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MESSAGE FROM THE PRESIDENT – ZHISHEN WU
The year 2020 has been full of uncertainty, disruption to our daily lives, unprecedented challenges for people around the globe. As this tragic year draws to an
end, it is time to reflect and think of almost 2 million of people around the world who lost their loved ones due to the Covid-19 pandemic, and all those whose lives
took a devastating turn. The year 2020 has also been a year of optimism, creativity, and relationship building. We have had the opportunity to spend more time
with our loved ones at home and to use Zoom to connect with family and friends around the world. Most importantly, however, with the development of Covid-19
vaccines, which have been an unprecedented scientific breakthrough and the result of the collaboration of the global scientific community, it is anticipated that by
September 2021 this global pandemic will be under control and we may see the gradual return to a normal and safe life.
Therefore, as the New Year 2021 commences, this time also presents hope and prosperity, and an opportunity to cherish, more than ever, the genuine friendships
and the fortune of being part of ISHMI, this leading professional society, that has a mission of developing new scientific approaches for protecting the built
environment. As the President of this great organization, once again I have the privilege to express my sincere wishes to all of you and your loved ones for a Happy
and Prosperous New Year filled with good health, professional and personal success.
First and foremost, I want to use this opportunity and express my sincere gratitude to the Executive Committee, the Council Members, the Editors in Chief, the
editorial board members and the production team of our CSHM journal and of Monitor, the organizers of the ISHMII official conferences and workshops,
the administrative staff, and all its members for their great contributions to ISHMII. The continued success of our professional society, despite these unprecedented
and difficult times, has been due to your hard work, commitment and support.
I find it timely to share a few highlights of ISHMII’s activities and achievements in 2020 and some updates on the upcoming events and activities in 2021:
• Regarding our official conferences and workshops,
1) As you may know, CSHM8, which was supposed to be held in 2020 will take place as an online conference on March 29-31.
2) SHMII10 will be a fully online conference. The organizer and the ISHMII EC spent a lot of time and energy discussing the matter, hoping for a best solution.
3) Plans for future conferences, ISHMII-11, 12, including the locations, dates and other logistics, have been decided and will be shared with you in a near
future. SHMII11 will be held in Montreal, Canada in June 2022 and SHMII12 will be held in Hangzhou, China in 2023.
• Journal of Civil Structural Health Monitoring, CSHM, which succeeded in becoming indexed in Science Citation Index Expanded (SCIE), is making noticeable
progress. The journal for 2020 surpassed 1000 pages and in 2021 the journal has set a goal to publish 7 issues / 1500 pages. We encourage members to
consider submitting more papers to CSHM.
• Thanks to your contributions, Monitor, the official magazine of our Society, has now resumed a regular publication of four issues per year. We encourage
members to consider submitting more articles to the Monitor.
• As a follow up to a plan proposed in August 2019, in order to broaden the scope of the scholarly publications by ISHMII, and to increase the global
visibility and leadership of our professional society, we made a special arrangement with CRC/Taylor and Francis, to publish a series of books on emerging
and relevant topics. These books will be published as part of a series of technical books on various ISHMII related themes. To initiate this new effort,
we encourage all ISHMII members to volunteer and take the leadership for organizing a book with a theme related to various aspects of CSHM. I envision
this Book series will significantly enhance the visibility and recognition of our Society.
• ISHMII Data Enhanced Infrastructure Management Committee has made very good progress, under the leadership of Professor Aftab Mufti, through defining the
committee’s Charter. Starting September 2020, Dr. Sreenivas Alampalli took over the helm and has committed to assure that the committee will 1) define a
benchmark study and share data to compare different data-driven and model-based SHSM methodologies and tools; 2) provide guidelines on how to extract
quality data from data acquired by monitoring networks; 3) develop a type of Model Code on how to establish effective databases and how to manage both data
and databases. We encourage members to consider participating in the activities of this dynamic and important ISHMII committee and other ISHMII committees.
• The progress towards the development of Standards was also encouraging in 2020. The ISHMII committee on Standardization has discussed the goals, strategies,
and a schedule for different levels of model codes. The plan was delayed but the ISHMII Standardization; Model Code Level one, will soon be submitted to the
Council for review. We expect this task to be completed soon and will be approved for publication within 2021.
• ISHMII is now working on selecting top 100 SHM enterprises worldwide. I hope you as the ISHMII members and the experts in the field can identify and
recommend the candidates for top 100 SHM industries around the world based on your experiences.
• ISHMII education programs through online summer courses, online short courses and online Distinguished Lecture Series have been under discussion.
I also want to share our New Year’s resolution that, I will continue to work closely with all of you towards enhancing the leadership of ISHMII through:









Developing strong high-quality publications,
Enhancing CSHM universal education,
Expanding ISHMII’s membership, both individual and corporate members,
Establishing ISHMII Foundation to support ISHMII’s Mission,
Further strengthening ISHMII’s committees,
Building strong linkages with industry and academia,
Develop further international model codes and build strong linkages with the different national codes.

We have made significant progress in these areas in 2020, despite many challenges imposed upon us due to Covid-19 pandemic, so let us continue this progress in
2021.
It has been, indeed, a great honor for me to serve as the President and the start of a New Year, especially the coming year, gives me a chance to reiterate my
commitment to all of you, for serving ISHMII and all its constituents and for leading your organization to the best of my ability.
I invite all of you to be active participants in ISHMII, to share your ideas and let us achieve prominence through a collective effort of all of us.
Zhishen Wu, ISHMII President
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RESEARCH NEWS

MEMBERSHIP NEWS

Please watch your email this summer for a membership survey.

Prof. Aftab A. Mufti the 42nd Fazlur Rahman
Khan Distinguished Lecturer

On October 22nd, 2020. Professor Dan M. Frangopol, Lehigh University’s
inaugural Fazlur Rahman Khan Endowed Chair of Structural Engineering
and Architecture welcomed Aftab Mufti, Emeritus Professor at the
University of Manitoba, Canada as the 42nd Fazlur Rahman Khan
Distinguished Lecturer and the Lecture Series’ first virtual lecturer. The
Zoom webinar format provided the opportunity for more than 100
individuals from around the world to virtually attend Prof. Mufti’s
distinguished lecture on “Intelligent Sensing for Innovative Structures:
Development of the New Discipline of Civionics”, presenting some of the
innovations that have been implemented in various infrastructure projects
across Canada under the federal program called the Networks of Centers
of Excellence (NCE) for Intelligent Sensing of Innovative Structures (ISIS).

Your input is appreciated.
We want to hear your thoughts.
The short survey has a big impact

The ASCE Structural Engineering Institute – Lehigh Valley Chapter also
provides 1 PDH credit hour for all professional engineering attendees. As
with all of the Khan Distinguished Lectures, a video of Prof. Mufti’s
presentation will be made available on the F.R. Khan Lecture Series
website.
https://www.lehigh.edu/~infrk/
The Fazlur Rahman Khan Distinguished Lecture Series, initiated and
organized by Dan M. Frangopol, honors Dr. Fazlur Rahman Khan’s legacy of
excellence in structural engineering and architecture.

2021 MEMBERSHIP RENEWAL
2021 Renewal invoices were issued earlier this year
through our new online membership system (Wild
Apricot/Prosonify).
Benefits to Members:
• Exclusive on-line access to the peer-reviewed Journal
of Civil Structural Health Monitoring
• Discounted rate at ISHMII Conferences
• First-hand information on upcoming meeting
• Career Opportunities
• Case Studies
• and much more

For questions regarding membership, please contact
Charleen Choboter at the ISHMII Administrative
Centre by email at: charleen.choboter@umanitoba.ca
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RESEARCH ARTICLE
MONITORING SYSTEM OF THE SAN GIORGIO BRIDGE AT
GENOA, ITALY
Paolo Clemente, Ph.D., - Research Director, ENEA
Chiara Ormando, PhD student - Veragta University in Rome and ENEA
The San Giorgio Bridge is the new viaduct that replaces the Morandi Bridge at
Genoa, which collapsed on August 14th, 2018, arousing the death of 43 people
and interrupting the road between the two parts of Genoa and between
France and Italy. The new viaduct has been inaugurated on August 3rd, less
than 14 months after the beginning of the works, representing a symbol of
excellence and efficiency for the Italian engineering and institutions.
The bridge is a continuous beam, 1067 m long, with 18 piers and 19 spans. The
three main spans are 100 m while the others are 50 m, except two of about 40
m and 26 m, respectively. The deck is composed by a steel caisson beam, which
has the shape of a ship hull, and a reinforced concreate slab. The deck is
supported by elliptic reinforced concrete piers by means of Curved Surface
Sliders.
Despite its structural simplicity, the San Giorgio Bridge is an example of
advance technology. Actually, it has been designed in order to be an efficient
and smart structure, with its integrated monitoring system, which allows:
•
•
•

Fig. 1. Radar sensor placed between the beam and the piers to control the
relative displacements (Courtesy of CETENA S.p.a. and FINCANTIERI).

The monitoring of the service facilities, the environmental condition,
the structural behaviour and the degradation phenomena.
The automatic inspection of the deck condition and the washing of
the windbreaks and the solar panels.
The creation of a database in order to better schedule the
maintenance.

Since the construction phases, the structure has been monitored by electric
sensors placed on the steel segments by CETENA S.p.a., then other sensors
have been placed on the concrete slab and on the isolators. This monitoring
network has been used during various construction phases and finally during
the final testing phase in order to verify the actual structural behaviour and
will be removed when the final monitoring systems will be installed.
The final structural monitoring system has been designed by ITALFERR and
CETENA and provides for the use of FBG and radar sensors. An optical fibre
backbone runs all over the deck and includes 75 inclinometers, 50
accelerometers and 50 strain gauges. An FBG inclinometer and an
accelerometer are installed at the top and the bottom of the piers and on the
pile caps. 30 radar sensors are placed between the beam and the piers in order
to control the relative displacements due to the thermal expansions. Data of
radar devices are read together with those of the 25 temperature sensors
placed inside the deck, to check the actual steel beam behaviour to be
compliant with the design behaviour. The FBG high-sensitive accelerometers
(supplied by LUNA Micronoptics) placed inside the steel beam are jointly
acquired by the FBG interrogator unit and analysed in an OMA (Operational
modal Analysis) perspective, to detect in real time eventual variations of the
bridge dynamic behaviour.
In order to enhance the monitoring system and the comprehension of the
data, 8 axle weighing plates (supplied by iWIM) are embedded into the
asphalt, two for each lane, assembling 4 WIM systems. They are made of
stainless steel and include a fiber optic load cell that allows to estimate the
weight of each single axle. Furthermore, four video cameras (supplied by
Tattile) allow to control the licence plates of the vehicles. In this way, it can be
checked if a truck exceeds the weight limits and the relevant authorities can
be informed
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Fig. 2. Axle weighing plates embedded into the asphalt (Courtesy of
CETENA S.p.a. and FINCANTIERI).
3 weather control units (supplied by Techom) and 3 wind gauges are placed
at the ends and at the middle of the viaduct. They measure temperature,
humidity, air pressure, rain and intensity and direction of the wind. This
information helps to have a complete overview of the boundary conditions,
in which the bridge structure operates and hence to better understand the
recorded data of the FBG and radar sensors.
The monitoring system also allows to detect damage on the lower part of
the deck hull and the filth built up on the solar panels and the windbreaks.
In fact, 2 Robot Inspection and 2 Robot Wash have been devised and
installed on the rails at the sides of the deck, one kind for each side. The
structure of the robots is made of carbon fibre and it has been produced by
the greatest 3D print machine in the world, the Masterprint (Gruppo
CAMOZZI). The robots can work automatically or can be activated remotely.
Continued on next page
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Continued from previous page
Robot Inspection is 7 m long and weighs about 2.2 ton. It has a retractable arm
which can roll up to the midpoint of the lower part of the deck. This arm has
high definition cameras and some sensors which can monitor the hull surface
and detect damage, such as the presence of corrosion or the condition of
welds. On the robot, another arm with multispectral cameras can be installed
in order to perform chemical analysis. So, the Robot Inspection allows to
monitor the hull in real time and provides a database of the records: in this
way maintenance can be efficiently organized.

over by means of two additional algorithms. The Rainflow algorithm identifies
the load cycles and allows to evaluate the effect of the fatigue in the steel
structures; the Operational modal analysis (OMA) algorithm extracts the
dynamic behaviour of the structures using the data obtained from the
accelerometers, the weather control units and the WIM systems.
In conclusion, the San Giorgio Bridge has been equipped with an intelligent
integrated monitoring system, which provides information on the structure
and the environmental conditions, allowing the organization of the
maintenance and the efficiency of the solar panels. Furthermore, a new
research programme, Cymon, has been started by CETENA and FOS S.P.A., in
order to recreate a digital copy of big civil infrastructures. The technology
developed within Cymon project will allow to memorize, classify and transmit
all information obtained from the sensors in order to recreate an updated
real time digital model of the infrastructure, to help and guide by means of
augmented reality technology the maintenance work. A number of big
infrastructures of course including Genova San Giorgio bridge will be able to
benefit from such technologies in the next future.

Fig. 3. Robot Inspection (Courtesy of Gruppo CAMOZZI)
Robot Wash is 3.5 m tall and 8 m long and weigh about 2 ton. It has sensors
which detect the filth built up on the solar panels and the windbreaks and can
clean them by means of air blows or water jet. The water is collected during
the rain. Furthermore, it has accelerometers and wind gauges in order to
perceive the environmental condition: if the wind is too intense, it does not
work.
The control room is placed at the end of the Coronata tunnel, at the west end
of the viaduct. The Scada system (developed by Seastema), which controls and
collects the data, sends automatically warning alert to the supervisors if some
values of the monitored parameters exceed the fixed limits. Structural data
analysis is carried out by comparing values worth design thresholds and more-

Fig. 4. Idea of the technology which will be developed by Cymon research
program (Courtesy of CETENA S.p.a. and FINCANTIERI)
The authors are very grateful to CETENA S.p.A. and FINCANTIERI for
information and photos of the monitoring system of the bridge and Gruppo
CAMOZZI for information and the photo of the Robot.

Journal of Civil Structural Health Monitoring (JCSHM)
HOW TO SUBMIT YOUR ARTICLE TO THE JCSHM
Articles can be submitted through Editorial Manager:
https://www.editorialmanager.com/cshm/default.aspx
The special issue is created as submission questionnaire in the system. When
you submit your paper you will be asked if your paper belongs to a special issue.
If you answer yes, a pull down menu prompts up where you can select the title
of the special issue to which you are submitting your paper.
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RESEARCH ARTICLE
THE INTELLIGENT OPERATION AND MAINTENANCE FOR
THE HONG KONG–ZHUHAI–MACAO BRIDGE
Wenbo Gao
Hong Kong–Zhuhai–Macau Bridge Authority, 368 Henglong Road, Zhuhai,
Guangdong, China, Email: gwb@hzmbo.com
The Hong Kong–Zhuhai–Macao Bridge (HZMB) is China’s first super-long
sea-crossing bridge–island–tunnel project with a total length of 55 km,
consisting of a 29.6 km long main body on the sea and a 25.4 km long
connection way. The main body includes 22.9 km long bridges, a 6.7 km long
tunnel, and two 100,000 m2 artificial islands in the ends of the tunnel. The
HZMB was opened to the public on October 23, 2018.
Traditional operation and maintenance of bridges face challenges in labor
cost, maintenance efficiency, condition evaluation uncertainty, data
utilization, traffic control, and so on. To tackle these challenges, the HZMB
Authority initiated a key research project titled “Integrated Intelligent
Operation and Maintenance Technologies for Hong Kong-Zhuhai-Macao
Bridge” under the State Key R&D Program of China. After two-year
preparation, the project was launched on October 20, 2020, and will last for
three years. It pools multi-disciplinary researchers from 15 research
institutes and universities in mainland China, Macao and Hong Kong. The
project will establish a digital HZMB, monitor and control the operation and
maintenance condition of the HZMB through digitalized and intelligent
strategies, and finally promote the intelligent operation and maintenance
of transportation infrastructure and structural health monitoring
technologies.
Aiming at the actual needs of the life-cycle operation, maintenance and
safety of the HZMB, the project will integrate the cutting-edge technologies
in Internet of Things, digital twin, big data, and artificial intelligence with the
following main research tasks: 1) develop multi-type unmanned inspection
and maintenance device platforms, 2) develop structural and traffic
operational condition assessment methods and emergency control
technologies, 3) establish digital bridge data standardization and technology
systems, 4) break through the bottleneck of “information island” and
discover the potential knowledge of big data, and 5) build a digital bridge
intelligent operation and maintenance platform. The success of the
research project will effectively improve the intelligent operation and
maintenance of the HZMB, reduce the life-cycle maintenance cost, and

life of the bridge. The established intelligent operation and maintenance
standardization and technology systems will promote the interconnection of
infrastructure and innovative development of intelligent operation and
maintenance.
In view of the core needs of the HZMB’s life-cycle performance assessment, a
long-term field observation station has also been established, which includes
a hydrology observatory, a material durability exposure test station, and a
bridge–island–tunnel sea-crossing cluster structural safety monitoring
system. The observation station will collect and analyze marine environment
data, carry out long-term field monitoring of the bridge’s material corrosion,
loads and structural responses, study the environment evolution, material
corrosion characteristics and structural performance degradation
mechanisms, and evaluate the HZMB’s condition in service. Besides, the
observation station will further upgrade the bridge’s existing structural health
monitoring system by adopting new sensing and data acquisition
technologies. It will promote and improve the utilization of monitoring data
with the assistance of big data and deep learning technologies, and enhance
the role and value of SHM in infrastructure operation and maintenance.
The aforementioned research project and field observation station on the
HZMB will promote the development of intelligent operation and
maintenance of large-scale infrastructure in China and beyond.

Figure 1. The Hong Kong–Zhuhai–Macao Bridge

ISHMII COMMITTEES
For more information on any of the ISHMII Committees or to become involved, please contact the committee Chairs:
ISHMII Committee on Early Career Researchers
Ting-Hua Yi - yth@dlut.edu.cn

ISHMII Committee for Industry Partnership
Wilson Hong - wilson7199@qq.com

ISHMII Committee on Data-Enhanced Infrastructure Engineering
Sreenivas Alampalli i – salampalli@gmail.com

ISHMII Regional Centre Committee in Africa, Middle East and Gulf
Regions
Mohamed Zaki - MZaki@iasonline.org

ISHMII Committee on Standardization
Zhishen Wu - zhishen.wu.prof@vc.ibaraki.ac.jp
ISHMII Committee on Resilient Structures and Infrastructure (CORSI)
Gian Paolo Cimellaro - gianpaolo.cimellaro@polito.it
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ISHMII Committee on Next Generation Technology Development in
Infrastructure Monitoring
Hamid Ebrahimian – hebrahimian@unr.edu
ISHMII Committee on SHM as Inspection to Evaluate Bridges
Aftab Mufti – aftab.mufti@umanitoba.ca
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10th International
Conference
on Structural
Health Monitoring
of Intelligent
Infrastructure
FEUP · 2021
30 June › 2 · July
Porto · Portugal

ADVANCED
RESEARCH AND
REAL-WORLD
APPLICATIONS

Call for abstracts
21 February 2020
Deadline for abstract submission
30 June 2020
Abstract acceptance notification
30 September 2020
Deadline for paper submission
10 January 2021
Paper acceptance notification
1 March 2021

www.fe.up.pt/shmii10

Deadline for registration
and payment authors
1 April 2021
Deadline for early bird registration
1 April 2021
SHMII-10 Conference
30 June - 2 July 2021

Dear Colleague,
We would like to invite you to contribute and participate to SHMII-10,
the Tenth International Conference on Structural Health Monitoring
of Intelligent Infrastructure, Porto, Portugal, from 30 June to 2 July 2021.
The conference website (www.fe.up.pt/shmii10 ) is open for abstract
submission until 30 June 2020.
The Conference Program will include
(https://web.fe.up.pt/~shmii10/conference/keynote-lectures/) :

10th International
Conference
on Structural
Health Monitoring
of Intelligent
Infrastructure
FEUP · 2021
30 June › 2 · July
Porto · Portugal

6 Plenary Keynote Lectures, by
Dr. Sreenivas Alampalli (New York State Department
of Transportation, USA)
Prof. Aftab Mufti (University of Manitoba, Canada)
Prof. Daniele Zonta (University of Trento, Italy)
Prof. Jinping Ou (Harbin Institute of Technology, China)
Prof. Didem Ozevin (University of Illinois at Chicago, USA)
Prof. Ruben Boroschek (University of Chile, Chile)
9 Semi-Plenary Keynote Lectures, by
Prof. Elsa Caetano (University of Porto, Portugal)
Prof. Hong-Nan Li (Dalian University of Technology, China)
Prof. Nurdan Apaydin (Bogazici University, Turkey)
Prof. Joel Conte (University of California, San Diego, USA)
Dr. Kristof Maes (KU Leuven, Belgium)
Prof. Rebecca Napolitano (Pennsylvania State University, USA)
Prof. Eleni Chatzi (ETH, Switzerland)
Prof. Michael Todd (University of California, San Diego, USA)
Prof. Maria Pina Limongeli (Politecnico di Milano, Italy)
and 29 Thematic Mini-Symposia
(https://web.fe.up.pt/~shmii10/conference/mini-symposia/).

SHMII-10
Faculty of Engineering
of University of Porto (FEUP)
Rua Dr Roberto Frias
4200-465 Porto
Portugal
attn. Mr Manuel Carvalho
Conference Secretariat
+351 220 413 703
shmii10@fe.up.pt
www.fe.up.pt/shmii10

A few Special Issues of Journal of Civil Structural Health
Monitoring (https://ishmii.org/jcshm/) will be organized based
on selected papers
of SHMII-10.
Up-to-date information about the conference objectives,
mini-symposia, venue and submission procedure can be
found on the conference website.
Opportunities for Sponsors and Exhibitors are also described
at the conference website.
We would appreciate if you could forward this information
to colleagues who may be interested in this conference, using
also the attached flyer.
Yours sincerely,
Álvaro Cunha (Conference Chair)
Elsa Caetano (Conference Co-Chair)
Wolfgang Habel (Advisory Committee Chair)

INTRODUCTION

CONFERENCE THEMES

The International Society for Structural Health Monitoring of
Intelligent Infrastructure and the Faculty of Engineering of the
University of Porto (FEUP) are pleased to announce that the Tenth
International Conference on Structural Health Monitoring of
Intelligent Infrastructure SHMII-10 will be held in Porto, Portugal,
from 30 June to 2 July 2021.
The nine previous conferences in the series were held in Tokyo (Japan,
2003), Shenzen (China, 2005), Vancouver (Canada, 2007), Zurich
(Switzerland, 2009), Cancun (Mexico, 2011), Hong-Kong (China, 2013),
Turin (Italy, 2015), Brisbane (Australia, 2017) and St. Louis (USA, 2019).
This conference is devoted to recent research advances on
technologies related with the health monitoring for the condition
assessment and management of civil infrastructure systems,
including real-world applications (e.g. on highways, railways, bridges,
buildings, airports, seaports, water resources systems, oil and gas
pipelines, wind turbines, dams, high voltage transmission lines, etc.).

› sensors/ actuators
› sensor networks/ system integration
› r emote sensing/ robotic and UAV platforms for SHM
and maintenance intervention
› multifunctional materials and structures
› diagnostics/signal processing/state awareness
› prognostics/ health management/ safety assurance
› SHM system design and cyber physical systems
› SHM for the industry internet of things
› f ull-scale demonstration and real-world SHM applications
(aerospace, marine, civil engineering, railway, energy generation)

CALL FOR ABSTRACTS
Authors wishing to contribute to the scientific program of SHMII-10
are requested to create an account on the conference website
www.fe.up.pt/shmii10 and to submit a one page abstract before 30
June 2020 through that website. 29 mini-symposia will be organized
at SHMII-10 and are listed here. If the abstract is accepted, authors
will be asked to submit a paper for publication in the conference
proceedings. In principle, the proceedings will be listed in SCOPUS
and/or Thomson Reuters ISI Web of Knowledge.
VENUE
The Conference will take place at the Faculty of Engineering of the
University of Porto, FEUP (Faculdade de Engenharia da Universidade
do Porto).
Porto is the largest city of Northern Portugal. The Historic Centre
of Porto, classified as World Heritage by UNESCO, is one of the
most attractive entertainment venues for visitors, providing a rich
variety of monuments and ordinary dwelling, from different periods
stretching back as far as the 14th century. The city of Porto and its
river, Douro, cannot be dissociated. The Douro valley, with its lovely
terraces of vineyards clinging to the hillsides, is the kingdom of the
famous Port Wine (www.ivdp.pt) and offers visitors spectacular
views. Porto is the centre of a culturally and naturally rich region that
gathers together history, arts and nature (sea and mountains); it is
a perfect starting point for tourist excursions (of various durations
and flavours).
The city of Porto is easily accessible from abroad. Several airlines
offer direct service to Francisco Sá Carneiro International Airport,
located about 12 Km from the City Centre.
EXHIBITION
Companies are invited to participate in the exhibition during
the conference. For further information, please contact the
conference secretariat.

MINI-SYMPOSIA
MS01 · 	Advanced sensor technologies and application for SHM
of Civil Infrastructure
MS02 · 	Smart materials and sensing solutions for Intelligent
Infrastructures
MS03 · 	Nondestructive evaluation of structure materials
MS04 · 	Acoustic emission monitoring of Civil infrastructures
MS05 · 	Innovative data-driven techniques for Structural Health
Monitoring
MS06 · 	Data driven structural identification and performance
evaluations
MS07 · 	System identification, model updating and damage detection
MS08 · 	Bayesian methods for vibration-based SHM
MS09 · 	SHM enhanced by machine learning and artificial intelligence
MS10 · 	Real world applications of fibre optic sensing for
infrastructure monitoring
MS11 · 	Advances in SHM strategies and its application to Civil
Infrastructures
MS12 · 	 Cost-benefit of SHM systems
MS13 · 	 The use of SHM in bridge evaluation
MS14 · 	SHM of energy infrastructures (wind turbines, dams,
power lines, pipelines, ...)
MS15 · 	 SHM of offshore, marine and subsea structures
MS16 · 	 Assessment and SHM of Cultural Heritage structures
MS17 · 	Seismic SHM: current and future research, innovation and
practice
MS18 · 	SHM for disaster prevention and resilience of infrastructure
systems
MS19 · 	 SHM of extended geotechnical structures
MS20 · 	SHM-aided life-cycle performance assessment
MS21 · 	From structure observation to Physics-based SHM models
and digital twins
MS22 · 	Blind source separation for SHM: A benchmark study
MS23 · 	Structural performance evolution and analysis based
on monitoring data
MS24 · 	Value of Information and Integrity Management of
Infrastructures
MS25 · 	Preservation of Historic Structures by SHM in the African
and Middle East Region
MS26 · 	Latest advances on SHM and smart structures in Australia/
Oceania
MS27 · 	 Latest SHM advances in the Asian region
MS28 · 	Progress in international standardization of SHM
methodologies
MS29 · 	SHM (other topics)

www.fe.up.pt/shmii10

INTERNATIONAL SCIENTIFIC COMMITTEE
Anil Kumar Agrawal, USA
George Akhras, Canada
Ahmet Emin Aktan, USA
Sreenivas Alampalli, USA
Farhad Ansari, USA
Matthias Baessler, Germany
Baidar Bakht, Canada
Yuequan Bao, China
Nicholas de Battista, UK
Raimondo Betti, USA
Fabio Biondini, Italy
Christian Boller, Germany
James Brownjohn, UK
Elsa Caetano, Portugal
Francisco Carrion-Viramontes,
Mexico
Joan R. Casas, Spain
Necati Catbas, USA
Rosario Ceravolo, Italy
Tommy Chan, Australia
Eleni Chatzi, Switzerland
Genda Chen, USA
J.J. Roger Cheng, Canada
Gian Paolo Cimellaro, Italy
Joel Conte, USA
Álvaro Cunha, Portugal
Guido De Roeck, Belgium
Dan M. Frangopol, USA
Carmelo Gentile, Italy
Branko Glisic, USA
Nenad Gucunski, USA
Mustafa Gul, Canada
Wolfgang Habel, Germany
Hong Hao, Australia
David Hester, UK
Ray Hoemsen, USA
Daniele Inaudi, Switzerland
Chul-Woo Kim, Japan
Chan Ghee Koh, Singapore
Ying Lei, China
Hong-Nan Li, China
Werner Lienhart, Austria
Maria Pina Limongelli, Italy
Kenneth Loh, USA
Geert Lombaert, Belgium

Jerome P. Lynch, USA
Urs Meier, Switzerland
Alexis Mendez, USA
Laurent Mevel, France
Yasunori Miyamori, Japan
Babak Moaveni, USA
Fernando Moreu, Mexico
Masoud Motavalli, Switzerland
Pilate Moyo, South Africa
Aftab Mufti, Canada
Satish Nagarajaiah, USA
Alex Ching-Tai Ng, Australia
Yi-Qing Ni, China
Mayuko Nishio, Japan
Luís Oliveira Santos, Portugal
Piotr Omenzetter, UK
Didem Ozevin, USA
Carlo Rainieiri, Italy
Marco Savoia, Italy
Ian Smith, Switzerland
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SHM RESEARCH AND APPLICATIONS REPORT
REAL-TIME MONITORING AND EARLY WARNING OF
XINPU LANDSLIDE IN THREE GORGES, CHINA

Hong-Hu Zhu1, Xiao Ye1, Hua-Fu Pei2, Gang Cheng1, Wei Zhang1
1 School of Earth Sciences and Engineering, Nanjing University, Nanjing
210023, China,
2 State Key Lab of Coastal and Offshore Engineering, Dalian University of
Technology, Dalian 116024, China,
In the past few decades, natural and anthropogenic geohazards have
frequently occurred all over the world, causing heavy loss of life and
properties. For instance, the 2008 Wenchuan earthquake triggered over
6,000 large-scale destructive landslides in Sichuan Province, China, and
nearly 25,000 people were killed. On 2 July 2020, a heavy rainfall-induced
landslide caused more than 162 fatalities at a jade mine in Myanmar. To
mitigate these geo-risks, field monitoring is becoming increasingly
important as an effective means of capturing the changes of geotechnical
parameters and identifying their causes and trends. Based on the real-time
monitoring results, early warning of potential geohazards can be
performed, and remediation measures and timely evacuation can be
conducted.
Xinpu Landslide, located in Anping Town, Fengjie County, Chongqing, China,
is a ancient landslide along the right bank of Yangtze River. Thousands of
local residents live nearby. The impoundment of the Three Gorges Reservoir
(TGR) along with abundant rainfalls in this region may induce reactivate of
this landslide, and therefore poses a threat to the residents. Since 2006,
Global Navigation Satellite System (GNSS) and slope inclinometers have
been used to monitor the surface and subsurface deformation in this
landslide area, respectively. The motion style and evolution mechanism of
this landslide are found to be quite complex. The overall stability is greatly
influenced by seasonal rainfall and water level fluctuation of the reservoir.
Funded by the National Key Research and Development Program of China
titled “Monitoring, early warning and prevention of major natural
disasters”, a key project focusing on technical equipment development of
real-time monitoring and early warning of catastrophic landslide was
launched in December 2018. Among the fiver sub-projects, the 4th subproject is titled “Equipment and technology development of real-time
massive landslide monitoring with integrated underground multi-source
and multi-field sensing” (Grant No. 2018YFC1505104), which is led by
Nanjing University and Dalian University of Technology. This sub-project
aims to 1) develop all-weather and real-time monitoring technology and
equipment tailored for acquiring subsurface multi-field information in
massive landslides, such as seepage, strain, stress and deformation, 2) to
build an integrated monitoring system of multi-source information fusion,
and 3) to conduct a field demonstration in the TGR region. After a field trip
to Xinpu landslide in 2019, the research group decided to establish a realtime monitoring system here considering the significance and unique
features of this ancient landslide. Figure 1 shows the location of Xinpu
landslide, together with the field monitoring arrangement.

Management Bureau of Fengjie County, and Institute of Exploration
Technology, China Geological Survey. There was a general agreement that the
next step needs to focus on strengthening the collaborative research on early
detection and emergency response of potential catastrophic landslides under
extreme climate conditions.
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Figure 1 Location and monitoring arrangement of Xinpu landslide: (a) location
of the study area; (b) location of Xinpu landslide in TGR region; (c)
Geomorphology and field monitoring deployment.
As shown in Figure 2, a number of newly developed monitoring equipments
based on distributed fiber optic sensing (DFOS) and micro electro mechanical
system (MEMS) have been installed in the field to monitor the underground
multi-field information in real-time. The monitoring equipments serve as
sensitive and robust “earth’s nerve systems”. By this means, abundant and
reliable measuring data can be collected for early warning of Xinpu Landslide.
Figure 3 shows the photographs taken during the installation of monitoring
instruments. Technicians from Suzhou NanZee Sensing Technology Co., Ltd.
and Zhejiang Scientific Research Institute of Transport also participated in the
above works.

Deformation

Temperature
FBG demodulator

On 7 July 2020, Prof. Hong-Hu Zhu, the principal investigator (PI), Profs. HuaFu Pei, Wei Zhang and Gang Cheng, the co-PIs, had in-depth discussions in
respect of Xinpu landslide monitoring with the officials of relevant
institutions, including Geological Environment Monitoring Station, Planning
and Natural Resources Bureau, and Emergency Management Bureau of
Fengjie County, and Institute of Exploration Technology, China Geological
Survey. There was a general agreement that the next step needs to focus on
strengthening the collaborative research on early detection and emergency
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Figure 2 Schematic diagram of the monitoring equipment for capturing
landslide multi-field information
Continued on next page

The Monitor

Winter
Winter2021
2021

E

RESEARCH ARTICLE

Continued from previous page

ARTICLE

Landslide displacement is the external behavior of its internal structure
evolution, and the change of internal structure is the key cause of landslide
instability. The landslide risk identification based on displacement has the
limitation of ignoring the multi-field information evolution of landslides.
Nowadays, it is widely recognized that the evolution and occurrence of giant
landslides are subjected to multi-field interaction and multi-factor triggering
effect. Accordingly, it is necessary to obtain real-time multi-field information
to improve the level of early detection, monitoring and warning of landslides.
This research project aims at breaking through the technical bottleneck in this
field and laying a significant foundation for rapid identification, mitigation and
control of catastrophic geohazard risks.

CALL FOR PUBLISHING BOOKS ON
EMERGING TOPICS THROUGH CRC
As a follow up to a plan proposed by Professor Wu, and approved by the Council, in order
to broaden the scope of the scholarly publications by ISHMII, and to increase the global
visibility and leadership of our professional society, we have made a special arrangement
with CRC/Taylor and Francis, to publish a series of books on emerging and relevant
topics. These books will be published as part of a series of technical books on various
ISHMII related themes.
To initiate this new effort, we encourage the Council members and, especially ISHMII
Committee chairs, colleagues working on various technical reports, and all ISHMII
members to volunteer and take the leadership for organizing a book with a theme related
to various aspects of SHM, such as Application of Data Analytics in SHM, Resilience and
Reliability of Intelligent Infrastructure, etc.. These colleagues, leaders, would prepare a
call for contributed chapters from ISHMII members and/or others within the SHM
research community.
Anyone who agrees to contribute to these special book volumes will then be expected
to submit a short abstract, and a outline, for an invited/contributed chapter that would
consist of approximately 20 pages which summarizes their ongoing research, a review,
or other technical contents. These collected chapters (15-20) will be published in form
of a Special Volume/Book by CRC.
A typical Call for Book Chapters can be as follows:

Dear Colleagues:
We are pleased to announce that we have organized a Special Volume to be published by CRC Press/Taylor & Francis Publisher,
entitled: (Titel of the proposed Book)

Figure 3 Installation of underground monitoring instruments: (a) distributed
fiber optic sensing (DFOS) cables; (b) fiber Bragg grating (FBG) inclinometers

Following is the list of Editors: (Include 1-3 names as the Editors)
On behalf of all Editors, we would like to invite you to contribute a chapter to this Special Volume. Please note:
Proposal Submission Deadline:
Notification of Acceptance:
Full Chapter Submission:
Peer Review Results Returned:
Final Chapter Submission Due to Editors:
Target Book Release:
Should you accept this invitation, we appreciate it if you can submit a one (1) page chapter proposal including a brief outline that
explains how the proposal fits the scope and the goal of the book described broadly in the Title. Please direct any inquiries to
(Organizer of the ISHMM volume).

We encourage all Council members and ISHMII members to take this initiative
seriously. As mentioned, this will enhance the visibility of ISHMII, and it is a great
opportunity to share your scholarly work through a high quality technical book published
by a highly respected technical publisher, CRC/Taylor& Francis, and it is a valuable
scholarly endeavor that is recognized by the scholarly community.
If you have any questions in this regard and would like to find out more details on how
to initiate your proposed book volume please contact Professor Mohammad Noori at
mnoori@outlook.com who will be assisting ISHMII council with this new initioative.
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APPLICATION OF SHM SYSTEM ON THE MEASUREMENT
AND EARLY WARNING OF TRANSMISSION TOWER

Xing Fu, Liang Ren and Hong-Nan Li*
State Key Laboratory of Coastal and Offshore Engineering, Dalian University of
Technology, Dalian 116023, China

Transmission tower is an important part of the power supply network, and its
safety directly affects the economic construction and living order. However,
transmission tower has the characteristics of high altitude, long span and great
flexibility, which may cause severe collapse under extreme conditions.
Therefore, it is necessary to develop a structural health monitoring (SHM)
system which can provide real-time and synchronous acquisition of multiple
physical quantities so as to provide early warning and take corresponding
measures to prevent tower collapse.
A SHM system was designed for the #32 tower of Jiangmen-Gewen
transmission line in Jiangmen City, Guangdong Province, China, where the
typhoon made landfall frequently. The SHM system mainly includes three
subsystems, namely, multi-physical real-time synchronous acquisition and
transmission system, state assessment and security early warning system,
power supply and management system.

The strain sensor uses a self-developed low-temperature-sensitive fiber
grating strain sensor. The sensor can eliminate the influence of the
temperature field through a special internal packaging mechanism, without
additional temperature compensation. Fatigue test was conducted under
alternating load to verify its long-term monitoring performance. The test
results show that the strain amplitude of sensor is maintained at a constant
value during 900,000 cycles without fatigue creep phenomenon, which
proves that the sensor has good working stability and repeatability.
On September 16th, 2018, at 17:00 pm, the super typhoon Mangkhut landed
on the coast of Jiangmen City. The monitoring system successfully collects
the strain and vibration response of the tower at different heights. The wind
speed and direction of typhoon Mangkhut clearly indicated that during the
typhoon landfall, the wind speed and wind direction change significantly, and
the wind direction changes from 35° west of the north to 30° east of the
south. And at about 17 o'clock, wind speed drops to 0 m/s. The strains of four
sensors located in the main member with different height levels have been
obtained. It can be seen that the transmission tower has obvious strain
response under the typhoon excitation, and there is significant difference at
different heights.

A distributed multi-type sensor acquisition instrument was used to acquire
data. The fiber grating demodulation part has 15 channels to achieve
synchronous acquisition, with the demodulation precision of 1 pm and the
sampling frequency of 5 Hz. The electrical demodulation part has 32 channels
of synchronous acquisition, with the sampling rate of 1.2 KS/s and the
resolution of 24 bits. The photoelectric synchronous integrated demodulation
instrument combines the self-compiled acquisition software to build a data
acquisition system to realize functions such as data acquisition, real-time
signal processing, storage, network communication, real-time data display,
historical data viewing, data management and task configuration.
After the data is transferred to the host, the system processes the data to
determine whether it exceeds the set threshold. If the received data exceeds
the threshold, the system will highlight the dangerous part of the model in the
monitoring system. Moreover, the data and time when the situation occurred
are recorded in the text of the system.
The power supply and management system is mainly composed of solar
panels, wind power generation systems, batteries and power management
modules to meet the long-term power demand of the SHM of transmission
tower. By using wind power generators and solar cell arrays, it is possible to
make up for their own defects in resources and greatly improve the stability of
power supply system.
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Combining with the actual project, a SHM system of transmission tower was
designed and developed simultaneously, which realizes remote real-time
monitoring of the transmission tower structure. This monitoring system has
been running continuously for more than 10 months and has obtained a large
number of monitoring data. During the landfall of super typhoon Mangkhut,
the system is operating normally and the data transmission is stable, which
has important guiding significance for the design and development of the
SHM system for transmission towers.
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USING FLOOR VIBRATIONS FOR OCCUPANT DETECTION AND
TRACKING

Slah Driraa, b*, Ian F.C. Smitha, b
Swiss Federal Institute of Technology (EPFL) Lausanne, Switzerland
Future Cities Laboratory, ETH Zurich Singapore

The use of floor vibrations induced by human footsteps is a non-intrusive
sensing approach to detect and track occupants inside buildings. Due to
interactions between occupants and their environment, floor-vibration
measurements are regularly contaminated by other vibration sources such as
those induced by falling objects. External factors such as wind and outside
traffic may also add noise to measurements. Gaits of occupants walking along
similar trajectories vary greatly for the same person and among individuals.
Factors such as occupant anatomies, speed levels and type of shoes affect gait
patterns of occupants [1]. These sources increase ambiguities when
interpreting measurements.
Current data-driven techniques for occupant localization are limited to
uniform-vertical-rigidity floors (slabs on grade) and require dense sensor
configurations (a sensor per ~ 2 m2) [2,3]. These techniques require a
monotonic relationship between signal characteristics and the distance from
footstep-impact to sensor locations [4]. They fail to provide accurate
localization for varying rigidity floors (upper floors) and in the presence of
obstructions [3]. In these floors, a monotonic relationship between event
signals and the distance to sensor locations is not satisfied [1,5,6].
In this paper, a framework for detection and tracking of building occupants
using floor vibrations that are measured from sparse sensor configurations (a
sensor per ~ 75 m2) with physics-based models is proposed. The steps that
are involved in this framework are shown in Figure 1.

For each footstep event, occupant locations are inferred by combining
information from signals with physics-based models. Error-domain model
falsification (EDMF), a method that explicitly accommodates biased
uncertainties from multiple sources, is used to provide accurate localization
as described in [1,6,7,9]. In this framework, the identified population of
possible locations of occupants is referred to as a candidate-location set
(CLS).
Variability in walking gait from the same person and amongst individuals may
result in important magnitudes of uncertainties and this affects the precision
of occupant localization [1,6]. Thus, a zone-based occupant localization is
carried out to enhance localization precision as described in detail in [9]. This
strategy involves the determination of footstep-contact dynamics (see Figure
1) using measurements induced by several occupants walking at various
speed levels and shoe-sole rigidities. The zone-based approach involves
decomposing the floor-slab into zones using knowledge of structural behavior
to reduce variability in walking gaits.
CLS related to each detected event is subjected to a sequential analysis (see
Figure 1) that uses information from the previously detected event to
enhance the precision of occupant location. Sequential analysis, as explained
in [6,7], involves the assumption that the distance between two successive
events cannot exceed a predefined step-length.
Finally, the trajectory determination is carried out, as explained in [7]. The
assumption that occupants walk until reaching their destinations without
backtracking is taken in this operation. Once CLSs of all detected event signals
are investigated, paths connecting remaining candidate departures with
possible arrivals that define candidate locations are taken as candidate
trajectories.
Evaluation of the model-based occupant tracking (see Figure 1) is carried out
on an open-space hall in a multi-story building located in Singapore, as shown
in Figure 2. The floor is a continuous reinforced-concrete slab with 25 cm
thick. The tested area is approximately 600 m2, as shown in Figure 2. Several
reinforced-concrete columns, beams and walls support the slab. The floor is
instrumented with eight vibration sensors (SM-24 – a sensor per 75 m2) and
acquisition unit (NI USB-6003) to measure vertical velocity-response of the
slab with a sampling rate of 1000 Hz. Sensors are placed at locations where
dynamic responses of the first few vertical bending modes of the structure
are dominant.

Figure 1: Occupant detection and tracking framework using footstep-induced
floor vibrations.
The framework starts with detecting footstep events from measurements as
shown in Figure 1. Event detection and signal extraction require the
understanding of structural characteristics such as its fundamental
frequencies. Using structural information in the assessment of maximum
standard deviation from all sensors on a running window, event detection and
extraction are carried out. These strategies are discussed in detail in [7,8].
Subsequently, a supervised learning classifier based on a support vector
machine (SVM) is used to distinguish between extracted footstep and nonfootstep event signals [7,8]. Extracted footstep-event signals are then used to
count the number of occupants on the floor using another SVM classifier as
discussed in [7,8]. When an occupant is detected on the floor, occupant
recognition is performed using a convolutional neural network (CNN)
classification [7,8].
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Figure 2: Model-based occupant tracking is tested on a full-scale concrete
slab (~950 m2). Bi-directional trajectories of single occupants walking along
six trajectories are used for testing.
Continued on next page
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Repeated measurements are recorded for three occupants (75, 87 and 93 Kg)
walking on the floor individually along six trajectories (five times back and forth)
as illustrated in Figure 2, where crosses (X1 to X12) represent possible
departure/arrival points. All occupants walk with self-selected step length and
speed while wearing various types of shoes in order to provide realistic walking
scenarios.
Footstep-impact simulations are generated using a finite-element model of the
slab. Details are described in [7,10]. The footstep-impact force is applied to a
single node as a function of time. The floor slab is divided into a grid of possible
locations (see the accessible area in Figure 2). The distance between two
possible locations is assumed to be 75 cm, leading to 796 possible footstep
locations. For these simulations, the walking frequency is fixed at 1.6 Hz, and
the occupant weight is assumed equal to 85 Kg, which corresponds
approximately to the average weight of the participants.
Imperfections in the finite-element model and idealized footstep-load function
contribute to the modeling uncertainty. Based on engineering judgment and
heuristics, modelling uncertainty are estimated to be uniformly distributed
between −20 % to +30 % [7,10]. Measurement uncertainty defining the walkinggait variability has been evaluated based on independent walking tests of an
occupant walking on the same impact locations multiple times and wearing
various shoe types. This results in an uncertainty bounded by the interval of ±
45 % [7,10]. Based on combined uncertainties, using Monte-Carlo sampling, and
target reliability of localization of 95 %, thresholds for each captured footstep
event are estimated for occupant localization. All location instances whose
residuals lie inside the localization thresholds at each sensor location are
accepted and form the CLS.
In Figure 3, CLSs of intermediate and final detected events associated with
trajectories #3 and #6 are obtained using the model-based tracking approach.
Green squares represent the CLSs, and dots represent the falsified location sets.
Diamonds represent sensor locations, and real footstep locations of occupants
are represented with crosses. Incorporating physics-based models and
systematic errors in the interpretation of event signals from single occupants
using EDMF provides accurate localization results for all footstep events
associated with the two trajectories since CLSs contain the true impact
locations, as shown in Figure 3. Also, sequential analysis and trajectory
determination have led to precise determination of correct arrival points for all
tested trajectories once all detected footstep events are investigated.

Figure 3: CLSs that result from occupants walking individually along trajectories #1 to #6
(see Figure 2) are obtained using EDMF, sequential analysis and trajectory
determination.

Regarding the predefined departure/arrival points (see Figure 2), the modelbased occupant-tracking operation provides accurate and precise candidate
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A summary of the range of the number of candidate trajectories at the last
detected footstep event for each tested trajectory (see Figure 2) is presented
in Table 1.
Table 1: Single-occupant tracking results. Tracking accuracy and precision are for all
walking tests following trajectories #1 to #6 (see Figure 2).
Number of candidate
Average accuracy Average precision
trajectories at the last
Trajectory #
(%)
(%)
event
1
1-3
100
99.3
2
1-2
90
99.9
3
1-2
100
99.8
4
1-4
90
99
5
1-2
100
99.8
6
1-3
100
99.1
Average (%)
96.7
99.5

Regarding all walking tests, the model-based tracking strategy has revealed an
average accuracy of approximately 97 % in which the correct paths among 132
possible trajectories are determined once all detected events are investigated.
Tracking precision refers to the percentage of falsified trajectories from all
possible paths (132 possible trajectories). When only one possible trajectory
remains unfalsified, occupant tracking is taken to be 100 % precise. No more
than 4 candidate trajectories are found from all tests. The average tracking
precision is approximately 99 %.
The evaluation of model-based occupant tracking leads to the following
conclusions:
• Incorporating systematic uncertainties and model bias helps achieve
accurate model-based localization using EDMF for single occupants of
various weights walking with self-selected step length and speed levels with
various types of shoes on a large full-scale floor slab.
• Model-based tracking using EDMF provides accurate tracking of occupants
walking individually.
• Occupant tracking using sequential analysis and trajectory determination
provides precise trajectories for single occupants.
Acknowledgments
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