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Message from the President, 
Zhisen Wu, Ph.D. 

Dear Members of ISHMII Community, 

I am delighted to inform all members of ISHMII community 
that after a period of lapsed publication, once again we will 
be resuming the production of The Monitor, the official 
magazine of our Society.   Special thanks to Professor 
Douglas Thomson of the University of Manitoba, Canada 
for accepting the responsibility of serving as the Editor of 
this important publication. 

The Monitor, as one of the two major publications of our 
society, plays a significant role.  As the official public voice 
of ISHMII, it is a valuable and effective forum to share the 
news of the activities and achievements of our society and 
its constituencies with the entire membership and with 
other professional societies.  The other major publication 
of ISHMII is our official journal, Civil Structural Health 
Monitoring (CSHM) which is published under the 
leadership of Professor Farhad Ansari. CSHM is now 
indexed in eSci Journals Publishing and we hope it will 
soon be accepted for ISI indexing.  

I want to take advantage of this opportunity to encourage 
and invite all of you to help us sustain the publication of 
The Monitor by contributing noteworthy news of your 
activities, and by sharing technical reports and case 
studies from the projects and research studies carried out 
by researchers and practitioners in the structural health 
monitoring community from across the globe.  News and 
reports focusing on the latest developments and 
application of SHM technologies and best practices in 
SHM are particularly welcome. 

Please also allow me to use this opportunity to share 
some highlights of ISHMII’s recent activities and 
achievements: 

•  As you may know, SHMII-9 conference (https://shmii-
9.mst.edu/) will be held in the city of St. Louis, USA, on 
August 4-7, 2019.  We expect this conference will set a 
new record for the highest number of attendees. If you 
have not already done so, please make sure to complete 
your submission and registration for attending this great 
meeting.   

•  Three distinguished members were awarded for Aftab 
Mufti Metal for lifetime achievements theses colleagues 
included: Professor Farhad Ansari, Professor Yozo Fujino 
and Dr. Wolfgang Habel.  I would also like to inform you 
about the results of ISHMII Council’s vote for the selection 
of new ISHMII Fellows.  Out of five candidates nominated, 
two members who received a majority of the council's 
votes are recommended by the ISHMII 
Executive Committee as the newly elected 
ISHMII Fellows.  These two candidates 
include:  Professor Genda Chen (Missouri University of 
Science and Technology), and Professor Branko Glisic 
(Princeton University).  Please join me in extending our 
congratulations to our awardees and our new Fellows. 
Please contact Marco Proverbio 

•  EC had a long deliberation on the restructuring and a 
more efficient operation of the council for activation. Soon, 
we will have more vacant positions to fill and to rejuvenate 
our council. 

•  ISHMII sponsored the 2nd International Workshop on 
Resilience that was held on October 31-November 2, 2018 
in Nanjing and Shanghai and hosted by Southeast 
University and Tongji University.  This workshop was a 
great success.  Three Working Groups outlined a new 
roadmap for future directions and a book of proceedings 
containing keynote and invited papers will be published in 
the near future.   The next workshop will be held at UCLA 
in Los Angeles in early 2020.  ISHMII will be the official 
host of this series event. 

• ISHMII executive committee has put in motion the 
process to establish a charitable foundation, to be 
registered in Canada in 2019 with the approval of the 
ISHMII Council.  This charitable entity, to be called the 
International Structural Health Monitoring of Intelligent 
Infrastructures Foundation, will pursue a vision that 
promotes the education and development of tomorrow’s 
professionals interested in infrastructure monitoring.  The 
purpose of the Foundation is to receive and maintain 
charitable funds and to apply all or part of the principal and 
income from those funds to eligible charities in support of 
activities that promote the discipline of structural health 
monitoring.  

•  We have initiated four new committees that are now 
operational including: 1) Standardization, 2) Early Career 
Professional,  3) Corporate and Industry Partnership, and 
4) Resilience.  We are now planning to initiate the process 
for the formation of new committee on the rapidly 
emerging and important area of AI in Intelligent 
Infrastructure.  This is an area closely related to the 
mission and the activities of our Society. Your participation 
in the activities of these committees are much welcomed 
and appreciated.  

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, EC will work closely with all of you to further 
enhance the administrative operation and functions of our 
professional society.  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 beginning of the 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 a 
collective effort of all of us. 

 

 

I S S U E  
W I N T E R  2 0 1 9  

My sincere wishes to all of you and your loved ones for a 
Happy and Prosperous New Year filled with good health, 
professional and personal success. 

 

https://shmii-9.mst.edu/
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A Brief Report: The 2nd International Workshop 
on Resilience was held on October 31-Novemebr 1, 
2018 in Nanjing, and on November 2, 2018 in 
Shanghai, China. The 1st International Workshop on 
Resilience was organized in 2016 by Professor Gian 
Paolo Cimellaro who currently serves as the founding 
Chair of ISHMII’s Resilience Committee. This recent 
successful workshop was jointly organized by 
Southeast University, and Tongji University and was 
co-Chaired by Professor Zhishen Wu from Southeast 
University and Professor Xilin Lu from Tongji 
University. 

The workshop brought together about 30 keynote and 
invited speakers and over 100 participants from civil, 
mechanical, systems, and earthquake engineering, 
security systems, risk and reliability assessment to 
brainstorm and to develop more effective approaches 
for the grand challenges facing the resilience of 
critical infrastructure systems.   The keynote and 
invited presentations emphasized the important role 
that the advances in fundamental and applied 
research in the field of structural health monitoring 
over the past two decades have resulted in significant 
progress achievements in resilience of critical 
infrastructure.  In particular, research in the areas of 
smart technologies and smart cities are 
complementary to the research in resilience of critical 
infrastructure.    

Some of the key recommendations of the workshop 
included:  

• The importance of the development of new 
strategies and processes to assure that increasingly 
interconnected critical infrastructure s ystems become 
more resilient and withstand the threats of man-made 
and mega natural hazards, and extreme events.  
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• Ever increasing pace of urban development required 
that we build more resilient critical infrastructure and 
communities by considering uncertainty quantification, 
advanced statistical techniques, and probabilistic 
methods. 

• The emerging concept of smart cities, and the 
research achievements in structural health monitoring 
provide an opportunity to combine advances in modeling 
and smart technologies.  This will promise an 
opportunity for groundbreaking discoveries to improve 
resilience of critical infrastructure systems and to 
transform infrastructure  from physical structures to 
responsive systems. 

 

 

 

 

 

 

 

 

 

Prof. Lili Xie, China 

This two-day workshop included both keynote and 
invited lectures to promote an awareness of the state-of-
the-art in the field of  critical infrastructure resilience and 
to identify the challenges that lie ahead. To facilitate the 
identification of critical issues to be addressed, three 
working groups were formed.  Working Groups’ 
discussions identified pressing grand challenges facing 
the resilience of critical infrastructure that require 
interdisciplinary research roadmaps that aim to 
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The 2nd International 

Workshop on Resilience, 

Sponsored by ISHMII 

(continued) 

The working group discussions were strongly 
shaped by the cross-disciplinary research and 
educational perspectives of the workshop 
participants. The grand challenge problems 
identified should be considered as the priority 
issues facing the critical infrastructure research in 
the coming decades. 

The workshop recommendations focused on 
greater adoption of multidisciplinary research 
strategies, embracing mega natural and man-made 
hazards, socio-economic, intelligent technologies 
and data analytics. 

Professor Aftab Mufti, Zhishen Wu and Jinping Ou, 
who played an active role in providing valuable 
directions and guidance at this workshop discussed 
the contributions of ISHMII that resulted in the 
initiation of the International Workshop on 
Resilience and elaborated the important role that 
ISHMII’s sponsorship and support has played in the 
success of this Workshop and in the future plans 
for establishing this Workshop as a standing 
international forum for the exchange and 
development of research in the multi-disciplinary 
field of critical infrastructure.    

The participants agreed to hold the next biennial 
International Workshop on Resilience in Los 
Angeles in January 2020.  It is anticipated that 
ISHMII will continue its sponsorship and support of 
this relevant and important meeting.     

Professor Zhishen Wu 

 

 

 

 

Prof. Aftab Mufti, Canada 

 

Prof Zhishen Wu, President ISHMII 



  



 

 

  

Early Warning Threshold Standard for Structural Health Monitoring 
System of Long-span Bridges 

 The first Chinese standard for early warning in 
structural health monitoring, Early Warning 
Threshold Standard for Structural Health 
Monitoring System of Long-span Bridges (T/CECS 
529-2018), has been approved by China 
Association for Engineering Construction 
Standardization (CECS) and implemented since 1st 
November 2018. This standard supplies obvious 
early warning thresholds, which is very practical 
and pushes the progress of standardization for 
structural health monitoring. 

Coordinated by Prof. Ting-Hua Yi at Dalian 
University of Technology for two years, the 
Standard is co-authored by the scholars and 
practitioners from Dalian University of Technology, 
Holsin Engineering Consulting Group Co., Ltd., 
Chongqing University, Dalian 3D Civil Engineering 

   

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Co., Ltd., Southeast University, Harbin Institute of 
Technology, Hefei University of Technology, Hohai 
University, Huazhong University of Science and 
Technology, Hunan University, Shijiazhuang 
Tiedao University, JSTI Group Co., Ltd., Tongji 
University, Tianjin University, Xiamen University, 
Xiamen Holsin Engineering Design Institute Co. 
Ltd., The Hong Kong Polytechnic University, 
Zhejiang University, and China Railway Major 
Bridge Reconnaissance & Design Institute Co., 
Ltd.. 

The Standard has been widely circulated among 
practitioners and researchers in China for 
consultation, and reviewed by a reviewing 
committee formed by CECS before putting it in 
force. 
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The Standard consists of six chapters, appendix, 
and explanations. 

The main contents are listed as follows:  

 
1. General Provisions 
2. Terms and Symbols 

2.1  Terms 

2.2  Symbols 

3. Basic Requirements 
4. Thresholds of Loads 

4.1  Natural Loads 

4.2  Man-made Loads 

5. Early Warning Thresholds for Bridge 
Components 

5.1  Towers 

5.2  Cables 

5.3  Girders 

5.4  Piers 

5.5  Anchorages 

5.6  Foundations 

5.7  Expansion Joints 

5.8  Supports 

6. Early Warning Thresholds for Whole 
Bridges 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Author; 
Prof. Ting-Hua Yi Dalian 
University of Technology 
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Improving asset management through sensor-data interpretation 
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Infrastructure-asset management is a challenge. 
Functional changes and future-proofing of built-
environment assets, such as bridges, are often required 
to accommodate changing mobility needs. The good 
news is that existing structures often show a reserve 
capacity that can be exploited. Taking advantage of 
advanced finite-element simulations and measurements 
collected from the as-built structure, we can identify 
models that are able to represent the real behaviour of a 
structure with a defined confidence.  As a consequence, 
quantifiable benefits arise since structural replacement 
and costly interventions can be avoided while optimizing 
the use of available resources. 

Error-domain model falsification [1] (EDMF) is a 
structural-identification methodology that helps identify 
candidate models – models that are compatible with 
behaviour measurements – among an initial-model 
population. In the EDMF method, uncertainties 
associated with modelling and measurements are 
combined to determine threshold bounds according to a 
target reliability of identification. Models for which 
residuals exceed these bounds, at one or more sensor 
locations, are falsified, while plausible models are 
included in the candidate model set (CMS). An EDMF-
compatible iterative framework for data interpretation 
and its application for performance assessments  is 
described in [2]. 

The general framework to evaluate the reserve capacity 
of existing structures using EDMF is shown is Figure 1. 
Initially, EDMF is used to identify the CMS. Then, the 
reserve capacity is assessed either through computing 
failure probability of the CMS – when serviceability limit 
states (SLS) are investigated – or using the global 
resistance safety factor [3] – when ultimate limit states 
(ULS) are investigated. These values are on top of 
standard safety factors prescribed by codes. 

Since reserve capacity estimation requires the increment 
of applied loads until a limit state is reached, several 
simulations must be computed for each candidate 
model. In the elastic behaviour (i.e. for the SLS), the 
linear relationship between load magnitude and model 
predictions allows direct determination of predictions 
under increasing loads. When the ultimate reserve 
capacity is investigated, predictions should be computed 
using finite-element solvers for each candidate model 
and each load step until failure. This iterative process is 
carried out using non-linear finite-element analyses, 
which are usually computationally demanding and time 
consuming. Therefore, a probabilistic approach, in which 
all candidate models are used for predictions, is 
appropriate for the SLS reserve-capacity estimation 
while a global safety-factor approach, in which a small 
subset of candidate models is taken into account, is 
suitable for the ULS.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 - General framework for reserve-capacity 
assessment 
The structural identification of a reinforced-concrete 
bridge is used to estimate the reserve capacity for 
serviceability (SLS) and ultimate limit states (ULS). 
Traffic-load specifications (Figure 2) of design-stage 
codes (British Code - 1978) and current codes 
(Eurocodes with the national annexes for Singapore) are 
compared.  

 

Figure 2 - Serviceability limit state (SLS) traffic loads 
according to the British Standards 1978 a) and the 
current national Annex to Eurocode 1 b). 

Table 1 shows that, typical conservative practices 
carried out during design and construction have led to 
an as-built reserve capacity of 60%. A large proportion 
of this as-built reserve capacity has been exploited to 
accommodate increases in traffic loading that are 
required by current codes. However, the bridge still 
exhibits serviceability and ultimate reserve capacity – 
above all currently specified safety factors – that is 
higher than 20%. Such a reduction in reserve capacity 
may be less significant in countries where relevant code 
specifications have not undergone such dramatic 
changes. 

Table 1 – Ultimate and serviceability reserve capacity 
assessments.  

Stage 
Design values of 
traffic-load 
specifications 

Reserve 
capacity 

SLS ULS 

Design and 
construction – 
1986 

British Codes 1.64 1.79 

Assessment – 
today  

Eurocodes 1.29 1.21 
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The SHM System 
for Zhuhai Opera 
House, China 
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Figure 1. The architectural drawing of Zhuhai Opera House 

 
The Zhuhai Opera House consists of grand theatre, little theatre and a 
shared lobby between two theatres. Total construction area is about 
59313m2. All theatres are in shell shapes, the structure in construction is 
shown in Figure 1. For the grand theatre, the main body’s ground and 
underground height are respectively 40 m and 4.5 m; the height of shell is 
90 m. For the little theatre, the main body’s ground and underground height 
are respectively 18 m and 4.5 m; the height of shell is 55.6 m. Moreover, 
the main structure of this building is reinforced concrete structure; while the 
shell structure is spatial steel structure, and the curtain wall clings to it. 

Zhuhai is located in the south china coast which is a severe typhoon 
affected area. Simultaneously, Zhuhai Opera House is located at the Yeli 
Island, which is a typical wind load control structure. In addition, the unique 
shell shape will lead to the formation of narrow tuyere, which makes the 
structural wind effect more complex. So the SHM system is established to 
guide the construction, track the change of performance of key member, 
and evaluate the structural safety and comfort. In construction phase, the 
measurands are stresses, displacements and temperatures. In service 
phase, the measurands will be stresses, temperatures, wind pressures of 
important region of steel structure, wind speed and accelerations. The 
sensing system has 226 sensors of 6 different types, the detailed 
information is shown in table 1. The installation of sensors is shown in 

  

 
 

 

 

 

Figure 2. The installation of sensors on 
the steel members 

 

Table 1. The detail sensing system of SHM system of Zhuhai Opera 
House 

monitoring 
contents types of sensors number of 

sensors locations 

displacement total station and prism 32 larger and small shell, 
skylight 

stress vibrating wire 
extensometer 72 

larger and small shell, 
skylight, platform 

beam 

temperature digital thermal sensor 72 
larger and small shell, 

skylight, platform 
beam 

wind pressure Setra Model 264 32 outside surfaces of 
large shell 

wind speed anemometer 2 close to large shell 

structural dynamic 
characteristics 

piezoelectric 
accelerometer 16 outside surfaces of 

large shell 

 

http://www.hitsz.edu.cn/en/
http://www.hitsz.edu.cn/en/
mailto:tengj@hit.edu.cn
mailto:xiaoyq@hit.edu.cn
mailto:lu.wei@hit.edu.cn
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Binary Crack Sensor; an Innovative System for Crack Detection in 
Steel Girder Bridges 

 
Bridges are key elements in transportation systems. 
FHWA reports show that 30% of bridges in USA are 
steel bridges of which approximately 16% are deficient. 
One of the critical deficiencies in aging steel bridges is 
crack formation in the steel girder and then its 
propagation under cyclic loading or due to fracture of the 
material which may eventually result in the failure of the 
service of the girder. Figure 1 shows two examples of 
crack formation and propagation into the web of steel 
girders. 

 

Figure 1 (a) Diefenbaker Bridge (25 mm crack opening,  
(b) Brandywine River Bridge [1], [2] 

Therefore, to prevent the unpredictable loss of service 
and associated expenses, it is critical to detect cracks 
before they reach a length that compromises the safety 
of the structure. Distributed sensors are required to 
monitor every possible points of crack formation. 
Available distributed crack monitoring techniques are 
excessively costly to be applied to typical short and 
medium span bridges. In this work, an innovative 
distributed binary crack sensor has been developed. The 
sensor can be installed on the entire length of steel 
girders of bridges at a fraction of the cost and is capable 
of detecting cracks with opening of 0.2 mm or less. The 
crack sensor is composed of a thin wire- (0.09 mm 
diameter) and an adhesive.  

 

Figure 2- Binary crack sensor installation on the entire 
length of the girder 

An experimental apparatus has been designed to 
simulate the crack opening on the web of steel girders 
and materials have been tested on the apparatus. The 
detected crack openings from experiments on the 
apparatus for 6 samples are shown in Table 1. 

Table 1- Detected crack opening, using the binary crack 
sensor on experimental apparatus 

A Finite Element Model of the sensor has been 
simulated in ABAQUS to study the effect of different 
parameters such as bonding properties between wire 
and epoxy as well as position of the wire in the epoxy on 
the detected crack opening. Figure 3, shows that the FE 

        

 

 

 

 

 

 

 

Figure 3- Detected crack opening- results from Finite 
element simulation are in good agreement with the 
experimental ones 

The crack sensor then has been tested on small-scale 
girder in the lab in ambient temperature. Figure 4, shows 
the small scale girder and placement of the crack sensor 
on the girder. The sensor has also been tested on the 
girder in an environmental chamber for two extreme 
temperatures of -30ºC and +40ºC. The study shows that 
temperature has minimal effect on the performance of 
the crack sensor. Table 2, shows the detected crack 
opening at ambient temperature, -30◦C and +40◦C. 

 

 

 

 

 

 

 

Figure 4- Testing the crack sensor on small scale girder 
in the lab 

 

 

 

 

 

 

 

Table 2- Detected Crack Opening at ambient 
temperature and two extreme temperatures 

A Finite Element Model of two typical steel girders from 
two medium span bridges predicts that a binary cracks 
sensor 15 cm to 25 cm above the tension flange will 
detect crack that have grown to a length of 35-40 cm at 
the threshold of 0.2 mm detection. The FEM analysis 
also predicts that 35-40 cm long cracks do not 
compromises the safety of the structure. 

The distributed binary crack sensor has been field tested 
for more than a year on a real-scale girder of a bridge in 
Canada to study the installation procedure and effect of 
environmental condition on the sensor. Figure 5 shows 
the installation procedure. 

 

 
 

Crack sensor 
installation 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 5- Crack sensor installation 
on a medium span steel girder 
bridge in Canada 
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The SHM System for KingKey 
Financial Center, China 

 

 

 
 
 
 
 
 
 
 

 
 
 
 
 

 
Figure 6. The installation of 
anemometers on the top of 
the structure 
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Figure 1. The picture of KK100 

 
The KingKey Financial Center is also called KingKey100 (KK100), which has 100 floors in 441.8 m height. The 
KK100 consists of inner tube and outer tube, which are reinforced concrete shear wall structure and concrete filled 
steel tubular mega structure, respectively. The structure is shown in Figure 1.  

The KK100 is located in Shenzhen, China, which is a coastal city and typhoon affected area. The high-rise structure 
such like the KK100 is wind sensitive structure. Meanwhile, the vibration of the structure may let the people inside feel 
uncomfortable. As the above aspects were considered, the SHM system is established to monitor the accelerations, 
track and simulate the wind environment by combining the variation measurements of wind pressure and wind 
velocity, and evaluate the structural comfort. In service phase, the measurands are accelerations, wind pressures, 
wind velocities and wind directions, which are measured by accelerometers, wind pressure sensors and 
anemometers. The layout of sensor system on KK100 is shown in Figure 2. The accelerometers are installed in the 
northeast corner and southwest corner of each selected floor, which are shown in Figure 3 and Figure 4. The wind 
pressure sensors are installed in the lattice pattern, which are shown in Figure 5. The anemometers including 
propeller anemometer and ultrasonic anemometer are installed on the top of the structure, which are shown in Figure 

  
 

 

 
Figure 2. The layout of sensor system on KK100 

 
Figure 3. The layout of accelerometers in each 
selected floor 

 

 

 

 Figure 4. The installation of accelerometers on the 
48th floor 

 

 

 

 Figure 5. The installation of wind pressure sensors 
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Contactless Monitoring of Civil Infrastructure with Image-Assisted 
Total Stations 

 The typical measurement systems which are used 
for the monitoring of civil infrastructure, such as 
inclinometers, accelerometers, GNSS equipment or 
robotic total stations, have the disadvantage that they all 
require access to the monitored structure. For example 
when using inclinometers or accelerometers, the 
measurement sensor itself, including power supply and 
data logger or data transmission, must be installed in the 
region of interest. For measurements with robotic total 
stations at least a retroreflective prism must be placed at 
the monitored structure. This is unfavorable in situations 
in which the region of interest is hard to access or 
access is restricted due to safety reasons. 

Therefore, a measurement system based on a state-of-
the-art image-assisted total station (IATS) and self-
developed software is presented. An IATS extends a 
conventional total station by one or more additional 
cameras. Currently, the number of readymade 
applications which use these cameras as measurement 
sensors is very limited. Accordingly, self-developed 
software is required for image-based measurements. 
For measurement purposes, especially the telescope 
camera which is mounted inside the optical path of the 
telescope (30x optical magnification) is of interest. For 
the evaluated IATS Leica MS60 [1], one pixel of the 
telescope camera’s image data corresponds to 1 mm at 
a distance of 100 m. As the image-based measurements 
can be conducted with sub-pixel resolution, highly 
accurate IATS measurements can be expected. The 
total station capabilities of the IATS, such as the 
motorized telescope, the tilt compensator or the 
electronic distance measurement (EDM) unit, offer 
advantages over pure imaging systems, e.g. stability 
control or an accurate conversion of measured pixel-
movements to units of length. 

The measurement system has been evaluated for 
dynamic deformation monitoring, in which the 
frequencies of the structure’s oscillations are of interest, 
in different experiments [2-7]. The frame rate of 30 fps of 
the telescope camera hereby allows a detection of 
oscillations with frequencies of up to 15 Hz. 

The measurement system was also tested for static 
deformation monitoring in which the movements of 
selected points are observed over longer periods. 
Hereby, the experimental setup of Alten et. al [8] was 
used. For an instrument position located more than 20 m 
away from the monitored pre-stressed concrete bridge, 
measurements were conducted towards the monitoring 
areas A-I (cf. Figure 1). By using the image data of the 
IATS, these areas can be represented by natural targets 
instead of retroreflective prisms which would be 
necessary for conventional total station measurements. 
Between the monitoring areas A and B, the bridge pillar 
was damaged by holes filled with a non-explosive 
demolition agent [8]. 

 

 

Figure 1: Experimental setup with position of IATS and 
monitoring areas A to I represented by natural targets 
instead of prisms. 

Figure 2 depicts the movements of the monitoring areas 
A-I in vertical direction and along the bridge axis in 
which the resolution of the measurement results of a few 
0.01 mm is pointed out. The time difference refers to the 
time of the injection of the non-explosive demolition 
agent. What can be observed is that the movements of 
the monitoring areas depend on their location on the 
bridge (especially for the areas on the bridge deck). 
What can further be observed is that there is an offset 
between the area A and the other areas on the bridge 
pillar which is caused by the demolition of the bridge 
pillar. For Δtime = 23h, the movement vectors of the 
monitoring areas are illustrated in Figure 3. The 
movement vectors indicate an inclination of the bridge 
deck and the bridge pillar in which the inclination occurs 
as a rigid body movement. Hereby all monitoring areas, 
except for area A over which the pillar was damaged, 
follow the same rigid-body movement. 

 

Figure 2: Movements of the monitoring areas A-D (on 
bridge pillar) and H-I (on bridge deck) in vertical direction 
an along the bridge axis. 

 

 
 
 
 
 
 
 
 
 
 

 

Figure 3: Movement vector 
for time point 23h with 
inclination of bridge deck and 
bridge pillar. 
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Figure 2. Experimental setup of 
full-scale PCCP with DFOS 
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Monitoring Incipient 
Damages in Large 
diameter Pre-
stressed Concrete 
Cylinder Pipes with 
Distributed Fiber 
Optic Sensors 

 

 
Pre-stressed concrete cylinder pipe (PCCP) is the 
large diameter and high strength pipe which is 
extensively used in water or wastewater transmission 
mains. According to the past experiences, PCCP fails 
may occur after a certain time of service due to the 
structural deterioration. Failures of PCCPs usually occur 
suddenly and cause the adverse effects on the public 
such as leakage of contaminants, disruption to 
transportation networks, and potential for injury or even 
fatalities. To avoid the PCCP failures, it is motivated to 
develop the technologies for monitoring the early-stage 
damages in large diameter PCCPs. 

Prestressing wires is the most important load-bearing 
component in PCCP. The common cause of PCCP 
failure is that the wire breaks due to corrosion reduce the 
structural integrity of the pipe. Due to the initial defects 
or overloading conditions, the microcracks may exist in 
the coating of PCCP. The microcracks provide paths for 
chemicals from the outside environment to reach the 
prestressing wires, and then the corrosion starts. As the 
pipe ages and the slow corrosion process goes on, the 
prestressing wires fail because of hydrogen 
embrittlement or stress corrosion cracking. Wire breaks 
cause more cracks and delamination in the coating and 
concrete core, making it easier for the groundwater to 
reach the prestressing wires, and more breakages 
occur. Once a critical number of prestressing wires 
break, the concrete core collapses, the cylinder bursts, 
and finally, the PCCP fails. Accordingly the presence of 
the microcrack in the coating indicates the initiation of 
the structural deterioration of PCCP. The coating crack 
is an important sign of the incipient damages in PCCP. 
Therefore, monitoring coating cracks can provide the 
critical information for structural performance of large 
diameter PCCPs. 

In this report a distributed fiber optic sensor (DFOS) 
based method is presented for monitoring the incipient 
cracks in the coating of the large diameter PCCPs. To 
verify the feasibility of the proposed method, a series of 
prototype tests were performed on a large diameter 
PCCP (DN3800 × 5000/P0.6) with internal water 
pressure up to 1.6 MPa. For sensing the distributed 
stress (strain) and crack in the coating, parallel topology 
is selected as the best feasible configuration for both 
circumferential and longitudinal directions on the outer 
surface of PCCP. For the circumferential sensing, the 
parallel topology consists of at least three parallel 
sensors in one pipe segment. Two circumferential 
sensors are placed at the locations one meter from each 
end, and another circumferential sensor is mounted in 
the middle cross section of the pipe segment.  

 
Figure 1. Sensor topology for one pipe segment 

 

For the longitudinal sensing, the parallel topology 
includes four parallel sensors along the pipe axis. Four 
longitudinal sensors are installed on the pipe crown, 
invert and springlines, respectively. The sensor 
placement of a pipe segment is schematically plotted in 
Figure 1. With this sensor topology, the early damages 
of PCCP can be detected by the distributed strain 
measurements from FOSs. The sensors on the different 
pipe segments are connected to form the distributed 
sensor networks for the pipelines. 

Brillouin optical time domain analysis (BOTDA) based 
DFOS was adopted to achieve the distributed strain 
measurement in this report. The sensor is referred to as 
the poly-elastic strain cable (PESC), which consists of a 
sensing optical fiber and a high strength polymer jacket. 
The merits of the PESC are the small size and good 
strain transfer, features that make it more sensitive to 
the small damages such as crack in the coating of 
PCCP. Two different installation methods were adopted 
in this report. The first approach is surface bonding and 
the second one is the embedding. The surface bonding 
approach glues the sensing cable on the surface of the 
coating. The embedding approach initially slots a 5 × 5 
mm groove on the coating surface, and then the sensing 
cable is clamped inside the groove. For two installation 
approaches, the sensors are protected by the high 
strength cement after they are glued by epoxy resin. The 
validation tests proved that the two installation 
approaches were satisfied for strain transfer but the 
surface bonding solution is less time-consuming. 
Consequently, the surface bonding approach is 
recommended for field applications. 

To validate the feasibility of the proposed method, the 
monitoring experiments were conducted on a full-scale 
PCC by using DFOSs. The internal diameter and the 
length of the test pipe are 3.8 m and 5 m, respectively. 
The design value of the internal pressure is 0.6 MPa. 
One end of the pipe was fixed on the test platform, which 
was for the static water pressure testing. After the test 
pipe was placed at the testing facility, the distributed 
sensors were installed by the previously mentioned 
method. All the sensing cables were connected by the 
leading fibers to form a distributed sensor network for 
monitoring the experimental structure. The NBX-6050A 
PPP-BOTDA system (Neubrex Inc. Japan) was used in 
this test. In order to obtain accurate measurements, the 
spatial resolution was selected with 10 cm. The distance 
resolution was set as 5 cm, i.e. the measurement was 
performed at the points with 5 cm distance, and thus a 
real distributed sensing achieved with 10 cm spatial 
resolution. The experimental setup is shown in Figure 2. 

 

 



 

 

 

 

 

  

Figure 4. Measured strains of PESCs for the last four 
load cases 
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(a) Load case 3 

 
 
 
 

 
(b) Load case 4 

 
 
 
 

 
(c) Load case 5 

 
 
 
 

 
(d) Load case 6 

 

Figure 5. Computational 
circumferential strains in coating for 
load cases 3 to 6 
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In the current research, the test pipe was loaded by a 
series of internal pressures. According to Chinese code 
(GB/T 19685-2005, 2005), seven load cases were 
carried out, which are listed in Table 1. The maximum 
internal pressure is 1.6 MPa for the last load case, which 
is much greater than the design internal pressure. The 
larger load was applied for testing the overloading 
capacity of the pipe. In each load case, the internal 
pressure was monitored by the pressure gage. After the 
internal pressure was stable, the distributed strain 
measurements were performed and the readings were 
recorded. 

 

 

 

The PESCs were used to monitor the circumferential 
strains at lower, central and upper loops of the test pipe. 
The measurements of the first three load cases are 
plotted in Figure 3, while the data of the last load cases 
are shown in Figure 4. In Figure 3, the measurements of 
three different loops have the good correlation, which 
indicates the reliability of the DFOSs. In Figure 4 the 
irregular data appear from load case 4. As the internal 
pressure is increased, the number of the irregular points 
is increased. The very large values in measured strains 
indicate the damage happened in the coating of PCCP. 
Some data points which tend to be zero or negative 
values mean that the bonding interface between sensing 
cable and substructure were destroyed by the strain 
singularity of pipe coating due to surface damage. 
Because the appearances of the coating damages are 
uncertain, the locations of the strain irregularities are 
different for lower, central and upper loops. However, it 
highlights the benefit of distributed sensing, which is 
able to provide the full circumferential strain profiles. 
Although the irregularities related to the damage of 
PCCP were detected by the distributed FOSs, the visible 
cracks were not found in the experiments. 

To validate the effectiveness of the distributed 
monitoring, the numerical simulations were carried out 
for the testing pipe. The numerical simulations were 
conducted by using Abaqus. Due to the space limitation, 
only the computational circumferential strains of the 
mortar coating for load cases 3 to 6 are shown in Figure 
5. In load case 3 the average value of the circumferential 
strains is about 116 με, which shows good agreement 
with the measured data of PESC. When the internal 
pressure reached 0.94 MPa, the microcracks appeared 
in the mortar coating because the cracking strain of 
mortar is 144 με. In load case 4 (i.e. internal pressure is 
1.0 MPa), the cracks were detected by DFOS in the 
coating. The numerical results demonstrate that the 
cracking regions and plastic strains expand with the 
increase of the load. The computation strains in the 
uncracked regions have the correlation with the 
distributed measurements except for the irregular points. 
The irregular points observed in the measured strains 
are less than those in the computational results because 
the sensing cable that bridges the crack smooths the 
singularity of the crack of the mortar coating. According 
to ANSI/AWWA C304 (2007), the critical strain 
corresponding to visible cracking is 1152 με. The 
numerical results demonstrate that the visible cracks did 
not occur for all load cases since the maximum plastic 
strain were much less than 1152 με, which correlates 
with the fact that no cracks were found by visible 

     
 

 

Figure 3. Measured strains of PESCs for the first 
three load cases 

 

In the numerical simulations, no damages are happened 
in concrete core, steel cylinder and prestressing steel 
wires. The numerical results verified that the DFOSs can 
provide the warning sign of early damages in large 
diameter PCCP. 

According to the experimental and numerical 
investigations, the DFOSs can provide the warning sign 
of early damage in large diameter PCCP. The second 
stage of this research is to apply the above monitoring 
approach to the real PCCP engineering. The sensor 
installations have been finalized in a water transmission 
project in Northeast China, and the long-term monitoring 
will start after the project is completed. 

 

 

 

 

 

 

 

 

 



 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Integration of NLUT with 

SLs, (a) experimental setup, (b) 

transmission loss for periodic structure 

of 100 μm water 100 μm glass resulted 

from numerical studies, (c) frequency 

spectra of NLUT with and without SLs 

for the pristine specimen, and (d) the 

measured normalized acoustic 

nonlinearity (β) measured for 

plastically deformed aluminum 1100 

specimens in two cases: with and 

without SLs. 
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Enhancing Non-destructive 
Evaluation Methods by Applying 
Phononic Crystals 

 

 

Nondestructive evaluation methods based on the 
propagation of mechanical waves, including ultrasonic 
testing (UT) and acoustic emission (AE), have been 
implemented to assess the integrity of structural 
systems. Although the methods have been applied to 
damage detection in various civil structures, there are 
several challenges limiting their capabilities such as 
background noise reducing the minimum detectable 
flaws in the AE method and the influence of secondary 
sources to nonlinear ultrasonic testing.  

Here, we implement a new class of materials called 
phononic crystals (PCs) to control the propagation of 
mechanical waves. The PCs are periodic composite 
materials artificially created to generate features that do 
not exist naturally, such as band gaps. The formation of 
a band gap restricts the propagation of selected 
frequencies due to the periodic distribution of elastic 
parameters. Different types of PCs are developed in this 
research to enhance the damage detection capabilities 
of AE and nonlinear ultrasonic testing (NLUT).  

(a) The noise isolation is developed using two-
dimensional PCs in a metallic structure such that a 
single AE sensor is sufficient to monitor the crack activity 
at a particular location. The PC structure is formed by 
attaching cylinders periodically on the surface of the 
plate. Numerical simulation in COMSOL Multiphysics 
software is used to obtain the dispersion curve of the PC 
structure. Then, the material properties and geometry 
are tailored to obtain the band gap in the frequency 
range of interest (Fig.1). Here, we select a band gap 
around 150 kHz to work in accordance with conventional 
R15 transducer (with central frequency of 150 kHz) used 
in metallic structures. The final geometry is made of 
aluminum 7075 cylinders with diameter of 6.35 mm and 
height of 9 mm placed periodically with lattice size of 8 
mm. The performance of the PC structure integrated 
with AE monitoring is evaluated through the fatigue 
testing of standard compact specimens. Two sets of 
specimens are prepared and tested experimentally: plain 
and stubbed specimens (Fig.2). The stubs are placed to 
block the noise from the grip location, while the AE 
events from the notch area could reach to the sensor’s 
location. The R15 sensor connected to the AE data 
acquisition system is used to collect the AE data. An 
optical microscope is employed to monitor the crack 
initiation and measure the crack length. The cumulative 
energy of events resulted from the plain and stubbed 
specimens indicate that the AE events received by the 
R15 sensor decrease by two orders of magnitude for the 
t bb d l  (Fi 2)   

 

 

 

 

The measured crack length is plotted along with the 
cumulative energy of AE events in Fig. 2. The crack 
propagation is well correlated with the changes in AE 
energy received by the R15 sensor for the stubbed 
sample, which confirms that the crack activity coming 
from the notch area is collected by the sensor. In 
contrast, the results of the plain sample are highly 
influenced by the secondary emissions in addition to 
primary emissions released from the notch tip.  

 

Figure 4. The cumulative energy events and the crack 
propagation for the stubbed and plain samples 

(b) One of the well-known NLUT methods is second 
harmonic generation (SHG), which is based on the 
distortion of ultrasonic wave confronting the micro-
structural features in materials. This distortion produces 
higher harmonics, which can be detected by the 
receiving transducer tuned to the higher harmonics of 
the fundamental frequency. The amplitudes of the 
fundamental and second harmonic frequencies are 
measured to calculate the extent of acoustic nonlinearity 
(β) in materials. While there is significant literature 
indicating the correlation of β and the microstructural 
features (e.g., fatigue, creep, plastic deformation), the 
major challenge is the generation of interfering higher 
harmonics in the experimental instruments and coupling 
medium, especially in immersion NLUT. Here we 
developed one-dimensional PCs called superlattices 
(SLs) to remove the nonlinearity arisen from water and 
instruments (Fig. 3(a)). The numerical results 
demonstrate that periodic layers of 100 μm water and 
100 μm glass provides a band-gap that blocks 4.5 MHz 
(the second harmonic frequency), while passing 2.25 
MHz (the fundamental frequency) (Fig. 3(b)). The 
improvement in the immersion NLUT using SLs is 
demonstrated through detection of micro structural 
changes in plastically deformed aluminum specimens 
(Fig. 3(d)). The results reveal that the NLUT sensitivity is 
enhanced by an order of magnitude using SLs (Mostavi 
et al. Apply. Phys. Lett. 111, 201905, 2017).  

 
Figure 5. The dispersion curve of the two-dimensional 
PC structure, indicating the band gap formation near 150 
kHz 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ISHMII News  
 
The Seventh Civil Structural Monitoring and Control Conference for Cross-Strait 
College Faculty and Students was held at National Taiwan University on the 5th 
through 8th of July, 2016. This conference aims at providing a platform for researchers, 
college professors and graduate students working in the field of structural monitoring 
and control to communicate with each other about their latest research development. 
Initiated in 2010, this conference is held annually and hosted alternately by universities 
from Mainland China, Hong Kong, Macao and Taiwan. Before this year, the first through 
six conferences were hosted by Zhejiang University (2010), The Hong Kong Polytechnic 
University (2011), National Taiwan University (2012), Tongji University and Inner 
Mongolia University (2013), Chang'an University (2014) and Xiamen University (2015) 
hosting. The conference was jointly hosted by National Taiwan University and National 
Center for Research on Earthquake Engineering (NCREE) in Taiwan this year. 

The conference in this July gathered more than 100 participants from 30 universities in 
Mainland China, Hong Kong and Taiwan. The chairman of the Department of Civil 
Engineering, National Taiwan University, Prof. Liang-Jenq Leu gave a welcome speech, 
followed by three keynote talks given by Prof. Keh-Chyuan Tsai of National Taiwan 
University, Prof. Chih-Chen Chang of the Hong Kong University of Science and 
Technology, and Prof. Ying Lei of Xiamen University, respectively. Prof. Tsai presented 
a novel implementation of buckling-restrained braces (BRBs) in new reinforced concrete 
frame construction and validated the implementation scheme using full-scale 
experiment. Prof. Chang summarized the latest progress and challenges for harvesting 
energy from structural vibration. Prof. Lei discussed several procedures for identification 
of structural damage using correlation function and Extended Kalman Filter (EKF). 

To encourage the participation of graduate students in the field of structural monitoring 
and control, this conference includes a student paper competition. A total of 48 high-
quality student papers were presented and discussed in the conference. The students 
participated in the competition not only presented their papers but also challenged their 
competitors with interesting questions. This competition has become an important 
tradition of this conference. 

At the end of the conference, Prof. Yiqiang Xiang of Zhejiang University welcomed 
everyone to continue participating in this conference next year, which will be jointly 
hosted by Zhejiang University and Zhejiang University of Technology in the Province of 
Zhejiang, China. 

 

Mississippi does not have the poorest rated bridges 
https://www.roadsbridges.com/still-lot-danger 
 
The state of Mississippi has shut down 122 bridges, and more closures could be on the 
way. 
https://mississippitoday.org/2018/04/16/more-than-100-bridges-slated-for-immediate-
closure/ 
 
Worldwide Analysis on the Structural Health Monitoring Market (2018-2023): 17.93% 
CAGR is Projected 
https://www.businesswire.com/news/home/20181024005372/en/Worldwide-Analysis-
Structural-Health-Monitoring-Market-2018-2023 
 
Cutting-edge technologies are contributing to the changing infrastructure and safety of 
Australian bridges, as well as a sustainable transport system for a growing country 
https://pursuit.unimelb.edu.au/articles/a-bridge-too-far 
 
How 2400 sensors and machine learning models keep Sydney Harbour Bridge spanning 
the decades 
https://www.computerworld.com.au/article/648145/how-2400-sensors-machine-learning-
models-keep-sydney-harbour-bridge-spanning-decades/ 
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