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ABSTRACT

Road infrastructures and particularly bridges can suffer structural damage due to
earthquakes threatening the efficiency of the transportation network and the possibility
to ensure prompt rescue operation. This particularly applies to existing bridges, most
of which have been designed and built according to outdated codes. Structural Health
Monitoring (SHM) systems can support the prompt assessment of bridges after
seismic events. However, reliability of modal based damage detection currently
depends on the accuracy of modal parameter estimates automatically obtained from
the analysis of the operational response of the monitored structure, and on the
capability of the measurement system to resolve low amplitude as well as strong
motions, eventually associated to saturation of sensors.

In the present paper, the performance of a modal-based SHM system for existing
bridges in seismic areas is assessed by shaking table tests on a 1:3 scale single span
bridge representative of existing highway bridges built in the 60s in Italy. Results
show that hidden damage can be identified on a remote basis, thus demonstrating the
interesting applicative perspectives of modal based SHM for fast assessment of
existing bridges in the early earthquake aftershock. The resilience to earthquake
shaking of the SHM system has been also assessed. Finally, specific data processing
procedures for earthquake response data are tested and compared with the results of
laboratorymeasurements.

INTRODUCTION

Several Italian reinforced concrete (RC) bridges have been designed and built
according to outdated codes, or even without any seismic detailing. Post-earthquake
damage surveys have shown that existing RC bridges with circular piers employing
poor seismic details often experience brittle failures.
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Post-earthquake surveys have also remarked the significant impact of strong
seismic events on the road network as well as the human life and economy. Thus,
effective countermeasures are needed to manage the aftermath of severe earthquakes
in the emergency phase.

Recognizing the need of developing further knowledge about the structural
behavior of structures built according to obsolete design codes or in the absence of any
consideration of seismic action, several Authors investigated the seismic performance
of existing bridges. This assessment has been usually based on nonlinear static or
dynamic analyses, and fragility curves for individual structures have been proposed to
support the definition of post-earthquake scenarios. However, the development of
fragility curves for individual bridges in a broad area can be unfeasible because of the
associated large computational efforts. Thus, parametric statistical approaches have
been proposed [1] in order to set effective decision-making strategies able to support
post-earthquake emergency management and rescue operations.

The above-mentioned tools are predictive approaches, which leave aside
experimental measurements of the structural response and require a comprehensive
and structured assessment of the bridge stock in a given area. Shaking table tests
represent an effective alternative to gain knowledge about the seismic behavior of
structures, eventually in combination with experimental modal analysis [2, 3]. On the
other hand, modal-based damage detection is a promising technique for near real-time
health assessment of structures in earthquake prone areas [4, 5]. As a result, a number
of research projects have been initiated in the field of civil engineering to assess the
potential of modal-based SHM technologies to evaluate the seismic performance of
existing bridges and identify structural damage [6]. In this perspective, advanced SHM
techniques can be addressed as innovative measures of seismic protection and
performance assessment.

Remote vibration-based damage detection in large structures, such as bridges, has
been traditionally challenging due to the need of analyzing large amount of data in a
fully automated way [7]. However, the recent development of effective automated
Operational Modal Analysis (OMA) procedures [8, 9] has promoted the extensive
application of dynamic monitoring in civil engineering. Nevertheless, earthquake
shaking might also cause saturation of sensors if the measurement chain is optimized
to record the ambient vibration response only; inadequate sensors can, in turn, affect
the reliability of SHM.

The present paper deals with an experimental laboratory study aimed at assessing
the performance of a modal-based SHM system installed on a scaled bridge model
subjected to a sequence of shakings by shake tables. The resilience to earthquake
shaking of the SHM system is also assessed. Finally, specific data processing
procedures for earthquake response data are tested and compared with the results of
laboratory measurements.

EXPERIMENTAL TESTS

The tested structure is a 1:3 scaled model of a single span bridge (Figure 1). Two
configurations are considered: a) as-built configuration - the deck supports consisted
of a steel cylindrical hinge (pinned condition) and a Polytetrafluoroethylene teflon-
steel slider (roller) with 1% nominal friction - ; b) retrofitted configuration - friction
pendulum isolators were installed under the deck -. The dynamic tests on the bridge
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model were carried out by means of the 3 m x 3 m bidirectional shake tables of the
laboratory of the Department of Structures for Engineering and Architecture at the
University of Naples “Federico II”, Italy [10]. The tested specimen was densely
instrumented to measure the local as well as the global structural response to input
ground motions of increasing amplitude. Similar PGA scale factors were adopted for
the as-built and the isolated bridge in order to compare the performance of the
structure in the two cases.
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Figure 1. Sensor layout for shaking table tests (a) and vibration based SHM (b)

The measurement system devoted to the shake tests consisted of a number of
strain gauges, laser devices and tri-axial accelerometers (Figure 1a). Moreover, eight
linear variable displacement transducers (LVDTs) were installed to monitor crack
opening at the base of pier I. The Laser Triangulation Displacement Sensors (LTDSs)
were instead used to measure the displacements along the two piers and the drifts.

The vibration based health assessment of the structure was carried out by
comparing the modal properties, estimated from ambient vibrations, before and after
the shakings and with turned off shake tables. Output-only modal identification was
based on data collected by an additional measurement system replicating a typical
vibration-based SHM system installed on existing bridges. No modal identification
was possible in between the shakings because of the disturbance of the pumps when
the shake tables were on.
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The vibration-based SHM system consisted of sixteen force balance
accelerometers wired to a centralized data acquisition and processing unit (Figure 1b).
Twelve accelerometers were located on the superstructure in order to observe the
fundamental bending and torsional modes, while additional four sensors (denoted by
asterisks in Figure 1b) were installed at the base of pier I (sensors #13 and #14), and
on top of it on the transverse beam (sensor #15) and on the deck (sensor #16).
Processing of the ambient vibration response of the bridge before and after the
application of the input ground motions considered only the twelve accelerometers
installed on the superstructure. The additional four sensors were, instead, characterized
by wider measurement range (=4 g instead of +£0.25 g) and devoted to the analysis of
the seismic response. A sampling frequency of 100 Hz was adopted. The collected
data were automatically processed to extract the modal properties of the structure by
ARES [9] and obtain displacement time histories from double integration of
accelerations. Data collected by the measurement system devoted to the shake tests
ensured an independent validation of the results obtained from the vibration-based
SHM system.

EFFECT OF DAMAGE ON MODAL FREQUENCIES

Automated modal parameter tracking has been carried out for the as-built as well
as the retrofitted configuration of the bridge. The latter has been tested first. For each
structural configuration, twenty-two records of the ambient vibration response of the
bridge have been collected. Each record was 600 s long. The first eleven records
referred to the bridge before shakings, while the remaining eleven records were
collected after the application of the input ground motions.

While no drops in the natural frequency sequences have been observed for the
bridge equipped with friction pendulum isolators (Figure 2a), confirming that no
damage occurred as a result of shaking, in the as-built configuration the applied
sequence of input ground motions caused a change in the modal frequencies of the
fundamental modes (Figure 2b). Figure 2a also shows some missed identifications of
the fourth mode. They were due to poor excitation of the mode, as confirmed by an
independent (manual) analysis of data.

The shakings caused crack opening at the base of pier I in the as-built
configuration. No other cracks were observed along the pier height. The effect of
damage was a fairly large variation of the estimated natural frequencies in the absence
of significant changes in the environmental and operational conditions (tests were
carried out in a relatively short time window and in a controlled environment). The
anomalous response of the bridge after the shakings has been confirmed by the fact
that the estimated natural frequencies for all modes decreased to values lower than the
corresponding lower control limits [11] defined for the natural frequency sequences
before shakings. The damage to the pier resulted in a significant change of the
dynamic response of the structure even if, at the end of the tests, the crack partially
closed, thus limiting the possibility to appreciate the actual level of damage suffered
by the structure by a visual inspection, as usual in post-earthquake surveys. The
present case study is therefore explanatory of the potentialities of SHM systems in
remotely detecting damage, even when it is partially hidden at the end of ground
shaking.
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Disturbances due to engines and pumps of the shake tables prevented the
identification of the natural frequencies in between the shakings, so it was impossible
to check the capabilities of ARES to follow the evolution of the natural frequencies in
the presence of damage accumulation due to a seismic sequence. In any case, ARES
ensured a reliable tracking of the modal parameters of the monitored structure in a
fully automated way, that is to say, without any preliminary tuning.
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Figure 2. Fundamental frequencies of the bridge in the retrofitted (a) and as-built configuration (b)

EFFECT OF LARGE AMPLITUDE MOTION ON MEASUREMENTS

Reliability of damage detection depends on the accuracy of modal parameter
estimates. Sensor saturation due to high amplitude vibrations can negatively affect the
accuracy of measurements. Thus, assessing the resilience of the measurement chain to
large amplitude motion is fundamental to verify the adequacy of a modal-based SHM
system for applications in earthquake prone areas.

The previously described tests have shown that sensors with narrow measurement
range can easily saturate in the occurrence of an earthquake, depending on the
structural configuration, the sensor layout and the magnitude of the input ground
motion. In order to check the reliability of vibration measurements right after a strong
shaking, the traces of two PSD matrices have been compared (Figure 3). They have
been computed from measurements carried out right before and right after the
application of an input ground motion able to saturate the sensors. As previously
mentioned, the disturbance due to the testing equipment prevented a reliable
identification of the modal parameters of the bridge when the shake tables were on.
However, Figure 3 shows that the two datasets share common frequency content, with
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dominant frequency components given by the operation of the testing equipment. This
result confirms that the vibration-based monitoring system installed on the structure
was able to provide reliable measurements even right after a strong shaking causing
saturation of the sensors devoted to resolve the ambient vibration response of the
bridge. Resilience of the monitoring system could be negatively affected by a different
choice for the sensors. For instance, if the sensor output requires some time (the
settling time) to stabilize, inaccurate data are collected right after the shaking and the
corresponding automated modal parameter estimates can be prone to errors. However,
the obtained results confirm that resilient measurement systems can ensure a reliable
monitoring of the modal properties even right after the ground motion and in the
presence of sensors not designed to resolve high amplitude vibrations.
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Figure 3. Traces of the output PSD matrix before and after sensor saturation

MEASURING DISPLACEMENTS

Non-linearities and highly non-stationary signals can make OMA techniques
ineffective [12]. In the presence of the large transients due to earthquakes, alternative
data processing procedures have to be applied for SHM purposes. Displacement
measurements are frequently used to analyze the seismic response of a structure and
its possible non-linear behavior. Since displacements are usually indirectly estimated
by double integration of acceleration data, careful data processing is required in order
to minimize the errors. However, neglecting the initial conditions in terms of
displacement and velocity yields an error only if they are different from zero [13].
Appropriate filtering can mitigate the effects of slightly different from zero initial
conditions and noise in the data. Once displacement time histories are computed,
parameters correlated to damage, such as the drift, can be evaluated [14].

In the present study, double integration of accelerations has been applied to the
data acquired from accelerometers characterized by +4 g full scale range. Results have
been compared with those obtained from laser measurements obtaining satisfactory
results in terms of accuracy. The maximum error was in the order of a few millimeters,
with relative error decreasing at increasing PGAs. The latter result can be explained as
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a reduction of the influence of not exactly zero initial conditions at large amplitude
input ground motion. Detailed analysis of errors revealed, in particular, that the
estimation error associated to the peak displacement was always not larger than 3.0%.
Accuracy was similar for the as-built and the retrofitted configuration.

The computed displacements have been also used to evaluate the drift between
deck and foundation in the as-built configuration, thus making possible the assessment
of damage accumulation after repeated ground shakings of increasing amplitude.
Figure 4 shows the drift computed from double integration of accelerations as a
function of the drift obtained from laser measurements for the as-built configuration of
the bridge. The resulting plot is very close to the bisector, thus remarking the very
similar values of drift obtained in the two cases. In addition, Figure 5 shows, for each
test, the peak acceleration measured at the deck as a function of the peak acceleration
at the pier foundation for the as-built (Figure 5a) as well as the retrofitted
configuration (Figure 5b). The plot in Figure 5a clearly shows the effect of the
dynamic amplification of the input motion from the pier foundation to the bridge deck,
and the effect of damage. In fact, the peak acceleration at the deck is significantly
higher than the peak acceleration at the foundation when the PGA scaling increases.
However, the occurrence of the crack at the base of the pier suddenly changes the
slope of the curve, and a decrease of the peak acceleration at the deck with respect to
the peak acceleration at the foundation can be observed. On the contrary, Figure 5b
shows that the peak acceleration at the deck is always significantly lower than the
peak acceleration at the foundation, demonstrating the effectiveness of the retrofitting
intervention based on friction pendulum isolators.
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CONCLUSIONS

The effectiveness of automated modal parameter monitoring for vibration-based
SHM of existing bridges in earthquake prone areas has been assessed against real data.
Moreover, the herein discussed case study is exemplary in revealing the potentialities
of SHM systems in remotely detecting damage, even when it is partially hidden at the
end of ground shaking. The resilience of a vibration-based monitoring system to large
amplitude motion has been assessed, demonstrating that a reliable SHM in seismic
areas by means of automated OMA techniques is possible even in the presence of a
measurement chain not specifically designed to resolve high amplitude vibrations.
Thus, even if OMA techniques are ineffective in the presence of non-linearities and
highly non-stationary signals, they can be confidently applied in the framework of
modal-based SHM provided that their use is limited to the analysis of the operational
response of the structure. In the presence of the large transients induced by
earthquakes, alternative data processing procedures, such as those based on double
integration of accelerations, have to be applied in order to extract relevant information
about the structural health and performance from vibration measurements.

REFERENCES

1. Zelaschi, C., Monteiro, R. and Pinho, R. 2016. “Parametric Characterization of RC Bridges for
Seismic Assessment Purposes”, Structures, 7:14-24.

2. Oliveira, C.S., Cakti, E., Stengel, D. and Branco, M. 2012. “Minaret behaviour under earthquake
loading: the case of historical Istanbul”, Earthquake Engineering and Structural Dynamics,
41(1):19-39.

3. Rainieri, C., Fabbrocino, G. and Verderame G.M. 2013. “Non-destructive characterization and
dynamic identification of a modern heritage building for serviceability seismic analyses”, NDT&E
International, 60:17-31.

4. Saisi, A., Gentile, C. and Guidobaldi, M. 2015. “Post-earthquake continuous dynamic monitoring of
the Gabbia Tower in Mantua, Italy”, Construction and Building Materials, 81:101-112.

5. Rainieri, C., Fabbrocino, G. and Cosenza, E. 2011. “Near real-time tracking of dynamic properties
for standalone structural health monitoring systems”, Mechanical Systems and Signal Processing,
25(8):3010-3026.

6. Cosenza, E., Manfredi, G., Prota, A., Fiorillo, A., Campanella, G., Del Vecchio, C., Di Sarno, L.,
Maddaloni, G. and Ruggiero, N. 2015. “Seismic assessment of typical existing Italian bridge”, in
ANIDIS 2015, L’ Aquila, Italy.

7. Peeters, B. and De Roeck, G. 2001. “One-year monitoring of the Z24-Bridge: environmental effects
versus damage events”, Earthquake Engineering and Structural Dynamics, 30:149-171.

8. Magalhées, F., Cunha, A. and Caetano, E. 2009. “Online automatic identification of the modal
parameters of a long span arch bridge”, Mechanical Systems and Signal Processing, 23:316-329.

9. Rainieri, C. and Fabbrocino, G. 2015. “Development and validation of an automated operational
modal analysis algorithm for vibration-based monitoring and tensile load estimation”, Mechanical
Systems and Signal Processing, 60—-61:512-534.

10. Fabbrocino G., Cosenza E., Shaking tables for seismic simulation, overview of the CRAC-AMRA
project. In The many facets of the seismic risk problem. Doppiavoce. Napoli, 2004.

11. Farrar, C.R. and Worden, K. 2012. Structural health monitoring: a machine learning perspective,
John Wiley and Sons Ltd., Chichester, UK.

12. Rainieri, C., Fabbrocino, G. and Cosenza, E. 2010. “Integrated seismic early warning and structural
health monitoring of critical civil infrastructures in seismically prone areas”, Structural Health
Monitoring — An International Journal, 10(3):291-308.

13. Park, K.T., Kim, S.H., Park, H.S., and Lee, K.W. 2004. “The determination of bridge displacement
using measured acceleration”, Engineering Structures, 27:371-378.

14. Celebi, M. and Sanli, A. 2002. “GPS in pioneering dynamic monitoring of long period structures”,
Earthquake Spectra, 18:47-61.

2423



	Main Menu
	Author Index
	How to Use this Electronic Product
	Search
	Print

	Table of Contents
	VOLUME 1
	KEYNOTE
	Advancements on the Adoption of SHM Damage Detection Technologies into Embraer Aircraft Maintenance Procedures
	FAA SHM Research Program and the Challenges in Civil Aviation
	SHM Challenges for Fixed-wing Military Aviation: Thoughts on Future AFRL R&D Projects
	Ultrasonics, Corrosion and SHM - the Story of Permasense Ltd.

	AEROSPACE STRUCTURES
	A Damage Imaging Method Based on MUSIC Algorithm of Linear Sensor Array for Aircraft Structure
	A Robust and Effective Approach Towards Accelerated Dent-mapping using a Purposebuilt 3D Optical Inspection Tool
	Characterization of Lamb Waves Propagation Behavior in Friction Stir Welded Joints of Dissimilar Materials
	Delamination Detection of Composites Based on a Bivariate Gamma Function Approach
	Detecting Cracks in Helicopter Frame Station Structure using Unified Change Detection
	Development of a Remote Acquisition and Transmission System of Strain Measurements in an Unmanned Aerial Vehicle for Damage Detection
	Evaluation of NDT by Robotic Line Scan Thermography on Composite Aircraft Parts
	Guided Elastic Waves in CFRP Plates with Random Material Properties
	Health Monitoring of Full-Scale Aerospace Systems using Networked Acoustic Emission Sensors
	Operational Load Monitoring System Implementation for Su-22UM3K Aging Aircraft
	Optical Fiber Based Structural Integrity Monitoring of UAV Structure during Full-Scale Static and Fatigue Tests
	Optical Fiber Sensor Based Aircraft Structural Health Monitoring System
	Structural Health Monitoring of a Military Aircraft using an Analog and Fiber Optic Sensor-based Data Acquisition System for Structural Life Management
	Structural Health Monitoring of Turbomachinery using TOA Signal and Expert Software
	The Potential for Health Monitoring in Expandable Space Modules: The Bigelow Expandable Activity Module on the ISS

	CIVIL STRUCTURES
	A Big Data Management and Analytics Framework for Bridge Monitoring
	A Multiscale Multispectral Approach to Digital Image Correlation for SHM Applications
	An On-site Evaluation Method for Corrosion Degradation of In-service Cable Wires by Image Histogram Matching
	Crack Detection of Orthotropic Plate Box Girder Bridges Based on FBG Strain Sensors
	Damage Evaluation on Steel Plate Reinforced RC Slabs with One-side Access AE Tomography via Anchor Bolts
	Developing Integrated Methods and Software Tools for Monitoring-based Asset Performance Management
	Development of SMART Gate Decision Support Tools for Large Inland Navigation USACE Infrastructure: The Dalles Tainter Gate
	Dynamics Testing for Alkali-Silica Reaction Diagnosis in Concrete
	Experimental Study on the In-situ Stress Measurement of Reinforced Concrete Structure by the Ring-Hole Method with FBG Sensor
	Forced Vibration Monitoring of Railway Bridges by use of Multiple Long Stroke Shakers
	Guidelines for Monitoring of Structures in the Offshore Wind Industry
	Mapping, Assessing and Monitoring Urban Underground Infrastructure
	Monitoring of Bridges by Optical Strands
	Numerical Model for Predicting Carbon Fiber Composite Cable Forces in a Cable-stayed Bridge
	Performance Monitoring of an Existing Concrete Bridge using Strain Measurement Data
	Sequential Importance Sampling Algorithm in Damage Detection of a Cable Stayed Bridge
	SHM Application to USACE Large Civil Infrastructure: Development of Trunnion Friction Detection Methodology for Radial (Tainter) Gates
	Stiffness Identification of Stiffness Identification of High-rise Buildings via Subspace and Inverse-mode Methods
	Study on the Monitoring Method of Windinduced Response of Transmission Tower Structure Based on Dynamic Analysis
	Towards an Automated Damage Detection System for Miter Gates on Navigation Locks: Detecting Boundary Condition Degradation

	DIAGNOSTICS
	Application of Interface Waves for Damage Detection in Laminated Composite Bends
	Baseline-Subtraction-Free (BSF) Damage-scattered Wave Extraction for Stiffened Isotropic Plates
	Bio-robotic ROV Design for Pipe-work Opto-sensorial Safety-inspections
	Identification of the Location and Level of Loosening in a Multi-bolt Structure using Nonlinear Ultrasound
	Damage Diagnosis in Composite Materials under Applied Load with Guided Waves-based SHM
	Data-driven Pattern Recognition Model Employing Auditory Receptors for Human-based Structural Health Monitoring System
	Defect Imaging on CFRP and Honeycomb Composite Structures by Guided Waves Generated and Detected by a Sparse PZT Array
	Determining the Deformed Shape of Beams using the Conjugate Beam Method and Strain Measurements
	Enhanced Empirical Wavelet Transform with Application to Rolling Bearings Fault Diagnosis
	Impact Localization using Sparse PWAS Networks and Wavelet Transform
	Model-assisted Assessment of Damage Detection and Localization using Guided Wave-based Imaging Techniques
	NDT Approaches to Optimize Acoustics Based SHM Systems for Anisotropic Composite Structures
	Remote Mechanical Vibration Sensing: A Comparison Between CW-Doppler Radar and Laser-Doppler Vibrometer Measurements
	Signal-based Versus Nonlinear Model-based Damage Sensitive Features for Delamination Quantification in CFRP Composites
	Statistical Based Features Vector for Skin-stringer Debonding Detection
	Transfer Impedance Approach to Damage Detection and Localization Based on RAPID Imaging Algorithm
	Use of Time-frequency Damage Sensitive Features for Structural Damage Diagnosis

	ELECTROMECHANICAL IMPEDANCE BASED METHODS
	Electromechanical Impedance-based Damage Identification Enhancement using Integrated Bistable and Adaptive Piezoelectric Circuitry
	Electromechanical Impedance Sensitivity Analysis Based Structural Health Monitoring using Sub-frequency for Compensating Temperature Effects
	Model-based Evaluation of Electro-mechanical Impedance Measurements for Detection and Size Identification of Face Layer Debondings in Sandwich Panels
	Optimum Reduction of Electrodes Needed for Delamination Identification using Electrical Resistance Tomography
	Study of Adhesive Bonds by Mechanical Tests, Ultrasounds and Electromechanical Impedance Method

	ENVIRONMENTAL AND OPERATIONAL EFFECTS
	A Novel Heatsink for Thermo-Electric Power Harvesting of Structural Health Monitoring Systems
	An Enhanced Guided Wave-Gaussian Mixture Model for Aircraft Structural Damage Monitoring under Varying Environmental and Operational Conditions
	Principal Component Analysis and Artificial Neural Network Framework for Damage Detection Strategy under Varying Operational Loading Conditions
	Thermal Effect Identification and Bridge Damage Disclosure by using Blind Source Separation Method

	MODELLING, SIMULATION, AND DIGITAL TWIN
	A Categorical Approach Towards Metamodeling Cyber-physical Systems
	A New Ultrasonic Immersion Technique to Retrieve Anisotropic Stiffness Matrix for Dispersion Curves Algorithms
	A Simplified Treed Gaussian Process Approach to the Modelling of Bridge Data for Structural Health Monitoring
	Characterizations of Fundamental SH Wave Generation using a Fully Coupled Dynamic Model
	Crack Initiation and Growth Acoustic Emission Analysis with Finite Element Analysis for Structural Health Monitoring of Mooring Chains
	Mathematical Modelling and Numerical Simulation of the On-line Structural Health Monitoring System
	Mitigation of Adhesive Nonlinearity in Nonlinear-Lamb-wave-based SHM Systems
	Modeling, Simulation and Analysis of Electromechanical Impedance-based SHM using Finite Element
	Modeling, Simulation and Analysis of Temperature Effects on Impedance-based SHM Applications using Finite Elements
	Measurement and Modelling of Thermal and Mechanical Anisotropy of Parts Additively Manufactured using Fused Deposition Modelling (FDM)

	PROGNOSTICS AND HEALTH MANAGEMENT
	Adaptive Prognosis of Fatigue Damage Based on the Combination of Particle Filters and Neural Networks
	Battery Aging and Fuel Efficiency as Optimization Objectives as Part of a Real-time Operating System of a Multi-source HEV
	Integrated Prognostic Model for RUL Estimation using Threshold Optimization
	Multi-parameter Fibre Optic Sensing System for Remote Condition and Operation Monitoring of Gearbox Bearings in Rack and Pinion Jacking Systems
	New Methodology for Testing Flight Actuators in Aiding Loads Catering for Large Prognosis Data Needs
	Study on Non-linear Regression Algorithm for Prognostic and Health Management of Aero-engine
	Wheel Polygonalization Feature and Re-Profiling Evaluation Method and Application based on Vehicle Interior Noise Monitoring

	SENSORS AND SENSOR NETWORKS
	An Investigation of the Performances of Embedded Buckypapers Within a 0/90 WC Glass Fibre Reinforced Composite Specimen with a Delamination, under Tensile Loading
	Conductive Poly Lactic Acid (PLA) Temperature Sensors Embedded in Additively Manufactured Parts
	Development of a Multifunctional Stretchable Sensor Network for Smart Structures
	Distributed Smart Sensing on the Fly: Dynamic Task Allocation in Wireless Sensor Networks
	Elasto-acoustic Wave Source Localization in Composite Plate-like Structure using Muti-rosetts Sensing
	Embedded Piezoelectric Transducers in Carbon Fibre Composites for Nonlinear Ultrasonic Applications
	Expandable Sensor Networks for Structural Health Monitoring
	Extending the Use of Power Tools to Aerial Robots for Infrastructure Repair
	Impact and Damage Localization with Integrated Active and Passive Sensing using L-shaped Sensor Arrays
	Integrated Hybrid Structural Health Monitoring System
	Multifunctional Skin based on Spiral Passive Electromagnetic Sensor for Efficient Structural Health Monitoring of Composite Structures
	Development of Nanocomposites Quantum Resistive Sensors (QRS) for the Structural Health Monitoring (SHM) of Composite for Wind Turbine Applications
	Optimisation of Optical Fibres for Structural Health Monitoring Through Micro-braiding
	Wireless Thin Film Strain Sensing Circuit for Implantable Applications
	Wireless Torque Sensing System for Rotating Machinery

	SHM-BASED STRUCTURAL DESIGN
	Analysis and Optimization of Vehicle-borne Gateway Based on Finite Element Technology
	BIM-based Design of Structural Health Monitoring Systems
	Digital Structural Health Monitoring for SHM Design
	Engineering Design with Digital Thread
	Strain Sensors Optimal Placement for Vibration-based Structural Health Monitoring
	Test Event Weighting Coefficients for a Machine Structure from Customer-sampled D-Optimally Placed Wireless Fatigue Nodes

	SIGNAL PROCESSING
	A Method based on Pseudo Excitation Method to Analyze Random Dynamic Stress of Railway Vehicle System
	A New Strategy for Damage Identification in SHM Systems by Exploring Kappa Coefficient
	Deformation Data Recovery Based on Compressed Sensing in Bridge Structural Health Monitoring
	Eddy Current Imaging for Detecting Defects in Conductive Structures Based on Compressive Sensing Method
	Glass Fibre Reinforced Composite Samples Inspected using THz Spectroscopy
	Identifying Unstable Damage Growth in CFRP Composites under Tension
	Method for Extracting Fault Features from Shaft Vibration Signals of Large Turbine Units Based on Gabor Transform Time-frequency Filtering
	Novel Approaches for Loose Bolt Detection With and Without Sensors using Heterodyning Effect
	Nuclear Power Plant PCCV Structure Monitoring Based on BOTDA and Its Data Processing using Kalman Filter
	Robust Hammering Echo Analysis for Concrete Assessment with Transfer Learning
	Time Reversal Invariance for Nonlinear Crack Characterization

	STATISTICAL METHODS AND MACHINE LEARNING
	A Data Mining Tool for Detecting and Predicting Abnormal Behavior of Railway Tunnels
	A Generalized Approach to Integrate Machine Learning, Finite Element Modeling and Monitoring Data for Bridges
	A Method of Crack Detection Based on Convolutional Neural Networks
	Deep Neural Controller: a Neural Network for Model-free Predictive Control and its Application to Viscosity Control in Chemical Process
	Imputing Missing Strain Monitoring Data in Structural Health Monitoring
	Reliability of Resonant Frequency Test for Strength Estimation of Concrete using Probabilistic Methods
	Stochastic Subspace-based Damage Detection with Uncertainty in the Reference Null Space
	Transfer Matrices-based Output-only Statistical Damage Localization and Quantification of a Frame Structure

	SYSTEM IDENTIFICATION AND VIBRATIONS
	A Modal-analysis-based NODIS Method for Beam-like Structure and its Performance under Changing Boundary Conditions
	Comparison of Three Time-domain Methods for Damage Tracking of Nonlinear Hysteretic Vibration Isolation System with Unknown Inputs
	Controlled Substructure Identification of Shear Structure with Virtual Control System
	Damage Detection for Beam-like Structures Based on Local Flexibility Method with Rotary DOF Measurement
	Damage Identification of Plates by using a Continuously Scanning Laser Doppler Vibrometer System
	Damage Identification of RC Beams from Changes in their Vibration Characteristics
	Data Fusion based EKF-UI for Real-time Simultaneous Identification of Structural Systems and Unknown External Inputs
	Design and Validation of a Smartphone Based Wireless Structural Vibration Monitoring System
	Effectiveness of the Random Decrement Technique in Modal Identification of Structures using Ambient Vibration Response
	Experimental Tests of Substructure Approaches for Health Monitoring System
	Model-Free Structural Hysteretic Force and Mass Identification using Limited Acceleration Measurement
	Performance, Reliability and Validation of Mass Spring Systems by Means of Vibration-based Excitation Sources
	Rapid Damage Assessment in Tall Buildings after Seismic Events
	Research on Modal Analysis and Impact Force Inversion Based on Compressive Sampling Data
	Sparsity-based Reconstruction Method for Simultaneous External Force Monitoring and Structural Damage Identification
	Speed Extraction from Vibration Signal using ANNs and Broadband Features
	Structural Reliability Updating and Damage Assessment with Bayesian Networks
	Vibration Analysis and Structural Optimization of Networking Equipment for the Internet of Things under Base Excitation

	SPECIAL SESSION: ACOUSTIC EMISSION AND HYBRID SHM
	Acoustic Emission for Monitoring the Elastic Concrete Beam Subjected to Three-point-bending Tests
	Application of Shape-based Similarity Measures to Classification of Acoustic Emission Waveforms
	Experimental and Computational Analysis of Acoustic Emission Waveforms for SHM Applications
	Fiber-Optic Acoustic Emission Sensor based on a Chirped FBG Pair for Crack Detection in Aluminum Plate
	In-situ Wear Monitoring: An Experimental Investigation of Acoustic Emission During Thread Forming
	Increased Lamb Wave Detection Sensitivity of Surface Bonded Fiber Bragg Gratings through Bonding Optimization
	Source Identification and Classification of Acoustic Emission Signals by a SHAZAM-inspired Pattern Recognition Algorithm
	System for Logging Acoustic Emission Signals from FRP Reinforcing Rods that is Suitable for Field and Long Term Laboratory Testing

	SPECIAL SESSION: ASSESSMENT OF THE VALUE OF SHM INFORMATION
	A Method to Monitor the Circular Deformation of Metro Shield Tunnels in Soft Soils
	Optimized Structural Health Monitoring System Design for Aviation Structures
	Airbus Roadmap and Typical Solutions
	An Introduction to the Heterogeneous SHM System for a Super-large-scale Multiple-tower Suspension Bridge
	Bridge Impact Detection and Classification using Artificial Neural Networks
	First Steps Toward Integration of Structural Health Monitoring and Non-Destructive Evaluation Data for Decision Making
	Damage Detection and Deteriorating Structural Systems
	Novel Detection and Quantification of Sensitivity of Impact-Induced Structural Dynamics: Potential Enhanced Damage Detection by Wave Chaos Information
	On-board Decision Making Platform for Structural Health Monitoring
	Optimal Sensor Placement and Scheduling with the Value of Information
	Parametric Analysis of Value of Information for Monitoring Infrastructure Components
	Progress of the COST Action TU1402 on the Quantification of the Value of Structural Health Monitoring
	Quantifying the Benefit of SHM: What if the Manager is not the Owner?
	Reliability Monitoring for an Individual Product Based on Degradation Information Fusion Reliability Monitoring for an Individual Product Based on Degradation Information Fusion
	Technology Advancements Lead to New Approaches in Structural Health Monitoring (SHM) with Battery-free Wireless Embedded RFID Strain Sensors
	Wireless Sensors Synchronization: An Accurate and Deterministic GPS-based Algorithm

	SPECIAL SESSION: DIAGNOSTICS AND PROGNOSTICS OF COMPOSITE STRUCTURES TOWARDS A CONDITION-BASED MAINTENANCE FRAMEWORK
	Coupling In Situ Microstructure Observation with Machine Learning Algorithms for Damage Diagnostics and Prognostics
	Development of Strain Measurement Based On-line Impact Monitoring System for Composite Structures
	Embedded Sensing of Damage in Composite Materials
	Ensuring the Reliability of Damage Detection in Composites by Fusion of Differently Classified Acoustic Emission Measurements
	Heterodyning Effect in Composites Bond Inspection
	Online Remaining Useful Life Prognosis for Composite Materials Based on Acoustic Emission and Strain Data

	SPECIAL SESSION: DISTRIBUTED AND QUASI-DISTRIBUTED FIBER-OPTIC AND ELECTRICAL SENSORS, AND ASSOCIATED DATA ANALYSIS AND MANAGEMENT
	Validating 3D Photonic Crystals for Structural Health Monitoring
	A Novel Two-dimensional Distributed Temperature Sensor Based on Electrical Resistance Tomography
	Damage Detection in a Vibrating Structure using Distributed and Dynamic Fiber-Optic Techniques
	Damage Detection in Composite Pipes During Mechanical Three Point Bending
	Field Study on Wireless Sensor Networks for Structural Health Monitoring using Beamforming Communication Systems
	Development of the Fiber Optic Distributed Strain Sensing System and its On-Board Monitoring of Aircraft during Flight Tests
	Dynamic Reconstruction of In-plane Strain Maps using a Two-dimensional Sensing Skin
	Impact Damage Detection and Localization of Adhesively Bonded Fiber Reinforced Structures using Silver Nanoparticle Based Printed Circuits
	Load and Deformation Identifications of a Wing Structure by using Distributed Fiber-Optic Sensors
	Local and Global Approaches for Damage Detection in Composite Structures by Fiber Optic Sensor
	Monitoring Early-age Strain and Temperature Distributions in Full-scale Steel-concrete Composite Beams with Distributed Fiber Optic Sensors
	Monitoring Method and System for Uneven Sedimentation of Storage Tank Foundation Based on FBG
	Optical Fiber for 3D Imaging of Deformations in Concrete Containers Stacked
	Railway Wheel Defect Identification using the Signals Reconstructed from Impact Load Data
	SHM using Integrated Photonics Based Fiber Sensing Solutions
	Strain Field Identification of an Aluminum Plate by using Distributed Fiber-Optic Sensors
	Strain Transfer for Optimal Performance of Sensing Sheet
	Associated Data Analysis and Application Based on the Stress Measurements
	Virtual Environments for Structural Health Monitoring

	SPECIAL SESSION: DYNAMIC DATA DRIVEN APPLICATIONS SYSTEMS (DDDAS)
	WiStealth: A Fixed Point RSSI Covert Channel using Multi-Modality Filtering Techniques
	Intelligent Flight State Identification of a Self-Sensing Wing through Neural Network Modelling
	Multiscale DDDAS Framework for Damage Prediction in Aerospace Composite Structures with Emphasis on Unmanned Aerial Vehicles
	Structural Assessment and Sensor Placement Strategy for Self-Aware Aerospace Vehicles
	Data-driven State Awareness for Fly-by-feel Aerial Vehicles: Experimental Assessment of a Non-parametric Probabilistic Stall Detection Approach

	SPECIAL SESSION: GUIDED WAVES IN STRUCTURES FOR SHM
	A Reference-Free Guided Wave Based Damage Localization Approach for Highly Dispersive Structures
	Application of Model Assisted Probability of Detection (MAPOD) to a Guided Wave SHM System
	Compact Laser Ultrasound Scanner for Wide-Area Persistent Monitoring
	Compressive Sensing and Local Wavenumber Estimations for Fast Damage Imaging with Guided Waves Inspections
	Damage Detection in a Composite T-Joint using Guided Lamb Waves
	Damage Detection in Complex Composite Material Structures by using Elliptical Triangulation Method
	Experimental Analysis of Digital Data Communication in Intelligent Structures using Lamb Waves
	For the Practical Use of a Lamb Wave-based SHM System
	Ground Penetrating Radar for Material Characterization in Structural Health Monitoring Applications
	Guided Wave Generation and Propagation in Piezoelectric Composite Plates for Establishing Structural Self-awareness
	Guided Wave Mode Selection for Microstructure-sensitive Mutual Wave Interactions
	A Fundamental Study on Characterization of Guided Wave Scattering from Crack under Different Loading Conditions
	Guided Wave Tomography for Corrosion Monitoring in Planar Structures
	Identification of Impact Damages in Aircraft Composites by Nonlinear Guided Wave Technique
	Low Temperatures Influence on the Lamb Waves in Aluminum Structures
	Multichannel Device for Integrated Pitch Catch and EMI Measurements in Guided Wave Structural Health Monitoring Applications
	Numerical and Experimental Study of First Symmetric and Antisymmetric Lamb Wave Modes Generated and Received by Dual-PZTs in a Composite Plate
	On Performance Limits In Estimating Thickness of a Plate-Like Structure from a Full-Field Single-Tone Response Lamb Wave Measurement
	Online Monitoring of Corrosion Damage using Ultrasonic Guided Wave Tomography
	Measurement of Thickness of Wall-Thinned Plate using Acoustic Wavenumber Spectroscopy and Spatial Local Wavenumber Filtering
	Rail Crack Monitoring using Fiber Optic Based Ultrasonic Guided Wave Detection Technology
	Selective Guided Waves Generation in a Bi-dimensional Waveguide for Damage Detection
	Simultaneous Localization and Classification of Acoustic Emission Sources in Plates using a Guided Wave-Based Sparse Reconstruction
	Spectral Finite Element Method for Studying the Wave Response on using SH modes in Adhesively Bonded Metallic Joints
	Study of Guided Wave Propagation in Water Immersed Samples with Protective Coating
	Torsional Waves for Load Monitoring of Cylindrical Waveguides
	Transducer Placement Option for Ultrasonic Lamb Wave Structural Health Monitoring (SHM) on Damage Tolerant Aircraft Substructure
	Interrogation of Linear/nonlinear Features of Guided Waves for Characterizing Hypervelocity Impact-induced Pitting Damage in Shielding Structures


	VOLUME 2
	SPECIAL SESSION: MULTIFUNCTIONAL MATERIALS AND STRUCTURES
	Advances of Bio-inspired In-situ Triboluminescent Optical Fiber Sensor for Damage and Load Monitoring in Multifunctional Composite
	Battery State of Charge Estimation using Guided Waves—Numerical Validation and Statistical Analysis
	CNT Enabled Fabric Sensors for Highly Sensitive and Large-area Monitoring of Polymeric Composites
	Displacement-Amplified Piezoelectric Heel Charger to Generate Power On-the-go
	Dynamical Behavior of a Metamaterial Beam
	Effect of Polymer-based Self-healing Agent on the Gas Permeability of Cement Mortar After Compressive Loading
	In Situ Printing of Conductive Poly Lactic Acid Strain Sensors Embedded into Additively Manufactured Parts
	Incorporation of Gold Nanoparticles for Enhanced Additive Manufacturing and 3D Printing Applications of Novel ‘Smart’ Materials
	Mechanics and Design of Self-healing Materials to Complement SHM
	Multifunctional Mechanoluminescent Composites for Autonomous Impact Detection of Aerospace Structures
	Nano-engineered Functional Composites with Self-sensing Capability for Ultrasonics-based Structural Health Monitoring
	On the Dynamic Acquisition of Electrical Signals for Structural Health Monitoring of Carbon Nanotube Doped Composites
	Printed Electronics for Structural Health Monitoring: Automating the Identification of Cohesive Damage Parameters
	Reliability Assessment for Nano Engineered Fatigue Crack Sensor
	Self-Sensing Health of Carbon Composite Pultrusion Strength Members
	Sensitivity Improvement of MWCNTs/Epoxy Composite Strain Sensor
	Strain Sensor Made by Thick-film Resistors on Substrates of Glass Ceramic
	Structural Health Monitoring of Elastomeric Composites using Mechanoluminescence
	Structural Health Monitoring of Multifunctional Fibre Metal Laminates under Mode I Loading
	Structural Hybrid Layer for Critical Strain Detection in Composite Parts: A Multifunctional Approach
	UAV Structure Integrated Energy Storage and Management System
	Numerical Model for Characterization of Multifunctional Energy Storage Composite Cells, Modules, and Systems

	SPECIAL SESSION: PROBABILISTIC SHM
	A Probabilistic Approach to Improve SHM Scheme
	Bayesian Calibration and Bias Correction for Forward Model-driven SHM
	Big Data Analytics in Structural Diagnosis and Prognosis
	Bond Graph based Bayesian Network (BGBN) for Damage Diagnosis
	Damage Classification based on Machine Learning Applications for an Un-manned Aerial Vehicle
	Damage Localization Methodology using Pattern Recognition and Machine Learning Approaches
	Data Fusion of Multiple Sensing Techniques
	Delamination Detection in Laminated Composite with Uncertainty Due to Material Degradation in Damaged Region
	Expected Utility Theory For Monitoring-Based Decision Support System
	Kernel Dependence Analysis for Structural Health Monitoring with High-dimensional, Small Size Datasets
	Multi-Task Sparse Bayesian Learning For Model Updating In Structural Health Monitoring
	Non-linear Damage Classification based on Machine Learning and Damage Indices
	On the Choice of Optimisation Scheme for Gaussian Process Hyperparameters in SHM Problems
	Vibration-based Damage Localization and Estimation Via the Stochastic Functional Model Based Method (FMBM)—An Overview
	Resilience to Extreme Events: A Bayesian Nonparametric Approach
	Verification of Fatigue Path Probability Integration (FPPI) for Fatigue Risk Management with Multiple Maintenance Options

	SPECIAL SESSION: RECENT ADVANCES IN ULTRASONICS AND ACOUSTIC EMISSION TECHNIQUES FOR SHM/NDE
	A Deep Learning Approach for Single-sensor Acoustic Emission Source Localization in Plate-like Structures
	A Mechanics-informed Method for Real-time Acoustic Emission Source Classification During Fatigue Loading of Composite Structures
	A Structural Health Monitoring Technique for the Reconstruction of Impact Forces in Aerospace Components
	A Robust-to-parameterization Clustering Fusion Approach for Monitoring Damage Onsets and Growth using Acoustic Emission
	CFRP-Concrete Debonding Detection and Monitoring using Low Cost Piezoceramic Sensors
	Characterization of Distributed Cracks in Concrete using Randomly Scattered Wavefield Extraction
	Clustering-based Crack Growth Characterisation using Synchronised Vibration and Acoustic Emission Measurements
	Compressive Sensing for Direct Time of Flight Estimation in Ultrasound-based NDT
	Damage Classification in Aeronautic Structures using Guided Waves
	Degradation Entropy: An Acoustic Emission Based Approach to Structural Health Assessment
	Delta-T Acoustic Source Localization for Plate with Holes
	Enhancing the Robustness of Nonlinear Ultrasonic Testing by Implementing 1D Phononic Crystals
	Full-field Ultrasonic Data Analysis Based on Statistical Covariance Method
	Identifying the Effect of CFRP Application Type on Behavior of CFRP-Strengthened Beams by Acoustic Emission
	Impact Induced Delamination Detection by Application of Full Wavefield Analysis
	In-situ NDE of Composite Repair Patch and Thick Panel with Substructures using Mobile Pulse-Echo Ultrasonic Propagation Imager
	Nonlinear Ultrasonic Reciprocal Method for Damage Localisation
	Model-driven, Wavefield Baseline Subtraction for Damage Visualization using Dictionary Learning
	Pushing the Limits of Ultrasonic Imaging of Solids by Wave Mode Beamforming and GPU Processing
	Recent Progress on a Multi-Modal SHM System for Waveguides
	Structural Displacement, Velocity and Acceleration Measurement System based on Accelerometer and GPS-RTK for Large-scale Civil Structures
	The Influence of Periodic Arrangement of Structural Geometry to Ultrasonic Waves
	Two-year Acoustic Emission Monitoring of Natural Corrosion in Prestressed Concrete Exposed to Saltwater
	Ultrasonic Guided Wave Inspection and Characterization of Integrated Circuit Packages with Delamination
	Wavelet-Based Wavenumber Filtering for Damage Detection and Thickness Estimation with Laser-Scanning

	SPECIAL SESSION: SEISMIC STRUCTURAL HEALTH MONITORING FOR CIVIL STRUCTURES
	Acceleration Response Data Processing for Structural Health Monitoring of a High-Rise Building
	Damage Assessment on Framed Structures Through Regression Models Retrieved by Nonlinear Numerical Analyses
	Characterizing Dynamics of Pile-Supported Structures using System and Subsystem Identification Methods
	Dynamic Inference and Assessment of Structural Damage States Based on Naïve Bayesian Classifier
	Identification of Energy Loss Due to Soilstructure Interaction from the Recorded Vibrations of Buildings
	Monitoring Hand-Washing Practices using Structural Vibrations
	Performance of a Passively-controlled Steel Building Before and After the 2011 Great East Japan Earthquake
	Seismic Induced Damage Detection through Parallel Estimation of Force and Parameter using Improved Interacting Particle-Kalman Filter
	Damage Localization of a Real Structure using the Statistical Subspace Damage Localization Method
	Structural Damage Assessment Through Both Centralized and Sensor-level Vibration-based Data Analysis
	Structural Health Monitoring of Existing Bridges in Earthquake Prone Areas: Laboratory Validation

	SPECIAL SESSION: SHM APPLICATIONS TO MEDICAL DEVICES AND BIOLOGICAL SYSTEMS
	Electromechanical Impedance Method to Assess the Stability of Dental Implants
	Guided Wave Analysis of Osseointegration at Bone-prosthesis Interfaces
	Numerical Simulation of Vibrational Methods for the Healing Assessment of an Internally Fixated Femur
	Noncontact and Noninvasive Strain Monitoring of Osseointegrated Prostheses
	“Smart” Applications for Monitoring Percutaneous, Osseointegrated Implants

	SPECIAL SESSION: SHM TECHNOLOGY IN WIND TURBINES
	Detecting Damage in Grouted-joints of Wind Turbine Support Structures—Application to a Large-scale Experiment
	Extraction of Environmental and Operational Conditions of Wind Turbines using Tower Response Data for Structural Health Monitoring
	Fatigue Usage Monitoring in Wind Turbines using Sparse Vibration Measurements
	Field Demonstration of Radar-based SHM of Wind Turbine Blades at a 2 MW Wind Turbine: Installation, Data Acquisition and Signal Analysis
	Fleet Monitoring and Site Specific Environmental and Operational Conditions in Wind Energy
	Improvement of the Damage Detection Performance of a SHM Framework by using AdaBoost: Validation on an Operating Wind Turbine
	Monitoring of Wind Turbine Structures using Stationary Sensors and Short-term Optical Techniques
	On the Structural Health Monitoring of Operational Wind Turbine Blades
	SHM of a Small Wind Turbine Unit by Assessment of Vibration Behavior
	The Mistralwind Project—Towards a Remaining Useful Lifetime Analysis and Holistic Asset Management Approach for More Sustainability of Wind Turbine Structures
	Wind Turbine Blade Damage Detection Via 3-Dimensional Phase-Based Motion Estimation

	SPECIAL SESSION: SHM WITHIN HARSH EXTREME ENVIRONMENTS
	A Multifunctional Piezo and Temperature Sensor for Process and Structural Health Monitoring of CFRP Structures Made by Resin Transfer Molding
	A Steerable-Needle Inspired Mechanism for Inspecting Extremely Confined Spaces
	Challenges and Solutions in SHM for Nuclear Power Environments
	Design of a Structural Health Monitoring (SHM) System for the Third Bridge Over the Panama Canal at the Atlantic Side
	Experimental and Simulation Studies of Underground Wireless Sensor Networks
	Gasifier Health Monitoring using Smart Refractory Bricks
	Influence of Gamma Radiation on Piezoelectric Active Elements of Space Systems
	Robust Variable Input Observer for Structural Health Monitoring of Systems Experiencing Harsh Extreme Environments
	SHM in CMS Underground Detector at CERN using FBG Sensors
	Simultaneous Strain and Temperature Sensing using a Microstrip Patch Antenna
	Temperature Resistant Fiber Bragg Gratings for Online Monitoring of Future Sodiumcooled Fast Reactors: Paving the Way to SHM Implantation into the Nuclear Industry

	SPECIAL SESSION: SIGNAL PROCESSING FOR HEALTH MONITORING OF STRUCTURAL AND BIOLOGICAL SYSTEMS
	Anomaly Imaging using Decomposed Lamb Wave Modes
	Automated Acoustic Scanning of Concrete Bridge Decks
	Characterizing the Effect of Applied Stress in Concrete by Magnitude-Squared Coherence of Ultrasonic Full-Waveforms
	Clutter Effect on the Noncontact Seismocardiogram Signals Measured using Microwave Radars
	Data Fusion Application in Predicting Human Comfort
	Experimental Validation of an Improved Dynamic Displacement Estimation Method using Accelerometer and Gyroscope
	Intelligent Aperture Identification Combining Compressed Data Acquisition with Sparse Filtering-based Deep Learning Towards Natural Gas Pipeline Leak
	Interference and Removal of Respiration Harmonics on Noncontact Seismo-cardiogram Signals
	Investigation on Mapping Relationship Between Deflection and Cable Tension by Artificial Neural Networks
	Magnetic Flux Leakage Detection Defect of Oil Storage Tank Applying Variational Mode Decomposition
	Passive Defect Detection and Imaging in Structures by Cross-correlations of Infrared Thermography Measurements
	Recursive Multi-step Prediction of Bioimplants Thermal Effect
	Research on Weak Signal Feature Extraction Method Based on Double Coupled Duffing Oscillator Stochastic Resonance
	Study on Feature Extraction Method of Fault Signal Based on Reinforcement Cascaded Multi-stable Stochastic Resonance System

	SPECIAL SESSION: STRUCTURAL HEALTH MONITORING OF HIGH-SPEED AND INTERCITY RAILWAYS
	A Correlation Study of Vibration and Noise Signals by Analyzing Its Responses for Monitoring of High-Speed Trains
	A Probabilistic Approach for Fault Detection of Railway Suspensions
	A Time Series Decomposition Method For Heteroskedastic Data In Structural Health Monitoring
	Damage Assessment of High-speed EMU Train Bolsters Via PZT Sensor Network-based SHM Technology
	Damage Detection of Train-Track System with Extreme Function Theory
	Design and Application of Bridge Deck Alignment Monitoring and Early-Warning System for Beipan River Bridge of Shanghai-Kunming Passenger Dedicated Railway Line
	Detection of Performance Deterioration of High-speed Train Wheels Based on Bayesian Dynamic Model
	Fiber Bragg Grating Sensing System for Detection of Laser-Induced Ultrasonics in Application to Railway
	High-speed Non-contact Passive-only Ultrasonic Inspection of Rails from Deconvolutions of Wheel-generated Noise
	Key Technologies and Experimental System of High-speed Train Tracking Monitoring
	Monitoring and Analysis of Acoustic Characteristics of Interior Noise of a High-speed Train Running in Low Temperature Environment
	Monitoring and Analysis of Train-Track- Bridge Interaction Behavior: A Case Study of Train Puyouma Passing Through Tai’an Viaduct in Taiwan
	Online Monitoring of Rail Damage Based on Wigner-Ville High Order Spectrum
	Operational Early Warning Analysis of High- Speed Railway Bridge Structure Based on Sliding Window Technique and Data Driven Stochastic Subspace Identification Algorithm
	Predictive Maintenance of Ground Power Supply System for Tramways–Anomaly Detection and Localization
	Signal Processing and Analysis Techniques Used in Monitoring the Integrity of Rail Vehicle Components
	Rail Contact Stress Real-time Monitoring using Ultrasound Reflectometry
	Research and Application of Random Vibration Fatigue Assessment System for Welded Structures in Railway Vehicle
	Structural Health Monitoring of High-speed Railways using Ultrasonic Guided Waves
	Study on Vibration Characteristics Analysis and Characterization of Multiple Failure Modes of High-speed Train Axle Bearing
	Damage Diagnostic Techniques and Experimental Research of High-speed EMU Aluminum Carbody Bolster Based on Lamb Waves
	Field Test and Dynamic Characteristics Analysis of High-Speed Maglev Guideway Girder

	SPECIAL SESSION: TOMOGRAPHIC METHODS FOR SPATIAL SENSING
	First Field Results of Guided Wave Tomography for Continuous Monitoring of Corrosion and Erosion Damage in Pipelines
	Inverse Calculation of Displacements in CNF/PU from EIT-Imaged Conductivity Changes
	Noncontact Epoxy Curing Monitoring and Subsurface Damage Detection
	Preliminary Findings on the Size Dependence of Sensing Skin Damage Detection Resolution
	Observing the Fracture Behavior of a Center Crack Via Electrical Impedance Tomography using Inkjet-printed Carbon Nanotube Thin Films

	SPECIAL SESSION: VERIFICATION, CERTIFICATION AND IMPLEMENTATION OF SHM TECHNOLOGIES FOR AIRCRAFT APPLICATIONS
	A Fully Integrated Health Monitoring Smart Sensor
	Challenges in Meeting the Framework for SHM System Certification and Compliance
	Convergence of Multiple Statistical Methods for Calculating the Probability of Detection from SHM Sensor Networks
	Defect Detection using Electro-Mechanical Impedance Sensing and Optical Fiber Bragg Gratings – a Comparison
	Long Term Sensor Malfunction Detection and Data Regeneration using Autoregressive Time Series Models
	Measuring Data Driven Fleet Management Benefits through Post Implementation Assessment
	Reference Damages for Verification of Probability of Detection with Guided Waves
	Reliability Analysis of an Ultrasonic Guided Wave Based Structural Health Monitoring System for a Carbon Fibre Reinforced Thermoplastic Torsion-box
	Sensitivity Analysis and Uncertainty Evaluation in the Design of Structural Health Monitoring Systems
	Simulation, Realization and Validation of Guided Wave SHM System Solutions for Aircraft Metallic Structural Repairs
	Stochastic Deviation Method of Calculating Nodal Positions of Existing Spatial Structures
	Damage Quantification of Active Sensing Acousto-ultrasound-based SHM Based on a Multi-path Unit-cell Approach

	SPECIAL SESSION: VISION-BASED STUDIES FOR STRUCTURAL HEALTH MONITORING
	Accurate Structural Dynamic Response Monitoring of Multiple Structures using One CCD Camera and a Novel Targets Configuration
	Assessment of Pressed Panel Products using Camera Image Processing
	Augmented Reality Tools for Enhanced Structural Inspection
	Automated Region-of-interest Localization and Classification for Visual Assessment
	Camera-based Triggering of Bridge Structural Health Monitoring Systems using a Cyber-physical System Framework
	Combined Laser Scanning and Image Based Monitoring of Large Infrastructure Objects
	Computer Vision Based Inspection Approach to Predict Damage State and Load Level for RC Members
	Computer Vision System for Real-Time Monitoring of Civil Infrastructures
	Corrosion Detection using Deep Convolutional Neural Networks
	Evaluation of using Structure from Motion Optical Techniques for Structural Health Monitoring of Railroad Track
	Full-field Imaging and Modeling of Structural Dynamics with Digital Video Cameras
	Identification of Key Geometrical Features for Automatic Structural Damage Detection from Point Clouds
	Integrating 3D Computer Vision and Robotic Infrastructure Inspection
	Level-of-detail Assessment of Structural Surface Damage using Spatially Sequential Stereo Images and Deep Learning Methods
	Long-term Structural Displacement Monitoring using Image Sequences and Spatio-Temporal Context Learning
	Structural Health Monitoring from the Window Seat of a Passenger Airplane
	Real-Time Damage Detection of Engine Blade using Computer Vision and Machine Learning
	Smaller than the Eye Can See: Selected Applications of Video-based Measurement
	The Research and Application of Structural Health Monitoring Technology on the Coke Tower
	Vision Based Displacement Sensor with Heat Haze Filtering Capability
	Experimental Verification of Vision-based Cable Force Evaluation using a Smartphone
	Vision-based Crack Detection on Metallic Surfaces using Deep Convolutional Neural Network with Patch Clustering
	DDDAS-based Joint Nonlinear Manifold Learning for Target Localization






