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About Venue/ As the spread of the COVID-19 has become a problem around the world, many countries are
City of Sendai facing health and economic issues. In addition, many of you are also being subjected to various
restrictions in your daily life, as movements inside and outside of the country, and visits and
meetings with other people are restricted. First of all, | would like to sincerely wish for the health
Press e of you, your family and colleagues, and for an early resolution of the COVID-19 problem.
As mentioned in previous communications, the 17th World Conference on Earthquake
17WCEE Engineering (17WCEE) was originally planned to be held from September 13 to 18, 2020, but due
News Letter to the COVID-19 problem, we, the 17WCEE Organizing Committee, decided to postpone the
With Bosai Expo 17WCEE by one year, to be held from September 27 to October 2, 2021, the 10th anniversary

year of the 2011 Great East-Japan Earthquake and Tsunami Disaster in the same venue, in
Sendai City, Miyagi Prefecture, Japan. At the same time, we promised that the full papers
submitted by the end of March 2020 will be published as 2020 17WCEE Proceedings in
(’ID ﬁhﬁﬂi September 2020.

City of Sendai I am very happy to inform you that delivering on this promise, the Proceedings has been
successfully published this month with the support of all 17WCEE related people. The 17WCEE

Organizing Committee would like to express sincere appreciation to those involved. The
Proceedings contains over 2,500 full papers submitted by the end of March 2020 after completing
all registration procedures by the deadline. Although the 17WCEE will be held in 2021, the papers
published in the Proceedings become the author's research achievements in 2020 and can be
widely referred to and utilized in the world.

Also, based on the one-year postponement of the conference, we will accept additional papers
and combine them with the 2020 17WCEE Proceedings, and publish them in September 2021 as
2021 17WCEE Proceedings.

The 17WCEE Organizing Committee will do its best to successfully hold the 17WCEE in 2021.
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Kimiro MEGURO
Chair, 177WCEE Organizing Committee

Professor, The University of Tokyo

Official Announce Letter is here.
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News Letter

With Bosai Expo

(’ID m.l_,E?I__E In "Meet the Masters"organized by IAEE (International Association for Earthquake Engineering), we

invite great names of earthquake engineering to WCEE. The four masters listed below are invited to

City of Sendai

17WCEE. For each master, a special session related to the master’s expertise is organized during
WCEE, in which the master offers a keynote lecture. To make the session run most smoothly, a

person who has been close to the master is asked to serve as a moderator.

The Masters at the 17WCEE are:
*Prof. James Jirsa (USA)

*Prof. Tsuneo Katayama (Japan)

*Prof. Luis Esteva (Mexico)

*Prof. Theo Tassios (Greece)
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Keynote Lectures

*The speakers and the lecture materials may change without prior notice.

Professor Kojiro Irikura
Professor

Aichi Institute of Technology, Japan

Professor Satoshi Fujita
Professor

Tokyo Denki University, Japan

Mr. Niels B. Holm-Nielsen

Practice Manager
Global Facility for Disaster Reduction and Recovery (GFDRR)

Dr. Robert J. Budnitz

Staff Scientist (retired)
Lawrence Berkeley National Laboratory, University of California, USA

Dr. Amod Mani Dixit

General Secretary

National Society for Earthquake Technology (NSET), Nepal
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Professor Tracy Kijewski-Correa

Professor
The University of Notre Dame, USA

For more details

Invited Lectures

*The speakers and the lecture materials may change without prior notice.

Professor Xilin LU
Professor
Research Institute of Structural Engineering and Disaster Reduction, College of

Civil Engineering, Tongji University, China

For more details

Professor Gregory G. Deierlein
John A Blume Professor of Engineering,
Stanford University, USA

For more details

Dr. Jun-ichi Hoshikuma
Center for Advanced Engineering Structural Assessment and Research, Public

Works Research Institute, Japan

For more details

Professor Muneo Hori

Director General

Center for Mathematical Science and Advanced Technology, JAMSTEC, Japan

For more details
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Professor Mustafa Erdik

Professor
Kandilli Observatory and Earthquake Research Institute, Bogazici University,

Turkey

Professor Misko Cubrinovski

Professor

University of Canterbury, New Zealand

Professor Satoshi Yamada
Professor

The University of Tokyo, Japan

Professor Fabrizio Paolacci

Professor of Structural Engineering,

Roma Tre University, Italy

Conference Style

There have been some changes to the Presentation Style as follows.

1. Oral presenters who cannot attend the conference on-site can also make their
presentation in real time by on-line.

2. For Poster Presentations, 177WCEE will not conduct an SOP (Short Oral Presentation)
on-site, but instead, we are planning to hold SOP on-line (Flash Talk) in few minutes for

each presentation. Additional information will be given
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CHEN HUANG, KARIM TARBALI, VALIDATION OF GROUND-MOTION SIMULATIONS THROUGH SPATIAL ANALYSIS OF
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INELASTIC SEISMIC RESPONSE OF MULTISTOREY R/C BUILDINGS DESIGNED ON THE
BASIS OF LINEAR TIME HISTORY ANALYSIS

NUMERICAL AND EXPERIMENTAL INVESTIGATION OF A CHILEAN BRIDGE-SOIL SYSTEM

TIME-VARIANT RELIABILITY-BASED DESIGN OPTIMIZATION OF TUNED VISCOUS MASS
DAMPER UNDER NONSTATIONARY SEISMIC EXCITATION UTILIZING KRIGING SURROGATE
MODEL

A DAMPER-SPRING DEVICE FOR SEISMIC ENERGY DISSIPATION IN BUILDINGS

RELIABILITY ESTIMATION OF INCREMENTAL RETROFITTED STRUCTURES CONSIDERING
CUMULATIVE SEISMIC DAMAGES

RESEARCH ON QUICK AFTERSHOCK STRUCTURAL MONITORING AND DAMAGE
EVALUATION TECHNIQUE USING SMARTPHONE

SEISMIC EVALUATION OF REINFORCED CONCRETE BRIDGES USING CAPACITY-BASED
INELASTIC DISPLCAEMENT SPECTRA

EVALUATION OF THE SEISMIC PERFORMANCE OF RC DUAL SYSTEM BUILDINGS USING
THE PERUVIAN SEISMIC CODE E.030-2018

CUMULATIVE DAMAGE IN RC BUILDINGS - THE CASE OF THE 2017 PUEBLA-MORELOS
EARTHQUAKE

EFFICTENT SHEAR-FLEXURE INTERACTION MODEL FOR REINFORCED CONCRETE WALLS

LOCATING DAMAGE TO BUILDINGS USING A DISPLACEMENT FREQUENCY RESPONSE
FUNCTION-BASED APPROACH

PRECAST BUILDING EQUIPPED WITH SLB SEISMIC DEVICES

IDENTIFYING SEISMIC PERFORMANCE LIMIT STATES OF CIRCULAR CONCRETE BRIDGE
PIERS USING MACHINE LEARNING TECHNIQUES

MAINSHOCK-AFTERSHOCK DAMAGE ASSESSMENT OF CONCRETE BRIDGE REINFORCED
WITH SHAPE MEMORY ALLOY REBAR

EARTHQUAKE MONITORING, EARLY WARNING AND DAMAGE ASSESSMENT SYSTEM FOR
ELECTRICAL SUBSTATIONS

STUDY ON QUASI-STATIC LOADING PROTOCOL CONSIDERING THE ACTION
CHARACTERISTICS OF LONG-PERIOD GROUND MOTIONS

IDA-BASED SEISMIC COLLAPSE PATTERNS AND THEIR
PREDICTABILITY BY GENERALIZED LINEAR MODELS

PROBABILISTIC AND DETERMINISTIC SEMI-ACTIVE CONTROL STRATEGIES FOR
ADJACENT BUILDINGS CONNECTED BY MR DAMPERS

STRUCTURAL DAMAGE IN HOUSING AND APARTMENT BUILDINGS DURING THE
SEPTEMBER 7, 2017 TEHUANTEPEC EARTHQUAKE

3-D DISPLACEMENT MEASUREMENT IN LARGE STRUCTURAL TESTS USING VIDEO
CAMERAS

EXPERIMENTAL STUDIES ON A NEW ISOLATOR FOR BUILDINGS NEAR METRO
TRANSPORTATION AND IN SEISMIC AREAS
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NUMERICAL INVESTIGATION ON DETAILING OF SRC-RC TRANSFER COLUMNS FOR
ENHANCED SEISMIC RESISTANCE

SCALE EFFECT ON MECHANICAL BEHAVIOR OF LEAD RUBBER BEARINGS FOR SEISMIC
ISOLATION

PHYSICS-BASED PROBABILISTIC SEISMIC HAZARD AND PROBABILSITIC RISK
ASSESSMENT IN LARGE URBAN AREAS

PERFORMANCE OF DAMAGE-RESISTANT SELF-CENTERING AND DAMAGE-FREE DEVICE
AGAINST MASSIVE EARTHQUAKES

RISK ASSESSMENT OF EC8-COMPLIANT STEEL BUILDINGS

APPLICATION OF ADAPTIVE TIME DELAY COMPENSATION COMBINED WITH ROBUST
LINEAR QUADRATIC GAUSS IN VEHICLE-BRIDGE COUPLING REAL-TIME HYBRID
SIMULATION

IDENTIFICATION OF GEOMETRIC NONLINEARITY FORMULATIONS AND THE INFLUENCES
ON STRUCTURAL DYNAMIC RESPONSES

IMPACT OF EARTHQUAKE-INDUCED DEBRIS ON THE SEISMIC RESILIENCE OF ROAD
NETWORKS

INTEGRATING HOUSEHOLD DECISIONS IN QUANTIFYING THE SEISMIC RESILIENCE OF
COMMUNITIES

GUATEMALAN SEISMOLOGICAL SERVICE: BEYOND DATA ACQUISITION AND SEISMIC
MONITORING

STRUCTURAL ASSESSMENT OF REINFORCED CONCRETE BEAMS RETROFITTED WITH
CARBON FIBERS AND STEEL PLANKS SUBJECTED TO BENDING

EXPERIMENTAL PERFORMANCE OF STEEL MOMENT FRAME CONNECTIONS WITH
REPLACEABE SHEAR FUSES

ROCKING-DELAYED SPINE SYSTEM FOR IMPROVING SEISMIC PERFORMANCE OF
BUILDING STRUCTURES

SEISMIC ANALYSIS FOR BRIDGES CROSSING ACTIVE FAULT-RAPTURE ZONES

NUMERICAL SIMULATION OF THE SEISMIC BEHAVIOR OF PRECAST PRE-STRESSED
HOLLOW-CORE FLOOR SEATING CONNECTIONS

STUDY ON FATIGUE BEHAVIOR OF TIMBER SHEAR WALLS SUBJECTED TO REPEATED
CYCLIC LOADING

A PREDICTIVE LOW-CYCLE FATIGUE MODEL FOR BUCKLING RESTRAINED BRACES

DAMAGE INVESTIGATION OF NON-STRUCTURAL COMPONENTS IN BUILDINGS WITH SHM
SYSTEM IN THE 2018 OSAKA EARTHQUAKE

COMPARATIVE STUDY OF SEISMIC FRAGILITY OF INDIAN RC BUILDINGS DESIGNED WITH

OLD AND REVISED SEISMIC CODE

INVESTIGATION OF SHEAR STRENGTH OF ULTRA-HIGH PERFORMANCE CONCRETE BEAMS

WITHOUT STIRRUP

EQ_ALERT: AN APP OF ON-SITE EARTHQUAKE EARLY WARNING
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SEISMIC VULNERABILITY ANALYSIS OF EXPOSURES BY MESH-BASED SCENARIO
SIMULATION AND APPLICATION ON POLICY SUPPORT

TOWARDS MORE EARTHQUAKE-RESILIENT URBAN SOCIETIES THROUGH A MULTI-
SENSOR-BASED INFORMATION SYSTEM ENABLING EARTHQUAKE FORECASTING, EARLY
WARNING AND RAPID RESPONSE ACTIONS

RELIABILITY-BASED DESIGN OF FORCE-CONTROLLED COMPONENTS IN ROCKING STEEL
BRACED FRAMES

TSUNAMI DESIGN USING NON-LINEAR PUSH-OVER ANALYSIS

BUCKLING-RESTRAINED BRACES IN BI-DIRECTIONAL DUCTILE DIAPHRAGMS OF MULTI-
SPAN BRIDGES

SEISMIC STRENGTHENING AND UPLIFT OF THE 1904 WELLINGTON TOWN HALL

DEVELOPMENT OF FRAGILITY FUNCTIONS FOR RC CONCRETE STRUCTURES
CONSIDERING THE EFFECT OF GROUND MOTION DURATION

FULL-SCALE FIELD TESTS ON 1D PERIODIC BARRIERS

TORSIONAL RESPONSE EVALUATION METHOD FOR REINFORCED CONCRETE FRAMES
BASED ON 3D NONLINEAR FINITE ELEMENT ANALYSIS

A COMMUNITY-LED SUPPORT FOR TSUNAMI SURVIVORS: LOCAL RESILIENCE IN THE
CASES OF 2011 TOHOKU EARTHQUAKE

CORRELATION BETWEEN LIQUEFACTION RESISTANCE AND SHEAR WAVE VELOCITY FOR
VOLCANIC COARSE-GRAINED SOIL

REDEFINED SYSTEM FOR SEISMIC DAMAGE EVALUATION OF REINFORCED CONCRETE
BUILDINGS

MECHANISM OF STORY COLLAPSE CAUSED BY LOCAL DAMAGE TO REINFORCED
CONCRETE FRAME

ESTIMATING SEISMIC DAMAGE OF COLUMN BASES IN STEEL MOMENT-RESISTING
FRAMES USING MODAL DATA

EARTHQUAKE PERFORMANCE ASSESSMENT OF RENTAL LOW-COST HOUSING FLASTS IN
LOMBOK, INDONESIA

DAMAGE ASSESSMENT OF RENTAL LOW-COST HOUSING FLATS IN CENTRAL SULAWESI
INDONESIA AFFECTED BY PALU EARTHQUAKE

THE EARTHQUAKE SIMULATION(EQSIM) FRAMEWORK FOR PHYSICS-BASED FAULT-TO-
STRUCTURE SIMULATIONS

LOAD CONDITION IN RESPONSE OF SDOF SYSTEM

SEISMIC VULNERABILITY ASSESSMENT OF INTEGRAL ABUTMENT BRIDGE WITH AND
WITHOUT SLEEVED PILES
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SEISMIC SOURCE-TO-STRUCTURE ANALYSIS OF THE KASHIWAZAKI-KARIWA NUCLEAR
POWER PLANT (JAPAN).

PARAMETRIC STUDY ON SEISMIC PERFORMANCE OF SELF-CENTERING PRECAST
CONCRETE WALLS WITH MULTIPLE ROCKING JOINTS

DYNAMIC CENTRIFUGE TEST OF AN EMBANKMENT UNDERLAIN A LIQUIFIABLE SOIL AND
ISOLATED SOIL-CEMENT COLUMNS

HETEROGENEOUS MULTI-SENSOR DATA FUSION FOR POST- EARTHQUAKE STRUCTURAL
HEALTH ASSESSMENT

COMPARISON OF DAMPING MODIFICATION FACTOR AND METHODS OF ANALYSIS FOR
HIGHWAY BRIDGES EARTHQUAKE RESPONSE

NATIONAL APPROACH TO ENHANCING RESILIENCE

EXPERIMENTAL STUDY ON MOMENT RESISTING MECHANISM AT PILE AND PILE CAP
INTERFACE #2: MOMENT CAPACITY FORMULATION BASED ON FAILURE MECHANISM

EARTHQUAKE PERFORMANCE EVALUATION OF A TYPICAL BRIDGE STRUCTURE DESIGN BY
FORCE-BASED DESIGN METHOD IN PHILIPPINES

VISION AND CURRENT STATUS IN DEVELOPMENT OF THREE-DIMENSIONAL SEISMIC
ISOLATION SYSTEM BY FLUID LEVITATION

INFLUENCE OF CENTRAL OPENINGS AT THE BASE IN FLEXURAL RC WALLS

ACTIVE PREVIEW VIBRATION CONTROL WITH THE ESTIMATED FUTURE SEISMIC
WAVEFORM GENERATED BY AN AI-BASED ESTIMATION SYSTEM

SEISMIC VULNERABILITY AND RETROFIT OF SOFT FIRST STORY RC BUILDINGS
DESIGNED BY BARE FRAME ANALYSIS IN BANGLADESH

A STUDY ON SEISMIC ISOLATION SYSTEM USING HIGH-DAMPING RUBBER BEARINGS FOR
RESIDENTIAL BUILDINGS IN TURKEY

DAMAGE MECHANISM OF PVC DRAINAGE PIPE CONNECTED TO HOUSE WITH HIGH
SESMIC PERFORMANCE

CENTRIFUGE MODEL TEST ON THE DYNAMIC BUCKLING BEHAVIOR OF RC SLENDER PILE
IN SATURATED GROUND

RESPONSE VALUES BY MDOF USING ROCKING FREE MOTION AND COUPLED SYSTEM

CURRENT SEISMIC RETROFITTING PROGRAMS OF SCHOOL AND RESIDENTIAL BUILDINGS
IN TATWAN

SHEARING CAPACITY OF SQUARE CONCRETE-FILLED STEEL TUBULAR COLUMNS

DEGRADATION BEHAVIOR DUE TO LOCAL BUCKLING AND/OR FRACTURE OF H-SHAPED
STEEL BEAM WITH AXIAL DEFORMATION RESTRAINED

SEISMIC RISK EVALUATION OF PLANT SITE USING EARTHQUAKE-TYPE DEPENDENT
FRAGILITY CURVE
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POST-EARTHQUAKE STATUS OF LIFELINE INFRASTRUCTURE BASED ON
INTERDEPENDENCY EFFECTS IN SCIENCE PARK, TAIWAN

ROTATIONAL INPUT MOTION IDENTIFICATION IN NONLINEAR STRUCTURE MODEL

CHARACTERISTICS OF INPUT MOTION FOR CASTLE

BUILDING DAMAGE DETECTION USING POST-SEISMIC UAV DATA

DISTRIBUTION CHARACTERISTICS OF WAVE PRESSURE ON BUILDINGS SUBJECTED TO
TSUNAMI LOAD

CONSIDERATION ON COOPERATION SYSTEM FOR DISASTER RESPONSE INITIATED BY
LOCAL GOVERNMENTS IN JAPAN

A STUDY ON BAR ARRANGEMENT DETAILS OF RC L-SHAPED BEAM COLUMN JOINTS

CURRENT STATUS OF PERFORMANCE VERIFICATION OF SEISMIC ISOLATION AND
DAMPING DEVICES

A STYDY ON FAST CALCULATION METHOD OF SEISMIC VULNERABILITY OF BUILDING
STRUCTURE

DYNAMIC CHARACTERISTICS OF SEISMICALLY ISOLATED HIGH-RISE BUILDING BASED ON

SEISMIC RESPONSE RECORDS

EVALUATION OF ACCIDENTAL TORSION OF TORSIONALLY-BALANCED BUILDINGS USING
THE RESISTANCE ECCENTRICITY

POST PEAK SIMULATION OF RC SHEAR WALLS WITH OPENINGS BASED ON NON-LINEAR
FE ANALYSIS

SEISMIC RETROFIT OF AN EXISTING RESIDENTIAL BUILDING IN NEPAL TO
FUNCTIONALIZE AS A HOSPITAL USING FERROCEMENT

STATUS OF WOODEN HOUSES IN MASHIKI TOWN TWO YEARS AFTER THE 2016
KUMAMOTO EARTHQUAKES

INCORPORATING EPISTEMIC AND ALEATORY UNCERTAINTIES IN FRAGILITY MODELLING
OF MASONRY STRUCTURES

SEISMIC ISOLATION OF A DATA CENTER BUILDING: HYBRID SYSTEM WITH CSS, LRB AND

FVD

VALIDATION OF MACRO-MODELLING AND EQUIVALENT FRAME METHODOLOGY WITH
EXPERIMENTAL DATA

RETROFITTING OF A BRIDGE FORM HISTORICAL STATION USING SEISMIC ISOLATION

SEQUENTIAL EXPERIMENTAL DESIGN OF HYBRID SIMULATIONS FOR BAYESIAN
CALIBRATION OF COMPUTATIONAL SIMULATORS

BAYESIAN NETWORKS FOR SEISMIC VULNERABILITY ASSESSMENT OF CONFINED
MASONRY SCHOOL SYSTEMS

SEISMIC TESTING OF NON-STRUCTURAL SYSTEMS

ADVANTAGES AND LIMITATIONS OF RETROFITTING MASONRY INFILLED RC FRAMES BY
FERRO-CEMENT BASED ON EXPERIMENTAL OBSERVATIONS

EXPERIMENTAL STUDY ON RESIDUAL SEISMIC CAPACITY OF RC SQUAT WALLS

26/50



3/14/24, 5:48 AM

MAEDA, YOSHIHIRO OGATA,
NAOYUKI AIZAWA

GIOVANNI MUCIACCIA,
GIUSEPPE DI NUNZIO

YESIM BIRO, BILGE SIYAHI,
BULENT AKBAS

MANISH KUMAR, SUJIT V
MATALE, DURGESH C RAI

MARIA CAMILA HOYOS, ANDRES
FELIPE HERNANDEZ

KENJI MORI, HITOSHI MUTA,
YASUKI OHTORI

DIMITRIS PITILAKIS, CHRISTOS
PETRIDIS, AIKATERINI
KOLITSIDAKI, APOSTOLIA
BADRALEXI

SIAMAK SATTAR, MIKE
MAHONEY, RYAN KERSTING

ROHIT KUMAR ADHIKARI, DINA
D'AYALA, ALASTAIR NORRIS

DURGESH C RAI, PARUL
SRIVASTAVA

FELIPE RIVERA, TIZIANA
ROSSETTO, JOHN TWIGG

AGUSTIN BERTERO, RAUL
BERTERO, FILIP FILIPPOU

SERGIO LAGOMARSINO,
STEFANIA DEGLI ABBATI,
SERENA CATTARI

RICKY BAHERAMSJAH,
ABDULBAR MANSOER, H
HARINTO, HARI NURJAMAN,
MASYHUR IRSYAM, M RIDWAN, L
FAIZAL, H LATIEF, BINSAR
HARIANDJA, SUWITO SUWITO,
DWI DINARIANA

ANTONIO DI CESARE, FELICE
CARLO PONZO, ALESSIO
TELESCA, DOMENICO NIGRO,
MARIA GABRIELLA CASTELLANO,
SAMUELE INFANTI

SEBASTIAN CASTRO, FELIPE
ARROSPIDE, ALAN POULOS,
YOLANDA ALBERTO, JUAN
CARLOS DE LA LLERA

JEFFREY SALMON, CONSTANTIN
CHRISTOPOULOS

VALENTINA PUTRINO, DINA
D'AYALA

SERENA CATTARI, STEFANIA
DEGLI ABBATI, SERGIO
LAGOMARSINO

SERENA CATTARI, DARIA
OTTONELLI, FULVIO FRANCO,
TOMMASO BUSCHIAZZO,
ANDREA GUARDIANI

JUAN MANUEL MAYORAL,
GILBERTO MOSQUEDA

JUAN MANUEL MAYORAL,
GILBERTO MOSQUEDA

https://wcee.nicee.org/wcee/seventeenth_conf_sendai_japan/index_page2.php

17WCEE

CYCLIC BEHAVIOR OF SCREWED HEAD ANCHOR SYSTEM FOR APPLICATIONS IN NUCLEAR
POWER PLANTS

THE SPECTRAL DECAY PARAMETER K (KAPPA)_FOR HARD ROCK STRONG GROUND
MOTION STATIONS IN TURKEY

INFLUENCE OF PERIMETER SUPPORTS ON THE SEISMIC RESPONSE OF PLASTERBOARD
SUSPENDED CEILING SYSTEMS

HOW UNCERTAINTIES AND ASSUMPTIONS IN SEISMIC RISK ANALYSIS AFFECT THE
DECISION-MAKER'S RISK PERCEPTION

APPLICATION OF INTERACTION MODEL IMPACTING ON ACCIDENTS CAUSED BY
EARTHQUAKE IN NUCLEAR FACILITIES

CITY-SCALE EARTHQUAKE VULNERABILITY ASSESSMENT INCLUDING NONLINEAR SOIL-
STRUCTURE INTERACTION

FUNCTIONAL RECOVERY OF THE BUILT ENVIRONMENT AND CRITICAL INFRASTRUCTURE

SEISMIC PERFORMANCE EVALUATION OF THE EXISTING AND RETROFITTED STONE
MASONRY HOUSES IN NEPAL

SEISMIC FRAGILITY ANALYSIS OF C-BENT PIERS IN METRO VIADUCTS

ASSESSING EARTHQUAKE RISK EVOLUTION FROM A PROCEDURAL JUSTICE PERSPECTIVE

DEMAND-ORIENTED GROUND MOTION SELECTION USING NONLINEAR PREDICTORS OF
RESPONSE

EFFECTS OF THE VERTICAL COMPONENT ON THE SEISMIC RESPONSE OF URM BUILDINGS

DEVELOPMENT OF EARTHQUAKE AND TSUNAMI DISASTER MITIGATION PLAN FOR
MANDALIKA MOTOGP CIRCUIT IN LOMBOK

INFLUENCE OF DCCSS BEARINGS OVER-STROKE AND BREAKAWAY ON THE SEISMIC
RESPONSE OF ISOLATED BUILDINGS

CONSTRUCTION AND RISK EVALUATION OF A WATER SYSTEM NETWORK UNDER SEISMIC
HAZARD IN CENTRAL CHILE

NUMERICAL MODELLING OF GRAVITY-LOAD-DESIGNED REINFORCED CONCRETE
COMPONENTS

A MECHANICS-BASED PROCEDURE TO DETERMINE THE DAMAGE MECHANISM OF
MASONRY WALLS SUBJECTED TO OUT-OF-PLANE HORIZONTAL LOADINGS

FLOOR SPECTRA VALIDATION THROUGH ACTUAL DATA FROM THE 2016/2017
EARTHQUAKE IN CENTRAL ITALY

TOWARDS AN IMPROVED URBAN SEISMIC RESILIENCE: THE PILOT CASE STUDY OF
SANREMO MUNICIPALITY

SEISMIC INTERACTION AMONG ON-GROUND AND UNDERGROUND STRUCTURES

SEISMIC INTERACTION OF INTERDEPENDENT SYSTEMS IN URBAN AREAS
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SEISMIC PERFORMANCE EVALUATION AND RETROFIT OF NONDUCTILE CONCENTRICALLY
BRACED FRAMES

NUMERICAL MODELLING OF THE PLASTIC HINGE OF GIRDERS IN STEEL MOMENT
RESISTING FRAMES

SHAKING TABLE TESTS ON FULL-SCALE LEGGED LIQUID STORAGE TANKS PROTECTED
WITH A VERTICAL-ROCKING ISOLATION SYSTEM

AN ALTERNATIVE IMPLEMENTATION OF TUNED LIQUID DAMPER TO CONTROL SHORT
PERIOD SHORT PERIOD SEISMIC VIBRATION OF STRUCTURES

COLLAPSE ESTIMATES OF U.S. CODE-COMPLIANT STEEL FRAMES AND IMPLICATIONS FOR
AN ASCE 41 ASSESSMENT

TESTING EARTHQUAKE EARLY WARNING PARAMETERS, ?,MAX, 2. AND Pp,_FOR RAPID
MAGNITUDE ESTIMATION IN THE SICHUAN, CHINA REGION

BAYESIAN DAMAGE SEGMENTATION OF INSTRUMENTED BUILDINGS: OBTAINING
PREDICTION UNCERTAINTY

A NONPARAMETRIC UNSUPERVISED LEARNING APPROACH FOR STRUCTURAL DAMAGE
DETECTION

EXPERIMENTAL STUDY OF INFLUENCE OF SOIL-PILE-STRUCTURE INTERACTION ON
DYNAMIC BEHAVIOR OF RC HIGH-RISE BUILDINGS

HOW CAN YOU ADVOCATE FOR SCHOOL EARTHQUAKE SAFETY IN YOUR COMMUNITY
THROUGH CLASSROOM EDUCATION AND OUTREACH?

HOW MANY CMS’ ARE ENOUGH FOR SEISMIC RESPONSE ASSESSMENT?

MODELLING OF FRP-STRENGTHENED SHEAR WALLS WITH SPECIAL CONSIDERATION TO
END-ANCHORAGE AND DEBONDING EFFECTS

EVALUATION OF THE PERFORMANCE OF DEEP, SLENDER COLUMNS THROUGH THE USE OF
SUB-ASSEMBLIES

NONLINEAR BEHAVIOUR OF HYBRID MODULAR STEEL STRUCTURES WITH REINFORCED
CONCRETE SHEAR WALLS

EARTHQUAKE ENGINEERING IN AN AGGRESSIVE LEGAL CLIMATE

A SIMPLE SELF-CENTERING BASE SHEAR FUSE FOR COST-EFFECTIVE CONTROLLED
ROCKING STEEL BRACED FRAMES

IMPLEMENTATION OF A MULTI-SPAN BRIDGE-GROUND PBEE FRAMEWORK FOR SEISMIC
AND LIQUEFACTION SCENARIOS

EARTHQUAKE EARLY WARNING SYSTEM FOR PORTUGAL: FEASIBILITY AND PERSPECTIVE
OF THE STAKEHOLDERS

ANALYSIS OF DIRECTIONALITY CONSIDERING PERIODIC CHARACTERISTICS FOR
OVSERVED STRONG GROUND MOTIONS

BROADBAND MICROTREMOR ARRAY EXPLORATION IN KATHMANDU VALLEY, NEPAL

SEISMIC BEHAVIOR OF NESTING RACK WITH STACKED CARDBOARDS BASED ON
SHAKING TABLE TEST
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RETROSPECTIVE EVALUATION OF EARTHQUAKE-DAMAGED REINFORCED-CONCRETE
BUILDINGS USING PRACTICAL METHODS

EXPERIMENTAL STUDY OF DAMAGED REINFORCED CONCRETE WALLS REPAIRED USING
SIMPLE TECHNIQUES

APPLICATION OF AUTOMATED DESIGN TOOL FOR FE MODELLED REINFORCED CONCRETE
LINE ELEMENTS TO SEISMIC DESIGN

FEATURE: A SEISMIC RESPONSE ANALYSIS TOOL FOR URBAN AREAS IN THE PHILIPPINES

NUMERICAL MODELING OF MID-RISE REINFORCED CONCRETE BUILDING
INCORPORATION OF SOIL-STRUCTURE-INTERACTION FOR DIFFERENT SOIL CONDITIONS
WITH AEM

DAMAGE MECHANISM OF OKIRIHATA BRIDGE DUE TO KUMAMOTO EARTHQUAKE

EXPERIMENTAL STUDY ON STEEL BEAM-TO-COLUMN JOINT STRENGTHENED BY
BUCKLING-RESTRAINED KNEE BRACE USING STEEL BAR CORE

SAFETY MARGIN EVALUATION BASED ON INCREMENTAL DYNAMIC ANALYSIS OF
SEISMICALLY ISOLATED BUILDINGS

SEISMIC CHARACTERIZATION OF STEEL BUILDINGS SUBJECTED TO MEGATHRUST
EARTHQUAKES

EVALUATION FRAMEWORK OF DISASTER MITIGATION MEASURES FOR MAKING
EARTHQUAKE-RESILIENT COMMUNITIES

INFLUENCE ON DAMAGE TO LIFELINE ON PERFORMANCE OF HOSPITALS IN THE 2018
HOKKAIDO IBURI-TOBU EARTHQUAKE IN JAPAN

STUDY ON MOISTURE EFFECTS ON MASONRY RETROFITTED WITH FIBER REINFORCED
PAINT

DYNAMIC EXPERIMENT AND ANALYTICAL RESEARCH OF A CRANK INERTER SYSTEM

EFFECT OF AN ADJACENT WALL ON THE OVERTURNING OF A SLIDING-ROCKING BLOCK
SUBJECTED TO PULSE EXCITATION

SEISMIC FRAGILITY ESTIMATION OF GEOSYNTHETIC-REINFORCED EMBANKMENTS

BEYOND BUILDING DAMAGE: MODELING POST-DISASTER NEED

OUTLINE OF STRUCTURAL DESIGN FOR KYOTO CITY HALL

SEISMIC CAPABILITY OF BUILDING AND RISK ANALYSIS OF EARTHQUAKE DISASTER OF
CHINESE MAINLAND

STRUCTURAL ASSESSMENT OF STEEL BEAM-TO-COLUMN CONNECTIONS SUBJECTED TO
CYCLIC LOADING BY NONLINEAR FINITE ELEMENT ANALYSIS

QUICK INSPECTION METHOD OF U-SHAPED STEEL DAMPERS BASED ON RESIDUAL
DEFORMATION
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EVALUATION OF HUMAN DAMAGE IN EVACUATION FROM TSUNAMI FOR A COMMON
SCENARIO EARTHQUAKE

DYNAMIC CHARACTERISTICS OF SEISMICALLY ISOLATED STRUCTURES IN MICROTREMOR

USE OF VERTICALLY UNBONDED POST TENSIONED ON PRECAST CONCRETE WALL TO
COUNTERACT VERTICAL EARTHQUAKE

BASE ISOLATION STUDIES USING REAL-TIME HYBRID SIMULATION AND FIXED BASED
BUILDING SHAKE TABLE TESTS

INVESTIGATION OF LATERAL VISCOUS BOUNDARY IN TWO PHASE DYNAMIC ANALYSIS OF
3D IRREGULAR LAYER SYSTEM GROUND

EXPERIMENTAL AND NUMERICAL ANALYSIS OF BEHAVIOUR IN COMPRESSION AND SHEAR
OF HANDMADE CLAY BRICK MASONRY

TOWARDS CREATING RESILIENT CITIES: A CASE STUDY OF HAMILTON, NEW ZEALAND

SEISMIC PERFORMANCE OF A PILED RAFT FOUNDATION WITH GRID-FORM DMWS
CONSIDERING SOFTENING OF STABILIZED SOIL

STRONG GROUND MOTION SIMULATION OF THE GREAT 1923 KANTO EARTHQUAKE IN THE
TOKYO METROPOLITAN AREA BASED ON STRONG MOTION GENERATION AREA
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Abstract

Several rental low-cost housing flats built under the program initiated by the Ministry of Public Works and Housing were
among those affected by a strong earthquake on September 28, 2018, which was centered in the Palu Koro Fault in Central
Sulawesi. One of the important characteristics of the Palu earthquake is the significant vertical earthquake acceleration.
The structures of the affected housing flats were designed to be earthquake-resistant according design codes valid at the
time of construction. The structural systems used on those buildings were varied including conventional reinforced
concrete, precast concrete, or prestressed precast concrete. This paper presents the performance of the structure of rental
housing flats in Palu area based on the results of a qualitative and quantitative survey conducted from October to
December 2018 in 21 towers at 21 different locations. The study shows that the performance of the rental low-cost housing
flat structures is good because design development and implementation fully complies with the requirements of design
codes and construction specifications set by the Indonesian National Standard. However, in some areas where vertical
earthquake is dominant, some buildings were severely damaged because the earthquake in the form of vertical wave as
taken place in Palu is not covered in building design codes. Nevertheless, rental low-cost housing flats built by the
Ministry of Public Works and Housing are seen to be performing quite well compared to other buildings around them. In
addition, the use of precast technology in rental low-cost housing flat structures results in better performance compared
to that of conventional system because of better quality control during construction.

Keywords: palu; vertical earthquake; retrofitting; precast; damage level
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1. Introduction

A series of earthquakes shook Palu and Donggala areas on September 28, 2018 with its largest recorded
magnitude of 7.4 Mw and with its important characteristic of significant vertical ground motion component.
These events caused many loss of life and various degrees of damages to buildings and infrastructures in the
impacted areas. Among those impacted buildings are several rental low-cost housing flats built under the
program initiated by the Ministry of Public Works and Housing and started in 2002.

To determine the damage severity and help the local government planning for further action on the
housing flats, structural assessment needs to be carried out. As such, the Ministry of Public Works and Housing
sent structural engineering experts to Palu and Donggala areas to inspect and assess structural conditions of
housing flats. This study will report and discuss structural and architectural conditions of 21 housing flats
surveyed and inspected on 28 — 30 October 2018.

2. Palu Earthquake

Source of Palu earthquake is located 0.18 Southern Latitude and 11.85 East Longitude with the distance 26
km north of Donggala, Central Sulawesi and the depth of 10 km. Based on information gathered from local
people experiencing the earthquake and analysis of shake map in Fig. 1, the ground motion was felt in
Donggala (VII-VIII MMI), Palu, Mapaga (VI-VII MMI), Gorontalo dan Poso (llI-IV MMI), Majene dan
Soroako (111 MMI), Kendari, Kolaka, Konawe Utara, Bone, Sengkang (Il - Il1 MMI), Makassar, Gowa, dan
Toraja (I MMI). With reference to Table 1, Intensity scale of VI-VII MMI means that standard building
structures may suffer moderate damage while non-standard building may suffer major damage. On the other
hand, intensity scales of I1I-IV MMI means that the shaking felt by all people in the affected area but no
damage is expected. However, if buildings hit several times by a series of earthquake, light damage might
occur.
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Fig. 1 - BMKG ShakeMap, Modified Mercalli Intensity Scale (MMI): Central Sulawesi, Indonesia
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Table 1 — Modified Mercalli Intensity Scale (MMI) of 1931

Not felt except by very few under especially favorable conditions

Feilt only by a few people at rest, especially on upper floors of buildings.

Felt quite noticeably by people indoors, especially on upper floors of buildings. Many people do not recognize it as an earthquake. Standing motor cars may rock slightly.
Vibrations similar to the passing of a truck. Duration estimaied.

Felt indoors by many. outdoors by few during the day. At night, some awakened. Dishes, windows, doors disturbed; walls make cracking sound. Sensation like heavy truck striking
building. Standing motor cars rocked noticeably.

Felt by nearly everyone; many awakened. Some dishes, windows broken. Unstable objects overturned. Pendulum clocks may stop.
Felt by all, many frightened. Some heavy furniture moved; a few instances of fallen plaster. Damage slight.

Damage negligible in buildings of good design and construction; slight to moderate in well-built ordinary structures; considerable damage in poorly built or badly designed
structures; some chimneys broken.

Damage slight in specially designed structures; considerable damage in ordinary substantial buildings with partial collapse. Damage great in poorly built structures. Fall of
chimneys, factory stacks, columns, monuments, walls. Heavy fumiture overturned.

Damage considerable in specially designed structures; well-designed frame structures thrown out of plumb. Damage great in substantial buildings, with partial collapse. Buildings
shifted off foundations. Liquefaction.

X. Extreme

Some well-built wooden structures destroyed; most masonry and frame structures destroyed with foundations. Rails bent.

Few, if any. (masonry) siructures remain standing. Bridges destroyed. Broad fissures in ground. Underground pipe lines completely out of service. Earth slumps and land slips in

XI. Extreme soft ground. Rails bent greatly.

Damage fotal. Waves seen on ground surfaces. Lines of sight and level distorted. Objects thrown upward into the air

3. Material and Structural System of Housing Flats

Since most areas in Indonesia is at risk to earthquake, rental low-cost housing flats were designed to be structurally
resistant against earthquake according to applicable Indonesian standards for building and seismic design at the time of
construction. The main material used for construction is concrete. Conventional reinforced concrete, precast concrete,
prestressed concrete or a combination thereof was employed in structural elements of housing flats. Any non-
conventional technology used in the housing flats was first tested at Research Institute of Housing and Human Settlement,
Indonesia.

4. Assessment Procedures

For this study, rapid assessment of structural and architectural condition of housing flats after Palu earthquake
is conducted using visual and simple tools. Using guides [2-6] and previous studies [7-10], the conditions of
buildings can be categorized into several damage levels and their corresponding required repair actions as
follows:

e Minor damage of building
a. No significant settlement of foundation
b. No structural damage
c. Architectural damage such as crack and spalling of skim coat cement and crack and
spalling of plaster

The required actions are to repair the damaged architectural components

e Moderate damage of building
a. No significant settlement of foundation
b. Cracked on structural component, but no significant change of shape
c. Architectural damage in the form of crack on the wall and even hole on the wall on certain
conditions, but no significant slope

The required actions are to repair architectural and structural components

e Major damage of building
a. Significant settlement of foundation
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b. Spalling of structural components and even failed structural components, but no failure
of overall structure

c. Architectural damage in the form of crack through the wall thickness, slope wall and even
failure

There are several alternative actions that can be done on building experiencing major damage
as follows:

a. If structural component damages do not cause significant change of shape on reinforcing
bar and the overall building, then further investigation needs to be conducted to assess
building structure

b. If there is significant settlement of foundation, then further investigation needs to be
conducted to assess building structure

c. If structural component damages cause significant change of shape on reinforcing bar and
the overall building, then the building can be stated as not functioning structurally.

e Failure of building
a. Failure of foundation
b. Fail on one or more structural components causing building failure

Several failure modes of structures that are critical and thus may cause buildings cannot function anymore are:

- Soft story effect

Weak column strong beam

- Failure at beam-column joint
- Compressive failure

In this study, the following assessment procedure was used:

1. Conduct visual investigation to record structural and non-structural (architectural) damages
2. Compare between recorded damage data and damage criteria

3. Determine the level of damage criteria

4. Propose actions that need to be done based on the damage level

Data employed in this study:

1. Secondary earthquake data from Meteorological, Climatological, and Geophysical Agency,
Indonesia.
2. Pictures taken during survey of visual examination.

Condition assessment surveys of housing flat buildings in di Central Sulawesi post-earthquake were conducted
at 21 different locations during the period of 28 — 30 October 2018. From these surveys, it was found that
structural and non-structural (architectural) damage conditions vary from minor to major damages.

5. Results and Discussions

From survey and analysis of conducted on housing flat structures affected by Palu earthquake, it shows that,
from 21 existing housing flats being investigated, there are 18 housing flats having light structural damage, 2
having moderate damage and 1 having major structural damage. Meanwhile, from architectural investigation,
there are 17 housing flats having light architectural damage, 3 housing flats having moderate architectural
damage and 1 housing flat having major architectural damage.

Housing flats that suffer moderate and major structural damage are:

e Moderate damage (2 housing flats): MTs DDI Lonja and UPT Dinas PU Palu (Fig. 2)
e Major damage (1 housing flat): Univ. Tadulako — Palu (Fig. 3).

Meanwhile, housing flats that suffer moderate and major architectural damage are:
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e Moderate damage (3 housing flats): Univ. Al-Khairat Palu, Rusunawa Pekerja Kota Palu dan UPT
Dinas PU Palu
e Major damage (1 building): Univ. Tadulako — Palu

& = T g e - 2 Y i X ¥ R o

Fig. 3 — Front view of damage occurred on rental low-cost housing flat Univ. Tadulako
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Figure 4 shows the distribution of 21 housing flats suffering various degrees of structural damage. These
are housing flats built in the period of 2007-2017. As can be seen, most housing flats have only minor damage.
This shows that the seismic performance of those housing flats are good as many buildings around them are
severely damaged. In other words, the housing flats perform well against designed earthquake load. One
housing flat that suffer major damage is housing flat Univ. Tadulako — Palu constructed using conventional
reinforced concrete.
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Fig. 4 — Mapping of housing flats suffering structural damage due to earthquake

Distribution of 21 housing flats suffering various degrees of architectural damage is shown in Fig. 5. As
can be seen, most housing flats have only minor architectural damage.
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Fig. 5 — Mapping of housing flats suffering architectural damage due to earthquake

Table 2 shows summary of damage occurred on the investigated housing flats. As can be seen, the
majority of housing flats perform well under earthquake load.

Table 2 — Summary of damage levels on 21 housing flats investigated in this study.

Damage Level Structural Damage Architectural Damage
Minor 18 17
Moderate 2 3
Major 1 1
7
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6. Conclusion

Overall, rental low-cost housing flats in Central Sulawesi built by Ministry of Public Work and Housing of
Indonesia perform well against earthquake load especially the ones using precast concrete system. It is because
the precast concrete system is prefabricated in controlled environment, thus better quality. In addition, the
study also shows the importance of complying with building design codes published by Indonesia National as
buildings designed according to Indonesia building codes perform well against the expected seismic design
loads.

7. Acknowledgements

The Financial support provided by Ministry of Public Works and Housing for this research is highly
appreciated.

8. References
[1] BMKG (2018). Ulasan Guncangan Tanah Akibat Gempa Bumi Donggala 28 September 2018.

[2] ATC (1998): Evaluation of Earthquake Damaged Concrete and Masonry Wall Building. The Applied Technology
Council, FEMA 307, Redwood City, California.

[3] Kementerian Pekerjaan Umum Dan Perumahan Rakyat, Jakarta (2007). Pedoman Sertifikat Laik Fungsi Bangunan
Gedung.

[4] Kementerian Pekerjaan Umum Dan Perumahan Rakyat, Jakarta (2010). Pedoman Teknis Pemeriksaan Berkala
Bangunan Gedung.

[5] Puslitbang Permukiman, Bandung (2013). Panduan praktis pemeriksaan kerusakan bangunan akibat gempa bumi.
[6] Puslitbang Permukiman, Bandung (2013). Panduan Praktis Perbaikan Kerusakan Rumah Pasca Gempa Bumi.

[7] Rodgers JE, Lizundia BJ, Yangdhen S, Lotay Y, Hortagsu A, Tshering KD (2014): Post-Earthquake Safety
Evaluation Procedures for Bhutan Buildings. Tenth U.S. National Conference on Earthquake Engineering, Frontiers
of Earthquake Engineering, Anchorage, Alaska.

[8] Nakano Y, Maeda M, Kuramoto H, Murakami M (2004): Guideline for post-earthquake damage evaluation and
rehabilitation of RC buildings in Japan. 13th World Conference on Earthquake Engineering, Vancouver, B.C,
Canada.

[9] Sextos AG, Kappos AJ, Stylianidis KC (2008): Computer-aided pre- and post-earthquake assessment of buildings
involving database compilation, GIS visualization, and mobile data transmission. Computer-Aided Civil and
Infrastructure Engineering, 23, 59-73.

[10] Maeda M and Kang DE (2009): Post-earthquake damage evaluation of reinforced concrete buildings. JCI Journal of
Advanced Concrete Technology, 7(3), 327-335.

© The 17th World Conference on Earthquake Engineering - 2b-0109 -



