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Introduction

After an earthquake, quick inspection of damaged buildings is performed to prevent secondary
damages that can affect people’s lives. Such assessment is done by determining the risk of collapse of
buildings, falls of exterior walls and window glass, as well as falls of attached equipment, which can
arise when aftershock occurs.

The Symposium on Future of Post-disaster Assessment for Buildings held on February 5, 2020 in
Tokyo under the co-host of the National Graduate Institute for Policy Studies (GRIPS) and the
Building Research Institute (BRI). It aimed to exchange information on initiatives that have been
taken at the time of earthquakes in Japan and in other countries and information on technological
trends concerning disaster prevention. Also, challenges and issues to be addressed for the future were
discussed.

We appreciate the cooperation of the moderators, speakers, participants, sponsoring organizations
and other people working for the symposium. We hope that disaster countermeasures will be further

developed through events for international information exchange like this one.

Yasuo Okuda Senior Fellow, Department of Structural Engineering, BRI
(Director of the above Department until March 31, 2020)

Toshiaki Yokoi Senior Fellow, IISEE, BRI
(Director of the above Institute until March 31, 2020)

Masaru Sugahara  Professor, GRIPS
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Symposium on “Future of post-disaster assessment for buildings”

Date and time: Wednesday, February 5, 2020 1:30pm — 5:00pm

Venue: Sokairo Hall, 1st Floor of GRIPS

Hosted by: National Graduate Institute for Policy Studies, Building Research Institute

Supported by: National Institute for Land and Infrastructure Management of the Ministry of Land,
Infrastructure, Transport and Tourism, The Japan Building Disaster Prevention Association,
Japan Council for Quick Inspection of Earthquake Damaged Buildings, Japan Federation of
Architects & Building Engineers Association, Japan Association of Architectural Firms, The
Japan Institute of Architects, Japan Structural Consultants Association, Japan Federation of
Construction Contractors, Condominium Management Companies Association, Urban
Renaissance Agency, Japan Housing Finance Agency, Architectural Institute of Japan, Japan
Academic Network of Disaster Reduction, Consortium for Building Research & Development,
United Nations Educational, Scientific and Cultural Organization (UNESCO)

Number of participants: 145 (130 general attendees and 15 instructors and other people involved)

Program:

MC: Masaru SUGAHARA (Professor, GRIPS)
1:30-1:40pm Introductory Remarks: Yasuo OKUDA (Director, Dept. of Structural Engineering, BRI)
1:40-5:00pm Presentation and Panel Discussion

Moderator: Yoshiaki NAKANO (Professor, The University of Tokyo)
1:40-3:50pm Presentation

1. Practices and issues on post-earthquake quick inspection of buildings in Japan

Wataru GOJO (Senior Technical Counselor, Japan Building Disaster Prevention Association)

“History of Japan’s system and future options for improving it”

Suguru HIRAYAMA (Chief Examiner, Building Disaster Prevention Section, Osaka Prefectural Government)

“Practices and issues on post-earthquake quick inspection of buildings in Osaka”

2. Practices and issues on post-earthquake quick inspection of buildings in various countries
Tatsuya AZUHATA (Chief Research Engineer, IISEE, BRI)

“Technical Support Examples for Post-Earthquake Quick Inspection Methods to Developing Countries from Japan”
Eduardo Orlando HURTADO GAJARDO (Head of Engineering and Construction Department,
Public Building Division, National Directorate of Architecture, Ministry of Public Works, Chile)

“Quick Inspection Method of Buildings Damaged by Earthquakes in Chile”

Lap-Loi CHUNG (Deputy Director General, National Center for Research on Earthquake
Engineering, and Professor, National Taiwan University, Taiwan)

“Technology and mechanism on post-earthquake emergent evaluation of damaged buildings in Taiwan”
Dave BRUNSDON (Director, Kestrel Group, New Zealand)

“Rapid post-earthquake structural and geotechnical assessments in New Zealand”

3. Trend of R&D relevant to post-earthquake quick inspection of buildings
Tomohisa MUKAI (Senior Research Engineer, Dept. of Structural Engineering, BRI)

“Overview on damage evaluation for buildings subjected to severe earthquake using some 3D laser scanners”
Koichi KUSUNOKI (Professor, The University of Tokyo)

“Development and implementation of new technologies for the rapid inspection method”

Break 3:50-4:00pm
4:00-5:00pm Panel Discussion: Future of post-disaster assessment for buildings
- Efficient methods for data collection and analysis on damages in case of wide area earthquake -
5:00pm  Closing
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Presentation

1. Practices and issues on post-earthquake quick inspection of buildings in Japan

Wataru GOJO (Senior Technical Counselor, Japan Building Disaster Prevention Association)

“History of Japan’s system and future options for improving it”

As the history of post-earthquake quick inspection in Japan, Dr. Gojo
introduced the development of standards and manuals based on the
technologies developed through the Comprehensive Technology Development
Project of the Ministry of Construction started in 1981, as well as the
establishment of Japan Council for Quick Inspection of Earthquake-damaged
Buildings of 1996 following the Great Hanshin Earthquake. As the issues to be
addressed, Dr. Gojo mentioned about the method of aggregating the survey
results and creating database, improvement of operation systems, association
with other similar systems, response to wide-area earthquakes, shortage and
aging of inspectors, and application of advanced technologies. Lastly,
examples of technological transfer projects were introduced from the cases of
the Kocaeli Earthquake in Turkey, Jiji Earthquake in Taiwan, and the Sichuan
Earthquake in China.

Suguru HIRAYAMA (Chief Examiner, Building Disaster Prevention Section, Osaka Prefectural Government)

“Practices and issues on post-earthquake quick inspection of buildings in Osaka”

In the post-earthquake quick inspection of buildings conducted after 2018
Osaka Earthquake, a total of 1,000 inspectors assessed 9,361 buildings in 10
days. Mr. Hirayama touched on the basis for the red tags, an accident of
collapsed concrete-block walls, responds taken after the earthquake, and
assessment procedures for different municipalities. The challenges raised
included accurate and quick understanding of damages, communication
systems between municipalities and the prefectural government, assessment
method for the cases where damaged buildings are scattered, standardization of
assessment, and publicity of the systems to local residents. Mr. Hirayama
concluded the presentation by emphasizing that it is important to prepare the
systems and designate sites for headquarters beforehand, to zone the specified
areas for inspection, to secure equipment needed for inspection, to provide
training to inspectors and maintain their technical standards, and to compile a
list of inspectors who have experience in earthquake response.

2. Practices and issues on post-earthquake quick inspection of buildings in various countries

Tatsuya AZUHATA (Chief Research Engineer, IISEE, BRI)

“Technical Support Examples for Post-Earthquake Quick Inspection Methods to Developing Countries from Japan”

Dr. Azuhata explained about the lectures on post-earthquake quick inspection
and damage level assessment that are given in the International Institute of
Seismology and Earthquake Engineering (IISEE) training. Then examples of
technical support were shown. After the earthquake in Turkey in 1999, the
government of Japan sent experts to Turkey and advised the Turkish
government to carry out inspection to prevent secondary damages and
suggested a guideline for post-earthquake quick inspection to be compiled in
collaboration with a local university. After the earthquake in Chili in 2010, the
Japanese government dispatched a group of experts to Chili and issued the first
edition of the inspection sheet for post-earthquake quick inspection. In
addition, Dr. Azuhata talked about the KIZUNA project by JICA and the
IPRED project by UNESCO. Lastly, he stated that the techniques to efficiently
collect data and analyze the damage conditions have been developed in other
parts of the world and suggested Japan learn from experience by other
countries.
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Eduardo Orlando HURTADO GAJARDO (Head of Engineering and Construction Department,
Public Building Division, National Directorate of Architecture, Ministry of Public Works, Chile)

“Quick Inspection Method of Buildings Damaged by Earthquakes in Chile”

When the Earthquake 27F hit Chile in 2010, post-earthquake quick inspection
sheet has not been developed in the country, and no normalized and reliable
methodology had been available. In 2011, Japanese experts visited Chile and
suggested the Chilean authorities to work on post-earthquake quick inspection
of buildings, seismic evaluation, reinforcement and remodeling of existing
buildings, and seismic isolation of structures. A form of quick inspection sheet
was developed and has been improved based on a variety of issues raised at the
times of the subsequent earthquakes. Mr. Hurtado touched on future strategies
using a SWOT analysis, which was aimed to establish a method for quick
inspection of buildings as learned from the Japanese method, to maintain
teams of trained inspectors, and to develop manuals and other technical
instruments.

Lap-Loi CHUNG (Deputy Director General, National Center for Research on Earthquake
Engineering, and Professor, National Taiwan University, Taiwan)
“Technology and mechanism on post-earthquake emergent evaluation of damaged buildings in Taiwan”

Dr. Chung stated that inspection method must be simple, fast, economical,
effective, discriminative, and objective. In Taiwan, a yellow placard indicates
danger. To use a building to which a yellow placard is assigned, dangerous
items, such as fallen objects or inclined objects must be removed. A red
placard indicates that the building cannot be used until it is recognized as “safe”
by more detailed evaluation or it is retrofitted. Dr. Chung explained that red
placards are issued based on the inclination of the structure, the disengagement
of columns from the foundation, ground failure, damages of adjacent buildings
or nearby buildings, or low residual strength ratio of the building (less than
0.5). The method to calculate the residual strength ratio of the building from
damage degrees and residual strength ratios of members was introduced.

Dave BRUNSDON (Director, Kestrel Group, New Zealand)

“Rapid post-earthquake structural and geotechnical assessments in New Zealand”

Mr. Brunsdon talked about the measures taken in the last 10 years: the change
of placard color from green to white; targeted damage evaluation (TDE); and
the revision of the national guidance; and the legislative change of 2019,
which now allows rapid building assessment without declaration of a state of
emergency. The speaker also introduced human resource development for
different levels, such as the leadership group, professionals, and young
engineers. Lastly, Mr. Brunsdon pointed out some issues (by referring them as
“gaps™): lack of operational leaders (although legal systems and guidance are
available), lack of protocols for how to use the data (although the number of
instrumented buildings is increasing), etc.
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3. Trend of R&D relevant to post-earthquake quick inspection of buildings

Tomohisa MUKAI (Senior Research Engineer, Dept. of Structural Engineering, BRI)

“Overview on damage evaluation for buildings subjected to severe earthquake using some 3D laser scanners”

First, Dr. Mukai explained the mechanism of laser scanners: A laser scanner
measures the time of flight of the laser beam coming out of the device,
calculates the distance, and identifies the axil of the coordinate of the object.
He introduced a study conducted by the Building Research Institute on
damaged building assessment using a 3D laser scanner, which included
experiment of a system that analyses damage observation data and quickly
assess the buildings on whether it can be used, and then share and display the
results. Other studies involved a survey on a building with a broken pile in
Kumamoto and a survey on damage distribution in Mashiki Town. Lastly, Dr.
Mukai stated that when the technology is further advanced, it will help
precisely evaluate damages from a huge amount of data and accelerate the
existing method of quick inspection.

Koichi KUSUNOKI (Professor, The University of Tokyo)

“Development and implementation of new technologies for the rapid inspection method”

Dr. Kusunoki claims that it is important to clearly identify undamaged and safe
buildings because that can reduce the number of evacuees and help some
evacuees go back to their houses. Visual observation is time-consuming and
has some problems. Visual observation is difficult for high-rise buildings and
buildings covered with finishing materials, and new designing methods lead to
whole collapse configuration. As an example of technological development to
deal with these problems, a technique using a capacity spectrum method with
sensor was introduced. Other examples of technical development, including
identification of fallen buildings by an expert located away from the affected
area using visual data taken by a drone, and collection of data on inclination
with GPS observation, were introduced. Dr. Kusunoki concluded his
presentation by suggesting that real-time, areal data may help reduce the
burden in post-earthquake quick inspection.
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Panel Discussion: Future of post-disaster assessment for buildings

- Efficient methods for data collection and analysis on damages in case of wide area earthquake -

(Nakano) Do we have technologies and knowledge to cope with a super-wide-area disaster? That is a
concern. In case of a super-wide-area disaster, we may not get into the affected site easily. Then we need
nation-wide collaboration. How can we secure support schemes, access to the affected area, and financial
support, and so forth? What is the current status for wide-area disasters?

(Gojo) There are nation-wide organizations, prefectural councils and regional councils. We have a
framework of mutual cooperation among regions for large-scale disasters. However, the national government
has not established specific crisis management rules. Now we are recognizing that there are many issues to be
addressed and thigs to be prepared. We should accelerate the efforts and solutions using all the technologies
available.

(Nakano) If the anticipated Nankai Trough Earthquake occurs, large cities, such as Nagoya and Osaka will
be key players. | am afraid Osaka Prefecture would not be 100% prepared if the earthquake happens now.
What are your assumptions for taking measures?

(Hirayama) We carried out a drill last year in cooperation with the municipalities in Osaka Prefecture with
an assumption that four municipalities were damaged very badly. We found that official inspectors within the
prefecture will not be enough. If the anticipated Nankai Trough Earthquake becomes a real, several
prefectures in the area will be simultaneously hit, and it will be difficult to activate the measures within the
Kinki Region. We are discussing to designate a prefecture away from the anticipated area of damage as a
communication base for the support from other parts of the country. Also, we have to prepare a system to
receive inspectors and secure a site for the inspection headquarters. Elementary, junior-high and high school
facilities will be used as evacuation centers and not be available for the inspection headquarters. We are
seeking cooperation from universities and colleges to use their facilities.

(Nakano)  Are you assuming that inspectors will get in the area on land from other areas?
(Hirayama) We are assuming they will use vehicles, as trains may not be running.
(Nakano)  In the event of the Nankai Trough Earthquake, tsunami may hit the area, and then land routes

would be the only option. We should prepare different patterns to use for different types of earthquake events.
How realistic is it to use new technologies to deal with wide-area damages?
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How realistic is it to use new technologies to deal with wide-area damages?

(Kusunoki) Earthquake damage is unique in that the damage can occur in a significantly wide area, and that
the damage can occur almost concurrently with the earthquake itself. Therefore, the first critical response
would be to decide where to send inspectors. We may not rely on satellites as they are not stationery and
would not be positioned in the right place. Drones are limited in their speed and flight distance, and further
technical development is needed. As for sensors, although we cannot allocate sensors in every survey site, we
can install some far from each other. Collecting actual damage data is important, even if resolution is low.
SNS seems to have already been widely used. The SNS system recognizes images in the air and letters written
on utility poles, patrol cars and ambulances to automatically identify the locations of damage. It is important
to develop systems where we can share and use a great volume of privately-owned data.

(Mukai) In the case of the survey on the Kumamoto Earthquake, the damage was distributed without any
obvious pattern or rule on the map. Therefore, we must have a good mechanism to quickly pick up the
damaged sites. For example, you may have anti-earthquake reinforcements in many buildings in an area and
yet there are some buildings that are very vulnerable. We have to know how to prepare to measure the damage
on those buildings. In one case, laser-equipped aircrafts were damaged by tsunami and unusable, and they had
to have aircrafts fly from Tokyo. When using a new measuring method, or any unfamiliar method, preparation
is very important.

(Nakano)  Unfamiliar techniques may not work well in emergency. So, we have to get used to them in
ordinary practices as much as possible. In Chile, which is very long from north to south, damage can be
distributed in a wide area. What are your thoughts on covering the whole area in case of an earthquake?

(Hurtado Gajardo) America, South America and Central America have to improve cooperation with other
countries in the world that have experience of earthquakes. The countries with earthquake experience make
investments in budget accordingly. It is important to have same methods available among different countries
in order to properly evaluate the damage when an earthquake happens. The countries with earthquake
experience should provide support for such preparation.

(Nakano)  Chile can lead other Spanish-speaking countries in the area to share common standards and help
each other. | wish Japan could do that. Let’s view the wide areas from a different perspective. They may be
geographically wide, but also if a big city is affected, it should contain many large buildings. In Japan, quick
inspection is targeted for buildings up to 10 stories. But we can easily imagine that it cannot be the case if an
earthquake hits a large city. How much advancement have we made regarding the technologies to assess the
level of damage for large buildings?

(Mukai) Currently we are working with low- to middle-rise buildings—specifically, 10-story buildings
are our current goal. Some sets of data have been collected using the laser scanner technology for Tokyo
Tower and other tower buildings, but resolution is low. As for drones, regulations prevent us from flying a
drone to take data in advance, or even to carry out a drill.

(Nakano)  The issue of privacy and regulations are also making the use of drones difficult. Do you have
limits for the size or height in Taiwan and New Zealand?

(Brunsdon) There are no height limits, but structural assessment must be done with proper skills. We need
some additional training.

(Chung) The method we developed focused on the low-rise and mid- to high-rise buildings. We do not
have much experience with high-rise buildings because they are relatively new and therefore have decent
seismic design, and they are built in urban areas, which are far from the fault. However, we can apply the
current methods to high-rise buildings. If the professional engineers have difficulty to determine the residual
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engineers, for example—to determine the residual strength of buildings.

(Nakano)  Buildings made with steel reinforcement are often covered with finishes. They may look robust
from outside, but some bolts may be lost inside. It is hard to tell. It is one of the difficult issues we face in
quick inspection or damage assessment.

How do we see the collaboration and data sharing among quick inspection, damage certification of houses,
and survey for earthquake insurance? We do have to deal with the issue of personal information protection.
Nonetheless, is information sharing practical in Japan? What are the challenges and are there any movement
already in place?

(Gojo) This is an issue that needs to be solved because people affected by earthquake often do not see
why they have to have their house inspected repeatedly for different purposes. We need to integrate and
coordinate different inspection needs, so that a greater part of technical information can be shared. Still, it is
very difficult. For example, for certification for insurance, inspection should be done quickly and at once to
make calculation for payments. On the other hand, some other inspections must be done more carefully
because the conclusion may affect the life of the resident. Each inspection has different purposes.

(Nakano)  We have to come up with a good mechanism for collaboration to share data. It may become even
more difficult in a case of a wide-area disaster. | would like to hear any cases in other countries where
collaboration is made for quick inspection or any other activities done in similar events. If collaboration is still
an issue, what made it difficult?

(Brunsdon) From my experience, although post-earthquake quick inspection is different from inspection for
insurance or welfare purposes, which are more detailed, there is a clear need for sharing of assessment results.
However, the privacy issue was very serious in the process after the Canterbury earthquakes.

(Chung) In Taiwan, all assessment and evaluations are carried out by professional engineers regardless of
the purposes. However, there is no channel to share information. | would like to talk with authorities,
insurance companies, and other related organizations after returning to the country and discuss the
possibilities of developing a communication channel for evaluation processes.

(Nakano) It seems that some difficult issues are there and common among countries.

As we saw in the case of Kumamoto, we may experience a series of aftershocks. If a building is evaluated
as “safe” in the first quick assessment and gets damage from an aftershock with an equal or greater intensity,
who will take the responsibility and how? How should inspectors and assessors be prepared? These are rather
discouraging issues.

(Hirayama) Under the current system of quick assessment, the municipality of the assessment headquarters
is responsible for the results. The results are of the municipality. The headquarters, i.e., the government, will
be responsible for the accountability of the results. The system requires inspectors to work in pair to avoid
human errors. Some inspectors, however, may have not done inspection for a long time after receiving
training. Therefore, accumulation of assessment cases and sharing the information among inspectors are most
important to avoid variability among results and to avoid issues of responsibility. For efficient communication
with the owners of the buildings and houses, we tell the inspectors that reasons for the assessment results must
be well documented in the report.

(Nakano)  Reducing the variability in assessment results is an effective strategy and an important issue. Is
practical training provided in Osaka?

(Hirayama) Yes. We save old, wooden, public housing to be demolished and use them for practical training.
We need Reinforced Concrete and Steel buildings for training.
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We need Reinforced Concrete and Steel buildings for training.
(Nakano) Do you have issues of responsibilities in your countries?

(Chung) In Taiwan, only the information on how much strength is left in the building is provided after the
assessment. We do not mention the prospected safety of the building in the next earthquake.

(Brunsdon) It is very difficult to leave accountability with engineers. The responsibility really does need to
sit with the local authority. We remind the inspectors going to rapid assessment that aftershocks could well be
of equal magnitude and intensity as the main shock. It is also important to include a seismologist in the
leadership group to provide correct information to the inspectors.

(Hurtado Gajardo) In Chile, the person who evaluates the building usually has the responsibility to the results.
However, it is difficult to take responsibility. Quick inspection focuses on a specific floor. When aftershock
occurred, inspectors assessed three or so floors. The highest floor was rated red and other floors were rated
yellow. We did not intend to give green to any of the floors.

(Nakano)  The buildings may be rated green and get damage in the next earthquake. If inspectors have to
worry about such situations, they may tend to assign more yellow tags. Nevertheless, we have more
experienced inspectors recently, so | have an impression that more green tags are given. So, how would you
do the inspection when an idea of possible larger earthquake goes through your mind?

(Mukai) There may be two steps of questions: how to access to the affected area when almost no
information is available, and how to get to the obviously damaged building. The difficulty lies when
inspectors have to work without real-time data on site. But we cannot give up the inspection only because it is
too dangerous. | hope technologies can fill the gap.

(Kusunoki) If safe buildings are scattered in an area dominated by red-rated buildings, inspectors would
place green tags for safe buildings. But usually, many safe buildings are located in a wide area and inspectors
would not come to place green tags in most cases. The most worrisome is yellow tags. Often, people have
already evacuated from yellow-tagged buildings. So, if someone is caught in an aftershock, it is usually an
inspector or the resident who came back home to retrieve something. The criteria for yellow may be too wide.
It would make a big difference if we can measure ground-level acceleration and the seismic intensity of the
particular area with some kind of a sensor. Different kinds of sensors are now used in buildings for security
systems and elevators, which have lowered the costs. | expect proper collaboration can reduce risks.

(Nakano)  The area may have received yellow tags, but we want to know which side of yellow it is: close
to a dangerous level, or close to green? If we can have the intensity, on-site intensity at least, we can compare
the data when getting into the site next time and do inspection with a better idea.

We deployed national-level quick inspection first time in Japan at the time of Kobe earthquake. Since then,
we have been revising the method little by little with experience. When it comes to a wide area of inspection,
manpower is limited, and we have to use new technologies. When developing technologies to a practically
useful level, especially in product development, we may face the issue of “valley of death.” It is very
important to find a way to get across the valley, or a gap. We have to improve disaster response technology so
that it is really useful. We cannot necessarily show the solution right in front of you, but we recognize that we
have reached the point where we must do inspection efficiently, using technologies that have been improved:
technologies that erase the gap, or technologies that are really useful to society.

As long as we live in a country stricken by earthquakes, we need to prepare for the earthquakes, make
accurate post-earthquake assessment of the damage, and work for reconstruction. That is a first step for a
resilience society. We will keep working on development of technologies. We ask the attendees today, either
users or developers of the technologies, to work in collaboration to build a society where quick recovery can
be achieved in an event of disaster.
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*Presentation materials of Mr. Gojo and Mr. HURTADO GAJARDO
are replaced by the materials used in the symposium.
*Page numbers are revised accordingly.

Symposium on

“Future of post-disaster assessment for buildings ”

HANDOUT
(English ver.)

February 5, 2020
Sokairo Hall, GRIPS

Oy

!R_l
GRIPS =

Hosted by:  National Graduate Institute for Policy Studies (GRIPS), Building Research Institute (BRI)

Supported by: National Institute for Land and Infrastructure Management of the Ministry of Land, Infrastructure,
Transport and Tourism, The Japan Building Disaster Prevention Association, Japan Council for
Quick Inspection of Earthquake Damaged Buildings, Japan Federation of Architects & Building
Engineers Association, Japan Association of Architectural Firms, The Japan Institute of Architects,
Japan Structural Consultants Association, Japan Federation of Construction Contractors,
Condominium Management Companies Association, Urban Renaissance Agency, Japan Housing
Finance Agency, Architectural Institute of Japan, Japan Academic Network of Disaster Reduction,
Consortium for Building Research & Development, United Nations Educational, Scientific and
Cultural Organization (UNESCO)
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L) Symposium on

GRIPS “Future of post-disaster assessment for buildings”
Hosted by National Graduate Institute for Policy Studies (GRIPS) and Building Research Institute (BRI)

Post-earthquake quick inspection of damaged buildings aims to prevent secondary disasters by inspecting
the buildings hit by large earthquakes and evaluating the risks including building collapse, fall of exterior
walls and window glass and the overturn of building equipment that may be caused by aftershocks. In the
symposium, presentation will be made on the lessons from the past disasters and relevant R&D both within
and outside Japan, and issues on future of post-disaster assessment for buildings will be explored.

Date and time: Wednesday, February 5, 2020 1:30pm -5:00pm Open from 1:00pm

Venue: Sokairo Hall, 1st Floor of GRIPS (See map below) (Max. 300 persons)
Language: Japanese/English (simultaneous translation provided)
Hosted by: National Graduate Institute for Policy Studies, Building Research Institute

Supported by: National Institute for Land and Infrastructure Management of the Ministry of Land, Infrastructure,
Transport and Tourism, The Japan Building Disaster Prevention Association, Japan Council for Quick
Inspection of Earthquake Damaged Buildings, Japan Federation of Architects & Building Engineers
Association, Japan Association of Architectural Firms, The Japan Institute of Architects, Japan
Structural Consultants Association, Japan Federation of Construction Contractors, Condominium
Management Companies Association, Urban Renaissance Agency, Japan Housing Finance Agency,
Architectural Institute of Japan, Japan Academic Network of Disaster Reduction, Consortium for
(Building I;esearch & Development, United Nations Educational, Scientific and Cultural Organization
UNESCO

Program:
MC: Masaru SUGAHARA (Professor, GRIPS)

1:30-1:40pm Introductory Remarks
Yasuo OKUDA (Director, Dept. of Structural Engineering, BRI)

1:40-5:00pm Presentation and Panel Discussion
Moderator: Yoshiaki NAKANO (Professor, The University of Tokyo)

1:40-3:50pm Presentation

1. Practices and issues on post-earthquake quick inspection of buildings in Japan
Wataru GOJO (Senior Technical Counselor, Japan Building Disaster Prevention Association)
“History of Japan’s system and future options for improving it”
Suguru HIRAYAMA (Chief Examiner, Building Disaster Prevention Section, Osaka Prefectural Government)
“Practices and issues on post-earthquake quick inspection of buildings in Osaka”

2. Practices and issues on post-earthquake quick inspection of buildings in various countries

Tatsuya AZUHATA (Chief Research Engineer, IISEE, BRI)
“Technical Support Examples for Post-Earthquake Quick Inspection Methods to Developing Countries from Japan ”

Eduardo Orlando HURTADO GAJARDO (Head of Engineering and Construction Department, Public
Building Division, National Directorate of Architecture, Ministry of Public Works, Chile)
“Quick Inspection Method of Buildings Damaged by Earthquakes in Chile”

Lap-Loi CHUNG (Deputy Director General, National Center for Research on Earthquake Engineering,
and Professor, National Taiwan University, Taiwan)
“Technology and mechanism on post-earthquake emergent evaluation of damaged buildings in Taiwan ”

Dave BRUNSDON (Director, Kestrel Group, New Zealand)
“Rapid post-earthquake structural and geotechnical assessments in New Zealand”

3. Trend of R&D relevant to post-earthquake quick inspection of buildings

Tomohisa MUKAI (Senior Research Engineer, Dept. of Structural Engineering, BRI)
“Overview on damage evaluation for buildings subjected to severe earthquake using some 3D laser scanners”

Koichi KUSUNOKI (Professor, The University of Tokyo)
“Development and implementation of new technologies for the rapid inspection method”

Break 3:50-4:00pm

4:00-5:00pm Panel Discussion: Future of post-disaster assessment for buildings
- Efficient methods for data collection and analysis on damages in case of wide area earthquake -

5:00pm  Closing Access to GRIPS D o6
7-22-1 Roppongi, Minato-ku, Tokyo = ™7

LS

Free of charge (Pre-registration required) EHIEE
Please resister from the link below or QR code :
by 3™ February, 2020
https://forms.gle/STUfDkkUKNQ62s2D6 Bl
Contact: GRIPS E-mail: grips.dms@gmail.com
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Profile of Moderator and Presenters
Yoshiaki NAKANO
Professor, The University of Tokyo

Yoshiaki Nakano, Ph.D., is professor of the Institute of Industrial Science, The University of
Tokyo. His expertise is structural performance evaluation and its upgrading,
post-earthquake/tsunami damage assessment, especially of reinforced concrete and masonry
infilled buildings. He is currently serving as a Vice President of International Association of
Earthquake Engineering (IAEE) and the President of JAEE.

Wataru GOJO

Senior Technical Counselor, Japan Building Disaster Prevention Association

Dr. Wataru Gojo (PhD in engineering) started his career in 1980 at Ministry of Construction,
and joined Building Research Institute (BRI) and National Institute for Land and Infrastructure
Management (NILIN) in 1996 to research structural safety of building and performance-based
standard for more than 20 years.

Suguru HIRAYAMA

Chief Examiner, Building Disaster Prevention Section, Osaka Prefectural Government

Entered Osaka Prefectural Government in 1994, mainly responsible for the Building Standard
Law related works (Building Regulation Conformity Inspectors). Responsible for the
headquarters of post-earthquake quick inspection of damaged buildings after the Northern
Osaka Prefecture Earthquake.

Tatsuya AZUHATA

Chief Research Engineer, IISEE, BRI

Ph.D. in Earthquake Engineering at Chiba University, in 1993. Entered Ministry of Construction
in 1993. After working at the Housing Bureau, National Institute for Land and Infrastructure
Management, etc., he has been engaging in the international training program at the
International Institute of Seismology and Earthquake Engineering (1ISEE, BRI) since 2014.
Eduardo Orlando HURTADO GAJARDO

Head of Engineering and Construction Department, Public Building Division, National
Directorate of Architecture, Ministry of Public Works, Chile

Civil Engineer, Pontifical Catholic University of Chile, in 1998, and Diploma in energy efficiency and
solar energy thermal in public building, University of Chile. After working in construction building, design
and construction of pavement and concrete industry at private sector at the beginning, next as Academic
Coordinator and Professor in Courses Structure, Construction Management and Highway Design at the
Central University of Chile, has worked since 2008 as Fiscal Structures Inspector and since 2012 Head of
Department of Engineering and Construction, at National Directorate of Ministry of Public Works.
Lap-Loi CHUNG

Deputy Director General, National Center for Research on Earthquake Engineering,
and Professor, National Taiwan University, Taiwan

Lap-Loi Chung got the B.S. degree in Civil Engineering from National Taiwan University, and
M.S. and Ph.D. degrees from State University of New York at Buffalo. He joined National
Center for Research on Earthquake Engineering in 1992 and dedicated to mitigation of
earthquake disasters. His research interests include seismic design, seismic evaluation, seismic
retrofit and vibration control.

Dave BRUNSDON

Director, Kestrel Group, New Zealand

1984 Master of Engineering from the University of Canterbury; Distinguished Fellow of
Engineering New Zealand; Life Member of the NZ Society for Earthquake Engineering and the
Structural Engineering Society of NZ; Principal Engineering Adviser to a range of government
agencies and local authorities.

Tomohisa MUKAI

Senior Research Engineer, Dept. of Structural Engineering, BRI

Dr. Mukai received his Ph.D. in Faculty of Science and Engineering from Tokyo University of
Science in 2003, M.S. from Tokyo University of Science in 1999. His research focus on
performance based seismic design for buildings, especially damage evaluation of RC structure.

Koichi KUSUNOKI
Professor, The University of Tokyo

1999: Doctor (Engineering) from the University of Tokyo (UoT), research associate of the
Institute of the Industrial Science, UoT , 2002: Researcher of Building Research Institute(BRI),
2003: Senior Researcher of BRI, 2006: Associate Professor of Yokohama National University,
2014: Associate Professor of Earthquake Research Institute (ERI), UoT, and 2018: Professor gf
ERI.
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Wataru GOJO (Senior Technical Counselor, Japan Building Disaster Prevention Association)
“History of Japan’ s system and future options for improving it”

Symposium on
“Future of post-disaster assessment for buildings”

1. Practices and issues on post-
earthquake quick inspection of
buildings in Japan

History of Japan's system and future
options for improving it

February 5, 2020

GOJO Wataru, Japan Building Disaster Prevention Association

1. History and role of post-earthquake quick
inspection of buildings
1-1 History

>In 1995 Kobe earthquake, post-earthquake quick inspection of
buildings was conducted widely with the cooperation of the whole
country, which was a trigger to establish the application system
nationwide, including training system of risk inspectors.

»>After that, post-earthquake quick inspection of buildings was applied
for subsequent earthquakes including 1995 Niigata earthquake and
1997 Kagoshima earthquake.

»>Through these experiences, the importance of post-earthquake quick
inspection was confirmed, and, in 1998, the “post-earthquake quick
inspection” part of "the Standard for Detailed Damage Assessment
and the Restoration Technical Guidelines of Earthquake Damaged
Buildings" was reorganized and published separately as "Manual for
Post-earthquake Quick Inspection of Damaged Buildings".

»>In the United States, “Procedures for Postearthquake Safety
Evaluation of Buildings (ATC20)” was compiled by the Applied
Technology Council (ATC) after 1985 Mexico Earthquake, which were
used in 1989 Loma Prieta earthquake and 1994 Northridge earthquake.

1. History and role of post-earthquake quick
inspection of buildings
1-1. History
1-2. Role

2. JPost—earthquake quick inspection of buildings in
apan
2-1. Inspection method
2-2. Implementation system

3. Recent application examples and future issues
3-1. Examples
3-2. Future issues

>Information on international technology transfer

% Main reference materials for 1 and 2: FY2002 Construction Technology Transfer Guidelines Formulation
Survey (post-earthquake quick inspection) Report (March 2003, Ministry of Land, Infrastructure, Transport
and Tourism; International Construction Technology Association:

1. History and role of post-earthquake quick
inspection of buildings
1-2 Role

»>The next figure shows the flow of necessary measures for
buildings damaged by earthquakes, which have two different
objectives:

@®Emergency measures (post-earthquake quick inspection of
buildings, and emergency restoration) to prevent damaged
buildings by the main shock from being damaged again by
aftershocks and endangering human lives

@ Measures for continuous use of buildings (detailed damage
assessment, and permanent restoration)

»>Post-earthquake quick inspection of buildings for aftershocks,
detailed damage assessment for permanent use, and seismic
capacity evaluation of existing buildings are based on similar
technology and may be confused at times.

»Other inspections which may be confused or have similar purposes
include housing damage evaluation (disaster damage certificate)
for public assistance and damage certification for earthquake
insurance payments.

1. History and role of post-earthquake quick
inspection of buildings
1-1 History

»>In 1985, methods for “post-earthquake quick inspection” and “detailed
damage assessment” of buildings were developed by the Ministry of
Construction's Comprehensive Technology Development Project called
"Development of Restoration Technology for Post-Earthquake
Structures".

»>These methods were applied experimentally to 1985 Mexico
Earthquake damaged buildings by a JICA expert team dispatched from
Japan.

»>Then, the Japan Building Disaster Prevention Association established
a committee (chaired by Hajime Umemura, Professor Emeritus of
Tokyo University) to compile "the Standard for Detailed Damage
Assessment and the Restoration Technical Guidelines of Earthquake
Damaged Buildings" as an easy-to-use "popular edition” of above-
mentioned methods, a part of which was the standard for post-
earthquake quick inspection.

»>The course of lectures on post-earthquake quick inspection of
buildings and registration system of “risk inspectors” were started in
Shizuoka and Kanagawa prefectures, but this movement did not
spread nationwide.
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1. History and role of post-earthquake quick
inspection of buildings
1-2 Role

Flow of necessary measures for buildings damaged by earthquakes
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1. History and role of post-earthquake quick
inspection of buildings
1-2 Role

»The purpose of quick inspection is to examine buildings damaged
by a large earthquake and determine the danger of collapse, falling

of outer walls and window glass, falling of attached equipment, etc.

due to aftershocks, thus prevent secondary disasters affecting
people’s lives.

»The post-earthquake quick inspection will be conducted
immediately after the earthquake (within about one week at
longest) to estimate how much the original seismic performance
has declined due to the main shock. Consequently, the objective of
the quick inspection is to judge the risk against aftershocks less
affective than the mainshock.

»>In other words, the quick inspection is not to ensure the safety
when earthquakes larger than the main shock act on the damaged
building. This can be said to be the limit of quick inspection.

2. Post-earthquake quick inspection of buildings in Japan
2-1 Inspection method (Procedures)

»>Inspection of hazard from damage to adjacent

buildings and surrounding ground:
Even a building does not immediately appear dangerous, if its
surroundings and/or the site where the building is situated are
deemed dangerous, the building is classified as unsafe.
Thus inspectors inspect not only damaged buildings but also
the possibility of collapse of damaged neighboring buildings
and surrounding ground slopes/cliffs.

2. Post-earthquake quick inspection of buildings in
Japan
2-1 Inspection method

>Quick inspections are performed by trained technicians (risk
inspectors). After inspection, each building is categorized
into one of the three classifications: “UNSAFE (red)”,
“LIMITED ENTRY (yellow)” and “INSPECTED (green)”.

»>The result of inspection is to be posted on each building
such that not only the occupants but also pedestrians
passing nearby can be easily aware of it.

»>Quick inspection is conducted using one of the three types
of inspection sheets prepared for wooden structures, steel
structures, and reinforced concrete structures. It is basically
performed through visual examination from outside the
building. But, if necessary, upon the owner’s consent, inside
may be inspected.

2. Post-earthquake quick inspection of buildings in Japan
2-1 Inspection method (Procedures)

>Inspection of hazard from damage to building structural
members :

Inspectors inspect building structural members to observe

whether they will be able to resist aftershocks or not. Major

points of inspection are described for each structural type.

@ Steel structures require inspectors to inspect differential
settlement, inclination of the building, buckling of members,
fracture of bracings and damages of beam-column joints and
column bases. The conditions of rust should also be
inspected.

2. Post-earthquake quick inspection of buildings in Japan
2-1 Inspection method (Procedures)

»Procedures of quick inspection are as follows:

»Overall damage to buildings:
Inspection should be started by overall damage survey. When
the building is obviously unsafe, to ensure their own safety,
inspectors must not come too close to it and indicate "Unsafe
(red)" without further inspection.
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2. Post-earthquake quick inspection of buildings in Japan
2-1 Inspection method (Procedures)

@ Reinforced concrete structures require inspectors to inspect
the columns with the damage rank Ill and/or worse, and also
the rate of number of columns with the damage rank IV and
V to the total number of columns on the most severely
damaged floor.

Damaged structural members are divided into five damage
levels: ranks | (slight damage), Il (light damage), Il (medium
damage), IV (heavy damage) and V(collapse).




2. Post-earthquake quick inspection of buildings in Japan
2-1 Inspection method (Procedures)

»Inspection of falling and/or overturning hazards:

« Inspectors are required to inspect the falling and/or overturning
hazards to occupants and pedestrians of nonstructural
members and facilities including roof tiles, window
glass, finishing materials, exterior stairways, signboards, air
conditioning facilities, concrete block walls and vending
machines.

2. Post-earthquake quick inspection of buildings in

Japan

2-1 Inspection method

»The scope of application (Reinforced concrete
structure) is as follows:

1) Damaged reinforced concrete structure with
general construction methods

2) Up to about 10 story or about 30m in height

3) High-rise buildings require careful judgment
because:
#social impact would be greater if damaged again,
@®columns may have high axial force, and

@ axial force of columns may be increased due to
overturning moment.

2. Post-earthquake quick inspection of buildings in Japan
2-1 Inspection method (Procedures)

»>Overall rating
Inspectors decide the overall rating as the result of inspection
by choosing the highest ratings of inspection categories, and
post the evaluation placard.
They also write specific comments to inform the
users/occupants of recommendations about the inspected
hazards.

2. Post-earthquake quick inspection of buildings in

Japan

2-2 Implementation system

»>Post-earthquake quick inspection must be started
immediately after the earthquake, and must be
conducted in a short period of time, about 7 days
after the earthquake.

Inspection should be conducted by two inspectors.
Generally, it takes about 30 to 60 minutes for a
reinforced concrete middle-rise building.

»>At the time of 1995 Kobe earthquake,
Kenchikushis and other building engineers from all
over Japan engaged in quick inspection activities
after a short training course. About 46,600
buildings were inspected by a total of about 6,400
inspectors.

2. Post-earthquake quick inspection of buildings in
Japan
2-1 Inspection method

#Placards of the final result

EEANEITEN

EEE

IJMITED EN'I'R.Y
SCARBIZE e
el

amnan
az

e

SEEm E B Aacid maw

TgHEEG wn

83

2. Post-earthquake quick inspection of buildings in
2-2 Implementation system

»>In Japan, the system has been developed as follows:

1) Development of the Standard for Post-earthquake Quick Inspection
of Earthquake Damaged Buildings in 1991 (revised in 1998)

2) The course of lectures on post-earthquake quick inspection and
registration system of “risk inspectors” were started in Shizuoka and
Kanagawa prefectures in 1991 and 1992 respectively.

3) Established “Japan Council for Quick Inspection of Earthquake
Damaged Buildings” in 1996 (consisting of central and prefectural
governments, building-related organizations, etc.; secretariat: Japan
Building Disaster Prevention Association). Local councils were set up
in all prefectures to train and register inspectors. A mutual certification
system for registered inspectors was established in 1998.

3 Currently, the Japan Council conducts most of related activities.
3 Currently, about 110,000 inspectors are registered nationwide

4) In 1997, the “Guideline of Post-earthquake Quick Inspection of
Earthquake Damaged Buildings ” and, in 1998, the “Operation Manual
for Post-earthquake Quick Inspection of Earthquake Damaged
Buildings ” were formulated. 5




2. Post-earthquake quick inspection of buildings in
2-2 Implementation system

5) In 2000, inspection manuals were standardized
nationwide, and video training material was created.

6) Contracted with insurance company of liability insurance
to cover injury compensation and facility compensation for
private inspectors, premiums of which are borne by local
governments.

7) In 1999, guidelines for the basic concept of the cost
payment of private inspection were formulated (in principle,
paid by the local organizations of affected area).

Subsidy system by the national government supporting
inspection was established in 2004.

8) PR activities including publication of brochures (including
English version) and periodical PR papers, and creation of
the website

9) Nationwide liaison training and local inspection drills are
implemented periodically.

3. Recent application examples and future issues
3-2 Future issues

»>Conducted a survey on future issues in 2018

»Operational challenges

€ Improvement of methods for inspection results
aggregation and database creation

@ Improvement of the operation system of each local
government

®Coordination with other similar systems such as detailed
damage assessment (for permanent use) and housing
damage evaluation (disaster damage certificate)

@®Establishment of operation system for quick inspection
after wide-area/huge scale earthquakes such as the
Great Nankai Trough Earthquake

® Measures against shortage and aging of inspectors

®Expand financial support for inspection activities

@ Improvement of information dissemination method

3. Recent application examples and future issues
3-1 Examples

»Examples of quick inspection operated for 1,000 or
more buildings are as follows:

Year/month Name of earthquake inspectors | buildings
1995.1 Kobe 6,468 | 46,610
1997.3/5 Satsuma, Kagoshima 220 2,048
2000.10 Western Tottori 332 4,080
2001.3 Geiyo 636 1,763
2003.7 Northern Miyagi 743 7,245
2004.10 Chuetsu, Niigata 3,821 | 36,143
2005.3 Western offshore of Fukuoka 444 3,148

3. Recent application examples and future issues
3-2 Future issues

»Technical challenges:

@ Development of standard/procedures of inspection for
high-rise buildings (more than 10 story) and special
(uncommon) structures

@ Development standard/procedures of inspection for
concrete block walls

@ Clarification of the cause of hazard for the occupants
(building collapse or falling object, etc.)

@ Review of the standard

»Other challenges
@ Improvement and enhancement of equipment/material
for inspection
@ Promotion of computerized and efficient inspection
®Measures against strong aftershocks

3. Recent application examples and future issues
3-1 Examples

Year/month Name of earthquake inspectors buildings
2007.3 Noto Peninsula, Ishikawa 391 7,600
2007.7 Chuetsu offshore, Niigata 2,758 34,048
2008.6 lwate & Miyagi inland 624 4,139
2011.3 Great Tohoku 8,541 95,381
2011.3 Northern Nagano 229 2,318
2016.4 Kumamoto 6,819 57,570
2016.10 Central Tottori 450 7,311
2018.4 Western Shimane 198 6,627
2018.6 Northern Osaka 1,091 9,457

X Please refer to the following presentation for the 2018
northern Osaka earthquake.
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3. Recent application examples and future issues
3-2 Future issues

»>Revision of placards as a countermeasure for the issue
“Clarification of the cause of hazard for the occupants (building
collapse or falling object, etc.)

Additional sticker

Revision of the format for “comments”




3. Recent application examples and future issues
3-2 Future issues

»Technical Study Example 1: Examination of an efficient
method for quick risk Inspection/assessment by
building Integrity monitoring technology (Implemented
by the Japan Building Disaster Prevention Association
with the participation of academics, the National
Institute of Land and Infrastructure Management, the
Building Research Institute)

4 Utilize new technologies such as building health monitoring
to make quick inspection more quick and accurate. The main
target is high-rise buildings with 10 stories or more that are
outside the scope of the current quick inspection. There
remain both technical and operational challenges.

3. Recent application examples and future issues
3-2 Future issues

@®Reference: Image of new system (template)
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3. Recent application examples and future issues
3-2 Future issues

# Reference: Conceptual diagram
Inexpensive accelerometers are installed in several places in the building, and connected to evaluation devices
(inexpensive computers) with cables. When an earthquake is detected, the evaluation device automatically
calculates, from the acceleration, the magnitude of the force (load) applied to the building and the magnitude
of the deformation (displacement) of the building, and draws a performance curve using the values on the
vertical and horizontal axes. The degree of damage to the building can be determined from the position of the
maximum response point. Furthermore, the maximum response point in the aftershock is estimated from the
maximum response point of the main shock, and if it is before the safety limit, the building is determined to be
safe for the aftershock, and if it exceeds, it is determined to be dangerous.
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> International technology transfer

€ Examples of achievements so far:

« September 1999- After 1999 Kocaeli Earthquake in
Turkey, at the request of the Turkish Government,
Japanese experts of building risk assessment (emergency
risk assessment) were dispatched to provide technical.
They developed a manual applicable to Turkey.

e October 1999 During 1999 Chi-Chi Earthquake in
Taiwan, Japanese experts of building risk assessment
(emergency risk assessment) were dispatched to provide
technical assistance.

e July 2008- Japanese experts provided technical support
for emergency risk assessment of buildings as part of the
recovery and reconstruction support package for 2008
Sichuan Earthquake in China.

3. Recent application examples and future issues
3-2 Future issues

»Technical Study Example 2: Development of "Quick
inspection Support Tool" Utilizing Portable Terminal
(Conducted mainly by the Building Research Institute)
€ Development started at the Building Research Institute after
1995 Kobe earthquake

@ "Post-earthquake quick inspection support tool (training
version)" that can be used on smartphones and tablets
running iOS will has been released on "App Store" in 2013 for
free distribution.

4 Through trials in training, etc., issues for practical use have

been clarified.

@ In 2020, a new system (training version) with improved

practicality by utilizing cloud GIS services, etc., has been
released for Android and Windows (free distribution).

a mmajor cartbquake

»> International
technology transfer

Postear thauake Quick Inspection
of Dameged Buldngs

@ Brochure in English

(http://www.kenchiku-
bosai.or.jp/files/2013/11/0q
_eng.pdf)

Jnpun Councdl for Quek Inspection of Earthgmbe Dumged Suldings
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> International
technology transfer

4 QUICK INSPECTION
MANUAL FOR DAMAGED
REINFORCED CONCRETE
BUILDINGS DUE TO
EARTHQUAKES -Based on
the Disaster of 1999 Kocaeli
Earthquake in Turkey-

(http://www.nilim.go.jp/lab/bc
g/siryou/tnn/tnn0040pdf/ks004
0.pdf)
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No. 40 March 2002

QUICK INSPECTION MANUAL
FOR DAMAGED REINFORCED CONCRETE BUILDINGS
DUE TO EARTHOUAKES

Based on the Disaster of

1999 Kiseaeli Earthquake in Turkey
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Suguru HIRAYAMA (Chief Examiner, Building Disaster Prevention Section, Osaka Prefectural Government)
“Practices and issues on post—earthquake quick inspection of buildings in Osaka”

Practices and Issues on Post-earthquake
Quick Inspection of Buildings

Quick inspection of buildings affected in “An
Earthquake Centered in Northern Osaka”

Feb 5, 2020

Suguru Hirayama, Chief Examiner
Building Disaster Prevention Section
Osaka Prefecturai Government

O | am Hirayama from Osaka Prefecture.
O I would like to explain how quick building inspection (emergency safety check)

was applied in practice after the North Osaka Earthquake, which occurred in
June 2018, and challenges identified through the practice.
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Overview of Osaka Prefecture and the North Osaka Earthquake

Overview of Osaka Prefecture ~
{Monthly population estimate of Osaka Prefecture as of Dec. 1, 2019) C f

= Population: 8,825,588
* Households: 4,091,315 N Iy

Date and time of earthquake occurrence: L

Jun. 18, 2018 AM7:58
center

Earthquake magnitude:
Maximum intensity of 6 lower

Seismic intensity
Measured intensity 65 —

[ (intensity 7) ¥
Measured intensity 6.0-6.5
(intensity & upoer)
Measured intensity 5 5-6.0
fintengity & lowar)
Measured intensity 5.0-5.5

- (mten:wly 5 upper]y

Measured intensity 4.5-5.0
= fintensity 5 Imwsr:ty

[5 cities in Osaka Prefecture recorded
seismic intensity of 6 lower]
Osaka, Takatsuki, Hirakata, Ibaraki, Minoh

- Measured intensity - 4.5
(intensity 4 or lowsr)

O Let me give an overview of Osaka Prefecture. Its population was
approximately 8.82 million and the number of households around 4,091 thousand
as of the end of 2019.

O This earthquake occurred in the northern part of Osaka Prefecture. Maximum
seismic intensity of 6 lower was registered in 5 cities in total, Osaka City and 4
other cities in the northern part of Osaka Prefecture.

O The earthquake broke out at 7:58 in the morning. It was right before the start
of office hours, which made it difficult for Osaka Prefecture to take contact with
the municipality governments in the prefecture. Furthermore, trains and some
other public transportation systems became unavailable, inhibiting the mobility of
prefectural staff, requiring a longer time to grasp the building damage situation.
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Damage caused by the North Osaka Earthquake

Fumiture and Buildings may break

]
Personal and housing damage situation 2 | fencesarelikely o collapse
(As of 12:00 AM. November 2, 2018) 3 tofall down
£ — A
ge ( of g
Deaths - Kumamoto Earthquake
The numbarin Seriously Slightly B
() represents injured injured s
related deaths = w
o | g
6(1) 22 347 a2z
A i o \
§ g \ Great Hanshin
damage of = 5 NS Earthquake
o \
Complete Partially § g
collapse Halfcolapas damaged @
g
=
18 512 55,081 3 p. X - =
0 05 1 2 3

Source: Osaka Prefecture website
“Situation of damage caused by the North Osaka Earthquake™

Seismic wave penod (unit: second)

(Excerpt from Mainichi Shimbun: The graph shows the result
of seismic wave analysis performed by Professor Yuld Sakai
of Tsukuba University based on observation data)

Very short-period waves were strong amongthe wave componentsin the North Osaka Earthquake.
As a result, few housings suffered damage to the building’s construction as in cases of complete or
half collapse, and most of the affected housings were only partially damaged. Collapse, crackand
tilting of concrete-block fences were also observed.

O The North Osaka Earthquake was characterized by very short-wave
components (waves with periods of 0.5 seconds or less) as shown in the graph
on the right. As a result, few housings suffered damage to the building’s
construction as in cases of complete or half collapse, and most of the affected
housings were only partially damaged. Collapse, break and other damages to
concrete-block fences were also observed.
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Results of the quick building inspection (emergency safety check)

*Inspection period: June 19 — 28 (10 days)

«Niimhar nf inenactare: 1 120 man_davue
oS nSpECiors.

Numoer ol S.1,vVay man-gays
Number of housings Inspection Caution needed Dan.ge rous
insp d pleted (Green) (Yellow) (Red)

Osaka City North Ward 5616 5,367 236 13
[Seismic intensity: 6 lower) " 95.6% 4.2% 0.2%
Ibaraki City 572 941 253
(Seismic intensity: 6 lower) 1,768 32.8% 53.3% 14.3%
Takatsuki City 1714 704 838 172
[Seismic intensity: 6 lower) ' 41.1% 48.9% 10.0%
Minoh Ci 49 14 0
(Se!smicﬁi;unsi!y: 6 lower) 63 T7.8% 22.2% 0%
Settsu City 157 47 87 23
(Seismic intensity: 5 upper) 29.9% 55.4% 14.7%
Shimamoto Town 45 21 22 2
(Seismic intensity: 5 upper) 46.7% 48.9% 4.4%
£,760 2,138 483

Total 9,361 72.2% 228% 5.0%

Housings that were identified as “Caution needed” or “Dangerous” due to damage
caused to concrete-block fences.
“Caution needed"”: 360 out of 2,138 cases (16.8%) “Dangerous”: 69 out of 463 cases

{44 aory
V%50 3

O This slide shows the results of the quick building inspection.

O The inspections were carried out over a period of 10 days by inspectors
totaling 1,029 man-days. A total of 9,361 housings were inspected.

O The inspection results were as shown in the “Total” row of the table.

Approximately 5% of the inspected housings were identified as “Dangerous” and
23% as “Caution needed”.
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~
“Dangerous” (Red)

Risk factor breakdown by Risk factor breakdown by inspection item
inspection item (by municipality) (by type of construction)
Look: [o] [ [2] [ The twi
Municipality | Looks Damageto Dangergue | The two Structure ngﬁ;;,{,uﬁ n:,::,?: ° ma:g:m:f L,:n,samc
dangerous at | building fo potential factors of at first construction | falling Inspections
first glance construction | falling Inspections 2 glance only objects, etc. | 2and3
Dnspection 1] | only objects. elc. | and3 [Inspection | inspection | enly combined
[nspection2] | only combined 1 2 [inspection
[Inspection 3] 3]
OsakaCity | 15% 8% 34% 23% Wooden 35% 9.2% 51.3% 36%
construction
Ibaraki City | 5% 7% 49% 39% Steel 6% % 6% %
construction
Takatsuki | 2% 8% 64% 26% RC % 0% 100% %
City construction
SeftsuCity | 5% 26% 30% 30%
......... Fen Fon = o Breakdown of risk of potential falling
STHT@To ve Ve MU U . v -
Town objects red)
Total a% 8% 55% 33%
Exterior materials 48%
* None of the housings inspected in Minoh City were identified to N -
be *Dangerous’ Roof tiles 35%
Concrete-block fences 13%
Others 4%

O This slide shows the breakdown of the 463 cases identified as being
“Dangerous” (Red), by risk factor, municipality and construction type.

O Please take a look at the “Total” row of the table on the left showing risk factor
breakdown by municipality. 4% of the inspected housings were identified through
Inspection 1 as “Looks dangerous at first glance”; 8% were identified through
Inspection 2 as “Dangerous due to structural damage to building construction”;
55% were identified in Inspection 3 as “Dangerous due to possibility of falling
objects, etc.”; and 33% were identified through Inspections 2 and 3 as
“Dangerous due to both structural damage and possibility of falling objects”.

O The table on the upper right shows breakdown by type of construction. A
similar trend can be seen in this breakdown as well.

O The table on the lower right shows breakdown of risk of potential falling object

(red). 48% were identified as dangerous due to the possibility of exterior
materials falling; 35% due to roof tile; and 13% due to concrete-block fences.

91



Photo of inspection headquarters and on-site inspection

Inspectors were briefed at the headquarters On-site inspection

O The photo on the left shows inspectors being briefed at the headquarters, and
the right one is a shot from on-site inspection.
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O This photo shows a collapsed concrete-block fence, a typical damage caused
by the North Osaka Earthquake.
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Andimeme balimm mime oo barm ddoiie cimon o cmm ieemm oo~ baa
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earthquake
(—)
(June 18) (June 19)
758 Outbreak of earthquake 2:30 Received request from Ibaraki City for support on
post-earthquake quick inspection
805 Osaka Prefectural Government starts contacting
municipalities in Osaka to collect information on 900 Started accepting applications for quick inspection in
damage situation Ibaraki City
10:55 Received request from Osaka City for support on 9:00 Request from Takatsuki City for support on post-
post-earthquake quick inspection earthquake quick inspection
11:20 Received offer from Tottori Prefecture to support quick 10:00 Requested the flr_sl team to arrive from Tottori o
inspection activities Prefecture to assist in the quick inspection activities
in Ibaraki City
11:30 Requested municipalities within Osaka to report on . _
how many inspectors they could dispatch 11:00 Started quick inspection activities in the North Ward
of Osaka City
14:00 Completed checking which municipaliies needad
post-earthquake quick inspection 11:30 Requested construction industry associations to
dispatch inspectors from the private sector
16:00 Confirmed the number of inspectors that could be
dispatched from municipaliies in Osaka (Total: 80) 13.00 Started accepting applications for quick inspection in
Takatsuki City
18:25 Received request from Shimamoto Town for support
on post-carthquake Guick inspection 13:30 Started quick inspaction activiies in lbaraki City
14:20 Osaka Prefecture requested Hyogo Prefecture for
support on quick inspection activities within the Kinki
Area
7

O This slide shows how the Osaka Prefectural Government cooperated with the
municipalities in Osaka and neighboring prefectures over the two days since the
outbreak of the earthquake.

O Osaka City made the decision to implement quick building inspection in the North
Ward within three hours since the outbreak of the earthquake. Osaka City had previously
decided that it would implement quick building inspection in areas where seismic
intensity of lower 6 or above is recorded.

O Shimamoto Town and Ibaraki City decided to implement quick building inspection
approximately 10 hours and 18 hours, respectively, after the outbreak of the earthquake.
These two municipalities made their decision after grasping the damage situation
through initial on-site surveys.

O Immediately after the earthquake, we had difficulty contacting the municipalities to
collect information on the damage situation. However, given the quick recovery of
communication means including telephone and transportation means such as railways,
by 4:00 PM, roughly 8 hours after the occurrence of the earthquake, we were able to
make arrangements to have 80 inspectors dispatched from municipalities that did not
suffer much damage, and smoothly implement quick inspection activities from the
following day.
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bz mu iciealities
Distribution of buildings that were inspected (Ibaraki City)

VWhiie the maximum seismic
intensity of North Osaka Earthquake
was high at 6 lower, buildings that
suffered damage were not

annaantratad in tha limitad araa
vulivciiuawcu i uic ey aica.

N
A

o kot ! >
were widely scattered across wide 4
areas in each of the affected e g p
municipalities. s
It wasptherefo.re difficult to identify P y’? i
which areas needed quick building SN W,
inspection and which operation type ' f e
should be employed. TN A
Each municipality chose and carried / , AGE
out inspection methods according to / v
the actual damage situation of the :

municipality.

O This slide shows the methods of the quick building inspection implemented by
respective municipalities.

O Buildings that suffered damage from the earthquake were not concentrated in
small areas but were scattered across wide areas in the affected municipalities.

O As a reference, | have posted a map on the right showing the distribution of
inspected buildings in Ibaraki City. The black dots represent buildings that were
identified to be “dangerous” (red) in the inspection, which are dispersed across a
large area.

O The municipalities had a hard time identifying which areas needed quick
building inspection and which operation type should be employed. Each
municipality chose and carried out inspection methods according to the actual
damage situation of the municipality.
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The methods of guick building inseection bz municiealities

1. Implemented quick inspection in specifiedareas
(North Ward of Osaka City)

Part of the North Ward recorded seismicintensity of 6

lower and above. This area was specified as inspection

area,

2. Implemented quick inspectionin specifiedareas and Zoring eapicishecline Mpesian Stes [Ta.klals‘uh C-rty] -

through application for inspection

(Takatsuki City)

Itwas confirmed through initial on-site surveys that

damaged buildings were concentratedin a certain area.

This area was specified asinspection area. For other

areas ofthe city where damaged housings were

dispersed, quick inspection was carried out on an

application basis.

3. Implemented quick inspection based on application
(Ibaraki City, Minoh City, Settsu City and Shimamoto
Town)

On-site surveys found that damaged housings were
scattered across the city, and therefore inspectionwas
carried out on an application basis without specifying
any inspectionareas.

1. In the North Ward of Osaka City
Part of the North Ward which recorded seismic intensity of 6 lower and above
was specified as inspection area.

2. In Takatsuki City

It was confirmed through initial on-site surveys that damaged buildings were
concentrated in a certain area. So, this area was specified as inspection area.
For other areas of the city where damaged housings were dispersed, quick
inspection was carried out based on application from the residents. The map on
the right shows the zoning of the specified inspection area.

3. In Ibaraki City, Minoh City, Settsu City and Shimamoto Town

Initial on-site surveys found that damaged housings were scattered across the
city, and therefore inspection was carried out based on application from the
residents without specifying any inspection areas.
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issues identified in post-earthquake quick inspection of

buildings

(1) Accurate and prompt understanding of the damage
situation

(2) Reliable contact system for smooth communication
between the municipalities (implementation HQ) and
Osaka Prefectural Government (support HQ)

(3) Policy for determining the method and zoning of
quick building inspection when damaged buiidings
are scattered across a wide area

(4) Standardization of inspections

(5) Publicity to inform residents of the quick inspection
system

10

O We identified five issues through our quick building inspection activities carried
out in response to the North Osaka Earthquake.

(1)
()

®3)

(4)
()

Accurate and prompt understanding of the damage situation

Reliable contact system for smooth communication between the
municipalities (in charge of implementing the inspection) and Osaka
Prefectural Government (who supports the municipalities’ inspection
activities)

Policy for determining the method and zoning of quick building inspection
when damaged buildings are scattered across a wide area
Standardization of inspections

Publicity to inform residents of the quick inspection system.
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issues identified in post-earthquake quick inspection of
buildings

e |
(1) Accurate and prompt understanding of the damage situation

O Procedure for information coilection and setting of target timeiine (proposai under consideration)

collection]

Start immediately after |2 Initial on-site survey of the junsdiction to be completed within & hours from the outbreak of the earthquake (6 hours from
earthquake dawn if the occurred during nigl
) Promptly contact the support HQ as soon as potential need for quick inspection is identified

(Target: to complete  |Initial on-site survey (lakes about 3-4 hours on site)
within 6 hours from
outbreak of sarthquake) | Drade the jurisdiction into multiple survey zones and send a pair of staff members to each zone on official vehicles
- Manly check main city streets, evacuation routes, and areas where old buildings are concentrated
* On-site survey checklist (Use residential maps to grasp the spread of damaged buildings: whether concentrated in certain
areas or scattered)

O Checklist of on-site survey for information collection (draft under consideration)

Survey date Check item numberof | Approxi number of cases | Approximate number of
(Date, Month) cases in xx cho (yy chome) in xx cho (yy chome) casas in xx cho lyy choma)
Subsidence
Groundisoil (Cracks/fissures on housing lots,
roads

Collapse/cracks of retaining walls

[Complete/half collapse

Building structures [Tilt

(Cracksichipping of exterior walls
[Roof tiles

Fallen objects  |[Broken/fallen window glasses
[Fallenitilted concrete-block fences 1h

O The first issue we identified is: (1) Accurate and prompt understanding of the
damage situation.

O We learned that the procedures for initial on-site surveys need to be
determined beforehand in order to smoothly and comprehensively grasp the
damage situation, and promptly decide whether to carry out quick inspection.
Therefore, we are now working in collaboration with the municipalities of Osaka
to establish the procedures and target timeline for accurate and prompt
information collection.

O The upper table shows examples of how on-site surveys are carried out for
information collection and time required for the survey. We have set a target to
complete the initial survey within 6 hours from the outbreak of the earthquake.

O The table below shows a draft of checklist of on-site survey for information
collection. Since many of the staff members who will carry out the initial survey

have little experience in building inspections or emergency safety checks, we are

working to prepare a checklist of items to check during on-site surveys and the
damage points to minimize variability of survey observations.
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issues identified in post-earthquake quick inspection of
buildings

R EEEEEEEE—
(2) Reliable contact system for smooth communication between the

[ Y YT S L N pp—— - S o TS |

municipaiities (impiementation HQ) and Osaka Prefecturai
Government (support HQ)

Issues:

The earthquake broke out early in the morning before the start of office hours.
We therefore could not communicate via land-line telephones and
administrative disaster prevention radio. In addition, cell phone services were
also temporarily unavailable immediately after the earthquake, which greatly
inhibited information communication among administrative entities.

Responses:

Communication at the initial post-disaster stage is very important for
launching effective support activities. Based on the lessons learned, Osaka
Prefecture and its municipalities have established a contact system based on
ceil-phone text message, which was availabie even right after the earthquake.
We plan to carry out an emergency contact drill in January every year.

12

O The second issue is: (2) Reliable contact system for smooth communication
between the municipalities (implementation HQ) and Osaka Prefectural
Government (support HQ).

O As the issues, the earthquake broke out early in the morning before the start of
office hours. We therefore could not communicate via land-line telephones and
administrative disaster prevention radio. In addition, cell phone services were
also temporarily unavailable immediately after the earthquake, which greatly
inhibited information communication among administrative entities.

O As the responses, communication at the initial post-disaster stage is very
important for launching effective support activities. So, Osaka Prefecture and its
municipalities have established a contact system based on cell-phone text
message, which was available even right after the earthquake. We plan to carry
out an emergency contact drill in January every year.

21
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R EEEEEEEE—
(3) Policy for determining the method and zoning of quick building inspection

P U U By S| P

when damaged buildings are scattered across a wide area

ai}

Issues related with application-based quick building inspection:

« While application-based inspectionis a good way to respond to damages dispersed overa wide area, it
is difficultto carry out inspection according to schedule, as the number and timing of applications are
difficult to predict.

» Residents apply forinspectionin a sporadic manner, soit often happens that inspectors have to visit the
same neighborhoodon a number of different days due to differences in the timing of application.

* Residents who apply for quick inspection usually wish to attend the inspection. They have many
questions to ask and wish to consult the inspectors about various issues including damages to the
interior of their homes. This is very time consuming and inhibits progress of quick inspection.

« ltis difficultto decide the time limit for applications.

Issues related with specifying inspection areas:
« ltis difficultto narrow down and specify areas requiring inspection. We need to considerestablishing
certain guidelines or numerical criteria to help determine specified inspection areas.

Responses:

+ Itis necessaryto establish numerical criteria regarding the ratio of damaged buildings (damage ratio,
etc.) within unit survey areas as well as guidelines for determining specified inspection areas based on
the actual situation and past examples.

13

O The third issue is: (3) Policy for determining the method and zoning of quick building
inspection when damaged buildings are scattered across a wide area.
Olssues related with application-based quick building inspection:

While application-based inspection is a good way to respond to damages dispersed
over a wide area, it is difficult to carry out inspection according to schedule, as the
number and timing of applications are difficult to predict.

Quite inefficient because it often happens that inspectors have to visit the same
neighborhood on a number of different days due to differences in the timing of
application.

Residents who apply for quick inspection usually wish to attend the inspection. They
have many questions to ask and wish to consult the inspectors about various issues
including damages to the interior of their homes. This is very time consuming and
inhibits progress of quick inspection.

It is difficult to decide the time limit for applications.

Olssues related with specifying inspection areas:

It is difficult to narrow down and specify areas requiring inspection. We need to
consider establishing certain guidelines or numerical criteria to help determine
specified inspection areas

OFuture responses:
- We consider that it is necessary to establish numerical criteria regarding the ratio of

damaged buildings (damage ratio, etc.) within unit survey areas as well as guidelines
for determining specified inspection areas based on the actual situation and past
examples.

100
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(4) Standardization of inspections
O Creation of a collection of inspection case studies

O The fourth issue is: (4) standardization of inspections.

O While all qualified inspectors have been trained for performing quick building
inspection, many of them were trained quite some time ago. Once an earthquake
breaks out, however, they would need to perform quick building inspection
without being given any time for refreshing their memory. There were many cases
in which inspectors had difficulty making an appropriate judgment according to
the actual damage situation.

O Therefore, Osaka Prefecture created a collection of case studies in May 2019
as a reference guide for inspectors. The collection is comprised of inspection
cases experienced following the North Osaka Earthquake and other past
earthquakes.
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(5) Publicity to inform residents
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O The fifth issue is: (5) Publicity to inform residents of the quick inspection
system.

O Many residents confuse this quick building inspection with the Building

Damage Assessment necessary for having a “Disaster Victim Certificate” issued.

O Because of this confusion, our office gets flooded with inquiry calls after
earthquakes. Dealing with these inquiries takes away a lot of valuable time.

O We have created flyers to provide the press with information and to hand out

during inspection activities, as it is necessary to inform residents of the quick
building inspection activities to ensure its smooth implementation.
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Prepa or simooth implementation of quick inspec
buildings
P ———————
1 Securmg a place and developing the procedures for
setting up a quick bmldlng inspection implementation
HQ

2. Creation of quick building inspection zoning map

3. Maintaining the tools and equipment used in quick
building inspections

4. Providing quick building inspection training

5. Creating lists of staff members who have experience
in earthquake response operations (implementation
HQ, support HQ, qualified inspectors)

16

O Finally, I would like to share a few key points in preparing for smooth
implementation of quick building inspection.

1. Securing a place and developing the procedures for setting up a quick
building inspection implementation HQ

Creation of quick building inspection zoning map

Maintaining the tools and equipment used in quick building inspections
Providing quick building inspection training

Creating and updating lists of staff members who have experience in
earthquake response operations (implementation HQ, support HQ,
qualified inspectors)

aprLN

O These 5 points are also what we learned to be important for ensuring smooth
implementation of quick building inspection activities through our experience in
responding to the North Osaka Earthquake. We will continue to work on these
points.

O That'’s it with my presentation on Practices and Issues on Post-earthquake
Quick Inspection of Buildings. Thank you for your attention.

103



Tatsuya AZUHATA (Chief Research Engineer, IISEE, BRI)
“Technical Support Examples for Post—Earthquake Quick Inspection Methods to Developing Countries from Japan”

Technical Support Examples for

Post-Earthquake Quick
Inspection Methods to Developing
Countries from Japan

International Institute of Seismology and Earthquake
Engineering, BRI

Tatsuya Azuhata

International Institute of Seismology and Earthquake Engineering (ISEE), BRI, JAPAN

S
(1) Lecture in the lISEE training program

Subject: Post-Earthquake Quick Inspection, Damage Evaluation and
Rehabilitation

Lecturer: Dr. Masanori TANI (Kyoto University)
Date: March 18, 2020 (Planned)

From syllabus

(1) Background
2) Post-Earthquake Quick Inspection
1) Outline and role of quick inspection
2) Judgement procedure and criteria
3) Case studies
(3) Post-Earthquake Damage Evaluation
[Omitted]
(4) Rehabilitation Technique Examples for Damaged Buildings

The role of PQI in the reconstruction process will be clarified in the lecture,

ks

&

International Institute of Seismology and Earthquake Engineering (IISEE), BRI, Japan E

~ S
CONTENTS

1. International Training Program for
Seismology and Earthquake Engineering

2. Technical Support to Turkey in 1999
3. Technical Support to Chile in 2011
4. Sharing of Technical Information

International Institute of Seismology and Earthquake Engineering (IISEE), BRI, Japan

"
(2) From Lecture Note

Concepts for evaluation of .
. Inspection sheet
residual performance
[,

Layout of inspection sheet
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1. IISEE Training Program

>What information should we provide?

HThe BRI has been conducting international training
of seismology and earthquake engineering for
young researchers and engineers in developing
countries for about 60 years.

BThe number of participants for the one-year
training program is 1,193 from 81 countries (as of
September 2019.)

http://iisee.kenken.go.jp/

International Institute of Seismology and Earthquake Engineering (IISEE), BRI, Japan

|
(3) From Lecture Note

Japan council for quick inspection of earthquake
damaged buildings and inspectors

0 Decision o pracice @ Setup of emergency offce

Decision for quick damage |
inspection practice
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3% Provided by NILIM

System for implementation Statistics of PQI in the 2016 Kumamoto Eqo

International Institute of Seismology and Earthquake Engineering (IISEE), BRI, Japan [
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_
2. Technical Support to Turkey in 1999
>How did they apply the PQI?

Reference

T. Kaminosono, F. Kumazawa and Y. Nakano:
Quick Inspection Manual for Damaged
Reinforced Concrete Buildings Due to

Earthquakes, Based on the Disaster of 1999
Kocaeli Earthquake in Turkey, Technical Note
of NILIM, No. 40, March 2002

http://www.nilim.go.jp/lab/bcg/siryou/tnn/tnn0040.htm

mimas mramsmmsens

International Institute of Seismology and Earthquake Engineering (IISEE), BRI, Japan

(3) Adjustments for Application

» Modification of the relationship between damage degree (A-C) of
structural frame and damage degree (I-V) of structural members
that compose it.

For Japanese buildings

A B c
Ratio of Damage V [ 1<1% [ ]1-10% [ 1>10%
Ratio of Damage IV [ 1<10% [ 110-20% [ 1>20%

For Turkish buildings

A 8 c
Ratio of Damage IV orV | [ ]<1% [ 11-10% [ 1>10%
Ratio of Damage Il [ 1<125% [ 1125-25% [ 1>25%

From the appendix IT of the reference

The relationship between the degree of damage of structural members and
residual performance is not the same in Japan and Turkey.

International Institute of Seismology and Earthquake Engineering (IISEE), BRI, Japan 'f'uf"‘

(1) Background

> The Kocaeli earthquake occurred near Izmit city,

western Turkey, on August 17, 1999.
v (Dead and missing: about 40,000, injured: about 45,000, damaged
buildings: about 200,000)

> The Japanese government dispatched a team of
experts to support recovery.

> The expert team advised the Turkish government
that urgent inspection of damaged buildings, etc.
to prevent secondary damage was necessary
based on the survey of the affected area.

> At the request of the Turkish government, the
Japanese government dispatched a second team
of experts, mainly to develop the PQl.

'_
3. Technical Support to Chile in 2011

»>How do they develop the PQI?

B The Chile earthquake occurred on 2010.2.27.

B The Japanese government dispatched experts to
support reconstruction from seismic disaster.

B Chile and Japan implemented a joint project to
improve the capacity to resist disasters due to
earthquakes and tsunamis since 2011.

B As part of the project, the Japanese government
dispatched experts for technical assistance and
advice for PQJ, seismic diagnosis, and seismic
retrofit.

W The first edition of the inspection sheet for PQI
was issued in Chile in 2012.

Exercise of PQI using an
actual damaged building by
Japanese instructor (2011.2)

International Institute of Seismology and Earthquake Engineering (IISEE), BRI, Japan

International Institute of Seismology and Earthquake Engineering (IISEE), BRI, Japan

" S
(2) Application of PQl in Turkey

> Istanbul Technical University and Japanese
experts collaboratively developed the PQl
procedure based on survey results of damaged
buildings due to the earthquake.

> The developed PQl procedure was based on
experience in Japan.

> The guideline contains many examples of
structural member damage assessment.

_
4. Sharing of Technical Information

>Toward ‘co-creation’

Activities of the BRI relating to this topic

M JICA KIZUNA Project (2015 — 2019FY)

BUNESCO IPRED Project (2007-)

International Institute of Seismology and Earthquake Engineering (IISEE), BRI, Japan

International Institute of Seismology and Earthquake Engineering (IISEE), BRI, Japan
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1) KIZUNA Project

From homepage of JICA

The KIZUNA Project was launched at the Third U.N. World
Conference on Disaster Risk Reduction (held in March 2015
in Sendai, Miyagi Prefecture). The aim of the project is to
disseminate disaster risk reductions ~technologies and
knowledge that Japan and Chile have acquired over the years
to Latin American and Caribbean countries where natural
disaster often occur and establish Chile resources for disaster
risk reduction as a hub for the development of human.

MOP BRI, NILIM

The project aims to develop the capacity of personnel —

Program title: Seismic Risk M: includin d fFicers cngaged
am g an officers engaged in
of Buildings disaster risk reduction — and to create a disaster risk
reduction network within the region. In collaboration with

the Chilean . local iversi

Main Target: Government officers Vel 8 : N

research organizations, local communities and others, JICA
invites researchers and administrative officers from Latin
American and Caribbean countries to Chile to attend training
- . programs and seminars on a variety of themes (such as
Quick Inspection .| enhanced seismic resistance for bridges, post-earthquake
*Seismic Damage Classification | risk diagnosis for buildings. and disaster prevention plans
= Seismic Di is and Retrofit | for local ies) with a view to enhancing the
+Others capabilities of 2,000 people in five years.

Contents:

ips:/ g

015/151102_01.html | 3

e of Seismology and Earthquake Engineering (IISEE), BRI, Japan

S
Action Plans of the IPRED

The IPRED has the 16 action plans to get concrete achievements corresponding to its
objectives, now. The No. 14 Action Plan, which one of these plans, is “Promotion of
techniques for pre- and post-earthquake investigation for vulnerability assessment.”

cf. homepage of UNESCO

No. 14 Action Plan

Questionnaire survey on current status of the PQI in
the IPRED member countries

*Guidelines issued

- Constitution of inspection sheets

~Qualification of inspectors
~Others

Information provision and suggestion for E-learning
of the PQI (by Mexico)

v

Publication of guideline for dissemination and Flver of E-leaming (M
sophistication of the PQI yer of E-learning (Mexico) ¢

e of Seismology and Earthquake Engineering (IISEE), BRI, Japan

| T

Numbers of participants and countries:
101 participants from 16 countries

Number of participants

| T

Efficient methods for data collection
and analysis on damages in case of
wide area earthquake

e of Seismology and Earthquake Engineering (IISEE), BRI, Japan

| S
(2) IPRED Project

From homepage of UNESCO

The International Platform for Reducing Earthquake Disaster (IPRED) is a platform for
collaborative research, training and education in the field of seismology and earthquake
engineering. The International Institute of Seismology and Earthquake Engineering (IISEE) acts
as this platform’s 'Centre of Excellence'. The main objects of this initiative are the following:

*To exchange information and propose plans on collaborative research, training, and
education

*To address policy-relevant issues related to the reduction of earthquake disaster risks and
implementation of the Hyogo Framework for Action

*To establish a system to dispatch experts to earthquake stricken countries in order to
carry out post-earthquake field investigations and draw lessons for future risk reduction

http://www.unesco

o pecial.t ) o ke
reduction/networking/ipred/

Member countries: In addition to Japan, nine countries are participating: Mexico, Peru, Chile,
Indonesia, Kazakhstan, Egypt, Turkey and Romania.

e of Seismology and Earthquake Engineering (IISEE), BRI, Japan
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Eduardo Orlando HURTADO GAJARDO (Head of Engineering and Construction Department, Ministry of Public Works, Chile)
“Quick Inspection Method of Buildings Damaged by Earthquakes in Chile”

Milestones of Quick Inspection Building
Method in Public Building.

ESTIMATED DATE MILESTONES, ACTIONS AND/OR EVENTS

@

GRIPS

H H H H Second 2010 Maule’s Earthquake Mw = 8,8, broke seismic silence of 25 years
Quick Inspection Method of Buildings second Maule s Earihauale M
Second 2010 Visit of Japanese experts to verify earthquake infrastructure
1 1 Semester disasters
Da maged by Ea rthqua kes In Chlle' November 2010 First Course in the field of Quick Inspection Buildings for the
Department of Architecture of the Ministry of Public Work, by
1 1 1 ildi Professor Seki in Talca.
Experlence In PUbIIc Bu'ldlng' February 2011 Report Expert Kato and Seki Professors, with recommendations
on need to implement three topics from the government:
Symposium on “Future of post-disaster assessment
T 1.- Quick Inspection Buildings after Earthquaakes
”
for bu"dlngs TOkyo Japan' February Sthl 2020 2.- Seismic Evaluation and Reinforcement and Seismic
Rehabilitation of Existing Buildings
Eduardo Hurtado Gajardo 3.- Seismic Isolation of Structures
Civil Engineer - Pontifical Catholic University of January 2012 Quick Inspection Building Course in Concepcién for MOP

Chile

Head of Departament of Engeneering and
Construction

Public Building Division — National Directorate
of Architecture MOP

Professionals in the field. The first version of the Quick
Inspection Sheet for Buildings of the MOP Architecture Office for
Public Building is created. Sponsored by JICA, led by MOP
Academy, and supported by the Architecture Department.

Problems Detected in Public Building in Milestones of Quick Inspection Building
Chile after Earthquake 27F Method in Public Building. Cont.
ESTIMATED DATE MILESTONES, ACTIONS AND/OR EVENTS
1. Lack of a Normalized and Reliable Methodology for Quick March 2014 Iquique’s Earthquake Mw = 8,2. Version 2 of the Quick
Inspection Building after Earthquake. o R R e
: . H . Architecture and Heritage was born version 3 of the File, it was
2. gorl‘;u:Igon about scope and Purposes n QU|Ck |nSpECt|0n tested first time by the Engineering Department in a real seismic
ulaing. event after 27F.
. . . . N M h 2015 The At Aluvio d th heet i djusted that

3. Multiple Assessment Sheets with different objectives. are T e o et dusted sotha
Some assessment sheets with exhaustive character to decide April 2015 Eruption of the Calbuco Volcano in Los Lagos , X Region. Adapt
on a ViSit the future Of a bu||d|ng the sheet to include as another the source of damage to

volcanoes.

4. Non-uniform evaluation criterion. Terms and perception of SEmtey (- PREIIEFES CErelo RS G, (sl (o CeR TN [ esien

eet by Architects and Civil Engeneers of Regionlmprovements
evaluators are confused. derived from the use of the card. Reordering is suggested.

5. EVaIuatOrs are nOt properly trained' Divgrse percept,ions' January 2017 Melinka’s Earthquake Mw = 7,6. Intensive use of Quick
There are no trained evaluators systematically and with a FEpEcEn Shas by Arhiess e Cvl ErEemeems o RagiEm.
single criteria. The need to include damaged wooden structures is required.

6. Tendency to consider the state of the structure and not the 2017 Need to consolidate the experiences of lllapel and Melinka
serviceability and risk to the life of the occupants. throvghlanfintemallworkshopldaviorinteractivelsinvey. s
I tance of Secondary and / or non-structural elements January 2019 Coquimbo’s Earthquake nearTongoy City, it is applied disaster

mpOr y . management system based on a prioritized prioritization of
damaged buildings via GPS on maps of the area of interest for
sending evaluation equipment

Objective of Quick Inspection Buildings Method
adopted by National Architectural Directorate MOP

Problems Detected in Public Building in Chile
after Earthquake 27F(Cont.)

1. Department of Engineering commissioned by the 1.
Directorate of Architecture, who addresses the mission of
developing, as far as possible, a single sheet that
rationalizes the process of evaluating a building, with
approved standards of damage assessment, including
relevant parameters, and being able to weight the damage in
order to establish a judgment of the state of the property.

To have a traceable methodology that allows us to reduce
the variability of the evaluation of the same building by two
evaluators efficiently

To Avoid damage by aftershocks.
Define level of risk initially to make investment

Source of information for restoration or demolition.

i W

2. Recommendations and data obtained will serve the MOP
Emergency System.

Reliable reports to authority daily.

29
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Quick Inspection Building Sheet and Damage Chart.

s ARMADO.
<ol ARLDOGN CON

FILA FUERTE.
CODIGO 18C

Coquimbo’s Earthquake near Tongoy City. 2019.

* It Applies LINK PLAN + BASIC CONTINGENCY PLAN. PUBLIC

saacwaca 1acy

BUILDING (Nov. 2016)
* Need to manage emergency before goes to field is developed
e |DENTIFICATION Critical Points

¢ TO DEFINE Universe and/or quantity (amount)

¢ TABLE — georeference; commune; building; addresses;
contact at city/town

* MAP Cities
* MAP Regional

Iquique and Arica Experience. 2014.

¢ Overestimation of damages, there are no uniform
parameters to define a collapse. For example Smaller cracks
could be declared as partial collapse.

e A chart calibration must be performed for drastic
conclusions based on non-structural aspects considered
relevant. It needs to review Weighting of Non-Structural vs.
Structural Damages to classify judgment of estate status.

¢ Lack of Field Experience. Distinction between static faults in
front of faults caused by the earthquake. For example case of
a deformed beam in a Pica building was not provoked by an
earthquake .

e Detailed training on interpretation of damages at field for
buildings.

Coquimbo’s Earthquake near Tongoy City. 2019. Cont.

lllapel Experience. 2015.
¢ Lack of training in damage review.

¢ Training is required in the classification of structural damage
according to injury records.

* Problem for some evaluators in Distinguish structural damages
from non-structural.

¢ Filling the sheet is not efficient.

¢ Perception of damage does not always agree with classification
in sheet.

* It needs to separate Non-structural damages risks for life. Study
your weighting.
Melinka Experience. 2017.

¢ Focus on damage to wooden structures. This kind of damage
was seen in Chiloe

¢ |t should generate a mobile application for the sheet.

Coquimbo”s Earthquake near Tongoy City. 2019. Cont.
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INFORMATION FLOW OF FIELD EVALUATION FOR
AUTHORITIES

Coaimato
2

N [,
¥ o [ Py

smor-roan

Evolugtion Teamy
be

R

SWOT ANALYSIS FOR QUICK INSPECTION
BUILDING IN CHILE

OBJECTIVES

Develop and consolidate the quick inspection building method,
adapted from the Japanese method, for evaluation of public
buildings after earthquakes

_ 2. To have constantly trained teams for quick inspection buildings
3 3. Develop technical instruments like manuals for understand and use
MOF Hational L . -
| | ] correctly quick inspections building
From Rafael Novoa's Presentaion. Architect. Plan de Emergencia Sectorial
MOP. 2019
STRENGHTS.
INFORMATION FLOW OF FIELD FOR OWNERS
BUILDING 1. There is a contingency plan of the Architecture Directorate MOP since 2015
2. Thereis an link plan for emergency of the Architecture Directorate MOP since 2015
3. There is a quick inspection building sheet based on the Japanese method since 2014
; Contor 4. There is a guide of interpretation of typical damage sheet based on typical structures in
A . Chile since 2014.
§ r— 5. A basic emergency team had born since 2014 and reinforced in 2017 after earthquake in
‘; }“ Coquimbo. The needing of planning before act was applied at that time with success
E 6. Anapp for quick inspection building sheet has been created in 2018
£ 7. Reports at the high authorities’ ministerial level are made on a central platform, SIEMOP-
m FEM with information extracted from the quick inspection building sheet created in 2014.
ational 8. Web site http://arquitectura.mop.cl/emergencias/Paginas/documentacion.aspx from

Aushoritie B

mnmnumumw

From Rafael Novoa’'s Presentaion. Architect. Plan de Emergencia Sectorial
MOP. 2019

documents, in pdf and spanish.

SWOT ANALYSIS.

1

STRENGHTS. Cont.

Plataform from MOP at Central Level was built based on result of Quick Inspection
Sheet adapted from Japanese Method
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WEAKNESSLES.

. There is no constant, formal training of field professionals in Quick

Inspection Building.

. The app is not operational yet at the level of knowledge of its use
. The professional rotation makes you know how to react to a disaster
. Several of the emergency documents are not yet sent by formal means,

which creates inertia and restart with each change of government as it is
not a service policy.

. There is a tendency to simplification using electronic methods of

emergency reporting

. There is no formal emergency department or professionals with hours,

tasks and goals assigned to this function, that they can dedicate hours to
plan, improve and adapt knowledge, propose policies and develop
instruments to act in emergencies when they appear.

. The lack of memory of seismic disaster because of silence seismic of big

earthquakes reduce the importance of maintain a formal unity or
department because it requires an increase in operational costs whose
convenience is not perceived as a priority yet, against other ones more
urgent.

OFENSIVE STRATEGY S+0O

1.

If we make a proposal to systematically integrate disaster risk reduction
management (DRRM) into public buildings, we can develop a
management and professional training plan for DRRM through the MOP
Academy.

OPPORTUNITIES.

REORIENTATION STRATEGY W+O

1. Chile signed the Hyogo and SENDAI framework, which obliges the 1. The formalization of emergency documents and the quick inspection
operational Ministries to make policies and action plans in disaster risk building form will enable the formalization of training of professionals in
management, and to include it as a function of the operational areas. this area through formal channels.

2. The National Directorate of Architecture by Department of Engineering 2. Itis suggest and convenient that the creation of a formal course of use
seeks to actively participate in the national Risk Disaster Management and application of quick inspection building method must be managed
(RDM) policy at ONEMI. using the MOP Academy.

3. There is an agency that integrates the emergency in Chile, ONEMI, in 3. A panel of professionals must be generated to validate the FIR app in
which the country's emergency policies are deposited times of absence of seismic disasters.

4. MOP has a national emergency plan, for which, through its Emergency 4. Quick Inspection Sheet and FIR should be studied in cases of steel and
Department, it designs and implements the MOP's action policy in its wood structures and develop interpretation of injuries
strategic products and operational areas

5. ONEMI formally requested that all plans conform to a single approved
format with agreed strategies and terms, which obliges the Ministries to
consolidate its instructions in the same line

6. The High Public Administration of MOP is interested in Disaster Risk
Management becoming an integral policy of the Ministry.

7. There is a Public Works Academy of MOP responsible formally, for
providing instruction to the Fiscal Inspectors.

THREATS. DEFENSIVE STRATEGY S+T

1. There is no evidence of budget or budget glossary to hire professionals 1. The creation and consolidation of a formal Emergency Unit in the Service
with exclusive dedication to the RDM, even at the national level that will allow management before the competent authority of the creation
design the action of the service in this area. of a gloss that allows to allocate necessary resources for professionals

2. There is no training or formal periodic training courses for operational dedicated to Quick Building Inspection and disaster risk management in
professionals in Quick Inspection Building through their formal channels a comprehensive way.
of instruction

3. The change of authorities makes everything come back to the
beginning to implement the RDM, including its management

4. The legal implications and scope of responsibilities for disaster
management make it difficult to formalize documents that formalize the
obligations in the face of a disaster

5. The professional rotation can leave the subject Service without
knowledge and force to restart everything just in the face of a great
disaster

6. The silence of major seismic disasters makes relativize the importance of

maintaining a formal department in this area that works on it
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SURVIVING STRATEGY W+T

1.

The direct training of professionals in the quick inspection building sheet and
the reaction to a disaster reduces the threat of dedicating efforts to
continually reinforce the field service professionals in carrying out a correct
rapid assessment of a building to focus the assignment of resources in
decision making after an earthquake disaster

Foto from Eduardo Hurtado,
Civil Engineer. Working at field
applying QIB Sheet at field
Earthquake 2015 Coquimbo.

Foto from Eduardo Hurtado. Civil Engineer. Course
sponsored by JICA 2011 with Academy MOP. Professor
Kato from Japan conduce a course at field teaching to
applying QIB Sheet at field using building affected by
Earthquake February 27th, 2010.

) @

GRIPS

THANKS FOR YOUR ATTENTION

QUESTIONS?

Symposium on “Future of post-disaster assessment
for buildings” Tokyo Japan. February 5th, 2020

Eduardo Hurtado Gajardo

Civil Engineer - Pontifical Catholic University of
Chile

Head of Departament of Engeneering and
Construction

Public Building Division — National Directorate
of Architecture MOP
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Lap—Loi CHUNG (Deputy Director General, National Center for Research on Earthquake Engineering, and Professor,

National Taiwan University, Taiwan)

“Technology and mechanism on post—earthquake emergent evaluation of damaged buildings in Taiwan”

AR o0 MERE AT

Yellow Placard

FibR TEHFDD
Symposium on

“Future of post-disaster assessment for buildings”
National Graduate Institute for Policy Studies (GRIPS)
and Building Research Institute (BRI)

Technology and mechanism on
post-earthquake emergent evaluation of
damaged buildings in Taiwan

Lap-Loi Chung (88137.3K)
National Center for Research on Earthquake Engineering

Exterior falling objects
Glass windows, exterior (curtain) walls, eaves,
balconies, parapet walls, water tanks, air

conditioners, signboards, exterior stairs, ...

Interior falling objects
Ceilings, chandeliers, ceiling fans, piping,
partition walls, high cabinets, interior stairs, ....

NARLabs BRRERRE 4
Post-Earthquake Emergency Evaluation Red Placard
Building not used
Until qualified by detailed evaluation or retrofitted.
Simple | :
EFRAEREROHTEAELRIRL
Fast (ne.,e.:ﬁﬁ)‘._
Economic
Effective
Discrimination
Objective
.LI.IIBIJI‘ T BRI RAREAASEERT 200
| .7, ::P;KIAIMNLI-IN EXTHENRLSR -
NARLabs BEsuRE NARLabs BEsuRE SR 5
Yellow Placard Red Placard

Building not used temporarily
Until dangerous items eliminated.

RERARERDE A ARRL
(feLminit)

ANEERE

mooe
LENEERRART A BN GARTAANERNT EE
-

AR NAweddn - RE-
M A s R L LR T
(e PL R T PR TR S P T e
e

DRSNS AR T ANT E T AR AR

[CREITY T

Building inclines more than 1/60.

More 10% columns disengaged from foundation.

Ground failure induces moderate to severe threat.

Nearby building failure induces moderate to severe
threat.

Building residual strength ratio Sy: < 0.5.
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Inter-Story Drift and Damage State

Foree

Drift Ratio DR = %

A: inter-story drift
H: story height

; Damage state [
1

I

\ Damage state 11

L i DR,,..s <DR<DR
DRv, DRVew DRosVen

Drift Ratio
(%)

Damage state I11

DR, < DR<DR, ... Damage state IV

DR <DR

"Vmax
0.8Vmax

0<DR < DRy

Vmax

7

Damage State 111

Moderate to severe damage
Maximum strength developed but not degraded to
0.8 times yet

Cover
concrete
spalling

3 mm < Flexural crack width <3 mm
1 mm < Flexural shear crack width

Damage State 1

No to light damage
Yielding strength not developed yet

Flexural crack width < 0.3 mm

NAR Labs BERERnE

Damage State IV

Severe damage to no capacity
Strength d ded below 0.8 times maximum

Core concrete crushes
Longitudinal rebar buckles
Shear rebar disengages "

NAR Labs BERERnE

Damage State 11

Light to moderate damage
Yielding strength developed but not maximum yet

0.3 mm < Flexural crack width <3 mm

P l_L;t‘ll,%{ural shear crack width <1 mm

Residual Strength and Inter-Story Drift

foree Residual Strength Ratio
Oy = DRy svimax — DRypax

Vaa DRO.SVmax - DRVyield
iy Damage statel ¢ =1.0

Damage state 11
Oty = () + Oty )/ 2

Drift Ratio

DRosVen %)

DRv;s DRVew

Damage state 111
Damage state IV
Oy = (O + Oy )/ 2 g

a, =0.0

12
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Column Experimental Results

Member Strength Weighting Factors

L.RR. | TR.R. | (Drift Ratio,%)
Spec. | AR. (%) (%) |yield| V. 0.8V, EM. Member Weighting
C1 9.16 1.76 0.08 1 2 6 F.F.
c2 | 1 | 212 | 008 | 1 | 2 6 FF. Column (W) 1
C3 1 2.16 0.08 | 1.5 3 7 EF /0 opening (W 2
CIW | 708 | 176 | 008 | 1 | 15| 3 ES.F. Brick wall w0 opening (Wgy)
C2W | 85 2.12 0.08 | 0.75| 1.5 25 FS.F :
w opening (W, 0.5
PF-2 | 10 229 | 041 | 1 2 7 F.S.F. pening (Wyyo)
PF | 10 [ 338 [ 011 [15] 3 6 ES.F. w/o opening (Wgcyw) 10
Spec.: specimen RC wall
A.R.: aspect ratio (height to depth) w opening (Wgrcwo) 25
L.R.R.: longitudinal reinforcement (area) ratio
T.R.R.: transverse reinforcement (volume) ratio
F.M.: failure mode
F.F.: flexural failure
F.S.F.: flexural shear failure
NARLabs BEEwss 13 NARLabs BEEwss 16
Column Residual Strength Ratio Building Residual Strength Ratio
W )+ 3t )+ Won 3 o) Wac, 31 o )+ Wy 3 G
Resi I st th rati i i i i =
Specimen esidual strength ratio * I W(-N(‘-+WBWNW +WB»:(,NBW0 +WR(-WNR(-:V +WeewoNrewo ‘
Oymax Oy Oy Oy Oy
C1 0.80 1.0 0.90 0.40 0.0 N¢: number of columns
C2 0.80 1.0 0.90 0.40 0.0 Ngws Npwo: number of brick walls without and with openings
3 0'73 1'0 0.86 0'37 0'0 Ngrcews Nrewo: number of RC walls without and with openings
: : : . : W, weighting of columns
C1w 0.75 1.0 0.88 0.38 0.0 Wgws Wewo: weighting of brick walls without and with openings
C2wW 0.57 1.0 0.79 0.29 0.0 Wiews Wrewo: Weighting of RC walls without and with openings
PF-2 0.83 1.0 0.92 0.42 0.0 a: strength ratio of col.umns ) ) )
PF 0.67 1.0 0.83 033 0.0 dgws Ogwo: Strength ratio of brick walls without and with
= - - ' - openings
Average 0.74 1.0 0.87 0.37 0.0 Orew Arewo: Strength ratio of RC walls without and with

openings

Member Residual Strength Ratio

Building Residual Strength Ratio

Bvmax fu Gy W)+ W 3 ) War, 35 i Wy 3y ) Wacr 3 i)
Column N W Ny Wi Wo Ny WeroNacrs
(flexural, 0.74 1.0 0.87 0.37 0.0
flexural shear)
Column 'y 5c 10 078 028 0.0
(shear) .
Sg: < 0.5, red placard issued!
Brick wall 0.57 1.0 0.79 0.29 0.0
RC wall 0.49 1.0 0.75 0.25 0.0
NAR Labs BExERwE 15 NAR Labs BExERwE 18
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Example Building 1

Example Building 2

1 -g-0q 400000
F-D Curve

- 2=2-
! s
1)""’

\

0.5= = =

1
1
1
1
1
1
1
&
| i
Basesbhear
8
Base shear
(kgf)

28
I
g
g
8

0.2

Building residual strength ratio Sy

INAR Labs SR RURAE 22

Example Building 1

Post-Earthquake Emergency Evaluation

o 1 - *_ 120000 Member damage state
%) / ~F-D Curve
o o Fa . . .
g s Fy : e Member residual strength ratio
- /
= / 1 f— . .
) 7 I | 50000 Building residual strength ratio
/ 1 S
L 06 / " 5 3
P I __/ ________ N & 2% Issued red placard or not?
< .,.' 2 73 5
5 04 / Sk a 4
s / - ? | 4o000 B
= /
o /
oy Thank You!
E _,‘/ https://www.youtube.com/channel/UCkqFe9pQB9uSbYvmuRrIZTw
0 —— 77T 0
o 2 4 - 8 10
Roof displacement (cm)
NARLabs BEsuRE 20 NARLabs BEsuRE 23
Example Building 2
@ @)
|
®—
®—
o
Plan
NAR Labs BExERwE 21
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Dave BRUNSDON (Director, Kestrel Group, New Zealand)

“Rapid post—earthquake structural and geotechnical assessments in New Zealand”

kestrel
group

—
Rapid Post-earthquake Structural and
Geotechnical Assessments in New Zealand

engineering
1 1

Dave Brunsdon

Symposium on the Future of Post-disaster Assessment for Buildings
5 February 2020, Tokyo

Presentation Overview —

1. Key enhancements to New Zealand’s arrangements
following the 2010/11 Canterbury and 2016 Kaikoura

earthquakes

2. Understanding the limitations of Rapid Building
Assessments

3. Understanding how Rapid Building Assessment fits
within the overall task of managing buildings following
earthquakes

4. New Zealand’s current arrangements, capability and
challenges

C) HRBIRA PR

GRIPS Fox Poucy STUDIES

Building assessment in practice

Darfield earthquake 4 September 2010 M, 7.1
* Rapid assessment:
« Commercial 1300 (7% red, 22% yellow, 71% green)
« Residential 7000 (4% red, 14% yellow, 82% green)
« Approx. 75 engineers and 175 Building inspectors
* Local state of emergency 4 Sept to 16 Sept

m
Christchurch earthquake 22 February 2011

* Rapid assessment
« Commercial 8,000(15% red, 25% yellow, 60% green)

15%

* Residential 70,000 (1800 red)
» Approx 500 engineers and 300 Building inspectors 0% A
» National state of emergency for two months
—
IR P N T

GRIPS FoR Foucy STUDIES

Developments Post-Canterbury Earthquakes

RAPID POST
DISASTER

* New field guides * New forms

- earthquake, flooding, geotechnical

CAN BE USED

RESTRICTED ACCESS

ot e Tt |

* New placards - colour change and plain English

P
BRI AR

GRIPS Fo Poucy STUDIES

« Resources on www.building.govt.nz

The development of NZ arrangements —

1. Guidelines first developed in 1990s, based
on the ATC 20 document
2. Revised in 2009, following Gisborne Suidiio Sutely Beskistion
earthquake 2007 Guldelines far Territorial Authorities
3. Refined following experience in Padang,
Indonesia 2009
4. Implemented following Darfield earthquake
4 September 2010 e
) g New Zoaland Society for
5. Improvements following the 22 February Eantiuaiu Englasidng
2011 Christchurch earthquake
6. New lessons from the 14 November 2016
Kaikoura earthquake
7. Revised documentation and legislation
C) BRI RS A
GRIFS Tox Toutr Sraoe o

al Assess

Rapid Str

Level One:

Outcomes:

@ Placarding of
buildings
@

Assessment generally based on
exterior inspection only

Usually 20 mins per building

Central records
(flags for buildings

requiring further
assessment)

Level Two:
Reccomendations
for cordoning off
unsafe areas

Building assessment based on

exterior and interior inspection

Usually 2 to 4 hours per building

i —
k IR R AR AT

GRIPS FoR Foucy STUDIES
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Rapid Geotechnical Assessments — | Targeted Damage Evaluation —

Types of land instability covered: ;mUI:f!J Pf;{\‘;

* Landslide
» Boulder roll (rock fall)
» CIliff collapse (rockfall)

» Debris flow

Assessment outcomes (risk to
life and building usability):

Low risk

Moderate risk

e Targeted Damage Evaluation (TDE) procedure quickly
developed to assess a specific category of buildings
(www.sesoc.org.nz)

» Approximately 70 Wellington concrete buildings of 5 to 15
storeys with precast flooring were assessed over three
“ »

months
| g%

« Approximately 50% had ;
issues that were not ! T L. " |
uncovered in the original ¥ -1 | ol
rapid assessments

Epicentr Kaikoura

Christchurch
-
i
e
(AR N T e

GRIPS For PouCY STUDIES

* New national guidance issued in Managing bulldings ’
2018 by MBIE _

e Support and training under
development for Councils to better
understand the building
management process following
emergencies

in an emergency

P
BRI AR

GRIPS For PouCY STUDIES

New Issues from the 2016 Kaikoura Earthquake ~=# Building Management in Emergencies —

Fault rupture affected isolated South Island communities,
along with significant landslide issues

Three districts undertook rapid building assessments, but
didn't fully understand the processes

Insufficient engineering capacity to respond across both
rural and metropolitan districts

No state of emergency declared in Wellington, therefore
no mandate to undertake assessment or require owners to
provide further information

i —
k IR R AR AT

GRIPS FoR POLCY STUDIES

The key elements are:

1. Understanding the extent of the emergency and the
nature of its impact on buildings within the affected
community

Carry out a rapid building assessment operation within
an identified area where there is cause for concern for
public safety in or around buildings

The management of public safety issues both inside and
outside any rapid building assessment operational area

Managing the issues caused by the emergency to enable
the community to recover to business as usual.

~ e
() MRBIAAPHAS

12 GRIPS foR PoucT STUDIES
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Rapid Building Assessment: Capability,
Capacity and Training

National %
resources
capable of leading
an assessment
operation
(12-20 people)

Tier 2:

Senior Building Officials,
Chartered Professional Engineers
structural, geotechnical) and Registered
Architects

* Tier 2 training undertaken
+ Engineers/ Architects
+ Council Staff
(approx 400 on register)
¢ Includes Geotechnical
training
¢ On-line training

modules
Tier 3:

Building Officials, Structural and Civil Engineers,

Registered Architects

Habitability e

FEMA residential policies consider habitability as
encompassing the aspects of safe, sanitary and
functional:

« ‘Safe’ refers to being secure from disaster-caused
hazards or threats to occupants

« ‘Sanitary’ refers to being free of disaster-caused health
hazards

* ‘Functional’ refers to a home capable of being used for
its intended purpose

16

2019 Changes to the Building Act —~— Summary: NZ Arrangements and Capability &

e The Building Act now includes for Building Management
in Emergencies

* Powers to inspect, placard, restrict entry, mitigate risk,
require owners to provide information, and investigate
building failure

» Can be used when no ‘state of emergency’ or ‘transition
period’ declared, if approved by Minister

* Requires proportionate use — framework provided for
recognising personal and property rights

= —_—
g (RN N
NATHONAL GRADUATE INSTITUTE

1 GRIPS Fox Poucy STUDIES

« New Zealand has significantly more trained resources available
to undertake rapid assessments than prior to the Canterbury
earthquakes

¢ There have been some advances in tools and processes for
electronically recording data in the field

* New legislation and national plans that enable a clear interface
between building and emergency management aspects

¢ In summary, New Zealand now has all the system elements
lined up: ‘Legislation through to Field Guides’

= —_—
g (RN N
NATHONAL GRADUATE INSTITUTE

v GRIPS Fox Poucy STUDIES

Other International Developments — Summary: Current Challenges —

* FEMA P-2055 Post-
disaster Building Safety
Evaluation Guidance
issued in November 2019 ;

* Reports on the current I ! e,

« Prioritisation of the critical preparedness elements is
lacking

« Effective preparation requires leadership and engagement
by local councils, and support from MBIE as the national
building regulator

state of practice = - » Specific gaps include:
* Introduces the issue of g;?t'dlsasmg”ﬂdmg - The designation and training of operational leaders
o oty Evaluation ) -
habitability beyond G éya_n - Protocols for accessing and utilising data from building
structural safety uidance . L
B s e — instrumentation in the early stages of a response
¥ rEMA ]
BRI AP AS
= e T
40
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(Q g kestrel
|-u¥infn(-rlng: group

Thank You and Questions Please

Dave Brunsdon
db@kestrel.co.nz
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Current research situation on
damage evaluation for damaged
buildings using 3d laser
scanners

Building Research Institute (BRI)
Structural Engineering Group
Tomohisa MUKAI

I mogames BEFEE Building_Research_Institutel

Presentation flow

1. What is Laser scanner ? (Introduction)
Fixed laser type-Flight vehicles laser type

2. Current research situation (Main body)

Damage Evaluation for local and global level
including actual damaged buildings

3. Conclusions

{ m’l—%ﬂlﬁl;‘_:"ﬂﬁfﬁﬁ‘:mi‘“ﬁmﬂ

What is laser scanner?

:"lrl, = Tl

-

Measurement Principle: Time Of Flight)

Courtesy to Riegl Japan

| memwmpes ) BMEWERE  Building Research Institute}

120

Tomohisa MUKAI (Senior Research Engineer, Dept. of Structural Engineering, BRI)
“Overview on damage evaluation for buildings subjected to severe earthquake using some 3D laser scanners”

What is laser scanner?

Choice of measurement method corresponding to objectives is neaded

g ﬁ*—;.. ..
) : H ."..
Aﬁ.’—‘..dlzé MS S e PP .A'ngl . . . .

Presentation Flow

2. Current research situation

Damage Evaluation for local and global level
including actual damaged buildings

Building Research Institute]

Research Effort by BRI

OBRI Inhouse research item: for basic study

Development on seismic performance evaluation technique for
post-EQ functional use of existing buildings (2016~2018)
Objectives: Survey, Pick out, Investigation of specific technique to
judge post-EQ functional use of damaged buildings quickly

OPRISM( Public/Private R&D Investment Strategic Expansion
PrograM )item:for practical use

Research on establishment of Quick damage level judgement
system and data platform (2018~)

Objectives: Develop quick system (evaluable, sharable,
displayable) for post-EQ functional use of damaged buildings using
measured value on site

42



Summary of current research situation

eComponent Level : Local damage such as
Floating/Spalling can be evaluated

eFull-scale frame specimen : residual deformation and
damage distribution of members can be evaluated.
oTilted building due to pile failure in Kumamoto EQ :
Settlement and drift angle of each column/ vertical
deformation distribution can be evaluated. Distribution
of damaged buildings in Mashiki-town can be
displayed, accuracy must be investigated.

*0ld RC condo at Hashima : Deterioration states of this
condo during past 2 years is compared, utilization of point
clouds data can be shown.

*BRI's Main building with damage simulant material which
assume damage state due to EQ was measured by each
laser scanners, the applicability was confirmed.

{ m;{—;ﬂilﬁl;‘_:ﬂﬂﬁm:mi-ﬁﬁmﬁl

BHY v OBGER (1R
 muanpess BEMEHE  Building Research Institutel

Residual displacement measurement result

Extract N Nt s
orthogonal !
member

Y 3

Good agreement between
i calculated residual disp.
: using point clouds and
canmie measured value

 mumnmeEsA MERHFA Building Research Institute]

13

Damage case: I etrofitted building designed before 1981

Retrofitted municipality building had piles failure and
superstructure was tilted.

Y5 r —
023
i a1

IE ERNER

It g
10

X1 X2 X3 X4 X5 X6 X7 X8 X9 X0 XI
3 story (retrofitted in 2012)
Is value : before retrofit 0.3 after
over than 0.7
Damage level of superstructure :
medium
After EQ, the tilted building was
used for 2 years and demolished.
:"’l’ll’il’l’m‘-:(mTi’ii-liﬁmﬂ

Structural test and damage states

Various damage survey for superstructure
(Odamage survey for structural components (visual
judgement, high-reso camera, 3D laser scanner,
Imicro tremor, extract material(concrete, steel))

Visual check High-reso camera 3D laser scanner(TSL)

extract material extract material
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Damage survey for foundation structure
Opile, footing foundation/foundation beam (visual
judgement after digging work, extract concrete)

Conclusions

Current research situation for damage evaluation
of damaged buildings using 3d laser scanners
was introduced.

1. High dense and quality damage data can be
obtained by proper laser scanner
measurement.

2. Using big damage data(point clouds), damage
states can be understood with a high accuracy
and speed-up of on-site survey for existing
judgement method can be expected.

W s A S T 2E

Damage survey for foundation structure
Opile, footing foundation/foundation beam (visual
judgement after digging work, extract concrete)

Damage states of foundation structure at Y1 bay (EW)

E Stndard height WV
Smm

47mm

50m
— 50mm 2.9%

6.4% 8%

Damage states of foundation structure at X2 bay (NS)
S Standard height N

123mm 168mm

—2.9%

 mumwMss MERFERF _ Building Research Institute]

Measurement by 3d laser scanner
Results

II_II

25T S V7T V7V N VSN VP V7V EVZ VT Y2V VT VPN
| | | | |

122
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Koichi KUSUNOKI (Professor, The University of Tokyo)

“Development and implementation of new technologies for the rapid inspection method”

ik

Development and implementation of
new technologies for the rapid
inspection method

Koichi KUSUNOKI
Earthquake Research Institute,
The University of Tokyo

Present situation of the quick Inspection

* Investigated by visual observation by engineers...
It needs many days to investigate

19 days for 46,000 buildings with 5,068 engineers
Many “Limited Entry” judgment

The judgment can vary
according to engineers’ experiences

 University of Tokyo

Rapid Inspection

¢ After an earthquake...

Residual seismic capacity should be evaluated

Without adequate residual seismic capacity

To reduce enormous harm due to an aftershock

With adequate residual seismic capacity

To reduce the number of refugees

iversity of T

Simplified SHM

It is worth to apply

* For example, concern of the high-rise
building owner is “business
continuity”.

 “Elastic or non-elastic” evaluation is the
most important for owners
¢ |fitis evaluated as damaged, the

damage level somehow does not
interest them.

“Downtime” needs to be reduced!

ik

Rapid inspection

Based on visual observation with
inspection sheets

Current situation of the quick Inspection

Total yielding system
Whole beam ends need
to be investigated

Story failure mode
* Damaged story is
investigated
Total yielding system is now recommended for structural design
—Ceiling system makes investigation difficult

45
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Kumamoto Earthquake

Tokyo

* Casualties
® Kumamoto

* April 14 Mw = 6.2
* April 16 Mw =7.0

49

Sensors & servers

Sensor Sensor
loLAM Tinker
$2,000 $120
PoE AC5V
Server Server

Mac Mini  Raspberry PI
$2,000 $60

25ch 5ch

ﬁ\l :-_....::.j_.__,::z..d--.-‘

Building instrumentation

¢ Sensors should be instrumented to

buildings to evaluate their
conditions.

¢ Advantages to use sensors
* Bld. be evaluated right after an EQ
* Bld. be evaluated w/o observation
* Evaluation result be collected

immediately with loT

Many buildings had been instrumented already.

Simplified down to SDoF system

Accelerometer

HENA|;
OO0

A

UL

cPlerometer maciife
&

ﬁﬁl Turtroli o

Proposed System

Performance and demand
curves are measured

Place few inexpensive accelerometers

Derive displacement from measured 77
acceleration

Evaluate by comparing these curves

D
Damage evaluation and prediction

Damage level
A0 | I P N N\ v
»e >
Aftershock
Second corner | @ ... PRI
Maximum Safety limit

response
(main shock)

First corner

Representative acceleration (cm/s?)

o

Representative displacement (cm)
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Instrumented buildings

be”
7
48

.40 SeC

Representative force (cms?)

AT

7

-15 -10

05 00 05 10
Representative disp. (cm)

207 15 20

Building Example
Yokohama National Univ.

* Department of architecture

* SRC structure

* H=30.8m

* 8-story + 1 BF

* Retrofitted before
Tohoku EQ

Damage evaluation

* The result was
informed to all staffs.

e Flexural cracks were RFL
observed at the bottom sp.
of walls 7L
¢ Detected damage level ¢
coincide the observed -
level
4FL
3FL
* The system worked o | =
well ‘ == S
1L |l —=
BFL ‘ ﬁ E\ﬁ

‘] Kusunoki Labaratory
&.,_ Earthquake Research institute, the Univers
5004 2
%2 50| Roof NS Max 410.0 cm/s
= o0+ !
S] e
=% & = T i
%zsuf WIS Basement NS Max 91.5 cn/s?
$20]
O % & 5 &
500 Time (sec)
T Roof EW Max 431.1 cmvs?
5] .
&m0
Tl
G e Basement EW Max 85.9 cmis’
8
o &
Time (sec) 15,

Kusunoki Laboratory

125
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)

Kusunoki Laboratory

Earthquake Research Instit

ute, the University

15t 150% input

of Tokyo

) Kusunoks Laboratory
B

Earthquake Research Institute, the University of Tokye

Last input (160%)

19 22
SDIE——— D
nd o/ i 0
2" 150% input 160 % Input
o~ 1500 o 0 II\ I\II\ IY W/
2 Ll
5 1000 - FVAYN
.5 : : : : ISLS Predicted
§ 500 11 /‘;%]) e (Aftershock)
B Partial collapse| AR
o .
© 20%)
% -500 o
& 1000 Vv
% Predi Half collapse~ Input level
2 i v
‘ * Max. point during each run‘
~2000 /T T T T T T T T
—25/—20 -156-10 -5 0 5 10 15 20 25 30 35 40
Representative displacement (cm)
20 23
@ ettt Hasdhich (H0RS e TeeratTorTerTe @ 5 R e s s
0 . .
150% level was applied twice Problems to be solved
1500 - 2nd 150% < 1st 150% 1gt 150% L .
- Y . * How to translate the SHM result to rapid inspection
153 redicte or .
&l . \ (afershock) result/damage classification result
£ . 111\ Safety limit state ) . .
E o * Clarify the difference of SHM techniques
'§ %07 T * Precise measurement Simplified measurement
Tg . v oo oo ¢ Use numerical model Only with records
& Lo § Togvov i
2 P e Technical problems
S 500 Safety limit 1 111 q R
5 50 sta(:y\l\w N * Noise, Data transfer protocol, Big data
° Predicted T i
8 -to0p-{ftepshock) rrp * How to get approval to use records for academic
AN .
1500 J_2nd 150% Tst 1508 o purpose
-25 -20 -15 -10 -5 0 5 10 15 20 25
Representative displacement (cm)
21 24
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Kusunaki Laboratory

Earthquake Research institute, the University of Tokyo

Damage inspection with Drone

* Easy to control by using GPS
* Stable

* Self-controlled drone is also available.
* Rota-lifter

« Light weight (1~ 2kg) _—
* Weak against raid interference ‘

* Weather :
* Battery life

(Use engine?)

Kusunaki Laboratory

a

e

Damage evaluation of cities

Enrthquake Research Institute, the University of Tokyo

. Eamage condition of cities can be evaluated soon after an

LD —_ A ————
Visual inspection with Drone
Thank you for your kind attention
KRy HEEHE B
Solar power supply is used on GUN-KAN Jima island,
BRI: Tomohisa Mukai
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