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Report on Future Direction Sessions in the 17th World Conference on Earthquake
Engineering

Masayuki Kohiyama (Keio University, Japan)

Taichiro Okazaki (Hokkaido University, Japan)

Mitsuyoshi Akiyama (Waseda University, Japan)
Tsuyoshi Ichimura (The University of Tokyo, Japan)

The 17th World Conference on Earthquake Engineering (17WCEE) took place from September 27 to October 2, 2021 at Sendai
International Center, Japan in an online-onsite hybrid meeting format under emergency declaration due to Corona pandemic (Photo
1). In this article, we report on the special sessions to discuss the future of earthquake engineering, which was a new initiative at the
conference. The WCEE is one of the most significant technical events in our community, but perhaps it had become a little too big.
There was a somewhat stagnant atmosphere due to too many participants. We intended to change this atmosphere in 17WCEE and
make the conference more appealing to new participants and the younger generation.

{laE

Photo 1. Sendai International Center and hand sanitizing alcohol at the entrance
(Photos courtesy of Dr. Masayuki Yoshimi)

We planned a new initiative titled Future Direction Sessions to engage the entire community. The sessions were open to all
participants of 17WCEE. These special sessions aimed to trigger a community-wide debate about our future:

[ ) What is new in earthquake engineering?

° In what interest should we invest our international effort?

() What are the challenges for the next generation?

Session members facilitated discussions to derive resolutions, which was reported at the closing ceremony (Photo 2). The WCEE
Organizing Committee organized two sessions (Tables 1 and 2) and the International Association for Earthquake Engineering (IAEE)
also organized two sessions (Tables 3 and 4).

[ § 0o 2 R Sl =)
. Earthquake
dissipation ¢

28 C

UISHUU. ol il
ists in simu

latior, N

Photo 2. Resolution reports in the closing ceremony (From left, M. Kohiyama, T. Ichimura, and T. Okazaki;
Photos courtesy of 17WCEE Publicity Subcommittee)
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IMUNICATION,

Table 1. Session “Emerging Vulnerability”
(2-4 pm, September 28, 2021)

Coordinator

Prof. Masayuki Kohiyama

Keio Univ., Japan

Prof. Taichiro Okazaki

Hokkaido Univ., Japan

Keynote Presenter

Prof. Tsuyoshi Takada

Japan Atomic Energy Agency, Japan

Prof. Alessandro Palermo

Univ. of Canterbury, Christchurch, New Zealand

Prof. Gian Paolo Cimellaro

Politecnico di Torino, Italy

Mr. Masashi Inoue

Eight-Japan Engineering Consultants Inc., Japan

Panelist Prof. Shuichi Fujikura Utsunomiya Univ., Japan
Prof. Noriko Takiyama Tokyo Metropolitan Univ., Japan
Dr. Ramesh Guragain National Society for Earthquake Technology-Nepal, Nepal
Table 2. Session “Super Advanced Exploration, Simulation, and Monitoring”
(9-11am, September 30, 2021)
Coordinator Prof. Mitsuyoshi Akiyama Waseda Univ., Japan

Prof. Tsuyoshi Ichimura

The Univ. of Tokyo, Japan

Keynote Presenter

Prof. Muneo Hori

JAMSTEC, Japan

Prof. Zifa Wang

China Earthquake Administration, China

Panelist

Prof. Barbara Simpson

Oregon State Univ., USA

Prof. Takeshi Koyama

Tokyo Denki Univ., Japan

Prof. Masahiro Kurata

Kyoto Univ., Japan

Prof. Quincy Ma

Univ. of Auckland, New Zealand

Prof. Saki Yotsui

Ritsumeikan Univ., Japan

Table 3. Session “Seismic Design for Minimum Damage (Towards "Earthquake-Proof" Structures)”
(9-11am, September 29, 2021)

Moderator Prof. Michael Fardis Univ. of Patras, Greece

Prof. Michele Calvi Univ. School for Advanced Studies IUSS Pavia, Italy
Speaker Prof. George Gazetas National Technical University of Athens, Greece

P Dr. David Mar Mar Structural Design, USA
Dr. Masahiko Higashino Takenaka Corporation, Japan
Table 4. Session “Societal Resilience to Earthquakes and Tsunamis”
(9-11am, October 1, 2021)

Moderator Prof. Gregory Deierlein Stanford Univ., USA

Prof. Haruo Hayashi i?;ﬁnal Institute for Earthquake Prediction and Disaster Resilience,
Speaker Dr. Laurie Johnson California Earthquake Authority and Wildfire Fund, USA

Prof. David Johnston Massey Univ., New Zealand

In April 2018, the 17WCEE Organizing Committee started the preparation of these sessions. The authors elaborated the concept
and hold a preparatory meeting in November, 2018. Draft themes were discussed to motivate young people for working on
earthquake engineering research. In international discussions, there is often disagreement between groups from developed countries
and developing countries. We aimed to make the sessions convincing to people from countries with different cultural backgrounds.
The session members were gathered by the following summer and we reported on the progress of the preparation at the Annual
Meeting of the Japan Association for Earthquake Engineers on September 20, 2019.

With respect to Session “Emerging Vulnerability,” the first online meeting of the session members was held on January 25, 2020.
We exchanged views on the trends in society and earthquake engineering in the past and next 30 years, extracted important key
words, and set the discussion topics for the next meeting. The second online meeting was planned for April, but the Corona pandemic
broke out. The 17WCEE Organizing Committee decided to postpone the conference for one year on April 20. After eight-month
suspension, we resumed our activities in December, 2020 and finally held the second online meeting on February 8, 2021. After that,
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online discussions were held on April 27, July 19, and August 31 to prepare for the main event. In Session “Emerging Vulnerability”
in 17WCEE, the program consisted of two keynote presentations and five presentations by young researchers, with discussions in
between (Fig. 1). Our central questions were:

o What are the weak points that remain unrecognized?

° Is the rapid transition to a super-smart society creating new weak points?

There were many participants from all over the world, and lively discussions were held during the discussion time.

Simulation and monitoring with big data and extreme-scaling computing, 5/6G, Internet of things, Al are going to bring out a new
power in earthquake engineering. In Session “Super Advanced Exploration, Simulation, and Monitoring” in 17WCEE, distinguished
keynote presenters and panelists (from simulation, monitoring, and risk management) were invited to introduce backgrounds and
the state-of-art and to explore future directions. This session consisted of two keynote presentations, five presentations by young
panelists, and the panel discussion (Fig. 2). In the panel discussion, we considered what should have to be discussed in the session
and what the audience wanted to hear from the keynote speakers and panelists. Since we had limited time for Q and A, we prepared
two key questions.

Q1 is “What are the current bottlenecks and what are the strengths in your research theme?”

Q2 is “How to solve the bottlenecks in the future and how to develop the strengths?”

In addition to their wonderful presentations, the panel discussion with great diversity (from simulation, monitoring and risk
management) gave the deeper understanding of this field.

The sessions formed by TAEE (Figs. 3 and 4) are reported on the website (https://www.iaee.or.jp/).

The resolutions derived from these special sessions were reported at the closing ceremony as shown in Tables 5—8. We hope that
these resolutions encourage collaborations among all members of the earthquake engineering community.

Session Overview

Coordinators Panelist Presentations 4
. K o A Bri%ht Picture of How Disaster Resilience
— Prof. Masayuki Kohiyama @ May Advance and Be Applied 30 Years in the
(Keio Univ., Japan) % Future & . |
i - — Prof. Gian Paolo Cimellaro
~ Prof. Taichiro Okazaki -~ (Politecnico di Torino, Italy)
(Hokkaido Univ., Japan) . ﬁocite:ts)(/)@d Earthquake Engineering in the
1 exi ears
Keynote Presentations 4 S Mr Masoantinenn

» Performance-based Consideration for (Eight-Japan Engineering Consultants
Mega Cities How Ty
. gy, in Particular AI/IT, Can 3
— Prof. Tsuyoshi Takada g:/lhange Infras?f{)u%ture Desri]gnFand
i aintenance ‘ears in the Future
.(Japan Atomlc Energy A'g.ejncy, NETEN)] = prof. ShulchiIFUNIKUF
» Seismic Bridge Vulnerabilities, (Utsunomiya Univ., Japan)
Resilience & Multi-Hazards. Is This + Cultural Values Overweighing Scientific Ind
Missi I ible? — Prof. Noriko Takiyama
Ission Impossible (Tokyo Metropolitan Univ., Japan)
— Prof. Alessandro Palermo k:;“ « Risk Communication with Stakeholders:
)

(Univ. of Canterbury, New Zealand) Tiansi?giggeerilsgzuFigaig?nnce

(National Society for Earthquake
Technology-Nepal, Nepal)

Fig. 1. Overview of Session “Emerging Vulnerability”
Keynote Presenters
+ Professor Muneo Hori JAMSTEC, Japan)

+ Professor Zifa Wang (China Earthquake Administration, China) ﬂ MW
i

Panelists 3

» Field: simulation n
« Professor Barbara Simpson (Oregon State University, USA) A
*
T

« Professor Takeshi Koyama (Tokyo Denki University, Japan) %
« Field: monitoring - - -
« Professor Masahiro Kurata (Kyoto Univ., Japan)
« Professor Quincy Ma (University of Auckland, New Zealand)
« Field: risk management
« Professor Saki Yotsui (Ritsumeikan University, Japan)

L

Coordinators
« Professor Mitsuyoshi Akiyama (Waseda Univ., Japan)
« Professor Tsuyoshi Ichimura (the University of Tokyo, Japan)

The two keynote presenters and the five young panelists present the research
tactics and strategy considering the further improvement of their strength. In
addition to their wonderful presentation, this information about the future plan
will be useful to the audience when they think of their own research plans.

Fig. 2. Overview of Session “Super Advanced Exploration, Simulation, and Monitoring”
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Session Overview Session Overview

Moderator: Michael Fardis

University of Patras, Greece

Michele Calvi
University School for Advanced Studies IUSS Pavia, [taly
“Feasibility of Minimum-Loss Seismic Design

State-of-the-art and prospects to control/minimize Applying a Loss-Base Approach and Procedure”

damage and produce more resilient structures

« Earthquake protection systems: structures with energy
dissipation devices, base isolation

George Gazetas

. . L National Technical University of Athens, Greece
* Structures designed for unconventional seismic

response: rocking / sliding / use of the foundation soil >, “Unconventional Found?thn Design
Improves the Seismic Safety

=
* Real-life applications ‘!‘ and Resilience of the Structure”

Session Overview

David Mar
Mar Structural Design, USA

“Rocking and Resilience Discussion”

Masahiko Higashino
Senior Research Fellow, Takenaka Corporation
Vice President, Japan Society of Seismic Iselation, Japan
“Current State of Seismic Isolation
and Structural Control in Japan”

Fig. 3. Overview of Session “Seismic Design for Minimum Damage
(Towards "Earthquake-Proof" Structures)”

Session Overview Session Overview

Lessons from recent natural disasters and emerging issues in Japan,
New Zealand and the United States, including challenges in research
and implementation to improve community resilience.

7

Topic 1: Earthquake and tsunami disasters in respective countries and
recent research and implementation innovations in respective

b

Moderator Speaker areas

Gregory Deierlein Haruo Hayashi  Laurie Johnson  David Johnston . " !
Professor and Director of the  Professor Emeritus of Kyote  Consultant/Researcher and  Professor of Disaster TOpIC 2: What we can Ielarn from t.he COV.IID pandemlc t.O 1) Improve
éohr!A, mumcc Earthqusz:kcf . ;Im\';rsity T e e our understanding of societal resilience and 2) inform

ngincering Center at Stanford President of N ational  and Resiliency Officer for  of the Joint Centre for research. planning. policies. and practices to promote
ot s e Tl the California Farthquake  Disaster Research, Massey i P hg, p K ' p d oth P hvsical
e RMa s R';n'i“c‘y'g';f“ iaster Authority and Wildfire  University; Deputy Director resilience to earthquakes, tsunamis and other geophysica
Cenins (Sgichnlm) ‘ Fund; current Past- of the multi-institutional hazards.

President of EERI QuakeCoRE research

program in New Zealand

Fig. 4. Overview of Session “Societal Resilience to Earthquakes and Tsunamis”

Table 5. Resolutions of Session “Emerging Vulnerability”

Lessons learned from past earthquake disasters
» Establish performance goals of city systems.
» Treat spatial and temporal performance degradation with risk management scheme.
» Shift towards resilient systems and recovery limit states.
* Respond to “evolving demands” with recycled and reused materials.
— Multi-hazards
— Structural ageing

— Climate change
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Future challenges

Leaders need to change their mindset toward long-term resilience.

— Global early warning systems

— Search & rescue using advanced monitoring and global real-time disaster simulation & visualization
Predict more complex future disasters using trans-disciplinary approach with multi-stakeholders, which can fill the gap and
deliver solution message to the society.
Require more imagination and education because Al & drone change infrastructure design & maintenance and also mobility.
Achieve resilient or robust digital transformation to enhance the resilience of the built environment.

Develop new technologies that provide new means to transfer knowledge and communicate risk & resilience.

Cautions in disaster-risk reduction

Respect and succeed various sense of value and cultures.
— We can use original materials and construction methods by limiting entry and controlling risk in conservation of
cultural heritage
Communicate risk & resilience effectively.
— Convert technical outputs of risk assessment to community language; impacts are easy to understand by
communities.

— Link risk communication with culture and tradition to increase acceptability.

Choose risk reduction activities based on a target level of safety because priorities vary from country to country.

Table 6. Resolutions of Session “Super Advanced Exploration, Simulation, and Monitoring”

Great diversity is found since presentations range from advanced simulation, new monitoring to data of structural and
human loss. They are a good example of taking advantage of other engineering and sciences to earthquake engineering.
It is hoped that the next generation in earthquake engineering will export their research achievement to other fields of
engineering and sciences; earthquake engineering research influenced other engineering and sciences in developing

simulation programs, observation systems and experiment facilities.

Table 7. Resolutions of Session “Seismic Design for Minimum Damage (Towards "Earthquake-Proof" Structures)”

Current state-of-the-art and technology can meet the expectation of modern societies for little (or no) damage under rare,
design level, earthquake shaking, at little (or even zero) additional cost.

Structures which can sustain strong earthquake ground motions with little damage serve best the goal of resilience.

The general framework, the approach and the technology for design for minimum damage apply also to retrofitting of
existing structures.

Codes and standards should shift focus from ductility-based design for life safety to performance-based design for minimum
damage.
Building contents and nonstructural elements may be more valuable than the structure itself; more research is needed for
their protection.

Controlled rocking at dry joints or interfaces (including those with the ground) is a very cost-effective option for minimum
seismic damage.
A rational balance of resistance and inelastic action between the soil and the superstructure can markedly reduce structural
damage and cost and enhance resilience, without compromising safety.

Seismic protection is a mature and continuously improving technology, successfully applied in design of new and upgrading

of existing structures (high-rise buildings, bridges, tanks, etc) for earthquake in many seismic regions of the world;

however, it has not been used yet to its full potential in all such regions.
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Table 8. Resolutions of Session “Societal Resilience to Earthquakes and Tsunamis”

*  Wider use of seismic protection will reduce in the long term unit costs of devices.

e If design for minimum damage enters everyday practice and designers become familiar with it, costs of design will
gradually drop.

*  With future indirect costs (downtime, relocation, etc) over the service-life and the value of contents taken into account, the
net present value of the total cost is markedly reduced, if facilities are designed for minimum seismic damage. Benefits
to sustainable development, national economies and owners, from investing in long-term seismic performance can be
immense. Those who focus on initial construction cost should be “tutored” about them.

* Aservice-life-long plan for monitoring/inspection and (where relevant) replacement of hardware should be an essential part
of a design for minimum seismic damage.

* The unexpected cause damage. We must learn from the past and think proactively about all potential risks.

* Post-event response and recovery must be planned before the event, because the window of opportunity to mitigate long-
term, negative impacts, can be very short.

» Neighborhoods/social network should be emphasized in post-event response. Socio-economic vulnerabilities and
population displacement can undermine community resilience.

» Changing and implementing public policies takes a long time, while people’s memories and political will fade quickly.

*  We should not be waiting for the next wake-up call to change human/societal perception. We can do better in sharing the
lessons from earthquakes and other natural disasters beyond the affected local community with the larger (national and
world) community.

* The key to communicating the risk of natural hazards is to personalize the “local and personal experience.”

» Simulated earthquake scenarios have proven to be an effective tool to influence human perception and public policies.
Covid-19 pandemic is an on-going world crisis that provide many lessons to improve our understanding of societal resilience

* Impact is not uniform: some people and some communities are more vulnerable

» Essential services and critical building types and uses for society to function, are broader and different from what we have
believed them to be

» Communities that engage residents in pre-pandemic public health planning have coped better

*  How governments respond to supporting people and community functions (e.g., education, housing) is going to determine

the long-term impact on people and communities
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Rupture process of the mainshock of the 2019 Rldgecrest earthquakes estimated

by waveform inversion with empirical Green’s functions
Shuanglan Wu (Port and Airport Research Institute)

Earthquake is one of the global natural hazards, which could cause serious seismic disasters such as injuries and loss of lives,
damage to lifeline facilities and mass economic losses. Many efforts are being made to mitigate seismic disasters. One of them
is to understand the rupture process of earthquakes and the generation process of damaging ground motions. Inversion of strong
ground motions is one of the most efficient ways to quantitatively understand the kinematical characteristics of earthquake sources.
It can play important roles both in seismology and engineering. From seismological perspectives, the kinematical characteristics
of earthquake sources obtained from waveform inversions can form a basis for understanding the dynamics of fault ruptures. From
engineering perspectives, the results of waveform inversions can be useful for estimating strong ground motions at sites where the
records of ground motions are not available. In addition, the results can also be useful for constructing realistic source models of
future large earthquakes for the prediction of strong ground motions. As a member of the Engineering Seismology Group of the Port
and Airport Research Institute, one of my research interests is applying waveform inversions to global large earthquakes to reveal
their rupture processes. As an example, the results for the mainshock of the 2019 Ridgecrest earthquakes [1] will be presented in this
article.

The 2019 Ridgecrest earthquake sequence with M,, 7.1 mainshock hit the Eastern California Shear Zone (ECSZ) in July 2019,
which was the first event exceeding M,, 7.0 in California since the occurrence of the 1999 Hector Mine earthquake in this zone,
which is one of the most seismically and tectonically active regions in the world. The mainshock had a rupture length of more
than 50 km and caused near-fault ground motions exceeding 0.5 G and 70 cm/s. It also had significant impacts on the lifeline
facilities and buildings in the near-fault regions. Therefore, it was highly required to clarify the source rupture process and the
generation mechanism of strong ground motions of the earthquake. In our study, its rupture process was investigated from waveform
inversions of near-fault strong-motion data in the frequency range of 0.2-2.0 Hz. In the inversion scheme, the linear least-squares
waveform inversion was adopted [2-3] and empirical Green’s functions (EGFs) were used to avoid possible uncertainties caused
by the assumption of subsurface velocity structures
and to handle relatively higher frequency ranges of
strong ground motions up to 2.0 Hz, which are of great
importance from engineering points of view.

Our inverted slip model is illustrated in Figure 1,
which suggests that the mainshock involved two large
slip regions: the primary one with a maximum slip of
approximately 4.4 m was centered ~3 km northwest of 0 10 20 30 40 50 60
the hypocenter, which was slightly shallower than the Distance along strike (km)
hypocenter, and the secondary one was centered ~25
km southeast of the hypocenter. Outside these regions, 0.0 0.5 1.0 1.5 20 2.5 3.0 35 4.0 45
the slip was rather small and restricted to deeper parts Final siip (m)
of the fault. The slip model corresponded to a moment Strike = 322° ——#=
magnitude of M, 7.2. A relatively small rupture velocity
of 2.1 km/s was identified. These evaluation results could
be helpful in explaining the near-fault damage pattern
observed during the mainshock.

Although heterogeneous slip distributions obtained
from waveform inversions are useful for understanding
the generation mechanism of strong ground motions, Dlstance along strike (km)
due to their complicated nature, they are not necessarily
convenient for modelling future earthquakes for the
generation of design ground motions. Therefore, in the
near future, based on this inverted source model, we Figure 1 Inverted source model for the mainshock of the 2019
will try to construct simpler source models including Ridgecrest earthquake sequence: final slip distribution (top
the models of rectangular asperities or the pseudo o na)) and peak slip velocity (bottom panel). In each panel, the

oint-source models proposed by our research group to R .
Simulate strong grougd glotionsyfor future eart%qua?kes black dot indicates the hypocenter, which is the rupture start

for the seismic design of structures. point assumed for the waveform inversion.

Strike = 322° ———=

Distance along dip (km)

Distance along dip (km)

0002040608 10121416 1820
Peak slip velocity (m/s)

Reference: [1] Wu, S. L., Nozu, A., and Nagasaka, Y. (2021). Rupture Process of the Mainshock of the 2019 Ridgecrest Earthquake
Sequence from Waveform Inversion with Empirical Green’s Functions. Bulletin of the Seismological Society America, 111(2), 1014-
1031.

[2] Nozu, A., and Irikura, K. (2008). Strong-Motion Generation Areas of a Great Subduction-Zone Earthquake: Waveform Inversion
with Empirical Green's Functions for the 2003 Tokachi-oki Earthquake. Bulletin of the Seismological Society of America, 98(1),
180-197.

[3] Nozu, A. and Nagasaka, Y. (2017). Rupture Process of the Main Shock of the 2016 Kumamoto Earthquake with Special
Reference to Damaging Ground Motions: Waveform Inversion with Empirical Green's Functions, Earth Planets Space, 69:22.
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