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Message from the President, Zhishen Wu
As 2019 draws to a close and 2020 commences I, as president of this
great organization, 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, and professional and personal success.
First and foremost, I want to use this opportunity to express my
sincere gratitude to the executive committee, the council members,
past presidents and past vice presidents, the administrative staff,
the editorial board members of our journal, and all members for their
great contributions to ISHMII. The continued success of our
professional society, which is moving forward to become the voice of
the international community of SHM, has been due to your hard
work, commitment, and support.
I find it timely to begin my remarks by sharing a few highlights of
ISHMII’s activities and achievements in 2019:
• As you may know, the SHMII-9 conference was held in St.
Louis, USA, on August 4-7, 2019. 268 people attended that
successful meeting. Unfortunately, about 30-40 registrations
were impacted by visa issues, mostly from China. However,
participation from the U.S. was high, making up more than
half the attendees. Moreover, we experienced more industry,
government, and student participation. About 90 students
attended the conference and 30-40 percent of participants
were from industry. Our next conference, SHMII-10, as
approved by the council, will be held in Porto, Portugal from
June 30-July 2, 2021. Also, as announced in St. Louis, CHSM-8
will be held September 16-18, 2020, in Naples, Italy.
Organizers plan to work with industry to build stronger
relationships between industry and the academy.
Unfortunately, the 3rd International Workshop on Resilience
planned in January 2020, at UCLA was cancelled. Plans are
being made for the workshop to be held in Italy, Japan, or
another suitable location. The location and time of next
workshop will be determined later.

• As reported by Professor Ansari at the ISHMII-9 council meeting, the
Journal of Civil Structural Health Monitoring is making noticeable
progress. Thanks to his commendable efforts, the journal is gaining
visibility and has an emerging ISI index. The plan was to publish 500
pages in 2018, and 650 in 2019. We encourage members to consider
submitting more papers to our journals.
• I am delighted to inform all of you that after a long period of lapsed
publication, The Monitor, the official newsletter of our society, has
now resumed regular publication, with four issues per year. Special
thanks to Professor Douglas Thomson of Manitoba University, Canada,
who serves as the editor of this important publication. There are still
some challenges to sustain the regular production as planned, mainly
generating content. Content acquisition should improve now that
there are more associate editors, who will also have a closer
relationship with JCSHM so that synopses of some papers may appear
in The Monitor. The regular publication of The Monitor is important for
the society as it bridges the academy and industry. We hope with the
active contribution by all members we can overcome these challenges.
Particularly, I would like to suggest the following plan to assure the
sustained publication of The Monitor:
o At least one article contribution per every two years from a
council member
o At least one article contribution per year from an ISHMII
committee member
o At least one article contribution per year from the ISHMII
executive committee, vice presidents, and the president
• Another exciting initiative discussed at the council meeting in August
was the plan for a book series on civil structural health monitoring and
smart infrastructures of ISHMII, to be published by a leading publisher.
This book series, similar to special books that are published by other
professional societies such as ASCE, ASME, etc., will include technical
reports, committee’s reports, collected position papers, and textbooks
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for ISHMII short courses. In the near future, we plan to organize
teams to carry out this activity. This initiative will complete the
formation of what I have referred to as the four wheels of ISHMII
publications: CSHM Journal, The Monitor (official newsletter &
professional magazine ), SHM Standards, and this proposed book
series. I envision this book series will significantly enhance the
visibility and recognition of our society.
The three ISHMII committees, formed in 2017, presented a report
of their activities at the council meeting in August 2019. These
committees have already made good progress. The committee on
resilience has organized two workshops so far, one in Italy and
another in China. Databases for case studies, particularly
restoration projects, are planned to be built and a website for the
committee will soon be created. Moreover, having a resilience
workshop as part of CSHM will be considered. The early career
researcher’s committee reported they have finalized the by-laws,
including the objectives of the committee. Unfortunately, the
committee for industry and corporate relations did not present any
progress report. We are going to re-form this committee in the
near future.
At the council meeting in August, a proposal of mine was presented
by Aftab Mufti to form a new committee on big data, analytics, and
artificial intelligence in SHM. The formation of this committee was
approved by the council. Professor Mufti agreed to chair the
committee until the by-laws and objectives are established. I am
glad to report to you that the committee has now been officially in
place and the membership has been formed. The new committee
has currently planned to develop a set of objectives and mission
and is moving forward.
The progress towards the development of standards was
encouraging. The task force on standardization presented goals,
strategies, schedule, and ISHMII/SHM Code Level 1 content at the
council meeting in August. Code Level 1 will soon be submitted to
the council for review by the members. Subsequently, the report
will be sent out to external reviewers. We expect this task to be
completed in 2020 and the final document reviewed and approved
by the council for publication.
As I reported to you in 2018, ISHMII’s executive committee put in
motion the process to establish a charitable foundation to be
registered in Canada, pending approval of the ISHMII Council. The
vision for this charitable entity, to be called the International
Structural Health Monitoring of Intelligent Infrastructures
Foundation, was to pursue a vision that promotes the education
and development of tomorrow’s professionals interested in
infrastructure monitoring. At the August 2019 council meeting this
proposal was approved and we will move forward with that
initiative.
Another noteworthy achievement in 2019 was the first-ever preconference short course at ISHMII conferences. There were 18
registrations for the short course. Given that an effective
education initiative for CSHM is important, ISHMII should establish
a well- defined education program including an annual summer
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and/or winter international school. These can be part of the
activities of the ISHMII early career researcher’s committee, to be
held jointly with IIFC (Int. Institute for FRP in construction) and
hosted by universities or institutes in different countries.
• As I have shared with the council, I would like to suggest that we
initiate a new effort that I believe would further strengthen the
position of our professional society as a leader in the SHM
community and help us build a strong linkage with industry. If each
member and council member can identify and recommend two or
three SHM industries based on their experience, we can create a
database of a large number of SHM companies and plan for
selection of the top 100 SHM enterprises.
• Last, but not least, I would like to report to you that in the
November meeting of our executive committee, the following list
of honorary members and emeritus council members was finalized
and approved:
Honorary Members
o Yozo Fujino (Past VP, 2018 Mufti Medal)
o Jan-Ming Ko (The Hong Kong Polytechnic University,
Past VP, 2011 Mufti Medal)
o Urs Meier (Past VP, 2011 Mufti Medal)
o Jinping Ou (Past VP, has contributed to ISHMII greatly)
o Toshi Oshima (formerly very active and has contributed
to ISHMII greatly)
Emeritus Council Members
o Emin Aktan
o Vistasp Karbhari
o Hung Moo Koh
o Alessandro De Stefano
o Helmut Wenzel
Once again, I want to express my sincere wishes to all of you as we
begin a new year. I also want to assure you that as my new year’s
resolution, and based on your feedback, I will continue to work closely
with all of you toward enhancing the leadership of ISHMII through:
o Developing strong, high-quality publications
o Enacting international model codes and national codes to
include SHM in the codes
o Building strong linkages with industry and academia
o Enhancing CSHM universal education
o Expanding ISHMII’s membership, both individual and
corporate members
o Establishing an ISHMII Foundation to support ISHMII’s
mission.
I will also continue my communication with all members as a key
responsibility of my position. It has been, indeed, a great honor for
me to serve as the president and the start of a new year always 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 more active participants in ISHMII, to share
your ideas, and let us achieve prominence through our collective
effort.
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Acoustic Guided Wave Detection of corrosion in
ground rods
Junhui Zhao, Nicholas Durham, Sadegh Mahmoudkhani, Douglas
Thomson
Electrical & Computer Engineering, University of Manitoba,
Winnipeg, Canada

The electrical grounding is indispensable in any electrical power distribution
system in order to protect personal life and valuable electrical equipment
from lightning strike and fault power surge. Grounding failures can result in a
huge economic loss. Considering that thousands of power substations are
currently over 50 years old, grounding deterioration poses potential severe
problems and proper inspection and maintenance are essential to provide
adequate protection. However, it is technically difficult and economically
costly to evaluate grounding elements that are buried underground. Effective
and economical inspection equipment is urgently needed by electrical power
distribution companies to evaluate grounding rod status in aging substations
to protect the life and safety of personnel while preventng interruption of
operational services.

The unique physical characteristics of acoustic guided waves (AGW) and the
related technologies provide a potentially promising solution for detecting
corrosion in grounding rods. One of the advantages of AGW technology is its
capability to detect defects at long distances in a structure and hence the
locations of defects far away from a transducer can be achieved. The ability
to detect at a distance is especially useful for inspecting inaccessible parts of
a structure from its accessible regions. As schematically illustrated in figure
2(a), the pulse-echo approach uses wave emitters (piezoelectric transducers)
to produce the guided waves in a rod. The propagating waves are partially
reflected back by defects and the reflected waves (echo) can be detected by
a sensor and recorded by a data acquisition system. The traveling time of the
echo between the source and the defect tells the defect location providing
that the wave velocity is known. Also, signal strength can be associated with
the cross-sectional area of the defect. We have experimented with the pulseecho approach by employing steel rods with similar diameters to real ground
rods. The rods were prepared by machining simulated corrosion pits of
different depths in the center of the rods, as schematically shown in Figure
2(b). The guided wave in a longitudinal mode (L(0, 1)) was generated and its
group velocity was experimentally found as 5.062 km/s at the frequency of
55 kHz. The experimental results in Figure 2(c) clearly demonstrate that the
defect locations are represented by the echo starting at 0.6 ms, and the echo
starting at 1.2 ms is the reflection of the rod end, which is twice of the time
for the echo from the central defects. Also, the signal strength of the defect
echoes increase with the defect sizes, which can be used as a damage index
representing corrosion severity.

Figure 1: An example of grounding rods in an electrical substation

In a substation, the grounding system mainly consists of a grid network of
electrically conducting metal wires and rods buried in soil. Figure 1 shows an
example of a single metal grounding rod. Many rods are buried underground
and electrically connected with electrical equipment above ground to provide
protection by quickly dispersing lightening currents and fault surge currents
into the earth. Rapid dispersal prevents above ground potentials from rising
to dangerous levels. Physical discontinuities in these rods caused by corrosion
will compromise the grounding function. Obviously, direct visual inspection of
corroded rods without excavation is impossible. The power industry uses
standard ground resistance testers to determine the overall grounding status
of a substation. However, the resistance measurement cannot provide
accurate evaluation of damaged individual grounding rods that require
maintenance. Thus, an effective solution for identifying and quantifying
damage to rods is of great economic significance since only the damaged rods
need to be replaced. This research project aims to develop an approach and a
field-applicable instrument for detecting corrosion-induced damage in
vertical grounding rods without physically excavating them from the earth.

The Monitor

Figure 2 Schematic Pulse-Echo Method in (a), Corrosion-simulated
Defects on steel rods in (b). The captured echo signals from the defects
and the rod ends of the four rods in (c).
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Figure 3 Testing setup in a field (a), testing results on three ground rods:
a rod with a defect (b), a defect-free rod (c), and a rod with a defect (d).

The field testing was conducted in a substation of Manitoba Hydro (our
collaborating partner) using acoustic wave emitters/sensors and a portable
interrogating system specially designed for this project. In Figure 3 (a) a PECS
emitter/sensor mounted on the top of a ground rod sent guided wave pulses
and the PECS also captured the reflected waves. Figure 3 (b), (c) and (d) show
a few examples of such a field testing. The signal versus time plots all have an
echo at 1.2 ms; this is attributed to the reflection at the rod end, and the rod
length is thus found as 3.307 meter in terms of the velocity of 5.062 km/s.
The echo at 0.4 ms is attributed to a defect, locating at 1.012 meter away
from the top end of the rods.
Both lab experiments and field testing demonstrate the capability of the
acoustic guided waves in detecting corrosion damage of grounding rods. The
developed technology and the field usable portable electronic system will
help electrical power distribution companies inspect and maintain
deteriorating grounding rods to optimize the safety of aging substations.
This work is financially supported by the Natural Sciences and Engineering
Research Council of Canada, Canada Foundation of Innovation, Research
Manitoba and Manitoba Hydro.
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The International Society for Structural Health Monitoring of Intelligent
Infrastructure (ISHMII) 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.
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.).
Owing to the success of past events, SHMII has naturally become a key
conference in Structural Health Monitoring, reflecting not only the stateof-the-art in that field, but also addressing industrial developments and
applications.
The Faculty of Engineering of the University of Porto (FEUP), in
connection with ISHMII, invites you to participate in SHMII-10,
following

the

organization

www.fe.up.pt/shmii10.
See you at Porto!
Álvaro Cunha
(Conference Chair)

of

the

conference
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Bridge Inspection Robot Deployment Systems
(BIRDS)

Led by Genda Chen, PhD, Professor and Abbett Distinguished Chair in Civil
Engineering and Director of the INSPIRE (INSpecting and Preserving
Infrastructure through Robotic Exploration) UTC at Missouri University of
Science and Technology, the Bridge Inspection Robot Deployment Systems
project is part of the INSPIRE UTC Research Program in collaboration with the
MinerFly team who supports various Missouri S&T’s research activities in
robotics. For more information on this INSPIRE UTC project, please contact
Dr. Chen at inspire-utc@mst.edu or (573) 341-6114.
This project aims to develop and build a solar-powered mobile test facility to
support field tests at bridge sites and provide wireless communication
between the bridge sites and the INSPIRE University Transportation Center
(UTC) at Missouri University of Science and Technology (S&T). The mobile test
facility is referred to as BIRDS; it houses climbing robots, unmanned aerial
vehicles (UAVs), multimodal vehicles, sensors, nondestructive evaluation
devices, data acquisition units, batteries, and miscellaneous tools. The BIRDS
serves as a field station for data collection and transmission to the base
station on the Missouri S&T campus, and as a means of transportation for an
inspection crew.

Fig. 1: First prototype of the proposed hybrid vehicle

The first prototype consisted of a custom-made main frame of carbon fiber
materials with four plate arms, a flying system of four propellers installed at
the ends of the four arms, a traversing system of two scissor clamps with
two grips installed at the two ends of each clamp above the main frame, two
25V batteries together with speed and flight controllers attached beneath
the main frame, and two spy cameras above the main frame for visual
inspection.

This article introduces the recent development of a hybrid flying and
traversing vehicle at the INSPIRE UTC. Such a multimodal vehicle was
designed and prototyped for inspection of girder bridges, local repair of
bridge elements near girders, and deployment of climbing robots into
different parts of bridges during inspection. The hybrid vehicle is envisioned
to operate for one hour or longer during inspection according to the following
steps:

For flight capability, the prototype used four brushless 12V DC outrunner
motors that were attached to the four plate arms. For traversing capability,
four additional DC motors were used to engage the two scissor clamps. With
the help of beveled 3D printed Onyx gears, the clamps were driven inward
to pressure against the edges of the girder flange with their positions
controlled by linear potentiometers. The clamps can accommodate a flange
range of 38-47 cm (15-18.5 in). Each grip installed on the scissor clamps was
a 3D printed onyx wheel that was overlaid with a flexible urethane coating
to increase the coefficient of friction against the gripped beam to help with
stability during inspection. The cameras wirelessly relayed real-time videos
to the control station to assist with positioning the vehicle.

1. It flies to the underside of bridge deck and girders to be inspected.
2. Once in position, it grabs the bottom flange of a bridge girder with a
specifically designed roller clamping system.
3. It traverses the bridge girder, providing a stable platform for high
quality imaging and nondestructive testing from on-board devices
and cameras.
4. It detaches from the bridge as it encounters obstacles and flies to the
next area of interest.

Each 54.6 cm (21.5 in) propeller can support approximately 113 N (25 lbs),
amounting to 450 N (100 lbs) for four propellers. To maintain a minimum 2:1
thrust-to-weight ratio for flight stability, the total weight on the vehicle must
be below 225 N (50 lbs), which meets the maximum 55 lbs weight
requirement stipulated by the Federal Aviation Administration regulations.
The overall weight of the First prototype itself was about 118 N (27 lbs),
leaving a payload of approximately 107 N (23 lbs) for other measurement
devices.

The hybrid vehicle must have an effective vehicle-bridge
engagement/disengagement mechanism for smooth transition between the
flying and traversing modes. Thus, design criteria of the vehicle include, but
are not limited to:

A complete system test was performed to validate the BIRDS prototype in
terms of flying, clamping, and traversing with a 43.2 cm (17 in) plank
simulating the flange of an I-girder in bridge applications. The BIRDS
launched from ground level upwards until it reached the wood plank. Once
beneath the test fixture, the clamping system was successfully engaged with
each wheel, as shown in Fig. 2. The traversing mechanism was tested back
and forth along the wooden plank to ensure it functioned as designed.
Motors were then throttled upwards as the clamping mechanism was slowly
disengaged. Once the clamps spread past the extent of the plywood plank,
the throttle was lowered until the drone landed back on the ground.

•
•

•
•

In the flying mode, the vehicle is stable with necessary positioning
precision and navigation guidance in a GPS-denied environment.
In the traversing mode, the vehicle with necessary positioning
precision moves at a constant speed to provide a stable station for
various measurements.
In the transition period, the vehicle engages with a girder safely and
efficiently.
Overall, the hybrid vehicle must have the required payload for
measurement devices or deployment of climbing robots, and the
required flight time for bridge inspection and local maintenance.

The hybrid vehicle was sized and shaped based mainly on the required
functions for I-girder inspection and for deployment of climbing robots. Fig.
1 shows the first prototype of a hybrid flying and traversing vehicle. The
multimodal vehicle utilized two separate methods of transportation for flying
and traversing. Such a design not only allowed a rapid development of the
first prototype to demonstrate its concept but also increased its operation
time during bridge inspection since traversing consumes less battery power.
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Fig. 2: Laboratory tests of the First prototype in traversing mode

Continued on next page
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Several observations can be made from the complete system test. The
rotor arm flexibility concern was apparent during the initial takeoff and
landing. Undesired flexing occurred at the cantilevered connection of the
rotor arm to the main frame and at the ends of the slits in the main frame,
which was cut to make room for the clamping mechanisms. This did not
hinder the flight capabilities but caused a slight bouncing motion to occur
under landing impact loading and resulted in wire disconnection. Although
clamping forces were not monitored during traversing, a large deflection
of the wheels was not seen during the test. Therefore, the clamping
mechanism can provide more than the minimum force necessary to clamp
the BIRDS onto a girder and perform an inspection. Using a positioncontrolled clamping mechanism without yet establishing a relation
between flange sizes and a position on the remote controller did not cause
an issue during the test conducted at a close standoff distance. On realworld bridges, this would not be an option. If the size of a girder is
unknown, a different positioning system will be needed to replicate
laboratory results.
To facilitate the inspection and maintenance of river-crossing bridges,
engineers often design and build a dedicated inspection platform guided
between girders as shown in Fig. 3, costing over $1 million. The proposed
and developed hybrid vehicle would be quite familiar to bridge engineers
and inspectors, and potentially adopted in practice.

Primer on Load Testing

Submitted by Sreenivas Alampalli, Ph.D., P.E., MBA, Director, Structure
Management Bureau New York State Department of Transportation; Chai,r
Transportation Research Board (TRB) Standing Committee AFF40 on
Testing and Evaluation of Transportation Structure.
Transportation Research Board (TRB) Standing
Committee AFF40 on Testing and Evaluation of
Transportation Structures. The committee
recently developed an e-circular titled “Primer on
Load Testing.” The document can be accessed at
http://www.trb.org/main/blurbs/179887.aspx

Load testing of bridges to assess bridge performance has been in practice
since at least 1891 in Switzerland. In times when engineering models were
not as accurate and available as today, a critical step in the construction of
a bridge was to load test prior to opening or during the opening ceremony
of the bridge. Several bridges, including ones in Serbia, Switzerland, and
France, collapsed during such load tests. While advanced calculation
methods are available to determine the ultimate capacity of existing
structures, load testing provides a useful alternative for such cases where
current calculation methods, for one reason or another, cannot provide
satisfactory answers to performance questions on existing bridges.
AASHTO’s Manual for Bridge Evaluation and the 1998 Manual for Bridge
Rating Through Load Testing have been generally used as a guidance to
load testing. This TRB E-Circular, TR Circular E-C257: Primer on Bridge Load
Testing, provides significant updates to the existing documents to reflect
the current state of the practice on bridge load testing. It covers the
preparation, execution, and analysis of load tests, including diagnostic and
proof tests. If effectively used, these methods can extend the useful life of
existing bridges in a cost-effective fashion.

Fig. 3 Inspection platform used in current practice

In closure, the potential benefits of the developed hybrid vehicle include,
but are not limited to:
•
•
•
•
•
•

Increased operation time
Stable measurement platform with substantially reduced
susceptibility to wind conditions
Ease in navigation
Accurate positioning
Cost effectiveness
Improved potential for adoption by bridge inspectors.

Submit papers and research results
to the

Journal of Civil Structural Health Monitoring
(JCSHM)

Correction Notice for Fall 2019 Monitor:
The article “Wire-less acceleration records
for ambient vibration measurements” in the
Fall 2019 issue of The Monitor had the
incorrect author. It should have be read
submitted by Professor James Brownjohn.
We apologize for the error.
The Monitor

www.ishmii.org/jcshm/
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Smart electromechanical bracing system for civil
engineering structures
Ding Youliang1,2 Wan Chunfeng1,2

Southeast University, Nanjing, China 21096; 2 Jiangsu Advanced Institute of Seismic
Resistant Technology for Mechanical and Electrical Equipment of China, Nanjing, China
211200)

1

Electromechanical bracings aim to firmly support electromechanical
equipment during daily operation or even during unexpected disasters such as
earthquakes. Over the course of their long-term service life, electromechanical
bracings may suffer damage or defects such as bolt looseness, corrosion,
buckling, and so on due to the operational load and harmful environmental
factors. Such damage and defects may cause severe accidents, threatening the
safety of equipment, property, and even people’s lives. Usually,
electromechanical bracings are installed inside ceilings and their conditions can
hardly be detected. A novel smart electromechanical bracing system has
therefore been developed by the Jiangsu Advanced Institute of Seismic
Resistant Technology for Mechanical and Electrical Equipment of China. The
smart electromechanical bracing system includes the sensing system, data
acquisition system, data transmission system, diagnosis system and
maintenance management system. Low price small wireless sensors with low
power consumption have been developed to satisfy the requirements of realworld applications. Diagnosis systems help to automatically determine if an
electromechanical bracing suffers some kind of damage or defect. Special
algorithms have been developed to accurately detect them and give early
warning. Maintenance management systems allow different users to manage
the systems. Techniques based on the internet of things have been applied to
provide smart monitoring ability. The developed smart electromechanical
bracing system can help to ensure the safety of the bracings and prevent
potential accidents. It has proved to be a promising development and has
triggered interest in the field of electromechanical engineering in China.

CAREER OPPORTUNITIES
The Center for Intelligent Infrastructure (CII) at Missouri University of Science
and Technology seeks to expand its research capabilities in autonomous
preservation and resilience of civil infrastructure by inviting applications for the
following key positions. Candidates are required to work in laboratory and field
environments, doing heavy lifting and travelling long distance to job sites as
needed. Interviews will begin in November 2019 and continue until the
positions are filled.For more information, contact Dr. Genda Chen
at gchen@mst.edu.

RESEARCH ENGINEER IN BRIDGE INSPECTION &
MAINTENANCE
The successful candidate must have an earned undergraduate degree in civil
engineering from an ABET/EAC accredited program or equivalent, and at least
1 year of practical experience in bridge inspection and maintenance,
particularly with the state department of transportation. Superior
communication and interpersonal skills, leadership capabilities, and the ability
to engage in collaborative and interdisciplinary research projects are also
required attributes. Licensure as a professional engineer in civil engineering
must be attained in the state of Missouri within one year of appointment.
Knowledge about any bridge management software such as PONTIS is strongly
encouraged. Familiarity with nondestructive evaluation and testing of bridges
is a plus. Interested candidates should electronically submit an application
consisting of a cover letter, a current curriculum vitae, a statement of research
interests and goals, and complete contact information for three references to
the Human Resource Office at https://hr.mst.edu/careers/. Submitted
materials must include the position reference number 00075187.

POST DOC IN INFRASTRUCTURE AND COMMUNITY RESILIENCE

Figure1: Bracing failure accident in Zhengzhou, China

The successful candidate will be expected to explore and develop an opensource, cloud-based, modulated digital twins of physical infrastructures
overlaid with cyber infrastructure to achieve their sustainability, safety, and
resilience under environmental, operational, and extreme conditions. Specific
duties include, but are not limited to, the multi-scale modeling of infrastructure
and community resilience, and the identification of impact that multi-scale
sensing and hybrid computation/instrumentation strategies may have on the
improvement of societal resilience.

2020 MEMBERSHIP RENEWAL
Figure 2: Overview of the smart electromechanical bracing system

2020 Renewal invoices are starting to be
issued through our new online membership
system; please watch your email.
For further questions regarding membership, please contact
Charleen Choboter at the ISHMII Administrative Centre by email
at: charleen.choboter@umanitoba.ca

Figure 3: Relationship between the bolt torque and
the characteristic frequency
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Living Laboratory Project at Australia’s Curtin
University
Jun Li, Hong Hao, Gao Fan, Yu Xin

Centre for Infrastructure Monitoring and Protection, School of Civil and Mechanical
Engineering, Curtin University, Bentley, WA 6102, Australia.
Emails: junli@curtin.edu.au; hong.hao@curtin.edu.au;
gao.fan@postgrad.curtin.edu.au; yu.xin@postgrad.curtin.edu.au

Curtin University, Australia, has developed a ‘Living Laboratory Project’ at
the iconic engineering Pavilion Building 215 on Curtin’s Bentley campus,
designed and built in 2012 with an engaging and innovative teaching and
research platform for Curtin engineering students and researchers.
Building 215 is a three-story steel-concrete composite building structure,
consisting of two parts. One part of this building is a three-story reinforced
concrete structure with several shear walls, and the other part is a steel
structure with a large open space and two footbridges on levels two and
three. Fig. 1(a) and (b) show the elevation view of this building and the
footbridges inside the building, respectively.

a)

(a)

(b)

(b)
Fig. 1: (a) elevation view of Building 215; (b) footbridges in Building 215.

Building 215 has been instrumented with a long-term structural health
monitoring (SHM) system with various types of sensors, including
accelerometers, seismic sensors, strain gauges, outdoor temperature and
humidity sensors, as well as wind speed and direction sensors to
continuously acquire structural vibration responses and environmental
conditions. The SHM sensory system is installed on the four components
of this building, that is, the main building structure, the roof truss, the
footbridges and the stairs. A tri-axial seismic accelerometer is installed
underground outside the building to record the ground motions. Eighteen
high sensitivity tri-axial accelerometers are mounted on all the levels of
the three story building to monitor the global vibrations of the whole
building structure. Another 18 single axis accelerometers and 6 strain
gauges are installed on the footbridges at the second and third levels of
the building, and further 5 single axis accelerometers are installed on the
steel stairs. A weather station is installed on the roof of the building to
measure the external environmental conditions, i.e. temperature and
humidity, wind speed and direction. Fig. 2 shows some photos of the
installed single-axis and tri-axial accelerometers and strain gauges, and the
data acquisition system.
Fig. 3 shows the end-user interface of the live SHM system on this
instrumented building. This system is running 24 hours/7 days a week. A
sustainable long term cloud-based data storage strategy has been
designed to collect all the measurement data. The sampling rate of all the
sensors is set as 50Hz, as the natural frequency of the building is low.
Environmental condition data are recorded every minute. This living
laboratory project develops a comprehensive and valuable vibration
monitoring system to record a large amount of data under various
environmental conditions (temperature, humidity, and wind conditions
etc.) and loading events (even extreme events like earthquake) for
structural condition monitoring and environmental effect analysis. This
building provides an exclusive validation platform to study the impact of
environmental conditions to the structural conditions and detect the
possible progressive degradation based on the long term data.
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(d)
(c)
Fig. 2: Some typical sensors and data acquisition system: (a) single-axis accelerometer;
(b) tri-axial accelerometer; (c) strain gauge; (d) data acquisition system.

Fig. 3: End-user interface of the live SHM system of Building 215.

Fig. 4 shows the measured responses from the steel frame under ambient
vibrations. The measured vibration responses are pre-processed with a band
pass filter between 0.5-20Hz, and then used for frequency spectrum analysis
and modal identification. Fig. 5 shows the Standardised Auto-Regressive (SAR)
power spectrum in the frequency domain. Five typical vibration modes with
natural frequencies ranged from 1.14Hz to 4.29Hz are identified. These are
consistent with the understanding that the building structures have usually low
natural frequencies. Optimal sensor locations are identified based on a
preliminary modal analysis with the initial finite element model of the building
developed in SAP 2000, and experiences from senior researchers and
engineers. Vibration characteristics—i.e.i.e. natural frequencies—are obtained
from the initial model and compared with the measured ones, as listed in Table
1.

Continued on next page
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Table 3: Measured and analytical frequencies of the initial finite element model (Hz).
Mode

Measured

Initial Model

1

1.14

1.16

2

1.76

1.85

3

2.59

2.42

4

3.40

3.52

5

4.29

3.87
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Fig. 6: The location of earthquakes.
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Fig. 4: The measured response from the steel frame under ambient excitations.
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Fig. 7: Monitored earthquake I and the responses of Building 215.
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Fig. 5: SAR power spectrum of the response on the steel frame.

Two earthquakes occurred in the Lake Muir area, about 330km from Perth,
Western Australia, as shown in Fig. 6, were successfully recorded by the
installed SHM system on Building 215 on 16 September 2018 and 9 November
2018, respectively. Some basic information regarding these two earthquakes
are listed in Table 1, provided by Geoscience Australia @
https://earthquakes.ga.gov.au/. The locations of these two earthquakes are
close to each other with a separation distance of 3.8km. Figs. 7 and 8 show
the recorded ground motions, acceleration responses at two typical locations
on the steel frame and concrete structure, and their corresponding spectrum
information. It can be observed that the energy of the monitored earthquakes
is mainly within the frequency range below 6 Hz, and the vibration modes of
the building structure from 1-4Hz are well excited.
Table 2: Basic information of two monitored earthquakes.
Earthquake
Earthquake
Ⅰ
Ⅱ
Epicentral
16/09/2018 12:56:24
09/11/2018 05:07:00
Time
Longitude
116.902
116.787
Latitude
-34.407
-34.423
Magnitude
5.3 (Mw)
5.2 (Mw)
Depth
2km
3 km

The Monitor

Fig. 8: Monitored earthquake II and the responses of Building 215.

The ‘Living Laboratory Project’ at Curtin University can .serve as a
benchmark platform nationally and internationally for long-term and
continuous monitoring of the structural vibration and environmental
conditions to demonstrate the value of SHM to the engineering community.
This exclusive benchmark platform can be used to validate the design,
conduct the continuous structural vibration measurements and condition
monitoring, monitor structural performance, predict structural responses
under various dynamic events, and provide real-time information for safety
assessment immediately after disasters and extreme events.
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The 8th International Workshop
on Civil Structural Health Monitoring
CHSM-8
Naples, Italy – September 16-18, 2020
‘Aging structures and infrastructures
in hazardous environment’

Social program
Naples is a vibrant city, renowned throughout the world for its
art, architecture, culture and food.
A rich social program is going to be announced soon.

Local Organizing Committee:
-

Dr. Carlo Rainieri (Chair, University of Molise)
Prof. Giovanni Fabbrocino (Co-chair, University of Molise)
Prof. Filippo Santucci de Magistris (University of Molise)
Prof. Francesca Ceroni (Parthenope University)
Prof. Nicola Caterino (Parthenope University)
Dr. Matilde Antonella Notarangelo (S2X s.r.l.)
Dr. Danilo Gargaro (S2X s.r.l.)
For any inquiry about the Workshop, including sponsorship
and exhibition, please send an email to:
cshm8@unimol.it

CALL FOR PAPERS
The Workshop is jointly organized by:

The CSHM-8 Workshop
“Aging structures and infrastructures in hazardous
environment” is the main theme of the workshop. Theoretical
as well as applicative contributions focused on SHM of existing
and/or historical structures and infrastructures exposed to
natural or man-made hazards are welcome.
Within the main theme of the Workshop, papers referring to
the following relevant topics are strongly encouraged:
1. Innovative sensing solutions for SHM
2. Data-driven damage detection techniques
3. Nonlinear systems and analysis techniques
4. Influence of environmental and operational conditions
5. SHM in earthquake prone regions
6. Real world applications

Technical program
The technical program includes five structured sessions, three
keynote lectures from outstanding experts in the field, and
special sessions on expert knowledge in SHM from around the
world.

Key dates
Abstract submission: February 20th, 2020 (extended)
Notification of abstract acceptance: March 1st, 2020
Paper submission: April 15th, 2020
Paper acceptance: May 31st, 2020
Early registration: February 28th, 2020
One registration per paper is required.
The Proceedings will be published on Lecture Notes in Civil
Engineering (Springer) and indexed in Scopus and WoS.

Venue
The Workshop will take place in the city center of Naples, at
Pacanowski Palace, overlooking the entire Gulf of Naples with
Castel dell’Ovo and the new “freed” waterfront.

