Geotechnical, Geologica and Earthquake Engineering

K-Pitilakis
H=Crowley
AM-KayniaEditors

SYNER-G: Typology
Definition and
Fragility Functions for
Physical Elements at
Seismic Risk

Buildings, Lifelines, Transportation
Networks and Critical Facilities

@ Springer



Geotechnical, Geological-and-Earthquake Engineering

K-Pitilakis
H-Crowley
A-MKayniaEaitors

SYNER-G: Typology
Definition and
Fragility Functions for
Physical Elements at
Seismic Risk

Buildings, Lifelines, Transportation
Networks and Critical Facilities

@ Springer



SYNER-G: Typology Definition and Fragility
Functions for Physical Elements at Seismic Risk



GEOTECHNICAL, GEOLOGICAL AND EARTHQUAKE
ENGINEERING

Volume 27

Series Editor

Atilla Ansal, School of Engineering, Ozyegin University, Istanbul, Turkey

Editorial Advisory Board

Julian Bommer, Imperial College London, U.K.
Jonathan D. Bray, University of California, Berkeley, U.S.A.
Kyriazis Pitilakis, Aristotle University of Thessaloniki, Greece
Susumu Yasuda, Tokyo Denki University, Japan

For further volumes:
http://www.springer.com/series/6011



K. Pitilakis *« H. Crowley * A.M. Kaynia
Editors

SYNER-G: Typology
Definition and Fragility
Functions for Physical
Elements at Seismic Risk

Buildings, Lifelines, Transportation Networks
and Critical Facilities

@ Springer



Editors

K. Pitilakis H. Crowley

Department of Civil Engineering European Centre for Training and Research
Aristotle University in Earthquake Engineering (EUCENTRE)
Thessaloniki, Greece Pavia, Italy

A.M. Kaynia

Norwegian Geotechnical Institute (NGI)
Oslo, Norway

Department of Structural Engineering
Norwegian University of Science

and Technology (NTNU)
Trondheim, Norway

Additional material can be downloaded from http://extras.springer.com

ISSN 1573-6059 ISSN 1872-4671 (electronic)
ISBN 978-94-007-7871-9 ISBN 978-94-007-7872-6 (eBook)
DOI 10.1007/978-94-007-7872-6

Springer Dordrecht Heidelberg New York London

Library of Congress Control Number: 2014930569

© Springer Science+Business Media Dordrecht 2014

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission or
information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed. Exempted from this legal reservation are brief excerpts
in connection with reviews or scholarly analysis or material supplied specifically for the purpose of being
entered and executed on a computer system, for exclusive use by the purchaser of the work. Duplication
of this publication or parts thereof is permitted only under the provisions of the Copyright Law of the
Publisher’s location, in its current version, and permission for use must always be obtained from
Springer. Permissions for use may be obtained through RightsLink at the Copyright Clearance Center.
Violations are liable to prosecution under the respective Copyright Law.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt
from the relevant protective laws and regulations and therefore free for general use.

While the advice and information in this book are believed to be true and accurate at the date of
publication, neither the authors nor the editors nor the publisher can accept any legal responsibility for
any errors or omissions that may be made. The publisher makes no warranty, express or implied, with
respect to the material contained herein.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



Preface

Modern societies and economies become more complex and at the same time more
sophisticated. Still, the experience from earthquakes reveals that even the devel-
oped societies are quite vulnerable, although the provisions against seismic hazards
have been considerably improved. Their exposure to seismic risk in prone seismic
areas rely on an integrated seismic risk approach, which should define accurately
the physical seismic risk and the socio-economic vulnerability and resilience.
Physical seismic risk is defined with the probability of damages and loss to
structures and people due to an earthquake of any intensity. Socio-economic
vulnerability is the expected impact of a given earthquake on the society and the
economy. Resilience is the capacity of a society and economy to cope with
earthquake events. The physical risk assessment depends on the seismic hazard,
which expresses the probability of ground shaking and induced phenomena
i.e. liquefaction, fault crossing, landslides due to earthquakes, the exposure of the
different assets and the physical vulnerability of the exposed elements at risk, which
is the vulnerability of structures, their occupants and services to seismic hazard.

A critical component of this chain of seismic risk assessment is the definition and
evaluation of the so-called fragility functions or fragility curves. They provide the
necessary link between seismic hazard assessment at a site and the corresponding
effects on any kind of exposed structures i.e. buildings, infrastructures, utilities,
lifelines and industrial facilities. The majority of currently available approaches to
assess the potential losses for a wide group of exposed elements rely on the
availability of relevant fragility curves. In the past decades, the field of seismic
risk assessment has witnessed remarkable developments.

SYNER-G is a research project funded by European Commission in the frame of
FP7 Theme 6: Environment. The objective of SYNER-G is to develop an integrated
methodology and the necessary tools for the systemic seismic vulnerability and
risk analysis of complex systems exposed to earthquake hazard, like buildings,
and aggregates in urban scale, lifelines, transportation and utility networks, gas and
electric power systems, critical facilities, and infrastructures. Interactions between
different components and systems are considered in the analysis, as they may
increase considerably the global vulnerability and risk of the systems or the system
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of systems. SYNER-G methodology encompasses in an integrated way all aspects
in the chain, from hazard to the physical vulnerability and loss assessment of
components and systems and to the socio-economic impacts of earthquakes,
accounting for all relevant uncertainties within an efficient quantitative simulation
scheme, modeling interactions between the multiple components and systems.

In the frame of this large collaborative project, an extensive literature review of
fragility functions for all elements at risk has been made. Based on a new taxonomy
and typology that considers the distinctive European features, existing fragility
curves and associated uncertainties have been critically reviewed and new or
existing fragility curves have been proposed.

The book presents in a comprehensive way the latest developments on the
fragility functions encompassing the work done in SYNER-G and in some other
parallel projects, as for example in case of masonry buildings. It is organized in
several chapters devoted to different systems. For each system, the new taxonomy
and classification scheme is presented and then, after a review of the existing
fragility functions, the most relevant fragility functions, new ones and selected
from the international literature, for the different components are highlighted.
Uncertainties are discussed throughout the book and in particular at the beginning,
where the framework of the treatment of uncertainties in view of the construction of
fragility functions is outlined. Recommendations are also provided for the selection
of the most adequate fragility functions. A special tool has been also developed in
the frame of SYNER-G to store, visualize and manage a large number of fragility
function sets. The tool can store functions for a wide range of elements at risk, and
has features that allow these functions to be harmonized in terms of intensity
measure type and limit state. The tool is provided, together with a collection of
European fragility functions for buildings, as an electronic supplement to this book
(extras.springer.com).

The ambition is to offer to the European and international scientific and engi-
neering community a standard reference book of the present state of the art in
fragility models for the seismic risk analysis of most elements at risk, and at the
same time to highlight the remaining gaps and the necessary future developments
on this important topic. The present book is the first of the two volumes that present
the main achievements and results of SYNER-G. The second one entitled Systemic
Seismic Vulnerability and Risk Assessment of Complex Urban, Ultility, Lifeline
Systems and Critical Facilities. Methodology and Applications, demonstrates the
integrated methodological framework of SYNER-G, which is applied in selected
case studies, also using fragility curves that are included in the present book.

The Editor would like to acknowledge the contributors to the individual chapters
who are listed under each chapter. Most of them actively participated in SYNER-G.
In particular special acknowledgement to Sergio Lagomarsino, Serena Cattari,
Tiziana Rossetto and Dina D’Ayala, who without being partners in SYNER-G
accepted the invitation to contribute to this volume.
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Finally, the support of the two co-editors, Helen Crowley and Amir M. Kaynia,
and in particular the devotion and hard work of Dr. Sotiris Argyroudis to the
preparation of this volume is gratefully acknowledged.

Thessaloniki, Greece K. Pitilakis
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