was modified to partially meet the requirement.

HROEH

MBI X - TRIRIEBFBAEL, TOHMBIRAFICHENT 2 L EBRSRKREELELT
HBIEPBREOEEBEFLVPALIZENR TS, ZORBREEERRIZBHFNEY, b
HVIEL EHEETHITIE, MEROREIESETOBRBEMEAL, ThiEIV
TEENREEMNBELHFE L RTNIT RS20,

L L7220 SEIRIE A DRIFFRBHC B L CIXBEBAICHRER R SN TWA BT
HY, MEROMBEICEDS E TOERNTRICHAINTHNDDITTITRY. T8k
ERT, BRIEOBESCHBOMG RS, X 5IIIMOBITHRERRSBEANICITbR
TEY, ThOEXRNRERBERZEY AN, NMEBORERRZ Y I=V— T 5#
W7a 7o hORBIELEETHTNS,

MREODEH
AREORMK BT, MEBOBRBELESIEITORRZ2 V22— 5a0a
=TT AERRETHILTHS. AEEE, FTL TR TV DO ITREEE
ERPOB/ONDIHTE—A L MEEBEAEZRETESLLIIC, FAFER] 1FERBL
1 2FERXRE SN LR LEFTRRPOEONDINERITIERT 4N ERATED
£, eI L0HBRERETHIETHS.

_98-



