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8th Cvil Structural Health Monitoring Workshop
Dr. Carlo Rainieri (National Research Council), Chair
Post Workshop Report

Dr. Giovanni Fabbrocino (University of Molise), Co-Chair

The 8th Civil Structural Health Monitoring Workshop was held online on March
29-31, 2021, in line with the social distancing norms due to the COVID-19
pandemic.
The main theme of the Workshop was “Ageing structures and infrastructures in
hazardous environment”; this is currently a very hot topic worldwide. Within
the general theme of the Workshop, the following main topics have been
addressed:
•
•
•
•
•

Challenges in the practical application of structural health monitoring
to civil structures, with particular attention to bridges and historical
structures;
Vibration-based structural assessment and monitoring, including
SHM in earthquake prone regions.
Innovative sensing technologies;
Advanced data processing methods, and
Geotechnical monitoring.

The Workshop, with its high-quality technical program (3 keynote lectures from
renowned international experts, 12 sessions including 3 special sessions, and 5
technical presentations from the sponsors) provided an extensive overview of
the key themes, emerging trends and current practices in the field of civil SHM.
The international perspective contributed by 89 participants coming from
different Countries in Europe, America and Asia enriched the conference
experience. The participation to the sessions was generally high, with about 40
attendees attending each session on average over the three days of the
workshop, thus confirming the general quality of the presentations.

The main outcomes of CSHM-8 can be summarized as follows:
• Novel SHM approaches based on image-processing, even in combination
with robotic systems or drones, or SAR, including satellite applications,
are becoming very attractive for SHM and non-destructive evaluation of
civil structures and infrastructures because of the opportunity to
overcome some typical limitations of contact-type approaches.
Nevertheless, novel sensing technologies as well as new methods of
installation and measurement strategies based on traditional sensors are
being developed for civil SHM applications, with interesting results;
• Among the new sensing technologies, a special mention goes to the
promising applications of smart materials, which show very interesting
applicative perspectives in the field of civil SHM owing to their sensitivity
to strain and damage;
• Vibration-based SHM systems, in combination with artificial intelligence,
still play a significant role in civil SHM applications: they are under
continuous development with the objectives of enhancing their
robustness and accuracy in view of effective timely and automated
structural health and performance assessment.
The Workshop Proceedings are going to be published in a volume of Lecture
Notes in Civil Engineering, edited by Springer and indexed in Scopus.
The CSHM-8 Best Paper Award, organized in the context of the Workshop in
recognition to an outstanding technical contribution selected among all the
papers submitted and presented at CSHM-8, was assigned to Dr. Mareike
Kohm, from the Karlsruhe Institute of Technology in Germany, with the paper
“Influence of operational conditions on the modal based damage analysis of
pedestrian bridges”.
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ADVANCED RESEARCH AND REAL-WORLD APPLICATIONS

SHMII-10 Conference
30 June - 2 July 2021

FEUP · 2021
30 June › 2 · July
Porto · Portugal

www.fe.up.pt/shmii10

www.fe.up.pt/shmii10

INTRODUCTION

CONFERENCE THEMES

INTERNATIONAL SCIENTIFIC COMMITTEE

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
› remote 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
› full-scale demonstration and real-world SHM applications
(aerospace, marine, civil engineering, railway, energy generation)
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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)
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Journal of Civil Structural Health Monitoring (JCSHM)

Congratulations to Professor Farhad Ansari
and the Associate Editors of the JCSHM!
The Journal of Civil Structural Health Monitoring (JCSHM) is a top rated
Springer Nature Journal. This exceptional editor and associate editors
performed in the top percentile of journals based on data collected from the
Journal Author Satisfaction Survey. Springer recognizes extraordinary
editors for their commitment and passion to their journal.

Learn more about editorial excellence.

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
CALL FOR PUBLISHING BOOKS ON EMERGING TOPICS THROUGH CRC
MUDDY RUN DAM PUMPED STORAGE POWER
GENERATION FACILITY – US

By Bill Villalpando, Roctest Business Development Manager, Northern USA,
www.roctest.com

1. Performing site radio survey

2. Tower mounted 50w solar panel

3. CR6 based field logging station

4. Commissioning field logging
station

5. Commissioning master logging
station

6. Monitoring Weir

Muddy Run Pumped Storage Facility is a pumped-storage hydroelectric plant
that is owned and operated by Exelon Power, a business unit of Exelon
Generation. It is used to generate energy for peak demand, which usually
occurs during the morning and early evening hours.
The 8-unit power station provides 1,070 megawatts (MW) of electricity by
damming the Muddy Run ravine from its mouth. The station's output is
critical to meeting the dynamic peak electricity demands on the area's
regional power grid on hot summer afternoons. To generate energy, the
water in the upper reservoir at Muddy Run is used to fuel the turbines,
flowing into the Conowingo Pond, a 14-mile stretch of the Susquehanna River
in Maryland. As energy demand decreases at night, the units are reversed
and used as pumps to fill the upper reservoir for subsequent peak-demand
periods. Muddy Run has provided electric power to the regional transmission
system since commercial operation began in 1966.
During monitoring of the dam for seepage, Exalon had discovered that many
of their copper-cabled pressure transducers used to measure pore water
pressure were being destroyed by lightning strikes and as such were looking
for a solution to this problem. Roctest solved this problem by recommending
fiber optic pressure transducers that would be immune to lightning strikes
and were of sufficient narrow gauge to retrofit their existing wells. Upon first
visiting the site to assess conditions, Roctest was faced with several
challenges. Exalon wanted to use radio communication onsite to transmit
data and solar power to power the datalogging stations. The site itself was
geographically large and varied in elevation making radio communications
difficult. We solved this issue by first doing an onsite radio survey to ascertain
radio coverage of the site. We then designed a radio system using highpowered radios and high gain directional antennas. The second challenge
was power. The site is tree covered and very precipitous, with many low lying
areas close to the tree line, making it difficult to locate solar panels for
optimal sunlight exposure. We solved this by mounting solar panels on
towers and increased the power generating capacity of the panels
themselves to provide adequate power.
The solutions were ultimately successful and the site has been successfully
collecting and transmitting data to allow Exalon to satisfy federal monitoring
regulations ensuring safe operation of the dam.
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7. Field logging station
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RESEARCH ARTICLE
ROVER NATURAL GAS PIPELINE STRAIN MONITORING – US
By Roberto Walder, SMARTEC SA, www.smartec.ch

The Rover Pipeline is a 713-mile interstate natural gas project to transport 3.25 billion cubic feet of
domestically produced natural gas per day from the Marcellus and Utica Shale production to markets in
the Midwest, Northeast, East Coast, Gulf Coast and Canada. Once complete, the pipeline will have direct
deliveries to Ohio, West Virginia, Michigan and into the Dawn Storage Hub in Ontario, Canada, for
redistribution back into the U.S. or into the Canadian market. Approximately 70% of the pipeline passes
under agricultural land and runs parallel to existing pipelines, power lines and roadways. A particular
portion of the pipeline in the Appalachian region is located on a slop that induces additional stress to the
pipeline. To allow a continuous monitoring of that critical section, two 48-inch tubes of each 500’ were
instrumented using three lines at 120°of SMARTProfile strain and temperature sensor.
Fibre optic monitoring improves the spatial coverage for the data's collection and allows for an automatic
and continuous sampling across the entire concerned pipeline portion. The fibre senses changes in pipe
strain, as well as temperature changes that arise from possible leaks or third party intrusion.
Applus+ - a worldwide leader in the testing, inspection and certification sector - had less than four weeks
to compile equipment requests for Smartec and successfully delivered the fibre optic strain monitoring
solution using the latest and best technology in the field, greatly satisfying the client and providing them
with better knowledge of the life cycle of their assets.

Fiber Optic sensors installation.

Corrugated pipe and splice
enclosure preparation before backfill.

Cleaning 12 o’clock sensor before applying tape.

Strain cable reparation before back filling.

SMARTProfile Strain Sensing cable on spool before installation.
Outdoor cabinet with DiTeSt interrogator.
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RESEARCH ARTICLE
A NEW METHOD FOR MONITORING PIPELINE LEAKAGE
Your input is appreciated.
BASED ON EVAPORATION-ENHANCED DISTRIBUTED

We want to hear your
thoughts.
The short survey has a big impact

TEMPERATURE SENSING TECHNOLOGY

Mengya Sun, Bin Shi (shibin@nju.edu.cn)
School of Earth Sciences and Engineering, Nanjing University, Nanjing, 210023,
China

The water distribution systems in utility tunnel are considered as the lifeline
projects. The leakage monitoring of water supply and drainage pipelines is
closely related to the overall operation and safety of the utility tunnel.
However, conventional pipeline leakage monitoring methods are difficult to
re alize the distributed monitoring of ordinary temperature liquid and small
leakage. Moreover, they also have problems with noise interference, high
fal se alarm rate and high cost. In order to overcome the shortcomings of the
conventional methods, the evaporation-enhanced distributed temperature
sensing (EETS-DTS) method is proposed as a new type of leakage monitoring
solution according to the principle of the psychrometer.
This method is to wrap the porous gauze around the DTS optical cable. When
the water in the pipeline seeps into the gauze, the water in the gauze
evaporates to take away the heat, and the temperature measured by the DTS
optical cable decreases, forming a significant temperature difference with
cable at the position without leakage. According to the measured temperature
difference, the monitoring of pipeline leakage can be realized. This method
has been successfully applied to the indoor pipeline model, and the test device
is shown in graph 1. The length of the DTS optical cable wrapped with gauze is
1.8m, and the optical cable is fixed under the pipeline with tape. The length of
the pipeline to be measured is 2m, and both sides of the pipeline are
connected with the inlet and outlet of the water bath. The DTS optical cable is
connected with the temperature calibration box, and the temperature
calibration box is connected with the DTS demodulator. During the test,
ensure that the tube is full of water, and record the temperature change of
DTS cable in real time during the test. The indoor temperature is between 23
℃ and 24 ℃, and the relative humidity is between 75% RH and 82% RH.

Graph 2 shows the space-time temperature distribution measured by DTS
optical cable. There are obvious temperature zones, and the low temperature
zone is the area where water leakage is detected. The temperature
distribution is symmetrical about the red dotted line in graph 2, so it is judged
that the position of the red dotted line (6.58m) is the location of the leakage
point. Through manual inspection of the relative position of the optical cable
and the pipeline, it is found that the upper part of the 6.58m optical cable is
the leakage point of the pipeline. Therefore, this method can locate the
leakage point. The temperature at the yellow circle (2.05m) in the figure
remains constant during the monitoring period, and there is a certain distance
from the low temperature area, so the temperature at 2.05m is selected as
the environmental temperature which is not affected by the leakage.
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As can be seen from the graph 3, if 0.5 ℃ is used as the basis for leakage
judgment, the time required to judge the leakage is 391 s. Because of the
small amount of leakage, this time is completely acceptable. In addition, the
measured temperature difference of this test in high humidity can reach 2
℃. For DTS cable, the leakage phenomenon can be completely monitored.
The test verifies the reliability of the EETS-DTS method used for pipeline
leakage.

Consequently, the EETS-DTS method has a good leakage monitoring effect
for small leakage at normal temperature. In practical application, EETS-DTS
can realize quasi distributed monitoring of small leakage pipeline leakage
and is not affected by the liquid temperature. This method has broad
application prospects.
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ISHMII COMMITTEE UPDATES
This standard consists of nine chapters, one appendix, and detailed
explanations. The main contents are listed as follows:

STANDARD OF MASS DATA PROCESSING FOR
STRUCTURAL HEALTH MONITORING
By: Early Career Researchers Committee, ISHMII

Approved by China Civil Engineering Society (CCES), the standard for
massive data processing of structural health monitoring (T/CCES 16-2020)
has been widely used and implemented in China since March 1st, 2021. For
the first time, the standard provides a standardized method and process for
the processing and analysis of massive monitoring data in the field of
structural health monitoring, covering the whole process of data life cycle
from data collection, preprocessing, storage, processing and analysis to
outcome expression. This standard is the first data processing standard of
civil engineering health monitoring in China and even in the world, which
has strong engineering practicability and operability. It is conducive to play
the guiding role of monitoring data in structural design, construction and
maintenance, and will strongly promote the standardization process of civil
engineering structural health monitoring technology.
Coordinated by Profs. Hong-Nan Li, Yan-Liang Du, Ting-Hua Yi, et al. for three
years, this standard is developed by the research scholars and industry
delegates from Dalian University of Technology, Shenyang Jianzhu
University, Shijiazhuang Tiedao University, Harbin Institute of Technology,
Southeast University, Zhejiang University, JSTI Group Co., Ltd., Tongji
University, Chongqing University, Huazhong University of Science and
Technology, Hefei University of Technology, East China Jiaotong University,
China Railway Major Bridge Reconnaissance & Design Institute Co., Ltd.,
China Railway Siyuan Survey and Design Group Co., Ltd., CCCC Highway
Consultants Co.,Ltd.

1 General provisions
2 Terms and reference standards
2.1 Terms
2.2 Reference standards
3 Monitoring data storage, compression and decompression
3.1 Data storage
3.2 Data compression and decompression
4 Monitoring data interchange format
5 Monitoring data denoising and filtering
6 Monitoring data anomaly and repairing
6.1 Basic requirements
6.2 Anomaly discriminating
6.3 Anomaly repairing
7 Statistical analysis of monitoring data
7.1 Basic requirements
7.2 Classification for statistical analysis
8 Special analysis of monitoring data
8.1 Modal parameter identification
8.2 Damage identification
8.3 Fatigue assessment
8.4 Condition assessment
9 Outcome expression of monitoring data
9.1 Basic requirements
9.2 Figures of sensor deployment
9.3 Tables of sensor number
9.4 Tables of monitoring data
9.5 Outcome visualization expression of monitoring data
Appendix A Common tables of outcome expression of monitoring data
Explanation of wording in this standard
Explanation of provisions

Before the publication of this standard, it received extensive attentions
from many professionals and researchers, who are solicited for their
opinions. Moreover, the standard has also been accredited by a review
committee formed by CCES before putting it in force.

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 –sreenivas.alampalli@stantec.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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ISHMII COMMITTEE UPDATES
TECHNICAL REGULATION ON SENSOR
SELECTION AND PLACEMENT FOR
BRIDGE HEALTH MONITORING
By: Early Career Researchers Committee, ISHMII

China Civil Engineering Society (CCES) has endorsed Technical Regulation On
Sensor Selection and Placement for Bridge Health Monitoring (T/CCES 152020) for national use and implementation since 1st February 2021, which is
the first such standard in China and even worldwide. This technical regulation
classifies monitoring contents into load action and environment, structural
responses and durability, explicitly gives the importance of the contents for
different bridges, sets out specific standard processes and guideline methods
for sensor selection and placement. For the content of structural responses
monitoring, the regulations are provided according to the component of
different bridges. This technical regulation is very practical and facilitates the
progress of standardization of structural health monitoring systems on bridge
structures.
Coordinated by Changjiang Scholar Distinguished Prof. Ting-Hua Yi at Dalian
University of Technology for two years, this technical regulation is developed
by the research scholars and industry delegates from Dalian University of
Technology, The Hong Kong Polytechnic University, Southeast University,
Changsha University of Science & Technology, Harbin Institute of Technology,
Hohai University, Xiamen University, Zhongji Internet of Things Technology
(Shenzhen) Co., Ltd., Road & Bridge International Co. Ltd., Dalian 3D Civil
Engineering Monitoring Technology Co., Ltd., Fuzhou University, Lu’an Jiaoke
(Beijing) Monitoring Technology Co., Ltd., China Railway Major Bridge
Reconnaissance & Design Institute Co., Ltd., and Beihang University.
Many professionals and researchers in China have been consulted for this
technical regulation，that has also been accredited by a review committee
formed by CCES before putting it in force.

This technical regulation consists of six chapters and detailed explanations.
The main contents are listed as follows:
1 General provisions
2 Terms and reference standards
2.1 Terms
2.2 Reference standards
3 Basic requirements
3.1 Main monitoring contents
3.2 Requirements of sensor selection
3.3 Principles of sensor placement
4 Sensors for load action and environment monitoring
4.1 Vehicle loads
4.2 Wind loads
4.3 Ground motion
4.4 Environmental temperature
4.5 Environmental humidity
4.6 Corrosive media
5 Sensors for structural responses monitoring
5.1 General requirements
5.2 Girders
5.3 Arches
5.4 Towers
5.5 Main cables, stay cables and suspenders
5.6 Anchorages
5.7 Expansion joints
5.8 Supports
5.9 Piers and abutments
5.10 Foundations
6 Sensors for structural durability monitoring
6.1 Concrete members
6.2 Steel components
Explanation for wording in the regulation
Explanation of provisions

-

2021 MEMBERSHIP RENEWAL
2021 Renewal invoices were issued earlier this
year through our new online membership
system (Wild Apricot/Prosonify).
If you still have outstanding dues for 2021 or
for questions regarding membership, please
contact Charleen Choboter at the ISHMII
Administrative Centre by email at:
charleen.choboter@umanitoba.ca
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BOOK REVIEW

Corrugated pipe and splice enclosure preparation before backfill.

STRUCTURAL HEALTH MONITORING
Ting-Hua Yi, Dalian University of Technology, China
Higher Education Press, ISBN 978-7-04-055370-3
Review by: Hong Hao, ARC Laureate Fellow, John
Curtin Distinguished Professor, Curtin University,
Australia

After more than 30 years of unremitting efforts of researchers and engineers
from all over the world, significant progress has been made in theory and
technology of structural health monitoring (SHM), as well as technical
guidelines and practical applications to monitoring conditions of civil
engineering structures. In general, SHM has been gradually becoming a
mature technology and more and more widely applied to monitoring
conditions of civil engineering structures, despite intensive researches are still
being carried out to refine the technology and to overcome certain challenges
mainly related to uncertainties associated with measurement noises,
modelling errors, environmental condition variations, effective and efficient
treatment of large amount of data, and insensitivities of some structural
parameters and damage indices to structural damage. Application of SHM to
monitor structural conditions requires multi-disciplinary knowledge including
sensor technology, vibration tests, structural dynamics, and finite element
modelling, etc. So far, there is no textbook available to comprehensively
introduce SHM technologies, although they are more and more commonly
included in undergraduate and postgraduate level curriculum. This lack of
reference and textbook makes difficult for lecturers and students alike to find
a handy reference in their teaching and studying SHM techniques. This new
book “Structural Health Monitoring” edited by Changjiang Scholar
Distinguished Professor Ting-Hua Yi and 28 other excellent young scholars is
a long-awaited textbook in the SHM field. As far as I know, it is the first such
textbook in China to systematically describe the fundamental theory,
methods, technologies and engineering applications of SHM.
Prof. Yi is a young academic leader in China, who devotes to the development,
research, innovation and implementation of SHM technologies, and has
tremendously expanded the boundaries of SHM technologies to some extent.
His research interests are primarily in condition monitoring and safety
evaluation of long-span bridges, focusing on the development of innovative
and interdisciplinary science and technology of SHM for sensors, monitoring,
identification, diagnosis, assessment and early warning. Owning to his
remarkable academic achievements, he was nominated and appointed as the
founding chair of the Early Career Researchers (ECR) Committee of
International Society of Structural Health Monitoring of Intelligent
Infrastructure (ISHMII) last year.
The writing and presentation of this textbook are guided by the principles of
being state-of-the art, interdisciplinary, comprehensive and practical. To
make the topics accessible and interesting to readers, this textbook features
a systematic approach to introduce basic principles for the design of SHM
systems, an easy-to-follow presentation of both theories and methods for
analysing monitoring data, a collection of typical SHM application projects,
and an inclusion of exercises and assignments to help readers to learn. This
book contains 14 chapters and 4 appendixes. The main contents of each
chapter are described as follows:
Chapter 1 presents the general background of SHM. This chapter first
introduces the origin and development of SHM, its basic components and
classifications, as well as the research objectives. The significance of SHM is
summarized from both science and engineering perspectives. Finally, the
future development trend of SHM is discussed. This chapter was written by
Ting-Hua Yi and Dong-Hui Yang.

Chapter 2 discusses the basic principles and concepts of design,
implementation and maintenance of SHM systems. This chapter introduces
the design principle, overall design and detailed design of the system. The
installation of equipment, acquisition substation and monitoring center,
software development, and the debugging and trial operation of the system
are presented. The content and procedure of daily management, regular
inspection/maintenance and disposal of abnormal events are summarized.
This chapter was written by Tong Guo and Gang Liu.
Chapter 3 covers sensor selection and optimal sensor placement. This chapter
first introduces the basic rules for sensor selection and the classic methods
for sensor placement. Then, it further discusses the evaluation criteria and
solution approaches for optimal sensor placement. Finally, it introduces the
function and user-interface of a self-developed software for optimal sensor
placement. This chapter was written by Ting-Hua Yi and Guang-Dong Zhou.
Chapter 4 focuses on monitoring of the loads and environmental factors. This
chapter first introduces the basic concepts about monitoring loads and
environmental factors, including wind loads, vehicle loads and seismic loads,
etc. In addition, this chapter details some considerations of sensor types and
the corresponding performance requirements, and the layout of the
monitoring sensor configurations and installation methods. Each section of
this chapter includes one real-world SHM case. This chapter was written by
Wen-Li Chen and Shu-jin Laima.
Chapter 5 introduces monitoring of structural response, deformation and
durability. This chapter describes the basic definitions, common
instrumentation and monitoring methods of structural responses and
deformation, and provides practical cases for readers to understand each
monitoring method. In addition, the deterioration mechanism, monitoring
principles and technical methods of typical durability problems are also
presented in this chapter. The chapter was written by Tie-Jun Liu, Wei Lu and
Du-Jian Zou.
Chapter 6 is devoted to synchronous data acquisition, transmission and
storage. This chapter first introduces the technical requirement, composition
and classification of common data acquisition systems in details. Then, it
discusses the wired and wireless transmission media, network topology and
communication protocols of data transmission networks. Finally, it briefly
introduces the theory of distributed database for data storage. The chapter
was written by Hong-Hu Zhu and Hua-Fu Pei.
Chapter 7 introduces the pre-processing of the big data for SHM. The preprocessing procedure consists of data denoising based on the wavelet
transform method, abnormal data diagnosis based on deep learning, error
data recovery based on sparse optimization of compressive sensing, and
missing data imputation using the correlation-based method. Finally, the
applications of the methods are demonstrated with examples. The chapter
was written by Yue-Quan Bao, Yong Huang and Zhi-Cheng Chen.
Chapter 8 presents the statistical analysis method for processing big data
from SHM systems. Five aspects of the method including basic statistical
characteristics, probability distribution, extreme value analysis, correlation
analysis and regression analysis are described. The procedure of the method
and the main calculation formulas involved are given. Finally, real-world SHM
projects are presented for reference. This chapter was written by Na Yang
and Juan Wang.
Chapter 9 is devoted to structural physical parameter identification and
uncertainty quantification of structural systems. This chapter first introduces
the concept and category of structural identification. Then, it discusses the
reconstruction of time domain signal, and the classical algorithms for physical
Continued on next page
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parameter identification in both time domain and frequency domain.
Especially, it describes the uncertainty quantification of structural
parameters using an advanced sampling method. Finally, experimental
models and real bridges are taken as examples to illustrate the structural
identification concept and workflow of the algorithms. The chapter was
written by Jian Zhang and Yun Zhou.
Chapter 10 introduces the basic ideas, derivation processes and applications
of modal identification methods, which include frequency, time and timefrequency domain methods. The time-varying modal parameter
identification methods are also elaborated, which contain time and timefrequency domain methods. These methods are classified into three
categories, i.e. slow, fast, and transient varying methods. Finally, the
derivation and application of these methods are discussed. The chapter was
written by Ting-Hua Yi and Chun-Xu Qu.
Chapter 11 covers the basic theory and application of finite element model
updating method. The finite element model updating includes finite element
modelling, dynamic testing, modal truncation and expansion, modal
correlation judgment, selection of updating parameters, and optimization
algorithm. Specifically, a substructure-based model updating method in
frequency domain and a structural model updating method using time
domain vibration response data are presented. The chapter was written by
Jun Li and Shun Weng.
Chapter 12 presents the theoretical basis and methods for structural damage
identification, which include frequency-domain and time-domain
approaches. Various damage identification indicators are provided to
quantify structural damage. Examples are given to demonstrate the
application procedures of structural damage identification based on
monitoring data and finite element models. The chapter was written by YouLiang Ding and Wen-Yu He.
Chapter 13 focuses on the structural condition assessment and the early
warning method. This chapter first outlines the main content of structural
condition assessment. Then, it introduces three structural condition
assessment methods based on analytic hierarchy process, time-varying
reliability theory, and fuzzy comprehensive evaluation, respectively. Finally,
it discusses structural safety early warning including early warning principle,
functions composition, criteria selection, threshold setting and early warning
modes. The chapter was written by Lei Wang, You Dong and Ya-Fei Ma.
Chapter 14 presents typical SHM applications to various types of civil
infrastructure, including long-span bridges, high-rise buildings, large-span
spatial structures, heritage buildings, wind turbines, dams, ocean platforms
and metro tunnels. The structural features and monitoring contents of each
type of engineering structures are specifically described. Novel sensing
technologies such as computer vision, optical fiber sensors and wireless
sensing technology are also introduced. The chapter was written by XiaoWei Ye and Zuo-Cai Wang.
In conclusion, with a comprehensive coverage of the topics in SHM and
detailed demonstrations of engineering applications, this book is very useful
for understanding and studying SHM theories, technologies and its
applications. It can be used not only as a textbook for senior undergraduate
and graduate students in Civil Engineering, but also as a reference book for
scientists and professionals in the field of SHM.
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3rd International Conference on
Health Monitoring of Civil &
Maritime Structures

HeaMES 2022
Call for Papers

Endorsed By ISHMII

HeaMES 2022
About the Conference
There is an urgent need for further progress in structural health monitoring for both civil and maritime structures.
Maximising the availability and productivity of onshore and offshore infrastructure and marine vessels, whilst operating them safely and with minimal impact on the environment, is of major concern to operators. Many such structures are unique, e.g. ships such as FPSOs have specific constraints, loading characteristics and damage consequences that make them different to other offshore installations and conventional ships, and often more challenging to maintain and operate. Market research shows that there is a need for efficient SHM which could facilitate
structural, fatigue and corrosion analyses and underpin risk based inspections to address the structural integrity of
onshore and offshore structures. Radical developments in the telecommunication, sensor and data processing technologies are transforming the way that asset management is conceived and carried out. Sensors and structural
health monitoring systems are increasingly becoming an integral part of new and existing buildings, bridges, offshore structures and installations, and vessels. Sensing arrays can be permanently connected to distributed management networks so that owners, users, and in general, all those involved in the management process - connected
via the Internet - can query in real time condition and performance during construction and operation. Whereas
today the structural engineer conceives the single building or bridge as a stand-alone project, in future it is likely
that structures will be regarded as nodes of a complex infrastructure network. Design specifications, real-time operation, and any decision on maintenance, upgrading and reconstruction of the single node will reflect the management policy of the whole system, properly accounting for concepts such as cost, risk and sustainability and structural health monitoring will play a critical role in these transformed approaches. HeaMES 2022 provides an ideal
platform for innovative industry and practitioners, leading researchers, technology developers, and supply chain
partners to meet. Bringing the pioneering experts together, the conference aims to promote exchange of ideas,
recent research and ways forward to application and commercialisation.

Conference Themes
•

•

•

•

•

•

Performance and condition
monitoring

•

Damage detection

•

•

Modelling of operational and
environmental influences

Sensors and actuators for infrastructure instrumentation

•

Sensor networks

Digital twin/SHM integration

•

Remote monitoring systems

•

SHM-based design

•

Global system integration

•

Validation and certification

•

Smart structures and materials

•

Design guidelines and codes

•

•

Signal processing

Field applications and case
studies

•

Big data in SHM

•

Critical issues in SHM

•

Real time monitoring

•

•

Visionary, disruptive and
transformational concepts

Standardization of SHM systems

Quantitative SHM-based reliability, safety and performance
•
assessment
Modelling and dealing with
uncertainty in SHM data
Economic analysis of SHM
strategies and benefits
Management of structures
exceeding design life
Damage control, repair and
strengthening

Organising Committee

Key Dates

Professor Purnendu Das, ASRANet Ltd, UK
Dr Piotr Omenzetter, University of Aberdeen, UK

Abstract Deadline: 3rd December 2021
Final Payment : 3 April 2022
Paper Submission: 3 May 2022

HeaMES 2022
Technical Advisory Panel
Dr Nirosha D. Adasooriya, University of Stavanger, Norway

Prof Maria Pina Limongelli, Milan Polytechnic, Italy

Mr Andrea Ballarin, Field S.R.L.—Lallio(BG),

Prof Yong Lu, University of Edinburgh,
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Tokyo, Japan
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Prof Dimitrios Pavlou, University of StaDr Sushanta Chakraborty, Indian Institute of
vanger, Norway
Technology Kharagpur, India
Dr Sylvain Chataigner, IFSTTAR, France
Prof. Eleni Chatzi, ETH Zurich, Switzerland
Prof. Lars Damkilde, Aalborg University, Denmark

Prof Monssef Drissi-Habti, IFSTTAR, France
Prof. Sören Ehlers, Hamburg University of
Technology, Germany

Prof. Carlo Rainieri, University of Molise,
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Prof Franck Schoefs, University of
Nantes, France
Dr Helder Sousa, HS Consulting, Portugal
Prof. Serdar Soyoz, Boğaziçi University,
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Prof. Dan Frangopol, Lehigh University, USA

Prof. S. A. Sudath Siriwardane, University of Stavanger, Norway

Dr David Garcia Cava, University of Edinburgh,
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PEER REVIEW:
All the papers submitted will be peer-reviewed by the above Technical Advisory committee. The members are experts in their own field and the committee is international in nature.
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CONFERENCE VENUE
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1 Morrison Link
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1 Morrison Link
Edinburgh, EH3 8DN

WORKSHOPS
AND CONFERENCES
ISHMII COMMITTEES

EATURE ARTICLE
FEATUR

The Monitor

Spring
2021
Summer
2020
Fall 2020

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)
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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CALL FOR PAPERS - Journal of Applied Sciences (SCI, IF2.5)
Special Volume entitled, Artificial-Intelligence-Based Methods for
Structural Health Monitoring
Journal of Applied Sciences (SCI, IF2.5), has organized a Special Volume entitled, Artificial-Intelligence-Based Methods for Structural Health

Monitoring. This Special Issue aims to underscore the importance of development and introduction of AI-based methodologies for structural
health monitoring of infrastructure systems and the analysis and feature extraction from sensor data. Potential topics include but are not limited
to the following areas and utilization of AI-based methods for structural health monitoring:
•
•
•
•
•
•
•
•
•
•

Artificial neural networks;
Deep learning neural networks;
System identification;
Surrogate models;
Big data in infrastructure systems
Optimization;
Probabilistic methods for SHM combined with AI methods;
Various machine learning tools;
Dynamic response prediction via AI methodologies;
Feature extraction schemes.

Professor Mohammad Noori is the invited Guest Editor for this volume, which has already attracted several papers from leading scholars in this
field. This volume is still open for submissions of full research articles and comprehensive review papers for peer-review and possible publication.
Deadline for manuscripts submissions is 31 May 2021. Please see the website:
https://www.mdpi.com/journal/applsci/special_issues/Artificial_Intelligence_Based_Methods_Structural_Health_Monitoring
If the Special Issue attracts and publish 5 more papers, it can be published as a Special Issue Book/Journal with an ISBN number and the SI book
will be permanently available online and benefit researchers in SHM field since it is open access, it will have three times more exposure. Such as:
https://www.mdpi.com/books/pdfview/book/2995
Applied Sciences is an online, peer-reviewed, open access journal, published quarterly by MDPI AG, Basel, Switzerland. The journal is covered by
Science Citation Index Expanded (Web of Science), Scopus, INSPEC (IET) and other databases. Manuscripts are peer-reviewed and a first decision
provided to authors approximately 15.9 days after submission; acceptance to publication is undertaken in 3.6 days (median values for papers
published in the first six months of 2019).
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MONITOR EDITORAL BOARD
Editor-in-Chief
Dr. Douglas Thomson
University of Manitoba
Douglas.thomson@umanitoba.ca
Deputy Editor
Ir Prof. Yong Xia
The Hong Kong Polytechnic University
y.xia@polyu.edu.hk
Associate Editors
Africa
Prof Pilate Moyo
University of Cape Town
Pilate.Moyo@uct.ac.za
Dr. Mohamed A Zaki
HBRC & OCT University
mzaki@iasonline.org
Asia
Shun Weng
Huazhong University of Science and Technology
wengshun@mail.hust.edu.cn
Australia
Saeed Mahini
University of Sunshine Coast
ssmahini@yahoo.com.au
Europe
Marco Domaneschi
Politecnico di Torino
marco.domaneschi@polito.it

REQUEST FOR CONTRIBUTIONS TO THE MONITOR

The Official Newsletter of the International Society of Structural Health
Monitoring of Intelligent Infrastructure
We invite contributions in one of the following forms:
• SHM research and applications report: Article containing 600-800 words, and 24 figures and/or tables with captions
• SHM research or application short note: Article containing 250-500 words, and
1-2 figures and/or tables with captions (text longer than 500 words will become
report)
• New SHM product or service: Article describing in 150-250 and 2-3 figures a new
product and /or service that appeared in SHM market
• New SHM-related book: Article describing a new book on SHM in 250-500 words;
this article can be written either by the author or by a reader
• Updates related to SHM that might be of interest to ISHMII members, such as
(but not limited to): short news (e.g., from newspapers), events (e.g.,
conferences, workshops, etc.), articles or books in SHM that attract particular
attention (e.g., the best papers in journals or conferences, the most downloaded
papers, etc.).
• Information on any award won by ISHMII members.
Articles submitted to Monitor should not mimic the JCSHM – Journal for Civil
Structural Health Monitoring or other scholarly journals papers but should describe
practical field applications of SHM used in bridges, buildings and other
infrastructure.

North America
Ashutosh Bagchi
Concordia University
ashutosh.bagchi@concordia.ca

Guidelines:

Latin America
Sergio M Alcocer
Instituto de Ingeniería, UNAM
salcocerm@ii.unam.mx

https://ishmii.org/wp-content/uploads/2019/05/Monitor-Guidelines.pdf

Newsletter Design and Publication
Charleen Choboter –
Charleen.choboter@umanitoba.ca

ISHMII Administraive Centre
University of Manitoba
Agricultural & Civil Engineering Bldg.
A250 – 96 Dafoe Road
Winnipeg, Manitoba R3T 2N2 Canada
Ph: 204-474-8506
Email: central@ishmii.org
Visit our website at www.ishmii.org
for more information

Guidelines for submission can be found on the ISHMI website at the following link:

Deadlines:
Edition

Submission Deadline

Distribution Date

Winter 2020 (Dec, Jan, Feb)

December 1

January 1 to 15

Spring 2020 (March, April, May)

March 1

April 1 to 15

Summer 2020 (June, July, Aug)

June 1

July 1 to 15

Fall 2020 (Sept, Oct, Nov)

September 1

October 1 to 15

Winter 2021 (Dec, Jan, Feb)
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January 1 to 15

Submission:
When you have your content ready for submission according to the guidelines, send
all files, attached in an email to central@ishmii.org. In the subject line please
indicate: ISHMII Monitor Article Submission.
Inquiries:
Can be submitted to Charleen Choboter at Charleen.choboter@umanitoba.ca
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